OBKS FOR SUPPRESSI NG M D- FREQUENCY MODULATI ON EFFECTS | N COMPRESSORS,
EXPANDERS AND NO SE REDUCTI ON - SYSTEMS The present invention is conc rne_%l
i efieral with circuit arrangenents which alter#the dynanic raﬁ’ge'ﬁ\‘sbh\ji
signa s, nanely conpressors which conpress the dynam c range and expanders
whi ch expand the dynanic range. Conpressors and expanders are normally used
toget ner (a conpander sy$EFWFRHSOFORTIURPRRGPHEE MedekitS“dahCY he signal is
conpressed before transnOBVighTION EETENTE Rl
pl ayback from the transmEBANDE BNOIS I ycasddr s may be used

al one to reduce the dynamc 10 range, e.g. to suit the capacity of a
transm ssi on channeffhe \iinesent NYB8bIRRAS ERPEETEED N WEERSFHe Wi BT idsséd
signal is adequal,eshgémdrte SNLHDHNPOS&hel Bydiflict Farike 6ONPURASSOI graalsgne are
used in certain products, especially audio %c%ggcts which are intended only
to transnit or rEdEHl CHIRPPERYEY YBLOAFORETeY LoF 2V ECOF SR8 Bl s.
Expander s al one @fsantdéesd whilclt edxipahtl fHeodusimic espesi al | y audi o products
which are jntended anly to receive or nlay back alr.eady cq ssed _
broadcast or pre- r&c¢ Fded st gar?énl g’.‘p?nnd%é%r?ré? r?oﬁ‘f‘%‘cfu’ct‘éiccﬁgg%?‘éeal arly audio
recordi ng and pl i@y chagdnderosiystes)) wo sififgke mEsecereduwdbprin20signa:
configured for s LERAIRADELRRRCE Al sBE0rR FOPILASSAE drt LREDIALeST Onal s
and as an expander to play back conpresse %roadcast or pre-recorded

signal s. Transmia$eBnrIeREHer LraPéaxhasin frem HBgetransBLeftar qepeittent
characteri sti CS.Howe0&S QbBRESSorishBay N UBEE Ya19RECES HakiRte ItReelyRmier pl ayed
back signgls is altered and when conpresse expansi on of the signals

3 d L 1 i
i s degraded by tHEEEt St EQiBH EchBRFAPAS Y SquBn R ERAPHE PRI, 3
| n conpander typ&thous esubsdgradritoBx Sy iONEwherD Ithe edMpressed signal is

adequate fbgathe end purpose. In addition, compressors alons

are used in certain products, especialiy audio proguzts whizh
are intended only to transmit or recorﬁ compressed broadcas:
1= or pre-recorded signals. Expanders alone are used in certairn
products, especially audio products which are intended only t¢
receive or play back already compressed broadcast cr pre-
recorded signals. In certain products, particularly audic
recording and play back products, a singie device is often
2C configured for switchabie mode operation as a compressor tc
record signals and as an expandeé tc play back compressed
broadcast or pre-recorded signals.
Transmission channels are known t¢ have freguency
dependent characteristics. Consequently the frequency specirum

z& of received or played back signals is altered and when ccmpressed

REIS0RS .
E@fFeslinded after reception ogges®
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4 tarity requires not only that the expander have essentially the 5 invers

characteristics of the conpressor, but also that the 6 transm ssion channel’

ket ween the conpriessor and expander- preserve rel ative signal anplitudes at

all frequencies thin the 8 bandw dth of signhll-s conpressed. As received

at the expander, "changes | e relative levels.c ed by the . .

transni ssi on 10 Ich&fR&NsSa P8 Pgdf:g?iﬂbﬂﬂaslﬁaﬂ‘lsegf%ﬁ?g?;ﬁ%\l t‘b%/o%reasrﬁ"'r’@sl&?"t fRanne!
11 conpressor. &S hRES chrhPEed { ANIE, SSi on channel cause the 12

exparfded signal 2o Eﬁ?%eryffonftﬁegﬁnput signals ‘to the com - 13 pressor.

Such di fference53 an be signthi compamdetr aygiebheisd depereisy systdne, complemen-

spectral content” jof the signals. Wth high 15 conpressi on/ expansion

ratios, errors iy theityanequizesmdts atlantdlatbsbenexpandesingve iesgentially the

Typi cal ly, the t, audible 17 effect is naot the direct effect on ver¥ high

or very |ow fres [LdnygERey chpgAsterifiiffoOfeshepGPMPLEHRIT + RM i GCattPgt the

effect on 19 signals._ b R_th 1, dt.h t 1 S. C

failure 20 of t et%taf‘g’?'r’e%%%ah %@P%W%r?&%énéﬁ%?%‘%s%%r r%ﬁ:%q‘lp%dff presert
) : %&'a@@vauéﬁgﬁ&? AP Bi RidedChatWahl PLed@dfe1es vA2nlia 2Rel he

m d- band nodul afifon effect. 2 I n wi deband conpanders an

anplitude error gt bandw2dthoofr signaly faoaguressedwi | As neecd badd idts¢hle espahéer,

sanme degree in 25 all other portions of the spectrum _This may or may not

be 26 acceptabl @.{ Ichasgrgi A§ bBhfdrebpyeddeyelgscansed i bedthrerteamsaission

the controlling fjrequencies_are _at_the handw.dth_extrenes, 28 errars at

SUch T requenci a0 A8 2B0BL: BRE! SPTY T BHeRICalm88 FIeRe] dnarasaes By tne

(Conversely, if, the aBReEabkl NOnEAEIVNG RS IndtRedtr Fhéhnid SBIEMHBRe128ause the

t hey usually afgy then any errors at 31 the frequency extrenes are reduced,

this is an advastipgapahddd signalng tmrdl fremErdar she¢ inpdt signals to the com-

"Transm ssion c qnnel" as used herein is defined 2 to include all portions

of the system bgtiwsrrsgotenpfuack oiifffrrences can_be significant and audible

expander. For di

14| depending on the spectral content of the signals. With high

15| compression/ expansion ratios, errors in ﬁhe transmission

16| channel become more significant. Typically, ﬁhe most audible

17| effect is not the direct effect on very high or very low fre-

18} guency signals thgmselves,.but rather the modulation effect on
19| signals between the bandwidth extremes that is caused by failure
20| of the extreme high and low frequency signals to reach the

21| expander. For discussion purposes this effect will be referred
22| to as the mid-band modulation effect.

23 - In wideband'compande:s an amplitude error at the

24§ controlling freqﬁeney will manifest itself.to the same degieé ih
25} all other portions of ghe_spectrum. This may or may not be

26) acceptable. 1In sliding banﬁ companders, as descriﬁed hereafter,
27| the controlling frequencies are at the bandwidth extremes,

28} errors at such frequencies are substantially multiplied at

29 mid-frequencies._ (Conve:selj, if the contrelling fregquencies

30] are at mid-frequencies, as they usually are, then any errors ét
31} the frequency extremes are reduced; this is an, advantage of

32) s1iding band companders.)
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thas been 19 found .necessar

4 In the case of noise reduction systens that

ander. is '
ot 5 cdnpressed signals on relatively narrow bandw dth nedia such as 6

Ovf speed jragneti c tape,
difficult tjo provide accurate conpl ement
THis is due to the inahilit
si gnal arml | tude respor%réﬁﬂ?lﬁséel“arc

e.g. Conpact ssettes, it is particu- 7 larly
ry expansion of 8 the conpressed -
% of such 9 systens to prqvide a flat
9“T81ataﬁovﬁ%ﬂuPQHiﬁ? ﬂﬁeaﬁéhEFés
en 11 rof ess Comr ande
nh'b%bicﬂﬁf‘ié? p&r P88 Fe?hghgyﬁg ressoerenar‘?d gﬁu?%‘é by
la dikadAre. t he playback unit or any conbination thereof
4 %an wdth limtation filters. Simlarly in other systens, such
satel | it e fif aadc lseN@f hbeser redsc Oionrsyaitems ¢hapr eécodd Si on
smtter, the broadcast signal carrying nedia, 17 the receiver or
scohpressed kgignals on relphipedytnaviow dgndwidsh mediadsuch as
% to |ncor$orate sharp gutoff filfers
eIexpamRRTt CAReehteSardtat8 BRTFECRT

pro S
C%a l’.'

2B QB IRIRS FRIRRF L5 tEPE

, P r ail.y .al u I

1ty REELELAE . 3026k UECOLILG AR RHLA0S. os UERLSS oe
eﬁ@fwméhaéymg@fnatﬁe S!‘ﬁ‘ignlénd@éd@é i 1tn%b3‘iﬂ:ynb§ shén

wi dt h uch filters have several functions: a)
sfstsenx atg ipprovidepan€itne ahgnahean®l Pfude response partkélzl arlpt
n FM broadcasting, in order 27 to avoi d bias

a®t lqihiand hdghy fyeggencies. Howeverm%{%a%’%eaﬁ BRéBHCERR

e, reduc cessor. circui

CHh Pt e g crmeregarrraRRIRT e ks s
a$c£ﬁf§“5éé§r'ﬂﬁeOQGﬁbrEQsé¥ohﬂd33an be caused by tRBCPEELLEe£oder

Attenuation of rf or supérsonic conponents
the tape, the playback unit or any combination thereof, including

fﬁe 1nadequacyIeak

bandwidth limitation filters. Similarly in other systems, such
as FM or satellite broadcasting, the errors occur after compres-
sion in the transmitter, the broadcast signal carrying media, |
the receiver or combinations thereof.

In practical compressor—expander systems it has been
found necessary to incorporate sharp cutoff filters before the
compressor and before the expénder. The filters are at least
low pass, but preferably also include high-pass sections. Such -
band-limitation filters have corner frequencies at the edges of
or outside the useful bandpass of the system in order not to
limit the systém bandwidth. Such filters have several functions:
a) Attenuation of subcarrier components and the 19
kHz pilot tone used in FM broadcasting, in order
to avoid bias "birdie" beats (whistles) and
mistracking of encode and decode noise reduction
.processor circuits.

b) Attenuation of the tape recorder bias which may
leak in the signal circuits, in order to avoid

encoder/decoder mistracking.
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2 encoder input signal which may otherwise result in 3

audi bl e i nternbduljati on products and/or bias 4 _ "birdies."

d) Attenuvation of supersoni c tape noise or other 6 i

transmi ssi:on chanfel noi se at the decoder input, iz, i n order

to avoid encoder/ decoder nistracking. 8 e) A signal bandw dt h
definition to prof-te conpl e- ) Att t on FaEhFXréghf (%é§= tq% the
encoder / decoder . 140 RN p?n sélona appl’i catrons es Fab

to 1T enploy a hjgh frequency baggubgéh {igtid dignaif ishten xﬁsa{goueérvﬂi?s@%%mt i

kHz) and preferabljy also a low frequency bandwidth 13 limtation filter
(e.g. at 20 Hz). 14 Satdibley £ﬁk§ﬁmda@1atﬁoﬁnprﬁﬂu&tsﬁﬁﬁﬂxdr bias
exi sts between 15|t he encoder and decoder, then the input filter to the
decoder 16 shoul g |be di sconnect elbirdiéss” i nclusion may result in some 17

signal situationsfin a slight nonco IenEnta t t he encoder 18, si [
b it age of ?l fit)erﬁﬁb ﬁ@%&fde%‘pgé's?glgub?%%t%‘ﬁ%ngt her

subj ected to oneSg
19)., jouever. FERRYRLsSlor WhAReACRONEL LeRle [ddddled Srput,

stages of filteri
not practical beéﬁuse of conS|der oveé. Therefore, even

when there is a ggod channel 22 DRt YPESr IS £H¥1A0ehcodL P de ok HaRiMtacking.
I nput, the presenﬂe of 23 the very necessary decoder input filter (for
protection purpog¢s 24 resuley ia atlgmamwardmﬁtmodemnptmntcargrqm @omple-

under certain 25 Jlgnal conditions. Because of this it is helpful to

consi der 26 the %Epander i nput fF?BE?r%EYbB‘éﬁﬁﬂﬁpéﬁraf b%?te%ﬁ°4?ﬁ!qQQQ@$r'.
27 m ssion channpelf. 28 o] Gt rese fi.on
to provide 29 fdP [t he suppreggl Flo "é“arl(;l!"dvgJ gle:.cg?]ig Fslgn?%o&g eltqeart-':%ty

30 in conpander ;i {R&piySa EQQHCHQQu&Xé}%d‘vﬁl&f‘tﬁdlbﬁl%ﬁ%ﬁ fﬂt?ér (e.g. at
transm ssi on changel "anplitude response.

12| 20-25 kHz) and preferably also a low frequency bandwidth

13| limitation filter (e.g. at 20 Hz).
14 Strictly speaking, if an ideal_channel exists between
15 the encoder and decoder, then the input filter to the decoder
16| should be disconnected, as its inclusion may result in some
17] signal situations in a slight noncomplementarity (the encoder
18] signal is subjected to one stage of filtering; the decoder is
i9f subjected to two stages of filtering). However, removal of the
20 decoder input filter is not practical because of conSiderations
21 a) to e) above. Therefore, even when there is a good channel
22{ between the encoder bufput‘and decoder input, the presence of
23| the very necessary Qécoder input filter (for proteétion purpose
24] results in én inhetently non-complementary system under certain
25§ signal conditions. Because of this it is helpful to consider“
26| the expander input filter to be an integfal part of the trans-
27| mission channel. |
28 It is an objec;'of_the present invention to provide
291 for the suppression of the adversé'effécts on complementarity -
30 in compander type noise feduction systems caused by errors in

31} transmission channel amplitude response.

28 77/




, Stated in other words, it is an object of the present 2
ention §o provide for the suppression of the adverse effects 3 on
lement @qrity in conpander type noise reduction systens 4 caused by
errors in @nplitude response that occur b8t ween the 5 conpressor and .
expander. It is a particular object of the invention to
suppr ess Ifnon- conpl efitAtedi iy eshscmords vty ifi §R PPIGFt rofedthhAresepRat

8 produce fydi bl e eff cts.at.gid-fr uenci es %to redyceg, the. 9 m d- d .

modul at | oh| FYERE On  §S Brovide “for Ve Birpepsion of the TINARRT o 168 o
: . : : ¢

conpr essch] T SPmRIKREACAELEFCI JdheateRTRyER HAIER FRRuCRLAL ik

channel 1 mlsieauoig ELEPPESEN | smplel tidey @legpbhak. thdt occur betwddn itheyet a
further o Ject of the invention to suppress 15 such adverse effects in

audi o t aps| spspressorphodi expudgract 16 Cassette or ot her bandwi dth
restricted|nedia, including the 17 audi o portion of video cassettes and

vi deo di s&f. 18 It is aipacticulan Rbjesk) eft the fmeentiRiti Puppress
d t hef 19 - | dyl at. f | evel i um_fJr.
(000 €20 oo SRR RUERLEY e CRCM A Ro0Y hoMh FY&L) FiqRAdRII R )

frequencyy bididhee( Qulib8RO¥Lrddk £ HA) nid-2velueHdifs! fPS SRl nel2
It is a f% ther object to reduce non-conplenentary 23 effects I ntroduced by

the use of | migabdnd mopulatidn csffect). It is yet a further object
of the invintion to reduce 25 the above effects in sliding band systens of
the typela@lpscri bed 26AhErether tehject; of the invenfthoRahgwkeitFHEREASS SUSH

SYSLETS P ShRE G BRI SL0 20l SOURIERS Elao ARl R OTEER e
and thus, shch a% Y§kEOEaS Ené BhatdAldoh SUSHRRLhPLRe! OrSh&Mi Ssidh channel
record/p}g.bag %% Prequency response, particularly in %ﬁe regl on of t he
hi gh and)3p ampwituaquessyohsddi£dgAatively flat.
14 It is yet a further object of the invention to suppress
15' such adverse effecté in audio tape systems employing Compact
16§ Cassette or other bandwidth resﬁricted media, including the
17| audio portion of video cassettes and video discs.
18 It is a further obﬁect of the invention to reduce the
19| non-complementary modulation'of low level medium frequency (e.g.
20f 500 Hz ~ 1 kHé, or so) signals when present with extremely high
21| frequency signals (e.g. above 10lkHz) in such audio tape systems.
22 It is a furthef_object to reduce non-complementary
231 effects introduced py the usé of expander input filters.
24 ' _It is yet a further object of the-inventioh to reduce
25 the above effects in sliding band systems of the type described
26] hereinafter. '
27 In bandwidth restricted systems the'f:equency bandwidth
28] of compressed signals approaches or exceeds the usable bandwidth
29] of the record/playback transmission channel and thus such
30| systems are especially susceptible to.éirors.in record/playback
31 frequencf response, particularly in the region of the high and

32} low frequency band edges.
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are two aspects to the problem 1) the com 2 pressor
ray exceed the bandwi dth in which 3 the record/playback {.:
vely flat in that self- 4 contained audio device, and 2)
fput bandwi dth 5 of the device used in preparing
or discs may 6 exceed the bafdwi dth in which the audio
psponse 7 is flat. 8 Wil e errors may
%r anywher e Thereherd twpesdpewns a ehel probllefiur therthe com-

on is directed 10 to suppressing the effect of errors at

ePrees St Putpys byademtlpamy @nceedy the bapdvidth nin twmstch

bn 12 effects caused such error

e Saor Y A ST BSEh o SFE A L5 F STAAT R FLF ot o selt-

| S| It e f| %ﬂ?!
xé%#éé%%?ﬁg%gg 6¥§ﬂg@ecte ?@ gﬁ a%?h%%eﬁggﬁ ?ﬁ or ﬁnd%fdth
¥t tdhel GeFric@r agéafiﬁqy@é]&avr lpréirklebpablet a&d Wr discs may
B system sonewhat bel ow (above) the frequency at which
b ne sodessth @lheo bandedd th pi mwiaidh rtdep audd ohdeviod splaph &tk 2@spons
ocessed by the expander are preferably 21 subjected to a

stisEkatat an overal | flat 22 frequency response is
hck of over | at 23 fre resp se I s _accept.abl e
be |ncorpo%Lé&er§F58r§wW§V Eﬁﬁﬁgggsgﬁfuﬁoﬁ?i%ﬂﬁf fin the

e?ec?tlscum as ex laﬂ%’é fﬁﬁ@&@gﬁ%ﬂcet%t ti'mtr@ﬁ't:Pch'?sf‘é“d11:ected
26 tion (or por Ions) of the signal spectrumin which

oo &dupPresedngdt he aybpedt res pEyrrshat eheobandwidth &xtremes o
b a |level such that the attenuated portion is substantial:

Cobhe divisted .t Pertdapt2ly ore AuPrRNeFEiogohhe Jpid-band modulation
t I nventi o t he sgectral 31 content of the signals

asta,caused] Py, BHch £ 779Ts.

The invention which is the solution to the mid-band

N

\
@)

modulation problem is rather surprising in its simplicity. Mor
specifically, the signals processed by the compressor are
subjected to an abrupt hiéh (and/or low) frequency drop-off wit
a corner frequency well within the useful bandpass of the
system, somewhat below (aone) the freéuency at which the
transmission channel or record/playback response has substantia
errors. Signals processed by the expander are prefefably
subjected to a complementary boost so thaf an overall flat
frequency response is méintained. If lack of overall flat
frequency response ié acceﬁtaSie, the invention may be incorpo-
rated onlylin the compreésor portions of the compander system.
Thus, in accordance'with the present invention,'a por
tion (or portions) of the Siénal épectrum.in which transmission
channel or record/playback response has'errors is (are) attenu-
ated to a level éuch that the attenuaféd portion is substantial
excluded from_contrdlling the compression and expansion.
In_accordance with the invention, the spéctral

content of the signals processed by the compressor is altered
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, . ("spectral skewi ng") such that the conpressor action 2 is
siygpifficanfly | ess susceptible to the influence of signals 3 beyond the
-of f frequency. 4 Otp-preferred enbodi nent - of the

s tolocate 5 a suitable filter (or network) in the signal. path
of the co 6 pressor input (and preferably a conplenentary filter in the 7
si gnal patjoof skéxwe@xptspretmal mkewingThi sughpthat thes qomrizessed gcbéeause
it requir _the,leasL ampunt_of circuit conponents 9 and it operagtes_at all
signal | AVBEE, SIGREREFANEHY ARAS AUSCEPEIDAE BRGNS HaRF oL G90RS
filters: in the control. 11 .circul t he conpressor and the other

BrvBap nFaS b T ol eed. 5regheaty -

in the si . (he COrpressor ol t. Simlarly, in the expander,
one 13 filker is |ocapsd prefdicdORiboliinbheUbt O hiihdildm Qlsheb 18cdde
t he S|gné| path of the expander input. Further alternatives are 15 possible
in the c§§eao§uﬁtduaé PRl e Ofgy eretebrR) tnpihelesidrial plfrhexdfmhe asm-
disclosed | n US-PS 3,846,719 and US-PS Re 28,426): .a 17 suitable filter
may be | goppedseat yinput heand mneferably pr cesrLbementrey fdlyerh igoths to
af fect both the signal s passing therethrou 19 and al so the control
circuit duhﬁﬁﬁng}dgaggi?ékﬁhﬁIéip ﬁaPBnggb‘t *?I?Qﬁr9£ﬁﬁbﬁ§eﬁ§ﬁfeﬁ§§dbe
enpl oyed L | | i Sj heCuit
path and §|peCeREs 14/ Egtvlfed ey AEERe, nblfte SHEI AT WgidnchibbCLl L
i s known g nag@npanEisér sed eAB 410 Riigniadelaveds| oddweddem!t di @aufivageasci es
in the conpressor side of the systemand to 25 provide a conpl enentary
boost i ngthereapgenent sislctafentioyskobefi2Bers: oreke in thedaoatrage
saturation, for exanple (US-PS 3,846,719, 27 US-PS 4,072,%%é£ )
Rundf unkklgc RAECHAE t REFRIfe rthe fampressor18ng) the ether i the pigpalRath,
the roll_ dff.is,ge : |S t .suf s, Lejeny t een. I I

1% ﬁfgghgléﬁ*s?éggké °J€§§ﬁtn?§éﬁ?%é£§kteﬁzggﬁ¥. iy, 8xs

signal s fFequenci : response ‘regi-on of
the systg E&Qmeafiscu/n;swté@eirﬁluﬁomhe%@rcaﬁcﬁﬁta&&mﬂa&@ﬂ- Wehbrt B8

present Trnvention. 32 _
14 the signal path of the expander input. Further alternatives are

15| possible in the éase of a dual path compressor or expander (for
16| example as disclosed in US-PS 3,846,719.and US-PS Re 28,426): a
17| suitable filter may be located only in the input of the processor
18 ‘side path so as to affect both the'signals passing therethrough
19 and also the control circuit of the side-path'or the equivalent
20{| two filter arrangement may be emploYed where one filtgr is

21§ placed in thé side path control circuit path and the other in

221 the side path signal output path.

23 It is known in compander systems to provide a roll off
24| at high frequencies in the compressor side 6£ the system and to
25| provide a cbmpleméntary boost in the expander side of the system
26Q in orderlﬁo reduce téée saturation, for example (US-PS 3,846,719,

27| Us-PS 4,072,914, Rundfunktechn. Mitteilungen, Jahrg. 22 (1978)

28{ H.2, pp. 63-74.) However, the roll off is gentle and is not suf-
29| ficient to keep high.level signals at high (loﬁ)'frequencies in
30 the qncertaiﬁ response tegiqn of tﬁe“sfstem ffom affecting the

31| compressor as is accomplished with the present invention.
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I It is known fromthe above disclosures to place anti- 2
saturation fllte s at various places in the signal path; before 3 and after
the conpressor/e pander and within the conpressql/-4 expander including at
the same tine infits control circuit. 5 Thus tRefe are many possi bl e

| ocations of antifjsaturation filters 6 in the conpressor and expander signal
paths that will,qgerve the 7rpufposeowi fresk &N abovehidgbciosiren o Pi1wtal anti-
applied to the élrecording tape. In contrast, the circuitry according to

the 9 present ig{erdtiwratiost £bktens eatpnetnls:@ﬂsy plecesednbtbausignal ipathl before
intended to affedt the conpressor and consequently the expander 11 by

altering the fraduk ?f§ﬁ€cthﬁn¢QWP%ﬁiﬁﬂﬂs?ﬁﬂﬂﬂ@thénépong%thQJF°mPress°r/

Al tho t he sent_inyenti not directed t

RPATISR SPPLETLRY rad i Bamec S3RG R hEs Sonfid e,
I, u

frequency of th %ﬁp?ﬂg%gpgg?%%? gégcfs#a'ﬂri}@‘i%cggg?gg gtg %%aéﬁ%tg%%ynlters
above (bel ow) tpd ih’ﬁ&ih@ncbﬁlpﬁbss&rSﬁdlreaipmeltegl1§ﬁa18phﬂhﬁcﬂb&t Widge serve the
saturation is prgferably treated by other nmeans 19 as for exanple as
described in Au;zhcpunm,se 0g8tedppin® (L6 high frequency sjpgnals lrppid ednsenthe
anti-saturation grrangenents, the 21 present inyention does resulf in a

| oss of noi se ré,LﬁﬂQQ54122 Eapect ¥W1?9ﬂ$QQ§ﬁ'oﬁthcﬁﬁFEhtfﬁea%ﬁ?ﬁﬂ%Q§ &Pethe

abruptly attenuaf %B “g§2€£6$qm? qu&@ggmeggégx Lcy endfq%agﬁse it is

frequency of 249|
systemis 25 aqq irrﬁﬂeaqukeuew st@cé r@we&mﬂé&sweahegbeﬂsé@umﬁh tHee expander
luch | ess sensitive to noise. Wth respect to use of the 27

processes. 13
14 alleviating 44
avoi di ng tape sg

human 26 ear iS
i nvention at the|lkywalteqieacyhenfrefudrny speictmumt b€ edgnals 2thatl dhe evmpresso:
sensitive and al §o there should be essentially no 29 audi ble noise at such
frequenci es i n1pl AF&®FS€R/Rgi neered systenB 30 even with reduced noise

reduction. Thea%Tventlon ng&@ﬁ%héh‘%%e rasen r%hven%%%gg giég1reéiéalgh

and/or low fre ncy extre
14| alleviating saturation effects it nevertheless will assist in

15| avoiding tape saturation to some extent. However, because the
16 ] corner frequency of the abrupt drop-off is ordinarily located at
17| @ frequency above (below) the region in which saturation begins
ig to occur, tape saturation is preferably treated by 6ther means
19| as for example as described in Audio, May, 1981, pp. 20-26.

20 As with the known anti-saturation arrangemenps, the

21 present invention does result in a loss -of noise reduction

22 effect in the region in which the signals are abruptly attenuate
23} as a function of frequency. However, the corner frequency of

24| the abrupt drop off for the uppér frequency énd of fhe system is
25| at a relatively high frequency in’the region in which the human
24| ear is much less sensitive.to noise. With respect to use of the
27| invention at the low frequency end of the system, the ear is

28| also less sensitive and also there should be essentially no

29| audible noise at such frequencies in propgrly engineered systems
30] even with reduced noise reduction. The invention contemplates

31| spectral skewing only at the high and/or low frequency extremes
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reducti on
human ear.

filter hay
the contro
noi se redu
this arran
because nd

(low) fre

accor danc

because in practical systens those frequency regions are the 2

n which the transm ssion channel anplitude response 3 has

errors. A further reason is that an inpairnent 4 of the noise
tan be tolerated at these ex+r@mes due to 5 the response of .the

6 I n anot her known system a 12 dB/octave bandpass 7
becaasaeinf pegceicakbssydtenisottho2@ Ereanendy kegions axampiheyed in
circuit of a wide band consunmer 9 audi o tape c%gﬁﬁgder t p% &

bondy epssehn (woi eb UthRrtianemigsicradcharret (P H : ;
p%_r;l%tnté#ggg%inot achi eve 11 the resultsgg% Qeﬂg%ﬁis% tﬁr‘{é‘[\}\éﬁ%{?:“gﬂ
10k e (Q1ekakeW 20 tkeséd Seiindd &hd Ro

Sant SXTRAF 1 n & HETIP§Rarep nd
3 o
J%gckhtéhntgﬁggﬁtsgﬁ?gg what ever signals are present within the

band- 15 ph&geogegbgnggnbfothgiﬁamaﬁ.e4$yumn such an arrangenent 16
provi des efcessive anplification of high level, high (low 17 frequency
signals (&fitside the 20 &aothd® Kdwrhawstemhes hR2gABASchays ikanPaggnal s
wthin thef20 Hz - 10 kHz band are not present, 19'rﬁ§ultigg i{hgﬁg¥ckiving
the transhi $i188rcharhng copper frequencies pof gpegtiAdBz ;39 noi se
reduction :ysten1§1 S; PS, 3,846, .7 . QVi,ge .3, Y& i?QA - filter
responsiv% 2% EBP ﬁ?éﬁ%‘Pe%é ,c%¥§ﬁége§£%ﬁ%ﬁ?hg?cglor %e eJ?§§%n subcarri er
23 frequegptyungid RREE' cbRp RhE¥E Nty d erdileO FRadGENBhSsTE 08l Clekid tirdferd e
conpressor jand expander and thus ‘eli m nating noise reduction 25 at
f requencigp thakdewatke"abk oI ISubC Hovwenred,r édiienayraipemsent hdo@$ ot taghieve
center is pthin the bandwi dth extrenes of the signals in 27 the system and
Wit hin t hk{ phedresubte efspbaseresentdnkentdonrbecaanenne st bitehatthel and,
nor eover s not, fqQr.th ur pose Of'ﬁg QVerceming,rec rﬁ[ | aypac espons
errors, Wh cﬂ?°§&fjﬁgsé“3ghgnﬁg?'l‘ﬂasp? iﬂdgsaeg‘t‘g n\lls‘ﬁ??o 1$h VPSS £ASRG

13l signal beyond 10 kHz (or below 20 Hz) is amplified in accordance

14| with the level of whatever signals are present within the band-

15 pass of the control circuit. Hence, such an arrangement

16} provides excessive amplification of high level, high (low)

17§ frequency signals (outside the 20 Hz - 10 kHz band) when high

18§ amplitude signals within the 20 Hz - 10 kHz band are not present,

191 resulting in overdriving the transmission channel.

20 If is also known in a video noise reduction system

21§ (us-Ps 3,846,719) to provide a variable~Q notch filter responsive

221 to chroma level, centered on the color television subcarrier

23§ frequency, in order to prevent the chroma signals from choking

24} the compressor and expander and thus eliminating noise reduction

25] at frequencies below the color subcarrier frequency. Thus, the

26§ filter center is within the bandwidth extremes of the signals in

27} the system and within the predictable response of the system

28} transmission channel and, moreover, is not for the purpose of

29} overcoming record/pléyback response errors, which purpose

30§ underlies the present invention.

3 ///
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31 /1 32 /I It is further known to provide 12 dB/octave | ow pass,
bandpass and high-pass filters in the sice paths of dual conpressors and
gxpanders (US-PS 3,846,719 ; Journal of the Audio Engineering Society,
Vol 15, No 4, -Cctober 1967 , pp 383-388. However, these filters are for an
entirely different purpose. nanmely band splitting of the noise reduction
action in separate side paths. and do not affect the upper or |ower
frequency extremes of the  conpressor input 5ignals. Likew se, thh sharp
cut of f band limtation fi:l ters-diddeserhbrdpeanti ar dRyeaeernerdscequenci es
pur posely | ocated outside tbe.rusref I stam.k bandWthth cecause t hey are not
i ntended to affect thé"‘ﬁfﬁ? 16 'efy’re uency Fpandvi dt i extr efres.
Heretofore, it has be@nmm%*@eﬁ'@@’&ﬁésr-’r dBb-eSt & 84S b ngphalaf yealtterfugite
frequency Spectrum wi tdjihds P?rg}@@eﬁleeys)#ﬁiQ@,bﬁ)ﬂdwodﬁckbérﬁ@l’e xRS

prof essi onal recording | nkab] e kﬁgg‘”: he corner
frequency of any upper®Baifd: 5T at‘rbeﬁsf?rlet ¢ Béle\x}'fo‘ *& AR, in
FM broadcasting, a 15 nekiziyupper sijdntipess? |thaino1ss refgorausttoneimeadarets

throughout all the audige $aenal a5 806> a&is’eb@ugb dobe- RreseBt r-ayention is
not limted to use with ang art| cul ar tc}/rp noi se reduction

conmpandi ng. syst em and SETSREF1°h T GORPTERY b’é‘?“atT‘@ﬁa‘Uf‘ all types of
conpanders, including w dekbeisd, coepstrderait ¢off pandpairtkzuibariiytersef ul for

use withsliding;band WE&%bE@%‘dFHeQ“ha’iﬂéSé&%r f%@q&%@ir@ &ar%sa%? loca tedSUCh a
systemis to be found in US-P

lidin
circuits, high frequeféyS§dths Biﬁ%?esé’éi“% bﬁ?dwégﬁaﬁg 5R° it %éﬁ?g\?édl jyncec
appl yi ng high frequency ®Jest théaprenmpr sl dirpqwancy landyidth expeamsson) by
nway 0}‘ a high pass filtergeptidtofe,V 3t ARl Seeh OV 1 4ol Rinad J1BEMRNEY subStahbfuiiy
si gna

alter the frequency spectrum within the usable system bandwidth.

(91

For example in professional recording it is considered
unthinkabie to locate the corner frequency of any upper
band-limitation filter below 20 kHz. Similariy, in FM

broadcasting, a 15 kHz upper bandpass 1imit is rigorously

meintained throughout all the audio signal stages.

\)

2 Although the present invention is not iimited to use
with any particular type of ncise reduction companding systen
and it will improve the operation cf 2ll types of companders,
including wide band companders, it is particulariy ussful for
use withsliding band noise reduction systems. An exampie of

25 such a system is to be found in US-PS Re 28,426. 1In such known
sliding band circuits, high fregquency audic compression cr
expansion is achieved by applving high ?ﬁ=auercv boost (for
compression! or cut (for expansion) by way of a high pass
filter w1tn a variable lower corner fregusncy. As the signai

3C level in the high frequency band increases, the filter

cerner freguency slides dpward;y so as tc narrow the boosted or

cut band and exciude the useful signal from the boost or cut.



el in the high frequency band increases, the filter corner

¢l i des upwardly so as t.o narrow the boosted or cut-band and

¢ useful signal fromthe boost or cut. 1 "I'n sliding
0 devi cgds one effect of uncertainties 2 in record/playback response is

t he resuIthg modul ati on of |ow 3 | evel ~neYr YT um frequency si-gnal s when hi gh
frequency gignal in the 4_region of record/ pl ayback uncertainties, are
present atf{the 5 coonEs§de}Fﬁnka“qr¢Qﬂkﬂesp§Pﬁ §ﬁﬁ8Fﬁg°%aHEF%ﬁﬁﬁ%ﬂi§Qﬁ= the
type 6 suclf as descr US-PS Re 28, 4 this.effect

pressed by p‘r‘b\Fe(ﬁ"ﬁS/Pﬁ@YéBF)ﬁp’feﬁW? rlesqt?]"g'ﬁ Fegrs Slﬂ?fm?‘gaf‘ﬁ s‘%dé‘%’ath
of the deyi C v 0 f
oty ot i el R BHC ErBgfORLY WA e G 85%2@%'2@%%“5% e
satisfy tpg wdejiest %fOEebbedyﬁyawaaﬂ uhlcerrtadmheaaahe dewésest aft hafeh t he
sliding bapd type (US-PS Re 12 28,426) and the fixed band type (US-PS
3,846, 719} | &#pressor inpu¥he Imviral gathi lslidéndeband bievi cesote thet Aivpe
by 14 way ¢f exanple, with reference to the acco anyln drawi ngs, in 15
ohi o 56| sueh T Sepgiped 4o SonES o8 dihar BRASLHECRTY SAR dehsBre 17
pl acenent s

D et ton? | 8F of ets*}. a%?%%é‘glékﬁ%"rg@el i k@ﬁ%ha%%g QLQ o ﬁlg‘ %68 in

esporise cu genera y t he
20 char a0§ #rd e patfl o bhghaéif@yen%mewcﬁl aSEswwguaﬁm kordl 13RS
conpl ement §ry de-skewi ng network for use in a cassette 22 tape
recor der/¢ ¢ rhed abeupt28rop-of £ only I%tgurreeh@m anﬁheowtatlgiaal‘i iR anoiite is

wei ghting %4 characteristic curve. gures 7-10 are
respreseh@htQQﬁﬁqﬁ§§pSHSEUEEF%%%1%ﬁlzk§%ﬁﬁﬁﬂ§aﬁh€a§§é?ﬁest%%ethe invention
recorder/r§

useful ipll g O%@ﬁs?&ﬁéiﬂﬁvfﬁﬁsi?ﬁ/&ﬁ‘%@#he s d%g_gaﬁ EndCEY 58 P lHg ReCUT VS

121 28,426) and the fixed band type (UsS-PS 3,846,719).

13 . The invention will be described in more detail, by
14 | way of example, with reference to the accompanying drawings, in
15{ which:

16 Figures 1-4 are block diagrams showing alternative
17 | placements of the spectral skewing network(s) according to the
18| invention.

19 Figure 5 is a response curve showing generally the
20§ characteristics of a high frequency spectral skewing nétwork
21] and complementary de~skewing network for use in a cassette
22| tape recorder/reproducer.

23 Figure 6 is the standard CCIR noise weighting
24§ characteristic curve.

25 Figurés 7-10 are respresentative response curves of
26 typical.cassette tape recorder/repreducers. '

27 Figures 11-16 are representative curves.;seful in

28§ understanding the invention.

29 Referring now to Figures 1-4, generalized block

30§ diagrams are shown to illustrate the various locations where

31§ spectral skewing networks according to this invention can be

32| iocated.

»



29

net wor ks accordin

Referring now to Figures 1-4, generalized bl ock 30 diagrans

are shown to illugtrate the various |ocations where 31 spectral skew ng

to this invention can be 32 | ocat ed. 1 I n
Figure 1, "which shows the sinplest and preferred 2 enbodi nent, the spectra
skewi ng network (having a |low or high 3 frequenc net wor ks

(having both | ow &nd high fre- 4 quency section§

i nput signal pat
transm ssion 6 ¢
7 mentary expandg
opti onal spectral
characteristic(s)
i nput path. This

where the conpres
devi ces such as g
Figure 2 illustr

not preferred beg
and is nore expen
skewi ng net wor k(s
further spectral

path. If 20 the ®
conpl ementary de-
signal i nput pat%
same characteri
circuit, is place
characteristicsip
network(s) 2 and

network(s) 2. TH

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3l
32

section) or
%12 Is (are) located in the
to 5 a conpy esidiivet 1 ! b ient auawgftmﬁmm%saborahaeeraee@red
nnel N. On the reprodhce side of the channel N, a conpl e-
efibadisent, &hersnuchhaaeékswgnglne&mbzknmhamingta81b0 an high
de- skewi ng network(s) 8 that has (have)
éspghenent et ion) 1ar m@ttweurkes)(hawmméoq@ é@vpuaégsbmh fre-

S5 St DY U gt A el BT B oo
P , 8 )
B RAL) o e MO sﬁ%ﬁxﬁ%ssgﬁ.ggaﬁmssm

AdBAnhéli s, NOE Wt RIeProdhler 848er 66 eildlidhammall §i,r UEbhYle-
bive. In this 17 equival ent configuration a spectral
méﬁtasylexmﬂndnnjﬁradﬂseomompeeseprodunﬁ&(s1gmaﬂcanﬂ apdlbes it
|9 skewi ng, network(s) 12 in the conpressor signal outp

htPoARI oRfelanal thsraénﬂledﬁéewiﬁgt%‘f%‘r(&du et§P8eha§ bhave)

bkews n twork(s) .14 ed the 2

S da dE TN el TR EPRBPEEL L9 A0 F BRI BY petne
eempBPed 8 NEIWY Kdabh .10 Thils24obRE1 60 BY eéé%ere%trkoks par-

i in the expander 6 25 controi circuit.

thethar kg éBwauté@éauquhardltherccmpmaﬂnﬁr'hmﬂnekbahdef each
romeach other to 27 obtain the sane overall results as

5 inglude gtwo or more serigsﬂdevices such as described in Audio,

May' 1981' ppo 20-26.

- Figure 2 illustrates an equivalent configuration,
which in practice is not preferred because if is more complex,
requires additional circuitry and is more expensive. - In this
equivalent configuration a spectral skewing network(s) 10 is
placed in the compressor control circuit and a further spectral
skewing network(s) 12 in the compressor signal output path. 1If
the optional de-~skewing is employed in the reproduce side, a
complementary de-skewing network(s) 14 is employed in the
expander signal input path and a spectral skewing network(s)
10, that has the same characteristics as the network(s) 10 in
the compressor contfol circuit,'is placed in'the expander 6
control circuit. The characteristics of networks 4 and 12 may
differ somewhat from that of network(s) 2 and from each other tc
obtain the same overall results as network(s) 2. This observa-
tion applies also to networks 14 and 16. Where compresor 4 and
expander 6 each include series devices, such as described in the
Audio article, a spectral skewing network(s) 10 is reéuireq only
in the control circuit of the first compressor device and a

/77




ol ci

6 skew n@
expanders.

t hensel ves

there are
(Figs. 7
I!niter

qui escent

series) ca
22 10
pl aced in
circuitrii
Fi gure 4,

sl i ding Iimp

13
14
15
16
17
18
19
20
2]
22
23
24
25
26
27
28
29
30
31
32

H (optionally) a network(s) 14 only 3 in the input path of the

Hretserk £s) dE¥iie lwidated 4nigt dor kie)odtpwnlpatin aft $heofirek

to the cqﬂ

28 tion applies also to networks 14 and 16. \Were conpresor 4 and 29
expander 6

each include series devices, such as described in the 30 Audio
spectral skewi ng network(s) 10 is required only 31 in the
cuit of the first conpressor device and a 32 // 1" net wor k( s)

|

is locaged only in the output path of,4he first 2 conpressor series
devi ce, an

| ast expagn
circuit. 5§

|
} i e N . i
BB (T ity S G pnEPEL PR M e by 2 control | ec

which is 12 cpusekkd @ land 4 BLOGECESLY SpYacdpenthofSitditalspeetehl

Figures 3 and 4 illustrate Placenent of the spectrat’
COMPY RESOR 3ewies devigensapf femFipadhlebnpragisiqdk (Fladd only
Such coggressor- configurations 8, are wel.l . known in

d
ARdthe ?‘I‘n”er%?fd'?g’ %?‘%ggagésﬁﬁﬁﬁ 5 PR eSS P H8vever |

h 13 rectified and snoothed control signal. Another alternative
REk@8iHg6networks|indithg Isddeé baghspafsddal ipatnimprenessors5 band

51 vely narrowed b% the control sigpal so as to 16 excluyde |arge

n8REneXPRRdRTE he TR FOTBK eFRET ANH cPXPATARE AR GRS 108Fner
?lﬁgg‘%ﬁgf rlﬁ%%‘g’}rgﬁi)lr ol %glé:vlstg?;a/rszﬁlt%zfi etﬁg?g%?:g%%w pe'’ dteggribed

9"narro pass 1 n response

&g: ggége%et%{ Rhia vl , CRRREES 8PE StR Ing LR FBkaNsS fori REkY O in

e 21 enployed in in the configurations of Figs. 1 and 2.
furthefi patie B (209 Sonet milteskaning (Bigw: k1 sind B iaf DB-par e)
[ he i nput signalgggﬁh of the noise reduction 2% ‘side path .
D3, 816+ Re9 Lokprastiditex2 £addoret Pynal Foptpollied Mmdrdewhigh ign
Pn equiival ept confiqguration.is 26 ﬁgomn.in fOfggc i an mﬁtgyaa

gap ﬁg ESnbimtt Jr %iiively, as e 51g?a el rises,

rectified and smoothed control signal.. Another alternative
(US-PS RE 28,426) is a sliding band high pass filter_whqse pass
band is'progressively narrowed by the control sign&l so as to
excludeilarge signal components from the output of the filter.
Advantageous corner frequency values for the variable filters
are about 375 Hz in the quiescent state but become progressively
narrower high pass in response to the control signal. Dual path
compressors and expanders (singly or in series) can also be
employed in in the configurations of Figs. 1 and 2.

In Figure 3 the spectral skewing network(s) 18 is
(are) placed in the input signal path of the noise reduction
side path circuitry 20 of the compressor 22 énd (optionally)
the expander 24. 1In Figure 4, an equivalent configﬁration is
shown in connection with a sliding band type compressor 26 and
expander 28. In this equivalent configuration, a spectral
skewing network(s) 28 is placéd-in the side path control circuit
30 which controls a frequency variable shelf or sliding band
filter circuit 32, A further spectral skewing network 34 is
plaged in the side path output. Optionally, the same networks
/17




27 expander 28.
network(s) 28 is
gontrols a freque
further spectral
Optionally, the s
path. The configu
Figure 3 and 4 bg
reduce channe 4

5 Alth
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conpressor side p
path a feedf or wa#
Where series 11
expander, 12 suc
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series device in
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preferred. 17
preferably: 18 8
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filter, is reasq
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25
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28
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32
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In this equival ent configuration,

a spectral 28 skew ng

| aced in the side path.control circuit 29 30 which

cy variable shelf or sliding band 30 filter circuit 32.
kewi ng network 34 is 31 placed in the side path output.
me networks 32 // -1 are qu ted in the expander side
ations of 2 Figures 1 and 2 are preferred to those of
e 13chbed§ Oh "Blie abipatded |s iFegpakhl eVehe @OHE RRITCR iMn0 of
erload or tape saturation effects at the band extrene(s) :
(fHigureBi juand 3 awel prefidresd singhessi df lpsglhce S Géarghdwbecaus

A

may be enpl oyed such as in, for 7 exa

tftehéogrnaé g hetrmlyl tﬁelqsiac,lor%reivgdﬁeanéU@ﬁn%aﬂl%éeduce chann
f back d

V108 PFQhPaT: BRC aAt 1, AR AL HOSPR F Ggsnie) -

al path dexiersy eix?fﬂiﬂg%ﬂ:%% 13N aA4C ANBH B9 ST s AT a th
as the type desaﬁfbed i n Audi o, aMay, 1981, HE 2?-51 S Fa i

GhRRPl, O¥efe BRECE Idd FlE MayN dlevenis syed nsdidte dd ris, %r
he conpressor and (optionally) in the last 15 series
reamplel, t H8oB% 3 MA&OHIS guFaritheref the sidrmirrathshamaet bei s

ot} R e A B o
co %Pﬁ?gwﬁetée%?r?e ’%Q‘n Q“ré‘i'd Balﬁ‘p§ £ S SRard con-

HiyudereBsaabhe, -fort Naniple 32; Us—ps 3,903,485 SOMMMIY series
frequency at which 23 “{he transm ssion

dmadepatbsgevisee24are employed in ai sompresscr rargt dxpginder,
such as tgc)e tf{A\Se adbersucp::[ibderdoe.noztlc_iio_? arq?)“ 99(381(3, \Aéepll 20-26, it i
sufficient to employ a spectral skewing network(s) in the first
series device in the compressor and (optionally) in the last
series device in the expander, although the eonfiguration of
Figure 1 herein is preferred.

The spectral skewing characteristic has preferably:

a) A drop~off corner frequency within the region in
which the.transmission channel or tape recorder
response, including that of the expander band-pas:
filter, is reasonébly dependable -~ that is,
somewhat below (above) the frequency at which
the transmission channel or tape recorder respons:
is uncertain or begins to roll off.
b) An abrupt drop-off, to provide a well defined
limit for_the frequeneies controlling the circuit
c) A well defined shape followiﬁg the drop-off, so
as to permit the easy creation of the reciprocal
characteristic during reproduction or playback
to retain an overall flat frequency response (if

desired).
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d)

limt for the frequencies controlling the circuit. 27
Al wel | defined shape followi ng the drop-off, so 28 as to
t the easy creation of the reciprocal 29 characteristic
ng reproduction or playback 30 to retain an overal,l flat
frequency -response (if 31 desired). 32 /// - 1
A, shape which takes optimal advantage of the |ow 2
| evel’ noi se sensitivity characteristic of hunman 3 hearing -

that is,
as p_ossible1
noi se | eve

during 7 2
“characteristi

(bel ow) thescharp 10 corner frequency, | f

frequency response drop-of f 4~VS~

as steep and as deep

thout indyOa ghape which takes optEial Elﬂraﬁtﬂﬁt beaabl g NCrease in

en 6 enpl oyi ng the reciprocal characteristic
phessdapgisegsensitivity chappgiegittie SpdLFIml skewing

c effectivel yo@ hgduehse RS ma&&e&%ssama@&a-b@p above
" the frequency is above about 8

kHz (or 11 kgl ow about 50apizteep mdm&:ﬁeeesea prsEslelent} fhopptinggonudi bl e in
12 view of Llje human ear’ 3,4 S3PLM3E1Laph O nkrdRE 1 4B: A deddileh T equency

noi se, especi

ally if the noise level Is extrenely low 14 as it is vvhenthe

present invertion is usedemicamgapée reecbpaticay chBractepistderdurthd s sonewhat -

surprising as
Justificatidl
CCI R noi se wH
| ow-1 evel noi
is lowat I8
at about 6-1p
mai nt ai ni ng_4
This 24 is ¥ie
12
13
14
15
16
17
18
) 19
20
21
22
23
24
25
26
27
28
29
30
31

32

pect of the i ﬁgyfon has 16 been verified experinentally. 17
for this trga? can also be found in 18 the shape of the
i ghti ng. cerile, t@hemtkal fekewirg Eharifterietipupfiectivdlyws t he

se sen5|t évn'oti¥e d‘é‘?‘% uan@%al} 20,.& rf(bemgethteh for Ehe sensitivity

rfer equencr es, I's” o very raprdly above a peak
lddrnerZrIdrumpyt hér the Sregueacit dedabpsy cdroutBokiBs iloxrneed f or

e3upsha O 85, aduoLional, Lagpuenales. angve, 8- 10 kie.
P f’? c? EBUAPET AP "SFoT HETbBSE Ve Y of
view of the human ear's response to low-level high and low
frequency noise, espécially if the noise level is extiemely low
as it is when the present invention is used in a tape recording
compander. This somewhat éurprising aspect of the inven;ion has
been verified experimentally.

Justification for this treatment can also be focnd in
the shape of the CCIR noise weighting curve, shown in Figure 6.
The curve follows the low-level noise sensitivity of the human
ear. Note that the sensitivity is low at low frequencies, and
alsc falls off very rapidly above a peak at about 6~7 kHz.
Thus, there is a reduced psycho-acoustic need for maintaining
substantial noise reduction at frequencies above 8-10 kHz. This
is the high frequency counterpart of the observed ability of
noise reduction systems to provide a subjectively large amount
of noise reduction even though the low freguencies may be
treated little if at all. Good engineering can eliminate hum,
which in cassetté taée recording is the only low freguency noise
which is subjectively troubleSome.'

In professional noise reduction systems, in which
low frequency noise reduction is provided as an insurance’
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g ERRe| Bielunnd Bu, BReHESRs L r bt B IBRauL AP TN neea

for any néPReG&dtidh blagoblgnefimga@%nﬁ%@m%nbne likely t
skewi ng network does not obviate or
banendoun teted if.iel.t 80, HEPURt i MES popul arly 7 knomm as a
("MPX"). The reasons have been 8 given previously. As

i mitation Bspecdally asusheyhigledfrenusotdy eadoodi bheaspectrum,

func- 10 tions onl eripherally related to those in
She RS o S o, SEREL pECRe rosh, dastypot, Qhuface of

F€+ % ?%ers %l'%fﬁQCYQﬁPga@ﬂgiqﬁﬁﬂ%ﬁ?gs%%g %m%% popularly

and
REwi €4 V04 k"311|u15|l>'_1 lex filter" T®MBPEC! I AlheSkRWsBHs have been
12, 18, 28, 34 16 provide an abrupt shelf, dip or
glﬁé@upmﬁﬁiqulYIheAdaéhedussmés &Hhﬁndﬂlamd&dtuonsEbMter,

| ow frequency response&sneed not be
othegecopding and playhpcksyihaghpevespn func-

”gﬁfi’)é}’(fsi) ritban e abp af ot ek P knend, fagods ions.

ter
desirable to have in encoding and decodihg both:
1)
2)

bandwidth limitation filters; and
spectral skewing and de-skewing networks.
The spectral skewing nétwork(s) (2, 10, 12, 18, 28, 3
provide an abrupt shelf, dip or drop-off as shown in Figure 5.
The dashed lines are intended to show that the ultimate high
frequency (low freguency response) need not be precisely as
shown in the solid lines. |

One suitable form of the spectral skewing hetwork(s)
(2, 10, 12, 18, 28, 34), is a sharp low-pass (high-pass) filter
with an 18 dB/octave slope, and having a corner frequency withi
the rapidly declinigg portion of the CCIR noise weighting curve
(Figure 6) and below (above) the upper cut off frequency of the
transmission channel. A corner or cutoff frequency of about
8-10 kHz (50 Hz at the low ftequency end) would be suitable for
a high quality Eape deck having a useful but uncertain response
out to some 15 kHz (or 30-60 Hz ét the low frequency end).

The network could also take the form of a shelf
network with about a 10 4B fioor such as shown in Figure 5.
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24 _(Figure 6) and bel ow (above) the upper cut off frequency of the 25

t yangm ssijon channel. A corner or cutoff frequency of about:-26 8-10 kHz
at {the | ow frequency end) would be suitable for 27 a high quality
deckjhaving a useful but uncertain response 28 out to sone 15 kHz (or
60 Hz 4t the | ow frequency end). 29 =177~ The network coul d also
take the §ormof a shelf 30 network with about a 10 dB fl oor such as shown
in Figurg(5. 31 // 3anpther suitable form ofnshgepesupribie aposds fidser .

network i $ a notch filter. 2 with a_ center freque f about 16 kkt 20~
o o Rt AT 10
obt ai ned, z}wa d adepth Qg‘ﬁac .fBabd%td%”qloekﬁHnggo(ﬁEfgﬂgroé ‘% notch

5 filter3 o &GS e spe y 1 n professional i.catl ons,
order to %rafh\@ de @ phdBE Q&ﬂéa’ib a@tcm d&mm&eeqadanpgesg e DOk D) %@Q@:h
some fratfion of an octave above the first notch 8 (say 1/3 octave). 9

A depth of fiaeerl@ahSadBohde bsem,psspenlaanyeunnpnbaés§1dﬂaloapplnuatapesuhe
m d- band dul ation effect in the nost difficult 11 cases. However, a
- depth of ¢ qsin jordes &9 prapifesapeider anerald rgtﬁakethes%%?%m%ﬁch

' th - band d | ati 13 effect t h
(i op- of 17 {2426y P SelenPaecaion Pk M, cateagBorasthe Fidst Khap'2

flat over gl n ge§esired, the same 16 network and/or conplementary
net wor ks dféﬁﬁ?g 8%§a Sg 17 and 34 are enployed in the reproduce or

pl aybackg ort ion of A84kbensyst edhe 10-15 4B has bRaheprbign pepérireartial 10
the charagteristics of con- 20 suner Conpact Cassette audi o tape recorder
and play@"dk>ddﬂmdesteZthnmbddbandchthaﬂﬁqateffhetiﬁVehbeomp$hndiﬁﬂﬂqu}t
referencelis 22 na%ewggeilgurgg Zhs%%wgs 11t€ie aspreggnggglggégecmﬂﬁfd hi gh
11 | cases. o ’ p
12 | make a substantial improvement in the mid-band modulation
13| effect, particularly when the drop-off is very abrupt such as 18
14| dB per octave.
15 If a flat overall response is désired, the same
16 | network and/or complementary networks 8, 10, 14, 18, 28,
17t and 34 are employed in the reproduce or playback portion of
18§ the system.
19 Referring particularly to the characteristics of con-
20| sumer Compact Cassette audio tape recorder and playback devices,
211 in order to appreciate the invention more fully, reference is
22| made to Figures 7-9 which show representative{measured high
23 ffequency response curves at input levels loy enough to avoid
24§ tape satﬁration_for several typical Compact Cassette recorders.
25} Figure 10 shows represéntative high frequency response curves
26| at several input levels for another typical Compact Cassette
27§ recorder. Note that_in-Figure 7, the recorder response falls
28| off rapidly beyond 10 kHz. 1In Figure 8, there is a rise in
29| response starting about 10 kHz with a pronounced peak at about
30) 17 kHz. The response in Figure 9 has a highuirequency peak at
31j 15 kHz with a rapid fall off of response beyond that frequency.
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31 15 kHz with a rapid fall off of response beyond that

saturathiemedponseriy Heal e Beinpsubsitentliadly - PatdRut to

Is nearly ideal, being substantially flat out
1§.5howeyer, rare. Thus,

hi gh freqyency ectral 5, skew ng.network corner

10 KHz i 3 THUgnokRE SERFRieT ST ddnThelF eausBet -ares il

| B vhO0c SRR t Flqddlcy Selabolie! P8 Rifd W &td Yoa

Lﬂe@%&ﬁ néggérgdfugﬁ%enﬁqasaﬁ% tl eadgf iciency in Yoo

Shdite foreBueh 86€i6PeHecduskalieNFe8bnBEKeitvds Citf Wigures

that there will be essentially no |evel discrepancy in
Mt shiognshataferdleve lmddelad matarationespbastypicadt recorde;

g uencies. A corner frequency of gbqut 10,13 kHz is a good
1 £5E2e pafled encyqinesspanss hejew 10

bV 2095k @4 JUS EmERt JRaT
R ol 0SB 0128 RIS RULIBLRLLYEY FREUEE B mone

nolr se r

3

b

o FelSadid)d thatUithabb ew LDl Ned dIRGHEMMYl Ab 2eb@ECe{Serddpancy in

he desi gner can sel ect approximate frequencies 19

kile (Rlsoytbagk thetpal ssibgmak cHusgeds byysneertB&intP6s in response
hse of a higher quality transm ssion channel, a 21 higher

et IRxtEeRes¥abieh fypaveneigect A gorner frequency of about 10

kHz is a good choice for such devices because, in addition, tha
frequencf is on the steeply declining portion of the CCIR noise
weighting curve (Figure 6) and thus some losé of noise reductio
can be tolerated by the human ear.

In selecting a suitable corner frequency for a spectr.
skewing network, the designer can select approximate frequencie:
different from 10 kHz based on the parameters of his system. F
example, in the case of a higher quality transmission channel, ;
higher corner fregquency may be acceptable. With respect to
Compéct Cassette devices of the type whose characteristics are
shown in Figures 7-]0, acceétablé high frequency corner frequen
can range from ébout 8 kHi teo perhaps 11 or'12 kHz. Also, whil
a filter of_gbout 18 dB/octave is desirable té assure that high
level high (lowi frequency signals do not control the compresso
/17 -
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Cassette devices of the type whose characteristics are 23 shown
7-10, acceptable high frequency corner frequenc 24 can. range
8 kHz to perhaps 11 or 12 kHz. Also, while 25 a filter of about
e is desirable to assure that high 26 |evel "high (l1ow) frequency
1 a drop-off
g égogﬁéeftéa/elmlle siPsankl/ak YvaBei 11 Neurs OB e Rt the
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s is used jn the cQ r.1 NLEP! . Ci L Culi ch. t if_a

N as shown rhe_lﬁegc{ﬂlerr%%%?gfg gﬁ%?l é?:l?t%. %%eégé)er'r’psdréeg 3y 027%%:5?' u](::)ﬁ a
tnbesREEE i) £ 1k bhe? cUnRRaBErPES CHEGh B PUYYHS tiHee FaRkekOl
-enpﬁa3|s 13 causes the signal to have an energy spectrum as
guteof§ firequdricys e-Condideir;edosi grampleecthairduws rathe sl idAhger
ation, this peak provides the DC control signal which 16

: Irithate 13

GHIFEr B SR S ng eiapat: Stedoth (BN SIPTECRPer s
Sgggttggf El1&61e bl it $7°6! 51Gha1 ShoH'Ss shdvh lh FagREeT YT
is applied'to the compressor-(such.a signal might be generated
by a wideband perépssjve”sqund), the control circuit pre—emphasi;
causes the signal to have an energy spectrum as shown in Figure
12; The ére-eﬁphésized signal spectruﬁ has a peak. After
rectifiéation, thié peak provides the DC control signal which
controls the compressor's sliding band action. | |

Figure 13 illustrates the uncertaih frequency responses
of the tape recorder channel, shown for four representative
Compact Cassette tape recorders a, b; ¢ and d. The effect
on the spectrumlof Figure 12 is to céuse four different spectra
to be present in the control circuit of - the expander (decoder),
resulting in four different DC cbhtrol signals. Clearly, errors
in decoding will result. o

In such a case, é desirable spectfal skéﬁing network
characteristic causes the expander_(decoder).to generate the same
bC control signal in eéch caée such, as Shown in Figure 15. A
nétwork characteristic having a corner frequehcy at'about 10 kHz,
such as shown in Figure 5 is suitable. Note_that thg network
does not eliminate the sliding of the frequency band; indeed,
it may be only slightly reduced. However, the sliding (or

compression as in the band splitting system of Us-Ps 3,846,719)

.now becomes recoverable during playback.

o



71 to be present in the control citcuit of the expander (decoder), 22
resulting in four jdifferent DC control signals. Clearly, errors 23 in
decoding will resut. 24 .1n such a case, a desirable spectral
skewi ng network 25 characteristic causes the expander (decoder) to gener ate |\
the same 26 DC congrol signal in each case such, as shown in Figure 15 A
27 network charactferistic having a corner freqﬁgﬂty at about 10 kHz,

such as shown in _Higure 5 is ,gui

el ininate the slitd ng of the restag’ghgyb%b %{M cfteed t’ﬁ%&“’%ﬁﬁég ﬁgsg %e“ of
slightly reduced, IH®Vaivedthi®nslcadi B8 £8én 3iln %@VQSSLOBaﬁﬁl?ntéhEsM@ the sam
splitting systen1 US- PS 3, 846, 719) 32 now becones recoverable during

pl ayback. It ghjopeak him sy epeatedmt At thdhAQrdomtirplobjigahlol s2ptésent at the
invention can be geen in Fig. 15 - nanely to assure the sane 3 peak in the
spectrum of the A ’é%ﬁﬁ#ﬁ)‘lcaﬁlgwamilgtpi@s%%h &he [ROoMPressorf Peét tbm W#ﬂde/

i n both the conprgssor and the ander th res
sl i di ng band sysfdns of the Wﬁ'g JQG§Peﬁtn‘é$t§]tﬁ?e‘d‘g ﬂ‘i‘é‘w FEEEFY ?; eW‘?]gtYPe just

network is particgyl Hﬁﬁg ugRc

caused by the prg eﬁr?lécljé 5‘% Fg FPQ% éﬁé@%gnn%r'\:%’?gl g%a gg?g‘%%éﬂp useful
conpressor that arfeid Mpﬁe@éq\ﬂgr Afldapte @@t ¢yt iddullaltd onx paised. by Ntlse presence
nodul ation 10 effgct, which occurs very rarely in actual nusic sources, 11
relates to the ba<i@fdpieylatliecv|elof higk Stequenciaignadsi do hbehccmpfreqmn‘ gdtat ar
si gnal channel s: a predom nant signal_ effectively 13 controls the sliding
band frequency cﬂa r%l‘?:*t eﬁqcaveeeénanﬁwpelam% t, thegiegPandprect ThiwmarPdtation

signal T at 2 odniRauensy MEal LS JPenG ol AOONS Sy Phi backs e

t hat predom nati SI gn reque cy, stgnifican

the frequency ofy;a ﬁéW%EE@|ﬁ$“%he”bgsiéeﬁbﬁ¥5%&dﬂ %EakhetQQlHlﬂgfﬁﬂﬂ&eﬁgaﬁce with
nodul ation effect §18 is audible if the high frequency signal 1s

intermttent suqh |abngkdrfsidth signalischarmnemmnds predomddaaynbigsal feffectively

exanpl e, and is nqt
P 13 controls the sliding band frequency characteristic and may caus

14} audible effects when that signal is at a high frequency which i
15| not recovered in playback. When that predominating signal is a
16§ a high frequency, significantly ébove the frequency of a low

17| level mid-frequency signal, the mid-frequency modulation effect
18 is audible if'the high frequency signal is intermittent such as
19| with percussive sounds, brushed cymbals, for example, and is no
20§ reproduced at the same level by the tape recorder; In that cas
21| the mid-frequency signals are modulated in amplitude; even afte
22| decoding, because the high frequency signal causes the sliding
23§ band frequency response to vary without complementary expansion
24] in the playback decoder. It should be noted that this effect i:
25] basically not a tape saturation effect; it might be caused by
28| inaccurate biassing and equalization or by gap loss, poor

27} azimuth and the like. However, it is clear that the effect wil
28| be worse if there is also saturation in the controlling frequén'
291 region.

30 This problem of low-level, mid-frequency modulation

31§ effects may be better understood by reference to Figure 16,

32y 17/
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haskngn2aaslbdkhy samhadystiem.evel s fromO to -60 dB and bel ow
robe tone at -65 dB_ are recorded and pl ayed 4
lidi ng banfok§sthat when a dominankodd kBaisigral dnsifasest 15
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AEing b ye LSPEAIA S o Skt e S BelEntoes
Bﬁsomhmuﬁpﬂiéﬁ_§ﬁb£ﬁ36¥i&lly in the mid-frequency region.

If a noise reduction system treats low-frequenc{es,
then ﬁhere will be a éorreéponding éffect at iow frequencies.
Extremely 1ow.frequenéy'rumble in the input signal to the
compressor may actuate the compressor'cifcuitry. If the
recorder does not reproéuce the rumb1e compohents, then signal
modulation effeéts at the expander output will be.evident.
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99 // 20 /1 21171 22 /] 23 /] 24 // 25 /1 26 /] 27 [/ 28 [/ 29 /] 30 // 31
111 32 11 - 22.- CLAIMS 1. An audio signal corrpremm :

signal transm ssion systemin whi ch a conpressed si gnmum”l’ to
an expander by.way of a transnission channel liable t ’ ,m m rtai
rel ative signal anplitude response in the region of thé& high 5* +~and/ or
| ow frequency extrenes of the useful bandw dth of signals appl I ed to t he
conpressor, the conpressor conprising neans ghereby its conpression is
contwol | ed in response to frequency and ampjjfysde |evel characteristics of .
the applied signals, and further conprisin ‘ter nmeans for substantially
excluding said 10 1.hi h aati@ BF8NRH\GOPPREGERNESS BR ABfe SEEGL oignsmigaion
control ling the conpresseén apdien aatdmphestel NG ghali ds NirghsRAYDOE. la@Vexpander

fr equency extreme r egl NS,y 1 t h?rans’r’anss%.gggzﬂaEn nfiablé Q? exhlltnﬁr u%?%&ggt l:ng

abruptly above a high é'ornyer % sGUenc oW cor néf
and the or each cornerreﬂa@qaewsyabemnlgt%e respongg tiRi ¥het PRB1PR efuihechiahegi on

i n which the hugan eary@as- W6RIrre4u@ned extremes of the useful bandwidth of signals
: applied to the compressor, the compressor comprising means
whereby its compression is controlled in fesponse to frequency and
amplitude level characteristics of the applied signals, and
further comprising filter means for substantially excluding said
10 high and/or low frequency extreme regions from controlling the
compressor and for attenuating said high and/or low frequency
extreme regions in the compressed signal, the filter means
acting abruptly above a high corner frequency and/or below a
low corner frequency and the or each corner frequency being
15 within the frequency region in which the human ear can hear signal
components but where the ear has reduced sensitivity to low noise
- components.
2. A signal compressor according to claim 1, wherein the filter
means act below an abrupt low corner frequency of about 50 Hz.
20
3. A signal compressor according to claim 1 or 2, wherein the
filter means act above an abrupt high corner frequency of 8 kHz
to 12 kHz.

25 4, A signal compressor according to claim 1, 2 or 3, wherein
the or each corner frequency has a ‘slope of 12 dB/octave to
18 dB/octave.

5. A signal compressor according to any of claims 1 to 4,

30 wherein the filter means comprises a band rejecting network
having at least one steep drop-off with a corner frequency
located to attenuate said high and/or low frequency extreme
regions.



conpapents but where the ear has reduced sen5|t|—v1—t—y—t—e—l—ew—naLse_

pents. 2. A signal conpressor according to c in the f| | ter
g jact bel ow an abrupt | ow corner frequency of ﬁg
21 conpressor according to claim1 or 2, wheresn ¢ ans act

above an abrupt high corner frequency of 8 kHz to 12 kHz.

si gnal conpr essor according to claim1l, 2 or 3, wherein the or each corner
frequency has a' slope of 12 dB/.octave to 18 dB/octave. 5. A signal

conpr essor accdrdi hFIERRARTRIF-IIaP RO 1IN Y 2 BT 55 DG BF the fil ter -
means conpri sesnawbands riececdd ng thetindpek shgalnpatat td eastcopmesst:eep dr op- of f
with a corner frequency |ocated to attenuate said high and/or | ow frequency
extrene regions. 6. ~ A signal conpressor according to claim5, wherein
the network is T-ocAtsd@n3dn corprerspiutccorgiid@l tpalaim b, t9erdisnptessor. 7. A

si gnal cenpr essandGherébynghd Qorfdrasdiloh, i WBeHtRb I dahoripadts a it ey t he
conpression is control Iseoq) (s:prrpf_ g cor):tnrol |rcu1ttu0,r;eos gn_s_hg,e to the
frequency and anpl:l‘tud \p Si g s 20F ont rof | I'ng conpr essi on, and
one band rej ectf’f*ﬁgalfﬁef%rcréﬂfr@‘Fmsat@t?‘"??ﬁslt’heae%mﬂﬁd?anel‘?ecletft’nand a furtner

band rejecti ng el oy Kl i9cha@atiedné rtohmtowtr@utt eh@raallirumm ahd 10 sai d
conpressor. na res cor to.any_Q I I 5to 7,
wherein the or edchtqb‘ rrem'ecf ?lr?éatr?gt W n%u Stard) ‘taésv pass filter in

the hi ghlfrequenédy @K@t’%ﬁ%rfegl on and/ or a h| gh pass f||ter in the | ow
frequency extreme region.

5. A signal cOmpressor according to any of claims 5 to 7,
wherein the or each band rejecting network comprises a low
pass filter in the high frequency extreme region and/or &

high pass filter in the low frequency extreme region. -

+
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g. A signal conpressor according to any of clains 5 to wherein the
;

b ow frequency ‘extrene region. 10. A signal conpressor accordi ng to any{
of clains.5 to-~7, where€in the or each band rejecti ng-”j ”Mﬂm a. -
shel f network in the high and/or |ow frequency extrene g "mmA
signal conpressor according to any of clains 5 wherein the br Bach band
rej ecting network has a depth of at |east 6-dB<i-n the high and/or |ow
frefuency extrenes. A signal, CoUNCaa0LeA6E Uclldiind QoClid) 82 Hlasather el A, LS.,
depth is from6 to 10 dB. A’sighal cohpressor according to any of ‘clains I
to -, wherein the corfPPedserPhBRNHLIEFHG| BTEPT D SPTPTIPRSTR 1o5Ch ifddT W the
respect to dynam C r aRge,and/dx0Dd Hrdthefidy’ xtirkmd regitd.mai n path, and a
further path which has its input connected to the input or output of the

mai n path and its output connected to the conbining circuit, the further
path providing a signal whi ¢hsbigdt POPHESHR2ACHTALRE $PAPAl oD F1Hdy “of < t'he

contﬁi ni ng Ici rctﬁi t],c_ lburheMinChxei 6r lelt }b&ﬁh t:@jea:tynlad H_@t«ﬁ:lﬁﬁHo?jBritsEﬁQ Emﬁmi:c n ]
path signal, the filte 2ans  being |ocated o JAn the further path of the
conpressor. 14. Reé”u"’gfga’f“ %enﬁ‘rl%’sf?)%%écgogr gf%derfcg tharm 3% Wherein the
filter means conprises a network located in-the input signal path of the
flﬁrt he_rdpat h. 1\% b:;.Ahsi gNalgra NGB &GSdeidT@got&y%ﬁiclﬁiiﬂ, avvlrter.lej n

t he sai d neans ereby the gonpression is controlled ¢ rise a contro
Circut in the furt harotatnopoonaaet Gmnd BoTREts B TERe At o) 11 G of
applied signals for destt 6|48 Ay Berkice AN landredrenet mxtiemes i | ter neans
conprise a band rejecting network |ocated in the control circuit and a
further band rejecting netwgrk |ocated in theoutput giag%lp,at.h of the

| 0
gnal coxoress. c d t 1
further path. ° cozpressor according wherein

depth is from 6 to 10 dB.

iz. A signal compressor according to any of claims 1 to &,
wherein the compressor has a main signal path which is linear
with respect to dynamic range} a combining circuit in the main
path, and a further path which has its input connected to the
input or output of the main path and its output connected to the
combining ecircuit, the further path providing a signal which
boosts the main path signal by way of the combining circuit, but
which is limited to a value smaller than the main path signal,
the filter means being located only in the further? path of the
COmpressor.

24 A signal compressor according to claim 12, wherein the
filter means comprises a network located in the input signal path
of the further path.

is. - A signal compressor according to claim 13, wherein the
said means whereby the compression is controlled comprise a control
circuit in the further path responsive +to the freguency and
amplitude of applied signals for controlling compression, and
wherein the filtexr means comprise a band rejecting network located
in the control circuit and a further band rejecting network

located in theoutput signal path of the further path.



SNgnal conpressor according to claim  or 15, m
ork conprises a |low pass filter in the highfreE m gi on
//or a high pass filter in the |ow frequency edtr€ Lﬂﬂﬁ”mgnal

SoApr essor according to claimi14 or 15. wherein the or each fletfwrk -

conprises a notch filter in the high and/or |ow frequency extrene region.
16. A signal conpressor according to claim14 or 15, wherein the or

each network conprises a shelft network:in the high and/or |ow frequency 7

extrene regiome 19. , oifhal G0AL SRUPIESRAN ARCOIAWNI Lo ANy, b gl aims 1 +6
e

18, in conbination with an expander for_ expandi ng the nam c range of

si gnal s conpr ¢8€ekr BFht RETEBRACBRLISPS andoyt @8%t Fétreyi P the ffansni ssion

channel, the epanaey xQPdHe Bédign anBfd:CHIHigAIga3BORTESE ihOthebD®St i NG t he
att enuat ed hi and/or_J ow frqugsncy extrene regions to provide a

substantial ly Trat o ST AT % Feuericy response.

iT. A signal compressor according to claim l« or >Z. wherein
the or each network comprises a notch filter in the high and/or

low frequency extreme region.

.18. A signal compressor according to claim 14 or 13, wherein
the or each network comprises a shelft network in the high and/cx

low frequency extreme region.

1¢G. A signal compressor according to any of claims 1 to %,
in combination with an expander for expanding the dynamic range

of signals compressed by the compressor and received via the
transmission channel, the expander comprising a c;rcuit
arrangement for'boosting the attenuated high and/or low freguency -
extreme regions to provide a substantially flat overall

freguency response,

¢



