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A recelver for selectively receiving high frequency signals from analog modulated signals and digital modulated signals. The
receiver has an intermediate frequency signal circuit for selecting a desired channel of the high frequency signals and for
frequency-converting the high frequency signal of the selected channel into an intermediate frequency signal, a demodulator for
demodulating the intermediate frequency signal, which Is adapted to be capable of demodulating modulated signals in a variety
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output from the digital section of the demodulator and to be switched into a demodulation mode suited for modulation system of
the selected channel of the high frequency signals.
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ABSTRACT OF THE DISCLOSURE

¢

A receiver for salectively recedving high freguency

‘aignals from analog modulated signal® and digital zodulatsd
slgnals. The receiver has an intermediate froquency signal
circult for selecting a deaired channel of the high
froquency signale and for frequeacy-converting the hiph
froquency signal of the selectad channsl inteo &n

intermediate frequency Bignal, a damadulator for
danodulating the 1ntarmadiate fr@quency'aigual which 1w

adsptad ¢to bs capable of demodulating modulsted signglsg in a

variety of modulation systems, the demcdulater inoluding at
ipaat 8 digital gection, and a oontrollsyr for controlling
the deacdulator to be able to discriminate between the
enalog modulated signals and the digital modulated signals,
baged on & domodulated signel ourput from the digital
soction of the demodulator and to be awitched into a
denodulation mode suited for nodulation systen of the
selected channal of the high frequency eignala.
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TITLE OF THRE LNVENTION
h-%qu

A RRCEIVER ADAPTIVELY OPRRARLE FOR
MOLTIPLE SIGNAL TRANSHISSION BYSTENS

the proment invention relates gonsrally to a tSCsivay '
aduptively oparable for niltiple sisna)

Syatoms, and more Particularliy to such = rm;tmr adepted

for receiving video Bignals or audio gimnaig.

BACKGROUND OF THE INVENTION .
M

€ ground wave sroadeasting Path or a cable

IV transmisgion path, an analop vestigial eidsbend anpl itnde

rodulation {(hersingfrer roforred o ae

VEB-3¥ Rodulation)
8Yatos 18 widely ugeg.

in particulsyr, the Vi)

~aX nodulation
gyston ig exciusively uzsd in the ground wave

broadossting

ﬁ-lﬂ



tachnologiaes Bvailable in thig field,
The

with the VSR-~AM aocdulation gysten will be Gegoridea in

daetail, for instance, in a Publicetion titleg “Colox Ty

Tachnology® publiahed frox Ohe Ine.
197%,

+ 2) The demoduleted
output can be dstectad'through, for szampla,

deteceion. Howaver in ordsp t0 provent
demodulated 8ignals,

an anvalope

distoreions 4n

Rl VEB~AM
After amplified by an np eaplifise
801, a desirad channel of an input 2lgnal 43 tused by a

funar 802 and then the inpur signal convarted into ap

intornedists froequency bang asignal (hereinafiop referrod o
ag 1P signal},

zodulation recazysra

The IF pignal PRoges through an automstic
gain controlier (herainaferay

reforrod e 23 AGC) BOS and a
Ryquist 231ter

807 and then branched into two paths, Ong o

ﬂaﬂ



these brancheg eignmls $s aub

at a earriop regenarator 808

locked lo0p) ate., 8ad thea multiplisd with

branched signal ag

datection

1-378 P.007/032 -4
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Jeot to a carpigy féegeneration
whioh includes @ PLL (phage-

the othagp



caclllator 805.

In roecent Yoars, g digitel ground wave

braadcasting
System and a digite? cable tranamissiocn

Yysten aprs developed
signala through g
idth ns that of

fayr traaggmitting digitel video or audin

Path having the 880 transmission band w
cCopvantional analog

Communication £ig1d ie conzidersa ™ b2 the moge gongral
with a aeltivalued QAY,

8% J00AM, 320aM, 64QaM and
to practical use,

BOdulatinn Bystan,

28EQAM sra prepoee

Perodulators gf the modulation Bystem myre

“onvantionally put into practiesl uss gpos

tly in Si{gital
Nicrowave gdrcuiep 854 aArs acen,

t2 302 f ‘l't:?u;.{, o ¢

=378 P (08/002 ~900
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FIQURE 12 8howa the
Hemedulatop.

B31, & tungr 832, a loeal oacdllator 833 and an aAge

amplifier 834 sisfdarly to Rhoge tdlustrated in PIQURE 1,

and then converted to an IF gygne;.

branchsd inte A2 {n-phass detector

238 ana a Quadrazuras-—
Phase dstestor 837.

A lomal Cacillation

- from @ localqoacillator 838 ip supplied to the in-phagsp

datactor 636 as & 0* phags local osciliseion

Supplied to the quadratura~phaaedetaot9: 837
logal c#siliating 8iemal

T8o
dqtmtom 837 and Bas ara aupplied ts J Gy~

(LPPs) 841 and 842, Tespectively, which have
the same frequency trengfopr characteristicsg for
shaping, The LPFp

outputs from the

ﬁana filtars

Bpactrux
841 and ga2 Rave thg tranafor

characteriatioa Comanded for préventing an intop=
interfersnca in

PR RN X 1e AN/
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it ig Poseible fop =

to identidy gach 8yabol from the
digitized domodiiiated outpue.

Purther, tha °Y® opéning centered timigg olock is

produced in a ¢ipck Téganerator 848,

In addition, in the
deta identifdiep 845, thy

phass of transaitted symbelg is
dotected from anplivudes

@rToy sipnal ef 2 carriep

PLL eircuits, vig A 100p filtep 847

¢« thus achieving s phage
aynchronization batween ths

TRgaNerator, a type of

and a D/A convértar 848

input signal ang the regensrateyd
carrier signal,

Now, B83uking 4 receiver that ig Con3only usebla ve an

anklog modulated vignal and e digita) Bodulated signal, am
2houn in PIGUEERS i and 2,
CBR be concelived. The

@Jonant fop goner&ting the Ip
ar9 idantical to, &heao‘

¢lenonts up te the 8itmal they
in the abavs configuration (o.9. .,

FIGURE 1) so that explanations thersfor wi

11 be omitepd
hereinafter. The

I¥ 2ignal ig supplied to both an
ignal dempdylator 861 angd g
@ignsl demcdulatop 832, Then,

enalog
digital moduiated
after procossed Pertinentiy

¢« T8 outpurs or these
351 und @52 are supplied to a gignal Procosacy

aoduiated

iB the Gsmodulators 8§51 ang 652
denodulacorns

Qﬁm
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B84 are supplisd to a

awitch 835 aignal i» selected bv tha

. thua g partinant

switch 888 and then 1sd to an output terming! 855. Tho

avitch 885 changes over Nhen & ahanga~over signal is
provided to the switen 858 by an operator.
wnit via a tesminsl 857

Contventionally, far iéatance, » Vﬁanhu'aodulatioa, a
type of analug'maaulationa, rad a QAN
digital rodulations,

rom an Oparation

nodulation, & type of

have been used in Soparate transmission

gysatans, Feapactively., 8o that thers Weg 0o trangnimssion opr

broadoaeting'ayatan in whioch theza two types of sedulationn

are nixed Togethsp in use,

racont davelopment of

Housver, as s Yesult of the

tha digital iranssission technology as

describsd above, it hag beoome posaibleLto usg tba'an

noguiation, gvern

convontionally used. as g rogult,

of the digita) traaemdasion
maﬁulatiou

with 2he widespread uvse

8yateas, the atate (n whioch both

syaterns ar@ naed 1% expacted and recoivers

adaptive to beth modulation 8ystens will be

depanded in the
2uture,

In the arrangement mg described abovs,
the enaleg ‘and digital damodunlators
Uaers mugt know

howegver, aach of
ig independsnt gna thue

ia advance w aodulatiou vyStem By which a

sighal ig traﬂsmittsd Qr broadcastad, and then selsct ag

- b -
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adaguats demodulatop. Howevey, thea tYre of the ROduiatrion

dvatem ig nov intersoted for ugars or it will obstruge the

the.broadoaating 8yatem togethas,
of domoduiatary nist o provided, That 19, the

Teceiver antenna, the RF amplifiey, frequeacy CORveLter,

roducing cumts of the recedvers,

On the other hang,
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in 1888. Typieal Componenyy

double tunesr and a PLL (phase aynonronization.icop) which ig
adopted by nany FM demodulators
Présont,

0f tha FX demodulator inalude @

sveilable on the markes at

edroult. 3In the disgram,

is 11lustrated in @ ainple faghion in
to Bakes tho #xplanation sase. In <k

dater, by the input FM gignal and outputs the'result.oz the

¥ 904. The losp filter goa
¥emoves higher harsonic Components of

Quiput, and aleo

mwitipiication ta @ 1oop £ilte

the phage dsteoeion
FIBOVES undesired nNoise Couponent. ihe

Queput from the leop £ilter 9504 i3 aupplied to ths frequency

control imput terminat of the voltage Control ocacillater 5038

gor rasulting & configuratien of a Pty

» In the gtate wlhigrs
thﬁ-PhL is

the output of the 100p ilcey

to the voltage sontrol oacldlator
oRAAYG Y following instentansoua fraguy

signal. Therstore, jif

°Pérating normally,
904, that 48, the input

203 RCY ©f input M

the signal i taksn out, an M

- dasodulated eutput ip obtained,

Purthﬂr ’

‘i A w er.“m“.‘aﬂ -me
‘ P -



- e & e @y ViR & J QOGS T-379 P.014/032 U~800

2096372

¥ nodulation Obtaing &

¥ gignal at the Yecoiving eide and
it the avarage frequency 18 out of

8 apeoifisd value, ths
APC aontrols

local 80illation fraquenoy of
converter (for instanos, the

that

& Troguency

frequancy convertsr 901) a0

its output wi)y have the Specifioed average fragquensy,

in recent TORPB, & satellits commun

digital vides o sudic pignals by digitally roduinting

8ignals divectly {m Proposed. This 8y81en has suek features

that the signals ars free fron transaission noigsg when

compared with ths ¥N modulation and iz expected to w

ideliy
“pread in the futurs.

A8 the digieal nodulation te bs

uesd for the digital
fatedlite Droadcasting, :

Sonmunication, ga DEPOCted to Ddecons
a?ﬁt@n.. Hany dencdulators in
Couventionally put

& typical modulation

. fop
titlod "Dovelopment of Digitsl

Denodulntion L8l fox Batollﬁfa Coaauaicatdou'

atheéa, that is digcloged 1n the
Elesctronic

instance, a pepos

by YAQI ang

Autumn Nationgl Xoating of

Inforaarion Conmunication Sa0dety (1990)., FIGURE
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S shown g aonvantional'QPSK demodulator made 68 an

- Intogratea olircuit for inprovigg dts persormance by

digltal Circuie,

Local ompoillstian
Bupplied to the datoctors 922 and 23

local Cgcilliation

ignals
are 0' and 9%0° phage

» Taspectively, Forther,
the digitized detection outpuig arg

rultiplior 553,

charscteriseioces

aupplisd to & F0uP 1 g
6@ the othey hand, sine and S08ing

8ignals are supplied <o tio complex

Bultipliier 928 fron.é 8ine converter 8538 and a cosine

eonverian 939uhich'w!11;be dereribed later,

end wharein g
conmplex maltiplication 'is carried ocut.

These digital 10w»

lon charzoteristics

dexanded fop prevanting an inter-ayabol interference in the

- 3f -
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conbined with

filter characteriatica iua = transnitter
Iherefare,

filters 532 sbaped 2e that the aye

Fate is made auffioaantxy'large.
The outputs

opening

frox the ddgitgl 10M-pang
332 are branched ang Coe of the branched oy

ihe phasze orvox gatection
{(phaes orrop informatian) from the doteotor 934
suppliad to z datea disorininstoy

di@arimin&t@r

is

of 8 BuRgrical
037 via & 300D filcep 936 for

Fégenerating the carrier fraquency for g synohronous
datection, Tha numérical

control osciliston {RCO)

Eontral osciliator
cunulative pdder whieh 08 20t inhibit wa ov
porformng the adding

937 iqpiudaa )

&r3low ang
Operation up

Corregponding to a signal valug

Control tersinal,

t0 & dynanic Tange -

suppliad to the fraquancy

the numerical eontrol
veolllator 937 18 put {aro an owollieting atate whgrsin thea



C8cillator 937 i8 branched inte WO parts.and thon supplisd

convartar 938 8nd & cosing
Tespectivaly,

to a gine Converter 933,
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For NFBr9, what kind ag
Eyeten 19 uged ig ROT the intersst and It will
widaaproadxng uad to force usory

t0 2ake thas |
solgotion o Bodulatop,

signals, Bre present in the aixed state

broadcasting path

A T — wi¢ el

T-378 P.018/002

DIFID(VS0L 0 H
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are mized together in use

Patellite braadmating, at leoase two zodulatars mﬁat bo

€2 with both modulation syptems.
guoll a casg, Usaxrs auwt be awara of

providsd in corremponden

Farthernore, 1f receivers wbich sxe Capadle of

receiving differant aodulated aignels are sinply'ccnbinad.

the assanbly wily Decony very sxpensive.

SUKMARY OF THE INVENTION
M

It 39, therefore, an objsct

9f the present invention to
provide a rscaiver

fdeptively sperable for

Aultiple signal
trangmisnion systems.

mixed together in uge in a ground wave iV broadcasting

syetam and & cable iranan;aaion AySten,

3till another object of the present fnvention ig to

.prévide 8 receiver which ig capable of receiving 8ignals by

automatically diacriminating betwoen both ki



°bjeot of the prosent invention ig ¢o

Provide @ regeivan Which g available @ 8 low coame,

In ordey to achisve

signal edrcuie foyp ealecting g
channe) of the high frequency signale and fap

fraquancy-ceavorting the high frequency signal

0f the
selacted shanne}

to be capable of demaduiating
Bodulated mignals 4n a variety of modulatien Syatong,

Qenodhulatoy inoluding at loant a digita) asction,
can{rnlzar for Contraldling the democdulatoery
digerininate batwesn the analog modulated m
digital modulaved eignals,

Output from the digital
switchses

and a
to be able ¢p

Béction of tha dsaodulatep and to be
into a'dsmodulation,noae

ing to another aABPOCt of the
pPrasent invention hmg g detoctor
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lockad loop for 2Le, at reCaption of

Carvier geusration,
digital modulated signale,

adaptivnly-operabla for multy

ple aigma1
tranemigeion gyptens according to ‘

SYstems, and n complex multiplier
.b?*nultsplyxug the outpur

for Tegenerating signals

Of the complex filtar by
rogansrated sarriaz frequenoy.

detection of input aodulated ignal by an out put

of & loecm)
Ogcillator, g pliage

detecting o PhRSY erroy
11T quadrature~phags
“ngd 8 specifisd phaas, g

datactor for
botwaen the detacteqd output of

Synohronous detpstop tirat leop
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8 fraguency deteotor fop datacting
2 freQuency fron the phase grrox edtp

of aignals Bupplied to the

outpue from the agcond loop filter,

&n M demodulated cutput from the ¢»
putput

Phase detectaor with tha

8 cirpuit foy obtaining

SQqUeRoY datactinn

» @ datastor fop detecting digical Rodulated data

from
tho phase deteotion output

dimqriminating

the recalvar,

Further, es the Complex filter i1g Provided mt the frone

P&agible te
POCO88ING the

etage of tha si{gnal rogenorator, {¢ becones
obtain a Nycuise riltar'charaateriatic$ in p
VEB=AM gipnal énd to roalize

Ohisravteristies Over & transmitter side and a receiver

in processing ths QAN signal, obtaining fllear

charactaristics adapted to

igput modulated sigual,
cauaingany,diatortion

and a deteriesration
in.snbasquahtiy Yogenergted 3ignels,
Plomeney up

without

0f bit erpor Tate



2088374

for respectivs nodulation Syetensg,

?urthar. Bgloncs

the frequency convarter using
the opoillator

oecillation aignal fronm
in the

Tanlizing ths

’ detection output for the davodulatian
¢f the 6191%81 redulnted

signal fron the M signal
teteotion output,

alignal, and than the dexodulated

and ths yM vignal.
8

9 8nd advantages of tho pressn:
invention will bg appaﬁant’

o persona skilled in the are
fron a study of

;be folﬁawing description aRd the
- 80Companying drawingy,

whioh ares hersby ineorporated il and
conotitute a pa>¢

of this specifioation.

BRIBF DESCRIPTION OF THE

DRAWYNGS

R BOT® conplote Sppreciation of the praggnt invantion

~ 40 =



Bnd many of thy attendant advaptages

obtainad as the zsme DRACONYE Datter

Bany of the strtendans
ba aads

wheraein:

FIGURE 1 i» & disgren showing a convent

ianal'V§BwA$
algnal *OCRLVHD;

FIGURE 2 ias 2 digsgram 8howing @ convernsd

otal muliiple
QAM demodulator; .

FIGURE 3 i» & diagray ahowing a conventiong)

adaptive to aultipla zignal trangmissien 8ystens:

FIQURE 4 13 g Gimgram showing a convantd
demadulator;

oo iver
onal M

FIGURE & fa a Alagrum BhOWING & Conventio

Ral QPEk
danadula%ov:

FIGURE 6 43 @ Block Qiagras Phowing

f4rat ombodimeny
of the present invention: |

FIGURE 2 ip o dlagraw showing an exanple of the

transmission signal format according to the present

invention mad g Aingram Showing a definite exXanmple of the

digital Rodulacion discrimimatar;

FIGURE & in & diagran

shawing amothop exauple of thy
transmisgion

algnal format #ccording 1o thé present

- 30 -
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invention end g diagran showing an axample of

tha digfeal
®odulation dis¢criainator 300 {n ¥PIoURE 8;

FIGURR 9 13 a diagranm Showing ma exampls of thg

SPeOtrus of the traronission signal acoerding to the RTaBON?t

invention and g diagron ahowing anothas éxanp }
digital mo

FIGURE 11 ia & Block diagram

showing a setong
erbodinent pf

the receiver 8coording te the pProgant
inveantion:

FIQURE 12 43 an 9zplanatorv'diaqram showing the

apectrun 8baping Chearacteristics of the transnission $ignal

a0oording o the Second onbodiment 0f the racelver

BRowing anothop
tranenigsion Bignal formgrt according

enbodinent of the receivar.

SXenDle of ths
1o the fousth.



The present invention wiil be describeqd in detail wigh

reference to the FIQURES & through 18.

FICURES 8 through 10
show @& fivgt smbodinant of the

i® supplied te an inpug
“ATminel 1, and auplified by an RP amplifies 2

BUpplisd to a ¢unep 3.

12 perfornesd using a local oacilletion signel from & local

oocilietor ¢ thus ap internediace fraguancy i

gral (1y
signal) which 4a output from the

tTunsr 8§ 2a controiled for
its gaian by an autonatic gain contsrol

(AGC) amplifies 3,
The

iF signal whieh i output fyrom the AQC emplifier 5 1g°
supplied to g frequency arvor (Af) detpetor

a0 analog moduleted B8igmal demcdulator 100
modulated aignal demodulacor 200.

ih6e fraqueaqy 2rTOr {Af) detector 8 Astaola
*ror of aa IF signal,

apd a digital

& Ireguengy
The frequency arrop inforsation ip

used os an oscillstion frequency contyol gigmal of

osclilator 4 via a awiteh to ptahilieq the I? signal. The

frequancy control of the looal oscillator 4 ia effactivsg
valy when analog médulatmd 2ignals are received, and ae a
reception of anelog modulated 8ignals & switoh 7 4a Turnag

.»22..,



eignal processor 101 aod Pupplied to one of

tormingls of o switoch 8

A digiend Bodulated

signal discrizinare and is -
conneoted to

the dipica) Bogdulated

abova P



Gutomatically and glgoe is Capable of aalecting en adsguate
d@modulator Output, mnd thersfoyre

oonvsnAQntiy.

the racaiver can b8 uaad
Now, four oxamples of the digital modulented sigual
disoriminater 300 will be described bolms,

As shown in FIQURE d{R),

the digital modulsted signal
disocriminator 300 is dbassd

Ou the mseusption that a

which iz periodiomlly (st & pariod ?)
appearing and has g less correlation with other data
ingertad at & digizsl coded

ﬁmhronnua word

ia
vidao or audio datg 88quUOnca .
And whan the synchronous word is

i3
the

detected, the input sigual
dstarminad ¢o include the digital modulated Bigmal,

input signal cantalins the digital

¥ 4
odulazed Bimjs i

ita

fooeived,

FIGURE T(B).ahawe a datailed

Arrangonsnt of ths Qigitel
andulation discrininator 300

+ 30 the input termina) 303,
fron a data ldentifiar) fyom
aignal danaéulatar 200 is introducad.
The eignal introdused into tha input torminal $01 ip
supplied ¢to the digiesl decoder 203

- awnw
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detector 303, which detects a eynahronons word contained in
the demodulated output by comparing the demodulgted output
With the referencs patters (the sytchronous word pattarn).
':l'h@ dstection 18 carriag out by using a pattern correlating
dovice and the like. If there ie no tranamission bit srrop

due to nolmes and the 1ike, the dstsotion output 13 Ccbtaized

accurately at a periodic intsrval. Howavey, as there occurs

Bow®d bHit arrcrs in geaaml, the final determination ig
carrisd oug ai’tsr confirming the periodicity of the
dateqtion cuiput. In other words, when = gynchronous word
19 detected, the synchronous word detector 303 ocutpuis m
detection pulge and supplise it to 2 countor 304 and a
periodioity discriminator 308. Tha counter 304 pr@diots 28

fed baok.

in the abov? eM&mnz. 3D axﬁmpla using & gynchronocus
vord that is pariodically traamittod.win DB d@am-abad»
Howsver, izt “ not necessarily neadad to transmit »
synchronous word periodicaliy. In such a CR89, the
discriaination may bg carrisd out by confireing that Rno
synchrouous word ia detectad while obssrving feor a fixaa
pariod,

w whihs



very lavge. ihoretors,

OTXOre are rolatively gmell op very large,
know whether digital sodulated
Rodulatod sigasl is input,

determining whether the input signal

antirely ﬁaaning}ess and

SRRV A Ry f)
'i) %} 8 t;; o) ‘} frd

3., OYPOr correction Codings

tho digita) date trqnsmiaaion;

video oxr

{Pn) in the block

coding. In theg digital datrg tram@miaalcn.

t29 inspaction
dmta (PFn) forp error

corragtion is addamd 48 shown haps.
tranamisgion eRror rasg

12 o apaoxtzbd'dzgatalmaauiaiaa
signal with spoe;fﬁaa transnisgsion

line codinge is input dn
the norasl raceiving etate,

the arror bita PO block Deconas
Howaver, (¢ an

input, the transnission

ralatively small. anglog nodulated signal is

line decoding operaticn bacores

8180 bit errors per black becenes

by detsrndning'whather tha biz

it i possible ¢o
Bigunal or an analog

FIGURE 8(B) shows m dataiied BrrEngement for

iacludag the digital

-~ 286 =
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The donodulated

is Supplisg 2o aan {upue

‘orminal 311, tThe pignal eupplied te

the Inpue terainal 3i3

‘13 then led to 312, arg 8i80 to 2

8n dutphut tarning?
sYndrone calcuiator 313.

ufficient herg only to detsct the

Tberatora, the

#AFY) whioh hag address
for instance, the number

Suthut hies aqual to
The ocutput of the @rror

©f syndroxe biis
and the nunbep af

the numbay of RAS Dam
2209 R,

certain sxtont. i8 the gtace 0f the layge dueder of BITOrS

identification flag to show tha%‘the

2igual ig boing. received is
a0 output coraine) 318,

i# continued, amn

digitai wodulatad obtaised fren

The contanwity'diacriainator 318§

can be realized by g 8inzple countay, Further, ia the



2xplanatiesn, it &g described

8 block envodad &#ignal,

non~hlock oncoded aignal
techniqus,

diuarimﬂnating whothay
the digival acdulated signal bY using the loop

filtey outputg
of a carrigr vegenerating PLL cipoude.

from ¢soh othar

ip the gpeotrum
In the case ©f ths digital

spactrun of the VEB-AM signal of

Accordingly,

outpue,

~ the modulated eignal includse the V3pe

100p filtar output



FIGURR 9(B) shows an erxanple of

the discrininater. To
@0 input terwinal

Of ths discriminaror,

through &R output termingl 322 and ong of the terminais

Comparator 923, The comparatos 333, Conpariag

ths fnput
it A > B,

Rignal A with

tho reforence lovel B, dotornines
that fa,

1f the 1oap €{ilegr oRtput

includes a Bignal} ehowing
o carrisy deviation of ancit §.

signal disoriminator 300..

disoriminator 300 uses the face that a modulated signai

diffuprs botwasn the QAN and 2&@'V83°an'aignajs.

vaeetors of the QAM‘aighaJ and
reéspactively. rFIGURE 10(A-a)

1-384  P.005,/042 U-917
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raspective carriey frequencies. ag 2980 fron the drawing,

in trhe Cane of the QaxM 9ignal the véotors of

the modulatad
all phasas guadranty, whila in the casg of
The V8B-~AN Signsl) the vectorse

signal exist in

Quadeantsg, Therafore, ig

veotore ¢f ths Bodulated signal exigt in only the

f4rget mand

fourth quadrents when it 4 Checked whether op not the

in-phase detection outpye Q and

the
détection outpur 1.

Quadraturs-phane

In the digoriminator,
dotection Qutput T 4o use

®upplied to a continuity discrimirmton 332 vie an inveriear
331. |

fop instance, the d 8¢ ag to be

A% shown 1n the truth table, 4n thé case of the Qay

3ignal, the I signa) takes the 93v

valus whes the vector
existe in

the first apd fourth Quadrantsy,

oF takes tha “o*
value when ths vestop

in the 2oCond and third
in the ease of the V3R3-aM

axistad
éuadranes. That‘ia. 8igmal ne

1-388 P, 006/042 U-g17
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always takes the 0% valuag.

dug to the 8ffact of

& Bulti-path distorti@n (@host), ata.,
the v§

B-AH aignmi iz supplied ¢o the'oontinuity

disoriminator 332 ang gn other case, aBouUBIng that the QaH

¢+ the identification
through an output tarmin&1'833.

diaoriminator

-gighal ig being input flag is Ouatput

A6r the QAN oy the
ig receivaed ang the number o

dlaments (g increased an n2TY
10w cest by

in

coxmon use

88 peasible tp achlsve ar a
&Ppliving the Preseat dnvenction.
the oirouit configuration,
289gigned



oaoillation'output from another
only mupplied.diraOtly to an in-

gupplied te a Quadrature-phaase
shifter 410,

docal Oc2cillator 403 ig not
Phage detector 402 but also

dsteetoa‘ﬁel via a 90 phags
A Q signal and an I

Quadratura-phags detector 401

8r¢ converted ints digizal sig
IA/D}.oonvertera 40¢

3lgnal output from whs

and the in~-phage dotector §02

Bale in an analog/digital

and 403, Fespectively,
to & compliox Filter 4071.

- daput

and then input

3¢ 1@ Prefarrsd that the
Bnalog medulated signal is Converted into g digital

8igmal at a sampling clook of with a frequency moye than THO

the aignal band while

"_m“‘ll par—— e

’ - '.".V‘“llﬁ."’”" hapmmass L o L o
- ¥
" .’: .‘.; .‘.‘0 " L I 4 48
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their apectrup by the complex

For such digital modulsteq ®ignals as the 18Qax
+ TOUtd distributed roll-odé

'whila 8 Byquist f1lter 19 used for

8ignale as the vop-pwm signal,
PIGURE

are digitized mnd than shaped
£lltor 407,

signgl characteriatiaa 8re usegd,

such analog nodulgted

123{A) shows the spectrunm ghap

for the QAW signalg while FIGURE 12(B)
ghaping characteriscica for

ing oharactewistica

SBGeg the spectvym
the ViB-~AM signala,



detected signal but freguency detund

ng i removes and
therstore, thars

®Xisty no errora betwesn the filtey
cheractarietiea'and - The filtor |

and the Havefora Aigtortion in the cage of
Rodulnted signal Deing 4npue,
realized mt

Next, the Output of the complsx £1lter 407 ip

t0 A Complax multipliar ¢08
Bynohvonoug dotection.

- dBput. ‘Tha PREPuUt from the Comp ) Px sultipliar §0a is

Gupplied to the clook Togenarator 408, and
disorizinator 409,

Phase grropy

2180 t0 & data
In the cloek rogenarator 498

between the clook and
theredy the PLL

controlling.,

+ 8 {dming

tha data i1g datectsd, and
Circuits o the clock Fageneration o

Furthgr, the Gutput
%upplied to an are-

tangent cireuiv
signal,

of the compiasx aultiplgsr 408 ia

tangent (TAH"ZJ circuit 433, The are~-

411 detects & phase arror of the modulated

Here, 1f the iaput signag lacludas 5 digital

- 34 o
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modulated 2ignal, = phass

differonce between the input

the looal escillation frequency ig

each modulated 3yubol oy if ¢he
incivdea an Bralog

xodulated signul and

Obtainad oy input signai

& phaga diffarence
input oarrisr CLaponsnt (ling

modulated sigual,

botwean the

BRACTIunm) and the
local conilliation freQquency ig obtainad

controller €12, ana aftar amoothad in ths ;onp £ilter 4313

the amnoothed Bigual ia dupplied to the frequengy oontrol

2 so-onlled B8Wtooth wave. Fhe
SBOOthed wavs output i SUppliad to & ging

convertar 414
heving'a ains charaotsristios and aleo to &

¢osine convertgy
468 baving a cosine oharaoteristics,

Ths local Sa88illation
Outputas of

the sine converter 414 and the oo

8ina convertap
410 are supplied ¢o tha

Complox zultiplior ¢08 a3 a comples
3ing wave 3ignal and g conplex

r3apactively. The io00p ‘

change rate peY nnid
Aftor amoothed in & second loop filtar €18, ¢

the detector 417 ig

tine.



control terminaj 6f the local Cacillaror 403,

includag an AFC loep.

ihe loep controller 412 im far opar

ating tha'Pnz and .
.the A¥C

100p by'ahmnging Ve

| frequenav @rror ig
datarmingd to have becona sufficiently

controller 417 BRtops ditm
supplies

bag boen removad ae the tine

the carpige sagengration oha
(sapsciailyu phase

Jitter) 1s not dotérzorated Ry the
Complax filter 40%.

tuning metbod, ang therefore eloments relative to the

d9 highly effiojen:. ’
T™he eutput of the complex multiplier 403 19 2upplige 20O

bortion ere siwplified and ga

- B8 -



both
101.

for the Algitel BOGulation.

discrizsinaces Gdigicel aodulae
signals

The data diacrininatow 409

od 9lgaal data Prom the I and Q

ead supplies the detectsd signm) to both
decodar 201 and the digital

300,

the digita)

Rodulated signal digarimington
In the dgigital decoder 201

8ignals, aete. ape decoded.

80, 1t s anough to isad
signal procesgor 101 for sueh

aignal Processing as DE
regansration, grec.

The outputs of

the signa) Proceensny 101
- and the digltal decodey

01 are 1od to the awiteh 8, and
thus an adequate Goncdulated Sutput g 2aleoctad by the

dvwitch 8 as {llustrated in FIGURE 3.
As

Py sharing a conron clzrcuie,

& high aomm'y. ang
Other words, Iow copt

¥ocCeivers can be obtained through tha aohie‘v}mem 0f the

“ 37 -
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@ third ambodiment af the r@cagver
acooxrding to thas Pregent invention.

asgigned o the 3829 eleonents of tha
FIGBURE 313 8¢ that theiy

are differing r$bm thg Preceding esmbodingnt 2r@ that a

Complex nultipliar 421 is providad boatwean

Converters 4048, 4085 ang tBe porplex Filter 407, and that the

output of the af detostop 417 which foramg

Complex 2ignals are Bupplied o the complex my
In the cass of this enbodinent

the local Gscillator 401 which

dtipliaer 421,
» the ARG 2909 oG8 not ant on

18 used for the uadratyurge

deteotor. Inm this
anbodinent, the AFC 400p including

421, atz,

phase datoctor apd the in-phage

the comples muleiplier

functions as g frequency convertar for resoving

In tha precoding subodiment,

the loceal 08Cillgtar 4oz'ae controllad in ordor to '8nive

the fraquency dstuning. The
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using variabls Capacitance diodes,

variable

etC. When ths Irequancy

Tange of such an ©801llatoy ip 8xpanded, <hs
frequenoy

Qeterdoratsd, TRis ambodimant, thorefora,

atabilized loga) O8Cillator which obtaing a
osecillation Output signal by uaing 44

A8 degscribed above,

'digitalaz@diin its olreuit fonstruction te facilitats a

highex Btebilization, gn dnereagad acouracy, acd an

integration of ciroudes, thereby rerlizing & higher

@ low coat for the receiver,
As descridbed &bsve, the eab
aocording

efficiency and

odiments of the P08 ivey

to the pramsne invantdoy, adapted fop va08iving

the.broadcastsng‘and tha

recaiveor is vary fiolda.

(Y

advantagaous in Industrial
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in ths oubodimsnts, the QAM signal ang the VSB-aM

8ignal arg Xpectod as the

digital modulateqd signal
analog aodulated 2ignal,

respoctively.

the Fri 8ignal and
aiomal 8re 4180 transmjicega

and the
Howavar, not liniteq
the Qray aodulntad

8% an analog gignal angd as g

¢ T08PBCTIVEY ' &
mixed state

t0 thesaa Signals,

digitel wodulated signal thug they oftan

pregant in t¢he in some CA308.,

In the reogiver of
FIGURE 14 diffarant.modulatad 8igumls

they are prasont 4in the Bixed
node

&re diacriminated if

in this ambcdiment. Comnen
88 many ag Fe8sibla to

reduos the 008% of the receiver,
Tha QPax deaodulat

&d signal op ¢hs X signal BuUpplisd



afe supplied to A/D CORVErtors

and then digivized fharaia,
3ignals are 2upplied tp g coupley

613 for 1mplementxng'frequenoy
lcoal oscilintion 8igtal from an Ape loop
describsd later g 2upplied to thg complex

511 ang 513, fespactively,

Thi digitized

mulcipliar converslons, 3

waich will be

vultiplier 813 28
;Tho fvaquenay vbaversion

(digital LPF) 514 anq 51s having

the
frnquancy transfap characteristics, T '

S8pectively,

signal, ao desoribed latax,

Oporate as Lilterp
fraquency conponsnts from

The digitad
for removing hipgh

thaiy i{npue gignals if
gmal. While if
the QPSX modulated signal, the
for previdiag'trgnafér

praventing en inter-

LPP8 814 ang £31%

the input
the input signals

¥ Cperete ag fillters
characteristice FJuired fop

aigngle - inelude tha M g4

3ymbold interferencs in

the digital data
The Z2Lltare in this

franemisicon. SR8 are denerally gs

degignedq that so-called *0ll=pfe

their spectrum 80 that each sye
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large valug,

The outputp of the

digital LPFa 514 QR4 515 are
Supplited ¢p 3 Clock

Tegansrator 816,

516 fogenerstag a fampling clock to be
convarters 511 and 812, and
Tagenaraten éither a clock ¢
8 clock for the PM
a8 desorihed latey,

nedulated signal.

The cleck Yegansraton
vsed for tha a/’p

in partienlap @slectively
oY the

QPSE modulated Rignal op
aignal.b? the

It the input Bignal inoludes

rogdulated Bignal, symbej tining cozponants arg Qxtractaq

{rom the Input eignal,

Then » tixdng clook at the
the symbel is

having a irequency of mors than two tines the frequency

0T the input 5ignal
conveiters 531 sngd §ip.

candwidth i3 supplied to the A/p

524 and 315 thug
rondved the high frequency componenta are supplied to g

complag Bultipliar 617, 7ne complux multiplier 317 is

capable of Parforming a fraquency Conversion at the Daas

0f the tz*aquam
intermedince fraquancy band, that ig,

band antirnly.tha Samnd operation ag that
COnVerter at ths

the
BIXST. Thae regson for Using sush e Conplok Buitiplier ip
that in multiplicatian using zaal nunbers without vaing

"‘-.. q#ﬁ.—n-‘. o



vaCTOr 535, In tha -

28 1nputs mndg the
The phase epray

from the phsse detector 819 {g suppliad

t0 a dipgital duta
dgteotor 521, i2 the 1¥

®ignal lacludes the grsk sodulated

gigral, tha digital daza dstector 821 dexodulatas

data, dy uBing the phass error information angd pha

&S
corraction

signal freosm 2 synehronoug word ds
will ba deacribed dater,

zmodulsted signal

toctor 522 which
The cepodulated daté':roa

is then output through an Gutput

the demedulated data ia
syachronous wor? dotector 522.

datector 322 detects

the Qpsx

torniral

823. ‘Fureher, fupplied to the
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video data Jaguenced or am audio datm

avnoh:onous vorg is

sequence, If the

detsated in thé eyaChronous wWworg

detector 822, (¢ indicatea that ¢the 0)3°). 4 demodulated 8ignial

18 beilng received and an identigicetion flag shewing

the QPSK derodilated 2ignal fa being received is

cutput
through an output termingl 83¢,

If mo synchronous ward

detection ig detected, ap idantification flag showing that

the FM signal 4s baing'rmoaived i output throu

R the outpus
torainal 524,

By the identification flag, the 2ilter

Characiasristies of thatprevdaualy described digital LPPa are
changed over to characteristics adapted to

the modulated
slgnal baing'raoaaved,

The output having phasas arrey inforaation from the

Phago datector 810 i2 Bupplied 20 a PLL loop

filter 841 fopr
& Caryrienr gonoraction,

The output of the PLL 1o0p £ilter 541

iz supplied to the truquancy'ccnt:pl terainal of a numerical

control oaailla&pr (NCO) 843 via & switch 542.

Thoe switeh
942 9 =mo controlled

that the ewiteoh 542 g 2opt ON while
the QPSX demodulated aignal is being rededved,

while it 4g
kept O0FP when the ¥

signal ia being received. The

numerical contrel oscillator 543 includes o cunulrtive sddey

which does not
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dynamic range &ccording to a gignal being supplied te ite

That 19, tbe numerical
cantrol masaillatap 643 oporates in

8% valtage'control oscillator (VOO) in an analog sireuit.

TN Bunerical conatrol oscillator 849 Aifzars from 8 gonaral

its oscillation
and {t foarurea the atability

VCO {voltags coatrollsd 0scillator] 4ig that
frequency Js varTy stable,

Bigher than a vezo (veltage coatrollod‘cxyatal caCillatoy)

installing Go~aalled crysrals and a

range thet cannot be realized by the vCxe. The outputr of

the numerica) contrel oacillator 542 i8 2upplied %o a 2inad

converter 844 and.a cosine convarter 545 of whieh data
aonversion characeoristics ars sina ead coging

oharaataristzcs, FeBpactively,

convarier 544 and ihe COsine converter 545 are supplied to

the Complex nultiplier 317, The loop includos a phagze

locked lesop af:conplately Qlgital aonfiguvataon. If &

circult having &8 complete integra) 2ystem is coatained in

#LL frequency look rangs is
the ideal operation of g Py,

the PLL loop ta}ter 541, the

.ﬁbfanita 2g the praﬁcdpza ana

08N e roenlixsd, Hor9, the PLL 100p filitsr 541 ia turned ON

©r OFF by an output {APC/PLL change-over signal) from o loop

controllay 560.

Ihe 1oop controllap G660 12 adls
Operation and the A¥C Jdo6p

te change over the PLL
cheration which will be doscribed

“"48"'

1384 P.021/0u5

tho entirely sans Rannar

wide freqQquency variable |

1704 et ('l'i.'l()

-917
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later,

Next, the APC loop will be described. The output
ﬁphase Loy 1nf6rmat£on) of the phese dstector 318 ig
supplind to a freguency datectoy 531. The frgguancy |
detector 531 datects a frequency component (1.e., ¥ signal)
by detecting phase changes per unit time. The frequenoy
oobponent is supplisd to an AFC loop filter 553 4nd & do-
emphasis oirouit 533. Tho output ©f the A®C loop f£ilter 332

18 supplied to the froquency control torminsl of a punaricesl
control ogcillator {NCO) 663 via a hold olroa&i 352, ¥hs

osutput of the numsrical control 05011lator 853 iz supplied
to 8 pine converter 854 and a coeiné convartar 553 of which
data converaion characterisiics are sins and cosine |
charectoristics, respactively. The outpute of the sine and
§aaiue converters 6864 and 855 are supplied to the complex

multiplieor 6183, The hold circuit 8852 is controlled by ths
APC/PLL charga-over gdgnal from ths 150p controlipy 560 and

permite the owtput of the APC loop f£ilter 581 o pass

through if the AFC loop is selected and holds the signal
being supplied from the AFC loop fileter 331 {f the PLL is
polected. The loop controller 560 is deaigned to select the
APC loop for a certain time from, for instance, the time of
the channel selection and thareaftsr, selsct the PLIL.

“he output {fréquancy component) of the freguenoy
detactor 531 is supplied to the de-gmphasie circuit 532,
The ds-emphasls ¢cirouit 632 includes & circuit that hes

- 28 =



characteristics contrary to a pre-emphasis performed at the
trangmitter side and by attenuating high fraquency
COomponents, rogtorey the reéeived signal te the gignal
'haVing ar original flat frequency characteristics. Thes

output of the de-emphasis circuit 832 is pupplisgd to a

clamper 533 and a ayno geparator 537.. ihe sync separator
937 sgsperates syno signal from input 8ignel gnd bsssd on the
gync signal, providéa clamp pu;sa to ths oclamper 533, Bus,
DC regeneration {8 carriod out ia the ¢lamper 533 and ths DC
regenerated FN desodulated aignal {a canvar?ed to analog
0ignal in a D/A converter 534 end ig l18d to ag TH
demodulated eigna) cueput tormiaal 838,
' Acoording to the embodixgpnts describad above, 1¢ the M
aignal and the QPSX medulsted gignal are present in the
nixed state in the satellite trangaission or the sateliite
broadunstiag, signals of both nodulation systens caa be
denodulated. Purther, it ig poesible to ohangs over ths
ayetém 1o tho operating atmte adepted to demcdulate
pnodulated signal b?.automatically diseriminating which aps
of the FM sigoal or the QPSK modulated signsl 1a doing
received, |

‘Aa described above, the present irvention can provide
2n exiremely preferable raceivaer adaptively operable for
multiple signal transmimsion systenms., .

Whils there have been $llustratsd and described'whéi

ar® at preseat considersd to be preferred enbodiments of the

- 47 -
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present inventien, it will be understood by those skilled in
the art that varicus changas and acdifications nay be made,
and equivalenta may bo substituted for elomerts thorgof
'nithout departing from the trus 8COpa of the pregent
invention, 3In add;tion, nany modificatione may bs made to
adapt & particular situetion or naterial 10 the teaoching of
tha prosent {nvention witheut departing from the ceantral
Bo00pe theyeof., Thereforw, it ia intendad that the present

invention aot be limited to the particulsy exhodinment
disclosed as the best mods contemplated for carrying out tha
 pregent invention, but that the present iavention include
all sabodimenta falling within the Gbupe 07 the appends

claing.

- 48 -



¥ ew e e ey i wiJd F.LMU/U&é'

WHAT 18 CLAIMED IS.
—'_'“MM

1, A réceivar for s@lectively recelving high £requency
'aignala iron analog modulated signals end digital modulaced
8igtalse, tha receivay comprising:

Intermediate frequency 2ignal means for seleogting a
desired channsl of the high froquency gigmals and for
froquancy=-converting the high f{requency signal of ths
e9lected channel! into an iﬁteraediate"frequeaov aignal:

denmodulation means for depodulating the intermediate
fraquency signsl, which is adapted to be capable of
demcduleting modulated signals io a variety ¢f xodulmtion
8ystome, the demodulation means including at least a digital
govtion; and

. control meana for controlling the demodulating means to
be Bble to dimcriminate between the analog modulated signals
and the digitsl modulated signala, based 6n a demodulated
glgnal output frox the dlgital section of the damodulmtion
neans and o ba switched inte a demodulation mode suited for
nodaglation ayet?a of the selgoted channal of tha.high
frogquanoy signslw. |

2. R receiver as ¢laiwed in cleim 1, wherein the
damodulatéd signal output frowm the digital seotien of the

demdodulation nasns includas a synchronous word which {eo

nultiplaxed in digital signals in advanca. |

U
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3. A Tecelver as olgimed in cisin i, wherein the
demodulated signal Sutput from the digital ssction of the

dmmodalatien sesang incliudas information indicating &

tranamiauion error avaie occurring in the digical aaotion

for decoding w transmission path enccding date which is
multiplexed in digital signals in advance.

4. A receiver as slaimed in olaim 1, whe}ain the
densdulated gipgnel cutput from the digital agetion of the
demodulation means inoludes information indivating en

operating state of a carrier regsnerater for a rerforming a

aynchronous Qetection.

0. A recelver a8 olaimed in olaim 31, wherein a rocaiving
antenna, a high frequency anplifier circuit, s fragquenoy
ooaversion ¢ircuit, an interaodiate froquency enplifier
cireuit and & tuner circuit ars conronly ueed in respective
ocperations of the intermediate Frequency signal neans for

{requency-converting various medulated aignals,

-
'

$. R rocalver as ¢lainmsd in cleim 5, wherein tho analog
modulated signal incilvdes a V33-AM aignal sad the digital
nodulated signnl includes o QAM signal.

7. A recelver as olaimed in olain 6, fur<thsr comprieing a

frequency convoraion memns fop gonverting an input
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internediate frequency into a complex base band gignal and
meand for performing either = spectirum ahaping by uging a
complex Nyquist filter and o VIB-AM synchrongus dateaiien in
'rasponm t0 the VEB=-AM demodulated Blgnal cutput from the
frequency conversion means op a presoribed spsctrum shaping
and @ quadrature-phasa amchronoué deteotion in responsge to

the QAN demoduletsd aignal output fx;om the fraquency

conversion moanas.

8. A receiver as claimad in claim 8, vwherein thg analog

acdulated sigoal includes an FYl modulated gignal and tha

digital podulated sigﬁal includes a QPSK modulated cignal.

®. & receiver g3 claimed in claim 8, further comprising
Beand for demodulating in phass the internadianta frequanoy
2ilgnal responsive to the QPSX modulatoed signal efter a

converaion of the the intermediate frequency signal into &
complex base band signel throush a fuadrature~phage

detection, and means for denodulating the {nternsdimte

froquency aignal responmive to the PN modulated 2ignal
through & calculation of a tims di{fferance of the

demodulatad aigpal in phasne,

U-91/
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