2 * Cl RCU T ARRANGEMENT FOR MODI FYI NG DYNAM C RANGE 3 4
The present invention is concerned in general with 5 circuit arrangenents

conpress the dynam c range and expanders 7 which expand the dyn

The inventionis -particularly 8 useful for treating audio signals but is

al so applicable to 9 other signals. 10 Conpressors and expanders

are normal I'y used together 11 (a conpander system) to ef fect noise

reducthizon; the signal 12 i.s conpressed before &ransni ssion or recording and

expanded 13 after reﬁgptlon or playback frontthe transntsS|on channel 14
IR( AN ! v hiNGg & R

whigch alter the dynam c range of signals, 6 nanely conpressors mgtég_h
a Add 2

However conpressor.s?2 :
to suit the capaC|t¥ of a transntsslon channel 16 wi t hout subsequent
expansi on when the tpnpressed signal is 17 adequate for the end purpose. In
addi tion, conpressog§$ al one 1&harmressed mmerualobaim cpm@duext sp espeal ity
audi o products mhlch' ar.e i-ntended on mi 9 record conpr ed
broadcast or 20 pref % TSP FIERRIRL S &%ﬁ?tdae} §r eyn(fi"r"lec G8%E ﬁ SIé’Png'n
21 products, especuﬁl hameay déampp e £b+6t oh WRi 6dnpaess Iﬂhbﬁﬁdéﬂuﬂlﬂh%e’[ end® 2xpanders
recei ve or play backjfal ready conpressed broadcast or pre-recorded 23
signals. In certai hfPHsduetRandthe dgagmic) Yangsei FheettYeRFIRG Lhaashiyftayty
back products, a sip@hgesd@Vidie tidatQhbehatsndigatisbut Ofs dbscSubtickapie coDde
operation as a conpreéssor to record signals and 26 as an expander to play
back conpressed broafether Btg'vllétrecorded 27 signals. 28 The
amount of compressiph of expakghoildiB¥s ifad aﬁaéfsdaze%wnaci@y ekl SRR €
10 dB of conpresslé means that an 1 nput 30 dynam c range of

conpressed to an outpt qoangnﬁe@fsxaﬂe&D)tdagftﬁst noisg reduction; théThegqﬂiesent

nvention relates o) peiductl e ' Sorded SlahbideiBh \ANARRRLs Bha TREAa"0

‘13l after reception or playback from the transmission channel.
- 14 | However compressors may be used alone to reduce the dynamic
)5} range, e.g. to suit the capacity of a transmission channel,
16 | without subsequent expansion when the compressed siénal is
.17 adequate for the end purpose. In addipion, compressors alone.
18] are used in cettain'products, especially audio products which
19f are intended only to.transmit or record:compressed broadcast or
‘90 pre-recorded signals. Expanders alone are used in certain
21} products, especially audio products which are intended only to
22} receive or play back already compressed broadcast or pre-vecorded
23 signals. In cettaxn products, partzcularly audxo record1ng and
24 play back products. a single device is often configured for '
25 sw1tehable mode operatlon as a compressor to record signals and
~26] as an expander to play back compressed broadcast or pre-recorded
- 97] signals. © | S
28 . - The amount of compression or expansion may-be expressed
. 29] in dB. Por example;_lo dB of compression means that an input
- 30 dynamic range'of.N aB is compressed to an output range of (N-10)

- 31} aB. |
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and conprising a first circuit with a bi-linear character- 4 ¥
where "linear" in this context denotes constant gain) 5 conposed of:

1) ‘“a low level linearortion up to a threshold, 2) an

di ate |l evel non-linear (changing gain) 8 porti-on, above
the threshold andriR bRe8ehtNifiPéROidn relates in RdMticdlavird ng a
pr edéetfer m ned maxi mum conpr ession 10 rati o or expansion rati o,
and circuit arr3Angemanhbi forimodifyingatheodynami dardme ofgam ibdut
différfent fromthe gain of the low |level portion. 13 The characteristi owhs
denotkygd sdamiall iandacompaisdngrasfirstichecaiterithera bi-d ingampoharacs esf
substdntially constant gain, 15 . In_practice, the threshold and
fini atfi d§t36 dwhgre Idipgary) hpyshig| Fogkexthalengkghireenstant @Gadransition
regio 17 where the internediate |evel portion nerges into the |ow 18
| evels [af®™ROFRY &F&l |inear portions can each vary in shape 19 from a
snoothj curve to a.sharp ve..dep | _ _ te0l teristics
of tMKd conpressor 1gnd gxgg{ng??gglﬂlgé&g S&Hﬁ% %‘Fsaoztgl(ﬁe%}‘g’r&%gut t hat -
circyift arrangenentys WahhidZepPhedif€er 1691 atdiell SldH15 @Hand ity daynjhed
from’thwo ot her known 23 classes of circuit arrangenent, namely: 24
(a) g4 | ogarit hii poutibap- hboear ther EniéshoIdngedans 25 afiniakingr a fixed
or chlnging slope and with no Iinear portion: 26 the gain changes over the
whol @ dynam' c rangeintz providing a(pyedeteondnedrmamiguime nompxression
charadteristic 28 haying two or pore portions_of which only one portion is
Iind&W'ZQ ("uni - | ¥A&dP Pr s¥pansion ratig, ARA it arrangenent with a
bi -1inear charactenistic,3l, has ri r v [ i del y used.
The 1Hr eshol d can 332 bd Eggha Svel, #eg%l%ﬁgﬁ%?éﬁeq?%&e@]g? i ori ssion
chanpdl noise b deayRhti Brondehet 9a £ CoEEnd NEw ORI Iidot 1n.control  of
the “Zjcircuit by noise. The high level portion of substantially

13| The characteristic is denoted a bi-linear characteristic

14| because there are two poftions,of subsféntially constant gain.
150 | In practice, the threshold and finishing point are

16| not always weli defined “points“} The two tranSition regions

17| where the intermediate level portion merges into the low

18} level and high level linear portions can each vary.in shape

19| from a smooth curve to a sharp curve, dependiﬁg on the control

20| characteristics of the compressor and'expander; _

21 It is also pointed out that cifcdit arrangements with
22| bi-linear characteristics are distinguished from twé other known
23 classes §f circuit arrangeﬁent, namely: _

24 (a) a logarithmic or noﬁ-linear circuit arrangement

25 with either a fixed or changing slope and with no linear portion:
26] the gain changes over the whole dynamic range.

277 ' (b) circuit atrangeﬁents with a characteristic

28) having two or more portions of which only one porfion is linear
29§ ("uni-linear").

30 A circuit arrangement with a bi-linear characteristic
31l has particular advantages and is widely used. The threshold can

32| be set above the input noise level or transmission channel noise’




£y : ,
constant® gain ayoi ds non-linear treatment of high level signals which would { )
ot herwi se introfluce distortion. Moreover, in the case of an audi o signal, .
for which the cjrcuit rmust be syllabic, 6 the%irgh Ievel portion provides a
region within ich to deal with the overshoots whi:ch. occur with a syllabic
circuit when thg Bavalgriad orelee! tionexeclsde abeuposgzbﬂhetpvaf sfottrolarcE the
suppressed 9 ¥ 'clipping diodes or similar means. Only bi-linear -

char act er- 10 3 pt¢imctite byapatiise. of Theobiiahndeveal speprinmaf Gukstantially
advarntages. 11 of . the known CIrCUIt

Th i th .
D1 i noar 12 chju SRSEANG 031 B4op oHa)-F KPEBReRRERERRI (% s eV iigRals
13 10 dB of ) ; '
pur poses. OHO\(/:\g‘V ryﬁ?f%ho%ﬂ ggvg’)ségggﬁlég%o%{éggﬁgé%? 3%%1% 151’1 %&Ks'in &he

for highest f :)qd lddse JBT %%Eiﬁbe%igﬂBlanﬂoi-GwﬂEﬁ“’e‘ﬁé’rbixscﬁ%s'n{uastﬂ e ¥ 1abic,
20 dB. It is ficult to provid such a | arge anount of conpression or -

expansi on wi t hobittifndrighr 129ellepor@iphoprovidedi ehrédioetvitiinudlichy tof deal:
the signal. 1 Circuits are known and comrercially avail abl e :

whi ch 20 provigde withiBhef ovemshestsowhécherpansi whth amcspMabimrairduit hen the
these are usually constant slqgpe logarithmic circuit arr enents 22 in

which there i 8} mlamqulcﬁaﬁgpﬁgegaahrepsm heTmo?‘éetzegﬂqgﬁrﬁarﬂr@ (Sappx essed

| h h f hi
o ey e S GG B, B AFBE g A R g

di storti on and®

ma bj s¢ § DU e C'Jagg.;&é 8@. g@afﬂ%t@ﬁlgh@&%ﬁtﬂﬂ desaavantages.

I nt er nedi at e port| aracteristic an

over shoot projp gms are mrqn%magaeaeytbantuethnbwnlw@é\ms‘éwmi%rlb'it-ucinear
arrangements.” Khown 29 constant sl ope conpanders enploy conpression ratios

I n the range ﬁpflgﬁhracﬁktls&dw 3inlpskutoday is cossumermanmiicproducts provide
Conpression ratjo is defined as the ratio of the 32 increnental input

dynam c rangel3p thdB ofi compraeséonpand expapgheniehicinges admauabe£ior on

ratio for a conp Ienenta&y expander 2 is the inverse of the conpression
ratio. If thd4EdMiieRYraeses. However, this leaves some noise audible to some

15| listeners and, for highest fidelity, more compression and

restricted to

15 expansion is desirable, say Zode. It is difficult to provide
17| such a large amount of compression or expansion without encoun:
18] tering problems which affect the quality of the signal.

19 .. Circuits are known and commercially available which

20| provide 20 4B §f compression or expansion, and even more, but
21| these are usually constant slope logarithmic circuit arrangement
220 in which there is a constantly changing gain over the whole

23 dynamic range or nearly the whole dynamic range. Such circuits
24| suffer from higher distortion and signal tracking problems at

25| very low and very high signal levels than the bi-linear circuits
26 inlwhich the change of gain.is restricted to an intermediate

27 portion of the characteristic and overshoot problems are more
.28 sevefe than with bi-linear_charactegistic arrangements. Known
29] constant slope companders émploy compression ratios in the rahge
30 1.5:1, 2:1 and 3:1, but 2:1 is most common.

31y - | Compression raﬁio is defined as the ratio of the

32} incremental input dynamic range to the incremental output




is 3:1, the expansion ratio is 1:3. It is convenient to 4
t he concept.of the inverse expansion ratio which, for 5 the
just given is-3:1, i.e., it cgqpesponds to the 6 conpression _
For simplicity, discussion herein will be 7 confined largely to

th t
the corpeaghtd Lahka W bl heo 4NURLE A S L UanhierTRRSpdRRL O
A hi o lcq@iges iaveLak! 8 fhaﬁe%%w@m@%mth% ithel koript edifibncul t t 0
ensur onpl ementarity between the conpressor and 12 the. expander; in -t

parti gyl aatievdk 8rMQr §her ekpans Son Nratiio fie-1:11 Qeerisy dodvearisatotot he
transmjssion or recording nediumlead to 14 correspondingly multiplied
error g jautifld zeutpet cohcept efptheeinvese expansion |natiio lhdwh,( §oy. US- PS
2,558, (02, US-PS 4,061,874 and 16 Japanese. Patent ‘Publication 51-20124) to

i ncr eage tiec SXABRAL INSE7IEBAPr £853 bhr ol mblte ARFTESRANAS 4§ tﬁ‘ecascade a

| urali ' ssor gta Jhese own ci.fcuits (,contr
ipedsrlc £OTETSETAER, PaEsdas, er?s;mmwp\fy SRS E1ds 28, (he
20 i '} ' \ééoq\lﬁ.lneat Qg? 2 SBaEh@ BB EOSTE L SSXD LA vhes lt'xlntd%rs‘ﬁ"agblg%
t he di vant age exp e ove. or exanp e, one circult wt
CoNpr gsisitda el évhk.-os@fneZc&nemdeEQeieﬁaespﬂgh 18 KD P oPt iatlel @hddgek,3: 1
will yifeld an overall ratio of 6:1. The resulting expan- 24 sion ratio of

1: 6 woyl toplthee exphesipnbuatiéa.on the uniformty 25 of the transm ssion
channelf. Another consideration is the 26 demands that are made upon

what @odr circuit i3 bigbcepmprefsiony %ﬁ%é‘éﬁ égaiwaéé@ntraa@ tig é&na&bnitsh
t he conpr.essqr. Qr expander 28 charagteristi i'sr atlve

mke & |515cglltfféf=f’g& £90eREHE P PRMGLTTER 'Qﬁ)-'éffeeé‘ FUPTESRE BOT
st gni LI CAd LAATRCE dbf baghilul gr ggése# & e P A gRuLal ©

gain 3l c ange over "a’rahge 0 TCult” 0 establ i sh
32 a adn @nlc?gre% BhadusiebkReCBRRASHEE Sk (‘mf' Od‘eé&ﬂiu@ eAHANRE to |

system 20124 publication concludes that a plurality of 2 series

corrprlasrs@ro&r(e&@dndipgng}emaltapbieatemtsabéie e aoutghee of the expander.
15 It is known (e.g. US-PS 2,558,002, US-PS 4,061,874 and
16 Japanese Patent Publication 51-20124) to increase the amount of_

17 compressipn available by connecting in cascade a plurality of

18} compressor stages. These known circuits (conﬁrolled impedance

19} device, diodes, etc.) multiply the compression ratios of the

20| individual stages so that a high compression ratio rfsults, with

21] the disadvantage explained above. For example, one é;;cu1t with

22| a compression ratio of 2:1 and the other with a compression ratio

231 of 3:1 wili yield_an overall ratio of 6:1. The resulting expan-

24} sion fatio 6f 1:6 would place a heavy burden on the uniformity

25| of the transmission chénnel,' Another consideration is the

26| demands that are made upon whatever circuit is effecting the .

27¢ change of gain required to establish the compressof or expander

28] characteristic. - It is relatively easy to make a circuit effect

29| accurate gain changes over a range of 10 dB but significantly

30 more difficult to make the same circuit effect accufate-gain

31 changes over a range of 20 dB. It is thus difficult to establish

32} a controlled, reproducible characteristic’for'uSe in a compander




v“‘.
3 reduction systemfor high fidelity reproduction systens. 4 ' It
is also known (US-PS 3,902,131 and US-PS 3,930,208) 5 to cascade a '
plsurality of conpressor stages that operate in 6 nutually exclusive
frequency ‘rangesf Wile such.arrangenents 7 nmay not result in any increase
in conpregsion rjatio qQver that of a single stage, they do not provide any
increase in conpfession. 9 I'n #se-11 ght of all these
considerations if | S t he 10 of Lpvent roviy de
i ncr e\a(‘sed amount | §YSFP- co#'prggjéfogtﬁ'z rubégcaastﬁ‘mocr?"vm 9ih Q Lfnae'?sllagé{b?y
| arge increase él.?séﬂdsh&omréﬁéeéﬁl(ﬁm reapa:meaaﬁ awetdttnukumkmgsexeease ve -
demands 13 upon pny_ci rcwt I nvol ved in _effecti nﬂia change of gal n.

A further object| FSIG AP GSEE™ £7Ti Hidhe BLARYH B ERTOLST A7 SXtHeD t:orrpre35| on
or expansion W fhout produgl B8 AkolbndwRdaf-bab], Y02 Angeadanss-2ase, 938, bb®
over shoots produged under 17 transient signal conditions. 18

cl ose exani nati®htefeascags featurilitniafscotpsaasorostasas ik yoRSRED Y have
the previously e Hﬁmﬂtﬁde,@cq\aemea%@q&%p%neg;ur& 8k QRE asfa\qeénL ent@anely,
a way of solvingtthe high 21 conpression ratio problemand, in"the case of
audi o circuits,y PRanlrot sesvdy o a@mlmcngasehen hioghresséems frebio pmbltétﬂt o3

Not e t hat: the. su erQPS|t|on of the Linear 1ons 4 does not ann f1 t he
gﬁe stﬁg the ? not e an ncrease in comp SS
conpressmn rat¥b®in €se regio he corrpre sion ratro |ncreased

only inthe lingfed regi onin thGu\ghtodf dynartésze ois idnaritdles 1p:l ase;he
Therefore, | hav it 27 oss g eto segsrate t he areas of nam c

action in suchl g??/%f BreRFhor R RreytiTs 88 BFEFaie fM¥reate in

conpr essi on, 29 bﬁﬂ:e&hz&ﬁlﬁrsﬁfﬁhnkiéﬂ?wmﬂtoum &t uhBgb it BRI yoVergR! indBasaUM
com. 30 pressionfor expansion ratio significantl The arrangenent

according to tR® I"HV% FOTPLeSS iR PAELP |aﬂddﬁléf‘?ﬁ‘1¥a’i’6‘9vﬁ°8ﬁs"r" 8FATeE shoul d
now be nade. 13 Fon any cucu&\tfwvbbeera Eﬁ%ﬂt&@u@.& 4 Rhangd! BANGEAENt IS that

the 2 overal I l'inear, with e attendant advan-
14 A further objecg is to provide an increased amount
151 of audio céﬁpressién or expansibn without producing an

16 'undésirably large increase in the overshoots produced- under

17! transient Qignal conditions.

181 , A close examination of bi-linear circuits shows

19} that they not only have the previously_enumerated advantages

20¢ but a further one as well-—namely, a way of solvan the high

21 compression rat;o problem and, in the case of audxo circuits,

22} also a way of solving the high overshoot problem.

23 Note that the superpcsition of the linear regions

23 does not aﬁplify the ¢ompression_ratio in these regions; the

~-25] compression ratio ‘is inc:eésed-only in the limited region in

26 which'dynamic action takes place. Therefore, I have found it

. 271 possible to éeparaﬁg\the areas of dynamic actiqn in such a

.28} way as to obiain the required o§erali increase in compressidﬁ,

29} while at the same time not"altefing the overall maximum com-

30] pression or expansion ratio significantly.

. The arrangement according to the invention is defined in
claim 1, to which reference should now be made.

~.
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Thus the action staggering paossibility of bi-linear 4 devices
ts.a further hitherto-unrecogni zed advantage of 5 this class of
6 - The above stated opjects are net in accordance with-
the 7 ifnvention which is characterized in that a first circuit, which 8 has
a bi-lLijnear input-puyrkhdhFtitid Y &hiks abekhg¥Réinbyionen&e oghaor e
furtherf circuits which also have bi-linear characteristics 10" at any given
frequgricyvet alil ncesdltegise oy Iriaveger ,coritchn 21d bliethé sttendast adven-
threshdl ds and dynanmic regions of the circuits 12 are set to different W
val ueg [sbagesi o Bhugyddre taat ion atagdexiagiBopsibilpbytebnintinger
charactferistics of the circuits to prqoduce 14 a chan %% ggin over g%vwder

) €
range 4 fd?%%%ﬁ?m%ﬁ&ﬁ%??qﬁﬁua1§9R§h$r1§LFH&ﬁtPoPn5ﬁ9°8$1? yantege

individqually, and to oduce an 16 increased difference between the gains
at | ow aﬁ{al%iﬁﬁa?%p?ﬁ %H%ﬂfel s, but with a maxi num conpression or -

expansijon ratio ' ' | ; jsal o0 t ' -
sion rati \ghtl o?’l&a}nfl sing e@(ﬁg?g&&t Qggyﬁ%?r ?ﬁeég?%ﬁgﬁggg‘éiggjﬁ%? 20

9 (Cofve iGN AIWiEH I{dlidharddtdri®ed AaUithathaveiZdt O¥eF80DOf which

suppregsion (limting) elenments, then it is also 22 possible to stagger

t hei r gtjhhashal bis-ki weryr virput-os tpwg ghiaract28ishécsyisabotlove@shwlale The

overshgots of the lower level 24 circuits, or stages, are correspondi ngly

reduc@d, o%i Rren funkhen ixarihg whichsiadse bavenhbisiipear chagagterigfics s

‘o

I n contjrast_26 wth conventional, |l.qgar.i tfhrri C.conpressors _in V\/n%chtl ar ge
over AS7AEHRRY ILyen | HHRSSAGE ittty FEogliency £ aRIS Sopmar (Rt RSt cui s

may ij{itregyg@i .a'afﬁéagﬂr%@%& é.Jaea%%ﬁ%akeaepagnsf.otha'hsilswfﬁ% -- for

exanpl'g, ow | eve oost I1n-~the case o conpressor. Thus each
succegdi 8ge 3de &t B@Ca B et Gid1de SO a3 to gRahget PheULRESIMEaYa€daNgi NQ .
32 spedtral content. In the case of conplex signals, this has the - 1

Vi rt ug jolesekgiort igns e athechartadter ictieseoff theeripecuibst be grodecedi ng

functign. 1In the case of a tape recorder. with an o
14| a change of gain over a wider range of intermediate input levels

15 than for any of the &ircuits individualiy, and io prodﬁce an

16| increased difference between the gains at low and high input

17| levels, but with a maximum'compression or expansion ratio which —
18 is substantially no greater than the maximum compression ratio

19| of any single circuit, by virtue of the staggering. |

20 in the casé of audio circuits,-if the circui;s have

21§ overshoot suppression (limiting) elements, then it is also

22| possible to stagger their thresholds along with the stagger of

23| the syllabic thresholds. The overshoots of the lower level

24} circuits, or stages, are correspondingly reduced, with minimal
25| overall overshoot of the several stages. This is in contrast
26

with conventional logarithmic 'compr._'essors in which large over-
27

28

shoots are inherently produced.

Each of the circuits may introduce an alteration of
29 '

30
31
32

the spectral content of the signal ~- for example, a low level
treble boost in the case of a compressor. Thus each succeeding
stage may be actuated by a ‘'signal of progressively changing

spectral content. 1In the'case of'complex signals,' this has the
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4

by response characteristic, for exanple, the 4 spectral

reduces -the, overall dynam c and 5 frequency response

roded result. 6 Consjderation will now be given
7 staggering required. For simplicity, reference is nmade
Th r i on. 9
et ?gérgn Oggﬁn _'g/orfit
g.%ﬁc@é&sgaémﬂﬁ'm

back to unity

in the

' 88884 £ind O Gr FBAGAUM AN G Hich W bl et

bression ratio. The ratio 12 wll then

bel cahéwsh t fitedwé hdy & debdrstnichablaicteti ¥ tsppakopJek dfpl &) | iy

Eh unity 14 asynptotically but for all practical purposes

b spelet eall t shhftving daotiech ayniriedunieenthe ovenall odynamd ¢ieand
y by an arbitrary small anount fron1unitg. 17
frequency neespAnse @rgonsoof] $he decededi Feswltst and

esults inthe falling fla of on 19 circujit overl appi.ng
of the othé?°%§¥4ﬁﬁﬂé%9ﬁ 1| @Qu; begivep, kp the anolint of

P45 RS RALERT, | Mo S5 PR EPR P o

1 _ _ _ conpression ratio
ID§E ANE & abbNn&St £HF Gt dTPrTLBoeOBRERIELE] Phé Océiipression
Itself 24 Preferably, the threshold of the
2atioVZef éach ohatheffidt fandsisecoh@uicirtultsvwll hadsé irom
ysed, each further circuit preferably has a progressively
ﬂl ity nat hehe asesps civeofhresholdato @i Daxibunaand Pigis twikll be
er. _In princj {e t he order can be reverse. 29, with the .
cFatled HBei 'ﬁJgg e flank af, SPEPTregsiAn; Fatigse Bhe mAklo
th regr o%a%gres ol.d 31 .l evel g in_pripciple
LB i oha Ll 5500 b TS50 ROk SaBiRA°HRL rani
| e PRRk | ONSe Pt i\P &ty thed'Fa111RBCEL k! REPCABProach unity
asymptotically but for all practical purposes it may be con-
sidered to have reached unity when it is at some value differir
only by an arbitrafy small amount from'unity,

- The staggering of the intermediate level portions of
the first and second circuits results in the falling flank of c
circuit overlapping the rising flank of the other circuit. At
least to a first approximation, the difference betweeﬁ the two
thrgsholds can be made such that the overlap of flanks results
in an overall compression ratio which does not substantially
exceed the maximum compression ratio of either circuit by itsel

Preferably, the threshold of the second circuit is
lower than that of the first circuit (if more than two circuites
are used, each further c¢ircuit preferably has a progréssively
lower threshold), in the case of a compressor and vice versa ir
the case of an expandef. _In_prihciple the 6rdér can be reverss
with the first compressor circuit having the lower threshold.
In the case of more than 2 circuits,_éhe order of threshold

levels among them, in principle,3cén be scrambled and arranged

/17




p Thus the ideal stagger is considered to be that which causes
o 3? falfing flank of one circuit to overlap the rising 5 flank of the
e ircuit in order to restrict, so far as 6 possible, the level region,

h dynanmic action occurs in the ¥ “overal|l series connected device

L h ' ayghgi a L ad o %ﬁgﬁg | Xi mum
si%‘nggiaggggkglggnyghgrgtgi gh%v£¥t§ﬁg€&g§%% isel‘%]gl: ' ewdé'%. U}f}ﬁg% for
, difr i@ sl@rePrbpUPL§OgREE§ELEA. ratio of each circuit is 2:1, the
conpr@ sion 11 ratio.of the overall circuit arrangement will rise to 2: 1w
12 ifntai n this Thhsethecidélr stangap, iancohsibdered |tddak thatl¥hirht y.
Thus, “ijdeal |y, there is no increase at all above the 14 ratio of 2:1, in
cont r gsjt canselse thei §rldingaflangentnone ofinsuit abe aatear lambhes wdsiogages
whi ch ltiply the ratios to 4:1, In practice it may be

whi
whi | e
conpr &
exanpl,

16
di ffi sl £lepkalhi &he kb8t FhrRit L0PFAPT ato restritfirefQ S2H@S it can be
t Hat , .oV di 18 bl I pat i [ de to the.ideal,
the obdr HOSSHRIE: THe ARVERBFALEN ok KRG PHES SRR PIHER SRS
. o O oo . . L
orroury Syeralinastieg fohflebbEadaupLE YL ot leHPedrt TP NG |

conpr gysiady lsibis@an®i81 inerdasfCif tRe2BaxAuR XEGHiHtedsd ior IAC e xpadsion
conpregsor nore easily to provide good 24 conplenentarity with signa
channelfs daiiongveeanthhtat ofinackinble d@évijeens et orfdr enpmmpdye,r dfpdhees.
Howeverf, a | ow conpression 26 ratio_spreads the dynam c action over a w der
rangdaodf Maxigug compeggsing gatieepfsaaebpeinruityis R2bi dherampaeissiionor
a.giver§ 28 Xi amount noi se,reduction difference in gain_at |ow and
20 h1g1| a0 Plvehe SvRERLY, SLRERAt ErEsndament il LEika tnddd - 90 able
ef feqtq GaIREdHOLN10Y,0ia0 80d.' OHeCOUBERSS] O i AU £th Epsequent !y,
the idgal” "conpression rafro w epend on t he 2 System'enviTonnent and |
the'%%jt%Wﬂi .'gﬁhggg|§dea11}, there is no ffcAPidd lat (A PIAWRS e | | near

st ages |fprovi des the designer with an additional way in which to optim ze
an ov@rjaldatio of 2:1, in contrast to the prior art arrangements of

151 cascaded compréssor stages which multiply the ratios to 4:1.

16 In practice it may be difficult tp_achieve_ah optimum
17| overlap at all freguencies bdt it can be seen that, providing ;
18| reasonable approximation. is made to'the_ideal, the overall maxi-
19{ mum compression ratio can be prevented from rising excessively

20| above 2:1 in the example given. It may in a practical circuit

21] arrangement perhaps rise to 2.5:1.

221 A low maximum compression ratio (e.g. 1.5:1) permits
23§ an expander to track the compressor more. easily to provide gobd
24| complementarity with signal channels having sdmewhat'unreliable
25| gains and/or frequency responses. However, a low compresSion

26} ratio spreads the dynamic action over a wider range of levels,

27 causing greater susceptibility.to noise.mddulation for ‘a given

28| maximum amdunt of.noise reduction difference in gain at low and
29f high input levels. Hence, there is a trade off between undesir—'

30} able effects caused both by high and low compression ratios.

31§ consequently, the ideai compression ratio will depend on the

32| system environment and the system design goals.



- _
circuit. In so §oing, the shapes of the conpression character- 4 istics of (%;
I ndi vi dual * stageg can be designed with staggering 5 specifically in-mnd. j
The transient chgracteristics of the 6 circuits are also taken into account
and the opportunfty is 7 preferably taken to stadger the overshoot _
suppression thregholds 8 in audi Qq conpressors and ders sp_as to resul :
in. mnimal 9 ovkfall overshot® éﬁfl y to Stagger'&é??qRﬁﬂﬁnsgﬁﬁﬁso?r°Vfgeé the
circuit, called {skidi " 1 { G d reagh 5 fLES

and setond circ? té#ga%g%’?ea e% eg&sﬁp%}l |edt2’§i sisi(r'a’a gcghgrsaggtéﬁ@??cb?oéverau
the case of 13 [ géiéé@ﬂy.en% agisli do PP NaFS i SHapds EPEASI @BmPYed8RbYHI BParacter-
hi gh 14 frequen \-boost-(for,conpression) or cut (for expansion) by way 15

of a high pass jl11§f1wétbfaina&6f&ﬂanIswwgesxnanamefﬁequgney.wiﬁnAstaggering
signal. level in {§he high frequency band increases, the 17 filter corner
frequency slideg|uspeciif jcablysin onird s oFhe i sicodt chasacteripthasanf the
excl ude the usef

| signal fromthe boost 19 or cut. Exangle; of such . .
circuits are tosBeciBeniits s PsRtaken ANt Acqaynssand; Ere gRPOLEUPELY 18
4,072,914, US-PS|3,934, 190, and 21 Japanese Patent | i iQn LZ1.
Accordingly, eall Sfeéﬁ’éa'?ws'f'a]é?fbl E_gc%’fﬁp%‘ff?c e['sf’%oé%ﬁhé?tb ugggggglzg thfeshol
"sliding band" ¢ifreyi LOC h L 6SORU,y 4L FegdYENEhenifinal
the two slidi ng8 a(riig %??%ﬁi?é’hgéng%gr%S&d@%ﬁent an% uses can be nade of'1 '
this to provide9ﬁ d98£8e1 Obvebsked®y €ssi on or expansi on which is higher in
one part of the 27 treated frequency band than in another. However, in
accordance 28 wpffh an i nportantellrkhewn deype opfirarir aufiti,hgaldednf'sdAding bgnd",
corner frequenci ¢s are made substantially identical. This 30 |eads to,the

advant age of shaipvhiéhseﬂnn?ﬁa¥$€%sf%§tﬁﬁﬁhl?ﬁmﬁ@ﬂ_fﬁﬁﬁéqﬁéﬂcﬁeFQQFoﬁlﬁﬁEFES"

b ' ei i ed d 32111 _ ' whe N '
oonii ed and acoaldFREREoR LRE, SRrcbPled (et irebid GHarRCIER Sy By  the case of
wher e noi se rqui

th?ghiirgguency'audio compression or expansion by applying high
14] frequency boost (for compression) or cﬁt (for expansion) by wa
15'_of-a high pass filter with a variable lower corner frequéncy.
164 As the signal level in the highlfrequency band increases, the
171 filter corner frequency slides upwardly so as to narréw'the

18] boosted or cut band and exclude the useful signal from the boé:
19] or cut. Exaﬁples of such circuité are to be found in.US-PS 3e
- 20| 28,426, vs-ps 3,757,254, US-PS 4,072,914, US-PS 3,934,190 and

' 21} Japanese Patent Application 55529/71.

223 - o Accordingly, each of the first and second circuits ¢
23] be such a "sliding band" circuit. In principle the quiescent
24| corner frequenciés'of the two. sliding band circuits can be
25§ different and use can be.made of this to pfo?idg a degree of
26| compression or expansion whicﬁ is higher in one part of the
27 -treated'frequency-band than in another. However, in accordanc
- 28} with an important-further-developmeht of the invention the

29) corner frequencies are made substantially identical. This
. 30| leads to the advantage of sharper discriminafions between the

31§ frequency region where boost or cut is being applied and the

32 ///




| onger taking place, because of the appearance of a significant 4
eful fsignal, and the region.where noise reduction remains 5 effective. 6
t he jot her hand, circuits are also well known in 7 which the frequency.
pectrymis split into a plurality of~b%nds 8 by correspondi ng band- pass

¥

filt d.th ) -, 9 Si i s .effected. i h band b
gai n8qnEFBRCHYREES (Thetherot ARHE T AR (ARHT MEISoRs FOETPEFode type of

gai n &qn P8t BeYPEE®( 5 P R R (TS, de type ¢
compr 8408t SCE IR Tok BERISCH SR RadRchl Mh i e RREIRRTA8rD e

an .13, lexpagder takEXgpl §8e PTbéetls€ i S€ WHe apprdrane bEURdsignyBiBent4
3,8467119. These split band or nulti-band circuits have the 15 advantage
of inggpese€nl adtynab,i andhehe aregion fwhesree moi seanisiutbd icandemafinghi s
propertfly is required, such circuits may be enployed 17 as the first,
secong,| €£f@EEdvetages in the circuit arrangenent 18 of the invention. 19

In prigciple, one of the first and_ second circuits may 2 e a mylti-band
circubf and the ot fBrtheyobRer Randy (RiuciHtsiace ?f.sogarle&l gﬁ‘ﬁf"g WPl be of

interegt i Clkal _si tion iqﬁg@j gﬁ id-Js, faqr I hped to
enhané thcgeépge%g?qﬁé'}%fe%%fﬁf, ogrhsxpécnslln_cg:r? i%h pgﬁ’é%g'gr igﬁ ggﬁ?%e '
total rS?U%BG¥eQ§8Hdiﬁ89b3Hafﬁéé&TEHiEHEE(HddﬂﬂﬂefEB% sQbn"BkEeRpahbe
band-g lifting 25 channels acting over this portion of the frequency band.
26 9] sion ikt effelkbadnihOe&EHWSHaRE tbia Idanimarconttiole Sedtiteatdhéther
expandgrs, of both sliding band and split band type, by the use 28 of only
a si ngljeansiagtemapichllyionesponsive, dipdertine qff dfimvitdag2devd ceontt Auct
such dgvi ces bi providlng.a main signal circuit 30 which is linear with
respdtt] CONEYRAALE LaMLEingidevicebrin bRy B A CIWrEFEFai Hikhr cuit,
and a_fjurt her _circuit mgl h derives 32 .Jts input from,he input _or output
of t 83 |r GPPREFOER £F; FEhHFocal 19 qonplenarCany she himiVe £2¥0 Fhe
~conbi Biling xpahBdr, - EREmPYESNSE such circuits are to be found in US-PS

141 3,846,719. Thesé split band or multi-band circuits have the

15§ advantage of independent action in thg various frequency bands

14 and, if this property is regquired, such_ci;cuits may be employed

17! as the first, .second, or more stages in the circuit arrangemenl

18}§ of the invention.

19 In principle, one of the first and second circuits may

20{ be a multi-band circuit and the other may - be a sliding band cir-

21f cuit. This will be of interest in a special situation in which

22 it is, for example, desired to enhance the degree of compression

23] or expansion in one portion of the total frequency bahd, the

24] sliding band circuit and one or more of the band-splitting

25| channels acting over this portion of the frequency band.

26 It is known to construct bi-linear compfessors and

27| expanders, of both sliding band and split band type, by the use

28§ of only a single signal path. However, it is generally preferred
29)| to construct such devices by providing a main signal circuit

30 which is linear with respect to dynamic range, with a combining

31} circuit in the main circuit, and a further circuit which derives

32] its input from the input or output of the further circuit and
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4| emaesli ¢ eod Y & igha! ifR ithel tagecafedxPinshens egrinn Dineirted

path limting 18 action becones partially effective and

t £ antived attb # iagntalalilsy smaldeanthgai bharnsbs pdtlersigral in th
20 fully effective so that the further Eath si gnal

aBRPeI (P 3rele e S he dinpgith Ky neBksarandee tFae man p%n% further
hest art of the dyngm c ran e t he of

ICSERECTES dite daAaRARI FaghmostRonsgh EuEly Kb Hiatt 1y
'ifﬁnéif‘f@ﬂl&""éﬂ 2;%9:51510 25 dynani c. range. |n dual

S overshoot suppression is

€ provision-o
bni ent. 27 such known Pchptledsodls bRaSexkBARErEi 464! pSref cular]
US- PS 3,846, 719, US-PS 3,903, 485 and US-PS Re 28, 426. _
honflvamahgemuss hecause they emabdlel ¢he Hekéredsking dfittBinsfer
br path has characteristics inverse to limts 31

Edchmaqrtﬂmimxm heueatatddshed; Ha #aPﬁeﬁh’e'ﬁ way wighout

aY

"

signal For Conpif Sﬁggbfgggt§¥n%ighll Jniiéﬂ¥¥g}t§|%nal e low level port1on of
14} substantially constant qain is established by glv1ng the furt}
15} path a threshold above the noise level; below this threshold t
16| further path is linear. The intermediate level portion is
17| created by the region over which the further path limiting

.18} action becomes partially effective andithe high level portion
19| substantially constant gain arises after the limiter has becon
20§ fully effective so that the further path signal ceases to
21] increase and becomes negligible compared to the main path
22] signal. At the_highest part of the input dynamic range, the
23| output of the circuit arrangement is effectively only the sigr
24| passed by the linear main path, i.e. linear with reséect to
25} dynamic range. In dual path audio circuits the provision of
26} overshoot suppression is particularly convenient.

27 . Examples of thesegkﬁown circuits are to be found in
28} us-ps 3,846,719, US-PS 3,903,485 and US-PS Re 28,426. There
29} also known analogoﬁs circuits which achieve like results but
30f wherein the further path hes characteristics inverse to limit:

f31 characteristics and the further bath output bucks the main pa:
32
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gnsi on (US-PS 3, 828, 280 énd US-PS 3,875,537). 3 Any of
dnown bi-linear .circuits may accordingly 4 be enployed as the first

ond circuits'of the circuit 5 arrangenent according to the i nvention,

dr to obtaiin the 6 advantages |n£erent therein and also to provide a’
good vty of 7 establishing the desi r'eliFamount  of staggering. . This is done
by 8 §tEh@ﬂalhﬁotheéﬁbﬁégﬁzéﬂdaﬂarﬁdﬂsﬂ:é adieoffa iof plath Ewgnbar EBer 9 paths
appropri ately. 10 As mentioned previously, it is not essential
to credt expansibe (uS+PBA3{ 828n 280 kind USRS Gha&78Gi58T)st i ¢ by such "dua
path" 32 techniques. Alternatives exist, operating with single paths, as
13 degdribed in UAPB Qf7SU6254an!9F#ifﬂlﬁ?PEZPngU Bsm4y0agcgrdanHy

. US-PS 3§, 909, 733 and Japanese, Pat ent _ Appl.i cation 55529/ 71, for 15, exanple.
AIthoa‘thh8§Bla¥?€rﬁ§thé E%F%ﬁl?@@tﬁﬁﬁﬂﬁq/9%%9%%&? o 6§ﬁaSI6°HFtproducung
such. egu ts @s dugr gath CI CUIIS o d@; L ess onve@bgnt and
t her ey FEE? 2eBRBH B5F F @9 E%n q% fﬂ nbéﬁ% I §8U| Féﬁt sults.
Accorg nghvanegsée %Hﬂ&’?eﬁ@ tﬁéégmtén&%ls% o Redvigd asqRRa Qhay "gge of
the chgcuits of "a 20 circuit arrangenent according to the |nvent|on _
desirgq, egeap2isninghenti a6tined sroeE of rulidderdng.be Taiguak Bahb Byrcw t
and 22 {the other a single path circuit. 23 The invention wll be
descrauedetnlngrbhdethréshandbyammydyﬁamicﬂqﬂgionﬂ tolf thieetenc Eurbhehe
acconpgny |ng drawi ngs, 25 in which: 26 Figure 1 is an _exenplary
set of |cBrkbs §BBﬁpﬁglé§ﬁiY27 pl enentary bi-Iinear conpre55|on and
expansifon characteri sti ure 2 i.s G agram
ShowiRd tho. pr esenhso8e REIERER Rr v gt 1Y B no S shsentian®e&%pithre
is an,gx I p depi &£t t Y RAYGC n 0 # how
theyq%a ﬁgg gégégég gb?ﬁ §gr§%s?g3965ﬁ%ﬁ?%&aﬁégﬁi}gis rs or e?%%%dgaaﬂ
Fi gurg 4tbéhﬁ1§ﬁé§herAit@?hhti@@sfQiﬂQEJ JpHHE8iny with single paths, as

13| described in US-PS 3,757,254, US-PS 3,967,219, US-PS 4,072,914,
14| Us-Ps 3,909,733 and Japanese Patent Application 55529/71, for

15| example. Although these alternative circuits usually are not

16| capable of producing such good results as dual path circuits, or
17] may be less convenient and thereby less economical, they can

18 broduge generally equivalent results. Accdrdingly,'these known
19| circuits can also be used as one or more of the circuits of a

20} circuit arrangement according to the invenﬁion. If desired, one
21| of the first and seéond circuits can be a dual path circuit and
22| the other a single path circuit. |

23 " The invention will be described in more detail,

24| by way of example, with reference'to the acéompanying drawings,
25| in which: |

26 Figure 1 is an exemplary set of curves showing com-

27 plementary bi-linear compression and expansion characteristics.
28 Figure 2 is a block diagram showing the present

29! invention in general terms. |

30 Figure'B is an exemplary graphic depictiqn of the

31} areas of dynamic action and how they can be separated in series
32

connected compressors or expanders.
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2 ' Figlire 5 is a series of idealized bi-linear character- istic
curves ill'ustratifpg a general .technique for staggering the 4 threshol ds of 36
se¥ies circuits. Figure 6 is a schematic circuit diagram of

prior art 6 slidifpg band conpressor. 7 Flgure 7 is a schematic
circuit diagramoj a prlor art 8 sliding band é;bander

Figure 8 is a scfigmatic ci rcu?ig\dreigtdm & fartheirf s—imﬁamxcat-doﬂotm of R 3.
and %0 11 [ Figure 9 is a chart recording show ng the response 12

bel ow—t he conpregfi on threshdfiwre tSud s |‘¥@§1@@n9|fes§eﬁé1?¢sdahu-b egharacte
according to an efrbodi pent of the invention. 10 s a

chart recording ol hiC t RF Yo poliustrat ing ngﬁﬁéréénﬁFgggFBﬁetﬁ?%s?ﬁﬂQF%ﬁ1"q t

a prior art conpr pander aacordlng to Figures 6, 7 and 8. 17
Figure 11 is a ohar?ﬁ%%%kﬁ%ﬁ%mfg;s? €8 I3 0aut 18 response as a
function of fregupncy of a CORAESE AW Benbiatit! 83rUaYLCaTad a&&pr&f@grqor a

an enbodi nent ofY fhe invention. gure IS a c
repordlng of tkm% rwnﬂagmgrnﬁndncdﬁyﬁgygag as a functlon of freqyency of a
prior art conpresFor 22 having a-single device. 23 Fi gures 13-15

are a series of pfobe tone cRipyr@s id lauschamatdct kérehitli dbaguanl effta @rior a
of an enbodi nent pf the 25 invention and the circuit of Figures 6 and 8. 26
Figure 16 shows g&phafhtding skand qxRaniesal ow t he 27 conpression threshol d of

a further -enbodi nipnt of the i vent|

characteristic clfves sinlar ilqd’%oﬂafﬁuae schepasds ng?Pbﬁréli‘ira'Bu?ff%r’“‘%fhfl'
further enbodinﬁg Qe BOntdS *%ﬁﬁ¥g§s§1aﬁ§17%2 1 Figure 18
r ar in :

shows characte i C curves si _
" Figure 9 is a chart recording showing the response

12| below the compression threshold of two series compressors

13| and expanders according to an embodiment of the invention.
14 ' _ Figure 10 is a chart recording showing the response
_15 belbw'the compressign-threshold of a prior art compressor

16| and expander according to Figures 6, 7 -and 8.

17 : Figure 11 is a chart recording of the input~output
18 responée as a function of ffequency-of a compressor having

19{ series devices according to an embodiment of the invention.
20 .Figure 12 is é chart recording of the inputééutput
21| response as a funcﬁion of frequency of a prior art compressor
22| having a single device.
.23 Figures 13-15 are a series of probe tone curves
241 illustrating the sliding band action of an embodiment of the
25} invention and the circuit of Figures 6 and 8. |

26 _ Figure 16 shows characteristic curves below the

27] compression threshold of a further embodiment of the inventior
28 Pigure 17 shows characteristic curves similar in

29| nature to those of Figure 11, but for a further embodiment of

30} the invention.
- 31% yy/
324 s/7




af\ufe to those of Figures 11 and 17, but illustrating excessive 3

chijp. 4 . Exenpl ary bi-linear conpl enentary conpression and 5
ipn transfer characteristics (at a particular frequency) 6 are shown,
in Figyre 1, indicating (for the conpression charac- 7 teristic) the |ow

| evel rtlon of substantially const a8~ gain, the threshold, the portion
wher e 1dynami ¢ acti figaceuns, sﬁotheh&racShrngtp©|¢n:ve§uSIMMidngﬂn | evel
portionj of substantially 10 constant gain Figure 2 shom&

the pra smtqrm/m |t(‘3ﬁ’slen°§eﬁéSHFeﬁel’ﬂnsa“‘_iLZ”a PRt sl straedl ARSIy,
recei vep the wngut information 13 and applies its output to a second

bi - | i AcdarP ssor 4 14 connected in series, which has its output applied
to a nojsy 15 inf r h nnect ed
16 bi*§ i near expa glgggngg nggg?vggﬁﬁ?%%ﬁ#}fp?%érﬁ anne‘#'Fls\?rgd'[) 17
expan &ﬁ?&ﬂarnowr%s%e@bﬁ%ré%duﬁbemcsy%ena Opd Pt ettt art N elfheidiyput of
expan The areas of dynam c action of the series 19 devices are

separ gt daz(!r sHosgodnedigutle ngspaai cheingclhfot hee 28ompidusgi drhacHamgirency

range tjhat is common to the devices. 21 Although the figure shows two
devi cgs| drendistiicdi dhepflowhdepeli portiani of snbskanthalixeanstante can be
the inven- 23 tign contenplates fwo or nore serles bi -1i near

co gpr & :cﬁasl nor the thresheld, thge F?°f€ siPpgEhege aigy"éa%?rﬁ fFHS s e
: € 5
e pand s are %}55?§@Hb%§?gung% “the E$ﬁéeg?g%% %§¥%¥%§3gpﬁ§§%ﬁ% paqg'§hlar

expan
charal[cot rdcidtahel@alim,.t he conpressor is reversed in the expander.  For
exanp 29 the | ast stage of the expander is conplenentary to the first 30

the conpr eigere 2 ashbowscthecpsesaheafiyvenrtdion ainl démaxr & wapendent
dynani cj response (frequency, phase and transient 32 response under al
si gnal? | evdiixstd kdyddmearc oonpriessoy. 2 recefves the input 1nformatlon

13| and applies its output to a second b1-11near compressor 4

14] connected in series, which has its output applied to a noisy

15| information carrying channel N. A pair of seriés.connected

16§ bi-linear expanders 6 and 8 receive the input from channel N at
17 expander 6 and provide a noise reduction system output at the
18 dutput of expander 8. The areas of dynamic action of the series
19 devices-are separated or staggered with respect to each other
20| within the frequency range that is commdn to the devices.
21§ Although the figure shows two devices on each side of the
22| information channel N, two or more can be employed:. the inven-
23| tion contemplates two or more series bi-linear compressors or
24| expanders. When configured as a complementary noise.reduction
250 system, like numbers of series bi-linear compressors and
26) expanders are provided.
27 The order of stages having particular characteristics
-ih the compressor ig reversed in the expander. For example,
the last stage of'the-expahder-is complementary to the first

stage of the compressor in all respects--steady state and time

dependent dynamic response (frequency, phase and transient

response under all signél'level and dynamic conditions).
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action of one c
that of a 11 fur

xenpl ary graphic depiction of the separation or 2

bi -linear devices is shown in Figure 3, which 3 plots (E%
versus input anplitude |evel (horizontal 4 axis) for a
pnder operating at a particul anss. frequency. For

es are shown in idealized form 6 as a practical matter :
pwhat  asynfBt EXERPLARY 79pRBR L 28PIFHiRN Rhttheseparation or
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Thus, even with tlwo devices in series, the end region. 27 of operation
still remain fildd,furtheraxomprmessopr ofséespander 26thexiow rhevedarstiage J,amiah a
are not increaseq beyond those of sing 29 devices and the advantages of
single bi-li nealr2ltd@\ﬁR?§§t8rdeaSGar efafKeanicoantionent 15 thahigh deayel stage is

oceun 1110 1 LUK IR, TheC MBI 35 e atases Nedlbnd i R dhrten os
14} expanders), the curve 12-represents the variations of compress
15] ratio of the first {compressor) stage as a function of the inp
16 level to the first stage and curve 10 is the.variatibn of the
17 compression ratio_of the second (compressor) stage as a functi.
18§ of the input level to the first stage. The top curves are tho
19§ of compressors, the bottom curves those of expanders. 1In this
20| example, the areas of action in response to input amplitude
21{ level are separated such tha£ the product of the two curves
22§ results in an overall characteris;ic'having a compression rati
23| or expansion ratio which does not exceed.2=1 (1:2) between the
24) two maximum compression points 10b and 1ib (10a and 12a) of th
25| two devices.
26 | Thus, even with two devices in series, the end regic
27| of operation still remain fixed, the m#ximum compression and
28} maximum exp&hsion raﬁios are not increased beyond those of sin
29 Qevices and the advantages of single bi-linear devices are
30| retained. Consequently, any errors occurring within the range

31 dynamic action caused by the devices in series should not excc

32} those of a single device.



gain by neans of fixed, pre-set circuit elenents, 3 such as -

stoffs and capaci‘tors, which are inherently stable 4 and cannot
I ntrodude dynamc errors, mavefornldtsﬂthions and 5 the |ike.
Consequg¢ntly, only in a transitional area of opera- 6 tion, between the
l'i near, [constant gaidst agi-<Aihe (0 deitedy datieeni heakhy BCkédcépdriePivnof
the cirguits introduce signal errors. 8 Note that in the ~-
repr esgiit afi congtart quakn By meank dfhdiixedacprenset aicronitnelements,
| ogaritlhm c conpressor or 10 expander becones a horizontal line; line 11, .
for exgipfuchiasigegiwtermrand aapaditoss o whichcanpr égherentlnestable that
of a 1:% 12 expander, It s clear, ,in this analysis, that there is n
oppor - 4 | 330AnFEYRPY, inkrpduRs AYRAMLS AF5OEAnq VANELSER| GHStOFELORS i ces.
14 ' pug poses of, ;anal ysi s .an L a,fLr der 15
appr ox?. pg?gnlggéheég%%?iu%%ﬁl §h8?" ¥| g‘vegsttggggl}ig\jif’ﬁgl oﬁ’f?%m# 1 er.JaLj_’ _
staggeringi bR . i 44 i In@N oy als b | sekul [ b+
Pl gurcb ) SLbh. TR L hedly, P ik koAt e iR e
expandgl ) al Iyedceieé Ypsealdns dff THEVHIAENitS GAEPHEGEE 0BifRA1 Cediors.
t hreshold | evel ‘and holds that ratio 20 until it reaches a finishing point
at a hggher |evel viete that 2in dheaneprasentatdbnupf| Figtoes2, THle:m a series
of conpfessors,and 22 expanders depicted i.n 'the manner of Figure 3 appear
as cont { gfBnandg agkien pf| arcannardd addh 192925 SRAL FnCRPBERESAT ORs an

exanpl el 24 three bi-linear .characteristic cogpressors_and expanders_are 25
connoid boEFRAPASE BrFoRES H SOEAARA Tnbrce TRk, dn-; EOBcoRPRRLF it "t
third S ' .1 Sk s resh [&ET Hown
at -6#55?"% R U i R TR IR LR S Wk
[err] ;9] ékpan@eilmievid Peht,Adhm thhle ardiyéis|, cvbhtStRgeends hé Soppor-
finishipg point (F2) at 30 -30 dB which is the threshold (T1) of the high
| evel 13{atenity fore semiwrating oxt atadgey lings thieniaskingspofnsu¢krdévintesls
daB. 32 | levels are with reference to the overall input. It is

14 For purposes of analysis and to obtain a first order

JPrAR . Most bi-linear devices determne the fixed end regions 2 of
ﬂ t an;
\

15 approximation of necessary threshold levels to provide optimum
16| staggering in accordance with the invention, it ié useful to

17| idealize Figure 3 even further. Assume therefore that each

18 compressor (and expander) immediately reaches its maximum

19| compression ratio at a.threshold level and holds that ratio

20f until it reaches a finishing point at a higher level where its
21 dynamic action abruptly stops. Then a series of compressors and
22| expanders depictéd'in the manner of Figure 3 appear as contiguous 
23 teétangular.cutves such as shbwn in Figuré 4, A#Iah example,

24 three-bi-linear charactefistic coﬁpféséors and expanders are

25) connected in the series. The low 1e§e1 device, which is

26} preferably the third.compfessor (first expander), has the lowest
27 threshold (T3) shown at -62 4B, with its finish point (F3)-

28] at -46 dB.which is the threshold (Tz) of the medium level

29 stage. The medium level stage has its'fihishing'point'(Fz) at
30} -30 4B which is the threshold (T,) of the high level stage.

3 The high level stage.haé its finishing.pdint (Fi).at -14 dB.

_32 All levels are with referenée to the overall input. It is




«

further assuned that each stage affords 8 dB of conpression and 2 a maxi num
conpression ratio of 2:1. 3 Figure 5 depircts idealized _
characteristic curves (over- 4 all input versus output) for conpression
based on the exanple of 5 Figure 4 (the mrror inage expansi on curves are .
omtted for 6 clarity). The drawi ng shows how the dynam c action of each
stage occurs next to that of its adjacent stage resulting in an overall -8
conpression ratio of 2:1 while obtaining 24 dB of conpression. 9

Based~on -observations of Figures 4 and 5, a §' ngle 10 equation sets forth
the rel ationship begween. threshol evel s 1£ zT) finishing_ _point (F),

nmexi mum conpr essi oh \r,\g ithey stg'ﬁedidféatgif’ﬁh EEE 2L ﬁf/‘?“pgr{’é]%ﬁl ‘é?mp&%@‘)@.”_ o]
13 ' 2"'?a|:maximum[ednfp]re_§aﬁ’ionLBaiﬂi§ éfhies1.equation the threshol d

| evel s for each stage can be 15 determ ned to a reasonably close

approxi mation by ad)iterativeFigerepp stepicts ifgepligsd, phprrcteyishicunvap) (over-
finishing point (F1} ofi ldput $4r8B boeRes! fRdcdplbsd ot IE¥38a AW BhOTexBmgsifa 3R
a maxi mum 18 conpreéssion ratio of 2, the equation shows that the high -

| evel 19 threshol slf[RigtFei% (tBe miBror Ehpge $APINSLPR cuR¥as gsecmistedh&opQ
fini shing point (F2)} of, & i ol StAge.) 1% N t hat_ i .
t hr éeshol d shoul d bé %@r%i ,)'angm"s?rgﬁgn%Tﬁﬁ‘;s&eg%‘{]Qg?ggg@f :;cs&gogf%?reggﬂ%égﬂ'
to the result of the gragvesextstagdat pft hts a@32centl stepgs resiplidner in taneoverall
calculated threshol @ i s the .overal.l 24.thr ol Teferyed.tq the in of
the series. To obt&fn THhe 250 h?%s‘ﬁo?%l 24 "gagarch’ltéh 2 i(;il rg%u"%t Yarer fgg%"to
its own input, thegf6 cunul at Bused iofNetlsegedtiion of OFignaés @oamd Si,Sa tsdhighe i Nt O
account. 27 For exabple, the threshold. of the'l opest |evel stage of Fig. 5
26 15 46 dB when 16 bl SHRELOR FPREOTRBHIeoTe ARAT LI B gateesg threstond Levafh,

equation can al so,be eol,vethifsBing PRiht NFF)indgimid PSipRbsdiont PeiGONEY QARSI ON

ratio C, or the garm, G Thus, the 31 designer can determne his circuit
paraneters based dmjhgadn3$CHeS| ey gartiswlayEhagfsal s may i ncl ude
requirements that IEH'e r-p- 8

14] Using this equaticn'the threshold levels for each stage can be
151 determined to a reasonably close approximation by an iterative
16} process. For example, if an overall finishing point_(F1) of
17{ -14 @B is desi:ed with a stage gain of 8 dB and a maximum
18 compression ratio of 2, the equation shows that the high level
19 threshold (T1)‘is -3b.dB. Tﬁis value is then used as fhe
20 fihishing point (F,) of the middle level stage to determine.
21] that its threshold should be -46 dB, and so on. Thus each stage
22} is referred back to the result of thé previous stage in this
23} analysis. Aowever, the éalculated threshold is the overall
24 threshold, referfed to the input of the series. To obtain the
250 threshold of a particﬁlar circuit referred to its own input, the
26} cumulative signalkgain up to'that point is taken into acéounﬁ.
‘278 For é#ample, the tbreshb;d of the lowest level stage 6f Fig; S
?3 is -46 4B when referred to the input of.that stage.
.29 : The equation can also be solved for the finishing -

g ) * 301 point F, the compression ratio C, or the gain, G. Thus, the
31

32

designer can determine his circuit parameters based on his

design goals. Such goals may include requirements that the

(&



owegt | evel threshold be above the noise floor, that the 2 highest

gl fini shing point be | ow enough to permt the use of 3 overshoot.

_ fectifon and that the overall maxi mum conpression 4 ratio not exceed a
particuliar value. 5 In practical circuits, the threshold and
finishifjg 6 point are not always welT €éfined points as they are in this 7.
anal ysi §. lowssti bewsbethreshdial ibwet raixhvet itive, noliger §3oorns thathtké 8 the
intermefliate level portion of the characteristic merge with 9 the Iomllevel
and high highest|level p%#qaﬂ@ww Hfodow snovghsfker peaBpEnth AU q%

charact ristics of the cirguits 1l control he d nam c acition. Thu
i eeershot rﬁ”é%"h%‘?*di% a"r"fedﬁ ,1@

'n pred “off L LPEXIPER OBPFSEEIRt h the
f hi t t . Consi der at
o}n{ﬁei gﬁggiéqﬁégl%ﬁ&%%g jﬁﬂ%&ﬁ?aé”ﬂéyhhat for the partlcuPZL g;gelg? a
2:1 co,

ogrpr essi on ratgp, pztﬁ’oéiégl 161 i i) @BROkR relshogar | hHE EEnPsRYVAgled by
the sigfpal gains of the 1/ stages and that the other half must be provi ded

by an aftpsest 18rdi Ret calwdyes GRILT de fimEpoiatd/ as 2hegl heeedncenis ol
anplifier 19 gain (increased galn for lower threshold). Simlarly, for 20
1.5: 1 apdagalysbepr cksidiscussed, in ecépecmt\mdyctip&.aﬁbezksgéwnﬂlntwheich
st agger ghgres ectlvel is provided by the stage gains and 22 2/3, and

1/ 3 of8 th@ FW?@Pa s&ﬁﬁﬂﬁ\ﬂﬂﬁFiQHxﬂﬁ sbe FH@FGE&359SESCtH%r%%hY+Eﬂ

ci rcui res and m maxi num
or 55 9 {Urnfehen Tevet an# R v Ghear Boskispeay t8 PESRER %0 |
provi defl ah ?i’ ?ﬁ &Y She ?&haracterlstlcgs o'fe'ih'eO'EQiQCEQEE' Bhat!l IS
usual 'y preferable for 8 the high level stage to be first in a conpressor
seri eg] findohbLoLotheVaywael c SdeDidm berbuast inHpw¥a@icey thécehedshold
arrangefrent 30 is also possible. In the reversed case the control anplifier

31 of 12 herégion of agme netxien &t wighl guierlap widdr the &dmiiehénghpodatrequired

| ow threshold. This |ow threshold then applies-even in
13| region of another circuit. _

14 _ : Consideration of the above eouation and Fig. £ -hows
15| that for the particular case of a 2:1 compreSsion ratio, half of
16| the threshold staggering is provided by the signal gains of the
17| stages and that the other half must be provided by an altered "
‘18] bias on the control element and/or an altered control amplifier
19§ gain (increased gaiﬁ for lower threshold). Similarly. for

200 1.5:1 and 3:1 compression ratios, respectively, 1/3 and 2/3 of
21§ the staggering, respectively, is provided by the stage gains and
22| 2/3 and 1/3 of the etaggering, respectively, must be provided by
23] the control circuitry.

24 ~ In both Figures 1 and 5, 0 dB is a nominal maximum or
25 :eference level. 1In practice, a headfoom of some 10 to 20 4B

26| is provided above the 0 dB level.
27

28

As mentloned earlier, it is usually preferable for
the high level stage to be first in a compressor series and the
290 1ow-level stage to be last. However, a reversed -arrangement
30| is also possible. 1In the reversed case the control amplifier

31} of the first stage needs a high gain in order to achieve the

32

required low threshold. This low threshold then applies even in



19. 1 the presence of high fevel signals, which in the case of slldlng 2 ”(}&
band systens kfjown in the prior art usually |eads to poor noise 3 N~

mpdul ati on perflormance of the overall system In this reversed 4 :
arrangement eagh stage nust provide sufficient control anplifier 5 gain to
achi eve the th[eshold required of that stagg% Moreover, 6 each threshold

is essentiallyjftxed and i ndependent_of the era- 7 t|on of- the ot her
stages. This 1§ Qhemmﬁcefohlqmelquﬁ% stlﬁalalsr ‘t’wtbl"@néheg‘a'i’ﬁeo‘?feﬁdﬁ
ear| her stage Has IIe sub tant| hr Id S
reached for 't.ﬁ% 17 & B‘fng eé’(fl ﬁ’§ gfé us“%‘ulé’ 2§F§U| g?l oonm'ofmtlhse
thresholds re 'ﬁ@&%ﬂiolxl QEE‘bPﬁénéé wecwensveeaibes%% .SednCages i feddied
sane as that e preferred case. However, the t'hreshold of each stage
referred 13 }@ atsaryemeintpeachestaps nust prowide $defindent! cohbreshoimlifier
In contrast tofthe reversed situation, in the preferred 15 arrangenent (in
whi ch the hi gmlea/iem tn aphieyef thgttmfeqh?édlseeaﬁﬁ%%rﬁb@ﬁaﬁﬁaﬁnd Nqpeover,
| ow | evel stage¢ is | a ter ci i epn,t -
stage gains af eASh ta‘ﬁ?")é"?ﬁé’ﬁgs?sl%sm ’ta:"ﬁ %3?‘8 t’ﬁ‘e %eng V\?egfm% Sges 2
are partly dep¢rgigedO%nkd other Stoids ga"I‘?insOfisthc&fﬁHi‘Q'n@Q St @RS . £ddtkhat
in a 2 stage systemw th 10 dB of” [ow | evel gain per stage, the contro
ampli- 21 fiegloeh® sRMEY qmiht oﬁfeidﬂe anQdet stage has riadlleadsbysdantlillyy to
22 virtue of _he | ow | evel %ﬂ gain of the first stage. Wen a, 23 high

| evel signal ppenity when I@)ed ga#bpkﬁ kshaepiched §?‘ég’é"q SOFXeSPPRIRG ctic™
and the thresheld o he I | e ffec € S

Wth slidingﬁg.nﬁ & %s th¥§e| é%ﬁ%ﬁs og Lh%oﬁggégioéﬁk ?QqQYréé)éu%

per f or mance qut Sﬁtﬂﬁaﬁ%tra@@ue&heni@%aé)rtev%zsea case is the klfepasfiendedn
arrangenment th¢ gains of all preceding 28 stages are fully effective up to

t he t hreshol d2qf theypyefearired ars@9 sHoweomdi,nghet teesivld ofi eachnstage wsfidrrec

the reversed ofder 30 system described ahove, the preferred rrgngeneg%.
takes best 333gdvanteyeHer IrREE PRGNS e iSGREl 2§aFhe e aFSratdn 32

stages. Na”EHX In contrast to the reversed situation, in the preferred

15} arrangement (in which the high level stage is first in the

16 coﬁpressor chain, and the low-level stage is last), there is a

17| useful interaction bétween the stage gains and the threshoids.n )
18 The.thresﬁolds of the downstream stages are partly determined by
19| the sighal_gains of the precediﬁg stages. Thus in a 2 stage

20 system.with 10 dB of low level ga%n per stage, the control ampli-
21 fier gain requirement'of £hé second stage is:redﬁced by 10 4B, by
22 virtue of the low-level signél gain of the first stage. When a
23| high level signal appears, the jO'dB gain of the first stage is
. 24} eliminated and the threshold'of the low'ievel stage is éffectively
25"raised by 10 dB. With sliding band companders this improves the
26 noise modulation performance of the noise reduction action.

27 In the preferred arrangement the gains of all preceding

28} stages are fully effective up to the threshold of any particular

290 succeeding stage. Thus, in contrast with the reversed order
30

31

system described above, the preferred arrangement takes best
advantage of the prevailing signal gains of the individual

32} stages. Namely:




N - 1. Under very |low | evel (sub-threshold) signal. 2
_ ditiawns the control anplifi.er gain requirenent 3 of each

page i § reduced by an anmount equal to the 4 ~ cunul ative signal
gains of all preceding stages. 5 In the exanple of Fig. 5, the
control jamplifier 6 gain re-qajor‘ed of the Iowest | evel stage, to
-achi evef 7 shold of -6 dB 8
relatlbe to that redherP d9F RAY é?gg merekg oper |ng |ndg ﬁg(ﬂﬂly er

in the feversed co I, r
HdfiitontO the contzol hblifESE dOLH!

Similat y, the contro ler gain o *? n1d Ievel st age
i's re.d%ued by 12 of each sthgéBist RedubeadbyiJaih Oamdién tOEduLL AW Nl
circuitfy. 13 2. A signal dependent variable threshold effect
is 14 4 - achimMedt iveheigbplwgahns| ofii abhl preced e sstagsse 15
nodul at fon effects are reduced. The effective 16 . t hreshol ds of

the | 8| evel stagdd &he ﬁﬂ@@@é@spﬁeF§9175 the controljamprlifierincreasing.
signal f[evel at a particula

At hi I
evel 6 Jon the hi gAY degred of the 1?Vﬁ§5e9%§$f (I LT
charac }:rlzit ic) the %:Q'nresholg Sf _g?f gglt'l Y§ I:ﬁ’% +-1§jc€é] Q’P%é ogest | evel

stage 1p evel equa ow | evel (sub-
22 8 t hr eshol 4Divel 33 tﬁ%‘tn§e59ﬂ:@dt hﬁt tﬁ’Qt r%tagé de 23
exanplefof. Fig. 5 the threshold of the | owest |evel st age,
normalgd y - 62 dB undpedatingeieldepegiehtipndr- iRd5the reversed teariBigura-t hus
rai sed py 16 dB, to -46 dB, under high 26 . | evel signa
condi 10 pns.  Sini | &ian delesrtlhedsno'ledioﬁszy- Similarly; Hheriebntnadl st age
is raispd to -38 dB. 28 29 : i rst_practical enbodi nent of
the i hugntion, 30 SMRINGIGF §er1.ne9fs|tba. ﬂgdbmaeae%e%% 1% neesRA sor 2
and 3 =xpander 8 g S |1 a g rd pe. sl.i 32
band rll ces as setflgc Td:dr't qﬂ\"ﬁz 6§a§én§ % ﬁ(o%*;' F %'Hg?%gs%’rr%‘&‘yg

13 2, A signal dependent varlable threshold effect is -

14 - achieved, whereby‘with sliding band stages, ndise

15 modulation effects are reduced. The effective

16 thresholds of the low level stages are progressively

17_ raised w1th increa51ng siqnal level at a partlcular '

18 frequency. At high signal levels (on the high level

19 linear portion of the transfer characteristic) the

20 effective threshold of the lowest level stade is

21 ' _ raised by a level equal-to all the low-level (sub-

22 threshoid) etaqe gains up to that peint. 1In the

23 - example of Fig. 5 the_threshold of the lovest level

24 . . stage, normally -62 dB under low level signal condi-

25 tions, is thus raised by 16 dB, to -46 dB, under high

26 level signal conditions. Similarly, the threshold of

27 ' the mid-level stage is raised to -38 4B.

28 ' '

29

In a firet practical embodiment of the invention,

30 employing series slidihg band devices, the cdmptessor 2 and

31f expander 8 of Figure 2 are essentially standard B-type sliding

32

band devices as set forth in US-PS Re 28,426, while compressor 4

v .



that, with tjhe noise generated by cassette tapes, a work- 3 able result is
obtained whgn the second device (in the conpres-- 4 sion node) not only has
a staggered|i nput anplitude level 5 response but also has a cut off
frequency sdqme two to three 6 octaves logdr—than that of a standard B-type
devi ce. Morje speci th shold | evels of th cond ice
are ggwered SndbGFRaGFthg é???aﬁ?%l#{%é:ﬁ9§RQH§%HgP§£ﬁf C§Verghﬁﬁfe9-
supr &ssi on I e, eff 10 LD rner fr f
the fixed £ gE’J%I st?’ Wer & eggg §§2 ,9?{.},?% 3 e”éiari ave sett% tja%es’Det %FQ
of the B-t éFea‘E'l'éC‘x!"eTsuQEeﬁeBbf:Q{ﬂ@d'\Ehé:ﬁ gwfssé&n&aeh%d 44 niheh cahprbbe
same as Fi , and 10 respectively 13 US-PS Re 28,426 and further
detail s of sq4aisdoni medeh)Snothehly 1Has opestddqarandidfioranplrie vaet 1eoelh
therein. THe following 15 description of Figures 6, 7 and 8 is taken from
US- PS Re 28,|[42@spblise but also Hags aicuwtiofHffFequereyd sanesgaoi ftioc dhirpe
designed for] 17 incorporation in the record channel of a consuner tape - ;
recorder, &4 OFmévgﬁcHOUPFCGhPE %b@hgofeﬁLﬁ¢Qﬁ§4¥# %r%ﬂﬂﬁwﬁ?vﬁé@ordgpfe FRECi- !
19 input sifgna n en1tte ol,l ower sta !
12 whi ch p/dv % 5?1§YP0 Bﬁﬁﬁ 2 €1 qﬁ eyt ce aﬁﬁflgawere

firstly thgd i t si st or
14 to an o tpuPt?e??n She” %%f Eigeﬁiﬁd‘?@ﬁﬁ%ﬁj&%’%@ Lgf&r“%ﬁgﬁ’é;?ﬁﬁﬁhe |
| ast el emegl] @uppaiseionS 18mi €85t 06 dBEEES sshgNHES A tthel RROrheEMiERAl
16. The registors 14 and 18 add the 25 outputs of the main and further
pat hs to podqviqienicigeofether £dx@68 £blpersis dowerred X two to threEhectaveher
path consistls of a fixed filter 20, a 28 variable cut-off filter 22
includingld jFF. T 24 (t hBesaidaseft the R epe eirey itergne Hatefortindngfigures

lifi 2¢ th t put 30 pled d
oI\ pper 28%nd 3208 81 whachcree e SR smEiTHRRA A (el (0 ppeRecEvely

overshootia O%ZUS-PS Re 28,426 and further details of said circuits, their i

1% and expander 6 have nodified response characteristics. | have 2 found (i};

68 e e a8 e e cimamerin s R

14| operation and theory are set forth therein. ' The following

At o > ——r s n

15| description of Figures 6, 7 and 8 is taken from US~PS Re 28,426.
16 The circuit of Figure 6 is specifically designed for

17| incorporation in the record channel of a consumer tape recotdef,'

18] two such circuits being required for a stereo recorder. The

- e S — b w——A— o o

19 input éignal is applied at terminal 10 to. an emitter follower

20§ stage 12 which provides a low impedance signal. This signai is

21| applied firstly through a main, straight-through path constituted

22! by a resiétor'14 to an output terminal 16 and secondly through a

[ "

23 further’path the last elemeht of which is a resistor 18 aleo

24§ connected to the terminal 16. The resistors 14 and 18 add the

25] outputs of the main and further paths to provide the requirea |
26| compression law, o - |

27 . The further path eonsists of a fixed filter 20, a

28} variable cut~off filter 22 ihéldding a FET 24 (these constituting
29| the filter/limiter), and an amplifier 26 the output of which is
30 coupled to a double diode limiter or clipper.28 and to the | !

311 resistor 18. The non-linear limiter suppresses overshoots of

328 44/




tput signal with abruptly increasing input signals. The 2 anplifier °
ases the signal in the-further path to a level 3 such that the knee
haracteristic of the limter or overshoot suppressor 28, conpr|5|ng
diodes, is effective 5 at the appropriate signal |evel under

t conditions. 6 The effectlve'ia{

buapate sibakalokitheabylbeby cihbtéasing nidmie siamalesi stwaes 14
and 8 1B are so proportioned that the required conpensating deqree of 9 —~
iampliif iere@6piacrdedesothehsignghaini the héur thverhgva fmattio. aldevel \&#
The output of the anplifier 26 is also coupled to an 11 anplifier 30 the.

out put3 pfsudi &hats theckneeednbihe gbarankerisbic phdkheal imideamorgrat ed by
a snoot n filter 32 to rovgge 13 the ontroLjn vol t ég?f(ﬂ t he PET 24. 14
Two si hoot; SUPPLEESATe 'tﬁ8ﬂ§ﬁ1§gﬁ? vateHten &5t iereffecsive
coul d

a%set%ehzggm Tdek! biShaFOLBUEY! (5302 dOatiia¥ fedumigneY of 1700

ﬁg c npressi on ake ter
conpriSesra el i7ePRhreShoBd a@dtﬁé sw&hé@élﬁxﬁré@&ol |s0‘é‘%m@kh§t
esistor 38 and the PET 1 1 its source-drain path connected

rEboves ithla®r onQheU_aglmaauvzeswaérpbnﬁiite@.ns Mé rerdisotisgnadl ama t he
gate off the 21 PET 24, the PET is pinched off and presents substantially

' %Htae anepsdaproporitdopedsthat bhet hequised t eomBh satinghdedgree? @£
ignored The cut-off frequency of the filter 22 is thus 800 24 Hz, which
it wil9] B bRauadion §t§b§?‘&ﬁt PEPV}GBQI Eart Bhecsigmal i t?hﬁacﬁj%ﬁé‘)?rofpattﬁe
fixed filter 20. 2

suffidijently for ghet ﬁ’gtP&S}, 8FW§§§ %g}ﬁggé%!rz?n th%lsq%atcc[u g‘ %Sﬁsagay 1
K, 1hg P&adlASifed 3%81:5. kf 8akbye! }SfSQHET—.-ﬁ EEer%@ﬂEi the f%ﬁﬁr& ‘iig\tTOff 29

frequency rises, markedly nafrow ng the pass band

ri se jon @ifodgef B 1f PAUERtKgratel BPUASEmBoRh LR CEHlVér &l it prdvide

The usgl of a FPT is convenient because, within a 32 suitable restricted
rangel Higgraintaed| voldege fochthedBRIrc24.

14 . Two simple RC filters are uséd,_though_equivalent LC

15| or LCR filters could be used. The fixed filter 20 provides a

16 cut-off.freqpency of 1700_Hz, below which diminishing compréssion
17| take place. - The filter 22.comprises a series capacitor 34 and ]
18] shunt resistor 36 follows by a series resistor 38 and the FET

19¢ 24, with its source-drain path connectéd as a shunt resistor; s
20§ Under quiescent conditions with zero'éignal on the gate of the

21| FET 24, thé FET is pinched off and presents substantially

22| infinite impedance; the presence of the resistor 38 can then be
23 ignored. The cut-off frequency of_the_filter 22 is thus 800

24 Hz, which it will be noted is substantially below the cut-off

25] frequency of the fixed filter 20.

26 ' | When the Signal_on the gate increases sufficientlg for
27} the résistance of the FET to fall to less than say 1 K, the

28| resistor 38 effectively shunts the resistor 36 and the cut-off

29} frequency rises, markedly narrowing the pass band:of the filter.

30| The rise in cut-off frequency is of course a progressive action.
3a The use of a FET is convenieht because, within a
32

suitable restricted range of signal amplitudes, such a device

eshol d of the overshoot suppressor
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ly as a |inear resistor (for either polarity 2 signal),
' is determ ned by the control wvoltage 3 on the-gate. 4
\d FET are returned to an adjustable 5 tap 46 in a

whi ch includes a tenperature 6 onpensati ng ger mani um

46 enabl es the conpres 7 sieﬂfgﬁreshold of the filter

#ts substantiBldyams iaf ldne26 rveapstoes(fonps rtet prolarity
ing high input inpedance and |ow output inpedance. Since _
r§ ignalhe thieo @ Yyenriofewhigh istdateembred By 1the mRkhfle volta
<§HOV|ded by a coupling resistor 12 50. The di odes 28
Dt dlodes 13 and have a'sharp knee around 1/2
The sign

3

to ground ke gtsw%esng CREE Lo ({et%l?rpra‘fﬁ‘ﬁtabl

e res
a.sw i S required

©dp a4 119D -a Jpz:tentxal dividbe @HRbhT if¢1Rfed Sa Hen¥dtature

pm tter 18 tinme constant network 52 giving increased gain

S} eFsinns a¥ i G tm@n ifimc @iodei 28, (eThe Bas Y4 adnatisd)thd) compr

hd to rapid narrowi ng of the band in which 21 conpression

5 & ipravidire stigiehlofditdteo ifililgexr 22 to be adjusférd. anplifier
snoothing filter 32 23 through the rectifying di ode 31. '
bes a seri el ampdiifiier 26 SPEPEAGAS € nentagy tgansistors

V0 l SRt 10 AL R 2 e
X e A SR 16 B oo

PiPinpEtde 13 R aind aeoisrdeﬂaéa by 04" €oupl bik Fesistor
S nc 31 required as substantially as the circuit is
e5®2 The diodes 28 are, as already noted, silicon diodes.

and have a sharp knee around 1/2 volt.

The signal on the limiter ahd hence on.the resistor
can be shorted to ground by a switch 53 when it is required to
switch the compressor out of action. |

The amplifier 30 is an NPN resistor with an emitter
time constant network 52 giving increased.gain.at high fre-
quencies. Strong high frequencies (e.g. a .cymbal crash)
will therefore lead to rapid narrowing of the band_ie.which
compression takes piace, so as to avoid signal distortion.

The amplifier is coupled to the smoothing filter 32
through the rectifying diode 31. The filter comprises a serie
resistor 54 and shunt capacitor 56. The resistor 54 is shunte
by a-Silicon diode 58 which allows rapid charging.qf the
capacitor 56 for.fast attack, coupled with good smoothing unde
steady-state conditions. The voltage on capacitor 56 is appli
d1rect1y to the gate of the FET 24.

A complete c1rcu1t diagram of the complementary
expander is provided in Figure 7, but a full descriptlon is nc

required as substantially,es the circuit is identical to Figu:

///



Fhgur e 3 . The differences between Figures 6 and 7 are as
o - 4 In Figure 7, the further path derives its input from
S he jout put terminal 16a, the anplifier 26a is inverting 6 and the

si gnal §f conbi ned by the resistors 14 -ab&18 are applied 7 to the input
(basey o6 ,t kemponeher vaduésycard 2théheford mat oy dihd st pEnthisbhwns
coupleﬁ to the termnal 16a. To ensure 9 |low driving inpedance, the inrput
term ndl inoFig¥reodpl ed to the 10 resistor 14 through an enitter fol | ows*

it abl e measures 11 st be taken to prevent bias getting i e
12 nhe dlefLiendes (etvenn Bioamatd APd Toane 48 B9 LGNFR
out put frogt Ltier,, instead of the collectar, e ond 14

ransi stor. %h?gggg%e?ét?%én -ﬁﬁo %Sp%t{h f‘felll_nlgvet%e tfoq&p%g _rfgglﬁst or

Ut S bultipt® tBemERhL CFEQ! ERe LA PiE idLT2dd W fvhGthhg, Which ~
ically gives a suitable output 1'npedance for 17 driving the limter.

| Sind tHe isighlescteonBiRed tbeithd désfE€Bys 14 aHl 18 are appllikd

be noted that it is inportant in aligning 20 a conplete noise

orecs \thieednpathébase)uaf thgnehi teme| SoXlowsr thdy dhet tatpusf t he

transigtors 12 in both conpressor 22 and expander. Metering termnals Mare

shown 8qorfeditégrdoof3vhieheisnrorpied £ the terminalkilfid.c FosieORYTrE

ed circuit, for replacing the 25 circuit_lbe N poi nt.s B,and C
5.k dv dins' HhpefpRe. Senpringae oiHnaR O s R ng 1B ©
J+Se ¢l r af.l w2 a f 4 WOrds, e I nes-
| iR’ Shslon dn Bl L8 48 Pl 0 0 el e e,
phas g qdvidtagRs takenl tbapragent! bids Sqegt EndRQ s egHié kpaniRir. qui escent
conditijons 30 with the 12 dB per octave attenuation characteristics of a 31
t wo- sjadt i on RC fi | e ampklfiegn26acbedi¢ndensed 3tnverting by taking the

( PNP) 4t
62 (Fidg
aut omdt
The r
shoul
reductyi

q

13| output from the emitte:, instead of the collector, of the second
14} (PNP) transistor. 'This alteration inv§1ves shifting the 10 K

15| resistor 62 (Figure 6) from the collector to the emitter (Figure
16} 6), which automatically gives a suitable output impeéance for

17} driving the limiter. The resistor 50 is therefore omitted in )
18] Figure 7.

19 .. * It should be noted that it is important in aligning

20 a complete noise :educfion systém to have equal signal levels

211 on the emitters of the transistors 12 in both compressor

22| and expander; Metéring terminais M are shown connected to

23| these emitters.

24 Figure 8 shows a'preferred.circuit, for replacing the
25| circuit between points A, B and C in Figures 6 and 7. . When the
26| FET 24 is pinched off, the second RC network 22 is inoperative,
27} and the first RC network 20 then determines the response of the
28 further.path. The improved circuit combines the phase advantaées_
29} of having only a single RC section under quiescent conditions

30 with'the'12 dB per octave attenuation charécteristics of:a

31] two-section RC f£ilter under signal conditions.

32 11/




1 In t
resistot. '36a is
toswork into the
frequenci es and |
36a serves the sa
circuit as the r
addi tj on,
10 hesd

I nventi on,

respectively,
(fixed filter
altering its 18
52 19 of anplifier
shoot suppressor y
the forward direct
filter. (variable8f
unal tered in order
avai | abl e vol t ag@
nodi fi cation 26

and 27 are to ¢

a value of 18 Ky
octaves. For an |

r

f

noge the val ue

practical circuit, using MPF 104 FET's, the 39 2
cessary in order to provide a:finite source 3 inpedance
T. In this way the conpression 4 ratio at al
els is held to a maxi num of 5 ?bout 2. The 39 K resistor

conpre55|on 6 ratio I|n1t|ndb uriction in the inproved

¢

qYi stor .7 36 tA the prastiéaDicivdiie GsdngFugrr 04 FEP's, the
this 8 rijesistor provides a |ow frequency path for the signal.

2 ¢ehusabroa§atbanguessafy inh oxiéxr ¥ provide a flpite source
menti oned previougly,
conpr agsdmpadangeckpavietk isto otheriRERe Zf\erﬁb‘liéy"é&v#bésﬁeﬂl’?ﬁésmn
type shown in Fi gur
altered cut off #rfe

9

in the first practical 12 enbodinent of the present

b efaéﬁeyaﬁaganhr?%&“é&e"?féf Fie L 35 Be0R kPoRcaximm of
1§ 1| X |
y5 QT?Xﬁlgurgg ?9 a#g%{%*#gté é%f%g%gfﬁ |§?m£ Egﬁéress1on

B et%'%ﬁﬁaihﬁi ehag afaﬁétf&ﬁ CHn (&8 tinfrdvied® &Q@%E%nhsggh&KJEgsistt

30 in said Fi-gure 6). The threshold of the over-
s 3gowar elebyitbei 8ppf i ERdurd ©fors FHilgaltlee 70C 2h h@diedof nthis
ion) to the diodes 28. The 22 inpedances of the variable
i resisgori provides a3lew afxePiengye path fganshgl pjgnal.
toretain a 24 suitable match to the characteristics of
25 controllable variable circuits el ements. Suitable

the B-Type slkd?ng bggg mn?nugiﬁﬁgﬂpg'n7thgr§s_6287t
r o

order to lﬂgeﬁehﬁ§oﬁﬂéqgée¢f555¥¥"3iﬁ‘H%eZQiEQEeﬁractical
crease in the control anplifier gain 30 the value of the

|

capaci tor in thesdmembbidénedl ofi therptésendlimvest o, &mprielssb?2 4sand expande:

i ncreased fromO
0.1 pf value is

14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
3l
32

to 0.60 of (or from32 0.1 to 0.4 pf if the suggested
OF. FiBunec? employ devices of the type shown in Figures 6, 7 .

8 with modified characteristics. The altered cut off frequen:
and lowered threshold are accomplished, respeétively, by modi.
ing the characteristics of the'figed filter (fixed filter 20
Figure 6) and also the control amplifier.gain by altering its
pfe-emphasis characteristics (emitter time constant network 5
of amplifier 30 in Séid Figure 6). The threshold of the over
shoét suppressor' is lowered by the application of suitable DC
biases (in the forward direction) to the diodes 28. The
iméedances of the variable filter (variable filter 22 in Fiau
6 and 8) are ieft genérally‘uﬁaltered in order to retain a
suitable match to the.characteristics of available voltage
controllable variable circuits elements. Suitable modificati
~of the B-Type sliding'band'circuit shown in Figures 6, 7 and
are to change the value of the 3.3 K resistof in fiied filter
tO'A value of 18 K in ordér to lower its cutoff frequency two
three octéves;' For an increase in the control amplifier géin
the value of the cabacitor i@'the amplifier 30 emitter time

constant ngtwork 52 is increased from 0.15 to 0.60 Pf (or fic

0f1 to 0.4 pf if the suggested .0.1 Pf value is used). Biases
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i ed B-Type circuit. | evel responsé can be _
edhienoReFalQUE iDaEE bﬁlt 18£ fudtls tlmﬁem TN doGhiree erithves.net wor k
control ampli- 19 fier. OQher possibilities include changing the
fngreesdogt tbe ehpAshtor ovakue e the emitderhaefuiorkop £t hentonlr ol
ifier, altering the relative signal |levels between the 22 filter

ﬁﬁﬂqf 9aih &¢ &y given frequency.

88, R Radbetb BePKer dhhThe IR IERS ad A SRR BOBHIER G on
v%ﬁ@\é@e' RebBR dhmbliffeReif! FESif1d1Y ﬁ%‘%ﬁi fs'ufbo‘i:'h&%kj' rf.’i'.'t@ek-’s' PS Re

is madé for 27 convenience 1 n presentation. . Figure 9

n 329t ipkrelses, reherduagoﬁfofre&uéﬁbywaﬂxnﬁﬁad&ﬁﬂaulhhacceﬁthBSIon
|d of the two series 30 connected conpressors, the first being
d23srdeesri bFHuS: wbbhelarger cvplurierof anmawiddncenlino neliwark

to Figure 10 32
2, the varlable filter responds by mov1ng up in frequency

' t 5 le f t
Sy 14 from VEEigbRe L LEE YTNEI it Bad AR, ERAERGPC "

from its quiescent value in response to lower level signals,
thus staggering the level response or threshold.from tﬁat.in the
unmodified B-Type circuit.

The level response can be_staggered in numerous ways&in
Qadition to changing the emitter network of the coﬁtrol_ampli—
fier. Other possibilities include changing the bias on the
control element, otherwise alte;ing the gaih of the control
amplifier, altering the relative signal levels between the
filter path and the control éignal derivation path, and s0 on,
Certain details of the.circuit of Figures 6, 7
~and 8 have evolved over the years and moré_modern_férms of the
circuit have been published and are well known in the art.
Reference to the specific circuit in US-PS Re 28,426 is made for
convenience in presentation. | -

Figure 9 shows an_actual:chart recording plot of
response below the compression threshold of the two series
connected compressors, the first being modified as.descéibed

above; the expander response is also shown. Compare to Figure 10

/177

teristic in response to tﬁ qui escent control voltage and thus 6°



1 (which is-Figurg 12 of US-PS Re 28, 426) show nq an actual chart 2
recordi ng,pl ot of [response bel ow the conpression threshold of a 3. single
cogpressor or expgnder according to Figures 6, 7 and 8. 4 Fi gure
11 is a chart recq@rding of the input-output 5 response of the series

conpressors as a ﬁunctjon of frequency.” 6 Insp@Ctron of the response plots

shows the two dyngmc areas 7 . for the curves indicating the two staggere
areas: of action.1§ (V%+?¥ai%m?§ﬂﬂﬁﬁ\ﬁﬂﬂqq Up-56 Fﬁeggyﬂag?cs%ﬁ¥%ﬁﬁi?Pt#%ﬁﬂéa chaz
curves”9 is usef(

10 practice it ?l'ﬁ%g?ggﬂgﬂsé#g e‘fér}eesstome%%qoaclhgnc?%pégsiggﬁ/i%ésb}}g;l,d.°f

err e Curves aré as snoo poss

W t hout di scerniplfe ' £S5 "lgyﬁ%“' § ' B ar
drawn t hrough thg tﬁ?ae{é;ﬁ%qﬁmfﬂegl orﬁ oI_r'f)ne Anfgrp;%g:?gkr@%%g %%nfﬁge‘ﬁrsﬁ?dhr.g 4nd 8.
circuit and line,B to the nodifduee 1 iW rLwhlart Te@pedendhesetrelr gsut-output
Figure 12 (which ifs US-PS Re :15 28, 426) which plots sinilar response curves

for a single unnpdi réSpotsecdB-thepeactial rypripaedssoospresaofuncFiouref 1firequency.
shows that the 17fconpressor conprising series _devices provides essentjally

18 twi ce as muché§ofpsrest ien if cthe FefranSepledsorbeva Eheater dpnamic afeas

frequency and | eve¢l area. 20 . The variable band action of the .
staggered action?} 1f°§e€1i'%s°‘b‘fe‘(ﬁ%eis“‘1:’eﬁﬁt’dé‘gsé:§? i§H°Ff‘§ﬁ?ge’i%é a‘?n’aeiﬁ,op action.
showi ng a chart-_22 cogder .probe .t e _said Lesg.C t
conpres- 23 _so_rs_t..ﬁ Cfomrr;{)g eéli’% it?-sg%rveablgk(_et\z{]i%c%g%@% Egéﬁ‘rﬁgklﬁ%é@!? %&zﬁﬂ:ves
28, 426) whi ch i Sqqn;aChs@ful ad ladmiil ekt @@ieals&%gg&em hoeidn &k 'Ehe tadtices,
Figure 6 incorpordting Figure 8. The variable band 26 action,is shown by
plotting the cogplepsacticeqienty prsfarnrssl Zhattahe ehraekoaréecael spootie as
tone (the level off which is belowt 28 conpressor threshold) in the L
presence of a hilylj- peseible grel thaok tdisqeustid lies dynamécegraast o CowppesSorParal
out put by neans off a 30 tracking filter. The high-I|evel sigga£ causes the _.
conpr essor 31 cﬂ?ﬁu?i??st% R rBitaEe (A drUEbWithg thEeaRpLd FeRLoRRs goliine

turnover frequeqSy ggfgggigélégrthe standard circuit and line B to the modified

NN

14| circuit. Compare these curves to Figure 12 (which is US-PS Re
154 28,426) which plots similar response curves fér'a single unmoc
16 fied B~type sliding band coﬁpréssof. " Figure 11 shows that the
17 compfessor comprising series devices provides essentiallyl
18| twice as much compression which is distributed over a greater
19 'fre§uency and level area. - _
20f - Thé-variable band action of the staggered aétion
21} series devices can be seen in Figure 13 and 14, showing a chai
22} recorder probe tone réspéhse.of séid series connected'compres¥
23} sors. Compare to Figure 15 (which is Fiqure 15 of US-PS Re
24! 28,426) which is an actual chart récordinq obtained from thg
25! circuit of Figure 6 incorporating Figure 8., The variable banc
26 aciion is shdwn by plotting the compressor frequency response
27] means of a lqw-levei probe tone (the level of which is below !
28] compressor threshold) in the presence of a high-level signal;
" 29| the probe is detected at the compressor output by means of a
30} tracking filter. The high~level signal causes the compressor
31} circuitry to operate, the graph showing the effect on the

32} turnover frequency of the filter.




Figure 13 shows the response for a probe tone at 2 -65 dB and *
signal tones at levels ranging from-28 3 dB and below to +10 dB..
14 is for a 500 Hz signal tone at levels ranging from-34 dB and
o +10 dB. 5 In a &#%ther practical enbodi nent of the

(@ urd

; Iowf

i nventfon, 6 giving inproved perf® Imce, the conpressor 2 and expander 8
of 7 aiure 2 argigatB MRALALGSL LROSr&dpSiid desd B-godit drecas. 8 Both
seri es) devices have their corner frequency |lowered by two 9 -octaves in.m,
order |t & 65" dBi dada 290aHR! ¥ighal NPoh @A £ \VIRdve 1S NRIRA nk) £ r&a-2@t er i St i C et
Dynamfc action staggering is provided by 11 "decreasing the threshol ds
(bot hy [sy¥iBl amidc beddwoter ¢Mh80dBsupbigsre 1M sirfomfa 5 Hrmidgn@ln t he

conpr gssor node) device. 13 A feature and useful_ advantage of
the iy &eoRY devels: Kanding Fremusit B anbRelowitq Hd G dBvi dual

| 15 ynded. | f th t sharply risi i se reducti
16 terist i Pe Higeher prant ok Snnaii i af ik HRVREE ISR 1 oui t s
17 havj | . . i

char 4 ShvihG, 1ABFGVRY bEHELraShLED AL odA RN 4 AR0 Witpalller 6 o2
| 6ol GfigdRel @eRbieCBbthi b&Y FERAL PSR ETI Sl Eandr Ry Felvd R el ow that

k he standard B-type device results in a characteristic that 22 rises.
rapi ¢l jy Bathy sextiest d20dckHs. hivesthéhe Sysieam hsaspreasy? I aeyad dyoftwo

_ ng substantial noise reduction in the critical 24 300 Hz to 2 kHz
rang®,| ®tegedn iim ogdesh toapeovibieca i shaiple mis 8 dovwe-laved reispeasgbove 2
kHz have been reduc%g. There | s 26 pegligible audiple noise c?Ptribution

f r orh0 |h ENRFFE Y5RIGR 1S ou PYD #mBG0a sk 1ol STRIAR AN IhIBF N idethPYnoi se

Fundi- dbsteaedhey B8 s AR B8R B chofn Nl SREY O R B e

Systg is’lo%? Brfa‘i-.thieC%'ecb%e(i{gCQﬁQeé pPlL & ddte PPEPI&. MY have
frequency 31 response errors due to head bunps and the |i1ke. Mreover, by
32 13 A feature and useful advantage of the invention is

- 14| that the frequency respoﬁses of the individual circuits are
15 compoundéd. If the mést sharply rising noise reduction charac-
16 teristic is desiréd, this is accomplished by the use of circuits
17} having the same low level (quieséent) frequency response )
18| characteristics.
9y - Accordingly, in the improved embodiment, the cﬁoice of
20| identical filter characteristics at about 2 octéves.bélow that
21| of the standard B-type device results in & characteristid'that
22| rises rapidly above about 300 Hz. Thus, the system becomes
23 éapable of achieving substéntial noise reduction in the critical
24| 300 Hz to 2 kfz range, a region in which tape noise is discern-
258 able once noises above 2 kHz have been feduced. There is |
26] negligible audible noise céntribution from theltapé below about
27¢ 300 Hz. By providing only minimal noise reduction action below
28] 300 Hz, the system avoids the manipulation of fundamental signal
frequencies and improvés the complementarity of'the system in
practical tape_recbrders, which, for example, may have frequency
response errors due to head bumps and the like. Moreover, by

32} y//




conpatibi'lity is nproved because the boosting of | ow frequency 3 signals
wosll d result i n afinoyi ng runbl'e and bass enhancenent 4 when encoded tapes
are played on sysfenms not having conplementar 5 expanders. 6

Referring once again to Figures 6 and 8, the twofj_series devices in t he

Pl Frer 50 ﬁgﬁgéhﬁo%% g‘§§“?s°s'dpf%s%l°?&ﬁf°?h9§gﬁ§% 88pRASL Pnt Ty o ke
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about 11 375 Hz? e Seco vice, the capacitor in the emtter

network 52 of copt r@igm iwdhrd It T @anoging Yahbiebind Bass$ aeidnddment
about 4 as in thefpreviously discussed enbodinent. 14 This results is a
staggering of thyg¢shbén émomded Hfapemugivley pl@yed@ ba ggsteng depenhavicngrecomplement
signal level and g§ignal frequency). 16 Appropriate biasing is introduced in

t he di ode Iinites cexpandens. 28 to | ower the overshoot suppreSS|on | evel .

18 . nodi fication of the |ast de eri

g ractlg %
enbodi nent the cﬁ acitor 34 iFefeyying sace,R9pdn ﬁer éggﬁefn ¢ 8 v Q?)tw°
0.01 [err]f in order Lo pre #eéom't%e %etqcsaa 5B 85me§é ﬁﬁ&éf%i%amsm

unit to unit and’ §o raprove the noise nD Uiati on 22 Characteri stres

that case, due t tbstﬁmﬁar%ﬁéléé'sfémi 133 £iix R mebanha Shahd &@0eFdm t2J3

20 and variable Tglter the 24 arrangenent is equivalent to a single

pol e variable fi§fek aad125x;rwniah“ﬂhdsds<ﬁhecmneha1&lnaweatedt ofif t frzéquency
case the.resistor §26 36a (which has a value of 47 Kin nodern forns of the
B-type 27 circullo) o€ phaceil tersRthtand 122 ttwesé'du‘,rtcebenau A pataves lpwepgo abce
so as to provide gU|escent corner fre uenc out 375

9
however ,. desirabtd £45rB%ai nt? Hehq iS&RP qun & ﬁFpésiF%GE$n0¢b%Lﬁwl Lher
t hat the.c'rp“'Hg,age930§¥”§fr5¥jééhé¥§¥zﬁﬂ§iifi%ﬂ b9k hcPedbdRIR Lalue by a

B-type circuit.

1 Bvoiding«the colfpr essi on of | ow frequency signpals, system 2 | (
1

13 factor of about 4 as in the previously discussed embodiment.
14| This results is a staggering of threshﬁld levels of roughly it
15§ to 15 dB (depending on signal level and signai-frequency).

16| Appropriate biasing is introduced in the diode ‘limiter circuit
17§ 28 to lower the overshoot suppression level.

18 In a modification of the last described praétical

19| embodiment the capacitor 34 in filter 22 can be increased in
20} value to 0.01 pf in order to promote consistency in cliaracter-
21| istics from unit to unit and to improve the noise modulation
22 characﬁeriStics. In that case, due to the sﬁbstantiallj egual
23] time constants of fixed filter 20 and variable filter 22, the
24 -arrangemen£ is equivalent to a single pole variable filter anc
25| the fixéd filter can be eliminated. :In that case the resistos
26 36a.(which has a value of 47 K in modern forms of the B-type
271 circuit) is placed in shunt with the sourcefdrain.path of ?ET
28] 50 as to provide a quiescent corner'frequency'of about 375 Hz.
29 |
30
31

It is, however, desirable to retain the fixed filter in the h
level circuit so that the circuit can be switched to operate :
itself as a standard'B-type circuit.
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a consunmer product enbodying 3

practical matter, existing .
oded and B-type encoded. software (e.g., tapes 4 and FM broadcasts)
roved s ystens incorporate a standard 5 B-type device and, hence,
: switched to operate as a B-typeg, 6_ device for full conpatlblllty
Cn t he fot her hand, when recorded 7 tapt% becone avail abl e encoded with the
i nproyqd system eussaipga&tiéhl3mutthrknsnubuspmbenprmaucebambndyengess|ve
hi gh frequency 9 informatiron or "brightness" which can be treated by P~
adj usti|ngheoimprovedhsystemeniyst clesaihedwiill bee compatibyet wath ot
non- eqyi pped 11 consuner sy stenségresently treat B-type encoded software.
12 3| existingenQRzpRerded 9P ch SfRﬁuet"%ér F*eé&"?ﬁeuseps Ret2Be528, 426
has a n ssLop ratj.o0 of about ress
has pf‘jv@ﬂgu B BPRAISERER) o1 Hhe ingiiv Bybtent”dRcbinof STR.8C3HRIARY
conpa e Ny 5 S qgﬁ &d o ob gt Beg—¢
enbod “ents %s‘g?‘r %%:I a{')o(/e gﬁ%%ch&%?r%%%tml t'Er ettaB %&Q‘rraie Es Q ype
conpr gysedikat E8r OfupPosbmpadigirhi e rmwﬁnw&%ercaaaaesahen i—a&bed@a the"
overa I conbi nation of series circuits 19 is about 2:1 at npst input
si gnaf || eepes badohe cauailabke &fcddwdwerth ithepriapriovald eybudmneekistlmgls
difficglt to avoid 21 sonewhat greater ratios, e.g. 2.5:1, in.a small range
of | e84l B-pypangonsupRE ey stengmay Qhserve @xsegsdye highe fEeApPRRSEi on
ratio 43, is not . mor e than. about (%ﬁr abqu 1/4dt mes that ,of each
23 o PJuADFOMALIPR e TARYEN BRePEy ot ST L T
occunrg fi o] e i.C | o]
vendlosndchiaf.BFsgtancy, sops soneil M S Sanel yBIP St Bon%bghibped
and 48§ eéeaadﬁéra%,éatéaélbréé@dtﬁfrvw@at p%se%%%ab%@fways PS 29
3,846, 19 and US- 3,903,485, and the other conpressor and 30 expander as
a slildifng band devrhe.sté&hdasdi Bty e seivdu itndéser ibbdnint Usbasdrdevi ce is
descriljed in the Journal of the Audio 32
13} 28,426 has a maximum compression ratio of about 2:1., This
14 compreséibn ratio has proven to be a good practical choice for
. 15| consumer cassette tape compander systems, In the series con-
16} nected circuits of the embodiments described above, each circuit
17} retains a maximum compression ratio of about 2:1 and the maximum
18| compression ratio of the overall combination of series circuits
19§ is about 2:1 at most input signal levels and frequencies.
20| However, in practical embodiments, it is difficult to ‘avoid
21§ somewhat greater ratios, e.g._2;5:1,-in'a small range of levels
22| and frequencies. This can be tolerated if the compression ratio
23} is not more than about 2.5:1 (or about 1-1/4'timés that of each
24| circuit) and if the range of levels and frequencies in which it
25] occurs is not large. |
26 | Another specific embodiment of the invention depicted
27} generally in Figure 2 is to configure one compressor and
. £ o
28| expander as a split band device, such as described_in Us-pPs
29} 3,846,719 and US-PS 3,903,485, and the other compressor and
30} expander as a sliding band device. *One_suitable split band or
31 multi-band device is described in the Journal of the Audio
32 /17




band devices in afcordance with the paraneters I:N that 3 . paper have becone
wet | kriofn as A-tj
A-type conpressor
to a 6 specially
to locate the A-U.
becayse it is dds|
sl'i di'wg band devj

pe devices. ‘4 In a practlcal enbodi ment, an
5 receives a flat input signal and provides its output
tailored sliding band device.-3t~is nost advantageous 7

48855 n30 s8R 1 9 98!1"9 187 gﬁ‘é‘pré’c%fé@ocﬁﬁ = ngt pd"353-38

1'Engineertng.So ety, Vol. 15, No. 4, Cctober, 1967, pp. 383-388. 2 Split (i:

I 'hpu

_ | $phishS bauldviaus 19 aEQSrééﬁ@QV@i‘E@%é)f LA R that
flat input 5|gn§h to a form1ll less suited for the A-type deV|ce I nput. On
the reproduci ng ,1P papete haivke bekoienge Ranknewn aasln- £ pseideast ddwe. channel N
signal, 13 procésfges it and applies it to the A-type expander. 14

Figure 16 shows (urves sinil dn wopFagticad émbodimens, |amw Astyipd dompsie ssor
response of an A-fype conpressor alone, the 16 sliding band conpressor

| |rr¢af1&@@prae§§erc iFPPésﬁéﬁéél and REPBHiSH L b PR to a

al one and the canp
- | efrent Th d
brovi des. 1019 &b SRSRAAI $135%B Bpoaios Rebd dekiernith WhIdTR AEtaptaseo
20 I I =u 1 t '
thlslpls?xg r;;§q g%ﬂ??kﬁ#ﬁ k%e i-qg grg%?é??%??cgggggéa%QZenS|t|ze thg% ssed
| C:.txfpfdtgté:.“gn%tl l&le%ufseequemsleésé’éné&e@ot;k&éuﬁt d radteinput

sliding band chq{‘
portion of the "sjiding band" curve in 24 Figure 16): this is advantageous
in reducing theg fsaigxmlaf Figleing theeglédingchandedeviepofizest would have
uncertainties, I ei nafter describe- 26 in greater detail. Thus, the -

- mhw@iaadmtgwesn@ochangouzghqsﬂmertnmt retanalk to a form
essentially Ievel:to about 28 kHz where it drqps, off The sl idi.ng band
devices is desilnedass ﬂ‘i%é%péP&t PﬁQYPﬁrQSHBFﬂsi%‘EItT e t*r*?‘é TaREQduGAng

ggnam :C action 't‘ dceh, ¥ne \Asﬁ.1d1 & e% 8f e%BQESegf réé‘&&éyéﬁe Céﬁﬂ“él Ng%i_gnal,

13| processes it and applies it to the A-type expander.

14 Figure 16 shows curves similar to Figure 9 for the
15 low signal level response of an A-type compressor alone, the
16] sliding band compressor alone-and the combined COmpressor

'17 ‘respense; The expansion response curves are complementary

18} in the manner of Figure 9. The A-type device provides 10

19| 4B compression'up to about 5 kHz, above which the ine:eese

20( in level rises'smoothly'to 15 dB at 15 kHz. Advantage ;s

21| taken of this rising response of the A-type characterisgic to
.22 desensitize the sliding band characteristic at high frequencie
23 (see the high fiequehcy portion of the "sliding band" curve in
24 Figure 16); this is advantegeous in reducing the'effecis'of hi
25| frequency channel-response uncertainties, hereinafter describe
26] in greater detail. Thus, the combined response curve climbs
27| smoothly to 20 dB where it remains essentially level to about
28| xHz where it drops cff.; The sliding band device-:is designed ¢
29} have operatiné thresholds and resulting areas of dynamic actic
30] which are well clear of those of the A-type circuit.

31 s7/7

320 s/




17 shows a series of response curves at dif- ferent levels for the *
A-type . and sliding band. conpressors These curves present the sane:
off information"as Figure 11. 4 The shaded area C indicates generally
dynamic regions 5 resulting fromaction of the A-type device; shaded
.rom 6 action of the sliding ban&ZdEV|ce Thi s arrangenent results
AXi MUM CONPLEAaBERONT I Shiwds i Sér és 0 deBdtRInsy dureéenty ddges 8 not
bout 2:1 and therefore is relatively free of error 9 anplificatiren
ifergnéclievellst fipe theoselt hegs charyed sandlliding band compirie SISErs \uw/
ood that for exenp Iaryég:rposes a 11 standard A-type device |s

-

effecty

connegtfeFhefes SRF¥g SWPERSENE ERE oFaNe EYRYiQ IRfirFmadilione asBheuee, Tiln
princi g A-type deyice_ 13 can be no to, shift its . areas of
Bynamid] She Shadaas8ees d,inalceren srndtaLly fthé fvhimis. Ws82R0% ar cas o
the sl if

88300 L2 oY L8on e tne a-type WEGCT ShATILCYf poERGfCr | NG

ing neces sary 1 durations set for

will gp%rah% &8 th@esﬂi‘&i‘ﬁﬁtﬁéﬁdoéeﬂ‘é‘es' el s RGeRyemG tdeeisutesuiad.
The g 19 in staggering the areas of dynamic action is to mnimze
bunchi ,- a2 axdinmc tomppesston espoie ewk iiely et *arjunadvielg drs faraiveticyatioes of

21 large conpression or expansion ratios. For exanple, see Figure 22 18
whi ch gghoet: exceedi abougnam ngndt bhereforeit is orml srisplandires 2E gxdorevel s

a 10 dH change .in |nR |l evel results [n a 2-1/2 dB 24 . chan%F i n output --
a 4:19%a&"eligicakie fﬁFFﬁsabbrBB??E}%a§5t%R%mﬁﬁﬁqﬁﬂj nedsSio i s

never_ dqubstanti aI Iy ‘fﬁdﬁg D38ra€oSaSesid e &P Glarly }%%?ots:;rogghout

nost’ t he range oFe?evels 2% and Erequen0|es I orher -t
gaag§ﬁiS%ﬂ&ﬁd§¥atﬁaﬁy5b958612§_fQ”BéﬁﬁééEEHrfﬁ'éE%fEE’J%%hﬁ%P%&k%ﬁbﬁ 29 30
sliding band device. However, in principle, the A-type device

13| can be modified to shift its areas of_dynémic_actioh so as to

14| provide the best fit with the action areas of the sliding band

15| device. |

16 ' j@ The precise amount of staqgérinq 6¥.shifting necessary
17] in this!and other configurations set forth herein will erend BA“
18§ the parameters of the signél prpcesSing devices ﬁéed. The goal

19§ in staggering the areaé §f dfnaﬁic action is to minimize bunching
~—20f effects in the response curveé.%‘Bunching is an indication.of

21| large compression or expansion ratios. For exémple, see Figure

22| 18 which shows excessive bunching: that is,.at some frequencies

23| and levels a 10 dB change in input levei resultsgih a 2;1/2 dB

24 ¢hange in output -~ a 4:1 ratio. Optimaliy, with appropriate

_25 staggering, a 2:1 ratib is never substantially exceeded in a

26) cassette compander system throughout most of the range of levels
27} and frequencies. 1In other types of transmission systems higher

28! compression ratios ﬁay be acceptable.

»| /17 | | |

30{ ///
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- 33 - CLAIMS 1. A circuit arrangenent for
rangeof an input signal, conprising a first circuit V\”"mgmlﬂm MB 3’
chvaracteri stic conposed of a low | evel portion of substantia C® nt -
gain up to a threshold, an internediate | evel portion, above the t hreshol d,

of changi ng gai n providing a maxi mnum conpression rati-o or expansion ratio,

and a high level portion of substantially consgzant gain different fromthe

gai n:of the low level portion, and at | east JLurther circuit, which also

has 5‘b|-| i near characteristic within a freq%%g@ range common to the

circuits, in series with the first circuit, the internediate |evel portions

of the char acteri st |§s of thg GLLGY £r°ta9§‘énﬂ9t 3 gﬁn\y &{y gy,gamgg etgggggg_é an

range commn to the Circuits such as to provide a gaLn over
wi der range of int er%&Faﬁi@"?hpﬁ?mﬂréﬁﬁé'igsa tHhaRt Fé?c“&ﬁy“”d'-f‘ 3 H’é %:‘i’\eé{u ts

i ndi vidual ly, and arbnaasé@asedcdwﬁpeéaﬂse abﬁ&wnevelt Bertoh ¥ atbsteneianty hi gh
I nput | evels,. but: vmth n.ove al | mamtmf.l grpressl on (g#;.e%(équ sion.ratio
Ci

which is substanti al PR PRt &7 Phad AR 1Y i porthon.
virtue of the st aggearhomg thedthnesknidy i1 cmﬁmﬁ-myem Previdihg @hmixingh gupression

bi -linear. 2. . ra&i&'J&H&ﬁan@f&naggﬁ@%da&(iﬁw'ﬁlgei %o?h%h”&fl uﬂmﬁﬁ@iaﬂly
the circuits are cor%(lessors and. t he threshol ds t hereaof are set to

di fferent val ues in TPEEP. 8234%t ﬁ'b“gféfe’tthgr‘fmnflé"r ﬁE’cﬂ Sf ety 1ot P‘Efr‘fé°%’f 2pdhe

characteristics of tdteleastcomd furtBer circuit, ¥hichr glsot hayr adrigdimnl derechirigtic

to claiml, wherein Jii6:€ia EliguSnd SardfydPARESH ScoaBQe EPfedi B eihoée“ﬁ éb&fx?%e

are set to different values In order to stag?er t he 1 nt er ned |ate eve
portions of the charddferfisrds Hie ipfermediate (level portions ofpthe chapacteristics
arrangenent accor di ngf the eliptuitd bezn@rsthgéﬂeervﬁmd EEfzfeqhéztdi?grédgal’ﬁbmﬁiBn tebe

conpressi on or. expan';_sn o rcgg_&csgch gg Sf Vt_igee quc(ugl t‘,’sf %VE,{ L@‘«E’? atp ek Lish ?9
the

flank of the conpreSS|on or . expansi on PaTTo° 3 thé circuits
the extent that the fvénrtarpediatpriapyt davers thgrafiet Gm!r%ﬁ F’EF CRTGUA &S

over | appi ng regi on deREviEk1EHDSAE R Blckdastd CRTEetdite BREWEBNTRD FRIEAS 8t QwOT
expansi on and high input levels, but with anoverall maximum compression or expan-
sion ratio which is substantially no greater thanthat of any single
circuit, by virtue of the staggering and an overall characteristic which is
also bi-linear. :

2. A circuit arrangement according to claim 1, wherein the
circui_.ts are compressors and the thresholds thereof are set to
different values in order to stagger the intermediate level portions

of the characteristics of the circuits.

3. A.circu.{t arrangement according to claim 1, wherein the
circuits are expanders and the thresholds thereof are set to
different values in order to stagger the intermediate level portions
of the characteristics of the c:l_.rcuits.

4, A circuit arrangement according to claim 1, 2 or 3, _

" wherein the falling flank of the compteésion or expansion ratic of ‘
each of the circults overlaps the risinq flank of the compression or.
expénsion ratio of another of the circuits to the extent that the
oVer'all-'compression or expanéicn ratio in the overlapping region
does not substantially exceed the maximum compression or expansion
ratic of the adjacent circuits, '



of the adjacent circuits. - 34 - 5. A—ctredi-t—arrangenent
ing to claim4, wherein each of the circu

ssion or inverse expansion ratio of substé”" ﬁmﬂmﬂmw he maxi nums
for the conplete circuit arrangenent does*not su exceed -
. A circuit arrangenment according to any of claims 1 to 5,
V\/nerel n at | east one of the circuits}4conprises a vari abl e filter provi ding

a boost orgcut in ﬁéﬂ&htosinlaﬁa\enfeheca&sﬁainrgem @['aﬁif st h@esdignalcnband, and™}
responsive to S|gnals in that region to cause the filter corner frequenc,\f

to slide i9 e SEREES 1S dMHTThEPHIeEe8 G "B'tﬂrs? dgPaisiop ratio A
circuit, ardfapgestentiaare e:lliang tie obdinthGratiorfoauthieocaipgacd eiraherein the or
each vari il g, fdbl PlacliSiof SBSLALYLNG (20REHALNG and amplifying contr ol
circuit providing a control sig a controll ed i npedance device of the
filter to effect the sliding of the filter corner frequency. 8. A
Ci rcuiblt a][d i’ingemerﬂ 286/t UdFt@nddhetit Actbrai nge 8hy @8RS NCHY t5, CONPri ses a
variable filter

it t to cl 8,
wher oin'IBEH PBiears oop i B ERECUS [ SRPELRRR 3 SRELRLD AT or ont gl ns

such as t eresidipgi s hobste odi dufteireat hidhr o6 Hol dEregbertcperagion wift the 10. A
circuit ard;gRoeuRpd, %&%Qﬁ&ﬁi@é’ tS'éi'gﬁéf*s Qh &atvﬂ%'iﬁﬂ 'lqté'!ﬁzsguéhéscem corner
frequenci es of the variable ltérs are substanti al the sane. 11. A

circuit ar ﬁ@%ﬁ@?ﬂeraﬁfﬁi"ﬁ?‘ﬁfgt? Flifeilm s SeRer BITFOrIRS Bosretiedcut i s
provi ded igr autirglidn.equency regi on and the qui escent corner frequencies of
the variable filters arelnthereglon of 300 to 400 Hz. 12. A
circuit arrangenent according to claim8, 9, 10 or 11, wherein in at Ieast
one circuit the. vahicABFEt prTRagetest accardingsta\Flaimb f (FREAYEP t er havi ng a

narrower RAgHald) NehdrBdd thBervaidbhfiable filter has a rectifying,
smoothing and amplifying control circuit providing a control signal
to a controlled impedance device of the filter to effect'the sliding
of the filter corner frequency.

8. A circuit arrangement according to claim 7, wherein each
circuit comprises a variable filter.

9. A circuit arrangement according to claim 8, wherein the
control circuits of the variable filters have different gains such
as to establish the different thresholds of the circuits.

1o0. A circuit arrangement according to claim B or 9, wherein
the quiescent corner frequencies of the variable Ffilters are
substantially the same.

1l. A circuit arrangement accordihg to claim 10, wherein the
boost or cut is -provided_in_ a high frequency region and the quiescent
corner frequencies of the variable filters are in the region of

300 to 400 Hz. |

12, A circuit arrangement according to claim 8, 9, 10 or 11,
wherein in at least one circuit the variable filter is in series
with a fixed filter having a narrower pass band than the variable
filters in the quiescent state.



filters in the quiescent state. C L M “Acircuit
arrangement according to claim 12, wherein at Ieast Hlm ,Huum

variable filter in series with a fixed filter and th i es of:

the fixed filters are substantially the sane. 14. A circuit
arrangement according to clai m 13, wherein'the boost or cut is provided in a

hi gh frequency region and the fixed filters jgave a corner frequency in the
region of 300 to 400 Hz. 15. A noi se reduction arrangemnent corgrl si ng

a cogpressor arrandérent adc8HEAUhE AFEARICRERY SCPRTAiRG, t8f XA iy Wrerpt
i nsof ar as dependeniea ene i raids amveXxp sadeiblar fiABge Thnderaes ordh g f1:@dcl ai m

3 and any of clai ms, 4. (0 14 Lnsolar as.dependens hDehgon s plisLeln the

t hreshol d of each circuit is | oner e threshold
of the previous ci m@ustanandlwh'életmshol d of each successive expander _
circuit is higher than the threshold of the previous circuit. 16 A

noi se reduction arrangement conprising a.conpressor arralnag t. according
to claim2 or any df-clai md ST ATRREEPL 36°FLHBHFRNT A Re eon and an
expander arrangeneooSt @@r elithgs tp@oﬁ]daa nin3a arigh afreqodncy| eeaien antgtheqfixedof ar

as dependent there ef SN a tdl cha ggc&sgw%cmpﬁgssor
circuit is higher t Re hégteh?es % %&Qh% g%eﬁ%ousam rcuit and the

t hreshol d of each succe55|ve expander circuit is |lower than the threshold
of the previous cirngyit. 17 noise redN&tﬁd’xf aAGAGRIN tACAPELLING 4 Goapreselr

claims 1 to 16, wherein at |east .one he LEcuit d - jcuit
conprising a main Fﬁffﬁ“%‘?ﬂ% aFeT fi? z‘fr’ %a 2?es tgﬁ CE?iﬁsa!rt:?g ?gtr%nsé&ag
conbining circuit ias Gépendent terebn aaﬂchfaemﬁfm@rﬁm% geearding £ slapue

connected to the ‘i np4t afdf of W1Riks Qfed NE inBBEdr ad HePertirdt | theréudl, PhHerein the

whi Che ot | ast i n HRSHE AR GhotoREs Yy EoERel, St 13 fke? Blainale

threshold of the previous c1r'cu1t and the threshold of each successive
expander circuit is higher than the thr'eshold of the previous circuit.

16;‘ A noise reduction arrangement comprising a compressor
a..rrang'ement according to claim 2 or any of claims 4 to 14 insofar
as dependent thereon and an expanaef arrangément according to
claim 3 and any of claims 4 to 14 insofar as dependent thereon,
wherein the threshold of each successive compressor circuit is
higher than the threshold of the previous circuit and the threshold
of each successive expander circuit is lower than the threshold

of the previous circuit.

17. An arrangement according to any of cla:_i.ms 1l to 16, wherein
at least one of the circuits is a dual-path circuit comprising a
main 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 imput or output of the main path and its output
‘connected to the combining"circuit, the further path providing a -
signal which, at least in an upper part of the frequen'cy bax_xd, :
boosts or bucks the main path signal by way of the combining circuit,
but which is so limited that, in the upper part of the input dynamic
rarige, the further path signal is smaller than the main path .sig'nal.



ts or bucks the main path sidnal by way of—-f—he—eenm_m_ng_%wt but
his solimted that, in the upper part Ofalﬂil! nam c range t he

her path signal is smaller than the main p Hﬂf *
An/arrangenent according to any of clains 6 to wherel n at

| east one.of the circuits is a dual path circuit with the vari‘able filter

in the further path thereof. 19. . 3 -Acircuit arrangenment according to
claiml1l wherein the approxi natel threshold | evel T of a_given stage is--™
det er ni ned*%y t he ’i”elag%"@ﬁ@?ﬂtpa ordinda F9 2 %freél‘l‘i“ﬁss 6 {*Re5f 2Af shi ng poi nt‘ﬁf |
the stage,chsiteriat vierein ptelewsdicakeod ehelcipouiitsols endimlapetht irchigh | evel -
portion st [ Sen Fg%!nmn f the stage and Gis

the gain t he eS"[v%. e. béze tig%g% gé‘l?{ g{r]l%z%ngnt according to any of
clains 1 to 14, Whereln the circuit arrangenent is for nodifying the

dynamhc :argge of audsiec@tgaﬁlasgﬁﬁ%#&gﬁ?ﬁgeeﬁbtlﬁmr:;huhter%ﬁfuﬁdes Fm bl
over shoo sup resso, Vi re eve resho evel s being
st agger ed 3PS ﬁﬁaﬁ%{ycﬁﬁpglsdaéﬁ‘éﬂ s°,£lt 8 %"5’\%5589%1 e%ﬁf&f?jé‘ﬁgl n the

over shoot sbyfthe relatienshile ci-rcuit arrangenent. 21. An arrangenent
according to clainms 15 and 20, wherein the threshold of the overshoot
suppressor of each_ succeggi ve conpressor circuit is lower. than that of the
previous circuit ahd Fhedhreeshol d of the overshoot suppressor of each
successi veshexpanderthei £oukbingspdiinghef thé atagdhawhedieat hepiraeintuatd rcui t .

22. ﬂ%i‘rgo%ﬂ&”&?ﬁs Lﬁ’%%@' 11%@9%&91«:::"‘@?4:%“6?? thpreshol d of the
over shoot suppressor each succéssi ve ressor circuit s higher than
t hat of" tH’E?"éP‘é'!/FB%feEﬁ"é‘uﬁﬁarfbf the (stage ngs‘?néﬁ dhef 9aineot FBe shoot

suppr essorstagegach successive expander circuit is |lower than that of the

previous circuiit. 23. A circuit arrangenent according to claim 11,
wherein there :
20. A circuit arrangement according to any of claims 1 to 14,

wherein the circuit ‘arrangement is for modifying the dynamic range
of audio signals and wherein each circuit ihcludes an overshoot
suppressor having a threshold level, th_e threshold levels being
staggered among the circuits such as to provide a reduction in the

overshoots of the overall circuit arrangement.:

21. © An arrangement acoording to claims 15 and 20, wherein

the threshold of the overshoot suppressor of each successive

compressor circuit is lower . than tﬁat of the previous circuit and
- the threshold of the overshoot Suppressor_ of each successive

expander circuit is higher than that of the previous circuit.

22, An arrangement to claims 16 and 20, wherein the threshold
of the overshoot suppressor of each successive compressor circuit
is higher than that of the previous circuit and _ the threshold
of the overshoot suppressor of each- successi‘ve expander circuit is
lower than that of the previous circuit.

23. A circuit arrangement according to claim 11, wherein there
‘are two bi-linear circuits, each having a low level gain of
. substantially 10 &B. - '



a’fe two bi-linear circuits, each having a | ow | evel _gain of substantially
10 dB. - *C L M S- 37 - 24. A circuit arran enent according to

apy of claims 1, 2, 3, 4, .15 and 16, wherein ther ymr“mmu”“rear
circuits, each haV| ng a | ow | evel gai n of substant

A circuit arrangenment according -to claim®6, wherei n"one of fhe®citcuits
conprises said vari able filter, and wherein<t¥ere is one further circuit

conprising a pl ura'é‘;ty of bmfiraﬁscsaﬂah&@nce%teﬁebraia %ﬁ@t‘.'&@i*\é 4h 2
| i me*ng. devi ce. 26. An arrangenent accora t'o an

to 25, wherein aII ‘bf 13 h’é’dfJrsr'st’h%fﬁél“f"ﬁ'Ff'ﬁé‘FecWEiubﬁs”ﬁ'ﬁ% cs"ﬁ‘b‘é‘ttﬁntﬁaﬁT‘l y the -
same maxi Mum conpr amsatid af dw Qetdl GXANBEI Abstaiti Ml 1y2F .48, An arrangenent
according-to claiml1, wherein each of 15 the first and further circuits
i ncludes a control circuit responsive to the level of a signal within the

first or furthér ci®ouit itkeircws aErangYlent RecetHPE s Fhaimot . sherrisi one

provi ded t|1ereby of the circuits comprises said variable filter, and wherein there
is one further circuit comprising a plurality of band pass filters
“each in combination with a limiting device. '

10 26. © An arrangement accqrding to any of claims 1 to 25,
wherein all of the first and further circuits have substantially

the same maximum compression ratio or expansion ratio.

- 27. An arrangementlaccdrding to claim 1, wherein each of
15 the first and further circuits includes a control circuit
responsive to the level of a signal within the first or further
circuit itself to control the compression or expansion phovided
thereby. |




