RETRANSM TTI NG APPARATUS OF TERRESTRI AL DI G TAL BROADCASTI NG " TECHNI CAL
FIELD 5 [0001] The present invention relates to a retransmtting apparatus
‘of terrestrial digital broadcasting, specifically to a retransmtting
gppar atus receiving a segnent of a partially-received part of terrestrial
igital television broadcasting or terrestrial digital sound broadcastin
and retransnitting the rREFRANSMIGTING APPARATES @RT [ 0002] The Japanegé
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area, and t beoddckstingtdrderegsonial, digitel sopad Pg’lﬁggalrs?lggn%“ aﬁ&ﬁ%ﬂﬁég%g’%gge:hoppl "
necessary vvkru C?v retraagsm' ts the partially 25 received segnent. [0005]
Convent i onalffSf; &R | owi ng four nethods are known as a retransmittin
met hod the terrestrial digital broadcasting. That is, the first )
retransmtting nethod is the nmethod which retransmts vm',th a single
frequency n®RBIAKEDrAREM tting the sane content signal by using the sane
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15  system, and broadcasts data to be transmitted as 13 segments.
[0003] While a television provided at home collectively receives the 13
segments with a fixed antenna, only one segment which is a central one of the 13
segments is received, so-called, partially-received, in broadcasting for a
portable/mobile device such as a mobile phone and a PDA (Personal Digital
20  Assistant).
[0004] Here, it is necessary that the segment of broadcasting for the
portable/mobile device can be well received also in a building shade out of doors,
inside a building, in an underground shopping arca, and the like, therefore, the
retransmitting apparatus becomes necessary which retransmits the partially- .
25  received segment.
[0005] Conventionally, the following four methods are known as a
retransmitting method of the terrestrial digital broadcasting. That is, the first
retransmitting method is the method which retransmits with a single frequency
network transmitting the same content signal by using the same frequency from a
30  plurality of transmitting stations or relay stations when all of the 13 segments are
retransmitted (for example, refer to Patent document 1: Japanese Patent
Application Laid-Open No. 10-75262, Patent document 2: Japanese Patent
Application Laid-Open No. 10-75263, Patent document 3: Japanese Patent




Application Laid-Open No. 10-28105). The second retransmtting nethod is
the nethod which retransmts with a two-frequency network converting a
frequency of a signal received at a relay station to transmt with the
frequency which is different fromthe 'ff"equency of the received signal
when all of the 13 segnments 5 are retransmtted (for exanple, refer to
Non- Pat ent  dggpligafion LaidOpehiN® U 0-78108 )k Theasecond tebiagémitting eretigst is ithd
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conbines the plurality of 'segnments to retransmt (for exanple, refer to
Pat ent docunimfornfatiohamerdsemPaicetion Eppineerst(IHISE) Senerd &pnd@ence 0064409283) .
[ 0008] The abﬁ/gg first and second retransmtting nethods retransmt data to
20 be transm d of the whole of 13 segnents by using a band width of six
Mz per ,pnergghgnnel ThougaPRuhahtng eliRsatis i meihgl vlich ek@adisouln the
broa-dcas{l ng. However, even when such a retransmtting nethod retransmt
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5006-109283). 9

[0008] The above first and second retransmitting methods retransmit data to

20 be transmitted of the whole of 13 segments by using a band width of six MHz per
one channel in case of the terrestrial digital television broadcasting. However,
even when such a retransmitting method retransmit for the portable/mobile
device in a building shade out of doors, inside a building, in an underground
shopping area, and the like, while it is enough to retransmit only one segment of

25  the partially-received part, it is necessary to retransmit the whole of signal band
width which is six MHz of 13 segments per one channel. For example, when
data of eight channels is retransmitted with two frequencies, it 1s necessary to
secure the band width of 48 MHz (six MHz x eight channels) which corresponds
to a channel width of eight channels. In such a case, there exists such a problem

30 that the current domestic transmission assignment frequencies are crowded, so
that it is difficult to secure such a band width.

[0009] While the third retransmitting method extracts only the partially-

received part to retransmit, a band width used for the retransmitting is six MHz




per one channel, so that there exists the same problemas that of the first
and second retransmtting nethods in that a bandwidth of 48 MHz is al so
necessary in case of eight channels. There exists also such a problemthat
the characteristic of the fixed receivihg around a retransnitting point
may be 5 degraded. [0010] Wiile the fourth retransmtting nethod conbines a
plurality of er i Bhad1 Osd Bt #RAEiSts thd sabi EBIRSSAS that O MEARSSEAI N &
frequency arga, so that” Fourier transformation and reverse Fourier

t ransf or mat i sstond eeteanemittiad methalstineha a mxidwidth o648 MHgrispblsemeedsaarya del ay

time fromreceiving a signal_to_retransmtting 10 the sj | becones
“larger, and Hl%ﬁsf’@g?kghéé%ﬂnéeléisg BRSCTIS aksg S af‘p”[(%geﬂ]%h#ﬁﬁe present

i nvention ha -L.hv ARV RaREAR R Boint MAGHAN Obj ect of
- the present ?I}l%gcﬁﬁl%{r% &gk?gxggae&?goe{ﬁ%h%ﬁnag%transrritti 53 agpar atus of the

br oadcast  ngdég@ndédie portabl e/ nobile device that the delay tine is short
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retransmtti F\%gnéeﬁ%g? E%L@ng%]l@cg%?iﬁﬁfg?&g%??2&%&8@%&%@ itﬁ%t accordi ng
to the presegbuficteniiomatish aad tevessel Bouri2d tthdfopaatidnadre exeaded.\vad taet of a
terrestrial digital broadcasting wave with a fjlter, anP conbi ne, t he

partial | y- r eceisissticibapreblem thate dlay imetfjorpreccingasignal feppgpiting

br oadcastj ng, . waves .t o eac f j18.C : Plry% mt as one
terrest rﬁgl ﬂlﬁ Séﬁ%ﬁ’%%%@%%ﬁ%&%\%%@% y rp%?sbcf'ltD g}]{egﬁrg&;rocessi ng in a
time area. Thgyapy, Thberdseht iansitidn haz®eappaeatedso oblvehie tisrvegstblieals,
digital broadcasting according to 25 the present ipnvention can retransmt
with a snal | abdaeabigehofihe Peasent insemting is ¢ ProvidsneB AratpRTMHIRE t he rever se
Fourier transformation. ;[ 00 T i LL4.l t he
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configured wwth a plurality of segnents, 30 extracts, one segnment from such
terrestrilal diegietrahsohititraienpneratngohbederrestaa sogital PEpadcasiing  conbi nes t he

" extracted segnents to retransmt as the terrestrial digital broadcasting
wave, and conprises a plurality of tuning units, a plurality of

di gitally-prgqses 3y RINCSTEEIMMNBSPETIING to each of the tuning units, an
addi ng -4-

[0012] To solve the above problem, a retransmitting apparatus of the
terrestrial digital broadcasting according to the present invention extracts iny

20  the partially-received part of a terrestrial digital broadcasting wave with a filter,
and combine the partially-received pafts of the plurality of terrestrial digital
broadcasting waves to cach of adjacent segments to retransmit as one terrestrial
digital broadcasting wave only by digitally processing in a time area. Thereby,
the retransmitting apparatus of the terrestrial digital broadcasting according to

25  the present invention can retransmit with a small bandwidth without the Fourier
transformation and the reverse Fourier transformation.
[0013]  That is, a retransmitting apparatus of the terrestrial digital
broadeasting according to the present invention receives a plurality of waves of
the terrestrial digital broadcasting configured with a plurality of segments,

30  extracts one segment from such terrestrial digital broadcasting waves
respectively, and combines the extracted segments to retransmit as the terrestrial
digital broadcasting wave, and comprises a plurality of tuning units, a plurality of

digitally-processing units corresponding to each of the tuning units, an adding




unit, and a retransmtting unit, and the tuning unit includes a receiving-
converting neans for selecting one broadcasting wave of a plurality of
waves of the received terrestrial digital broadcasting, and converting a
RF band signal of this broadcasting wavb-to an | F band signal, an AD
converting neans for 5 converting the IF signal converted by the

recei vi ng- Cafviehhdl AGehBARS Y whid a8l R tunins WHitinehde 8l E'ec%i‘vi'ﬁ%—t hogonal
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signal of cewevetiggent IFexignalctoadettsd bihehefretdiemgrgpnmeding herna tpagligitabn f or
conmbining a,plurality of se nis, the adding unit includes neans for
addi ng and Igﬁﬁwgsﬁﬂéi%oql}%%g&ﬂt%d@ﬂas nsa%%msé%orébfgﬁ%wlsgﬁmﬁ%ﬁs of
segments wh f g?%}’ IS8 da%8h e cating neans
of the plur gilﬁigtta;qgfs'i I g@?gﬁy?’gr o%%gﬁ%ﬁﬂhﬁm %%élﬁlt?ﬁe tél%@gn@m tting unit
i ncl udes an egnivateypo bade bamdsigred.i the digitalig-processing hagdneludend filtatingig t he

equi val ent base bhand signal added and synt hesi zed by the adding unit, and
out put ti ng ﬂ’@nai@?%Iacgpg§Paﬁ%ar{mrgafrq§2\t1@o?%¥qlfmgva%9md fighal oyRpgedi ng t he
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anal og I'F si a transm sston- converting neans for - converting the
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signal to be retransmtted as the terrestrial digital broadcasting wave,
~and anpl i f yioR§ SeEBERGHEaFIed Pydhe HAlering orpeng tong Peraden fY«@mBBAE 2 accor di ng

to the pres: {: [V, I i Q,.the: : 1t 1l of the
terrestrial 1|r8%lﬁaﬁ%kg%8§é§}ei%}n@éaﬁgrﬁggméﬁg%%@ﬁg{ ppar atus can be
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[0015] RPg. frEdpenciesynrs crnusTig Bhibeseerentalioseiing memrs ¢fuhapiwaliyrols
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a di agram i Inhadsllatiig e fop bfthegumal-medukig g ahdedqdiedled bade Segdreighal- 5-
added and synthesized by the adding unit, and outputting the digital IF signal, a
DA converting means for converting the digital IF signal outputted by the
26  orthogonal modulating means to an analog IF signal, and a transmission-
converting means for converting the analog IF signal converted by the DA
converting means to the RF band signal to be retransmitted as the terrestrial
digital broadcasting wave, and amplifying the converted signal.
[0014] As described above, according to the present invention, in the
25  retransmitting apparatus of the terrestrial digital broadcasting, such a
retransmitting apparatus can be realized that a useless frequency is not assigned,

a delay time is short, and the downsizing can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

30  [0015] Fig. 1 is a block diagram illustrating a configuration of a
retransmitting apparatus of terrestrial digital broadcasting according to an
exemplary embodiment of the present invention (embodiment 1);

Fig. 2 is a diagram illustrating a configuration and a number of a segment




of the I1SDB-T system Fig. 3 is a diagramillustrating a configuration
exanple of a receiving channel and a transmtting channel; Fig. 4 is a

bl ock diagramillustrating a confi guratign of the retransmtting 5
‘apparatus of the terrestrial digital broadcasting according to an exenplary
enbodi nent of the present invention (enbodinent 2); Fig. 5 is a diagram
describing thenhenepeseispgemdt @ G replacing circuit of Fig. 4; Fig. 6is a
bl ock diagramillustrating a configuration of the retransmtting 10

appar at us of theFigeBrieatlidgaém dilustradingtsrevafigarstion gxamplsrafiatgctiyitgn exenpl ary
enbodi nent of the present i.nvention (enbodinment 3); Fig. 7 is a block

di agram i | | uStangel 4 RTRRMHRE ABPBH of the retransmitting apparatus of

the terrestrial gigitial yiRafsAal MAsRARRY Hédiigheatin SHBERPI¥mitiROdi nent

of the present invention (enmbodinment 4); 15 Fig. 8 is a pattern di agram
i |1 ust rat§ ngasRarathl of tieitemestfialgligBali tyoaddabtingkacdpriimata #1 PXEPIANI ng a

configuration of the retransmtiing. a ratus of the terrestrial digital

br oadcast i ngm&E%‘é}FHﬁnﬁ@F{l’G Pé?ﬁeékgﬁﬁg%?%/&p“g??ggaﬂ@t of the present invention
- (enbodi ment 5); Fj . i Re0GHhi b A ABLdskind Sirhatl RYlRIEOEtdgUfat i on of
the retransmtti Ei&gsééggﬁ) ggt Sg of1 %he If}er rselg?ri gl di gi tétl br oadcasti ng

accordi ng toFan4exenplary enbodi nent of the present invention (enmbodi ment

6); Fig. 11 is a block diagramillystrating a configuration of the
retransmitting Hip&riaedo f‘ﬁ?%fémc Feading ngo'ﬁ}cgé‘ﬁtbﬂ% %ﬁh%@é@swgmgccor di ng
to an ex I i BT s 1120 1d SBRGh 7); 25
Fig. 12 ?dsma %%tﬁgg?g{geggl%sl %‘lu&slpﬁ?ﬁrﬁé‘&g&éﬁ?‘?g?ﬁ%it on of t]ﬁlgIEBI

retransm tti s@bodippar af the @ésehhimvestioe stmbalimetitdi)t al br oadcasting according

to an exenplary _enbadi nent of the present invention odi nent.. . 8); Fig.
13 is a bl ock di A& drif pIblerk PagiepyliisEyimg fg&?fﬁteﬁﬂéﬂl%‘féfﬁﬁgf téW&H‘%W%tti nS

- apparatus of Pﬁ%},gatﬁlgbf&%tt%n tridl &gh&‘ﬂ b&é%ﬁ@@%&dcewﬁ%f@a@k% Rr@n exenplary

30 enbodi nen € prese I'nvéntion I ment and Fig.” 14 is a
bl ock di agr asmbbliusdnt af tHegprasemoirfviegtiom(émpodhenthyd; retransnmitting appar at us

of the terrestrial digital broadcastjng according to an exenplary
enbodi mekd of th@lgargééérﬁaﬂplﬁvbﬁ%liaéhﬂ}(”é%%‘b‘?ﬁ %ﬁfﬂm%é} n;

Fig. 9 is a block diagram illustrating a configuration of the retransmitting
apparatus of the terrestrial digital broadcasting according to an exemplary

embodiment of the present invention (embodiment 5);

Fig. 10 is a block diagram illustrating a configuration of the retransmitting
20  apparatus of the terrestrial digital broadcasting according to an exemplary

embodiment of the present invention (embodiment 6);

Fig. 11 is a block diagram illustrating a configuration of the retransmitting
apparatus of the terrestrial digital broadcasting according to an exemplary
embodiment of the present invention (embodiment 7);

25 Fig. 12 is a block diagram illustrating a configuration of the retransmitting
apparatus of the terrestrial digital broadcasting according to an exemplary
embodiment of the present invention (embodiment 8);

Fig. 13 1s a block diagram illustrating a configuration of the retransmitting
apparatus of the terrestrial digital broadcasting according to an exemplary

30 embodiment of the present invention (embodiment 9); and

Fig. 14 is a block diagram illustrating a configuration of the retransmitting
apparatus of the terrestrial digital broadcasting according to an exemplary

embodiment of the present invention (embodiment 10).




-6- BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0016] The- preferred

enbodi nents of the present invention will be in detail described bel ow by
usi ng the drawi ngs. The enbodi nents of the present 5 invention will be
descri bed as designating the retransmtiYng apparatus as an exanple, which
receives and retransmts the terrestrial digital television broadcasting.
[0017] Fig. 2 is a diagramillustrating a configuration and a nunber of a
segnent of the I1SDB-T system In the |SDB-T syste 5600 or nore 10
subcarri ers BBRTiMODIHFORNCAORBY NG 0AIT THE INVENEKONo 13 groups, and each
of the groups . is referredq to, as.a,.se t. The segnent is,i,dentified with
segnent nunﬁwllé] of &h¢Bre @z,red(ﬁabgﬂbgﬁﬂﬁﬁ’qm%gfés%’zéﬁ’éeﬁ’ﬁmﬁmeb% 1|HsCf ¢ lili s a
segnent of t - ' F i8Rl ; TRdcMBbdnients 4iBe pedskab! e/ nobi | e
device is as@‘?sé:ﬁg%{%égg%% ﬁs&s}g%g}éﬁ(?aaﬁ{)gge 2egrrent number is@O. Such 13
segnent s s or iiespimdwilbbedesciibed hadesgnatmgbbnbtmansmiitiof appara@Bgnne| is six
MHz. One channel configured wt t he 13 segnents, .Who 1band wdth is siXx
MHz, is assi gfeePle.oVhichrersivesan r‘?tr%fﬁﬂmség‘?:%rﬁ%%é%?ﬁe bY'd88cast s the
OFDM si gnal 8{oaﬁ§h‘asti£§DB'T systemin such a channel. [0018] Fig. 3 is a
diagramillustratingsuch an exanple that each of one- 20 segnent parts of
ei ght channe|@17p cORfY. Ddslaasagraradiifistouting tai configwatiph endfa ramhege€Rvi ng
channel and a transm tting channel in th ansmtti apparatus of the
terrestrial éﬁg@iqﬂépf&?&%}%agﬁyﬁ@mﬁsmitm ﬁS}Eﬁ-;l{gfatqn}, %Og%fé‘?&ﬁ i s assuned
that any, cha . I . . : , and 8achl® and
20ch) is¥0 as%llyb%ﬁlé%?% 8(?@9%;51%%[‘(?51)% gl#b@ﬁ%&%?%erd%elggg?ﬁgﬁé. The
retransm ttifg @pesriatrefer2d tohs b bepmanr eShe segmedit gi tdahtibedadibaseingef i s an

apparatus which receives the plurality of terrestri.al .digital brgadcasting

waves, extrapesbemef fdptliZathescemgst v %Fepség@?m%%l?é%héﬁ‘%g‘fglﬂﬂmé %s 0,

fromeach of the.te [ Iy Ohl &l DBile MOMESis LohidRstheach of

the partiall ygr}%g%iré%z&%aéa?g,aqg% a’?ﬂroéﬁ%ﬁ%?fégt e coerrbi nedIS Si gﬁal as a

signal to besdeidn@Rdidié bQgnent hmbeti s e SRR 18isggakbntseogespddi38one 30 [ 0019]

The retransmtti ng apparatus of the terrestrial gi gital 1bro?dcasti wi ||
@ b Gy

be speci 15 carhapngbacienseddiedidhe shanpsi Wg?“‘é%%i chapp fred wit
retransmtti Q% r@ﬁ e%rljp%%%s wibsd Bsnd SIS &k RhndiighisinAr8adnasddatgr,aggor di ng

to the enbo recerves and processes terrestrial digital television
br oadcast i Ngeach broadcaster broadcasts the OFDM signal of the ISDB-T system in such a

channel.
[0018] Fig. 3 is a diagram illustrating such an example that each of one-

20  segment parts of eight channels is combined as a configuration example of a
receiving channel and a transmitting channel in the retransmitting apparatus of
the terrestrial digital broadcasting. As illustrated in Fig. 3, it is assumed that
any channel of eight channels (UHF13, 14, 15, 16, 17, 18, 19, and 20ch) is
assigned to a plurality of broadcaster respectively. The retransmitting apparatus

25  of the terrestrial digital broadcasting is an apparatus which receives the plurality
of terrestrial digital broadcasting waves, extracts the partially-received part,
whoée segment‘number is 0, from each of the terrestrial digital broadcasting
waves, combines each of the partially-received parts, and transmits the combined
signal as a signal to be retransmitted with a unused RF signal, e.g. UHF53ch.

3¢ [0019] The retransmitting apparatus of the terrestrial digital broadcasting
will be specifically described below by using embodiments 1 to 10. The
retransmitting apparatus of the terrestrial digital broadcasting according to the

embodiment 1 receives and processes terrestrial digital television broadcasting




-7- every channel systemw thout a Fourier transformation, and conbi nes
each of for the extracted partially-received parts to retransmt. The
retransmtting apparatus of the terrestrial digital broadcasting according
to the enbodi ment 2 receives and proces$es terrestrial digital television
broadcasting without the 5 Fourier transformation for each system as well

as the erbodpelty cha%H@l gﬁg Afifiou@ FOEHR Ll BhAENG, hnb Confbih calh bhe

extracted paft “recei S toretransmt. he retransmtting
appar at us of tﬁé@ctiaefeﬂ@ﬁﬂralmredmgecﬂ phrtdbrootramshit. ngT]m:mmadsmgtmg) t he
enbodi nent 3 conforns synbol tim ng]ehfor each of (éhe e ra ted ilally-
recei ved par Bgparatup Qf?@r’f@ﬁ?&ma@gﬂ?— TPAGraRRE 35547 IpRR

terrestrial 10 di broad & 1 tin4 conforns
synbol tim nb%celvggﬁn‘gﬁrofgﬁsgft Sﬁﬁ%ﬁ“ﬁ%‘??@%%ﬁ%@a the extracted
partial | ysr eggiN&trRafdriatibh féleédcarsgmm as W] asathe anﬁmﬂhﬁemg apcﬂ)aemaqgts of
the terrestrial digital broadcasting according to the (gnbodl ment

conforns frafd (Guardigéeryal) fasmenh of therextiagied partdly-1565WE A PRTS F%@é‘ia(}%ﬂltpar ts

to retransm The retransmtt igital
br oadcast i ng@ﬁ&ﬁf@sﬂ’é 188 aPR%rah'}‘?‘g)ﬁ Q%H%EH%I 1§1t%§r ég ats’ah%’%‘%({r'llﬂrq.J ngport
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the present to mtemsinin. Thhrgtransmidingrapperatiy od Satcaresisial digs pragdeasging

recei ving 25 ant nna nit uni upi ts

200-N), N di §F¢4 W toglil é%(? ﬂ‘&nh% Py Og‘l’i? %‘?%géﬁf ez“l“h 0%919 A an
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uni ts 3lisar eercamnfidlgligied bvadeastingsapsorsling toghel cahedingmis féo & §9@§1%
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b
descri bed bel(SHISAHLSTEHhEE |‘?h‘§€€f ?rﬁ%lf’fllﬁ’egyné“&%égg%\?? Z}n%lty colﬁn\}g%tl ﬁg
circuit 201, ;80.MACRAYATLILAG o7 Bresddast@l2o Bdmanlond hogahalkerrestrial

digital television broadcasting, and uses the techniques of the embodiments 1 to 5
respectively.

20 [Embodiment 1]
[0020] First, the embodiment 1 will be described. Fig. 1 is a block diagram
illustrating a configuration (embodiment 1) of the retransmitting apparatus of the
terrestrial digital broadcasting according to the exemplary embodiment of the
present invention. This retransmitting apparatus 1 comprises a receiving

25  antenna unit 100, N tuning units 200 (200-1, 200-2, ..., 200-N), N digitally-
processing units 311 (311-1, 311-2, ..., 311-N), an adding circuit 400, a
retransmitting unit 500, and a transmitting antenna unit 600. Meanwhile, the
tuning units 200 and the digitally-processing units 311 are configured with N
systems, and cach of the systems is configured with the same circuit, so that only

30 one system will be described below. The tuning unit 200 includes a receiving-
converting circuit 201, an AD converting circuit 202, and an orthogonal
demodulating circuit 203, the digitally-processing unit 311 includes a LPF {(Low

Pass Filter) circuit 301 and a segment allocating circuit 302, and the




denodul ating circuit 203, the digitally-processing unit 311 includes a LPF
(Low Pass Filter) circuit 301 and a segnent allocating circuit 302, and
the -8- retransmtting unit 500 includes an orthogonal nodulating circuit
501, a DA converting circuit 502, and @B transm ssi on-converti ng circuit
503. Meanwhile, Nis equal to or less than 13 (hereinafter, this condition

is the Sa”e)muLQs@l%h?%Tﬁﬁ%@e ﬁﬁaﬁaeé% HihGLbR NS RAAGRST e SECaID/Ld by the

- recei ving antenna 100 is distributed by a distributor (not ,
i |1 ustrat ed)con@etting citenire¥020tnd héransmissiosiconwdrtidg gircuit S8 oadteaswhig waves

(N waves). Wen the tuning unit 200, inpuis the RF si.gnal ichis the

di stri but ed Néy e £ g1 legs thapd3 @‘P’E? gttk‘ﬁd’,‘l‘ngﬁ’@n 1P 88 Hy- conver ti ng

circuit 201 he tni i i di@de affensd gnal to

an i nt er medi @E%i]f reqﬁlggniégm??ioa? d@%}%{&%?ca&@ﬂ%&eﬁgﬁﬁ%@ﬁgﬁ 10 %ougghol d

recei ver)s pagsBl ishligidhted I5AMisGintadaotitiostsated) Wihe pumbet ef theand

- subsequently, converts the frequency again tqQ a_l ow frequency. (f.or exanpl e,

four MHz whiceBstrial digHal brogdcasting waxst (E3@veS|r Wl?ﬁ‘l‘srLBF ng Péﬂégﬁcy).
Thereby, only ¢t anel i I Wl i J: ; each

system [00 ﬁ%utfﬁe %g%g%if\a \1/ (‘aﬁkﬁ?}?\gé tg‘lg ?@%ﬁ%‘%@rﬂe%ﬂ g%@[n%g Bt(?ég ?\%Fm\%\ﬁ g g e

frequency i SrecdiBinposvettath dycuit ) Ir &fake tinhge cein2e0 bhogeaiversithe RPtitedand

A/ D-converts to a digital signal with a_ sanpl ilng frequenc for exanpl e,

16 MHz whi chRF signabiyas mtesmedipse fregrency &0 sxegple, ﬁé\?fgwﬁ &

d dul af | i Lt 203 i L @ Ayl | d h
conver 1y cretit e Ve FRHS et BAR Sufb Bo R BRI Gay ThE D

equi val ent bamgequratly ség@ivalts tR0rEQRRSY addie td Plow iffequeéricyd®dr ofantpie four
digitally-processing unit 311 inputs the _equival ent bas bg\glg?egiggnal
d

converted byMHrewbichtipgdahiofdds sl quiigr dranstprm) foggmen ts only

1Tt or - pr ocotly diF Hhang ER3LRAN AR Wb ARV 0 RRlchn BicelS |
one-segment [gpasf Si YR rRXéMReigdcibsnit 302 ihphts the sighal BRdse fesyengnserts a

frequency to the 25 segnent which is_ allocated when the signal i.Ss.conbi ned
to one ebui vedmonttedhy she treniying-epruertineoualt 2fe 2ad &V R eaia 2 4682 nput s

(1, 94,2 0Ly, RS0 SRR el pespi JEOTRRL 4 8 et
synt hesi zes ppg Ii‘[eﬂﬁéﬂdfﬁj eThe bageghandemb@natisg ciddi{ DERhpuliithe digittbgonal
nodul ating circuit 501 of the retransmtting unit 500
signal A/D-converted by the AD converting circuit 202, and orthogonal-
demodulates to convert to an equivalent base band signal.
20 [0023] The LPF circuit 301 of the digitally-processing unit 311 inputs the
equivalent base band signal converted by the orthogonal demodulating circuit
203, and extracts only the one-segment part signal (partially-received part) by the
- filter-processing. The segment allocating circuit 302 inputs the one-segment
part signal extracted by the LPF circuit 301, and converts a frequency to the
25  segment which is allocated when the signal is combined to one equivalent base
band signal.
[0024] The adding circuit 400 inputs the equivalent base band signals of the
one-segments digitally-processed by the digitally-processing units 311 of N
systems, and adds and synthesizes such equivalent base band signals.
30 [0025] The orthogonal modulating circuit 501 of the retransmitting unit 500
inputs the equivalent base band signal which is added and synthesized by the

adding circuit 400, and orthogonal-modulates to convert. The DA converting

circuit 502 inputs a digital signal converted by the orthogonal modulating circuit




i nputs the equival ent base band signal which is added and synt hesi zed by
the adding circuit 400, and orthogonal -nodul ates to convert. The DA
converting circuit 502 inputs a digital_signal converted by the orthogonal
nmodul ating circuit -9- 501, and D A-convérts the inputted digital signal to
generate a |l ow frequency signal (e.g. four MHz) by using the sanme

frequency (es@ b8 DyZcorveHs tHe iNBatad dighaldigdiizo gaterdtbatloof frédienédD
converting circult 202. The transm ssion- converting circuit 503 inputs the

| ow f r equencsigsalgna. fddr MBoniensieg theysanefrepuency: (hg.ehd MitE: dPRictines 502, once
converts a freq cy to an. internedi ate fre ) . 15 MHz:
frequency of f"l“l"-ggﬁﬁﬁ%ﬁ tfl?t ‘gﬁ}bg g?ﬁ‘feﬁm%B%Q@W;gg}(eﬁr%sﬁg%%%ency to the
RE signal T ogodRlEANIRA 000 npRRUnAIRY FbhRScl QighaHBEAIBHyertedB tielDANG

electric power. As describe bove, the RF signal which is
- frequencys coamsettixt cnmhitaifd, oheechryygris hdraquamyrtosi iotermediata fFeqHFneY r cui t

503 is 10 retransm tted through t transmttin ntenna.unit 600. [0026]

As descri bed(%®dVe !> Z:r‘g?qr“&HSYrPFfFl f'f@n&%pséfﬁ’ﬁetq&gn@’c?f)n?'%s T gst rial

digi tal bfoaﬁgaﬁr{cg% ARCRE Ao 10? PRt BRNMmAliS oacdgsiventh a fil ter
a -

only the parti recei ved par ich is a service broadcasting for the
por t abl e/ mobirkgsmitkivg electeit polver.t eAs detariball ablo e, tld RBsignat wbidhrig, and

wi t hout Fourier-transformng 15 al@({ evg{gse- Fourier-t rap[sf or.m n 391Qd with
only di git al FigapnsEeeayeéed Fdamp  rOSILISHESCTHE b%%r‘flf"é’llﬁgi?- récei ved
parts of_t he rakl al - 0l g : adcasting waves to each
of adj acg%]t Iéeg}galrtr%%%tgetd{%%ru& ﬁgégr%{ﬁlgﬂén%%%b% usr}lgﬂr%(g? Thereby, the
retransmtti pa2sppar asWesditedmboet,hasetransmitting apparatus 1oefiilic wirgwstial (one

channel = six MHz) w thout assigning a usel.ess frequency.fof.a receiving 20
appar at us i ndwiﬁhk{%ﬂ?ﬂjt@ﬁéﬁféﬁéw tB%“?}IB‘B %,mieﬁEI H‘ég?ftf)ﬁ'ﬁhu‘_? ﬁB?f ?rﬁy glhe

under ground sDORD!AG; ALt BALHRE sLHig bioHiddahETRIGhe bbrthBlehbiRecessary
to Fourier P?%lns orm and reverse Fourier transformthe data to be

retransmtt ede@te af i tbrredtiiNledigitaltteondantng and mathout Fourigcinsiormog i er

transformation and a reverse Fourier éransf?rgati n i s not necessary, so
that a dif ayand pyveessrF GBiesHERFORBEES, 4Rd Withern!y S1QLYRIBGHEEI NG 'T% be

realized. [Emhod mpéneglhe[p%gg%he—%%éfvedﬁjgﬁs gﬁpﬁgjl{ﬁ%ﬂfy &f Whdektridii@sarr i bed.

The enmbodi mefit=?2°° 8P hat error o guency factor, which is

attributed t@readchdtin@rwdvas kdied ofi adjmehom@mentsaquemansmihenoncRE signal.
recei vi ng-converti n% circuit 201 converts a
Thereby, the

retransmitting apparatus 1 can retransmit with a small band width
(one channel = six MHz) without assigning a useless frequency for a receiving
20  apparatus in a building shade out of doors, inside a building, in an underground
shopping area, and the like. Furthermore, it is not necessary to Fourier
transform and reverse Fourier transform the data to be retransmitted of a main
line system, and a circuit for such a Fourier transformation and a reverse Fourier
transformation is not necessary, so that a delay time can be shortened, and the
25  easy downsizing can be realized.
[Embodiment 2}
[0027] Next, the embodiment 2 will be described. The embodiment 2
eliminates the error of a frequency factor, which is attributed to a jitter included
in a local frequency when the receiving-converting circuit 201 converts a
30 frequency, prevents the interference among carriers in the adding circuit 400, and
eliminates the signal distortion, which is generated by the filtering of the LPF
circuit 301.

[0028]  Fig. 4 is a block diagram illustrating a configuration (embodiment 2)




30 frequency, prevents the interference anong carriers in the adding
circuit 400, and elimnates the signal distortion, which is generated by
the filtering of the LPF <circuit 301. [1%028] Fig. 4 is a block diagram
illustrating a configuration (enbodi nent™"2) 10- of the retransnitting
apparatus of the terrestrial digital broadcasting according to the

exenpl ary engpgicreRinslittdiCappaesends the veardstrial digitil broadtasimgract drding to
apparatus 2 conprises the receiving antenna unit 100 (not illustrated), the
N tuning unthesxgowplary egnbgidiraentyef thepresent igveghipps Bhis rerasmifilg 400, the 5

t Ry it 500, and.the transmitting: e BOReaROL
111 uet 7 at eq) SobatimnaRorp e ot R RIS R A0 SAATHRHLS S Hea 0t gurea

Wi th N systeffing diigs 200N @fgitalip psocebans uhis 80N fth@addad 400 thet he same
circuit, so that only one systemw |l be described bel ow The
di gi tal | ys pr ctegsinifting winit 5902andhhie (rpagmifting prtepns Bt 608 6not iHustratetlency

error correctin Lrcyit,.3 a synmbol 10 i i phg circuit
304, a G reMeé‘gWﬁ‘ ecﬁ%Féiéﬁl?a?@ ?C%sﬁ’&‘ge{mi‘égrﬁr%%?&%@a‘{ﬁﬁ}g‘%ﬁﬁ%ﬁ" 302. As
conparing thg,4 efdhadySat fdt8ds aRRAahied Wit the fatre @rehfrdiomat odlyidneust r at ed
in Fig. 1 with the retransmtting apparatus 2, while both apparatus are

the sanme in tysmivalltbeajmseribadieelowe phodigietywireeessing upiddi2vpelydessht enna
unit 100, th uni n it 200, the adding.cir.cuit,&400, retransmtting
15 unit 500, igkd”%cﬂg 3@3aﬁ%ﬂ?‘?qcﬁger%’ﬁtcgﬁﬁ‘g“%‘flfcuéw’ g(%ﬁ?gg%opar atus are

di fferengyfr Qfﬂch?ﬁﬁgatﬂ)tnr@'teétﬂlgtcmhit_@@ﬂ, JGyrémbdivg PireGes6s naducgmdal of the

retransmtting apparatus 2 is provided with the frequency error correcting
circuit 303, allbetimgniichit 32nc iseoinpating thastrensmitgng tnragtts 3ed theand the G

replacing circuit, 305.in additio o.the configuration of t .

digitally-pr sgégésm@tddﬂystgaﬁé bt Fign L Syl Py fem st I&gé‘é’l’%rﬁéuasr%ﬁ}‘sﬂef?o"’i‘ n Fig.

4, the same Qﬁﬁzﬁaﬁ§ thdfe sOhefih $hat %oilﬁﬂﬁ;h}@ﬁme éff@viﬁ&ﬁw&ﬁf’fﬁe rézefpgnent which
at ofa I d et e

is comon to Fig. 1, and the ai.l ed description will be omtted
bel ow. [ 0029hntdhenuhing06; fi talihy upit 868stbe addingicircait 200 nbaretraimitiagi val ent

cireuit 301 B8 209¢ s tGRETRE SoiFBS8 SO i eHErga i direRthe collf LT
01 1 5 i St r Rl S BB 3 B RePr eduency
error correctiingroiidalivith 30Sfrequehcy koptdreecting cijcnp 308 edetsgmbplk synbol
synchroni zat isggchggrgiggttioinngetgét{n%ucii}cuﬁ%%ﬁ, and the GI replacing circuit 305 in addition
to the configuration of the digitally-processing unit 311 of the retransmitting
20  apparatus 1. In Fig. 4, the same code as that of Fig. 1 is attached to the same
component which is common to that of Fig. 1, and the detailed description will
be omitted below.
{0029} When the digitally-processing unit 312 inputs the equivalent base
band signal of the channel selected by the tuning unit 200, the LPF circuit 301
25  extracts only the one-segment part signal (partially-received part) with the
filtering. The output of the LPF circuit 301 is distributed to two destinations,
one is inputted to the frequency error correcting circuit 303, and the other is
inputted to the symbol synchronization detecting circuit 304.
[0030] The symbol synchronization detecting circuit 304 inputs the one-
30  segment part signal extracted by the LPT circuit 301, detects an amount of
frequency error and the beginning part of symbols of the one-segment part signal,

outputs the amount of frequency error to the frequency error correcting circuit

303, and outputs the beginning position information of symbols to the GI




[ 0030] The synbol synchronization detecting circuit 304 inputs the one- 30
segnent part signal extracted by the LPF circuit 301, detects an anount of
frequency error and the beginning part of symbols of the one-segnent part
signal, outputs the amount of frequenc lsrror to the frequency error
correcting circuit 303, and outputs the beginning position information of
synbols to t%lﬁingéi%cuifﬁiﬂ.ad ng circuit 305. [0031] Such an exanpl e that
t he synbol synchronization is detected will be illustrated bel ow

General |y, t[@030FDM Syethan exampie thattheyeimelphayaehrenigarandis defrcssdwill Bgd an

effective synbol interval, .and i f t i j .
cyclically df SF@EFQ&ETE‘WO&?%Q}?X%ggﬁzblﬁﬁémgs Fg‘c%?%%jeﬁ%g%\éﬂh Ar%"éa?%ynbol
synchroni zat hﬁE‘n&F&rchéd e cBivE GiinboBderotXt @hd8 signsilshtHe gosrdahekvalis by
utilizing this contiguration, and detects the anmount of frequency error

?gds_t he Ibegi n?lingllpgim?liczdéd ﬁyntﬁol}@“t aftpretbe effeetivesynthol. t hbe pygbek ed si gnal

i gnal configure romthe uard..i . val th ff LNe. '
interval), afiPRISHgHn HPg& C‘éﬂt/q%%h rﬂ\?@? %@&ﬁ%“%ﬁﬁﬁ??ﬁéﬁfﬁb‘%‘mﬁ; t he
effective Syw%%lgﬁﬁ&{,\aﬁh defRcQURL mb ekt & Adqueicy Qfortptiths begiahmg farobt ai ned -

by nultiplying s si‘'ghals to obtain a nmoving average of a gquard interval
wi dt h. Next, of sphbalspoSpacificallyhfitr the irplutted signele signsl eonfegired iogn the

correl ati on becon i s..detect nbql i
begi i ng_ paBBSRImEIGRa e STCHVE sy PRy A AR AL gat &' o
the 15 i ggut Egﬂyg#ggﬂglingﬁﬁgﬂ”s@%ﬁsg thQ%?Fccﬁ@@El}frﬁixﬂriﬁ‘ﬂe}va@,lf'ﬁ;%ﬁara)@o&eﬁﬁbﬁ

del ayed . ecti've sy nterval, and a corre ion (Si Q)

bet ween | axio$ boai dgmis ishbtainetbbyt tedtigypgaiciasigngs &xpbtaiime madetgayed by the
effective synbol interval are Obﬁ in respectivel %nd he unt of

fr equg_ncy eL RBFTaEs ofe gedddptehd ¥ ’g‘n &ﬁ“@b?ﬂ’gi‘lgf’%{w \%‘Pﬁj 59" WEanwhi | e,
regarding t el oy LDty a : L b ikhe
heginni ng_post T K Tyl e e ey &1 or Sater to
Takashi Sekithe BéginnihAphieof FyretelencyA Synelation($ i NdetWesshinixgadataed UgFDM

Denodul ators Using Guard Interval s], the Institute of  Teleyision Engineers
of Japanifl TE?JBUtEeg@Fﬁﬂal:%ﬂqu’r"éE‘@F S{:tsel@gg SNI@Bﬂndéfx?s gf%@%‘?}’eal{h% e equgncy

e r or COT I eClbgy (i bidh 307 ol BRH Lol RASSSEIWERccRT A dusbondl from the

LPF circuit § _ e arfount o requency error from the synbol
tSK gcih:] OL"t tzztéI Iil?ifhtﬁﬁlts@{cal flgi QlainsExlatta deldyedbyl tlearffestvs symbolfintequadiey  error  of
P obta?ng:l re(s?pectivcg,aly,0 Qned t%gga%%rllltnt gfa r:[equb nc,)l(J grglgistdﬁé?ecltgdo BIEES%S %nam)unt
such correlation values. Meanwhile, regarding the detailed description of a
20 technique for detecting the beginning position of symbols and the amount of
frequency etror, refer to "Takashi Seki, etc. [A New Frequency Synchronizing
Technique for OFDM Demodulators Using Guard Intervals], the Institute of
Television Engineers of Japan (ITEJ) technical report, 1995 August 24"
[0032] The frequency error correcting circuit 303 inputs the one-segment
25  part signal from the LPF circuit 301, inputs the amount of frequency error from
the symbol synchronization detecting circuit 304, and corrects the frequency
error of the inputtéd signal of the one-segment part by using the inputted amount
of frequency error. In the receiving-converting circuit 201, since a jitter 18
included in a local frequency used when a frequency is converted, errors are
30 induced in the frequency factor, and the adding circuit 400 may induce the
interference among carriers when the one-segment part signal of each channel is

synthesized. The frequency error correcting circuit 303 can prevent the

interference among carriers attributed to the frequency factor errors in the case of




of frequency error. In the receiving-converting circuit 201, since a jitter
is included in a |ocal frequency used when a frequency is converted,
errors are 30 induced in the frequency factor, and the adding circuit 400
may i nduce the interference anong car rib¥s when the one-segnent part
signal of each channel is synthesized. The frequency error correcting
circuit 303 - hnterference anong carriers attributed to the
frequency fag%rgil%}ﬁgfgoéﬁg%lﬁg case of 12 the frequency conversion. [0033]
The G repl agooss]ci r QhietGI3eplacinputiruitiid5dopute ttecrbreictpddigm of the anve-
segnent part fromthe frequency error correcting cirgcuit 303, i,nputs synbol
begi nni ng poSPEMEH PR E R HFRAPSISHHTIOE CRyHiRE @VHH?@%M“P&% %’ﬁ“‘?ﬂgt ecting
circuit 5 304, .extr . 8 S| - Of Bs%ym SURES TITSY) YA Te T Lput ted
synbol begi %ﬁ%‘%ﬁlﬁg@sﬁoglnﬁr% olrur?gtff%ﬁ* 0 thgsii( nputr'?g(;jl Si grtlgilimtgltl%tchg

one- segnept pa4iextactsegiprdl@fGne sy@B3Ukengthdaséd orsthe idpagedasynadmdcr i bi ng t he
processing of the G replacing circuit 305 The replacing circuit 305
el i mi nat es t fhegiapingarositsm igformasiondonibgiimpitizg Sb%{&ai} oftheprigrs5RMENHPar e
synbol I ength_f.or ﬁ e inputted signal of the one- segnent part with the

fol |l ow ng prégpég%el Q by utilizing such a fact that a signal of the guard
interval of tihes4PFDMrsy moRlasdiegnbi @usebingithdpiobesspnppoftibe ilaeplatingand t he
effective synbol interval is duplicated to a rear part of the effective
synbol . Fi rstcirceind0s  ThpCheeplaciae coant 3@@511@H@é?5f’£%§1%0%59ﬁt5§|th%egi nni ng 15
position _hased on.the jnputte ]y 1] L: r ion (1),
and ext rlgct egmgfnérpaalr% %fa ?lﬁggeﬁoerggg %x&ggg%;:ﬁgﬂgfﬂf g%;%l hﬁ?éhoﬂggﬁsﬁ% %g poi nt
| ocat ed apar tsegynt@atiZwith @8 oM vaNgTbcefsag hynunigzingsudh ofact Mat aBigpnl the G

replacing circuit 305 noves a signal between the beginning Qsitiagn and a
position of @ftl® guangimervet of e Q&@%WI%F%EW%#WFH@%E?% tPFE'aS y nbol

|l ength to a rear t toresalign (3), r -,0f the
re-aligned siaﬁﬁélf‘eo%rgecttwg SB@&PL %rg‘;’g%l)grd%l Pﬁ‘ga@%d%%gﬁﬁﬁrrﬁ&?% %&lﬁ’fge- set d
ratio (4). Tf&gﬁl%m{, FBirshale $11a6placiab coReit SPrbpdcifitengihbolbeghimbgned. I1n the
LPF circuit 301, the distortion may be induced by the filtering at the
begi nni ng5angositienbesed pathesnpitteshiy rhphbeginniag gopitiondafagnatips gl Jaghthg
circuit 305 cap elimnate.t.he signal_djst ' [ :
filtering. 2§XF6‘5§§]5155§ ﬁfh}eneﬁetc V%Fb‘?‘*’%}%ﬂé?‘s{bgg%{rﬁﬁﬁ Eglgg |Ctﬁ%(acaip Feuit
302 inputs thg ONEfrosLHEBNMHRRbEgiRhBIRPosdATR). GTlen, treplbrpthcing dilmitG
replacing circuit 305, and o - .

305 moves a signal between the beginning position and a position of GI/2 length

of the extracted signal of the effective symbol length to a rear part to re-align (3),
20  and adds a rear part of the re-aligned signal to the beginning part as GI
depending on the pre-set Gl ratio (4). Thereby, a new signal of one symbol
length is obtained. In the LPF circuit 301, the distortion may be induced by the
filtering at the beginning and the rear parts of one symbol fength. The GI
replacing circuit 305 can eliminate the signal distortion attributed to the filtering.
25  [0035] Returning to Fig. 4, the segment allocating circuit 302 inputs the one-
segment part signal whose Gl is replaced by the GI replacing circuit 305, and
converts a frequency to the segment allocated when the signal is combined to one
equivalent base band signal.
[6036] As described above, the retransmitting apparatus 2 of the terrestrial
30  digital broadcasting according to the embodiment 2 can obtain the same
advantageous effect as that of the embodiment 1. The frequency error
correcting circuit 303 can eliminate the error of a frequency factor attributed to a

jitter included in the local frequency when the receiving-converting circuit 201




converts a frequency to the segnment allocated when the signal is conbined
to one equival ent base band signal. [0036] As described above, the
retransmtting apparatus 2 of the terrestrial 30 digital broadcasting
according to the enbodi nent 2 can obt ard3the sane advant ageous effect as
that of the enbodinent 1. The frequency error correcting circuit 303 can
elimnate th r tRd infdrdrbiue SeodOcarielsiihtey i ncl uded
in the | ocalc%#i?é%%érfl%bu%c&h%?(ﬁgﬁf rgg%itﬁégyg%nverti ng _cglj(; cuit 201 -13-
converts a fgadenpesiestit 4000 Chire @I eplaving dimuitd08rdagedimjvatatbmdistoation ef s i n
the adding circuit 400. The G repl.acing circ 't1 30 cag. 'ﬁli-é'{ﬂ&ﬁ@é t he
distortion ohe begeningAndiesigPaisPiaesgnah of pre HHmop sl%gi&w " one symol

| ength, which s d4 ed: i« l2her i : Foetving Upbarad. Asa
result, in g"%*é‘&é?&?ﬁ% Ogﬁ%§¥gF%§c tr?’te)g'ei &gr?ggstlﬁtg%; g?r ansmgt%)féd signal from
the retransnickéiviig e pataiststia] siphs from ther muynwhitineappandios 2sthachr oni zat i on

is inproved, the amount of frequency .errqr correction ug‘gcgﬁes eaciurate,
and the degrandaracswfithe 3ymebal SyRelHEmZREGTH IMBEYSFathgaP YR, T FE AP iiced.

L Enmbodi nent 3] 10 [0037 X1, ' Wh i Haashit . The
embodi ment SGrL?arl 9 eﬁg?%ge%ése%c%%%t%gp ‘g% re t%d%g\éhfng(t:l?grr, whi ctl?\@%is
attributed tﬁ,@ldthg-geanbaeédm@eai in a local frequency when the

recei ving-converting circuit 201 converts a frequency, prevents the

i nterference[Bamporgment #j ers at the adding circuit 400, and also

synchronj zes nbol. timng for t 0 pa i f yeach system
15 to rett anm}? d [Og%%”wf—el .b%hwsen? g{?@ggﬁgﬁ%%gm 1|T};ul3 Eisn'?ggitr?ﬁlg a

confi gur at i ogjpERQdhEeRbr 8 a frefjudite faabr, avtbel istatmipusadparaitte ingludése
terrestrial digital broadcasting according to, the exenpl ary enbodi nent of
the present imwhbwel Gequenhy svheatt gmmvmg@fgwegg}ga?gﬁl&:logp@a%?f 8es the
receiving antenna unit 100 .(not k| ] uUst : I RGitiot snd200, N
di gi tal | y- pr SEREECHGPIGRTE §t}%llg%er%r‘la}eﬁ%%hg%né%Fgts?{le?r?gd%liléﬁﬁéﬂiﬂ%t 307-3, the
addi ng ci r cujjiso 408bhrbhiged £EyraRSMirhingTar theicne 56Zmeainehrt fignalradiva el sxsiany
antenna unit 600 (not illustrated). The digitally-processing units 313 are
confi gur &8l wid retiingyst ens, and each of the systens is configured with the
same circui t hat anl n temaw.J | g(gﬁfgr : e
digitally 2510&3’3&5s?%%dﬁ¥tb?%°§%‘%¥§rgﬁ'ul \ggér%m%ﬁﬁ: cir %??%3 %%\ng%ﬁgqaency

- error correch i} retransmitting apparatus of the terrestrial digital broadcasting according to

the exemplary embodiment of the present invention. This retransmitting
apparatus 3 comprises the receiving antenna unit 100 (not illustrated), the N

20  tuning units 200, N digitally-processing units 313, a delay time adjusting circuit
307-3, the adding circuit 400, the retransmitting unit 500, and the transmitting
antenna unit 600 (not illustrated). The digitally-processing units 313 are
configured with N systems, and each of the systems is configured with the same
circuit, so that only one system will be described below. The digitally-

25  processing unit 313 includes a LPF circuit 301, a frequency error correcting
circuit 303, a symbol synchronization detecting circuit 304, a digitally-delaying
circuit 306, and a segment allocating circuit 302.  As comparing the
retransmitting apparatus 2 of the embodiment 2 illustrated in Fig. 4 with the
retransmitting apparatus 3, while both apparatuses are the same in that both

30  apparatuses are provided with the receiving antenna unit 100, the tuning unit 200,
the adding circﬁit 400, the retransmitting unit 500, and the transmitting antenna
unit 600, both apparatuses are different from each other in that a configuration of

the digitally-processing unit 313 of the retransmitting apparatus 3 is different




circuit 303, a synbol synchronization detecting circuit 304, a
digitally-delaying circuit 306, and a segnent allocating circuit 302. As
conparing the retransmtting apparatus of the -enbodinment 2 illustrated
in Fig. 4 with the retransmtting apparatus 3, while both apparatuses are
the sane in that both 30 apparatuses are provided with the receiving

ant enna uni t £380hat HBHE WREIRATyURHobesd B, unit 110 @dde Rgravismitiing appakatusize
- retransmtting unit 500, and the transmitting antenna unit 600, both
appar at uses amcbthirbfransenittifer appardoh3 o fuethes provided vatie Bgrdedal @fon of the

i {1 orent - 1HOSTEEL 57 Bieghe GE SRR AL IR B0RE: Ay Butplde,

retransm tti gg QpRRMaLhZh i8B6mhid8 th idi BPFIH. U hidilRAREIRidURs&ipthonf ur t her
provided with the delay time f adjusting circuit 307-3. In Fig. 6, the

 sanme codes aswilhbe oofittéd elowv.i s attached to the conmponent which is common to
that of Fig. nd e detajl ed descr.iption. 5 Wl .omt el ow.
[0039] The s@égf syh‘Bﬁ P}S‘ﬁijgllaﬁ“(‘ihroﬁgtaéifgfiﬁtﬁc%?g Elﬁ?lfl{ %@ﬁlqpﬁtﬁﬁlgg?ﬁe one
segment part s%n%?@baﬁﬁi%rﬁ?ﬁﬁga&éﬁ bR Gikdsii 01, A0tkctsdRE afboSnt dfe amount  of

. ] frequency ror “and the beginning position of synbols of the one-segnent
part signal Wetherayguardnd dre bdganiop positiopaf symbas afithermneofegmeatpifhcy err or

to the 10 frequency erroy correcting ¢ircuit 303, .and output he

begi nni ng po§1igf1i§'|o‘ﬂ1t}¥iarﬁ‘36¥ rf%?it"?ﬂ_" °§§ﬁﬂﬁ§p'ﬁ*§ a_fné)uflh‘_éf %%T’:ff?q F‘EFEI %’d‘iﬁiﬁsti ng
circuit 397 Reqhdfid Qo BrEalAY cit b3 Bdhh® biddisabt bbkibni#dfdidoaput s the
begi nni ng posi gion’ nformati o romthe synbol synchronization detecting
circuits 304infbrrhdtion of yinttald to- the deleg sinmpadjniting GaeBitBO/e3.N of each system

respectively, and calcul ates, 15 delay ti of . each,system based. on a
b s e Srae i o> % f

recei ving ti U] of dRg dsk tepe g PRUE PEPFELPYIRRSUOY ¢ hat

the symbol begi poiing £bm t §8ch BN 88kcHASE QARG gARd S of each

system correglggfn}gétp% %g@ﬁﬂg?%%% J3/?8041] The di at?fg:ll Iry_-del aying circuit 306
of each syst aipifalipyirecdskiagamets 3d@dnerl¥ opeach sysgnatespdrdivelyt padodaeiptesrror is
corrected by the frequency error 20 correcting circuiit 303, inputs a del ay
time cal &8Il apdglayyiimpe ﬁ@){‘ Siei“hgasﬁéljoﬂ&rF?@VIHgitVE‘&lgtO%W-°§;é Ogﬂ% del ays the

si gnal whose eﬁi%glggpg%'sa%{ahg @i(%;nﬁls(\sg rt{ﬁ?c(ﬁnce %frf?%lf‘ﬂé@ing;‘i}?é ?ﬁéﬁés@-thg he tuning by

the tuning un gitally-processing
di gi t al | y- pr eggsslengbaspiband signalseofexdcsysenn tarespaoh teyathestherso that a shift
Pﬁg ?e ! ndUC([a(()jOfiil? t hgfhg%?g‘?alllyt—ée%ﬁgg gfrcﬁ? %]6 g%’ ggc%@ystlgeinggtﬁﬁé ortle!-m ngs of
segment part signal whose frequency error is corrected by the frequency error
20  correcting circuit 303, inputs a delay time calculated by the delay time adjusting
circuit 307-3, and delays the signal whose frequency error is corrected by the
delay time. The tuning by the tuning unit 200 and the digitally-processing by
the digitally-processing unit 313 are executed for each system, so that a shift may
be induced in the symbol timing of each system. The symbol timings of the
25  one-segment part signals of each system can be synchronized by the digitally-
delaying circuit 306 and the delay time adjusting circuit 307-3.
[0042] The segment allocating circuit 302 inputs the one-segment part signal,
which is delayed by the digitally-delaying circuit 306, and converts a frequency
to the segment which is allocated when the signal is combined to one equivalent
30 base band signal.
[0043] As described above, the retransmitting apparatus 3 of the terrestrial

digital broadcasting according to the embodiment 3 can obtain the same

advantageous effect as that of the embodiment 1. The frequency error




25 one-segnment part signals of each system can be synchroni zed by the
digitally delaying circuit 306 and the delay tine adjusting circuit 307-3.
[ 0042] The segnment allocating circuit 3q% i nputs the one-segnent part
signal, which is delayed by the digitalty-delaying circuit 306, and
converts a frequency to the segnent which is allocated when the signal is

conbi ned to @fifecEalickalienn3 cah chastitdardr ¢fialfreqhOitddfackhs adeibateihed above,
the retransmtting aggaratus 3 of the terrestrial digital broadcasting

accor di ng t ojiti¢reneedime rcaBfreauensy e thaeceiyig-cHPEHSYESUSZYS f ect  as

hat of the enbodi 1. The,f 15 i N9 GGy t 303
can el i m nat SRS airopon> 45 pISHRS el hee piong SRR S ShRE . >

i ncluded in g dpcedo.frequency when the receiving-converting circuit 201
converts a frequency, and prevent the interference among carriers in the
addi ng  c§ r c[6044}00. The foodd]tinTings of thsainetsegivanispast sighals ohheseaghent part

ignal's of th h t b : i zed by the.digitall | ayi
ci foul t 306 S Feh BEFEY TR DR R Dl Sire Sat 306 hd Bigdprlf 21 e
symbol begi _”ﬂﬁl@%dﬁﬁg%lé cRBSit 907.8aC Thetby! the spRBLVRg@IMink P66itIBANSS &cginal s can

be conforned, so when the signals” are conmbined by the adding circuit
400 as one edqfihezijeivelepabaselimnd signglsaian beteenfiomei croathst when He signalansni tt ed

h i zi h | .gynch i zati tim f.all, th 3
Sagment o, hsig thgteired B thegdRiaciitRn 00 P bl AERLp G 504 gl b
retransmgt eﬂgflélg g BE rdtEIE AR dstdyAshriBRR A AhE SyRbol 9 cBfmifieH thinghe

synbol synchroni zation is inproved, and the anount of frequency error
" correction beadbtheslcmgreots. Y6  Byblodh menteiving p0parsjusNesalvingliesigibodi ment

4 will be described., The enbodinment .4 elimnates the err of requency
factor, whi c??tﬁagsr&{qerditgtﬁ’é feﬁraBS‘PitP’P%?PRaﬁ%tPﬁge‘g‘e AFAHTECY 8@@718 ¥ F@’SLency when
the receivings ] hpoWkd, A8 hE ARUERLT fRe Eﬁ%ﬂé’@d}%b delisyents the

i nterference gcggib\él?%agfpggsé?}slﬁ%t t’he addi ng ci rcuiqtu 400, andrr20 1aI SO
synchroni zeshédoveesyohett.timng to retransmt so that the synbol begi nning

positions_ an SPQcﬁatter ns of the one-segnment part signals of each system
correspobt t FBBeHMSPheY . [0046] Fig. 7 is a block diagramillustrating a

configurati Orb[ﬁgfrb()dwtthe@mbodiment 4 will be described. The embodiment 4

eliminates the error of a frequency‘fa_ctor, which is attributed to a jitter included
in a local frequency when the receiving-converting circuit 201 converts a
frequency, prevents the interference among carriers at the adding circuit 400, and

20 also synchronizes the symbol timing to retransmit so that the symbol beginning
positions and SP patterns of the one-segment part signals of each system
correspond to each other.
[0046] Fig. 7 is a block diagram illustrating a configuration (embodiment 4)
of the retransmitting apparatus of the terrestrial digital broadcasting according to

25 .the exemplary embodiment of the present invention. This retransmitting
apparatus 4 comprises the receiving antenna unit 100 (not illustrated), the N
tuning units 200, N digitally-processing units 314, a delay time adjusting circuit
307-4, the adding circuit 400, the retransmitting unit 500, and the transmitting
antenna unit 600 (not illustrated). The digitally-processing units 314 are

30  configured with N systems, and each of the systems is configured with the same
circuit, so that only one system will be described below. The digitally-

processing unit 314 includes the LPF circuit 301, the frequency error correcting

circuit 303, the symbol synchronization detecting' circuit 304, a FFT circuit 308,



of the retransmtting apparatus of the terrestrial digital broadcasting
according to 25 the exenplary enbodi nent of the present invention. This
retransmtting apparatus 4 conprises thﬁl‘srecei ving antenna unit 100 (not
illustrated), the N tuning units 200, "N'digitally-processing units 314, a
delay tinme adjusting circuit 307-4, the adding circuit 400, the

retransm ttifogephitera(idtecting cirdgit BOO BB Uiditallg-dediief) BRcwinB 06,600 t{enot
illustrated). The digitally-processing units 314 are 30 configured with N
syst ems, andsegaeht alfodatiogsystisAd2i sAs epmpging thevietrAnsmidtingararatis aft | so

that only ong systemw.l]. be described below _The diditally- si ng
unit 314 i ncﬁﬁﬁ&é@ﬁ%ﬂﬁ#l@w@ﬁaf“ gf?lg Wlﬁ%&farrggﬁ%sﬁ%@t%egr ?ﬂ&a}[ %%ﬂ’gg@?eng
circuit 303, pdhe SHARREs SENROEARE ZRthbOPoH apFahivles SicpibiidedOdth the FFT
circuit 308, -16-"an SP pattern detecting circuit 309, the

di gi t al | y5 deteagiving axitermai uniBDE), temgningemisiyrihe addingpeiaeuihg0&itheui t 302, As
conparing the retransmtti a ratus 3.of the e i t 3 .illustrated

in Fig. 6 wiicHaRHBItHRE P’é‘ﬁéﬂg{ erdr?tge grﬁﬁﬂ?‘g?%ar&en%ﬂqggg%gﬁoﬂl AL Gses are
the same in &Q%ﬁff&%ﬁﬁraﬁp@%ﬁé}tgﬂ%ﬁn ﬁ{a?tl{%rd?gﬂtﬂﬁﬂpﬁ‘!cké‘s(i)%@ﬁnﬁ3ll¢6ﬁ{h\éi ng antenna

unit 100, the tuning unit , the adding circuit 400, the retransmtting
unit 500, anctrahemittimgnspparstundg iaptendes with thedfiT clyenih 38§ she &P patiern ar e

different fromeach other. in that the.digital.ly-pra ing.unit 314 of the
retransnittifedms %9&’1‘!50@’ F"éé %&é@e%#gjﬂs?%cwggﬁf@ﬁlg@&, the SP
pattern et [ ' TN : the..del ' 86k ALShit hh&uist3 307-4
whi ch isldio %?%#@?gﬁtrﬁ ?fgk\tﬁlgﬁggﬁ}ﬁ%{&rge&%gﬁﬁg? i)/?’ng“gi%rrcuit 31(;9%3@& thSe
retransm ttiingddjtpar@tths c3nfiguraticidof theigitallykprocensinggunind | oof b t he
digitally-processing unit 313 of the _retransmtting apparatus 3. .ln Fig.
7, the same ’@H&ésrﬁgt_glﬁgléPP%Ftuﬁi?’g. I%Elgs 7@&’?6?6%&0‘1’_? Bsgﬁéogg_}ﬁ)gd@ﬁga%ﬁch is
comon to th%&];?fcqjﬁggnerﬁ’w@@gist%xﬂ%%ﬂhﬁpomﬁpﬁ,'ﬁfdﬂ%@ deWdilel d@ﬁr?ﬂbﬁted

below. 15 [0 synbol synchroni zation detecting circuit 304 inputs
t he one- segwilhbe pavittedsbglnal extracted fromthe LPF circuit 301, detects

the amount of frequency error and the begi nnin 0sitjon of synbols of the

one- segnknt AT si Eh%PYW?lrﬁyécﬁﬂa’rZatl%&%éﬁ’tHﬁ %Fﬁllbmlt)wgtstth%gﬁ%unt of

frequency er i r 86k 300, Gdik&yite 20Rnra3nd out puts

t he begi nni n‘gge%%l()egl??‘{i%% [?ﬁr%?ér?gr%gg%%pg)?nbol S to the deel ay tni me

adj usting ci fregiidncP@rrod and ke Isagidrohg pesytiaho Dsyinzlails ofithdetnsetegmgnicpartui t 304

generates a timng signal_ indicating the be%i nnipg of an effec}li ve synbol
am unt of Ife the

interval forsighd viea gagrtksrrslatian. gPgHL th quency error to

frequency error correcting circuit 303, and outputs the beginning position

20  information of symbols to the delay time adjusting circuit 307-4.  The symbol
synchronization detecting circuit 304 generates a timing signal indicating the
beginning of an effective symbol interval for the one-segment part signal to
output the timing signal to the FFT circuit 308.
[0048] The frequency error correcting circuit 303 inputs the one-segment

25  part signal from the LPF circuit 301, inputs the amount of frequency error from
the symbol synchronization detecting circuit 304, corrects a frequency error of
the one-segment part signal by using the amount of frequency error, and outputs
the one-segment part signal, whose frequency error is corrected, to the digitally-
delaying circuit 306 and the FFT circuit 308.

30 [0049} The FFT circuit 308 inputs the one-segment part signal, whose

frequency error is corrected, from the frequency error correcting circuit 303,

inputs the timing signal of an effective symbol from the symbol synchronization

detecting circuit 304, and converts a signal of the effective symbol of the one-



output the timng signal to the FFT circuit 308. [0048] The frequency error
. correcting circuit 303 inputs the one-segnment 25 part signal fromthe LPF
circuit 301, inputs the anobunt of frequency error from the symnbol
synchroni zation detecting circuit 304, -ddrrects a frequency error of the
one-segnment part signal by using the anbunt of frequency error, and outputs

t he one-seg . ' Lhaseng I SwiSlPHe S Hugdr t 0 the
digitally- g’%@gﬁﬂ%%?’?g%e ?%%%Sﬁé‘%?ﬁe Epdquent e P 10049] The FFT

circuit 308 #rampisrndtion. one- segnent part signal, whose frequency error is
corrected, fromthe frequency error, corre_cbi gq Ci rﬁ‘uit 303, _inputs the
timng signal0080] an €he BRpRUBMARRFINE CHEWE SRS TRRAD chgf;ﬁigg?lgﬁ% i on |
detecting ci r.cui,t ' i - j gt of the
one segnent %%Iﬁl 05% qﬁequl%ﬁ%' %@g\gﬁ oﬁlélaaf'sfisﬂg‘%121([ql 1%?@855?§g§%gﬁggﬁd§?g§¥%ﬁt h the
Fourier 4 ramphaedEighsins it HEY alldvatiGh ppadrne (foud patearhs imgrotily eflthe 309 i nput s
t he one-segnent part signal of a frequency area fromthe FFT circuit 308,
and detects WHB-Ipsitste®n the 5 inputted signal is in the SP allocation

patterns (fo ttepns,i.n_t ) 3: : 1?9@ : 0031] Fig. 8is a
pattern di agt@#ﬁl | u {g’gtlls ﬁé’g{ﬁ% gl*’gé?lirngﬁlrlr%%\ } Aa:sﬁf?%/?]ltl%g}tlerrgt e%éi n Fig. 8,
the SP patt efRstekdih®id SDBeTSEyatcem af the IBDB-Fuysdmuire honfipued patht er ns of

SP patterns 1 to 4. The SP pattern detecting circuit 309 detﬁ?ta 10 any
pattern of ffour psiemant SPpgtternsd @ 4 oTherd PR delgcting psrubt bddedegnent

mput s UHE LR ST oD SR SFoR e P AR B BEpor I Fked parg)

synchroni zat j,p@ﬁ@qﬁ@ﬁyia@gi_ci rcuits 304 of the digitally-processing units
314-1 to N of each systemrespectively, inputs 15 the SP pattern. .
i nfor mati on [0052] t he TBPdplay tispaadiestiagtdirsyitd 0 chinpyts3be bEEERREREIP  and

cal cul ates a. del ay. ti of h S . VA of any
one of the ittt yebobam A AR T AR
positions apghikhggiBflPaicbedsiy @its@lik- I heNedehsabanim bapectbaiy ispgnal s
correspond to each™ other. 20 [0053] The digitally-delaying circuit 306 of
each syst®em ihefiRt pattdie iofeematéieyfrem:t 9§Ptp3éﬁe§hﬁ¢t?°tw4€d§@uftﬁégaé?ﬁﬂ‘?c%\‘erlbr is

corrected by the freguen error. corr i i .1 spa del ay
time cal cul ai“é‘gcﬂﬁju]f‘ﬂ: acf@ag Rt %e%%j Sﬁgﬁﬂng%eﬁ oh@¥ebeivhdvirh 1B Y1 %ng
one of the equivalent base band signals so that the symbol beginning positions

and the SP patterns of all the equivalent base band signals correspond to each

other.

¢

2¢  [0053] The digitally-delaying circuit 306 of each system inputs the one-
segment part signal, whose frequency error is corrected by the frequency error
correcting circuit 303, inputs a delay time calculated by the delay time adjusting
circuit 307-4, and delays the signal whose frequency error is corrected by the
delay time. The tuning by the tuning unit 200 and the digitally-processing by

25  the digitally-processing unit 314 are executed for each system, so that a shift may
be induced for the symbol timing of each system. The symbol timings of the
one-segment part signals of each system can be synchronized by the digitally-
delaying circuit 306 and the delay time adjusting circuit 307-4 so that the
beginning positions and the SP patterns of symbols correspond to each other.

30 [6054] The segment allocating circuit 302 inputs the one-segment part signal,
whose is delayed by the digitally-delaying circuit 306, and converts a frequency

to a segment allocated when the signal is combined to one equivalent base band

signal.




circuit 307-4, and del ays the signal whose frequency error is corrected by
the delay time. The tuning by the tuning unit 200 and the
digitally-processing by 25 the digitally-processing unit 314 are executed
for each system so that a shift may el hduced for the synbol timng of
each system The synbol timngs of the one-segnent part signals of each

system can .bgogfss??hr AR FE8ekita athee,Gthkétﬁdnkﬁﬁuidglagydra@s@i ofabé terd8friabnd t he
delay tine adjusting circuit 307-4 so that the egi nning positions and the
SP patterns digisyhiradsastiogresurding todheemhodneat 4 cBDOPRUSHE STHE segnent

allocating circuit 302 jnhputs, the one-segnen t Si I i
del ayed by t REVARIAZELUS th‘?‘gé‘ﬁ %tr‘?gﬂbei %ﬁ?‘ﬁmﬁﬁ %‘p:ﬂbe %%‘ﬂ{\}gjﬂ’gn\zﬁ@??gq@ncy to
a segment al k%g%tg% é@é&fﬁg} 301820 B Ghatk ShSQRY TR queARE R Wal@ris base band

signal . -18- escri bed above, the retransmtting apparatus 4 of

the terrestr aatibutdd 3o bjittebinvhatiedsn arigead fregneniaygvhen thi ecesibpecABYATIAE can

- obtain the sane . advant ageous effect gs tha% of. t enbodi nent ile The
frequency erfBFU 20} FRRYETIG KTFICHFY: 2BEPTCLH &eilmeﬁg{e@c? REC8E B 6T a

frequency fagﬁeog%iwj:iggﬁ{%@ attributed to a jitter included in a |ocal
frequency when the Tecelving-converting circuit 201 converts a frequency,

?BSSE]re¥ﬁnt qﬁn[tr)s(ﬁ]nteﬂﬂaersmelmmmg' g amdithe 8P patterng of theeorgeltigmygntpartui t 400.
( e synbol timngs and the SP.patterns qof.the . ane-segment,.part
si gnal s of e&tgalfearh BefeB&2R BRFONIOER e%gy %}P‘Fe 131%‘%[‘&? Iay‘-née‘:l%a%‘}ﬂr?ggc?flgcui t
306 and ,40 ttlbeﬁ%ggl)l' ﬁ}ﬁetddgﬁstiﬂglcﬁéﬁft RB7.Y. T ttleteb3Okhén thENGE Y areWasibirdae
signal s are conbimed as one €qui val ent base band signal by the adding

circuit 400, atbee signalest ban bhed sigetiranteiatidieg casuit 3P otheisrgnatsrandgnbol
synchroni zation timngs and al so the erns.of .all th nts.

P 3
As a result, r?’ﬁhané_mﬁ@%g?w%mé‘ﬂﬁ&lt% Wénﬁ?oéégg%ﬂﬂzaanm’sﬁnﬁ%s apgtaisér{g?e‘rggf ed
fromthe ret 'i)%ﬂéﬂsto%hg?%éagg% dhts. 4 Al Q?EOS ﬁ?ﬂlraaﬂei%ngt%agﬂiussﬁé@tmlng a

synchroni zatron 1's 1 e anount requency error correction
becomes corr gftnal AREntMRteSFrah thnreadhaniting sgemens 4ctn abeurasedf thaen t he

equalizing is executed. [Enbodinent 5 0057 t, th nbodi i
be descr ilbed symjel @mﬁbnmg@ﬁwnss EBPrQIVF‘%ﬁth%%‘BQ“IEt]Hg'}l%PS?Cyo%r% Cfotcr)%iﬁﬁgl?'nnfzyS el

factor, which.ls af é({r.}et%lr'ta%qrt%cg?? J;ig&taﬁfacglﬂ%kgﬂgﬁl[ cahbetisk@Menfth@quency when

t he receiving-converting ci convert
equalizing is executed.

fEmbodiment 5]
[0057] Next, the embodiment 5 will be described. The embodiment 5

20  eliminates the error of a frequency factor, which is attributed to a jitter included
in a local frequenéy when the receiving-converting circuit 201 converts a
frequency, prevents the interference among carriers at the adding circuit 400, and
also conforms the beginning positions of a frame for the one-segment part signals
of each system to retransmit. )

25 [0058] Fig. 9 is a block diagram illustrating a configuration (embodiment 5)
of the retransmitting apparatus of the terrestrial digital broadcasting according to
the exemplary embodiment of the present invention. This retransmitting
apparatus 5 comprises the receiving antenna unit 100 (not illustrated), the N
tuning units 200, N digitally-processing units 315, a delay time adjusting circuit

30 307-5, the adding circuit 400, the retransmitting unit 500, and the transmitting
antenna unit 600 (not illustrated). The digitally-processing units 315 are
configured with N systems, and each of the systems is configured with the same

circuit, so that only one system will be described below. The digitally-




frequency, prevents the interference anong carriers at the adding circuit
400, and also conforns the begi nning positions of a frane for the
one-segment part signals of each systeqyto retransmt. 25 [0058] Fig. 9 is
a block diagramillustrating a configuration (enbodi ment 5) of the
retransmtting apparatus of the terrestrial digital broadcasting according
to the exenploaesifiads e nichafks L BY cisauit 30 N\ibafiequencYlkimsT cetrecingni tting -

apparatus 5 conprises the receiving antenna unit 100 t ]
N tuning uncireniPdis, the ﬁﬁrgb(tl&b?n@“@ﬁ%é@%ﬁlﬁﬁﬂm ‘flﬁ‘:u%l?é)(‘t?g‘eo'éeétgﬁﬂﬁlﬁégg) the

adjusting circuit 30 307:5.. the addi CJ L Jeirg S| i
500, ~and-t hes ErarsERRATAIh A AR TR e Ml IRt g eaifidel o unt ¢
di gi tal | y- proeemsiseGmEnt difocadmy akénit 3020 i gcatparrghthblraysismitingand each of
the systems I's confrgured with the same circui't, so that only.one system
will be descappeatubdiodihe ahbodinght 4illptrated.in Fig dewith the (eHERSBIENG ne| Ldes

the LPF circuit 301, t ¢t | i i
synbol synch?ﬂ?ﬁf‘%}f ﬁowgﬁﬁﬁ’rg&qﬁupﬁa%ﬁslgérﬁﬁ%[thggéf?g%{eﬁgmﬁlcﬁrp?%% 1;(3@%%186: , t h: frame
synchroni Za;g%icgﬁ%}\@ﬁﬁ i0r B Lik gl dntchh unfth®0dilgi thaing Ymételoay ihegrddinecui t - 306,

and the seg ocating circuit 302. As conparing the ret jtti
apparatus 4 ofrcuihé0@nthe ditrresmittdng kthiy §0¢.canddthe ggp;;xgi_tgqg w@ﬁnq%ﬁl{' g(g(]),ttl ng S

bt h appar at DSWSRRGLL5F 3 HEAR B doah et 011 o PR B8 (e
tuning ught g00415Re R AfmAELHparaAQ0s id PovRinalsfcliamg uni t 500, and

the transmtting antenna uni , oth apparatuses are different from
each ot her i syddhadnitdternddagedtiigcircpit 340 susiterg of the §Rimettgrplesgetingeircuit

each other | tixglcjropit 53893 giron
ot ecting ci PBuPE DsiBelAbamiebi W o phiteor bl Tl AR AT, RN,

~ the digitall y;pracessing bl s3iprefiddd@ithehd anapiibdd ait1$02,5 and
the ret ransn??%nl ng lagpgpat us 5 ?’é 6rovi aed W t hﬁ}lhe d(}gllmgi?@ti me adj ust | ng
circuit 307- Whoshoseignatéemisrdfferent fremdhétfafrtbadelpy sime aiestor axeitdd/ay tine

adjusting circuit 307 15 4 of the retransm ttjng apparat i
the samel8odé ¢fghe FratangRItEPg 2PRATHIYS ﬁat ?%Eﬁgeg’ {hggiaﬂ%%é’g%%%ﬁlgﬁ?f# cﬁlhlgl sg,
: Eolmmn tot h?%tq.ﬁ{ed'%bghe dom n} RRicH8E 8bhfdhn tdeBATIF P ON aitdl ke drfaitud t t ed
el ow. [0059 e _f_rarre synchroni zati on detecting circuit 3 10 inputs the
one- segnent dpsdripti®ngmidll beodmateflbelpyency area fromthe FFT circuit 308,

detects a frame 20 begi hnin iti I\/pg:] ] i
Ml ti pl exi ng [0059] Th% frame gyn%ﬁ?o‘n&zla%gnfd[at%miﬁgh %ir;:rm (gil;{p%psst% IRLoN and

segment part signal of a frequency area from the FFT circuit 308, detects a frame
20 beginning position from the TMCC (Transmission and Multiplexing
Configuration Control) signal, and demodulates the signal. Next, the frame
synchronization detecting circuit 310 outputs the detected frame beginning
position information to the delay time adjusting circuit 307-5. Here, the frame
information is attached to the TMCC signal of the ISDB-T system, so that the
25  frame beginning position can be detected by monitoring the TMCC signal.
[0060] The delay time adjusting circuit 307-5 inputs the symbol beginning
position information from the symbol synchronization detecting circuits 304 of
the digitally-processing units 315-1 to N of each system respectively, inputs the
frame beginning position information from the frame synchronization detecting
30 circuits 310, and calculates a delay time of each system based on a receiving
timing of any one of the equivalent base band signals so that the symbol
beginning positions and the frame beginning positions of all the equivalent base

band signals correspond to each other.




Configuration Control) signal, and denpdul ates the signal. Next, the frame
synchroni zation detecting circuit 310 outputs the detected frame beginning
position information to the delay tine justing circuit 307-5. Here, the
frame information is attached to the T signal of the 1SDB-T system so
that the 25 frane begi nning position can be detected by nonitoring the TMCC

signal. [OOfgek1jhe dgd éﬁgithilyﬁem?iﬂgséi'tdiﬂ e efliath SPferh inppsitte éee sy mbol

begi nning position information fromthe synbol synchrogirzati on detecting

circuits 304seginent hart digghl, athoge freauensyiengr imeaqreeceishy the JTaquERCREEH syst em

respectively, inputs.th rane, beginnj. ik hnf : th
frame synchrW?ﬁPB&Hcﬂﬁggé’t ﬁnﬁatsfo&é&]{éﬁlgtcgﬁg%%@ng{gcdﬁﬁfg? ggﬁgﬂgéel a§
tinme of eachgsyt f19-DagRIdicdiysahé SipBhMVRGke ﬂd‘rsgkﬂ@ a@fornonaaedbytihe

equi val ent base band signals so that the s ol ~ begi nni ng positions and

the fr arresdbegamy\ tiﬁg. pﬁ"suettumng byftheruningenis 400 ovd terdigally-PIoSatFIng Bhal s
correspond tqQ each other. :20-. 1] The digit - i L:eul.t.. 306 of
each system ﬁ‘ﬁgﬁﬁ%@al Yﬁ%roﬁﬁ??lngs‘gﬁ{rgﬂfa%aeﬁcg?%ﬁgl G%L%%Sggh’?érﬁe%gte%gl%%é%r is
corrected byyt hentEEAHERC Fraflc tBhing G@REEEysiEn Ci THaliimBE)imingpof theaonde! ay
time calcul ate y the delay time adjusting circuit 307-5, and del ays the

Ei g?ﬁl }[Aho_sesefgnm;mupgggigatsmfdash spitera che e Bynchienisediey the digit@dly-The tuni ng
y the tuning unit . t digitally-processi

digitally- prg@é&@gﬁ&"ﬁﬁgﬁg\?ﬁg%‘i&@&ggﬁtagﬁlsgf}g cgglg'% 3§z'sst§eokr#}%atst§etf A a shift
my Dbe i@duﬁggginﬂiﬁg ers‘ﬁioBE Bl Aesth QRGN 3 St cabBgifsherhiamet i ni ngs of
the one- " seg t pdrt signals f each system can be synchroni zed by the
digitally debesihnigggiositiont c8@6spand to hechdwshery thei symbed peginring Rostiws endo7- 5

so that the frame 10 begi nnin itiogns, correspond to each other. In such
a case, if tﬁ’éSfl?awrn%%l@?ﬁﬂﬁrﬁ%mggz?F?cg‘r%th%rorrespond to each other, the

synmbol begi nfﬂdmposmg %%ﬁlaegpguoéﬁﬁg%ﬁcﬁﬁt3bgﬁ 121000 a RO Pakt siznahch

other._10062 segnhe ocating circuit 302 inputs the one-segnent
part signal , whobosalelsyeddyayiedigiallyhislajing ¢iatuit/3Qfelrag coryeeisralitqueses, and

convert f 15 . . X
(o one. s v Sraronseloen uEGAR CindueSTERa TR LI AL P "

retransmtti g% gpparatus 5 of the terrestrial digital broadcasting
according to i enbodi ment 5 can obtain the same advantageous effect as
that of the ¢wieagi mems descritheel dboeeubacstramsmaiting apparatus 5 of the terrestrial

digital broadcasting according to the embodiment 5 can obtain the same
advantageous effect as that of the embodiment 1. The frequency error

20 correcting circuit 303 can eliminate the error of a frequency factor, which is
attributed to a jitter included in a local frequency when the receiving-converting
circuit 201 converts a frequency, and prevent the interference among carriers in
the adding circuit 400.
[0064] The frame beginning positions of the one-segment part signals of

25  each system can be conformed by the digitally-delaying circuit 306 and the delay
time adjusting circuit 307-5. Thereby, when the signals are combined as one
equivalent base band signal by the adding circuit 400, the signals can be
retransmitted as conforming the frame synchronization timings, and also, the
symbol synchronization timings and the SP patterns of all the 13 segments. - As

30  aresult, in a receiving apparatus receiving a signal retransmitted from the
retransmitting apparatus 5, the accuracy of the symbol synchronization is
improved, the amount of frequency error correction becomes correct, and the SP

of an adjacent segment can be used when the equalizing is executed.




20 correcting circuit 303 can elininate the error of a frequency factor,
which is attributed to a jitter included in a | ocal frequency when the
recei ving-converting circuit 201 conver#}s a frequency, and prevent the
interference anong carriers in the addifig circuit 400. [0064] The franme
begi nni ng positions of the one-segnent part signals of 25 each system can
be confor rred[mb@&]ghe@ﬁ gjtally-delaying circuit 306 and the delay tine
adjusting circuit 307-5. Thereby, when the signals are combjned as, one

equi val ent bElﬁéSIJandfMKg_rim 61!320 i?@nb@mi]%@e(ﬁep@hqd- 406¢ e_fl}b_é‘dlﬂlﬂﬁél %ddéfm be
the “aymbol - rorh SGARCHREET priEealL BEnS R BaRh R 68 b ol A SO

segments. Asi3Qidoh®seddeastil, and BERInYitWloRPPathathe serfe3ntil digit! zelsvigioal

retransmtted fromthe retransmtting apparatus 5 the accuracy of the
synbol syhchbomndeastingrbyi using artechuigde of the embndiment 1.1 rEfidndde error

correction bec S correct, a the,.SP of an j e A CAN: used
when t he equﬁﬂgQ imgpnt & g ?@dﬁqsﬂtﬁ _par?]ﬂly ’T%%@P?‘Fg%{gg@ﬁ%?gge S%FE h)%f?l%%tﬁg
embodi ment  6pWialika B dR368 iReRed NG 2eaEhedi MR gifhl aiisgndle i diegnell  whi ch
is originally gener aged separately fromthe terrestrial digital television
br oadcast i ng(baddviditarsMHz) tatrengnipi t Meamwhile N adYlrs gqualitg)f kass thendji si on

5 broadcasti r]lg%b_y Si a t‘fchnl e of the enbodinent 1. That is, the
embodi ment 6 ResEBRRES RS Gandifap fS1hF SRBFLed part signals of the terrestrial

di gi t al rOﬂﬁg,%z“.n 19110106 HiSGEd N G HnN1NEYHn 2 Sorlfl ikt @mbESirhég®y| s in
one chanrllgl (band vmg:cllé)r%:o 1%%“%2) tlo transmt. ﬁ_anm% e, Ii[\ﬁ‘|@+ Mis equal to
or | ess thanofifhe retrenenintiig eppardths of thonetresinal digital heoadgagting acgordinss] |
Fig. 10 is a block diagram,llustratin .confiquration (e i rent 6) of
the retrans mife ‘?’i’?@lpi%rﬁaﬁnii‘lﬁfémﬁ)‘?t chhge P@g?rgé’f"f‘?“éllogdi ghsa{letrérrlso%ggg%ti ng
according t PaS;SJ}Sm%eJH%SﬁEs%s e el vRigtanfdnnk RAIAIOBS BRIN iHEH LN200TNN S
retransmtting apparatus 6 conprises the receiving antenna unit 100, the N
t uni ng uni t s dafllyNrodésgingaiity-3pi olensdwgtivgimiss A1 thaveddiag Fiaewihd0ni t s
721, the adding circujt 400, 5 the retransmtting unj 0 and the
transni t # ng tgnieEIREIRRE “E’ééo&ﬂar?élt HaEMSRIRE gHER "'fﬁ{lg%{? rig

re configured with

M syst ens, a%cﬁgegglr%qjvai{shm%&m&édwﬁﬁmﬁisg%gﬁg Wit duch e usAsRIeBiTigUi t, SO

that only one sy | be described. The ul at i ng unit 721 includes
an OFDM nodulkahfiggred iwithuihe s@ft cirauit,GBDNat only one system will be described. The

modulating unit 721 includes an OFDM modulating circuit 701, an OFDM

framing circuit 702, a reverse Fourier transforming circuit 703, a GI adding

20 circuit 704, and a segment allocating circuit 705. As comparing the
retransmitting apparatus 1 of the embodiment 1 illustrated in Fig. 1 with the
retransmitting apparatus 6, while both apparatuses are the same in that both
apparatuses are provided with the receiving antenna unit 100, the tuning unit 200,
the digitally-processing unit 311, the adding circuit 400, the retransmitting unit

25 500, and the transmitting antenna unit 600, both apparatuses are different from
each other in that the retransmitting apparatus 6 is provided with the M
modulating units 721 in addition to the configuration of the retransmitting
apparatus 1. In Fig. 10, the same code as that of Fig. 1 is attached to the
component which is common to that of Fig. 1, and the detailed description will

30  be omitted below.
{0067] When the original TS (f01" eﬁample, MPEG (Moving Picture Experts
Group) - TS) signal such as a local broadcasting, a community broadcasting, a

commercial, and a self-production is inputted, the OFDM modulating circuit 701




frani ng circuit 702, a reverse Fourier transformng circuit 703, a G
adding 20 circuit 704, and a segnent allocating circuit 705. As conparing
the retransmtting apparatus 1 of themﬁ?odi ment 1 illustrated in Fig. 1

with the retransmtting apparatus 6, ‘e both apparatuses are the sane

in that both apparatuses are provided with the receiving antenna unit 100,

the tuni ng ugfthe2A8dulatikieundt 921 alldyaméreaasieotdng cide t3 e itpuetedddigingl ci r cui t
400, the retransmtting unit 25 500, and the transm tting antenna unit 600,
bot h appar at USesgnal.coxgritEep SAEICE mpdulaiparselseted for mratpnapd pREbSHSEARAT ¢ ¢ | ng

conti gur at i offcor ok et e Myrr ML p AR InLFS A L e "code

as that of FiQuadkatuse AMJﬂﬁm&GuIaﬁﬁn) soapRienithybi QAMSmoduamen,tandt hat of
Fig. 1, and the detail ed description will 30 be omtted below [0067] When

the origi fal eXSutdsor vasicanpl mterRE®ESMOVI ng Picture Experts Goup) - TS)

i gnal h | ting,. a. i i
commorciar | 3% oeitpe SARCARNIN iR AP ¥ R BRRORTR O e i
701 -22- of gpmoadsakaRgcitit 7072 hnadddss RPiler datierCaf AEC(Awgliagde to the

inputted original TS signal, executes a carrier nodulation selected for a
rate and an @hizendl) amlie FMEC te e ORSKaljagatien at thpkofthe parteiivrrecuda¢d pyY

dul ation, t 16 M. (. t Anmpl i tud i . modul ation, th
54 QM modul 8¢ et LBt cpet bR e e o BELA S inde. | oocs] The
OFDM f r a%ng [m;jsﬁui t ﬁ@%e\}eﬁmeﬁn?era}@l@ﬁlma%a%@am3_tmpaﬁaehe GPM wEidnl at i ng

circuit 1, "and 'adds a pilot carrier, an AC (Auxiliary Channel) and a
TMCC to the safFDMfoomd pntha ORPYE frahingharquiriiZasnd reverseibpadiepart  of the

terrestrial digital broadcasti to execute the DM.framng.. .10 [ 0069] The
reverse Fourit@Pg’{oFr&ﬁ%fCBWﬁr gtacqly isémiﬁ’ﬁgof qtediat e €RY aﬂtna 1rin(e:glgm[ais

OFDM- framed By tdve, dadMit M 0ainplifs @i bighBl%f aARtHe hRYSHARNhAO WEVeRSe _
transfornms a carrier data of one synbol "of the signal to a signal of a tine

area. The GFoarddi-trgnsfomead bty H@4everpuFeuidrgraisfmmingsireuit 70%b aad @dds fi ch i s
reverse Fourj ?C{?Bgla nsf or t.he reverse [Four :,ﬁ[.rhgt r ansf or fg’cggnci rcuit

703, and!add$! &R d g‘%ﬁ’&“@ﬁ ISPIEY oSy SE- EePLepr Al Eha y set .
o s BT SR i (OARN pe h n ©
7 gl | ocat )éd wh&041 drel cingmas a fisquency to a segment allocated when thg signaP/is J
combined to one equivalent base band signal. The segment allocating circuit
705 is functionally the same as the segment atlocating circuit 302.

20  [0070] The adding circuit 400 inputs the equivalent base band signals of the
one-segment part, which are digital-processed by the digitally-processing units
311 of N systems, inputs the equivalent base band signals of the ori ginal TS
signals modulated by the modulating units 721 of M systems, and adds and
synthesizes such equivalent base band signals.

25 [0071} As described above, the retransmitting apparatus 6 of the terrestrial
digital broadcasting according to the embodiment 6 can obtain the same
advantageous effect as that of the embodiment 1, add the TS signal which is
originally generated separately from the terrestrial digital television broadcasting,
and transmit along with the terrestrial digital television broadcasting.

30 [Embodiment 7]

[0072) Next, the embodiment 7 will be described. By using a technique of

the embodiment 2, the embodiment 7 combines N partially-received part signals

of the terrestrial digital broadcasting of N received waves and M original TS




conbi ned to one equi val ent base band signal. The segnent allocating circuit
705 is functionally the sane as the segnent allocating circuit 302. 20

- [0070] The adding circuit 400 inputs thezsequi val ent base band signals of
the one-segnent part, which are digital*processed by the
digitally-processing units 311 of N systens, inputs the equival ent base
band si gnal ssighaltil®n@khshredto fdnsnsit.gnal s nodul ated by the nodul ating units
721 of Msystens, and adds and synthesjzes such equival ent base bar,)d
signals. 25 [08G3L] AEigdddds ablagk @plll%rat@gram%igﬁqt% (a‘agaal&%eaé 5 of

. the terrestrigl - diqgital.broadcast|] b Ng.; gsgﬂ i ' can
obtain the sgﬁ’é'e Idtﬁggmljgglgo@ggreﬁseéﬁg%s %ﬁ%ﬁh g?glﬁaﬁg}%ﬁ‘%o I geﬁ?a%ngggd t he

TS signal whitghxkmplRy efibdaihent @ERes ptagt frpatiad.el Thik rewarshatingr restri al

digital television broadcasting, and transmt along with the terrestrial

di gital t®l espmians Breompeiass thegeceding Bnisoun waih 06 the dbtrpynanesits 200, the
enbodi ment 7. w.ll .be descri bed Si a, t,echnj f . rent 2,
The. embodi moN B BB RES RE BF 1o 1 Vdnlr VERD U1, g AR GFBRRLI™
terrestrial ghgith@letnORRGAS uhAS00] alN the e@hyBRNEYEENRNONIM600] ghnal TS - 23-
signal in one channel to transmt. [0073] Fig. 11 is a block diagram

|
i | Tustrati ngeampaivg e retrinsmi(tingtapphratist2 of the gmboHunenst dnsiated imbie.
cxon ary enboERre G PHE g wbas HYBR: gt or Sand A ks
appar at Ugp 7 6RRPI $86tHeNerhfefitigPpantRMa fufthér f80ideBRatNHeUNi Ng uni ts

200, the N digitally-processing units 312, the nmodul ating units 721, the
addi ng ci r cuimoduls€ifig unkte 72 bin addtipn td thg canfigurgon oy reHansEiedi t ti ng

antenna unit 600. onparing the retransm tting appar.atus, 2,.0f e
embodi nent ZaPH"‘F%fEfAiat éd %OH’H@flg.g theyrefFapgmiting ?WF%H%E]’O? gl?en%‘ng%dﬁglF Ialt{%s 7,

bot h appar at R08n ¢ & F1erenh td R fasi heds 7 bdtRabpdrAises are
retransmtti ggﬁggpargt u% 7 is further prgglg?a(jg)g with the _f)I?deu_I ating units
721 in addi t differént frdme eacdnbthguirathiothe pétransmittiop papenatust1 Werowgpdmatus 2. As

AR KGR T RO Sk O TR

e o GO cpantirLs g, 00w alus | 5

di fferent fr{o07dhat dheréreividg gnteahd ynipi O dbsivminamiit 280, 1thefligitliyenbodi nent

° processing unit 312, the adding circuit 400, the retransmitting unit 500, and the
transmitting antenna unit 600 are the same as those of the retransmitting _

20  apparatus 2 of the embodiment 2, so that the description will be omitted. The
modulating unit 721 is the same as that of the retransmitting apparatus 6 of the
embodiment 6, so that the description will be omitted.

[0075] As described above, the retransmitting apparatus 7 of the terrestrial
digital broadcasting according to the embodiment 7 can obtain the same

25  advantageous effect as that of the embodiment 2, add the TS signal which 1s
originally generated separately from the terrestrial digital television broadcasting,
and transmit along with the terrestrial digital television broadcasting.

[Embodiment 8]
[0076} Next, the embodiment 8 will be described. By using a technique of

30 the embodiment 3, the embodiment 8 combines N partially-received part signals
of the terrestrial digital broadcasting of N received waves and M original TS

signal in one channel to transmit, and specifically, synchronizes symbol timings

of the signals of the partially-received parts of each system and the original TS




[0074] The receiving antenna unit 100, the tuning unit 200, the digitally-
processing unit 312, the adding circuit 400, the retransmtting unit 500,
and the transmtting antenna unit 600n?4e the sanme as those of the
retransmitting 20 apparatus 2 of the enbodi nent 2, so that the description
will be omtted. The nodulating unit 721 is the sane as that of the
retransm tti gignsippatraisit6 of the enbodiment 6, so that the description
will be omitted. [0075] As described abgve, the retransmtti ngéﬁ%ﬁ% tus 7

of the terreM7hi  Higgil2as a bloskatizgremnfudtdioad spieyratis (SWS 7 can
obtain the sa e%%tr?%ﬁa}gh%gﬁ%%g?at&f cﬁfetﬁ{at es&ﬁ?ﬁ(@igtq{ea]l %Ft%d@&i?ftﬂ%' AR ding toadd the

- TS si gnal whf y ‘generat ed separ romthe terrestrial
digital tel epjesdxemphiraainé.of tiaigtekendMsmentionl ofiiswetrinsniigidger r estri al
digital television broadcasting. [Enbodi nment, 8h [0076% Next "Fﬁte?e

enbodi nens  Sapparatub 8 campeisehibe re@jvingiaptgnaa paig A AP he Noruningyuite 2o di mrent

-3, the enbodi,nent, 8 conbi nes. N,parl, - I: par i : t he
tersestrial g}g&ah&]pr%cggagggﬁ %gfoqd ’ﬁfgdr%%ﬁeﬁ%&\j\.g\?ég dglﬁa tﬁﬁ%%(lﬁafnaﬁ TS
signal in ongghasmes. te ddadpsdticuit 40dieresidsataldgimisyothndnhees synbol

timngs of the signals of the@(g)arti ally-received parts of each s,és(tem and
the origi nal tAGmizdng sitgere wnit 60Q.r abhennpdulpimemitsyy2$ arg zopfigured WgiMyi agr am

illustrating a _confiquration (enbodi.nment. 8 e . 1Lt
appar at us of Slfslli%ni’élfla é’éa} Pgﬁhe%?’%?’tnill-s B?l}fk%%%ls ?tgéﬂ%sca{cng% Ecsi]?ér}g{ptsétthe? %éﬂy
exenpl ar y, enodiyeah wifl veliRsHiRIentThi YRt unThi 23 ineludensid OFDMy 5

apparatus 8 conprises the receiving antenna unit 100, the N _tuning units
200, N di gi tidulatipeetessi’ng, baiQEDBIBamingaiuita0Rnthegpyerse Fowriery del ay

tinme adjusting circuit 307-8, .t addi ng_ci. r.eyi t retr itting
uni t 500, aanP#QIm‘tnlgth’?Hitthnﬁleralﬁltaéﬁlﬁ%g Gty @3‘0%‘ ﬁ%ﬁdll%%ﬁ?gﬁéﬁgeﬁﬂ? ts 723
are configur | @lfBeat iRaatresf hke tiapshd fete@mhitgng ed Wt h
t he sane ci rgg?%'%“tdg%&/%%gz%{é%m yealg@gcrie system wi I()I&bpg%e1 gzscri bed. Tlrll'ge

nodul ati ng uappar@®s 3iafchaembodinenOf Dilhstrasziindtip iy wthrtbe retrapgmittitie  OFDM
framng circuit 702, t reverse Fourier- transfarmng circujt. 703, the G
addi ng ci? cufPPargys gawg‘ﬁﬁibf’ RPAFAIPSES ARG e SPRG P %1%8?1'%?39# ée‘:'ss'flgegment

al I ocating ci ' A2 AL Shal B8t TRYE BRNSHIdhini20m pRAdigithisy-3 of t he
enbodi ment Bblhf\ﬁ{ijés%‘rzgtéé}é iﬁ Fig. 6 vviath t he retrants%rritti ng 15 apparatus 8,

whi | e both appaesdinsesitai?, thheddageiicnit i thp sttrenspydingtunslex00s pad the

transmitting antenna unit 600, both apparatuses are different from each other in

that the retransmitting apparatus 8 is provided with the M modulating units 723,

20 and the delay time adjusting circuit 307-8 whose configuration is different from
that of the delay time adjusting ciréuit 307-3 of the retransmitting apparatus 3.
In Fig. 12, the same code as that of Fig. 3 is attached to the component which is
common to that of Fig. 3, and the detailed description will be omitted below.
The OFDM modulating circuit 701, the OFDM framing circuit 702, and the

25  reverse Fourier-transforming circuit 703 of the modulating unit 723 are the same
as those of the modulating unit 721 of the retransmitting apparatus 6 iltustrated in
Fig. 10, so that the detailed description will be omitted.
[0078] The GI adding circuit 704 of the modulating unit 723 inputs the
signal of a time area, which is reverse Fourier-transformed by the reverse

30 Fourier-transforming circuit 703, and adds the GI depending on the Gl ratio
which is previously set. The GI adding circuit 704 outputs the beginning
position information of symbols to the delay time adjusting circuit 307-8.

[0079] The delay time adjusting circuit 307-8 inputs the beginning position




provided with the receiving antenna unit 100, the tuning unit 200, the
digitally- processing unit 313, thé adding circuit 400, the retransmtting
unit 500, and the transmtting antenna unit 600, both apparatuses are
different fromeach other in that the réfransnitting apparatus 8 is
provided with the Mnodul ating units 723, 20 and the delay tine adjusting
circuit 307- 8§ ,phR8Rok BREIAHERITEN theSsytitol SfRRAkodizABn dddtinglcilchRs dgd ay tine
adjusting circuit 307-3 of the retransmtting apparatus 3. In Fig. 12, the
same code as dflih¢ digitaHygro&ssimgamitadhd d 1tto N tlbecasbspsiamriespaeiizelyi mputsonrmon
to that of Fig. 3, and the. detailed descriptian w.ll_be omtted ow The
OFDM modul at i PESPRPORGION DHETBHPRAT SYRbelS b L ‘E*-Ib%%lg it e
reverse FOUr i it aNsfonmiR% 81 G N of QRctolystdhe reDaut Ay NedWiichlafdd ar e the
sane as thostgégiordtal}zl %Dl%:lﬁgat ?ng uni to 72% o);‘s thgﬁ?etran{:m tti r?g apparatus 6
il lustrated idelayHiige of @aclssystdmabatedeondbt aickbingitperdfpnyomewi the be omi tt ed.

[0078] The G adding circuit .704 of the nodul ating .unit 723 Lnputs the
signal of a t§dME &as Qfll"ﬁlg%ﬁﬁ %%/@FE&‘WES@P@E?&IE%&H%FE‘F%%O%?% he reverse
30 Fourier-tr i i i g on the G
rati o which iegﬂg‘iag{/%g% ?fél{sdgétféﬁa}%gﬁe&ﬁggﬁ?l%%%ge rgllgoul}glto%?lﬁ gﬁiteg'ut S the

begi nning pqeoséion iTHeodightllpdelayingyiteoltF06@fttheh siestay of iheemadijlating ng
circuit 307-8.  [0079] The delay tinme adjustjng circuit 307-8.inputs the
begi nni ng posinil B3 npyts the sigpakef atime gaa; Wewgﬂ‘?gﬁb? Gi%% thyztg?lzﬂn
detecting . circuits.. innf Qr mat i : .G - i pts 313 -
1to N 01%ll Oeacﬁ%lldis&ygs(ilgc%ﬁrs gg %éfgjpiﬁgse% @ﬁaf%:g&{& glcqlta%ée& E)%ag?én%rl gﬁ%%sa |B %ﬂé

i nformati on afircaitBO0LS dnd@eldyRdyGhe aeldy figheci rcuits 704 of the nodul ating
units 723 - 1 to Mof each systemrespectively, and cal czl a\tées a ?1 del ay
time of each [§08tlem bErseregment ploGaiagicirwy 793 HpusY thyfiengndelayed ppthe

equi val ent ba s}gitzg gﬁ@el%#%ﬁ%%uﬁWOBgﬁh b RWRO uelﬁgg'(t)d]ng's%%néﬂtq#ega?ﬁg - the

equi val ent ba of "each system cofres eac

[0080] The diwhdratht kighel Rydongbiftd Ruite eq@fvabint Bawtbasgstgml.of the nodul ating
unit 723 inputs the signal of a tine area, to which the G |is addggT by the
G 10 addiSng [OP8Bui t sTHroariding piseuit 0%iaput the peuivalppihase dandyiepps cgleay tine

adjusting circuit 307-8 / I i ( Jhensegnent
al | ocating ci%iﬁefgm‘fagpﬁfpu lght% ﬁée&éﬁaél%ﬁo gngggg%%éhﬁgllb%@éﬁsg}i?yp ﬁel ayi ng
circuit 706 and sTa0¥RdtesmsAnpieqheanivilentdaserridigadis of dfeadiginal TS

signals modulated by the modulating units 723 of M systems, and adds and

synthesizes such equivalent base band signals.

26 [0083] As described above, the retransmitting apparatus 8 of the terrestrial
digital broadcasting according to the embodiment 8 can obtain the same
advantageous effect as that of the embodiment 3, add the TS signal which is
originally generated separately from the terrestrial digital television broadcasting,
and transmit along with the terrestrial digital television broadcasting.

25 [0084] The symbol timings of the one-segment part signals and the original
TS signals of each system can be synthesized. Thereby, the symbol beginning

positions of each of equivalent base band signals can be conformed, so that when

the signals are combined as one equivalent base band signal at the adding circuit

400, the signals can be transmitted as synchronizing the symbol synchronization
30 timings.

[Embodiment 9]

[6085] Next, the embodiment 9 will be described. By using a technique of

the embodiment 4, the embodiment 9 combines N partially-received part signals




when the signal is conbined to one equival ent base band signal. 15 [0082]
The adding circuit 400 inputs the equival ent base band signals of the
one-segnent part, which are digitally-prgéessed by the digitally-processing
units 313 of N systens, inputs the equi¥alent base band signals of the
original TS signals nodul ated by the nodul ating units 723 of M systens,

and adds and sy RRsirRe 8igHdC Proadetiskag 8NN Racioeddadesigine aigiafl TH083] As
described above, the retransmtting apparatus 8 of the terrestrial, digital

br oadcast i ng siaby idiong chennedhéo Grbiitrandtspecifigl b syaghiorires sapRol timings
advant ageous effect _as that .qf the enbodi ment 3, add i I ich i
or ;/gi nalgl yugéiﬁérﬂé? éﬁ Pageras of g}eypa[rp%l "f%givggrp?gssé%&gﬁ Oftcf%3 g?ggﬁté@gaﬁg\}?%ﬁgﬁ '

broadcast i ng,qy Ty @B fo fhRgt Wi th the terrestrial digital television

br oadcasti ng. 0084] The symbol timngs of the one-segnent part signals
and the osi gi[0886] TS Rigiaiss Whcledizprasy Hlustratiega benfiguratien (cnehpdimpetBby |

the symbol begi nni it ] f f i.val.ent > band._ si gnal
bo* conf o med o146 TaRsTRBRE SphEags gh drdearutd e ERoa S AU BAP RN *oace.
band si gnal %‘% h}gﬁns@lgﬁ}o &iiﬁ%ﬁi 6fthé?9@seﬁﬂﬁv§ﬂt%§' Thearthashitansni tted as

synchroni zi ng synchroni zation 30 timngs. [Enbodinment 9] [0085]
Next, the enbpghmemnt9 Sompiides ke thesivingredentByunitsiOy the IN deming gois 800, N he
enbodi ment 4, the enbodi rent 9 comhines N partial.|ys;received. part signals
-26- of the tcbg%brwiosﬁssmgglm%316?3?3‘4&3?4@%%U%{Sﬂ@?eﬂ\?‘s@%@%s and M
original JS s et 809 ingd QrdiPAUDTHie reBRkoSRREE fihi€ 300 Yand
synchronil-zges a? ‘%@g‘k%ﬁ"%@gz 9gan t#}%é %IID pl)at ter r?sreof t he partli ally-recei ved
part signal s thé traaghitSys iigen@nchit 680. cFliegnodulatisy ehitgmadsaregonfigwedit. 5

[0086) Fig. 13 is a block diagramillustrating a con{ﬂ1 uration c%‘&n‘oodi ment

9) of the retitMsmstanhgndspch at e syslemsds gatigntgd y YL B &l cast i ng

accor ding to ¢ kNG PYRIRI AN AIMRAULEM 0! ANBoBIBREMhe IMUANIANg THi S

retransmtting app conprises the receiving antenna unit 100, the N
tuni ng units a2@8katiN 4 6f gieteal Yogipemciedissngedin Fg. 314th thegetvhmodting i ng units
723, a delay time 10 adjusting circuit 307-9, the %ﬂ)trj?llrl\ circuit 400, the
retransmist i ragparitys Sovhilebrih apprratusesarithe a5y Bibahpl GAPIAREE 2T he

N
processing unit 314, the adding circuit 400, the retransmitting unit 500, and the
transmitting antenna unit 600, both apparatuses are different from each other in
that the retransmitting apparatus 9 is provided with the M modulating units 723,

20  and the delay time adjusting circuit 307-9 whose configuration is different from
that of the delay time adjusting circuit 307-4 of the retransmitting apparatus 4.

As comparing the retransmitting apparatus 8 of the embodiment 8 illustrated in
Fig. 12 with the retransmitting apparatus 9, both apparatuses are different from
each other in that the retransmitting apparatus 9 is provided with the digitally-

25  processing unit 314 and the delay time adjusting circuit 307-9 whose
configurations are different from those of the digitally-processing unit 313 and
the delay time adjusting circuit 307-8 of the retransmitting apparatus 8. In Fig.
13, the same code as that of Fig. 7 is attached to the component which is common
to that of Fig. 7, and the detailed description will be omitted below. The OFDM

30  modulating circuit 701, the OFDM framing circuit 702, and the reverse Fourier-
transforming circuit 703 of the modulating unit 723 are the same as those of the

modulating unit 723 of the retransmitting apparatus 8 illustrated in Fig. 12, so

that the detailed description will be omitted.




. of the nodu

that only one systemw || be described. As conparing the retransmtting
apparatus 4 of the enbodinent 4 illustrated in Fig. 7 wth the
retransmtting 15 apparatus 9, while botB apparatuses are the sane in that
bot h apparatuses are provided with the~ gdeiving antenna unit 100, the
tuning unit 200, the digitally- processing unit 314, the adding circuit
400, the retr gy ttiThe GMaHdRERircaNT04 BE thel adsBiiAd by 728 i@AARHENI t 600,
both apparatuses are different fromeach other in that the retransmitting
apparatus 9 i sigmiefiadade wieahwhich inrevstig Bovrisytrgnsfosmad By tixgregpiset he del ay

time adjusting circuit,.307-9 who onfiguratign is different.from that of
the delay ti ngogbﬁrﬂg%sﬂﬁnﬁlg 8‘6?'{1§2Q}?-aﬁd 8&&[@8 Cﬁed[epgxh ﬂ%f’flitﬁ%b:;ﬁ%ﬁ' atus 4.
As conparing _%vﬁﬁ:hriﬁgfe%ﬂﬁm}t LdeNOTAP B aading c&clft 70DufaPdicBRBinndnd | | ustrated
in Fig. 12 wth the retransmtting apparatus 9, both apparatuses are

di f f er ent % r oposiéarcnfotnationi anditha 8P pagemanfaamstion of symbels 4¢ thadely ime
provided with the, digital]y- 25 processing unit 314 and the delay tine
adj usting ci r eUPUNEFYd0ds® configurations are different fromthose of
the digital | yigaggFessiRg e tindlaldithe difafit 307 Y inbli¥Bha S sishingPositioaui t
307-8 of the Fetrgnsmirttflngyalppar glt usg8c. Iln Fi g-.mbl& theéisarlrlgq)code as that
of Fig. 7 is niftmchied and thd8P pattpamnefirmatios bf sgnbdsfiom theodightally-of Fig. 7,

and the detail ed descriptjiaon wil]l be omtted bel ow The CF 30 nodul atin

circuit 701, m@ewm}gwnbt%ﬁq,fmh PEEM EFRCEHEDY VRIS PoRR e ’

transformpng gbsrit%ﬂ m&&%&% an%hgaﬁwaﬁ&fnngfdfﬂfaﬁoﬂ éBs@hBolk Hons GRS those
lating unit 723 of the

etransmtting apparatus 8 illustrated
in Fig. 12, saddihpatrcuitse’(datfahé ebddbsiopivptts 323 wil [t Mbef eadht $ystbm - 27- [ 0087]
The @ adding circuit 704 of the ulating unit 723 inguts.the .signal of
a time area, WRPEHVELY: ABd ealswates . §1ns AL FRATAIEE) bERE ondPEFgiving

Four i er - L1 ansfaEengy Ghe 6Hie el A daalinal i s EREATIDRRNbLARIR, Tatio

which is previously Ing circul't 704 outputs the beginning 5
posi tion i nf otifaigsemdahe SP pattSA ipédrtration of fherayaivabmt bhseshadodignaloof he del ay
time adjusting circuit 307-9, [0088][ The delay tinme adjusting circuit
307-9 i nplit s €38 syEGIRITTEPHRISIo 526 OteRf or mat i on and the SP pattern

oo o olupireeL el s AR, i N o
t he SP patt er gnit A2 Didpakd the sihabyfdale degno vhehGhe Gldsiaddedchy degiGls 704 of
the modul ati ngddlfrr;é gislfcu7i’czs370-4, %n;}u(t)s all\/l dgl];y ?i%l%hca?g(lﬂtg&y the delay time adjusting
circuit 307-9, and delays by the delay time.
20 [0090] The segment allocating circuit 705 inputs the signal delayed by the
| digitally-delaying circuit 706, and converts a frequency to a segment allocated
when the signal is combined to one equivalent base band signal.
[0091]} The adding circuit 400 inputs the equivalent base band signals of the
one—segment part, which are digital-processed by the digitally-processing units
25 314 of N systems, inputs the equivalent base band signals of the original TS
signals modulated by the modulating units 723 of M systems, and adds and
synthesizes such equivalent base band signals.
[0092] As described above, the retransmitting apparatus 9 of the terrestrial
digital broadcasting according to the embodiment 9 can obtain the same
30 advantageous effect as that of the embodiment 4, add the TS signal which is
originally generated separately from the terrestrial digital television broadcasting,

and transmit along with the terrestrial digital television broadcasting.

[0093] The symbol timings and the SP patterns of the one-segment part




respectively, and calculates a delay time of each system based on the
receiving tinme of any one of the equivalent base band signals so that the
synbol beginning timngs and the SP paté rn information of the equival ent
base band signals of 15 each system corf gﬁond to each other. [0089] The
digitally-delaying circuit 706 of each system of the nodul ating unit 723
inputs the signals &f eadh i fBmamdahe bAgitgl TH sidhals@anibe cadfiathedy Thereby,
adding circuits 704, inputs a delay %ine calculated by the delay tine

adj usting cithesymbd0eghningposdidonsandihie SRoatiernsyot epetecquival piduse band

segnent all ocati cjrcuit 705 inpyts t si gnal del a .

d: Igi t a|t | y- de|3é&ﬂﬂﬂ§;1bl’? o hm‘z‘%fg S0 fut @b%*}gP P@%&%%ﬂ&%‘?‘gd tlg% °§Q g‘é‘%%lr‘?{“

al | ocate bhR SibA1ah theSaddenPEiRad: 46D, REsigAAE ¥ BOtrahasiteBand si gnal .
[ 0091] The gg%?%g Cl rguit 400ai nputls t he equi ?/1§| ent baserabandesi gnal sgof

t he one- Segrenforprng thevdyimtiol ayrehdorgatidn- tonge esddispyhe AR patterns.
digitall y-pro[ggﬂﬁﬁqng lJtrIILS)It]S 25 314 of N systens, inputs the equival ent base
t;ggd fSI glg/lnal S En‘g‘:ég nal TS signals nodul ated by the nodul ating units

23 of Msystigggy) an AhodiEHNOSKALS: §diehpenuinaban b@@ﬂcgw
signal s. [Oodgiwﬁls descr idglg% alg)ove, the retransmtti ng}aapp%?at us1 of the
tﬁr restri al tgé girfbatinter ad thesnibogimertaridiompines Nipartetyouceivad partsisgnalsbt ai n
the sane 30 advantageous effect as that t he enbodi ne 4, ad he TS
S gnal whi ch A14he g £l el Bre e b Rrestae] ST PiePRCTS o

drartal 1§l e oI RALEAR1 18 San Iﬁ“ﬂdargcf FREMchLA RGYhis HhehaEr estri al
digital television broadcasting. TCO’93 he synbol timngs and the SP
patterns of tHegimiiee pedtiemt offthe partidfly-reteinal parofigeals of syet wsteandnd the
original TS signals can be confornmed. Thereby, the symbol beginning
pos:ctl on(s:I ancPrigieal IS pgagletgragymibach equi val ent base band signal can be
confaorned, s t 1 : ks ; i base
band si gnal irqb?ﬂe mgnygﬁaﬂé@?‘?h%gﬁ%i e s&lggglcgﬁgg%%ggﬂﬁ%ﬁiﬁlﬁ{e{néd as 5
FEPTI) o(r]I mng t hl&)})&%’mﬁmietﬁnmhfimglhmairﬂom of il tagestanddigitaldbroddeaSingat t er ns.

odi mrent 10 0094] Next, the epbodinmenf 10 will, K be descrjhbhed. By usin
a techni dde dfccordies ‘@rﬂﬂ?@&P‘?Fﬁﬁlta%‘?mpﬂ‘gn@%B%ﬂhﬁé?’l?sefbméﬁ%?rheshf\lls d °

partial ly-recej ; ' . L d el -Ilo(ysr asting of
N recei ved Mggégg%lw %}%ag‘#?\éafo %%%E%}gkgl%ﬁgﬁfcg%ﬁoé %&fg&g&ﬁ%ﬂﬁel ’ttg@ﬁcansm ? ,
and speci f i cauhing SYRAMPNI digisallyhprobesing units 315, the M modulating units 723, a

delay time adjusting circuit 307-10, the adding circuit 400, the retransmitting unit
500, and the transmitting antenna unit 600. The modulating units 723 are
20 configured with M systems, and each of the systems is configured with the same
circuit, so that only one system will be described. As comparing the
retransmitting apparatus 5 of the embodiment 5 illustrated in Fig. 9 with the
retransmitting apparatus 10, while both apparatuses are the same in that both
apparatuses are provided with the receiving antenna unit 100, the tuning unit 200,
25  the digitally-processing unit 315, the adding circuit 400, the retransmitting unit
500, and the transmitting antenna unit 600, both apparatuses are different from
each other in that the retransmitting apparatus 10 is provided with the M
modulating units 723, and the delay time adjusting circuit 307-10 whose
configuration is different from that of the delay time adjusting circuit 307-5 of
30  the retransmitting apparatus 5. As comparing the retransmitting apparatus 9 of
the embodiment 9 illustrated in Fig. 13 with the retransmitting apparatus 10, both
“apparatuses are different from each other in that the retransmitting apparatus 10

is provided with the digitally-processing unit 315 and the delay time adjusting




begi nni ng positions of the partially-received part signals of each system
and the original TS signals to transmt. [0095] Fig. 14 is a bl ock diagram
illustrating a configuration (enbodinent, 10) of the retransmtting
apparatus of the terrestrial digital br bAdcast | ng 15 according to the
exenpl ary enbodi nent of the present invention. This retransmtting

- appar at us 10 GRIRMITER Whbsd @efiguiatigns Alealiffarend flomlMse bhtheMigitally-ng units
200, N digitally-processing units 315, the Mnodul ating units 723, a delay
time adj usti ryotsssingiunitsiA-ard, the delag dnensiiestingritcufG®7-2 REheet r ansni t ti ng

unit 500, and the .transmtting aptenn I T at 4 units 723
are 20 confi grﬁfrr%'bs tf%' WP%P%%,&aﬁg' gagﬁé %ﬁ%g%des{}gpgpﬁlg %omﬁfi gur ed

Wi th the samg,ehdCidithe coRpbhd: kY iswdgmsNsicemutbt Fighe, aRishe dbatled As
conparing the retransmtting apparatus 5 of the enbodinment 5 illustrated

in Fig. 95w tdestripionrwill bemitted brdowppahaOFDMonodlating gatit Hpéieat uses are

the sanme in t th. appar. es.are provi.ded w nt enna
ni t 100, ¢ hedEYF Rerhiag Erau/ O an fe gy BrRoehrshsudfng ShE I9eR" R
addi ng ci r cuige 4QQu1AHAG JrBt TANSH I ik dithbse S08e nddlLdthe drieTE3Giithe ng
antenna unit 600, both~apparatuses are different from each other in that

t he retransnirtctramgpitpppaptaoatud O illsstptedvin dégl Wi, 56 that shaviletpideitdeseripléonuni t s
723, and the delay tinme adjusting circuit 307-10 whose configuration is
di fferent froMlkrEemBied he delay tinme adjusting circuit 307-5 of 30 the

retransmfoti par afy COEMRTONES tRensAIAROSHIL Y Nhparp@eat us 9 of
t he enbodlltorre;?ﬂgﬂi |1 3{;}%%%?3%&?% Fig. 13 wth the t?r(ra%ralnsn‘i ttpi@ng appar at us

10, both appdgmail ofesinar aredj Whichénteverse Fogdehtrangiermedby Higtreverae
retransmtting apparatus 10 s, vided.with the digitally-processing unit
315 and the o‘i%—lué‘frltli Oé@f%?lf%tp{ @ncg?f}%\ih#? nggpelrﬁlq%tggép{ec@;ﬁ%gour ations
are different,fior hergli 8i badihy ¢irBEi 76§ Sufptitd Rk bediddinnd t he
delay tine ad?%lgﬁ{fgn lléglr‘:b(r?l(t;’ﬁ)if§tett307-9 of tlh%mr eltransmi'%)f&ti ng a%ﬂaarr%?us 9. In

Fig. 14, the maithncafenasiohdtfranfesfd the @laystimatadiustiog cirouit R87-d@nponent
which is common to that of Fi,

onm tted bel ow?0%He oFbM : %Flg’ﬁ %@@géhpﬁt%Jﬁb{lﬁgutg(t%ﬁf%#‘ghé ﬁgSiﬁAf)Ilrll:uP'?
197, 00 L1 SRR TRIAR O TG St w02 | gl ot o
retransnmitti ngsepprspiased, ihpusthedtegthning FasggionlBformmtionatf frameesdermithed
description GI adding circuits 704 of the modulating units 723 - 1 to M of each system
respectively, and calculates a delay time of each system based on the receiving
20 time of any one of the equivalent base band signals so that the frame beginning
timings of the equivalent base band signals of each system correspond to each
other.
{0098] The digitally-delaying circuit 706 of each system of the modulating
unit 723 inputs the signal of a time area, to which the GI is added by the Gl
25  adding circuits 704, inputs a delay time calculated by the delay time adjusting
circuit 307-10, and delays by the delay time.
[0099] The segment allocating circuit 705 inputs the signal delayed by the
digitally-delaying circuit 706 and converts a frequency to a segment allocated
when the signal is combined to one equivalent base band signal.
30 [0100] The adding circuit 400 inputs the equivalent base band signals of the
one-segment part, which are digital-processed by the digitally-processing units

315 of N systems, inputs the equivalent base band signals of the original TS

signals modulated by the modulating units 723 of M systems, and adds and




wll be omtted. 10 100961 The G adding circuit 704 of the nodul ating unit
723 inputs the signal of a time area, which is reverse Fourier-transforned
by the reverse Fourier-transformng ci rgdlit 703, and adds the G depending
on the G ratio which is previously set>” The G adding circuit 704 outputs
t he beginning position information of frames to the delay tinme adjusting
circuit 307- k9nthéSiz¢LaRT leqhhalaiebaye HandBigad]susting circuit 307-10 inputs

t he begi nni ngi osition _information of frames fromthe digjtall y-Fr cessi ng
uni ts 315 - 110H0RI of Assdescribed ehayer e seeanspaiting apRpes he! e gt
position information of fr L1 o . [ I E G of the
nodul ati ng ugjilgl al%ﬁga pas_Lthgia@Wrodﬁﬁge@CthQ%}lg elnlﬁ?eq]?ég%ggpﬁ%ﬁ %/}% San% cal cul ates

a del ay tine sglaRacddbus wefeeiasansest thd einbedibReeh yidiothd @'Y sigial afhictnis one of
t he equival ent base band signals so that the frame beginning timngs of

the equi val emriginedly geaarates spparately froaythe texpestenh digitaldslssipion broadeagtingt her .

0098] The digitally:del ayi ircuit. 708. . t t he nodul at i
uni 723§ npitd el e wBf (b Bd FOeR bk he. "Saded by the
G 25 addi ng [gigQui t S THB4rarhd'PabisniAg B6tiA¥nd bifbe Gak GogmbRhaRYsibhgs 681 ay tine

adjusting circuit 307-10, and del ays by the delay tine. [0099] The segnent
al | ocati ng cierclusystzosnd thruetginilel'$ bignals cae bayerforped-nelharply.tibg fromgel ayi ng

circuit 706 and. converts a freque t 0..a,segnent _al locate

signal is coyaPESW@Bigt%Osbth%Ps&ﬂﬁag‘éPgﬁ% eﬁ&%"é‘%ﬁﬁ&“&f%‘ﬁél‘%“%‘:f’?‘df%ﬁ%‘?"l‘h%%addi ng
circuit 490 ispRMtSyiRGhe YRl ROELoRBHEd DA 84 W0AkS: Kise bBR sighal-a eigient
part, which are digital-processed by the digitally-processing units 315 of

N systens, i rudding difveitel§i thel ségralbeamebelrgtransitiad s conformmedhe fiamel TS
signal s nodul ated by the .nodul at i nits .723 of M.systems, and dspand
-30- synt hesiSYBE ﬁtl%‘hﬂfr\}%ﬂseﬁrt‘a Elgg LRAMPC: isﬁrhcgﬁrgglz%ﬂbtlrf‘ing aagg}ger?%ed
above, the reLgpsmtting apparatus 10 of the terrestrial digital

br oadcasting according to the enbodi nent 10 can obtain the sane .

advant ageous [8163ct afss ddsatibod alidve, whilo therprasens invgdtion fredeFsriBedybiansingi ch i s

2 LAY AEetaed sety Lol (OMANS ShEst 0 ol biled BV 51
ts).r Sﬁgfgsg; Ng.anf Q102 JNBAHEL BBarkREIHIL RE B hdapiiSg Bbul ihe sehiR- sfaggent part
technical concept of the present invention. For example, in the above
embodiments, while the receiving antenna unit 100 is configured with one
antenna, the receiving antenna unit 100 is not necessarily one, and may be
20  configured with a plurality of antennas. In such a case, each tuning unit 200
inputs the terrestrial digital broadcasting received by any one of the plurality of
antennas.
[0104] In the above embodiments, while the receiving-converting circuit 201
of the tuning unit 200 converts a frequency of an inputted signal to an
25  intermediate frequency to passes through a SAW filter as a receiving method
with an intermedjate frequency, and subsequently, converts a frequency again to
a low frequency, the present invention is not limited to such a case. For
example, the following methods may be also used: such a Low - IF (low and
intermediate frequency) method that the inpuited signal is directly converted to
30 low and intermediate frequency signals ranging approximately 0.5 to 1.0 MHz;
such a Double-Conversion method that the inputted signal is once converted to a
high frequency (e.g. 2 GHz) to be passed through the SAW filter, and

subsequently, is converted to a low frequency (e.g. 1 GHz); and such 2 Direct-




each systemand the original TS signals can be conformed. Thereby, the
frame Dbegi nning positions of each of the equival ent base band signals can
be conforned, 10 so that when the signaL} are conbi ned as one equi val ent
base band signal at the adding circuit 60, the signals can be
retransmtted as conformng the frame synchronization timngs, and al so

t he synbol syQchversiod adetiont thanhedsptted digrenl SRlirqedy cennated ©1B8kqhisalent
descri bed above, while the present invention is described by using .15 the
embodi nment s, bate bapdsignal. | Regatdingha dstaped descrphier o theyReeTuE/BeWAR St Trent s,

and can be nogj {i [ ' \ i [ ] of the
t echni cal con%%%#SngFﬁ%ﬁ%¢%%§x$%%%&§%Fﬁgﬁhb ggﬁgﬁgﬁgﬁéﬁggmb?ﬁgagﬁgge
embodi ment's, Wekd@stiRe tex€lc Bisiéd By dnpeBOR &M Codddaticm”"configured with one
antenna, the receiving antenna unit 100 is not necessarily one, and may be

20 confi gur edl008h a Phhiledhs eRovsrembadimenis arq inteaded for the drrestriaidligitadi ng
it 200 inputs.th ' i.git ' '
of ¢ he pl ur o PPpdgrang The BRSG Ay Ry B AATEES0 WlOehieiRla) SlLid, SV O1C

-Fecei vi ng- cony@addalfngi rcuit 201 of the tuning unit 200 converts a
frequency of an inputted signal to an 25 internediate frequency to passes

* .through a SAWfilter as a receiving method wth an internediate frequency,

and subsequently, converts a frequency again to a |ow frequency, the
present invention is not limted to such a case. For exanple, the
foll owi ng nethods may be al so used: such a Low - IF (low and internediate
frequency) nethod that the inputted signal is directly converted to 30 | ow
and intermedi ate frequency signals ranging approximtely 0.5 to 1.0 Miz;
such a Doubl e- Conversi on nethod that the inputted signal is once converted
to a high frequency (e.g. 2 GHz) to be passed through the SAWfilter, and
subsequently, is converted to a |ow frequency (e.g. | GHz); and such a
Direct -31- Conversion nmethod that the inputted signal is directly
converted to the equival ent base band signal. Regarding a detailed
description of the receiving nethod with an internediate frequency, refer
to "Edition by Mtutoshi Hatori, [One-segnent broadcasting text], issued
by Inpress R & D Corporation”. 5 [0105] Wile the above enbodi nents are
intended for the terrestrial digital broadcasting, the present invention
may be applied to the terrestrial sound '




broadcasting. -32- CLAIM5 1. Aretransmtting apparatus of terrestrial
digital broadcasting, conprising: a_ghurality of tuning units; a plurality
of digitally-processing units corresponding to the tuning 5 units
respectively; an adding unit; and a retransmtting unit, wherein the
retransnittiegjﬁgﬁgratus receives a plurality of terrestrial digital

br oadcasti ng=waves configured with a plurality of segnents, extracts one

10 segnent fi1om hhetbhedohiesdy dpphraigbf tatrehiriobdigaslt irogl caeves coeppietigt vel Y,
and conbi nes the extracted segnents to retransmt as a terrestrial digital
broadcasting wave, &kburalifyiofiduning vnitticl udes: a recei vi ng-converting neans

for selecting one broadcasting. e of 5 the plurali f yeceived
terrestrial digital BPod (I:tgs(){%i%}%%\\/{\g' erg?esélrrll u%étﬁ\ggﬁﬁ%ﬁaﬁglgq&ﬁh%{a{%glgsi gnhal of
t he broadgasthingrespoceivey; a | F band signal; an AD converting neans for
converting the IF signal converted by the receiving-converting neans to a
digital IF signal; a#tladdingpeisotydnal - denodul ating nmeans for

ort hogonal - denodul atin the.t .20 ditgi tal |IF signal converted by the AD
converting neans, and ST S  equi val ent base band signal, the

di gi tal | y- pr ocesghbginihelretrifahif@Rg: appafatlstRtding Mplangity of t@xdstragt i Nng one
segnent fromthe equival ent base band signal outputted by the
or t hogonal - déigdubrgrdengting wasesofondigaraduwitihg plrality ofzggmenigndpgracts one

synchronj zati on det.ectjng neans faor .detecting a synbol tim ng, which

i ncl udes!t heSS5EHH ioﬁjghlﬁgglﬁsﬁ%% qflgﬁwé?’ﬁ%ﬁzgﬁlngfw%‘ﬁl%ﬁ%ﬁpg‘fmﬁ?% agllq amount of
frequency erggnbihes tRWRERERD s&drAénts W RMafsthR fas bRer @A \AEieN brdakastidpand
signal of the one segnent extracted by the filtering nmeans; a frequency

error correcwavg neans for correcting a frequency error 30 by using the

equi val ent base pand .signal. of .the one segnment extracted by the filtering
neans and the an@’ﬁg‘t‘nll}g%&éﬁ‘ﬂ‘éﬁlﬁ?y error detected by the synbol

a receiving-converting means for selecting one broadcasting wave of
15  the plurality of received terrestrial digital broadcasting waves, and converting a
RF band signal of the broadcasting wave to a IF band signal;
an AD converting means for converting the IF signal converted by the
receiving-converting means to a digital IF signal; and
an orthogonal-demodulating means for orthogonal-demodulating the
20  digital IF signal converted by the AD converting means, and outputting an
equivalent base band signal,
the digitally-processing unit includes:
a filtering means for extracting one segment from the equivalent base
band signal outputted by the orthogonal-demodulating means of the tuning unit;
25 a symbol synchronization detecting means for detecting a symbol
timing, which includes the beginning position information of symbols, and an
amount of frequency error for synchronizing symbols for the equivalent base
band signal of the one segment extracted by the filtering means;
a frequency error correcting means for correcting a frequency error
30 by using the equivalent base band signal of the one segment extracted by the
filtering means and the amount of frequency error detected by the symbol
synchronization detecting means;

a guard interval replacing means for replacing a signal from a first




synchroni zati on detecting neans; a guard interval replacing nmeans for
replacing a signal froma first -33- RQ ?Itlon to a third position and a
signal froma second position to a fourth position as new guard intervals,
when a signal of one synbol length is extracted fromthe equival ent base

band si gnal Pé(mﬁ'édﬂ)gaIhr&%oﬁgﬁio‘ﬁaib%@mgﬁa‘rﬁr&ﬂ%g %’)’nﬁ{b@)kn@fntot&%uﬂﬂe segment in

whi ch said frequency err een recte frequency error
correcting npeasiisoraatndvih guayibetvald, g ac@grmd:b’édnebawmﬂﬂﬂ laymrbdd extracted
synchroni zation detecti hg nmeans,  and positions whjch are apart by half a
guard int erfram %ﬁ@lﬂlﬁalﬁ%'msséﬁﬁd 8RRk Wa‘FS"é%lg’é’ egpatfat @ﬁ%era\aae@ igﬁ

one symbol fengk Qe?rﬁ@ntqﬁ %&ﬂ&?&a‘?@ ﬁ%ﬁgéﬂ\}grl fg‘ﬁE fihs POR! ddrRitANH, fhBe S eCO”d

posi tion respective ositio are apart by a-guard interval
I engt h from froguenoy Iarrbecmefcaﬂnghﬁ)easdsd dteswt&ml gnangdetasteﬁrbgthhsylﬂbqﬂo& tion

and the fourth position res ectively; ~and gment all OC%tI ng rreans for
converting asyig ign PteP BE MEATS. \?&ﬂ@ﬁﬁlﬁ%%%’ht?&r?de apyhiy half sigvargne

segment, the, n‘é’éf%lqeﬁ%h $ofib t‘ﬂftex‘c’&\ﬁ&g‘ %fld% 05 %p(&;@%d%’%&aﬁ"éf QH@E%T‘E(SF erval

repl aci ng neans, int Fedef i ne Ining a urality of
segnments, 15ehfzd aeidesﬂglami is thadirsigesitica andahs séoond pdsitiog respdetsyely,hesi zi ng
t he eqU|vaIent base band signal of each_one segnent, a frequency of which
is converteda%glp%géﬂ?sd‘f lf’lhéres"@@ﬁé’d’ta guarg %Wﬁh@nﬁ@a@%ﬁldhe bofd terminal i ty of

di gi tal |y pré}lgl‘E%?é ki M as tflg‘rﬁn%c{r‘f%oﬁ%{n %ﬂﬁi‘l\eg&? PHQ&%H&BL&% . aff an

or t hogonal Gl'at i ng® weans 8quival’ent base
band signal added andseyranbalboiaziag nh)e;&n‘éﬁﬁc&ddbﬂﬂ@glarﬂréqueﬁaﬂofﬂmt putting the
digital IF signal; a DA converting neans for converting the digital IF

si gnal out puRgudenl e%&ﬁ%%@@r%ﬁ%aﬁ%&mgwnh&w& lltt@rvahoié\wbncbgs | F

i gnal convaPeed BYURRARL ARGRANEPIhICERR Rl Ble AP idhiter 702 °°

retransm tt esbmtdsinghepltgilitest sdgalenthi, gi t al broadcasting wave, and anplifying
the converted signal. 2. The retransmtting apparatus of terrestrial
di gi tal Wroadcastfagdiaessitdnelydess 30 claim 1, the retransnitting appar atus

further comprising: A.delay: bhdRe adh 4y ﬁth@sqmﬁé"tﬁe IfRfivASEL B FGLRY U1 mes

for
of each one segment, a frequency of which is converted by each of the segment

allocating means of the plurality of digitally-processing units, and
the retransmitting unit includes:

20 an orthogonal-modulating means for orthogonal-modulating the
equivalent base band signal added and synchronized by the adding unit, and
outputting the digital IF signal;

a DA converting means for converting the digital IF signal outputted
by the orthogonal-modulating means to an analog IF signal; and

25 a transmission-converting means for converting the IF analog signal
converted by the DA converting means to the RF band signal to be retransmitted

as the terrestrial digital broadcasting wave, and amplifying the converted signal.

2. The retransmitting apparatus of terrestrial digital broadcasting according to
30 claim 1, the retransmitting apparatus further comprising:
a delay time adjusting unit for adjusting delay times for
synchronizing timings for the equivalent base band signals of the plurality of

digitally-processing units,




synchroni zing timngs for the equival ent base band signals of the plurality
of digitally-processing units, -34-_yherein the digitally-processing unit

i ncludes: instead of said guard interval replacing neans, a delaying unit
for delaying the equivalent base band signal of one segnent by a del ay

time by using tRe.LaUina:s/n (] 9Pl Qf the one segment in which
B R et

said frequency err n corr y the frequency error correcting
means and t he del ay tinstead ofidjidoued ibiertdiecpgletiay nidane adhlayghg ngit dio t

wherein the ment_al | ocati ng neans nyerts a fr que y of the
equi val ent pAaYIBE e %‘i‘{j}‘ﬁiFﬂ’fd%aS%h@ds %‘??EH%COH%F%&%W wqqifevw@r?&msgl&m.t

into a prede{Heréggn}g%gbg\geogagdf Ii)gifx]laFS’fT?%%th rén&lt‘f{l nglﬁ&Y R4 Freﬁ&e%?%% and 10

the delay tine usting unit udes ans I ng éach of the
del ay tirmes s hfs:n mgrrt:d:ted $ynbofrequdnoy ngsr detetingndiys tahe tisydedy time
synchroni zati gn d %ectln means of the pluralit of digitally-processing
units res pecﬂm%ﬁ@ ¥the didey time aéwflv&%m wherem aﬁag@ﬁlgﬁ&ogameﬂ MEHs-

di gi tal |l y-proggsst Q%éﬁ&bﬁcﬁ#&%é@ %ign 19159% Itﬁliaﬁgﬁﬁro é&xast?n&n%ela

retransmtting apparat terr strl roa accol %lng to
claim1, theby ﬂierdﬂ@mg tmin ntappasdefingd bud h'edth dongumiisiniigy a pﬂnﬁﬂﬂly'e bay tine
adjustlng unit for adjusting the delay tines for synchronizing timngs for
each of the ¥&HePE: 8¢ base band signals of the 20 plurality of

dlglta||M)prOC6§i %théa%M@ﬁﬁf&ﬂtﬁEﬁmgég'ta"y processing unit further

i ncludes: a FFT neans-“for conver a signal of atinme area to a signal of
a frequency area f of michss &)quabca]aang ebﬁﬁ@f thaddlagitgned byodsifi theaytmbsegnent
corrected by the frequency error correcting neans; 25 an SP pattern

det ecti ng nelARIES detegtaddut the gymbolspnghiontzakon detepting meppmal theplyalivequency

area conver toefddlgﬂfal )hg e PR re%ﬂe@tﬂr%}él g ii;ﬁiaﬁgﬂ? %@hgalgﬁﬁ; de 'b?ﬁcggléfi‘r]ﬂ%an d

repl aci ng nmeans ay|n uni't eqU|va

si gnal of onﬁ‘thegfmwallyk;xo@esﬁ@galyntts coRedpynd $6 84-h dth&. equi val ent base band
signal of the one segnment in which said frequency error 30 has been
correctdd by the frequency error correcting nmeans and the delay tine

3. The retransmitting apparatus of terrestrial digital broadcasting according to
claim 1, the retransmitting apparatus further comprising:

the delay time adjusting unit for adjusting the delay times for
synchronizing timings for each of the equivalent base band signals of the

20  plurality of digitally-processing units,
wherein the digitally-processing unit further includes:

a FFT means for converting a signal of a time area to a signal of a
frequency area for the equivalent base band signal of the one segment corrected
by the frequency error correcting means;

25 an SP pattern detecting means for detecting an SP pattern for the
signal of a frequency area converted by the FFT means; and

instead of said guard interval replacing means, a delaying unit for
delaying the equivalent base band signal of one segment by a delay time by using
the equivalent base band signal of the one segment in which said frequency error

30  has been corrected by the frequency error correcting means and the delay time
adjusted by the delay time adjusting unit, wherein the segment allocating means
converts a frequency of the equivalent base band signal of one segment delayed

by the delaying unit into a predefined band width for combining a plurality of

K




adjusted by the delay tinme adjusting unit, wherein the segnent allocating
means converts a frequency of the equival ent base band signal of one
segnent del ayed by the delaying unitzsnto a predefined band width for
conbining a plurality of -35- segnments, and the delay tine adjusting unit
i ncl udes: a %gtsf Qhqcal culating each of the delay times by using the
synbol ti m%s et’ec?ed by the synmbol synchroni zation detecting neans of
the plurality 5thefdethygiithabhipsipugoesisBichglestni ts respectively, and the SP
patterns detected by the SP pattern detecting nmeans of the plurality of
di gi tal | y- processi ng2 twensfor sglsalating epsh of %%@Héftﬁm%bsé%%ﬁl%w%s and
the SP pattey f i I :
digitally- prﬂ(’l)l?:lznsé idr%élﬁem s{h\eél%g& @éln o?ﬁ%@%@%?&&?@%@ 91%1%)9%11 e'pllluer&lllty
retransmist t i sdighgidy-protsswig teity espactiaélydigl thelSPopnreacaktiog Bedarrsfi ng to
claiml1, the retransmtting aptparat us further conprising: the delay tinme
adj usti ng uripatterpdetgaiing meprs eftibe gbraity of digtallyrprogsprPEBHE FFSP§CU VY ngs f or
each of the eqguival . i : '

i gi tal 1 y- proctakfeShesr 3B IRE b hsbE e R phsland

further incldigeds of e dikifallepnsedsiig B0R\weE torTarmedicgpediively. a tine area to a
signal of a frequency area for the equival ent base band signal of the one
segnent corrected by the frequency error correcting neans; a frane

BNt corr the fr equer correcting means; a frar
Synhr ork®z b s THeiR gy iERE P APFEMLAP ool ARG RReot el oy

area conver t@ginby, thegctrinbnii®RRSppaacths fighéasbnYrist@i:d guard interval
repl aci ng means, a delaying unit for delaying the equival ent base band

si gna: o; oEe segnerthelsylay tiee adjustinguht fog eifgting e dday Gaeefr base band
i t t._in.which id f. b
st gnal o S ﬂr%*quzx%"gﬁl&}g'sg% Sérc% L3R 40l Qauancy el g %lrgﬁaéé 8? p D€en

corrected bysylnﬁ corrécting neans and elqay tinme

adj ust ed by giheiligebaligitalp-pasheusing agitgni t, wherein the segnent allocating
means converts a frequency of the equival ent base band signal of one

segrment 1del ayed wheretrhibie dagitylyrigoessbingivnitdugher isghidetied band width for
I(:(;gilt)lug;rslg a plurali tt}lle%fFT n%g%g%} gdnv%ﬂgngSQSi%Qﬁ oqeaI t? etcui*ea O%dsiglflsai Iopg uni t
frequency area for the equivalent base band signal of the one segment corrected
by the frequency error correcting means;
a frame synchronization detecting means for detecting a frame timing
20  for synchronizing a frame by using a TMCC signal of the signal of a frequency
area converted by the FFT means; and
instead of said guard interval replacing means, a delaying unit for
delaying the equivalent base band signal of one segment by a delay time by using
the equivalent base band signal of the one segment in which said frequency error
25  has been corrected by the frequency error correcting means and the delay time
adjusted by the delay time adjusting unit, wherein the segment allocating means
converts a frequency of the equivalent base band signal of one segment delayed
by the delaying unit into a predefined band width for combining a plurality of
segments, and
30 the delay time adjusting unit includes:
a means for calculating each of the delay times by using the symbol
timings detected by the symbol synchronization detecting means of the plurality

of digitally-processing units respectively, and the frame timings detected by the




a means for cal culating each of the delay tinmes by using the synbol
timngs detected by the synbol synchroni zagion detecting neans of the
plurality of digitally-processing units respectively, and the frane
timngs detected by the -36- frane synchronization detecting neans of the

plurality of ~gdjdi - I i I i o t he frame
ti mngs of tﬁrghlg(fglﬁ!\;}g gnEl Qgrgg%%%gﬂr?dﬂ g%rgsrs]c’afltfs?é&glgllt%gkgf%ﬁaﬁ gquééeﬁélggessi ng
units are coghitd feepectivedy, sd tiat Brtfians tidih g ¢S tap pauinhiunt Wise bend eighilsal

di gital broadcasting according to any one of clainms | to 4, further

conpri si ng: afﬁuelﬁi&zgqlbypr@fsew%iaﬁ@cqxﬁpm?d- wherein the nodul ating unit
i ncl udes: an OFDM nodul ati ng nmeans for inputting an original TS signal to
10 OFDM nodul ate; an OFDM fram ng nmeans for OFDMfram ng the signal OFDW

modul at ecs bys5t heThERaneaittiag apghraRa s terfestrol digitl bajadtSring hasstiarniong
means for converting the signal OFDMframed by the OFDM fram ng nmeans from
a signal of @pwmigq{@w%}w,tf@ﬂhq@oalmsm| of atime area; a guard

i nterval addi ng nean . iE% interval to the signal of atine
area converted by th%piugélé&g)g oﬁlﬁtgl:é- "Y&hsf or m ng unit; and a segnent

al I ocati ng neanswhereircRMesdulftthgaudit @glidlesy of the signal (equival ent base
band signal of the ori 8 nal TS signal) to which the guard 20 interval is
added by the guard i#t OFPM mseiatgersesns hmpudingraadeigingd d bsigaelipdt h  f or
conbi ni a ral it f. segnents, the adding unit includes: a neans for
addi ng gﬂ)d s@hpr@srﬁl()z(?ﬁrl\%e’t he equi val ent base band signals of each one

segnent, a frequencyaPOFPN Ghintifg eRAYE Fra0FDN-flamiseoRBina BFDNoCcat i ng
means of the plurality of digitally-processing units, and the equival ent

base band sigadvlgtedfbycthe VIFIMimedulpting mapnsTS signals, a frequency of which
modul at i ng uni 0. 6t ARBerSE SRR REIRRE dr St Pl i gita
broadcast i NgORD&AMEINTE Hyothe SRV @ B1g0heklsakdh akidl 6f a WREL&IY RELtISEGMENt
extracted by the filtering neans of the digitally-
15 ~asignal of a time area;
a guard interval adding means for adding a guard interval to the
signal of a time area converted by the reverse Fourier-transforming unit; and
a segment allocating means for converting a frequency of the signal
(equivalent base band signal of the original TS signal) to which the guard
20  interval is added by the guard interval adding means into a predefined band width
for combining a plurality of segments,
the adding unit includes:
a means for adding and synthesizing the equivalent base band signals
of each one segment, a frequency of which is converted by the segment
25  allocating means of the plurality of digitally-processing units, and the equivalent

base band signals of each of the original TS signals, a frequency of which is

converted by the segment allocating means of the plurality of modulating units.

6.  The retransmitting apparatus of terrestrial digital broadcasting according to
30 any one of claims 1 to 5,
~ wherein one segment extracted by the filtering means of the digitally-
processing unit is designated as a segment of a partially-received part of

broadcasting for a portable/mobile device or a segment of a terrestrial digital




processing unit is designated as a segnent of a partially-received part of
broadcasting for a portable/nobile deyihce or a segnent of a terrestrial
digital -37- sound broadcasting.

sound broadcasting.




