WD 01122602 PCT/ JPOQ 06463 -1 DESCRI PTION DI G TAL BROADCASTI NG
DEMODULATI ON APPARATUS 5 Technical Field The present invention relates to
a digital broadcasting denodul ation apparatus which denodul ates digital
data of di ¥iQ®{2260Br oadcasti ng whi ch are received by an antRIiEP00/16363
Background Art In recent television braoadcasting, services using satellites
or CATV (Cabl e Tel evision) have been perforned with progress of digital
conpressi on technol ogy, digital nodul ati on/denodul ati on technology and the
|ike. Video is coded according to MPEG 2 (Mdtion 15 Picture Experts G oup
2) . As a digital nodul ation scheme, QPSK (Quadrature Phase Shift Keyi ng)
schene is adopted in satellite br@agcaseirigNand QAM ( Quadr ature Anplitude
Modul ation) schenme is adopted in CATV. In the US, the ground wave digital
broadcasting (DTV) was started in autum in 1998, and vi deo conpression
using 20 MPEG 2 is executed and services are perforned in digital

nmodul ati on 8VSB (VESETHhlal BISIAdSEABIRYS) DENABHRAT PON phRERTUS n ordi nary
househol ds in the US, |oop-type or dipole-type sinple indoor antennas are
generally used in receiving the NISC (National Television System

Commi ttee) anal og ground wave 25 broadcasting, and relatively good video
can be®vi éf€anéAateF&948i on. WO 01122602 PCT/ JP00106463 -2

The present invention relates to a digital broadcasting
demodulation apparatus which demcodulates digital data of digital

broadcasting which are received hy an antenna.

10 Background Art
In recent television broadcasting, services using satellites
or CATV (Cable Television) have been performed with progress of
digital compression technology, digital modulation/demodulaticn
technology and the like. Video is coded according to MPEG 2 (Motion
I5 Picture Experts Group 2). As a digital modulation scheme, QPSK
(Quadrature Phase Shift Keying) scheme is adopted in satellite
broadcasting and QAM (Quadrature Amplitude Modulation) scheme is
adopted in CATV. Ir the US, the ground wave digital broadcasting
{DTV) was started in autumn in 1998, and video compression using
20 MPEG 2 is executed and services are performed in digital meodulation
.8VSB'(Vestigial Side Bands) scheme.
At present, in ordinary households in the.US, loop-Type or
dipole-type simple indoor antennas are generally used in receiving
the NTSC (National Television System Committee) analog ground wave

25  broadcasting, and relatively good video can be viewedon television.



It is expected that also the digital ground wave broadcasting wll be
naturally received with the sinple indoor antennas in many househol ds.
Herei nafter, an exanple of the digital ground wave broadcasting receiving
appar at us V2§26 ped with reference to 5 drawings. Fi guFel/EPI0&64¢3 | ock
diagramillustrating a structure of a conventional digital broadcasting
denodul ati on apparatus. The conventional ground digital broadcasting
denodul ati on apparatus 1000 conprises a tuner 302 for selecting a signal
of a 10 channel froma RF signal which is received by a | oop-type or

di pol e-type i ndoor antenna 1, a SAW (Surface Acoustic Wave) filter 303 for
subj ect i ngIithes selrected tbduledtsedtlse ghiglited ¢heurdramdvelhbreactadgninaniAVP
304 for anmplifying the signal, an orthogonal detector 305 for executing
or t hogonal bdeteturahly oredml warplviftihedhe5ssinghal 1ndeawy s teinves, 1a figngt

| ow- pass filter (hereinafter, referred to as LPF) 306, an A/ C converter
307 for coheepehpgdan ditalesgadighnal ani xRl <liqfi ttle sitgakpl ground wave
synchroni zation establishment unit 308 for reproducing a clock and

det ecti ng BrSpAeast §nal refeivdciceBPRaratusat fades of th e ial bz e fsggncg to
forward error corrector 311, a data 20 output termnal 311, an AGC

(Aut one? i cHGAFANTBNtrol ) signal detector 312, a second LPF 313, and a

Vol tage Control Oscillator (hereinafter, referred to as VCC) 321. The

" opera--ion of tRh&Yeee const ructeF cErdEREMonA ISR THIS DridddCastengt @

denodul ation apparatus is described. 25 The broadcasting station conpresses
coded di gi PAPY o Heoh Hhth 946 01 PE26652PEHT I PABT OGS 1on SpParatys. .

The conventional ground digital broadcasting demodulaticn
apparatus 1000 comprises a tuner 302 for selecting a signal cf a
10 channel from a RF signal which is received by a loop-type or
dipeole-type indoor antenna 1, a SAW (Surface Acoustic Wave) filter
303 for subjecting the selected modulated signal to the band
limitation, an AMP 304 for amplifying the signal, an orthogcnal
detector 305 for executing orthogonal detection to the amplified
15 signal using amixer, a first low-pass filter (hereinafter, referred
to as LPT) 306, an A/C converter 307 for converting an analog signal
intc a digital signal, a synchronization establishment unit 308
for reproducing a clock and detecting a Sync signal of packet data,
a waveform egualizer 309, a forward error corrector 311, a data
20 - output terminal 311, an AGC (Automatic Gain Contrel) signal detector
312, asecond LPF 313, and a Veltage Control Oscillator {(hereirnafter,
referred to as VCC} 321.
The operatzion cf the so-constructed conventional digital
breocadcasting demodulation apparatus is described.

29 The broadcasting station compresses coded digital video data



-3 and audio data, nultiplexes the conpressed data with various types of
information, converts the data into data in a packet format (hereinafter
referred t gpket data), subjects the packet data to ﬁg % ion

and trans QY &Vﬁe data to viewers. 5 The viewer manually c AHg@@H‘ﬁ%
direction of the sinple indoor antenna3r so as to obtain a received power
having a good C/ N (Carrier to Noise Ratio) . The antenna 1 receives the RF
denodul ated signals and transmts the signals to the tuner 302 of the

di gital broadcasting nodul ati on apparatus. 10 The tuner 302 selects a

Si gnal s. | SB BERLCTHR s oPRL B S GAAE TOTGH T ORI AndraOpaTS T
[ Lt oo VRETPE LEP et SE X ifeh 15 Sortibat Byt He ¢ IMBrTS07 S8 s

Co the AVDITOR TS RNS 07 HHere! Fed S COnEror Suhar FPorit Reo %&Edﬁlt%ﬂil

det ect or g%cz o%ﬂé%\%&?gscgﬁge%én%% s ndmhl \:tflhﬁ’é &K‘ f&“a' whi ch is

transm tt ifter d ot uts |ed 20 signal to
t he or hogonal t r qn@!

S|gnalgmh|ch |§%%J?%%ﬁﬁjég§u% AN% %Q%gto o??ﬁ%gg%gﬁ gg?é%%?@ﬁig &Q tai ns
a baseband, 39108l 5o et bidiils kPE 308 5 Rx@ R LHES DSy Ul Gt chAr g
corrponentsr1 2€ of Fﬁe baseband s?gna . baseband S|gnal ose hlgﬁg}
harmoni ¢+, Noise Ratio). The antenna 1 receives the RF demodulated signals

and transmits the signals to the tuner 302 of the digital
breoadcasting modulation apparatus.

10 The tuner 302 selects a signal of a channel which is selected
by the viewer from the RF modularted signals, subiects the selected
signeal to gain control, and outputs an intermediate frequency (IF)
signal.

The SAW f£ilter 303 imposes band limitation on the IF signal

15 wnich is output by the tuner 302 so as to obtain a predetermined
frequency characteristics, and cutputs the signal to the AMP 304.

The AMP 304 receives a control signal from the AGC signal

_detector 312 (which is described later}, amplifies the signal which
is transmitted by the S5AW filter 303, and cutputs the amplified
.20 'signal to the orthogonal detector 305.

The orthogonal detector 305 subjects the signal which is output
by the AMP 304 to orthogonal detection, and obtains a baseband
gignal.

The first LPF 306 removes excess higher harmonic compcnents

25 of the baseband signal. The baseband signal whose higher harmonic



WO 01/ 22602 PCT/ JP0O0/ 06463 conponents are renoved is transmtted to the
A/ D converter 307 and the AGC signal detector 312. The AGC signal detector
312 detects an envel ope of the baseband signal. 5 The envel ope which is
det ect ed bWQAHEZHMEC si gnal detector 312 is transnitted t oPEHEOAMEEB04 via
t he second LPF 313 as the AGC signal apd the anplitude of the received
nodul ated signal is controlled by the AMP 304. In addition, the AGC signal
is supplied by the AMP 304 to the tuner 302 to control the operation of
the 10 tuner 302. That is, the AGC signal executes feedback control for
both of the tuner 302 and the AMP 304. On the other hand, the baseband

si gnal whicchpbsennputre oembeed A/Dtecanyei t eed 307/ths AAhventredten 0 Wizght a
signal and supplied to the synchronization establishnment unit 308. 15 The
synchr oni zaei 6ACesiaiph]l stem@Etamidti2308 extracts a clock reproduction
control signal fromthe baseband signal and outputs the clock reproduction
control signal The AGfesMIR B¢t ohide 3detEttdatg am e8yréopegrfathefoaskdapdcket
data and outputting the packet data to the waveform equalizer 309. 20 The
wavef or m éggabilzer 309 controls frequency characteristics of the data,
removes distortion of the data occurring due to interference such as ghost
or mul i - pat h, TRA®ViftPeswiheh d@t detectehdFohadial Bipper 1 reetor 3LREC)
310. The Forward Error Corrector 310 corrects errors in the packet 25 data

whi ch ar e 1§ut paPSTH b4 H Vid\Fe PBPM384uil p zBRe 3D8cothd BfutPut ¢ the AGC

signal and the amplitude of the received modulated signal is
controlled by the AMP 304. In addition, the AGC signal is supplied
by the AMP 304 to the tuner 302 to control the operation of the

10 tuner 302. That is, the AGC signal executes feedback control for
both cf the tuner 302 and the AMP 304.

On the other hand, the baseband signal which is input to the
A/D converter 307 is converted in a digital signal and supplied
to the synchronization establishment unit 308.

15 The synchronization establishment unit 308 extracts a clock
reproducticon control signal from the baseband signal and outputs
the clock reproduction control signal to the VCO 321 while detecting
a Sync signal of the packet data and outputting the packet data
to the waﬁeform equalizer 309.

20 The waveform equalizer 309 controls frequency characteristics
of the data, removes distortion of the data occurring due to
interference such as ghost cr multi-path, and outputs the data to
the Forward Error Corrector (FEC) 310.

The Forward Error Corrector 310 corrects errors in the packet

b
=y

data which are output from the waveform equalizer 309, and outputs



WO 01/ 22602 PCT/ JP0O0/ 06463 -5 the corrected data to the output term nal
311 as MPEG transport data. The transport data which are output fromthe
output termnal 311 are subjected to decodi ng processing by a decoder (not
shown), aftPW2deB data are displayed on a predeterni ned nBETARSHOMaGDT
shown) 5 and audio data are output fromsa predeterm ned audi o output unit
(not shown). The VCO 321 feeds back an oscillated frequency signal in
accordance with the clock reproduction signal to the A/D converter 307.
Here, the signal which is fed back to the A/D converter 307 10 is
generated by a PLL. However, changes in the image quality of video of the
digital dgheurdrwaveedrdadeast itig anepstteepeminegar 31 hrasMIRES tafanGpNrwhi ch
i ndi cates whether the video display is sufficiently possible or not, as
conpar ed wiath -chBrgdésanapthe datmgeh gulalaireyowfowi deomdfhe het st aratmagadr ound
wave broadcasting such as NTSC. That is, in the digital broadcasting, when
the C/ N i $lli 8r¢ sukhie ctefeshclagedivgderoceradin byer dgioedera (o g saloWwny , can
be di spl ayed under all conditions of a received radio wave. However, when
the C/' N i @nufsigfedehe anchieshbhded onen redgherpinefenaniides (8ot mhewnupt ed
or frozen. 20 Wien the digital ground wave broadcasting is received using

t he | oBp- BPe2BRYP piter S OBIERBF ef Tol P TanEsAnAL NEAed Wi Fe ctUtamt ofithe
antenna i s changed manual |y, thereby finding an opti mumvalue of the

di recti vi t'ybr SP8ER} ving sensitivity. At this tine, it is required that

the received radi o wave is displayed on a nonitor , .
The VCO 321 feeds back an oscillated frequency signal in

accordance with the clock reproduction signal to the A/D converter
307. Here, the signal which is fed back to the A/D converter 307
10  is generated by a PLL.

However, changes in the image quality of video of the digital
ground wave broadcasting are steeper near thresholds of C/N which
indicates whether the video display is sufficiently possible or
not, as compared with changes in the image quality of video of the

15 analog ground wave broadcasting such as NTSC. That is, in the
digital broadcasting, when the C/N is within the threshclds, video
having certain image quality can be displayed under a2ll conditions
~of a received radio wave. However, when the C/N is outside the
thresholds even slightly, the video is interrupted or frozen.

20 . When the digital ground wave broadcasting is received using
the loop-type or dipole-type simple indoor antenna, the direction
of the antenna is changed manually, thereby finding an optimum value
of the directivity or receiving sensitivity. At this time, it is
reguired that the received radio wave is displayed on a monitor

25 as video with manually moving the antenna and that the image quality



25 as video with manually noving the antenna and that the inmage quality WO
01/ 22602 PCT/JPOQO 06463 -6 of video on the nonitor is judged every tine

when t he agkﬁﬁﬁgahs noved. However, it is very conplicatqgjﬂﬁﬁwEQ&ﬁlly
It s

decide the Tecérving direction or position of the antenna, an

difficult to decide the optinmumdirectibon and position of the antenna. 5
The present invention is nmade to sol ve the above-nentioned problens. It is
an object of the present invention to provide a digital broadcasting
denodul ati on apparatus which can easily decide the receiving direction and
position of the antenna so as to_have the C N of receivqu%ideo Wi thin the

t hr eshol d§¥ THAEP sF dstit B0 tPRelF AT DR VES YsSEPE PRE" abtv &NteRt Pondd
probl ems, accaqrdi to Caiim. 1, a digital broadcastin emodul ati on

P bonr ot vs e dirhat a6 8 gray S B o o SeRe i et O by an
antenna, conprises:..15 a.signal depodul ation unit for dul at.i a,signa
o o oy FeRRLERER iR i IRE e IRaH B LRE Aficnns?” 1A TR M Bisle el O

for ~indicallng. a paranster, yhich s alf sched, by, #, condifion of 3.1 adi o
wave receivea y The antenna anong ‘paranet érs associ a eJ:mnt processi ng

of the;signal E'F}Q‘Ddgf‘%géﬁtoni%ntﬂio%o i‘éi)ﬁ&’?%:t% 20, fggandl ng, 1. %@g%ﬁﬁ?'

br oadcasti ng deno I on appar atus resent 1 nvention

even when,yifeg,Ls nqt ;di spl gyed.. Ak 3 IO irla%n‘éuiwgnﬁf&@péd oHigkhg
broadcastPng wth a sinple 1ndoor antenna or the |1 ke, the paraneter which
is-affECt9@g9¥ai@%oadcastingdemodulationapparatuswhichcaneasilydecide

the receiving direction and position of the antenna so as to have

the C/N of received video within the thresholds.

10
Disclosure of the Invention

To solve the above-mentioned problems, according to Claim 1,
a digital broadcasting demodulation apparatus which demodulates
signals of digital broadcasting received by an antenna, comprises:

15 a signal demodulation unit for demcodulating a signal of a desired
channel from the digital broadcasting; and an indication unit for
indicating a parameter which is affected by a condition of a radio

-wave received by the antenna among parameters associated with
processing of the signal demodulation unit, to viewers.

20 Accerding to the digital breadcasting demodulaticn apparatus
of the present invention (Claim 1), even when video is not displayed
on a monitor during reception of the broadcasting with a simple
indoor antenné or the like, the parameter which is affected by the

condition of the radio wave received by the antenna is indicated

to the viewers by the indicationunit. Therefore, the optimumangle

1~
o) ]



condition of the radi o wave received by the antenna is indicated 25 to the
viewers by the indication unit. Therefore, the optimum angle WO 01/ 22602
PCT/ JPOQ' 06463 -7 or position of the antenna such that received video has
a C N w thwpotels@2t hreshol ds can be easily found. Accordi mETvIreddeasam 2, in
the digital broadcasting denodul ation appar at us of Caim1l, the signal
denodul ation unit conprises: a 5 tuner for selecting the signal of the
desired channel; an AMP for anplifying the signal selected by the tuner; an
ort hogonal detector for executing orthogonal detection to the signal
anplified by the AMP, to obtain a baseband signal; an A/D converter for

convertingr bheibasghandhsignahnand @-ratdh@itdle Sl ded hayne k/an; zation 10
establishment unit for detecting a Sync signal fromthe baseband signal

whi ch has theen eerrenised chat Bet Bgsdi @italnsi gnal , and generating a Sync
signal detection flag and a digital processing AGC signal for controlling
operations of txedAM?ngnth Cheihunern vhenjigittha Sysedsd gnalg dsmoeh et eshh a
wavef orm equal i zer for renoving a 15 distortion of the signal which is
synchr oni zethdnatuie ofsynahmoni zah+ ofi @silahldrglanBnt ivni thia &onpat e er ror
corrector for correcting errors in data which is output by the waveform
equal i der ;tursar AGL sefynatidetect eighat detteet Hhgiaad artedrog:1pr ecess P nignAGC
signal for controlling the operations of the AMP and the tuner fromthe 20
baseband simgralf yhefcotee lseigng 1 comhearttegdoy ihe turesdi ghtalt rsiggmall; de bk @
switch outputting the anal og processing AGC signal as an AGC signal until
t he Sync signalkedetevyi ortidgmpalsddeeecien,tande signal amplified by the
AMP, to obtain a baseband signal; an A/D converter for converting
the baseband signal into a digital signal; a synchronization
10 esteblishment unit for detecting a Sync signal from the baseband
signal which has been converted intc the digital signal, and
generating a Sync signal detectlion flag and a digital preocessing
AGC signal for controlling operations of the AMP and the tuner when
the Sync signal is detected; a waveform equalizer for removing a
15 distortion of the signal which is synchronized by the
synchronization establishment unit; a forward error corrector for
correcting errors in data which is cutput by the waveform equalizer;
an AGC signal detector for detecting an analog prcocessing AGC signal
for controlling the operations of the AMP and the tuner from the
- 20 baseband signal before being converted intc the digital signal;
and a switch outputiing the analog processing AGC signal as an
AGC signal until the Sync signal detection flag is detected, and
outputting the digital processing AGC signal as the AGC signal when

the Sync signal detection £lag is detected, and the parameter which

is affected by the condition of the radio wave received by the

Lo
(o]



outputting the digital processing AGC signal as the AGC signal when the
Sync signal detection flag is detected, and the paraneter which 25 is
affected by the condition of the radio wave received by the WO 01/ 22602
PCT/ JPOO/ Oéﬁ%glmﬁ'@ antenna includes at |east one of the SyRETHPYYHEIS3
detection flag, the AGC signal, a nunmbey- of errors which have not been
corrected by the forward error corrector, and the error which is detected
by the waveform equalizer. 5 According to the digital broadcasting

denodul ati on apparatus of the present invention (Claim2), in the digital
broadcasting denodul ati on apparatus of Claim1l, even when video is not

di spl ayed argrenrize iponaiities aurliawy tr ecepbifonhofStrhe sinoadcdst &gl tilddhe
sinple indoor antenna or the like, the paranmeter which is affected by the
10 condi t itdr® GG Régnadi 02 wavdbareedi vedoby winechartsernact sbeawli catstbtdd t he
viewer by the indication unit. Therefore, the optinumangle or position of
t he ant enf $diéh forap el vedows o dras a@dCtRewerkipn whheh t i eddads:dcan
be easily found. According to Claim3, in the digital broadcasting

denodul at i%h thEs vagsaParuse?l g m 1 or 2, the indication unit is a

moni tor for indicating a video signal of the digital broadcasting.

Accor dPng to t RECArgirdltbrbgadtisditiaigbgersaarainonenspaiat ysn afodrd us
present invention (Claim3), even when the video is riot _displayed on the
moni tor d@¥% g RESFEREPt B oFOR HE- IrBadd asiinghoodiwt at Her &idanss indidoor
antenna or ,the lLike, the paranmeter which is affected by the condition of
t he radi Oqﬁa\?gullgeépgéad:pﬁfattﬁé of Claim 1, even when video’is not displaved

on the monitor during reception of the broadcasting with the simple
indoor antenna or the like, the parameter which is affected by the
10 condition of the radio wave received by the antenna is indicated
to the viewer by the indicaticn unit. Therefore, the optimum angle
or position of the antenna such that received video has a C/N within
the thresholds can be easily found.
According to Claim 3, in the digital broadcasting demodulation
15 apparatus of Claim 1 or 2, the indicaticn unit is a monitor for
indicating a video signal of the digital broadcasting.
According to the digital broadcasting demodulation apparatusr
¢f the present invention (Claim 3}, even when the video is not
displayed on the monitor during the reception of the broadcasting
20  with the simple indoor antenna or the like, the parameter which
is affected by the condition of the radio wave received by the
antenna is indicated by the monitor to the viewers. Therefore, the
optimum angle or position of the antenna such that the received

video has a C/N within the thresholds can be easily found.

Lo
oy |

According te Claim 4, in the digital broadcasting demodulation



antenna is indicated by the nonitor to the viewers. Therefore, the optinmm
angl e or position of the antenna such that the received video has a CN
within the thresholds can be easily found. 25 According to Claim4, in the
di gi tal br d¥eE2602ng denodul ati on WO 01/ 22602 PCT/ JP00/ 064881/ IP@/064spar at us
of any of Clainms 1 to 3, a judgenment unid_for conparing the paraneter
which is affected by the condition of radio wave received by the antenna
with a previously set reference, and judging the condition of the radio
wave received by the antenna is further 5 included, and the indication unit
i ndicates the condition of the received radio wave which is judged by the
j udgenent apridratvAcoorshyn@ft glthesdi gid &, brpasgasdinandemedyl @@y ing
apparatus of the present invention (Claim4), even when the video is not

di spl ayed wre ttheamenketowhdohi by 4 hecseeppti ahcotohher bowadeasidng wak@ W th
the sinple indoor antenna or the like, the received radio wave condition
whi ch is jusdgsdebyby hbejardgament i tnhtpres idiusplyaseedre e réhee viaawe &idihd he

i ndication unit. Therefore, the optinmumangle or position of the antenna
such that threcpedét ven ofi dbe tmsi@wehN revd hiad bgethdreeghelnds i cafuhegasi |y
found. 15 Brief Description of the Drawings Figure 1 is a block diagram

i |1 ust Pat iimgladet; uendriehofingicditgionahinbt oadtiasttiery tdenodutiat i on @ppaveat us
according to a first enbodinent of the present invention. 20 Figure 2 is a
bl ock di agiea@livERusada®i wgva wiidctis gudiednby the judgement unit.

Acéording to the digital broadcasting demodulation apparatus
of the present invention (Claim 4), even when the video is not
displayed on the monitor during the reception of the broadcasting

10 with the simple indoor antenna oxr the like, the received radic wave
condition which is judged by the judgement unit is displayed to

'~ the viewers by the indication unit. Therefore, the optimum angle
or position of the antenna such that the received video has a C/N

within the thresholds can be easily found.

15
Brief Description of the Drawings
Figure 1 is a block diagram illustrating a structure of a
digital broadcasting demodulaticn apparatus according to a first
embodiment of the present invention.
20 Figure 2 is a block diagram illustrating a structure of an

orthogonal detector.

Figure 3 is a block diagram illustrating a structure of a
digital broadcasting demodulation apparatus according to a second
embodiment of the present invention.

- 25 Figure 4 is a block diagram illustrating a structure of a



ort hogonal detector. Figure 3 is a block diagramillustrating a structure
of a digital broadcasting denodul ati on apparatus according to a second
enbodi ment of the present invention. 25 Figure 4 is a bl ock diagram
illustrati NP&/2Z¢Ructure of a WO 01/22602 PCT/ JPO0/ 06463 PATIPUHEEAET or m
equalizer. Figure 5 is a block diagramijgddustrating a structure of a
digital broadcasting denodul ati on apparatus according to a third

enbodi ment of the present invention. 5 Figure 6 is a block diagram
illustrating a structure of a conventional ground digital broadcasting
denodul ati on apparatus. Best Mde for Carrying out the Invention

Her ei naf t @ryvedpgint effudtoaeicast i ng denodul ati on apparatuses 10 according to
enbodi ments of the present invention will be described wth reference to
the attached dFasihgs? iakd ng ¢SBddrgund difistatat broadcdstiatgrascéna
exanpl e. Enbodinment 1. A digital broadcasting denodul ati on apparatus
accordi ng9tgitab riqdwsdmsodemedtlof leha@nnegséhe paventdion orpknsed a
signal denodul ation unit for denodul ating a signal of a desired channel
from di gi EBPOBLBalE a3 i Hip wHissents ipgeated- by an antenna and out putting
the signal to a decoder, and an indication unit, i.e., an indicator for

i ndi cati ng par BH®HE? s wHi éh s kariaesrad byl e P0 e ceisked citidroohade

condition of the antenna anpng paraneters . .
conventional ground digital broadcasting demoduilation apparatus.

Best Mede for Carrying cut the Inventiocn
Hereinafter, digital broadcasting demodulation apparatuses
10 according to embodiments of the present invention will be described
with reference to the attached drawings, taking VSB ground digital
broadcasting as an example.
Embodiment 1.
A digital broadcasting demodulation apparatus according to
15 a first embodiment of the present invention comprises a signal
demodulation unit for demodulating a signal of a desired channel
from digital broadcasting which is received by an antenna and
outputting the signal to a decoder, and an indication unit, i.e.,
an indicator for indicating parameters which are affected by the
20 received radio wave condition of the antenna among parameters
associated with the processing of the signal demodulation unit,
to a viewer.
As the parameters which are affected by the received radio

wave condition of the antenna, a synchronization detection flag

A
n

which is detected by a signal demodulation unit (described later),



associated wth the processing of the signal denodul ation unit, to a
viewer. As the paranmeters which are affected by the received radio wave
condi tion 3L BQ%iﬁntenna, a synchroni zation detection flag__25 which is
detected by Q"¥#¥8¥%al denodul ation unit (described later), WOVBRPIAEH2
PCT/ JPO0O/ 06463 -11 an AGC signal and the-counted nunmber of packet error
flags are enployed. Figure 1 is a block diagramillustrating a structure
of a digital broadcasting denodul ati on apparatus 50 according to the 5
first enbodinment. Here, in order to sinplify the description, the
description is given taking the digital ground wave broadcasting VSB
nmodul at i orRTs AREMS 1§85 2an 28RaRPf ecOTHediginteslr BoRdE4StE i AGT e bl atien
apparatus 50 conprises a signal denodulation unit 51 for denodul ati ng RF
nodul at ed ¥iRpPAes- 10 of digital broadcasting which are received by a

si npl e i ndoor antenna Sfor exanpl e, | oop-type or dipole-type antenna) 1, an
MPU (Mcro Proceé§¥fRglunfty REPEhFIATaMdiidatsrraringne sigidiure of a

channel 1 FOIe RECOGOPAHEN SPBH S WATCREPESSARE. FRcRvetd BYF (e it enna
b oo, SR Sl TPl SR e RELoEt il et b L 0000
(o1 SXEOUd 0 LS AAAD00L JEL S0 KRLNM, 8 Ml ou S HEBL LPEfeo 0 Y D
converter verthg an 0§ i i RO LA (A
VSB modulation scheme as an example.
The digital breoadcasting demodulation apparatus 50 comprises
a signal demodulation unit 51 for demodulating RF modulated signals
10  of digital broadcasting which are received by a simple indcor
antenna (for example, loop-type or dipolie-type antenna) 1, an MPU
(Micro Processing Unit) 16 and an indicator 17.
The signal demodulation unit 51 comprises a tuner 2 for
selecting a signal of a channel from the RF medulated signals which
15 are received by the antenna 1, a SAW filter 3 for subjecting the
selected modulated signal to band limitation, an AMP 4 for
- amplifying the signal, an orthogconal detector 5 for executing
orthogonal detection using a mixer, a first LPF 6, an A/D converter
7 for converting arn analog signal to a digital signal, a
20 -synchronization establishment unit 8, a waveform equalizer &, a
Forward Error Corrector 10, . an output terminal 11 for outputting
data to a decoder (not shown), an AGC signal detecter 12, a switch

13, a secend LPF 14, a packet error counter 15 for counting the

number of errors in each packet, and a VvCO 21.

[ Ru]
[aop]

The operaticon ¢f the so-constructed digital broadcasting



20 synchroni zation establishnent unit 8, a waveformequalizer 9, a Forward
Error Corrector 10, an output termnal 11 for outputting data to a decoder
(not shown) , an AGC signal detector 12, a switch 13, a second LPF 14, a
packet er P B er 15 for counting the nunber of error ECFHPUOHEH3packet ,
and a VCO 21. 25 The operation of the_sp-constructed digital broadcasting
WO 01/ 22602 PCT/ JP0O0/ 06463 -12 denodul ati on apparatus 50 is described. The
tuner 2 selects a signal of a specific channel which is selected by the
viewer fromsignals of plural channels included in the RF nodul ated
signals, adjusts gain of the selected signal 5 in accordance with an AGC

si gnal (descrdiubed ilbat epparands ol piut slesamribetier nedi ate frequency (I F)
signal. The SAWfilter 3 inposes the band limtation to predeterm ned
frequency char §beerusei ¢ seflerhe & Bigirgdak fwhi ebedisficutpanney whiech tigner 2
and outputs the signal to the AMP 4. 10 The AMP 4 anplifies the signal in
accor dancelwictledt by ABE vitgmal Lz sdergdss ofhelsrghathawie e ioralhsishal
detector 5. The orthogonal detector 5 executes the orthogonal detection to
t he signaln whiecRFi soduipird 9y onkésAMPIAuERHY Tbitraiods thebasbdamy sigfdl . The
structure of the orthogonal detector 5 is described 15 later. The first
LPF 691 eriv éscexeessehr ghleramadGforfiigngdngesentsbef L her basslbhrih tEufal .

The baseband signal whose higher harnonic conmponents are
an intermediate frequiency {IF) signal.

‘The SAW filter 3 imposes the band limitation tc predetermined
frequency characteristics of the IF signal which is output by the
tuner 2 and outputs the signal to the AMP 4.

10 The AMP 4 amplifies the signal in accordance with the AGC
signal and outputs the signal to the oxthogonal detector 5.

The orthogonal detector 5 executes the orthogonal detection
té the signal which is output by the AMP 4 and obtains a baseband
signal. The structure of the orthogonal detector 5 is described

15 later.

The first LPF € removes excess higher harmonic components of
the baseband signal.

The baseband signal wheose higher harmonic components are
removed is transmitted to the A/D converter 7 and the AGC signal

20 detector 12.

The baseband signal which is input to the A/D converter 7 is
converted into a digitel signal and supplied to the synchronization
establishment unit 8.

The synchronization establishment unit 8 extracts a clock

25 reproduction control signal from the baseband signal and cutputs



renoved is transmtted to the A/D converter 7 and the AGC signal 20
detector 12. The baseband signal which is input to the A/D converter 7 is
converted into a digital signal and supplied to the synchronization

est abl i shne¥P 0#A692 8. The synchroni zati on establishnent unPETAPMWAG4ACt S a
clock 25 reproduction control signal f{yemthe baseband signal and outputs
WO 01/ 22602 PCT/ JP0O0/ 06463 -13 the clock reproduction control signal to
the VCO 21 while outputting a synchronization detection flag to the switch
13 and the MPU 16 when detecting a Sync signal of packet data, outputs a
digital processing AGC signal which is constituted by a known | evel of the
5 Sync si ghal clock hepswiitchi di3coandodutiputs wat Be ol GhilBeuSye tisiggnal
is detected to the waveform equalizer 9. The waveform equalizer 9 controls
t he frequensyncbhanacaeidstdaosafiophéldatay trenewaschhe3disd aritd orpof] 6t he
data due to the interference such as ghost or nulti-path, and outputs 10
t he dat a wWderhdeForpnand &r3wrc Corgredt oif PEECpt 10atdheoFgrviar ¢ Erirgdrtal
Corrector 10 corrects errors in the packet data which are output fromthe
wavef or m egdegeiszeng RGHgtlpnns whipdtket corstirudfddapytd kmopacketvebredrhe
counter 15 for a packet which cannot have been corrected, and outputs data
whose &rr &¥&chavenpbeir Iiecorischeti3t e dPusEt debr M mathikh aeMREG
transport data, The data which are output by the Forward Error Corrector
10 are deéédBal by AchpPHEHdCOIEE (rFeIsRBwATuahtzoutDut to a reproduction

nmeans .
The waveform equalizer 9 controls the frequency

characteristics of the data, removes the distortion of the data
due to the interference such as ghost or multi-path, and outputs
10 the data to the Forward Error Corrector (FEC) 10.

The Forward Error Corrector 10 corrects errors in the packet
data which are output from the waveformequalizer 9, outputs a packet
error flag to a packet error counter 15 for a packet which cannot
have been corrected, and outputs data whose errors have been

15 corrected to the output terminal 11 as MPEG transport data. The
data which are output by the Forward Error Corrector 10 are decoded
by a MPEG decoder (not shown) and cutput to a reproduction means
for reproducing the digital broadcasting, for example, a monitor
{not shown) for reproducing video data or a speaker for reproducing

20 audic signals.

The AGC signal detector 12 detects an envelope of the analog
paseband signal, and outputs the detected signal to the switch 13
as an analog processing AGC signal.

The switch 13 outputs the analog processing AGC signal or the

260 digital processing AGC signal as the AGC signal in accordance with



for reproducing the digital broadcasting, for exanple, a nonitor (not
shown) for reproducing video data or a speaker for reproducing 20 audio

signals. T i gnal detector 12 detects an envel ope of | o
X Vi e 3 b ourbipddgd |

baseband s nd outputs the detected signal to the s

anal og processing AGC signal. The sw t<h-13 outputs the anal og processing
ACGC signal or the 25 digital processing AGC signal as the AGC signal in
accordance with WO 01/ 22602 PCT/JPOQ 06463 -14- the Sync signal detection
flag. The signal output by the switch 13 is transnmtted to the AMP 4 and
the MPU 16 via the second LPF 14. The AGC signal controls the anplitude of
the recei 88 Bynbdei gzl ddt@rdlionn fdag-AMP 4. In addition, the AGC signal
is supplied to the tuner 2 fromthe AWP 4, and controls the operation of
the tuner 2. ThEee % IneHeoNEM 5ighaheektidiftred 3t he tréegpack egper dficoAMF or
both of the tuner 2 and the AMP 4. 10 The packet error counter 15 counts
the nunbef BRAPERRNFEHHorv i Ih§s Se5RBY0bEPUtS- t he count ed number to the
MPU 16. The VCO 21 feeds back an oscillated frequency signal on the basis
of a clock repr%@%CQQQN?%ﬁqﬁ&aFOPGIPEé Bro THmverds OF thHEr éeceiiEdsi gnal
which is fe ack to the A/D converter 7 is generated. 15 by a PLL. The MPU
16 coﬁfromggPE%t%ﬁoﬁ%Q rdt itof 61t Ae é?bﬁ%ghjion' fhe'Rol sighasi 1s

supplied to the tuner 2 from the AMP 4, and controls the operation
of the tuner 2.

That is, the AGC signal executes the feedback operation for
both of the tuner 2 and the AMP 4.

10 The packet error counter 15 counts the number of packet error
flags, and outputs the counted number to the MPU 16.

The VCO 21 feeds back an oscillated frequency signal cn the
basis of a clock reproducticn signal to the A/D converter 7. Here,
the signal which is fed back to the A/D converter 7 is generated

15 by a PLL.

The MPU 16 controls the whole operation cof the signal
demodulation unit 51. The MPU 16 receives the Sync signal detection
flag from the synchrenization establishment unit 8, receives the
AGC signal from the second LPF 14, and receives the number of packet

20 error flags from the packet error counter 15. Here, the number of
packet error £lags indicates the number of packet data which cannot
have been corrected by the Forwarac Errcr Corrector 10. The Sync
signal detection flag indicates whether the Sync signal of the

packet data has been detected oxr not. Therefore, both of the signals

8
ot

are the parameters for estimating the condition of the radio wave



denodul ation unit 51. The MPU 16 receives the Sync signal detection flag
fromthe synchroni zation establishnment unit 8, receives the AGC signal
fromthe s F 14, and receives the nunber of packet | ags
fromthe pa & é’ror counter 15. Here, the nunber of packe ’ﬁg@@%%Jflags

i ndi cates the nunber of packet data whtth-cannot have been corrected by
the Forward Error Corrector 10. The Sync signal detection flag indicates
whet her the Sync signal of the packet data has been detected or not.
Therefore, both of the signals 25 are the paraneters for estimating the
condition of the radi o wave WO 01/22602 PCT/ JP00/ 06463 -15 received hy the
ant enna 1.795% 164 oY dlie BRESAEE i gﬁ%ladidsltéoélv gt AGCof 1wt 6l ‘f‘lgﬁ‘@”{‘ﬁe

anmplitude | evel of the received.radi o_wave a thus t nal is a

pgf anet er S97dFEREFAYL PR HHGWeFP of tiidRe 1 Féf&ﬁo f oa&\?ef?%%b‘f%fidfaﬁig °t fiavaft éhna
1. Therefore, m@en t he paraneters of 5 the cognted nunber of _packet error

flags, thégn %Fg?ﬁa?n t'ec i ?lra”f“?%egr ANGLIERETABCST divkicTaPé Wi di3%/éd on

t he |nd|cator e can ea |I recqogni ze t he ondltlon 0

Fadi 0 wav @ VECERIEITEY P REC NG 1+ [T aaRE ony Wher s BF 67 ORCELe For
araneter indicatin SS ndi t n n ,
gem)dul"atl J’r? ﬁl?ﬁlrt’t!%Ci%élfng’erp?gyggggfyexlsret ?‘?’u é'l\/:i’% %}%%%lggé?a%etefstlé)n

L geTon AU A PT 2c P RIS D8 ALl b ERle Hnd IERAT BIPLALS M, the
ref erences fecerve i 0 wave con tion o e signa

recei ved %h. §1 t?QQf‘%Ai 4 Un LXBIBE: 501 R ALiLhE LN ofc 118 13l 0

15 wave. cator i ndi cat es the recel ved radio

the antenna 1.
In addition, when references for parameters indicating the
10 processing condition in the signal demodulation unit 51 are
previously set, the MPU 16 can operate as a judgement unit for
comparing the actual values of the parameters with the references
and judging the received radio wave condition of the signal received
by the antenna 1, for example the level of the C/N of the radio
15 wave. At this time, the indicator 17 indicates the received radio
wave condition which is judged by the MPU 16.
Figure 2 is & block diagram illustrating a structure ol the
orthogonal detector 5.
The orthogonal detector 5 comprises a first mixer 100 for
:20 multiplying the IF modulated signal which is output by the AMP 4
and an IF signal which is output by a local signal oscillator (Lo)
103 (described later) together, a second mixer 101 for multiplying
the IF modulated signal which is output by the AMP 4 and an output
signal of a 90-degree phase shifter 104 {(described later) together,

a LPF 102 for removing high-band components of the output of the

o
[



wave condition which is judged by the MPU 16. Figure 2 is a bl ock di agram
illustrating a structure of the orthogonal detector 5. The orthogonal

detector 5_co jses a first mxer 1COfor 20 nultiplyin dul at ed
si gnal whi B 1B2ep put by the AMP 4 and an |F signal whi %ﬁ@“@g’f‘gﬁt by a
| ocal signal oscillator (Lo) 103 (des<rd-bed |later) together, a second

m xer 101 for multiplying the |IF nodul ated signal which is output by the
AMP 4 and an output signal of a 90-degree phase shifter 104 (descri bed

| ater) together, 25 a LPF 102 for renoving high-band conponents of the

out put of the WO 01/22602 PCT/JPOJ 06463 -16 second m xer 101, an Lo 103
whi ch osciskcanrdsmb=ebcHll siagnal #PamhidHe SEpILL6F &heCTPF SEgpralt eom

90- degr ee ghase shifter 104 for shifting the phase of the output of the Lo
103 by 90t#egPeEBUtaf’ FRRULPER il naine108-f8PrrecRidihd it He s gidl *Prom t he

T P e SR AR SR R I P
Whose phaSBPRe SRTRLERL byo0 degibes ViBgelRer Sahl BITDULE afFod, =rd o
conponents of the qbtaine i | fromJ10 a carrier i.lot. si l. i,n_the
Casb of "t RE VS SRR gt ot Savel By D thg, FHET s BATENLS oL b
conmponents which_are, out put t he second mixer 101 are subjected to the
frequency%Wiﬁb?a??ﬁﬁtb@lg%%éﬁﬁbf81@2%§ﬁaggﬁgkﬁfg%§9the Lo 105 as the loca

signal to the 'H'xé Sstecrgn)éierl}li%gro 1%’1de?&89£9§%%€1P@u%%%l%%&tﬂgéaof‘from
the AMP 4 and the locazl signal whose phase is shifted by 90 degrees
together, and outputs error components of the obtained signal from
10 a carrier (pilot signal in the case of the VSB digital ground wave
broadcasting) frequency. The error components which are cutput by
the second mixer 101 are subjected to the freguency limitation by
the LPF 102 and output by the Lo 103 as the local signal to the
first mixer 100 and the 90-degree phase shifter 104.

.15 The operation of oscillating the local signal by the Lo 103
is under feedback control by the second mixer 101, the LFF 10Z and
the 90-degree phase shifter 104. Therefore, the Lo 103 can generate
the local signal which is in phase with the carrier of the IF
modulated signal. Accordingly, the orthogonal detection can be

20 executed correctly.

As described above, according tc the first embodiment, the
angle or position of the simple indoor antenna can be changed with
referring to the received radio wave conditien of the antenna, which
is displayed on the indicator 17. Thereby, the reception power

25 having a good C/N can be easily obtained. Further, the reception



15 The operation of oscillating the |local signal by the Lo 103 is under
f eedback control by the second m xer 101, the LPF 102 and the 90-degree

phase shif Therefore, the Lo 103 can generate th pgna
LS S fibbrodtS

which is i with the carrier of the IF nodul ated sign

Accordi ngly, the orthogonal detection ean-be 20 executed correctly. As
descri bed above, according to the first enbodinment, the angle or position
of the sinple indoor antenna can be changed with referring to the received
radi o wave condition of the antenna, which is displayed on the indicator
17. Thereby, the reception power 25 having a good C/ N can be easjily

obt ai ned. FRditerr PhetltecasErsa v ¢F 22‘%62%@9’7%@@07@6’4831@1%%&%1% on

of the antenna can be jud%ed obj ectively ughﬁg t he Sync signal deée tion
flag, the Tomtledchafbern diagackt SEHGES ANPEHE T RECST Gifalr Sndt e Uifgi ng

the condition fromthe videg which is dj.splayed on_the nitar. as in the
prior art. A& Eﬁﬁﬁ@ﬂﬂeﬁ?tzluggﬂ?%i? ?ﬁQéhiﬁﬁftFﬁﬁdeh%dﬁgg PR 4

t7 oh'‘dpparat us
according to a second embodi nent of the present iggention can judge the
[

d f
recei ved Fathilie%kay &7cER8i PPORCYF The bigiraP Wi cA s received by the

antenna, _on the basi,s of the Sync signal detection flag, the AGC signal
and 16 aHQQWW4%m%ﬁ% éh is detected by the waveform equalizer. Figure 3 is a

bl ock di iLl - at i j gi t.al L Ng;
demodul ai L on apBarat e bo kP A g gt Atk e ea T L

reference angggégéisem%%dtipn%%% éptkgepresent invention can judge the received

radio wave condition of the signal which is received by the antenna,
on the basis of the Sync signal detection flag, the AGC signal and
10 an error which is detected by the waveform equalizer.

Figure 3 is a block diagram i1llustrating a structure of a
digital broadcasting demodulation apparatus 60 according to the
second embodiment. The same reference numerals as those in the
digital broadcasting demcdulation apparatus 50 of the first

15 embodiment denote the same or corresponding parts. The
descriptions of these parts are not given here.

The digital broadcasting demodulation apparatus 60 comprises
2 signal demodulation unit 61 for demodulating RF modulated signals
of digital broadcasting which are received by a simple indoor

20 antenna (for example, loop-type or dipole-type antenna) 1, a MPU
(Micro Processing Unit) 16, and an indicatoxr 17.
| The signal demodulation unit 61 comprises a tuner 2 for
selecting a signal of a channel from the RF modulated signals which
are received by the simpie indoor antenna 1, a SAW filter 3 for

25 subjecting the selected modulated signal to the band limitation,



di gital broadcasting denodul ati on apparatus 50 of the first 15 enbodi nent
denote the sane or corresponding parts. The descriptions of these parts
are not given here. The digital broadcasting denodul ati on apparatus 60
conpri ses Y2 %233 denodul ation unit 61 for denodul ati ng BT/ 9904463 ed
signals of digital broadcasting which_age received by a sinple indoor 20
antenna (for exanple, |oop-type or dipole-type antenna) 1, a MPU (Mcro
Processing Unit) 16, and an indicator 17. The signal denodulation unit 61
conprises a tuner 2 for selecting a signal of a channel fromthe RF

nodul at ed signals which are received by the sinple indoor antenna 1, a SAW
filter 3 foor ARB subyreckipldftibe sled exiged Inodul @ttgd@irgriabletecthe handng
limtation, WO 01/22602 PCT/JP00/ 06463 -18 an AMP 4 for anplifier the
signal, ara sikhogondlirdetleRX ¢ &n usilhgonaenixer’, far fdarstertPRgban amaA/dd
converter 7 for converting an analog signal into a digital signal, a
synchr oni zdtdred estalyl ¢shhent sdgnel, & sgnwhvef brat egualsitabh 162ment Eorivar d
Error Corrector 63 for 5 correcting errors in packet data which are out put
fromthe wavef vavefegquakiizeti s @ dat &owepdt Erepn farrddtdnrédutqutti ng
data which are output fromthe Forward Error Corrector 63 as MPEG
transpért cdaeatiaa AAOE ghatacdettedror W2chaa ke ephBuE AR oM thy wiiafeym 3,
and a VCO 21. 10 Figure 4 is a block diagramillustrating a structure of
the wavefSSHniégaal ﬁgera G2raThet Al F9FINédual | 21 FSPEGRPRPs@at & Weickar d

transver sal
are coutput from the Forward Error Corrector 63 as MPEG transport

data, an AGC signal detector 12, a second LPF 14, a switch 13, and
a VCO 21.

10 Figure 4 is a block diagram illustrating a structure of the
waveform equalizer 62.

The waveform egualizer 62 comprises a forward transversal
filter (hereinafter, referred to as.forward filter) 200, an adder
201, aslicer 202 for judging & value of data, a feedback transversal

15 filter {hereinafter, referred to as feedback filter) 203, a filter
coefficient operationunit 205 for calculating coefficients of each
of the filters from an error which is detected by an error detector
204 (described later), and the errcr detector 204 for detecting
a waveform equalization error ¢ .

20 The description is given of the sc-constructed waveform
equalizer 62.

The data which are ocutput by the synchronization
establishment unit 8 are input to the forward filter 200 to be
subjected to freguency control, and then output to the adder 201.

- 25 The adder 201 subtracts the output data of the feedback filter



filter (hereinafter, referred to as forward filter) 200, an adder 201, a
slicer 202 for judging a value of data, a feedback transversal 15 filter
(hereinaft rred to as feedback filter) 203, a filte i ent
operation Eﬁlt %%@'for calculating coefficients of each F Pﬁﬂﬁpkk?ers
froman error which is detected by an erf®or detector 204 (described
| ater), and the error detector 204 for detecting a waveform equalization
error e. 20 The description is given of the so-constructed waveform
equal i zer 62. The data which are output by the synchronization
establishnggg n|t are |nEut to the forward filter 200 to be subjected
n

to freque ?W(ﬁ & QHEPERet® bt Putt o fTPREA R IR L 27 2995 TRENaBEEPUDD1
subtracts % put dat a . of thg fgedbac filﬁﬁr WO 01/ 22602 PCT/ JPOO/ 06463
19 203 fr a&ﬂeslﬁesal&t DR FEF i Fertéeéoueﬁeﬁsomepaeedl*f he

obt ai ned rges It o_the cer, 202, and, furthe ts the_result o the
For war d Er1r€olr¥:h('fo]t;cr)‘?ac";[l 7 ifﬁoﬁsc%rﬁgc&ﬂ’trph@ 2Fa {‘% ﬁg ‘%ét\?e?g ‘éﬁ‘ﬁ%#‘?%r

62. 5 The % £l gp £onpar es t he data val ue of the i nput data with an
arbitrary 7 1erenc value to obtain a S|gnal of a predeternined | evel, and

output s, e = onsl. LU Jorthngl. | 408 T0g LFRleEl 1, 208
gm0 ghe atdes st 0 slok s LB TLOTS, UL domibe pres 20
frequency level, and outputs the signal to the feedback filter 203.
The feedback filter 203 executes the frequency control for
the input signal, and outputs the signal to the adder 201.
10 Therefore, the signal cutput from the adder 201 makes a round
of the slicer 202 and the feedback filter 203, and the frequency
control for the output signal of the forward filter 200 is executed
in the adder 201.
On the other hand, the error detector 204 correlates the
15 output data of the adder 201 and the input data of the waveform
egqualizer 62 to each other, and detects the waveform equalizaticn
error ¢ . The detacted error ¢ is output to the filter coefficient
cperation unit 205 and the MPU 16.
The filter coefficient operation unit 205 calculates the
20 coefficients of the forward filter 200 and the feedback filter 203
from the error ¢, and updates the coefficients of~the filters.
The MPU 16 receives the Sync signal detection flag from the
synchrenization establishment unit 8, receives the AGC signal from

the second LPF 14, and receives the waveform equalization error

25 ¢ from the waveform equalizer 62, Here, the Sync signal detection



control for the output signal of the forward filter 200 is executed in the
adder 201. On the other hand, the error detector 204 correlates the 15

out put data of the adder 201 and the input data of the waveform equalizer
62 to eachVWRW&ER02and det ects the waveform equal i zati on ePEHIPIFMEb3 et ect ed
error ais output to the filter coefficientg- operation unit 205 and the MPU
16. The filter coefficient operation unit 205 cal cul ates the 20
coefficients of the forward filter 200 and the feedback filter 203 from
the error e, and updates the coefficients of the filters. The MPU 16
receives the Sync signal detection flag fromthe synchronization

est abl i shnentf lagi ing@icatereivhes hehet IKCEYscghdnd ¥ o thdeosdeondatPHay begnd
recei ves the waveform equalization error 25 a fromthe waveform equali zer
62. Here, theeSpatedi ghatotdet ASEPOALING 01/ P260L1RCTAIPOOED6AB RN -iI2Tie agr

i ndi cates whether the Sync signal of the packet data has been detected or
not. Accor di B§PyinghiBe f¢enrflitsagsed hBead¥iésevicorhishols nEe Thiev bt thén
of the radio wave which is received by the antenna. The ACGC signal (is a
signal for c@RCEBPR ng'hethBCanptdtaldé S5 |Sdwdialof of KoTaedilved tharlicdPraeade
Accordingly, .the AGC signal is wused as an index for show ng the power of

the recei @edlffaailoow@.QKEFﬁlaaaiﬁw RSN tHEEEtididted FREI BSharienad 1S

af fected by ghost, multi-path or the |ike, the vef orm equal i zatji on error
E grows | ar§&FY &h %é“S?Eeﬁo%éhé}}“MeW? REVEECRT velf F&&%"’@\Bv"eﬁéjso 6t €10

ff he i fer r the lik n he r i ndj tion
affected by &neadggg£o§,%v%§1%hé:f%ceiv%dargdgoewagge é é¥%é§%é§tb§)ghost,

multi-path or the like, the waveform equalization error ¢ grows
larger. On the other hand, when the received radio wave is not

10 aiffected by the interference or the like and the reception condition
is good, the error ¢ grows smaller. Therefore, the condition of
the radio wave received by the antenna can be recognized from the
Sync signal detection flag, the AGC signal and the waveform
egualization error ¢ . Accordingly, when the above parameters are

15 dispilayed on the indicator 17, the viewer can be easily irformed
of the received wave condition cf the antenna 1.

Here, similarly to the first embodiment, it is also possible
that the MPU 16 compares the values of the actually detected
parameters with the previously set references to judge the recsived

20- radioc wave conditicon of the antenna 1, and the indicator 17 indicates
the judgement result.

As described above, according to the second embodiment, the
viewer can change the angle or position of the simple indoor antenna
with referring to the received radio wave condition of the antenna,

26 which 1s displayed on the indicator 17. Therefore, the reception



is good, the error f grows smaller. Therefore, the condition of the radio
wave received by the antenna can be recogni zed fromthe Sync signal

detection R‘L%nédae AGC signal and the waveform equali zatié[gn error f.

Accordi ngly, €n 't he above paraneters are 15 di spl ayed ot HEPP ML at or

17, the viewer can be easily infornmed of-Z1ke received wave condition of
the antenna 1. Here, simlarly to the first enbodinent, it is also possible
that the MPU 16 conpares the values of the actually detected paraneters
with the previously set references to judge the received 20 radi o wave
condition of the antenna 1, and the indicator 17 indicates the judgenent
result. As dEBSERT BEF dB0¢7ed0a8coiMiGig P8 ¢l secbhdierBodi Hemddithen  vibaer
can change the angle or position of the sinple indoor antenna wth ,
referring tor?ﬁ‘ép\gje%réi‘:\?é‘&‘l%apoo%@@ ARG GRS PRESSRLERME, ) EIWathrEANT s
di spl ayed on_the_ indicator 17. Therefore, the reception WO 01/22602

PCT/ JPOQY 06483¢ SHA° p%’xﬁé‘ralhéiﬁtﬁ&téoao%&a@ N-RarhBe TE5aly ag6t &PRelavehorm
addition, the reception condition of the antenna can be objectively judged
using the SHAEESHEFHAHSTESE drr Mg UStiRE ARE SRl viHEd tife AhEverBEF on
equal i zatg’ on_error F, not usi n%ﬁt he.vi deo_which is displayed on 5 the

moni tor as i N tHEORHYYr 3 &7 ERGolF ARt 235 While in the digital |

br oadcast i ng%ﬁg tion apparatus according to the first and second
enbodi nent s e%%élaﬁi%n of the received radio wave of the antenna is

di spl ayed on the Wﬂgh%gg%rthe digital broadcasting demodulation apparatus

according to the first and second embodiments the condition of the
received radic wave of the antenna is displayed on the indicator

10 17, & digital broadcasting demodulation apparatus according to a
third embodiment is further provided with an OSD signal generation
circuit to display the received radio wave conditicn of the antenna
cn amonitor which is a means for displaying video data of the digital
broadcasting.

15 Figure 5 is a block diagram illustrating a structure of a
digital broadcasting demodulation apparatus 70 according to ths
third embodiment. The same reference numerzls as those of the
digital broadcasting demodulation apparatus 50 according to the
first embodiment and the digital broadcasting demodulaticn

20 apparatus 60 according to the second embodiment denote the same
or corresponding parts, and the descriptions thereof are not given
here. In the digital broadcasting demodulation apparatus 70 as
shown in figure 5, the Sync signal detection flag, the AGC signal
and the waveform egualization error ¢ are used as the parameters

25 for judging the received radio wave condition of the antenna as



10 17, a digital broadcasting denodul ati on apparatus according to a third
enbodi nent is further provided with an OSD signal generation circuit to
di splay the received radio wave condition of the antenna _q i tor
which is &QUHE% or di spl ayi ng video data of the digital PC@P‘%‘Q@%@U ng. 15
Figure 5 is a block diagramillustratingz-structure of a digita

br oadcasti ng denodul ati on apparatus 70 according to the third enbodi nent.
The sane reference nunerals as those of the digital broadcasting
denodul ati on apparatus 50 according to the first enbodi nent and the

di gital broadcasting denodul ati on 20 apparatus 60 according to the second
enbodi ment deridtesehend ampoddmensr r éspdimga paimt she did sithemlediars it Bhs

t hereof are not given here. In the digital broadcasting denodul ation
appar at us 78YBS S&@owh 49t Fatgipne fBady héhsyreuriehalvtae i GRoKcagerERES AGC
signal and the waveform equalization error e are used as the paraneters 25
for judgi ng2bfAetReckyett ¥udi FaRaPe B8RHiti on of the antenna as WO 01/ 22602
PCT/ JP0O0/ 06463 -22 in the second enbodi nent. However, as in the first
embodi ment, the EHRITGIHTA FECOPREATIPART tHRE Hiittéd MFvBerFast ipacket
errors and the ACGC signal can be used. Hereipafter, the operation of the

di gi tal rodaeady %i%g BERBAAF &t LriSRpERaUs™ T3 TaESEFPEEL WF P IrerePece
to the drawi ngs. _ According to the digital broadcasting.d dul ati on
apparatus 70 as AHGHIIT PP ghre e LPbpedt BT GRCRBL RO ROT PEPOS8THEs
the functi 95' aosf s%%%ni Prgifci%tu%re %,7 a?fdith%aqi lgircggclicabsrtofndgc%%tnii@gr 20 has the
function of the indicator 17 of the digital broadcasting
demodulation apparatus 60 according to the second embodiment as
10  shown in figure 3, and the digital broadcasting demodulation
apparatus further comprises an 0SD {On Screen Display) signal
generation circuit 18.
The MPU 16 outputs the packet Syﬁc signal detection flag, the
AGC signal and the waveform egualization error ¢ to the OSD signal
15 generaticn circuit 18 as in the second embodiment. Cr the MPU 1l&
judges the condition of the radio wave received by the antenna 1
on the basis of the packet Sync signal detection flag, the AGC signal
ana the waveform equalization error ¢, and outputs the judgement
result to the 08D signal generation circuit 18.
C 20 The 0SD signal generaticn circuit 18 generates an image for
. informing the viewer of the condition of the received radio wave.
At this time, the 0SD signal generatior circuit 18 compos;s the
Sync signal of video data which are detected by the synchronization

establishment unit 8§ with an image to be displayed on the monitor

[ ]
N

20, and outputs a composed image to the monitor 20. For example,



denodul ati on apparatus 60 according to the second enbodi nent as 10 shown
in figure 3, and the digital broadcasting denodul ati on apparatus further
conprises an OSD (On Screen Display) signal generation circuit 18. The MPU
16 out put sMHE2H2ket Sync signal detection flag, the AGESHHAYIAEd t he
wavef orm equal i zation error e to the OSD-gggnal 15 generation circuit 18
as in the second enbodinent- O the MPU 16 judges the condition of the
radio wave received by the antenna 1 on the basis of the packet Sync
signal detection flag, the AGC signal and the waveform equalization error
e, and outputs the judgenent result to the OSD signal generation circuit
18. 20 The (8B Sigghdigyedegareoat&pr ceitclil dénerat @snghnaieage frorge for
inform ng the viewer of the condition of the received radio wave. At this
time, the OSHUstlgnaingéneradlwis ¢ifr b trargnediesebicheareSygeesivgdalby ofhe
vi deo data which are detected by the synchronization establishnment unit 8
with an i mad&®4 d%be i sHichyd@ onit He ABAPtRTS B 1R thakdtba ik $ Sacemmposed
image to the nmonitor 20. For exanple, WO 01/22602 PCT/JP00/ 06463 -23 the
OSD si gnal detfePAERBRTEFE clith RBE RPN GenERAL €€ B $1Ritfe TPOF2 L tH isif1cayi Fif the
val ues of the paraneters which are received by the MU 16. In addition, it
is al so possii Phat s heN MDY % BrRPaT e @t Fren Pzt it 6£ 5CWH E H Sp¥evA Totist sy
set references . to ca%jcul ﬁte,a | evel 5 val Lf of tﬂ%C/N, and the OSD sig}nal
generati on A% &URESIBPHERBKFAPES ISR ASVRAGE 16 S HoW RGNt hdlG RreNEEIGE tFe

the ON Fere, aether Lhe recelyed 1adlo vevg cqndltion,i8, (8, Pon cox

20 or not can be selected by the viewer.
As described above, the condition of the received radic wave

10 is displayed on the monitor 20 in parallel with video data, without
using & decoded signal of the video data, whereby the viewer can
be easily informed of the received radic wave condition of the
antenna. Further, even when the received radio wave condition of
the antenna is too bad to decode data of the digital broadcasting,

15 the received radio wave condition can be displayed on the monitor
20, Therefore, the viewer caneasily find a point where the received
radio wave condition is the best, with changing the angle or position
of the antenna 1, on the basis of the received radic wave condition
which is displayed on the monitor 20.

20 In the first to third embodiments, the combination of the Sync
signal detection flag, the counted number of the packet errors and
the AGC signal, or the packet Sync signal detection flag, the AGC
signal and the waveform egualization error ¢ is used as the
reference for the MPU 16 to judge the condition of the radio wave

received by the antenna 1. However, at least one of the Sync signal

Lo
(1]



20 or not can be selected by the viewer. As described above, the condition
of the received radio wave 10 is displayed on the nonitor 20 in parallel

Wi th video w@hfareyd t hout using a decoded signal of the vigdep fidlese: Wher eby
the viewer can be easily infornmed of the received radio wave condition of
the antenna. Further, even when the recei~¥dd radi o wave condition of the
antenna is too bad to decode data of the digital broadcasting, 15 the

recei ved radi o wave condition can be di splayed on the nonitor 20.
Therefore, the viewer can easily find a point where the received radio

wave condition is the hest, wth changin he a e or position of the
an;/enna 1|, Lnd?%%c%%%rf sfel(?fg'tﬁ%er%%’énﬁfg% TS \?/ggth%(ﬁ?dﬁﬁ%ﬁlrrmischtf‘? AGC
di spl ayed on the nitor 20. 20 _In the fjrst to third enmbodi pents, the
conbi nation of1qHE SyI T8 YASPLABReCE IO F1HED (HECodnted RonBeLeBrorha®

packet err O%I@%Sdﬁigpﬁgﬁﬁe}?e&%%lce Orlrtl Qﬁﬁf_‘%gt .S ﬁﬂélglcgc aélri gﬁég% ieogb?}(l%

flag, the A e wavef orm equalizatio rror s used as

reference for. e, NPUAQ 0L udgs Jhe cORdLAL O AL, DELAE1 8 VWS, 28 oo o

recei ved by tfe ant enna wever, eas nc 'signa

01/ 22602 RCT/ =34 tiQn fliag, ; epunt the . _
i) ?f%&%@%cgeéng ett.k?é; fe%e?aptl%gl CBHS E?b‘x@@p t@lléngﬁEeRBaEtfga%

packet errors i and t wavef orm equalization error be

selected as pJdhe ddlganenl. nehegERBAE- ripoAddidd On, signals other than the
above signals, which are déteCted 1 n the signal denodul ation unit 51 or 5

61 and affected by fheHeecept iqR £0Rdi ticofh Pf 4 Lhe ARhERPE, bnLaBscPE HSEL:
as the judgenent references.

are given taking the digital ground wave breoadcasting VSBmodulation
scheme as the example. However, the scheme of the digital
10 broadcasting is not restricted to the digital ground wave

broadcasting VSB modulaticn scheme.

Industrial Availability
The digital broadcasting demodulation apparatus according to
156 the present invention comprises a signal demodulation unit for
demcdulating a signal of a desired channel fromdigital broadcasting,
and an indication unit for indicating to viewers parameters which
are affected by the condition of the radio wave received by the
antenna among parameters assoclated with processing of the signal
20 demgdulation unit. Thereby, when the ground digitzal broadcasting
is received using a simple indcor antenna or the iike, the optimal
angle or positicn of the antenna can be easily found objectively
with referring to the received radio wave condition of the antenna
which 1s displayed on the indication uniz, without displaying video

25 on the monitor. Accordingly, it is useful particularly when the



Further, in the first to third enbodi nents, the descriptions are given
taking the digital ground wave broadcasting VSB nodul ati on schene as the
exanpl e. Houe the schene of the digital 10 broadcasti i

restricted coyﬁﬁgmdigital ground wave broadcasting VSB ngﬂﬁlgﬁpgkaéchene.
| ndustrial Availability The digital broadc&sting denodul ati on appar at us
according to 15 the present invention conprises a signal denodul ation unit
for denodulating a signal of a desired channel fromdigital broadcasting,
and an indication unit for indicating to viewers paranmeters which are

affected by the condition of the radi o wave received by the  antenna n
paranetersya§§ﬁﬁ?§ﬁeaa%FFh°Br%%% ih%g C9f e ki Gt P u NG ait AT O %ﬁﬂﬁ3§

Ther eby, when_the graund digital broadcasti i S received .using.a sipple
i ndoor antenﬁﬁ“&?l“héslFﬁe?gt%‘”Hggphg@nuﬁhggecQﬁn%%g?§¥ﬁhdéfefgé°5n?gﬁﬁ§i
can be easily ﬂgynd objectively wth referring to the received radi o wave
condi tion of ihe ant'enna which is di spl ayed on the indication unit,

wi t hout displaying video 25 on the nonitor. Accordingly, it is useful
particularly when the WO 01/ 22602 PCT/JP00/ 06463 -25 optinmal value of the
directivity or reception sensitivity of the antenna is to be found by
manual | y changing the direction of the antenna. 26 CLAIMS 1. A digital

broadcasti ng denodul ati on apparatus which



5 denodul ates signals of digital broadcasting received by an antenna,
conprising: a signal denodulation unit for denodulating a signal of a
desired channel fromthe digital broadcasting; and 10 an indication unit
for indicating a paraneter which is affected by a condition of a radio
wave received by the antenna anong paraneters associated with processing
of the signal denodul ation unit, to viewers, wherein the signa
denodul ation unit conprises: 15 a tuner for selecting the signal of the
desired channel; an AMP for anplifyi?g the signal selected by the tuner;
an orthogonal, detector for executing orthogonal 20 detection to the
signal anplified by the AMP, to obtain a baseband signal; an A/D converter
for conveCLAIYSt he baseband signal into a digital signal; a
synchroni zation establishnent unit for detecting 25 a Sync signal fromthe
baseband signal which has been 27 converted into the digital signal, and
generating a Sync signal detection flag and a digital processing ACC
si gnal fod.confr dlikiinglopataidomssiely tdeenodMR aaridrt ppdatars Wiehclt he Sync
signal is detected;
5 demodulates signals of digital broadcasting received by
an antenna, comprising:
a signal demodulation unit for demodulating a
signal of a desired  channel from the digital
broadcasting; and
10 an indication unit for indicating a parameter which
is affected by a condition of a radic wave received by
the antenna among parameters associated with processing
of the signal demodulation unit, to viewers, wherein
the signal demodulation unit comprises:
15 a tuner for selecting the signal of the desired
channel;
an AMP for amplifying the signal selected by the
tuner;
an orthogonal detector for executing orthogonal
~.20 .detection to the signal amplified by the AMP, to obtain
‘a baseband signal;
an A/D converter for converting the baseband signal
~into a digital éignal;

a synchronization establishment unit for detecting

‘25 a Sync signal from the baseband signal which has been



5 a waveform equalizer for renmoving a distortion of the signal which is
synchroni zed by the synchronization establishnment unit; a forward error
corrector for correcting errors .in data which are output by the waveform
equal i zer; 10 an AGC signal detector for detecting an anal og processing
AGC signal for controlling the operations of the AMP and the tuner from
t he baseband signal before being converted into the digital signal; and a
switch outputting the anal og processing AGC 15 signal as an AGC signal
until the Sync signal detection flag’is detected, and qu%guttgg? t he
di gi t al p¢@@@§§tﬁ3 inoe shgndioatalheignglsi gl SRRET AtHE ISP S ¥ Ynal
detection flag is detected, and the parameter which is affected Qg t he
condi ti onsbfnalo dakechiipn waledreakdvedl HWAYHAlanRIAELITEI UGt | east
one of the Sync signal detection flag, the AGC signal, a nunber of errors
whi ch haveigo&lbdmr copnbcbeding tarerdterames doér ridre céMFectBf, iRl t he
error which is detected by the waveform equalizer. 25 28 2. The digital
br oadcast tugedewben| bhé ofyappaicnat 0% d€tre¢heds wherein the indication unit
is anonitor for indicating a video signal of the digital broadcasting.
5 a waveform equalizer for removing a distortion of
the signal which is synchronized by the synchronization
establishment unit;
a forward error corrector for correcting errors in
data which are output by the waveform equalizer;
10 an AGC signal detector for detecting an analog
processing AGC signal for controlling theé operations of
the AMP and the tuner from the baseband signal before
being converted into the digital signal; and
a switch outputting the analog processing AGC
15 signal as an AGC signal until the Sync signal detection
flag is detected, and outputtiﬁg the digital processing
AGC signal as the AGC signal when the Sync signal
- detection flag is detected, and
the parameter which is affected by the condition of
20 the radio wave received by the antenna includes at least
" one of the Sync signal detection flag, the AGC signal, a

" number of errors which have not beéen corrected by the

forward error corrector, and the error which is detected
by the waveform equalizer.

25 -



5 3. The digital broadcasting denodul ati on apparatus of Claim1l wherein a

judgenent unit for conparing the paraneter which |
condition of radio wave received by 10 the antenna with a previously set

reference, and judging the condition of the radi o wave received by the

ant enna
condition of the

unit.

10

15

is further included, and the indication unit indicates the

28
2. The digital broadcasting demodulation apparatus of

Claim 1 wherein
the indication unit is a monitor for indicating a

video signal of the digital broadcasting.

3. The digital broadcasting demodulation apparatus of
Claim 1 wherein

a Jjudgement unit for comparing the parameter which
is affected by the condition of radio'wave received by
the antenna with a previously set reference, and judging

the condition of the radio wave received by the antenna

~is further included, and

the indication unit indicates the condition of the
received radio wave which is judged by the Jjudgement

unit.

is affected by the

received radi o wave which is judged by the judgenent

.15



