Frequency Denodul ator The present invention relates to a frequency
denodul at or desi gned t.o avoid the occurrence of a reversal phenonenon in
whi ch a denodul ated output froma digital FM denodul ati ng neans for a
frequency nodul ated | um nance signal reproduced in a video tape recording
and/ or reproduci ng apparatus (which apparatus is hereinafter referred to as

a video tape player).is reversed. Fig. 1 of the acconpanyi nz 2;312@3 7

Bllustrates a circuit block @f% AR fD%W%dQWd?bﬁ”t anal og _
signal processing circuit |4h44$é~+h&gé—+ape—p+ayer?—ﬁeferrlng to Fig. 1,
reference nunmeral 41 represents a transducer head anplifier for anplifying
an anal og reproduced FM signal picked up by a nagnetic transducer head 40
frohwa | ength of magnetic tape 39. The anplified FM signal energing from
the transducer head anplifier 41 is supplied to a reproduced RF equalizer
42. The RF equalizer 42 is connected with a double limter 43 operable to
avoi d any possi ble reversal phenonenon of the anal og reproduced FM signal,
supplied fromthe rephedpred et coneentenbndde loatles| 3@ ta firquéeheysane
anal og reproduced FM signal, which limter 43 is in turn connected with an
anal og FMdrmediyl ater desbpeedbie awid thepecturcenpe odt purevessatlhe
double limter 43. The output fromthe anal og FM denodul ator 44 is in turn
suppl i ed tRPER/PERRT 0| Yichea i denednl atedi qusruénpran & digddpd EY for
de enphangggdaq%t?# Lﬁegagng¥3geppgghg#gy4ﬁbdulated luminance
signal reproduced in a video tape recording and/or
reproducing apparatus (which apparatus is hereinafter

referred to as a video tape player) is reversed.

Fig. 1 of thé accompanying drawings illustrates

a circuit block diagram of the prior art analog luminance
signal processing circuit in the video tape piayer.
Referring to Fig. 1, reference numeral 41 represents a
transducer head amplifier for amplifying an analog
reproduced FM signal picked up by a magnetic traﬁsducer
&f- head 40 from a length of magnetic tape 39. The amplified
FM signal émerging from the transdﬁcer head amplifier 41
is supplied to a reproduced RF equalizer 42. The RF
‘equalizer 42 is connected with a double limifer 43
operable to avoid any possible reversal phenomenon of the
analog reproduced FM signal, supplied from the reproduced
RF equalizer 42, and also to limit the same analog
reproduced FM signél. which limiter 43 is in turn

'coﬁnectéd.with an analog'FM demodulétor 44 operable to



The prior art reproduced | um nance signal processing circuit of the above
descri bed construction operates in the follow ng manner. The anal og
reproduced FM signal outputted fromthe nagnetic transducer head 40 is,
after having been anplified by the transducer head anplifier 41, passed to
the reproduced RF equalizer 42 having a certain operating characteristic at
whi ch the anal og reproduced FM signal is nodified for the purpose of

avoi di ng demodaMertsal tphemantnon Andmalthe afosieter ilrigniat €er 48i.n The |
signal-to-noise ratio so that the upper and | ower side-bands of the anal og
repr oducedufpust ghiglorcahhec e/l ear 4 ndewodacrt ave rpropoiissi o ralrati ve to-
the carrier wave. The output fromthe reproduced RF equalizer 42 is then _
"suppl i ed SuBPi hedddgbllOv |Rafs ofi UBeRiht€htBERY&HuEH A TdRr el afi ut put W/
signal in the formaof an anal og FNIsi%nal of uni form anplitude whose
reversal PBhESShehod S sfprevRhr&PP 2RI hRK obhhEM SRR t eddrP nd Y% om t he
double ligiter 43.,is in turn denodul ated by the anal og FM denodul at or 44.
The denndg%ﬂPgalﬁﬁfgiéaal fromthe anal og FM denodul ator 44 is supplied to
the main de- emphashg £ipeyidy 4340 PASS S0RHER 4 Jhl henJRVLIEAN 2
operating characteristic reverse to thdat or a pre-enphasis circiit during
the recor giBeeaaic And: keulic@Al LAE BARAAM §BEQUADIICch A RIR idn ter 46

for the renoval of unwanted conponents therefrom e prior
reprOduceﬂpEHHkEQHQﬁ th@"2b1lowing manner.

.,

‘The analog reproduced FM signal outputted from —
the magnetic transducer head 40 is, after having been A
amplified by the transducer heaa amplifier 41, passed to
the reproduced RF equalizer 42 h#viﬁg a certain oéérating
characteristic at which the.analog reproduced FM signal is
modified for the purpose of avoidiﬁg jhe reversal
phenomenon and also of securing a cerfajn signa1—to-noise
ratio so that the upper and lower si&é-bands of the analog
reproduced FM signal éan_occupy certain fespective
proportions relative to the'carrier_wave. | |

The oufput from the rEproduced“RF_equalizer 42

O

is then supplied to the ¢oupie limiter 43 which
subsequently provides an outpuf{signal in the form of an
anélog FM signal of.uniform gmplitude whose reversal
phenomenon is p;evented. This anaipg FH signal emerging
from the double limiter 43 is in.turn:dequulated.by the
analog FM demodulator 44. The_dequulated FM signal from
the analog FM démodulator 44 is supplied to the main de-

emphasis circuit 45 to:pass,through_a filter having an

»



processing circuit of the above described construction, where the FM wave
inputted to the anal og.FM denodul ator 44 is an unbal anced FM wave wherein,
as a result .of its passage through an FMtransm ssion system of certain
operating characteristic including a reproduced RF equalizer, the upper and
| ower side-bands are suppressed and enphasi zed, respectively, or enphasized

and suppresa%g,rartqmeqﬁavr%cweagqhca%e%%%revec% iﬂhém%{M B GRne {g in
ce | e

the weprodu l'umi nance signal processing circuit enployed in video tape

players for g iUsS@urilngdlahed @R oPRINEY d QMRS A d HHRSEIL AdneghddePugh a
series of experinents, that the denodulated signal thereof tends to junp

out of a praagioargh nare llvwelpasangs 1@ ra 48l ok WheMridmbvalvalf Adrfhean tdhien
such—denodul at ed signal is de- enphasized with no correction made thereon
and i s out pebimpd nen ts whdae fxiognal , bl ack or white short sweep |ines appear
on the display screen thereby to render the reproduced picture
unconfortable to |oold.n tleachrad pheaotenmepiedycedr dluminaheer 8d amahs t he
reversal phenonmenon. Fig. 2 illustrates a circuit block diagram show ng the
TAN type di §irP&IesENMNEefodif bl bro i §beophp e deggriihgd RoBBEEUGT igfn ¢ he
nationw de neeting held by the El ectronic Comunication Society of Japan in
1683 and, aMBETe FheEEM Hazies daBRdtedort CosheuA 1% &Y dhamaduator b 5o
N0, 3 st 1000, arb s Rl VAT 8L £2naB0 A1SeEk bl ePbdce o the

passage through an FM transmission system of certain
LJ operating characteristic including.a reproduced RF
equalizer, the upper and lower side-bands are suppreSsed
and emphasized, respectively, or emphasized and
suppressed, respectively, such as observed in the FM wave
appearing in the reproduced luminahce signal processing
circuit employed in video tape players for home use, it
has been observed, and so is ascértained through a series
of éxperiments,.that the demodulated signal thereof tends
to jump out of a predetermined level range to a black or

white level side. When such demodulated signal is de-

%J- emphasized with no correction made thereon and is
outputted as a video signal, black or white short sweep
lines appear on the display séreen thereby to render the
reproduced picture uncomfortable to look. Such a
phenomenon is generally referrgd to as the reversal
phenomenon. l_

A Fig. 2 illustrates a circuit block diagram

showing the TAN type digital FM demodulator disclosed



Fig. 1 for the denodul ation of the FMwave. Even though the digital FM
denodul ator is used in the manner descri bed above, the occurrence of the
reversal phenomenon cannot be elinminated. Hereinafter, the structure and
the operation of the digital FM denodul ator will be discussed and, in the
course thereof, the reversal phenonenon occurring in the digital FM
denodul ator will also be discussed. Referring to Fig. 2, reference

‘nurer al - diumiew edentsessivmnal ogheondtdonyidecaratieE halfngva %'aﬁplinQP .
Nl

cycle T and operable to convert the input anal og FMsignal _into a digit
signal . ErEmtmppicgfamnmen iicgitiofeSagiehE SfaltRR20- 4ngilP8° @erter 1
Is shifted [err] inighase_by a [err] ﬁh%se shifteél3 0 pnovideva si gnal
On the ofH&P shaf, TEERTHRRHAE L PBA PRe “ORHUILT oF af’é)
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signal t ch.ip.p Wi _t.h .t he r ' FA Si ,ihhat is
‘the si gn(e%ﬂe”?s QdAc%:%rg?%_ngP ft httel.n!de+§1:{/ledog Igﬁﬂhgtlf%?li{“ i;(éf??)mx\dt‘ héelgﬂg{‘ a;/
Co”pensatﬂrg.z.la“td?}h?hé' SQBBdX.I%_rt@%t B2 [tele’ IFhagee shi Even Stwewghe
regarded as signals 4 ‘quantitied at the.sanme timng. Reference nunera

representd g CtA PLEMOd Emd Sl ht6APRB| Gsed pRr tRémnagnércaescrabedn of

4

[err](X/Y) with respect to the signals X and Y inputted thereto. An output

fromthe f)vdl) afhOGo €¢iEHéhcd 68 shppreedrsalaphenomenon cannot be

eliminated. |

Hereinafter, the structure and the'operation of
the digital FM demodulator will be discussed and, in the
éoufse thereof, the reve:sal'phenpmenpn-occurring in the
‘digital FM demodulator will also be discussed.

ﬁefefring to Fig. 2, reference nuMeral 1
represeﬁts an analog-to-digital converter having a
sampling cycle T and operable to convgrt[the input analog
FM signal into a digital signal. The FM signal so
digitized ﬁy the analog-to-digital converter 1 is shifted
90° in phase by a 90° pha#e shifter 3 to provide a signal
Y. On the other hand, the output from the analog-to-
digital convérter 1 is also supplied to a delay
compensator 2 operable to delay the digital FM signal for
a predetermined length of time required for the digital FM
signal to match in phase with the 90° phase shifted FN
signal, that is, the signal Y. Accordingly, the delayed
 FM signal X from the delay compensator 2 and the signal Y

from the 90° phase shifter 3 can be regarded as signals

O



delay circuit 5 for delaying the input signal for a length of time equal to
the sanpling cycle T. The del ayed. output fromthe delay circuit 5is in
turn supplied to a subtractor 6 operable to subtract the output of the
delay circuit 5 fromthe output of the calculating.circuit 4. The FM
denodul ati ng operation is carried out according to the foll ow ng

cal cul ati ongx%ﬁﬁtiggi)éw -épa%hé hea by ll@/I signal at a particular timng t
y _

I 6 expresse and the sane anal og- FM si gnal whi ch has been shifted

[err] in phase is exprféﬁéﬁﬁhxegu(r{&me}élii Wpllg st @ t@&’?@ﬁ‘ﬁ)(ﬂ(its?gcgz

the art that the frequency-deno ated signal F(t) of the signal

be expressectiedine ¢2paPVE NG rePediro@minz(tad calciidoisy rds ThgntBERYYherr],
in te above equation (1) represents the phase of the FMwave at the timng

t and, if thisth afeBpecexps esnedsbgnhesrX ahg, vt ieparptaid othdridt@bovancan
be rewitten as follows. [err] The digital FM denodul ator 50 shown in Fig.
2 is a hardwarepwhi €iromcciigl cabes ltaha mporerdnddusseis dsgppdli esi ghal a
processing. In this digital FM denodul ator 50, the 5 cal cul ator 4 used
therein is deiay taitrenigy 5 fior akabhgy e atheathpat ys henat yfohosel ength
addresses are represented by the signals X and Y, which read-only nenory is
so constructedd Hdve etk cto gthe tsamphinfiteyche cTt anfleatde] ayed ) oubpPuds
appropriate to &X/Y). Wth this ' .

- fro the delay circuit 5 is in turn supplied to a

subtractor 6 operable_tp sﬁbtract the output o0f the delay
N circuit 5 from the output of the calculating circuit 4.

The FM demodulating operation is carried out
according to the following calculations.

Assuming that the analog FM signal at a
particular timing t is expressed by X(t) and the same
analog FM signal which has been shifted 90° in phase is
expressed by Y(t), it is well known to those skilled in
the art that the frequency-demodulated signal F(t) of the
signal X(t) can be expressed by the following equation, |

F(t) = (d/7dt)-tan"l1IXCt)/Y(t)1 -cvcccecce (1)
The term, tan~l[X(t)/Y(t)l, in the above
equation (1) represents the phase of the FM wave at the
~timing t and, if this term is expressed by ¢ (t), the
equation (1) above can be rewritten as follows.
F(t) = (d/dt)-@ (t) ceccecccccen secesecee (2)
The digital FM demodulator 50 shown in Fig. 2 is

¢ | a hardware which accomplishes the above discussed digital

signal processing. In this digital FM demodulator 50, the



construction, the calculating circuit 4 can provide, as an output, a signal'

representative of [err](X/'Y) in response to the delayed and phase-shifted
digital FMsignals X and Y supplied thereto fromthe del ay conpensator 2
and the phase shifter 3, respectively. The output fromthe cal cul ating
circuit 4 is descriptive of the phase [err] (K T) of the frequency
modul at ed wave at the time t = K T as herei nbefore described. However, if
for the poaposéabbrsinmisiedi daterein Hes preret f tutpd(RY7) fiog SEAM Lo by <
(K) (Hereinafter, a simlar. nonenclature is _enployed to therphases ot her
than [erri(Keag- qwomspervfmqhelaevayaéfireﬁﬁﬁ%ﬁ? é')&ﬂ&sfébt [err]

(K- 1) and the output fromthe subtractor _ 3 ressed r] (K) -~
[err] (K bYl)t%ls(:'rlg“?§5axva3% dascth bFf‘ver‘b? é‘pll%c'r"gﬂ'é’rfyy ot 3t B phasews
f the f ted d th I
di {1 er encEd .ns«»teuimgéeﬁa%yt?ﬁ#ﬁo?%k? STt SCEBRtaT () GBS &bReh,
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sanpl i ng EXFL?rIc'ﬁ bl X¢fe EQchgtaﬁlirng[ ‘?:rlr]cu(xlo B can g ide, dadtamctor 6

can be sim Re 'demodul at si-ghal F(K) and, therefore, the output
[err] (K olitpatha SHEdAC fép Pesdit HEI wgat dednasl e )damdtesdets i gnal .

However, the arc tangent ([err]) is a cyclic function and the cycle thereof
is[err] mubhtﬂ@ea@aggkﬂ RAd phase-shifted digital FM. signals X and
' Y suppl1ed thereto from the delay compensator 2 and the -
phase shifter 3, respectively. ' : | g?
| The output from the calculating circuit 4 is
descriptive of the phase ¢ (K-T) of the frequency
modulated wave ét the time t = K-T as hereinbefofe
'descfibed;l However, if for the purpose of sihplificatioh
_ the phase ¢ (K-T) is expressed by @ (K) (Hereinafter, a
siﬁilar nomenclature is empioyed to the ﬁhases other than
@ (E).), the output from the delay circuit 5 is expressed
by ¢ (K - 1) 5nd3the output from'fhe subtractor E'is-.

expressed by ¢ (K) - ¢ (K - 1) which is a value

O

descfiptive of the incremeni'of the phase of the frequency
modulatéd wave during the sampling cycle T. This
difference is expressed by A & (K).

The equation (2) above can be apéroiimatély
expressed as folfdws when the sampling cycle T is
sufficiently short.

F(K) & [A@ (BOOV/T «---- e SEREEERL (3

Since the samﬁling cycle T is fixed, the output A ¢ (K)

»



to the sign taken by each of the del ayed and phase-shifted digital FM
signals X and Y. Assuming that a table in the read-only nenory conprising
the calculating circuit 4 has values ranging fromzero to[err] , and al so
assum ng, for exanple, that the value of tan-1(X/'Y) of the input signals X
and Y at the timng (K- 1) and that at the subsequent timng (K) are [err]
(radian) and [err] (radian), respectively, the outputs [err] (K- 1) and
ferkl (K) dirducthie ssabdgraatoy 6r cant thee cail mull ari iy ctheudemddat atgérr]
(radi an) and errkHégadian), respectivelg; and therefore, a problemtends
to occur ifigRal Kok teerpfpse,] fheneunputubdréctBy Enmy thee a

negative val rr , thereby inviting a discontinuity in this output.
In Wew of sf‘?fgr%?té’djoi%d’,a'h ke SRR 138 ddve sampdul 3 ked i ggalbi- f or

perform ng a correctiion in _such a wa onl mhen_fhe output fromthe

t hat , . (
subtractor 6 takes a Nepal fve v%t'l‘ﬁe,a){'[cert?ﬂ“$§“5)d/dé&"to } hésSn@gR¥ Skl Sut put
f th . / t ' ' I.nuit 7 , _Wh
the out put ‘Rrenipfl, s, e bodle MEERY 1oAY, VAT R Fe R et Ty
correct or $oCaRePLAEn1% NP Y odel UL AU Und Mth SPLLALEPLL 6 7

rom'the “di y

with no discontinuity acconpanied. he ‘out put sconti nu
corrector diigstaer *MafildiaoXnf SnEdy by 594 ingV\’@ﬁQttgebt%lﬂlFEJF'i:?"{ﬁQtfrom
y a al -

the discontinuity corrector 7 is subsequently converte diglt 0-
anal og conveatiebny Widindeqeensyi ser@dthét 841202h®¥ng circuit 4 has
values ranging from zero to 2m , and also assuming, for
.exaMple, that the value of tan-1(X/Y) of the input signals
X and Y at the timing (K - 1) and that at the subsequent
timing (f) are 1.9m (radian) and 2.1m (radian),
respectively, the outputs @ (K - 1) and ¢ (K)-produced
successively from the calculating circuit 4 are 1.9nx
(radian) and 0.1m (radian), respectively, and therefore,
a problem tends to occur in that the output A ¢ (K) (=
¢ (K) - ® (E - 1)1 from the subtractor 6 may take a
negative value (-1.87 ),-therebi inviting a discontinuity
hs in this output. _
| In view of'the foregoing, a discontinuity
corrector 7 is employed for performing a correctibn in
such a way that, only when the output from the subtractor
6 takes a negative value, 271 is added t; the negative
output from the subtractor 6. With this discontinuity
corrector 7 used, whenever the output from the subtractor
6 takes a negative value, the discontinuity corrector 7

can proVidg properly corrected outputs of the subtractor 6



signal, that is, the input signal whose frequency has been denodul ated, can
be obtai ned. Wiere the FM wave inputted to the analog-to- digital converter
1 is an‘unbal anced FM wave wherein, as a result of its passage through an
FM transm ssion system of certain operating characteristic including a
reproduced RF equalizer, one of the upper and | ower side-bands is
suppressed and the other of the upper and | ower side-bands is enphasized
such as obgaitved ididdmn FMwmbve appeapanied.t hdheprotipudd finom nbinee
signal processing circuit enployed in video tape players for honme use, it
has been ddseeoad,imnhtt¥ocior meecteraitneids t hesedmaf teri expsiesegrbrbyent s,
that, in the case of the prior art digital FM denodul ator shown in-Fig. 2, .
t he dermpd@ofieY- si ¥hgM tiheg OB tPaHdsSPE Klunprom Hheaddsepdimtiety| evel W/
range to a black.or white | evel side. Wen such denodul ated signal is,

with no c&OTERT AT nddd & HEPR3puEF et tednVRrS adPHndl 84 &t tend i s
then outputted as a video signal, blgck Qr_white shortlswgeg ]inef appear

on the diﬁﬂﬁio%c?ggﬁﬁﬂnﬁ%bg’(fW%n EF%H&P?ngﬁMEsﬁ-a-?_ré“a °g
uncont o t 3Blgaai0 | @Al 1SR ISICTRNAM CUHSEP OB Eal EndPHad SpogRe 2l 1Y

referred to"as t’he reversal phendnenon occurring e priror art

anal og FMd@ﬁyyyyégéy’ié%ﬁygg(@gy;#y%ﬁftherefore, t he appearance of the

bl ack or white short sweep lines o e display screen occurring when the

prior art digital Figlerpdyha ofMi &aeedi hfutlted Cod | et AR d10ES et .
phenonenon for the sake of brevity. - :

digital converter 1 is an unbalanced FM wave wherein, as a

.

G

result of its paSs#ge through an FM transmission system oi
_ certaih operating characteristic inclu&ing.a reproduced RF
equalizer, one of the upper and lower side-bands is
suppressed and the 6ther of the upper and lower side-bands
is emphasized'sucﬁ as observed in the FM wave appearing in
.the reproduced iuminance signal processing circuit
employed in video tape players for home use, it has been
observed, and so is ascertained through a series of

experiments, that, in the case of the prior art digital FM

O

demodulator shown in Fig. 2, the demodulated signal
thereof tends to jump out of a predetermined level range
té a black or white level éide. When such demodulated
signal is; with no correction made thereon,_converted into
the analog signal and is then outputted as a video signal,
black or white short sweep lines appear'oh'the display
screen thereby to render the reproauced picture'
uncomfortable to look. Such a phenomenon corresponds to

what is generally referred to as the reversal phenomenon

-



The reversal phenonenon occurring as the result of the use of the prior art
digital FM denodul ator will now be discussed. Since the carrier wave having
an anplitude A and an angul ar frequency [err] can be expressed on a conpl ex
pl ane as a vector, such vector is expressed by the follow ng equation and
is referred to as "carrier wave vector". [err] Also, since when the
nodul at ed si | S expresseg by e

h&v

| t) = “th ' | at ed
can \be expr%ggg'Jrl)Slnﬁ VS Br iq"l‘ér;;%% ﬁr{tﬂﬁr ‘Bga{"ﬁgglﬁ?ﬁ]{i’éﬁ@g#r:ﬁ% avvave
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rotates couphehCkRekpridr arQ”dQﬁﬁkiﬁi@Wmdéﬁﬁﬂﬂ¥é¥bﬂ”?@?u&é&hiﬁaiﬁége of
timet while depicting a circle having a radius A Considering the conpl ex

pl ane whi chcapt adeshbogerbesal bhehbfefdhl E6F CR¥CsHRe! 0 beelenryl.), the
conpl ex plane can be contenplated so that the carrier wave vector Ec([err])
can be al ways The reversal phenomenon occurring as the result
of the use of the prior art.digital FM demodulator will
now be discussed.
Since the carrier'wave having an amplitude A and
s an angular frequency w ¢ can be expressed on a.complex
plane as a vector, such vector is expressed by the
following equation and is referred to as "carrier wave
vector”.
Ec(w ct) = A-ejw ct
Alsb, since when the modulated signai is expresséd by
em(t) = Q d-cosw mt the frequéncy modulated wave can be
expressed by a vector'having at a timing t a magnitude A
and a phase expressed by (w ct +IS em(t)dt) in phase, this
vector is referred to as "FM vector”.
The FM vector, designated bi E(t), can be

expressed by the following equation.

E(t)

Eclwct + Igem(tidt]

Aedtwct + Stemctrdaty

Ec(w ct) eiM sinw mt

wherein m represents a modulation index and is expressed
by Qd/w m.

The carrier wave vector Ec(w ct) rotates counterclockwise



mat ched wth a positive direction of a real
the conpl ex plane is so contenpl at ed,

vect or

with the point of origin.

E(t

the frequedePifddm&tedeivagde havittrerawwadd us he- t r §oastickgr bnat Hé:e
frequency nodul ated vector E(t), when the carrier wave vector [err] " »
t aken as ac?@PéFﬁnEéavécFBFChCBPFé&ﬁ%n&gg?éhﬁﬁewﬂFﬁuﬁéed€HF6ﬂ@E¢ﬁ?%%\x y

(two dlnen5|o

yency nodul at ed. vect or

axi s on this conpl ex plane.
the tip of the frequency nodul at ed

) depicts a trajectory of a conplex nunber [err], that is,
depicts anowaré8 h&akhgnahn cemp bexoplanevuaithepahengef olfyitige 1t alhiigrenent
This is referred to as a "vector trajectory"” of

| f

= [err] at a

Crvedfar) %Is?é‘%t?i. e Somhl ek 0, <y bE T EPRERBEL AL, 59 . 5,

timng
t he h th ts the t f.the f dul at
vector E(tY M O Bt A T FRmAE S TR DaBk 98 Bt nﬁf%%ﬁﬁééﬂéﬂr%#rﬁmeg’

Lo R and bggkchael mtt}at | Boshile [Edet MR st RerLhgaangY piodylia o

vect or

[ er

r can e expres OWSs u3|ng unctlon

[err] = [er&}mgpex phgpever, if in a certain transnission systemthe n-th
order side-band.is multiplied by -yn, the frequency nodul ated vector El(t)

obt ai ned after havi ngspeseedohplex0p1anehi sesbaichniteadidited, orth%v&txqm can
be expressed as foll ows.

of the frequency modulated vector ECt) depicts a
trajectory of a complex number e;m-sxnu)mt that is,
depicts an arc haV1ng the center of curvature thereof
lying in alignment thh ‘the poxnt of or1g1n. This is
referred to as a "veetor trajectory” of the frequency
modulated wave. In other words, fhe traJectory of the
frequency modulated vector E(t), when the carrier wave
vector Ec(w ct) is taken as a feference vector,
COrresponds to the fxgure depicted on an X-y (two
dxmen51onal) plane by the frequency modulated vector E(t)

= Ec(wct)-[x + jyl at a timing (x, y). This is

- illustrated in Fig. 3.

Referring now to Fig. 3, the arc shown therein

represents the trajectory of the frequency modulated

vector E(t) which swings from P to Q and back to P and

subsequently from P to R and back to P, that is, P> Q> P—
R—P. Also, the frequency modulated vector E(t) can be
expressed as follows u51ng Bessel's functlon Jn(m).

Ect) = A-ed® ct. T Jnemy-einwmt

10
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[err] Therefore, the vector trajectory G(t) can be expressed as follows.

[err] Assum ng,

for exanple, that the frequency nodul ated wave is the one

wherein the upper side-band is suppressed and the | ower side-band is
enphasi zed, the vector trajectory t) will depicts the shape of a ring as
shown in Fig. 4 and revolves in a clockw se direction as shown by the
arrows. Alseevem, theé casea efer tdent trAREINSSY PovYSyememerteé nnt-hig upper
si de-~band of the frequency nodul ated wave is further suppressed while the

| ower si de-dbndért ieidef biand ui sharu etrppadiezddb yt henr,i nbh eepf reqnid mg yt he
vector trajectory t) expands radially outwardly and will, when noises are
i,nduced i n nadviladgdnye cornl Elddt Wwavd,t diapedt asutéra hawj vgt @assed

contdi ni ng the

poi nt of origin as shown in Fig. 5. In view of the fact that
t he wavef or tRRUSncRuUh E£RE

aipr dgeasmy sl @l Vst em\ean Wt cRXpaesskden

denodul at ed is{ﬁiven by the instantaneous angul ar frequency of the vector

trajectory ¥t

kl19¥%quency nodul ated wave, the denpdul ated waveformin the

vave a5 shown | R G T ALSERTRE CEathT SRR i8TBPaPR i n the cace of the.

wave as shown

the case of the

I'n “Fi

vect or traj'ﬁ?éxoéflopé, Spgxmvla@tgkg't{%é\gcléhgX@(qi)t cSapl %%2 gﬁgég%% é%: ﬁ,? gtz

a position correspondin

to a poin

approaches ghgrqppd nt of origin with increase in

c . -
G(t) = X yn-Jn(m)-einw mt
Na-00

Assuming, for example, that the frequency

modulated wave is the one wherein the upper side-band is

suppressed and the lower side-band is emphasized, the

vector trajectory G(t) will depicts the shape of a ring as

shown in Fig. 4 and revolves in a clockwise direction as

shown by the arrows. Also, in the case of the

transmission system wherein the upper side-band of the

frequency mddulated wave is further suppressed while the

lower side-band thereof is further emphasized, the ring

representing the vector trajectory G(t) expands radially

ocoutwardly and will, when noises are induced in the

frequency modulated wave, depict such a trajectory

containing the point of origin as shown in Fig. 5.

In view 0f the fact that the waveform of each of

these frequency modulated waves which have been

demodulated is given by the instantaneous angular

frequency of the vector trajectory of the frequency

modulated wave, the demodulated waveform in the case of

11



i nst ant an
of the ve
wher €i n

eous angul ar frequency. Al so, the denodul ated waveformin t

he case

ctor trajectory shown in Fig. 5 will exhibit a negative value

t he absol ute val ue of the instantaneous angul ar frequency i

s of a

very high val ue because it enconpasses the point of origin with the point

P2 | ocate
correspon

val ue whetBpnveréoghdaajes toahuasi showng iverEi £ ar dewidilugerresant fdom

exhi bitin
8. This

d close to the point of origin, and therefore, at a positio
ding to the point P2, the denodul ated wave will exhibit a n

g_a positive value which it _ought to have taken, as shown i
§

NEaVR¥E RReShayBr 48| FifenbmeABA ithewdiemodHe Rehithy ek Tl

| ‘towardg the bl ack leyel side. | Y. wh he freque.
odul at od fad8 8 CEHE Bhc W BT HES ho tFAUSE LT 4L, ARna MONE Aot § i ah

while the
depicts t
count er cl
hand, in

CATREIoth B 0T COBERT 43TPLOY 1 dd°pierd O dd AT
86 ¥ Meso A ﬁ? | Q8 35 g BY GRoWH M PiSFiR.Fi0-bebandd {HE

the case o e transm ssion system wherein the | ower side-

n
egative
nFig
si gnal.

pressé@P  "
ry ¢t)

ot her
band of

the frequgpentldz appRddlchledd tHav S aiih ¢f W NEF 1 B¥RAPRASEET] HBre@stehe pper
d thereof 1s further enphasized, the ring representing the vector
trajectorynsithhtanpoad gaganak! ¥reqdeaklyy outwardly and will, " 'when noises

si de- ban

are induc
shown. in

ed in the frequency nodul ated wave, exhibit such a trajecto

ry as

Fig. 10 coatlaioni niché¢ héepoidntd adfedrwgvef@drm in the case of

the vector trajéctory shown in Fig, 5 will exhibit a

negative value wherein the absolute value of the

-

instantaneous angular frequency is of a very high value

because it encompasses thé_point of“arigih'with the point
P2 located close to the pdint of'origin; and therefore, at
a position cdrresponding to the point P2, the demodulated

wave will exhibit a negative value wherein the absolute

value is of a very large value, so far from exhibiting a

positive valué'which it ought to have taken, as shown in
Fig. 8. This is calléd the reversal phenomenon in which
the demodulated signal jumps towards the black level side.

thversély, where theffrequency modulated wave

O

is the one wherein the lower side~band thereof is.

suppressed whi;e-the upper side-band.thereof'is

emphasizéd, the iector trajectory G(t) depicts the shape

of a ring as shown in Fig. 9 and revolves in a

counterclockvwise direction as shown by the arrows in Fig.
9. On the other hand, in the case of the transmission

system wherein the lower side-band of the frequency

12



When this frequency nodul ated wave is denodul ated, the denodul ated waveform
showmn in Fig. 3 will represent such a sine wave as shown in Fig. 6, as is
the case with the above exanple, since the vector trajectory of the
frequency nodul ated wave is determ ned by the instantaneous angul ar
frequency. However, in the case of the denodul ated wave as shown in Fig.
9, the denpBfiiadedavaver iswifulr thae sapparegs edeogdtiilee thed UFpmdr & s ti on
eor kespondi pg to the point P2 shown in Fig. 11 because the point P2

- appr oaches bgﬁé poieReo fofl orf g themremphaei zedt athanddne aepremerrisgiency
increases ip a negative direction. In the case of the denodul ated waveform
§_how in Fi Sheld,eqia}rfbr vEEBIE R VAT Ectdryl eREPARE sE&LneRapdynirad i 8dilgi n

wi t 't he poj nt l.qcated close to the point of origin and, therefore, the
i nst ant aneo{’J;s}ta"lr:%ﬁlti 7 f PESLeRE lt'akgg edpv’éf’f/ S|&f g-ér%osﬁ‘[‘ﬁWée\ﬁal LB, thie

valne, o r o SpeERel Mo RFTRILSNEVS TV BARIT B¥eh o WiAdecTofiabe

val ue, so far from €xhi I Ng a nega

taken, at tHQowRSihi PRLCOKHE ' o.}he point R2. . Thi is called
the 13 rev%rsal pheﬁonggoﬁgﬁﬁgaﬂ?gk {hg gﬁ% uP§t351§Pﬁh§'jtu¢B t owar ds

the white level side whenPreaqnd ¢/ ¥eHeAt y2ilEd ufla ¢ REOVEAVY ;

reversal phenonenon conpensator which i's effective to ensure a'repro%uction
of picturesdemodutiaspliayther eemodlifh tad ewaoBk8rnalh® wino ihO® gat Wil jno

rever sal
represent such a sine wave as shown in Fig. 6, as is the
case with the above example, éince the vector trajectory
of the frequency modulated wave is determined by the
instantaneous angulér frequency. However, in the case of
the demodulated wave as shown in Fig. 9, the demodulated
waveform will take a large negative value at a position
corresponding to the point P2 shown in Fig. 11 because the
point P2 approaches the point of origin and the
instantaneous angular frequency increases in a negative
direction.

In the case of the demodulated waveform shown in
Fig. 10, the vector trajectory encompasses the point of
oriéin with the point P2 located close to the point of
origin and, therefore, the instantaneous angular frequency
takes a very large positive value. The consequence is
that the demodulated waveform exhibits a very large
positive value, sn far from exhibiting a negative value
which it ought to have taken, at the position

corresponding to the point P2. This is célled the

13



phenomenon substantially occurring therein, even thought the

denodul at ed out put generated fromthe prior art analog or digital FM

denodul ator junps out of its level range to such an extent as to result in

the occurrence of the reversal phenonmenon. Therefore, according to the

present invention, there i's provided a frequency denodul ator, which

conpri ses: ¥eversall phenosepon 4n rghiednsheodancdylatef s6dgB8dive FM
signal s, depodul ati ng those FM signal s, _and _outputting successive digitalgg
denodul at edd¥PRRatewazay the vhiteslevebn@hSfenon conpensator which s
adapted, for each digital denmodul ated signal: . (i : receive the _

di gital denpdul at?% . Eﬁ%?%?-(f' englo?toafﬂ%?er%Fneprﬁﬁéaﬁgg Phe value ..
of the de ' ' { Lhi N, egdet ' egpdul ating o
range of an%&%?%%Pdﬂw%HQ@%%%% %ép?%%%gégf gﬁ%ﬁ%ng%dﬁkg%gggggigga pi cture '

reproduced iauihe £OLEESR0RELA% SR ALE Rl 81k spl byl doreent 0 output

the value o t he gl tal denodul at si gnal when The value thereof is

within the pregdelsidn a8frb2REB1eaNtb 1400k (8¥) with W O¥épeksal
conpensation val ue when the value of the digital denodul ated signal is

out si de t heplysnsirésoni nedbstageiaMiyCh ocouraing | otheréirw, | Sepeadet er mi ned
I ndependent of the value of the digital denodul ated signal s I mredi atel y
precedi ng tlmught the demodulated output generated from the
prior art analog or digifalUFM demoduiator.jumps out
of its level range todsuch an extent as to result in i:
the occurrence of the reversal phenomenon._
_Therefore;'according to fhe present invention,
there is provided a f£frequency demodulator, which
comprises:-
a _digital-.FM demodulating means for receiving
successive FM signals, demodulating those FM signals,
and outputting successive digitai demdduiated signals;

and a reversal phenomenon compensator which is

adapted, for each digital demodulated Signalz

O

(i) . to receive tbe digitél demodulated signals:;
(ii) - to determine whether the value of the
demodulated -signal -is within a predetermined
demodulating range of a to B in which range no
reversal phenomenon occurs in a picture reproduced
from the corresponding demodulated signal;

(iidi) to output the .value. of the digital
demodulated signal when the value.theréof is within

the predetermined range: and

14



succeedi ng the digital denodul ated signal determned to be out si de
pr edet er m ned

range, t he conpensation val ue being within the

predeterm ned range. Wth this reversal phenonmenon conpensator
according to the present invention, in the event that the input digital

denodul at ed

lower Iimt va

0o presel €2t S4WPOT e TRVBRASYHEHTAuVA

t he

signal contains,  a.conmponent which deviates fromthe upper or
‘Jlﬂ')a Eil1 W&ﬁ&e, Bich

Val e appr oxi et i 4%, ThecBHERT GPnRh et aeh" st 6RRI F Bskife BRI Gy "

wave whi ch ha

-t her ef or e,

t

PGS Pt | ks O gl Gorto] efe 0

and

“reproduct i on Girdddietfndd drleglindiiy S£aR) viide 9f Wid i bhack sweep
| i nes appearing therein can be obtained. In any event, the present

i nvention w | lgemniulated € @iemdls Undeinfddinttd1®m theedadimyV Ndand

description of. preferred enbodi nents thereof,

when taken in conjunction

wi th the accommudedingy avhe gdighioakvdemodndatedodignals datktriineld awi ngs
are given only for the purpose of illustration and expl anation. 15

t he drawi ngs, %9 kebeef eputteddrunethes deredetérminedrt sramgehe sther al

views, and: Fig. 1 is a circuit block diagramshow ng a reproduced
| umi nance si giRAMRANAESEIAMg vailusui bedded vathia the predetermined

range.

With this revetsal phenomenon  compensator
according to the present invention, in the event that
the input digital demodulated signal contains a
component which deviates from the upper or lower limit
value preselecfed for the normal demodulating range,
such component of the digital demodulated signal is
replaced by the compensation value approximating to
the demodulating level of the frequency modulated wave
which has provided the basis for the digital
demodulated signal and therefore, the .demodulated
signal capable of ensuring the ciear reproduction of
pictures on fhe display screen with no white or black
sWeep lines appearing therein can be obtained.

In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in
conjunction with the accompanying drawings. Howevér,
the embodiments and the drawings are given only for

the purpose of illustration and explanation.

15

In



vi deo tape pl ayer;

digital

of a denodul ated si gnal,
phenonmenon occurring in the denodul ated signal

rever sal

FM | umi nance signal; Fig. 13 is a circuit block di agram show ng the
r epr oduced | uni nance signal processing circuit in the video tape player

provi ded with an anal og FM denodul ator according to the present

Fig. 14 is a circuit. block dlagran1shomnng the digital FM denodul at or

according to the present inventi
di agrams show ng reversal pheﬁBWSHSn

Fig. 2 is a circuit block diagram show ng the prior art
FM denodul ator; Figs. 3 to 12 are diagrans show ng respective
vector trajectories of a frequency nodul ated wave and respective wavef orns
whi ch are used for ‘the purpose of discussing the
of the reproduced

i nvention;

- enbod f h th
?reguggggtﬁ%gﬁ EFedp$§3§ g?gnvﬁ %bohgsyﬁﬁ IoméF UI% gpe?rsyzg ﬁg;dst ©

h d, |- 16
FM Gomodul ator ;i ge. 16 frwegtbwym‘”q‘%‘g'ﬁf AR AR R

9-and 20 "are circuit i agrans sh

re circuit bl ock —

3ﬁb@§§atiegease%ﬁasnaetauaﬁrﬂéﬁent o

r eversal ph?@@ﬂ@@@@e&oﬂﬁﬁﬂﬁiﬁeéss@&ﬁQﬁdPPGc%QsEHktE?icﬁ&ﬁfﬁ&?ﬁtxﬁ”@ﬂg'nents

of the present invention, which are su

use wt requency

nodul at ed way@e@ftgpéyppayay;ng upper and | ower si de-bands suppressed

IF:g. 2 is a circuit block diagram showing the
prior art digital FM demodulator;
Figs. 3'to 12 are-diagrams showing respective

vector trajectoriés of a frequency modulated wave and

respective waveforms of a demodulated signal, which are

used for the purpose of discussing the reversal phenomenon
occurring in the demodulated signal of the reproduced FM
luminance signal; | |

Fig. 13 is a circuit block diagram showing the
reproduced luminance signal procesé;ng cfrcuit in the
video tape player prpvided withnan anéiog fM.demodulator
according to the present invention; .

Fig. 14 is a circuit block diagram showing the
digital FM demodulator accofding_tb_th§ present inventionf

Figs. 15, 17 anﬁ is are circuit blpck.diagrams
showing_reversal phenomehon compensators according to
different eﬁﬁodiments of the presenf invenﬁion, which are
suited for use with the frequency modulated wave of a type

having lowef and upper side-bands suppressed and

'emphasized. respectively, and outputted from the digitél

16
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enphasi zed, respectively, and outputted fromthe digital FM denodul ator;
Fig. 21 is a circuit block diagram showi ng a reversal phenonenon
conpensator according to a still further enbodi nent of the present

i nvention, which is suited for use with the frequency nodul ated wave of a
type havi ng upper and | ower side-bands suppressed and enphasi zed,

respecti velEM dembdwlptored fromthe anal og FM denodul ator; Figs. 22 to 28
il lystrate wavefornms of respective denodul ated signals and vectors of the
frequency nodul ated WaV&S -f 36 st Wed panpBodd ATrexpihRYLtoR18Fk: Ad 2858MSt i on
of the circuitry shown in Fig. 15; and Figs. 29 to,35 are diagranms simlar
to Figs. 25hewdpeE &ML lcPRengMer B EOTPSN$8 AN FRCOA %ﬂéri?ion of

"he\ei r cui in Fig. 16. Fig 13 i]l h Licati,on of
over sal pHalshBRGn AckARPeRt oMb RAT RS, W1E BFESERT i AERERR"I n' s

eproduced LWARSREE By 0eE L. ok bnded KRR, plilulen sgvana oo

FM denodul at s used’in ape pl ayer. e

ot her hand’ofqg;t%?ﬁéﬂ%%?ﬁ%gﬁgﬁértQ?d@@gbggagkﬁg-ggnﬁsrgﬁ b¥als sRaeaagEnon

corrpensat or QCCO!’ _esen_ I nventi on I I’l_ a repro uced | um nance
br 0cessi NG Ghbiidt | 284 , Ir b¥PEEbENy! NGhitd%u epdlt Behale oM de®dai gi4a150 and
n Figs.

which is used in a video ape pl ayer. 13 and 14, reference
nuneral 60 gpdeémedtsadodtgi tal FM denodul ating

Fig. 21 is a circuit block diagram showing a
reversal phenomenon compensator according to a still
further embodiment of the present invention, which is
suited for use with the frequency modulated wave of a type
having upper and lower side-bands suppressed and
emphasized, respectively, and outputted from the analog FM
demodulator;

Figs. 22 to 28 illustrate waveforms of
respective demodﬁlated signals and vectors of the
frequency modulated waves for the purpose of explanation
of the operation of the circuitry shown in Fig. 15; and

Figs. 29 to 35 are diagrams similar to Figs. 22

to'28. respectively, which are used to explain the

operation of the circuitry shown in Fig. 16.

Fig. 13 illustrates the application of a
reversal phenomenon compensator 8 according to the present
invention in a reproduced luminance processing circuit of

a type which includes an analog FM demodulator 44 and

17



means. Figs. 15 to 21 illustrates the details of each of the reversal
phenonmenon conpensators according to respective enbodi nents of the present
invention. In the first place, the operating principle of the reversal
phenonmenon conpensator herein provided according to the present invention
wi Il be discussed as used in association with the digital FM denpdul ator.

in the caggeh Lie W4 8F0\hA02 AYET e FEEOP | 851 IREARANS SRLTUM and

n1n|nun1frequen0|es ncy denodu

accor di ngeig theyf qq%gexfaaéégcatmenhggw%an guengy @dygo( csyonal . P

the sanpling frequency s is glven ange o I ncr ement K) of the

phase of ﬁﬂeﬂuh@#odﬁcéhékﬁ§§¥ﬁﬂr!%é&%&?ﬁé996oihz prB8knitS inv@alktjoh the
frequency nodul ated wave, i1s theoretically determ ned provided that the

fr equencyi AD@UIraigth IV €d $umeraie elr b Beslad nn@i rBYU 1aS dihad dypleng t he
recordi ng node. By way of exanple, in the case of the video tape player

for hone ubechsumnau&msfaeqﬂgnwwnnEMIdbmddmmztaw $0cqudnehich fisxed at
5.4 MHz at a sync tip and at 7.0 MHz at 100% white, the maxi nrum 18

i nst ant anesed fimqgaervdyd eacurap et RU8Yewhi t e 1ol | ‘p"xvns h tlie sodselidence of
fl = 8.76 Miz.-whereas the m ni numinstantaneous frequency occurs at -70%
dark cli profenenne BBASEGLeHOe !'@fPITeZi&ﬂ'@ 2‘8 MEI tal AEModgmegmy}atipg t he

sanpling frequency fs is_ for _exanple t he increnent SogK) of the
Shace durPRERBne BAEBHI A RS FIiPSLrates (NS (453l LS| BFr Paghady at

rnn'mﬂnapﬂéSrLsggsalzphenomenpn compensators according to
résbéctive:embbdimehts of the present invention. | i;"
. In the first place, fhe'operafing principle of
the reversal pheﬁdmehon compensator herein provided
accordiﬁg to the pfesent invention will be discussed as

used in association wiih the digital FM demodulator.

In the case of the video tape player, since the
instantaneous maximum and minimum frequencies f1 and £2 of
the.frequéncy demodulated signal are fixed according to
the frequency allocation of the frequency modulated

signal, if thé'sampling frequency fs is given, the range

O

of increment So(K) of the phase'of an oufput of a
discontinuity corrector 7, that is, that of the frequency
modulated wave, is theoreticélly detérmined provided that
the frequency modulated wave is reproduced in the same way
as that during.the recording'mode; By wa? of example, in
the caée of the video tape player fp(_home use, since the
.frequency'moduléted'carrier'freqnency is fixed at 5;4 MHz

at a sync tip ahd at 7.0 MHz at 100% white, the maximum

18



[err] (rad)
is identical

at maxi mum In other words, if the frequency nodul ated wave

with that during the recordi ng node, the increnment So(K) f

alls

within the range of [err] to [err] (rad) wherein SAis smaller than [err]
(rad). In reality, however, the frequency nodul ated wave during the

repr oduci ng

since the pridisoran tanesus Hiregirncxirarappera i3kl

mode is not identical wth that duriqg ;@gtrecgfdingégngﬁ,
avRistefCt hB WiédBueRey

nodyl ated wave is adjusted to a certain ratio for the purpose of

i ntentionall

SO RASANERG Q he fsifhal= t 8- A& s¥Hzt B eFeeRe FBS MIBIMRE

i f th f I di th h th
[nerement  So1gtan RS et dth PrEtanopt R BRI dhiRur At ndea
Wi f thi i deri ' | at | f he. f
mau ated witis eRETIEECod? 4813 AT Wby WG AR BL Yo e TOHE”
th - S d | ' d h h
of Torr] todeipiird PFERRntpCRe ] €10 Bl Coxhme €Tt Aol 15

range. Then,
[err] (rad),

idrdnien ¢ ﬁ@ﬂ?n&f Seh & prigss aah&gi lond thampl e g el ef Ta

It nmeans at any correction is needed to the output

and

nge.
cy

ge .

to

fromthe di seond igpgdy £Pr$ecd of 7. £t her £d Nbet onen thamuanedist BBre are
two types of the reproduced’frequency nodul at ed waves: One is the type

wherein the

mppen -and (raver B dembanidsum.e SIppres hedr and redphadizethe

respectively, and the other is the type wherein the upper and | ower
si de- bands affreeangaias i medu bateds wgw e sk didembpeat i weth. thabhcdurhisgethent to

whi ch t he

o

recording mode, the increment So(K) falls within the range
of SA to SB (rad) wherein S is smaller than SB (rad).
In reality, however, the fregquency modulated

wave during the reproducing mode is not identical with

- that during the recording mode, and since the proportion

~of the lower and upper side-bands of the frequency

modulated wave is adjusted to a certain ratio for the
purpose of intentionally improving the sigﬁal;to-noise
ratio by the reproduced RF equalizer or for the purpose of
avoiding the revefsal phenomenon, the increment So(XK)
often deviates from the above mentioned demodulating
range. In view of this, considering this deviation of the
phasé of the freqﬁency modulated wave, the r#nge of a to
B (rad), wherein a is smaller than Sé and B8 is greater
than SE and which is broader than the range of Sg to sg
(rad) can be considered an appropriate demodulating range.
Then, if the increment So(K) does not fall within the

range of a to B (rad), it means that any correction is
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upper and | ower side-bands are suppressed and enphasi zed, respectively, or
enphasi zed and suppressed, respectively, exceeds a certain limt, the
reversal phenonmenon tends to occur even during the digital FM denodul ati on,
and it has been ascertained by a series of experinents the output So(K)
fromthe discontinuity corrector 7 at the nonment this reversal phenonenon

h i AN I bni I 1.y hi r . t, . o (ré .
Vai ue_abnbERarhy trodle Brtpul® AR MaReNGndI dofrdeser Fhoacon 11,
It has been theoret 'A%alrlé/répﬂlb%g‘?fe' rﬁ@f\\%%gﬁonfth@ﬁd 'arteh?wot ng(yergcr ement

of the phase during one. sanp cycle © frequency nodul at ed wave of

the type yhergen radfoduddi Hidlfirdiddisndfu F4PPEFa%¢saNd dhe 9shahof the
si de- bands i s enphasi zed and whi ch would not result 'in the reversal -’

phenonenopypel Wheeegheaher uPperTRINdE owed dlilde -Ibady Rite Gupptegdwse of
the frequency nodul ated wave of the type wherein the upper and | ower

si de- bandandr emphasjtizkedlr inggpéespeeliyyeland i théhe these isi tthe heyde equency
modul at ed wave of the type wherein .the upper and | ower 20 si de-bands are
suppr essewhandisnphasiwvaer raspetoweel yiderbandshareasmphiash zelde fndequency
nodul at ed wave of the type wherein the upper and | ower side-bands are
enphasi zeSUART eAFRA esEegPackifeet Yvel Pnce ke exftentt e dvicdultdred _
signal of the frequency nodul ated wave of the type wherein the upper and

| ower sidEPBSHdéngréQﬂﬁﬁn%%%ﬁﬁPéﬂEﬁeﬂbﬁa§PEBH?SF§§pé&ﬁ\RH%P%E&%%%'fron1a

bl ack level towards : . e -
respé%iively, or emphasized and suppressed, respectively,

exceeds a certain 1imit; the féversal phenbménon tends to i;
occur even during the digital.FM demodulation, and it has
been'éscertainéd by a series of experiments the output
So(K) from the discontinuity corrector 7 at the moment
this fevefsal phenomehon has occurred will take a value
abnormally_higher than 8 (rad) or a value abnormally
lower than « (réd);:by the following reasons.
(Reason 1)

It hés been theoretically and experimentally

confirmed that the increment of the phase during one

O

sampling cycle of the frequency modulated.wavé of the type
wherein one of the side-bands is suppressed and the other
of the side-baﬁds is emphasized and which would not result
in the reversal phenOMénon will be greater or smayler.than
the increment of thg.phase of the frequency modulated wave
of the typé wherein the upper and lower'éideéhands are in
equilibrium, respectiQely, in the case with the freguency

modulated wave of fhe’type wherein the upper and lower

€



~a white level, there is a high possibility in which the increnent of the
true phase of the frequency nodul ated wave may increase to [err] (rad) or
nore or in which, even though the increment nay not increase to [err]

(rad) or nore, the increment of the true phase of the frequency nodul at ed
wave takes a value about equal to [err] , for exanple, [err]. Also, when
the denodu$ idedbandaahref suppriecegdeany engulasticddiavespledthardiype giher ei-n
t he\wpper and | ower side-bands are enphasi zed and suppressed, respectively,
vari es frohdtheenwnpse Wdatdl thenafiesuemeybmadul 2ved , waber 0fi the hiyge
possibility in which the increnent of the true phase of the frequency

modul at ed WR&Ee Ry thgkdPPeteind viowert uei de-bandki ahe emphaslicegh are

i ncr€nent of the true phase of the frequency nodul ated wave may not take a
negative VIVBRT eSSy F8RBeS hidalsr abohl sequfhen Ghe adpmadi !l axawl e,
[err] (r%g%. a@ll o; these occurrences. have been theoretically and
experi mental §52 toRfi FhEqITERUSDGY Bodplated wave of the d¥wsdvbaned® of the

f ﬂ f the ' h I

<i do- bandst Afo SEBRIRER ATHOANadRATRS LS LA PP RRE sty 8
h Whed £1 h ' - ip,th ict bei

ot oducec un ook 8T oy PEEFTREP RAETBS FERT o' BihaR, Tebey Rogrit

possIDil [ ta/ Wt ¥&i £BvERS ItRGHYTEE 2Tn'BR Wt PIRPPLYT il { USRS
nodul ated wave at the tinme this reversal phenonenon
increment of the true phase of the frequency modulated

b wave may increase to 2w (rad) or more or in which, even
though the increment may not increase to 2m (rad) or
more, the increment of the true phase of the frequency
modulated wave takes a value about equal to 27, for
example, 1.8n . Also, when the demodulated signal of the
frequency modulated wave of the type wherein the upper and
lower side~bands are emphasized and suppressed,
respectively, varies from the white level towards the
black level, there is a high possibility in which the
increment of the true phase of the frequency modulated
wave may'take a negative value or in which, even though
the increment of the true phase of the ffequency modulated
wave may not take a negative-value. it may take a value
about equal to 0 (rad), for example, 0.1m (rad). All of
these occurrences have been theoretically and
experimentally confirmed.

(Reason 2)

In the case of the demodulation of the frequency



~acconpani ed by the black sweep lines appearing in the reproduced picture
often takes a negative value or, even though it may take a positive val ue,
~the increment of the true phase of the frequency nodul ated wave may take a
value lower than a (rad), for exanple, about [err] (rad). On the other
‘hand, in the case of the denodulation of the frequency nodul ated wave

of the tymodmbadsied thaveppdr thel typer whiede ithntie apgperpland zbavwand N
~ suppressed, respectively, the reversal phenomenon wherein the white sweep
lines occfrid§TPaMES pRELUSARRY €95 edproduitPhas i Redyi JifsReGtiBBAY: There
is a high possibility in which the increnent of the true phase t he

| f '
frequency YREUFA%ET f#@Je BECPRP SR PRES &idy the DLREK PRSP agbﬂﬁﬁani ed .
by the whit i ' in th d d pi ft Kk s/
val ue hi giiseihinimerthe PPBIRrs belng FRBiRdTe SRag ot ool S babie "
hi gh th { N Kk | l. .G, crad), -
for exanpric T §68) il s} oghn 2 CrRekE 15 M| eBlBRedBILIEY 00N,

and experiyipEa! hh LN & FBREn t VAN theCOPRe Ihdde §8MblesféeaERRBYY TS,
the 22 sanpling frequency fs is required to satisfy the sanpling theorem

Wi th respagddiQ & f'ed "ed viaiMaftr eERIENGY méN thildOVWe¥Gersdf bR@ n3W®hbRY
frequency is increased to a value higher than necessary, the use is

required afcesmpadiival bl opet & ldighk t 8leepnvdrd €s s apipck i Phigali-n ot heal og
converters, resulting in the increased cost, and, therefore, the range of
fs is reproduced picture often takes a negative value or, even
though it may take a positive value, the increment of the T
true phase of the frequency modulated wave méy take a
value lower than a (rad), for example, about 0.1m (rad).

On the other hand, in the case o0of the
demodulation of the frequépcy modulated wave of the type
wherein the uéper and lower side-bands are emphasiZed an@
suppressed, respectively, the reversal phenomenon wherein
the white sweep -lines occurs in the picture being

reproduced on the display screen. There is a high

possibility in which the increment of the trué phase of

QO

the frequency modulated wave at the time this reversal

_ phénbmehon'accompanied by the white sweep lines appearing
in the reproduced picture often takes é value higher than
21 (rad) 6r, even though it may not take a value higher
than 2n (rad), it may take a_ialue-about.equal to 2=
(rad), for example, 1.9 (rad). All of these occurrences
have been theoretically and experimentally confirmed.

When it comes to the sampling frequency fs, the



naturally limted. Were the frequency of the frequency nodul ated si gnal
Is low, even in the narrow band FM transm ssi on system such as used in the
vi deo tape player for hone use not only the first side-band, but also the
second si de-band or higher order side-bands are transmtted through the
system and, therefore, the vector trajectory of the frequency nodul ated
wave becones hard to enconpass the point of .origin with the consequently

m nim zed Lk enc f I . ,
requency SEAPLIRE Grdaudhey QP P8 rEQETPIRIRE. Bl ey i le
si de-band if elofr@le My | LR rlA BNt hE t RS AR Aitim waqexfe@.rc& ﬁm?mq@r

trajectory of the frequency nodul ated wave tends™ o enconpass the point of

Ori gin acc gapariareRinb A8 1GANSLAHSMmICCUTHRNE e, tHE tawersampphangnenon.
In fact, it has been experinentally confirmed that, when the frequency of
the frequegeequehidat €6 Singredased| 0o, anwalaeettigharherhaTe mecossany,
substantially, but when it becones high, the reversal phenonenon tends to
result in. thee weeasdrs t henafiaredi bolf noxpea sli veussrdl o3~ t 0 -|dhi Ehd &hse of
the video tape player for honme use, the carrier frequency fc of the,
frequency sodveRntersi gndl diigd tad-doranad® gacony eFqrsy et ti1g ol ng
relationshkg relative to the maxi mum frequency (bandw dth) fm_of, the
frequency b&uliiereargdalcasit or @R -t $hXRELT Ehe PR (FaRES 84i dF 1

bandwi dth. fc fm+_ 1 SM—IZJ
: naturally limited.

Where the freqﬁency of the frequency '
modulated signal is low, even in the narrow band FM
transmission system such as used in the video tape player
for home use not only the first side-band, but also the
second side-band or higher order side-bands are
transmitted through the system and, therefore, the vector
trajectory of the frequency modulated wave becomes hard to

encompass the point of origin with the consequently
minimized occurrence of the réversal phenomenoh. However.
where the frequency of the frequency modulated signal
becomes high, only the first side-band is transmitted

L through the system and, theréfore. the vector trajectory

| 0of the frequency modulate& wave tends to encompass the
point of origin apcdmpanied by the consequent occurrence
of the reversal phenomenon. In fact, it has been
experimentally'confirmed that, when the frequency of the
frequency modulated signal.is low, no reversal phenomenon
occur substantially, buf when it becomes high, the
reversal phenomenon teﬁds to result in. The reason

therefor will now be discussed.
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By may of exanple, there is a video tape player wherein the carrier

frequency fc is about 4.2 VMHz when the frequency fmis 3 Mz,

~and al so a

vi deo tape player wherein the carrier frequency fc is about 6.5 MHz when
the frequency fmis 5 Miz. On the other hand, as herei nbefore discussed,
the sanpling frequency fs is required to satisfy the sanpling theoremwth
respect to the nmaxi mum frequency fm and nust therefore be equal to or [e
than 2-fm However, if the sanpling frequency fs is chosen to be of a -
val ue about " equal ta the lQuesto Pe WieSSi i &o f E@BUERNaYe f Mok d4e Can be
made of inexpensive anal og-to- dlgltal converters and digital-to- anal og
convert etise, bthet healt gbrf re@pneycy ege 0o £0ft hiehe réquirdidyatnd Wligyed Wil |
consi derably deteriorated. On the other hand, if the sanpling frequency G
I s chosesigoade 0§ @e brcdssdvalog hsghtvalsmtxsrfev déher | bodtli owiafg t he high

frequency region of the denodul ated signal will be mninzed,

however,

rlj

he

t he use nxl#tb@nﬁbé9sseiatémeotOexpsnmawémammﬂn;mnsnnxy&hﬂndxﬁﬂkhkers and
dlgltal-to- anal og converters. -~ In view of these, in npbst cases,
sanmpl i ngf®r Ecﬁuérﬁ’éy freqlegeyemadyl afgders k&pdk on Ardarud aitedure he range

of 2. fc

el ess, even in this case, since fs [err], the

above di %%sgﬁdtgﬁéﬁPFﬁﬁ‘?ﬁeBP@ﬂV‘QtQat|sfled ) In the case of the video

t ape pl ayer fpé Qpnfmu§e1 §hg%e a |l ow frequency conversion color signal is

By way of example, there is a video tape player wherein.

the_carrier frequency fc is aboutn4.2 MH2z when the

frequency fm is 3 MHz, and also a video tape player

wherein the carrier frequency fe is about 6.5 MHz when the

frequency fm is's'MHz.

On the other hand, as hereinbefore discussed,

‘the sampling frequency fs is required to satlsfy the
Modu ae-o A
samp11ng theorem thh respect to the max1mum£trequency fm

52;4he-ée=qn===:=ws¢a#a¢ed—e*ga£3 and must therefore be

ﬁghef'

equal to or FoweD thén 2- fm. However, if the sampling

frequency fs is chosen to be of a value about equal to the

lovwest permissibfe frequency 2°fm. the use can be made of

inexpenéive.anaIOg-to-digitaI converters and digital-to-

analog converters, but the high frequency region of the

demodulated s:gnal will be consxderably deteriorated.

On

the other hand, if the sampling frequency fs is chosen to

be of an excessxvely high value, the deterioration of the

high frequency reglon 0of the demodulated signal will be

minimized, however, the use will be necessitated of

expensive analog-to-digital converters and digital—-to-
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allocated to 0 to 1 MHz and a frequency range of 0 to 1 MHz of the
frequency nodul ated signal is not transmtted in view of the capacity of

t he el ectromagneti c conversion, the | ower second side-band of the frequency
nodul ated wave is not transmtted if the frequency (fc - 2.fP) of such

| ower seco si de-band with respect to the dul ati,on frequency fp is
Ilq‘ahbg CRRVETtSrS- : n Xy 8ifng%s°vhe‘"dé?ﬂﬁjhl%ﬁ‘~’r » ofh8uch

within theé ran

rteney w4 ek o R 68,8 4 6L

phenomenon. t e C

oL do-band W iR (RO vl U (4 NL3 LOEL SHALANIS R dhdd T P

accurately transnitted actording to t s1 gnal” prdcessing and,

therefore, trihe eayersalimbenegensn 3 epds«ogepyl L hn. Jhus, gghenffc -

2.fP) is equal to or lower than 1 MHz. the reversal phenomenon often

occurs. TladioafeOdd:s dus skl s¥inplaing tthalo i IS\ 5id £ ideonenon of t en
occurs when the nodul ated frequency fP is equal to or higher than (fc - 1

[MHz])/2. When (fc - Ih [tW&]¢aBei 8 feteeBEdedy thpe gl £Per25or HEme
understood that, of the nodul ation frequency fP, the length of tinme of one
cycle of tH&adenddnice e Wawef Hr enue nlogngest vehsh onhe aoair| at igaa If r eguency
fPis equal to the frequency fo, and therefore, the nunmber of Sanpling

poi nts enc@ipgsad@dd ko fy tthel Nz eanfl tahef teaBeEnkAat ddnge ed 6r O it nhxi num
Herei nafte eval uation will be nmade as to the maxi mum nunber of the
sanpling p ﬁﬁs?%n&%ﬁp§§§&§ency modulated signal is not transmitted

L/ in view of the capacity of the electromagnetic conversion,
the lower second side-band of the frequency modulated wave
is not transmitted if the frequency (fc - 2-£fP) of such
10wer second side-band with respect to the modulation
frequency fp is within the range of 0 to 1 MHz.
Accordingly, the demodulation of such frequency modulated
wave tends to result in the occurrence of the reversal
Phenomenon. Also, even if the frequency (fc - 2:£fP) of
the lower second side-band is of a negative value, this
lower second side-band will not be accurately transmitted
according to the theory of signal pfoceSsing and,
therefore, the reversal phenomenon tends to reshlt in.
Thus, when (fc - 2-fP) is equal to or lower than 1 MHz,
the reversal phenomenon often occurs. Therefore, it can
be said that the reversal phenomenon often occurs when the
modulated frequency fP is equal to or higher than (fc - 1

[MHz1)/2.

When. (fc - 1 [MHz])/2 is expressed by fo, it can
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~during one cycle of the denodul ated waveform As hereinbefore discussed,
since the sanpling frequency fs is chosen to be of a value within the range
of 2 fc to [err], that is, [err] the frequency fc is within the range of
fs/4 to fs/2, that is, [err] Accordingly, the frequency fo = [err] - 0.5

" (MHz) is within the range of [err] that is, [err] Therefore, the

rel ati onship between the sanpling frequency fs and the nodul ation frequency
fo may be said to have the follow ng relationship of [err] This means thau/
t he nunbebe oﬂndhe’swnﬂu hbapai m& bhet medddaddid mt Evequescyf £Phe thedul ati on
frequency fo i's about 8 to 4 points.  Wien the nodul ation frequency fPis

hi gher thk#n&He abdtiBei 86 pPneqoeats e, thpedepodulpaded: wavefRamoridnon .

tends to occur, but the Ieﬂ@@ﬁ #-Oe of . one cycl e of the denodul ated N

maveformlﬁﬂﬁﬁ%% ghSPtéPetm%?#?ﬁgﬁﬁméﬁeﬁﬂéﬁﬁ%uﬁ%tPanW%ﬁheHEthﬂ

equal { modul ag f&eggenc* erefohﬁ_ ge nur of th% sanpllng
'p0|nts entonpaseed %rlﬁﬂ €Ly Péeof fie"YRREGUPL: 88 08F6Pﬁﬂ Sones
smal | er t@@?oﬁ?@&é@ t&@r”ﬂgm‘ﬁé(¥E$f§q¥?ngﬂef9emoﬁﬁ?5t% wa¥e £t

frequency
is maximum. Hereinafter, evaluation will be made as to

the maximum number of the sampling points encompassed

during one cycle of the:demodulated"waveform.

As héréinbéfore discussed, since the sampling i;_
freﬁuenéy fs is chbsén to be of a value within the range
of 2-fc to 4-fc, that is,
2-fc £ fs & 4-fc,
the frequency fc is within the range of fs/4 to fs/2, that
is, |
fs/4 = fc = f£s/2.
Accordingly, the frequency fo = fc/2 - 0.5 (MHz) is within
the range of [fs/8 - 0.5 (MHz)] to [fs/4 - 0.5 (MHz)1,
that is, ~
o

[£s/8 - 0.5 (MHz)] < fo = [fs/4 - 0.5 (MHz)1.
Therefore, the relationship between the saﬁpling frequency
fs and the moduiatipn frequency fo may be said to have the
following relationship of

£s/8 < fo < fs/4 .

This means-thaf the rumber of the sampling
points of the demodulated wave of the modulation frequéncy
fo i#'abbut's to 4 points. When the modulation frequency

'fP is higher than the modulation_frequency fo, the

.



whi ch the reversal phenomenon seens to occur, it will be understood that

t he nunber of the sanpling point enconpassed in one cycle of the

denodul ated waveformis 7 to 8 points at maxi num Were the result of
denodul ati on shows the reversal phenonenon, such a result as shown in Fig.
12 or Fig. 8 will occur in which the denodul ating range departs fromthe
range of areVerEair pheppagpon tepdsydo oSiGide thE riltberend th it st i ng
poi t s enconpassed in one cycle of the denodul ated veformis 7 to 8

poi nts at RAxPREmEYEHE Mnbidie stemedniatsd i HaVESoa™ RATLReFi 8PATtsT e the
range of a, to rr] (rad) . is t pQi.nts At maxi Wher e enpdul at ed
signal is FB&8r &Ed‘tt 5'"leﬂe tl!h)'leaf,"l?\gg’il(’]'cel lé’t?crfé}'fsq‘%%%rgpn H ge.ql&%]l,e gor néx}}]%r e the
demadul at e i 1S L I 0.} he PR s i lg. 7,

t he dermduﬂgt%iuﬁg%adrladntgefg\égélfet%%# r f)xr’n‘t h\guréaﬁagb gg ’al{(}{boa'f%ﬁg]w?roafg)ﬁgaen

i modul & t ; . Cto | ! .
[0 such cagGm en BUBFY g Ok difc SABRI S PR Fn ghiotle 69 Shde i

range of ato ferr ut "two points at maxi num by the sane

reason. | Qeddteh19eds, while fPemOBeldmddcs ARPERTANGR ! tR4t att hghédl ack
or white sweep lines on the reproduced picture being displayed on the

di splay scme@ilaits ohhdirelgien@ys Lt | NA o 241 ORe aar §V® Poenuendiyavst t he

subsequent waveform towards the black or white |level by the effect of

de- enphasi shdrh | théaselvears axpeti e nemeabhy seenisi rtwed ddwt, nict dfskcbnte nui ty

occur at any point. By way of exanple, in the case of the video tape '
understood that the number of the sampling point
encompassed in one cycle of the demodglated waveform is 7
to 8 points at maximum.

Where the result of demodulation showé the
reversal phenomenon, such'a result as shown in Fig. 12 or
Fig. 8 wiil'occur in which the demodulating range departs
from the range of a to B (rad). However, since the
number of the sampling points encompassed in one cyc}e of
the demodulated waveform is 7 to 8 points at maximum, the
number of the sampling points which lie outside the range
of o to B (rad) is two points at'maximum;

o Where the demodulated signal is reversed to the
black side suéh as shown in Fig. 11, or where the
demodulated signal is reversed to the wﬁite,side such as
shown in Fig. 7, the demodulating range departs from the
range of @ to B (rad). Even in such case, the number of
fhe $ampling points which are outside this range of a to

B (rad) is about two points at maximum by the same

reason. In other words, the reason for the appearance of
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pl ayer for home use, assum ng that the maxi num frequency of the nodul ation
signal is 5 MHz, the sanpling frequency fs is required to be equal to or
hi gher than 10 MHz according to the sanpling theorem In an ordinary case,
it 'has been ascertained that the discontinuity will not substantially occur
when the nodul ation signal is of a frequency equal to or |ower than 2 Mz,
but will occur when the frequency of the nodulation signal is within the
range of thet dlacior wisklarisieemat inee eanphienr¢peadased fxi¢suna. 3 Mz
t he nunber of the sanpling points enconpassed during one cycle of the
nodul ati & sRgnd i P la?YquMc}*W tAilf B ha v a’ﬁﬁé"?ﬁ“S it Ahpz tRe5 points
at. maxi mym Shaul d such a waveform as ‘shown in % ult in,as a ..
3 SosutRe

resulé SEchﬁé‘&Wﬁﬁ%HQErﬁ?? °Fn§ﬁﬂnﬁﬁﬁafﬁoﬁraY%a _ WHFRA "/
h

cont S S AP SRR I S L o9 R BEEREL g f o

shown ingy F'—%m\ﬁﬁnl sﬁiss“'éndn £Shd ﬁﬁ% b%&l’cﬁ?‘% A té(oﬁf‘lfjﬁggg'ﬂbéi' on,

that portion ] unps domm he pol nt eparts

fromthe %8d1sd%%ﬂﬁ%d¥tﬂfﬂédurté%[éﬂf]poiﬁ@d) In either case, since the
nunber of the sanpling point per cycle of the nodulated signal is 5 points

at maxi num and, th@wefQe.of kdnpier iaf tHe c26®! o pJtRei Pigedhitapedepart s
fromthe range:of a to[err] (rad) is one or two points.and the three

poi nts oplayee Bdrd Hukellys ©Fcassabi hasthaen thxpanarenual | §repuénheyed.
Accordlngly, it suffices to take into consideration the
of the modulatlon signal is 5 MHz, the samp11ng frequency
fs is required to be equal to or hlgher than 10 MHz o
according to the sampling theorem. In an ordinary case,
it has been ascerfained that the disconfinuity will not
substantially occur when the modulatibn éigﬁal is of ;
frequency'equal io-or loﬁer than 2 MHz, but ﬁill 6dcur
when the f:equency of the modulation signal is wifhin thé
range of 3 to 4 MHz. Assuming that the sampling frequency
fs 1is 14;3 MHz,.the number of the sampling poihts
enéompassed during one c&clé of the modﬁlatioﬁ signal of a

frequency within the range of 3 to 4 MHz is 5 points at

O

maxjmum. Shoulk such a waveform as showﬁ in Fig. 12
result in as a'result of the discéntinuity iﬁ
" demodulation, that porfioﬁ whieh 60nsiderabli jumps
towards the white side at the point P2 departs from the
range of a to B (ré&). On the othef'hand, should_Such a
w#veform as shown in Fig. 8 result in.as'a result of
discontinuity ih'dembdulation, that portion which jumps

down to the black side at the point P2 departs from the
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case of Fig. 22 or Fig. 29 in which the nunber of the sanpling points which
departs fromthe range of a to [err] (rad) is.one and the case of Fig. 25
or Fig. 32 in which the nunber of such sanpling points is two. Hereinafter,
the application of the present invention to the digital FM denodul ator 50
shown in Fig. 14 will first be described, followed by the description of

the applicatdnge @t tde (¥ egenirddventiwref thérecagal ogi rdedenedphmber. The
compensating operation perforned by the reversal phenonenon conpensator 8
used for corfpemeatsanp it iveg el @éedeyse Dasd £ othé hmodu bgtiedcyi gnall bs ed
wave of the type wherein the | ower side-band is suppressed and the upper
si de- band i5s merphds zaet widdimumstanse, deserelfed.e,Theheonpehzat icoh fhe the
disegntinuity in this case is carried out according to the follomﬁng
fornul as. WREPIINE)PTinty which Sberrier fromsthe eanmge 8f o hehi Be S1(K)
= So(K) ..... (4) Wen S1(K - 1) a and SI(K) = a S2(K) =r , or
ot herwi se $¥@4> =kp(Rpe or twpspoimts xpdethienthpeeiRPinys Or{MRrgpove
descri bed cqnpensatjng operation can be acconplished by the reversa
phenomanon"’'rcrgnﬂ‘é"rfé&@t’gr0 BUENLBRN hahdherh. exl’l\?d'r’é“%?)éﬁi/f?'c&"l'ﬂﬁ”t'ﬁ% .
reversal phenonenpn_conpensator .8 sho [ Figu 51is so.?e l gn t,
when t he ou cpﬁﬁr‘gb?ﬁ‘)iyi% s pi)'l’%ébcfﬁe\r,% op? Sm‘f’#eo fTEBH ?ﬁ%l f@gcgggector
7. the reversal pRERQENCS, CYUPGASAL 0h o8 ;SPAEERA e CRLALES QY the
sampling points which departs from the range of a to f3
- (rad) is one and the case of Fig. 25 or Fig. 32 in which
the number of such sampling points is two.
Hereinafter, the application of the present
invention to the digital FM demodulator 50 shown in Fig.
14 will first be described, followed by the description of
the application of the present invention to the analog FM
demodulator.
The compensating operation performed by the
reversal phenomenon compensator 8 used for compensating
the demodulated signal of the frequency modulated wave of
the type whereiﬁ the lower side~band is suppressed and the
upper side-band is emphasized will first be described.
The compensation for the discontinuity in this
case is carried out according to the following formulas.
When So(K) S @ or So(EK) 2 8,
S1(K) = a, or otherwise S1(K) = So(K) -+--- 4)
When S1(K - 1) = a and S1() = a,

S2(K) = 7 , or otherwise S2(K) =S1(K) ------ (5
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the cal cul ation according to the fornula (4) to give S1(K) and then the
calculation with respect to Sl (K) according to the fornmula (5) to give
S2(K) which is, as an output fromthe reversal phenonenon conpensator 8,
supplied to the digital -to-anal og converter 9. The principle of the
conpensati ng operation so perforned will be described with particul ar
reference to Figs. 22 to 27. Fig. 22 illustrates-the case in which only one

sanpl i ng poi nt excdt@iferid ’lﬁ)péP IFllrﬁt \}aﬁ ue g r QY 8d)d e BEWHRED when
t he conpensatlon accordin

to th f 4 f d
subj ect (HPAPRSR 2 B, %p‘?‘g%'tﬂo"t“ afga'b 'Wg?{) %Q%d(ggﬁ ggeogggf’%%g? In
th F th th —
ohite o & 58 SRR EeR PR B S?”pé' B8R R R d Beul™ ¢ e

saml i N9 JQldile | Saf 1) aﬂfg wrwf _PRURbALHBY. SUakiend BB ERbIK® of the

bl ack level 1n € norna enDdu wayve , the val ue a

(rad). Wuermg Isiss%sea&ea&gygaeas%atthrmmtmel&awpa§8ssaﬁsl il ter, it

will be shaped to represent a sine wave as shown in Fig. Fi g.

i |1 ust r atsafpginced afife i é1t OWNf £dm t H1fe t&Ds 66IF € 2RUIMS, p@om&c&mee:d.s the upper
limt value [err] (rad). However, when the conpensation according to the

fornulasr@&knxui(ﬁﬁeﬁﬂmenmﬂf«umpﬁhsaﬂnnnx dérpuet bj abbghcarcreesl| buas shown
in Fig. 26 can be obtained. Since the discontinuous portion ought to have
been in thhe Malckulavicdn ddmording tnethd tommulw (o) nte- gsveeﬁﬂéﬁéd with

and then the calculation with respect to SL(K) according "
to tﬁe formula (5) to give Sch)'whidH_is, as an output -
ffom the reversal phenomenon cbmpensatbr 8. supplied to

the digital-to-analog'coﬁverter 9. The prinéiple of the
compensating operation so performed will be described with
particular reference to Figs. 22 to 27.

Fig. 22 jllustrates the case in which only one
sampling point exceeds the upper limit value 8 <(rad).
However, Qhen'the éompensation'according to the formulas
(4) and (5) are performed subject thereto, such a result

as shown in Fig. 23 can be obtained. In other words, in

O

Fig. 23, since the sampling point having jumped to the
white side as Shown in Fig..zz'ought to have been in the
black level, the'samplihg point is replaced with the lower
limit value representative of the black lével-in the
normally demodulated waveform, that is, with the value a
(rad>. When it is subseguently passed through the low
pass band filter, it will be shaped to represent a siné

wave as shown in Fig. 24.
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the lower Iimt value a (rad), but the last one of the two points is

repl aced with a conpensated value r which falls within the range of a to
[err] and is chosen to be relatively close towards the upper limt val ue
[err] . Wien it is subsequently passed through the | ow pass band filter,

it wll be shaped to égg;egent such a waveform as shown in Fig. 27 in which

the discontinuity is ved. iindigbeates Mhsifife fﬂoﬁﬂkﬁ%s%hgetﬂﬁrus

' ged th Limt | h in Fig._ 25

Srcsso 1 NOReLed LT AThLE, RSERMR IRE. I eig ), B

her ei nbef Orﬁofigé&t' p@ﬁe Swgecgngexggtt%nd' T A Lﬁ AU 2, IRl Glsed. on
the conpl ex plane With the carrrer nave veltor takefl as the reference, in

order to copjdli gale dde Xf‘lauﬁt%r%o’r]n[&f rs]ubgﬁétrm%ew,tgﬁlcanql GedRqut the

point of origin O in the conplex plane, su respective values a 1, [err] 1

and r 1 as gatisHyWwng {Re Fiog | ovwigge aiel Bld 08D 23 ndave &4 pee tokan
i nto consideration so that the values a and a 1, the values [err] and [err]

1 and the vii sesntinddus lpeam iba cOogRltndbethavé hbeaah igi heie Black a 1 =
[err] [err] 1 =T[err] [err] 1 =Jerr] wherein fc represents the -carrier
frequency. levehe thél| dirag enenplf, théetwoequeirysf ¢ si regslaied wo the t he
I nst ant aneous frequency of the frequency nodul ated wave correspondi ng to
t-he 50% whi tkee| doaler Limit value a (rad), but the last one of the
| two points is replaced with a compensated value 7 which
falls within the range of a to B and is chosen to be
relatively close towards the upper limit value B8 . Whén

it is subsequently passed through the low péss band
filter, it will be sﬁaped to represent such a waveform as
shown in Fig. 27 in which the discontinuity is removed.

The case in which the two successive pdints

exceed the upper limit value 8 éuch as shown in Fig. 25
will be explained with reference to the vector diagram
~shown in Fig. 28. As hereinbefore described, since the
vector diagram is assumed as depicted on the complex plane
with the carrier Qave vector taken as the refereﬁce, in
order to coordinate the values d . ﬁ and 7 with fhe
angle about the point of origin O in the complex plane,
such respective values al, B1 and 7 1 as satisfying the
following relationships have to be taken into
cdnsideration so that the values a and a'l, the values 8

and 81 and the values 7 and 7 1 can be coordinated with

each other.

J1



Therefore, fromthe above definitions of a and [err] , a 1 is a negative

value while [err] 1 is a positive val ue.

The condition in which the two

.successi ve points exceed the upper Iimt value [err] (rad) such as shown

in Fig. 25 is illustrated in Fig. 28. 1t is assumed that the sanpling

‘point of the frequency nodul ated wave noves on the vector ring in a

directi on shown by Lfrr] At this tinme, both of < AOB (< AOB is equal

or smaller than [erf} anf < B@E afﬁ §reater than [err]1 (in a positive

direction, that is eat r ‘th é%et | in a counterclockw se
tion

direction). TherefoPe Dy the
and (5), -
QA (in a negative directi

to

expressed by the fornulas (4)

t he point s_sglfte f§n¥\/\/nere on OBl increnented by a 1 from.

n, rotated clockwise by I a 11 ).

The

poi nt C igy, épEEﬁegctfﬁ§P¥¥@§E§ Qﬂecgart?gfegFQéﬁ@nQ$ r 1 fromOBL (in a

positive direction

rot at ed counter

ime, [err] 1 shoul finbens0 (OpER: hBakaidi PET Ok necsildd it oret g

sel ection of the angle < COCl. fornmed between . OC and OC1, that is, the error

resul tingaésemed Neosbef thef i RELARtBRé0GBN fPeqilleRicH 880.the I eafufeaicy32
by the conpensation according to the fornulas (4) and (5),

wor ds,

kw sé by [err]. At this

it can

readi |y bmodndantsidoodhtdatoriresypondriig atectiiy S@% eshartds I evellat has
been changed from[err] [err] a shift in the counterclockw Se direction.)
and the pbheredéresi gromOthe| above befencenrpassed Wit lando # avex dalis
phenonenon occurring consequent |

a negative value whxye B1l is a p051t1ve value. The
condition in which the two successtve points exceed the
upper limit value B (rad) such as sﬁown in Fig. 25 is
illustrated in_Fig._zst It is assumed that_the sampling
point pf the frequency.modulated waﬁe-moves on the vector
ring in a directton shown by A—>B—>C—>D. At this time,
both of £ AOB-(A AOB is equal to or.smeller than 180°) and
£ BOC are greater than B1 (in e.ppeittve direction, that
is; greater than | 81 in a counterelockwise directton).
fherefore, by the compensation expfessed by the formulas
(4)'and (5), the'point B is shifted'te aniwﬁere on 631
incremented by @1 from axl(in a negative direction, thet
is, rotated clockwise by I.q 11 ). The ﬁoint-c is shifted
to anywhere on 0C1 incremented by.rsl from 0Bl (in a
positive direction, that is rotatedlcounterclockwise by

ilr 11 ). At this time, 7 1 should be so chosen that the
error resultxng from the selection of the angle £ COC1
formed between 0C and 0Ci, that is, the error resul ting

from the shift of OC to OC1 can be minimized. In other

32

O

L4

A3



‘Even in the case where the point of origin O is not enconpassed and the
wavef orm junpi ng considerably towards the black side as showmn in Fig. 11
exceed a at the point P2, the conpensation according to the formulas (4)
and (5) is effective to render it to be the waveformsimlar to that shown
in Fig. 23 when only one point is exceeded, or the waveformsimlar to that

shown in Fi goref ) the F&%id”ﬂdén%?iﬁHCQ%%%ir\ﬁ‘?'n% %cqq;@dfoﬁmlg@e(gf]gre,

sim{ar effects can be obtai ned. e structure and the operation of t

reversal phapmeqpN, CORPRATAI Y adi PPOVWR IvhddHs tdad Whah aHwedeityrd is
effective to performthe conpensation according to the fornulas (4) and

(5), will newahecdessr ichedesBenass! itad wha tFiths Baen aftedifed oW ab 561
repredents a first discriminator operable to determine if So(K) satisfies:
the conditi 6moD the fArAUBA-$4L,1 +hdt KA>SEK) i[scra] stharf So(ilg [tare] ;
reference nuneral 102 represents a second discrimnator operable to

determ ne i co8ntercligckhnis8l@direatishy )t andohilet pori ndf o fheofrdigan a0 (5),
that is, SI1(K- 1)= a and S1(K) = a ; and reference nunerals 33 11, 13,
20 and 21 r¥prldsehp tr dxpeenionmpaapgdat Widheath &fe Wi e IndRhoROBYN VY ed
in the formof a nagnitude conparator. Ref erence nunerals 10, 15, 18
and 19 repr8§€HFrF@gp§EP§@§“FPF§?'conStant gener at or each capabl e of

outputting the lower Limt valye a (rad); reference nuneral .12 represents
a second constant gen §t“or‘"ca’g‘£olcé‘s(ﬁ %'b%th‘ﬁgp?%tugger"q‘igrﬁ“[ ‘?(gaﬁle .
(rad);.

anQOt encompassed and the waveform jumping considerably
() towards the black side as shown in Fig. 11 exceed a at
the point P2, the compensation according to the formulas
(4) and (55 is effective to render it to be the waveform
similar to that shown in Fig. 23 when only one point is
exceeded, or the waveform similar to that shown in Fig. 26
when two points are successively exceeded, and therefore,
similar effects can be obtained.
The structure and the operation of the reversal
Phenomenon compensator 8 shown in Fig. 15, which
-compensator 8 is'effective to perform the compensation
according to the formulas (4) and (5), will now be
described. Referring to Fig. 15, reference numeral 101
répreseﬁts a first discriminator operable to determine if
So(K) satisfies the condition of the formula (4), that is,
So(K) S a or So(K) 2 8 ; reference numeral 102 represents
a second discriminator operable to determine if SI(K - 1)
and S1(K) satisfy the condition of the formula (5), that

is, S1(K - 1) = ¢ and S1(K) = o i and reference numerals

33



reference nuneral 23 represents a third constant generator capabl e of
outputting a first conpensation value r (rad) which generator 23 may be
conprised of a read-only nenory. Reference nuneral 14 represents an OR gate
to which respective outputs fromthe conparators 11 and 13 are supplied,;
reference nuneral 16 represents a selector adapted to be controlled by an

out put S&Qna'm%ug@' iagg bnOMLRe SR 1978 phdit i f-%gdﬁ%grr% fé?(gﬂ §gpresents

a delay Circuit r | ayi ng-an i nput signal for me equal _t

one sanplinnde §Y G &y Tio d CEHFNES AUNERAl t K2 TAPFRSERES ANmAN Bl &0 whi ch

respective outputs fromthe conparators 20 and 21 are supplied; and

refer ence-ows&@-t df . ePREIVY End eSoh Shleda Bdapt @4 t1os e 1@nkhal gl by an—
out put signal supplied fromthe AND gate 22. The output So(K) from thew
di sconti peblrgseanrr eels@lect ive FUERIti @dnlsa ahlte gewgrartairoresadt caghatBe and t he
sel ector 16. The conparator 11 conpares the output So(K) with the output
val ue a pfoouttipam tddimgt ditte gemeent i miG amall vet put X mad byi celiegletewel '
signal when So(K) [err] a or otherwise a logic lowlevel signal. On the

ot her hanymeZal 12 rrepuesents o2 secendparas tend @anana ity kgarekhet he
output value [err] and outputs a logic high |level signal when So(K) [err]
, or ot h@fwisRtRYtdGiRE| $RY HRP T g‘n’aﬂ'! t Ml pespbet i VRaddtput %% omthe
conparators 11 and 13 are supplied to the OR gate 14 which out ugs a logic
hi gh | evERISTEREE PIMERE s 200TERT S86R tindn WBrid ARt 3Hp BTRRA LOER OR

gate 14 E%p%%l%léjléiggé¥kgéﬁm% P{F%?’cgggéggXtion value 7T (rad)

which generator 23 may_be comprised of a read-only memory. . | E:
Reference numeral 14 represents an OR gate to which
respective'butpﬁts frdm.the COmparétors llland 13 are
supplied; reference numeral 16'represénts a selector
adapted to be controlled by an-output signal supplied from
the OR géte 14; referencelnumeral 17 represents a delay
circuif for delaying an:input signal for a 1ength of time
equal to one sampling cycle T; referehce.numeral 22
Tepresents an AND gate to which respeétive outputs from

the comparators 20 and 21 are supplied; and_referencé

O

numeral 24 représents a selector adapted'to_bé-controlled
by an output signal supplied from the AND gate 22..

The output'So(K) from the discontinuity
corrector 7 is supplied to the comparators 11 and 13 and
the selector 16. The comparator 11 compares the output
So(K) with the output vaiue a from the constant generator
10 and outputs a logic high level signal! when So(K) = a,

or otherwise a logic low level signal. On the other hand,

34



causing the selector 16 to select a termnal b to permt the output value a
of the constant generator 15 to be outputted as SI(K). On the other hand,
where any one of the respective outputs fromthe conparators 11 and 13 is
in the logic low |level state, the OR gate 14 outputs a logic |ow | evel
signal and, accordingly, the selector 16 selects a termnal a to permt the

| nput - So( Kihhoaﬂfnéﬂtﬁrﬂ]-%”tténedl%s (.S&ﬁg)g'r_e;r{etﬂlét A £ pRt( o (¥ 00N tthe taad ect or

16 ks. inputte e conpar at or e delay circuit 17 and the sel ector

24. The cogpepatovaileCPPANRAS o2kt sMal N gl Aitghitl ewad UG igrd oM e
constant generator 18 and outputs a logic high | evel signal when S1(K) = a

, or othersbsr)azl @i Colrow tHued i segaall.oginc t hewotikete Ihandignahe SMHE
Fnpstted to the delay circuit 17 is delayed for a length of time equal to
t he sanpl i ngspyod £i Fearoy t pharsef brem dheout@upafadorishd dedvng d8r @arie 17
can be expressed as SI(K - 1). The output Sl (K - 1) fromthe delay circuit
17 is thensspppliilesd t® the Cfpgabeod 2whichhdBipiuts sacdm@iedhdigh the
output value a fromthe 35 constant’ generator 19. The conparator 21 then
gener ates hevedi 8igngh Itevdhesisglsgic tafed 61 Mben pne-of thg iRMEESD 5
logic low level signal. The AND gate 22 outputs a |agic high |evel signal
when both BRChhOR rgaite Adcdiselint ReddBi GrRIER da9V&di SHateh IRIIC Y ate,
thereby to cause the sel ector 24 to, sel ect t er m_nal o.that _t.h
conpensatiﬁﬁuéépéetﬁF s&ﬁﬁﬁﬁqﬁx}4r8$1iﬁ e%@n?t&ﬁfm’“ap 50tb " Perni't
the output value a of the constant generator 15 to be
g/ outputted as S1(K). On the other hand, where any one of
the respective outputs from the comparators 11 and 13 is
in the logic low level state, the OR gate 14 outputs a
logic low level signal and, accordingly, the selector 16
- selects a terminal a to permit the input So(K) to be
cutputted as S1(K).
The output S1(K) from the selector 16 is
inputted to the comparator 20, the delay circuit 17 and
the selector 24. The comparator 20 compares S1(K) with
the output value a from the constant generator 18 and
outputs a logic high level signal when S1(K) = a , or
otherwiée a logic low level signal. On the other hand,
“the S1(K) inputted to the delay circuit 17 is delayed for
a length of time equal to the sampling cycle T and,
therefore, an output from the delay circuit 17 can be
expressed as S1(K - 1). The output SI(K - 1) from the

{ : delay circuit 17 is then supplied to the comparator 21 at

which it is compared with the output.value a from the
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genekator 23 can be outputted in the formof S2(K)

I nputs t
out puts

24 to select a terminal a so that S1(K) can be outputted in the for

S2(K). |

. f d. Th , f d I
LEeﬁgﬁeﬁéﬁﬁamsﬁgéﬁs LAY ?ﬁéitﬁ{s@ﬁsiﬁr 53 e Ben gt < .
the fre f t t

qg a%dgoge I ower Vlggeno% ,{y@f(ﬁhgr;gg wi-ll’ u?\’g‘\?vqbe e%Pwl(t:%%inbed The

suppr ess

Shoul d one of the two
o the AND gate 22 be in a logic low | evel state, the AND gate 22
a logic low | evel signal to the selector 24, causing the selector

m of

n this way, the conpensation according to the formulas (4) and (5)

conpensagi g‘n@ HP“SIFE%% 5 g‘ﬁ%ﬁ” e?fh%“hN%C%%rt@ 3% tonttphPcJ o hQu

fornulas
S1(K) =
[err] ,

en So( K)

or otherw se S2

dis

16,

of C;

So(K) [err], SI(K) = [err], or othermnse W

= RGN level s1%§h IW‘e@h§ﬁ( both) oF [ehe] il Bi( !Qeée[xﬁfe_fd S2( K)
(K ..o (7) Referring to Fig.

t he revetrakrephcagrene £61ogx@qsrpgmsaéomssalaam tthereby it sawssi gned

that, when the output So(K) fromthe discontinuity corrector 7 is inputted

t her et 0, thlee sohpensat i pa awcosdirg tt cat te rfmi mala b6)s can hizet cdtré ed out

to give Sl (K) and S2(K) obtained by carrying out the conpensation accordlng

to the f
digital -

oompenEAt sap ecalue Sr( Ko ewhputket odt pliroad thet ponstant
to-anal og converter 9 as an output of the reversal

generator 23 can be outputted in the form of S2(K). .

Should one of the two inputs to:the AND gate 22 be in a

logic low level state, the AND gate 22 outputs a logic low

'the_démodﬁlated signal of the frequency modulated wave of

level signal to the selector 24, causing the Selector 24
to select a-terﬁinal a so that SI(K) can'be outputted in
the form of S2(K).
| In fhis‘way, the compensation according to the
formulas (4) and (5) is performed |
The compensatlng operatxon performed by the

reversal'phehOMenon'compensator 8 used for”compensating

the type wherein the upper side-band is suppressed and the
lower side-band gs'emphasized will now be descfibed.
The compensation in this case is carried out
according to the follbwing fbrmulas;
When So(K) = a or So(K) £ 8, |
S1(K) = 8, or otherwise S1(K) = So(K) secece (6)
When SI1(K - 1) = 8 and SI(K) = 8,
S2(K) = &, or otherwxse SZ(K) =S1(K) ccce-- (7)

Referring to Fig. 16, the reversal phenomenon
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phenanenon conpensator 8. The principle of the conpensating operation so
performed will be described with particular reference to Figs. 29 to 34.
Fig. 29 illustrates the case in which only one sanpling point exceeds the
lower Iimt value a (rad). However, when the conpensation according to the
formulas (6) and (7) are perforned subject thereto, such a result as shown
in Fig. 30 eampensainni feghown| theriedn iy 0 des igped 3phad; nybephdhe
sanmpli ng poi nt havingé}unped to the black side in Fig. 29 ouqht tﬂ have
been in the® WhPlet | 8P KDt H QBnphi B g dolot P Nitd bt Ac &P W B8R e ppér
limt value representative of the white level .in the nornall enodul at ed
wavef or m ‘t’l"l%[i tﬁse,‘i]\/\/?i‘ﬁnt?]te"valﬂbe f’é’r"}‘ie?F&cf)'.°Wéﬁqt’[r?b"éugtsoqugﬁtIy
passed through the | pass band filter, it wll _ be_s t e nt a
si ne wave aél(’qréﬂ‘d\?vﬁ i€ V\‘Fi %?"3?9 R R A Pluﬁsﬁoatéégfhgagg@e él)rlll V\E?gﬁgt he
two successj Lpts, € 1 he Lo L I a 5k i nlBOWRY e WheEN
t he conpen§g¥ﬁ%ﬁ9%gc%¥d¢%gp En%hgu#oﬁﬁélggH%%f¥gﬁ3%F7fQ§?ghﬁg??ornege

subj ect thef@imu1aUey 2 $86Ykl 37to SASCBNOWAN [ PeFodtpwBiedN tdCthe
obt ai ned. Since the discogtinuoug port?on odbhteto hé%e been in the white

level, the digstapneoOdnhDegt ¥onPerRES bSakCRhaGad pyitt I £t RE eUpRVerisiaT t
value [err] (rad), but the fast one of the two points is replaced with a

conpensat ech N @lnuemlear 6 hwhe 6 i f €hlssa wotrhi 8 .t heTrha¢ig@ rofnaiploe[ erfr ] thand i s
chosen to be relatively close towards the lower limt value a . Wen
compensating operation so performed will be described with
o .particular reference to Figs. 29 to 34.

Fig. 29 illustrates the case in which only one
sambling point exceeds the lower limit value a (rad).
However, when the compensation according to the formulas
(6) and (7) are performed subject thereto, sucﬁ a result
as shown in Fig. 30 can_be obtained. In other words, in
Fig. 30, since the sampling pbint having jumped to the
black side in Fig. 29 ought to have been in the white
level, the sampling point is replaced with the upper limit
value representative of the white level in the normally
demodulated waveform, that is, with the value 8 (rad).
When it is subsequently passed through the low pass band
filter; it will be shaped to represent a sine wave as
shown in Fig. 31.

Fig. 32 illustrates the case in which the two
successive points exceeds the lower limit value a (rad).

However, when the compensation according to the formulas

(6) and (7) are performed subject thereto, such a result
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It Is subsequently passed through the | ow pass band filter, it wll be

shaped*to represent such a waveformas shown in Fig. 34 in which the

discontinuity is renoved. The case in which the two successive points
exceed the lower limt value a such as shown in Fig. 32 will be expl
with reference to the vector diagramshown in Fig. 35. As hereinbef
descri beds sisrtcewtrhe imecForg di 8¢ amaits Assuadd aisn@shi ct &l BA et hkheonpl ex_.
plane with the carrier wave vector taken as the reference, in order '

coor di natdd a¢@n yAnuedisa por bipp oagh § cto | hajie rPeRd drfyl-

of origin 0 in the conplex plane, such respective val ues ¢ 1,.[etrg
[err] 1 devalisthiend thetiBreoRiingthe et ¥Pi BN LR 1halePIa6eHe Wit K

into consjderati o0 that the val t he_val ;
and the WASCPRER | Tahh TelRE oot b cotih bl of fn Bk rhc kel

wherei.n fi t.s . ' . 8 h
Fol 1 bwi ng xaRBr B Hee {FBRARey rt T Ll d SRETFYLUE S ubTchl
fr equencye é)lf

| evel .

There

ore, from initions-of a and [err], a lis

%ghgiftfrheiqye{ﬁ% gggglga&gj &/avgocgjreas,p@ngggghtogé,he@O%hV\hi te

ai ned
ore

to

thehathitge point

1 and

en .

d 13 '
[err]

e

us

a

negat i ve vaj 4g; WRithe § £55¢ bowRrdsPasid i Mwesl Uomit VhHEueoRditi @henn which
the two successive points exceed the range of a to [err] (rad) suc

shown in {{ gis3%h6sequently passed through the low pass band

filter, it will be shaped to represent such a waveform as
shown in Fig. 34 in which tﬁe discontinuity is_removed.
The case in which the two successive points
exceed the 1ower'limit value a such as shown in Fig. 32
will be explained with reference to the vector diagram

shown in Fig. 35. As hereinbefore described, since the

 vector diagram is assumed as depicted oﬁ the complex plane

with the carrier wave vector taken as the reference, in

" order to coordinate the values a, B and 8 with the

angle about the point of origin O_inﬁfhe complex plane,
such respective values a1, B 1 and 8 1 as satisfying the
following refétionships have_to be.faken into
consideration so that the values a and a1, the values 8
and B 1 and the values § and'S 1 can be coordinated with

each other.

al=a - 2x -fc-T
Bl1=8 -2n-fc-T
8§81 =86 - 2n -fe-T

wherein fc represents the carrier frequency.
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illustrated in Fig. 35. It is assuned that the sanpling point of the
frequency nodul ated wave noves on the vector ring in a direction shown by

- [err]. At this time, both of < AOB and Z BOC are snaller than a 1 (greater
than | a 11 in a negative direction, that is, in a countercl ockw se
direction). Therefore, by the conpensation expressed by the fornulas (6)
and (7), the point Bis shifted to anywhere on OBl increnented by [err]
from@OA (in a positiyve direction, .that is; rotated counterclockw se by
LerrT oy The hornt 1 ShentaidBy LA s HABRS con 0CA { FERBRORIGAL Sy 81 1] 3

f OBl (j : ' | | h ' d cl ' b .
A This 1 I E e pESBEn aREet Lok SRR ey of ReLEr Ky PR ¢ nt
Sel eet i I J C,and , t

asul g "o e Snf AT e o AN REC, S T PeubiC T

by the cOmeRSidON HCERT Bh8%abOv Nge f PRI 685 (62 @Ndakd) B it acgn;keadily

be understood that the vector trajectory corresponds to what has been

changed fraomdgat)viervd1aé anshidt g iin tdeacouy et cvecka58e39 The
direction.) and the point of origin O will not be enconpassed with no

reversal mhenbinthon dacwlii 6 abrsaguenéhycebgave pd hwtsaercaber ehehe
point of origin O is not enconpassed and the waveform junpi ng consi derably
towards tmandet @ fsi de dx sBowtriad Fi guch easeshdwe WmpeFi ki.nid2 vakue
~[err] 1 at the point P2, the conpensation
illustrated in Fig. 35. It is assumed that the sampling
\/ point of the frequency modulated wave moves on the vectqr
ring in a direction shown by A= B> C—>D. At this time,
both of £ AOB and £ BOC are smaller than a1 (greater than
' @ 11 in a negative direction, that is, in a
counterclockwise direction). Therefore, by the
compensation expressed by the formulas (6) and (7), tﬁe
point B is shifted to anywhere on OBl incremented by 81
from 0A (in a positive direction, that is, rotated
counterclockwise by | B 11 ). The point C is shifted to
anywhere on OCl incremented by 8 1 from OBl (in a negative
direction, that is rotated clockwise by | § 11 ). At this
time, & ; should be so chosen that the error resulting
| from the selection of thé angle £ COC1 formed between 0C
and 0Ci, that is, the error resulting from the shift of OC
to 0C1 can be minimized. In other wordé, by the
compensation according to the formulas (6) and (7)), it can
readily be understood that the vector trajectory
corresponds to what has been changed from A= B—~C—D to A—

Bi
Bl1— C1—+ D (A—'E_is a shift in the counterclockwise
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according to the formulas (6) and (7) is effective to render it to be the

waveformsimlar to that shown in Fig. 30 when only one point
or the waveformsimlar to that shown in Fig. 33 when two points are
successi vel y exceeded, and therefore,

i S exceeded,

simlar effects can be obtained. The

structure of the reversal phenonenon conpensator 8 shown in Fig. 16, which

conpensator 8 is effective to performthe conpensation according to the.

—

formulas (6) and (7), will now be described. However, it is to be noted \W
‘that, fod ithecdakenof) baedi tyhe theiodnpofiemsi ghawn0 i v iFl y. npd whech are -
| i ke those shown in Fig.- 15 will not be reiterated. 1In Fig. 16, reference

nuner al s e76;0 RE ageied7 ¥ bhheskat Ire%pESH b ePHEIHAB NGBt ArftC ¥EX B&or 5 eaeh

capabl e of outputtlng the upper limt val ue [err] (rad); reference
nuner al s CPRSEP e k%present respective conparat or s;

Compensat i on val ue TETT]1fr S0 CRAR PREEFoRS eﬁf’maﬁi{‘eé%%*?%yﬁ Lehbs o

conpensati on val ue

third di

ref erence nuneral

30

sati sf y tcoreg.g%)ﬁgaﬁ'?o ‘e%aab gd]E grh%O wav(gfép@hérh%é gl%@"égg §‘]%IEHI] 1?&1nd

S1(K) = [t%raJh SThﬂ,‘é
S

enbodi nent

own in Fig.

s PRENLLEION & O EREAL OF &@&e@rtﬂwgu pethe

operates 1n a manner generally simlar to that

shown i n jagjdesehiled W th aef /RBCR 4 Onki P2 5.t P& Copim b @R stdwi 4 Al | owi ng
di fference. The sel ector 16, when the |ogic high |evel

according to the formulas (6) and (7) is effective to
render it to be the waveform similar to thet'shown in Fig,
30 when onli.one pOint is exceeded, or the-Qaveform
similar to that shown in Fig. 33 when two points are
successively exceeded, and therefore, similar effects can
be obtained.

" The structure of the reversal phenomenon

. compensator 8 shown in Fig. 16;'wh|ch compensator 8 is

effective to perform the compensatlon accordlng to the

formulas (6) and (7), will now be described.. "However, it

is to be noted that, for the sake of brevity, the

components shonn-in'Fig; 16 which :are like those shown in
Fig. 15 will not be reiterated. In Fig. 16, reference

numerals-zs, 26 and 27 represent respectlve second

constant generators each capable of-outputting the upper

limit value B (rad); reference numerals 28 and 29
represent respective comparators; reference numeral 30
represents a fourth'constant generator capable of
generating the compensation value § (rad); and reference

numeral 103 represents a third discriminator operable to
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signal is supplied thereto fromthe OR gate 14, selects the termnal b to
cause the output value [err] of the constant generator 25 to be outputted
in the formof S1(K). Then, the conparator 28 conpares S1(K) so inputted
with the output value [err] of the constant generator 26 and outputs a

| ogi ¢ high level signal when S1(K) = [err], or otherwise a logic |ow |evel

signal . Odettlanatneri kKt hendi gnek whioh shaas drgenHapedrnedtion t e del ay
cirguit 17 and has therefore been delayed a Il ength of tine equal to the
sanpl i ng cydlee fhrotuia (7),, ttatoUtsUISISIK ke -1 1 )=f BonandeSHeKny=cBrcuit 17
is inputted to the conparator 29 at which it is conpared with the out put

val ue [err] from t he Tdonst evnergeiepateavonEhon Tenpempatelr o8 29cord pugs a

Fogke high | evel signal when S1(K - 1) = [err] , or otherwise a |logic | ow
| evel signdo. thee dmen Yoshouan ithd t§o LRpPRedhes edint BerMamN&fe in a

| ogic high level state, outputs a logic high level signal which is in turn
suppl i ed t 84l 8d|lectDi M4 adaubPnd e $ROYBr it & ctesERdbedk hth b so

el 1 O RS d S 1Y RS SRR W SEOPL B SR E R B o e
L Loputs surrl 9 4 nE AR FRLC 4% Pl “shASLERkT bt iV (1
o e o eI LensSeplia SHELE) B RULRKL O A0nd e i ge52C0
performed. the terminal b to cause the output value B of the

W, constant generator 25 to be outputted in the form of
S1(K). Then, the comparator 28 éompares S1(K) so inputted
with the output value 8 of the constant generator 26 and
outputs a logic high level signal when S1(K) = 8, or
otherwise a logic low level signal. On the other hand,
the signal which has been inputted to the delay circuit 17
and has therefore been delayed a length of time equal.td
the sampling cycle T, that is, the output S1(K - 1) from
the delay circuit 17 is inputted to the comparator 29 at
which it is compared with the output valuq.B from the
constant generator 27. The comparator 29 outputs a logic
high level signal when S1(K - 1) = 8, or otherwise a
logic low level signal. The AND gate 22, vhen the two
inputs applied thereto are in a logic high level state,
outputs a logic high level signal which is in turn
supplied to the selector 24 causing the latter to select

the terminal b so that the output value & from the

constant generator 30 can be outputted in the form of
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Fig. 17 illustrates a block circuit diagram of one enbodi nent of the

rever sal

numer al
f or nul as
oper abl e

phenonmenon conpensator 8 which can be used in denodul ating the
frequency nodul ated wave of the type wherein the |ower side-band is
suppressed and the upper side-band is enphasized. In Fi-g. 17, reference
101 represents the discrimnator operable to -discrimnate the

§9X k3Nd (oW thel SGIE RUAR/, a'sr?&ur&paﬁ%eratfs theCQnat aipu@ner at or.

to generate a conpensation value [err] (rad); and reference
numer al 1§ub$@'i 83€RbS thle ane

t@r 22T Qperatliods ©f1 dwhd eardlodi teetre, shown

v .

in Fig. 17 wll now be descrlggd separately according to various cases. As
a first examolmn galte easeutpuds ch Légiéntoemievedf stilgmalr o pratske of the.
frequency nodul ated wave which has not resulted in the reversal phenonenow/
takes a nepat bedecabre2vi It Bieleictbahdi dermiaml /A sami e t H (B heaut put

- 1) fromthe calculating circuit 4, showm in Fig. 14, at the
timng (Kbe 19utputiterd ekanites Ferl"r“] afid SheKdut pltn [ER i t’m’ 't Hdt®of 42

[err] (K

at the subsequent timng Kis [err]
phase of cR@PeEAEHR) ASETRITHE whbe

fromthe subtractor 6 at the timng Kwll be [err] (rad) [err] 1)],
is a negaPFWé°€&FGe and therefore, [err] is added thereto by the

di scontinuity corre%_tlogr. 717@1n913k‘11es QUi put 20650 I AP AR di AR AU £ Y

corrector

wave of the type wherein the lower side-band is suppresséd'

7 becones
one embodiment of the reversal phenbmenon cqmpensator 8

which can be used in-demodulating“the frequency modulated

and the upper-side-band is emphasized. In Fig. 17,
reference'ﬁumera1_101.représents-the discriminator
operable to discriminaté the formulas (4) and (5);
reference numeral 31 represents a constant géﬁerator

opefable to generate a compensation value & (rad);.and

‘reference numeral 16 represents the selector.

The operation of the embodiment shown in Fig. 17
will now be.described-seéarately according to various
cases. |

As a first example, the Case'in which the
increment of the tfue phase of the'frequency modulated
wave which has not resultéd in the reverSal.phenomenon
takes a negative value will first be discussed.

Assuming that the output ¢ (K - 1) from the

calculating circuit 4, shown in Fig. 14, at the timing (K

- 1) is, for example, 0.5m and the output-¢ (k) thereof
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[err] which deviates fromthe range of a to [err] (rad) and which is an
abnormally large value. This value is in turn inputted to the reversal
phenomenon conpensator 8. Accordingly, in such case, the val ue obtained by
subtracting [err] from So(K), rather than So(K) itself, appears to be

approximate to the increnment of the ;ruedghase of the frequency nodul ated
wave. Howev@rt Yhecé uheadmdtt|itdiniyg b tPedihcr &R tofl % he Yrase

can pe consi.dered to, be a (rad), it ears oper, to enplo S .a
denndulatedIGﬁﬁﬁﬂ?“Bngfoﬁ%ﬁu£5%?uBﬂQEQiﬂ$§{bg[éﬁﬁq%éﬁk¥zg°gﬁhﬁ§%9

rad) which i reat er_t.han the, ot her Jh 0 nsat.i o al rad
i(s iZ\ pr:act iwlc?zegﬁgsenne%ant lcvo‘%)s’i dte'}eat?'bhp'b* ﬁhé ?gl?l 2 olﬁ'g th\(ge bs;{FbaleJa Ju%r(i n :

the\wcinity gf guer qq}n-i.n'ﬁngcgweiﬁ War dg., yisf t<%ﬁ9fﬂe%%im valyegerr] is

too small, the waveformi e vicinity of a portion ere the reversal

phenomenon §onpengaLicyn | § qeﬁiéﬁggageb%aﬁqé,‘:tquv"itlrx!exl@f&f'é‘!mquwrd| y

‘when the signal.is passed throug | ow pass band filter and the main

de- enphasi s agidle@!i h&Pet o0yt Neh Ot d1es chandnu if ¢ ¥ Neo ePRRABIAL 7 OBNAl tige [ er ]
is too large, the sane will be drawn 43 upwardly. Accordingly, the

conpensati ooutaute $€(K) firon otthe &€hoeon td mmal e sbeuwle caual7 tivecomds ad) .
Neverthel ess, as a result of this choice, it nmay happen to be appropriate
to chose tha.8cnpehizh dewates [foron the teEngeuat tro doTHus,(ndw and
conpensation value [err] 1is a value about equal to the value containing a
(rad), but Whdkbr ishamn abpozapl 1Xs largec¥ad v@cangitd,s tved Weasies | i wHh t he
KJ inpuited to thg reversal phenomenon compensator 8.
Accordingly, in such case, the value obtained by
subtracting 2m from So(K), rather than So(EK) itself,
appears to be approximate to the increment of the true
phase of the frequehcy'modulated wave. However, since the
lower limit value of the increment of the phase can be
considered to be « (rad), it appears proper to employ, as
a demodulated output, one of the value of So(K) - 2m and
the value a (rad) which'is greater than the other. The
compensation value ¢ (rad) is in practice chosen jn
consideration of the following to be a value in the
vicinity of a (rad). In other words, if the compensation
value £ 1is too small, tbe waveform in the vicinity of a
portion where the reversal phenomenbn compensation is
desired to be effected will be draﬁn downwardly when the
signal is passed through the low pass band filter"and the

main de-emphasis circuit and, on the other hand, if the

compensation value &€ is too large, the same will be drawn
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i ncrenent of the true phase of the frequency nodul ated wave whi ch has not
resulted in the reversal phenonenon does not take a negative val ue, but
takes a val ue about equal to O (rad) will now be discussed. Assum ng that
the output 0 (K- 1) fromthe calculating circuit 4 at the timng (K- 1)
is, for exanple, [err] and O (K) becones [err] (rad) because the increnent
of the true phase of the frequency nodul ated wave is increased by [err],

the out puipWa#rdlly froneébed sHRIyactRe EombbhsBeibR! Yhiue! %d) ‘ikekbl pand t akgy
an abnormally small val ue haV|ng deviated fromthe range off a to [err]-
(rad). dHosen &owavae, abo@tbequaiedd hat, (padse thevemauue{sgrrherad)

fromthe subtractor 6 is not a negative value, the output So(K) [err] .-
(rad) is,awi¢edwut e bhisochedted by mhv(h&nnnmlnulbp(xnpmmpntaie -’
inputted to the reversal phenomenon conpensator 8. In this case, it is

proper td®nph@y e héhealeempensia tisom daiueul @t eto obepequads ot hird -
exanple, _the case in which the increnment of the true phase of the
frequencfﬁﬂﬁhﬂ%ﬁ%dcﬁﬂpensﬁéVE“eXéééesE[eMﬂ a (vaklye preaytceghal héo
occurren ?,Of the reversal %ghenonenon to the white side will now be

di scusse RN PR BRI ERE UMt 6F3D) sebRbshbgheRpth AR/ s (EBRduct ed, even

‘th h th f the t h f the f |
exceeds [Zr'r{‘c{??é;‘* S Re SRGORE (FEAREA Y v BPSecCBE] Aot ] ¥hish Pl

MSt Cas§%cFSment of the true phase of the frequency modulated
wave thCh:has not resulted ih the reversal phenomenon —
does not take a negative'value, but takes a value about -“J

equal to 0 (rad) w111 now be discussed.

Assuming that the output ¢ (K - 1) from the
calculating circuit 4 at the timing {K - 1) is, for
example, 0.5m and ¢ (K) becomes 0.6 x (rad)_because the
increment of the true Phase of_the freéuency moduiated
wave is increased by 0.1% , the output A ¢ (K)_from the
subtraétor 6 will be 0.1m (rad) [= @ (K) - ¢ (K - 1)1 and

take an abnormally small value having deviated from the

range of a to B (rad). It is, however, to be noted

O

that, since the output 0.1m (rad) from_the subtractor 6
is not a negative value, the output So(K) =:0.1#._(rad)
is, without being cprreCted.by the discontinuity cprrectdr
7, inputted to the reversal phenomendn compenSator_s. _In
this case, it is.proper to employ the_Value € as a
demodulated output. |

As a third example, the case iﬁ which tﬁe

increment of the true phase 0f the frequency modulated
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her ei nbef ore di scussed, the considerable excess of the increnent of the
true phase of the frequency nodul ated wave over [err] (rad) and to, for
exanple, [err] (rad) seldom occurs. Therefore, considering that the
increnent of the true phase becones [err] (rad) when, for exanple, [err] (K

- |s[errL érad t he truet[ as a result t hereof b
[er r] (rad) ¥2Bht eXFREdSt R v A HAd W PﬁFﬁutsﬁ"e qfanb%eopcd’“cro"ﬁ‘e??] of ccfv
al | ocat ed |n t he calculﬁtln circui be reqqgnl ed S

| L
[err] (rad) 5r¥aer§ﬁere? 1§ " Bﬁtph{‘ 'h} efwr%r’ndethe JubtP8ctsr 6,

[err] (K) - ?E LhsbK - = [err] - [err] = [err] (rad) can be outputted.
Slnce this va ue " 1s not a negative value, the output So(K) = [err] (rad)

s, wrthout being corheehedihy 4Beadracant By oY sS4e° o eapenrrwrred to

the reversal phenonenon conpe I'n su case since

denodul at edegladdc BeGK) VRNCRHQNEA! e D Sedmehit a8 EStRS ttbﬁebb@n@éel el is

reversed to the white side and, therefore, takes a snualler value than a

(rad), it iSherepaqueAceTHoaY1hted! havicenddedsed HUMNEA) Wald ammhoit

equal to the lower limt value a (rad) which is 45 considered as a
normal bl atkerketelin ekkess 0%, 21 h&rpdoviisusimaldesor mosdt \cHses [ erAs
(rad). As a fourth exanple, the case in which as a result of the occurrence
of the reveheak ipefomeeod iscussedhi thesichns iderahdecraxrnessf ofhdhe rue
phase of the frequency nodul ated wave does not exceeds [err] (rad), but
takes a val UBCTRmMenct \9 £ Ahey tgTug BRRps e( ofd)the of regaqney modulated

" wave over 2n (rad) and to, for example, 3m (rad) seldom
occurs. Therefore, considering that the increment of the
- true phase becomes 2.17n (rad)lwhen, for example, @ (XK -
1) is 1.0m (rad), the tfue @ (K) will as a result thereof
become 3.1m (rad), but since the value within the range
of 0 to 2 (rad) ie allocated in the calculating circuit

4, ¢ (K) will be recognized as 1.1m <{(rad) and, therefore,
as the output A ¢ (XD ffom the subtractorlis, @ (K) -

$ (E-1) = 1.1 - 1.0w = 0.1n (rad) can be outputted.
Since this vélue is not a negative value, the
~ oufput So(K) = 0.1m (rad) is, witﬁout'being corrected by
the di;contihuity corrector 7, inputted to the reversal
phenomenon compensator 8. Iﬁ sutch case, since the
demodulated data So(K) which ought to be demodulates as
the black level is reversed to the white side and,
therefore, takes a smaller value than a (rad), it is
proper to'employ for the demodulated output a value about

equal to the lower limit value «a {rad) which is
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[err] (rad) will now be discussed. Assuming that, as a result that the

I ncrement of the true phase is [err] (rad) when the output 0 (K- 1) from
the calculating circuit 4 is, for exanple, [err] , the true O (K) becones
[err] (rad), [err] (K) will be recognized as [err] (rad) in the calculating
circuit 4 by the reason as hereinbefore described and, therefore, as the
output [err] (K) fromthe subtractor 6, [err] (K) = [err] (K. - [err] (K-
1) [err] con[serdbred[as ]a @oathails WUaRU t e@ve Bi,nCehlahi Silss athegati ve
value, [err] is added thereto by the discontinuity corrector 7 to
provi de f&Yyiocuseyresciebed vahde, et hatadd. the val ue exceedi ng the upper
limt value of the normal denodul ating range of a to [err] whichis in
turn inputted to thasrevefsur tphamanndre cobhensmase 8n Ivhsabhasase, singe
t he denodul ated data So(K) which ought to be denpdul ated as the bl ack | eve
is reverseesubtiaé hhetecenneenge, of hthef beeersaltephenemenone toxddedi ng
[err] (rad), it is proper to enplo¥ for the denodul ated out put a val ue
about equilit& thbdeovidhel iim¢redentyQieth e rhapanPiirse Ohstd&ed as a

ror b BB UE A b S Al EREFAREC R G
conmens=t b BaL FARRESTRC 1B, Sk A B ROTEPRAP. PRI 0, 1
. S2(K) 5 [@77] (rad) will now be discussed.
Assuming that, as a result fhat the increment of -~
the true phase is 1.9m (rad) when tﬁe.putpuf (K -1 A
from the calculating circuit_4 is, for examplg, 1.0, the
true ¢ (K) becomes 2.97 (rad), ¢ (K) will be recoghized
as 0.9m (rad) in the calculating circuit 4 by the feason
as hereinbefore described and, fherefore;_as the oﬁtput
A ¢ (K) from the subtractor 6, A@P(R) = ¢ (K) - ¢ (K - 1)
= 0.9m - 1.0m = -0.1m (rad) is outputted. Since this
is a negative value, 2m is added thereto by the

discohtinuity_corrector 7 to provide So(K) = -0.1m + 2=n

= 1.9n (rad), that is, the value exceeding the upper

)

limit value of the normal demodulating range of a to B
which is in turn inputted to ghe reversal phenomenon
compensator 8.

In such case, since the dequulated data So(K)
which ought to bé demodulated as the black level is
reversed to the white side and, therefore, takes the value
exceeding_B (rad), it is proper to employ for the

demodulated output a value about equal to the lower limit
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Wien So(K) [err],S2(K) = [err] If a [err] So(K) [err] , S2(K) =
So(K)....... (8) Flg 18 illustrates the exanple in which the reversal
phenonenon conpensator 8 shown in Fig. 17 is constituted by a read-only
menory 32. In this enbodinent, the output So(K) fromthe discontinuity
corrector 7 is specified as an address A inputted to the read-only nenory
32. This read-only nenory 32 stores such a table that, so far as the
addgess Ais within the range of a < A< [err], the content of the -
read-only Nt T chRade rehished § nCeARfceTEd WS B SBP RPadnd kark
contents of the read- onI ry 32 for the range of the address_ A such as
Aferr] a deVElpeithat g% r@?ﬁjeﬁ/ ’c‘b‘“b’e" [485qTibed YR 1 tHeadde of the

fead-only menory 32 for the re ersal enonenog [?)ﬁsator i t can ¢ oper at e
b

in a manner, and gi veﬂseftfﬁﬁfaén §fr?irl"ar tRCLASE S4By Pittte
arrangenent, . of Eéger]ga Flpq_‘ nlgmlﬁblngsté 'ﬁ,ﬁéﬁgg Iggcg; C%kérg's%%rda'% f one

enbodi nent 0 € reversal eno co an " be used in
denodul at i 8g (ke TR eﬁ@gv @ﬁeg ¥Ff9I‘mEE A.Nﬂ?ﬁshra e dpper
si de-band is suppressed 4 and t omer si de- ba | s ehphasi zed. In

Fig. 19, rebqKSNGR JUHEI i tltpltr{@pf&ﬁﬁNﬁ: tfroflised j mi nator operable to
discrimnate the fornmulas (6) and (7); reterence nuneral 33 represents a

const ant gener awhle O[Sy @) e<t cagenesBiE & conpensation value [err] (rad);
and reference nuneral 16 represents the sel ector. The operation of the
~enbodi nent showwhiem FaXEN1%: B, S2(K) = £,
| _ If a #<So(K) {</3, szcx).= SO(K) scccececscs (8)
Fig. 18 illustrates the example in which the
reversal phenomenon compensator 8 shown in Fig; 17 is
constituted by a read-only memory 32. In this embodiment,
the output'So(K) from the discontinuity corrector 7 is
specified as an address A inputted to the read-only memory
32. This read-only memory 32 storeé such a table that, so
far as the address A is within the range of a < A ¢ B8,
the content of the read-only memory 32 can be rendered in
conformity with So(K) and the contents of the read-only
memory 32 for the range of the address A such as A = <«
~or A 2 f are rendered to be £ . Even with the use of
the read-only memory 32 for the reversal phenomenon
compensator, it can operate in a'manner; and give efifects,
similar fo thosg exhibited-by the arrangément of Fig. 17.
Fig. 19 illustrates a Slock circuit diagram of
one embodiment of the'reversal phenomenon compensator 8

which can be used in demodulating the frequency modulated

wave of the type wherein the upper side-band is suppressed
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wi |l now be described separately according to various cases.
exanpl e,

- 1) is recognized as [err]

rever sal

As a first

where the increnent of the true phase of the frequency nodul ated
wave which has not resulted in the reversal phenomenon exceeds by [err]
(rad), for exanple, where [err] (K) is [err] and [err] (K- 1) is [err],
[err] (K) becones [err] (rad) [=[err] (K - [err](K - 1)] because [err] (K

phenomenon conpensat or ‘8 wi t hout being corrected by the

in the calculating circuit 4 of Fig. 14. This
val ue [eradddanat eswigronstie-nimal idenmlphalsiingedangel wf Fa g fofernr]

ang
takes an abnormally small value. - In such case, since the output [err] from
the subtreeferemds namer abgavilver opkes eboEK) thleerdl sasimamated to the

di sconti mip ey aot eect@or di.s cramjucht eastd) e sif9gany hasderfiuRad n§7 dat a So(%)

whi ch ought to be denpdul ated as the white | evel becones a small- val ue
| overi ng kef¢raare mmebale Ioht BERES I/ hadigCPBEH AN Y a8f M 412 8BEK)

than So(K)  itself, can be considered approxi t he
mcrenent"%?rfh e i EPBEEaLE lahé’°f’?le%|%%ﬁ5)’/°ﬁo Lyeqs vvaggadﬁio

‘r at her

the 48

wéPér

si nce

h h d d
to be [erFi{Tes ?e-?u'rgretuﬁ?d%?%%*%ﬁ? RE ke Pbe kB by For “tha - ¢
denodul ati ng out put

h h
of the val ue of So('ﬁéL g%gf;yaé ?PrQQg %%???"Q Qﬁ Lnlqncﬁqgscgﬁgllgpe
than the PEIE! 0ol & OFRELP bl o s\@é&eaiewl 4&:6?&% r&,aseol % d i guacti ce

selected I n consideration o

the followng to be
cases. :

As a first example, whefe'the increment of the
true.phaee of the'frequency.modulated wave yhich has not
resulied in the reversal phenomenon.exceeds by 2n_ (rad),
for example, where ¢ (K) is 2.6% and ¢ (K - 1) is 0.57,
A ¢.(K) becomes 0.11 (rad) [# 1) (K)e- [} (K-; 1)1 because
v} (K - 1) is fecoénized as 0.6m in the ealculatiﬁg
circuif 4 of Fig. 14. This value 0.1mn devzates from the
normal demoduiatiﬁg range of a to B and takes an
abnormally small ?alue. In such case,-sihee the.outpuf
0.1m from fhe sgbtfacter 6 is not a negative_value, So (K)
= O.ln_ is.inputfed to the reversal phenomenbn compensator
8 without being corrected by ihe disconfinuif& corrector
7. 1In such case, since the demodulating data So(K) which
ought to be demodulated as the whitellevel beeoﬁes a small
value lowering a (rad), the Qelue ebtained_ﬁy adding 2x
(rad) fo-So(K), rather than So (K) itself, can be
consiﬁered apbroximating to the increment of the true

phase of the fregquency modulated wave. However, since the
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a val ue about equal to [err] (rad). In other words, if the conpensation
value [err] is too large, the waveformin the vicinity of a portion where

t he reversal phenonenon conpensation is desired to be effected will be
drawn upwardly when the signal is passed through the | ow pass band filter
and the main de-enphasis circuit and, on the other hand, if the
conpensation value [err] is too small, the sane will be drawn downwardly.
AccqQrdingly, the conpensation value [err] is to be chosen a val ue about
equal to [@PPlerrdd)mi tNRalugel®Es the ancgwmmendf ohi thehdiheasei i Smay
happen to be appropriate to chose the conpensation value [err] to be equal
to [err]. CaRBiderrd &8nBendat (5AdYal dd [1& cpnsd dered 3@PLORI adGudi® to t he

val t ai nj d), but al | hap d). .As d
il e €N EABLEY, 9] Qe D STTAL S LA e oCRAL, RS
d t " but attaj I ly t
1ave, 0ocs 8P FCGRLGS! o G e IR HELUGARCHE SR, g o1

(that i, phectags eanat O (B! LHTcANISC suahei] thigel 3 alpfesiecomes

(rad) [= [err ecause [err

recogni zed as [err] therfdompd®éalion’ aR14é 20dgch thRiGl @dBe 18 in
di scontinuity corrector 7 so as to result in So(K) =[err] (rad) which is

a | arge vappgcexeeedengctea nangRmfiderdid®rét thel BosUehingsao Bence the
denodul ati ng data So(K) which ought to be denpdul ated as the black | eve
takes a | asgeavatuabentcequag terif (rad),. it

g; In other words, if the compensation value & |is
too large, the waveform in the vicinity of a portion where
the reversal phenomenon compensation is desired to be
effected will be drawn upwardly when the signal is passed
through the low pass band filter and the main de-emphasis
circuit and, on the other hand, if the compensation value
£ 1is too small, the same will be drawn downwardly.
Accordingly, the compensation value & is to be chosen a
value about egqual to B8 (rad). Nevertheless, as a result
of this choice, it may happen to be appropriate to chose
the compensation value & to be equal to 8 . Thus, the
compensation value £ is a value about equal fo the value
containing 8 (rad), but smaller than B (rad).

As a Second example, where the increment of the
true phase of the frequency modulated wave does not exceed
27 (rad) but attains a #alue about equal_to 2 (rad), for
example, where A ¢ (K - 1) is 0.5 and ¢ (K) is 2.4mn
(that is, the increment of the true phase is 1.9m), A @

-0-t Tr
(K) becomes @3 (rad) [= ¢ (K) - ¢ (K - 1)) because & (K
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is prope

r to enploy the previously described [err] (rad) for the

denodul ated output. In a third exanple, where the increnent of the true

phase of
attains

[err].
Wi t hout
rever sal

'_ fromthe

e SERAH B L0 Sarep 8 0 48 Lerda fTafh o n 5USh KBPRs NdERe! NE

denndulatlng dat a SO (

t akes the,
previ ous

t he frequency nodul ated wave does not exceed [err] (rad),

but

a val ue about equal to [err] (rad), for exanple, where [err] (K)
is[err] when [err] (K- 1) is [err] and the increment of the true phase is
[err], the output [err] (K) fronlthe subtpactor 6 becones [err] (rad) [err]

d) is,.g/

Since this value is not a ativeg val ue, (F) % (ra
bei hYy ESFP&riZrbyashd - d‘i’éco T2nffty 2cHFeleol ¥,
this case out

RB&tY eliSto the
ut So( K)

4H§E§HFF%&%§%cB??thoF*f?ﬁ%ghﬁg ﬁylgﬁ&f?ﬁﬁQEaex%%egfnétrm

ought {§%e Gend € blac

el &' e t
Iy escrr?%egﬁ?errrgg( E’gd) fg(rpt e dem%‘fmﬁe%éﬁii gﬁ%ﬂaislagef ourth
exanpl e, qdma EPSEing dBt&hsaeky WRSEA! o@khitha POLer deReRWAfa t&@ REVer sal

| evel

phenonmenon to the black side the increnent of the true phase of the 50

frequenctHe il £¢iedl ¥&E takes & DNeggé i velvel eeceédingxBnphkeadperil (K)
[err] (rad) when [err] (K- 1) is [err] (rad) and [err](K) becones
[err] (rid)pfeper ¢&) empllewr |thieK prebijonsllyt desermidbed s§uséead) Afdoording to

becomes

a result
val ue, t

of experiments conducted, although [err] (K) is of a negat
Heheabkrmmadel ated output.

In a third example, where the increment 6f the
true phase of the frequenéy moduiated wave does not exXceed
27 (rad), but attains a value about equal to 2« <(rad),
for example, where ¢ (K) is 1.97% when ¢ (K - 1) is 0.1#
and the .increment of the true phase is.1;8n ,» the 6utput
A ¢ (K) from the subtractor 6 becomes 1.8% (rad) [é ® (k)

- ¢ (K - 1)]. Since this value is not a negative value,

ive

So(K) = 1.8 (rad) is, without being corrected by the

discontinuity corrector 7, inputted to the reversal
.phenomenon compensator 8. Even in this casé, the output
So(K) from the Qisconfinuity,corrector 7 becomes a large
value exceeding the normal demodulating range of a to B8
(rad). In such case, since the demodulating data So(K)
which ought to be demodulated as the black level takes the
value exceeding B (rad), it is proper to employ the
previously described & (rad) for the demodulated output.
As a fourth exampfe, the case in which as a
result of the occurrence of the reversal phenomendn to the

black side the increment of the true phase of the
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val ue thereof, that is, | [err] (K) | =[err] (K), is very
accordingly, nore often it satisfies~the follow ng formula.
of this, the output So(K) = [err] fromthe discontinuity co
on such[err] mﬁll in most cases, greater than [err] (rad)

formula (9) such case, S|nce as a resuylt of

phenomenon ftre‘{‘ﬁ‘énﬁiya&?dﬁ 'd%tSt‘cJH‘fﬁg takefeaddBdltdtihg”

cnough Lo SRy i § (EY s fondy 'R t% e b Ben BubRoS
denodul at eq, escn%eg \@I‘ye(@pogg §§"‘é§ otqrger([]r]ad)( ?‘d) %

preV|oust val ue fift exanple

as a~f esul ty yof Jihg qwrg@ %é}p reversal phenonmenon to
the increnment of the true p the frequency nodul at ed

smal | and,

[err] In view
rrector 7 based
according to the

he re¥ersa

Bat'¥ sot RY which
5 ¥?h2? ohfr ¢

pat the

e ca e |n whi ch
t he bl ack side

wave takes a

positive val ue, but md@fﬁaﬁ@lioval Hesuf O o exakpl®imefitis] dAfPICEe&Er I ]

(rad) will now be discussed. 1In such a case, since as are

sult of the

reversal plenbheogh tA gha B ack difdea ogegariivg ivabde, thiee sies@tukati ng

data So(K) which ought to be the white |evel of about [err]
appears thatalidet dhegetoltfe vengtsial,l | \val de(Bhilclk +A ¢maKkDh
(rad)- and, therefore, it is appropriate to enploy the pre

(rad) it
gr itshaveny
vi ously

descri bed wpakl[ @and. (pEd)orfdi nele demoaid ae €d egut pat s aki siéieisnbthere

di scussed, if the output from
following formula.

O -A P (K) ¢ 21 - B (rad) eccccccen.
v
In view of this, the output So(K) = 2n + A ¢ (K

) from the

discontinuity corrector 7 based on such A ¢ (K) will, in

most cases, greater than B8 (rad) according to t

he formula

(8). However, in such case, since as a result'of the

reversal phenomenon to the black side occurri
demodulating data So(K) which ought to be the w
of about 8 (rad) it takes a value large enough
8 (rad), it is appropriate_to employ for the d
output a value about egqual to 8 (rad), tha

N~ previously described value £ (rad).

ng in the
hite level
to exceed
emodulated

t is, the

In a fifth example, the case in which as a

result of the occurrence of the reversal phenomenon to the

black side the increment of the true phase of the

frequency modulated wave takes a positive val

very small value, for example, A ¢ (K) becomes 0.

ue, but a

1t (rad)

will now be discussed. In such a case, since as a result

of the reversal phenomenon to the black side occurring in
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the reversal phenonmenon conpensator 8 is expressed by S2(K), the selection
Is perforned to the input signal So(K) according to the follow ng fornul as.
Wen So(K) [err] a, S2(K) = Wen So(K) [err] S2(K) =Jerr] If a <
So(K) < [err], S2(K) = So(K)...... (10) Fig. 20 illustrates the exanple in
whi ch the reversal phenonenon conpensator 8 shown in Fig. 19 is constituted
by a read-only memory 34. In this enbodiment, the output So(K) fromthe

dlscontlnyﬁgydgggaﬁ@hQﬁ ? S 50§ Lk $dwRS ) Algh €SS oAbelhire r @RGt@N Yy
menory 34 stores suc able that, so far as the address Ais within the

range of pev&lAotl @bt A heqeuy ent @bpshes ' erdt 98l yanesDR}e34eaan be
rendered in conformty with So(K) and the contents of the read-only nenory.
34 for themaanpevafl dbe vatfe@ssi & suchl aerA fhaml aa ofrAderrdndare W/
rendered to be [err]. Even with the use of the read-only menory 34 for the
reversal pheratope,cdnpehsatappropriarnt eoper aemplaya trlrmmevanusguvve
effects, simlar to those exhibited by the arrangenent of Fig. 19. The
reversal @henvhbadnvednpeisallzedy éprtKQGSQGMOd@ adeduenitdN tshown in and .
described with reference to any one of Figs. 15 to 20 can be equal.

appl i cabl e by conveA§i B¢ neknbiefpag| ét‘éd“’sﬁ-’g‘?fhi bt S éli‘??‘b& ? "};nal 0g
FM denodul at or 44 shown in qu%1 1 into the dlgltak slgnal L 9aq %

i |l ustrat bBea EYEES@ Y BReNARGR AR, Gompensator & 1s expres ed by

S2(EK), the selection is performed to the ;npnt signal
So(K) according to. the following formulas.

g,

When So(K) = a, S2(K)

When So(K) 2 B, S2¢(K) = &,

1f @ < So(K) < B, S2(E) = SO(K) .e+ve-r-vese (100

| Fig. 20 illustrates the example in which the
reversél phenomenon compensator SIShown in Fig. 19 is
constituted by a-fead-only memory 34. In this_eﬁbodiment,
the output So(K) from the discontinuity corrector 7 is
specified as an address A. This read-only memory 34

stores such a table that, so far as the address A is

O

within thé range of a < A < B, the content of the réag-
only memory 34 can Be'rendered in confbrmity'with So (K)
~and the contents of.the.read-only mgmory 34 for the range
of the address A sﬁéh as A.= « or A 2 p are rendered
to be Z'. Even with the use of the rea¢-only memory 34
for the reversal ‘phenomenon compensator, if can operate in
a manner,.and_nge.gftects. similar to those exhibited by
the arrangement of Fig. 19.

The reversal phenomenon dompensator 8 0f the
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t he | um nance signal processing circuit used in the reproduction system of
the video tape player provided with the reversal phenonmenon conpensator 8
~according to the present invention. [n Fig. 13, parts alike those shown in
Fig. 1 are designated by like reference nuneral used in Fig. 1 and,
therefore, the description thereof wll not.be reiterateged except r the
fol | owi ng A% N HY ﬁﬁw FSsﬁFé.be?&mrté\‘ eﬁeeﬁ%%e ?ﬁm?gl ahg

tepkesents a |ow.pass_fil or e [ ng an ecess t he
anal og dent?dh?a?éda}i’i%ﬁal H%’lpﬁ?té(? ?“Fix)ir'nt e & a%ogFgMaJd%ﬂggtrﬁjggg? 4§§

reference m&gkatﬁ%e%%seﬁaoaﬂ@@é@gg ileh &1 Ol p G RRVA! Lo MaYhBY 2

sanpling c perable to convert the anal og denodul ated si gnal
Fnputted framtdie i dncPuldid T 446snbPhoia #ig.tal sienathereigicace
nuneral 8 represents the reversal phenomenon conpensator; reference nuneral
48 represedigmaldi gi tal -to-anal og converter operable to convert the output
fromthe reversal phenonenon conpensator 8 into an anal og signal; and
reference nunmeral 49 Rigpressntid lad pva pess af iditraru Dpeb bintle 4 bageamvefan
unnecessary conponent of the anal og denodul ated signal inputted fromthe
digital -to-th€ 1umbimedngecanivenadr piBocBisg.i w8 icliltusu i 4t aks ed bligcktber cui t
di agram showi ng the application of the reversal phenonenon conpensator 8
of the consteRradust itmavs femiqf thee tvider bareoBl AXeHeRFAVE4E8r Widh

denodul ati ng the frequency nodul ated wave of the tgpe wherein the ggper and
| ower the reversal phenomenon compensator according to e

Co present invention. In Fig. 13, parts alike those shown in
> Fig. 1 are designated by like reference numeral used in
Fig. 1 and, therefore, the description thereof will not be
reiterated, except for the following differences.
Referring now to Fig. ;3, :eference numeral 46 represents
a low pass filter for removing an unnecessary component of
the an#log demodulated signal inputted from the analog FM
demodulator 44; reference numeral 47 represents an analog-
to-digital converter having a sampling cycle T and
operable to convert the analog demodulated signal,
k/ inputted from the low pass filter 46, into a digital
| signal; reference numeral 8 represents the reversal
phenomenon compensator; reference numeral 48 represents a
digital-to-analog converter operable to convert the output
,from the reversal phenomenon compensator 8 into an ahalog-
signal; and reference numeral 49 represents a low pass

filter operable to remove an unnecessary component of the

analog demodulated signal inputted from the digital-to-
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si de- bands are suppressed and enphasi zed, respectively. In this block
circuit diagram parts alike those shown in Figs. 13 and 16 are designated
by like reference nunerals used in Figs. 13 and 16. In the case of the

vi deo tape player for hone use, the maxi mumvalue f1 and the-m ni rum val ue
f2 of the instantaneous frequency of the frequency nodul ated signal is
fixed accQundiing (& dJi- {dedbgncy allocation of the frequency nodul ated
signal as hereinbefore discussed. Accordingly, if the frequency nodul at edy
wave is reproduced iy ghe 258ne] vay tasa t Bat alus i 0¢kt hei readndidigagwaie, t he

| evel of .the anal og denodul ated signal relative to the maxi rum and m ni num
val ues f 1savuwi dgcath 8e alphebf ekitGadd yodettch @i metv ecs® Ui ph amo miech vave
detecti'ng characteristic of the anal og FM denodul ator. The naxi num | evel ‘of
t he val ue colppinsat dxy 8aofl ithg icloasdmaicdd odesb@dvmtidy Kigmnalé but puet ed
-fromthe low pass filter 46, at the timng Sk) is a denodul ating | evel :
[err] cor@@pongli FY demaduiedpenéy rf demadiia i RgmiMe efEPAUEREEof is a
denodul ating level [err] caorresponding to the freque

 f2. It b
said that mpdulated ¥aRRIUPALithE | XRe YEPFFieortr'b%p‘bagért 8“Ferlr‘i‘r;?¥ad)e of
th t put 'K) f t he di ti ity tor_ 7,i th I, Qi FM
omodul bt 8 SR DA LS. AEPRRRRAAS: 1Y FRFRAS A4+ CEERBSARel S o )

f th t.put, . So t. di,. tj ity : Tivnd. , s

oroer o TV SRS RORE G BB A s mat HRLOR Y

order to _ I'ncide w e respective
Figs. 13 and 16 are designated by like reference numerals

used in Figs. 13 and 16. - _ . W

In the case of the video tape player for home
use, the maximum valﬁe fi énd tHe minimum'vglue'fz of the
'instantaneous frequency of the frequenc& modulated signal
is fixed according to the frequency allocation of the
:frequency moduléted signél as hereinbefore discussed.
Acéordingly, if.the frequency moduiatéd wave is reproduced
in the.same way as.that during'the recording mode, the

level of the:aﬁalbg demodﬁlated signal relative to the

-maximum and minimum values £f1 and f2'can be'theoretically -~

determiﬁed according to the wave détecting characteristic
of the analog FM demodulator.

The maximum level of the value obtained by
sampling the analog demodulated signal, outputted from the
‘low pass filter 46, at the timing (k) is a demodulating
level ¢ 1 corresponding to the frequency f1 and the
minimum leﬁél thereof is a demodulating level ¢ 2

corresponding to the frequency f£2. It may be said that
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enbodi nents of Figs. 15 to 20, the sanpling value is expressed by So(K)
and it is also assuned that the various values [err] and [err] are set to
their counterpart values. Since the conpensating operation according to
this enbodinment is carried out according to the previously described
formulas (6) and (7), the details thereof- will not be reiterated for the
sake of brevihe, demedeiatihgi tevelbe nOCedrbhabnﬂbetanS%ogr@dnommzwhaj
signal outputted fromthe |ow pass filter 49 can assume a denodul at ed
signal simleutpytt St (EKh fhemertiredidiestont i Riug.tyleconremitolr theipedresal
phenonenon is suppressed. Wth respect to the anal og denmodul ated si gnal of
t he frequencdi&btal aFMd depedudf tpe S0upwhieeas nthacdepedunl atd ngpodavel

Si de<bands are_suppressed and enphqéized, respectively, the reversal
phenonenon chrefibesdond® £8nS5 uefi drhen8Wt PHEFS0 (K9 cAF R &d&d in

th |, ph X t 8, i i ch t he ti

e ever ool RERAITISN: ESTRERRRLTG S 1 1 HHlias. 0. SOUBEI b, (o
d (5. M ifh . t l.ot " . d t 55 ' f

o0 (5], 0B lEEPSS! mi Oy SRR TR TS popiIYe o

henonenon conpeRaaten tg off (RTER L § ke (FORTENE PRoRMTACYELEE s,

phenonmenon conpensat or e~construction $hown

reference toegpyedsea OBKF'SQ?K? 14n@nflt 185Ca0s8! a9shime@MbAtCdne FuritusOt her
hand, with respect to the anal og

values a, 8, v, 8, € and & are set to their
¢
/- counterpart values.

| Since the compensating operation according to
this embodimént is carried out according to the previously
described formulas (6) and (7), the details thereof will
not be reiterated for the sake of brevit&, however, it is
to be notéd that the analog demodulated signal outputted
from the low pass filter 49 can assume a demodulated
signal similar to that in the embodiment of Fig. 16 in
which the reversal phenomenon is suppressed.

With respect to the analog demodulated signal of
the frequency modulated wave of the_type wherein the lower
and upper side-bands are suppressed and ehphasized.
respectively, the reversal phenomenon compensator of the
cons¥ruction shown in Fig. 15 éan be used in the reversal
phenomenon compensafor 8, in which case the combensating
operation {is carrie& out according to the previously
described formulas (4) and (5).

Moreover, with respect to the analog demodulated
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. denodul at ed signal of the frequency nodul ated wave of the type wherein the
upper and | ower side-bands are suppressed and enphasi zed, respectively, the
reversal -phenonmenon conpensator 8 of the construction shown in and
described with reference to any one of Figs. 19 and 20 can al so be :
effectively used to give simlar effects. [err] replaced by double digita

1Tow pass filters each of which is connected to any one sides of the
According to the present invention, as hereinbefore fully described, the [
desi gn hasigeah phidéheo frieauengiyemodid ad@doMave &f dlrep kYRR WhRRSI If r om t?fe
nor mal depodul ati ng range, the denodul ated out put can be replaced with a

l evel in WREcH Hoe ev%PgaI“?)HérYon%hSr‘F'o'&éﬂt"é IS FUPLTERE BAS ated

tput of the | | within th | dermdul ati be obtai ned \g¥
al | 11 mese BENASY 290" piTc BPES BEVR] ¥ epdthicEE AT BRI dPER By PEBATN ar o

bst ant i  § t.h f the black [ [ :
maki ng.t HEPREShE 8P ELRe oo oA TSP HEPBrBscm 1T chERSA IRA ui 1y
been 56 i S eellaedndd CANNGEL | BRe ot il P £F chhgd18TRAM! TYeS dher eof
with reference to the acconpanying draw ngs used only tor the purpose of

illustratémproyb@se ol lth@d dthdhadld, Wi dh FEaPklct CQUICEH¥E anAUG OUS
changes and .nodifications within the framewrk of obviousness upon the
readi ng odemb@uspeedf sGaniadn Jreraid preégeshed Rbdhinatracsave iorverHd on.
By way of exanple, while in the ' , '

" type wherein the upper and lower side-bands are suppressed

and emphasized, respectively, the reversal phenomenon

compensator 8 of the construction.shdwn_in and described ™
with reference to any one of Figs. 19 and 20 can also be
effectively used to give similar effects..
Alsor—tho—analog—low pass ‘i!*ei'_Aﬁ c e
replaced by.double digital ldw pass s each of which
is connected to_ e of input and output sides of the
According to the preseht invention, as
hereinbefore fully described, the désign has been made so .
that, when the demodulated output deviates from:the normal A4

demodulating range, the demodulated'output cah_be fepiaced

~with a level in which no reversal phenomenon occurs.
Therefore, the demoduiated-output_of the level within the
normal demodulating range can be obtained at all times so
that the pictures being reproduced on thé display screen
are substantially free from_the appearance of the black or
white sweep linés; making them comfortable to view.

Although the present invention has fully been
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f oregoi ng enbodi nents the range in which the reversal phenonenon is
conpensat ed has been described as within the range of a to [err] (rad)
and the conpensation values are chosen to be a [err]and[err],, these val ues
are in practice to be chosen to respective val ues appropriate to [err] and

[err] whichda@serdeled M pedoanetdidw ¥@thhaHd epieney rald anrbedhmeh tishe
frequency nodul ated wave and the sanpling frequency, both determ ned

accQrding tehéheofeadtHi pgfandnee rteoproducidgpmysheimgl difer ingeousade

- player, and the stability of the reproduced frequency nodul ated wave. Al so,
each of theonbysfant thenpunpose odyibéussmatibntedhnoe okliylied time the
read-only menory, but also by a digital menory, and may be so designed that
therespectave pwdslet o¢ ad ichy breo gl verl nhigrer® by MmhAR H¢Sa 3ada
setting swtch. CLAI M5 1. A frequency denodul ator, which conprlses a
di gital FMuedbfiurationsnehthinothee éPWEHgf§ueée9§i"\’/9“FW§FgH§P§

denodul ating those FM signals, and out putting successive digital

denodul at edF 828AAEs © fanthe ;S Besbf § 812 t hendediohn BGﬁﬁﬁ&&gSr°@mFBﬁ is

adapted, for each digital denodul ated signal: (i recelve
digital den®BEF&MY ngﬁan*sW('u) Ytd%teﬁmﬁféam%srhé’?' TLgein éf‘
(08 ol ey o BB T RSBy !
' phenomenon is compensated has been described as within the
range of a to B8 (rad) and the compensation values are
chosen to be a, B, r, 8, € and &, these values are
in practice to be chosen to respective values appropriate
to SA and SB which are determined according to the
frequency allocation of the frequency modulated wave and
.the sampling frequency, both determined according to the
"recording and/or reproducing system of the video tape
playef. and the stability of the'reprbduced frequency
modulated wave.
Also, each of the constant generators may be
N/ constituted not only by the read-only memory, but aiso by
a digital memory, and may be so designed that the
respective preset value can be supplied thereto by means

of a data setting switch.
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fromthe correspondi ng denodul ated signal; (iii) "to output the value
of the digital denodul ated signal when the value thereof is within the
predet erm ned range; and (iv) to output a conmpensation val ue when the
val ue of the digital denodul ated signal is outside the predeterm ned range,
whi ch conpdd=EENS)n val ue is predeternined i ndependent of the value of the
di gital denpdul at ed signal s | medi ately precedi ng and succeedi ng
the digitall demdtfzaquengy)deneiukatonewhich heompoisese the o
predeterm ned ran g,. t he_conpensation val ue being within the

pr edet er mi ned rﬁg&.gé'.c-al AY rdenedulagingdmeans fecomegRivingl aim 1,

dempdul at oF ST A1 SLEE Ay BRPGIA NG those @M Signalsy s+ O
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00t he- phaseint ¥ he TR ek HERPRLROR, | cBnBlnBAREE, ThngeR ¥ it ™
out put 1 T om LR el o el G, i e WG £ TS an out put from
the [err] gHase shifter receive the digital demodulated signals;
(i1) = to determine whether the valﬁe“.of the
demodulated 'signal is within a - predetermined
demodulating range of a to B8 in which:'range no
reversél .phen_ome_non occurs in a. picture r_eproducéd_.
from the corresponding demodulated signai;_'  _
(iii) - to output 'the value of the digital
demodulated signal_when the value thereof is within
the predete:mined range; and. |
(iv) to output a c'ompen_sation. value when the.
value of the digital demodulated signal is outside the

- predetermined range, which compensation value 1is

predetermined indépendent of the value of the digital - i;’

demodulated _'éignals" immediately préceqing and
succeeding the digital:demodulated_signal determined
to be outside the prédetermingd range, the
compensation value being within the bredetermined
range.

- 2. A frequency demodulator according to claim 1,
wherein the digifal FM demodulating means comprises an
analog FM demodulator and an analog4to-digita1

converter.
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a delay circuit for delaying an output fromthe calculating circuit for a
period of time equal to one sanpling cycle T, a subtractor for subtracting
an output of the delay circuit fromthe output of the calculating circuit;

From the subtTact o Teatenty (dinalii fEbkadcrtBALntoPh: etk oy “One of
Lovel, and upper 245 PRE B GrEIE T AR Tl B, Bone BOR: ™ e

conpensation val u%s&i&%‘aﬂ&d&;ﬁ@' Corhvirter'\NESE | Sonvedtbfnyi Cinity

of the lower limt value a.” 5. frequency denodul ator according to any

one of clai meidpitted FMiesfgialhentdéhg angutaedsidhaignal is of a type
havirg t he upper and | ower side-bands suppressed and enphasi zed,

respectively,  the SO mphesat ishii fidrt €oxs shiigtangt 90Pethe phase [¢fr] whi ch
s 59 in the vicinity of the upper limt value B. 6. A frequency
denodul at or dtherehnuerteddigitabfsigmabs 1 to 3 wherein when the inputted
FM signal is of a type having | ower and upper side-bands suppressed and
enphasi zed respect® velS2laBting he elaeenithatfohe depfermingrodwud at ed

si gnal outputtgf fromthe digjtal FNIdenDduIatin% means has on[g one poi nt
devi ating fr STRYFHLGHGIQMI OfentRRl 4KV/X] rihgEeinn& cERpEASEntSn the

output from the analog-to-digital converter and Y
represents an output from the 90° phase shifter; .‘
Y a delay circuit_for delaying an output from the
.calculating circuit for a period of time equal to one
sampling cycle T;

a subtractor for subtracting an output of the
delay circuit from the output of the calculating
circuit; and

a diécontinuity corrector for correcting the
discontinuity of an output from the subtractor. |
4. A frequency demodulator according to any one of
the preceding claims wherein the inputted FM signal is
of a type having lower and upper side-bands suppressed
and emphasized, respectively, the compensation vélue
is chosen to be a value € which is in the vicinity of
the lower limit value «a.

5. A frequency demodplator according to any one of
claims 1 to 3, wherein when the inpufted FM signal is
of a type having the upper and lower side-bands
sﬁppressed _ and emphasized, respéctively, the

compensation value is chosen to be a value { which is
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value is chosen to be the lower limit value a, and in

the even that-the-digital demodulated;signal has two

points successively deviating in the'same direcfion
from the normal demodulating raﬁge, the compensation
value for the first point is chosen to be the lower
limit value a' and' the compensation value for the
Second point is chosen to be value Y smaller than the
upper limit B8 and in the vicinity of the upper limit
velue B.

7. A frequeﬁcy demodﬁlator accefdihg to any one of
claims 1 to 3, wherein when the inputted FM signal is
of a type-having upper and side.bands7sﬁppreeéed and
emphasized, respectively, and in'the event that the

digital demodulated signal outputted from the digital

FM demodulating means has ‘only one point deviating

from the normal demodulating tange,'the eompensation
value is chosen to be the upper -limit value B, and in
the event that the digital demodulated signal has two
points successively deviating in the same direction
from the normal demodulating range, the compensation

value for the first point is chosen to be the'upper
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a discrimnator nmeans adapted to receive the digital denodul ated signal,

whi ch has been obtained in the digital FM denodul ati ng neans by

denodul ati ng the FM signal of the type having the | ower and upper side-
bands suppressed and enphasi zed, respectively, and operable to discrimnate

whet her or notlinhet | wReof Bt hindli ghbal colfparideigs vaaual £exi atgs from

t he predeterm ned denodul ating range of a to B; and a constant generator
neaRs’ for out medomd poiroienshosen tol be hevalud radlarditish e to be in
the vicinity of the lower limt value a (rad) of the normal denodul ati ng
range; and a d&wan crimitins énd $»| thei michhetgi gift sheddomen atiad tsi gnal in
the event that a result of discrimnation performed by the discrimnator
meah€ is w t hividluee %r edet ermi ned denodul ati ng range and for selecting the
conpensation value [err] (rad) in the event that the result of the

di scrimnatio 'dewp‘at ﬁEeQPﬁﬁFYh@wam@th@r&ﬂg@lgimA%requency

denodul at or acxor o claim4, wherein the reversal phenonenon

conpensat or en’éﬁiﬁ?§sﬁ%aﬂ§ew¢@f‘ SPMPERFE tAIIFEFRTASESEsent ed by

the digital d dul_at bt din the digital 61
deerd:JIg:at ?ng ?rengngagyggg gﬂ?&?gﬁﬁalt'géa’r‘—%ﬂ ?ldﬁﬁ§leld(g):‘t?hé'ec‘ﬁ5‘é’%a\??’ﬁg t he

romory means. RATAE L eAqre AT BR G e e HAT B B Bt GRS In T S
the digital FM demodulating means by demodulating the
FM signal of the type having the lower and upper side-
bands suppressed and emphasized, respectively, and
operable to discriminate whether or not the level of
the digital demodulated signal deviates from the
predetermined dembdulating range of a to B; and

a constant generator means for outputting a
compensation value € (rad) which is set to be in the
- .vicinity of the lower 1limit value a (rad) of the
normal demodulating range; and
‘a selector means for selecting the digital
\/ demodulated signal in the event that a result of
discrimination performed by the discriminator means is
within the predetermined demodulating range and for
selecting the compensation value € (rad) in the event
that the result of the discrimination deviates from
the normal demodulating range.
g. A frequency demodulator according to claim 4,
wherein the reversal phenomenon compensator comprises
a memory means having an input addréss represented by

the digital demodulated signal obtained in the digital
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address when the input address corresponds to the predeterm ned

denodul ating range of a to B, but which is a conpensation value [err] set
in the vicinity of the lower limt value a of the predeterm ned

denodul ati ng range when the input address does not correspond to the nornmal

denpdul ati ng FMEEndiuPathd meldhs by ERHANL A tdAGOEHE R s BGROL BT O
claimb5, wherein the reversal phenonenon conpensator conprises: a

di scri mi nat oren@aneypelaeding €86 VEowde Cari t alppterodiad-shsdgnal, W

whi ch has been obtained in the digital FM denodul ati ng neans by -

- denodul at i ng suppFéésednahdoemphastigpd, haespgctticreldynersadd] namery si de-

bands suppressed and enphasi zed, respectively, and operable to - o

di scri mi nat e méaRn$chavingot@ t¢entewt| wbichhdsdiequal tdefbgulinput signal W °

deviates from _the predeterm ned denodul ating range of a to B; a constant

gener at or neafd¥ess owhen tthe dnripeaddress RATFESRANAs wAPcHEhe set to

be in the vicinit of the wupper |imt value B of .the predeterm ned -

denodul at i ng R%Q%?e%%d s@@‘-!@é%aﬁ%sr?‘?ﬂe A &t P mé"ﬂi“g} -

denodul ated sj gnal _in the eyent ;t&at a result di scrim.nati erfornmed

by the discri &u%?%%ﬁﬁ%#%ﬂﬁ ue £ ek dRe -elfzﬁg‘r"‘mtﬁe(?fge ul ati ng

.range and for % ' t.he, conpensat,i.o e ler it by L M S

* event t hla?%? ﬁ?#@%l‘f%‘fa '[T%ec’t(sj?%lﬁ irl?#enﬁtﬁeox[ﬁ“%ﬁ{eé\ﬂ é#éns r]'(?%itx}%e

predet er m r‘e%éj'?d@%éﬁ" 28e’ AWHPut address does not correspond to
the normal demodulating range of a to B.
10. A frequency demodulator according to claim 5,
wherein the reversal phenomenon cbmpensator_ comprises:

a 'discriminator ‘means adapted to receive the
digital demodulated signal, which has been obtained in
the digital FM demodulating means by demodulating' the
FM signal of the type having the upper and lower side-
bands suppressed and emphasized, respectively, and
operable to discriminate whether or not t_l'i'e level of
the digital demodulated signal deviates from the
predetermined demodulating range of a to B; -
a constant - generator means for outputting a

compensation value { which is set to be in the
vicinity of the wupper 1limit wvalue 8 of the
predetermined demodulating range; and

a selector means  for selecting the digital

demodulated signal in the event that a result of

-

discrimination performed by the discriniina_tor means
(101) is within the predetermined demodulating range

and for selecting the compensation value { in the

ez | | R A6 O




11. A frequency denodul ator according to claim5, wherein the reversa
phenonenon conpensator conprises a nmenory neans having an input address
represented by the digital denodul ated signal obtained in the dlgltthFM
denodul ati ng nmeans by denodul ating the FM signal of the type having t e
upper and Iom@Wﬁﬁ?ﬁghﬁﬁuEP%uﬁ9$ég§e@faﬁbeeﬁﬁﬁ&§iﬂé&?t#@§pé@ﬂﬁ@éﬁ§, sai d
menory nmeans ving.a content which is equal to the i nput address when the

i nput; addr ess ¢ RFe QF?WR§Tﬁ4xﬂﬁ %ﬁi}qgﬂﬁﬁﬂﬂﬁning ran?etﬁf ato
[ [ ' t I.Ci ni 0 e upper
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lower limt value a Of the prede m ne ating Tange e digital

derpdul ated sitB@aliigdtadNaenBaulSREA% HIndD oG 11pdthReaygReh1! i M t
val ue B of the predeterm ned denodulating range; a constant gener at or

for generati F¥ demedodarengankansvey Wehddilatiig thePFMasighug sgal | er
than the upper limt value B and in the vicinity of the upper limt B, a
first discritheat typenehavingncithei ngppezi dandnslewér gestdetbandand f or
generating the lower limt 63 _
suppressed and emphasized, respectively, said memory
means having a content which is equal to the input
—/ address when the input address corresponds to fhe
predetermined demodulating range of a to B, but which
is a compensation valuelc set in the vicinity of the
upper limit value B of the predetermined demodulating
range when the input address does not correspond to
the predetermined demodulating range of a to B.
12. A frequency demodulator according to claim 6,
wherein the reversal pPhenomenon compensator comprises:

a constant generator for generating the lower

limit value a of the predetermined demodulating range

N
for the digital demodulated signal;
a constant generator for generating the upper
limit value 8 of the predetermined demodulating range;
a constant generator for generating the
compensation value 1t set to be_a'value smaller than
the upper limit value B and in the vicinity of the
; | upper limit 8;

a first discriminator means including said

constant generators and for generating the lower limit
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value a and the upper limt value B, respectively, and adapted to receive
the digital denodul ated signal obtained in the digital denodul ating
means by denodul ati ng the FM signal of the type having | ower and upper

si de- band suppressed and enphasi zed, respectively, and operable to

di scri ni nat G%Q’?E‘Lhﬁr agé mé%ﬂg%ﬁ? ‘-;gl%éﬂg'dgggb?bgietggglél; _gga}g_ si gna_l___ |

devi ates fro € predeterm ating range o0 i rst

~sel ector neagar?équs%gctgé&{@ Lt?;\éerdi'#ﬂjéél vV @atdbduldted s¥gnal from thgs

di scri m nat or ans is affirmative, but Tor selecting the digital

denodul ated opthdpald id thée aiguidUl ddmodulatiiyy dimesnsi nbyor neans
I's negative; a delay circuit for delaying an output fromthe first sel ector
means for a YemgdhleftinigmetlvsuFpM bidgnad sfnHenctype|kavWing owemd '
di scrim nator neans for discrimnating whether or not both |levels of the
out puts fromahlde fupper sebddeebandansupprassedieland ci emphesigedequal to
the lower linmt value a; and a second selector neans for . selecting

t he conpensarespeciivelly,i andn opemedrlel torddserimdnagedwbethenQor neans
is affirmative, but for selecting the output fromthe first selector means
i f the out punotr ofhehelevedndfli sehe niddidie e 8800AN1ALES | $49183 A

compensat or  B8TIARSSs SXRM SR, BAEOGSRERING QAABREYeESPPcEErg Offe 64 &
C L M_a'th;l*.' - _ - o . : :
a first.selector means forfseiecting the lower .
limit value al J.f an outpﬁt from the_ discriminator
means is affirmative, but for selecting the digital
demodulated signal if the output from  the
discriﬁinator means is ﬁégative: |

a delay circuit for delaying an output from the
first éelector means for a length.of time equal to one
sampling cycle T;

a second diséfiminator meahs for discriminafing
whether or not both 1levels 6f the outputs from the
first selectq; means and the delay circuit are equal | ' N
to the lower limit value a; and

a second selector means ‘for selecting the
compensation value Tt if an outputlfrom the second
discriminator means is affirmatiﬁe;_but for selecting
the output from the first selector means if the output
from the second discriminator means.is negative;

13. A frequency demodulator according to claim 7,
wherein the reversal'phenomenOn compensator comprises:

a constant generator adapted to receive the
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digital denodul at ed signal obtained in the digital denodul ati ng nmeans by
denodul ating the FM signal of the type having upper and | ower side-band
.suppressed and enphasi zed, respectively, and operable to generate the

over 11t d@liiea; daefbaulBRedd'eiist el ThBedHEaOd thad didnal or the

digital denodul a signal; a const gener at or generating the upper
limt-val ue B fdnddifl PEE50T REFhECByd HEMBHAldtIhg A FA sEgRalas

gengrator for generating the conpensation value [err] set to be a value
l'arger than thehd oype | havinyabppes and lbwele sige-Bahy euppredsager |imt
value a; a first discrimnator neans for discrimnating whether or not the
| evel of the dm ealphdsizdd,atregpectisvielyevantaspdrabild to geaedetaten ned
‘denqdul ating range of a to B; a first selector neans for selecting the
upper limt vdhee [bowériflamitut palue omet hef di thei npretetexrsdmed s
affirmati ve, but for selecting the digital denodul ated si gnal If- the
out put f r omdemasul# ting rangeoforetihe digihtahidempdud adeidagigneddit for

del aying an output fromthe first selector neans for a length of tine equal
to one sanpling cy® eCONSHaBE: @RNGFAKAT nfAHt GeneEATINGorthR s¥PPRThat i ng

whet her or not, .both | evels of the outputs fromthe fjrst selector neans and
t he del ay ci réﬁ“litdwégé’&ug °fot?ﬁ(apfﬁfg%?eli"?"rﬁ?d dempdudating range;

a constant Ggenerator for (generating the

compensation value & set to be a.value larger than the

\_/ lower limit value a and in the viéinity of the lower
limit value a;

a first discriminator means for discriminating
whether or not the level of the digital demodulated
signal deviates from the bredetermined demodulating
range of a to 8;

| a first selector means for selecting the upper
limit wvalue B8 if an output from the discriminator
means is affirmative, but for selecting the digital
demodulated signal if the output from the
discriminator-means is negative:

a delay circuit for delaying an output from the
first selector means for a length of time equal to one
sampling cycle T;

a second discriminator means'fbr discriminating
whether or not both levels of the outputs from the

first selector means and the delay circuit are equal

Y

to the upper limit value 8; and

a second selector means for selecting the
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-a second sel ector neans for selecting the * C L M S

conpensation value [err] if an output fromthe second discrim nator
.is affirmative, but for selecting the output fromthe first sel ector

if the output fromthe second discrimnator neans is negative. 14.

and as illustrat and
acconpanyi ng g et fifnator means 4 acffirméi.ﬁive, but for selecting

frequency der&q‘\t&%&l 5 %ﬁg ?_%lbaléyﬁs a}?er‘E g@scgf&@dtm,_t dcdrfy{ ence to .

any Bhe of Figs. 15to 21 of the

fhe outpnt from the first selector means if. the ocutput
'from the second discriminatcr means is negative.

14. A frequency demodulator substantially as herein
described with reference to and as illustrated in
Figs. 13 and 14 or any one of Figs. 15 to 21 of the

' accompanying drawings .
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