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 TS the datrier, vikich wereiondveredrddiigg etufiing hsearon 4 pifok taneBF A f yi ng
unit 16, an anal og-to-digital 1

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



2 JUN 2005 converter (ADC) 18, an 1/ Q separator 20, a matched filter 22, a

pilot removing unit 24, a down-sanpling unit 26 and an equalizin i
The tuner 12 tunes the received digital broadcasting signal at a2 313&2@95

10 to a correspondi ng band according to an input tuning command. The SAW
filter 14 ficotverts (ADE) 18) piltaicphanads,aghittl@d Fileie, a pllodehsnggdutend i nto a
predeterm ned internediate frequency (I F) band. The internediate frequency

| F) anpl i f dbwgsanibling L6it a6pAd 41 iA® icaigt al broadcasting signal of the
i(nt)errredi ate freat:jtijpengy (I'F) band output fromthe SAWfilter 14 into

internedi ate freppengy 16 h& ; 0 LS, Lhejinter nedi ate frequency
(1F) anplified digital E%%tggasfﬁ%dl ?agl%a(f}'\d?gﬁtog%é@gl ]fltg}‘aélf%‘r‘?a O%he 1/0Q

tor 2 el - broadcastin ' ey, 1.0t O i nphase
channel si grear P aitad pEotdidh Bhinp L RRRERShAR ifhgﬁf%ag fﬁ}m%ﬂgerl o

[ ' ' [ ilt t he an
Si'gnal o to a8 or ST brdpSLFR Ut F el Buer dptcmdias frerey

i SSi [ [ it 24 renoves the pilot fromthe
i tored | i dheRimardete FRaveasnr Sy goniLig emtdios vkl bietcstiong of
the pilot-renmoved | and Q signals according to a predeterm ned value. The
equal i zi ng ¥l obie inigrmediatgfiequensy (1) kiind potpui foom gk SAW fdlentd menpl ed | and Q
signals, which has occurred in the transm ssion. Meanwhile, the
convent i onainteymgtiste fequraey (e Thd éDG 1 Semmpéristhe itrmpedista fiequeniy (Bamyilitied
conpensating for the offset occurred during the recovery of received
digital br o%ai%btdad@stirg@mlinanﬂgimlﬁigﬂaju@‘he:yimﬂﬁmmmelbw@éﬁ thé Bigitalni t 40,
The sanpling conpensate unit 30 conpensates for a timng distortion that
has occur r detoatieasting sighal issta ap kriphgse @harinblesi ADGh3BinbeldHRalldEIgRT WhPhas e

synchroni zing unit 40 conpensates for the frequency and phase offset that
has occur r efhadafurdg@grabheteitibRiondealEd HRBnhYNEhe théiched filter 22 filters the T and Q
signals to have a sinusoidal characteristic agreed at the time of transmission. The pilot
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
- 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 offset 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-fhat 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 tumning of the tuner 12.

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

2



FIG 2 is a block diagram showi ng the frequency/phase synchronizing unit 40
of FIG 2 2 JUN 2005 1 in greater detail. The frequency/ phase 22 JUN ztg[]s
synchroni zing unit 40 includes a first low pass filter (LPF) 427 an auto

frequency control |ow pass filter (AFC-LPF) 44, a limter 46, a second LPF

48, a nul tiglingreaGOdetaih Etieqpinas/phae BiocRonidyupaes iildbes filsOB& falMltep 2.
and a voltage- controlled oscillator (VCO 54. The first LPF 42 filters the

pi | ot tone GEPH)-49| greko frehub@seohaddow Fie ﬁﬁ&?ﬁlg@iﬁﬂ 44,%hﬁhﬁr%%§§se@oéd&%*lle“cy

di fference -of the pilot tone for |-signal limter 46 generates pul se

waves cor r eapondimiglidrSol Sl SHasy &R Islefier LS PRIPUL S I Rt e AFC-LPF
44. The second LP 14r8 Tiltuergs t he g?lllg%pfpggrﬁggeﬁ)r é’gﬁgjr%a d|an“(;)°gt}’la%ee band.

The mul ti plicskiron@d Bikbiiakdly e pul se waves output fromthe limter 46 by
the Q si gnalc out put #ral(t)%dtfﬁg))égcond LPF 48. The APC- LPF 52 cal cul ates a

phase differencepf ' tone. for i gnal... The VCQ 54 provides the
tuner 12 with a %ﬁ%@é@%%@&]ﬂ?@\98}10@?“%?15%68,111 e 8 rided G ie#t t he
frequency dif.ferenc and ase difference of the pilot tone are

conpensat ed c‘?l%‘ﬁat[:%& ency-fiferensh PE R PEptdrnedor-signal. p Fhsdinsises 16 geperateseulse r
estimates the frequency offset and phase offset for the subcarrier through
the | and QY &rgfarespapdtingioiirdiatencs of pilotitpre avtnut framabe ABEAPEM4. Thelsesombl i es
a predetermned | evel of voltage to the tuner 12 for the turning.

Accor di ngl yLP¥ A filters theailettons fos &-sigmblinghsstendf Themultiplier5e ndtiplies the pulse
occurring during the tuning of the tuner 12, can be conpensated. Such
carri er recWeesyuiput figd thedinmiter #6 by thery-ciphdl onplit ffore eea@yd PRRIE, The APC-
synchroni zing unit 40 uses one pilot tone for each signal. Accordingly, in

the even t hbPF thealpiliteda flasedifferencdamageilot fohefos QLdigll. TIROAVESY pRMflel fn¥ at
t he conventional digital broadcasting receiver

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 éynchfonizing
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



severely deteriorates. Generally, the terrestrial wave transm ssion channel

can be nodeled into channel of nultipath, and in this case, 't I
response of the channel contains many nulls. Even only one of ?hLUMZﬁESy

happen to exist in the sanme frequency band as the 3 2 JUN 2005 pilot tone
does, the pilot tone of the digital broadcasting signal is severely

damaged.piMbheine doby, shehdlop &g, of tiiredigd Grodde s fsinaf is GavdrélQdam@Bant winn
expect ed. SUMVARY OF THE | NVENTI ON Enbodi nents of the present invention

provi de tﬁis%gpﬁénﬁ,rthé SERYRLYvARP BREAibScahfbt 1R e‘i%v&!tétﬁl broadcasting receiver
and a nethod thereof, capable of recovering the carrier of the received

digital broadcasting signal nore reliably in consideration of the damage to
the pilot tone. Enbodinments of the present invention provide a carrier

recovery uRaIARYSOPTHE fﬁgﬁﬁ% br oadcasti.ng recei ver and a net hod
t her eof t‘a‘p‘a‘b&e—og—remwr‘rng—?‘ﬁe carrier even when the pilot tone is
damaged. I n,agccprdance. with a first aspect of the invention, there,.i.s
provi ded ar]:énér? e é’?&?e‘?rflsenéwgmé?rhg’%&deé‘ S S OB PO RPEELYS E?é adigifaly o
for recqverjng an offset of carrier generated during a.tunjng, by using
an | -si ﬁ%ﬁdC%r‘%&géeC@“?r grdip n&f@%ﬂﬁ‘ﬁ’ﬁr&aﬁicgpﬂ}?ed? ceayeripe dhgeardes Hghsrgsalrd  t he
carrier r_e&gveré appar.atus conprising: a plurality of frequency offset
esti mat i Rropdeasiine wengl mare rahlyrip squadrsytio gidhe danagere thepildt tane.
generated during the tuning of the digital broadcasting signal, by shifting
a pl ural i t yErapoduppntgof thenpresand itvghtierd povidetrecarriel wgaavernnpparhtos Qf sidigitdl
respectively to a base band; a conbining unit for conbining the frequency
of f set buradoasting révgiviechendph umetliddt therdf, chpablipiefeyoatingahe emtienatennghannthe s;
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.



a phase offset estimating unit for estimating a phase offset of the carrier
for which the frequency offset is conbined by the conbining 2&”&?2&”?
vol tage-controlled oscillating (VCO wunit for oscillating a p d
| evel of voltage for conpensating for the frequency offset and the phase
of fset and then tuning. 4 2 JUN 2005 In accordance with a second aspect of

- the inventiBmccéldghic® With RE&hdashedt SRADE ifentiGE INGE Vs pro®ldBOd cHSiePecBv&d! I'i er
recovery apparatus of a digital broadcasting receiver, for recovering an

of f set Ghetflo® alihk &' cafft HEédvR aldh ¥ 4 BiYitB0broBYcal el 15 da
Q si gnal %ont ailnged cai n a di g}i%/téalzler br oadcasft%‘:i ng rgi gcr?gﬁggeﬁ%@%%tfﬁﬂo%gg‘éeﬁ% i sing
the ste , ' i iy Of f : th LLk €l rrli uring
the tuni g s, Toer Rt Mk e AT S i o PR R Ei0-SRA bt
and t he, i X ini-ng..the freaquency. offset that is estimated
accordi rﬂ?a?f <ljg %ﬁtémgﬁ%gg%l? %l Q%Ttﬁﬁﬂ%l%o 10l l;smgetg? ftﬁ%gt(i’atlng a phase offset of
the carrier sing.the comhi ne al ue.of frequency offset,; nd |,
oscillati ngesﬁ}{"ﬁﬁ%élt @?%eﬁ%%%é%}eﬂgf g‘? SO & aﬁﬁffeﬂgea?‘i%’ Fr Ve &
frequency of.fset. and the phase offset of the carrjer for tuning. BRIEF
DESCRI Pﬁ{‘é‘{{“@ﬁf’ Phet R ANEerHE lovenatand thefdieadbect s and the feature of
the present invention wll be nore apparent by descri bi ng_the-f-preferred '
enbodi ment WMhinae Hredswnengyrrist thanis s§timaed pedording to theeluraljp efioBef tanesni ng,
in which: FIG 1 is a block diagramof a conventional digital broadcasting
receiver; EiGatige i phasewifibekoldhagprden of using thecpoorbinedphbipefSimqotnoynifseng
unit of FIG1 in

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



greater detail; FIG 3 is a block diagramof a digital broadcasting :
receiver and a carrier recovery apparatus according to a preferr2eq]UN 2005
enbodi ment of the present invention; 4a 2 JUN 2005 FIG 4 is a block

di agram showi ng the first and second frequency offset estimating units of
FIG 3 in great erFides gialblodkldiagrapdstotvid the AW SPOMERG fdferkd cy
shifting unit of FIG 4 in gregzriter detail; FIG SBi%eg eélct?'ggﬁtst%%ﬁ t he

second freqqgiwfq@jjﬂligg%témg 20f FIG 4 in greater detail; (((I'- FIG 6 is
a bl ock di agram of the "phase offset estimating unit of FIG 3 in greater

detail; FIG 7 i : hart, show n met hod. far recovering carrier_usin
a calr rier rec ovlersi;é' %%%\gfvé?méhown%ﬁ%ﬁﬁ?#ﬁﬂ“eﬁ?ycfgﬁﬁﬁ%P‘?‘h@f\%ﬁ@c‘éign\,%?at%f@é@ﬁdi ngg

to the preferred di ment qf the resent invention, FIG 8 is a

fl owchart showi ngﬁ‘gbn%d’é‘taa"ilqw @’r‘?@“‘*&%ﬁ%@ﬁ%‘gﬁwﬂféﬁh@éﬂﬁ Wttt K. stiggraster FI G 7;
FIG 9 is a,flowhart show ng in detail the frequency shifting step of FIG
8; and FI Gieti‘g is a flowchart showng in detail the phase offset
estimating step of FIG 7. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Her ei A&f+is a bldsk disgefreofitheiplanboichestimatifg shieofji@seintgréarrent i on
will be described in greater detail with reference to the acconpanying
drawi ngs. F#«gil;3 is a bl ock diagramof a carrier recovery apparatus of a
digital broadcasting signal and a digital broadcasting receiver according
to the present i f&ritisaflowdluet Wb @ingalmethod for recovering carrier using a carrier recovery

apparatus of a digital broadcasting receiver according fo 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,



br oadcasti ng receiver i ncl udes a tuner 62, a surface acoustic wave ( SAW

filter 64, a internediate frequency (IF) anplifying unit 66, an
anal og-to-digital converter (ADC) 68, an 1/Q separator 70, a lma\ZdJUN 2005

filter 72, a pilot renoving unit 74, a down-sanpling unit 76, an

equal i zing unit H8e nfe ﬁmhés%féeéi% ﬁ%gbﬁigﬁcgstiﬁgﬁ%ﬂg a@th%%lr (Sglovery

apparatus 100. 5 2 JUN 2005 The tuner tunes recei ve

broadcastin 60 to a ¢o n nd _acgcaqrding to
o tani ng. commrledud G AT By bRofol: TheTRY L 8 Bﬁgamiwﬁ
signal of t and t rm n i nternedi ate frequency (I1F) band
The inter ng cg “’fgrsé%ag'eﬂﬁé‘gl gg #1419 4915 E?F‘Ff@ec[ﬂﬁfefm%%at%ﬁﬁ‘lqeﬂ?y dbed. gl t al
br oadcast i n éfer nedl ate frequenc &TEYF band out put fromthe
SAWfilter 6t°|ﬁi’~?fl‘é¢P fedamplifies thy igitalbrosigastivgsignal én t he

i ntermedi ate frequency anplifi ed di gi taI br oadcast | ng signal into digital
si gnal s. Thidtqumesiiate Sstueney (Fbasd putpaitienm th SAFY §iter4 ibodutemegiataficqmemyal
into | and signals, respectively. The nmatched filter 72 filters the |
and Q si gnalls ABCHS\renverts thelistemgkdiate fhmemg taeplificd digied beadcasiing fygal inte  of
transmtting. The pilot renoving unit 74 renoves the pilot fromthe

filtered | digitalQigaalgnBhed/Q Hdparatto W0 sqarapdsitRodigitil brod@ab@EUusRs] g a8 g8 of the
pilot- renoved | and Q signals. The equalizing unit 78 conpensates for the

di stortion sifgnalshesgteurely. SEigth@chel fidae7 X diisrOmat snd @ skndled @G&yélﬁ&%ﬂw Ing

the transm ssion. The sanpling conpensate unit 80 conpensates for the

timng di stébataeRAstichBteelaSthe GGE UF fr8RmSHAS NEhe Tﬂl@t éﬁ%? it 94 re&r{b%?%{)ﬁtﬁ The

carrier recovery apparatus 100 conpensates equency o and
ISl S A e U e B R T
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 distortidn 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



enbodi nent, the frequency offset and the phase offset of the carrier are
recovered by using the two (2) pilot tones with respect to OnegZKH3N|ZQQ§
shown, the carrier recovery apparatus 100 includes a first freq cy o t
estimating unit 120, a second frequency offset estimating unit 140, a

nbi ni ! ; f L mt ni.t ,170. and .a .
ot ge. Sonts imatelunft 14PRERGC T RGE! bR 6 Sl oy B i g
timati i i Nt the f of f f th i b i
the I ana otLokiiiof Bt T ity o i4FsihoRas BE beisnty wireetyaesmegivebt sot 6

2 JUN 2005 esti i nit 140 estimates the frequency offset of the
carrier by 8%%%%%39? H’ﬁh@d&%ﬁeﬁfﬁ’glfﬁ*‘l‘l@w eidebpimsting pnitsgR8, 14Pveithorestiseini ng
unit 160 conbines the frequency of fsets respectively estimated by the
first and t Frethe c¥eerd The abare alfict etimaging wait 1 Toeesiimatesithie phase 2(fset b e wartiar
respect to the carrier. The phase offset estimating unit 170 estinmates the
phase of f sebasgd op the cembinpéraludrefdlearespectivedrequemboy nifsbto/at thecconibidimentiempect i ve
frequency offsets at the conmbining unit 160. The VCO 180 provides the
tuner 62 wi fThe ¥Cor Bler@ides tedulced2ivithh pwdbeagifed Bed OF dbinge,la0coriili &h t he
frequency offset and the phase offset of the carrier are conpensated and

tuned. By ewhichlid frguéreg offsce autbme yhaaé SRt ofhe t8erGRE EdnffenDRSBHd el e WO
pilots with respect to one synbol, and estimating the phase offset of the

carrier by conbi By@ghhﬁﬁgﬂﬁﬁéﬁlﬁérﬁ? of¥AbEBS cartiBihaSd O thé R&dpf%g)ﬁsy&ﬁ:g {%;k dot

recovery due to the damaged pil ot can be reduced. Accor carrier

can be 1 ecopeyne Syt Santi bty thefhGe o sétﬁrf]ﬁe?%gbﬂlo}g;@gg %P%%ggﬁhe first

and second frequency offset estimating greater

detail . Thewdidshe EEGIHEBEYnl&Bherf 3d (R Dfhatil fict 30h E1GhiidEs @ First

frequency shifting un

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 (_;arrier, based on the frequency

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



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 wlt'p\gwm
The first frequency shifting unit 121 shifts the first pilot to
two pilot tones in the | and Q signals output fromthe I/Q separator 121

in base bangulsérﬁ@vefsiérse&atéd%orﬁ%éﬂktllﬁﬁ{mziaﬁtﬁé = acn@qff ifol fonk hilag
pi |l ot tone out put frgomthe first rfrequency S |ftf|g$:[§pﬁm ‘g‘i‘g{l’fﬁg%‘?ﬁaﬁt
AFC- LPF 125;dfiletras st pRq,9f the first pilot tone to calculate the

frequency difference of a predeterm ned reference signal and the first

ilot tone. The fir lipiter 1 eperates, l.se waves corresponding to
!to he frequency of f@gﬁ éc\c/uz}ﬁ!l glgqugfwyt%ée'geéﬁwtéqg,“nﬂéz &‘cﬁw“ilei hescprddefifelfdya second

di fference d fromthe first AFC-LPF 125. The first multiplier 129
mul tiplies g‘ﬁ’&ﬁ@“?%&% te A @ndha fiess mybpdient49e The sacand fiequpnayofiseti i t er
127 by the %ﬁi%nal .having the first pilot tone that is filtered at the
first LPF 124mappguuihiddistipragibe pne mpeseas the fifshiicquaepyefiset edtit@atingahitdes a
second LPF 143, a second [ AFC-LPF 145, a first limter 147 and a first
mul tiplier lwoeﬁl?h'émgé@dn@lﬂmélqtjem:«yf thd fregtilot eed wwatained inthé T aliAQ-sigR4l§ or NS
the sane process as the first frequency offset estimating unit 120 does,
usi ng the sewpwidropi thol/Qsepmatof 76.he two pil ot tones contained in the | and

Qsignals output fromthe I/Q separator 70. The conbining unit 160

conbi nes the mul Thptasbihingmit 6D éoniltes ARt SIEERA Homhd firll ahH B ond Blafpiyhed
149 to cal cul ate the conbined val ue of the frequency offsets of the

carriers. FRirfs 129 148 tRcaliubité &b QWhBEled Wud diBd frdfuBOy SRSHs Sk %Aﬁfﬂé}s.“”i t 121
g the's

of FIG 4 in greater detail, and FIG 5B is a Vview show n econd

SOUEnE) i) Bl S T U
detail, and FIG. 5B is a 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



oscillator (NCO 121a and a first conplex multiplying unit 121b. The first
NCO 121a cal cul ates the frequency value for shifting the firstg pyi NJ bﬁge
of I and Q signals to the base band. The first conplex nultipl i\”g, 2

121b conplex-nmultiplies the I and Q signals output fromthe 1/Q separator

70 by the foRauUeagyM VAl : : i nst N to shift the
first pilot tone to bagéﬁ%gﬁgj?&%ﬁgﬁggggﬁﬁﬁ?flggf&g%cayb%%%ﬁrzgaﬂﬁﬂHjiil

i ncludes a Lcalby~controlled oscillatar (NCO. 14la and a
second conpfgggﬁ?rﬁl¥l§%ggylfrillge?&?l?/{'ﬁﬁfﬁ%ﬁcomﬁwg gag'éeo ﬂn%%%f‘g%%g%ﬁ 159¢R% { he
frequency vglue for shifting.the second pilot tones of the | and Q signals
to the bas eﬁlﬁé’ﬁ Llnﬁgﬁg%%ﬁ%@%lsw(ﬁ%ﬂ??mi AFLPE A7h etimpiisdhe phase
multiplies the | .and Q signals by the frequency val ues that are cal cul ated
by the secofidschidye afghe carrigrby splpilptingthe shaswdiffeisneent theombingdvakee baput band.
FIG 6 is a_block di agram showi ng the phase offset estimating unit 170 of
FIG 3 in Bonthoptis 1gR end epredateraiihed :Tfengigal.of f set estimating unit
170 includes a loop filter 172 and an APC- LPF 174. The loop filter 172

filters the conbilhe¥Ounl8Pestitlates 4 predaentiiedileng! ofhioltadedOr somnpleRatting Fdiehe
conbi ned val ue can maintain a sinusoidal pattern. The APC-LPF 174 estimates

the phase fiédusety offsbiusnbinet be the@bibRinghynitdah ard At eatindihiiHalAsRedi f f er ence
of the conbined value output fromthe loop filter 172 and a predeterm ned

reference sésgimled byl phete obBE c@Gbhtidoainfs 76, A0 PHRIRMME AR d2&ViB] mof Vol tage
for conpensating for the frequency offset coibi ned by the conbining unit

160 and t hepegdidrimicadeRrNaSRnef set estimated by the phase of fset
estimating unit 170, and provide the tuner 62 with the predeterm ned |evel

Of Vg1 Lage; ACCORURMEink & O froRkth Bhb6RARE e FillbuhveiSn, HSEERE | MVent! on

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



broadcasting receiver recovers the carriers based on the frequency offset

and the phase offset of the carriers that it has estimted by uaiaggﬂwaqgﬁ
pilots. Accordingly, the carriers can be recovered reliably evé
pilot is damaged. FIG 7 is a flowhart- show ng the nmethod of carrier

recovery Uspi@etérfinddaével 8f volth&CRY &ntp O % &rlie @J@&lﬁ%ﬁ o‘iif-rs)(g:iotfﬁ!le RiRpdcasting

recei ver according to the preferred’e ment o e present i nvention.

First, th ' f . Of ' i it. 120 d th d

Frequency. of faoreoch FRNEAGKAR LTS 33 LEBHER O ki A R DG BE "or (e
i f . git. b d t] [ I [ .the t il ot

cont ai ned i e iiElo TERARS hEFod L0 B mrie il hat tHiee oo

combi nes thgofé{equency offsets that are estimated by the first and second
frequency o ?é)t estimating units 120, 140 (step S200). The phase of fset
estimating unit 170 calcul ates the phase difference between the I and Q
signal s and the Pfderdicrisiepveied by Siease ofthetved pilststodstiimett the fegudieped val ue
of the conmbining unit 160, and estimates the phase offset of the carrier
based on suefctanddhy phoscoffset thetcatrt em E30@)ered hdiaM@QRvEBOhars the ldigiaes a 9 2
JUN 2005 predeterm ned | evel of voltage for conpensating for the frequency
of f set of tbreadvasting signal dsipimmiéttedtio b Hgnandertlianhd) ghatl Elichngds®y 1oyl t he phase '
of fset estimated at the phase offset estimating unit 170, and provides the

tuner 62 with thEl(pBéseflewdtianstowiay dle RiqumRl bas® cétihfig sRHRD00 of Gt P
carrier is recovered by the use of the two pilots to estimate the frequency

of fset and grbgerploage FRi G6irst hitthe #cbh®lre ﬂcyhﬁfséﬁe%fﬁ\ﬂ%&qmﬁ(}?h&@ﬁhd shifRVen

when the digital broadcasting signal is transmtted to a dynari c channel

;2 ?;[ rr; P?gg&gft: Ei}gt ﬁsﬂd&%%ongk)ﬁi):tl t%lés?f iﬁ1r?ft{v9 Wﬁ@@ k4 the B%@b@lgd %s&% Sfili@)q Y45 %1¥st 91f1 set

' second LPFs 123, 143 perform the low pass filtering, by passing the first and the second pilot
tones of the I and Q signals outpﬁt 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).

10




greater detail. First, the first and.the sec_ond frequency offset estimating
the base band (step S 110). The first and Second LPre 123, 143 RigNo2ilhe
| ow pass filtering, by passing the first and the second pilot tones of the
121 141" Do the Teqban bt hopidehe 804sR5 AR (RO AL Sib RETREC L re
thr ough t he Pl P e SR -od il g 31 A5 AR Einedtoaticg heiquency

Fef er ence. s OME TpB oaes ghe T s L el o dircbeschb oo SHIEbr Accommgin |

generate pul se waves corresponding to the frequency offset value of the
carrier basd#staw serendriorplrripyltiplging paitel?d bsl 44 b ppréarny themultipication of thafidnd
second AFC-LPFs 125, 145, respectively (step S 140). The first and second
mul ti pl yi ng Qignals buseg onthromnitiples galgulatidbiQhs fighadscomd NGOS 1202 btk 41a (8ép and
second filtered pilot tones fromthe first and second LPFs 123, 143, by the .
corr espondi 8¢l4)pdicsmdinglyshe geriardtiediiitibbiobdiastinpsphalanshiidie second limters
127, 147 (step S 150). Accordingly, the first and second nultiplying units

129, 147 provi deFIGHI is o MbivGhanGhowing tHthasedtisbt dsliBatiy! sidpld368 of BieP S 160) .
10 2 JUN 2005 FIG 9 is a flowhart showi ng the frequency shifting step S

110 of FI G gRafeRdedil it thedsAfilter 172 fifidrs th%?a&nﬁﬁléﬂai@é‘ﬁ’orﬁ fQ06b f2la and
141a cal cul ate the frequency value for shifting the pilot tones™of the I

and Q si gnaligo go%zl,tmfe (%Bﬂfb%eﬁ@gge éﬁrﬁ%@nﬁﬁnpgr gpéhgliaprgéeﬁ%%t{,}fspﬁoy {o and

second conpl ex-multiplying units 12 orm atton of
the I and LIy | 1 s _cal cul ated the first agnd-
second NCOsQiljg:ll a aﬁhég'ﬁl%g%ﬂf(gé’ﬁ%g_d%‘%%ﬁwﬁ%@%? Eﬁoﬁﬁtﬁe%ﬁ%&f}%‘{ Yqhéerangf t he
digital br Oﬁlg%?eﬁye&gnéd 1%%%3'110!: s%gr?aﬁl,ltg Ees%%ate 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




FIG 10 is a flewchart showi ng the phase offset estimating step 33%H§f
FIG 7 in greater detail. First, the loop filter 172 filters thi i2@ﬂﬁ
value fromthe conbining unit 160 so that the conbi ned val ue can nmaintain
t he sinusoidal characteristic (step 5320). The APC-LPF 174 cal cul ates the
phase differ A fidt onbi ned val ue and he |

pr edet er ni nggn?gf er eékg%grbgi gngFgﬁ?%lﬁl%%gn@%etﬁw{gseﬂﬂﬁgeé‘ 181?%5’ "(9#"? braitedyy v i er
(step 5340) Lngl t he VCO 180, osci.ll ates the predeterm ned | evel of
vol t age forTO@%g%%%E%ﬂW%%n?%?m?ﬁﬁg?ﬁkHW@WEVMH¥P¥E§m*?%ﬂ*ﬁﬁgﬂ%ﬁﬁﬁbﬁﬂﬁ@eunit
160 and the“&&%@ﬁ of.f.set, estinmated by the phase offset estimating unit

170, and pro © SIEY 4ng\369pe @5 thyiprasent iy entinues detiredibyi di appsnged dfimsol t age.  As
the frequency of fset and phase offset of the carrier is estimated by using
the two pilots, and such estinmated offsets are consi dered 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

t he phase offset are estimted and recovered by using the two pilots, the
carrier can be reliably recovered even when the pilot is damaged due to-
vari ation of channel environnent. Further, as the carrier is recovered by
using the two pilots, the carrier and the data can be recovered nore
accurately. Although the preferred enbodi ments of the present invention
have been described, it 11 2 JUN 2005 will be understood by those skilled
in the art that the present invention should not be limted to the

descri bed preferred enbodi nents, but various changes and nodifications can
be made within the spirit and scope of the present invention as defined by
t he appended clains. 12 _
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2 JUN 2005 CLAIMS: 1. A carrier recovery apparatus of a digital
broadcasting receiver for recovering an offset of a carrier genezagw 2005
during a tuning, by using an I-signal and a Q signal contained in™a

di gital broadcasting signal, the carrier recovery apparatus conprising: a
plurality oflipgquency offset estimating units for estimating a frequency
offset of the carrier generated during the tuning of the digital _
broadcasting signal, by shifting a pluralijty of ilot tones contained in
the | signal andqt ‘Ie?eca‘a%%]ieﬁ%vgfy ar"ﬁ?ﬁ%‘@f’?%&ﬁ&}“%&“ﬁ"% LR FOr ey RIREAING uni t
for conmbining the frequency offset estimated by the plurality of frequency
of fset esti FEI Rlf GRS gencrated tikiae g fyning, bpusingai kvignalisnd a @ siendlaonieimed imp a
phase offset. of the carrier for which the frequency offset is conbined by
t he conbi ni Aigiteldreadeasies signb thepgeries mecovasy hrpdratsscoimpeisingilg (VCO) unit for
oscillating a predeterm ned | evel of voltage for conpensating for the
frequency of f set aghdalithef fpiuasey offhet estiranig uhitnfot estinagng a Zrequkhy Gfet 6f@he
recovery apparatus of claim1l, wherein the frequency offset estimating

uni t conpri s@ser gandratedidieingyhesthhifify bf@ie diiith] Hrédudossting &i'gﬁm, By Rifdhgs plutdiyy &f

pilot tones to a base band, respectively; an auto frequency control | ow

pass filter pi(chbdaes Bnjaifedrin 4R eighAtah@ the®) SiERANRPGCH velfid { Bl:EB&R: of the
plurality of pilot tones by fiilgitieri ng gelél%ﬂndg&o?‘mfhe pi ot fones,

respectively; aabbdbihil uﬁﬁforg&ﬂﬁﬁlﬁ{gitﬂ@ﬁ@qughﬂg%?frsm\éﬁn&% gf@ggpg%lggof o the

frequency offset of the <carrier based on th equency ; and a
mul tiplyi ngﬁéqﬁgﬁcyfo%et%hhétﬁkm the pul se wave by the Q signal containing

t he
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



13 2 JUN 2005 plurality of shifted pilot tones, wherein the conbining unit

cal cul ates a conbi ned value of the plurality of pilot tones by 0 i
the nultiples. 3. The carrier recovery apparatus of claim 2, vvhezemmlws

frequency offset estimating wunit further conprises a |ow pass filtering

(LPF) unit Qﬂﬁm@g&%@ﬁggoﬁaﬁgﬁ%%ﬂuency shifting wunit and the AFC LPF,

for filtering the frequen the plurality of pilot tones output

fromthe frequen shif.t.ing .unit, whereby the multip|ying unit multiplies
the Qsignal fil (tte & binfue g‘?m‘ﬁ”ﬁ‘iﬂi@t‘ﬁ?‘i" Y’t‘fﬂl"%’@‘*ﬂﬁ‘i‘%dﬁl{ﬂlmt}f Flopipneley
limter. 4. T’P’F caryier recovery apparatus of claim3, wherein the
frequency siPPPEHE t’lirﬁerl‘i“‘(‘ml:'](5’?Jrrpri ses: a numerically-controlled oscillator

(NCO) for calculating a frequency value for shifting the plurality of

pilot tones to the base band; and conplex-nultiplying unit for shifting the
plurality of pilot tones to the base band, by conplex-nultiplying the
frequency val ue ByThhenricrs¢ogmery appraatose cRimi2gwhireinGhe FRpes@ofiselesti@SRET Y
apparatus of claim4, wherein the phase offset estimating unit conprises:

a | oop filt enitAythendompfisss aflowtpessi figrinh @ KFY ok pRidé@bit®edd tﬁéfﬁ’éﬁﬁf‘eng‘psﬂiﬁlhﬂg ng

unit so that the conbined value can maintain a smooth curve; and an auto

phase cont r ehit eithpABE-TRF, foe Hilth b BEJuehy bad bE MR pludSlich BELiRR B3:€s &Iq}ﬁet of

the carrier through the conbined value fromthe Ioop filtering unit. 14
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

éomplex-mulﬁplyhlg 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.

14



2 JUN 2005 6. The carrier recovery apparatus of claimb5, wherein the

plurality of pilot tones contained in the I-signal and the Q si gzaUlmeZO[)S
two, and the frequency shifting unit, the LPF, the AFC-LPF, the™lTmter
and the nmultiplying unit are respectively provided in tw (2),
correspondingly. 7. The carrier recovery apparatus of claim®6, wherein the
frequency value output from the NCOis -3.57 MHz and +3.57 Mz,
respectively. 8. 6'I' car.ri er recover gratus of claim7, wherein the
frequency differeh e8ﬂ‘f’f)rJf’°°Vf“i‘Y5‘HP"Fﬁ%5 ﬁé@ﬁlﬁ‘ﬁ:w grepyibe phualitipd ilef toresval ue, a
negative val ue angd. zero él}%% 9. The carrier recovery apparatus of claimS8,
wher ei n t he *PRANEEH thehsignd and the Q-signabare tympad Bk frequanneshifting uhit,abpIBRE y
difference output fromthe AFC-LPF is positive, generates the pulse wave
of -1 when t ke A¥e&BEAby limites and dhromultiplymgtunis arRGeRelyproddsatin weo (2Nd
generates the pulse wave of 0O when the frequency difference fromthe

AFC- LPF i s @orrgspondlagharri er recovery nethod using a carrier recovery
apparatus of a digital broadcasting receiver, for recovering an offset of
a carrier occurring during a tuning, by using an I-signhal and a Q signal
contained in a digital broadcasting signal, the nethod conprising the

steps of . esti mati Wge énrfidr@eieRaS ipplrdts£ds c@iim@%h&%rdlﬁgﬁquﬁ&?ﬁguﬂgg‘?g{%ﬂg at he

tuning, by using a plurality of pilot tones contain nd

the Q si gnaktie NGO % -3 MP93nd $95P M & b&ﬁv&{,‘equency offset that is
estimated according to the plurality ofs pil ot tones;
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;

15



estimati ng a phase offset- of the carrier by using the conbined val ue of
frequency offset; and oscillating a predetermined |evel of vol tagem %@ﬂﬁ
conpensating for the frequency offset and the phase of fset of the i

for tuning. 11. The carrier recovery nmethod of claim 10, wherein the

frequency of fset @aibidi®d hddeqih I teps of Q@E i ng..t he

frequency of the pl urdglﬁgltty '8? p@%ﬁ%ﬁé@%ﬁﬂl&%gggcgg&%W&eﬁ é’&?g{}‘étl y, ~
, PY, cal %Heﬁti ng a frequency difference of the plurality of pilot tones
by filtering tHe bands of the plurality of pilot tones that are shifted to

t he base band; gengrating.a puylse ve corresponding to the frequency

of fset of the careﬁn@gt“ﬁzfg’é‘aseoq% Sctﬂﬁ&f"f‘“é”&ﬁ@hﬂ%}n&ﬁl? F‘é?glé%’e‘fal%nﬁ figgientypl yi ng
the pul se waye by the Qsignal containing the plurality of pilot tones that
are shi fted"%{fﬁe‘[’t%’g base band, wherein the conbining step calculates a

conbi ned value of the plurality of pilot tones by conbining the respective
mul tiples. 12. THecilligingiagredetsomined levetof Melthgo forchmpensdting fotthe fre@atentiset

of fset estimating step further conprises the |low pass filtering step for
filtering aamkthe phaspaffekt ofthe eartibrfopuningl i ty of shifted pilot tones are
positioned, wherein the multiplying step nultiplies the filtered Q signal
by the pulse wave. 16 2 JUN 2005 13. The carrier recovery nethod of claim
12, wherein the frequency shifting step )

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,

16




conprises the steps of; calculating a frequency value for shifting the

plurality of pilot tones to the base band, respectively; and pepf rlﬂlnfﬂﬁ
the frequency shifting into the base band with respect to the pl hrgl Y 5

pi l ot tones, by conplex-nultiplying the frequency value by the I-signal and
the Qsignal. 14. The carrier recovery method of claim 13, wherein the
phase offset estimating step conprises the steps of: loop-filtering the

conbi ned val ue sa that the conbi neghpxahée c&p intain a snooth curve; and
estimating the pHas& SPRELTCOYymedipd phelaigyl2, wherely FRoy B Ph e d
value that is loop-filtered. 15. The carrier recovery nethod of claim 14,
wher ei n t he “PPRRSS te§teBy ofyi | 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 &#fcyating §keswendyealue &yubifitng theplualityaif pilbigoiasdo the bypeiband, 3. 57
MHz and +3.57 MHz, respectively. 17. The carrier recovery nethod of claim
16, wher ei nraspestifelgquéncy di fference output fromthe frequency difference
calculating step is one of a positive value, a negative value and 17 2 JUN

2005 zero (0). perforfitiey hefeqehcy sefiueinyo fiebiedanf with Righcdid theW@ar e pul se
wave generating step generates the pul se wave of +1 when the frequency

di fference pildtpsties, ity cB@Blek imiSliplGRE HedtegSerch Paludby BET-YBYAE af td Ql\ﬁ@al.t he
e o

frequency difference is negative, and generates the pul se wav

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

17



0 when the frequency difference is 0. 18 CARRI ER RECOVERY APPARATUS OF
Dl G TAL BROADCASTI NG RECEI VER USI NG TWO (2) PILOT SI GNALS ABSTFM?”Q!Jﬁ%ZGDS
carrier recovery apparatus of a digital broadcasting receiver. The*c

recovery apparatus has a plurality of frequency offset estimating units for
estimating gebr@guency offset of the carrier generate during the tuning of
the digital broadcastlng signal, by shifting a plurality of pilot tones
contained in the | signal and t he Q signal respectively to a base band; a
conbining unit for conbining the frequency offset estimted by the

plurality of frequye of fset esti i .units; a phase offset estimating
unit for estlnatﬁ%g?@‘ﬁﬂgggxﬁﬁq%ﬁngé € rWh@@nﬁﬁke%ﬁﬂéﬁmﬁﬁﬁngﬂ@muency

of fset is conbi ned by the copbining unit; and a vol tage-controll ed

osci | | at i ng2FRoestss g pulservgve Of)thwh?ratb? freusngyrditiareracimitpatiisipesitive, génevatdsithge
for conpensatlng for the fre%#ency of fset and the phase offset and then
tuning. FI &t lse wave of —1 when the frequency difference is negative, and generates the pulse wave of

( when the frequency difference is 0.
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