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DEMODULATOR FOR DEMODULAMNG DI GTAL BROADCAST SI GNALS 5 TECWEI%@EOEQFLD
The present WRWM6®Hn rel ates to a digital broadcast denodul ab QFIro/ or .
denodul ati ng a digital nodul ated signal nodul ated, for exanple, by

mul ti-value VSB nodul ation, in digital broadcast for digital

transm ssion by coding video and audio information. 10 BACKGROUND ART
Recently, owing to the advancenent in the digital conpression

technol ogy and di gital nodul ati on and denodul ati on technol ogy, the

tel evision broadcast is presented by using satellites and CATV. The 15
video data ts coded by MPER, and the digital nodul ation system is
realized by the QPSK nmethod in satellite broadcast or QAM nethod i n CATV.

In the Uni DEMOBVEATEB FOR REMORILATRGRIGITAL BROADGASHSIGNAES st (DTV) is

schedul ed fromthe fall of 1998, and the digital nodul ati on 8VSB system

b TECHNICAL FIELD .

The present invention relates to a digital broadcast demodulator
for demodulating a digital modulated signal modulated, for example, by
multi-value VSB modulation, in digital broadcast for digital
transmission by coding videc and audio information.

10
BACKGROUND ART

Recently, owing to the advancement in the digital compression
technology and digital modulation and demodulation technology, the
television broadcast is presented by using satellites and CATV. The

15 video data is coded by MPEG2, and the digital modulation system.is
realized by the QPSK method in satellite broadcast or QAM method in CATV.
In the United States, the terrestrial digital broadcast (DTV) is
scheduled from the fall of 1998, and the digital modulation 8VSB system
by video compression by MPEG2 is planned.

20 Referring to the drawing, a conventional example of receiving
anddemodulatingapparatusofdigitalterrestrialbroadcastisexplained
below. _

Fig. 10 is a block diagram of a demédulator of terrestrial digital
broadcast. An RF modulated wave signal received by an antenna 1 which

25 receives an RF signal is put into a tuner 2 which selects a channel,
and an arbitrary channel is selected. In the tuner 2, the selected signal
is controlled of gain, and converted in frequency, and is issued as an
intermediate frequency (IF). The IF output from the tuner 2 is ;imited
in band in the frequency characteristic determined in a SAW filter 3,

30 and is put into an amplifier 4 which amplifies a signal.

In the amplifier4, by a control signal from an AGC detector 11
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by vi deo conpression by MPEQ is planned. 20 _ Referring to the
drawi ng, a conventional exanple of receiving and denodul at¥n »
appar at us OWQI?%VP‘Q terrestrial broadcast is explained RCAYIBP05339
Fig. 10 is a block diagram of a denodul ator of terrestrial digital
broadcast. An RF nodul ated wave signal rereived by an antenna 1 which 25
receives an RF signal is put into a tuner 2 which selects a channel,

and an arbitrary channel is selected. In the tuner 2, the selected signal
is controlled, of gain, and converted in_frequenc I ssue

and s
| ntornedi aPEPIRAEILAREY1 EPS TEAILare e FPRRTAHed Rd 5 SUPF}iRG dnto
0 band | ey Iayenciy G A 516, IBLEH USgnl & SANIHIG b 1nd0

and is put into an anplifier 4 which anplifies a Signal.
anplifier dpcdly freguehcypl sigrgilalfrémomewiltage debtxiloostilliator 8 (VCO) to

2 explai ned | ater, tﬁg signal leyel is controlle%, nd i g supplied
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to undergo quadrature detection. After quadrature detection, base band
Herein, the mixer 6 delivers a beat signal generated by the
difference between the IF carrier frequency and the frequency signal
from the VCO 8, and it is put into the LPF 9, and is supplied into the
VCO 8 as frequency error signal. A reproduction carrier f£from the VCO
10 8 is put into the mixer 5, and a carrier delayed in phase by 90 degrees
is supplied into the mixer 6 through a 80-degree phase shifter 7 for
delaying the phase by 90 degrees. By constituting a PLL by the system
of the mixer 6, LPF 9, VCO 8 and 90-degree phase shifter 7, the local
signal equal to the IF carrier frequency of the reception modulated wave
15 can be oscillated by the VCO 8.
The base band signal supplied into the LPF 10 is limited to a
desired frequency characteristic, and is supplied into an A/D converter
12 for converting an analog signal into a digital signal, and the AGC
detector 11 for determining the average of signal amplitude. In the
20 AGC detector 11, detecting the envelope of the entered base band signal,
an AGC control signal is generated. As the AGC control signal is fed
back to the amplifier 4 and tuner 2 and controlled, the AGC operation
is carried out.
On the other hand, the base band signal supplied into the A/D
25 converter 12 is converted into a digital signal, and is supplied into
a demodulation processing unit and a waveform equalizer 12 in a later
stage. The digital data delivered from the A/D converter 12 is put into
a BPF 13, and a half frequency component of the symbol fregquency (Fs)
of data speed is extracted.
30 Being supplied into a square circuit 14, the frequency component

of Fs/2 is squared, and is put into a BPF 15. In the BPF 15, a frequency



5 signals of I, Qsignals are supplied into LPF 9 and LPF 10, individually.

Herein, tHe mixer 6 delivers a beat signal generated by the di fference
bet ween the MORYI®H2r frequency and the frequency signal PCTHBMASHE vco
8, and it is put into the LPF 9, and is supplied into the VCO 8 as
frequency error signal. A reproduction cag8rier fromthe VCO 10 8 is put
into the mxer 5, and a carrier delayed in phase by 90 degrees S

supplied into the m xer 6 through a 90-degree phase shifter 7 for

del ayi ng the phase by 90 degrees. By constituting a ,PLL by the. syste
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15 can be oscillated by the VCO 8. The base band si gnal
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characteristic, and is |lied into an A/D converter 12 for
converting %fhtdar?aﬁ&?psfgﬁ%% ilﬁto a digital signal, and the AGC

detectors 11 for ded ehll NddpeiNeraVE! 368 past 8P8dr 8Fghd1 YdGintedrhbea, %lﬁa

AGC detector 11, detecting the envel ope of the entered base band signal,
an AGC contsuppldiegnas coptxminsianadof X0l ACconsiityiting dhalfeedbheld loop
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and is supplied into a denodul ati on processing unit and a waveform
equal i zer 12 in aFyzgher, the output digital data from the A/D converter 12 is
10 supplied into a symbol judging circuit 19 for judging the value of the
symbdl data, and the value of the received symbol dafa is judged, and
supplied into a synchronous signal detecting circuit 21 for detecting
the synchronous signal in the reception data. In the synchronous signal
detecting circuit 21, comparing with the 'symbol data value of the
15 synchronous reference signal from a known data circuit 20 of synchronous
signal for delivering the data value of known synchronous signal, the
synchronous signal of packef'data is detected.
Thus, in order to demodulate the digital terrestrial broadcast
8VSB or the like, importarnit steps are synchronous signal detection
20 processing of transmission packet data, AGC processing for controlling
signal amplitude, and clock regeneration for extracting and regenerating
clock component £rom transmission data.
However, in the event of occurrence of inferior environments for
receiving broadcast, such as characteristic ghost and multipath of
25 digital terreétrial broadcast, and same channel interference by NTSC
or other analog broadcast, it is extremely difficult to detect the
synchronism, operate the AGC or regenerated the clock precisely in such
synchronous detection processing by precisely judging the data value
of the symbol, AGC processing by determining the average of detected
30 Dbase band signals, or clock regeneration processing of extracting the

frequency components in the transmission data. Accordingly, in order



stage. The digital data delivered fromthe A/D converter 12 is put into
a BPF 13, and a half frequency conponent of the synbol frequency (Ps)-
of data spe¥@P49%4%ktracted. 30 Bei ng supplied i nto BCETAPINGS339
circuit 14, the frequency conponent of Fs/2 is squared, and is put
into a BPF 15. In the BPF 15, a frequency

3 conponent Fs equal to the synbol speed is extracted, and put into
a phase detector 16 which detects a phase error. In the phase detector

16, a phase error fromthe synbol frequency (Fs) is detected, and
suppli ed to raisq §hg PRRfisAPp: it ¥ps reguired to pigeesgeby hedohtpRiRd £he t he

phase err Qi,,Si | £ S grat.e i S A i f
000 16 by mbnary omioieRe Pohemies spe AR B, 3° ERURGn R
circuit l14irBRRX(Fs) 15, phase conparat or 16, loop filter 17, and VCO

18, the clock is regenerated. Further, the output digital data
fromthe A/D converter 12 is 10 supplied into a synbol judging circuit 19

for jugai Wﬁﬁl %Eoimg%ﬁl N Synbol data, and the value of the
recei ved synpo ata 1s Ju geé’, and supplied into a synchronous signal
detecting circultd stillvieothdedesiel poblems, the digital broadcast demodulator

of the invention is characterized by, in one aspect, comprising a circuit

for establishing the synchronous signal in reception data by processing

only the most significant bit (MSB) showing the positive or negative
10 sign of the reception transport packet data.

In such constitution of the invention, even in an inferior radio
wave condition of strong ghost or multipath interference characteristic
of digital terrestrial broadcast, the synchronous signal in the packet
can be detected and established stably by an extremely inexpensive

15 circuit constitution. .

It is a second aspect of the digital broadcast demodulator of
the invention to regenerate the clock by phase control on the basis of
a phase error, by determining the difference of synchronous signals of
the reception packet data which should be originally at the same level,

20 and detecting the clock phase error of transmission data.

In this constitution of the invention, by detecting the phase
error of clock of reception data and feeding back to the VCO for
controlling, even in an inferior radio wave condition of strong ghost,
multipath interference or low C/N characteristic of digital terrestrial

25 broadcast, the clock can be regenerated stably and precisely by an
extremely inexpensive circuit constitution. '

A third aspect of the digital broadcast demodulator of the
invention is characterized by detecting the synchronous signal in the
received packet data, determining the difference between the data value

30 of the detected synchronous signal and the reference value, and

controlling the AGC on the basis of this difference.



t he synchronous signal in the reception data. In the synchronous signal
detecting circuit 21, conparing with the synbol data value of the 15
synchr onous VO%@¥4€e signal ‘from a known data circuit 20 of PERTRPUEHS
signal for delivering the data value of known synchronous signal, the
synchronous signal of packet data is detegted. Thus, in order
to denpdul ate the digital terrestrial broadcast 8VSB or the like,
i nportant steps are synchronous signal detection 20 processing of
transm ssi on packet data, AGC processing for controlling si gnal
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of occurrence of i nferior environme recei ving broadcast, such
as characteristic ghost and multipath of 25 digital terrestrial
broadcast, and sane channel interference by NTSC or other anal og

broadcast, BRIBFsDESRERIATHON QF f Tk RRAWIYCHet ect the synchroni sm
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detection processi by precisSely judging t ata val ue
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band signals, or_clock regeneration processing of extracting the
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Fig. 3 is an essential block diagram of digital broadcast demodulator
in a second embodiment of the invention, Fig. 4 is an essential block
10 diagram of digital broadcast demodulator in a third embodiment of the
invention, Fig. 5 is a @data frame diagram of digital terrestrial
broadcast VSB modulation system, Fig. 6 is a field synchronous signal
diagram of digital terrestrial broadcast VSB modulation system, Fig.
7 is a sample waveform diagram of segment synchronous signal explaining
15 the second embodiment of the invention, Fig. 8 is a waveform diagram
of segment synchronous signal explaining the third embodiment of the
invention, Fig. 9 is a block diagram of clock phase error detecting
circuit of the invention, and Fig. 10 is a block diagram showing a
constitution of a digital broadcast demodulator in a prior art.
20
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings. preferred embodiments of the
invention are described below. First in Fig. 1, the digital broadcast
demodulator of the invention is described, particularly about the
26 schematic constitution of the digital broadcast demodulator of digital
terrestrial broadcast VSB modulation system, and then the embodiments
corresponding to the claims of the invention are specifically described.
The parts having the same functions as in Fig. 10 showing a
conventional reception demodulator of digital terrestrial broadcast are
30 identified with same reference numerals, and detailed description is

omitted.



4 to raise the precision, it was required to process by hei ghtening
t he sanpl i ng frequency, or conpose the filter by a considerably |arge
circuit. VB0 0BUMMR\RY OF THE | NVENTI ON " . To solve pdrIsboss9
probl ens, the digital broadcast denodul ator of the invention is
characterized by, in one aspect, conprisiqg acircuit for establishing
the synchronous signal in reception data by processing only the nost
significant bit (MSB) showi ng the positive or negative 10 sign of the
reception transport packet data. In such constitution of the
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It is a second aspect of the digital broadcast denodul ator of t he
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| 101 is divided into three portions, which are individually supplied into
a detection protection counter circuit 103, a segment synchronism
detection establishing circuit 104, and a clock phase error detecting
10 circuit 105.

The output of the segment synchronism detection establishing
circuit 104 for judging the true synchronous pattern of each segment
is supplied into a symbol number counter 102 as a reset signal, and the
counting result of the number of symbols in one packet is fed back into

15 the detection protection counter 103 and segment synchronism detection
establishing circuit 104. The. detection protection counter 103 sends
out a segment start signal Segst showing the position of the segment
synchronous signal in the packet on the basis of the fed-back information
to a terminal 109, and a segment synchronism establishment signal Shld

20 showing the detection establishment of the segment synchronous signal
to a terminal 110.

The segment synchronism establishment signal Shld is put into
a switch circuit 111 to become a switch signal for changing over a control
signal Gerr from an AGC error detecting circuit 106 mentioned below and

25 a control signal from the AGC detector circuit 11.

The second output digital data, Data, branched from the A/D
converter 12 is supplied into the clock phase error detecting circuit
105, and is fed together with the signal from the synchronous code pattern
detecting circuit 101 and the segment start signal Segst from the

30 detection protection counter 103, and a clock phase error of data is

issued as clock regeneration control signal Pherr to the terminal 108.



In this constitution of the invention, by detecting the phase error of
cl ock of Treception data and feedi ng back to the VCO for controlling,
even in an wdewssss radi o wave condition of strong ghost, PCTYIRFIOI083IP h
interference or low C N characteristic of digital terrestrial 25
broadcast, the clock can be regenerated stably and precisely by an

extrenely inexpensive circuit constitution. A third aspect of
the digital broadcast denodul ator of the i nvention is characterized by
detecting the synchronous signal in the recei ved packet data,
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of a di 59' ti‘rlt t?lreogl(.jocwag;. the VCO 18, A/D converter 12, clock phase error detecting

circuit 105, D/A converter 112, and LPF 113.

Further, the third divided output of digital data, Data, of the
A/D converter 12 is put also into the AGC error detecting circuit 106,
and issued into the terminal 107 as an AGC control signal Gerr as the

10 different from the known value. This AGC control signal Gerr is put
into the D/A converter 114, and is converted into an analog signal, and
is supplied into the LPF 115. The AGC control signal integrated in the
LPF 115 is supplied into the switch circuit 111.

The switch circuit 111 changes over, by the segment establishment

15 signal Shld, between the control signal from the analo-g AGC detector
11 and the AGC control signal from the LPF 115 detected by digital
processing. The AGC control signal as output from the switch circuit
111 is put into the amplifier 4 and tuner 2, and the amplitude of the
input sigpal is controlled.

20 The fourth output of the A/D converter 12 is put into the waveform
equalizer 22 to be a reception output.

In thus constituted digital broadcast demodulator, specific
embodiments corresponding to the claims are described below.
(Embodiment 1)

25 Fig. 2 shows an essential block diagram of the embodiment
corresponding to claims 1, 2, 3 of the invention. This embodiment
relates to a digital broadcast demodulator used in an apparatus for
receiving digital broadcast by transmitting coded digital video and
digital audio information in packet form, in which, particularly in

30 digital VSB transmission system, the circuit is constituted to process

the code bit (MSB) of reception transport packet data, and the



denodul ator of the invention, Fig. 2 is an essential bl ock diagram of
digital broadcast denodulator in a first enbodi ment of the invention,

Fig. 3 is MO8BYIWASi al bl ock di agram of digital broadcast JdePCEMRIINESS
in a second enbodi nent of the invention, Fig. 4 is an essential block 10
di agram of digital broadcast denodul atorgin a third enbodi ment of the

i nvention, Fig. 5is a data franme diagramof digital terrestrial

broadcast VSB nodul ation system Fig. 6 is a field synchronous signal
diagram of digital terrestrial broadcast VSB nodul ati on system Fig. 7
i s a sanplsynghveronsn shanplanofthee pecartigmcdrttmols edtgbdlishead! aifn drisls
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circuit of the invention, and Fig. 10 1s a block di agram show ng a
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havi ng t heclatkodk reyenetatdson Radbgenlil rdudp Docled. Of the output digital

10 data, Data, from the A/D converter 12, the code bit (MSB) is supplied
into the synchronous code pattern detecting circuit 101 and symbol number
counter 102 in the segment synchronism detection establishing circuit
block 116. Herein, the data structure of packet of VSB digital
terrestrial broadcast is shown in Fig. 5 and Fig. 6. The transmission

15 frame shown in Fig. 5 is composed of 832 symbols in one packet, and the
segment synchronous signal is inserted by the portion of four symbols
only from the beginning. -

In every 313 packets (segment), field synchronous signals #1,
#2 are inserted. Fig. 6 shows the field synchronous signal. At the

20 beginning of the packet, a segment synchronous signal of four symbols,
and a specific number of PN codes are composed. The segment synchronous
signal is a mapping signal in the values of +5, -5, -5, +5 as shown in
Fig. 6. This signal value is the known data, and is inserted at the
beginning of all packets as shown in Fig. 5.

25 In the synchronous code pattern detecting circuit 101, the code
bit (MSB) of all reception data is processed, and +, -, -, + as code
pattern of segment synchronous signal are detected. When processing
the signal by the complement of 2, the codes of the segment synchronous
signal are -, +, +, -,

30 When processing the code bits only, even in the presence of strong

ghost, multipath interference or NTSC same channel interference

{




conventional reception denodul ator of digital terrestrial broadcast are 30
identified with sane reference nunerals, and detailed descriptionis

om tted. WO 00/19645 c 6 PCT/JP99/05339
Qut put digital data, Data, of an A/D converter 12 is divided into f our
portions. One of themis put into a synchrgpnous (sync) code pattern
detecting circuit 101 of a segnent synchroni sm detection establishing
circuit block 116, and synchronous pattern is detected by processing 5

the code bit (nost significant bit, MSB, show ng positive or negative
sign). The shapagteristic of ndigihsdutervertyiali broadrasdict thy regepiipn data

101 is divid into thre rtio whi are _individual,l supplied into
2 det ecti on Bret e CERCEIRRAY SFfuand of CuPefetdt dhe BrahiPERPLOR St s
detection esbrbréshithg codSulit ifFbrmatton ¢/ ertrdeayeserdny ageins! efgectd
circuit 105. The output of the segnent synchroni sm detection

est abl i shi n@f interference even imithp nfierdorrecepliton yaver simatipa: serEhak
each SO0 kng synchfofbRbl &Y PLu SUIREI: SHRGnERK 2L Slar 02, B8 aBelbed
1 stably.
When detecting the synchronous pattern for four symbols in all
reception data in the synchronous code pattern detecting circuit 101,
simultaneously, signal Sdet is issued to the detection protection
10 counter 103 and segment synchronous detection establishing circuit 104.
In the symbol number counter 102, when the power is supplied, power-on
reset is applied and synchronized with the signal processing clock equal
to the symbol speed Fs, thereby starting automatic count-up. When
counting 832 symbols in one packet, a count-up signal Co is issued to
15 the detection protection counter 103 and segment synchronism detection
establishing circuit 104.
In the segment synchronism detection establishing circuit
104, synchronous pattern detection signal Sdet, symbol number count-up
signal Co, and signal Shld from detection protection counter 103 are
20 supplied, if there is same pattern as the segment synchronous code
pattern in all reception data, it is judged which pattern is the true
segment synchronous signal.
In the operation of the segment synchronism detection
establishing circuit 104, when either the signal Co issued when the
25 symbol number counter 102 reaches the symbol number count 832 of the
packet, or the segment synchronous code pattern detection signal Sdet
from the synchronous code pattern detecting circuit 101 is entered, an
output signal Lo is issued.
Usually, in the reception data, there are many code pattern data
30 same as the segment synchronous code pattern, but the symbol number
counter 102 is once reset when the same code pattern detection signal

:
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counting result of the nunber of synbols in one packet is fed back into 15
the detection protection counter 103 and segnent synchroni sm detecti on

est abl i shi ngWQ 0019645 104. The detection protection:counter 10PCTEMOB05339

out a segnment start signal Segst show ng the position of the segnent
synchronous signal in the packet on the bggis of the fed-back information
to a termnal 109, and a segnent synchroni sm establishment signal Shld 20
showi ng the detection establishment of the segment synchronous signal

to a termnal 110. The segnment synchroni sm establishnent signa
Shlid is putSdefk oas theg seghmert synchrianouls] signadcore fedwinth thensegment
changi ng over control si gnal rr.froman A rror .detectin
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the A/D converter 12 1s supplied into the clock phase error detecting
circuit to 1832 whidhiis fthe numberhef symbolishinsongshpckedm Enethy ALASH IS

code patgern detecting,.circuit 101 and the se nt _start.si | _Segst
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term nal 108. 7
issues signal Lo and resets the symbol number counter 102. Thus, the

counting operation is repeated until the signal Sdet is entered

simultaneously with the output of signal Co of count-up of symbol number
10 832 of one packet. That is, in the case of a true segment synchronous

signal, when counting of 832 is over, simultaneously, there is a segment

synchronous signal of next packet, and the signal Sdet and signal Co

are simultaneously entered into the segment synchronism detection

establishing circuit 104, and Lo signal is issued, and the symbol number
15 counter 102 is reset.

The output signal Co of the symbol number counter 102 and the
output signal Sdet of the synchronous pattern detecting circuit 101 are
also supplied into the detection protection counter 103. As a result,
the detection protection counter 103 sets high the hold signal Shld once

20 every time, and by this signal Shld, the segment synchronism detection
establishing circuit 104 is held, and it is held in the state that the
reset signal Lo is not issued until the signal Sdet from the circuit
101 and signal Co from the circuit 102 are entered simultaneously.
Therefore, if only Sdet signal is entered in the meantime, the reset

25 signal Lo is not issuwed. At this first time, however, if signal Co is
next entered in the circuit 103, unless the signal Sdet is entered at
the same time, the symbol number counter 102 and detection protection
counter 103 are reset, and the signal Shld is low. In the detection
protection counter 103, counting the number of times of simultaneously

30 input of signal Sdet and signal Co, and when Sdet and Co are entered

simultaneously by the specified number of times, for example, four times



This clock regeneration control signal Pherr is put into a D/A converter
112, and i-s converted into an analog signal, which is fed into the LPF

113. The conWmbo/Béghal integrated in the LPF 113 is put into ROTIPYIE339
18 to control its oscillation frequency A feedback | oop is conposed 5 in

the flow of the VCO 18, A/ D converter 3I ock phase error detecting
circuit 105, D/ A converter 112, and LPF 1 Further, the third
di vi ded output of digital data, Data, of the Al D converter 12 is put
also into the AGC error detecting circuit 106, and issued into the
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supplied into the switch circuit 111, switch circuit 111
changes ovebut bqott tehes sgne rHeggent bsyraihnonious 1sig;1zagn mlay St tthreldebyvameifignt .

Pgnal 1§ onPe A Pors ALTLOP 15 ByoTei cbnus. wish BRE defentavigisoons

control siggayn&f ﬁuizﬂéltrei:éﬁeiéxhaaéw isCHeEééféH End esta%iishéd Eubeéfﬁdlytlk\ﬁ
anplifier 4 and tuner 2, and the anplitude of I nput signal

control | ed. a ggecified nufpayr bﬁutmsoutmtsaﬂnenheewaml@shmemt erigaal |$119ui-s

into the vva¥%f{g& 1t high gggéi.zer 22 to be a reception output.

By this Shld signal, the segment synchronism d&etection
10 establishing circuit 104 is held, and it is held in the state that the
reset signal Lo is not issued until the Sdet signal from the circuit
101 and Co signal from the circuit 102 are entered at the same time.
Therefore, if only Sdet signal is entered in the meantime, the reset
signal Lo is not issued. Even in this hold state, only when the signal
156 Sdet and signal Co are entered simultaneously, reset signal Lo is issued,
" and the symbol number counter 102 is updated.

Once the segment synchronous signal is established, if signal
Sdet and signal Co are not entered simultaneously, the segment
establishment is not canceled immediately, but when making mistakes by
20 a specified number of times, for example, eight times or more, the
establishment of segment synchronous signal detection is canceled, and

the signal Shld is set to low level.
Thus, while resetting the symbol number counter 102 every time
the same waveform as the segment synchronous signal is detected, when
26 reset by a true segment synchronous signal and similar waveform to the
synchronous signal is not entered until counting up the specified number,
count-up of the symbol number counter 102 and incoming of true
synchronous signal of next segment occur simultaneously, and signal Shld
is issued from the detection protection counter, and similar waveform
30 while counting up the circuit 102 is eliminated, and when this operation
is repeated by a specified number of times, it is detected and established

N
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In thus constituted digital broadcast denodul ator, specific

enbodi nents corresponding to the clains are described bel ow : .

( Enbodi nent WO 00/19645 Fig. 2 shows an essenti-al bl ock di BGFIRAOMEFI3P he -
enbodi nment corresponding to clains 1, 2, 3 of the invention. This
enbodi nent relates to a digital brogdcast denodul ator used in an
apparatus for receiving digital broadcast by transmtting coded
digital video and digital audio information in packet form in which,
particularly in 30 digital VSB transm ssion system the circuit is
const it ut e@steryn segment synchheneugisighpal( MSB) of reception transport

packet dat a, and.m%gug
[

synchronous si gna by ntsﬁ%t?tei(? Sy pP Foﬁhicfateg'qog 1:8%?%610'1:\5 ﬁ%ﬁ?g I tr? et ﬁ?%cnmn%us

constituti gode patBetrn caBet iy tDFcuindl 01 Woreasdti hy ahef Biowrespholnt@ious
broadcast, such as ghost, nultipath, or same channel interference of
NTSC, the SioR*kerlrBatierndly prpaessipaoray thacode ist Q1S PEhe recpption

o SSaPh SR BeR BERY 102 g conmis U BUARY bouSl of.
of the invend ipadketeebeft BRNGhronism detection establishing circuit 104 for
judging true segment synchronous code pattern when the symbol number
counter 102 detects the specified count while detecting the synchronous
signal code pattern at the same time, and issuing a signal for resetting
10 the symbol number counter 102, and detection protection counter circuit
103 for issuing signal Shld by deteci:ing and establishing the segment
synchronous signal in the reception data from the output of the
synchronous code pattern detecting circuit 101 and the count-up of
specified number of the symbol number counter circuit 102, and therefore
15 even in an inferior radio wave condition for receiving broadcast such
as strong ghost or multipath characteristic of digital broadcast, same
channel interference of NTSC broadcast, low C/N, and others, the
synchronous signal can be detected and established stably, and decoding
can be processed stably.
20 (Embodiment 2)

Fig. 3 shows a block diagram of embodiment 2 corresponding to
claims 4, 5, 6, 7 of the invention. This embodiment relates to a digital
broadcast demodﬁlator used in an apparatus for receiving digital
broadcast by transmitting coded digital video and audio information in

25 packet form, in which, particularly in digital VSB transmission system,
the clock phase error of reception data is obtained by calculating the
difference of N-th and N+l-th (N > 1) packet synchronous signals of
reception data, and the clock is regenerated stably even in an inferior
radio wave reception circumstance.

30 Referring now to Fig. 3, the constitution and@ operation are

described below. The broken line block 116 corresponds to the segment

J



signal after quadrature detection is put into the A/D converter 12, and
the clock re eneratlon has been already |ocked. O the output digital 10
data, Data, YPIMP¥E A/ D converter 12, the code bit (MSB) is BGHEPIOO§339
into the synchronous code pattern detectlng circuit 101 and synbol nunber
counter 102 in the segnment synchroni sm degection establishing circuit

bl ock 116. Herein, the data structure of packet of VSB digital
terrestrial broadcast is shown in Fig. 5 and Fig. 6. The transm ssion

f h Fi d of 832 synbol ket he
e ek hdthend o P COlRO 20l B0 HIROLE: WLRAS ekl ) é
only from pREoPEMEAIL NEnad it issues the kBoRVEF ¥y§&l§&ﬁ%@é§taﬁ§ﬁ.@ﬁ§ﬂékagﬁhf' d

synchronous signal s #1, #2 are inserted. " Fig. 6 shows the f
synchr onouShid gih@lwinmestﬂa@hsmmne 9 rﬁaﬁeg:mbnt o spgment symchegnmm s:.gnal

synchronous si.gn of fou nbol s ci fic_nunber odes
are conpostl h%nﬁe%%’ré’ﬁt ‘5%'3%&1?%03%‘1 seg’“egF g‘rﬁ?%% gé‘ar]ra% Sy 8 g?'@ﬁ}ﬂ €
the valgles Ggif'{bn oP thé%egﬁén@%yﬁbﬂ%hddl‘ signalfiftné paaléé S'ﬂ@%peﬁkﬂsm S
t he known data and is inserted at the begi nning of all packets as

shown in Fef.bEkeck 236 is same las ehpldgnuﬂhnnnenBOQimhgtpatten@ ikﬂpwéttqg
circuit 101, the_code ) rec lon_data is rocesse
and 0 MoeRR Reeption i KR dgta BEHRNE. SpRen GOk &0 R AORE Cet

det ect ed. Ybeis paecaf® A%klock phdée %k%ﬁ'de@éc&hﬁg%%h@ﬁeﬁs of e deliRefipdes

of the segnent synchronous signal are -, +, +,
synchronism detection establishing circuit block 116 also feeds the

10 signal Sdet showing the position of the same data as the code pattern
of the synchronous signal in the packet data and the signal Segst showing
the position of segment signal in the packet data.

Fig. 9 shows a block diagram of clock phase error detectingcircuit
105. The digital data, Data, from the A/D converter 12 is put into an

15 addition input of an subtracting circuit 202 through a latch 203. This
input is further put into a subtraction input of the subtracting circuit
202 through a latch 204. In the subtracting circuit 202, the N-th input
is subtracted from the N+1-th input, and the subtraction value is put
into a latch circuit 207. The sequence of subtraction operations is

20 not limited, but it is important whether the value becomes 0 or not.
In the latch circuit 207, the data is latched by the signal Sdet of code
pattern detection of segment synchronous signal, and issued into a latch
circuit 208. The signal Sdet is adjusted in time so as to latch the
subtraction value at the timing after subtraction operation of the second

25 and third segment synchronous signals of reception data by the latch
circuit 205. In the latch circuit 208, by 1atching by the signal Segst
showing the position of the segment synchronous signal to be sent out
after detecting and establishing the segment synchronous signal, it is
sent out as clock phase error signal Pherr. The signal Segst is also

30 adjusted in time to the timing to be latched by the latch circuit 208,

by the subtracted values of the second and third segment synchronous



30 When processing the code bits only, even in the presence of

strong ghost, multipath interference or NTSC sane channel interference
9 charw@oerdess i c of digital terrestrial broadcast, the FERmbH9

dat a recei ves considerably effects of inpedance, and deterioration
occurs. However, the code bit infornpfion is extrenmely strong agai nst
effects of interference even in the Inferior reception wave situation,
so t hat 5 the synchronous pattern of the segnent synchronous signal can
be detected st ably. When detecting the synchronous pattern
for four sysigrisls Anathe 1atchret£$nitm206ata in the synchronous code pattern

detecting circuit_101. 0 Y, al, Sdet is i ued

det ection prot ect o ciﬁcujéogﬁt‘?ﬁns%d% gﬁé s§’e©ﬁ3:ﬁ't de ‘f:%sc?ﬁgﬁg E‘F?%‘h“s
establ i shi ngigfﬂzﬁ@bt A8 symbold ad Eﬁoﬁarmplnpurrbermfaaqﬁt 85idd% d‘i’@?@réﬁ"@
power is supplied, power-on reset is applied and synchronized with the

si gnal procesds patteonk Wguglircuit may bhecngnxﬂd dpgbéerently hereby starting
automatiL count - Vﬁ untln g a et N
count -uf st gnal (9o hosgewipLe BoLE o5 PR Phfabfed Beeant cnsbErnass,
and segnent sSgN @Rt SMgat 8shb points are a, b, ¢, d when the oscillation
frequency of the VCO 18 is completely matched in pliase with the clock
of the reception data. The data values are smooth values because the
band is limited so as not to caﬁse inter-code interference by £iltering
10 processing of the SAW filter 3 in the preceding stage. Herein, supposiag
the N-th data to be the second data value b, by subtraction from the
N+1-th data value ¢, c-b is processed.
As shown in Fig. 7, the subtraction processing is to determine
the inclination of the linking line of sample point values b and ¢, ox
15 b’ and c¢', which should be originally of the same level. Herein, when
the clock of the reception data and the phase of the frequency signal
oscillated by the VCO 18 are synchronized completely, the value of c-b
is 0. If the freguency or phase is deviated, as indicated by broken
line in Fig. 7, it is like ¢'-b', and the clock phase error signal Pherr
20 is determined by subtraction process. Feedback control is executed so
that this clock phase error signal Pherr may be close to 0. As shown
in Fig. 1, the clock phase error is fed into the D/A converter 112 to
be converted into an analog signal, and is supplied into the LPF 113.
The clock phase error converted into analog signal is integrated in the
25 LPF 113, and is supplied into the VCO 18 as clock phase control signal.
In the VCO 18, the oscillation frequency signal is controlled on the
basis of the clock phase control signal, and it is synchronized with
the clock signal of the reception data by the PLL. In this example,
the level is compared between two consecutive signals which should be
30 originally of the same level, but if not consecutive, the level may be

compared between two signals which are supposed to be of the same level

!
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establishing circuit 104. In the segnent synchroni sm
detection-establishing circuit 104, synchronous pattern detection

si gnal Sdet, Wy oH64hrunber count-up . signal Co, and si gnapcPipsbgssom .
detection protection counter 103 are 20 supplied, if there is sane i
pattern as the segnent synchronous code 15 pattern in all reception data,
It is judged which pattern is the true segnent synchronous signal.

In the operation of the segment synchroni sm detection est abl i shi ng
circuit 104, when either the signal Co issued when the 25 synbol nunber
count er 102by ewadiva®.t he synbol nunber count 832 of the packet, or the
segnent synchronoyus code pattern detection signal Sdet fromthe
synchr onous code %%?%‘gﬁ%aggewﬂﬁdHSE@ﬁl&WQ@neﬁ diegdfoph in claig dut

signal Lo ighdSe¥eAling on the power o%ﬂﬁh%i'ng bied Phe ERSERI L Nufidh3ne! ;ﬁeqmgn@r e

many code pattern data 30 “sane as t segnent” synchrondus code pattern,

but the synéwichnemous signalcofinthe pebkeitsisndetactedt andcsstabeishe®, dadas

patterrlsdetfggédagd§£gr§¥nish the clock regeneration quickly by feeding back thelo
differential value of all data that should be originally of the same
level matched between the synchronous signal and code pattern in the
packet data, comtinuously to the VCO 18 as clock phase error.

In this embodiment, from the signal Segst showing the position

10 of the synchronous signal of the data being sent out in packet form and
the signal Sdet showing the synchronous signal in the packet data and
the code pattern are the same data, the N-th and N+1-th synchronous
signals of the packet data which are originally of the same level are
processed by subtraction, and the clock phase error signal Pherr is

15 determined, and the clock regeneration process is executed to control
so that the error may be 0.

In this constitution, even in an inferior radio wave condition
for receiving digital broadcast, the clock regeneration is realized
stably in a very simple and inexpensive circuit constitution.

20 (Embodiment 3)

Fig. 4 shows a block diagram of embodiment 3 corresponding to
claims 8, 9, 10 of the invention. This embodiment presents a digital
broadcast demodulator, that is, a digital broadcast demodulator for
receiving digital broadcast by transmitting coded digital video and

25 audio information in packet form, in which, particularly in digital VSB
transmission system, the synchronous signal is detected in the received
pacKet data, and from the synchronism detection establishment signal
and the signal showing the position of the synchronous signal in the
packet, the difference between the data value of synchronous signal and

30 the reference value is calculated, and thereby AGC is realized.

Referring now to Fig. 4, the constitution and operation are



Sdet as the segnment synchronous signal is fed into.the segnent

synchroni sm det ecti on establishing circuit 104, and Lo signal for

dr oppi ng t oWW1I964% he portion of one clock is entered, and PCTHPAFII9
to 832 which is the nunber of synbols in one packet. In the m dst of 5
counting up, when the sane pattern as thggsynchronous code pattern is
detected, the segnent synchroni smdetection establishing circuit 104

i ssues signal Lo and resets the synbol nunber counter 102. Thus, the
counting operation is repeated until the signal Sdet is entered

si mul taneo@l@étt;rihetdhbelmﬂuoui‘%brokesllgml blnrlolle merregpords $enths saGmeRy

10 832 of K brg
Signal . B CBTRAgeeToaon, &6t P epR F Feahas et oEif SREPE T HOBETARY

synchronousg, ah@nRal 1 s¥ueBhle 23meat syABHréREsb 1180 ehg 80Gna1l GRBE shéwing
are sinul t aneousl y entered into the segnent synchroni sm detection

est abl i shi agtaﬁlri@snmnto¢f Mepslgmgnﬁl aesmeatuéﬁncmm signed| imunthe

nunber LouRPETPTS dAH-Ar2. and sampnt <kert ouns SeAp e shveda thy BaB{ELSh

pattern dejeehekgiient Hynch@dndi€signal ahsc@xeswmated THY SpdtidatFhisdk
protection counter 103. As a result, the detection protection counter

103 sets hilyh isheame|ag g*@}ﬂneghi@ ephediment levanq isi preittmdd biRe ﬁi’-si%ngnal
Shl d, the n n| de e st ab n rcui

hel d, and |’Te tté’?’)é % atéen%K c?ﬁ‘éerte?: El?eiséef‘nm QnE %‘ Abc dexs
|ssued untﬂété&lﬁn‘gl g.ﬁbuﬁdatosf.rom the circuit 101 and Si gnal Co from

the circuit 102 are entered sinultaneously.
10 Fig. 8 shows segment synchronous signals of four symbols added

to the beginning of packet data. The segment synchronous signal is
mapped in the values of £5 as shown in Fig. 8. Since these are known
values, at the reception side, the data values corresponding to %5 may
be possessed as reference values. When the segment synchronism

15 establishing signal Shld is entered in the AGC error detecting circuit
106, from the signal Segst showing the position of the segment
synchronous signal in the packet, the position of the data of four symbols
from the beginning of the segment synchronism 1is specified, and the
difference of this value and the internal reference value is determined.

20 As shown in Fig. 8, when the reception data is entered as indicated by
broken line, the difference from the reference value is as indicated
by 4 at the + side, and 4' at the -~ side. Feedback control is executed
so that the differences d, d' from the reference value may be closer
to 0.

25 This is to show a case in which reception data larger than the
reference value of segment synchronous signal is eﬁtered, but when data
smaller than the reference value is entered, by subtracting after
absolute value processing so that the code may not be inverted by
subtraction process to increase the differential value, the error signal

30 Gerr is issued as AGC control signal. The AGC control signal Gerr is

put into the D/A converter 114 from the terminal 167 as shown in Fig.

{



Therefore, if only Sdet signal is entered in the neantinme, the reset 25
signal Lo i-s not.issued. At this first time, however, if signal Co is
next entered Wwoodm®ées rcuit 103, unless the signal Sdet is entecegdpsios3s
the sanme time, the synbol nunber counter 102 and detection protection
counter 103 are reset, and the signal Shlid,ds low In the detection
protection counter 103, counting the nunbet? of tines of simul taneously 30
i nput of signal Sdet and signal Co, and when Sdet and Co are entered

si mul t aneously by the specified nunber of times, for exanple, four tines

11 canseandtis/ebjiverted Indotairt hadiondignhdins hedbupplibe intdetlse gBENt
synchronous signal in the reception data. The reason is that, in the

case of out ptk3-of TR §F8I cairql; signabdatpgratadaby sSthenbPF diSsionfefainieq the
but not the r | I e acclh den

and such poséérlrpbl ??g?gﬁ%\%’?’ 202 %ﬁggﬂﬁgnsﬁéhseg%ﬁg @éﬁc%ﬁ%%ﬁu@ee&a@k

signal in theoteept i afplitude GEt €hé abcepdies dalthi S edntLPERIE Eb Yrdilize
a specified nunber of tinmes, the segnent establishnment signal Shid is
fixed at Shi g¥Q-evel . -

According to claim 10 of the invention, when turning on the power
or changing over the channels, until the segment synchronous signal in
the packet data is detected and established, it is intended to change
over the AGC control signal between the control signal of detecting the

10 amplitude error from the envelope of the analog signal and the control
signal of detecting the amplitude error from the synchronous level by
digital processing, by supplying the segment synchronism establishing
signal Shlad issued from the terminal 110 shown in Fig. 1 into the switch
circuit 111. When the reception data is entered, until the segment

15 synchronous signal of the packet is detected and established, the

. amplitude error is detected from the envelope of the base band signal
by analog detection in the analog processing unit in the preceding stage,
and the AGC control on the basis of this error is applied by priority,
and after detecting and establishing the segment synchronous signal in

20 the packet, the error signal from digital processing for detecting the
amplitude error from the synchronous signal is fed back, and the AGC
is done efficiently.

In this embodiment 3, from the signal Segst showing the position
of synchronous signal of data sent in packet form, and the signal Shld

25 showing the detection and establishment of the synchronous signal, by
subtraction processing of the segment synchronous signal of reception
data and reference value of segment signal, the amplitude error signal
Gerr is determined, and D/A converted, and integrated by LPF, and fed
back to the analog amplifier and tuner through the switch circuit 111,

30 there by controlling the amplitude and realizing AGC. In this method,

even in an inferior radio wave condition for receiving digital broadcast.



By this Shld signal, the segment synchronismdetection 10 establishing

circuit 104 is held, and it is held in the state that the r.eset signal
Lo is not isSYRAYIAS | the Sdet signal fromthe circuit POTIBMOSES
signal fromthe circuit 102 are entered at the same tine. Ther ef or e,

If only Sdet signal is entered in the nmeapgi ne, the reset signal Lo is
not issued. Even in this hold state, only when the signal 15 Sdet and
signal Co are entered simultaneously, reset signal Lo is issued, and

t he synbol nunber counter 102 i s updat Once t he segnent
synchr onous SUFRnaf gROstsERG PupEipathy, §P§n&9€ is r%ﬂé’tzegn&ti‘?b%a’rn & E
not entered 0 establishment is not cancel ed
|nned|ately?ﬁ%£$gwh§% ﬁ%t%ﬁg;2?§§g es y 20 a specified nunber of tines,

for exanple, eighInttiesforegoing, edtveliments esttlwbldembdahﬂta:cf afegrenestrial
synchr onous i gnal detection s cancel ed, an nal, Shid is set

to | ow | eveftigital broadcasg,is shpype P‘é’geﬁlﬂﬁythé §§7ﬁ‘50 P Al

102 every thﬁBlicatiothe same waveform as the segment synchronous signal |s
detected, when 25 reset by a true segment synchronous signal and sinilar
waveformto the The m:ythehruﬁ\smbcslsgnahe inmbet cfhtegmehtmt the @ouatitlg:mp

t he spemhe? nynber, count - up . of the synbol nunber counter gﬁ %
i ncom ng of Of Pydses of %afﬁéhraé‘l‘?o‘}fg'a%ﬂ'd’t‘fa‘f galformat mayhf chgpd or modifie

si mul t aneougk ¥ni@NGheSkH05¢ oFthe clainsS | ssued fromthe detection
protection counter, and simlar waveform 30 while counting up the circuit

102 is elimnat edOf gaursdethe hpsratpionsf mﬂlviduatl cirepits b thg embedimgntised

nurber 96 txnr;ly sbe alslosrgglt.fz tde %yagn(:joc?ess}s ng o ngicroprocessor.

INDUSTRIAL APPLICABILITY
As described herein, the digital broadcast demodulator of the
invention, reiating to digital terrestrial broadcast of packet data or

15 the 1like, comprises a synchronous pattern detecting circuit £for
processing code bits of reception data and detecting synchronous signal
pattern, a symbol number counter circuit, a synchronism detection
protection counter circuit, and a synchronism detection establishing
circuit, in which the true synchronous signal pattern is established

20 and detected, and therefore even in an inferior radio wave condition,
such as strong ghost and multipath interference characteristic of
digital terrestrial broadcaet, the synchronous signal in the packet can
be established and detected stably in a very inexpensive circuit
constitution.

25 Also comprising subtracting means of reception data, by
determining the level difference between synchronous signals which
should be of the same level by nature, fromthe same code pattern detection
signal as the synchronous signal and the signal showing the position
of synchronous signal in the packet, the clock phase error of reception

30 data is detected, and fed back to the VCO for controlling, and therefore

even in an inferior radio wave condition, such as strong ghost and



12 as true segnent synchronous signal. The constitution

of this embodi nent conprises the synchronous code pattern detecting
circuit 101 W&00ad645cti ng t he known synchronous si gnal cEFPOEBh by
processing only the code bit (MSB) of the reception 5 data, synbol nunber
counter 102 for counting the nunber of syjgols in one packet, segnent
synchroni sm detecti on establishing circuit 104 for judging true
segnent synchronous code pattern when the synbol nunber counter 102
detects the specified count while detecting the synchronous si gnal

code patt ermitipalth isderference characteriatiqof djghtak serrasfaislhyoapsast he
synbol nunber counter, 10 and. det.ection protectio Iy Cl i

103 for i ss%ﬂ‘flg/gi'gé_ﬁéﬂ ogﬁ?:asb hﬁ_e‘ilé’éﬁ Mo %ﬁdr%%etnaeggit%ﬁilgr%%tlﬁeéé(gg)nl%ﬁtisely
synchr onous; i JRAkryi AnbRFerd348PELAdutalcdnkt 2Bt .0ut put of the
synchronous code pattern detecting circuit 101 and the count-up of

speci fi ed nunber Dirties.synbobtragtioeg thusyeehranosdisiopel ofmacepkien gata
25 stromy GRS RAESTAPRE CHAIR CORLIPS  Sronth TR it sRedeithof 16F
synchronous signal in the reception packet data and the _signal detecting
and establishing the synchronous signal in the packet data, the amplitude
error is determined, and féa back to the analog amplifier circuit and
tuner for controlling, so that precise AGC is realized even in an inferior

10 radio wave environment.



channel interference of NTSC broadcast, low C/ N, and others, the
synchr onous _s| | can be detected and established stably, and decodi.ng
B s

can be proc ably. 20 ( Enbodi ment  2) PCT/JPPY0533
shows a bl ock di agram of enbodi ment 2 corresponding to clainms 4, 5, 6,
7 of the invention. This enbodiment rel agges to a digital br oadcast
denodul ator used in an apparatus for receiving digital br oadcast by
transmtting coded digital video and audio information in 25 packet form
in which, particularly in digital VSB transm ssion system t he cl ock

phase error of reception data is obtai#eMM%y cal culating the

difference of NNth and N+1-th (N > 1) packet synchronous signals of
reception data, and the clock is regenerated stably even in an inferior

radi o wave recep.i oa digittakt Bpcsdcasi) demodulatdief dreringg anoappardtus £r t he

constitution and operation are descri bed bel ow. The broken |ine bl ock
116 corr esﬁﬁﬁié’iflﬁ qq,@.fsaég PERpdcast by transmitting digital video and audio

13 : ; o . : . 0 2
of O crbiuEetio RGPy HGTET VS dnaiol Syotdf 4o BMet P
si gnal comprising:

a circuit for establishing the synchronous signal in reception
data by processing the most significant bit {MSB) showiﬁg the positive
or negative sign of the receptibn transport packet data.

10 2. A digital broadcast demodulator of claim 1, wherein the
circuit for establishing the synchronous signal in reception data
comprises:

a synchronous code pattern detecting circuit for detecting the
segment synchronous code pattern from the most significant bit signal

15 of the reception packet data,

a symbol number counter circuit for counting the number of symbol
data in the reception packet data,

a synchronism detection establishing circuit for judging the true
segment synchronous code pattern by obtaining the segment synchronous

20 code pattern f£rom said synchronous code pattern detecting circuit when
said symbol number counter circuit finishes counting of a specified
number, and

a synchronism detection protection counter circuit for detecting
and establishing the segment synchronous signal in the reception data

256 from the output of said synchronous code pattern detecting circuit and
count-up of specified number of said symbol number counter circuit.

3. A digital broadcast demodulator of claim 2, wherein the most
significant bit signal of the reception packet data is processed so as
to issue a signal showing the start position of the synchronous signal

30 in the data and a signal of detecting and establishing the synchronous

signal.
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Shld showi ng establishnment of detection of segment synchronous signal |
In the recepl o a, Data, and segnent start S|gnal Segst show ng the 5
position of F?e({‘}g %ﬁent synchronous signal in the packet. Th P SHHE9, g’ﬁ-"é’ﬁ : )
of block 116 is same as explained in enbodinent 1, and is omtted

The reception digital data output, Data,2from an A/D converter 12 is

put into a clock phase error detecting circuit 105. The segnent

synchroni sm det ection establishing circuit block 116 al so feeds the 10

signal Sdet show ng f the sane_data t he code patfern

h It
of the synchr onofls s ﬁ%ﬁoﬁsﬁ% It‘%ga SRREtATANIAFIF ¢ ﬁée:‘é‘lggﬁ"&l aBRGTAtRH ot g
the positi %c@ivﬁ?@r@.@&tﬁi B¥adclst "Gy RaGhEhi 8y digital v:Ldeo Ehﬂ a@dﬁhows

a bl ock diagram of cl 6ck phase error ‘detecting circuit
di gital datiafoDeatsdonf lcoﬁedhar Aipitahwsan ewdiRationpsysten omarpackst mim,t i on

I nput of an subtr cti CIrCUIt 202 throu a latch 203. Thi p IS
further put into%3®% rE’&?l SAEERTRRtISE (YRtue, aﬁi’?‘r‘}bm&%uﬁlgnals 2‘#2

throughsa Labeht#é pddketN@attDihE] | SHbAId Gl be2Qdmet hlsvéktbylﬁaeﬁre is 1S
subtracted fromthe l?\I+1 th input, and the subtraction value is put

into a | at deteirmindd s@(85 tdhietectudrec elodk phbse a:moorpﬁ)peaasmmslqnsdam

not limted, byt if is. inportant t her the

I'n the |at 89k cﬁ#‘?ckzbgl,r;pe?ﬁ@e’a%tteglgg pﬁﬁf?ﬁé’& b PYE Soﬂ's §%e'fhnjcﬁ PRASR
pattern deeebion of segnment synchronous signal, and i ssued into a latch
circuit 208. The signal Sdet is adjusted in tinme so as to latch the
subtracti on val ué-at ahéigivmihgbaéadeastudenedulatonpefatdlaimof4t hfustkemd

10 comprising a clock phase error detecting circuit for issuing a clock
phase error of transmission data by determining the difference of the
N-th and N+1-th {(N>1) synchronous signals which should be of same level
by nature, from the code pattern detection signal of synchronous signal
and signal showing position of synchronous signal.

15 6. A digital broadcast demodulator of claim 4, <further
comprising:

a circuit for processing the difference of all reception data,

a circuit for detecting the differential value only for the data
coinciding with the code pattern of synchronous signal, and

20 a circuit for detecting the @ifferential value only for the data
of synchronous signal. -

7. A digital broadcast demodulator, being an apparatus for
receiving digital broadcast by transmitting digital video and audio
information coded by digital VSB modulation system in packet form,

25 - wherein the clock is regenerated by detecting the clock phase
error from the differential value of the data which should be of same
level by nature coinciding with the synchronous signal code pattern of
reception data until the synchronous signal of reception packet data
is detected and established.

30 8. A digital broadcast demodulator, being an apparatus for

receiving digital broadcast by transmitting digital video and audio

—_—

g



25 and third segnent synchronous signals of reception data by the latch
circuit 205 {5%$ atch circuit 208, by |atching by the signal. Segst
showi ng t he p03|q of the segnent synchronous signal to be FERNPYPSI9
after detecting and establishing the segnment synchronous signal, it is
sent out as clock phase error signal Pherg2 The signal Segst is also 30
adjusted in tine to the timng to be latched by the latch circuit 208,
by t he subtracted val ues of the second and third segment synchronous
ircujt his circuit is

als.i.n the
const i tut editglg ‘3?"118%8?%%43 e&f’rﬁﬁ?akﬁ’ﬁ?nmﬁ'&%tmn SY§F§'Flajr‘§ packep form,
synbol s as shown vierddiGh the %foonﬁﬁb nﬂiéhéi' Eﬁefﬁé‘treceiveﬁoﬁlfcl&%t h&td ist he
circuit may be. conposed differently. Fig. 7 shows sanple points
of thus obt@ﬁme@egﬁmdlmcsmeen thesdgmdte@mata Talue afislyachomius
are a, b, c . en_t |l ati uengy, .of _the VCO I S
conpl etel y aniinl}’ﬁ’u W’ﬁ? gﬁede@le&'i{ne g tt{%égpe’cﬁaﬁ?‘%i'?ei‘j‘a?%.m?he
dat a valsuespadis F0ehis Vi feyehBgause the. band is limted so as not to
cause inter-code interference by filtering 10 processing of the SAW
filter 3 in the p?eced ndgigitede. brodgicaisty, damoduiaber of claim 8, further

comprising an AGC error detecting circuit for detecting a specific

position of synchronous signal from the signal showing detection and
establishment of synchronous signal in the reception dafa and the signal
10 showing position of synchronous signal, and issuing the error of the
synchronous signal at this specific position and the reference value
as a control signal.
10. A digital broadcast democdulator, being an apparatus for
receiving digital broadcast by transmitting digital video and audio
15 information coded by digital VSB modulation system in packet form,
wherein the AGC is realized by detecting the amplitude difference
from the envelope of analog detected ba:se band signal until the

synchronous signal of reception packet data is detected and established.

[
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the N'th data to be the second data value b, by subtraction fromthe

N+1-th dat-a value c, c-b is processed. As shown in Fig. 7, the
subtracti on PYQR¥YE#Hg is to determ ne the inclination ofPGTHEIVISAA ng-
i ne of sanple point values b and ¢, or 15 b' and c', which should be
originally of the same |evel. Herein, 1pizen the clock of the reception
data and the phase of the frequency signal oscillated by the VCO 18
are synchroni zed conpl etely, the value of c-b is 0. If the frequency
or phase is deviated, _as indic d by broken line in Fig. 7, it is
like ¢ -b', and the ¢l ock phase &r Pherr 20 is determ ned by
subtracti on -process. 5 b :xéguted SO that this clock

phase error signa
cl ock phase error i

. YAs shown in Fig. 1, the
Arter 112 to be converted

I nto an anal og si gnal gpe LPFSﬂlS. - The cl ock
phase error conveyted iR S eRtegrated in the 25 LPF 113,
and is supplied fh =9 hase In the
VCO 18, the oscilN ' ifs ¢ asi s of
t he cl ock phase co [ It | ¢=s-1Syn b cl ock
signal of the recep : evel is
conpar ed between two|cons i pally of
t he sanme | evel, but -ev ed

bet ween two signals :

Sdet_10%

|

- - - - o --—-——-——.c

FIG. 1

VCO




15 by nature. I ncidental ly, according the invention as

set forth in claim?7, when turning on the power or chan the
channel s, unWQ YW egnent synchronous signal of the pg"a?‘&?w};%
detected and established, it is 5 intended to finish the clock
regeneration quickly by feeding back 22 differential value of all
data that should be originally of the sane Il evel matched between the
synchronous signal and code pattern in the packet data, continuously
to the VCO 18 as cl ock phase error. In this enbodi ment, from

t he signal Segst show ng the position= 10 og,t.he synchronous si gnal of the

data being sent out in packet form an g%e signal Sdet show ng the
synchronous signal in the packet dataaarg = &£ the code pattern are the
sane data, the N-t -th synchr gha@s 2 2. signals of the packet data
whi ch are ori gi nal same | evelp dge & = .S processed by subtraction,
and the cl ock phase i gnal Pherr‘@ 'E5r§d§ erm ned, and the cl ock
regenerati on process 'EW cuted to ¢ tg,olgg..".’.so that the error @y be
0. I n thi mcé:ltltutlon @ iP@® inferior radio wa
condi ti on for g digital bpdadaast, the clock regener |,5n IS
real i zed g @2 S5
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stably in a very sinple and inexpensive circuit constitution. 20 il
( Enbodi nent _3) - Fig. 4 shows a bl ock diagram of enbodi nent 3 *‘1@
correspondi WOPH19645 | ains 8, 9, 10 of the invention. ThisPERIBINEFEIH
presents a digital broadcast denodul ator, that is, a digital broadcast
denodul at or for recei ving digitag/roadcast by transmtting coded ,
digital video and 25 audio information in packet form in which, H
particularly in digital VSB transm ssion system the synchronous i
signal is detected in the received packet data, and fromthe
synchroni sm det ecti o bl i sheent signal % . and the signal show ng the
position of the s¥hc ronOLs s' gl indghe =_'g packet, the difference
bet ween the data v & @nous aslgng@ d 30 the reference val ue
is calculated, and t 3 B reatgz ZBd = Referring now to
Fig. 4, the constitu Q)rgcmd & ati o gBe = S
16 descri bed &v. ThE Bokentt kpethi®DdE 116 corresponds to the
segnent synchropTsm det eft ®n est@itdhi ghidgBcircuit bl ock shown in
enbodi ment 1, it i ss@e_gthe %a@e @ynchr oni sm est abl i shi ng
signal Shld showing ¢ O5 R o
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est abl i shnment of detection of segnment synchronous signal in the 5
reception data, Data, and segnent start signal Segst show ng the position
of the segr‘ré’x?og’}?féﬁronous signal in the packet. The oper ati diCT6PIYPIFIK
116 is sane as explained in enbodinment 1, and is omtted. The digital
data output, Data, froman A/D conver4/¢p 12 is put into an AGC error

detecting circuit 106. 10 Fig. 8 shows segnent synchronous signals
of four synbols add to the beginning of packet data. The segnent
synchronous signal i€ mapped in the values of 5 as shown in Fig. 8.

Si nce these are knowg val ues, at the reception side, the data val ues
corresponding to 5 n@y be possessed g% rewerence val ues. \Wen the
segnment synchroni snglS establ i shing sig@lL. SH§ Ei s entered in the AGC
error detecting circgit 106, fromth® ;Eg.EaL”?.Segst show ng the
position of the segn®@nt synchr onous ‘g@ag iRk he packet, the position
of the data of four 8y S o from t hewhe®i E’ﬁl&\gof the segnent x
synchronismis speci§ie 2

d]tMe di & eFe this val ue anddt he
internal reference lu rle}t'erm'ned. @%@%&n in Fig. B,E@the

reception data i s ergger w §ndicated byR L Didken line, the dgfEerence
fromthe reference v8lu b i ndi cated @ @ d at the + side.ga®d d' at
the - side. FeedbacHsco FoP {s executed @ S that the di ffereBégs d, d

o .
fromthe reference walu pe cl oser - t . 25 Thli‘gs to
show a case in whi

1 data |ar gerQ

o t he ref erendg Yal ue of

segnent synchronoug ignal jis entered, buglwhep data £ S
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smal ler than the reference value is entered, by subtracting after

absol ute val ue processing so that the code may not be inverted by
subtracti on pVOMH86450 i ncrease the differential value, the erPCFJIR9PHIFA?
30 Gerr is issued as AGC control signal. The AGC control signal Gerr is
put into the DJA converter 114 fromthgpmterm nal 107 as shown in Fig.

17 1, and is converted into an analog signal and is supplied into

t he LPF 115. The AGC control signal integrated by the LPF 115 is fed
into the anplifier 4 and tuner 2 through the switch circuit 111, and
by feedback control, the anplitgqgsﬁf he reception data is controlled
torealize -5 AGC Accbrict o claim 10 of the invention,
when turning on the power or changi ng over the channels, until the
segnent synchronous signal in t he packet data is detected and

established, it is irftended to change over, the AGC control} signal

bet ween the control signaT-UT—UETECrrn§2¥%§ E@ aﬁﬁT'TUﬂé‘éTTtr fromthe
envel ope of t tred qY ynou itt—te—comntrot ST ullal of— vy tecti ng t he
anpl i tude error flroml|the} synchr oncEle!dIsgm—:hl‘Obws sngnal # -

313
Segments Data + error correction code
=
[y
S
wn
[42]
=
o
=
e
S
T £ Field synchronous signal #2
=
[}
£
o
[3)
(4]
. 313
Segments Data + error correction code




digital
si gnal

pr ocessi ng,

Shld i ssued fromthe term nal

110 shown in Fig.

by supplying the segnent synchroni sm establishing

1 intoéﬁgﬁ?ﬁm§%§h
circuit 111 WQMeH9%4Re reception data is entered, until the sd J

synchronous si gnal

of the packet

is detected and est abl

i shed, the

anplitude error is detected fromthe gM2el ope of the base band signa

by anal og detection in the anal og processing unit
on the basis of this error is applied by priority,
and after detecting and establishing the segnment synchronous signal
the error signa

and the AGC control

t he packet,

inth

fromd | @rocessing fo
anplitude error fromthe synchronougqgsgng? is fed back

is done efficiently.
Segst showi_ng the position
packet for a }

In this enbodi nent 3,
of synchronous signal o

832 Bymbolowi-mg—tte—detee} i on and

e precedi ng stage,
in 20
r detecting the

, and the AGCC
fromthe signa

data sent i7h

CTion essﬁ ng of

est abl i sh
t he segnent, s
of segnent %
D/ A convert
anplifier g
controlling thel a
an i nferioroTadj

HeRt-onets—stgmeat—T1
si gnal
anplitude error
i }t @gr at ePNbHIUPF, anBPNRNPN|

hjough the switch gj ¢
| itt yde and reali zi ng |A
condition for

sTbhtT
data a
Gerr
back

30
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di‘gnal’

r ecei di gital
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i i and
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18 such as ghost and nmultipath, the AGCis realized stably in a very

i nexpensi ve ¢ i onstitution. In the foregoing enmbodi nents,
t he denodul aﬁg{’%bﬂl;‘? rrestri al digital broadcast is shommpcﬂd?”("ﬁ?':’ﬁay
be al so applied in other 5 applications. © The nunber of
synbol s, the nunber of segnents, the cim@titution of pul ses of parts,
and detail of signal format iy be changed or nodified within the
scope of the clains. _ O course, the operation of individual
circuits in the enbodi nents %&A?so realized by processing of
m Cr opr ocessor. I NDUSTRI AL ILITY As descri bed
herein, the digital broadcast denodul ator of the i nvention, relating
to digital terrestrial broadcgst of packet data or 15 the I|i ke conpri ses
a synchronous pattern det ect|§@f69m@|¥ﬂ€hﬁ°69uss@na*pr ocessing code bits of
reception data and detecting synchr cd‘sylnbdsgnal pattern, a synbol
number counter_circujt, a $nchrgonismdetectipn { protegtion counter
circuit, and a7synch oni smi det ectii on es:t abl i shi ng cirgurt; in which
the true synchso.aaus;_sj_g.nan_pa.t_Le,rn i s test abl ished :
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20 and detected, and therefore even in an inferior radio wave condition,
such as stroaﬂ% gﬁ} and nul tipath interference characteristic of
digital terre broadcast t he synchronous signal in the m@UnBQMEEm

be established and detected stably in a very inexpensive circuit

constitution. 25 Al so conprggpng subtracting nmeans of
reception data, by determ ning the level difference between
synchronous signals which shoul d be of the sane | evel by nature, from
t he sane code pattern detection signal as the synchronous signal and
the signal show ng the position FE)GJS chronous signal in the packet,
the cl ock phase error of reception ata is detected, and fed back to
the VCO for controlling, and therefore even in an inferior radio wave
condition, such as strong ghost and
19 mul tipath unterference characteristic of digital terrestrial
br oadcast, Iom/CVhl and others the clock can be regenerated stably
and precrsely |q a verw |nexpen3|vb circuit cohstltutlon
Further, by subtractijng the synchronous*srgna of receptlon data 5 and
known reference val ug fronvthe 5|gnal shomnng t he p95|t|on of
—— ] TE—
5 5 g
i ; :
1 | .
5 ; Synchronous
-1 5 i reference value
P | |
7 B
- —— '
] t
! E
|
< 3‘ 4 >

Segment synchronous éignar,
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synchronous signal in the reception packet data and the signal detecting
and establ shing-the synchronous signal in the packet data, the anplitude
error is detewW®Ra¥tsesand fed back to the anal og anplifier circwdr/mogos3ss
tuner for controlling, so that precise ACCis realized even in an inferior-

10 radi o wave environnment.
20 QHEiAJNB 1. Adigita
broadcast denodul ator, being an apparatus for recei ving digital

broadcast by transmitting digital video and audio 5 information coded by

digital VSB nodul ation systemin packet form &= conpri sing: a
circuit for establishing the synchronous signal i reception data by
processing the nost significant bit (MSB) show n the p05|t|ve or
negative sign of the reception transport packet 2. A
di gital broadcast denodul ator of claim1l1, wherei the circujg for
establ i shing the synchronous signal in receptio ata conprs§es:
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a synchronous code pattern detecting circuit for detecting the segnent
synchronous code pattern fromthe nost significant bit signal 15 of the
recepti on packewo/dssus, a synbol nunber counter cirecE/irbos3ae
counting the nunber of synbol data in the reception packet data,

a synchroni sm détection establishing qilﬁyit for judging the true

segnent synchronous code pattern by obtaining the segnent synchronous 20
code pattern from said synchronous code pattern detecting circuit when

sai d synbol nunber -counter perremjt fini shep™T% ing of a specified

nunber, and &N yBCcHy pni sm dg i gr ot ecti on counter circuit

for detecting and e edﬁugh ng the gynchronous signal in the

reception data 25 fromtNeBo® put of saip8s ronous code pattern

detecting circuit and @Euﬁ; up of spe'§§44ﬁ? unber of said synbol

nunber counter circuit. 3. Ad 'E?I br oadcast denodul at or of
it5 sifgnal

claim2, wherein the nost significant
packet data is processed so ag O to issue 4
position of the synchronous sifgnak

of the reception
st gnal showi ng the start
data and a signal of

? 30 Em thg
detecting and establishing thg sypc 'R OEEW g_§ 51 gnal
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21 4. A digital broadcast denodul ator, being an apparatus for
receiving-digital broadcast by transmitting digital video and audio %
i nfornmati on Wleahsss di gital VSB nodul ati on systemin packet pororesnsss9

wherein the differential value of synchronous signals of 5 reception

packet data which should be of sane Iev§gﬁié]nature IS determ ned so
as to detect the clock phase error of tr 1 Ssi on data, and the cl ock
i s regenerated by phase control on the basis of this phase error.

5. A digital broadcast denodul ator of claim4, further 10 conprising a
cl ock phaserRefependet Numepglsircuit for issuing a clock phase error of
transm ssion data by determning the difference of the N-th and N+1-th
(N>1) synchronous signals which should be of sane |evel by nature,
fromthe coge patﬁg%g 9?& cgﬁe gégnal of synchronous si gnal and

si gnal showi ng posi PO 0 synchronous signal. 15 6. Adigita
broadcast dgnodul pigital vreadedst ftuddwer conpri si ng: a
circuit for processing the difference of all reception data, a
circuit for3detecBRNgtiktenifferential value only for the data

cirout for faer echRRgoR raRar Fare s st 08 HRy 7 #RY e Gara ]

5, 6 Mixer

7 90-degree phase shifter

8, 18 Voltage control oscillator (VCO)

9, 10 Low pass filter (LPF)

11 AGC detector for detecting signal envelope

12 A/D converter

13 Band pass filter for passing freguency component of
1/2 of symbol speed

14 Square circuit _

15 Band pass filter for passing frequency component of
symbol speed Fs

16 Phase detector for detecting phase error

17 Loop filter

19 Symbol judging device

20 Synchreonous signal reference data
21 Synchronous signal detector
22 Waveform egualizer

101 Synchronous code pattern detecting circuit

102 Symbol number counter

103 Detection protection counter

104 Segment synchronism detection establishing circuit
105 Clock phase error detecting circuit

106 AGC error detecting circuit

107 AGC control signal terminal

108 Clock regeneration control signal %erminal



of synchronous signal . 7. A digital broadcast denodul ator,
bei ng an apparatus for receiving digital broadcast by transmitting
di gital videdv@PUI9%48di o i nformati on coded by digital VSB rardposbsien
systemin packet form 25 wherein the clock is regenerated by
detecting the clock phase error fri iﬁe differential value of the
data which shoul d be of sane | evel %% ature coinciding with the
synchronous signal code pattern of reception data until the
synchronous signal of reception packet data is detected and

est abl i shedl09 30 Segment startA sligralal (Swosc assrndaxaddul at or, being an

apparatus fg recei ving digital broadcast b tr%Psnittin igital
vi deo and & o Segment synchronism establishing (Shld) term

i nformati om £pd pynghg%5%5e¥§§rnndulation systemin packet form

wherein the syhchronous signal 1n the recei ved packet data is
detected, tihe3diiisr@&pFe between the detected data val ue of synchronous

signal and the reference is determned, and the AGC.is realized on the 5
basis of thtk6 di ffegmenle synchronism dejectionyestablisiag pkodenodul at or

of Clain]S’Zéé”trgﬂbtractor
203, 204, 205, 206, 207, 208 Latch
Co Count-up signal .
Data Digital data
Gerr Error signal
Lo Output signal
MSB Most significant bit
Pherr Clock regeneration control signal
Sdet Code pattern detection signal
Segst Segment start signal
Shld Segment synchronism establishing signal



corrprman AGC error detecting circuit for detecting a speg
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posi tion-of synchronous signal fromthe signal show ng detect gh &902.5,@4@..
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(57) Abstract

A demodulator of digital terrestrial broadcast or the like for transmitting coded digital video and audio information in packet form
comprises a synchronous code pattern detecting circuit for detecting the segment synchronous code pattern from the most significant bit
signal of the reception packet data, a symbol number counter circuit for counting the number of symbol.data in the reception packet data, a
synchronjsm detection establishing circuit for judging the true segment synchronous code patiern by obtaining the segment synchronous code
pattern from the synchronous code pattemn detecting circuit when the symbol number counter circuit finishes counting of a specified number,
and a synchronism detection profection counter circuit for detecting and establishing the segment synchronous signal in the reception data
from the output of the synchronous code pattern detecting circuit and count-up of specified number of the symbol number counter circuit.
In this constitution, even in an inferior environment for receiving broadcast such as deterioration of C/N of signal due to weak electric field,
or strong ghost or multipath characteristic of terrestrial waves, the digital broadcast demodulator capable of processing packet synchronism
detection, AGC, and clock regeneration stab]y and precisely is presented. :
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