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continuously from arac errstic. The
network, 2% transmission standards In order to prov1de the required

signal-to-noise ratio, the systeny described includes a
noise reduction system. One part of the BTSC noise
reduction system is a variable compression/ expansion
processing step for the higher frequency band of the audio

20 signal transmitted as the SAP, referred to as a spectral
compander. '

In an article "A Companding System for
Multichannel TV Sound" by L. B. Tyler et al. in IEEE

| Transactions on Consumer Electronics, Vol. CE-30, No. 4,
25 November 1984, a circuit implementing a portion'of the FCC
approved noise reduction system is described in more

detail. 1In particular, the compression and the expansion
~ processing circuits, respectively, referred to as a
. .spectral compressor and a spectral expander, are described
30 in detail. .

These circuits both include a variable
preemphasis/deemphasis network. This is an adaptive
network which exhibits a transfer characteristic which
under voltage control, can vary continuously from a

35 preemphasis to a deemphasis characteristic. The network,
shown in the above article, consists of a voltage
- controlled amplifier (VCA) with a variable gain b which can
vary from 0 to a very large number, a first signal filter




shown in the above article, consists of a voltage controlled anplifier

(VCA) with a variable gain b which can.vary fromO0 to a very |arge nunber,

a first signal filter with, a preenpﬁa5|s transfer characteristic 1/H(f)
= [err](f), (where f frequency) a second signal filter wth a deenphasis

conplex transfer chara ristic H ch has the,co ntary response

to the tréﬁéﬁbr(ﬁﬁﬁ?ﬂﬁ ?%ﬁltr é%%;mhh§r§ggg;1§£}geiPHiES 1&2 rand a

subt ract or{(whemif .= /frequency), ta apetendcobgnal efilter ﬁbthaaspectray

Char act or (SEARRARLS GomEfll LMLk (Ealal b ¥ il iéﬁii?@isﬁa?s& eristic

H( f) and Mmqmpiqmnt}arx aesmnserfp@athe tnanafexrrcbaracteristic) The
fam |y 6%}?&%&@@&@&8%&& AR f&&@rtgﬁ& a eeﬁ&saeakaEEresieonse i's

exhlblted I N response to reclproca ontr ol g

Qf,b) = P regylyimg /msaanefvfmﬁget%hﬁw tppna| SPRGHIRY eXpapdefe b,
S den\uui§50n1the RVB val ue of the audio signal in the higher frequency
bands. Specifically, H(f) is a deenpha5|s transfer function with two

“breakpoi nts and has the fO||Cﬁ¢g £ transfer characteristic: [ERRl where
‘p=jfllerr] , f is Q¢ b)ey kHz, [err] .=20.1 kFE and c(¥)51
The breakpoi nt frequencies are Ls 20.1 kHz and [err] /c = 394 Hz.

| nsertion of equatlon (2) ipto equation 25_ ields a relatlon for the
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The family of transfer characteristics is such that a : hi
comblementary response is exhibited in response to
rec1proca1 wvalued control- s1gnals, That is, Q(£f,b) =
15 Q (f 1/b). The voltage control signal, having the value b,
 is derived from the RMS value of the audio signal in the
higher frequency bands. '
Specifically, H(f) is a deempha51s transfer
function with two breakpoints and has the following
20 transfer characteristic:
se = H | (2)
where p = jf/fp,'f is the frequency in'kﬂz, fb = 20.1 kHz
and ¢ = 51. The breakpoint frequencies are thus 20.1 kHz
and'fp/c = 394 Hz. Insertion of equation_(Z)'into-equatiqn
25 (1) yields a relation for the spectral expander :

_ l1+p(bc+l b+1
Q(flb) = 1+p(b+¢)/(b+1 _ : (3)
The fuhction'Q(f;b) in equation 3 is the STsc_system-
‘transfer function for the spectral expander.
- A major disadvantage of the circuit shown in the
30 above article is that two signal filters, one with a

transfer characteristic H(f) and the other with the
complementary transfer characteristic, i.e. H’l(f), must be



cdrrpl ementary transfer characteristic, i.e..[err](f), nust be - 3-

i mpl emented. The two signal filters nuétlugjwcurately mat ched to each
ot,her in terms of both anplitude and phase fqr the circuit to operate’
properly. It is desirable to provide a variabl e preenphasi s/ deenphasi s
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be used in the spectral conpressor_30 _ or, expander illustrated in JFl GURE
1A qr 1B; and M MERtary rans fn Funs oo d%l%?%‘?"g“rﬁﬂs'?’r‘ﬁ R

whi ch may 1% usssbponsehao/adaiprocal valued control signals. The network
includes a signal filter which determines the shape of the
transfer function response characdteristic, and a gain
controlled amplifier which determines which one of the
family of transfer function résponse characteristics is

20 exhibited in response to the control signal.
Embodiments of the present invention will be discussed

with reference to the drawings, in which:

FIGUREs 1A and 1B are block diagrams of a prior
- art spectral compressor and expander respectively;
25 FIGURE 2 is a frequency response diagram of the
_ spectral expander illustrated in FIGURE 1B;
/ FIGURES 3, 4 and 5 are block diagrams of
variable preemphasis/deemphasis networks embodying the
present invention which may be used in the spectral compressor
30 or expander illustrated in FIGURE 1A or 1B; and

FIGURE 6 is a block diagram of a'sampled data
signal filter which may be used in the variable
preemphasis/deemphasis network illustrated in FIGURE 5.

FIGURE 1A illustrates a known spectral compressor
such as may be used as part of a BTSC noise reduction
circuit in a television transmitter in the L-R or SAP audio
path. FIGURE 1B illustrates a known spectral expander such

35



pr eenphasi s/ deenphasis network illustrated in FIGURE 5. FI GURE 1A
illustrates a known spectral conpressor’ 35 such as may be used as part of .
a BTSC nbise reduction circuit in a tegevision transmitter in the L-R or
SAP audi o path. FIGURE 1B illustrates a known spectral expander such -4-.
as may be used as part of a BTSC noise reduction circuit in a tel evi si on
receiver IaIS may P uged -d8 pakb qnﬁta] BTSC &l e ﬁdduamendcbrcuput in
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‘as the soygagj W'ﬁ'&erﬁﬁhé’sf@/&é@d@&é’i@'%ﬂ&ﬁﬁ' . Quh Pt %ﬁ{:m nal 15 of

vari abl e Er eenphasi_s/ deerrpha5| s networ k s also.coupled to the serial 20

conn&ft i ofredPinadsddp /s w3 ahl %%W%’eﬁé@?ﬂphamﬁhﬁe?é?? k2 is
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15 L-R signa whlch is subse ently comb ned with the L+R : _
matrlxed audio 51gnal for transm1551on as the sound
component of a comp051te video 51gna1. o '
Output terminal 15 of variable preempha51s/
deemphasis network 2 is also_coupled to the serial
20 connection of a bandpass filter 6 and RMS detector 4. The
' serial connection generates a signal, b which represents
the RMS level of the higher—frequency'portion'of the audio
output signal. RMS detector 4 contains further circuitry
which produces the reciprocal of this 51gna1 1/b, as the
25 compansion control signal. ‘This compansion control 51gna1
1/b from the output terminal of RMS detector 4 is coupled
to a control 1nput termlnal 25 of var1ab1e preempha51s/
deemphasis network 2.
In operation, the spectral compressor 111ustrated
30 in FIGURE 1A boosts the higher frequencies of audio 51gnals
which have relatively low high-frequency .energy, : and
attenuates the higher frequencies of audio signals which
have relatively high highéfrequencY-energy; The resulting
audio signal contains a substantial amount of high-
35 frequency energy. The likelihood of the channel noise
3 being masked is thus increased.
In FIGURE 1B, an audio 1nput terminal 1' is
coupled (possibly through other processing clrcults) to a




In operation, the spectral conpressor illustrated 30 in FI GURE 1A boosts
t he hi gher frequenci es of audi o signals. which have relatively | ow
hi,gh-frequency energy, and attenuates the'ﬁrgher,frequencies of audio®
signal s which have relatively hi gh hi gh-frequency energy The resulting
audi o signal contains tan I al. ampunt _of hi freque energy.
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pr eenphasi s/ deenphasi s né& reefrphasis/ Rasis
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i dentl cal 340 t8@tput! teghinhtdokNRMECq8RBELDLR! 4' produces a compansion
control signal, b, which represents the RMS level of the
higher-frequency portion of the audio output signal. 1In .
this case, RMS detector 4' supplies the control signal b,
unchanged to a control input terminal 25 of variable

20 preemphasis/deemphasis network 2.

The preemphasis/deemphasis network 2 and bandpass
filter 6 illustrated in the spectral compressor of FIGURE -
1A are identical to those illustrated in the spectral
expander of FIGURE 1B. RMS detectors 4 and 4' differ only

25 in the added circuitry in RMS detector 4 to generate a
signal 1/b from the signal b representing the RMS level of

\/ the higher-frequency audio signal. Bandpass filters 6 and
RMS detectors 4 and 4' form the,compansion control signal

) generators of FIGURES 1A and 1B. '

30 | In operation, the spectral expander of FIGURE 1B
performs the inverse operation of that of the spectral
compressor of FIGURE 1A. The signal at audio output
terminal 9' is an approximation of the signal at the audio
input terminal 1, but with the background high-frequency

35 noise reduced and the noise mixed with the signal masked by

- the signal. The variable preemphasis/deemphasis network 2
will be described below in the context of the spectral
expander illustrated in FIGURE 1B.



expander of FIGURE 1B. RMS detectors 4 and 4' differ only 25 in the added
circuitry in RVS detector 4 to generatg a signal 1/b fromthe signal b
representing the RVB | evel "of the hi g'h%?-f requency audi o signal. Bandpass
filters 6 and RVS detectors 4 and 4' formthe conpansi on control signal

generators of Fl QU .3 | n_operation, the spectral
expander of FIGURER§§qﬁgéignéii?ﬁﬁk?ﬁ%ﬁsﬁh%p£¥5g?8ﬁg¥fg%ﬁ§9n8%'the?:
spectral dﬁnﬁnumsm¢(ﬁhéqﬂiﬂdinjﬂ_ﬂi&asdgnailhnsandtedoﬂhpﬂﬁGUﬁEnﬂBgﬁ‘g i S
an appr oxi i Qgf, t 'éggg- t iegfg t ' shBHL +BWL¥ t he
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si gnal madEaRSAen HURGHRN resprnse  ¢har echeEinbhasPs/ VaEMRASI s network 2.
will lge des@dnihdial Medmprdeisonéewdrri2te sPPeétahtedPangBeyl hidst rat ed
in FI GURE_1B. Fl GURE.2 il s#igées t he freﬁuen§%§res onse dlagran1of t he
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curyezlwhmﬂt(khinhlmaytbﬁadesmsibedfmmmhétatigabpyfascnefagtas%EﬁVenof
vari abl e 3 : ' s ed. ey are-
bounded b novﬁ‘%%g}gﬁ S#é?n%ﬁgéﬁés?é@%&o%éea%ﬁgéa%*egi ﬁ'?% 104 whi ch may be
‘descri bed preemphasicaespons¢ fgharacteristia b@&a{hbﬂhzmaﬁobe, and bounded
abovg gby i SrE R S&s C FSHT S £92 Wapeh e .10
desc?Pbed%ﬁ%#%gﬁgﬁfcally éﬁu%%fmﬁ-,ﬁﬁ ?@??fse?i%# "%%2 sng%g$s§?¥?ﬁe curves
are det er AfhdheFunves s dete ?%rpiq(h?‘? thangfapahupchieBnB (&) -

signal, bhietcumpaies ohicdntrel ofighiel | abj | detérmpnesr whichspaasefcur ves
expander . A ¥ GF SHEGTERL rEFEPRRRe CRERRR GeBbr Tbfr PE G0SCIibea by
the ful | deensfes funahioncesponse ccharactevistineofbthelgpectrel
gg:gplbggg %@6%4.&}%@@?”—?%?“&5@%?%&% 'ﬂ@?’oﬁ@é?cﬁagsgﬁéﬂst&k IS
is described[%y {%éaf&flrgfgﬁgﬁgsfsaﬁgﬁpgﬁéi éﬁaracteristic
104; Wheh b=1, it is deScribedf%y.the'flat response
characteristic 106; when b = &,'it is described by the full
preemphasis response characteristic 102. L
20 FIGURE 3 illustrates _ © a.variable -
preemphasis/deemphasis network 2 embodying
the present invention which may be used in
the spectral expander of FIGURE 1B (or the spectral
compressor of FIGURE 1A). - In FIGURE 3, an audio input
25 terminal 5 is coupled to a source (not shown) of a
compressed audio signal, designated by its Fourier -
- transform X(f). Audio input terminal 5 is coupled to o/
respective input terminals of adders 140 and 20. The
output terminal of adder 20 is coupled to an input terminal
30 of a signal filter 160 having the transfer function '
- characteristic H(f). H(f) may be the BTSC noise reduction
transfer function as given in equation (2) above. An
output terminal of signal filter 160 is coupled to a
minuend input terminal of a subtractor 80. An output
3s terminal of subtractor 80 is coupled to the audio output
terminal 15 and a second input terminal of adder 140.
‘An output terminal of adder 140 is coupled to an
input of an inverting gain controlled amplifier 150 having



20 FIGURE 3 illustrates a variabl e

preenphasi s/ deenphasi s network 2 enbodyi ng t he present invention which may
be used in the spectral expander of FIGURE7IB (or the spectral conpressor.
of FIGURE 1A). In FIGURE 3, an audi o input 25 termnal 5 is coupled to a
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.out put 35 terg1 @%Eﬁﬁﬁ ubtéﬁctor 80 is coupled to the audi o out put

termnal 15 anBta Phptt term nal of adder 140. An output terninal of
adder 140 is coupled t o in opprnatbbnanannerpandgdgaudioosignkled anplifier

150 havi hs
Gevormnay by SeBlpfabollbg 8 RoRr L EEAnLAM, B KEDY L8 REOHLYA, o
term nal of ga?“ EEﬁtFGFméGaén% |anérmgsobesdesgpnbgdtmaﬁhg@eﬁhqalhﬁuas'

termnal of adder 20, a third 5 I nput term nal of adder 140 and a

subt r ahe i nput termn f, subtpegl e In operatlon an expanded, audi o
si gnal gg%ignated by it (goﬁ |er1¥bnns§g?§?VVfb) i s produced at outp y
term nal 15 and may be described mathematically as: [ERR] where H(f) is as

descr i bed 0 ogLoR %) 0gVEs MUED: PoaCsp OUbREiSh 99 AnNL, D) yieh() X(1)

illustrated as resp on curve 1 i S very |arge, -out put
sigray Wf,b) @ ?%FP?t|$¥ﬁ§§laWéﬂ'h% reﬁbSMSK(émrwélgetrahe45as FesppEse;

when b = 1, the@reétDod $hopeGUNES2b)whe(b) isaP€ry large, output signal
W(f,b) = H%f)X(f) illustrated as response curve 102 in
15 FIGURE 2; when b = 1, then output signal W(f,b) = X(f), and
a flat transfer function response characteristic is
provided by the network. Variable preemphasis/deemphasis
network 2 provides complementary frequency response
characteristics in response to reciprocal valued control
20 signals. That is Q(£,b) = Q"1(£,1/b).
FIGURE 4 illustrates an alternative embodiment of
a variable preemphasis/deemphasis network 2 which may be
used in the spectral expander of FIGURE 1B (or the spectral
compressor of FIGURE 1A). Elements similar to those in
N 25 FIGURE 3 are designated by the same reference numbers,
operate in a similar manner, and are not discussed in
detail below. Audio input terminal 5 is coupled to
respective input terminals of a signal value doubler 10 and
adders 20 and 30. An output terminal of adder 30 is
30 couplea to an audio output terminal 15.
An output terminal of signal doubler 10 is
coupled to a first input terminal of a further adder 40.
An output terminal of adder 40 is coupled to a signél input
terminal of an inverting gain controlled amplifier 50,
35 having a gain b which may be varied between 0 and a very
large value, as determined by a gain control signal applied



a flat transfer function response characteristic is provided by the
network. Variabl e preenphasi s/ deenphasi. s network 2 provi des conpl ementary
frrequency response characteri st ics i n'sr'esponse to reciprocal valued control
20 signals. That is Qf,b) = [err](f,I/b). FIGURE 4 illustrates an
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secopg i nput term n@h@&ﬁ@&@eﬂ%ﬁﬁ@te&q@%ﬂ: ISP Whd G\fﬁi"ﬂlé’f adder 40.
An out put term of adder 2Q is cou E %é&fn i nput _termnal of a b5

si gnal fi PEEETP aﬁ&w emphasis, feiw yaknateq rin FIGYRE 448 he ¢ he
BTSC noi s&dea&dc@lomot rthies ftrtarfs fier idhareactEnistion ofjutie orafigdbbdove. An

30 bna & PReRRERSsiR/ B tnhlas i dibyiorit YR b b M Fadlius 97 adder
characteristic of tEF3GURE %I@lmﬁé@ﬁﬁ%@i dldigrnative anhodiment | oSt raggd
i n Fy BURE;Avhsiafig Rt b‘i‘%len{p@x {'d NP s 18 HASH It & Cth i1 leritle variable

r eenphasi ee asis ne Iustrat din 3.
P i s?.mglarrpto those :m FIGUREs de are des:.gnated by the

same reference number, operate in“a similar manner, and are
not discussed in detail below. _
' In FIGURE 5, an audio input terminal 5 is coupled
20 = to a signal value doubler 10 and a first'input terminal of
an adder 30. An output terminal of adder 30 is coupled to
an audio output terminal 15, which generates a signal
designated by its Fourier transform U(f,b).
An output terminal of signal value doublerllo is
25 coupled to respective first input terminals of adders 240
and 20. An output terminal of adder 240 is coupled to an
input terminal of an inverting gain controlled amplifier NS
250 having a gain a. An output terminal of gain controlled
- amplifier 250 is coupled to a second input terminal of
30 adder 20. An output terminal of adder 20 is coupled to an
input terminal of a signal filter 260 having a transfer
function K(f), described below. . An output terminal of
signal filter 260 is coupled to respectlve second input
termlnals of adders 30 and 240.
35 A control input terminal 25, whlch receives a

control s:Lgnal having the value b, is coupled to . an input
terminal of a function generator 270, which generates a
function a (described below) of control signal b. An



FFGURE 5 illustrates an alternative enbodi nent of 15 a variable

pr eenphasi s/ deenphasi s network. Elenents simlar to those in FIGJREs 3 and
4 are designated by the sane refereéence ntrr?ﬂ'er_‘, operate in a simlar nanner,
and are not discussed in detail below In FIGURE 5, an audio input term nal

5 is coupled 20 o,a_si.qngl \valwe dqubler 10 _and first input term nal
of an adder 38UTPRY SSTRIBAL. O AMCH ORERera T 279y S FRTRIAR, &
out pu]'E tﬁ:"[ﬂ]( ?alignﬁ,l haivd im gy deher ataéaeaas(b@nalis?wi&de’ I: C: d:cglya igasinFaomitarol
transfori¥ : o] ey i : oubler 10.is 25
coupled to reggé?tllﬁ\%% #}ffgtgl%ln&%[&?g}%fer?zla%ggﬁ'f\é%éj;?g%ﬂo and 20. An out put

terminal of adder 240 i IncopsraFion,athenyariable preesphasissdeemphasis n
control | ed anpeitioek 250 h21CURER S0¥fFets AAdiEiRwhall F1ExIdi1qftyddim

controlled a i fier 250.i s coupl.ed t seco i.nput termg nal_ of .30
Cder 200 AnCHIERInG, SR AAGRIoR a0 SRS EIhHER tRanE ety SYACEIO na)
of a signal fichazactedisdiion®(£)t whvidlecexhibditiog Khie) responsiebed bel ow. An

output termn Si AR A 0 .S . t,G I €S ti qQnd i nput
term nal s of %hag%§%$§%&&2$?1§§% in e%%l%%A(?Jﬁtrq Cel rtl:\é"%tﬁt%%% nal 25,
whi ch recei vefunctdon chazagterisiiongfi the, netawork i2s issupl ed to an i nput
termnal of a function generator 270, which generates a function a

(descri bed bel ow) of control

signal bj AN (2-a(%) YowFEut. term nal of
functi ont8enerator 270, whi c¥ (& é"sa_s_l'(g-ﬁ%%ﬁ%?m)(l_ﬂ()%t’q‘(ée)val ue a(b),(S)s

coupled to a gain control termmnal of gain controlled anplifier 250. In

.operation, th [a.a .pr.e LS/ d [ twark .2 of, 5
offers additi %ng’ra"dﬁ g)b?ﬂ'fglel ???ﬁiﬁgog%%%ﬁl Eﬁﬁ%ﬁzg\r%q'as%bl)%sa?l(é jEJf)iglgﬁell:ir
trapsfer funceifogadnafancsions @ (k)i tousichdexenitie pey ficymanesy expressed -
_char acteristi pydeliuaed o (A9U3 pRotrikdedNe THeA TiRtion a(b) and

transfer characteristic K(f) in equation (5) are related to
]_.5- the control signal value b and transfer characteristic H(f )
in equation (1) in the following manner:

a(b) = 1 + m_(b-1) (6)

B+1
K(f) = 1 - '
TR EEL T . ~ (7)
20 . H(f) - 1

vhere m is a constant not equal to zero. Because both a(b)
and K(f) in equations (6) and (7) above are functions of
the constant m, a change to the transfer characteristic

. K(£f) due to a change in m, is bompensated by a change to

25 the function a(b). Thus, m may be chosen arbitrarily '
without changing the performance of the network.

An alternative network is shown in phantom in

FIGURE. 5. 1In this embodimeht, adder 30 is omitted.
Instead, a subtractor 30' has a minuend terminal coupled to

30 audio input terminal 5, a subtrahend input terminal coupled
to the output terminal of adder 20, and an output terminal
coupled to audio output terminal 15'. Audio output terminal
15' produces a signal designated by its Fourier transform
v(f,b).



function characteristic of the network 2 is: [ERR] A wide choice of filter
transfer characteristics K(f) and of gain functions a(b) to achieve the
perfarmance expressed by equation (1)-3®-provided. The function a(b) and
transfer characteristic K(f) in equation (5) are related to 15 t he

control signal value b and transfer characteristic H(f) in e&:tlon (1) in
the foll owi ng manneThe pE@nsfienr Lungtion mmemt uf zero.

Because beidiwaidk shtdmifn pHarfemtipns (6) and (7) above are functi{f)':'h,s of
the constant m a change to the transfer characteristic K(f) due to o

change in m is conpe sajbte b cha 25 the function a(b). Thus, m
may be chosen ar(l)t r=a } t e Pper f or mance of thedpetwork. -
An alternative network is dHoven T¢bpKM@ in FIGURE 5. In this enmbodi ment,

adder 30 is onmtted. Instead, a subtractor 30" has a m nuend term nal

coupl ed to 30 audi eﬂ%%ft I Sibt 1;)‘;‘@&% y i nal coupl ed
to thg output term 191 cﬁﬁ{ FQZGSF daa% out%ut terxlrln ngt? cﬁij‘g]l ed to audio
out put tetFansfers charagtediatia meﬁ)m#iéﬁ nelatRddkr cBhe GPREEPL desi gnat ed

by its Fogiigiyall MARSI®UPaHSEdD charadter{deid rROSS einfétﬁlﬁéti?éh (1)
characterlstl of e network shown in phantomis: [ERR In-
equati on 3‘9‘1 1Meh &g IH}?rd'(b) and transfer characterl stic K(f) are
related to the control signal b and transfer characteristic H(f) in

equation (1) in the4falhowing, -rieﬁfpe the BTSC network,gith H(f)
as defined in equat| ((b%, vari ous ch0| ces xb‘\‘lmare p055| bl e. g’% _

10 1/K(£) = K" 1(£) = ——t | . -~
: : =1 +m (H(f) + 1) (10)
H(f) - 1 :
_ For the BTSC network with H(f‘) aé defined in |
equation (2), various choices of m are possible. For .
15 example, if '
- {e=1) 25/26 | (11)

== (ct1)

where ¢ = 51, as in equat_ion 2 above, then K(f) and 'a(_b_)
for audio output signal V(f,b) of the phantom embodiment

are: -
20 | K(£) = $233; ana - T 2)
Jf : _ .
_ .. btl o |
a(b) = 26 B+51 - (13)

where f is the frequency in kHz. In this case, K(f)
represents a simple integrator while 'a('b) is a more complex
function of b.

25 For the aud:.o output 51gna1 U(f, b) of the
non-phantom embodiment:

£

0.733 (14)

i((f) =

4

-~
*



15 exanple, if [ERR] where ¢ = 51, as in.equation 2 above, then K(f) and
a(b) for audio output signal V(f,b) of 't he phant om enbodi nent are: [ERR]
where f is the frequency in kHz. In this.gpse, K(f) represents a sinple-
integrator while a(b) is a nore conplex function of b. 25 For
the audio output signal U(f,Db) of the non-phantom enbodi nent: [ERR] -11-
[ERR] where f is the frequency in ¢ =|JL%1§£—C&S€, K(f) is a sinpl@gs) -
_dlfferentuator Anot her choice is: ggg) 26(b+1) () m= - np %)
(16) For “™8n out put V(f,b) of the phantom enbodi ment, the function a(b) and
transfer char attieare of iis Klie ﬂrequérEﬁR]zriO:Hz whelw this jddger rR(f) fissat he

frequency in @H&I hﬁéié%EiC = 51, as in equation 2, above. This
is a conproni sé (ﬁ(ﬁru;%fsys emin which both a(b) and K(f) are

comparatively si rrpl e t o Angtthemghoige giRiers 240, 20 and 30 in the
non-phantgn 15  enbodi ment of FI GQRE 5 are replaced with subtractors¢i@nd

inverting gain controlled a ler 250 is replaced wth a nhon-inverting

anplifier, thdPh i@‘t‘?‘hmfe%p%hc‘?ﬁ 8@? %rmélment, the

pr eerrphaS| s/ defurpdtaiorn ad ywand ransters dclierdcetidtic L) meeuati on 1.
Alternatively, in the 20 - phantom configuration in addition to the above

nodi fi cations, subtractor 30" is replaceqypy an adder to retain the
i dentical transfer characteristic.a(b) = = (17)

RK(f) = &5 (1 +3) (18)

\_’ 10 where p = j£/£,, £ is the frequency in kHz, £ = 20.1 kiz,
and ¢ = 51, as in equation 2, above. This is a compromise
yielding a system in which both a{(b) and K(f) are
comparatively simple to implement.

1f adders 240, 20 and 30 in the non-phantom

15  embodiment of FIGURE 5 are replaced with subtractors; and

inverting gain controlled amplifier 250 is replaéed with a
non-inverting amplifier, then .the transfer characteristic

of variable preemphasis/deemphasis network 2 remains

identical to that in equation 1. Alternatively, in the

20 phantom configuration in addition to the above
modifications, subtractor 30' is replaced by an adder to
retain the identical transfer characteristic.

FIGURE 6 illustrates a sampled data embodiment of
a signal filter 260 which may be used to implement the

25 transfer function K(f) = Q§%§§ of equation 12. This
transfer function may be used in the variable preemphasis/
deemphasis network 2 illustrated in phantom in FIGURE 5 to

. produce the signal V(f,b). _
In FIGURE 6, an input terminal is coupled to the

30 output of adder 20 of FIGURE 5. The input terminal is
coupled to a first input terminal of an adder 262. An
output terminal of adder 262 is coupled to an input
terminal of a delay element 264. Delay element 264

produces an output signal which is'delayed by one sample



FIGURE 6 illustrates a sanpl ed data enbodi nent of a si gnal filter 260 which
may be used to inplenent the 25 transfer function K(f) [err] of
equation'12. This transfer function md&=be used in the variable

pr eenphasi s/ deerrpha3| s network 2 illustrated in phantomin FIGURE 5 to

produce the sj V(f, b In, FIGURE 6, an input_termnal is _coupled to the
30  out plReXH °g‘£1 FRIALV &t IERenput gnabyt The nPREPULsCEoSpian to a

first inpulenemt @84 ofs arrbwlrbd €62a mmm&pﬁerﬁwﬂinﬂ zdzleénafi’i 'S
coupl ed t 4 # n%;] deI € gnent 264, nt 2@4
produces 4 %Rﬁ éﬁ'ﬁ 'Ichﬂ?% Yed-p o2 s%\ﬁp?‘éu © PBriod

rel ative tJmplﬂs tmpuma;l g:vﬁladdéi‘uezmt@ﬂt?mm&y el enent . 264 is coupled .
to a second input t é¥¥ﬁ n ug put term nal
S cozsgledtoa,nlngltr}%nter m na ﬁds%aer %tf%%gf&@nﬁé In
oper at i on,@Xikidis 18 |txansiey uﬂ#tlﬁ&i!hkﬁhlmﬂYsb%.@?%ﬂEib?dfunctlon whi ch
‘may be dewuﬁmmmryatma&ﬂe/ zraéxh\sm Whéh. Wen
nathenatlcal ransl ted in e fre uegh%? donaln 3 s becones

When a scé‘ﬁ dg“pﬂﬂ ¢4, 1p1 q‘ﬁ%ﬁ%r(f hEOPRLRsf er
function: qhﬂ%ﬂbaunmds |Whenususcﬂling)fadtmrvns|applaed in a _

pr eenphasiygd rﬁ;ﬁ%}s %%/\qlk&gf in FIGURES 3, 4 and 5 each
have- S|ngle sl gna ters % #ﬁ%ﬁjégﬁgj t he response characteristic
of the signal filter is H(f), in FIGURE 4 its response characteristic is
H(f)-1, and in FIGURE 5 its respaee) h ristic is K(f) (as given above
I n equatlons 7 and 10), where H(f) is thed3BTSC deenphasis transfer function

as 20 given in equation (2) above and K(f) is related to the BTSC .
deenphasi sesudits,erasf unctequatidn @2 p. constant. m N

The variable preempha51s/deemphasls networks 2
illustrated in FIGURES 3, 4 and 5 each have 51ngle signal
15 filters. In FIGURE 3, the response characterlstlc of the
signal filter is H(f),_ln FIGURE 4 its response
characteristic is H(f)-1, and in FIGURE 5 its response _
characteristic is K(£) (as given above in equations 7 and
10), where H(f) is the BTSC deemphasis transfer_function as
20 given in equation (2) above and K(f) is related.tO'the'BTSC
deemphasis transfer function H(f)_byea constent_m._

) Three embodiments of varieble,preemphasis/_
deemphasis networks have been illustrated in this.'
application. cher embodiments in accordence-with_the

25 principles of this invention may be derived and are .
considered to be within the scope of the claims of the |
present invention. _

The 1llustrated embodlments are 1mplemented in
‘continuous analog function. Such a filter could be

30 implemented in either continuous or sampled data form.
Sampled data implementations may be 1mp1emented in elther
analog or dlgltal form. '

Matching delays and synchronlzlng latches may be
requlred between part1cu1ar circuit elements in the above

35 embodiments which would be known to cne skllled in the art.
Such elements have:not been included for simplicity of

4



Three enbodi nents of variabl e preenphasi s/ .deenphasi s networks have been
illustrated in this application. O her. enbodi nents in accordance with the
25 principles of this invention fray be defTved and are considered to be
wthin the scope of the clains of the present ‘invention. The illustrated
enbodi nents argy 4 d i nt.l I t] q Llier
coul d be~30 f11€%%€%§ggﬁfn-g}gﬁérﬁggﬁ%§%€§§sgg?i§§§p%ggtﬁgggggo?ﬁ%ékg :
Sanpl ed data i.*ﬁ%ﬂt&i%ﬁ%’?%?“b@rim%ﬁﬁh?%d@iﬁ ket Recesfary¥y ofhiegit al
form Vel Ehi NCp ESt Y61 G dnsy NEREDIAE | pPesSALIRg FBYsDEnaBEUihe8ebRhiREN
particular circuit_elenments in the above 35  enbodi pents Lch uld be
known to one JI9al PREARWLTh COREREating: edHabizing REehindcPaded f or
sinplicitysof signdBs inh|othentpaths Al ssuchrpretecbtiongneans alsohweuld
errors '”duce%é’ymfi’a(@ﬁfég%ﬂé & 0% "Bife PEr£EC éalg‘%veTH{)ﬁ Beghection
may include presca qu of signals 1n ceftarn sighal paths w conpensati ng
equal i zi ng scatnuded sfor syl 5C1 Y R fickl paskEati®heh protecti on neans
al so woul.d be known to one skilled in the art, and have not been included

for sinplicity of illustration. -14- CLAIMS: 1. A variable signal
filtering network coupled to network input and output termnals, and to a
source [err] control signal, conprising: 5 a single signa

filter having an input term nal and an out put terninal, and havi ng a
‘predeterm ned .transfer function;

U



'_a gein controlled anplifier haV|ng a S|gnal |nput—rernrﬁ‘T”_E—E_—ﬁar~output
terminal, and having a 10 control i npu’t Term naI m“ﬁml%\
control &ignal; and neans for formng the serial co ast

said gain cogég&kted anplifier and said signal . filter betMeéh gai d network "

4 nput and o nal s and 15 I ncl udi ng means for coupling the
output termnal of said gmA1vzrﬂabﬂéeshgmﬁﬂlfiBterﬁnghﬂetwéﬂk Eeﬁﬁn@@

d I filt k
Co exhi bt ofd SEtyRl Il ' M ANE VARER e P uliNg o S %@mr
bet ween an eom&sios x3. gnadharcammrising: and a conplenentary deenpha5|s
characgeristic in respgngqﬂgléug%§ﬁ§§uffﬁ é& §$1n€n9nt?n§é? Qe}mlnal

conpl'ementary transfer functlon aracteristics o] reC|procaIIy
rel ated val ué@doﬁns&%%twmmagkmlanw‘&mmepbe@eberrganqdf am |y of
transfer 25 trahgrest dlindtich exhibited is controlled solely by -said gain
controlled anplifier- responS|ve to‘%ﬁh? cont - The variable

signal filtering netwofk BF" +%¥ V%?§|3n§+gvaiue
doubl i ng eledn@Mt &emmmnalmm#ﬂslgﬁaliquﬂpuEOMérm&nanplaﬁaenavﬁngeaond

Figl |l | ed d
net wor k0 npuE ol o3l Bkl Wi T8 sdi 8 U ER R IERALAS

I nput tern1nahd|s coupl ed to second i nput ports of -said second and third

adders; and junctions helaert salgd il CON br PIPI LEhSLC NG, gk dagecond

adder and between sai.d signal filter and sal |rd are respectlvely
coupl ed to se€@8E &Add FAAd APntrgidad AnRkifier Andrsaid signal 3.

The vari abl efsigeal bfertbveelnl BRI et {AFUEN Zhd VORESLE ’E@ﬁniﬁé‘ﬂ§f8ﬁd

.functlge of i%bﬁuél g means for coupling the output terminal of said
gain controlled amplifier to the input terminal of said
signal filter for conditionince said varlable signal
filtering network to exhibit one of a family of transfer
characteristics which may vary between an emphasis

20 characteristic and a complementary deemphesis
characteristic in response to said control signal, and to
exhibit complementary transfer function characteristics in
response to reciprocally related values of said control
signal, wherein the one of said family of transfer

25 characteristics exhibited is controlled solely by said

gain controlled amplifier responsive to said control
signal. . N o

2. The variable signal filtering network
30 of Claim 1, comprising:

a signal value doubling element, a flrst adder,'
said gain control amplifier, a second adder, said signal
filter and a third adder serially coupled between said
network input and output terminals; wherein:

35 said network input terminal is coupled to second
input ports of.sald second and third adders; and

junctions between said gain control amplifier and
said second adder and between said signal filter andrsaid
third adder are respectively coupled to second and third

40 input ports of said first adder.



Bilter is Hf) - 1. 5 4. .The vari abl e s

network iof Claim 2, wherein sald gai n control (§d anplifi "m mnﬁ“ gmﬂb
anpllfler and exhibits a gain of b. 5. The i abl e signa |Ltem
network of 10  Caim1 conprising: a first adder, said gain control
anplifier, a second adder aid an r r
coupl ed.-bet ween sai d netmnré |np3 @ IEEP& sgggﬁﬁnZnge%QB%gﬁg%Qﬁ?ﬂT%f
sai d network |npuClaémnﬁmawhéseéouphedtrénafgécénocmnp@t0¢oﬁahﬁ sdgingdl
second aeder; a j gpetbpni bejpegn_said gain control anplifier and said
second adder, and said audio outpuf termnal are respectively coupled to

- second and th|rd I nput ports of 20 said first adder; and said junction

i s coupl edsto a second Inpun pOfThéfviahdbiébEﬁéﬁhQrf*Qterlﬁ@edQQWdﬂw ®f

. si gnal fllterlng tmor ere f.er f,unction
of said signal é Frp?re%n Sa%ﬁegééP|SBP§r§ﬂ&ﬁg Pﬁﬁglﬁeﬁﬁork
of Caimb5, mherelnveatﬂngaampdﬁﬁtenlhad exhlibiter ai gadn 3& b. inverting
anplifier and exhibits a gain of b. 8. The variable signal filtering

network of Claim1 conprising: a signal value doubling element, a first
adder, 35 sai d gai n contbel | e@hanparirbie algaaénaléaegnngsaeawymgnmf
filter, angdga thléga$ der ceppPigdnget ween said network input and output
_tern1na|s and uncti on generator responsi ve to said contral, signal
“and having an out put ternin&l £2885I 88de5 . s8R4AcGALPOFONERGL ABPHiIS4eTof &

sai d gain control sedongprhdfiee] vwhedeksignal filter and a subtractor serially
: coupled between said network input and output terminals;

k_) wherein:
15 said network input terminal is coupled to a
second input port of said second adder;
a junction between sa1d gain control ampllfler
‘and said second adder, and said audio output terminal are
~ respectively coﬁpled to second and third input ports of
20 said first adder; and _
said junction is coupled to a second input port
of said subtractor.
6. The variable signal filtering network of
25 Claim 5, wherein the transfer function of said signal
filter is H(f).
— _ .

7. The variable signal filtering network of
Claim 5, wherein said gain controlled amplifier is an
30 inverting amplifier andlexhibits a gain of b.

‘8. The variable signal filtering network of
Claim 1 comprising: '
' a signal value doubling element, a first adder,
35 said gain controlled amplifier, a second adder,'said
signal filter, and a third adder coupled between said
network input ahd output terminals; and



sai d network |npu1 terminal is coupled to a second input
ter u I!ﬁ”'m" Iud adder; a junctioir¥etween said signal val ue doubling
el e t adder is coupled to a second input termnal of said |,
second adder "andl 10 junction between said signal filter
and said third adder i@ &&ﬂﬂ§&9Q(9Q¥Q§§iﬂﬁlFQﬁRﬂnﬁ%N%1ﬁ%ISéidsﬁpdtrolst
adder. 9. . Ehgn®ar aadl ®aviiGRAlar idd w&éﬁ&mr él:f)uﬂl?ed toClsérH‘ 8, ~
wher ei n the transfer .function og%éal SI%Q? filter %i where mis-
~a constant 2§°Bt 8%u 'ﬁﬂ9%&ﬁ?%&ﬁ %?%némplrfrer#%g
net wor k of Ckhemean mherern sard gai n controlled anplifier is an inverting
anplidier and .exhibits M¥ ere nr a_constant 25 - not -
equaléto zero. 11. A \?%ﬁl%:b eroftl’gl;{rélnalltlvwkeeﬁw %r?%ﬁ%@eﬁ% B network
i nput and ouspgpndeanpnal$emminalunﬁwaaxﬁ thiamhtaddes; gnal |, conprising a
signal filter having ag i 'ﬁl?x‘éttltd?f'ﬂ el &3y szrgxf&’i R}’allﬁér {Lin? gain

controll ed angllfler haV|ng signal 1 nput term a S|gna
terninal, anBlgmedft Add SR3G ﬁkﬁﬁﬁrﬁQdQQxﬂﬁnﬁﬂuRiQQ)tﬁu% %@m@n@llspghal_ a

signal val uetdenbhiangod! eandE SeREnm aduust; ans 35 out put terminals;
“firstyand second adders havin re ective frrst and second i nput ternrnals

and r%@bectlve out put PerMATH etifsth G mAgnat rfiktenRnd csai] i nput
term nal s andhdmdoatidet tier wouxiled to B/-setRANS impuseténhinaloop! saﬂdsal d

si gnal valuefJ.rst adder.

9. The variable signal filtering network of

15 - Claim 8, wherein the transfer functlon of said 51gnal
filter is _ '
K(f) = —d .
-1 + m (H(f) + 1) , where m is a constant
H(f) - 1 g '
20 not equal to zero. '

10. The variable 51gna1 fllterlng network of
Claim 8, wherein said gain controlled amplifier is an
inverting amplifier and exhibits a gain:

a(b) =1 +-m%§§ll , where m is a constant

25 not equal to zero.
11. A wvariable 51gnal fllterlng network coupled _
to network input and output terminals and a source of a o’

control signal, comprising:
a signal'filter having an input terminal and
30 output terminal; |
a galn controlled ampllfler havrng a signal input
terminal,a signal output terminal, and a control input
terminal responsive to said control signal;
a signal value doubling element having 1nput and
35 output terminals; _
first and second adders having respectlve flrst
and second input terminals and respective output terminals;
a subtractor having first and second 1nput
terminals and an output terminal; '



d6ub|ing element, said first adder, said gajn cont r ol | ed—arptift+er—sat-d—

second adder, and said subtractor betmeen sai-d network i
termngls wherein the 5 respect’ive first input ter mlmlm lm("ﬁ”ﬂﬂ#ﬂﬂy
and subtractor are used in formng 'the serlalldeu | i ng; mears 1Lor mcosipl +
said signal filter between a junction between sald second adder and sald -
subtract of, and said second input termnal of said first adder; and 10

a functhp .gener at or respon®Beasst §oraserdadilyolcosirdiag éﬁdduﬁhqnpkuVQluyut
terninal coupl ed ?&E?iﬂgcgﬂéfnﬁhﬂ ”Eﬂﬁdt %&'Fs'%alad‘afevsa's‘lﬂla'g%ﬁp ddrfﬂzlc?fjlded

anplifier; neans coupl ing sai d nefwork | nput ter'm nal to sai d secon
i nput terninal ofa@alaféﬁbtrﬁéﬁérsefgnd adder, and gadds subtrésainyg rketween

junction between §aid ﬁéﬁﬂékaihpﬁtdQ%@ ond pite Mtmidad ssahé ddirsterpgdder to
sai d second_input term nal

o] wher ei ai d si gnal
i1 Loring it wor kEFSPEGRAVE] SAZA o} NERed SERMIABILEL Fi Ao 16 4RI (o of a
20 fam |y of tsabstactobanzet asest ins formingrahey aeyr iladl weapldmegnphasi s
characteristic and a conpl e r [ r ti t
said control signal, and to xhg ¥ co%@kﬁt %?aid[afsé.?nfaé ffciur}&t{ }Se%%se% &
characteristics |nuneSponsbetweeacspndcabbpndehdw@¢ waduss ict ssditraguer oland

25 si gnal e b gral latzer, # f n
wherein the transfggef Sﬁgtbpgnhgpﬁga?%mﬁh dffn%tagat :%Slr:%(t]?)adge@' a]rfderr]

where mis ¥0constant 30 anéunggdsn g@ngé',a(;orlgesms\;é[,q &9 Saiqmantrol

filtering HEtWDrst&nﬁhahﬁﬁlﬁathgrtho%Q tg&@&mwﬁﬁmwﬁddﬁiéaﬂﬂdfdéﬁd'S an
I nverting anpllfler and.exhi bits

equal to zero. ontre} l?ﬁgtvﬁFFEgpéqs ﬁalﬂ ﬂ?ggf%§ﬁ£5§}$5§xgﬁgfﬂ¥lé¥¥
K~/ means for coupling said network input terminal to
said second input terminal of said subtractor;

15 means for coupling a junction between said signal
value doubling element and said first adder to said second
input terminal of said second adder; and

wherein said signal filtering network is
conditioned by said control signal to exhibit one of a

20 family of transfer characteristics which may vary between an
emphasis characteristic and a complementary deemphasis
characteristic in response to said control signal, and to
exhibit complementary transfer function characteristics in
response to reciprocally related values of said control

W 25 signal.

12. The'variable'signal filtering network

of Claim 11, wherein the transfer function of said signal

filter is K(f) = -1 + & é?éf)_z_l , where m is a constant

30 not equal to zero.
13. The variable signal filtering network
. of Claim 11, wherein said gain controlled amplifier is an
inverting amplifier and exhibits a gain:
35 . !
a(b) = _; 4 m(b-1) * where m is a constant
' b+l

not equal to zero.



of O atmt—conmprising: a signal value doubling elenent, a first subtractor,
sai.d ga “Hﬂl lifier, a second 5 subtractor, said signal
filter, ““‘m)ml “‘ l ractor, coupl ed between said network input and
output ternenats:® ad & function generat orl&esponsive to said control
sigra# and QﬁVlng an output termnal coupled to said gain controlled
anplifier; erein: 10 i d netmn k_jnhput termpal |s QOU | ed
to a second input terni R4l offh&ivanid QﬁfgéF}%ﬂcP?Bﬁ°5g P

- said signal vafuglggmbhle@myﬁmgmﬁgfwm sald flrst subtractor S coup\&i to
a second input term nal _of sali (ﬁééﬁ actor,

junction between said sﬁgﬁélq% QQH?%F@ﬁ&ﬁfa%tB} s% coupled to
?_F?g?nﬁ |Eg?ﬁgberabnakaokamﬂ(gémnsnonntnlkad(nmpnifléhe gaseabhd S|gnalI

[ [ r
|?ter FgﬁFﬁggfg& g@h (§¥§H§Hrkffgé qgﬁi%é éﬂff&'QHbQQaéﬁbg S|gna

I'S a ‘constant . 16.

The vari abl e eogpaedbeMMaeﬂgS&ﬁduﬂ&&%ﬁrkjkﬂPﬂqAan@m%ﬁépﬂtsﬁﬁﬁmgéﬁﬁsr and

control | ed anplifier 'Saaf@ﬁibﬂfafr?rééﬁwrﬂ@flEéﬂsoﬁgﬂvsx{abbsaidacaalt&ol?»o |
[err] where mis a _constant. not equal to zero, ariable s

filtering netﬁéﬁnaéoéﬁﬁe@ﬁM}Q%n%RwQP?Pﬁﬁnt%ﬁmF%%}ﬁﬁ?u?i?ﬁ1HSI§a19nga&n
source of a 3éontr6Q|1EEiO|anf§]9i.rﬁi.LerPWt@img a.signal filter having an

O i R G U e
input terminal of said third subtractor,

a Junctlon between said signal value doubllng
element and said first subtractor is coupled to a second \;)
input terminal of said second subtractor; -

15 a junction between said signal fllter and sald
 third subtractor is coupled £o a second input terminal of
said first subtractor.

15. The variable signal fllterlng network of
Claim 14, wherein the transfer function of said signal

20 filter is
1

-1 +m (H(f) + 1) , where m is a constant.
H(f) - 1 |
not equal to zero.

K(f) =

25 - . | _ |

16. The variable signal filtering network of \J
Claim 14, wherein said gain controlled amplifier is a
non-inverting amplifier and exhibits a_gain:

m(b-1)

a(b) = 1 + 537

30 , where m is-a constant.

not equal to zero.

17. A variable signal filtering network doupled
to network input and output terminals, énd.a source of a
control signal, comprising:

a signal filter having an input terminal and an

35

output terminal;

{




i’hput termnal, a signal output termnal, and a control input term nal

responsive to said control signal; a si-gnal val ue dow:mmumm (]
first and second subtractors having respectiai94.irst amt "um" ﬂl’ j
termnals and respective output terminals; an adder havi'ng“fitst* arfd second

input terminals and an output termnal; 10 means for seriatty
coupling;=in the order recia giinsaichtyicgiled \anpikl Hieth| haning rausignadi d

first subtiractor . said.qqi ynt rold.ed. iJd.ar,..sai co&ﬁjs b
and sai d-adder 'bép%gétn t%%_ .nne "WGT él%ﬁmgn@%&%%‘eﬁ nal s,él cSelﬁ;i‘g%ér?lit he
respective first inpydt tE¥minglemespaAnsiveg theais rantil ssigrakt ors and

adder are used for the seriglgieal iViudRRAD T g CLdhdmg; sai d si gnal
filter beté/veen a junction between said second sub%ractor and sai d adder,

and sai d second i nput ter niftdStoRnd $n% SURFIIGT haping respective 4

function gener at @i rs?S OIS iss&drd Jaiphtc Al nsl grand arsk peyt Dge adu Ol put
termnal coupled tq said control input termnal of said gain controlled
anplifier; neans %@:iﬁl'i ng said network input termnal to said second
i nput termnal of said addamn adtr?2having first andresersordrimpuet| teominals

junction bet ween % %psiog{@utvaéet%iq%ibj ing elenent and said first '

subtractor_ to sai d second input  termndl of said second subtractor; wherein
said signa%filtering netwheanss feshd@atisiey tePunding  bneth? ordewily of

transfer 30  GhRNALE! isdid SiYHOD v MOUBBENE & AU PIPhasid first
characteristic and_a conpl enentary dee racteristic in response to

sai d control sigﬁ&QtQQRFQFJ(ﬁaﬁQﬂqa%R;%§E§%§iﬁg] MRhLE 8T £ (1] ofecon
characteristics igubtaaRatae dml rRaidradiid \batthede said usstwdris al sipeonaned!
35 signal. output terminals, wherein the respective first input
15 terminals, of the respective subtractors and adder are
used for the serial coupling;
means for coupiing said signal filter between a
junction between said second subtractor and said adder,
and said second input terminal of said first subtractor:;
20 _ ' a function generator responsive to said control
signal and having an output terminal coupled to said
control input terminal of said gain controlled amplifier;f
means for coupling said network input terminal
to said second input terminal of said adder; and
25 _ means for coupling a junction between said
U ' signal value doubling element and said first subtractor
to said second input terminal of said second subtractor;
wherein said signal filtering network is
conditioned to exhibit one of a family of transfer
30 characteristics which may vary between an emphasis
characteristic and a complementary deemphasis
characteristic in response to said control signal, and to
exhibit complementary transfer function characteristics in
response to reciprocally related values of said control

35 signal.



-20- 18. TH“Varrab+e—s+gﬂaL—iJIterlng network of Caim17, wherein the

transfer fun nal filter-is [err] where mis a constant not -
equal . to‘z_erﬁ",ﬂgmﬁ" bI e signal filtering network of Claim17, '

wherein said gain conmr I|f|er is a non-inverting anpllfler
and exhibits a gain: [err] - ,where m49s a“constant not equal to
zero. 15 A varlable signal filtering network

subst anti al

5 of the acconpanying dr awi ngs

|y as herein d:sz%cr' 10 Ve e e ifad & ¥ Oind |4 s?érﬁzgeﬂ' and

conpr &si on

or expansi on C|Péupiaé@nﬁ?usWﬁ@ﬁ?hﬂnﬁhﬂﬂﬁ?%ﬂ%ﬁﬁﬂ funatramphesaid ksignal
according to anyipeerofisthe preceding clains. 22. A signal conpression
circuit substantially as herein described with reference to Figure 1A of:

the 25
subst ant fal

acconpanyi ng draw ngs or % expansion circuit '
|y as herei R{#¢ser i-led %ﬁmé@ m g8 & ldoétane
b

acconpanyi ng drawi ngs, wherein the v pr eenphasi s/ deenphasi s net wor k

is a signal
»

10

15

20

25

30

fi | merti eguadt kor Reecording to any one of Claims 1 to 20. 30

19. The variable signal filtering network of
Claim 17, wherein said gain controlled amplifier is a
non-inverting amplifier and exhibits a gain:

a(b) ST+ m (b-1) , where m is a constant
S Toer | T o/
not equal to zero.
_ 20. A variable signal filtering network
substantially as herein desc;ibed with reference to any of

figures 3, 4 and 5 of the accompanying drawings.

21. A signal compression or expansion circuit
comprising a variable signal filtering network according to
any one of the preceding claims. '

22. A signal compression circuit substantially as

herein described with reference to Figure 1A of the

f

accompanying drawings or a signal expansion circuit s

substantially as herein described with reference to Figure
1B of the accompanying drawings, wherein the variable
preemphasis/deemphasis network is a signal filterihg'network
‘according to any one of Claims 1 to 20.




