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RECORDI NGAND TRANSM SSI ON'SYSTEMS 3 4 5 -~ The present invention is
c8ncerned-in general Wwith 6 recording and transm ssion systenms.and with
circuit-arran%enents 7 which alter the dynanic range of signals handled by
such 8 -systerfs, nanely conpressors whi chjconpress t he dynam c -range 9 - and"
expanders whitgh expand the dynam c range. The invention 10 1is VIV

particul arly,useful for trepidyer %k‘ihﬁsﬁhﬁi@@éSpéwtnén‘ixc%héouéérz\a@%m@i%e .
to bLher Si gl? il s, i ncludi nepprBaEsd ORDING AND TRANDMESS 00N SPEMS
expanders arg?nornally.useo toget er a conpanoer

noi se reductign; the signal 14 "is conpressed before transnlsS|on or
recordi ng and expanded 15. after receptlon or pl ayback fromthe

transm'ssion d

_ghannel . 16 However c Mr ess be used .alone to r
t he dynam c ng

$74 range, e. ?(?EﬁﬂqP QVEQ éﬁ? (ﬂ°ﬂfeFP§ﬁsﬁPs§FBﬂr§ dﬁh |
i th .
flgrwt Leoghds' S?QHSP&iﬁipﬂgg:%’an‘Mﬂﬁ@sﬁﬁﬁ EgEPéfrsgsaerfd %Jé.%ﬂabikéuig a?g%e%ts

Jr pose conpressors al one are used

certain prodydt ¥hiehpaTt&d | shellainamicodunge shigiynals a@adueaeaﬁeéu@ml y to
transmt or rgcord conpressed broadcast or 22 pre-recorded signals. .. :
Expander s al grjesustensechane lyerdampre330rgr vhich scompressi &heydynanbcprangect s
whi ch are intgnded onl to 24 recelve or. pl ay_back al ready conpressed
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configured f I e operation as ress
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prerecorded 29 signals. More specifically, the~present

I nvention rqgkgtes to 31 Qnmprassnmssaaddenggmﬂm&ssandnndtmannyaddealoogéther
rovi ding 32 /§/ ' ' B ' -

P g 13| (a compander system) to effect noise reduction; the signal

14| is compressed before trarsmission or recording and;expanded
15 .after reception or playback from the transmission.channel.
16| However compressors_@ay be used alone to reduce the.dynamic
171 range, e.g.'co suit:the=capacity of a transmission channel,
18] without subsequent expaosion when the compressed signal is
19| adequate for the end purpose. In addition, compressors alone

20¢ are used in certain products, especially audio products which
_ 21§ are intended only to transmit or record compressed broadcast or
22 pre—recorded signals. Expanders alone are used in certaln

23 -ptoducts,-especially audio products which are intended oniy to
24] receive or.playdback.already compressed broadcasc-or pre~-recorded
25 signals. In certain products;_oarticularly audio recording and
26§ play back products, a single device is offen configured for
27| switchable mode operation as alcompressor_to record sicnais and
28 aS'anlexpander_to play-back.compressed broadcast or pre-recorded..
29 -signals, _
30 | | - Mo:e specifically, the pfesent-invention relates to
31{ compressors and expanders which, in addition to providing
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'circuit before the compressor:and the boost circuit after the

expander.

at all levels are subject to the ‘same roll-off action (and

| ow

A disadvantage of any 'such technique is: that s1gnals _:

subsequent boost) o0 that'thete is a significant decrease in the.

amount of noise reduction which is obtained. .

the Rundfunktechn. Mitteilungen atﬁicle-that the loss of noise

without such techniques is as high as 20 4B.

partial

ly true."

reduction can be'tolerated if the amount of noise reduction

This is 6nly

Compact Cassette tapes, tape saturation effects extend down as

low as 2 kHz and the change in equalization'requiied to take

account of this will lead to a significant increase in audible

noise.

Attempts have been made to overcome this problem by

making the response of the roll-off and;boost-circuits level-

dependent (US-PS 4,072,914).

"In the case of the roll-off

cireuit the roll-off is steeper”at-hiéh'levels than at.low

levels.,
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For the boost circuit, the boost characteristic is

It is suggested in

In praétice,'particularly_with respect to some -
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exists in FM broadcasting.

It is therefore one object of this invention to
provide a better solution to the ‘problems discussed above,
_namely a solution which is both effective and simple.

. Although not discussed in the prior art there is a
related problem_in that low frequency_equalization (roll-off-ln
the compressor and.boost in the expander) is_desirablefif the
compression and expansion are effective atflou frequencies also.

Low freduency compression and expansion are useful for hum noise

-reduction and may be achieved using w1de band compressors and

expanders or compressors and expanders w1th circuits operating
independently at low_and high.frequenc1es. At low frequencies,
the primary objective of equalization is to counteract the
effect of the 3180 usec (+3 dB at 50 Hz)'recording boost built
into many magnetic tape recorders, which causes low frequency
tape saturation problems, e.g. w1th organ music. |

~ Another object of the invention is to provide a means
whereby the required equalization can be effected additionally

at low frequencies, if required.
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a 3

ease the 2 headroom and accordi ngly,
subj ect to saturation.

1 A further object of the inventi

t he dynam ¢ range of
4.

~ invention is a conpressor or S. expander conprising a main si gnal
- which-ts-1i

onis to

recording
The starting point of t he

pat h

F

ear W th respect to dynam c range; a conbiabng-ciicult . in the
mai n pat h, and. a further path which has its input connected to|the |nput
br 8- outpuff of the main path and |L$,,.out put-..connected to ‘the confjin- 9
ing circuit} the further path provi ding a signal which, at least 10 in.
pper part ¢f the fre:qttaamerbssade: @ OtleS 1 iven LGAK 55 ttbe1nktedgai Bngat | si gnal
y way of the conbi ni circuit, but whichis 12 so lLim.ted that, jin the -
Upper par t 2¢fhepfEecampat aggardinaly refﬁgedyni‘Bi"c Fenge Pk FRFOTSART, meftthal |i s
Smal | er thS ,tuhge&aw dabfatsbalnal . The upper part- off the
frequency nd typically extends 15 P froma val ue of some hundrdds of :
Hertz, saysd val ue of Thsostarting ROiRt Pt thetin¥enfion 5 §1ROPPRASFER %Fay be used.
In the uppg. &?sﬁa&kmpﬁmgrmuin dygrai Fathodfien £°AYinekd wilent o +10 dB, -
relative tOola 18 reference level, the further path signal is smallf relative
to 19 the.ayigespesthteidynanic ppge, a combiningsgincudt iy BRS BRLN RAthrexganders -
are vell KpeupadQdeyednet eém/wweadhasexmh BB G A8 ehbefphd JYS|PS - -
‘3, 846, 719, -PS 22 3,903,485 and US-PS 28,426. They are desigrated dual
path 23 cosjresseey SLathe mﬁam 3nd imeutmtmneﬁ%ﬂdhteutgﬁaﬁmnbbsts the 24
main path gioag cld2ul £F £ RO ML ARIOPatAUb- RIS 4 RegHRI IR} e2fegharial i1 the
expander. Type | conflguratlon (for exanple as 26 in US-PS 3,046, 719) is
.general ly m‘ie’dl o rupgetliperh 95| theafreaysnaynbiandy hposyp©r| buskgntiiegur atijon (for
exanpl e a rw§ n3si3Rad1 45 day 5S¢ 28e AREIMALY Yor uSEH,  Ble WhilO12PPI|i cati ons.
29 by ﬁ? ?:%se é)L? :ﬁ}e corrf)re-s-ee+ ce invention is-30 defined in
claiml ar_ld lﬁyeéimtfe#e'ﬁ@end-yl thepupRert pa;itreﬂntbe dopwedvearientapden 31 the nmain
path and prg4y 5@' ?gnﬂeégwﬁtaie&f 9 S G Ghan" BRPRISE pddh LilgdallS Parft of the
-frequency Bqnd arfecte ~Saturation. - . :
a 14 The upper part of the frequency band typically extends
15 up from a value of some hundreds of Hertz, say a value of 300 -
16 400‘8:. although a higher value may be used. In ‘the upper part
" 17] of the input dynamic range, say =10 dB to +10 dB, relative to a
3 18| referénce level, the further path signal is small relative to
‘;. '19_'the main path signal.
? 20 Such compressors and expanders are well known and
- 21| widely used, examples being described ia US-PS 3,846,719, US-PS
22 3 903,485 and US-PS Re 28,426. They are designated dual path
23 conpressors and expanders. The further path signal boosts the
. 24} main path signal 1n the comgressor but bucks the main path
! : 2 slgnel in the expander. A Type I configuration (for example as
- 26 in US-PS 3,046,719) is generally used tor-audio applications and B
1 27| a Type II configuration (for erampIe as in Us-PS 3,903,485) is
: 28 qenerally used for video applications._ _
29 In fhe case of the compressor the 1nvention is
30} défined in claim 1 =nd uses a frequency depem!ent c:.rcu:u: ccnnected cnly in .
al the nain path and providlng a reduction in frequency response .
321 in the part of the frequency band atfected. by saturation.



1 In the case of the expander the invention is defrned 2 in
claim4 and uses a frequency dependent . circuit conected only in the nmin

phth and providing an'increase in frequency response in the 4 part of th '

frequency band affected by saturation. The frequency dependent circuit in

the main path is 6 connect ed between the further path take off point and.
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|ch extrene a in th
region of 20 Hz. hg cir “i%mifh P SRR i af’? eﬁ‘ga" §§€r|g de‘f' ot &
detail, by 25 way oi'ypaxanpl e, with reference to the acconpanyi ng drawr ng
in 26 which: 27 - Fig. ht‘r 2 resent tévecgmezg nggis%u;evde‘cg){on
‘cassette tape recot der/repro i fwe"f ¥is provides 3 eompl ot oWk
expl anat ory char agd psysriemCcooprisisg twompresswandﬂxee@agders is a bI ock di agr 3

f flth 1 '
_ gndagxggﬁgg:’ gengzﬁ’w} e3 ll'gvenid partl. of tme gr%@&?n)% bOJndTQ/f%ected Icnmpr essor

12 . saturation is usually the upper extreme -- that is, said upper

lgui t, -i-A-bot h’ .conpressess and expanders., . -koth-Type
- -The invention also provides a conplete nors
caprising the conpressor and .t he expnder. 11

that is, sal ca ong" ﬂfex b au The |1 Arnqa.rvsrg er

d as the ?o 0 frequency in g
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T

eartabscthecﬂrsqeencircnsnﬂraefqemdl_luspattdnetifme- 19 quency

13] extreme is whatever upper frequency is regarded.as tne top end
14 of the audio frequency band in any given practicai case; whether
15 this is 15 kHz or 20 kHz. or some ‘other value, in the case of _
:14 audio, or such as 4 -6 MHZ in the case of video.
17 In an audio development of the invention, where the
.ff _ 19} compressor or_expander-also acts at low freguencies, the fre-
- 19 quency dependent circuit also provides a reduction (compressor)
.20} or increase (expander) in frequency response in the lower part
21§ of. the audio frequency band (e.g., extending downward from about
22] one hundred Hertz.towards its lower'extreme, which extreme is
23 typically in the region of 20 gz, '
'24 . The invention will be described in more detail, by

_ 25 way of example. with reference to the accompanying drawings, in
iy 26| which: S o |

' '27 Pig. ] shows a representative response curve of a

] _cassette tape recorder/reproducer._ S '

.29 _ ?ig. 2 shows an explanatory characteristic ‘curve.

0] Fig. 3 is a block diagram of an ‘embodiment of the

" 31 invention in the context ofzrype I compressors and expanders.
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1 Fig. 4 is a block diagramof the invention in the 2 context

e] e |l fEonpressors and expanders. 3 Fig. 5 isa block
di am of fn enmbodi ment of the 4 invention in the context of a dual stage .
conpander sjystemfor 5 magnetic tap& w€cording. 6 The probl em of

-high frequehcy saturation i's common to 7 all magnetic tape and optical
filmrecorders. It mayjal 90 1QCaUB1Eck idL dYrameBBheRé 28tk drGdndiingened
transm ssi‘opn systens of many 9 kinds, including FM broadcasting systems. /-
Al't hough i4 | icontest 4€ Typevdlecobmptessepeahd agpandensders, particularly\J
those using|low 11 cost tape fornmulations, it affects the abilit§ to o
record at 3P higher |RBigl S deen Phoek ghiagram ff photrkedigeat R&ghBei c tape
13 and optfcal filmrecorders.. That_is, the recordin di um does_14 not
accur at el y4 | JO3RBEIAR 17 diPQ é’\?BF,exHi% _?-rdé’_@l}eﬁ@ggi ﬁ?ﬂé’%n% sé.’ﬁgff‘_eﬁlo’fo it
The mai n guli : | S-dd3-@580¢ul ation 16 distortion and a reduction

I n high fﬁgq3§h§§€%éﬁ€%§ﬁ-of-the. 7/ recording. However, in the context -of
the preseng|invention, THé praidemsaf Uk idh dirdguentpesatht st iohldsi calhen to
because witjh certain 19 conbinations of signal |evels and frequencies it .
upsets t hg P@llppaghetikc diansl @ndnebkicdl diilmheecepderieyr . Itimaye alspeoccur
‘expander 21} w'll inaccurately decgde the played,back signal to _sone éextent
22" depend hd ToRTEHEMRRRS 80, FeCaFATag | Uil CrAREMAAR hOD AN HIAPSePEoBANSS s
usual ly an, e er at j f ' L SOURD ' Cbyaihbodh i@XRaNgsL but

It may al rs]”on ﬁgggﬂeiggfshpﬁ}ﬂ%&g %gg?éél on o?"fggﬁ% ?ir e..quugan);L signals. 26
The il usigpisedeeabonli I@NIspeedC @BPe 0PE Sk qurg B blak ¥ iddl at Iy (iR seOBkLEN Ddw a
cassette tape recorder recorder/reproducer 28 although the invention is -
appl i cabl H jpsoagl kape forfudsdiions, LY affiedts heaghblity ttpaecopdi sl film -
recordi ng Jecording and 30, transm ssjon systens,in general. 31 :

Fro. 1 S PiABeRcLpERLE em tho ok suval thi PRpESE5L0 sgicotepe
recorder/faep_réQQUSSEicaf‘tfﬁn{ Q'%Q:Bgﬁggsl eVflat®Tis, the recording medium does

14 not accurately reébra the.high level, high'frequehcy signals

15 épplied to it. The:main audible.effeci is intermodulation

16 distortion'and.a_redu&tion ihfhighffrequéncy éonteht of the

17| recording. However, in the context of the préseﬁt;invention;

18| such saturation ié-espécially undesirablé_bécause with'certain
19 combinatibns of signal levels'ana ftequéncieé it.upsets the

20 playba?knFomplemgntarity of the expander. Hence, the expander
21 will'inaccurétely decpde the played_back éighal to some extent .
22 depending on the degrge of saﬁurégi¢ﬁ.. Thé:main audible effect
23] is usﬁally aﬁ exaggeration of -the high frequencyjloss by the

24 expander but it may also include a spurious modulation of

25 mid-freqhency signals, ' |

26 . The iliusttated'embodimenf is considered pfimariiy..
270 in the context of a.céésette_tébe fecofdér récorée:/reproduéef'_
28 aithough_the iQVentiénfis apéliqéblé as well to.prqfessional

29 _quality.mégnetic,tape, optical £ilm récbrding and_:ecording and
30| transmission systehs in general. | |

31 _ Fig. 1 shows the response of a well above a&erage

32§ compact Cassette recorder/reproducer. At a recording level of
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-20 dB the response is substantially flat out to 20 kHz. At 2 Thigher
recording |l evgl s ‘the effects of high frequency tape 3 saturation becone
apparent, caugj ng a substantial high frequency 4 roll off at a record level
of 0 dB. Typ| al cassette units 5 exhilbi _substantially greater saturation
effects. 6 -The nost strai ghtf rward way of reducing the above 7

saturation. ef flec t o, change .t'he .,recordin i_zation in chawa :
that "t he tapd |st2rqo? BiFhe Fesionss: 4si Aubska ‘@3{1 EgaE °‘f%ntg°e8ﬁ rch?t s

sakuration 'm§  HAWRLESPOBr i HE 104 aY ] ae%e e&@ats 58 nigh i ArkduenidyeRapbtered
in.a conple ary way. Unfortunately, I n cassette recording,

‘saturation effe@a&uﬁ‘&!i@txtlﬁé’&bn@%phﬁeﬂe, ciarmugnel eﬁbﬁSadwuasuathEeQﬁers@
.as Fig. 1 sugdests. = The 13 required.change in equalization would thus
result in a sifjg¥olil-off aum neeordaievel efidl IiBe nBypicaliscassette unitghe

t-d bed . hel ffect t t t .t d hi gh -
frequency sadll SEhaRLE: BREAn) eﬁ# §FRgHa SanrakiRft FERRE o ce reducti on
in the treated frequency .f.ﬁ@ W'ﬁl' §e£§3nhet@% U§ £ "BYa b6l dés 6let @nbfduce

| on re

| ow frequenc ape 19 di sto range noi se reduction system

i s enpl oyed. ;40 satarR8iéh Cot fct et €ot BRangd theltakopai iy CayguidzaRionr in
expander 21 cifrcuit the output of the circuit at very low signal levels is.

22 .provi ded grjpSmich bywahethm tther topenbs smoy athivenosopbard in rtheh £reguency
of one such dgvice providing 10 dB of dypam c action, the 24 i but i
of the main &rd ‘ﬁ&%e”‘e’fﬁ ‘81 @r?"'b‘ﬁ?ﬁ%°ﬁrgs i trqublesgme, o The Q}fay% %deﬁuig =

t |y, 2 t
Teversed: 119 Jk%t%gt 12,000 i2eed §5° Momdiintiely ey! Mbriiandtery,

mai n pa dorm nant s conponent.,, and
the further g

_ hn@@@%&ébﬂélﬁ&bdﬁﬁ1h§,“3€£hﬁh$ﬂdh et¥ects may exteH@® down to
saturation or jdistortion reduction effect .is based 30 on.the above

observati onsl2? | Mxegugncies capidiowzes Rr bz dnga las BigrefusuegestsducThen in

'high or lOW Z”G%%Sﬂ§¥egréﬁ§%$ésﬁﬁ %%%glagagfoélﬁould'thus result in a signifi-

'14 cant increase in audlblg noise. | |

15 " The circuit described below effectively permits a

16 _tréatment ﬁo.reduce high ffgqﬁency’saturétion without sacrificing

17 ahy Signifiéant-noise réﬁnction in the treated frequency rangé.
.18 The same technique méy be used to reduce low frequency tape.

19 'distértion where a fuii-tahge noise reduction'Systemfis employed.
20 In particuiar, note that in a dual path compressor or expander

21| circuit the output of the ciréuit_at very low signal levels is

22 provided'mbstly by the further or noise reduction path. In the

23 cése'bf one such device pfbviding 10 dB of dynamic action, thé

24| contributions of the main and noise reduction”paths are in the

25 ratios.of 1 and 2.16, respectively. At high'signal'leVe;s the

26| roles of the two paths are reversed; the*m&in path provides thé,

27 predominant'signal ggmpdnént, and the furtﬁer path'éontribution

. 28} is neglig1b1e. ' | |

- 29 7 " rhe saturation or distortion reduction effect is based

" 30| on the above observations. 'Namely, an equalizer providing the |
31 'requiréd'feduction'in high or iow frequency drive is placed.in '

320 ///
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3 e 0R i Righ ghignate|leveds, aFRgPHII LAY
2.4 'dB | os$
distortiohfre

e, opti.cal

path of the conpreésor. As shown in Figure 2, which 2 shows
circuit,
equent reduction in 5 hird® Trequency saturation. However, at
the equali- 6 zation effect is reduced,

t wll be + 2.16 = B 12

PRI . 5r BPAT I @Zté‘éiﬁ_ilgb?sgmfu ¥or
the [:Lt‘qusaenfz%gga' £ @Jéa%feg,ogggﬂafl %sﬁmt_ e—eaestgsn in

on “wou be require e hi ghest

requenci

V\DU% ess,

19 _the effect. of the_algg ysec (+3 gg at 50 Fti recor di ng
wFedustian Rakd bepAmes Heddficankr cnl Jgifsﬁ"amﬁ’ Peqtficy tape
o : _ : . . 5
AT ppenfendtd RS UGk e SR 5001 170 QR
PforldtCaTpaed 185140 | #18uen

ilm FMchannel,; 25 or otherw se, Is.determ ned at

ubidnsgtdecilow hevehtefiRdt ghdd beequencies.up to the highest
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f interest. _The 27 resulting maxi fum-output |evel curve is

a plot of 9285ckel gt %i\& A BudiloR As® A8 unction of frequency for

JERECLAY. 50 37H8] oA RESG RSN e, ARG PLESTL 0

Sht Mhed3¥6r3822.4 Td® Bdd GnCReEs8cEedest {01 e¥tebt. Such a
high.degree ef distbrtion reducﬁieh_ﬁould be required only at
the highest frequencies, et.15-EHz,_§er'exampie. A£ lower
frequencies the :eqeired;redgction“in Saturation_weuld be less,

with a correepondingly reduced'loss'of hoise_reduction.efiect.

At low frequencies, the primary'objective would be to_counteract""

the effect of the 3180 usec (+3 dB at 50 Hz) :ecording_boost
.built into many”tape.recofders, which causes low frequency . tape -
saturation problems, e.g.'with organ music, as already mehtioned.
" In audio applications, the requirements of;a suitable
-anti-satu:atien_netwofk me} be dete;mined as follows. The maxi-
lmuﬁ useble'output level of tpe_tape, eptieal film, FM channel,.
or otherwise, is determined. at low. to mediumefreqeencies and at |
higher freqﬁencies.up.to'the highest frequency of interest.
resultingjmaximum odtpﬁt_level curve ie eompa:eq;po a plot of
energy distribution'es a.functiOn of frequency: for normally
encountered music and'speech'seends. Such a plot is presented

in my_paperiJournal of the Audio Engineering Soeie;g?, Vol. 21,

No. 5, June, 1973, pp. 357-362. The difference between the
/77 '

5. at ~high
I's essentially the full effect of the equalization is obtained,

: ( since the contribution
CtHe maAWUpakANopatife hanpiessagni As cshdwn inf FifateeXangiich the 8
-antisatur 1ion network provides for as much as a 12 dB attenua- 9 .

r stiowsrjbivec ppetration iafn@ ihighpfneauerss idatertion redwetiqme | ow/ -
' That .

tion at

es,
fof 'ﬁw&nw%atﬁwﬁi&ﬁ - HoR@ueBri £5 Idwe levqlis; etheé eglpedlion- i n

d be 17 with a correspondingly reduced | oss of noise
f Zackon BEfAct| dov fedupeshcisdacet hbe prontribudiioac oEvtheonpisede to

herHBx) -igHbrsg paabkecons pdrd-evel
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L]

1 two curves is an indication of the reqU|red hi gh [ evel anti- 2 o
saturation characteristies. Once.such characteristics are detern1ned an &3
’npl enrented, the resulting conpression character- 4 istic curves should \b€e
-checked -to detern1ne if the anti- 5- saturation network has caused an
i ncrease in. conpresgion..ratio .6...at._any frequency or level:, |f so, _
approprlate changesfcan 7 be nade in the l'imting characteristics of the
nol sé reducti.on 8 path and/.or, where several series connected conpressors
(oh—9" ‘expanders) afe used, the anti-saturattT®n characteristic can be 10
di stributed anmong tfe deV|ces A1 Simlar. considerations apply
in-the case of vidg¢ tvd élavesds. ad i nndmdemnreceﬁdeaauhegh;éﬁ aquelNayei-
- pre- enpha5|s is 13 ffrequently used, which can result in.FM o er nodul ati o
probl-ems. 14 The o%¢r?5 2?‘? Shatasheritti~sor BFY P ¢ Eiﬂcéf‘-”w’é Gt 8Fhg syst
15 can be neasureg andeﬁnnacppmprmpmuenkéa)dtanebsdeg;rneecdasra@un chbracter- |
saturation can be pg§aqvi ressors and expanders of the 17 types| -

~described in Us- PS‘E:'G& ’éveénﬁh"lﬂgpg cheghed 38§e5?‘@iﬁ%é5 thegantizre will pe

TS
3

(7))

a further overnodu tsaeﬁtatteadeaae%rprmusmemn1ﬂ.cséaumr E&lpdbl@éioevxertwoot
"(a few percent) frofnthe conpressors. 20. These overshoots can be .

conpensat ed by t heé prAEsEW EFIRPERTY B8R leval-(| ¥ $ PBPESFEIA AP S?S al so o |

tendency' to conpenghive nffel thidhe Zamﬂﬁ/ﬁﬁsémgiﬁerisg'ﬁcs of the noise Wehurﬂ:xb{ﬂ .
woul d " be possible tp operate with only the 24 antisaturation network in the

encoder unit, it i8|FREr AT WPTEFPPERY BeFias CORACEMbAPBRIPSEIS ERion oh .

the playback side, o b @xBéndebd) aklb afsed QML WALI-shORROINC clatabB-DE@INELh 8L 2l
| evel s. The 27 fol Jow ng anal ysis shows the type of correction required.

28 - Ref a0} idigt% “F‘T"gd‘f‘%‘%thﬁ/\ﬁ?‘t‘ﬁe%'hows the Type |- dual 29 path

conpressior and exggpder conf isguf furl mméﬁhmeﬂaﬁfnp% S SdsdNse vided he
conpressor be x, the signal in the information channel be y, and the

out put signal of tdhp ‘7;)( dertrpgidpo recgydess high fgequepcy PeeteBhasianis er
charact efri stics 0f1_3 RReduéntNElused, which can result in FM overmodulation problems. |
E 14| The overmod_ula_t_ion tendency of any particular .recording system
15] can be measured and an appropriate kind and degree of anti- T
_16 satﬁration can be proviaed. TF compressors ‘and axpanders of | the
17] types descr:.bed 1n US-PS 3 046 719 and US-PS 3- 903 485 are used, -
18] there \_vill be a further overmodulation tendency produced by
b ) 19| small residual overshoots (a few percent) from the compressors.
: 201 These overshoots can be compensated by the present invention.
2| (Iu au_dio systems there is also a tendency to compensate residual
22 -overshoots). } . o
<] : While it would be possible to operate w:l.th only the _
i 24 antisaturation network in the encoder unit. it is preferable
- 25) to prov:.de a complementary_ correction on t_he playback si_.de, so
; "~ 26| that flat frequency response is 'maintained at all levels. The
b o _ ?7 fo‘iloﬁing -analy_sis:shows the type of correct'ion req_uired. |
| 28] . Referring i:_o Pioure 3, which ‘shows the Type 1 dua]_..
29} path compressor and expander oonfigurations. let the input
'- -30]. signal to the compressor be Xy the signal 1n the 1nformation

31| channel be ¥, and the output sxgnal of the expander be z. Let

32| p, and ¥, be the transfer characteristics of the further




of tghe conpressor and expander, respectively, and.F be 2 the

. er characteristic of the antisaturation network. Let 3 [err] be the
r&gurred cqnpensating characteristia¢nrthe decoder. 4 - -~y =
“([err]+ F)x 5 and z = yFAS zF2F AS 6 thus, z = [err] 7 8 9 .

I nspéctionfshows that z = x if F1 = [err] and FAS éeyr] 10 . o
simlar darli pathoof dpie iCOIPFESERE &Xpandsry i Fefrectivelyan adfofins i P

Fi g1 4: 12 = E + S O PR N Z = . F .15 '.
rad B i T ohashranetor Shavaciraietfds Hhe_pneisatibhy b pbblors, B (O
The above shaus "6 Y eliatelNEonpehditiing cREAFSEEON AQ NehVRRKSASEeIE KL e

i dentical ° [as A8 known fromthe appli-cant's 21 prior art, but.that the -

antisaturqtion-conpengﬁkiqw get JX in 22 the decoder should have an

i nverse chdracteristic to tA8t of the 23 'network enployed in tRQe encoder.

Si npl e consrlect i onsandire Ive YEA pgchi BB pppssi vel y, such as by RC™

conbi nati onfs, while nore 25 conpl ex ones can enpl oy feedback techni ques,
~especiallgfto 26 aChieve*the'hgvggse Bffdacteristics required in the
decoder. % © thus, Refe + rgu®e 5, a bl ock diagram of the 28
present irfVention is shown enbodi ed?i ™% dual stage Type | 2 configuration
primarily gflor use in magnetic tape recording and 30 reproduction. 31

The 11 1ust riabed SOt HiysCTRa0YS SaPCAIR] GOF, dfaPFessa ¢1a2.and 54 to
obtain an nAARBEd - anbunt of Conpr essl on 1 2 A8 " Fpg :
10 A similar derivatiqn_apbliés to the Type II configura--
11| tion shown in Figure 4:
12y S o
| )4 FASx + F1FASY.
13 _ oo
14} P .
: (F .- F,)
: thus z = — AS ' 2_- X
15 '—F1 - F1 .
16fF AS_". - _ ]
17 Inspgction shows that z = x if F, =_I_F2 and'FfAs_=-F;;'.
18 . SR _
19 . The above shows not only that thg_two_noise reduction

20 networks should be identical, as is known from the.applicant'S'

21 prior'art,.but that the'antisaturation compensaﬁion network in

99| the decoder should have.an invefse ¢haractéristiC'to that of the

2 nefwork emplqyed_iﬂ_thé encoder. Siﬁpie cOr:gctidné can be

24 achieved'passivelj,nsngh as by RC combinations, ﬁhile more

25 complex.ones cén employ feedbéck techniques,.especially to

2% achieve the inverse characteristics_requirgd in ihe decoder.

27 : | Referring now to'FiQUfe 5, a block éiagram of the

2g| present invention is.shown,eﬁbodied’ih a dual stage Type I

2§ 'configuratibn pfimarily for use in mégnetic'tépe ;ecof&ing and
30| reproduction. | o “ |

- 31 ' The illustrated_embodiment émploys caséaded cbm—

321 pressors 52 and 54 to obtain an enhanced amount of cgmpression




appl i cabl e as

o L
and, correspondingly, cascaded expanders 56, 58. The invention 2 is ' (é;;

!
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fromthe 8 ne
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el'l to single stage dual path conpressors and 3 expanders.
has a main path 10 |nclud|ng a4 conbining circuit 12 ° -
he main path the output of 5 __the further path N1, N2, whose:
ted to the 6 input of the corresponding main path The

7 main paths 14 and conbining circuits_16 whi ch subtract

Andet ROEFRBRRNdIng 1. GABCated rf'é‘%dﬁﬁér Bat 3P40 Ther LnRABEAOR
l%dabglkgg £O'ds Q'ldtggsgﬁi 2 =t |PL§¥t&aé§ comtpressors and

X an er .con |gurat| nown 1 hensel ves
@r@anabrbe s éaﬁﬁreasee elaés Ja2 maciat path 1doMRMGihGeRe are
for the further pat [err] -N2. . One alternative -
cfomb3nRag 3¢Bﬂcﬂ;&19)2 w¥hichsadds |ﬂq &hef mhlinvpatlbthe cotpnol bed
s caused to 15 limt progressiyvely, .as the signal |evel

thhe EYrber prEk Mot Ngd rhose oﬂ“%l"gﬁ&l conngelerhtoyther nati ve

CSeR0) ok vy SHliloRaft ol BN, rhE PR PR T

arr ove on stgn S6 as arge
tl‘lfaifn m@apta;wtcoﬁhhhsgféiéa{nsvmctahiéh 2ub Y R ERBIY £ h &
ixed high-pass filter. Advantageous 21 corner frequency
ghudlpgtbaﬁmbﬁal1hhesoatpuabctnth&2fu%tﬁettpathtﬂga quewhene

e progressively narrower 23 gh pass in response to the
ipput”is connectpq tpj the 59%F%§Rﬂﬁ4§"&oﬁ5 %s%%ﬁQ;QEER&ﬁd 54

{30100 1 e9ueaGuh ALk OY LA SR LA REo AN GUICLr2Oue 1

quency or frequenc

range) antl ron
&n@WhNif| ERéths OVERORAA! §111 PndrtFord hBES sd%&emaofmt §Beat

, the first and second 29 expanders 56 and 58 have
Ihdeweiks af¢waemchere 8bentwa ™ ign £ormenfonethe further path
‘uch conpensation._my 31 be provided in only one of

1n°6 x.”{y\%?lternative Figs. 7 and 8 of US-PS 3 tBQS 719)

is a filter followed by a controlled limiter which is caused to
limit progressively, as the signal level rises, by a rectified |
andﬂsmoothed control signal. ’Another'alternative'(US-PS
Re 28 426) is a sliding band high pass filter whose pass band is.
progressively narrowed by the control signal so as to exclude |

large Signal components from the output of the filter, which is

_preferably in series with a fixed high pass filter. Advantageous '

corner frequency values for the sliding band filters are about
375 Hz in the quiescent state but ‘become progressively narrower i'
high pass in response to the control signal.’

| The first and second compressors 52 and 54 each

have high frequency and/or low frequency (and/or any other

| particular'frequency'or frequency'range) anti-saturation net-

works 74, 76'affecting'the:nain signal components. On the
reproduce side of the tape recorder T, the first and second
expanders 56 and 58 have complementary networks affecting the
main_signal components. Alternately, such compensation may
be provided in only one of the compressors and in only the

Y77



espgndi.ng expander. The conpensation, may, for exanple; 2 take the

a gentle high frequency roll off in the encoder (conpressor),
i nog edsi ngflat very high frequencies sa above 10 4~ kkt -and conpl ementary
boost in tie decoder (expander). ' Because the hi gh frequency

channel ovérload reduction 6- is applled onIy to the main signal-

cconponent s édErdspBnding! eXpas@sm.ona@hes compehsatsicte, atwnneos akempunaffect ed
.and thus tlhe 8 overload reduction does not greatly affect the noise

reduct i ony | Stakdnrichey forml of amemmelghoﬁeﬁ%eecf aRict iodif eantbxtempdﬁmw
"to 10 the}m d-frequency ran e. 11 The . anti saturati on hetwor

in the engddLrenPTaksors, ipcr W%é%aﬁﬁvenm Kee R - FAY flove |
T et HED A Toh) en@AELA b InTEAE 8L Wdr Y genaels“ >

arrangeneht Tesl I.oss of naoise re tron effect,

since the Bul k of 15 pglcgaaé aﬁelmd FeRlgGeh sy P siad ob)érubadneé@@cuon
“reduction 1|de 16 chain. Therefore it I's possible-to provide

anti sat ur gafi be dpblirest wolistohthe tmaden siggel heomprnents githdudbw hleﬁel
frequency foll 18 off, 3-6 dB/ octave, for exanple, (and conplenentary boost
19 in t hp|deeRRANGNLS,ABNEhAgSIHR (Ghangel Goﬂﬁel?P#ﬁ@ﬁﬁﬁ@ﬁb?"dePuiot %xanple

2 0 2- 3_ kHZif t%oe_lr.d]reoad \@erdtﬂﬁgil%ﬁ”&geé) r}lo%f fg‘?‘:%%%lém gf'f%ét %%ﬂg@lgg gggugtaloq'{

noi se red$ 0SS requency r €spons i'n-Frgure

shows, fo eé&mq%ermgal thef éhaindl Gvek18ad2Pe N idh IRRPRREENE @m to
saturati ohjbegi nning about 2 kHz. = Since 24 the antisaturation networks are

in'the n&% themisl-fregienhy 25ange sy the high |evel si gnal s, only those
signal s ch cause 26 saturation are affected. As shown in Figure 1, |ow
l evel  2715{gnals do- n@@ecSBEesé?EﬁﬁQHQEaHFtVaﬁESs%ﬂLﬁ@ﬁ|ﬁﬂ?°6285' 74, 76,

o | R e, g Elaf RO HARAY unObbe' dedcadlid 747000, S2E",
each netg@ klaéaﬁmi i%0the! hadh's Q;Ln 1h§>artﬁlsl 3i'h9§faﬁ‘1§4:déﬁﬁ$k r8sBlEgeth i N

single natyorks 76 and 78, then t
' very little loss of noise reduction effect, since the bulk of

15 signal at'low,ievels is'proyided by the noise reduetion side :
16 .cﬁein;'.Therefo:e-it is possible té provide antisaturation

“17 | networks that.takeh together have a gradual high frequency roll
18 off..3-6 dB/octeVe, for exemple, (and_complementaryiboost |

19| in the decoder) exgending quite far down in frequency,'for

20) example tb.2-3'kHz,.to deal with saturation effects without a
21| high degree of noise feduction loss. The frequency response at
221 0 4B in Fxgure 1, shows, for example, a fall off of high fre-

23! quency response from saturation begznning about 2 kHz. Since
24| the antisaturation networks are in the main channels, which

25 :carry_the high level signals, ohly these signals.which cause

26 satﬁration are affected. As ehown in Figure'1, low leQel

271 signals do not cause sxgnificant tape saturation..

28] Optionally, half of the 3- 6 ‘dB/octave roll off is

.29 provide§ in eech network 74 and 76 and half of the_complementary.
30 boosteﬁe provided in each netwo:k_?Bland_BO. If all of the roll
- 31 'off and boost is5placed in single networks 76_end.78,'then the
32} 17/ |




< .

associ ated conpressor or expander will have an increased com 2 pression

or expansion flatio.in the particular |evel and frequency 3 region .
-gassoci at ed wifih that- conpressor- or expander. However, in 4 a consuner. .
- 'system the us; of a single network 'is adeyate.. 5 .// 6 /// 7 I/ 8171 9

[ 10 ///. 11 [ pN-22 /00 23 /1 14 //) 15 ///. 16 /// .17 }/ 18 [1/..19 //] 20

;;;21 iy 2 /ésgc?c{auedzéo‘nétg§84é g:Be/xiaa%Zengﬁl /}'{avgga/n/_ iA0rddséd ddn-32
AN . 2| pression or expansion ratio in the particular level and frequency.
. region a'ss,'oéia.ted with _ih_aﬁ .comp'ress__'or' or._" éxpander. However, in'.
a gongum;r'system.the'usé'df a éingie hgﬁwork.is adequaté..
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| CLAI M5 1. A corrpressor havi ng | evel dependent equal i zation for

us i a signal transm ssion systemin which the conpressed signals. are

ap ed to a transmission channel- which is susceptible to-high |evel

satdrati on or overload effect in part of the 5 " frequency -band i n'which
the conpressor conpresses t he dynam ¢ range of si gnal s, conprising a .main
signal path which is linear with respect to dynamc range, a combining - .

~circuit in the main path ‘and a furthédr-path which has its |nput connected .
to the.input or output of the main @aIMSand its output connected to the 16w/

conbining circyit, the thyle0esy ﬁ ﬂgl%%’i %E‘&d@né'e&&hﬁ'xzé(ﬂ‘oﬁ%ar sd €ast in

an upper -part of the frequency boost s: -mal-n path. signal by way of
the conbini ng &f racawalbtnanmsehon §Y§*G“’I ’r“rr’r‘l"é& ?"f?afmpi"ﬂssteﬁes’@ﬂp%? part of -
t he i nput dynagre€ apprige, tcaBotransidsiidh thanhell Gihtich el sustemribbe the Odb -

reference l'eve}, T’%I ﬁatuw@ioﬁow) %qtgg%gtmtf#{atpg,e{ oPalyd -signal is

limted to a va snal mai n path signal, and
frequency depeﬁﬁl%ﬁ‘?n%’ pand &0 kAR téBrﬁ?@E‘t“él°"oﬁP‘9p"Fﬁ5°csh&"Ee BERAMEN of t he
mai n path bet weargetb\ﬁs@@tﬁlsmdmgpms&ﬁguatmandsidnel ipaphitwhixh ibeliaedput of the.

mai n pat h wher Saécht ‘?er‘é& rt%\/\%:ﬁ%h? gi%edn%l ?i%&n%%lrcult %Ql’:g% E.r?r pr ovi di .ng

a response characteristic ices the saturation or
overl| oad effecPaim ard Fe%’é’f‘hﬁ'ai’?“bf‘h’cqﬁehafsr éEﬁJéﬁW gensscted tRiteR t he ef f ect
occurs and in whiuthot betgutr shene paih faopna ftseoutpiut cpaidtsd glathe the said

Lesponse j6har Achgfhlg £1ALA LG IRCBI 83306300y sgndiBARLerIStic At

hi gh | eveI s for si g art o yham Cc range,
“wherein the ovéf &IePStr &8 A ¥RPEhRA PRt %tflr' gaygncy ﬁ’é“‘?:’oﬁﬁ?sé?ésme at’ hi gh
level s i s subsiaint patnl yigrdatoyokay e fhec cpmpicingdeirentignbutc whidh is neans. 30

2. A conpy %ﬁ%reda&&f‘%r dinngrﬁ% ;!/1 d%@g&%éof‘t’ﬂ?ﬁh pream%Q”Pa[n sor is an

audi o corrpressor an ue nt cir ans lices a

reduction in fYGeni®ydB &9porifedd r‘i‘ei-affé"%urfﬁe?hepa‘?tt "Eﬁef'\.eﬁ%e &ﬁ%ﬁlo°frequency

band. 15 the compressor, the further path signal is limited to a value
‘which is small relative to the main path sxgnal, and frequency
dependent circuit means connected only in thet pontion of the
main path between the combining circuit and the input or the
output of the main_path where'the'funtner path has its input

20' coupled for providing a response characterietic which o
substantially reduces the saturation or overload effect in at
least part of the frequency band in which the effect occurs
and in which the further path boosts the main path signal, the
'said response characteristic affecting the compressor ,

25 - characteristic ‘at high levels for signals in the said upper
part of the input dynamic nange, wherein the overall response
characteristic of the compressor at high levels is substantlally _
that of the frequency dependent c1rcu1t means.

30 2. = A compressor accordlng to claim 1, ‘wherein the compressor
is an audlo compressor and the frequency dependent circuit means
produces a reduction in frequency response in the upper part of

- the audio’ frequency band.

* [ L M. 8 *



3, c L Il s | -15- 3. An audi o conpressor according to clai m2
_alnerel n the conpressor akso acts at |ow frequencies and the frequency
ependent cirguit neans al so produces a reduction in frequency response in
"the lower part of the audio frequency band. 4. -~ An expander havi ng
| evel dependent equalization for use .in a signal transm ssion systemin
whj ch conpressed signals are received froma transni ssicon channel which is.
susceptible to-high | evel saturation or oveﬁ oad effect in part of the 10
ff\e,quency band in which the dynam c. range of” si gnal s. has been conpressed,
conprising a main sighal path? WHiChcImEressAEACCOHAIRE taspedn 2, ovyatmitbe
range, a conbining ci eempresidr biwo sBisNapaLll, rragukndidsusidIChe rrat&hem%y ch Past
its input connected t npUL. QL outp its outpu
connecfed to the 15 geée%ﬁ%t n“hcdugl el ttls? h’5°°r Vi ﬁefe‘g'éh?"p’r'bﬂ%‘i”ﬁ@cya _
si gnal "whi ch, at | eastesnenas inpgher lwrtpamt efhéhd pedjveficeguirmndbangducks the
mai n path S|gnal by way of the conbl ning circuit, but which is solimted

that, in the upper- part -of: the |n namc r about + 10 dB
rel.ative to the OdB réferendd® f’épv gX ving ]o%vefﬁgpéé'fﬁ%ﬁg?ahﬁtemt”Lﬁ“t"h‘é?‘e
path signal is |initedntaosienad| transpiission system|in whilchtdoppressed hesmﬂsllsnarpat h

si gnal , 'a][td Lrequencere&de%m @l F}!@Abhﬁ@@tﬂ%h&ﬁl@ﬂ%&t&ﬂlgrﬂu‘éﬁé 1Bftatto he
portion of the main p t he conb nput or the
out put of the main pa?ﬁ&v\z éef%gr?tti’ﬁ’h%rr N iE:t ?ﬁ %ngcﬁck < R © 'g%k coupl ed
for provi.ding ari-oenhaﬁtﬁélelet"éfsb%én oivaeln thedysanic nenge lpfapighaleshas baen | east

part of the frequencychapdsden, vmshlstlhg aSAAiN aigng_n fath QM%H Qadnﬁé;reﬁtth
occurs and in which t £ fu thectiyngath boosts t . the sai d-

na
response characteristic ar &8t THE™ h &2 %L ah FSF @h%ﬁ 5&{)%‘?‘ S g“ 2 Pad gRtieo
l.evel s for signals inahe %mtaempp@r whight hagf ithdnpytpoenndgveinte tharigeyt
wherein the overall respassf 6NahaGiadhigath@ndfidshéutput connected to the

15 combining cibtuit, the further path providing a signal whiéh,

‘at least in an upper part of the frequency band,'bucks the main
path signal by way of the combining . circuit,'but which is so
. limited that, in the upper part of the input dynamlc range,
~ about =10 dB to + 10 dB relative to the OdB reference level
20 of the expander, the_further path signal is limited to a value
~ which is small relative to the main path signal, and frequency
':dependent circuit means connected only ih'that portion of the
main path between the combining circuit and the input or the
output of the main'path.whéne_the further'path has its input
25 - coupled for providing an enhanced response characteristic
which appliés in at least part of the frequency band in which the
saturation or overload effect occurs and in which the further
path boosts-thé'main péth signal, the said response _
characteristic affecting the expander characteristic at high
30 levels for signals in the said upper part of the input dynamic
range, wherein thé oierall response characteristic of the
_expander at high levels is. substantlally that of the frequency
dependent circuit means.
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6 der at high levels is substanti-ally that of the frequency dependent
C¢igEpi t nmeans. 5. " An expander according to claim4, wherei'n the
expdnder is ‘an audi o expander and the frequency dependent- circuit neans
produces an increase in the frequency response.in the upper part of the

audi o frequency band. 5 6. aﬁdl o expander-according. to cllaim5,
wherein the expander al so acts at fTequenci es and the frequency - =S
dependent circBit nmeams abwepr@dgwssm tldmefaswhengin rteqlm,cne!}deresponse in

the | ower part;ofy tﬁﬁi@@b&xdfer%ewflk@qﬂgncylﬁ)ependent circfiRbs® reduction \/
system conpri- 5| ng, a conpressor-.accordi. to claim1 and an expander.

accordi ng to cPEAdFes ap increase in g §5e B FPIARNES 4R P8 F di ng to claim
7, 15 V\hereparttbememnnﬁssf‘oequency ebnqma.nder act at audio frequencies and
t he frequency dependent circuit means produce a reduction.in’frequency
response 1 n the conpressor and a conplementary jincrease in frequency

response in thé expandBraudio Fﬁ%a'lﬁlﬁf)e"’t“?f'aﬂif‘gc}f’ t43dm 2udrieretkdiency band 20

9. An auekpandér aksd edischt armwsiyeqmsmcaescand ithg firequeney nefendehter ei n t he
conpressor_and ﬁzelam@;nsa},f& Bfdagls LANACHEANCHC kFRuBRY Fisbohiequency
dependent circlrt means a uce a reduction I n frequency response in

the conpressorimgegloysr Par*c@ﬁp‘f*@n%‘l‘ﬂlarﬁfeﬂﬁ'ﬁﬂ%d‘?é in frequency response in
t he expanger |n the [ower part of the audio frequency band.

N 7. . A noise reduction system comprising a compressor
. :according to clalm l and an expander according to claim 4.

8. " A noise reduction system according to claim 7,

15 wherein tne compressor and-egpander act at audio frequencies
and tne frequency dependent circuit means produce a reduction
in frequency response'in the'compressor and a complementary
increase in frequency response in the expander in the upper
part of the audio. frequency band.

20
| 9. An audio noise reduction system according to claim 8,
'wherein the compressor and expander also act at low frequencxes
and the frequency dependent circuit means also produce a
reduction in frequency response in the compressor and a
25 complementary increase in frequency response in the expander

in the lower part of the audio frequency band.
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