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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 synchronization detection

broadcasting standard, or the like.

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




section 101 togetter forma segnent synchronization detection section 109.
The segnent synchroni zation detection section |09 has a synchroniu%?t Pgﬁ 204
backward guard function and a 15 synchronization forward guard f t f*of. “¥41
The backward guard function refers to a function of transitioning froma
synchroni zati on-unestabl i shed state to a synchroni zati on established state
when a pattern match operation with a synchroni zation signal succeeds a
predet er i Jpd (AR 9k al ! MRS fd (OIS T 8 sk@nds ~ RACKVERG AL L, d £YeL ")
consecutively in a syncﬁr oni zat 1 on- unest a Ilsﬁed state. The forward guard
function . .unci 4 £ & | ti.oni_nge f - - -

synchroni %%?%%l-%rgtd%t‘){ﬁwséh%%@s egtegtttsﬁagé) s]éﬁ(r%c Srcgfmsgglt@%r?n&%géctlggl ?ls%%%lsét ate
when a praﬁée n.eteh operation wth a Zg syhchroni zation signal.fails a

pr edet er hed numb of "L hes P TRR i%%f(reql%rr} ed> {0 as T of war d
guard | evel" onsecutively in.a s ronj zation-established state. The
ot or n et iR DOCToOr 69006 THTIRY BHAT LA enbt e GuerSon SEIEHRT he

i nput _si gnal and th egnment 5 synchroni zation signal, apnd outputs a

mat ch3r eStr hgllﬁnéFS%gAéﬁ%’i“&%%ﬁf’gl THTHRL, S9P HRER) GPEROFERRL SraiArd:
operation. The count section |03 uses a counter provided therein to_count

t he nunbe?n%fmit’r%%gaap%ﬁ]ecﬂ nS YRERFCHPER BT ASFIH 19 SediehtES and a
synchroni zation signal succeeds consecutively in a 10

synchr oni S2HTYH- iHEstaptn SFei et deteghtrn heldbetS of times a pattern

mat ch operation with the segnent synchronization signal fails consecutively
in a synchroni Zat Féf- estabbeshiall d sanehrpha zpaé Rvetel efaken seFéiogt B hge
section 104 stores a backward guard | evel 204 as described above, and the
“forward gigfertievelfistlol appandibrayeict d oiprl 05 enak esorat 4 orevhr o giuke ditewiel 205
as described above. The synchroni zati on determ nation section |06

det et i nesiankeelt REr dnd petausygnche dniedt s wyrclestraidd shed dstaces ion aignal _
synchroni zati on-unest abl i shed state based on a count val ue 203 of the count
section |3, tHeradicvartthguatdahevbae Z64 land it 20 ifzrtwarrd drisectia@vel
205. More specifically, the synchronization determ nation section 106

det er m nesectitarandil iwnydtther Siominron aidron-a8ichtdrehest séatde tdeni dhe
count value 203 becones equal to or greater than the backward-guard | evel
204 in section 109. The segment synchronization detection section 109

et

has a synchronization backward guard 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



‘a synchroni zati on-'unest abl i shed state, and deternines a 25 tragé' Li 2 tg a
synchroni zati on- unest abl i shed state when the 3 ~7 ,~1'"R 2~J CobAR 2004
val ue 203 becones equal to or.-greater than the forward guard | evel 205 in a
synchroni zati on-establ i shed state. A synchronization state signal 206
outputted fromthe synchronization determ nation section 106 is supplied to
the 5 count section |03 and the synchroni zation detection signal generation

section 107efdhecgynehrogi zadroardet @64 +an 19w@NA) gepgsathoveegt iign 07
out puts the segnment synchronization detection signal SS when it receives

the mat chsyeshitén 52 gnabn 202t 4mhesies statadi cates a 10 match success or a
match failure) in a synchroni zation established state. However, a VSB

dermodul ation sysiemautbrhhga8bRVEadesehi hed ng%:%%%%%éﬁi on

detection device provided therein has the fol en sone

obj ect exhsdsaegs therdoeant a @tdigiﬁgﬁl‘lbr‘gﬁdc&?& t{ﬁéscgé(ﬁ%nta VSB

denodul ation systemrecelves both the origt radio wave and ar ected
wave tshat.i ff. obj ect b imge s not _dis yed
a1t or Vhaser St LT oS L ARERh PR LS PRIl P2
"near - ghost 3 recejver. yeceiy, a radi,o wave 20 such, that a
near - ghogfl{%lc%%r s,é]tshlg%seggsngﬁt&slyjr’]%ﬂeﬁ &ﬁeigﬁ %%t%]éﬁpeerrr?ﬁlémdi s?ﬂ?b%%u’%tsee
FIG 9) i e | signal to the VSB d | ati.on system Therefore, a
pattern rr%%{:loo%eqﬁa{{ iug’ﬁ%oﬁl GOTRYeE f%r%‘ﬁp‘i‘%@g#belfﬁjtn S GAVBIEt B WRRAT t he
i nput si Qingl gnd t he_se nt _synchroni zati on si gnal r_nati{1 result in a failure
to properly 25etect a Ehfoni%HtGbn SPHRAFIBE avdebectiién ofedmenrt 2 2
.. ~r~ zo~~t_synchroni zation signal_at an errqneous timng. Mreover, the
segment S Cﬂ%%lz%ﬂﬁw det2t9Rdh si §HEFSS3Sout FOPEEFUEAGREhe 1n  a

sync_trcéoni zation detection device is inputted to a waveform equal i zation

sect r]tﬁ%ﬂcqggqﬁqﬁﬁ%ﬂﬁqug§;qg%ﬁﬁ@ed state, and the number of times a

pattern match operation with the segment synchronization signal
fail;cnnsecutivelyijlasynchronization—establishedstate. 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
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5 subsequent to the synchronization detection device. However, 2Q§Q&the

segnent synchroni zation signal is detected at an erroneous tim e 2004
wavef orm equal i zati on section can.only function to ensure a proper timng
for the segment synchronization detection, and can no |onger performits
primary function of 10 renoving a ghost caused by a transm ssion path.

Thus, it is an object of the present invention to provide a synchronization

det ecti on-deyi 62 1RRVERY R dfRid éghglscy&sbrmg@éf QR afhet 198 trRg GRPSRA Lt Y
and/ or a desirable synchronization nmaintaining capability, and to provide a

VSB 15 de at i sy:st em havyi L ear - bl rf éﬂﬁﬁi renoyi ng
capabiIitgggg}SCE@%URgﬁ%FW#HE%p&%E%?P&%Q%E%gcﬁ?gggl%ﬁgbgbosi 0 jects,ﬁthe
present ipvention. has.the 2Q f.oll ow.n spe ) ' pe f t

present in @%%?%ﬁl%géll?ecf%ﬁ“¥% a°s %8;ron?é§tigﬁhggﬁgggfon%éggicepﬁ%r
detecting_a synchronjzatign _signal froman_i.npu i gnal __caont.ainin .
synchroni%%??%ﬁo%+6% °hc ﬁB?F@?HSFl?% ﬁeggﬁﬁﬁihgigg i DR %ﬁ&n%geﬁggs a
clock signal and the 5 ~~ dt~' ~ 2~3~4 input signal for sanpling the
Chout Soi QRaIn L SERESOR Gt urar ot S LANBFERpGRRE St A A e BT e BRRA b thi n
one cycle of the clock signal;_a pattern match section for checking whet her
or not ang%n%%ﬁiiﬁns?%ﬁ%}o%fl?%e sanpl i ng section contains the same signal
pattern as that of the synchronization signal with the sane cycle as that
of the synchrontBt$HCRIgnbFat Bor Fpte et ofl IRt FReefdetoRd #BFLhOTesul t
fromthe ﬁ@ttern mat ch section for countin%ﬁﬁhe nunber of tinmes a pattern

10 mat ch Bperoatrett sshbe exEnewh syaghirpaiyaition d9herEbankgsnl SS when

unest abl i shed state and the nunber of tines the pattern match
it receives the match result signal 202 (whether it indicates a

10 match success or a match failure) in a synchronization-
established state.

How_ever, a VSB demodulation system with 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 recelves 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 resu.lt in a failure to properly

25 detect a synchronization signal or a detection of a




operation fails consecutively in a synchronization-established s;?&e'ﬁa
backward guard | evel storage section for storing a 15 synchroni zat hf 2004
backward guard |l evel; a forward guard | evel storage section for storing a
synchroni zation forward guard | evel; a synchronization determ nation
section for determ ning whether or not it is a synchronization-established
state based 20 on the count value of the count section, the backward guard
| evel andyriehdforivwartd qguarididagyvelt; s s\ateh drimigtd on det ection si gnal
generation section for generating a synchronization detection signal at a
timng point atMoseicstert,hehpas¢gmenimatwicioperiatdtornn sepectdomedl gyat e
pattern 25 match section in a synchroni zation-established state, 6 "C ~~
nP~ r UO~rowheraid themsanpl s yrectaem i o0t s tdehes tsianpde vpoieni s J‘frcpu%@ﬂ)l ing
the input signal fromone to another in a synchronization-unestablished

state. Aceordivagelre iheduianstadspeckeasidasehbedsapoveidetieisanpEade
points for sanpling the input signal are switched fromone to another in a

synchgoni Zad QprdHie st s hagh & adigi z bt hee det eLén oevict he However,
synchroni zation signal is performed for the sanpled input signal. In this

way, 1t imd@osshal esédgné}% egyn&ﬂfeoﬁwge&eﬂl Zatd o0 Shgnademédted@ Aighan
preci si on. Nbreover y 10 applying the synchroni zation detection device to

a VSB dempduyl | §aPessth! e4ha198kesbnt he F8WEMan onl
synchr oni zat| on Sl gﬁ%ﬁﬁn ht%ehl agh pr eci SIqOI’l and tg i nprove the nearyghost

interfer 1{1%??%{5%91 SaQI i ?él ncﬁgég%%@gg%tenlg Brod s 145t

. aspect, the sanpling clock mul tiplication section
- for nu't'&é@@é%iéﬁfa§&§Cga§'ggaionsgg perform its primary function of

10 removing a ghoét caused by a transmission path.
Thus, it is an object of the present invention to provide
a synchropization detection device having a desirable
synchronization detécting ca?ébility‘“and/or a desirable
synchronization maintaining capability, and to provide a V3B
15 deﬁodulation 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




a switchabl e sanpling section for sanpling the input signal at a M gug@
interval at which the input signal changes by using 20 the nult|$ |eH ék
signal, while switching the sanple points for sanpling the input signal
anong a plurality of timng points defined by the multiplied clock signal
in a synchroni zati on unestablished state. According to the second aspect as
descri bed above, the clock 25 signal is nultiplied, and the input signal is
sanpl ed bsnmsﬁ ﬁggnal or?sARp Ri0@GA Hehanpultt Ephnhetl ot aole sifgagbludal 1ty s
way, it is possible to set a |arge nunber of sanple points at regul ar

i nt erval isariplcopeiaysl ehet the precdnsigndlin and t@clepooviehd hel ock
synchroni zation detecting capability. 5 In a third aspect based on the
first aspeEiginal:he sanpling section includes: a clock switching section for
sel ectively outputting a non-inverted signal of the clock signal or an
inverted signala thereoin mwidie sattchhngosi gRakbrihg RBeRULRPULDeICEL, t he
10. non-inverted signal of the clock signal and the inverted signal thereof

in a synchiguitzatignrnuegstabl sshgdishatect aod @oﬂtéfﬁssﬁﬁféﬂézﬂge segdpn for
sanpling the input signal at a mninmuminterval at which the input” signal.

changes By t4siigaan oAt BYL + 8 %ck@oﬁl%ﬂ&pglé%&%m&g tHeCL 400 ciy]c?le

According to the third aspect as descri bed abov the 1 nput signa

sanpled\ggkuﬁﬁpCﬁo%ﬂén%zﬁéﬁléﬂﬁygglég Qﬁl l.ock signal or the inverted

signal thereof. In th 'S pOSSI e to i nprove the synchronization

det ecting capaby Iddy i L1024 5h MPheCOULLYALi o 20, | @t QUL ASRECt

-based on the first aspect e 1 nput S|gnal aving a

struct ur g el gt L. wgn%srccstandag;,;ﬂ%%gngmhee f?éfnf\%gg's%g}ﬁﬁp 3] onal

is a seghent sync FGNi Zat 1 on S|gna onp
assihle to

G R RETA R e R R
. 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 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,




precision, and to provide a VSB denodul ati on system having a high . , noa
near - ghost interference renoving capability. In a fifth aspect bés@ddénéﬂﬁ%
first aspect, quality information that indicates a quality of the input
signal is 5 supplied, so that if the quality of the input signal is higher
than a predeterm ned reference, the synchronization detection device
outputs the synchronjzation detection signal that is obtained by supplying
the input signaflieisidt ddtf ofanmlel st $RAT Sy nef i othehes st iRRL BT tIOR, to
the pattern match section. 10 According to the fifth aspect as described
above, ontaRPling kihes énpyegmsAgnyncHImt zadhon Het eenpshesi gridl s @ s

sel ectively output according to the quality of the input signal. In this
way, it isy)passiblzsitioratresitaihel shethgtortieati on signal with a high

preci sion by using the sanpled i nput when the quality 15 of the input
signal is |ow Adudmiidet eottilegfihet sypehrtoas Zatsicon beidgriab vy thei sagnp he
input signal, as it is, when the quality of the input signal is high. Thus,
it isSpogsibites tiodetagil e tSyncitmn zaidronl sd gnadwiaatordi fxgord cordheto
situation by switching the synchronization detecting methods according to
the qual idno@(kmof itheai nprickst@niatat MH-a0Westahys g Yishgtlehe and the
synchroni zati on detection device to a VSB denodul ati on system it is

possi bl e dex etatiant dfletl’q?@ggﬁﬁ&hﬁéfﬂﬁBé@ﬂbﬁab'&gﬂaii grabheMtdim@d it the
precision, and to inprove the near-ghost interference renoving capability.
In a sixtdurgsiRect npasedighathe fi fttl'ﬁ_sa%ﬁ?c,titt{@ gl 1% gBale28ct Sciiat a
having a franme structure conpliant with the ATSC standard, 9 2t iz~~

~i ~u~ t hes BN A PNs SEPNR| i $ha S agfwnt tBE ORIl ZahioRR o3eghal
conpliant with the ATSC sté%%grd,hgﬁdafhe quaF?%?EFE?ornation indicaf%s
whet hgr iy N : g ' r1.Ng [ n sl gn A di ng
to t?g s%(%ﬁr}%lalsrggec?cq%s scﬁ%%eﬁcﬁ%lvder,p ic{&c{%é%g%%i E#%Vlt%o@dzétoec?a t ﬁ?ﬁ
segnent synehanjzat] o pgnal with_a hi recLsi pr &Qg. VSB
denodul ati1 on é@gﬁéﬁﬁLa§¥§5g§'hf§% Egafggﬁgggjfnkérggggﬁgg %gﬁnJg%g ¢
capabilit - Spe kS yneghr onj | etection. ] 10
ot oot i ng R BBk BEEhan S B A RO FELL PLOR T R cBTHEPELRE TR

synchroni zati on. si.gnal,, rising: a.pattern.nmat.ch section for checking
whet her or %nrlot T IR TSRS ct%ﬁ[ioéxllﬁ?t agglﬁél dignal pattern as that of
t he synchronization signal wt he sane cle as that of the 15 .
synchroni zati o ns?g%%?o,%cz a(“,sé:i?rﬁhE b@éﬁ oﬂnt%‘? ]ﬁget(?}l eég’eggnﬁf%ﬂ FERN"S r om
the -_pattern mat.ch section for counting the nunber of tines a pattern

mat ch’ op&FATH SR SHCHEEES ‘consecuti vely in a synchroni zati on unest abl i shed

state and t he nunger of tines,the pattern match 20 operatjon fails
consecutivel y PnCacsHnEhtbaP2aFRbAaCBsPabFLSRetOL ML 1R PHRAWRY Giif't

| evel storage_section for storing a
. sighal; 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




synchroni zati'on backward guard | evel; a forward guard | evel stor age, ﬁ,%t_l ﬁ)n
for storing a 25 synchronization forward guard | evel; 10 2 0 ~ = 200
synchroni zati on determ nation section for determ ning whether or not it is
a synchroni zation-established state based on the count val ue of the count
section, the backward guard |level and the forward guard level; and 5 a
synchroni zati on detection signal generation section for generating a

synchr oni zid irpn dgheeld e@oéﬁég%%néi. a ] PG QQ%nti@tié"’Bio%_@ibﬁ% patiern

mat ch operation i's perforned by the pattern matth section in a

synchr O”igﬁﬂaiﬂﬁ/%%@:%'ﬂ 8?‘5‘9&%%];?‘]&{ oaj?néé“ i r%?‘&‘i’%tc EH?%@E&?%H}Q{H&%

recei ves quali nf or mat | I'ndi cates a qua a result of

pr ocessi i S| S| t he synchraoni zati detectian si.gnal for
obt ai ni nﬁégié{p@r&ouén]t 0 #‘réerpasqu’nc%r}%n?oza I?po]}n&geet@g? i ¢ nc(si%]‘lgo(r)ll{alllzs tglsoer%i on
t he qual i i nformation;..and a synchroni zati on detection signal shifting
section f(%ér/tel%%r}ﬁ fcfai%aght]ﬂenc%ynchroni zation detection signal in a tine

di rection accordin o the shift anount obtained by the shjift anmount
Contr 8l Seets orfP ACEBIAFNGSBECt HASEY Gt ARsabace tatSHECE: | BRY BRI he

synchroni zation detectjon signal is outputted after being shifted 20 in the
time direti5oPhadbdWitShe quality information, and the shift amount of

t he synchroni zati on detection signal is determned so as to inprove the
quality that i< ifRTatSHbine §aarie) CREoSRREFSATELY MPURRLNYG 2 s
possible to detect the segnment synchronization signal with a high

preci si oINS 25 gp lagdl yiey dinck yridiradnicatdon- eaded ot gk ce to

a .VSB 11 _ _
thereof, while switching signals to be output between 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




Z ~ ia~~ 2Q04 denodul ation system it is possible to detect the %ﬁgnfp s
synchroni zati on signal with a high precision, and to i nprove the aﬁ-ghé%¥
interference renoving capability. In an eighth aspect based on .the seventh
aspect, the shift 5 anount control section changes the shift anpunt of the
synchroni zati on detection signal if the quality of the result of processing
.the input signal is |lower than a predeterm ned reference. In a ninth

aspect basedienchheasevenphoaspecd vsBh@embdfladdormdenchatiol &&dghon
determ nes the shift anmount of the synchronization detection signal so as

to optimnzart-Becguakinteretreheer esublyialy papessiing.the input signal.
According to the eighth and ninth aspects as descri bed above, the shift

amount of the gynGhrepizRt Lapedet eddn shorak isiddh dgbpeptpedusaiay to
inprove the quality that is indicated by the quality information. In this

way, it i3 AR05sihbe b det 56 ddie egngnm%xgcwforﬂ@tm@u@igmﬁhaw 4l a

hi gh precision. In a tenth aspect based on the ninth aspect, the input

signal i %ugggﬁeﬁavisegt af ! 2 SLTLCI L] C@ﬁmﬂ@%rﬁﬁﬁ]ﬁ %f&ﬁal_AE%Chﬁbﬁ%lqard,

20 and the AChronization si gnal "1s a Segnent sy ronization signa

compl tant i LRR4ATGS1aR0LE, LACAN LeYeRLLasRash dIRRedepR R ent h
t'he or a

aspect, guaFity informati on 1'§ errér rate-infornmation si gnal that
ot N 2 PSR TS S A T kg B8 1
obtained by supplying the input signal, instead of the output
signal of the sampling section, to the pattern match section.
10 According to the fifth aspect as described above, one of
two kinds of segment synchronization detection signals is
selectively cutput accqrding 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 systeHh 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,




According to the tenth and el'eventh aspects as described above, it is
possible to detect the segnment synchronization signal with a highZ 7 AFR 2004
precision, and to provide a VSB denodul ati on syst.em having a hi gh

near - ghost interference renoving capability. 5 Atwelfth aspect is a
synchroni zati on detection device for detecting a synchroni zation signal
froman input signal containing the synchroni zation signal, conprising: a

pattern med&hswaalian fo0i Ghecking WRehheEgRENROLvHBRr-bAREAL SHANS g€t ai NS
t he same signal pattern as that” of the 10 Synchronization signal wth the

sane cycl i ; Si ) S
yelgomsiihat @f it éy@m%ﬂﬁ@mﬁﬂa&heﬁ%ﬁ% £5EbPRat hah

receives a match result from sec n counting the

Cynohr oni AT G 5 U RER b <0 LOSCE S SRk oar o e ] avdl obor iR

section f§g ngring a synchroni zati on backward guard |l evel; a long cycle
synchroniZzation detection section for detecting a |ong cycle

synchroni zation, signal cantai.ned .in.the 20 input.signal wth a cycle.longer
Uhan the synchrSHIZATIh (& gkt ;> 8 WY maHT 250 | 47 ot &7 H2T T 2h SectT on
for determining a . transition to a synchro izaLionnestainsged. tate.g@en a
count valRiE GOt hECCHRESS 60 DRIBRR bt eIl 44 6 GREAeLrv Had HHE
backward guard | evel and for determning a transition to a 25 _
synchr oniZ8t G oht Utre E05LT P ST €ieap &/ Hh SR ML SWREHOINF ¥ aE PBM AT 3 BighR
;10~4 detection operation fails in the |ong cycle synchronization detection
secti on; HRF FRGHC FHRZRTGHEUSTIWMAY O TP bhér ati on section for
generating a synchroni zati on detection signal at a timng point 5 at which
the pattern nmattReFpBLatFPRTS LFenf DY MR 9L Fhel padear rc A6 BT in a
synchroni zation-established state. According to the twelfth aspect as
desciPbedsiissitendnce shachywoizoniisa i 649nelesfabmi shed, irpet st at@aher e
the synchroni zation is established is maintained unless the detection 10 of
t he | ong Gytiad msiyre Hrtohi seatglorersiizptalorf addgnal n edmsrigingit can be nmade
unlikely for the segnent synchronization, once established, to be lost. In
ot her words, ita iriiessi agdio seppriove for checking whether or not the
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




t he synchronization maintaining capability. Mreover, by applying the ‘
synchroni zation detection device to a - VSB 15 denodul ati on systen Ti #hPiRs 2084
possible to inprove the capability to maintain the.segment synchronization
signal, and to inprove the near-ghost interference renoving capability. In

a thirteenth aspect based on the twelfth aspect, the input signal is data
having a frane structure conpliant wwth the 20 ATSC standard, the

synchroni zatiog gi,gRRkoh$z8r $60MEBLS¥NRREQBHZ8ELENOAI 982l deeBRhiaRhgW th
t he ATSC standard, and the long cycle synchronization signal is a field

Sy”ChVO”bEéﬁthQQ skoRat f@’ﬁ@biaﬁ n\@h%nti%%t%ﬁfle%tt%@)%%%ed“%%%ﬁ:@i Rgske the
t ed e 25

thirteen aspect as descri bove, t segnment synchroni zation

si gnal , C | e C . ~ LI~ Gl f i

mai nt ai ngg,{a}éﬁ?ol%{%q gggggs?cjﬁf&g%t %g]g{flgvstiegéejﬁlaé}\isghgeﬂr)r%%dl’%?ogr%cg? gﬁgﬁavi ng
a high near-gEos% int eaf er engelre Vi ngdcapabi lity. 5 BRI EF DESCRI PTI ON OF
THE DRAV\?RI&S FG-IVP5%a 9876k 8iv§gfaﬁ1 I lustrating a configuration of a
synchroni zation detection device accor.ding.to first .embodj nent of. the
preseht invent ?ownéf@mzz‘%sl%? Eﬁ‘%&? dioé’ggéﬁ???l%%rﬁ%ﬁln%néseg%n Ay PAt i on

of 10 a VSB demmpdul ati on systemw th a synchroni zation_detect.ion_device
accor di nGSPEERFIEE T G FHINIP BRI AEL 51 e SRBSANT T iRt Sh B80! ded

therein. FIG 3 is a block diagramillustrating a_confi urg}ﬂi on (%f a
wavef or nPEqRt £ dthicoRaséerpona ?htw%g%ﬁﬁdaﬁaﬁ%lﬁeea%x 1 B St r at ed

in FIG 2. FIG 4 is a diagramijllustrating a format of data having a frame
st ruct ur B28ehi Aeatiant he ATSENChrenigation-arhgPanshPAUSEREBY NG the details
of a segnment containing a field synchronization si %nal defined in_the ATSC_
20 FIG 6 is aadisdgidm aheust r £OMg olheS et k91 s thRTa BRRFETRS cONRdtTYng
data defined in the ATSC. FIG 7 is a diagramillustrating sanple point
gr ougs ofnfpsmeynenr bhizatndhcaetecd iR HEH & dcderdilifg ctfoPrRESEISAST
enbodi ment of the present invention. 25 FIG 8 is a diagramillustrating an
exanpl e bhealmegnenigrbl 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
shift amount of the synchronization detection signal is
determined so as to improve the quality that is indicated by the
| gquality 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




~ ? A( ~ 2~~4 synchronization signal that is inputted to a synchrenj zgtt opg,
detection device. FIG 9 is a diagramillustrating how a segnent

synchroni zation is detected by the synchroni zati on detection 5 device
according to the first enbodi ment of the present invention. FIG 10 is a

bl ock diagramillustrating a configuration of a synchronization detection
devi ce according to the second enbodi nent of the present invention. FIG 11

is a di agi@mdllustdat shgrhayw aisegrentoddilsyacheonigwddonthe detguded by
t he synchroni zati on detection device according to the second enbodi nent of

the preseffndHMaM oMo ls@gntd Wth Pl gir-aehaibhl | 4sd raf iRgrave the
configuration of a synchronization detection device according to the third

15 enbodi ment- afodihe resehted Y e OPi nd ! Gipd3ilsc@, bl ock di agram
illustrating a configuration of a synchroni zati on detection device

according to t gﬂuaghﬁﬂb@%%ggba%& he pﬁgsmeﬂfm/% 2., ELG sifris a

bl ock diagramillustrating a ¢ iguration of 20 a synchroni zation

det ect Oggr&gyrgefg G9L i n%etcgcitéﬁe féhfahqel%ﬂb%ﬂiemeéi% thoaﬁese&f the

inventio I's a bloc ragram il Tustrating a configuration of a

SRS P LA LIS eV e A3 BEET AT LR CIE 1
bl ock diagramillustrating a configuration.of a synchronization gg{qgaion
devi ce adbotiiig T FAE HHRLE eibBUrtertS of FRE pPEinf |HAEHTTOH

synchroniéﬁéion 5 detection device 110 illustrated in FIG 1 includes the
field synchrori™Zdti on detection section 101, a clock nultiplication section

111, a switchahl e sanpling section 112, the pattern natch sectionl%gg, t he
count section 1’832 PREHaERRECT §a&EG PBVERS Seventh aspect, the shiit

10 amount control section determines the shift amount of the
synchronization detection signal so as to optimize the quality
of the result of processing thg 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




storage section 104,” the forward guard 1evel storage section 105, %% tn%
synchroni zati on determ nation section |06, and the synchroni zation PR 2004
detection signal generation section I07. The synchroni zati.on detection
device 110 is characterized in that it sanples the input signal with a

mul tiplied clock, and swtches sanple points for sanpling the input signal
fromone to another 15 in a synchroni zation-unestablishedstate, for

detecting a segment . Claroehéa%'o%sgrwleﬁg :ngaedﬁ LG L8

synchronlzatlonq%:tec%Bon device glt ion systemwth

this devi e Rroy ded t her e descrlbed Fl G
di agr am 20°9"97uk Pé’[t?%sg“sﬁc Fif:’ i eéiqi IR € S ISPERS FARRHLT a%?%ﬁorgfstggl%iw th
t he synchr.oni zati on detectjon devjce |10 rOVI té} The VSB
Horodul atigl 8yat G 1 Fe5ts Sedith Lol BECTLARCT W BTEMAIAT S5 10,
a tuner 20, a down converter 30, a di |taI denodul at.i on sec% n_ 40, and an
error cof¥dfi%R LdOf gra50Ihesd FBFﬁ§ B&PICE5 TGOy INGc EAPE g&ﬁﬁllant with
t he ATSC standard, which is the US 17 zZ ~ A~~ z~0~ digital terrestrial
broad@asti ng sfahdalfth NGReGthas 2 wm@rﬁ%@al%ﬁ%éﬁgmn IR 95 ng
st andard |s described in detail in "ATSC Standard: Digital Television
St andar d deReftdingn B, speehranBsatiaggusianabl. fpmhere| digntts §f9Rd VSB
denodul at i on systen1operate as follows. The receiving antenna 10 receives a
VSB- nodulceréa irdrgeshei alyniphoaddasting pagne lwagempTAsingrner 20 sel ects a
channel that the viewer wants to see. The down converter 30 converts the
frequency of thepettput shtrheseghépn2@oirntbeakidaf wegibrey ovandti hehi ch
the digital denodul ation section 40 can operate normally. The digital
denodul atinpmtsedigned 4®nYSB rdenddul sdres $hpnalutpattefnt he tbah obdnudret er
30. The error correction section 50 corrects an error that has occurred
al ont0 t heyhchasmigaitapnpatiyriyl using atheer samecaycdet | ag code. dhe the
VSB- denodul at ed signal outputted fromthe error correction section SOis
conver t edynaheoand zaudioa- wiigealsi gnal by an MPEG decodi ng section (not
shown). The digital denodul ation section 40 includes an A/D

' 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 synéhronization-
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




converter 41, a gain control section 42, a‘digital detection 20 se%}“on 43,

a clock reproduction section 44, a signal interpolation section 45, ZnARﬁsmﬂé
i nterference renoving section 46, the synchroni zati on detection device 110,

a waveform equal i zati on section 47, a phase noi se renoving section 48, and

a bit error rate neasuring section 49. Anong these el enents, the 25
synchroni zati on detection device 110 is that illustrated in FIG 18 ~ ..~

ARR 2GD ld?]gg@tfcgr?”gﬁ&§aeioﬁggaqa.%! tjﬁl M@tht Q12 13 G ik ADh DREF 8418 as

foll ows. The down conhverter ich is provided’in a stage preceding the

di gi tal q§$@gg%fg'Q%§§§§#%pEF§?, out puts a baseband 5 VSB-nodul at ed si gna

as an i nput signa converter 41 converts the input signal Dl

into digital data. _ Th i t L on. [ ' ' t
Val o' A based bAYRETFRTER P HELAE BT oA e SRR d g B e TR D
ter 41 The gain adjustment . val i lied.tq Lhe. .20, 10
and 15 usHTTERC g oL RGPERC ARBA PG OF PA PR A b en By et
i yi 0. The digital detecti. ti 43 t ts t
bascbind % GRIEH £ O PhEL e B ERURPAL 6 b At L B0 1Y W Ho ) DIEORVEr T8 41

whil e renoving frequency errors. The cl ock reproductkg; section 15 44
detect s d"PHATSIH¥0 i ! tthes WHHHI G HE T Rk $H AN S BTt er 41 based
on the signal detected by the digital detection section 43 to reproduce a
cl ock. The repristhifeing dck the sWERLitBdaFBerhead| YRBFTIAGEr PBPRET I SRct i on
45 and the synchroni zation detection device 110. The signal interpolation
section 45 erTBrHran 20 igssadpl | Rgtepeiahren ofiheheSkiBRal R Rct '€ by
the digital detection section 43 by using the clock reproduced by the clock
r epr oductd Wrcheen i on Yan 1Besthibs ishecess maing agingshin Hes e dhediefechion
digital detection section 43 is interpolated at a predeterm ned rate. The
NTSC1Dnt erf dhentengenpvl engpyeedtricon 246 i25 dégoeflsfahes| evidl thfisanalrSa
interference wave contained in the 19
' can be made unlikely for the segment synchronization, once
established, tobe lost. Inotherwords, it ispossible to improve
the synchronization maintaining capability. Moreover, by
applying the synchronization detection device to a” VSB
15 demodulation system, it is possible to improve the capability to
maintain the segment synchronization signal, and to improve the
near-ghost interference 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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2 ~ t~,~~~~ 2Cg4 signal, which has been interpolated by the signalgy ,\\?R’ 0k
i nterpol ati on section 45, and renoves the interference wave by usi nd a .
-filter provided therein. The synchroni zation detection device | 10 uses a
clock CK 5 supplied fromthe clock reproduction section 44 for detecting a
field synchroni zati on signal and a segnment synchroni zation signal fromthe
i nput signal DT, which has been interpolated by the signal interpolation
section out ~ . fleld n oni.zat l.on ect, ' | F d the
Seqment syhchraniz ok Hat e | SRUI0 si el VAR F o i RERg T
synchroni i ti i gn . QUt put fr h C i J

det ecti on& eé/c?lglegﬁcg&arsggl}%gg §é§§§§cﬁ#oﬁﬁ gtilg%é%i g%é%g %‘?@‘%ﬁ%%?‘g‘f? al
denodul at]i:é)rgloéfctiggl aigifs a whole, and are also supplied to the waveform
equal i zat'i on L i U 15 The waveform equal i zati on section 47 detects a
transm ssion path distortion contained in the output signal of the NTSC
interference renoving section 46, and renoves the distortion. Mre

speci gically, the wavefgiyeequaddzait g S8EtH8h Ranaeat es the field
synchroni zation signal by using the two kinds of 20 synchroni zation
detection signals 25 synchroni zation detection device outputted fromthe
110, and cont r i’ t Heigorfriefetiewiam iilpedrabisdi aedPRhePBFAT 48R 6 i ng
to a wave form equalization algorithmusing the signal pattern of the field
synchr oni& atSY®iFhigra@at jan ad@itEicddon hdewavef orfire§dandzatPonsettfdh 47
has a function of inproving the waveform equalizing 20 2 ~ ~, p~ ~oa~
capabi | i tgrlpdimsHy of silphatrgmnterimwtigronhan that of the field

synchroni zation signal. FIG 3 is a block diagramillustrating a detailed
configuration dfIG-h@ waveflorerlegqualdraat iddusécritdngdd. canigupaepored

equal i zation section 47 illustrated in FIG 3 includes a waveform
equal 0 zatd ¥A8Bfddnatu B i orastysaiemiwig:fc ergyroth sectdadni oy detachliondleohte ol
section 473, and a coefficient updating section 474. The waveform

equal i zatdaefdinterod7irss @ digithatmbodiment orofr éhevpngsanghostenaused by
a transm ssion path. The 10 training control section 472 and the blind
control gectwictedt Aherein.

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




each receive the two kinds of synchronization detection signals qyprPQe?%%
fromthe synchronizati on detection device 110. The training control sect
472 obtains tap coefficients of the waveformequalization filter 471 based
on these synchroni zation 15 detection signals according to a waveform
equal i zation algorithmusing the signal pattern of the field
synchroni zati on signal. The blind control section 473 obtains tap
coef fi i ghi2r0brkhe cwRKe Siomeaiald 28l T ofodidd8T 47k 3560HA0AT R 18N
wavef orm equalization algorithmusing a signal pattern Other than that of
the fiel hr.oni:zati on signal. The coefficient updating section 474
sets thegfggcgégﬁfggggégé obtained by the training control section 472 or
the tap coefficients _obt.ai ned by, the bli ecfjgn 473
maveforn1equa|%;§fiog fffiefi47¥%a%@a%es£?%g%§£%g%% : @hg tép ggg?%?%ients
of the waveform 25 uali,zation filter 471 are_controll ceqr.di o0 the
si gnal 2FY" rgglga%ggnzéf ?E%ﬁ??é;%¥h5%?i8Vac §ﬁ%ﬁ?8ﬁg%§tﬁ%ﬁ 53385 or a
signal pattern other than that of the field nchroni zatiopn.signal. so as to
i npr o-ix’/e %ﬁéfl\ﬁ&@e‘%%?l?ﬁ“efh%&ﬁ %Slﬁaﬁaﬁﬂqqcfﬁﬂeqs%ofﬁﬁhse Bay;*© ﬂénwa@% Srim
equal i zati on section 47 can_renpove a ghQﬁ; caused %y a tﬁ§$5n1§§jon th
that is contai Aél-iH0 tife2onl pat iaea™ I RS TRFSBY Attt er B Y8 heVH ng
section 46. 5 The phase noise rempving section 48 detects and renoves, a
phase noPses EHHPEEA et aPREGCEACPhEBTFuUL 2SFERALNET Thet ey SFGARD
equal i zation section 47. An output signal DO obtained by this process is
out put t e@mbedipensr pér ther PEESIeHt JE8FEN$AC50. When the error correction
'section 50 detects an error in the output signal DO the error correction
section SO out Pifs anhleriér det dépigsatsi gAdlsERAtAddcatioNy Bhe SE&IFETT
detection. 10 The bit error rate nmeasuring section 49 obtains the bit error
rat el®f secbubpitasiignalisDOdzsEtedroY heher sFRcHEPREEREACE GIRAISHEROTFI G 4
is adiagramillustrating a format of data having a frame structure defined
in the AiB€iskanaecdrdsgi ldastheat esed¢ond| @mpdimerdat afdefhidedrdasaitte ATSC
standard, one frane includes two fields, one field includes 313 segnents,
and one segsmnmtionncl udes 832 15 synbols ( synbol rate is about 10.76 MHz).
A 4-synbol -1 ong segnent synchroni zation signal is provided at the beginning
of each segnentIGMIZaveRk, bacdBeatimntan d1g ubitalad isynahromf ratranisk grfal is -
provi ded for every 313 segnents. Data is transnitted or received by using
synbol s thatiymdiersotat Dol nreitddaridm tbeisegnidorsyiehr aoi zahe orthsimghal
nor in the field 22 2t E ~ a 204 synchroni zation signal.

15 embodiment of the present invention.

FIG. 13 is a block diagram illustrating a configuration of

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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.. synchroni zati on~si'gnal’ con

FIG5 is a diagramillustrating the details of a segnént contaighp%ﬁ;he
field synchroni zation signal. FIG 6 is a diagramillustrating €He ~fdt a0fs
of a segnent containing data. As 5 illustrated in FIG 5 and FIG 6, in the
8-val ued VSB schene, the signal |evel of each synbol may take any of eight
values of 7, 5, 3 and |I. Note however that the signal |evel of a synbol

that is contained in the segnent synchroni zation signal or the field

synchronuﬁﬁég%g %@ggihg&§§cluding the last 12 synbols) nay 10 only take one

of two va ifgnal levels of the four synbols contained in the

segnent synchronizati on signal are defin to be.in the f 5, -5,
P50 7 om t he thegt A oo Lac fF6ebrm b M ORrEAE dASAR L of
operation of the synchronization detection device 110 15 mﬁlh}no iget
descri bed wYRCREPR} BHeEOR 0 FETECTLONTHESY T EF d AR 25Pi on*det &&fiton
section 10l detects the field synchronjzation signal contained.in the input
si gnal DEMPRRdMERtpues t hBef i RIESe)hchtdr2atPon defectyBrSPIREP RS at t he
timng point at which the field synchronization signal is 20 ggt ct?q.

El eneht s detkeit ivnadlerhges ild0d idgHEhraRPLatNof thet dcinGhUsest t8F foF1d
together forma segnment synchronization detection section 119. The segment
synchr oniszachepnderddvnoniesectiion $e0thas 4 0dynehrdRicXaivdh ipadkR&r® guar d
function and a 25 synchroni zation forward guard function, and additionally
has a 23seczien ]APRa~@witchaicke mangildiniacaerbhonunled i Sheapritgern match

sanpl e- poi nt-swi tchabl e sanpling function. The pattern match section 102,

t he countsesgdibinorn 0203, tHehecdavkveeak gerar 03 evehe sbackyerdegupsd 164elt he
forward guard | evel storage section 105, the synchronization 5

det er mi natrican geess ¢ bhod Q@ 49ntdh¢ He rsymnchyoairdate wrl debeegicore st grrallos,
generation section 107 operate as those of the segnent synchronization

det ect i orhsectsy@r:hk@iizatie corateninional iayncheonigat | dA6det eotli orthgevi ce
100, except that the input signal to the pattern match section 102 is a

si gnal t kghchsohl zautiput ted cotamnt ke @it ehabire tsanpldag isecti®@h 1T2e The
pattern match section 102 perforns a pattern match operation between the
out put  sisgnah rehitzAe 1S dehabt €08 amptidyg 136ci s ahd bk tand Adwe iaegnentit
synchroni zation signal, and outputs the match result signal 202 indicating
success %mbq'els%ﬁ_ep&nfih% 154AR1E Chi oRes ahi D p Mu @ spask f il lgwi tdites
pattern match section 102 chécks whether or not the output signal of the

S tChab's%m@%pbb@atgeféi%ﬁgﬁi@rﬁ@ Oiph es$aRB1Skgnal opatteamandihat of
t he segnment “synchroni zation signal with the sane cycle as that of the

segneat amcEgﬁghgg&iﬂzQtibgnahes@amgheets%éﬁ@,_ PBL-GIb 20t Bsphtscyr@ial 202

indicating t result. The match result signal 202 is outputted with

t.he saneS&%%h%ogaz%@qoﬁegq?%%lsynchronization signal. Wile the signal
the t

pattern O segnent synchroni zation signal is ideally the sequence of

. 5, -5, -5, +5;from IchedQE%,’H‘QUS@i’tn %f;‘n%éﬁﬁég%%tc?ﬁc&?&@rﬂtdevice

ai ne ( e I nput signal DT

e cal e foit e e ORIy dhp tSn "L eBORR R Bl A RO

practi cal fon I a pattern match operation

between e Loput, 5 onal, DLeng. {18; SE9TOM e/ NeHT /Y %5 L9BR Uil

per forne
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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~ 5 levels (three bits) . In view of this, the pattern match“8éction_ 102
perforns a pattern match operation only on the upper one bit (sighibAPR 2004
Note that 'a pattern match operation may be perfornmed on a nunber of upper
bits depending on the application of the synchronization detection device
110. 10 The count section |03 includes a counter and a control circuit for
the counter. The count section 103 uses a counter provided therein to count

the nunbediofi thiiMee rd RALNN YL L8R | O ML t ey SRINMBNLt the US
synchroni zati on signal succeeds consecutively, and the nunber of tines it

fails congegykizy Ik |y : I I hves
he mat oh TGt L S EraT 200 had e St Sh B o Sars ranal 356 < wni ch
i's outputted chroni.zat i ' ' eclion. "

ynchr oni ot on er st e o gral Dhar Lo Feabll Sk Ak ErRLY 281 O P8
synchr oni kQn- [ state or a 20 synchroni zati on-unestablished
state. Th§9%8§htg§ég?k026583 operates differently for each of the follow ng
four ses. Fir en receiving t ch |t signal 202 indjcating a
natchqguccess i?ﬁg §@%@ﬁ?§ﬁi?§u¢§${?iﬁxgﬁﬂ?éﬁiﬁﬁ%ﬁﬁu§kgﬁﬂ% BBﬁﬁ?kgeBFion
103 updat he_counpter 25 by .one. Second, en receiving the match result
si gnal ZoggigowsL ~%be'rqceiﬁiqgi?ﬁﬁ%%??n&ggﬁﬁﬁﬁﬂYQ%ﬂ?uyéBFWOQUiated
synchroni zati on-unestablished state, the count section 103 initializes the
counter . FFa?tﬁh@i E€8@99Pﬁ§lPﬂerﬁ€ﬂ8hW%¥ﬁﬂt &g fainein 29 ngptacthg2a
match failure in a synchronization-established state, the count section |03
5 updatesc?ﬁgnﬁguﬁpé b{eoid SVESuMARt Smich FRei Vil 4PN naprrerbsn| 80
signal 202 indicating a match success in a synchroni zati on-established
state, the°RBTRtSsEBEI dFetus Cai Gfal thesovhritonht éhe Nomen el iofo a
counting the nunber of times of success and the nunber of times of failure,
the dduntti9aderey drnddmupichctbaediwbtabinrodilarionsadumred Ot han can
be switched between different nodes for the two purposes. The backward
guard | evePesibt agersadivon Mh4 siioriesalt hdebadkhatdogusedtionel 4Q04SB-i e.

; the nunber of tinmes a pattern match operation with a synchronization

si gnal nedemodelatretettelbutpusecift i vied ydben aonwvamsieti &0 f r dih@ error
synchroni zati onunest abl i shed state to a synchroni zati on-est'abli shed state).
The f or wat@r gl ton ettt istrobdgeoseeticenah Obr st origsatt he sf orwardeguat dngevel
205 (i.e., the nunber of tines a pattern match operation with a

synchr oniZat | orassighas ioregolsth o abs 120 ennseedti wekyetoling toaasi tTea from
a synchroni zati onest abl i shed state to a synchroni zati on-unest abl i shed

st at @p. TWEB-glancHllvetd stignad isuthese=¢t grage SEst ensrmbyobecetiber

vari able or fixed. If a guard level is variable, the storage section is a
menory cigexttiion ierieascdrivergparthtevel asdfdxetie251heastoyage Beeti on
is acircuit that outputs a fixed value. If 26 2 ~ A~"R 204 the backward
-guard | evicctihq@ngk ddiesd ommat dsHguai)d. | evel 205 are the same value, the two
~. 8torage sections may be a single circuit.

The digital demodulation section 40 includes an A/D

is a

converter 41, a gain control section 42, a digital detection
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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The synchroni zati on determ nation section 106 receives the count quﬁERZ%%’
of the count section 103, the backward guard level 5 204 stored in‘t LUVt
backward guard | evel storage section 104, and the forward guard | evel 205
stored in the forward guard | evel storage section |05. The synchronization
determ nation section 106 determ nes whether it is a
synchroni zati on-establ i shed state or a synchroni zati on-unestablished state
based on {hese inputs, 10 and outputs the synchronization state signal 206
indicating the determination result. Mre specifically, the synchronization
determ nation ction 10.6 rm.nes t-he initial. te t.0

synchroni zat i ozﬁ]uengg?ré% |t§hogﬁkg?ara]eglstﬁ%egg?}ﬁgﬁ!}%kf@é’%eocnéldae]{)gpﬁ‘l’pneaﬁtoen
section 106 termnes,a transition to 15 synchroni zat.i on- est abl.i shed
Stat 6 whett (R B AP USB03 BUHRSE By T o GrEAt SR Rar (HETS
backward guard, ] evel 204 in a synchroni zation-unestablished state.

Mbr eover, %@ﬁﬂ:ﬁ%ﬂ%ﬁ%%é@@ﬂmmﬁ%@aﬂ 3N’ Rt RIG L AR e AR
transition to a synchroni zation-unestablished state when the 20 count val ue
203 beconEP dRMIAEDSIghEk & ARaAPPHE FoFRALdPuar the V) Uy sTEer
synchroni zati on-establ i shed state. The synchroni zation detection signal
gener at i dht SERRTVFEF 07¢ ekRPYbssiarakaPEh ingoudi ditgdal itz adda LN
synchroni zation state signal 206. The synchroni zation detection signal 25
gener at i oiPEER) Grcldprodtpebsatine segaent adynehrent zealen 9 based omvFR
2004 detection signal SS when it receives the match result signal 202 in a
synchr onitA#t ilenedstodbithehddgdtatedaNat euthat t¢@d Grom the A/D converter
synchroni.zati on-establ i shed state, the synchronization detection signal
gener at i gl .se@hieogal@7adutpomsntheasegn@htis syprhioni zattiion detectdbn
signal SS of course when it receives the match result signal 202 indicating
a mateh suctessuseut faksedwheninty theeampsitheée naf chigmsld tretgnatd 202
indicating a match failure. Mreover, the segnent synchronization detection
- signal SSheayduesifiorg exanplme 1@ .signal that is held at the value O (or 10
value 1) for a 1-synbol-long period of tine at the timng point at which

t he begi nni ng ahe B GagiedetsydncivonsZation gBgaak rkstdetteéet athsayarad
signal that is held at the value 0 (or value 1) for ‘a 4-synbol -1 ong period

of time cagreSPeRdinithd aibheaheagtd Rftdute segrenttisy nolr ephzatten &l ,gnal .
15 In the synchroni zation detection device 110, although the input signal

DT is i nmﬂatitl%dréﬂﬂoﬁﬁlﬁ§*Hﬁtg}éﬁdﬁar%ﬁ:g.t henh € ladk KKep EHQuEY NEATIYZ@dA ONn
may be shifted forward or backward dependi ng on the condition of the input

Signgs Dhq MDESOVET phSe GHElE Of thREsShICknGi il DS SRR/ B driVRe ket € of
the input signal DT or 20 is an integer multiple thereof (two-fold,
four-fold; 8hGedl-oh 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 intetpolated. at a

predetermined rate. The NTSC interference removing section 46

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

i9




consi deration of the tenporal relationship between the clock CK agg;the
i nput signal DT as described above, it is necessary to provide sore! APR 2(4
mechani smin order to properly detect the segnment synchronization signal.

25 In view of this, the synchronization detection device 110 28 2 p AR

? Q4 includes, as its characteristic elenents, the clock nultiplication
section |11 and the switchable sanpling section 112. The cl ock CK
reproduceg Pms 1t hen eLAck, £ eprad %ttte%oig%kpﬂy%é S igpnl 'i%‘ﬂ_e"r@o‘l@lﬁi iehock

mul tiplication'section 111. The cl ock mul tiplication section 11

mul i pli 5 e chack, O hynagd 008kl (LuBnaL ABLE oI Y 1 hhed ! ock

is supplied to the's sanpling section 112 a swi tchabl e

sanpling_sectiQ 2 sanpl es the input signal DT using the nultiplied
cl ock. |Rrﬁﬁﬂge§r§§§§§}“rhe 10 switchabl e sanpling section 112 switches the

TR ‘the 10 sui tchabl e sampl i sui  ches
he” synohr oni z80FoR BERFB A P gRaP 208 FECT At QAT g B0 vedk A e VR 1€

synchroni zati on-unest abl i shed state: The .details,of i rpcess .are _as
fgllo . SYBPAISGINET PRe RS TPUF HaRE S O@Ks?g%%?nt%g'é?%é%g?ﬁﬁﬁﬁﬁﬁiaCation

section |11 nultiplies the clock CK by N, and the s tchable.sanplinq
section f1218a0 s P hE?3 iR Ségaﬁaar}ﬁ*raaﬁegm’?éltr?%ﬁ%l%labéa‘b%‘?? fre9Ina

mul tiplied clock. Wth the tine point of a rising edge of the multiplied

cl ock beifAgmatheferpufcelona hPEupvirohas baepbnhesrehated Py BaRfigpaded
apart fromthat tine point by an integer multiple of the cycle T is defined
as a firdntezmpletperneegtdep. ‘Rexto augpelp e Fife pSYRCETORAE Lo

del ayed by time T/N fromthe respective time points included in the first
sanpl e peetecgionp signddf Figedngs thes seoRGEaspyPENFONAEZagLot IS 105 3
group of tinme points that are delayed by time T/N further from 29 2 | APR
2' udl® t siNnals&Apl eTpoi o grioups ofarmyrsdmsinds atien faiediigmalsipnads t he
time points included in the sel ected sanple point group. The sw tchabl e
sanpl i ngos¢pnitardlf Poswitic bgschhendebEdphotetichi sams e qroil AP o UF D
another at intervals of a predetermined time S while The sw tchabl e

sanpl i ngasesyhonrbi2zsel entsi gmel offcrhehtidsgital demodulation section

40 as a‘whole, and are also supplied to the waveform equalization
section 47. o

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




the respective time points included in the second sanple point group is
defined as a third sanple point group. Similarly, fourth to N " saurpl &PR 2004
poi nt groups-are defined (see FIG 7). the synchronization state signal 206
i's indicating a 10 synchroni zati on-unestablished state. For exanple, if the
15 20 25 synchroni zation state signal 206 does not change to a
synchroni zati on-establi shed state after the passage of the predeterm ned

time S widdpdhel fiy sty ﬁgmq!t;ea RAAk 19598Pe PRI I 3L AGhethat RE: SHELENAN, €

sanpling section 112 selecfs thé second sanple point group. Then, 1f the

synchroni zgidipfo i Af € i Jaln£06 does not change to a
synchroni Zati on-est abl i shed” state after the passage of anot her

det i d tg Sh th it |_i . i 1 | ect.s 1 third
oDl € poi nt - arou. S mibarty ET e ooRert o e oA e of it 25 does
pr edet o e a R TRk B R e e etk Fon St e b b M vy
sel ects t fourth to . N-" sanple point graoups, and thereafter repeats
sel ec ing"ﬂﬁ]eejp i setquta(}lﬁat%%Fgc 6Pﬁt4gr%¥9€&&%ﬁ%ﬁ9: i\ldléﬁi“lfge%f
time that_is | ger thaq.a %Hg-s%gnent_ggrlod nmultiplied by the backward
guard | evel"G4 G GG AL HEMH Lo Adls. A TheA LREYE e TP Wit & ¥ e

sanpl e point gr s are selected by the_switchable sanpling section 112 is
arbitrarjiﬂbogigggﬁﬁ$e?°ﬂﬁ€ﬂltﬁ%CE¥%Bk4ﬂﬁVt?EﬂiéaHQQfgéﬁﬂﬁW§1QEﬂatlng
multiplies the clock 5 CK eight-fold, the swtchable sangling section 112
may sequeéftSGtAY 4dél-ecThe e Te ki asiust lgiaat iomplid teai AV Lok oupidiscaln the
-exanpl e descri bed above. Alternatively, the sw tchable sanpling section 112
may sel edtiltes fRE KERPVEBAPR IO MiCaHTRID PYaashrphempashongpatp- t e i s
tenporarily distant fromthe 10 currently-sel ected sanple point group to

gi vel@ séq@emd@ds gomtaelf sestioni R, andi the kbimatdontecbrakesiot K73
fourth, eighth. Effects of the synchronization detection device 110 will be
descri be@awht hereterehe twe KHiBdsgodndyitiGro®i z &t GonSléteect Wmgrigmals
illustrating an exanple of a segnent synchronization 15 signal that is

i nput t ed cugputd esly fatommo riihEats yorr hdetrdcta tomrdeld twes tlidh dewiopenl 10 r clThd n
FIG 8 denotes a digital value of the signal anplitude when the input

si gnal DTtriadndagpleethtwidlh seqriaperd ©d oslcailheseapdeakryakueatef ofhaHeour
synbols are in the sequence of +5, -5, -5, +5 fromthe begi nning. Wen a
segment sypmelfipan equadhz20ishghal tdm@vimgbased an Sitgnad spaldheion iz tirput ,

t he segnment synchroni zation signal can be detected properly even with a
convent i deakcsybahs b Bs iatdielieeft tom 48ve€6rm equalization algorithm

using the signal pattern of the field synchronization signal. The
blind control section 473 obtains tap coefficients of the waveform
equalization fiiter 471 according to a waveform equalization
algorithm ‘using a signal pattern other than that of the field

20 synchronization signal. The coefficient updatirﬁg section 474
sets the tap coefficients obtained by the training control ;éction
472 or the tap coefficients obtained by the blind c‘ontrol 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




However, it is generally rare that a segnment synchronization signal having
an ideal signal pattern is input, 25 for reasons such as a di st ortd dnAPR 2004
caused by a transm ssion path, 31 2 T~ ;~2 2~a~ a frequency error of

the tuner, and thermal noise. For exanple, as illustrated in FIG 9, in a
..case where a ghost wave (broken line) that is delayed by 1/4 cycle froman

i deal wave (solid line) is present, the synchronization detection device

110 recei i i i ' I r i e than

§la¥ih &F e ‘f%&gﬂ@ﬁrgﬂ%‘éﬁgﬁ glg%ﬂkor d :ﬂgﬁatl E&%‘é@%ﬂ?&r bt 8 e el

that of 't he i1 deal a phas erefrom I'S asstned bel ow

t hat the hrani zati on detection device.110 myltiplies . .the c]ock CK
two-fol & yﬁ%}%&é}g STSEPE P dPlp§?vgeng? wlﬂ’fef&fmteﬂga}i‘rz?lﬁp‘ﬁgg'@gge%ftk’ﬁ et wo- f ol d
cl ock. reover, 10 for the clock obtained by nultiplying the clock CK

t wo- f ol dhe a’aﬁ?f{a{m egpalizatien protign &7 CoR FEBREHH Rt consedh bY@ tsansmissivgeanatiof t he
clock CKis defined as a first sanple point group, and a group of tine

poi nts dhatreeqisidéchin thoouthut figial pHithe NS invérfarérecatmokingiedtiondéf | ned as a
second sanpl e point group. 15 Wien the conbined wave illustrated in FIG 9
is sénpl ed atThehphdsenBoip®irgindvinRChecdonl 49 dehotsf bhdtremdt® @ PRAsBL n@iOUP, the
upper one bits (sign bits) of the sanples are in the sequence of pos, X,

neg, x fdoRiPoh&ift cBREAIMRAIRThe DRpE: éigﬁgatf[ of e FUI0m é%%aﬁigéﬁgﬁggcﬁoﬁﬁﬁ wher e

the signal "anplitude is close to o0 and cannot termned to be

ith [ ' h th d,,. wh th .omhi.ned

s sampra e PP OTBIahi By oY ot ThO AL LY B RO R R S oup,
t he si g%ﬁitﬁ@are in the se ueng& of pos, neg, neg, pos fromthe beginning.
Mor eover" 1€} HESTIOR SORFGIPR septipn of defsets anerreos dnrihe owpwsignsh PLtthe A1Ter gnal 25

is the sequence of +5, -5, -5 +5 fromthe beginning, the sign 32 z ~~~
~~~~ bi {cETTEFtIGNHFestigPe epiputs A erroridetecon signdleE R indieatingrthe erroedgteqtion. f r om

t he begi nning. Therefore, when the conbined wave illustrated in FIG 9 is

i npd@, iTheibdt erpir rplegsédshEng scotiob ddtobtdilreths ditnertr raty € iconit@eatsigal BOsi gnal

by sanpling the conbined wave at the rising edge of the original clock CK,
but it ibasqdassthbeeot detgptioneidndl BRE ect the segnment synchroni zation signal by
sanpling the input signal at one of the rising edges of the two-fold clock.

T ot 8801 & o g ARG R b APLAG LA AMEE il QcfiRsy 2 o 00k

mul tiplication function and a sanple-point switc e sanpling tunction.

Ther ef or: [ hr,onj,zat i on ecti evi c 0,.fajls to detect the

segnent ”§§/hr?c ?%??tzag%i}ghlqgilg'ﬁs ake@;}n%g;h{j s ﬁ%}ag#‘éﬁﬁgﬁ%&gf} mdardy ORfy. it

sw tches the sanpl e ints tQ the second sanple point group to detect the
%Iame mgluc%)s two%%lr?s, one 8eIdanludes 313 segmne%ts, agd one se%men 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 every 313 segments. Data is

transmitted or received by using symbols that are contained neither in the segment

synchronization signal nor in the field
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15 segnent synchronization signal. Thus, with the synchronization det@f;igg
device 110, it is possible to detect the segnent synchronization i@ﬁﬁ{‘z &
‘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 enbodinment is characterized in that it nmultiplies
the cl ock signal, sanples the input signal with the nmultiplied clock, and

smﬁtchesS&hgh§gggggggogog@gﬁaﬁqr sanpling the input signal fromone to
anot her in a synchroni zati 6n unestablished state. Therefore, wth the

synchroni zatioprgd defed! algdar §21ukt-heiRGSERD! Fol s folach LhEnaRgTENt

33 2 7 ASR 2 synchroni zati on signal w gh precision. Mreover, by

Commdul nEPREASNIAn A2t L0 AL GelL Ol CEM 00 Slitanial PORILDI 150 Hi QU & VS8

denodul at’ion §ysS ng a near - ghost i‘nterference renovin
capabilit 5 gS COND NBQ%INEN&% FI.G_10 is_a. bl ock diagra '% ustrating a
configuré¥%8ﬁt FEéngyéﬁﬁ?o Fhat nOéef%c??%%eagvﬁﬁﬁgﬁﬁﬂﬁﬁ%:%% %‘thé%second
enboq%neni of th resent inpnventi s.ngg{o i zatio g ect.ion device 120
1 ust r atbAUPRERFEN 1R Hif| HcRd fHe |ée| 10'% ﬁ?fﬁﬁb‘ﬁu& ?%osn‘mc?é‘teéct‘.eﬂyﬁn
section 10l , | ock switching section 12|, a fixed s [ sect. i | 22,
t he pattéllﬁnﬁit iﬁ"%%c‘?f FRAbEY BGYntakeceNBn @l,éfntﬁevag]g{qf\/\é’ dggﬂard
| evel storage_section |04, the formardiggard | evel storage section 135, t he
synchr onit?at £8n28et £ mi Rt haEss o6, thghd i@ 115 Rrofi 2¥EPe
detection signal generation section |07. The synchronization detection
devi ce 18batsighaeReaenredeth |fhe FRINAN S SWAL BHEHTLA Ty @Ft E8Ssi gnal
‘of a clock and an inverted signal thereof, and sanples an input signal by
usi ng t héiséHerymeheoniratisnsidardctergludsegnet 1awhch? orimbation™8Ygnal .
20 Elenents of the present enbodinment that are the same as those of the
first0 enbodinedke are dénoveddhuahefsabe r¥iesdicelndageabsohidevirrmot be
described bel ow. The synchronization detection device |20 is provided in a
VSB denopduinabi.on coysisémedasin sthhe segmehtord yrathiom idestteicen opignal are
defined to be 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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25 device 110 according to the first enbodiment. Thus, the 34 ¢ ~ ~P-
zaa~ synchroni zation detection device 120 is used in place of thel { APR 2004
synchroni zati on detection device 110 in the VSB denpdul ati on system
illustrated in FIG 2. In FIG 10, elements other than the field

synchroni zation 5 detection section 101 together forma segnent
synchroni zati on detection section 129. The clock switching section |21 and

the 11 xed) 5a0pi.ng. 306100 Jr22: e, elemente L hat,aie_gharacterstlcof the

synchroni zation ction e cloc uced e cl ock
r epr oduct.i sect i:Q Q 44 is, supplied tao the clock smﬁgﬁ?i ect| 121
The clocéggg}iﬁﬁiﬁﬁﬂgé%?POn ?5? ggFESFPV&%}Clﬂﬁ%ﬁﬁ%%ﬂﬁg()’t egngégﬁﬁverted
si gnal of t?e cl g q%éa d the inverted signal thereof based t he

synchr onPSSFTON LUt AT T "50%! OPRE T IR0 S aIBErdG SEELEGR 1337 SBHRI es
the input signal DT by_using the output signal of the 15 c] ock,sw tching
section ToFvdRnesErs k &Rt RiThE 258t IREFTION 1 ke sWRCRF R é8ELPBN 121
is simlar to the sanple point smﬁtchin% nmet hod of the synchronization
deteé&ioﬂea%9mé%aﬁ&@naé€8ﬁépﬁghﬂﬁt?@dflP@tﬁ%ﬂﬁﬂﬁQﬁ%ﬁat%ﬁbc??F%5F+9? i f

- the synchroni zation state signal 20 206 does not change to a

synchr onf @R+ bndesehatianectectite HP{ cPPehetpadsabecdt ¢hethee8R¥BRAT ned
time S while the clock switching section |21 is outputting the non-inverted
si gnal ofYR@erenbeikt K tdertadtdcie swecthrng @8t iign the sepr¥pesienelsi gnal
to be outputted to the inverted signal of the clock CK. Mreover, if 25 the
_ synchr onfyRe¢hopnszat eori gabkciondoeyinst thangexteph 3bat Xhe ppRIR~7~4
tsynchroni zati on-established state after the passage of the predeternined
time S whidmal heoclkbek psittechi mpisdctserti®h 182outpeat tsimmahethatvelsed
signal of the clock CK, the clock swtching section 121 swtches the signal
to Bé owrptpieded oftdre the switchable sampling section 112.

The pattern match section 102 performs a pattern match
operation between the output signal of the switchable sampling
section 112 and the segment synchronization signal, and outputs
the match result signal 202 indicating success or failure of the

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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"5 non-inverted signal of the clock CK The effects of the synchrong tj.on
detection device 120 are the sane as those of the synchronization detrddt B
device 110 according to the first enmbodinent. FIG 11 again illustrates the
sanme segnent synchroni zation signal as that illustrated in FIG 10 9.
Conmpare FIG 9 with FIG 11, and associate the group of tine points at the
ri sing edges of the non-inverted signal of the clock CK wwth the first

sanpl e AL 19LAPs; 8R1 R O QU LLHlisTRqRALM 3188, [ hdhddetdu edges sof the

i nverted signa e cloc th the second sanpl e point group. This

readily | %%giqéf%ﬂ)feonggugaleg%o}ﬁl th ré@@ié&'ﬁcgé?ﬂ%ﬁ@t is?ﬁcﬂ@oﬁcitzia‘%'logﬁw ce

120 can det e segnent 'synchronization signalf fromthe conbi ned wave
illustrat in.FlLG. 11. illustrated abov [ i tection
devi e acEoriio™ 65 Al et b arreAL o8 bRoySHRCHC R BRgeIT 20
sel ects one of the non-inverted signal. of the_ cl.ock a he i rt si gnal
t her eof , Pn@nddis 8§IRABY %]%C?'b]rg?aalatw ﬁ%?ﬂaitlhsepseé:?gg#gg %%kﬁa&%g}t
Therefore, wi.ith the synchronization de%e tion _device, it igﬂggsgqag%ﬁ()

det ec? t A& &IGERRreRbr Bhi 2t Ay ghdinhii P& R gh®pP S dR S Trfover
by using 25 the synchroni zati on detection device, it is possible to.provide
36 2" ~10& periormg a RAdH YehPAICh:t Paﬁréyé‘f’%rﬁrrﬂakoi%tgeh‘i‘@ﬂeﬁe%‘? st
interference renoving capability. (TH RD EMBODIMENT) FIG 12 is bl ock

di agr am i 19i@st Pat) ng Mot hhpgur #Etee B MBtah GRRAATORTY, BEY e BErdS

devi ce according to the third enbodi ment of the present invention. A

synchr oniozatd endstedtl swrgay itdd 1 3@ penddsor &Ped hien apPdicpt Hoge dddd S he
field synchronization detection section 101, a first segnent

synchr onisyatchorerdetsgdiono niegecttiiom 1894.cea 1ddcond segment 10 synchroni zati on
detection section 139b, and a selector 131. The synchronization detection
devit@ 130is Ghar acherdi zed-tiiont HA3 i in¢hedesles capnkihdsnegf asegmdriel
synchroni zati on detection sections, and selectively outputs one of two

ki nds of cdegmerit feyntheornionatieeon dBhectdwnt sigmialen ddbbruliary & ¢oMigster or
not a 15 near-ghost is occurring. Elenments of the present enbodi nent that
are the sanwiaked hoseeadf tthe ddunst terboedimvent odr & igesotee ghaiyt strie v
reference nunerals and will not be described bel ow. The synchroni zation

det ecti onppd@wtienl3Rits phevi degmént a sYOB e dultdionons sysé emswscdegist he
synchroni zati on detection 20 device 110 according to the first enbodi nent.

Thus; t hecswechitariszat,i anddehechi@bedeyt Ceindadd its fisidlds idonseans: iofeliyhe
synchroni zati on detection device 110 in the VSB denodul ati on system

i1 ustravedd Sp&b{ri2a1 Np! @ HRovever skbat ochndheepeesenptthe match result
signal 202 and the synchronization state signal 206, which is
outputted from the synchronization determination section i06.

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

25




enbodi ment, a switch signal SWthat indicates whether or not a 25 2; APR 2004
near - ghost is occurring for the input signal is supplied fromthe 3 ~~
Af' ~ u' ~~4 waveform equal i zation section 47 to the synchroni zation

detection device |130. The switch signal SWis an exanple of quality
information that indicates the quality of the input signal DT. The first
segnent synchroni zation detection section 139a 5 includes the clock ‘

Ctioli . _ ; » I . ; N
mat o’ sec bR EE 'St A% LED3 SutaRy L D PR A SR ST
ti 104 d | |, st i 105 h izati
Sectlon sifo 2charnrd guardoloKsl Bl ol sge, sephion A% SriXogtr AN Fet i on
Jecti on TREESHTD RS TAEC A U oo 20 I LA it “YARP o bdtion
detection, section 119 of the synchronization detection device 110 accordi ng

to the fi¥st2 A ERMHZa G Btttk F5hed SetfontthS) feditthi 2R @ deét2ct i on

15 signal 207a. The second segment synchroni zation detectjon section 139b
i ncl udes WPHHTR IR UN SRR BrPID2b, Faadduntv s thi e 03, o aeadedh d
guard |l evel storage section 104b, a forward guard |evel storage section
105b, a SSAfHroni 2agneh det®d ni hadieAtivet i oh 20atoBb, Fess in  a
synchroni zati on detection signal generation section 107b. The second
segnment SMEHIERIIZat iom tettedtl ighasb e td et &,39 5 her fasrurst t e e oplétdt i on
as the segnent synchronization detection section 109 of the conventional
synchr oniizEttiignd idetse dthicocothentiegs 190t eotbat plic r acsenohng sehypenimber of
synchroni zati on 25 detection signal 207b. 38 f 4~~, ?~~~ The selector 131
recei ves ttilresf iofstsusegsentnsly hbkr oninkati ofi dehestodHnfsi mad, 20¥a,count

10 section 103 may include two counters, or one counter that can be

switched between different modes for the two purposes.

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-—
established 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 1s a memory circuit, whereas if a guard level is fixed,

25 the storage section is a circuit that outputs a fixed value. If

26




t he second segnment synchronization detection signal 207b, and thgﬁmﬁﬁﬁﬂﬂm4
signal SW The selector 131 selects a signal to be output for each of the
foll owi ng two cases. Wien the waveform equal i zation section 47 detects the
occurrence of a near 5 10 ghost, the wavefonn equalization section 47
outputs the switch signal SWthat indicates the occurrence of a near-ghost.
In this case, the selector 13l outputs the first segnment synchronization

det ect i op i g0al., 207325 N2 2907BAta 55/l Bization, dekeplyon joagk SS.

Ther ef or e, e wave m-equal i zatron section est

synchronizat j ignal wth reference to the segment synchranizat|

ot ect 1 okta: gl ViR, Bhory € RECET R p8r 2e T SHTRBR DG v U,
according to t first enbodi nent nd i oves the wayeform equal i zi ng
copabi |1ty accoPaitG Yy L airat e ERtm MO LEPE S ot LA (TS S hERE! gnal
pattern of the fjel ynchroni zati on signal,_On the other hand, en._the
Paver of nEGHURI THET hLertra AT 6 gas tor H08 ocina ReCHISbE T iheE Bt o
near - hogh, t he wavefonn equalization section 47 outputs the switch signal
swtitat FHai 25peed aby ditee barckyagdagughgsteveh tHRTRSECH RN dd%eceBf 131
outputs the second segnment _synchroni zation detection signal 207b_as the
segment &hfichPEHRFdt UBArdeteBel 0R08i gharedsinThbeefsruafhguaadef 8HAL
equal i zation section 47 |ocates the field synchronization signal wth

ref erencétpbaghesadghantl 039 The-synahrayhehl bt fatiegmidettder 6acsignal
detected by the conventional synchronization detection device 100, and

i npr ovesl?hadsiaratigran wheshezi vy icapahindhnprdeedridinng stekd Madvest skate
requal i zation algorithmusing the signal pattern of the field

synchr onpzat isomdh reingrralt. i ofs-undsistrldtséedcabout e bheed yare iihersiez anpohs,
detection device according to the present enbodinent is characterized in
thatl(t seflesiimety the pyhsheceichttiva kiats sigsebEt isyddatdmioz aheon
detection signals according to whether or not a near-ghost is 10 occurring.
Ther ef oréetarninsheosynebudnl zateon sietecfionlieyi tke bBynthrpasseblient o
detect the segnment synchronization signal with a high precision. by using a
mul ti pl i @dtetatkavbhen dedtedin JhDSddiSe 900U I ianid itad delaee! ttheesagnent
synchroni zati on signal by the conventional nethod when a near-ghost is not
occurri ngyndbrdhigatidntsnposshbbl ené@ detgek.the @E@nesgnaua@hi@atzahion
signal according to the situation by switching the synchronization

det ect i nget@EMDESE BELOr PO EQ WL hefeErRPhed NgArtghASE tiSnOCEYr I hNG.
Mor eover, by using the synchroni zation detection device, it is possible to

provisde &, VSB-seiet] a4l oo sysi e havitng L20,ReRi ghdeasndRosiaiye epherence

renovi ng capability.
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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Not e that ‘while the segnent synchronlzatlon detection section |19 of the
synchroni zation detection device 110 according to the first enbodinerkPR £004
used as the first segnment synchroni zation detection section 139a in the
synchroni zati on 25 detection device 130, the segnent synchronization
detection 40 21 ~i1'~ 24 section |29 of the synchronization detection
device |20 according to the second enbodi nent may alternatively be used.

Mor eoverdetwddt Bo wi deiaids Sofhse gine e ceyivelsr Ohe zed t cn réetddt sagnséct®dns are
provi ded in the synchroni zati on detection 5 device 130, one segnent

synchr onizatd o yeeheehicn tSesi-ean apadished wethunct i on®tichathaan ha sai t ched
by the switch signal SWnmay alternatively be provided. Specifically, the

f ol | owi gyt &t £6n Vad ¢ B -0St A6 Bi HOSS| bl gtafel i rstenari agy@hisndzation
synchroni zati on detection device based on t he synchronlzatlon det ecti on

devi ce 19-4dO: AGCO05HLAE1T GenRE it SIMOATRNDY mﬁ%‘t@ the subgebabl e

sanmpling section | 12"does "not swi tch sanple points en a near-ghost is not

ocCuBr i ShSECOND. Var i Sehreniczathar sdelaehi 98 P@Méf@ based
on the g%ﬁéhronlzatlﬁﬁgcﬁgééﬁﬁiﬁ%1§§V|ce | 20 accordfng to the second °

embodi mey r&M%%rhekBsﬁtt Qf%ﬁitf%zs‘%td“i*&{a%a g;egtrhé’éhkl@ucq%%% NghLtSM E6h

S|gnals to be out put when near - ghost t occurring. Athird variation

is a Sy%ﬁédﬁe”ltz% %Blv‘él%t 88&' Rt ﬁ"%&?eui)?ﬁsgldqr%{h e Sya6hn, g%ﬁg& dﬁ?é'tch

det ection Vi ce accor ITst or secon

wherei n' g ﬁtﬁCtor gyl feg foﬁt@t %%{;%ggottgatpggtde%% gnal s fory the

pattern Tt sec stgnal “fromthe precedi ng

stage a the naI T accardi to.the s nal_,SW ol
synchroqgingb de 85t %%m% vt &S &Rg fS ?%%éehﬁgl RS al?gﬁutput

th t h t det ect 2 th t

i gl DR Supgired | oorRE® ta??aﬁnf?%aig” % S BRec B B 002 €, 1 "B
- ghost t f th h t det ect

devi cos 5 SN EhE SRRENBIPEcTS T RSN %ﬁéﬁgyhg%' Sesabiahedet ot on

devi ce I30
detected, or a signal 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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(FOURTH EMBODI MENT) 5 FIG 13 is a block diagramillustrating a 4! APR 2004
configuration of a synchronization detection device according to the fourth
enbodi ment of the present invention. A synchronization detection device 140
illustrated in FIG 13 includes the fiel'd synchronization detection section
101, the pattern match section 10 102, the count section |03, the backward
guard | evel storage section 104, the forward guard | evel storage section
105, theisynebeeni zajson jdef er ghAahi-eBr386tLoN 4 Phnet g, synely onizatikon
detection signal generation section 107, a shift anmount control section

142, andma1sypeheaeizat sept dshett i oh¢ignals ShidHane %_%m@%&hpoteﬁé’é%oﬂhe

synchroni zati on detection device 140 is characterized in tha

synchronijzati ofdeiieedil @ ??}6&88;1%9 Bgtﬁ’r&{é &1 %%gurf%%cgtﬁ%hé%ic%%hi on

detection signal after shi ng it tnthe tine direction based on e error

ate. whghd 8ubApYEhed LA e iLeni Fall e, detetion devige 140,20

El enents of the present e are € 'sane as 0se 0

nmbodj : h . I ill.not b
enbodh k21 198901 ] b the, saegl el ereee urerals aaduell setele
2coor i ng tad RE ErEs: RBOM e SGLoc £ R LA LRpg< BfRehaBl 8 110
synchron%gation det ecti on g vice 140 is used in place of the
synchronlz%?i%ﬂgd%?gﬁf?gnl gvice 110 in the VSB denpdul ation system
illustrated inFIG: 2 Bg%g?homeven that in the gresent enbodi ment, a bit

error rate RT ToF THEE SR80 FCEII Léd SAdRst He di EnBREor

‘rate measuring section 49 to the synchronization detection device 140. The

error rattdRdti STapsdrgmihe rutiubplisdi alorkat i 8/ (TS iplReat®s Ehe

qual ity of the result of processing an input signal using the segment

syncfir onT9ht FlorP et St bing i sl 1S 1 120 spi trhes tBe srepbat Bodnherfehan t he
field synchronization detection section |01 of the synchronization

det ect | oFPRVIRE The tegetthetlidorn BT ségwantorsynthr enozaeirowhdetecthen

section 149. The shift anmount control section 141 and the synchronization

det ect i OFYRFRFRIM. M ¥e ng skatéon $dgnale ek@fent s hatiratkcdbing a

. Ccharacteristic of the synchronization detection device 140.
synchronization-unestablished state. The details of this
process are as follows.

15 Assume the cycle of the clock CK is T, the clock
multiplication 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 of 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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The shift anount control section 141 receives the error rate RT from.the

bit error rate measuring section 49. The shift anount control sectiéd MR 2004
determ nes a shift amount 241 for the synchronization detection signa
shifting section 142 based on 20 the error rate RT. The synchroni zation
detection signal shifting section |42 receives a segnent synchronization
detection signal 207 generated by the synchroni zation detection signal

generati @eAeseetpept 104, t and phenshi {icamamti r?4hedekenmdnednby et peishi ft
amount control section |41. The synchronization detection 25 signal

shiftingg@@gphgﬂdéﬁznéahiigtﬂhgxﬁggﬁgmééﬁyMﬁhgeahgatigmmfghrlyz folrtR 20Q-r
detection signal 207 forward or backward in the tine direction by the shift

amount 24}, yand ,gih BULS ihhe resplst -3% WRe 13REMRLSYEhr gpi.zati on detection
signal SS. The shift amount "‘control section 14l determ nes the shift 5

amount 241 as &RLI NS0 LEMPL Png A il #12 QLATRLE oddiB SN 1 2ERUN!

control section 1 may receive the’error rate intervals o

pr eded er grj,ngdh @§$Eﬁ§ &fi%k?ﬁggﬁ@@,”%kﬁ?@%ﬂpﬁ%% ggérﬁﬂhyﬁgﬁﬁhnlﬁoﬁﬁta%4l | f

Q X
the error rate €ss r‘equal to a predeter value X, while

changl n9,bhe: S L AUt 240,40 DY predal el Thed TELIRY difohe argor

rate RT €xce€ he predéterm ne eérn a secon
exanple, th hjft anmount control tion_ 14l seguent i al |y shift
omount o EHAECEPRL s g P8rt Sandad BT reRrathe FENT iy R P SERBEE The
passage of ,a, predetermn eriqd of time for _each shift .anount . .and

et oet .t RET BRI a R Or A i T 20t F AR arg oy e PR P atE gs
‘the new shift amount 241. As illustrated above, the synchroni zati an

det ect i oh"Bevis¥@REOBIFATY o tH osErTPRhbod0fent d s LRATSREERT zed i n
that the synchronization detection device outputs the segnent 20

syndtt onFYBEhBANdEREEPIORNESGAAL 1gPedr SRAERi ng FPLi PXHP+$me i r &8 on

based on the error rate, which is inputted to the synchroni zation detection
devi ce, AHHCHEPBiARRESNt hETSRPf( SAABant 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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of the segment synchronization detection signal so as to decrease the error
rate obtained by the bit error rate measuring section 25 49. Therefdr PR 2054
wi th the synchronization detection device, it is 44 ~ ~? ~'~~R ~~~4

possi ble to detect the segment synchroni zation signal with a high

preci sion. Moreover, by using the synchronization detection device, it is
possible to provide a VSB denodul ati on system havi ng a hi gh near-ghost

i nterferene® rsenoving capability. 5 (FIFTH EMBODI MENT) FIG 14 is a bl ock
diagramillustrating a configuration of a synchronization detection device

according to theefs&hepEdodi MBALHOEhE s BS @t nithyedlipeardselected
synchroni zati on detection device 150 illustrated in FIG 14 includes the

field 10 3ynedsonizabibon defectiPBesesthan 2104 a ihe riabt er fo FRixahpIect i on
102, a count section 151, the backward guard | evel storage section 104, a

synchroni,zat) ‘Eﬂledéigfzﬂi Héi%?@l?.@&%wﬂ éé@t%&@dlif%@w‘fé‘fﬁﬁ 23ld @ ock

detection signal generation section 107. The synchroni zati on detection

device 134 | i ERIECHE | Z6flel N tARLRERIANCR AR 1350 MeIACngBl 2gllon 1S

est abli shed, mai ntai'ns the state re the“se nt synchronization is

bl i h ield h i R i i f
The pr e a8 T e e A A e B 8 b B e A

d t.ed th f I d will t i 20
Dl on ALy hok SREoBEFeae SeELEPA AP Al e B el aad 1H HopBle
denDdu!ation syste as_i he S nihrgnization de ectiog Qevjce I10_
_accordlnﬁapglﬁﬁgh?g%gfoﬁ Fﬁ@h%? ?hbs, 27 FOS PRHT SATZ AT i - He P& Pon

dovtoe |2 e abRoR BEndl, RS aR 3R en, P dRAR PRt 110
10 currently-selected sample point group to give a sequence such as
first, fifth, third, seventh, second, sixth, fourth, eighth.
Effects of thg synchronization detection device 110 will
be 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 input, 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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v ~~R ~aa~ in FIG 2. In FIG 14,'elerr'ents other than the field

synchroni zati on detection section 101 together forma segnent 27 APR 2004
synchroni zati on detection section 159. The count section 15/ and the 5
synchroni zati on determ nation section 152 are elenments 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 aotrdqd o2 rber ¥ardh Juand o, exgl SlofRIe n$AGld .0nFole TR LOUNt
section 151 includes a counter and a control circuit for the counter. The

count segiomhSdrgidders Frpmd he couphsseghibon 1030866064489 Rokbe first
to fourth enbodinents in that it does not count the nunber of tines a

pattern {mf J;_t%%g]ﬁgiaala%toﬂbm%%metffeflﬂ%grﬁaég@td% $isghaly J‘hﬁhéﬁ 15

consecuti ve erw se, e  count “secti on IS the sane as the count

section 103, JHhe, syely a0 zation, det ep rinatd %%Iﬁ%geyjf% 138 Legeives Lhe

field synchroni zati on ction signa romthe firel

TR | SR SRR Nt R T T

from’t he"Count: sett]on
synchroni zat.i on. det erm nati on se t'onedciLS determ nes whether it is a
synchron?ég‘f}i‘ef)n:E %?ngvf?‘éﬁfwe?flcgtaatcgeiﬁy éé'hac?ﬁ o?ﬁ%?’?%?{gUnestabl i shed state
based on these_jinputs, and outputs synchroni zati on state signal 252
"ndi cating t he- 25 Ber &7 AR PORCYeSHPE, BT ATt yon {fig-ectLon
synchroni zation _46 r. AFR 2DDk deterni nation sectiogon |52 determnes the
initial 9t dd b‘éuét§9%é?n°’ dhiez i Pek-Théspaprilehed stamRrl esrkle 1nput
synchroni zation_determ nation section |52 determines a transition to a
synchr onf ¥t brRestatiis fd¢ igcacdorhed the Evanfoldl Géoss3 FIPERdTRE  equal
to or greater than the backward guard level 204 in_a
synéfr onfathish-sst abitiadhed Svareltipledver theheleghchKohveatePbd, 2
determ nation section |52 determines a transition to a
synchr orf it of-tiftspabnt s ved rets@can diffent @ frdvef 1 o$ Bng paeesopt £dis ehock
detection section 101 fails to detect the 10 field synchronization signal
in a syrdhdendgstined- astalfliicsttedaspaeepoThe symehr amd at boougetripdmat i on
section 152 determines that the field synchronization detection section 101
has fai lmEints 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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to detect the field synchronization signal when the synchronization ‘

det ermi nati on section 152 detects that the field 15 synchronization! APR 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

synchronbzati of ERidepgetéon 40d |l n e idddisdial o akeveneg) hbg, pos
synchroni zati on detection device according to the present enbodi nent, once
the segnerbmSyRehpepiaatihgn i s established, the state where the segment
synchroni zation is established is naintained unless the detection 25 of the
fiel d synchronrgatiesrsi 9Rdn idid SondNRERT W fe WA NG A in Prg. Phs 2Q04
synchroni zati on detection device, the segnent synchroni zation, once

oy a0 | Shaguct St d Ky phaeILopt ad (LAl ale WalfiRn BnENAGhE 0Bk Z8K! On

detection device has a h synchroni zati on nmai nt/al ni ng” capa

de | chr or | g_capabi| -
o provi Se05°Ve? denliL PR OO AR bl 365 ER T3515G ctbe) REEPRS: dnce
ooy agoERRRLL | EXocl VRO RLA AT B (6o [IRRSEEREY dopNe: BRE

synchroni zation de i on’'device ng to the pres AVeEn
superior _]j of. synchroni zati on tecting .ca ili.t nd,
oymenr onp sarE S Bt B A L S e L B et T bl Poanad 2kt on
devi ce, ghen gr vided in a VSB degndulaﬁiog s§8te31 gakes it possible to
‘proper | y°PerPor M'SyhtAtBi GaPPBn°tet Bt FBR™ARUWavBFSr m 15 equal i zati on
“even when a near-ghost,  occurs to disturb the synchroni zation signal
contained in t}ﬁ% C?ee% '%%‘fﬁkﬁh"aﬂf. ths Syﬁ‘chrﬂpﬁéé@&’ncéﬂﬁétlon 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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1. A synchronization detection device for detecting a synchronizqg?oQPP
signal from an input signal containing the synchronization signal, PR 2004
conprising: a sanpling section that receives a clock signal and the 5 input
signal for sanpling the input signal at one of a plurality of sanple 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 GYMcAHSiRE iSANBi ShINS: th0s pathefre@ssidal ool sy nepieiinzat i on
signal with the sane cycle as that of the synchronization signal; a count

section that s;8ERFYARS 8t MBhCHef &St &n fdomddie iRat 565 dls SRS LA t5£ @hrloRn feOr
counting the nunber of tines a pattern match operation succeeds

consecut i;veky &&n@déygﬁmﬁwsasémfaﬁngngslafakirﬁhejfilg;%c?éte 1ARe riRe pwber  of

times the pattern match operation fails consecutive in a
synchronizatiqn.established state; a backward guard |evel storage section
for storing a synchronization backward guard level; 20 a forward guard

Ievel5stQ%%Q5N%g h?%%l&%&T§torlng a synchroni zation forward guard level; a
synchroni‘zation determnation section for determ ning whether or not it is

Vai e of the cBUR Loett B ToRE DR & UFaUtevE o TR e a
Gener at | flg S/ BRI EHT A oHeREEBLP ot Uit SEEORAL T 15 porht S5 oh
the patterp BhencOPEEat 10 ' S BEhe "B & 188 PR L ynchroni zation
detection device 120 illustrated in FIG. 10 includes the field

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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mat ch section in a synchroni zation-established state, 30 mhereinflﬁe ,
sanpling section switches sanple points for sanpling the input s#g a@PQrZMh
one to another in a synchronization-unestablished state. 2. The
synchroni zati on detection device according to claim1, wherein the sanpling
section includes: a clock nmultiplication section for nultiplying the clock
signal; and 5 a switchable sanpling section for sanpling the input signal

at a mi niSHNANGRNEAgd oAt deHiagt idre dempite sl ghalschandesnbylasengft lide

mul tiplied clock signal, while switching the sanple points for sanpling the
i nput si ghdlchaerigad iplnurdd gt iefn tdew nge pbl dit $ndéhiendEBoylanoalurhalttiiop i ed
clock signal in a synchronization 10 unestablished state. 3. The

synchr onisattieon idétedttriagreddéwi ¢gGacearding to claim 1, wherein the sanpling
section includes: a clock switching section for selectively outputting a

non-inverted siIgnBEGOf10he ladneaic Sicghalr ehaanthavierd g sSinghalor3Gatibr ~. ~~
2004 5 thereof, while switching signals to be output between the

non- i Biverdead cgiignalseoh ildie 1010¢k geitaral raieth Bhedgmeent edreingRali Ahgicgof in
a synchroni zati on-unestabli shed state; and a fixed sanpling.section for

sanpl i ng deftedcnput sst@nah atoa My rUMdEeL vahial wbkehohheo | K +siegnal
changes by using an 10 out put signal of the clock swtching section. 4. The

synchr onifzgkiioBa gl 8aY1 SEHEVA 0O RGN i BYchPsCL i3k ne WGREIR LG HiiRput
signal is data having a frame structure conpliant with the AT 8 standard,

and the %)fn@:hléogkﬁéhir%ﬂiga@i@h h\%g@cg%gﬁataﬁxe@cwz@ni zation signal

compliant with the ATSC 5 standar e synchroni zation detection device

g?cor ding to chgbmi,cphar q:ierﬂ)r%léﬁlld.etdyb&'n;:ﬁé Bt i op ferbaéodwicoq‘} Q%R qyal ity
10 44 is supplied to the clock switching section -121. The clock
switching section 121 selectively outputs one of the non—-invertedr
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 to a synchronization—es-tablished 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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the input signal is supplied, so that if the quality of the inpugﬁs%%%al S
hi gher than a predeterm ned reference, the 5 synchronization det cdti 2004
devi ce out puts the synchroni zation detection signal that is obtained by
supplying the input signal, instead of the output signal of the sanpling
section, to the pattern match section. 6. The synchroni zation detection
devi ce accor inq.to claim5, wherein the input signal is data having a

frame strirt odhte ShAH AheATSER kB arfddicd,  EHe BATSIHDGNi 2ht i
signal is 51 2 7 ANA, 20t74 a segment synchronization signal conpliant
Wi th t he PEFSESTIHASY b igea il "hHd Sqidie Gl Aok Givhdahemd sdicdacss IWhetilser or
not a near-ghost is occurring for the input signal. 7. A synchronization
det ect i oSN Nidor tlRt doierGed sydmwrbnpfattilon sigall Gifonthe iddmek
signal containing the synchronization signal, conprising: a pattern match
section ol tehdei Agchhennb?l awinsthasheh® shpoal sighal osbpuabad thetsame
signal pattern as that of the synchronization signal with the same cycle as
t hat of tieE-Sywehted sdgned sifgmale; cdocduliK.section that receives a match
result fromthe pattern match section for counting the nunber of tines a
pattern 10 nat &heopfatt Do fstice egdshconseatt ionediyt ¢ ot Bors YWaetceni Zatkiren
unest abl i shed state and the nunber of tines the pattern match operation
fails combecwtineeky ithoaesyiichheniszathednsshahldnsked estrabe; davhaeckwand
guard | evel storage section for storing a 15 synchronizati on backward guard
| evel ; according to the first embodiment. FIG. 11 again illustrates 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 rising 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 synchronization 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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a forward guard | evel storage section for storing a synchronizati?&.f anrd
guard level; a synchroni zation determ nation section for determn gA " 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 | evel ; and 52 ~ ? AFR 209 a synchroni zati on detection signal
generation ggc%ion for ﬂenerating a synchroni zation detection signal at a
tining péi NP atSHRATEH tHY patt & h DRIEER Ber R iRt Ohests dried Ty ePRe
pattern 25 mat.ch section.in a synchronization-established state, a shift
anmount ¢RI e CEPERILALY -r ecei ves quality information that indicates a
quality of a result of processing the input signal using the
synchronﬂ?ﬁ@ﬁ@hEygp@éﬂﬁgﬁ3signal for obtaining a shift anount of the
synchroni zati on detection signal 30 based on the quality information; and a
synchroni zat i of1fet b¢tison slgnlaldistdfan adlvstrpoiantor shmiidumpttive of
synchroni zation detection signal in a tine direction according to the shift
amoun obt af Yech byni tet st f dedwotiionc ot vbte sectdaaniir®  The Synchhdmidzat i on
detection device according to claim7, wherein the shift anpbunt contro
section ehbngemenhe shifthampnésefitt henwymichsoni zafi osydeheohiaatsbgnal i f
the quality of the result of processing the input signal is lower than 5 a
pr edet er genedtiehedentee 930 ThEl sythcdhtodizatitm det deidlericdevhee faeadr di ng
to claim7, wherein the shift anmbunt control section determnes the shift

anount obyhhbrsynehtobhzatiegrctebact isettSicgnal 1510, asat or opst M zeghbat
quality of the result of processing the input signal
' synchronization detection section 13%a, a second segment
10_ synchronization detection section 139b, and a selector 131. The
synchronization detection devipe 130 is characterized in that it
includestwokindsofsegmentsynchronizationdetectionsections,
and selectively outputs one of two kinds of segment
synchronization detection signals according to whether or not a
15 pear~ghostiscxxmrring. 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 below.
The synchronization detection device 130 is prbvided 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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53 t f~'f R 2v~k 10. The synchroni zati on detection device accorzi.?gﬁll},p “
claim9, wherein the input signal is data having a frame structur 2004
conpliant with the ATSC standard, and the synchroni zation signal is a
segnent synchroni zation signal 5 conpliant with the ATSC standard. 11. The
synchroni zati on detection device according to claim10, wherein the quality
information is error rate information for a signal that is obtained by

per f or m ripve et anal éganl pu aeictn copkt &bitdre spntheonnpat ishgieleaisiony 10

t he synchroni zati on detection signal. 54 2 r ~~i~ ~o0Y SYNCHRONI ZATI ON

DETECTI OMsARRARATYE. ABBRRAGKiAchi npignesl gddl iBT aaontadmsla ségremtlity
synchroni zati on signal conpliant wwth the ATSC standard. A clock 5

mul ti pli cdatficomageietn ahatlinddkchitpki ekeagehbiky GE thewimhahd ieyrsanmy .ng
section 112 selects a sanple point fromanong a plurality of timng points

that are defina@thebyitthe Bubhbpti ephehpskizantosatgd &se 1de ddmutorsiigng DT
at the selected sanple point. Mreover, the switchable sanpling 10 section

112 s9i t dhes SR DA MiAPiPNG ch@ idROtReR ilh 811, the switchable
synchroni zati on-unest abl i shed state. Once the segnent synchronization is

est abl i sheghplangy duonizat i o debaetben dRMGe JIY% Ml M@bR a3 count

synchroni zati on-established state until the field synchronization detection

fails, olselcheohs 19ChronZakl oy d(f&ﬁccii {'\{QPVEE&E?% tQEEE%nal

synchroni zation detection signal atter s ting it the time 8i4r&1éctal| on
T Ay A RBASAAT A HE Ahy ke AT RY RS A S AR AP IR A A A
IAIA A A P 'I . 'A|'°'A.'v'A"A'<,'. A LAALATLA A
B.AV_. A é%?%r%f‘ékﬁé% S./@A%]v}.gl\iA _ J%Saé’_ A@%{V aﬁi?‘{‘%lﬁ%‘gﬂ%zg%mn detection

?égf{:ﬂajﬂgg}@gggg} ggz}rg%}%g%@g} cealil cadgakeal ool faLeal eal el calgledl ol o2
synchronization detection section 139a performs the sanme
operation as the segment synchronization detection section 119
ofthesynchronizationdetectiondevice110accordingtx>thefirst
embodiment to output a first segment synchronization detection

15. signal 207a.
The second segnent synchronization detection section 139b
includes a pattern match section 102b, a count section 103b, a
backward guard level storage section 104b, a forward guard level
storage section 105b, a synchronization determination section
20 106b, and a synchronization detection signal generation section
107b. The second segment synchf;;ization.detection section 13%b
performs the same operation as the segment synchronization
detection section 109 of the conventional synchronization

detection device 100 to output a second segment synchronization

25 detection signal 207b.
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5 signal.

Asillustratedabove,thesynchronizationd@tectiondevice
according to the present embodiment is characterized in that it
selectively outputs one of two kinds of segment synchronization
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 not 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
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o 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 dencted by the same 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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synchronization detection device 140. The error rate RT is an

example of quality information that indicates the quality of the
result_ of processing an input signal using the segment
syﬂchronization detection signal 585.

In FIG. 13, elements other than the field synchronization
detectionsection]iﬂ_ofthesynchronizationdetectiondevice140
together form a segment synchronization detection section 149.
.The shift amount control section 141 and the synchronization
detection signal shifting section 142 are elements that are
characteristic of the synchronization detection device 140.

Theshiftamountcontrolsection141receivestheerrorrate
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
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

signal shifting section 142 shifts the segment synchronization
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196 1090& () - F#Y0%I& ()-!1"10%& ()-"109%& ()-P"10%& ()-c$1l0% & ()-ccdVvdde
He| ] >mb@ 10T! ATROUEIRL £ -aAGT &opkrb)l. $&0%RH0) 1 41 %0 r()rd d'thEOSRS €):-
"'(10% & () - Heeeeeeeee_ @ 10T! 10% u& ()-! v10%uu& ()- 10T 10T 10TI,;
10907&' Y ) - @RGSOV I hs WSNOWIL, Epreetadd fOhdBs@ HAHst example, the shift
)$10% u&' ()-P"'10% u& ()-:3$10% u& ()- P"10% u& ()-P"10% u& ()-
10% u&' () an6tnbhbkonbjrdE @k3F'on 141 may receive the error rate RT at
&' 10% u& ()-%$%40% u& ()-!"10% u& ()-3"10% u& ()- 10% u& ()-
10% u&' () iBteivkl kkkaB7@ddetermined 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 obtained 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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FIG. 14 is a block diagram illustrating 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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$10%& ()-!" $100/@.’(1&F(§. | A, 0% eenzs@BaPKbchan the field synchronization
'Q $10% u& ()-13"10% u& ()-&10% u& ()- 10 10 10f; 109%&' () -
> P4A<9%4 09ROeFemtAgEbEettion 101 together form a segment synchronization
TQ P'"10% u& ()-P"'10% u& ()-m 10% u& ()-P"10% u& ()-)$10% u& ()-nm'10% u& () -
CdEbC 1 detection section 159. The count section 151 and the
> synchronization determination section 152 are elements that are
characteristic of the synchronization detection device 150.
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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synchronlzatlon determination section 152 determines a
transition to a synchronization-unestablished state when the
field synchronization detection section 101 fails to detect the
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 determination section 152 detects that the field

synchronization detection signal FS is 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
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

of the field synchreonization signal fails. Therefore, with the
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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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match section in a synchronization-established state,
30 wherein the sampling section switches sample points for
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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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 obtéined by 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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a shift amount control section that receives guality
information 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

30 based on the quality information; and

a synchronization detection signal shifting section for
shifting the synchronization detection signal in a time direction
according to the shift amount obtained by the shift amount control

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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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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multiplied clock, and samples the input signal DT at the
gelected sample point. Moreover, the switchable sampling
10 section 112 switches sample péints from cne to another in a
synchronization-unestablished state. Once the segment
synchronization is established, a synchronization detection
device may maintain a synchronization-established state
until the field synchronization detection fails, or the
15 synchronization detection device may output a
synchronization detection signal after shifting it in the
time direction based on a bit error rate RT of the input

signal.

20 Figure 1
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