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;e3e2" /VWW [0 6f*T 2 7 AR 2uD4 DESCRI PTI ON SYNCHRONI ZATI ON DETECTI ON
DEVI CE 5 TECHNI CAL FI ELD The present invention relates to a syncir briZatilish
detection device for detecting a synchronization signal froman input
signal containing the synchronization signal, and nore particularly to a
synchroni zati on detection device provided in 10 a receiver that is
conpliant with the US digital terrestrial broadcasting standard, or the

l'i ke. BACKGROUND ART FIG 15 is a prackrgiaggamillustrating a
configuration of 15 a conventi onal sync%ronlzation det ecti on device
provided in a digital broadcast receiver. A synchronization detection
device 100 illustrated in FIG 15 includes a field synchroni zation

detection section |01, ' unt section 103, a
backward guard | evel st§F§§Q%§§@?ggﬁgﬁbi&ﬁgkﬁgﬁ@g%gvg guard | evel storage
section 105, a synchronization determ nation section |06, and a
synchroni zati on detection signal generation section 107. The .
synchroni zati on detection device 100 is provided in a digital denodul ation
systeﬁlof a receiver conpliant vﬁ@qﬁq¥ﬁﬁ§£§%ﬁﬁﬁtaJ terrestrial broadcasting
standard. The VSB 25 (Vestigial Side Band) schene is enployed as the
modul ati on schelR® 1 PTSSeptaAPRNYBBr 108 R adegi t 3P dRnotMeRTORiE95iem The
synchroni zation detection device 100 detects two kinds of synchronization

signal s (€ EReFiPR AfHIGShiERAt Aehe ST hdl 2 A Eeayimertl Y Sdringdi £A0MoRn

- signal) froman input signal DT having a frane structure conpliant 5 with

t he ATSC ¥ianstanak| eonsadnisystbas sgoehirondep tdoanddrgnalane it pOrs a
field synchroni zati on detection signal FS and a segnment synchroni zation

" detecti orPatitghelasly b Al eyntbronheatiienddsyrchion daviea Heeesdednin

section 10l detects a field synchronization signal contained in the input
10 sil§nala Diecahdeoutpat sisheofipéldnsymwélthorireatUSrd et tect | oarséghaiaFS.
El ements other than the field synchroni zati on detection section 101
t oget her Horaneaseigne i taydeotd,omzdtieon.det ecti on section 109. The segnent
synchroni zati on detection section |09 has a synchroni zati on backward guard
function and a
BACKGROUND ART
FIG. 15 is a block diagram illustrating a configuration of
15 a conventional synchronization detection device provided in a
digital broadcast receiver. A synchronization detection device
100 illustrated in FIG. 15 includes a field synchronization
detection section 101, a pattern match section 102, a count
section 103, a backward guard level storage section 104, a forward
20 guard level storage section 105, a synchronization determination
section 106, and a synchronization detection signal generation
section 107. The synchronization detection device 100 1is
provided in a digital demodulation system of a receiver compliant

with the US digital terrestrial broadcasting standard. The VSB

25 (Vestigial Side Band) scheme is employed as the modulation scheme




15 synchronization forward guard function. The backward guard function
refers to a function of transitioning froma synchroni zati on-uneﬁi 2béF§h?®é
state to a synchroni zation established state when a pattern matc p t

wi th a synchronization signal succeeds a predeterm ned nunber of tinmes 20
(referred to as "backward guard | evel ") consecutively in a

synchroni zati on-unest abl i shed state. The forward guard function refers to a
function tr, i &k gli f chroni i.on-e bl'jﬁ}g&qr a
synchr oniiio(g]t:i g%%n%%?%%??sh%%@a%ﬁ en%ﬁg%nt'er nﬂr}gtc oper%?éo%t%\n&%h a
25 synchrgni ' [ I id r term.n r..gf, _ti.nes A?l Z
04 (1 or e v i 1o R 108l Ry P aqttoneh e B R onl ey PR Fna e
synchroni”é%t'i_)gl-c?séaé)(l:gl%hedzstaée. The atrg(?rap rgaatch 1_§ectril((:)l,rllmlr(l)lzz e{forms a
pattern o opera¥i on" Dt fideh I%h%l?rﬁ?) 28 gna‘cl’ T Hnd> {he segrren% Eh
synchroni zat i i_gnal , .and out put match result signal 202 indjcating
Success Of LTI uPE0BT =1 A EDRE TH b PR T DR Rl KB E "GE NG FO LAt a
counter provided therein to count the nunber of tines a pattern tc

oper agi o i ﬁ%tanéT§Egﬁ%ﬂYa§9ﬁ‘gﬂ?}rﬁ‘?aﬂ% SYEGREP gﬁ%é@ﬁ?%oﬁ%@&%? ely in
a 10 synchéé)ni zation-unestablished state, and_the nunber of tinmes a pattern
mat ch opett i YHRIHEH 3 hel ke chyprbrdnt Yatit St il S1ad s Comet @i vel y
in a synchroni zati on-established state. The backward guard | evel storage
section IRRERINT eBY - aikived o Qfu el $elvern 29l de%cri bed above, and the
forward guard | evel storage 15 section 105 stores a forward guard | evel 205
as descri bed abdvEBIGThe s{hehriohtd avnehreatepminatdoieeeen 6gctden 101

. determ nes whether it is a synchronization-established state or a

"~ synchr onidRReHE uhdstall | syrech 22 hageds opnal covrtavzgdiei 203 f Lagiet count
section 103, the backward guard | evel 204 and the 20 forward guard | evel
205. 1fbr esigpeh Preadnd puthetsyirivhfdrildas yrorh dst ierati et def esédonomi drost
determnes a transition to a synchroni zati on-established state when the
count vallfe 208 dmegonesoEneml thanokthgr ddedd tshyarehrdven dlvseckiwar ddguee i drevel
204 in a synchroni zation-unestablished state, and determ nes a 25

transiti cedtolan syrichraydiZzads ofo i es tadiniasihe b widimmhen: tde detection

éection 109. The segment synchronization detection section 109
has a synchronization backward déuard function and a
15 synchronization forward guard function. The backward guard
function refers to a function of transitioning from a
synchronization-unestablished state to a synchronization-
established state when a pattern match operation with a
synchronization signal succeeds a predetermined number of times
20 {referred to as "backward guard level") consecutively in a
synchronization-unestablished state. The forward guard
function refers to a function of transitioning from a
synchronization-established state to a synchronization-

unestablished state when a pattern match operation with a

25 synchronization signal fails a predetermined number of times



3 ~ 7 ,~i'"R 2~J0s count value 203 becones equal to or greater it;an‘hheﬂ
forward guard | evel 205 in a synchronization-established state. APR 2004
synchroni zation state signal 206 outputted fromthe synchronization

determ nation section 106 is supplied to the 5 count section 103 and the
synchroni zati on detection signal generation section 107. The

synchroni zati on detection signal generation section |07 outputs the segnent
synchroni zattenrdet ect i 98 SifPIalardS YheAd| tlefv%(le'i)VeéorﬁgécxﬁTﬁiﬁél?eilﬁ ta
signal 202 (whether it indicates a 10 match success or a match failure) in

a synchr ogyzahioni £5t abhisheshBi ahed Sowexer, a VSB denodul ation system
with the above-described conventional synchronization detection device

provi ded thereithdasather-fo N enB) %@% j i ear

the 15 antenna of zééclii gi?gl h%?%%dgggﬁggba@gei ver, a Vééébédéﬁgoﬁartﬁ%gﬁﬁ

systemr i - bot i ginal L d re ct wa, IS

refl ect e%%ﬁ%&o%iﬁ?@ﬂm%%y {%g&?n;g%}é&?gfnoﬁr di isljﬁ)cﬁay@ge at y% rﬁglg% t he

screen of ' Thy e n ' al | "near-ghost” n the
Cor SHaeEtittlop P EEL RIS 3 B  BEN L CT a1 202

recei ver recelves a radio
t s j zat { i s dist d FIG_.9) i i nput
i anal o he oS B P S ek RaR T cpration: il er ORk ati on
Iy f bit (sign bit) b the input signal and th
Cegment | SCHR O LAt Lo SsrgratThay BRI TSy FPecPinpr cherTyas:

det ect ac;s%/ncgr oni zati on sci nal or a detection. of a 4 Z ~f~ zo~~t

z
synchroni%ati on g7 gndl &PCAFTE r TS t PRERGEIRBr eBHER, (e seffrEment

. synchroni zati.on detection signal_ SS outputted fromthe synchronization

det ect i orf YA 225 00t t 9Pk waTBFBRRABqUACOPRECY 158 on ithat 4 s
pr ovb}&ed in stage 5 subsequent to the synchronization detection device.
However , %éﬁlﬁ%@etg‘r%mms%ﬁ?@rﬂldrﬁf%% it gald thedruBbesdoht times a
erroneous timng, the waveform equalization section can only function to
ensure a B de™ FRCRgOPOF 2t kel seighe ihes yrEReDRi 2arrbronbzetitpreiamal can

no longer_performits primary function of 10 renoving a ghost caused by a
t ransm Sgﬁadﬁspg@lﬁgecutlvely in a synchronization-established state. The

backward guard level storage-section 104 stores a backward guard
levél 204 as described above, and the forward guard level storage

15 section 105 stores a forward guard level 205 as described above.
The synchronization determination section 106 determines

whether it 1is a synchronization-established state or a
synchronization-unestablished state based on a count value 203

of the count section 103, the backward guard level 204 and the

20  forward guard level 205. More specifically, the synchronization
determination section 106 determines a transition to a
synchronization-established state when the count wvalue 203
becomes equal to or greater than the backward guard level 204 in

a synchronization-unestablished state, and determines a

25 transition to a synchronization-unestablished state when the




Thus, it is an object of the present invention to provide a synghyaoni zation
detecti on device having a desirable synchroni zati on detecting cgdgﬁﬁﬁlﬂmé
and/ or a desirable synchronization maintaining capability, and to provide a
VSB 15 denodul ati on system having a hi gh near-ghost interference renoving
capability. D SCLOSURE OF THE | NVENTI ON To achi eve the above objects, the
present invention has the 20 follow ng aspects. A first aspect of the

present i ayentivon Jes B nRELeA 4 egﬁagmag%&@ﬁémh@% 6l IfnWdey g@aﬁar

detecting a synchroni zation sign roman | nput signal containing the -

synehr oni zapipn spanaly, CONPT Lghagy 29,2, SAARELRGLSECHEAN 1At d ecei vgs a

cl ock sign and the I'nput sl gna or sanpling the

i nput sig ne.of a pluyrality_of npl oi nt recpresen ithin
one cyclegg¥cﬁﬁ%8% %g O%igﬁﬁfﬁxﬁ pgﬁgggg ma %ﬁ sg%ﬁﬁ%n E%? cﬁggﬁing£3%gther
or not an_5 output_sjgnal .of the samplin ecti cant ai_.ns_t.he, sane,_si gnal
pattern a%y?%%fg%%z?tgogyﬂgﬁ?ﬁﬂ?Qaﬁggﬂ §g8§éinﬁ®§ fﬁ%f§§ﬁ§%§%ﬂ%9agﬁ?hat
of the synchronizati,on sjgnal; a count section that receives a match result
from Phe PAtFer FEREEOR st | B dh% oKEFRECEREhLBer e G IS & BRfLor n
10 mat ch oggration succeeds consecutively in a synchronization

unest abl | $FRET 3t LeR RAC1PRe Hlifber of times the pattern match operation
fails consecutively in a synchronization-established state; a backward

guard | evel stofRR)eS ERERTON 73718 FHEHRLCE A YNt o¥PReF? bhoPatRARt A guar d

| evel ;
107 outputs the segment synchronization detection signal S5 when

it receives the match result éignal 202 (whether it indicates a
10 match success or a match failure) in a synchronization-
established state.

However, a VSB demodulation systemwith the above-described
conventional synchronization detection device provided therein
has the following problems. When some object éxists near the

15 antenna of a digital broadcast transceiver, a VSB demodulation
system receives both the original radio wave and a reflected wave
that is reflected off the object, whereby the image is not
displayed at all on the screen of the receiver. This phenomenon
is called a "near~-ghost"”. When the receiver receives a radio wave

20 such that a near-ghost occurs, the segment synchronization
pattern is disturbed (see FIG. 9) in the input signal to the VSB
demodulation system. Therefore, a pattern match operation only
for the upper one bit (sign bit) between the input signal and the
segment synchronization signal may result in a failure to properly

25 detect a synchronization signal or a detection of a




a forward guard | evel storage section for storing a synchronizatkfz fQ&mard
guard level; a synchronization determ nation section for determm gAPf 2004
whether or not it is a synchronization-established state based 20 on the
count value of the count section, the backward guard | evel and the forward
guard level; and a synchronization detection signal generation section for
generating a synchroni zation detection signal at a timng point at which

t he patt erynatatarh. zsyiercat isogriasl pay fagy etk dneause PRI N 25 match section in
a synchroni zation-established state, 6 "C ~~ nP~ rUO~r wherein the

sanpl i ng sect i ol rswivteahes hsasgdreepoiswrs:Hom izatpldamgetieetiigpus 1gnghalsS f rom
one to another in a synchronization-unestablished state. According to the
first aspatipwsdtesenmbete abaveh rdrez saimpt ek audi inirs deer csaip| imguitteed | nput
signal are switched fromone to another in a synchronization-unestablished
state, ang thedeifestd equal iheisywnebeenbrathan $sgpabvidepeih ox nethdeor the
sanpled input signal. Inthis way, it is possible to detect the
synchsoni Zd Qmeignal thd hs @hdt 9hh PF 61 S Al t MbE OV edlevbye 10 rppdwang t he
synchroni zati on detection device to a VSB denodul ati on system it is

possi bl e yip.detget dhgSRINEDLCAYBRALARE ZAt iy Onak viddeacdd gat an
precision, and to inprove the near-ghost interference renoving capability.

In a sec 0 e fi S ; idtd kb &actd
ina desgldrcgrféggg né&ﬁfiﬁg?l %@Q whi b 8b A @f%ﬁ%ll%@%_l%ﬁ”@édﬂ ALY

a ion section for nultiplying the clock signal;

and a Swfﬂl&t&'ﬁm g?%%dc}% %Eﬁlo'p%r} £ on; S@wl %@%ﬂeﬁ%@y§&m1%t:@on

. mninmuminterva . he Tnput signal changes by using 20 the
ol tiplled dagkos ANf HILE URLER! BE-EBCS AR GuROIIYS AllcSAIPIORY Lhe
i nput signhal anbnd a plurality O rmng points defined by the nultiplied
cIocE signal i.n_a synchronizati nest ahl | %§?£ pAccording to the
secol agtpeé.%cfvjééq &eé}qsoteacaa%so%cg??fhaesccﬁaag}:iﬁ s%?éftl s multiplied, and
the input si gnailhulss, Sl nglsegnba/bjugé@%g the present invention to provide
a synchronization detection device having a desirable
synchronization detécting capability —and/or a desirable
synchronization maintaining capability, and to provide a V3B

15 demodulation system having a high near-ghost interference

removing capability.

DISCLOSURE OF THE INVENTION
To achieve the above objects, the present invention has the
20 following aspécts.

A first aspect of the present invention is directed to a
synchronization detection device for detecting a synchronization
signal from an input signal containing the synchronization signal,
comprising:

25 a sampling section that receives a clock signal and the




2. ?2 AP 2.04 the nultiplied clock signal. In this way, it is pquiﬂb
set a large nunber of sanple points at regular intervals within e 8

of the clock signal, and to inprove the synchronization detecting
capability. 5 1n a third aspect based on the first aspect, the sanpling
section includes: a clock switching section for selectively outputting a
non-inverted signal of the clock signal or an inverted signal thereof,

whi | e switrsithgisingdalfort sabel bug pute Bepwseaighel 10c mmﬁolfnaqvlteﬂabiwal of
the clock signal and the inverted signal thereof in a

synchr oniatsagplenestialilsi shetd statmresatk avifihdied osanpliclg se€cthoncierk
sanpling the input signal at a mninuminterval at which the input signal
changes Wigrsivg an out put signal of the clock switching section. 15
According to the third aspect as described above, the input signal is

sanpl ed wi th the giodtd iy ehd €ch sigped oRf rbhecabogkngi gRakhak he ddweld ed
signal thereof. In this way, it is possible to inprove the synchronlzatlon

deteCBln@mﬁﬁm&ﬂﬂéﬂdHEEMthtﬁesbﬂﬁbﬁlﬁgngégﬂiéh'88nt39n§ntﬁbfééﬁérb
based on the first aspect, the input "signal is data having a frane

struct ur gaamd apted b+t Bﬁe%ﬁ%r&t&ﬂdﬁ& rﬁ‘@%g%lﬁﬁt h ﬁi%%”é%@%dc;%dt% gnal

is a segment synchronization si'gnal conplia

Accor di ng < @H:he Souh ClorBS 48SSS | %&} hove, is 25 possible to
I

detect the segnent synch onlzatlon si gha 1 a hlgh 8 /tr ~ 2~il~r

precision, and t QRravi de.a; VSB. fgpodul t_t'v%@, %%5@{;%&@91@ R, gl

-near - ghost |nterference renmoving capabi I|t aspect basealon t he

first Dt t h d t f th t
i gnal - g eerA b bk SO0 0L AR e LR B 68 R o e HeP R gher

th f th h t d t d
out pi s tﬂﬁg%é% e?%ﬁﬁ. 5] .e%uﬁé‘cﬁ%de%t?%ﬁ é‘?@%ﬁ?éfﬁatg?g %-a'?fa 57 B yi ng

the inpu i.gn nste d.of t sign of the sanpll sectlon to
t he pattgP%S%a CHSE %ﬁt 1@”%%5%FdBHEbF5 etﬂpﬁﬁht§§p§@t@§% Fed

above, one % g se ment f nchroni zati on detection S|%eals S
selectlvgpﬁréﬁﬁﬁﬂt ad BrH?H BEihe édﬁ?thythFﬁgHzﬁ&hQ@nﬁﬁﬁﬂ is

way, it |% ossible to detect t he synchroni zation signal with a hlgh
precisio Bg tising the sanpled input when the quality 15 of the input
signal is low, while detecting the S{nchronlzatlon signal by using the
i nput signal , 359@?h@§r%w&ﬁﬁ¥%elﬁﬁﬁ|t%ﬁQﬁaQ%esﬁﬁﬁaPnsﬁﬁﬁalSF@rhﬂ@ha Thus,
it is p033|ble to detect the

synchronization backward guard level;

a forward guard level storage section for storing a
synchfonization forward guard level;
a synchronization determination section for determining
whether or not it is a synchronization-established state based
20  on the count value of the count section, the backward guard level
and the forward guard level; and
a synchronization detection signal generation section for
generating a synchronization detection signal at a timing point
at which the pattern match operation is performed by the pattern

25 match section in a synchronization-established state,




synchroni zation signal according to the situation by switching the g
synchroni zati on detecting nethods according to the quality 20 ofﬁtﬁ]e‘““ﬁ'nﬁ'@@4
signal. Moreover, by applying the synchronization detection device to a VSB
denodul ati on system it is possible to detect the segnent synchronization
signal with a high precision, and to inprove the near-ghost interference
renmoving capability. In a sixth aspect based on the fifth aspect, the input

signal 25 is dRETRAA die Fapelng rirdtuken comdiehat SRS Heolarse for
standard, 9 2t iz~~ ~i~u~ the synchronization signal is a segnent
synchr oni $3%p biMa&i ghla¢ cépphtantsiwingd t HEEORTSCRE andar d2nghdethe igualadty
information i ndi cates whether or not a near-ghost is occurring for the

i nput si giatchoNcaurdimgines tdel sihad sispeet as descri bed above, it is
possi ble to detect the segnment synchronization signal with a high
preci si on, and AcqrdivigieoadhSBi dethadyleatt o8 dessirdinckhiaabonge a thieghample
near - ghost interference renoving capability. A seventh aspect is a
synchbonizainton fttet ecinponi rdpuitoe frgputl G aetectd g @wisyrtodd o aatdron sé gnal
froman input signal containing the synchronization signal, conprising: a

pattern rai@ihaectinonaf ofyrcdiatdd g il -hete DraiDisHde ishpltle,Si ghal ©ont ai ns
the sanme signal pattern as that of the synchronization signal with the sane

cycl e as ddwdctifort hef 15h8YBGRERRbAREAONOET 8Rghala i60WRlr feREldPEdhathe
receives a match result fromthe - pattern match section for counting the

nunber ofsdridiesd anpaict 8f BnARt Chriopayiat h@?,sﬂgcﬁ%s%q%ﬁ_j%cﬁbi a8t¥ct e
synchroni zation unestablished state and the nunber of tinmes the pattern

match 20 Gpenaldindidids ernserulival ¥ i Sypehronbaat i eprestll i shed
state; a backward guard |evel storage section for storing a synchronization

pockae: 8 A v = AR S el siprane SgRugn dor #tordg o
demodulation systenp it is possible to detect the segment
synchronization ;ignalrwitrta high precision, and to improve the
near—-ghost interference removing capability.

In a second aspect based on the first aspect, the sampling

15 sectipn includes:

a clock multiplication section for multiplying the clock
signal; and

a switchable sampling section for sampling the input signal
at a minimum interval at which the input signal changes by using

20 the multiplied clock signal, while switching the sample points
for sampling the input signal among a plurality of timing points
defined by the multiplied clock signal in a synchronization-
ﬁnestablished state.

According to the second aspect as described above, the clock

25 signal is multiplied, and the input signal is sampled by using




a synchroni zation detérmnation section for ‘determn ni ng whet her o?vn%@ai%
is a synchroni zation-established state based on the count val ue ot ite® 2004
count section, the backward guard | evel and.the forward guard level; and 5
a synchroni zation detection signal generation section for generating a
synchroni zation detection signal at a timng point at which the pattern

mat ch operation is perfornmed by the pattern match section in a

synchroni zigd inﬁﬂ‘t%.?lal@cf;c shedystatgara sh ftfhi%magﬁ £ontd al, 386l LoPs that

receives quality I0 information that indicates quality of a result of

processi ng jtf1&;d BRMe$ S@g%aﬂtn'[ﬁ%é‘gﬁ]c §¥c{’cc%ﬁﬂilégt EHEeQ%?E%PﬂT%%}% for

obtai ning a shift anount roni zatron detection sign ased on

sect fon 1orH8 ThiThe Ao Rl SRR o T ori B Er o AR Ao

directioqkaqgggfgng:to the shift amount obtained by the shift anount
control section. qyxﬁﬁ%ﬁ Y% the sevent h ‘aspect as descri bed above, the

synchroni zation detectiqgn signal is outputted. after being shifted 20 in the
ST e i rect on ageaRonth APRBIRESET e Lons CaNBBERES St (S SHRLHRY o

t he synchroni zation detection signal is determned so as to inprove the
qual ity tHfi 5 i M by the quality information. In this way, it is
possi ble to detect the segment synchronization signal with a high

preci si on. Mr éovereChs Bt elpity| ﬁ@CFh@nsﬁﬁéhﬁ@ﬁ??&t%vﬁﬁydét%‘i%%%ﬁ ceto
a.VSB 11 Z ~ ia~~ 2Q04 denodul ation system it is possible to detect the
segnent SAREHIOMRERTG i Blagn&af viltech Fafilghs isedi oD diad-sdptisigt he
near - ghost interference renoving capability. In an eighth aspect based on

. the sevdftdresdpecthilfe sshitichimansianatsnttol beecritamtchkagesenheshi f t

anmount of the
16. non-inverted signal of the clock signal and the inverted signal

thereof in a synchronization-unestablished state; and

a fixed,samplihg section for sampling the input signal at
a minimum interval at which the input signal changes by usind an
output signal of the clock switching section.

15 According to the third aspect as described above, the input
signal is sampled with the non-inverted signal of the clock signal
or the inverted signal thereof. In this way, it is possible to
improve the synchronization detecting capability with a simple
configuration. |

20 In a féurth aspect based on the first aspect, the input
signal is data having a frame structure compliant with the ATSC
standard, and the synchronization signal 1is a segment
synchronization signal compliant with the ATSC standard.

According to the fourth aspect as described above, it is

25 possible to detect the segment synchronization signal with a high




synchroni zation-detection signal if the quality of the result Of&fﬁoﬁﬁﬁsﬁﬁﬂ
.the input signal is lower than a predeterm ned reference. In a rfiht

aspect based on the seventh aspect, the shift 10 amount control section
determ nes the shift anmount of the synchronization detection signal so as
to optimze the quality of the result of processing the input signal.
According to the eighth and ninth aspects as descri bed above, the shift
anmount obrkhe ssynchieditzapironidetLysBodeBo@idhtisn Eydaimehavhad sbigh to
inprove the quality that is indicated by the quality information. In this

way, it heapoghbllkeiheccdebeehckheeneginat copaphnamiyzati on signal with a
hi gh precision. In a tenth aspect based on the ninth aspect, the input

signal is datarhQavj ng; gcfir aBBest! UL §QMRhicanti Mt hatpechTSqustanrgard,
20 and the synchroni zation signal is a segnent synchronization signal

conpl i ant; (Wit Bt R8AAESG St ANIAL M o d N2 8Bugh §Y¥GNIUE asReCinPacedigRalhastenth

aspect, the quality information 1s error rate information for a signal that

'S OS{% al ’%%%éatﬂeﬁ?r%@ Ehad. £ TN B al + zald %]rh&%rsaﬂdzrpé?l 9% bAgne | nput

si gn usi the synchroni zat 1 on on signa ~~~ Z~~~
According,to the tenth_an | ey e Iy .abo [

hoss bl o et Bee ot Ra e F e anentan ShE SyrERIRh At RO e adkilch
precision, and to prqvide a VSB denodul atign st avj hj .

ear - ohollvERter iRt ‘T 7 RsNEaR LA FEp]" BRI B bl 4
synchroni zati.on detecti on devi for detecting a.synchroni i 0 i_gnal
Y om an PREA RSl SUBRLALAPNG End PEYc o T4 fon Lerdndl. henaritelte:
‘pattern match _section for checki ng whet her not the input signal, contains
Phe hnme “aPBA%I Opatha: foHBLiRG: SBEChRE 160 hoh PaEEEr B Ky FaE WiEh t he
sane cycle as that of the synchronization signal; a %gqyt section th
recetVes a nat ARCPELHPY FPO#?h%lfth aspect das described above, one o

two kinds of segment synchronization detection signals is
selectively cutput acco_rding to the quality of the input signal.

In this'way, it is possible to detect the synchronization signal
with a high precision by using the sampled input when the quality

15 of the input signal is low, while detecting the synchronization
signal by using the input signal, as it is, when the quality of

the input signal is high. Thus, it is possible to detect the
synchronization signal according to the situation by switching

the synchronization detecting methods according to the quality

20 of the input signal. Moreover, by applying the synchronization
detection device to a VSB demodulation 'system, it is possible to
detect the segment synchronization signal with a high precision,

and to improve the near-ghost interference removing capability.

In a sixth aspect based on the fifth aspect, the input signal

25 is data having a frame structure compliant with the ATSC standard,




pattern match section for counting the nunber of tines a pattern match

oper ati on succeeds consecutively in a synchronization 15 unest abl Zshe& R 2{04
state a backward guard | evel storage section for storing a synchronization
backward guard | evel; a long cycle synchronization detection section for
detecting a |l ong cycle synchroni zation signal contained in the 20 input
signal with a cycle longer than the synchroni zati on signal; a

synchroni zad i oph et mnatd P iseehi QR faogeaﬁtes%?hegranié@f@bﬁl Oghe a
synchroni zati on- est abl i shed state when a count value of the count Section

becomes egiali{onOr, SRR Afgh éﬁ%cﬁ?ﬂf""a‘éﬁdgﬂ% &gyfé¥amf$9faation

determining a transition to a 25 synchroni zati on-unéstabl1shed state when a

synchroni zati 7 ; 10~4_detecti e i.on. fai Lpat ng
cycle syﬁéﬂ%&%ﬁ?%?ﬁ&éﬁ%ﬁéﬁﬁ%%%Pé%ggggn?%g%g gQ§%¥ﬁﬁﬁ%§§g%ﬁbEﬂae?ﬁ%%?on
si gnal g%%¥§gion section for generating a synchronization detection signal

at atimng point 5 at which the pattern match operation is performed by
the pattern match section in.a synchronization-established.,state..According
Lo the tvel f1n Ui bb0df U bSO (FeS SR OBt ohe | &5
est abl i shed, the state where the synchronization is established is |,
ol ntai Nt IHIEG TS e BERROTC BT IRE T i SYABRLIR e BHRi gnal
fails. Inthis way, it can be nade unlikely for the segnment o
synchr oniZtF'6H Ohm 8@ %5 &IA%EHEy2 P HemositatiRnof e emglac}%l,nq ¢ frggh
possible to inprove the synchronization maintaining capability. Moreover,
by appl yiHpP I Y HEoH 2§ HP dettish rRalelileya - VSB 15 denodul ati on
system it is possible to inprove the capability to maintain the segnent
synchroni zat i of* SFYRAEILCD aFREeEd lisnpravechFenhadklghsataghiery ép¥ace ¥ ehovi ng
capability. In a thirteenth aspect based on the twel fth aspect, the input
si gnaP i St ingi iy svhchmendzatdom eséonplli aAromi t Ant hEnpEt ATSInal
standard, the synchronization signal is a segnent synchronization signa
conpl i antcagittehinineg ATSC sstregiozord, z adnicbrt hel gromly, cy@niuer 5yAedy oni zat i on si gna
is a field synchroni zation signal conpliant with the ATSC standard.
Accordi ng to t e paiitamemat ds pectt ias dasc rétpsck iabp v etthher 25 seenetite
synchroni zati on signal, once established, can be detected 14

input signal contains the same signal pattern as that of the

synchronization signal with the same cycle as that of the
15 synchronization signal;

a count section that receives a match result from the
pattern match section for counting the number of times a pattern
match operation succeeds consecutively in a synchronization-
unestablished state and the number of times the pattern match

20 operation fails consecutively in a synchronization-established
state;

a backward guard level storage section for storing a
synchronization backward. guard level;

a forward guard level storage section for storing a

25 synchronization forward guard level;

10




,~ ii~~j &' f by being maintained, and it is possible to provide a VSB ‘
denodul ati on system having a hi gh near-ghost interference removing? 7 APR 2084
capability. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagram
illustrating a configuration of a synchronization detection device

according to a first enbodi nent of the present invention. FIG 2 is a block

diagramillustrating a configuration of 10 a VSB denpdul ation systemw th a
synchroni zati og Q?h@ﬁ&bﬂ@zQ%YbﬁedéEEEﬁQhQQiBH Ebestohorhicf HBrerhedipgnt s of
the present invention provided therein. FIG 3 is a block diagram

L1 ust rakhaend, ot AgUral an Ols A NBEoLmi el Ealli AP Elhel Bhskae VSB
tem 15 11| G

denodul ati1 on sys ustrated in FIG 2. Fl 4 is a diagram

L SLr abhngh2 IRl Rl Ol 08 3rAAXLAG: & JLAB, SERUAS MR, SELIIREd Rty ATSC

FIG 5 is a diagramillustrating a segnent contalning a
field syncﬁrgﬁiz%tion ?ignak dgf%nfd gﬂdthe ATSC_ 20 FIG 6 is a diagram
iIIustraFP g Retq&t'arFs96f g Sgﬁeht containing data defined in the ATSC.

FI G is adiagramillustratin anpl.e poi.nt _groups_of. the synchrqni zation
detection devi e HETHr & ettt % ﬁj&%ﬁ@@%%%?ﬂeﬁ SF T H" ﬁsree%eln H #0r
invention. 25 FIG 8 is a diagramillustrating an exanple aof .a segnent 15
ST 295n8Rak) Rui GRS gri SBEE ST ApEPOLCE | B & SR PRI Tat i on
detection device. FIG 9 is a diagran1iIJustrating hOM/g?se nent

synchr onPEat i br it edBeétfen BT EhCRIARMShi PaPPHRCHRERCRY IS PAETFES
according to the first enbodinent of the present invention. FIG 10 is a

bl ock di BgE&h FRFG4PRatinng aYBERFPRLFEatIBR-B8FTEPsARRFOAFZARY Oon detection
:devi ce according to the second enbodi ment of the present jnvention. FIG 11
is a diagram i fl $tifdt | apowolv £o8égPent SaTt symchPshi ZRTOH$S Goeddfed by

t he synchroni zati on detection device according to the second enbodi nent of
theibgesénformation that indicates a quality of a result of processing

the input signal using the synchronization detection signal for

obtaining a shift amount of the synchronization.detection signal
based on the quality information; and

a synchronization detection signal shifting section for

15 shifting the synchronization detection signal in a time direction

according to the shift amount obtained by the shift amount control

section.

According to the seventh aspect as described above, the

synchronization detection signal is outputted after being shifted

20 in the time direction based on the quality information, and the

Sﬂ;ft amount of the synchronization detection signal 1is

determined so as to improve the quality that is indicated by the

| quality information. In this way, it is possible to detect the

segment synchronization signal with a high precision. Moreover,

25 by applying the synchronization detection device to a VSB

11




invention. FIG 12 is a block diagramillustrating a configuration pfﬁf@g} N

synchroni zati on detection device according to the third 15 enbodi nent o

the present invention. FIG 23 is a block diagramillustrating a

configuration of a synchronization detection device according to the fourth

enbodi nent of the present invention. FIG 14 is a bl ock diagram

illustrating a configuration of 20 a synchroni zati on detection device

accor di ngidoditeafidit hsoabedi, ment ok thes Prigbentol Nv@ddONLhEl Gedlens a

bl ock diagramillustrating a configuration of a conventi onal

synchr oni Zgd ¢10F 08t B d P 9@ 1C 84 t RO BESH 1 5B CARRY NG o VB he

| NVENTI ON 16 2 '~ ~"rc~ ?G-~"~ (FIRST 'EMBODI MENT) FIG 1 is a block

di agram iﬂéé@i@é@%r&%f%@ti&ﬂoﬂn@ SYpehIpni¢gation detection device

according to the first enbodi nent of the present invention. A

synchroni zati o e I i Ay r i Sk 1 ipel udesi t he

field synchron{tzrgtago%g(g%j%gg?%é{néggct| onolilo%,%asaéc‘%é:ﬂk r?ﬁllpt%icpi):l'i {égtgi on section

| 11, SW gnﬁPl li ng,_section ~the ttert t ti t he

count gse\(/:\‘gtr%on O%O%%%ac ev?/g:fiémgug%l Svel tglt%orgégfggc%agﬁﬁﬁoi?ﬁt %

forward rd. | evel .stor section.l 10 .the [ongzat |

determ ng%ianocﬂlrsoenc %aotnl(:frbgl,%%aer? J’toﬁleségﬁg%r%ﬁitzhaet ﬁé%%g?e@t iztglne glgalr%f: ot

generatiqn_ section Igl?l The s‘]%/nchronilzati on det ecéi on device 110IIE13_S o

char act el 5SFIHhat Pt R eS18REL bt 187GHal “RF T hoa PATET Pt et ock,

and switches sanple points for sanpling the input signal fromone to

anot her B i Snchroni zati on- unest abl i shedstate, for detecting a segnent

. 'synchroni zation signal. Prior to_describing the synchroni zati on detection
device 110, a difgi® & "GEnBFRCAL 8&8&%9@%3& ReY Ehd%w%%tprm?o@alf erein

wi |l _now be described. FIG 2 is a block diagram 20 illustrating a

conf tgur &A%V tof cantyseldeifihi QR | BELEFELERPW TIF t BBLSFn I af%ifonthe

detection device | 10 provided therein. The VSB denodul ati on system .

i |1 ust r atBGhF migati gmeaiesst ien sdéndlngoartehfiacrbimazeuhld 20215 ¥down

converter 30, a digital denodul ation section 40, and an error correction

section 5&5tﬂﬁjﬁgﬁﬂﬁi;ﬁﬁtprocessing the input signal.

According to the eighth and ninth aspects as described above,
the shift amount of the synchronization detection signal is
15 determined so as to improve the quality that is indicated by the
quality information. In this way, it is possible to detect the
segment synchronization signal with a high precision.
In a tenth aspect based on the ninth aspect, the input signal
is data having a frame structure compliant with the ATSC standard,
20 and the synchronization signal is a segment synchronization
signal compliant with the ATSC standard.
In an eleventh aspect based on the tenth aspect, the quality
information is error rate information for a signal that is

obtained by performing a waveform equalization operation on the

25 input signal using the synchronization detection signal.

12




25 of a receiver conpliant with the ATSC standard, which is the U§&§7 il
A~~ z~o0~ digital terrestrial broadcasting standard. Note that the APR 2004
digital terrestrial broadcasting standard is described in _detail in "ATSC
Standard: Digital Television Standard, Revision B', Doc. R/ B53, August

2001. 5 The elenments of the VSB denodul ati on system operate as follows. The
recei vi ng antenna 10 receives a VSB-nodul ated terrestri al broadcasting

radio vave.  Thecuien 20c8el et oo g ghannely Jhatol heyd ver, s tpagee.

The down conve onver requency the tuner
into a 10 frequenc band..in ?h ‘%b%ﬂf di qital enDd atron e can
oper ate r‘?ck))r e’ ISL/t l%H% Jtea cfg S?r%ﬁgé“ee& i oh 4 r?/%bz%lé 8‘&1 eég t he
out put of .the dowm converter 30. The error corrigﬁ tlon 50 corrects
o Brror gk hAL OBt L Gt ol RE PFANSRESS| Gb S By die %&“r or
correcting code. The 15 VSB-denodul at ed signal out utted fr ntthe error
correct i $RV4& Poh 166 P§a€oﬁ@@ﬁ?e&nFﬁfgeaﬁnaﬁdFﬁmyi&Q@ SPEREM 18 Yan MPEG
decodi ng section (not shown). The digital denodul ation section 40 i ncl udes
an A/D conver t 8r tWalFh Gine o BralSySEhosd 282 100 drEPERECRARE T 30
section 43, a clock reproduction section 44, a signal interpolation section
45, an NTSCSCHSO eRen8EnFBAOVI AYC5eRT | DHITBL theomy ithr dAiP2dt | A 98etlect i on
device 110, a waveform equalization section 47, a phase noi se renoving
section mntan@lalgbrttleerswmchmtlezvaé:agur rsngngéet p@nlpzrgsmmang t hese
el ements, the 25 synchronization detection device |10 is that illustrated
in FIG 18 ~a patARRn2@tth FThetébanménts cokckhagdiwgietile rd emo agitattihen
section 40 operate as follows. The down converter 30, which is provided in
a stage input signal contains the same signal pattern as that of the

10 synchronization signal with the same cycle as that of the

synchronization signal;

a count section that receives a match result from the
pattern match section for counting the number of times a pattern
match operation succeeds consecutively in a synchronization-

15 unestablished state;

a backward guard level storage section for storing a
synchronization backward guard level;

a long cycle synchfonization detection section for
detecting a long cycle synchronization signal contained in the

20 input signal with a cycle longer than the synchronization signal;

a synchronization determination section for determining a
transition to a synchronization—-established state when a count
value of the count section becomes equal to or greater than the
backward guard level and for determining a transition. to a

25 synchronization-unestablished state when a synchronization

13




precedi ng the digital denodul ation section 40, outputs a baseband gﬁ

VSB- nodul ated signal as an input signal DI. The A/D converter 41 c @eAFg 2004
the input signal D into digital data. The gain control section 42 obtains

a gain adjustnent value GA based on the level of the digital data outputted
fromthe A/D converter 41. The gain adjustnent value GAis supplied to the
tuner 20, 10 and is used for adjusting the anplitude of signals received by

t he receiyi n . The <di; gi.t al Clil i=0 acdsi dhe
baseband as{‘f'%@ﬁ% I?oﬁ??%gtﬁglgi tfgkgga?arl} gﬁl{l%u%?gg ?V?g:tr%et h%eﬁ%%ﬁ%%nvefltserg 41,

while re i f y..err . The cl ock reproduction section 15 44
detects QE% %%%uéi é#??é?mﬁ%%npling clock in the A/D converter 41 based

on the signal detected by the digital, detectio i . quge a
cl ock. The repf%&ﬁ@gﬁrg é@?tﬁgns%%%??%ﬁ§%5”tIgﬂgﬁgﬁgfgﬁ%éérégFggpgn section
45 and the synchroni zatio et.ec

d Lon device. 110.. The si.gnal.interpol ation
sectton AETTONE B DONIShABFLAY PEFSTHOn HIo e 1 gkt M Hef drHE by
the digital detectjon section 43 by using the clock reproduced by the clock
r epr e T ooed: the DAL EP P S PBEERE LOPNES AT et Bk BAC R T
digital detection section 43 is interpolated at a predeternined rate. The
NTSC i nt éi3lefmecrmvithg s?emqwfwezazslcabﬁﬁ%b%lr@%iv%‘}a‘b?- an NTSC
interference wave contained in the 19 2 ~ t~, ~~~~ 2Cg4 signal, which has
been i nt er pol atAFRALHE 1 Ghal tHELELPoPEPRER 2ECEFHRT 4B aAICYNUVEE t he
interference wave by using a filter provided therein. The synchronization
det ect i orFRevitagEPrigad iprc| 66k ErRtsbdigpePed £hem thatel otReFeprigtficti on
section 44 for detecting a field synchronization signal and a_segnent
synchr oni ¢oresi gl orf L srmated Liighead &5 gudnternaghizhe padhsedgtection
interpolated by the signal interpolation section 45, to output the field
synchPonizittibenldetecydbn singialorES adridnt hégnaegntai lsynchr ghilsavppn 1t
detection 10 signal SS. The two ki nds of synchronization detection signals
out put t ectdm obret medsy nabY Oiné Izat fonm  déteectomenlevisyechirondza ised agnce
synchroni zation signals for the digital denodul ati on section 40 as a whol e,
and are asmlsupgided®dtbdmd heswavefrootthequalrideat ion sseoessoinld 7o lhp Adres
wavef orm equal i zati on section 47 detects a transmi ssion path distortion
cont ai nedchen @ chitioputzasiignal meinthenhASC capsisf etepce ropebagrseddy on
46, and renoves the distortion. Mre specifically, the waveform

equal i zatdgl e} | A7 dyaeates the fdel deynetiani v ore signal a Byvssi ng

t he two ki nds of

15 demodulation system, it is possible to improve the capability to
maintain the segment synchronization signal, and to improve the
near-ghost interferénce removing capability.

In a thirteenth aspect based on the twelfth aspect, the

input signal is data having a frame structure compliant with the

20 ATSC standard, the synchronization signal 1is a segment
synchronization signal compliant with the ATSC standard, and the
long cycle synchronization signal is a field synchronization
signal compliant with the ATSC standard.

According to the thirteenth aspect as described above, the

25 segment synchronization signal, once established, canbe detected
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20 synchroni zati on detection signals 25 synchronization detection fiqviﬁﬁ’g ."ﬁﬁir
outputted fromthe 110, and controls the coefficients of a filter Provi eé
-therein according to a wave form equalization al gorithmusing the signal

pattern of the field synchronization signal. In addition, the waveform
equal i zati on section 47 has a function of inproving the waveform equali zing
20 2 ~ ~, p~ ~oa~ capability by using a signal pattern other than that of

the field,sypehrgnigation signabnFlG 351 S dhpek dhagragmidd ust redhng a
det ai | ed c%nfi gugatnlzon %]lt ¢ vavef oerEm eau c?Szat}:lplon sectgtig on 47. The 5

wavef orm Q.‘d?c#- j i k| ] ustrat. i C LNnc rg?&s form
equal i zatcl?on qf%%ir&g?%tifggeﬁpaﬁ%}r%égco%\t %ﬁﬂse@?%sgﬂ‘?it ai I n%@%%ﬁ%lgol :
section 4]:7‘33mo ajpd acf%‘tfiﬂfé ent updating section 474. The waveform

equal i zat'i on Y11 er° s 5 di gital filter for renoving a ghost caused by
a transm ssion path. The 10 training control section 472 and the blind

control section 473 each receive the two Kinds of synchronization detection

si gnaks outputted fromghe:symedronzain Oy daieaidgimdsyi ce 110. The
training control section 472 obtains tap coefficients of the waveform

equalization filter 471 based on these synchronization 15 detection signals
accordi ng to a idefloih _ust§k &tiias 3@ dﬁllﬂltsﬁﬁ?\a&épﬁgat‘Tﬁ‘éngiﬁﬂﬁ?tb%t%ﬁ n of
the field synchronization signal. The blind control section 473 obtains tap
coef fi ci eht $YSIChuE igg\Fd ror Redg@allionat AeHifel t agcayfingcokdi ng tbiast
wavef orm equal i zation al gorithmusing a signal pattern other than that of
the fiel EEBISVIRIHY offi Zdte arrssiggrial invERE iwef f i ci ent updating section 474
sets the tap coefficients obtained by the training control section 472 or
the tap coeffi dilént € obtaimeetbyitapran iddustmaténgsactdwhigysathon et
wavef orm equal i zation filter 47l. As described above, the tap coefficients
of the wavESBrdemksiwlqialdrz aysbenfWiittern sytictaranicattiol Hetleatdondienic® t he
signal 21 2 ~~ ~" P~ 2Q4 pattern of the field synchronization signal or a
si gnal pademiiotdén fhast tihatf idkht debddshensynrchitberl patsentsignaitsmas to
i nprove the waueform equalizing capability. In this way, _ '
provided therein.

FIG. 3 is a block diagram illustrating a configquration of
a waveform equalization section of the VSB demodulation system
15 illustrated in FIG. 2.
FIG. 4 is a diagram illustrating a format of data having
a frame structure defined in the ATSC.
FIG. 5 is a diagram illustrating the details of a segment
containing a field synchronization signal defined in the ATSC.
20 . FIG. 6 is a diagram illustrating the details of a segment
containing data defined in the ATSC.
FIG. 7 is a diagram illustrating sample point groups of the
synchronization detection device according to the first

embodiment of the present invention.

25 FIG. 8 is a diagram illustrating an example of a segment

15




t he wavef orm equal i zation section 47 can renove a ghost caused bﬁ%a APR 2004
transm ssion path that is contained in the output signal of the SC

i nterference renoving section 46. 5 The phase noi se renovi ng section 48
detects and renoves a phase noi se conponent contained in the output signal
of the waveform equalization section 47. An output signal DO obtained by
this process is outputted to the error correction section 50. Wen the
error CoLLachioRiSeetban QA 4% A e ghcifal Bs QULRMENTLANSR DA L he
error correction section outputs an error detection Signal ER indicating
the error .0 The bit error rate neasuring section 49 obtains the
bi t erro?eggkggéb ?ﬁg£gﬁfput signal DO based on the error detection signal
ER FIG 4 is iagram.i]llustratin f a ing aJtr

structure defi Eégl n9t he ATSE sthh aarrg. %ﬂ?ﬁ%‘f% edﬂlgﬁ F?G Sff,gﬂﬁgﬁltdata
defined in the ATSC standard, one frame jncludes, two.fields, i.el d

"ol udes SITSTCEERELOTald Gl Sebaty i haF uddEcB5sN oLy fRoEiR kSt
rate i s about 10.76 MHz). A 4-synbol -l ong segnent .synchronj zation.signal is
pr ovi %ed%&t"ltcﬁ@%%%ﬁ%?h%%HSEe%WJPé%ﬂgl.m 85&&%9563%% FENEIEERS i el d
synchroni zation_signal, is provjided for evgry 313 ,segnent s .Datqijs £
transmtted or FEEcetVed ByPLRFh SN & NG FAFd NPt M@ Hed 1 1 9Th t he
segnment synchroni zation signal nor in the field 22 2t E ~ a 204

synchr onfz s B &G rea t 19 GIStRStaoRi ARERe | PESPFIERdg thetliet §9°€0¢F a
segnment containing the field synchronization signal. FIG 6 is a diagram

il | ust raeipgdinendedi teeoPrgseaFnemve@dA0RI-ni ng data. As 5 illustrated in
FIG 5 and FIG 6, in the 8-valued VSB schene, the signal |evel of each
synbol may tak&IGRy &fl eiight avadiegrem 7il3usiragdng Rete RowsFePeaYat t he
signal level of a synbol that is contained in the segment synchronization
si gnkd osyhikbrbnékdtsypnchirordatzdiord shynahe ( exorcbdiong zekaonastetEZtdpibol s)
may 10 only take one of two val ues of 5. The signal |evels of the four
synbol s dentigienesiccordheg segnentiesysedonni zaticghimsirgnabfartehelefdnesentto be

in the sequence of +5, -5, -5, +5 fromthe beginning, as illustrated in
FIG 5 anevEh@iof. An operation of the synchronization detection device 110
15 will now be described with reference to FIG 1. The field

synchroni zat i opIdet Bztia seetkaiddtanldtidaiss rialtd nig el cbsiiglrani aatdfon
signal contained in the input signal DI, and outputs the field

synchr oniaz a4 y9h €6 ££4 £ DOn SidgalciSmt dehecki iagphing &b whireh thed i el d
synchroni zation signal is 20 detected. Elenments other than the field

syncty onzBbuenedet 8¢t ikaR seell-onr iOkenhegeiher forma segment
synchroni zati on detection section 119. The segnment synchroni zation

detection sectpeg, 119 ihag 181 S¥RUW L ARLI1AM sRaeicwaiyda guked € duret iom omd a
25 synchroni zation forward guard function, and additionally has a 23
a synchronization detection device according to the fourth
embodiment of the present invention.
FIG. 14 is a block diagram illustrating a configuration of
.20 a synchronization detection device according to the fifth
embodiment of the present invention.

FIG. 15 is a block diagram illustrating a configuration of

a conventional synchronization detection device.

25 BEST MODE FOR CARRYING OUT THE INVENTION
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. Match success in~a sync

2 ~~ ,APR ~0~4 clock nultiplication function and“a“éathe-point-%mﬁg%gable
sanmpling function. The pattern match section 102, the count sectilomPRo2i04
t he backward guard | evel storage section 104, the forward guard |eve
storage section 105, the synchronization 5 determ nation section 106 and

t he synchroni zati on detection signal generation section 107 operate as

t hose of the segnent synchroni zation detection section 109 in the

conventi onal_ sy r.ani ion detection device 100, except that the input

si gnal td%ﬁﬁg%pgﬁgggﬁhﬁgﬁéh section 102 is a signal that is 10 outputted
fromthe switc | e. sampl i ection_ 112 _ The ttern t t.i.Qn 2
perforns a pat ?gfb’n et TR bﬂgf:}t ébﬂgﬁg?‘mbghu?%lég%(ﬁ%u&f CSIEI% gfﬁgﬁus%fctlto%eop

swi tchabl e sanpling section | 12 and the segnent synghronization si.gnal, and
out puts BheSYRERFCTEERFIOR| GRIECHEST n Eb‘tg?nj‘ crccglé'kgo ©f aﬂeur%l%?%t he 15
mat ch operation. Mre specifically, the pattern match section 102 checks
whet her 6FoREEMERE 0@fputhS| GREESHRTL HENSSHEEPRDI e SamSVPRGrEBHAEA 12
contains the same signal pattern as that of the segnent synchroni_zation
si gnab widefrechd osadevigel é 18s il hustesnrtere 18e§ient 1s§“ﬁ‘€IJrP61ﬁSz5’E‘leo 1&itghal |
and outputs the match 20 result signal 202 indicating the check result. The
mat ch r esynchgiogigiat1on dstestpant 6¢ciiion R  santlogd audd ipdd caédmdnt
synchroni zation signal. While the signal pattern of the segnent

synchr oniseattiion §1fnal swstibalal ¢ yparpd isenaeatéonfllid, the pattensrateh t he
beginning, 25 it is rare for the segnent synchroni zation signal contained
in 24  2ectibnR1200 tthe icputt sSeptaloDTLld, t ke bhcswhddalupadudevel
Therefore, it is not possible to performa practical segnent

synchr oniszatragie getetcsn Am4,f the fatrtwerml gatcH opeyasitoraget seehl eid Gonput
signal DT and the segment synchronization signal is perforned with eight 5
| evels (threee dhidd@)ronilzatdicew afetidiinsindthieorpat$eciniomt chOéect rod 1@he
perfornms a pattern match operation only on the upper one bit (sign bit) .
Not e t hatsyachabherR tiehc kicdRetabno s ik 10 ey apenfarined wsttal ovuntdEr. ofThepper
bits depending on the application of the synchronization detection device
110. 10 TRe el 798G bin0fet O3t i 5€|dideiscca 1a0uns haaritthe Kiod ah thacdit for
the countér. The count section 103 uses a counter provided therein to count
the nunbefnphcli #BE anpatt signaBtehrRPematiopMdd dhecisegintswitches
synchroni zati on signal succeéeds consecutively, and the nunber of tines it

fails consecubi ¥8kYtslhbo ML gy Pﬂﬁ% fipfalihputt BegaaunErsRcoéhnONd Ghdterai ves
the match rgéuI¥ sigﬁaIOZOZ éﬁd the syﬁc anizgtion state signal 206, which

| s Oﬁé p“?iheé’s&BBH%H?ﬁ z§¥5‘_8ﬂr—ﬁ%é%i§ai§% sHEHeI I NAT FQR K80 8Ge gkttt

a signal that indicates whether it is a

synchroni zat1on state signa
synchronizati on- §5%gbhsgﬁgggﬁqte or a 20 synchroni zation-unest abli shed

state. Thg count ~$éction operates differently for each of the foll ow ng

four cases. Fipst, woeniLeceling {ihe TGN &esl; Sl anal Q02 rlivaald ng a

roni za une state, the count sectlion

i?gnglpdgégﬁzgge cf:ioglinctae‘l.r e5mob PN o eé:}(r)snigem WIeD,L T RRELVIAAG sthe ﬂ%ﬁ'&é&sul 1

therein will now be described. FIG. 2 is a block diagram
20 illustrating a configuration of a VSB demodulation system with
the synchronization detection device 110 provided therein. The
VSB demodulation system illustrated in FIG. 2 includes a receiving
antenna 10, a tuner 20, a down converter 30, adigital demodulation

section 40, and an error correction section 50, and forms part

25 of a receiver compliant with the ATSC standard, which is the US
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"L ~~1 i ~~Qt indicating a match failure in a CURERRIT T

synchr oni zat i on- unest abl i shed state, the count section 103 initial ¥ zZABRt 2084
counter. Third, when receiving the match result signal 202 indicating a )
match failure in a synchroni zati on-established state, the count section |03
5 updates the counter by one. Fourth, when receiving the match result

signal 202 indicating a match success in a synchroni zation-established

state, theigawdlt IeGLIen 303 iddldAesd e sounter. te that £Qe us
counting the nunber of tinmes of success and the nunber of tinmes of failure,

the count algisaetion-4 03 @Y piBGkAR NG COURLELS 1 LhODEI ERUNERENAY can

be switched between different nodes for the two purposes. ackwar

guard |evel, sm@ag%aﬁeg&hqtrt%ﬂ 4 St eggavagﬁopwﬁd%@,uag%ggﬁlB-?-O@ogi e.

; the nunber of tines a pa n mat ch operation w a synchroni Zat'ron

signal negdgcE0 g4 d ﬁ consecutively for a transition froma
synchronizatiohuneggggl?é %d state to a synchronization-established state).

The farward gu | evel staorage,sect]j 05 stores the forward guard | evel
205 (9o % Pe HianE) Slap R R 82 PG el e B TR Fun R hogPaBE Cas
synchroni Lon_sigpal needs to fail 20 consecutively for transition from
a synchroﬁ?gggrghesﬁiﬁHﬁﬂﬁﬁf%ﬁ%ﬁea?Be%n§yﬁ@mﬁﬁﬁ%ﬁﬂ %ﬂﬁuﬁggfﬁﬁppéﬁéﬁd
state). Tge guaéd.lfvgls stored in these storage sections may be either
vari abl e br FPREeHI2ff PACGHERE BT 3L o H3VED| e, [ iond T atfd” SBERFBA Rs a
menory circuit, whereas if a guard level is fixed, 25 the storage section
is a circOlt"Phat CBAEphhe FieMesd WatFe.tq 59  Bhe dewR opnveRkebaékwar d
guard |l evel 204 and the forward guard |evel 205 are the sane value, the two
storage sECEVBRES nhfebdradsiengve of ridg toutpet s9fickbenitzaEron Yetefei Aat i on
section 106 receives the count value 203 of the count section 103, the
backwdr d ftagaereydrarmsd dgy whd ghetihe rd i gkt dhcleradh katran [sewdlic dagen
section 104, and the forward guard | evel 205 stored in the forward guard
| evel st oPR@EABRCEPERALAT- THESsydHchvioni zdenodudetdoni waiGtdmnsetq | $8B106
determ nes whether it is a synchronization-established state or a
synchr oni @einednl airest abei shepust atfe tasedown theserteput¥). 10Tkadepudput s
t he synchroni zation state signal 206 indicating the determnation result.
Mor e specidieadtion tdectsigrchilonbraticos determnathiaan heecbicenrir@dbalong
determnes the initial state to be a synchroni zation-unestablished state.
The synchitoni tzednoni slet @ npaniat | oy sechgoan 186rdet esniraesiagt cadsi.t i Dheto a
15 synchroni zati on-established state when the count val ue 203 becones equal
t 0 ol 5gr édierddrinadutdieedackwand guaishieyel f204 i th@ error correction
synchroni zati on-unest abl i shed state. Mreover, the synchronization
det er mi natd i @eci0 Qs I eetefd NeSo aad ransid+eidd® fignal by an MPEG
synchroni zati on-unest abl i shed state when the 20 count val ue 203 becones
equal to dawcagriaat efedtiash t it ekt guard level 205 in a
~. gynchroni zati on- est abl i shed state. The synchroni zati on detection signal
generation sectipen h94itateidd@fodiheatmieh skesuldn shgnaln20%ahd ahhen
synchroni zation state signal 206. The synchronization detection signal 25

gener ati QorRGidean 407 HUsRLL ScbhErS8IBRRE18KNGHT, 0N Z@ld A PTdetect ion
20 séction 13, 'a clock reproduction section 44, a signal
interpolation section 45, an NTSC interference removing section

46, the synchronization detection device 110, a waveform
equalization section 47, a phase noise r-emoving'section 48, and

a bit error rate measuring section 49. Among these elements, the

25 synchronization detection device 110 is that illustrated in FIG.
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d 7 , MFR 2004 detection signal SS wher it receives the natch res t a%%ng%,
202 |n a synchroni zation-established state. Note that in a 2uld
synchroni zati on-est abl i shed state, the synchronization detection S|gnal
generation section 107 outputs the segnent 5 synchroni zati on detection
signal SS of course when it receives the match result signal 202 indicating
a match success, but also when it receives the match result signal 202
|nd|cat| a match failure. Mreover, the segnent synchronization detection
si gnal may be, for exanple, a signal t hat is held at the value 0 (or 10

| 1) f f h
Yﬁeuﬁeg?nnf’ﬁgao’?h% KEBRERLENE BELIR Al biRc8ln AR EohidBAG AOL Dl ©
| that . th | 0 1) f | -] d
SO c%rr@pl&ﬁﬁ ng g G IRGET (o ¥R, %@%ﬂaﬁ% SR 3 7 LS
15 | th t det ect d 110, [ th h th ut |
o7 1 R e B ] SRR O bR et e ER, AP e oAt o

may be shifted forward or backward dependi ng on t he condltlon of t he i nput
si gnaP DY SHRUBVERS S I By @ornt RBPEockIeRLi Bt hel Rarfy RALIHETRT e of

t he i nput 5|gnal DT or 20 is an integer nultiple thereof (two-fold,

four-fol bl efyeris evmsiderht poanal Phe indrpsiaitad éfqt(ﬂ“rsthﬁeoéfavﬂéén t he
clock CK and the input signal DT as described above, it is necessary to
provi de st TRl faditsiman fordéring pr aper §dm@{sb@@nth‘éa1;@@n@qtbased on
synchroni zation signal. 25 In view of this, the synchronization detection
devi ce 11thegdeved pﬁAﬁRe7d@EAtahcﬁauesoubButtsdcﬁe@mcthﬂ|&%W(§Qﬂ¢ﬁﬁ#ﬂ% t he
ccl ock mul.tiplication section |11 and the swi tchable sanpling section 112.
The cl ockdICK Fépr gduceddbhysthent| vakueeph odsictipml sedt ot thenaesupilied to
the clock nultiplication section 111. The clock 5 nultiplication section
111 b0l tigpld és tsedclifockaGiubyiag theegepl dfutlaooOrs el s Thecenred @y ed
clock is supplied to the switchable sanpling section 112 a The swi tchable -
- sanpl i ng tSectiegre ik amleama H® i nput signal DT using the multiplied
clock. In this process, the 10 swi tchable sanpling section 112 switches the
sanpl e points flove sBipildailg ddeedipt  ségnabn DI3f eamrane st th'@oiehﬁ!’bamtul e

t he synchroni zation state signal 206 is indicating a

synchr oniszafi=anfusrsiabliighed 1542t & outhideiaiksmoind hi/® poacessearal as
follows. 15 Assune the cycle of the clock CKis T, the clock nultiplication

section I@h@kéﬁ@biﬁﬁ AR dReKe BKobY . N, Tt@é\@ﬂo@c §@pi~§8a@t@oﬁa§aﬂﬂﬂm

section 112 sanples the input signal DT at the rising edge of the
mul tipli ed gboskes W bhatbeHilfrei RAIHY sQhp 8i b H1kE e dge 1R AV B&dRYd il ed

cl ock being a reference, a group
41 based on the signal detected by the digital detection section
43 to reproduce a clock. The reproduced clock is supplied to the
signélinterpolationsecthmn45andthesynchronizationdetection
device 110. The signal interpolation section 45 performs an
20 upsémpling operation on the signal detected by the digital
detection section 43 by usi;g the clock reproduced by the clock
reproduction section 44. By this process, the signal detected
by the digital detection section 43 is interpolated at a

predetermined rate. The NTSC interference removing section 46

25 detects the level of an NTSC interference wave contained in the

i9




20 of time points that are each spaced apart fromthat tine point by an
integer nmultiple of the cycle T is defined as a first sanple point gr&dp. 2064
Next, a group of time points that are delayed by tine T/N fromthe
respective tinme points included in the first sanple point group is defined
as a second sanple point group. Next, 25 a group of tine points that are
del ayed by tinme T/ N further from 29 21 APR 2'u4 5 to N" sanple point
groups, NdSaNPLESchNEal MRy $heRboPT 8 bPehd W pRINtsceasbdedonn the
sel ected sanpl é point group. The switchable Sanpling section 112 sw tches
t he sel ectl f S I I 0 r i ; :
predeter%%ﬁggogiﬁg'sgﬁﬁieg&%hggggﬁigﬁg%?ggggﬁggiﬁg%géggsgﬁﬁkifpgéﬁggfé one
of the first tgF espective tine points included in the second sanple

poi nt grgﬁﬁvﬁge eFﬁﬁ§§l5§ a third sanple point group. Simlarly, fourth to

N " sanpl e poi grou are _defined (seg.Fl 7).t synchronj,zat, state
signal 206 is &hﬁi E’Hflgﬁﬁoﬁlfa%é‘?ﬂcﬁ?gﬁ?géﬂl(?%?‘ﬁln%%t a i"}s/ ee% ‘5"5';2"'('%"(%2:.]é %g(r
exanple, if e 15 20 25 synchroni zatjon ,state si.gnal ,206 dpes not change
to a 3ynchPE F?Qt?Bﬂmez?%B%V§ o e C&FP@rSFﬁglggséégga%ﬁﬁgaﬁgklng &
predetermined tine Swith the first sapple point group being.selected, the
smﬁtchabﬁéeégﬁﬁFFﬂﬁF%%%%?EﬁPQEQggéFéHFggfﬁ§§§%€bﬁgn%%£%?bZ%g+%?Sdﬁ&ﬁi

Then, if the synchronization state signal 206 does not change to.a

synchr onifZ&H e 8PH6I§ sHel B atd iggh gﬁsmémph%%%ﬁ%o{ﬁt%gi Ehe signal
predetermned tinme S, the switchable sanpling section 112 selects the third
sanpl e pdNEEIHPaHioY Welckiop 496 (tRe oBfFRElr bRz ALEdR SYRCETONGTAT1SH6 does
‘not change to a synchroni zation-established state after the passage of the
pr edet er Aeted tiione s$gnphe FSwianch &blee seamphitn § YoEbEiosh 2812 0fle fe&RGAIATY
selects the fourth to N-" sanple point groups, and thereafter repeats

sel €l i ngighelf BBst The Nwedmpids poi myrgrhops zeddwentdedidar ion saongd sof
time that is longer than a one-segnent period multiplied by the backward
guard | eveltp204erdst usedlas syheh80nizatiipe Stdteicegironaes LhOwhF € R SEife
sanpl e point groups are selected by the switchable sanpling section 112 is
arbi trargs Foncexanpket iwvhes dinel < |fack thal digltehtdomdecttiiom sHction
multiplies the clock 5 CK eight-fold, the switchable sanpling section 112
may sequénti@ld yheekecind had bist $pel gt hosanplveapof ortm gromads,zads on

section 47. ]

15 The waveform equalization section 47 detects a transmission
path distortion contained in the output signal of the NTSC
interference removing section 46, and removes the distortion.
More specifically, the waveform equalization section 47 locates
the field synchronization signal by using the two kinds of

20 synchrdnization detection  signals outputted  from the
synchronization detection device 110, and controls the
coefficients of a filter provided therein according to a waveform
equalization algorithm using the signal pattern of the field

synchronization signal. In addition, the waveform equalization

25 section 47 has a function of improving the waveform equalizing

20




in the exanpl e descri bed above. Alternatively, the sw tchable sanpling
section 112 may select, as the next sanple point group, a sanple Pof ndPR 2004
group that is tenporarily distant fromthe 10 currently-sel ected sanple
poi nt group to give a sequence such as first, fifth, third, seventh,

second, sixth, fourth, eighth. Effects of the synchronization detection
device 110 wll be described with reference to FIG 8 and FIG 9. FIG 8 is

a di agr amapdwst 1§ | 30 X248 aGf OHERNL ' ' L gpal
Fhat 0L A RARINELIE) )0y In@ XA EIGRaY! pac BEATRNSY REGROMEE 0B L% £ 07

circle i ns & OeN0LSS %F%& jtal value of the signal anplitude when the
i nput signal DT is sanple th a proper clock. These ideal values of the
four symbols aredn Bhe;seqhent, Of tRagid - 21143 LLOTLGNE, Deglan ng, Vhen
a segnent synchroni zation 20 signa havﬁhg suc% a S|gnaP pa?tern I'S Tnput,
t he segne Y. ni zation,signal .can be deiected properly even with a
convent i oéry;al}él nc t(r)loénrll Zé. i SHCA PSSR fePre %Z%Meﬁ,gchxfls 4ge‘ner Ty
rare that segnent synchrani zati on si gnal. having anp.i deal signal ttern
o nut, BRI BB A B8 TaRe Phr 0 kel 1y Bl r dneir wBfes
path, 31 2 T ~:~12 2~3~ a .frequenc rror of the tuner, and ther nal
noi se. F&t "aWSHOTE esializadiion; gﬁ*ﬁﬁﬂﬁ@@ FRALERG CRMHer ! & fH0A™ wave
(br oken Ilﬂf) t t,i% del ayed by 1/4 cycle froman ideal wave (solid |line)
i s presen ,'tﬁbqg§ﬂ% ronT 25t oRCakieRt # A~ debrce Rophfd&diands W kidihi ned
wave (thick line) _having a |arger anplitude than that of the ideal wave and
a del ayedS5HaSE BHéref ’Fg?nwwe Qr LopEd 3l e tHdtternd 7dyhe g sHi%idid on
.detection device 110 nultiplies the clock CK two-fold and sanples the input
si gnal DEldttathéor spRgvéagea dghade qamsdbiby 8l berRNSNbEabdoBrpa - f dihe he
cl ock obtained by nultiplying the clock CK two-fold, a group of tine points
cor r 3 portdid@ ity Ckatiiodi rgcddgas4dR ahd thedklidicomuféheteasien f4 15t
sanpl e point group, and a group of time points corresponding to the falling
edges of cglsd tkeekvekthe ted ikiedisas fas gecondnsaapien pbstntcigrou s Lgbs: Mhen
t he conbined wave illustrated in FIG 9 is sanpled at the tinme points
i ncl uded ouprirE e fetoms da e ypwitorgraaup,ort i tgppeEroroniehides {10 gn et s)  of
the sanples are in the sequence of pos, x, neg, x fromthe begi nning. Note
t hat t hetgpibdingx quepneserdesctai gt at 22 whist ®1ihet spbgnakranpl ehude cfs tose to
zero and cannot 20 be determ ned to be either positive or negative. On the
ot her hamdyvefbem t¢headanrtdonbf Netk Mavie bassanph ethade tedhdde iRCItitcoh
i ncluded in the second sanple point group, the sign bitgﬁzre in the
sequencedetepas pnnefgn Ay adues - dihem b hewhegirBRinNGgyudb! £0VEsn aSigees e
signal pattern of the segnent synchronization signal 25 is the sequence of
+5i > 5, usingftrﬁ emyhhe Méﬁf’ﬂ 88 thlehei 1 @_y3éhrodizationsidid B. Ofrrhi s
pattern are in the sequence of pos, neg, neg, pos
blindcontrolsection473obtainstapcoefficientscﬁfthewaveform

equalization fiiter 471 according to a waveform equalization
algorithm‘using a signal pattern other than that of the field

20 synchronization signal. The coefficient updatiﬁg section 474
setsthetapcmefficientsobtainadbythetrainingcontrol;éction
472 or the tap coefficients obtained by the blind éontrol section
473 in the waveform equalization filter 471.

As described above, the tap coefficients of the waveform

25 equalization filter 471 are controlled according to the signal

21




from the begi nning. Therefore, when the conbined wave illustrated in FIG 9
is input, it is not possible to detect. the segnent synchronizatidﬁfS%PR 2004
signal by sanpling the conbined wave at the rising edge of the original
clock CK, but it is possible to properly detect the segment synchroni zation
..signal by sanpling the input signal at one of the rising edges of the
two-fold clock. As described above, the synchroni zation detection device 10
110 has oSO Weld Rl | e - PRI ' e
sanmplin Punctigﬁ?h#% re?@&g?ﬂ?ﬁ9@%@*@9%%%@%§?§a ig%ﬂg@%gﬁ?fgg&%ggﬁ%e 110
fails tq_detect the.segnent. synchronization signal b si.ng the first

sanpl e psg? ﬁ}r&é’?%t{?ﬂ St ggﬁ’/\ﬁ o r?‘f?etﬂg gﬁﬁ?é”ﬁ&ﬂ%’gu’c%g@ﬁ@i@g 8l ! e

poi nt group to detect the 15 segment synchroni zation signal. Thus, with the
synchro %giai"%fﬁma Stielization srotip 37 £2p retpeve & ghesd spused by ¢ msmdssionatis egnent
synchroni zation signal with a high precision even when receiving a signa
such t hdhatas eradsingthinghe oatput signalef thicINIEIC atteréerarivevemoting seyion60ni zat i on
detection device 20 according to the present enbodi nent is characterized in

that 5i t mul t ifHei phasthroicd Gelosingnadetion a4 Reectshnd NBMbVES anhas\é/i hdisd he
mul tiplied clock, and switches the sanpling points for sanpling the input

si gnal  faoRipoRif coRARALAMe bikpht §%{Eﬂ g)g?l? %abditin Q@g@%g@ﬂ %aﬁgn ayatg,

Therefore, 'with the synchroni zat| etection I's possible to

detect t . >R 204 synchr onj ion signal. with a_high
precisiéﬂﬁnﬁg e09%9%§%§n%%&%gﬁ?%%8§?ﬁ%ﬂW%H@?gﬁﬁ%ﬁeﬁgﬁ%ﬁ??hﬁnﬁ%@?&é?'it is
possi bl 0 provide a VSB denod tion system having a_hi gh near-ghost
interf ef\gh%réa}ee‘?ﬁ?\?icﬂﬁegwaﬁ 56 %steﬁfémr e BrsoruiErsienef 80, 1the ggon bl ock
diagramillustrating a configuration of a synchronization detection device
accor di FETTEEHAHECRAL ShauPHSod erEaTtdetsiction sigpaldER nudigatingrthé emor detection.
synchroni zati on detection device 120 illustrated in FIG 10 includes the
fiel@ 10heyhicdrraymateatéasuriniesetivh df obeaitd tha bitGrror aate lof the aupitaignapDeect i on
12|, a fixed sanmpling section |22, the pattern match section 102, the count
sect i on bafsd orf the eRacdtevtidn BigpaiERevel storage section

FIG. 4 is a diagram illustrating a format of data having a frame structure defined

mm the ATSC standard. As illustrated in FIG. 4, in data defined in the ATSC standard, one
frame includes two fields, one field includes 313 segments, and one segment includes 832

15 symbols ( symbol rate is about 10.76 MHz). A d4-symbol-long segment
synchronization signal is provided at the beginning of each segment. Moreover, a 1-
segment-long field synchronization signal is provided for evéry 313 segments. Data is
transmitted or received by using symbols that are contained neither in the segment

synchronization signal nor in the field

22




| 04, the forward guard | evel storage section 105, the synchronizagi-on, ..,
determ nati on section |06, and the 15 synchronization detection s dhéﬁ“ 2004
‘generation section |07. The synchroni zati on detection device 120 is
characterized in that it selects one of a non-inverted signal of a clock
and an inverted signal thereof, and sanples an input signal by using the

sel ected signal, for detecting a segnent synchronization signal. 20

Elenentssgkchggn9%g§ggh gg?gghqent that are the same as those of the first
enbodi ment are denoted by the sane reference nunerals and will not be

descri bed bel oprgThe synchiiguiZal i 9R.dereet han: device, | 20 4 pavindad in a

VSB denodul ati on system as i's e synchroni zation detection 25 device 110

accor di ng to LN blsl SURAULIENL, oINS 13033821 © F18P% 188 diagran

synchroni"Zaton ection s used i°’n pl'ace o
synchroni.zat i on getection %gvic 11Q in the VSB denndul ation te
iIIustraﬁéguﬁﬁrE &) Hhe, Eflﬁﬁ,Ogléheﬁ?gm%?EeFéﬁ%%%qﬁﬂgf?%%%‘ "hs
syncﬂﬁoni tion gete tion_secti 101 together form nt
sync onFiiP?gﬁagg e%?ﬁ? s8¢t ﬁ8%?9%’TH% E%gkv§%PF§ﬁY%§q%%€?F6ntPﬁl and
the fixed, sanplin ection 122 are elenents that are characteristic_of the
synchr onf24P# nlﬁg? cPt SR ARl B2 YTHhE KE| BRK ?ﬁ efje%l‘%d{?i]é't?sm?ft %é"cl ock
reproduction section 10 44 is supplied to the clock smﬁtchiqg sect'o& 121.
The cl ock switBchRfgtsectiVit IMvesediadfelYiodionds dfedf Hthé ﬁéﬁﬁJp Privert ed
signal of the clock CK and the inverted signal thereof based on the
synchr ontRati bf SeREeinedntn Tos Sepmedl i Al aRf KBt 15ienat2 2 s &R es
‘the input signal DT by using the output signal of the 15 clock swi tching
section f2pldThencheekizakiehisdignedt hodcordineg E@rodiksdwlt B iy lsecfpon 121
is simlar to the sanple point sw tching nmethod of the synchronization
det et i opndEviadkes LI® afcovdivaluss tietdi r Sthemiadiatehevedpeef fihealfPpr i f
the synchroni zation state signal 20 206 does not change to a
synchr onsyabpba- esndslinsedist fhe sktymenthe padwayel 2s#tidre piedet ermiened
time S while the clock switching section |21 is outputting the non-inverted
si gnal Oiﬂefhaedlto:ck)e in the sequence of +5, -5, -5, +5 from the beginning,
as illustrated in FIG. 5 and FIG. 6.
An operation of the synchronization detection device 110
15 will now be described with reference to FIG. 1. The field
synchronization detection section 101 detects the field
synchronization signal contained in the input Signal DT, and
outputs the field synchronization detection signal FS at the
timing point at which the field synchronization signal is
20 detected.
Elements other than the field synchronization detection
section 101 together form a segment synchronization detection
section 119. The segment synchronization detection section 119

has a synchronization backward guard function and a

25 synchronization forward guard function, and additionally has a
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CK, the clock switching section 121 switches the signal to be outputted to
the inverted signal of the clock CK. Mreover, if 25 the synchrond ZafPa8n2(d4
state signal 206 does not change to a 35 2. i APR 2~7~4
synchroni zati on-establ i shed state after the passage of the predeterm ned
time S while the clock switching section 12| is outputting the inverted
signal of the clock CK, the clock switching section 121 swtches the signal
to be ou ed Q. - ed signal_. o C : ects
of the s%%g%%ogw%gﬁkgﬁéigﬁﬁhi%%ﬁgévg%egggoE%r%a%ﬁgeséﬁggggg?ﬁgggagiéthe
synchronj i d Lon deyjice 1 according to.the first odj t.

F G e aaiph e aLBELEBE - hEhe oRat e R R AR ATl O PR TR ha
illustrated, in_F 10 9. are FIG with FIG 11, and as iate the

ar oup. of “EEOPo (18 S (TG Tk A Y R ORGHE: AOGTeeA LPdnarisl the
clock CK.with the first sanple point group, and th roup of tinme points at
the risi ﬁar‘éaaésgaflr@h SV AveSt-ed 28iSg PR GO hie ook RVOFRROPhE LB NG
sanpl e pqint group, This readily |leads to a conclusion 15 that the,

synchr onﬁi%%rlghna +@Rt SERTdeR dd o oandafgetBEiChufd ivafidtt d9heREbAR zat i on
~signal fromthe conbined wave illustrated in FIG 11. As il]|ustrated above,
the syncht@ntradfonrdet et $oRtHevi £@7 aeroFdiAga s othpee ppEskht &aBBENkent is
characterized in that it 20 selects one of the non-inverted signal of the
cl ock andyh@eremiertben sidpisictiiver esbctans sl e t kbei npervenghanaby
using the selected signal. Therefore, wth the synchroni zation detection
~devi ce, $Yn¢hreptziblent deteredent Weviepne0 syashephi tawitortlyg ghabubith a
thi gh precision. Mreover, by using 25 the synchroni zation detection device,
it is possibrk to phevicdetd3sn miteh Aectio(U0a VSBadermhdlatflomt syst em
havi ng a hi gh near-ghost interference renoving capability. (TH RD

EVBODI VENTY pURt ed 12rdms Bhél| mektchalgtansahd Ushg ateoigien cbh?iguration of 5 a
synchroni zati on detection device according to the third enbodi ment of the
present inventTlon. pdtisynehnatcZzakeonidat a0Ri errdexince dl3htitémstmated in
FIG 12 includes the field synchronization detection section |01, a first
segnment sydcdit Dot 26 i viserd eftec buepuseetiigpa1l3d®arha setoodabegneaipling
synchroni zati on detection secti-on 139b, and a selector 131. The

synchr oni et i e 1det el ORe de¥drien 3G Hch a0 idr 289 nian ,t Bal butpaesudes
two kinds of segnment synchronization detection sections, and sel ectively
out put s e meft dMWRekiNdss Bhn SEPBNG nSY RERA GG ZaLEEBs Aet &&lii 1oy bgnahs
according to whether or not a

15 match operation. More specifically, the pattern match section
102 checks whether or not the output signal of the switchéble
sampling section 112 contains the same signal pattern as that of
the segment synchronization signal with the same cycle as that
of the segment synchronization signal, and outputs the match

20  result signal 202 indicating the check result. The match result
signal 202 is outputted with the same cycle as the segment
synchronization signal.

‘While the signal pattern of the segment synchronization
signal is ideally the sequence of +5, -5, -5, +5 from the beginning,

25 it is rare for the segment synchronization signal contained in
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- 15 near-ghost is occurring;"Erenents of the present enbodi nment th L‘ﬂ%ﬁathe
same as those of the first enbodi ment are denoted by the sane reférle 2004
nunerals and will not be described bel ow. The synchronization detection
device 130 is provided in a VSB denodul ation system as is the
synchroni zati on detection 20 device 110 according to the first enbodi nent.
Thus; the synchroni zation detection device 130 is used in place of the
synchronizal i;an, detect i onpfeyl Qs §[e.YSE: fegpdulatidn systiem s
iIIustrattg1 ﬁngﬁgcégé. ?bteq%%&gv%% Pﬁat inathe present enbodi nent, a
switch signal t el et t s BqRenPeakndResh iz +Qeeur ri ng
ST | OSBRI tre o o BaRpR el

for the input®sSign ' ~~4 wavef orm
equal i zatj Qn section 47 to the synchroni zati tecti devd.ge Ji3@a1The
switch si %aﬂc% %’%aﬁ RGPS Hb%&cglugpfatrﬁ%lﬁgg?%g??on @ﬂ%t :ﬁn |ca1§gs t he
quality of the input signal DI. The first se nt_synchroni,zat i ; ection
Jocti on PRoahs TP oaReTE Ry o I ) B PLGI o S Berr ORI (R a1 0Re
swi t chabl e sanpling section |12, a at%ern na% h section 102 a _caount
sect i on ﬂ@efé%lsa(*b‘agﬁﬁ/a%t@har ¢ Ever 3t drihge BEt PoRtIDA =S SRR "guard
| evel storage section 105a, a synchronization deterningtion sectug%%%QGa,
and a sy BELEQETSNA (A b AREGPsPHRERT §RR T HEY S S8&t TRRSLFAE Phite
first segment synchronization detection section 139a perforns tgg)sagF
oper at i orf Sdgnt Retsegritite $Pachr af LA Heh QR GH KEE FRYP I IPS T61° T
synchroni zation detection device 110 according to the first enbodinent to
out put a ok mstnusigret PRETT HiitSaiePendendc tfok hes agirdAgRr t2e7a C T Ssecond
segment synchroni zation detection section 139b includes a pattern natch
section By2ighrerdaaiti osectEteretiosh dey lsgcRdr-d guard | evel storage section
104b, a forward guard | evel storage section 105b, a synchronization
det et®i nat i on Saet icomrz0 s6h orarkdD 3 Bynkideni zacpontdst asdi @n csings L
generation section 107b. The second segnent synchroni zation detection
secti on ESryiar fformtheheosateropeflat i ovues tdet segidht WaR i (riudtSon
detection section 109 of the conventional synchronization detection device
100 t o outrputi deds etene ise gre rtowsytn diveo mivzdicirowf times a pattern match
operation with the segment synchronization signal succeeds
consecutively, and the number of times it fails consecutively.

15 More specifically, the count section 103 receives the match result
signal 202 and the synchronization state signal 206, which is
outputted from the synchronization determination section 106.

The synchronization state signal 206 is a signal that indicates
whether it 1is a synchronization—established state or a

20 synchronization-unestablished state.

The count section 103 operates differently for each of the
following four cases. First, when receiving the match result
"signal 202 indicating a match success in a synchronization-

unestablished state, the count section 103 updates the counter

25 by one. Second, when receiving the match result signal 202
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25 detection signal 207b. 38 f 4~~ 7~~~ The selector 131 recei vy & sy
first segnent synchronization detection signal 207a, the second segnent
synchroni zati on detection signal 207b, and the switch signal SW The

sel ector 131 selects a signal to be output for each of the follow ng two
cases. Wien the waveform equalization section 47 detects the occurrence of

a near 5 10 ghost, the wavefonn equalization section 47 outputs the switch

[ | S i.ndi cat - S, th
cel'eotor A Gur i SR et el SR B S e e R, 1
207 t t h i i~an. det ' ' | SS._ Ther ef th
2OTa o D SPATERl- NIcheonl aptioon, S eet o shanal S8, ThegSLarSndte
with reference to &r e segngnt synchr.oni aébgn, det ectj on si gnaJe fde.t ect ed by
t he synchromi Zattbr ettt it &9t or MR H T Re™F Fr Rt nent ,

and i nproves the waveform equalizing capability according to a waveform
equal i zat¥'br? aGUHAMR ARG IR R A e pattahdr dthe reyegpction 103
synchroni zation signal. On the other hand, when the waveform equali zation
section APHWIES ridte derwtier Y 19 dccliTeitde ofhep fefeigidd  thedaiedef onn
equal i zation section 47 outputs the switch signal SWthat indicates absence
of a neartSfdst. PaIRAls d¥e, indisatérfor A31matEput SUIREZecohl seynent
synchroni zati on detection signal 207b as the segnment synchroni zation
det ect i orf WigHHINISSt iTerasftorid 1 ghvel weakeftonn ddual icattiton seditiiaon 4703
| ocates the field synchronization signal with reference to the segnent 39
~~~ ~~\/~ igyifdhvrldrresattihen coetnéetri.onNet gnahatdef ect ecublyindet oo mente o reaf
synchroni zati on detection device 100, and inproves the waveform equali zi ng
capabi | i thyirscc orfdismg ces sa awalv Eher muehjeal bZat iwas abfofat hmreisiige tdwarsi gnal
pattern of the field synchronization 5 signal. As illustrated above, the
synchd oniszgattiiom doBemiyomaevie & wac condi-rgst, 0ot hengproesente rerhadi c@ntbe S
characterized in that it selectively outputs one of two kinds of segment
synchr onisxettiobizdd élegtideon s fifleh taceled M ahshealweputpdeds .a near - ghost
is -

The backward guard level storage section 104 stores the

backward guard level 204 {(i.e., the number of times a patternmatch
operation with a synchronization signal needs to succeed
15 consecutively for a transition from a synchronization-
unestablished state to a synchronization-established state).
The forward guard level storage section 105 stores the forward
guard level 205 (i.e., the number of times a pattern match
operation with a synchronization signal needs to fail
20 consecutively for a transition from a synchronization-—
eétablished state to a synchronization-unestablished state).
The guard levels stored in these storage.sections may be either
variable or fixed. If a guard level is variable, the storage
section is a memory circuit, whereas if a guard level is fixed,

25 the storage section is a circuit that outputs a fixed value. If
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10 occurring. Therefore, w-th the synchronization detection devigJ:AﬁRi%w4
possible to detect the segnment synchronization signal with a high
precision. by using a nmultiplied clock when a near-ghost is occurring, and
to detect the segnent synchronization signal by the conventional nethod
when a near-ghost is not occurring. 15 Thus, it is possible to detect the
segnent synchroni zation signal according to the situation by switching the
synchroni.zat ct.i d C j t r - ghost
2 occur g SR EES AR TRra 20 RoAR Y skt AR RRAL R 0, B REE}
IS possi r.oui de VSB denodul ation,_system havi .20 i .

near - ghoutol HELE P aiee BPEnTUT 50 CEABnP P E S ROLE Dhat ST % CHEC¥dgrent
synchronizatiog detection.sectiondlﬁg of the sync roniiakion detecéhon
device 110 accoPdiNg T THEF 1% dRhEoR RRhE PSS hEVPHEFF 1S §8Gment
synchroni zation detection section 139a ,in the synchropization 25 _detection
devi ce. 1580nE i Liky B Oy Rerir o s St et et | BHF HoCKwa o G 157mT
section %59 of the synchronization detection_ device |20 according to the
secomd efBddPhRRednEy g Eeskbavd gupsdusedel Mremas SaHiias g krRds of
segnment synchroni zation detection sections are provided in the
synchroanﬁtﬁ@ﬁwééﬂegﬁﬁ§ﬁ begedi d8513boredeiBefhentosya&Ar eHRpEG: i BHel
detection section having two functions that can be switched by the swtch
si gnal SWaEayIalIeehben Véldy bEhprawiclebniSpelel o0 cgtigrmingd ifagl BEREAGL hr ee
variations are possible. Afirst variation is a synchronization detection
devi ce baSediairemhicasy wbkitbairzbt iona demeditant apdvicse et g shvecbplRbg to
‘the first enbodi nent, wherein the sw tchable sanpling section | 12 does not
swi t ch sanpl &ypeihmog iwedr ca-nesstghdstshes! sobtechased ngn thAesecongutari ati on
is a synchroni zati.on detection device based on the synchronization

det édt | candeviigeut 2 heec sgndhagntiaathenssetahd sndpodl g indhiendiimgl Shehe

cl ock switching section 121 does not switch signals to be output when a
near - ghodétesmionat boguresagt . A Mdurs dsyvaci Al cohlys Bhsyaghchrbratabhion
detection device based on the synchronization detection device 110, |20
accordi ngetorhbeatiostsost 566 0NTL erdadtinids tMerigiint iz lseltesteord ®Beprovi ded
for switching the input 20 signal for the pattern match section |02 between
t he out psynshgmal z&+ 0ohthee PreSEdingdst agatand thehénpyinshgsah zBEion
according to the switch signal SW The synchronization detection devices

accor di ngetorhieseiyari atbonsy alipput gt cthensaNes SegpBALi 8YBRNr @8I zati on

detection 25 signal as that when the input signal DT is supplied to the

patigrn gklnchronization-established state when the count value 203
becomes equal to or greater than the backward guard level 204 in
a synchronization-unestablished state. Moreover, the
synchronization determination section 106 determines a -
transition to a synchronization-unestablished state when the

20  count value 203 becomes equal to or greater than the forward guard

level 205 in a synchronization-established state.

The synchronization detection signal generation section

107 receives the match result signal 202 and the synchronization

state signal 206. The synchronization detection signal

25 generation section 107 outputs the segment synchronization
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~ij~ ~~ match section 102, if a near-ghost is not occurring. Therefore,

t hese synchroni zation detection devices provide the sane effects dsl tAds @004
of the synchronization detection device |30. (FOURTH EMBODI MENT) 5 FIG 13
is a block diagramillustrating a configuration of a synchronization
detection device according to the fourth enbodi mrent of the present

i nvention. A synchronization detection device 140 illustrated in FIG 13

i ncl udesd¢bectieh disyrahssniizahiion réekdveisonhsacd tcn xEGh1tt kégpalt28h nat ch
section 10 102, the count section |03, the backward guard | evel storage
section i04,a t Renfcomemidaguand dsewell istherdagetaeeti on Nids thet in a
synchroni zati on determ nation section |06, the synchronization detection

si gnal gepesiatd R SeLdh08s 71 i ehsdi ft saEpent caMd ol seethoonid@riand a
synchroni zati on detection signal shifting 15 section 142. The

synchronigaddofb e eghhon (4o ee 1140 dstcfv agher bueduR thal t8@ment
synchroni zati on detecCtion "device 140 outputs the segnent synchroni zation

det egt i on,shigndl i AlL £n %Eﬁé%{‘ﬂ)ﬂ tsighdihed ioFe cdih-aet ABnbasede8; tbs error
rate, whith is 1nputted to the synchronization detection device [40. 20

El ement s j0f ﬂaft%ég%%téggftﬁf?ﬁgi Ry i'h'éit%a%ri“r‘l Densaie AxdNoserok hhesfirst

enbodi nent are e sane reference nunerals and wi'l " not be

descr i beg, bel . Tg SYNGNLoLZeh 90, JFL ecid.on 99 Geald0 s proxided in a

ation system as 1S e sync ation detection evice 110
2coordl gt fuilie (st ok Iy TOS,n theodZear 2ol E R signa
YT O PRSeE BRI LT 0EYL oF AT R VR SRRAL S BEe:
Fat Q0o ot 'SEt GnTa8VEe LRESE T AT 3 o eteEPRoR HEIICEOSAD.  The
qual | 1y B "™ 556 BXG1 Ppfbdcad the rarish “SrGRAe SR oPns Lagghent
synchroni zation detection signal SS. 10 In FIG 13, elenents other ihan t he
field SfﬁﬂﬁQﬁﬁ%aﬁFb@-Slgnal that is held at the value 0 (or value 1)
for a 4-symbol-long period of time:corresponding to the length
- of the segment synchronization signal.
15 In thé syﬁchronization detection device 110, although the
input signal DT is inputted in synchronization with the clock CK,
the synchronization may be shifted forward or backward depending
on the condition of the input signal DT. Moreover, the cycle of
the clock CK is the same as the cycle of the input signal DT or
20 is an integer multiple thereof (two-fold, four-fold, etc.). In
consideration of the temporal relationship between the clock CK
and the input signal DT as described above, it is necessary to
provide some mechanism in order to properly detect the segment

synchronization signal.

25 In view of this, the synchronization detection device 110
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detection section |01 of the synchronization detection device 140 4gg§fﬁeﬁm4
forma segnent synchroni zation detection section 149. The shift anpunt
control section 141 and the synchronization detection signal shifting
section 142 are elenents that are 15 characteristic of the synchronization
detection device 140. The shift anmount control section 141 receives the
error rate RT fromthe bit error rate neasuring section 49. The shift

anount cantnodesecti 28 14% det ehgi-Aescaishibt adPidn@4l fahd heciock
synchroni zati on detection signal shifting section 142 based on 20 the error

rate RT. mhheipyneRE9Bhzabbpnode] L4, t'ii'eg%%Jit%?liafbtlien%a%{fﬁtihg”sEéEiBﬁCEi ves
a segnent synchroni zation detection signal 207 generated by the

gment sy, on de n: . he
S ey OpiEeL Ohegly ok 2E8pBh,0E°EP1LRD Rl ABokATAN ! BEEhih
S onaatd SlofIgh AN PR ER AR B 1ER BE A 2120 e ETSROOTN

synchroni zati on clion signa orvard o

backward |, 0+t he; Li irection the shift unt, 24| nd outputs the
result a@hgﬁépgégﬁgg?g§%ﬁ%%%%%ﬂgétFggFﬁ%%%%?ﬁgﬁa§¥6ﬁ§iC%%?’fﬁblgﬁ?g?rannunt
exanpl ¢ A P H e B SV S F LoRB A BT o1 tEadie OHoF 4tahag
receive %Qﬁ error ra%e RT ﬂ% intervals of a predeterm ned period of tine,
and mai nTarn tRE BOrreRt LHfft amount 241 if the error rate RT is less than
or equal to a redétern%neg val ue X, while changing the shift amunt 241 10
by a predeterntHedSHeERBEPLE (RERIING FetelRT bkéeSdFRSS pritiet BPHEned
‘value X. Alternatively, as a second exanple, the shift amunt control
secti on THFayPledsdRa diNg Belebrlsedf eladbunt 30t i sarRresas s abFBef or
seI%_tion,,obtain the error rate after the passage of a predeterm ned
peritdd ofV1rrRabe Ak W1F fredsiaddi swakehes dbe sRepdki PeinfBuRerf or
whi ch the obtained error rate is snallest as the new shift anmount 241. As

i |1 ust r At TP B e thehd ndyric hi ot PBn fdeme ciriont derinog haec ortdi iy thet he

present enbodi ment is characterized in that the synchroni zation detection
devi ce OtYRRERECIhEaGkYent SR@tsynchignatat i 8A6det ect i onirsdiprmtiradt era

. shifting it in the tine

synchronization-unestablished state. The details of this
process are as follows.

15 Assume the cycle of the clock CK is T, the clock
multipiication section 111 multiplies the clock CK by N, and the
switchable sampling section 112 samples the input signal DT at
the rising edge of the multiplied clock. With the. time point of
a rising edge bf the multiplied clock being a reference, a group

20  of time points that are each spaced apart from that time point
by an integer multiple of the cycle T is defined as a first sample
point group. Next, a group of time points that are delayed by
time T/N from the respective time points included in the first
sample point group is defined as a second sample point group. Next,

25 a group of time points that are delayed by time T/N further from
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direction based on the error rate, which is inputted to the synchropization
detection device, and determ nes the shift anount of the segnent [ APR 2004
synchroni zati on detection signal so as to decrease the error rate obtained

by the bit error rate nmeasuring section 25 49. Therefore, with the
synchroni zati on detection device, it is 44 ~ ~? ~'~~R ~~~4 possible to
detect the segnent synchronization signal with a high precision. Mreover,

by usi ngthbBersypebt ofkzathonosetest i devd cian dHe iseceesissbleleoppiavi de a
VSB denodul ati on system havi ng a hi gh near-ghost interference renoving

capabi | i fyoup (FHEFMENBEPEMENDG Ehfp1dbdingbbesk diagramiy) gstkahi ng a

configuration of a synchronization detection device according to the fifth
embodi nept, gt tslaﬁlaﬂ'éi%%mnt' RYERpORr AdS¥AgREONIs2at iFak . dghecti on device |50

illustrated in F includes ' the field 10 synchroni zation detection

section 101, t@ﬁggg{iwﬂam Q&n%ffﬁj%%%&q_%n P15 URL 380 A0B Flole £bSL

backward guard storage sectio 04, "a synchroni zati on determ nati on

section 12ysand.Lhe SYICHr gaigatl ondetegthan shanal gengsghlanpesti on

107. synchron on ct evi ce S character in that 15
once the nt synchronization i st apbl i.sh it j i e te
Ohore t RERETERL oRARTY PRLISHLOR A BuER RN Camb TR T E IS $he
synchroni zatipn detection fails. El nts_of the present. e i hat
o e he eha B e Sor i ol bRt hdhet BRe ERErhi ST oo s okt
reference nuperals and will not .be descri bed 20 bel ow.. A nchronization
ot oot i oRoaby B0 Ar s b d o o e et T A T FARE SBhEEE po
‘synchroni zati on detect,i on device |10 accordjng 5 the firs .engodLnent.
150208 S

Thus, t hE"'SyncCHPGHTLA % 1Ge ecti T deti @82 us'ed it o7 tHe

synchroni zatjon 25 detection device 110 in the VSB denndulationj;y%hen1
i11ddragBpchsonization-unestablished state. For example, 1 e

synchronization state signal 206 does not change to a -
synchronizationfestablished state after the passage of tlrfg
predetermined time S with the first sample point group being
selected, the switchable sampling section 112 selects the second
15 sample point group. Then, if the synch-ronization_ state signal
206 does not change to a synchronization~established state after
the passage of another predetermined time S, the switchable
sampling section 112 selects the third sample point group.
Similarly, if the synchronization state signal 206 does not change
20 to a synchronization-established state after the passage of the
predetermined time S, the switchable sampling section 112
sequentially selects the fourth to N* sample point groups, and
thereafter repeats selecting the first to N*" sample point groups
sequentially. A period of time that is longer than a one-segment

25 p.eriod multiplied by the backward guard level 204 is used as the
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v ~~R ~aa~ in FIG 2. In FIG 14, elenments other than the field
synchroni zati on detection section 101 together form a segnent 77 APR 2004
synchroni zati on detection section 159. The -count section 151 and the 5
synchroni zati on determ nation section 152 are elements that are
characteristic of the synchroni zation detection device |50. Moreover,

anot her characteristic of the synchroni zati on detection device 150 is that
it does ndinel B¢l ude a forward guard | evel storage section. 10 The count
section 151 includes a counter and a control circuit for the counter. The
count section kbt gefhenseliOmhiks QN argerd wnkograﬁg@rﬁ@gemcm@ first
to fourth enbodinments in that it does not count the nunber of tines a
pattern maiche QReEahhbeN Wb iRy $880EBhH 1SNCHRAN 286N SFPalkal@illes 15
consecutively. OQherw se, the count section 151 is the sane as the count
section 193, The élBEQLﬂHiEE‘ﬁ&iQEag%ﬁré%é@iéﬁnlff%dm&ﬁeg Q9Rl vasdihe
field synchroni zation detection signal FS outputted fromthe field

synchg oni-zat | el i on cti I i.n | i t COYRt Vv 25l
from ﬂtg he Cé{gur??r&ggc:f?’g#’lmtﬁgnd Sﬁﬁgcglé?%\ﬁar %g’lg alrlgl%l e\%gl%tg%ﬂl. E?‘Hez ?Aali)e
synchr oni [ .det.er m LO ect | 52 rm rodt. i
synchronisga Fgl%-l ggtlg’bﬂagﬁéla @%gat%l%s?péz%séﬁ ﬁ%&%ﬂ??%%ﬁ%@gt%}b% s%e%sstate
based on.these input nd out puts, a _synchr.oni zation state si

Cnd catr g he 5etfble, ArRaribRd e "Ml SR LG T Hdithaie
synchroni zati.on 46 [ AEE%%DDk de erginat%§%1sec ion 152 determ.nes the
initial SCEPEFE BRCHIEY SiiYz 8E G anddtalf P§R&a>3TRe 8 POy 9FoqPs
synchroni zation determ nati on section |52 determ, nes transition a
Synoh ons A1FONL ©oPaBIF S KPR atBahiar? ¢ HEVEBERT LYY G $63s DEOBmEgoqual
to or_greater than the backward guard level 204 in a

synch? onCPEErEE Y8t FTPEnBHRL BRI Nb FEOWEr Lot RS PnERABRRZGLT W 2S
determ nation section |52 determnes a transition to a .

synchr onit2&6tenTikE8r abhigHed SeVENE hwh 6 CORE f B hay FOMEEHRY 2 SEOGH ] -
detection section 101 fails to detect the 10 field synchronization signal
in a synchroni 2AfP6hRSesf abihe shgicivt e bzatrien sigledrbiey deorraldilé) Mitddt i on

section 152 deternines that the field synchronization detection section 101
has fail 88 described with reference to FIG. 8 and FIG. 9. FIG. 8 is a

diagram illustrating an example of a segment synchronization

15 signal that is inputted to the synchronization detection device

110. Anopencircle in FIG. 8 denotes a digital value of the signal

amplitAude when the input signal DT is sampled with a proper clock.

These ideal values of the four symbols are in the sequence of +5,

-5, =5, +5 from the beginning. When a segment synchronization

20 signal having such a signal_ pattern 1is i_npu‘;,. the segment

synchronization signal can be detected properly even with a
conventional synchronization detection device.

However, it is generally rare that a segment

synchronization signal having an ideal signal pattern is input,

25 for reasons such as a distortion caused by a transmission path,
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to detect the field synchrohizatibn si gnal when fhe synchronizat?anﬁ

determ nation section 152 detects that the field 15 synchroni zat n“PR 2004
detection signal FSis not being input with a predeterm ned cycle, for
exanple. In this way, in the synchronization determ nation section 152, the
forward guard level is infinite, and the state where the segnent

synchroni zation is established is nmaintained unless the field

synchr oni zedd perdl, deteet bertdaihsie rASahlil tisd Frdd BdhcakQve, FbR dRGmple,
synchroni zati on detection device according to the present enbodi nent, once

the segngat; synetronedald avd S €stabli shed, whBgeShabgovhesgve he, segamnt
synchroni zation is established i's naintained unless the detection 25 of the

field synehe ozl § SN LRA ol ) £y EHE! 1S & WHLRL W/ S Tso13 a1 ) 2Q04
etectlio evice, t F{e

synchronizati on seghent synchroni zation, once

establ ! shedd ! kel ¥ hanbenl o5t oh aLhec aprs,; dg pyacheoplealfon

detection device Has a Synchroni zati on mai ntai ni ng

Mor eqver . using. the, synchrani zation 5 detection_device, i1, 1S possible
Yo pPovi SRR Yt o 1S 05 3 biaviad o &TRPEneREks EGRsstreR BRFEr ence
removi ng g abi]it | NDUSTR| AL APPLI CABI.LI TY As descri bed above, the
synchronf za '%nl%%%/]ec‘f?‘fﬁl Y&t EAPRLIMA T P THe PPesent invention is
superior in terms, of sgnchrogi atioB detectin apabi it aqs _
synchr oni zat i of- nb? nE2FPPRY ﬁéﬁﬁiF &y, tafrd § Fht Ot Tkt ¥t i on
devi ce, en %rovided in_a VSB depodul ati on system nmakes it Eossible to
proper | VA9ErFortmOsynehtBhi $atihenCHeEEGH WOoThe Liadef samPLs 2 &85 13T on
even when a near-ghost occurs to disturb the synchronization signal

cont ai nett 9t R ridc dibfedisiiggardoggot phe ppr-febd elarks iopgover,

synchroni zati on detection device for detecting a
10 for the clock obtained by multiplying the clock CK two-fold, a

group of time points corresponding to the rising edges of the clock

- CK is defined as a first sample point group, and a group of time

points corresponding to the falling edges of the clock CK is‘
defined as a second sample point group.

i5 When the combined wave illustrated in FIG. 9 is sampled at

the time points included in the first sample point group, the upper

one bits {(sign bits) of the samples are in the sequence of pos,

x, neg, x from the beginning. Note that the symbol x represénts

& state where the signal amplitude is close to zero and cannot

20  be determined to be either positive or negative. On the other

hand, when the same combined wave is sampled at the time points

included in the second sample point group, the sign bits are in

the sequence of pos, neg, neg, pos from the beginning. Moreover,

since the signal pattern of the segment synchronization signal

25 1s the sequence of +5, -5, -5, +5 from the beginning, the sign
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synchroni zation signal froman input signal containing the synchropi_zation
signal, conprising: a sanpling section that receives a clock signéﬁ?aﬁﬁﬁtﬁﬁ%
5 input signal for sanpling the input signal at one of a plurality of

sanpl e points that are present within one cycle of the clock signal; a
pattern match section for checking whether or not an output signal of the
sanpling section contains the sane signal 10 pattern as that of the
synchronbzati 0F S8hgB8apaitéintiiee saie ey Ganamddalf ebst,haegynabyonpaat i on
signal; a count section that receives a match result fromthe pattern match
section E@bmcau@tbggihhgn@unber of times a pattern match operation succeeds
consecutively in a synchronization 15 unestablished state and the nunber of

times the pattepargabel, opeiAtin@NbAbl BeQaARSREUINE Y dtR®in FIG. 9 is
synchroni zati on-establ i shed state; a backward guard | evel storage section

for storingud, syncly onje2 3bian,hackyaidh Qudihd QiehientOsonbALYRda04BH

| evel storage section fo oring a syn zati'on for guar evel ; a

. . . . . " e Tt
Sy oafari Bh- corEbrRe Bl SR A p e PHY 29t BSaeB Bhe' Count
I f_the. ti.gn, . the. kwar d d | | 25 and d
puard | egr e ER G BER RO 10n et DAL i el - Gt 4t TOhSS 6ot an for
generatigg ﬁe§¥nch£ nizatiop.detecti signal .at a.tim.n Qpint ag_mgiph
the pat t ePATRRY Ry RPRFaRT SR 28 perg it T Sh TS R - 9Bed 8
syﬁcﬁ?on?gatrgn?esfgbllshed sta?e 30 m@erein t;E%saEpling gectionlsmﬁlghgs
isanple p%?%t% fBPe rising edges of the two-fold clock: ,

As described above, the synchronization detection device
10 110 has a clock multiplication function and a sample-point-
switchable sampling function. Therefore,ijfthesynchronization
detection device 110 fails_to detect the segment synchronization
signal by using the first sample point group, it switches the
sample points to the second sample point group to detect the
15 segment synchronization signal. Thus, with the synchronization
detection device 110, it is possible to detect the segment
synchronization signal with a high precision even when receiving

a signal such that a near-ghost occurs.
As illustrated above, the synchronization detection device
20 according to the present embodiment is characterized in that it
multiplies the clock signal, samples the input signal with the
multiplied clock, and switches the sampling points for sampling
the input éignal from one to another in a synchronization-

unestablished state. Therefore, with the synchronization

25 detection device, it 1is possible to detect the segment
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sanpling the input signal fromone to another in a 77 PR
synchroni zati on-unest abl i shed state. 2. The synchroni zation detectioﬁ“ 2004
device according to claim1, wherein the sanpling section includes: a clock
mul tiplication section for multiplying the clock signal; and 5 a switchable
sanpling section for sanpling the input signal at a mninuminterval at

whi ch the input signal changes by using the multiplied clock signal, while

swi t chi Ng i@ r>APRlae iRA Mend PviSANPhiBG Pheci S . SiveRalovargngy asgngr al ity
of timng points defined by the nultiplied clock signal in a

synchr oniczat k9RcAPoHRSaE2BhI 8bed-61 8t Qe BicelNg tSYBCHE &5 BB itaN pekactd on
devi ce according to claim1l, wherein the sanpling section includes: a clock

swi t chi ng gegt &%&Qﬁa@f&)ﬁ?)}éﬁ%n}' lh%toiﬁw %i @ggﬁiga%gm%@ ed+8h gzl the

clock signal or an inverted signal 5 4 5 thereof, while

switchin i I ut between the non-inverted signal of the clock
si gnal a% ﬁ%%g%ﬁﬁGE F%glg# nal thereof in'a synchronization-unestablished

state; aQ§F§O&5X%§F% q&%ﬁgghsection for sanpling the input signal at a

m ni num i'nterval a%ic e i nput signal changes by using an 10 out put

signal of the ck, swi t chi ection. 4. .The synchroni zation detection
devi ce accordi ggt'ol@IJﬁ ﬁ"nh??g%ﬁe lealgrfﬁ%élilhlﬁ’%tra)séilélﬁa? cl;osna%dlatfuar%alvcf%é)fg
frame structure conpliant wiith the ATSC-standard nd the synchraoni zation
S onal 1 8" S BGHARTEASR PSRN A RBrP B (7 { ES APGEoH
standard.mg. The sync%;on'zation detection device accordin to.cI%LmI,
wher ei n GREPPLERAT of tF%ﬁ t RAESEREI cHREE B qRal i t ¥ off YPRETCRFFR Yi%hal i s
‘supplied; so that if the quality of the input_signal is hjgher tggn a

pr edet er RFREGTLEPefERdEe LhE sliyﬁEﬁ%%iizﬂaffin G NI it dddct s the

synchroni zation _ i ’ ) . .
10 synchronization detection section 101, a clock switching section

121, a fixed sampling section 122, the pattern match section 102,
the count section 103, the backward guard level storage section
104, the forward guard level storage section 105, the
synchronization | determination section 106, and the
15 synchronization detection signal generation section 107. The
synchronization detection device 120 is characterized in that it
selects one of a non-inverted signal of a clock and an inverted
signal thereof, and samples an input signal by using the selected
signal, for detecting a segment synchronization signal.
20 Elements of the present embodiment that are the same as those of
the first embodiﬁé;t are denoted by the same reference numerals

and will not be described below.
Theksynchronization detection device 120 is provided in a

V3B demodulation system, as is the synchronization detection

25 device 110 according to the first embodiment. Thus, the
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detection signal that is obtained by supplylng t he i nput signal, Aﬁﬁd §I
the output signal of the sanpling section, to the pattern match tfon. 2084
The synchroni zati on detection device according to claimb5, mhereln t he

i nput signal is data having a frame structure conpliant with the ATSC
standard, the synchronization signal is 51 2 7 ANA; 20t 74 a segnent
synchronlzatlon signal conpliant with the ATSC standard, 5 and the quality
i nf or mat |WQW%@%&wt@pmﬁe@maﬁ@hostussdocoupman:g fodr thtee

i nput signal. 7. A synchronization detection device for detecting a

synchr oni gatdhgrengizgiadlornf rdgheart liompuiesigmal 1@ oht ait hend SBhelesyontiragdiorat i on
signal, conprising: a pattern match section for checking whether or not the
5 i nput siyptan dddtsitrstehe isamacsi gnal pattern as that of the

synchroni zation signal with the sane cycle as that of the synchronization
signal; a countinsBEGL ON0 | helleneRtsd vehed TRBGNHEStHd1d r@Mdieratiaion mat ch
section for counting the nunber of times a pattern 10 match operation

succekds dearsfadhl Belot iloh a 03y Rele@hiezatficom unesi@knits Res $iatka ard dhhe
nunber of tinmes the pattern match operation fails consecutively in a

synchr onideateicenoaskabt i sheds st atmge @1%%%&%9&%%&@&%:@1@1 agfy %%t i on
for storing a 15 synchroni zation backward guard | ével; a forward guard

evel stoliaga seebl O ScSLOR NG 3reyDebhantzation 1.0 g guard dheyel : a
synchroni zation determ nation section for determ ning whether or not it is
a synchromi zaki apnest-ahlii-shedshateRaseddevice 120.
| The clock CK reproduced by the clock reproduction section
10 44 is supplied to the clock switching section 121. The clock
switchingsectioanlselectivelyoutputsonetﬂfthenonuinverted
signal of the clock CK and the inverted signal thereof based on
the synchronization state signal 206. The fixed sampling section
122 samples the input signal DT by using the output signal of the
15 clock switching section 121.
The clock switching method of the clock switching section
121 is similar to the sample point switching method of the
synchronization detection device 110 according to the first
embodimeﬁt. Specifically, if the synchronization state signal
20 206 does not change toeisynchronization—eétablished.state after
the passage of the pred;;ermined time S while the clock switching
section 121 is outputting the non-inverted signal of the clock
CK, the clock switching section 121 switches the signal to be

outputted to the inverted signal of the clock CK. Moreover, if

25 the synchronization state signal 206 does not change to a
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20 on the count value of the count section, the backward guard Igvgl %fg
the forward guard |l evel; and 52 ~ ? AFR 209 a synchroni zation été%%' b4
signal generation section for generating a synchronization detection signal
at atimng point at which the pattern match operation is perfornmed by the
pattern 25 match section in a synchronization-established state, a shift
anount contrql section that receives quality information that indicates a
quality ngyrécc}}réjﬂﬂztatdforﬁreo%@&ﬁlﬁ@%eﬂﬁbﬁt aditGtal thei mpasfwe of the
synchroniza%ion detection signal for obtaining a shift anount of the

synchr oniEZR455E dered itdmesiSynanl 130 thes &d ik e tgibdina yaatiemetdor;s and a
synchroni zation detection signal shifting section for shifting the

synchr oniPHAYSH idét ekl e oAngeghard i nienal nefdittext réackcddt.di et eliduk shift
anmount obtai ned by the shift anmount control section. 8. The synchronization
det ect i of"dddEhdadagestdinglib selidiahes thieesegnal M ki futpnbuat tordheol
section changes the shift amunt of the synchronization detection signal if
t he gdal Nop-gnviendedesdlonadf ofr cbessiliogkt WK .i nput signal is lower than 5 a
predeterm ned reference. 9. The synchroni zation detection device according
to claim?7, wh&heierffdetshiff thasyuohroaitzaeli oseds i ot et eeriires] thershi ft
anount of the synchronization detection signal so as to optim ze the

qual ity a¢het beameess! thekepodcessi Bgnichecniput: isingd@lce23iont devifceR130~k 10.
The synchroni zati on detection device according to claim9, wherein the

i nput  si grabriddndat @ thavi ngsa cnbarB mshruct Bre. conphhant i Wbt thes ATEE

:standard, and the :
same segment synchronization signal as that illustrated in FIG.
10 9. Compare FIG. 9 with FIG. 11, and associate the group of time
points at the riéing edges of the non-inverted signal of the clock
CK with the first sample point group, and the group of time points
at the rising edges of the inverted signal of the clock CK with
the second sample point group. This readily leads to a conclusion
15 that the synchronization detection device 120 can detect the
segment synchroni zation signal from the combined wave illustrated

in FIG. 11.

As illustrated above, the synchronization detection device
according to the present embodiment is characterized in that it
20 selects one of the non-inverted signal of the clock and the
inverted signal thereof, and samples the input signal by .using
the selected signal. Therefore, with the synchronization
detection device, it 1is possible to detect the segment

synchronization signal with a high precision. Moreover, by using

25 the synchronization detection de:vice, it is possible to provide
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synchroni zation signal is a segnment synchronization signal 5 corrpgi?a IR h

the ATSC standard. 11. The synchroni zation detection device accordi ng‘PthoEUQ":

claim 10, wherein the quality information is error rate information for a

signal that is obtained by perform ng a waveform equalizati on operation on

the input signal using 10 the synchronization detection signal. 54 2r

~~i ~ ~o00Y §)§(§ICI—|RO\I(Ij TI ON DETECTI ON APPARATUS ABSTRACT An i nput signal DT

cont ai ns %a "E8gERY I AtH o i Shatb Ragighaf ThbIneat-dhatt dRESAFSESECEndar d.

A clock 5 nulti pllcatlon section 111 nmultiplies a clock CK A switchable

sanpl i ng IEBOVGY £EPabdlddys a sanpl e point fromanong a plurality of

timng points that are defined by the nultiplied clock, and sanples the

i nput si gAELROTEYPOPRYESE) ect ed sanpl e point. Moreover, the switchable

sanpling 10 section 112 switches sanple points fromone to another in a

synchroni zat i oAlGneb? disl Rshback it ramnéé lukérsegrene eyrichywmtzati of i s

establ i shed, a synchronization detection device nmay maintain a

synch? oniz a®yopheen BbA § Shred detrace iont | devhes f iaglaprsiimehr bai zdte onhdetlect i on

fails, or the 15 synchroni zati on detection device nmay output a

synchr onerkvidanedet eofi ohhsi gpadsafit erishidtiog. it Bn shechiroridakéehi on

based on a bit error rate RT of the input signal. 20 Figure 1 55

. A. Ahy. AdA@cAh#AYe Al cAKL 20vi Bbu#t Aot &d Aen ATAh. AR Arﬂlu@.@é AheAfiAlR. A A A

|.A..AA(.AAN. A .AA%AY . A Kv|.A.%A Al. A _. Ah<| . Al.

B. Av_. A sBnAhrAhiAktidn. A@htéct16h< A@AY on<L; ]{(ﬂh,a34@- flrst segment

‘ q}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

| ca] ca] caynaheahcaheabsal gatsat£ahd S ction 13%a, a second segment
_TTL7W t} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caJca]ca]ca]c

a] cajca] eghenkeaj eat cahcdcalcadic abealiea! 138 VesPZMelector 131.  The

}xsni d_Z] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]l ca] ca] ca] ca] ca] ca] ca] ca] c(a]ca

] ca] ca] ng/ﬁé‘ilﬁéﬂiﬁQ&E%ﬁ@&@é&@ﬂ]&@dew@ehlﬁ'b is characterized in th

FTAL LD "#| ####3$93%} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

a] ca] ca] gakealiealsal Qfﬂl&@b%aal&g?}l&?d Q?LEBLBBLE l:‘i@h%fé&fc%] Ca%cg‘]; fong, Ll

(())*&]***+O++++8,-C---}xsnid cal ca] ca cal ca &) ca) ca

2V3444
LEELZELE%%&‘;‘]B%%%@H%@?’] C%luft%lu%as] cgl gal cgkcalgal caligaleal s Pslgnbd

S e g i
a] cg? cal c%z;]?zzsfc;]]%zz‘]%g@ 2 %—tﬁ %gltcch% %5%583%1% e}“g:’%dglé‘]eé’g gﬁéﬁum]B]c

BBB

WDSR&CE%E%&&EE% B EVRT S o E ElifEa@f‘E%?%Jaf]‘%%] caa‘]%a]e(%’]t@g] E¥] E8F ca] ca]
*calcal o a0 el el algzl b ) e eleslen el gal sl 0003

The synchronization detection device 130 is prcvided in a

VSB demodulation system, as is the synchronization detection

20 device 110 according to the first embodiment. Thus, the
synchronization detection d;;ice 130 is used in place of the

synchronization detection device 110 in the VSB demodulation

system illustrated in FIG. 2. Note however that in the present

embodiment, a switch signal SW that indicates whether or not a

25 near-ghost is occurring for the input signal is supplied from the
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34 %0YX& ()-!34 %0IXX& ()-, 2" 109X& () - &0" 109X&' () -.

WOMX&E (JetechA%f& GEc8i®h 109 of the conventional synchronization
yV$10% u&' () -!yV$10%8Bu3u&' ()-1P"10% u& ()- @y10% u& ()-~ 10X 10X 10XfI;
109K& (JreActi HEAG 1A B €3 -0 RIAN U8E)ohal02 & ) synchronizat

10% u& () -10% u& () -1 'J'B%o%1 ﬁ&‘g‘%ﬁ‘{&%ﬁ%ﬁ%@%ﬁﬁ%yfﬁ%ﬂ%ﬁ Synchronization

%4096 U- W&tk 0% 1) -AgHpl0% u& () - ! x# %0%u& ()-"10% u& ()- P
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xmh@ %40%uu& ()- 10-u 10-u 10-uff; 10% u& ()-\8 5% apn ,
940% u& ()-i V6" 10% u& ()-i 34" 10% u& ()-  k_aBmb@vni 10% u& ()- 2 [ APR 2004
pP"10% u&' () -

\ V$10% u& ()-! Y\ V$10%iu& ()-910% u& ()-33"10% u& ()-_TTaBnb@ %

10% u&' () - #$10% u& ()-!1"10% u& ()-"10% u& ()-"10% u& ()-!)$10% u- u& ()- TLAE
nb@ L4" 10% u& ()-i1"10% u& ()-i/"10% u& ()-- o o

9%4.0% u& () -i heeokeeiar 131 seceiyepthg dirst)segmpnt{syndremyapugetectiyngigog 207a< 10-u -
10-u 10-ul,;10% u& ()-#8 9%40% u& ()-L6"10% u& ()-taBbCl

10%&; () tIES4RvEd GyerhoatisyfdRofiyatoRoditédtion Sl HIAR 20Tb,yRId1 D@ Wich| SGROISH . 940909&
"()-+"109%& () -! x@R10YBB&' () - F#YUL0%&' ()-"10%& ()- )10%& ()-1 DFGH dYNC! 10

10 101 ; 95h0%8eétdr 1 8 4Rk dignd & BOGEpt) foBdach QYdhe(htlowinkQ¥& chges! WP ~dEYNC!
$109X&' () - P"109X& ()- P"109X& ()- ~ 109X&' ()- 109X&' () -\ &LOYX&' () - ~uPdEYNC

7 {/?iﬁoo/‘g}g(?(‘(g‘) f L%%%%}Q%g@r%ww’gg%l 47 detects the occurrence of a near-
L1000 o] ELOOE (- AQRE0. SR (s B ARBS 0 S I e
I0x <08 () IMONE (1 S1000,0. 3 108 () 9,105 SAgaE ) 0 $10%
LdEnbCli y"10%I& () -i1s"10%& ()-1$10%& ()-fn 10%& () -
synchronization detection signal 207a as the segment synchronization detection
signal SS. Therefore, the waveform equalization section 47 locates the field
synchronization signal with reference to the segment synchronization detection signal
10  detected by the synchronization detection device 110 according to the first embodiment,
and improves the waveform equalizing capability according to a waveform equalization
algorithm using the signal pattern of the field synchronization signal.
On the other hand, when the waveform equalization section 47 does not detect the
occurrence of a near-ghost, the waveform equalization section 47 outputs the switch
15 signal SW that indicates absence of a near-ghost. In this case, the selector 131 outputs
the second segment synchronization detection signal 207b as the segment

synchronization detection signal SS. Therefore, the waveform equalization section 47

locates the field synchronization signal with reference to the segment

39




1099& () - YCL09%& ()-!1Alj 111! dEnbC ) GLO%I& () -i' #10%)& ()-%10%1%'}() %ij%?{d
& ()-1*10%& ()-i 10%p& ()-1 """ "#] #dEnbC 05" 10%& () - 03" 109%9& ( F- 1*¥ovFRk
)-L/ 109%& () -- %40%I& () - L+" 100Q8& () - [ #H######39S_@ -

10% u& ()-1JP"10% u- u& () - &10% u& ()- 10J 10J 10J,: 10%& ()- 7f

1099&' () - 9$v$$$9R] &2 @ 10% u&' ()-! ) 9%40%Iu& ()-!)

94.0%IU&' ()- P 10% U& ()-: $10% u& ()-  10% u& ()-]&&8& "' dB. @ f)

Y O%MUE (JyncHIERWAE i WO ERYei Uk (i gPEl0Wdt& dd by the conventional

10% u& ()-F10% u& ()-"\(g(((((()}rog\=y&10% u& ()- 10-u 10-u

10- ul - 10%W& o192 ¥4 Q% Hel&ct ) onl F#1L% U ) ahdl Improves the waveform
040%IU& ()-))* & | ***dEQ\ =t 10% U&' () - T 10% U& () -

10% U& () ViLQ%u& () 2d 2 $10V6 L& (o s N
PP 10% UE L)+ 2O 15 R CH8 008 583 1 G (37 5EUBYe G 7t on

0% ug&' %:u& ()=) $10% U& ()-8, - Crm- -+ dEQ)=96%10% U& ()-i3410%.u& ()-i,
2" 10% ug%&i%ﬁ&‘g},‘ﬁéﬁ %) t/ﬁ#/iéo%(ﬁi“u% F)%O%%fir’ogg g‘X&h‘?g)f-lff)lpg. %%@%fﬁ?‘.l.zﬁélg’!“x%lb%
& (%-w%%go_&' ()-W @v10% & ()- 10-u 10-u 10-ull:s10% u& ()- @
9A0% U& () 2100123V3zX9~\:) %0% & ()-1) %40% & ()-! s' ' 10% & ()-

I's''10% & ()- ,S%10% & ()-! 0% & ()-V34444444v5{\ =PP"109& ()-&1Q%& () -
10 10 QIO §?S%6%l %%%égye/@ Qf%é%%%@ppchronlza ond@tectlégdev1ce

%0% & ()-9v55546a666aB{\ =F$10%& () - . . : . .
)10(%87 ()Ea)‘fﬁﬁ?e\éd(ljlgl g‘io’é}&?( rﬁ!%%‘1%%@329%1}@%16%@?3‘%‘3‘7;3;737?9301“(t)hat it
8dE{\ =% 10%& ().- ) #MLOY&' ()-!" 109& ()-"109&' ()- )10%& ()- 109%& ()- .

88ng9| 98F '?{355)555)8@0%‘16‘%?41@/&%Q@G‘ieﬁ}@ﬁ(qﬁ ISegigpt synchronization

’&'()-+"10%&'(%1!5'(10%&'()-9999999:T:bCianlO?&&f()-P .
detection signals according to whether or not a near-ghost is

16 occurring. Therefore, with the synchronization detectiondevice,
it is possible to detect the segment synchronization signal with
a high precision by using a multiplied clock when a near-ghost
is occurring, and to detect the segment synchronization signal
by the conventional method when a near-ghost is not occurring.

15 Thus, it is possible to detect the segment synchronization signal
according to the situation by switching the synchronization
detecting methods according to whether or not a near-ghost is
occurring. Moreover, by using the synchronization detection
device, it is possible to provide a VSB demodulation systeﬁ having

20 a high near-ghost interference removing capability.

Note that while the segmentﬂg;nchronization detection
section 119 of the synchronization detection device 110 according
to the first embodiment 1is used as the first segment
synchronization detection section 13%a in the synchronization

2% detection device 130, the segment synchronization detection
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10 110 according to the first embodiment, wherein the switchable
sampling section 112 does not switch sample points when a
near-ghost 1is not occurring. A second variation 1is a
synchronization detection device based on the synchronization
detection device 120 aécording‘to the sjacond embodiment, wherein
15 the clock switching section 121 does no£ switch signals to be
output when a near-ghost is not occurring. A third variation is
a synchronization detection device based on the synchronization
detection device 110, 120 according to the first or second
embodiment, wherein a selector is provided for switching the input
20 -~ signal for the pattern match section 102 between the output sig’nal
from the preceding stage and the input si;;nal DT according to the

switch signal SW.
The synchronization detection devices according to these

variations all output the same segment synchronization detection

25 signal as that when the input signal DT is supplied to the pattern

41




10T 10TQ RRRRCSSM<HC 10T! g&m' 109%XX&' () -!1) ! 9L0UXX&' () - o3
109X8&! (gslow&' ()-"109%X& ()-!)%OYXX& ()- ST~TTTUSU}\ =HC 10T! V6 g/ﬁg%ﬁ&? P

V6 %.0%
& ()-)34"109%X& () -, 2*109X& () -!x. YLOYXX& () - & | *" 109XX&' () - SUVUWIXUYUgUUUU~
_@10T!y10% u& ()-ss10% u& ()-PP"'10% u& ()-1V109%8u3u& ()-y 10X 10X 10X, I

X&' OT! $10% &' - 10% u& #10% u&' ()-nt 10% u&'()
Tovh ﬁ‘&-(%)“?ﬂ%&%ﬁ L W RSas0 o5 AGToE Ry~ ) It retore,

%40%uu& # o9

& ()-1" m()l esl? ﬁ&“ﬂ‘roﬁé%ba“@eﬁﬁclfd%m@ewwwlz*eﬂ(zfz?wﬁmt810 u
10-u 10-u, |1;10% u& -\ 810% u& -13410% u& ()-2*10% u& -I*

Y80% u- ugE) CPESFy EI BRGNP 2 At 1S TOREE SO, Gevice 130.

P" 10% u&' ()~ P"10% u& ()- 10% u& ()-10% u& ()-vod0% u& ()-<z[[[;\u\r]] dEVK@
10T (FOURTH EMBODIMENT)
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}AAA aBVK@ 10FLG.j 12"10% bko¢k-diagram illustrating a conflguratloq of
. %0%uu& ()-i6,"10% u& ()-*m 10% u& ()-(*10% u& ()-#&10% u& ()-A__
“an@) a synchronization detection device according to the fourth
embodiment of the present invention. A  synchronization
detection device 140 illustrated in FIG. 13 includes the field
synchronization detection section 101, the pattern match section
10 102, the count section 103, the backward guard level storage
section 104, the forward guard level storage section 105, the
synchronization determination section 106, the synchronization
deﬁection signal generation section 107, a shift amount control
section 141, and a synchronization detection signal shifting
15 section 142. The synchronization detection device 140 is
characterized in that the synchronization detection device 140
outputs the segment synchronization detection signal after
shifting it in the time direction based on the error rate, which
is inputted to the synchronization detection device 140.
20 Elements of the present embodiment that are the same as those of
‘the first embodiment are denoted by the sagé reference numerals
and will not be described below.
The synchronization detection device 140 is provided in a

V5B demodulation system, as is the synchronization detection

25 device 110 according to the first embodiment. Thus, the
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result _ of processing an input signal using the segment
syﬂchronization detection signal 585.

10 In FIG. 13, elements other than the field synchronization
detection section 101 of the synchronization detection device 140
together form a segment synchronization detection section 149.
.The shift amount control section 141 and the synchronization
det_ection signal shifting section 142 are elements that are

15 characteristic of the synchronization detection device 140.

The shift amount control section 141 receives the error rate
RT from the bit error rate measuring section 49. The shift amount
control section 141 determines a shift amount 241 for the
synchronization detection signal shifting section 142 based on

20 the error rate RT. The synchronization detection signal shifting
éection 142 receives a segment synchronizatiog detection signal
207 generated by the synchronization detection signal generation
section 107, and the shift amount 241 determined by the shift

amount control section 141. The synchronization detection

25 signal shifting section 142 shifts the segment synchronization
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The shift amount control section 141 determines the shift
> amount 241 as follows, for example. As a first example_, the shift
amount control section 141 may receive the error rate RT at
intervals of a predetermined period of time, and maintain the
current shift amount 241 if the error rate RT is less than or equal
to a predetermined value X, while changing the shift amount 241
10 by a predetermined method if the error rate RT exceeds the
predetermined value X. Alternatively, as a second example, the
shift amount control section 141 may sequentially select shift
amounts that are available for selection, obtain the error rate
after the passage of a predetermined period of time for each shift
15 amount, and select the shift amount for which the cbtained error
rate is smallest as the new shift amount 241.
As illustrated above, the synchronization detection device
‘according to the present embodiment is characterized in that the
synchronization detection device oui:puts the segment
20 synchronization detection signal after shifting it in the time
direction based on the error rate, which is inputted to the
synchronization detection device, and determines the shift amount
- of the segment synchronization detection signal so as to decrease

the error rate obtained by the bit error rate measuring section

25 49. Therefore, with the synchronization detection device, it is
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0% () - 0&H#10HI&L .( 1 4S5 QORI 6r kWA dFadhGllustrating a configuration of
a synchronization detection device according to the fifth
embodiment of the present invention. A synchronization
detection device 150 illustrated in FIG. 14 includes the field
10 synchronization detection section 101, the pattern match section
102, a count se-ction 151, the backward guard level sthage section
104, a synghronization determination section 152, and the
synchrenization detection signal generation section 107. The
synchronization detection device 150 is characterized in that
15 . once the segment synchronization is established, it maintains the
state where the segment synchronization is established unless the
field synchronization detection fails. Elements of the present
embodiment that are the same as those of the first embodiment are
denoted by the same reference numerals and will not be described
20 below.
A synchronization detection device 150 is provided in a VSB
demodulation system, as is the synchronization detection device
110 according to the first embodiment. Thus, the synchronization

detection device 150 is used in place of the synchronization

25 detection device 110 in the VSB demodulation system illustrated
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Moreover, another characteristic of the synchronization
detection device 150 is that it does not include a forward guard
level storage section.

10 The count section 151 includes a counter and a control
circuit for the counter. The count section 151 differs from the
count section 103 according to the first to fourth embodiments
in that it does not count the number of tiﬁes a pattern match
operation with the segment synchronization signal fails

15 consecutively. Otherwise, the count section 151 is the same as
the count section 103.

The synchronization determination section 152 receives the
field synchronization detection signal FS outputted from the
field synchronization detection section 101, in addition to a

20 count value 251 from the count section 151 and the backward guard
level 204. The synchronization determination section 152
determines whether it is a synchronization-established state or
a synchronization-unestablished state based on these inputs, and‘

outputs a synchronization state signal 252 indicating the

25 determination result. More specifically, the synchronization
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transition to a synchronization-unestablished state when the

field synchronization detection section 101 fails to detect the
10 field synchronization signal in a synchronization-established
state. The synchronization determination section 152 determines
that the field synchrdnization.detection section 101 has failed
to detect . the field synchronization signal when the
~ synchronization determinétion section 152 detects that the field
15 synchronization detection signal FS i1s not being input with a
predetermined cycle, for example. In this way, in the
synchronization determination section 152, the forward guard
level is infinite, and the state where the segment synchronization
is established is maintained unless the field synchronization

20 detection fails.

As 1illustrated above, in the synchronization deéé&tion
device according to the present embodiment, once the segment
synchronization is established, the state where the segment
synchronization is established ismaintainedunless the detection

25 of the field synchronization signal fails. Therefore, with the
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system having a high near-ghost interference removing capability.

INDUSTRIAL APPLICABILITY

As described above, the synchronization detection device

10 according to the present invention is superior in terms of
synchronization detecting capability and synchronization
maintaining capability, and the synchronization detectiondevice,
when perided in a V8B demodulation system, makes it possible to
properly perform synchronization detection and waveform

15 equalization even when a near-ghost occurs to disturb the

synchronization signal contained in the received signal. -
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5 input signal for sampling the input signal at one of a plurality
of sample points that are present within one cycle of the clock
signal;

a pattern match section for checking whether or not an
output signal of the sampling section contains the same signal
- 10 pattern as that of the synchronization signal with the same.cycle
as that of the synchronization signal;
a count section that receives a match result from the
"pattern match section for counting the number of times a pattern
match operation succeeds consecutively in a synchronization-—
15 unestablished state and the number of times the pattern match
operation fails consecutively in a synchronization-established
state;
a backward guard level storage section for storing a
synchronization backward guard level; .
20 a forward guard level storage section for storing a
synchronization forward guard level;
a synchronization determination section for determining

whether or not it is a synchronization-established state based
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sampling the input signal from one to another 1in a

synchronization-unestablished state.

2. The éynchronization detection device according to
claim 1, wherein the sampling section includes:
a clock multiplication section for multiplying the clock
signal; and
5 a switchable sampling section for sampling the input signal
at a minimum interval at which the input signal changes by using
the multiplied clock signal, while switching the sample points
for sampling the input signal among a plurality of timing‘points
defined by the multiplied clock signal in a synchronization-

10 unestablished state.

3. The synchronization detection device according to
claim 1, wherein the sampling section includes:
a clock switching section for selectively ocutputting a

non-inverted signal of the clock signal or an inverted signal
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a fixed sampling section for sampllng the input signal at
a minimum interval at which the input signal changes by using an

10 output signal of the clock switching section.

4. The synchronization detection device according to
claim 1, wherein the input signal is data having a frame structure
compliant with the ATSC standard, and the synchronization signal
is a segment synchronization signal compliant with the ATSC

5 standard.

5. The synchronization detection device according to
claim 1, wherein quality information that indicates a quality of
the input signal is supplied, so that if the quality of the input
signal 1is higher than a predetermined reference, the

5 synchronization detection device outputs the synchronization
detection signal that is obtéinedﬁby supplying the input signal,
instead of the output signal of the sampling section, to the

pattern match section.

6. The synchronizaticn detection device according to
claim 5, wherein the input signal is data having a frame structure

compliant with the ATSC standard, the synchronization signal is
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synchronization signal, comprising:
a pattern match section for checking whether or not the
5 input signal contains the same signal pattern as that of the
synchronization signal with the same cycle as that of the
synchronization signal;
| a count section that receives a match result ffom the
pattern match section for counting the number of times a pattern
10 match operation succeeds consecutively in a synchronization-
unestablished state and the number of times the pattern match
operation fails consecutively in a synchronization-established
state;
a backward guard level storage section for storing a
15 synchronization backward guard level;
a fofward guard level storage section for storing a
synchronization forward guard level;
a synchronization determination section for determining
whether or net it is a synchronization-established state based

20  on the count value of the count section, the backward guard level

and the forward guard level; and
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30 based on the quality information; and
a synchronization detection signal shifting section for
shifting the synchronization detection signal in a time direction
accordingtx)theshiftamountobtainedknrtheshiftamountcontrol

section.

8. The synchronization detection device according to
claim 7, wherein the shift amount control section changes the
shift amount of the synchronization detection signal if the
quality of the result of processing the input signal is lower than

5 a predetermined reference.

9. The synchronization detection device according to
claim 7, wherein the shift amount control section determines the
shift amount of the synchronization detection signal so as to

optimize the quality of the result of processing the input signal.
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structure compliant with the ATSC standard, and the
synchronization signal is a segment synchronization signal

5 compliant with the ATSC standard.

11. The synchronization detection device according to
claim 10, whexein the quality i'Anformation is error rate
information for a signal that is obtained by performing a
waveform equalization operation on the input signal using

10 the synchronization detection signal,
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