2 JUN 2005 CARRI ER RECOVERY APPARATUS OF DI G TAL BROADCASTI NG RECEI VER
USI NG TWD (2) PILOT SI GNALS BACKGROUND OF THE | NVENTION 1. Fi eZdJmt?m
I nvention The present invention generally relates to an apparat#és 4 5
met hod for recover the carrier at a receiver of a digital broadcasting

system and CARRIER RECOVERYYAPPARAGIUS GE DIGIPAL BROADCASIANERK CRRPRRAL US
and net hod capabl e of conpensating for a frequency offset and phase offset

of the carrier, which were oqEuNEFWU)THLDT $¥tiQ sbased on a pilot tone
of a pilot included in a broadcasting signal 1n the process of recovering
the digital broadcasting signal nodul ated by the vestigial sideband (VSB)
modul ati on. g2 crxPRRAMBIdPRR INVRRTERSLOr Art CGenerally, the broadcasting

signal transSm SSioh systemict udes a vestigial sideband VSB nodul ati on
and a coded orthoggnal freguency division nmultiplexing (COFDM) nodul ati on.
The VSB modul at ihlc')n%telr%aor%}ﬁ%ﬁ%e“flﬂ% br oadcasting signal at a single carrier.
The COW nodul ati on transni.ts the broadcasting signal through
mul ti - channel wi'tHh PERSUAtE1vERtongenerally telatesdo an apmaratysand enethodifergeenvariae . The
VSB nodul ation is the US-oriented digital broadcasting system which is
adopt ed i n PHET @RASEGY S of £ fighalibsoasdsasiing systes:, and s @divNarlpmitieladsiton i s
Europe-oriented digital broadcasting system FIG 1 is a block diagram
showi ng a \BBBIY EseYVefrrasitusand ety gagablsfof sompemsatinig fonmfrequeiayi dfbt and
br oadcasting receiver. The VSB receiver includes a tuner 12, a surface
acoustic e of B the datrier, vihich wereiondveredrddiiag etufiing hsearon 4 pifok taneBF i f yi ng
unit 16, an anal og-to-digital

pilot included in a broadcasting signal in the process of recovering the digital broadcasting

signal modulated by the vestigial sideband (VSB) modulation.

2; Descriptiqn of the Prior Art-

Genefally, the broadcasting signal transmission system includes a vestigial sideband
'VSB modulation and a coded orthogonal frequency division multiplexing (COFDM)
modulation. The VSB modulatioﬁ transmits the broadcasting signal at a single carrier. The
COFDM modulation transmits the broadcasting signal through mulﬁ-channel with division
multiplexing of the broadcasting signal. The VSB modulation is the US—ofiented digital
broadcasting system, which is adopted in the countries like Korea and U.S.A. The COFDM
modulation is Europe-oriented digital broadcasting system.

FIG. 1 is a block diagram showing a VSB receiver as an exemplarj 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



1 2 JUN 2005 converter (ADC) 18, an I/ Q@ separator 20, a matched filter 22,
a pilot renoving unit 24, a down-sanpling unit 26 and an equali z?ngﬂﬂi 2005
28. The tuner 12 tunes the received digital broadcasting signal &t '
antenna 10 to a correspondi ng band according to an input tuning conmand.
The SAW fi | tenvetter (ADIC) &8 santl@sepaiiati Dala luiteRd Gittet 1208 pBotGBAbviRf wat 441ned band
into a predetermned internediate frequency (I F) band. The 1 nternedi ate
frequency ( Uéwn-samblingYihit g6 tid 4n c4Baldi dnkdogs the digital broadcasting
signal of the internediate frequency (I F) band output fromthe SAWfilter
14 into internedi § : e ver.t e iermedi ate
drRd Bndr 1S AHRD MY réc:eﬁ/)ed dlggﬁ cgﬁns%cég#gfﬁta% ahil Iag{b:tgla si gnal .

frequency (IF) anplified digital broadcastin into

The 1/ Q sep D .digital bro st i into an
nphase chacharndt BRPAeR b AF Bl combABhaRs Satt slo’umdhe o
signal (heregi | ow cal | ed ign . . Jhe matched filter 22 filters the |
and Q si gng {S%Q?) Boa\ﬁ%vgn%mérfagﬁg%’l%ﬂ% Q%ﬂ%%%P@ﬁ?twda‘ﬁﬁe@é@‘%? frequengyi(Hg of
transm ssi og. T%le1 ilot renoving unit 24 renoves the pilot fromthe
filtered | 20d: %B@%&F%‘?‘e gugeidEsamplityingunit H) amplifics hyuligitl brvadossting of
the pilot-renmoved | and Q signals according to a predeterm ned value. The
equal i zi ng H&1A obile inisrmediatgiequansy (TE) biind potpui fovm g SAW fliewtdt menpl ed | and Q
signals, whjch has occurred in the transm ssion. Meanwhile, the

convent i onaftteymgliste fequeaey (INc | Thd ¢ G 1 Semptiisige Dwrmpedistatiequenby (Bamplidied
conpensat i 23 for the offset occurred during the recovery of received

di gi tal br odigitad btdardepsting sjgnal insndigital biged UFhcyQ pORSERrDNREFHAR the Biditni t  40.
The sanpling conpensate unit 30 conpensates for a timng distortion that
has occur r egtoatlensting sighl issta B iriphgse @harinblei ABh&Binbelow called I-signal) and a

quadrature signal (hereinbelow called Q-signal). The maiched filter 22 filters the I and Q
signals to have a sinusoidal characteristic agreed at the time of transmission. The pilot
rf_;moving 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

- 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 compensaﬁ:ing for the ofiset occurred during the recovery of received digital broadcasting
signal and a frequency/phase synchronizing unit 40. The sampling compensate unit 30

' 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 frequeﬁcy/phase synchronizing unit 40 of FIG.

2



The frequency/ phase synchronizing unit 40 conpensates for the frequency and
phase offset that has occurred during the turning of the tuner ZZJW?{]%
is a block diagram show ng the frequency/ phase synchroni zing unit 40 0

FIG 2 2 JUN 2005 1 in greater detail. The frequency/ phase synchroni zi ng

uni t 40 i nclludgsar ddtaibt THediwgpasg/phdst ky@ichrofiiil ind 20 ikMidadd Brsf o ter
control low pass filter (AFC-LPF) 44, a limter 46, a second LPF 48, a

mul tiplier FOPF)ai, aikduts PRAGKyCOMts Mw pAWARGSAFTLL IS U4 ( ) a
vol tage- controlled osciﬁﬁaat gr (VCO)WE4. T%\;@fi rstﬁﬁ%FA%ht%?ﬁ%ééoﬁdﬁg@pi | ot

tone of I- Si4g,r@{hu&iﬂlié}@§,ean%ﬂﬂpha;@%néﬁqax!vE&sﬁtgr ﬁap(‘qgi)ﬁt s, Jgquency

difference of the pilot tone Tor |-signha m ter’ 46 generates pul se

waves correg b Yok cph Eference of pilot tone output fromthe AFC LPF
44. The secon LPIQ—SCEE%&%WF@EET he pilot tone for Qsignal in base band.

The multiplier 5 |£4 4 th | se ves qQuiput froamthe limter 46 by
the Q signal out g}lﬂ({%}s{r fé%l %Zﬁélteé‘%@% EﬁOtL‘?’F’ Oﬁ.slg?ﬂén f&%&i’a‘?}_dPIﬂ‘S ARGt es a
phase diff erﬁgae of .t he %(#gt t one for '&} siignal_. The VCO 54 provides the
tuner 12 wi FHOHART & Feduenay dillgence phihe pilotione faghsicnsb c Bredimiger 46 consrases mulse
frequency difference and phase difference of the pilot tone are
conpensat ed "% PHRPARINE tpi{ke diffprpasetal piet tors ayitnua fromrthadEGIIPFAY. Toe sicoet
estimates the fr e(iuency offset and phase offset for the subcarrier through
the | and QUEF §hélters theovilebtopefes &-dgnal trbasdiends ThembitigliersDimetiplieats palsppl i es
a predetermned | evel of voltage to the tuner 12 for the turning.
Accor di ngl yWavdseufpueiers teylingitdr 46 by thed)-pipas eumpfif fea thefsedond TPRHUR] Ehe APC-
occurring during the tuning of the tuner 12, can be conpensat ed.

LPF 52 calculates a phase difference of the pilot tone for Q-signal. The VCO 54 provides the

tuner 12 with a predetermined level of voltage, according to which the frequency difference

and phase difference of the pilot tone are compensated for tuning,

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

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 éynchronizing

unit 40 uses one pilot tone for each signal. Accordingly, in the even that the pilot tone is

damaged, the carrier recovery quality at the conventional digital broadcasting receiver

severely detgriorates.' 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 frequenéy band as the



Such carrier recovery nethod using the conventional frequency/phase

synchroni zing wunit 40 uses one pilot tone for each signal. Ac [&'Q:JNJ?DQS n
the even that the pilot tone is damaged, the carrier recoveryz

the conventional digital broadcasting receiver severely deteriorates.
Generally, the terrestrial wave transm ssion channel can be nodeled into

channel pilot toak dogg tie, pikva hoed iy digkd $oadchRing SRAUER GYvdrel§ RAMS el Whbe ,
channel contains many nulls. Even only one of the nulls happen to exist in

t he San’&hﬂ‘s%@ﬂwﬁ@ﬁb{e@?d@ﬂre@év&?@f@arﬁeﬂéd%&%@x?&ét&i tone does, the pilot tone

of the digital broadcasting signal is severely damaged. Wien this happens,
the exact recovery of carrier cannot be expected. SUMVARY OF THE | NVENTI ON
Enbodi ments of the present invention provide a carrier recovery apparatus

for a di gétRinvARKOBAGRE | N?ﬁﬁNV?r and a.nmet hod thereof, capable of
recoverin eived digital broadcasting signal nore
reliably in;cpnsiderati,on of the danage to the.pilot tone. Enbpdi ngents of
the pr esen'[E I}lﬁ?/dén 3 r?tff) < F%Féﬁ Lvenyon @vag@o%ﬂ{; TSP EPathPETHYs 107 §i %’f%
br oadcast i receiver and a nethod thereof, capable of recovering the
carrier DEVARARE eEE" F&%eﬂ%%ﬂ e’iegg &ﬁl??g’é"e@f repovesing dheyearaer of thh recered st
aspect ot,%&g%%nventiqn, there s provided a carrier recovery apparatus of
a di gi t 4fet gepstingryjenad erarg estiaplyrin capadasttionpithe damagstto ghe pilot sonei er
generated during a tuning, by using an |-signal and a Q signal contained
in a digitdimppdiagessf thegpreseghiventioproyiderd earriectsovreny apppatuavtis digital
conprising: a plurality of frequency offset estimating units for estimting
afr equ@maylcaﬁiﬁg etcepfer niba method thereof, capable of recovering the carrier even when the

pilot tone is damaged. |

In accordance with a first aspect of the invention, there is provided a carrier recovery
apparatus of a digital broadcasting receiver for recovering an offset of a carrier generated
during a tuning, by using an I-signal and a Q signal contained in a digital broadcasting signal,
the carrier recovery apparatus comprising:

a plurality of frequency offset estimating units for estimating a frequency offset of the
carrier generated during the tuning of the digital broadcasting signal, by shifting a plurality of
pilot tones contained in the I signal and the Q signal respectively to a base band;

a combining unit for combining the frequency offset estimated by the plurality of
frequency offset estimating units;.

a phase offset estimating unit for estimating a phase offset of the carrier for which the
frequency offset is combined by the combining unit; and

a voltage-controlled oscillating (VCO) wunit for oscillating a predetermined level of

voltage for compensating for the frequency offset and the phase offset and then tuning.



carrier generated during the tuning of the digital broadcasting signal, by
shifting a plurality of pilot tones contained in the | si gnalznziﬂgh{ ZQUQ
signal respectively to a base band; a conbining unit for conbi*ni

frequency offset estimated by the plurality of frequency offset estimating
units; a phase offset estimating unit for estimating a phase offset of the

- carrier foriwteahdaeviti § e6bead a¥peef §58E ihvBnGRITRRE T RYvIdRE a CoRE RcBPeryni t;
and a voltage-controlled oscillating (VCO wunit for oscillating a

pr edet erfih ieval ' : : set
A et e R e b s S

second agngfbt K a {PGer &K&Qﬁ%ﬁﬂring Q%ﬁﬁn%ﬁaggfgﬁq\gaﬂlglg%g?ag%ﬁ% %1 %(sjirgﬁﬁ%\éﬁ%}/ned

met hod using a carrier recovery appara astin
receiver,, _for. ri:ng.. an offset of a carrjer _occurring during a tuning,
by usi ngmgr%ﬁ) é”-ai.glg‘)(r%é as%ﬁ%m%n%tgle%GETOdccc?mpeﬁllslr?g eftﬁpsa&gi gi tal broadcasting
signal, the t hod c rising.the. steps.of: estimting_.a frequency.offset
of the car re'fsgea & dr E%n%ro%ﬁ%} Phiret 'lﬁg?ccwl%nﬁwgléthepﬁumf%k i%ﬂ’y ¥ Bi | ot
tones contaj.ned i.n the I-signal and the Q signal; conbining the frequency
of fset MR “i}'sootlé’élf’f tr‘?ﬁ?se‘iﬂméaé‘&@r‘ﬂiﬂl‘f‘gl‘%l%nﬁ Aad meg?ﬁngnﬁly of pilot tones;
estimating a phase offset of the carrier by using the conbi ned-val ue of
frequency oforduging thedeeaysesy offet thet ia cptirafed agaerdingtq e plurdity pépileigendspr
conpensating for the frequency offset and the phase offset of the carrier
for tuni ng.esBRAER DEBGRIOMFEON BFcaHE HRMMAGS combined value of frequency offset;

and
oscillating a predetermined level of voltage for compensating for the frequency offset

and the phase offset of the carrier for tuning.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned aspects 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 recetver;

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;

da



The above-nenti oned aspects and the feature of the present inventjo i |
be nore apparent by describing the preferred enbodi nent of the QreﬂdmZUﬂs
invention by referring to the appended drawing, in which: FIG 1 is a

bl ock di agram of a conventional digital broadcasting receiver; FIG 2 is a

bl ock di agram of FAGf4 RAUERINHRRAS SoSHICRE AR Erildrbgcdﬁ'aic]iée Qéncﬁl)gse%eétﬂnatig eat er

detail; FIG 3 is a block diagramof a digital broa sting recelrver~and a

carrier recox®s of FIePPAIAs gaggording to a preferred enbodi ment of the
present invention; 4a 2 JUN 5 FIG 4 is a block diagram show ng the

first and second e f.fset estimating unif.s of F .in greater
detail: FIG B5A i@éa%ﬁe%v%x%‘ﬁ%%“ﬂ‘& @ﬁb‘%?%‘{eg‘fyr%%fh%wt %tjlﬁ%t ‘? ng"??g‘?"tde@%h FIG
4 in greater det %lIE‘JI}éB FIG, 5B is a, vi ew%ﬁsgowi ng the second frequency

shifting unit of 1 3 vievyshoning the gpcpnd frequency shififng ungt of §1G: 4ingedatedi agr am

of the phasg o.j_fset estimating unit of- FIG 3 in greater detail; FIG 7 is
a flowhart wi ng a nethod for recovering carrier using a carrier
recovery apparatus of a digital broadcasting receiver according to the
preferred enbodi A6 i8R bldsk diagragsefithe phaverificbestimBting uBt ofFIG. T inguedsar t
showing in detail the frequency offset estimating step of FIG 7, FIG 9
is a fl owhdgttishowing in detail the frequency shifting step of FIG 8; and
FIG. 7 is a flowchart showing a method for recovering carrier using a carrier recovery
apparatus of a digital broadcasting receiver according to the preferred embodiment of the
present invention;
FIG. 8 is a flowchart showing in detail the frequency offset estimating step of FIG. 7;
FIG. 9 is a flowchart showing in detail the frequency shifting step of FIG. 8; and

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

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
broadcésting 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
I/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,



FIG 10 is a flowchart showing in detail the phase offset estimating step
of FIG 7. DETAILED DESCRI PTION OF THE PREFERRED EMBODI MENT Herz:eatmlezﬂus
the preferred enbodi ment of the present invention will be desori _
greater detail with reference to the acconpanying drawings. FIG 3 is a

bl ock di agram of The GHEF §0HnSRONEIVeRARAT BoiRafle 3 51 ﬁ}%'am*sﬁl%%ﬁast' ng

signal and a digital broadcastlng rece ver accor g Fesen

Sur Tace acolor iy ds%{a?ﬂﬂ’%q‘? iy S5 Vﬁtﬁﬁﬁ%ﬁdﬁ% By bl iney iy

in od| ital converter (ADC) 68, an

2gglalr ;tyor ° ,Oaic‘i%g{gé clet ﬂnﬂfo a TB&FW*IH?%%W%& alﬁmuerzw(ﬁaband t’gl t
I| uni.t 76, an gqual i zing unit 78, a sanpling conpensate uni

ggvxgnzagp c a{‘]’?‘?“é‘f"clh?té dsungy Q@%&W&‘ﬁ?ﬂ%’o’ ‘.%Bb“ anpifigs e dipiral brpvsastion signd i t unes
the received di gl tal broadcasting signal at the antenna 60 to a
cor r espondi Htprmadiefe equsnen @B tapd autpuiritonythe Siva fitter Mitiato MMtevhiediateetroidndi Iters
the digital broadcasting signal of tuned band to a predeterm ned
i nt er medi at Ehe ABGUSroyvelts Bl ivamehdiafhigequeny emphificddigitd brgtesings sdok) into
anplifying unit 66 anplifies the digital broadcasting signal in
i nt er medi at digital sigualncYho( @ peparana 70 sératiiesfihieodikitdd Bro@féiing skl iGitb T84 ©

internedi ate frequency. ii. The ADC 68 converts the internediate frequency

anpl i fied diigialsatespcaady aBitd otk GiNeF 72 fiteds theli ﬂidt@klgﬁdlﬂﬂ%% a Eﬂ&d%@
separator 70 separates the digital broadcasti ng signal into

signal s, regareltiMRlagreed RELEIBHE BEGadshlitify, Tiee phlbf efbovink Nt ba ?e%v @LgAGl s to
‘% Iny. The

have a sinusoidal characteristic agree he time transm
pi | ot removidid theHitered ah @RI The @6M§amphng unit 76 reduces the size of the pilot-

removed I and Q signals. The equalizing unit 78 compensates for the distortion of the.down—
sampled I and Q signals that has occurred during the transmission.

The sampling compensate unit 80 compensates for the timing distortio.n that has
occurred during the sampling of the ADC 68. The carrier recovery apparatus 100
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
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 (V' CO) 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



fromthe filtered | and Q signals. The down-sanpling unit 76 reduces the
size of the pilot- renoved | and Q signals. The equalizing unit 7§,UN gpos
conpensates for the distortion of the down- sanpled | and Q sig s th

has occurred during the transm ssion. The sanpling conpensate unit 80

conpensat es gfQhatinb Gndt 1 48 L4 di el ] occurred during the '
sanpl i ng of et heal Al 168. Tﬁgﬂigiﬁh@ﬁgbﬁ’éﬁ&g&%&?&g{; %%%%%’ttgéls’fg eI@B&Q&%‘Q{SeS for
t he frequen d phase . of.f set. curring. dyring the tuning of the
tuner 62, By Selor e PRARR Bl 0 b e g HouteTor o reerival

br oadcasti ng_si | .. Ip this enbodiment, the frequency offset and the
phase offs e? Stgl?a?%g th%ﬁ’isf 2y the seoqnd desgusnsy oSt esimagne vwits 12Qol 402yithyespset t ones
wi th respect tﬁlo one synbol. As shown, the carrier recovery apparatus 100

i ncl udes a 91 farrire Jie Rbare offsct etimaging pnint T0regtimatics the Phase affse obthe chriequency
offset estimating unit 140, a conbining unit 160, a phase offset

esti mating besed on th cambingd valne ofgls respettielfreguenoy offbdtsedt dite oW BR)ingd @t 160he
first frequency offset estimating unit 120 estimates the frequency offset

of the car TheVCbyl80giawdes e tinean2i with aipgdalesniaéd ket of Véifize RicbRlink RNe. The
second frequency offset 6 2 JUN 2005 estimating unit 140 estimtes the

frequency owhhthedfeqiitrey offlidl wd thOphdds bt bitBe barAGArQothRASKS andtunsgcond
pil ot tone. The conbining unit 160 comnbi nes the frequency offsets

tivel j i ] i
respectively esByrBisain Xhﬁf{t’eﬁluédcir%ﬁséﬂfithﬁz B risAmoRChd tﬁ@ﬂ%ﬁ:ﬁ@%\g{tﬁ ﬁegéqp% ot

estimating units 120, 14 respect to the carrier. ase

Conbi ned val e or L Hany cumany UeTpRLEREART U Tl ) AR RRE b R

conbi ned val ue of -the respectrive uni t

L o bR BB B0} a0 e o B SAELE L Vel ©f
' Accordingly, the carrier can be recovered more reliably.
FIG. 4 is a block diagram showing the first 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
'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,
| Th(f: first frequency shifting unit 121 shifts the first pilot tone of the two pilot tones in
the I and Q signals output from the 1/Q separator 121 in base band. The first LPF 123 filters
the frequency band of the first pilot tone output from the first frequency slﬁﬂing unit 121. The
first AF C-LPF 125 filters the band of the first pilot tone to calculate the frequency difference
of a predetermined reference signal and the first pilot torie. 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



whi ch the frequency offset and the phase offset of the carrier are

conpensated and tuned. By estimating the frequency offset of thegc '
based on the two pilots with respect to one synbol, and esti naf.?-d@umzﬂﬁs

phase offset of the carrier by conbining the estinmated values, the error
rate of car phles whRs Q¥Rkatedlinn HR AhQidRrRsLs, @k Rl
Accordingly, the ca‘rgri er can be rrecovered mrekfegr%g&@%ﬁ%%ﬁﬂﬁtgmgﬂwock

di agr am show i@ dahealigist second frequency offset estimating units
120, 140 of FI Gr 3 |thfr? 5ré§?2r§3‘det ail. The first frequency offset estinmating

unit 120 incl ude fir frequency shiftin ni,t 121, a first |ow pass
filter (LPF) 123,$fh§S ‘ﬁ"‘r@{&%‘ﬁ{‘% ﬁ%&%ﬁiﬁﬂ&?’%ﬁ%ﬁg&mcﬂ%\ﬁf Hepsand LRk 143, 3 seeend pF)
125, a first i 127 angd first multiplier 129. The first frequency
shifting unf*Fhf;gft ﬁﬁr?%@fﬁwﬂﬁﬁ?ﬁjﬁﬁ%?w{tw HP. The sqoped equencytofisels i n
the I and Q.signals output fromthe 1/Q separator 121 in base band. The
first LPF 198mPfipg wpik140neeformsdfe samsproeeasiasghe fitsefréquenty offs¢testimating unitt put
fromthe first frequency shifting unit 121. The first AFC-LPF 125 filters
the band of 134oes,jusise thei seesmd pdnictonmofibe wl plbetonbecohmingd aniby I sidf§-eiepslse  of
a predeterm ned reference signal and the first pilot tone. The first

limter 127owpwidioat ths I/QuapsatonZEiies correspondi ng to the frequency offset
val ue of the carrier, based on the frequency difference calculated from

the first AFC LPEhd@dnbifing uhit 160 combiidse iiltipROFOMId firki 83 sdcdfid hHuRiph 2005
pul se waves generated froth the first limter 127 by the Q signal fgavi ng

the first pirit29,04e td fikdulatd the CohbmbRhIR oftherddub iy JuERs JiRe %yﬂ&s.s econd
frequency offset estimating unit 140 includes a seCond LPF 143, a second
FIG. 5A is a view showing the first frequency shifting unit 121 of FIG. 4 in greater |
detail, and FIG. 5Bisa view showing the second frequency shifting unit 141 of FIG. 4 in
gfeater detail. The first frequency shifting unit 121 includes a first nuﬁeﬁcﬂly-conﬁolled
oscillator (NCO) 121a and a first complex ﬁmltiplying unit 121b. The first NCO 121a
calculates the frequency value for shifting the first pilot tone of I anid Q signals to the base
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
humerically—controlied oscillator (NCO) 141a and a second complex-muitiplying unit 141b.
The second NCO 141a calculates the frequency value for shifting the second pilot tones of the
I'and Q signals to the base band. The second complex-multiplying unit 141b complex-
multiplies the [ and Q signals by the frequeﬁcy 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



[ AFG-LPF 145, a first limter 147 and a first nultiplier 149. The second

frequency offset estimating unit 140 perforns the sane process:a
first frequency offset estimating unit 120 does, using the secszuwggﬂﬁ

tone of the two pilot tones contained in the I and Qsignals output from

the 1/Q sepgfea{epaewﬁ@-nmﬁas%%@@ét%gtﬂﬂaﬁggﬁﬂ{ ;g(?mglglgaitagsgpa{aﬂe% uhd By Rpcl T o

the first and second mul'tiplylng uni culate nbi ned
val ue of th I f t.he carriers. .Fl 5A. LS a Vview show ng
Uhe first f b eno o7 2 g o BogPint Biss i G ambuind it B85 kg

FIG 5B is vi ew showi ng the second frequency shifting unit 141 of FIG 4
in great erﬁﬁé’f)g’lﬁin?g’fwge i F%“t?méd@@%@?gm%-iﬂ&w{fgiy Pitpagesdhe phape r st
nunmerically-controlled oscillator (NCO 12la and a first conplex

mul ti plyi ng@Hst Yalyoatihe eagderiby calpulafing thonhase differenteatdle qombiredaglve nutput/al ue
for shifting the first pilot tone of I and Qsignals to the base band. The
first conpl &R loppfilferig? and 2 predeterniundpbiesenendigrabl i es the | and Q signal s
output fromthe I/ Q separator 70 by the frequency val ues cal cul ated by the

first NCO 121 a flbe ¥KIG 180 asbiblattd s pedpérhitedtiorbof volthasfor bafinsating faekond
frequency shifting unit 141 includes a second nunerically-controlled

osci |l at or {re¢@@cyloffar canthirad @ RROMBMETY Rik-160 bid Bk ¥ithehtdiithsdldtids  The
second NCO 141 a cal cul ates the frequency val ue for shifting the second

pi | ot t onesestimated®y the ghask (Fsst cBtihtingluirt1he, a_B@?R)V’RﬁQQe udd¥2SRE0RE
conplex-mul tiplying unit 141b conplex- nmultiplies the I and Q signals by

t he frequengydatatited idRpsr lgeeCal cul ated by the second NCO 141 a, to shift
the second pilot tone to the base band. FIG 6 is a block di agram show ng

the phase of fset sesdiffRid (9 pidftirked EhBodhekt o?"thespnj:s@nt ir81ve%tib]nl,J %3%881?&1‘
broadcasting receiver recovers the carriers based on the frequency offset and the phase offset
of the carriers that it has estimated by using two pilots. Accordingly, the carriers can be
recovered reliably even when the pilot is damaged.

FIG. 7 is a flowchart showing the method of carrier recovery using the carrier
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 ofiset of the carrier of the digital
broadcasting signal by using the two pilots contained in the I and Q signals (step S100). The
combining unit 160 combines the frequenéy offsets that are estimated by the first and second
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 combim'ng unit 160, and estimates the phase offset

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



greater detail. The phase offset estimating unit 170 includes a loop filter
172 and an APC- LPF 174. The loop filter 172 filters the conbi neg Jﬁ“gezﬂus
fromthe conbining unit 160 so that the conbined val ue can nmai nta

si nusoi dal pattern. The APC- LPF 174 estinates the phase offset val ue of

t he carri er pR¥etealigddl il L p el Mo} i val ue

out put froﬁﬂhe | oop fil?y?\grkg 7%93(?1?6%&%%%5(&ernﬁ%%@?ggg;@%gggﬁegnal. The
VCO 180 oscj i |, of .t age .for conpensating for
the freq ueﬁi’#ﬁ%ﬁé‘é &e%&%@%ﬁ@é@kt@é 9 tah(g'\'ﬁg EREe 8 ﬁgeé e%&?atte‘ﬁ%éheéiﬁset(ﬁ%aest i mat ed
phase offsef_,. i by t he se offse stipatin nit 170, and

provi de theésttllrjlglgiflg '615{ f\77\,1%t ?{ydtpr’i%‘"d‘%g%d‘@{lg %Vﬂé‘&ﬁ? %‘i?g&erg?gﬁﬂgf?‘fe;%‘.’(’?%%@?eﬂi ng to
the preferr thgnbodi ment of the present invention, the digital

broadcasti ng ceiver recovers the carriers based on the frequency offset
and the phase offset of the carriers that it has estimted by using two
pil ots. Accor di ngfyhe qrisr sdegaveied by fis useof the oveilotdtoestithatb the feyamcyphen t he
pilot is damaged. FIG 7 is a flowhart showi ng the nmethod of carrier
recovery us?ligt anddhephasg affset, thecenrr yandppesatiad raibblyheved whid thk digimpdcast i ng
recei ver according to the preferred enbodi nrent of the present invention.
First, the Wroadsesting eigudicyansiiitdiio e dynardt ctiagnd sk chkd@esydinidhe second
frequency offset estimating unit 140 estinmate the frequency of fset of the

carrier of the dFK.18d4a ﬂbw@ﬁ%ﬁ&ﬁngﬂwﬂ@ﬂ%iggﬂaﬁ‘sé!%&tﬁﬂat%%%teb‘&@(}d)&ﬂ Flt}i’é (i)n

contained in the | and Qsignals (step S1 The conDbi ning unit

conmbi nes t heeditraigia@nEitstohb Sk and dﬂege&ﬁ@ﬁﬁcg&%ﬁfgaség%ﬁ&rﬁg ?5%0 3ufl ggcond

frequency offset estimating units 120, 14 dse of T set

esti mati ng detifst dnliGecdndpB BAEDS ?ﬂéﬁgﬁgg% tﬁh&gge%%fgggnts\ﬁﬁg 'Ig%?’ dafd Q

signals and the predetermned re si ghal base I'ned val ue

~of the comigiaq.pegiss, 129 per?d?ﬁll tﬁéfoW%?ﬁltérﬂ%, Tt%zhpqﬁgs%gottnfe 3:8% and the second pilot

tones of the I and Q signals output from the first and second frequency shifting units 121, 141

to the frequency band (step 8120). 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
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 $140). |
The first and second multiplying units 129, 149 multiply the Q signals containing the first and
second filtered pilot tones from the first and second LPFs 123, 143, by the corresponding
pulse waves gencrated from the first and the second limiters 127, 147 (step S150).
Accordingly, the first and second multiplying units 129, 147 provides the combining unift 160 |

with the multiples (step S160).
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of the carrier based on such cal cul ated result (step 5300). The VCO 180
oscillates a 9 2 JUN 2005 predeterm ned | evel of voltage for i

for the frequency offset of the carrier conbined at the conbinaﬁgﬁjﬁfgbggg
and the phase offset estinated at the phase offset estimating unit 170, -
and provi des the gangj ' 'ﬂ&ﬁ | ev f age (step
5400). As the carrierSﬁgﬁ?ﬁ%%gg#gﬁﬁﬁ§gﬁﬁéﬁégt 0 n%§%$$u§(%yﬁ%$§g§@&§5tinate
t he frequen ~0f.f nd_the of f set he carrier. can be recovered
reliably, e\%tﬁll'\/\ﬁléﬁﬁb%gmg?néji Sf%ql?lgiﬁﬁ%sal&&ag‘i‘q K ag?lﬂﬁ%ff’ thedredpencE ¥ 8 to a
dynam c chanpel that. changes by tine. FIG 8 is a flowhart show ng the
frequency of&gté“tg tgeslfllogrﬁl"f’%ﬁs@? 48 signslsgp te tase bangd stepyy Id A} ehecgrstingly, theFi r st |
the first and the second frequency offset estimating units 120, 140 shift
the first ahistaatsrendsompleximirlyige unite!l 2ol 43b pofunt the mulipbcation bfthd I st ep S
110). The first and second LPFs 123, 143 performthe |low pass filtering, |
by passing thugaisrbgsedamdha hultiples caldilyed byt the fishas! sofontl NCOs Ed akd Bi1gKaLS
output fromthe first and second frequency shifting units 121, 141 to the
frequency b&hth)( scepdiBely 1B} caritref thierdgitahbdadaadgdigARiGs sdfs. 125, 145 filter
the bands of the first and second pilot tones passed through the first and

second LPFs 123, FIG310 it @ flowalaetshakmgidhephbscatiensimstidyf epen06 oPBiGIegn t he
first and second pilot tones and the predeterm ned reference signal (step

S 130). Thegihtesdetan dise aRN6by filf: 1 ¢ ﬁlt&@ﬁm cABBinEP MR din ﬂ%%ﬁlﬁin‘éiﬁ‘é%ﬁt he

corresponding to the frequency offset value of the carrier base

f ' e 4 FC- L o, 145,
espocti vel Y (S on o yRibia CRTL R b Shefol ARRRR TG TR0 oo, 1o

Wl tiply t hﬁP@-]ﬁinmlcﬁlc&l%g e %h&g diffSercl B&%veeé}lntﬁe 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
predetennined level of voltage. As the frequency offset and phas.e 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 pilase oﬂset are
estimated and recovered by using the two pildts,»thg carrier can be reliably recovered even
when the pilot is dama_ged 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 preferred embodiments of the present invention have been described, it

Il




second filtered-pilot tones fromthe first and second LPFs 123, 14 ﬁﬁréﬁg
correspondi ng pul se waves generated fromthe first and the seco djl] '2
127, 147 (step S 150). Accordingly, the first and second multiplying units
129, 147 provides the conbining unit 160 wth the nultiples (step S 160).

120 of FIG B s i@ ANl b ROp bR I SRS e pokbeldadh 2ne
141 | cul he. . I f hifti the pilot t f the
and 0 o1 gnart o areEAERRL iR diFony bt chatet abadfcaing conby mudand

second conmpl ex-mul ti.p] yi,ng units 121b, 141b performthe multiplication of
the | and &@’%&F@ﬁ%@ég@aﬁfﬁ?@rwﬁ}tﬁ\ﬁp@ 38 dpfingd &y & Appendpdelpimsst and
second NCOs 121 a and 141 a (step S 114). Accordingly, the carrier of the
di gital broadcasting signal is shifted. FIG 10 is a flowhart show ng the
phase of fset estimating step S300 of FIG 7 in greater detail. First, the
|l oop filter 172 filters the conbi ned value fromthe conbining unit 160 so
that the conbined val ue can naintain the sinusoidal characteristic (step
5320). The APC-LPF 174 cal cul ates the phase difference between the

| oop-filtered conbined value and. the predeterm ned reference signal, to
estimate the phase offset of the carrier (step 5340). Accordingly, the VCO
180 oscillates the predetern ned | evel of voltage for conpensating for the
frequency offset fromthe conmbining unit 160 and the phase offset

estimated by the phase offset estimating unit 170, and provides the tuner
62 with the predeterm ned |evel of voltage. As the frequency offset and
phase offset of the carrier is estinmated by using the two pilots, and such
estimated of fsets are considered when recovering
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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 offZePUaNc%UUS
t he phase offset are estimated and recovered by using the two piTols, the
carrier can be reliably recovered even when the pilot is danaged due to .
vari ation ob@@?pel environnment. Further, as the carrier is recovered by
using the t ts, the carrier and the data can be recovered nore
accurately. Althqugh the preferred enpodi nents of .the present inyention
have been descri g'e AT re?"lveg @Wa%gga%ﬁ@ bRedeaTing CEOBd TPRIoeaTERRE Ak | | ed
in the art t&at éhe resent jnvention should not be limted to the

descri bed pPe¥teha ERfFaiehAUSing B ning, by Bsing ehbvignabandrQ sigsilcontainedins can
be made within the spirit and scope of the present invention as defined by
t he appendetigitpldropgcasting Senplhexgo®r racowirmmpatatushomarisihgr r ecovery appar at us
of a digital broadcasting receiver for recovering an offset of a-carrier
gener at ed duri ngagluality eigfreqbsncy oifisg estimdting ugitafor estichatingh Se@raty efwet éithed in
a digital broadcasting signal, the carrier recovery apparatus conprising:
a plural it ycafierfgesaatehdyingftiesahing of thoaigitidbroiticdsting Sikn2 Sty shBtihHPpRrdifesuency
offset of the <carrier generated during the tuning of the digital

br oadcast i npjld it@eatontadedsMink T sigfal dnd tHT@LijtaY re@pectiPil) 8 a 6RLBMacONt @i ned in
the | signal and the Q signal respectively to a base band; a combining unit
for conbi ning the chmBifg Rk fRTchBinifthd TRyt Rk B) e @ity of
frequency offset estimating units;
a phase offset estimating unit for estimating a phase offset of the carrier for which the
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 frequency offset and the phase offset and then tuning.

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, ‘
respecﬁvely;
an auto frequency control low pass filter (AFC-LPF) for calculating a frequency
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



frequency offset estimating units; a phase offset estimating unit for

estimati ng a phase offset of the carrier for which the frequengz ‘zg %&
conmbi ned by the conmbining unit; and a voltage-controlled oscilldti &

unit for oscillating a predeterm ned | evel of voltage for conpensating for

the frequenggmmtggpsth%@aﬂ)ﬂgng&&p&%&eigffset and then tuning.. 2. The carrier
S0 [ :

recovery appar at clarm erein the frequency offset estimating

unit conpri ses: requency .shifting unit for shifting the plurality of
pilot tones to aatB%%Oén ?{m??aé%'é)aé%st%ci?&bﬁedé’ﬂmﬁﬂ %eppléﬁ%ﬁ@yb&m@m | ow
pass filter C:LPF) far calculating a frequency difference of the
plurality ofcglﬁﬁnﬂ]ﬁtg%"ﬁ'élgpﬁi’/ filtering the bands of the pilot tones,
respectively; a limter for generating a pul se wave corresponding to the
frequency offset of the carrier based on the frequency difference; and a
mul tiplying unit for multiplying the pul se wave by the Q signal containing
the 13 2 JUN 2005 Thptamiairecoyerphpiminiths eftlaph 20 tvhireinals fravuerieioffsthetiaamp ni ng
unit cal cul ates a conbi ned value of the plurality of pilot tones by

conbi ni ng t mait futhei gipsises3. loWipassEtering (LAFS QMY floyida Bévadr the Bbqichd) iifdng
wherein the frequency offset estimating wunit further conprises a | ow pass

filtering (ufFjndthé AFOIPE, thedilbeigvae feflRacy 500 8L06 Yivehlid bt Mfbs 104l LyfRd the
AFC-LPF, for filtering the frequency b%nd )f)f the p uraltirtyﬂof d[l)lll % ot 't ones
out put from the frequency shifting unit, whereby the multiplying unit multiplies the Q-signal filtered

by the LPF by the pulse wave output from the limiter.

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

complcx—mlﬂtiplyipg 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: |

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

.carrieI_‘ through the combined value from the loop filtering unit.
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fromthe frequency shifting unit, whereby the multiplying unit nultiplies
the Qsignal filtered by the LPF by the pul se wave output from %h\erN 2005
limter. 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; and conplex-multiplying unit for shifting the

plurality of pilog T{hones to the base band, by _conplex-multiplying the
frequency val ue b@t}- & PES PN ST aﬁﬂﬁa%%p%‘&%ﬁg?ﬁeméhe myeliygf pilattorescover y
apparatus of claim4, wherein the phase offset estimating unit conprises:
a |oop filt&PRAgedmithe Feignal pud the Qrigenahere dwovsndthe fieananey $hifsime uhié tholiF,ni ng
unit so that the conbined value can maintain a snboth curve; and an auto
phase cont r &t AgwlBEsthe fimiterand tpaultipipingfuit amstipeetivelyprovidedihase(D)f f set  of
the carrier through the conbined value fromthe loop filtering unit. 14 2
JUN 2005 6 corfisporglamgly.er recovery apparatus of claim5, wherein the
plurality of pilot tones contained in the I-signal and the Qsignal are
two, and the frequency shifting unit, the LPF, the AFC:LPF, the |limter
and the nultiplying unit are respectively provided in tw (2), -

correspondi ngl y. 77 Thd &€riérasdove AN EENCT AR B . kdlnt N
: 3 i .57ﬁﬁhﬁ%eﬁandﬁ%%wv%ﬂgwﬁ $ho

frequency value output from the NCOis -3
respectivel yhe NCO is -3.57 MHz and +3.57 MHz, respectively.

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
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 rg:ceiver, for recovering an offset of a carrier occurring during a tuni_ng, by using
an I-signal and a Q-signal contained in a digital broadcasting signal, the method comprising
the steps of:

estiméting 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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8. The carrier recovery apparatus of claim7, wherein the frequency
difference output fromthe AFC-LPF is one of a positive val ue, az\?ﬁywm}ﬁ
value and zero (0). 9. The carrier recovery apparatus of claim8,* el

the limter generates the pulse wave of +1 when the frequency difference

out put fromthe AbGibldi s rPQaRhY n -pul ve of.-1 when

the frequency di ffoererllcge'fr'o%%t%#e&%gég% Slﬂisng%gtﬁgct%ﬁ'gg,mﬁ%ﬁgr&ﬁ roﬁp’i%t t he

pul se wave when the frequency difference fromthe AFC-LPF is 0. 10. A
ne

carrier recovery nethod using a carrier recovery apparatus of a digital
broadcasting recejver., for recpvering an offset of a carrier occurring
during a tuning, eﬁg}mﬁf&gﬁd’ha?frf& setf e gpershby wing the enralinedovaiugiof Edquenci

di gi tal broa&ca'sti ng signal, the nethod conprising the steps of:
estimting § W’eﬁ’ﬂency of fset of the carrier occurring during the tuning,
by using a plurality of pilot tones contained in the |I-signal and the

Q signal; 15 2 JUsFBEmE a pseslstsiminedlevélof Folbga émoympdrfsatitg fottas frequenstdfiet ed
according to the plurality of pilot tones; estinmating a phase of fset of the
carrier by @iyiﬁhgpgﬁswﬁ"sﬂrbﬂhedamwfhﬂmﬁlg.frequency of fset; and oscillating a
predeterm ned | evel of voltage for conpensating for the frequency offset
and the phase offset of the carrier for tuning. 11. The carrier recovery
met hod of claim 10, wherein the frequency offset estinmating step conprises

the steps of: 11. The carrier recovery method of claim 10, wherein the frequency offset estimating
ste;p comprises the steps of:
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

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

cc_»mbining the respective multiples.

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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shifting the frequency of the plurality of pilot tones-in a base band,
respectively; ~ , P Y, calculating a frequency difference of t

plurality of pilot tones by filtering the bands of the plurality odUJN|?ﬂﬂ5
tones that are shifted to the base band; generating a pul se wave
corresponding to the frequency offset of the carrier based on the
frequency difference; and rrulti pl yi ng the pul se wave by the Q signal

cont ai ni ng the pl | |Iot o t.ha re, s ted to the base band,
wherei n the COﬁbllg ﬁbe brec'? Y EUPAL CI@BWE% e EFe’\%‘fF‘?J‘tEe%‘Pmﬂ’ﬁ@ gffBl ity of
pilot tones b |n|n the respectlve mul tiples. 12. The carrier
recovery mef 158? ISQP the frequency offset estimating step further
conpri ses the | ow pass fi I terl ng step for filtering a narrow band where the
plurality of shicticalating 4 equerpyesluafes shifidie tho pluthlityfeilel tones ietherbhseibphdsi ng
step multiplies the filtered Q signal by the pul se wave. 16 2 JUN 2005

13. The car raspactivddgeméry met hod of claim 12, wherein the frequency shifting
step conprises the steps of; calculating a frequency value for shifting the

plurality of pil gerforanigsthe &e@d@ﬁcﬁﬁﬁiﬁn@ﬁﬂ&d&e baRDRETWity REpect BAkE MRRHOGLM NY
the frequency shifting into the base band wth respect to the plurality of

Flh I otQ t ones Flldiyorﬁ:@ )15 |cB2p Ikt niull 1Yih B EhelfRGudnc P GAI8NGYhY RLibSal BYd £D©-digsi 9nal and
e Qsigna

14, The carrier recovery method of claim 13, wherein the phase offset estimating step

comprises the steps of:

loop-filtering the combined value so that the combined value can ﬁlaintain a smooth
curve; and

estimating the phase offset value of the carrier based on the combined value that is

loop-filtered.

15. The carrier recovery method of claim 14, wherein the plurality of pilot tones

contained in the I-signal and the Q-signal are two.

16. The carrier recovery method of claim 14, wherein tﬁe frequency value output

from the frequency value calculating step is —3.57 MHz and +3.57 MHz, respectively.

17. The carrier recovery method of claim 16, wherein the frequency difference output

from the frequency difference calculating step is one of a positive value, a negative value and
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14. The carrier recovery nethod of claim 13, wherein the phase offset .
estimating step conprises the steps of: |loop-filtering the conbin d?lmqtmo
so that the combined value can maintain a snooth curve; and esti nét t
phase offset value of the carrier based on the conbined value that is

| oop-filter ng(@)';'y. The carrier recovery nethod of claim 14, wherein the
plurality of pil'ot tones contained in the I-signal and the Qsignal are
two. 16. The carrier recovery nethod of claim 14, wherein the frequency

val ue output fromthe frequency value calculating step is -3.57 Mz and

+3. 57 MHz, respectiyely..17. The carriger .regcovery nmethod of claim 16,
wherein the fr eqﬁ@h@ "yﬂFfef EP%WE%‘IIB@P%&EM%@WP%HM&ﬁf@ﬁ%gﬁneiaf%?temce

cal cul ating steap is one of a positive value, a negative value and 17 2 JUN
2005 zero EBF t%éﬁe B vy pf g} wheitthe Beqpepgnt ditiererse ovtpat inmpodifivepgenesites thell se
wave generating step generates the pul se wave of +1 when the frequency

di fference 8WepWaveof —paden thy &equpanedifferencetihpegative, sud gamvmies fhelpuldeavave be
frequency difference is negative, and generates the pul se wave of 0 when

t he frequen€yvhan tHedregmmney diffe@nceli8 0CARRI ER RECOVERY APPARATUS OF DI G TAL
BROADCASTI NG RECEI VER USI NG TWD (2) PILOT SI GNALS
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ABSTRACT A carrier recovery apparatus of a digital broadcasting receiver.

The carrier recovery apparatus has a plurality of frequency offset? JUN 2005
estimating units for estimating a frequency offset of the carrier generate

during the tuning of the digital broadcasting signal, by shifting a
plurality of -pilot tones contained in the | signal and the Q signal
respectively to a base band; a conbining unit for conbining the frequency
of fset estimate e Lty r 0 stipating units; a
phase of f set esﬁ%{{ IwagRur(l-'llt?@F%% %]gé}}%ﬁﬂ‘%agﬁréégﬁgwaﬁAﬁﬁNQarri er
for which the frequency B%Hlﬁet i.s_conbi ned b¥ t he conbining unit; and a
vol t age-control | ed osci | FRGEINEREEINGHWG @) PIITISIGNARS a predet er mi ned
| evel of voltage for conpensating for the frequency of fset and the phase
of fset and then tuning. FIG 3

ABSTRACT

A carrier recovery apparatus of a digital broadcasting receiver. The carrier recovery
apparatus has a plurality of frequency offset estimating units for estimating a frequency offset of
the carrier generate during the tuning of the digital broadcasting signal, by shifting a plurality of
pillot tones contained in the I signal and the Q signal respectively to a base band; a combining unit
for combining the frequency offset estimated by the plurality of frequency offset estimating units;
a phase offset estimating unit for estimating a phase offset of the carrier for which the 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 frequency offset and the

phase offset and then tuning,

FIG. 3
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