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towtht



recei ving the difference signal [err] and outputting the signal through the
signal processing circuit 26 const Erot2ezidea1t he multiplier circuit 22,
filter circuit 23, and the anplifier circuit 24. Therefore, in the case
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threshol d pwiadder citchit5gai n "g" of the nultiplier circuit 3 1is swtched to

1/ 2, and hend¥n the dilger handdf thesignbldevellvbthe inple signal §) disks acrgssdiie threshold péint] theogetin "g" of | se
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out put  si gnalasla@bhshqueRdaDs @fferbieb bifraris, vtreéaampu.tadaRweéwehxy mbﬁu&mgleauunagcan be
equation, obtaifdattiRbugh de ddabieugit 2t he mul - 20 tiplier circuit 3 [err] gx (9)
As a consequence, a difference signal SR whose anplitude [err] is given by
t he fol#ow ng equation caa be .obégl_ne‘d t hrough he adder circuit 21 [err] gx
X (10) and an out put signal [err] whose
arrplltude [err] is given by the dpld gn ng equation San be obt ai ned through
t he signal processing ci rcurt 26 [err] Therefore, based on equations (9)
nd (11), an out ut signal err& whose anplitude [err] is given by the fol-
o Pu{Puhi5e| o Waoss BPEIR e d 5 8ver b hechlowing eauating e e abiABed (hrayeh the
and a tran§‘9 ?’Eﬁ?ﬁst"]g(ﬂﬁc‘"fﬁerr]) be x = 1, and F([err]) = 1 respectively, if
the gains 50 "g" of the multiplier crrcurts 3 and 22 are changed between
values 0 to 1, It becones possihble to know out put characteristics of the
anpl i tuge conpressFag/ exrﬁandf‘ng Eit®it 28 atthe times when the signal |evel
of the Input signal [erI] ke%l_ i}o)nstara an? the anplitu conpr essi on
control signal [err] is ar| ‘ed I‘f Subs ?tuti ng thes guat i ons
F(fetr]) =1 (13) 55 x =1 (14)
in equation (Tha&ommmnehﬁhﬂ&erwﬂan V\gﬁnan Juﬁat gryfrsrleu.twhs&%@mh&ry1 RlglverSby tﬁéfor-
shown & Fio@ing Gquafish@awid dbtamed , l'e the gain "g" is varied
EP 0 297 461 Bl between the val ue of 0 an a val ue of 1, the gain of the
anpl i tude conpressiygl expaagi Agz£ircuit 20 as a whole i s maxi num at the
gain "g" of a value of 0.5 and the gain of the circuit as a whol e increases
as the gain "A" of the amphkftreg-RiR(w) t- 344 s w)creased. Further, when the
gain A 4¥s kept at the vaI ut{e of O, if the gain g is changed fromthe val ue
of 0 to the value 5 (an"'o'ﬁ((pmml:har%t@obrﬂ -gligx, . ba(2R) ch the gain
linearly increases therevvrth of the main pass ci rcurt only is obtained,
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char act er i mlehGatisr2)Okd B Ny to the provision of the sub-pass circuit for
the main pass circuit can be obtgisigtl.+ A)- A.gjg (15

Then, the output characteristics, as shown in Fig. 5, are obtained, in which, while the gain "g" is varied



In the circuit arrangenent of Fig. 4, If the transfer function F([err]) of
the filter circuit 23 is set to a ER020246fB1, an operating characteristic
providing a smooth change of the anplitude conpression ratio CRis
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| nput / out [xhé vaie af Bi6 thdIvalGd ¢f 2 aftérthela@nd bvél hawtbssioueérthetiitedhold pdit. pref erred em
bodi ment whi c Dnhe otherdiarsi, iathp kask whkee thegrinPiecamee higtecthare $ueh aniput/dutppcharacderisite Nt
has been ds oitained thattbe ¢harge insthasignalllgveliof theieutpubsigmal e iol eelationdb the sigmal lewhef thednputon
ef f ect. Nognaldngripdly incraases witeo the sighal siover the threahpld peint; byt afiter the@mplfude com-
further i rrresgigrseatio €R haphanged fram thevelugef tie-a valug sreatler than 1{(namelyafitsran applitude pg0
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obt ai n t hellifude ¢am 1Bl[err] 5 Mao in
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characteristics are obtained which provide anplitude expansion effect to

the degrees corresponding to respective values of the gain Aand then slowy
turn to provide the anplitude conpression effect. Now, a description will
now be gi ven of anplitude conpreSS|ng/gxpand|ng operation in a case where a
band-pass filter having a frequency characteristic as shown in Fig. 10 is
used as the filter circuit 23 in the circuit



15 arrangement of Fig. 4. That is, the filter circuit 23 is constructed of
a band-pass filter circuit whose cmnm4§fnzquency iIs 2 - 3 KHz and is
attenuating at 6 dB/OCT. In this case, if the gain A of the anplifier
circuit 24 is set to a value of 1 and the anplitude conpression ratio CRis
set to a value of ¥2, tTetl €l & rrg&el&ﬂ’@ﬁ%ﬁpxr%s/é%‘t al med from equation
(12) 20 [err] 25 Si nce_t&g first mof the right side of equation (21)
Incl udes the transfer Tuhtth & I’—‘(1 err]') P tX7°8/ 8% wn t hat - anpl i tude
conpr essi ng/ expandi ng operation will change according to the frequency
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anplifier circuit, multiplier circuit, and a band-pass filter circuit, and
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val ue, an input/output characteristic can be obtained providing slow change

in the anplabik otehd dgmamitrays b4be oithdef tdr Bf senbedBitheahifpy ! O the inputsignal
i s increased Thsrefoléaordniydnd dyRantisian demmeauaae a inQ&‘fr&ELa B b E'rgﬁah%p ing
frequenci eappafatus/dsh beYBalicedwiBBt inducing unnaturalrldss bt b he rbsuitdnBreiFigl6r rikdd Wt e
accordi ng tynainloeanps sbhsdid b Reafiig1afl béeiliced. 0 Cconpress the dynam ¢ range of an
audi o ssgnal Heacs| exgn heti aiaudly Signai ebtainad (6m a High kldicPdignbl Qeprdldhigtapbdiftud B Rbdrd)0
of a | ack whereltheraisipmssntibegigroundindigewheteltievolumésfis6ung B WBtallowad tolbk Gadegreater, o the

| ow- pass f liket e reprodused signabgan be hesslsitisfavtorilychoredvert Witn i@rsigng) &6cofded bydin dbibg

pl oyed in tangrepqrqeg,the og cande bavipefaimes free foim subteiroublescas tietaroratiélin the SNitioagd Ny,
such an i npfetertienpf wavefoBdar act eri sti c can be obtai ned which, as shown in Fig.
14, proYides W‘%Hetha ¢-teseribed elioyit assangemant by eqnefructing theesignel groceseling circaitogan
range wher %‘“E"ﬂ%f 'rl%H't' ieg glpopit, Gl‘dﬂ’?@d' Pafs fiitter siayit and bycseleeting the gaie of the dignaliragher

the f reque i u u can npdspreviding slow changd t h
ép\'e ?IP"“S‘F ‘(jh‘a anjing t"Mﬁ afaqteristic can heobtainpdsproyiding

a magnet | c p'B & a' '5‘@'@ Wﬁ"‘P'ﬂ“"F‘F (ereaped and Marying theamaplituge t

| evel of tﬁ°é“" 'sn‘:g f the recorded si_gnal

becomes h| j&l as " sr“??c"é?’dl%"d:@’ ghal

IS bhner eas émaébeu i (ﬂeér %énd gasgglbzgﬁn-

acti on. Th@gﬁ& grtﬁ,f, )5,353;,5 cor PPMed

to 4 he recor @B rismﬁﬂau& :ér\rai*act shééé e&‘bwm mr ARG 12%%“””

aceor disg moammdamfpeum i i¥the fahige Whiefe'the's ﬁ‘arra Gﬁ

pressi ng Opwérahe Kigher, &e&&ﬁéﬁc@dftﬁﬁh&dﬁénal@ the rise of t eve

the I nput si gricticd, terels ghrotileni Wikth d heyABR IS oPhn dndBg bydism! as%hgmh FlgSt5, iht'ﬁhe

| ower i ng Odutputievebuithp tecortied\¢ighal,aién thefrdqliehcybdt the red6rast@IaRd betbmiéh hiyfir! iBwéré ven
cor r espondif thg lsigneB@vel bfchere@mwied sigrhl ik inoiasde bighier thaga spdcitib (Bl tué f0R elPddMaBetiS
enbodi reéntastiger e described In the foregoing as to their cases where either

t he band- pas Jheréfore, by aranging such that theareeordeid Isigaal iscupptiadi tb thapeordiagliball enkdubieine bl t er
circuit, t Fﬂ'&!‘dp pampeassing/expanding eiwuit agcanding t tharpreterted embotiimbnts, inuhich theiagiplitpdeem-
filter, Ing pregation g starfed sarlieriintheyisp ofthe sianelievakof tha inpytelgual, theihigher the/Atetiieneyg h
tihe errbodr ingutsiapel s fhelewaring.ef thaigenus leval duedo theesifrdemagoelizing Aciowoan haresiondingly
cif cui t‘”wa%’ é’deq‘f oseu ovr di n t he anpl i t ude conpression function

varying wt EW W’P Agregoing,as tg thels sases Where ejtherthepn
|s not |i %Thﬁasﬁ§ gt ssr cg‘f“ SR E‘S‘F‘ﬁ '°E'F F"EB‘PP“H&‘S’“‘!?@'SF‘%'M of
a nmul tiplieragddl '
f

Corpr s e“ﬁﬁ%.ﬁoghrrﬁ‘"&'*f"‘%:&’f f@g ﬁfzﬁmgm@q i

a\eved acr 0Sf shdh@ chsa!dham a n‘?ar

previ ded Wiclelet bilcks e aBit R Bbrhgidssibn .srurteus IPmt ry.
Wien only t henewigahliphoodbing tifclitthdy bhﬁmhaéaw.t rﬁifiﬁér%rrc Xn ol a' n
of the4anpl i Whetonlyitie@bhplifief dircuk ishrdvidbal Lt@setﬁm gah of t rﬁi"&rQMlttoadesrred

char act er ivalub,Gudhan inhu/oGthit ShafRBristib thibe ﬂfbﬂhﬂddﬁﬁh BroViie IR hrh it € confpRoBdifg T Siclith
functi on cmlywhedthelevenef thednpet signél corhes withip u bpegifig faige. COMES Wi thin a specific

range. Al so, Alm inthrecageishsre nlyithe fliter circuitiisuséd, wbenrthecsignal Uval of the input eignais efvangéde
signal | evast the signahlevel of thaifferengesigndl is therefonychangad theisigaal Isveyjofitle difexeaée sighal cors-

di f f er &hc Porgntpessed thioughthe titergireuitdoheradded to therputputisignel of tHeenainlpassicirdulh eorrespbhidingtyn c e
si gnal corfhangss, aest{aarefors, g Q’eﬁﬂ"!’!ﬁ\‘tébﬁgmaﬁﬂ@ which provides a freduency charasteristid eatyibgwithhe
out put si d?Paﬁ'g"B'f""’P'WéthPrEP‘Hs pebcanp piteiped. cor r es&(zndr ngl y changes, and

therefore, d't's %ﬁ%ﬂ"&&‘!"éﬂ?&ﬁ'?‘ﬂ%ﬁf' cifgiltjo 9@ Br the filfes cjrguitythp high-
charactgri |?f“i"’ f t pg??ﬁl“"'!"é'ﬁ’l' orif@ bf'ﬁ’epa?srﬂ.'f&"t's uspdjpsigad thepignel

obt ai ned PR °';°"sut §°'gf'?ﬁflg%¥" hat a | ow pass
filter ci Ttfelt's as'téuéé%ﬁl h |t t F |ar t t mdemmdlments pn

f r equency GRisBaRGRY flp ° > the fipst gnd swwrﬁgss
filter is Usﬁglpbrﬁbsérﬁﬂﬂnaytb ﬁseﬁ'[rgtn ignal-prdcs 8@ ucw;% r&rﬁﬁ nent, &o ol
band- p&ss g rdcessfh pu

arr an&%&ﬁiﬁﬁﬁﬁ%ﬁﬂ%@ﬂém cﬁangéf%m u§&.€p9 L' v ' 3%,0,. e

are nodi - pidsﬁﬁb/aﬁanaﬁg&ﬁurthieumaby the firlter circuit, e sr m ar c s to

those obt ai natlolg} thelabovbidestiibed PdferredéMbddiinbms Wéré @éicrﬁm KB daSes\Whbre tH8@mpli-
obt ai ned by use of sinpler constructions as a whole. A dipping circuit nmay

be used In the signal processing circuft By such a circuit arrangenent, the
output 55 signal fromthe signal processing circuit can be clipped ata
predeterm ned signal level, and therefore, it is nade possible
correspondingly to provide a desired change to the input/output
characteristic of the anplitude com pressing/expanding circuit as a whole.
Although the above descrrbed preferred enbodrnents vere descrrbed as to

o o = N NN A~ A o o P —



In,such _a case, by adapting such that a difference signal is obtained In
the signal processing circuit whenEB0202481iB1put si gnal whose signal |evel
exceeds above the threshold point is input, an Input/output char acteristic

can be achtuayeshpiedidh ritio @R iwas ko thb Gaid/SP1 ifh thé!id Fge BOBIHE s i 'y
cont i nui ngisfrbOifitbd 1o tik, Bitfeansblitiad ébﬁmph@éid?.%tioﬁge Eﬁﬂﬂa&m gof AIQ;Q.‘OJ?
I nto a desvawdhsmrpl i t ude conpression ratio. Furt her, in that case the

arrpl i t ude coripsueisscass) by adapiing Glithitiat Sdtferérde signabs oftained ﬁr&helélhﬂ&l p%mé:h@&icuﬂﬂhen

i nput / o&it - apinput sibeel wlosesigrat level éexeeetdalvivethe thrdshdld mmulnﬁ%aﬁﬁbu&&mut EndflBteristic
expandi ng ¢anbetachisyed with fnayiding thgembpliids\worhiressioh ratis BRsmlodtifly coptinuing 6t the afdresaid
anpl i tude low Hie thesheld pairit torchiinge tnteea desired emplitude semprdsgiort aticeshol d  poi nt

sl ow y chan p{gl Higher, indhat eage if sheamplitude corapressinnifaticCR isisat toiawalue I6as thah & rsychlay inputiott: Ng

the gain chafpcigrisfig jspbtained that proyides an amplitude expanding durction inthe raugedelow the theeshdid:

t hr eshof’d ‘ﬁ'td a"aﬂp'l* mm‘mfﬂm@mv the range astopethe.threshisld poiptisiaivly cleanging fedm the
provi des s tl ons from an arrpl | tude expandi ng function at
an anpl i tugneinB 8?9‘1"”&"%%(‘%“%‘ q thregiqld point,
et or mge p.. e r'*ﬁ:a 'ﬁ“ e &ngt%w PR o e,
det er m ped gh
t he abo{a/e gﬁ trrﬁ vvesr'%'ra FF‘B‘E‘}!{‘ dyqngmp ﬁ'°é’°'ttf?e

control s 9“ thdﬂ@ﬁhpmwé&reﬁ%%ﬁﬁeﬂg wefd, be%'ag e da Crol sl

S\I gnal , thﬁo&ﬁ&ﬁ&@&rdiddl&(ﬁ%b&i‘la&eﬁof%ﬁnpu inkl Jrl'dga %‘t‘ SE I §e gﬁﬁ

ar r-angemenguch b draigeihehtEoutiRdy be phlibdto ahlarpiilide & sﬁ.%a .t%%ﬂ ntrol
ALY CUl tao Wheigrial iSlprbditedceaBbidintd to B8 sighaliBvdl of thd ol g ARben gt e sl g

| evel of t he Fortiepinta digitd) Sao.sighal protbRsing syslent) bﬁdrﬂio&iﬁdsuéﬂudhﬂplﬁdd%éiﬂpr&m&&ﬁa%”g
system byingltisgiomiploging allok-pass fiftefiréult thCtonTed B 6riebder 1Ethe YRbaslof cbdhty, thb lifpldadant
enpl oyi ng seuhdtothe aarsiué folquantization roisé bt thertinfelobrproducticlof fem&@fictiondl @6untl,RGchide tHAEO S €
of codi ng, fored ol ferdiecaudiaisignat whandsal' s ptoheunamal; catl be proventgd firh batadingdn Noi se at t he
ti me of#repr Sefawing eaw toFigf 18 epdircuittarrangeinent of theseutnall sigraligeinerater dirbuitishdwhlintEgl 4Qdil
femal e audtasieagibadin detafidmthis giepuit, digitahinformationdesuippliedas tisdnpptsiual i Babrefareythis control
occurri ng signgl generatorpgisquit theodigitelsigral grocepging.a circuit arrangenent of the
control %?éﬂ*h PF&'%[Q'EW%% Girquit ofithe amplitudercpmpressing(pxpanding clebult @8 llustraked in Fig.

detai | . [t E2recpives an gbsqiute;valle $ignak§1 fosmpciaf a sequense of digitalinfor-
sgnal sf er IL'?" §'“E‘6 ﬁg’!m‘f Fi&'F"*"@%’h’é\‘@?’G‘F“"EW atihesigpal proenssing t he
digital si ﬂ%"s"r"%t d digita Senad S areéﬂsarthvﬂr P‘E‘Hﬂ’?’ ‘E!!'P“'Vhe

anpl i tude €0 o Sine o |II sstrate
si gnal proﬁg‘?nglif‘i% id du E@ﬁzaiﬁﬁ HiED H 8‘“{:? i §.

of a sSeEUE R 10pos é?él &‘diﬁﬁﬁigf r plimelfdatal Bhd} 1;& %] %%6

ta srgna s err ""a°

circuit -5 dsbd, aHais, ltirie ! df Fecbve

ciircuit 11tReab%61€&e9drmugﬁM%@%thb§t .tsm&resat %{g&, |

[&xr] tot heThab@as ihb BiveiGpedeReBr cirstit 1411 & Sublrictof cifcBiPA3 focélves the abs Eva.teg | §15
shown i n Fednga déidyed Bl’iﬁﬁtoﬁ'ﬁéﬁhﬁﬁﬁgﬁﬁbﬁ?ﬁﬂﬁay%’é ety leirolilt 11454 WY digibilobtath lg4.ES
t he absol Usyingbpbnseiosk pgrical a digital pbuﬂnatirgm&zehﬁeﬁwndrﬁdtefﬁhamuﬁbﬁﬁﬂstghﬂ SY ahd'fere-
circuit 5 upom ewputsexifferdnes siingliSh btwésn te@bsbiugivallie ighairsh amithb defaydtdfRlopodeteckidh Of
16 posi ti vagndiDS2 tof bothraguliitiplier tieit 15 emhgrhedelatbctatakait 118nd t hen out puts a

di gi tal pr odiferefase, theiffernce sjgnalSa of 4 positive value fsprddeced whenthepvatael of the atissldtel vahist ac k
time, or riegPéejarger fhan thetefiberelaved anyrione détestionsignal DS whembytittven healetaated thé titsh e
absol uf® \P&TPUE"%qf g digitabaudioisignal fids ig i hapaswsmw ng circuit 112. That is, in
t he envel ope ﬂ'@? *HFe"dF?‘ﬁ‘lﬁ'PPf t'flelé’”"&e walusisional S5 i spalierthan that phthe delsypd/ervelorec
absol ute \% W'ﬁﬂémﬂmﬂ @akr@wgthenthe@eeﬂtuqsy
way of a d’ '9' m 's,“';' obt ai ned by de. 40 |a

one clgek g ané‘ maf

"ﬁ:L. m" @:c’ﬁ'ﬂ? égﬂ' “ut e
| [} Vi
velve S odu el ﬁg;"f,ﬁ ﬁE ‘? cmr g g el
to both a tﬁgl'l'ercé\rg}y'n?d'de"y 'tI{ngUI'n t i

Therefore,  t K rébuk, WhliciR©tpet bigHaPihok e%r. n é&rféé& when
t he vabsue eﬁ\feldpglﬂet&h&QIdﬁElQ;Sé ﬂﬂﬁe absdiia! vl:u?é:ufu eqﬁlﬁ.ﬁiﬁﬁedc ﬁﬁn@jn Q%%gwed

del ayed emods, dipoutpttisrifidl is@8t t52did A the Rieevery s It can be et ected tha

45 anpl i t uden 1hé othdrard gniiplieraialit mséceiva%lthe[o%raydd ehﬁlob@de%é&tldn%tghﬁéétzMsimul-
condi t i on.tangously @meveveyy timdentrd signal SR, e thén dutpits ah GidputiéighaliitlobiEvalib §dRI008TImes S
smal l er than that of the del ayed envel,@pe detection signal DS2, the
difference signal [err] of a negative Value is produced and it is known
that the anplitude of the digital audio signal [err] Is in a decreasing
condition. A node detector circuit 118 detects the value of the difference
signal [err] and when the value of the dif- 50 ference signal [err] is
positive or zero (hereinafter to be referred to as the "attack node"),
switches the value of the attack time control si gnal SAso t hat the gar n

o P~ NS o,



EP 0 297 461 Bl as large as that of the del ayed envel ope detection signal
DS2. An adder circuit 117 adds up ERO29TM4epBH si gnal s of the
multipliercircuits 115 and 116 and outputs the sum mation as the digital

product si geiage adhat b11R8 deleédonvéidd® daiberied v oot ector circuit 111 in the
recovery nmodénadder éheuil 1€ Pidas 65 thesltpbeighils S1NS miRipfdn bircits 115dnt §48 ahd é\ﬁpuﬁﬁﬁwa

Fig. 18, amekiohys thedigital produttdsgnalgk.ue of the digital product signal S2

y(n), the valTherefar®, thdenvelajeaiptectoraiiouit10IR thd @écowky et Tarf) eveprbidnted by éh(d&unﬁent and
t he gai & ofirculbas showntin Fg.i18,rand byxishdting thE vdie of the tibital odubtisighdl S2BYV(H), tAdvafil Bf the S €d
bel ow i s otiflayedrauelgpeditectiondinalDSR by y(1}), §1@fhe/sain of thearultiplier cit\ET16 b taa felafonsiy Ue
of the abs#iaxpresspdbelowigobtgined S1 changes fromits nmaxi nrumvalue to mini- 10
mum val ue, such a digital product Hhlgh #k - ¥02- Hhd8) sl owl y decreases in a

val ue corresp8asY "96‘”\!9'7 albeof frabsplutetyaluggignaliSi ichanges fiom e meximungvalue to rhie-

obt ai nél. valys, sut gd' etéﬂuﬂ 82 thatslaylyidacregmes in a yelyeccoresgonding lodhelgaiddael | t
i s known t {“"“I'I t'ﬁ' cap ﬂ@"ﬂf"tf“ﬁ@’sﬂP veg the galy Kn ieiselegteskia,be 0:3998, itis
obt ai ned of wag 5(: Qpe piork pesiod heforpas themex- and

)
the val '"1 ﬁ@a H 1ha FRiRimym, alug1of the, 6-bit
16-bi t i;gt\%ith ,gg;x%% B f"ﬁ,s o 1 ?ﬂ“?fgd'q'@ PRodY P92 o

nor mal i zat I O, pderidel “P Eﬁéﬂ%ﬁé)q hessalq iﬁE o p[a 1Ll t he
digital prediGised ef 5;% p@‘?- -
illustrat eﬂad‘fiﬁeﬁiulphell&rculﬁﬂﬂé\t%et Iﬁe§§é§§ L ng &r eque mgl # 'ﬁa:%ﬁ 993”

set’ t0 48 kHy contridtafthe httaidthbds, thbﬁénﬁﬁ&:sxﬂddﬁ‘ed%ound 50 msec can be
Obvai ned as the recovery tinme by virtue of selection of the gain [err] of

the nultiplier circuit 116 at the value 0.9998. By contrast, in the attack
node, since the gain KRis §%pres ggg 20 KR 0. 9998 25 the circuit
can be represented by an equivalent circuit as SBQ\QEAl n Fig. 20, and by
denoting the gain of the multiplier circuit 115° and the val ue of the
absol ut?®® val ue signal S1 by x(n), we can obtain a difference signal [err]
whose val UfBe giespif ganibe repreganted bis gn eayiv lent circuig @s shown ililirigr 20, endchy deimting ithé gdimef tiedder
circuit 11mutinfier clcylt 115y i H“‘%!"QJ‘PQ'PP he gheelufe valuesfage! &1 bEENvNe.can ovtah adifiptende i s
ex- presse’tﬂg 3'?" @?SP]""'%EPW“ zﬁst hough the val ue of the digital product

naI 2 ch S %o Vel we @D the digital product signal

Pvas S T e b =Sl ok e WEosRRTaNTHERY o
vaI ue is I'npu |n successmn thereto, by virtue of setting the gain KA of
the multiplier cir&uit T1¥6n-b % RennvalKe 0.02, relative 40 to the 16-bit
digital product signal S2, it is know that the normalization of the 16-bit
di gi t alss pr oduct si gnal S2¥imihchile¥ed DY bin- ghﬁ fai ng -of--6Mly 9-bit
positions at nost with reference to the digital product signal S2 obtai ned
one clock peThepdtord) Gktaigh the valub braKd. dighl produict SFHAVED chahgbd ibst ghelatly Whh AeSBIudds e

SOH'| ng ofdigitiierogadt SignérSDiastabite Minrimdnd @h absolife Wallie i&.@l §1Qtfhblé\a¥ﬁ\hlh‘ﬁl daldeis @

practi cal liyputinéuctessiantherata bynértudionsstiielg the GEIrEIC, oftAe milids Bikcait 118 & tidValld B0 elafiek
time. 46 tothe 16rbitnigitalaroducy sigral S2it is Bnovithed thg Rermalfzatioh of theeti-bit digital prodiidsRnal SO s
di gi tal i rechjevedby kitrshifting ofxmly kit aositioos atimostwith efemincesta the aigitdl Arbduotsighe Sk bitained
anpl i t ude apaFlek perfodibefereahbsol ut e val ue signal S1 in the attack tine and
recovery ti ni8 PEctiop, geshown:imBio. 24, hesauge of Theesetting)of dhe gaindta obthe multitiemciresiitti16lt the
recei ves t"ﬁ'@eﬁp FP&P" WGHUE'?"‘!#"QM"MSW%&“M@OHBI"N gslthettackitimeui t 120 and
out - ptft ‘%ﬁ ngi S2,fory gganM'mmmmheab@mweﬁeleyelgnal
SC out put "F'Pe&tﬂ ‘"' ﬁmﬂl 5‘?‘?[“8!“ t@abs%\'ﬁﬂ" P%Félﬂ@e%‘%ﬁ’fﬁwé@d'wm’!ﬂ@hﬁ’fﬂtl ng

t t t th di t I duct
Ponal ' & g%t ;ﬁ, ﬁ%?m i G0 Dl sl ot an i o
i nf orng I sL ?-ii Brevn&ﬁf‘o%t:g% hég 19.8:; ts

rcu t |on | Ipr:cgjc sgnal 2 re-

bef ore. -§hift aua?n
reversi b .?

bi tshi ftsi grrmat .& Qe rsuwamt fz@reoastmamla 15%& M&s.ﬁé érfw .s:&%ﬁw Ge-dat a
of 1 ogi Ca|spdlﬂhglﬁablﬂshlf&igﬁilsgl-05tﬁutfr&n§ Rétm&Ratloh cifc@G128, tdtause thl"Ingc

shi ft ess byn thevehifbiegistaraReit122to bé shiftek byiBhe bit PsMitidh &lalimel N t he case ere

shi fting opeThatefoeein the cise hére bitshifting BaratidsbyaPBit posiibns Wasiabsliedto U5 digital mformation

i nf ormat i d nérowlizationvtdhe digital productisighdl 82 escefivddabhe Fibck erid berord) 16w arfshgddain the ¥RA One
cl ock per iregistangifcuit 122 such thatthelogisahgahe of the nkiebitsftunt the leagsigiificant 6k (LSBY i logichPr1§ UCh
that the |ogical value of the mth b|t fromthe | east significant bit (LSB)
is logical "1. 11




EP 0 297 461 Bl The shift register circuit 122, based upon the aforesaid
| 6gi cal' | evel, outputs a control <$EPRRAF4B®1 so that a digital product
signal SM whose val ue is [err] times as large as that of the digital

product si gnfe skift rdglaakirchiC12b, DBsedbdni tht didtésaidiidglell idvel,lotipulsd cOMFoPdinall St Scthdtom
to the noRRltdl groductuiynBlisMirhode viidsis 2 tihed as Rige belhat ofth&@gmal%rdah&t sigiabsingaits thend
one bit pmiltipliePéincuitd20 ERGtHut tidfefrbmto thdlkdrhaliddioRéituir 2gui red for normali zation 5
both in the SikdeastihistiMe.® bt Pebitibr@iy e it pasitich, atihdst et bit shiffigyire rakjuirdd for RbrMEIRAIDA T O
t he di @i t abthintheattaEk matis afd re@eeryg modepaspetiively,with eeferande to &feligital infdrmatien procepdea d
such t hat ode gack pdriod beffape, iristailapted ush thathigitél irfonibation foemeg ot a Hitidogth S-bitlengtiiargertige r

t han t hat thetofthednputyigitel inftirgatiomfto themfiuliplies tircuity 20 (namplia tratdotmed of ahit langth ot A5tbitd IR0
(namel y, talidsoutpyt torthe noymalizaionirquibd@ h of 25 bits in all) is output to the
nor mal i zat i ofhusthecdigital infaratio igf the digitabpretiugtisional SMsepliefbie themorgmalization cirpuiti1ehis
product? s w@n%thewf?ums.aeﬂeq withiarhit-shifting enerasion by he "l'hsF 881‘%""*!2'3 yhichvs reaired ¢

thereto af 81"’"5"@1" t'%ﬁbﬁ“?é'ﬂ‘%‘l’f‘a@w&s?ﬂ?"ﬁ Teon b the b|t Shlf

L bl mz G
f t | ’

5o ???C. :he T s ;gﬁ?gg T

circuit 1

normal i ze alué%f

; u&n ﬂgﬁ;‘ﬁ @Qﬂd the | isal
the mode Galanl b dhf’érr o fibh .uohgme Hho %@m

ons't :E
fremthe efdatintircuiti18d]1 f 1 cant bl t V\%% of the data of a 1 b| 1 I ength may
QQ«"‘E t @ | 0Qi fidh, thelnomheiizdlion elrddir 123 detMtH tfle RGEdI béidé'o@fhbkooh(fbiﬂf% tRd et KigrifRad, @
digital prAdng perfogiteé biiMrtinglopsiation ko the digifal ibrmalichGowaRCing ighet Ggsr Gl the flgla@s  Of
two bits ivalud sfehelbitihiaésdtiofémes otgial®f™. t he 25-bit | ong data thereof are both
"0" and "1" Kurthe, it cihulsje)bitahift sigmal S4p goraagondisy to éd sappliddibit sift\woenkily} shd iatthd datme
hi ghest pdigiet cutpats the hdgheonder 16 bilts lotthédigi@dl infoimation fididlex!)with theditishifiing tottiee lodadthmior -
nmal | zaed orconyerter gircuit 7 (FR). 3)26 the mantis§daf anvelopeedetegtiommignat 8- on circuit 123 detects
the | ogi cal Qmihgetherthand;in thecrecomety imode, hg shown indrign2s; the digitah produstaignal M whosenbits
per f or ns tareamgnged sﬂh#tmemglcd jyalveg of the-bits from the ngm@ﬂaﬂthf%hﬁmtﬂ Ritref the,gfebitdonghe
hi gher or dlata argriegicel "0 jr sycepgpienand {hy|lqgical yplug ?féheﬂ '!1 bit ig lagigal S1"i(fig 2218 the dpgical
\Ogl cal " jaluesyf 't"‘? Pite from;the mastsjgnificant hitdo the {1thchit %éﬂs“f‘?f‘ﬁ“‘_f‘ apdiipe legieabyplieng
t

t he % uShthe 424h bj is logieal 11 '?)l inputi0) "‘afw’t"ﬁ' ‘H
hi gh- grdg?bl'ﬁ‘e ﬁ‘ °’ E’Q’( % éng%r)eﬂthmtfrom

%ﬁm gpde' i iRt

bi t - shi ftlt'ﬁs QQT:Q sgn enafltppsition
mantissa of " gov @tg hQ@gﬁm dASin
recovegy %ﬂﬁhel 9 bi(!as tl’- af@ This, t alﬁlfb%g G
bits are phalRi& ﬁg ,Q,L.(;u L m 6y be BBE in%Jaﬂt romht e ngsreg
si.gni ficant )’&'h&se 91t Girt&é‘d? i it tHe®RShiff Qlaftitfn® whietWesfdquired”

| N8UCCes SérabmaRst ; Bfind dﬂﬁ&lsﬂg : T:El%p :Eérfodl beford Iﬂg-hﬁlghtuonéfthe(%iﬂ-
23(A)) orprddb&s.hmsm altne\e&lameda.ﬁ aéﬂweayhﬁk.ﬁmmst Positiose at b B bit BKIfIAG, ofof- T O

the 11l bhalizatiéreof kneQighat broduet signel SMifi € F6cowdy G4 id dthieved By Malling\oaly Wb bitpositih t he
12th bit issmbsbefibtahiftind " (Fig. 23(B)), is input to the nornalization
circuit 123. Thbrefore Bocamparediwithitbe print ark case where digielinformafi, is sequentially newalized, the
node, det ewnberoftimes foy bitshiftingdi alldn thé present case ¢anibe redfiqed nonebpondingdo the ingymalizaticant
bit, and wmvieusiyrpplied geconding tpie auantity reqvired oy nomalizationpetfermed gnie cloglneriaddefore.

bi t shi # i ng Awaresylh theipfocesnsing Ymespauired ferithe bit shiftingsan WW#“F'&B?R“’E“?" ang the proc-
successi or?s’f"rﬂeﬁ"éﬁ"ﬂed ?’fﬁ’ & gigoalpEcepsiag gircypefdhe @H%SP?MP%F'F‘E'&W giffuitarrapgament s 3
outputst -bt Ie th 35fromthe|eat s nlflcant b|t as

t he exponent'“ ““ '" i? alé ope

det ect | on
ORe a
obt ai néd. Bfﬂt 5 I ql 'ﬁgﬁe& ?}i% Tﬁ’tge%'ﬁjq%f'ﬁg by
the bit-s ﬂt norrra 74
di gi tal pro A’tccﬁ _ fP'i‘ésﬁ#tQ bﬁ@ﬁbﬁgl\}aﬁgqr'geoor@ﬂﬁmdtﬁt% iftON
of the di gigha s,%@ﬁn%ﬁy rﬁéoﬂﬁﬂle bﬁMn‘t Rushitf relife@fokthd RifRalizatioR 6rieigRAl infofmatRAinNY
onl y i tthquﬁ-éd‘.tam%m nost of bit shifting, or nor- 40 nmalization of the
di gi tal prodmeie dsdcatea marmyh, ihd eiveiBpd dRREIOA biinalS6iRirated tdxpdnBivt Rl ivitissBE [ 48d S| Y

one bit paadbitsuharmitpasssd thraagh the logaithimici cof@rter thdilt .fclidpig circait 8, rititiplier Elrciitt ‘tohaﬁdhe
prior art tRedxponetiarconvaitérickanilt 11 (Fib.C3), Whérsliya spécifivd qantrilisigndl By can®s Bithinedethd thuk) e
nunber of times for bit shifting in al), in the present case can be reduced
corresponding to the nornalization preViously applied according to the
quantity required for normalization performed one clock period before. 45
As a result, the processing tinme required forthe bitshifting can
correspondi ngly be shortened and the proc- essing sinplified, and a signal

processing circuit of the correspondingly sinplified circuit arrangenent as
a whol e can be achi eved In connectlon W th the descrl bed arrangerrent a

- rc Y o U W T



At the sane time, the shift register circuit’ 122 shifts the bit of | ogi cal
val'ue "1" accordi ng to the bit shi Epo2epeeaB1[ err] and thereby records the
bit shift quantity required for the normalization of the di gltal

i nfor mat i 0B cénkrolaigndl Béherfator &bt proaliigtsmBIFdalcRBtion Elportapgmgfas&h%@eeg hi proo% he
envel ope dmbenl béig ofa SiMallfRd SRMEINaRdeedt3s & widd @R be RH I'ssa r r

[err] and OUtIﬂHEde%&depa.@ﬁg}aﬁ PN l b
cli pping cB1 audithenthpurtbiing iy et ] t‘ﬁéﬁéﬁﬁﬁﬁéﬁﬁﬁ”f%%%% 'Z"

circuitsll ( Mistheredjit, thehigitapiodud sigraEs2viryRglin prodétsrinedtBdkine bRgdoveryifid .AQfstamed

obt ai ned, thrdgh theienveldss detectérfeiré@it287 461 Bl a control signal generator
circuit produiethesgmhmedessinglciuit 312i thedigital meductsignal 82is lpyiouslyatidcd & bitshigtiag s eed
process- i tigbit-ghiftiqusetityrgquiséd for ngimalizafidniotitie digitalproidict signala2aseaivsiton@d@ock palibdbefore AN
be real i ze#nd thap subjectadda bif shifling inthe permalization gimyie i29reccordingao the gitack imodaiatirecossrg nall
[err] % cHAdade beniprmalieed. t he absol ute val ue signal SI and then input to the
envel ope det &?f’lﬂr’e‘%’\t F'!?lﬂ"t"t'sﬂ_!“d exponent information pfdher digital|product signali$2ire elitained in the
product si g?ﬂﬂ‘ jop ¢i h“?‘ﬁ’ ;g?’éﬂﬂlt 4 esrending torthecitshifs signal Ssx outeut Srerh the nors
obt ai ned t '] A Ciryie |2.';u Jﬁ &g envejope dntection pignalg %m%@aso;la@rﬂytputfmm the
process ng ) tal roduc S S2 is previous
subj ect}gd i :ﬁ;o I?ﬁt‘" i?& s:i’al wemﬁ,‘ ﬁ%ﬂ'ﬁ?l"f‘?? F‘B’@'&Pff'lfrd'g'm' P"°d"°t
nor mal i zat
bef ore andé ,E%ppwgé 5&,‘%;;" E{;&gﬁm ) '°" ? F'B‘f‘f%’i'@%?ﬁ"? 823
alccor di g Sqaing e @ YGHSr HORG B & Smeler SR imknciinent el PIPRE ¢ he
resgul t,zt he TRéM1bre, ScomRbsighaRfehérstdr cirddit Of d BairésBohdfbl L e r&'it Q'Ré?lg& wh%fegnal
y

S2 are obt gibdigiflg dnvliéridfors, AhdSphbiedf stiadier opérbtichal pré I reul
124 respondi Aghough thé ¥bovdisinbsdithdnt weidesadted ﬁB&AcaQéWrB#btthefahDdi&.h End'?l%eooverynme
nal i zat i onare set ®ifinised dhd 50 MmBdt, thé)presentiitventioR is Bt iimEatherld/ it HBED ﬁa&hlﬁ@m%{hgpal S
[err] and ¢aeesvihemracligiial bigna vekyingiin diffstert vzua8 bf thy dMeEQiiedld fobdvery tite ik
Accor di?hg noomaligatiompbrocees iol Bsating faintiarittintetieli t ar r angement, by virtue o
nor mal i zat i olnsyéhachsewhe ﬂ\baﬂmpllmhndteooyalgltimba@&ap@dftmunmdgtnéﬂmﬂngﬁnmﬁnagﬂﬁl
recei ved bijput Héhes‘lf’@#ﬁﬁat'?ﬂrcmlém! ultsbly selected inls2cdiden ce it the chanppdattaakdim @ndrit
shifting b‘iP"‘!"hEmb?’td cenispanding kit ahifting pronessesuray be perfoimed dn therormdiieatiomeinowil | zat i on
%/f or med é)n “‘LSP‘B’GR“V ‘Fq"t'i?! s'B'@F aﬁnerab@pirsqﬂgﬁ@rdlqsmmr preferesidrembodimentwifl oowibeng

e sidh '?°ﬁ 4l er manneras a whole and in a shorter proc-
essi ng t| rre ? °°5'P°s&d Qf"rﬂ!ﬂ"?}a@ﬁslﬂﬁﬁ' l"a"!ﬂﬂ F%lﬁ@fé'ﬁ'éﬁf’" lssuppliedvia e
can be obt °°'°"'t °t° het pdetected gignal Siof g

correspon n' s: "a m r wmc . 'P"HMB'E'P'I? °"§'|'ﬁ§M1-er
%{ﬁgﬁgﬂat Q’I’ t ﬁ?ﬂ' eniil lga Fgg;fthese
i t

at ack e, W dupdicio Bﬁ&a.ue{tue .w.l. er% °s |n f BE S% Wresent

nti on i Sa9Qteshlt, ik HeGibitipfp E|ﬁ§|PM1, mlma vgl pjlb?h&gd gqg {ndlrceglses
wher e a digbgoRibn it lignal Yeub! YXt8the Mpttisi fna@é.%i'{he ¥ du'ﬁ'o'ﬁ
recovery truliplidréd signbljsgoit eilaited, which vemr&r% &allon DFOCGSS Oa |ng
point arithnmetic. In such a casewherg, & ey ack tine and recoverytl nme are

changed, tlineonirast, ahativey siginabibvel .2 ofchingtiplied sighieh 8, SEdbiaMBd, whiphlbvel i©expfe8sed in the suc-
nor mal i zatdeedingawuitiplier circuith, ty ¢hedoliowingodgpative:l ect ed i n accordance with the
changed attack tinme and re- covery time and corresponding bit shifting
procesé®es may be performed In yae= R_gr maki zation circuit. Subsequently, a
control signal generator circult according to anogher preferred enbodi nent
will now be 30 described with referghce to,F(g7)24. In Fig. 24, an input
signal Sl conposed of a digittal audio 5| gnal havi ng an arrplltude "X is
suppl i gd VI aan absl(l)enute vaI le Ci rcltuhlt to an envel ope detect or so as to
envel ope- ¢ %ﬁ,p:eq ﬁﬁ% B'Ef?g&'fén tro Yf Vas¥s rTeMN"TtE‘VE‘FPe"'
proporti on ﬁ, M2q Sy ST Sy FANS prod a’%F’& ped 8 fhe follpwing generic
obt ai ned. Mu t|p||er ci rcwts [err], [err] N be| ng an integer) which are
series-connected to each other to forman N-seri es-connected 35

mul tipks er circuits, receive the detected signal [err] at each of their

i nput termnals. Accordingly, gains of these nultiplier circuits are
controlled in response to the signal level of this detected signal [err].
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ship is given: To the contrary, if in the envel ope detector circuit 324,
the prd8portion constant is equal tEP@2evaéLEt of "ni, another relationship
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in the pref eMpreereginithecireferred embadiment, the first feedhcksitcult P32 i panstated pfa resistar cirqyibt ed
C{f_/ a resi @ndihe gecppd fpadback pitpult 374 Iscanstrpqledrobthelerarelpe deteptericiroutt 324 for sontraliag the geine d

t he % n\Péthgit!“'Ble't ‘éfett'té?f* &? theﬁi'ﬁa"mudergat"s efdnafirgd F'r°‘| *ﬁ’"ﬁ feedbgel; cireu®) 3323nd 33 e

nul tipliers@® ieﬁ?gteg §m°¥ 9 tude the first i}Fd second

f eedback s
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circui t e tHrdd gfép

ature, SupdﬁpY ¥ %Snﬂﬁl th§.‘81 htSHe'r lh& tior iR &8 operatib ﬁaﬁ
t Ne/ CONV e o it ciraiilmoh ShdGRI eSS4 BIGLIGH Ialt F&atmdﬁammt.ﬁ%séw&t ke
at the thr&'ﬁr@@b@h%o@ust be set by the circuit network enploying the

non- | i gear CHéweNér! acEdr@AERD the prifdired 8mibdamneit df BIinEhtiEn, kebd donvefiiond probfeib tan Heher e
i s no eff asfeitivély sohbdit i On to prevent the fluctuation In the operation |evel

of the non- | Wilcthe alivé-Gescribed tietitantangement, in baae thiatthe signaldeval gbthe kdiirsighdl 81 is lolver

t enper at urthanchesthmstiotdpoist, the sntiny ieputiodtpus chasasfefistie oftheseirtit326 tantble ety tha ampiilide. 40
However, conofthe registon$22 wiichsorstitutes the firstfoasitiacieirouit 332, ank therefoveding inpuikiputpuheherac-
conventd orteristiqwhstsl thamplitude dompression catic CBIisequal ko.sodlue v tias amhele.above- descri bed
circuit arrafffbereantrary; wheg the signah level of the Q'Q? i§lgnal Sy graduglly inqrr@sqﬂothe emeithgln apm-
[err] is |E“ﬁe§;’h§¥f£ﬁ ﬂg gg;ﬁ%%;tggt epegél e ittﬁesamftheéeqo 331t g;:;;
char act er i 8% igoal, 5 g w t he
resi st gf dorist @ﬁ' gtt“? cﬂ'["@fgs Eﬂ? F? g?“'f‘%ﬁa"éf [pRiyqdug fop F?P ?sf ‘Zif“db ack

therefére ¥ P Rgelo ter]

- ea Vi es clrcu ar emen SQOOV\A.'fg GEOU I‘I
conpr essi g L3 Sl a.eeéfxéieﬂ i§mﬁoy¥%+( &to .rstfa i
td &g a ude

dponss
when the i QIjle lvelq;fW|

|
anpl it ude tﬁﬁﬂﬂutl&f LIQ r dvﬁls n g
gain O&thﬁ‘eéﬁﬁ amrcw accor - |ng y. Vhen the SI gn

llevel of thep\sadifR, a%bdil&i to the bre n@d‘&ﬁﬁ&iﬁeﬂ&ﬁﬁe ibvahRtioh S he bitlirdiRiulbutput éiﬁrao-

i NpUt / out RbHeticdh e Acult 420ichrbtie deteMikidl By thbSuniMaiion sigral Of thETTR BREBLAA feedtabitt

becones i ndveritf o néflinbciréuit eleindnt is 2inPloyed in thd Tist SiRIGEGRAd febddaikarduits; the aﬁblitcﬁ!d lot»m-331
can be obtai ned. According to the above-described circuit arrangenent, the
second feedback circuit the anplitude gaai n of which is varied in response
to the signal level of the input signal, is enployed with respect to the
first feedback circuit the signal level of which is constant, with result
that the entire circuit can be sinply constructed, and the input/out put
characteristicofthe circui twhere the anplitude conpression ration CRis
snoot hl yvari ed from55 the vaI ue of 1 to the |nf| n|t|ve vaI ue. In
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even If no non-linear circuit elenent is enployed in the first and second
f eedback circuits, the anplitude cEm®29r@61B1 EP O 297 461 Bl pression ratio
CR can be changed with respect to the desired threshold point. As a

CONS eqUeNGRessibi¥atid K ¢af B&dnEnga@withirespédbio B d8sibd flestioldPoiht ANL cBfsbleAceYthérethold
whol e, as gontdan besbt ditiehigh BcufaBy BEAWNbIS, 38 bonplaled With the'éohvnEdRaRIAduit ardhgentdnt and! he
anpl i t ude dsanRy MpituddéompRasiiglentinding drciitthalify/thé gatidempératlirs @hdratiaRstic®édane ob-
char act er itaihddcs can be ob- tained. 5 Then, referring to Fig. 31, a
Ci rcui ts ar r afigparefeiring\odElge31, A eircoit sircangementiwhisiedghe cﬁ&itioﬁFigmplscay\eldyeidnn thé\preferred
pref erred embbdidentehown inFigmwillibe Bésgribed. Wi | | be descri bed. The sane reference
numer al s ar eThargaing yefetsnce numdralscard emplayérforgienatingrthe sdnm dr similaricirauly plemenitsofEigt 25 of
Fi g. 25 | rinthiagireyit arangement shownje Fig 1. Refesence hymeil 840 ilicateses awholecan amplityde 2om-340
i ndi cat es IH%FS'aQIMdE‘QSW“’&MQ'&WE' Reesraircyifissarmnged bie ihe sinuit 29 shpwroin Fig. 25nane n
5| gnal 1% assignglispl-pase cifeylt is prployad r this maiR gassickquiti t 320 shown in Fig. 25, and a
si gnal SMB"P% ioglly, FE‘(PF’?"“?’ ircy sP?W‘“??H‘%“ﬁ'P&?'ﬁ“ 5&“%"?’8‘5’?"?‘ amplifipr,
speC| fi calq it 321 a0 °A %‘ ?'v?e@feﬁmeﬂb!f %"°6dl"fﬁl’f%""gﬁ%fr'""a'

e o @""3 w, Ul b g a2 13le o
il Al %d.,% urc?ﬁé?é“'ﬁ% ; ..}5,::: i iﬁ&% i

i nput terny %ﬁdtﬂp i lh %i it'suk ier

anpllfler i ln ‘v anp | |er
cirouit 350 ..Jaa SmAdlop i tﬁéJu&Uﬂstgnéi@u s&ﬁmtsﬁtra&.ﬁzsﬁmhst or
343, and a8 inpit Yrftd tﬂﬁ% nVRhE S 348, dnd Il th pRér cfrét BA4D thle lghIN thieddBr i§&Nangek which &

(&ucw t2o 3454m|ﬁpgtﬁehﬁ,|tgﬁdramg|f3gbhe mul tiplier circui t 344. The operati onal
anplifier cCi Ferheimorrésibtemd valita Gkiné fReistord B8/ B465dng 34 ard & delbctbddin Biith a manner that
non- i nver t théngput/oiplit ciarictsiisfie théloperitidral amdifierichdut 3424eqa4) 6 thiinput/duubdishadtérsti,  an
envel ope deftheopedtional aaplifier cel@i32t2cei ves the out putsignal [err] of the
mul ti pil er ci mconttast3®8 adder driuit 350 outyputs the summatidni signa obtaihedfemdher autput sigBll& Sy amid 1 N
t he mul2gi pSeb efthemperational aBplifier cirduits 3pdiand 342 @s arodutputsigndl Sngtitle ammiifudécompresding/ex-
simlar tocendiegaireditt3d®l i er circuit 323. Furthernore, resistance val ues of
t he resi st or SorsagentlyMmhep this ciroylt arangement ia expreged as aneauvalant qircuitam Hustrated inFig: 320
i nput / out pRyrderctiag the same reference pmersiado the eamasnopding|circyk plements.f Fig.i26 tha irout 320 og-

qual to t*ﬁ'@‘t‘is l!ﬂal“d’ﬁi fquit 839whorepg the %Taé'mlﬂ‘a"tpm”ﬁ'ﬁ@'ra&? Mﬂ!&‘f‘eséwmp\‘f?"é?""“'t

cHcui t¥ 3

"1' 'F der cicr ey | %p s the sy on
| b |<f,n |f| é& ba ?r st er cn'cu 344
R e

anpl i tude seog nseq uen

Circuitgarr amﬁmp h F‘eél%ﬁ @ﬁc@ﬁhﬁ&%e‘é e?HIcuﬂeggﬂé Lpeﬁaﬁodai ﬁﬁe’é aJcSiP In
Fig. 32 bYa,35HRttuESthb St snd Seor &B&Q&ﬁu&“%%ﬁ fhe SGb-gaBEciredl’ 3‘16’% 'oﬂﬂnch is
circuit el SaRjal Simfdr t54hd maif Bassicli@it 859, fnltbdponsd b tﬁ@fﬂput§| hal 8aRd oltdle {H&l

citeeui t 35ain PMICHIGHARBSH, ARd ROAFGHricE SgHar SATTNe bberdtiondr arhphtiér biroa 242GdaTs bitpk &gnal Ne
anpl i f1 er cgg Galthb amplifiecditlitanthavinih prabeiéiinind gafntb the 3GtBut sirial Sl 6kithe din pasf\rcuit
resi st as 3358, th@sbyloutbutiigshd soMmbtioh signd.eedback circuit 361, whereas the

mul tiplier ciasactnseqiehde, 8laceSih tHe vdntral sighst genafaltor dinaalia 32a0hd Basisbeswndn Fig: 2, the 3aritroaNd
t he envel ogigraldSy B@roduced based uon Shetoutpotrsignal tSuit of the taimplitgde mioddatorirgit 380 ig ¢heamadnt or
circuit 36mhss SignelB59.[x dircuitiagangamént showe inrfigd 37 isequivalent tode diragtgvhich jsdormerbbyetimt r o
si gnal geniaating the filter cieyit 23 fadBthe cirguit arrapgementishownd Kig @ ifhothdheanain pass cigiit 353eM 35
Mor eovef , thesyp- RGFReC"P'e*sﬁ@ egrreprepagiedsaathesmuyitiphier-pireyitithe: input/prtpul ehaeaetedstie f wyhich 1766
The oper at$hgiagt. 24 tiafaF’!!‘rF'Q:?‘?'m°'!§&£°*Eﬁ'%‘P'l"tVa't°é§'° l“PFés'ﬂ'Pﬁ' st and second

tllegw H:t h it sagd by, of represented aglihe WHIFIQ!IHI’
iﬁSﬂSZSksF'r%ﬂﬁv e “f’”*m eg;ég@"ﬁfﬁ N;a A e
si gnal sgert Iesh%ﬂgpm an% e u re To é’f |se rﬁtlve e%%tﬂ% %e CF ovetll!:he

dlfferenc I ona er Cl rcul

out put  si gna Yd ;h tﬁ} hbrple é.ﬁn%h'ah.k tﬁfzﬂa mrwomu

gain to thg, u.te °'" ﬁg : EJ e ?jaamamsﬁawn'«’m, d'énﬁ‘nﬂof-eov exp %"ﬂ
out puttl nga,;a I on SI gna As a consequence S| Nnce, e cont ro

si gnal sgener Wﬁ%&&ﬁ%&zﬁ%aﬁhﬁﬁ%éd& ktGde |hﬁe>§%fnﬁal'cm§frﬁﬁ”'a|

[err] is phalsigcs Snstastol BIARS dighs agdit sRiabl isTbd@dRad byltticbrtroignkilgénendtae birclit e and
modul at or gyithexmiltiplier 3ikuit M.t he mai n pass signal 359, the circuit arrangenment
shown i n Fi g Thedéntrs sigehligenarhidndircitai21 i3 @pearatédin ich wiader that thedinpueslgrialys, &lrecaived
inating the filter circuit 23 fromthe,gircuit arrangenment shown in Fig. 4
if both the main pass circuit 359 and Xg the sub-pass circuit 370 are
represented as the multiplier circuit the input/output characteristic of
which is changed, as illustrated in Fig. 30, in response to the signal

level of the input signal. In other words, both the main pass circuit 359
and sub-pass circuit 370 are represented as the nultiplier circuits 375 and
376 respectlvely The ga| ns of these rrultl pI [ er CI rcwts 375 and 376 are



threshold point. Referring nowto Fig. 33, a still further preferred
enbodi nentofthe invention will bed&Po2ebhesti Bdy changi ng the representing
nmet hod of the preferred enbodi mrent shown in Fig. 4, and noreover expandi ng

thi's circuvih aRdbseuine@iiiRiticul 223 arranged By aTliBwave rectifleFdrBlYR BF Ge BB eHete rcuit 424,

r epr esent s ThécoftralighaFyendtatorERduit 424 GatpGts e B&S&éd@%ﬁ§ﬂﬁ£§iy'ﬂﬂpg§gn%é signafevief Yp U1
si gnal [ er the inpotaiyhdl Spiscetredifrodal itveflin@éiroad 428,46 la GortrbiGipndI sh,S ' ecei ved Dy the
control si gnails agensequasce;thedohtedlisignalEa] havinglthd MgriaNevelaxbroésad byhe ﬁlioﬁﬁb'&&uafioﬁr(:h}]-
The con®r oby empipyiag thg eroportdn@onstant "afifot thd arplitude 0 pRKcAfREsignE "SyCh a manner 't hat
the input signal [err] is received ly - 1EP Q297 461 Bl via an absolute
value circuit 423 arranged by a ful I“havaxreCtifier circuYit by the

- envel ope dbtkacopirol signalagneratar ircuit 421 cthie cantrel signat 8 g iscutputdatbe B-baries-conhedtidimulipibr
out put s_t heircaitsNichzs Ma o1 M 80 as(tegantrol gainscof these seriesisommected-multiplier bieuits Myrtirbugh dhye |
of the ¥nput AsE¥dl thzféasﬁtcﬂw raelltlgliqré@v:grmcmu Rerforeythe mulfiplisr procassing2@te inpegt signal
control si BrM¥izinalpe qoeffigient x* reprasasted by the belowaentiened pqyation; (38) 8q asiteehtdin dutpuisng t he
signal | evsﬁl

d.by the followihg*qus®i 37) 5 b | oyi th
o mert o el A tned'?puts?pea'%n%qg@%;ghﬁ?mé o el ool Loy
lnt i | t or¥oi T Bui® 421 this control si |
ot }i@;fﬁg%t, ‘,}‘i};g# 08 B Rt S et f Brrrroseiocl e
(0] S

control galns 3 series-connected nultiplier circuits [err] through
[err]. 10 As a result, the respetctive multiplier circuits [err] to
[\er/'r] performthe multiplier wwcessi nggto the input signal by utilizing
t\ae coebficient [err] represented by the bel ow nentioned equation (38) so
as to obtain outputs: g = [err] (3’8)1To the'rml(ﬂ?blier circuit [err], the
i nput signal [err] denoted by the following equation is input [err] = X
(39) 15 Wher Sinse hiaddithibi chermuiltipiied|sigs S is Iplit into tRe subceedifEmuiplidr icituit MglscSdsdeY
[err] is owultigliedthersimiapdthdr muktipied signals,e denbigd bytRe follwing lequationd4)espb@ine@n ( 40) ;
[err] (0) Since in addithion, the nultiplied signal [err] is input into
t he succeeding nultiplier ci¥2cui® ¥R2°s® as to be nultiplied therein,
another multiplied signal [err] _dcinot ed by the follow ng equation (4) is
obt ai ned: 25 =Lcx [err] Thus, in the

| tipljercircuits [err] throughh MN; the inputsi

i sSequential lymultiplied sothatthe nultiplier prgggzsi ng is carried out by

th nmb " ' to. t N- ' t ed | tipli
e o M A SR “ﬂmﬁmﬁ,ﬁ&%@p@ﬁé}g%ﬁ og;qt vt '@‘ﬁj‘léegggnal :
o] can FReipRate he, GEE e e e e el
equat i gg: broseri8 By i BélariléQc d&ﬂhtﬁ: GENE PP St Swer By - vy o0 pegb Yhieh ; ed
singals [err] to [err] can b€ pro liced which are ex- pressed by the

foll ow ng equation: [err] 45 In addition, the anplitude

c&‘[ﬁressi ng/ expandi ng ci¥xcd ¥ndR0 ©Bncl udes (N+1) weighting circuits [err]
[err]which are arranged by anplifigr circuits, outputi t he i nput si gnal
[err] and the respective 'l "plzi’e 'si'g!'r%ls [err]“ 2) via the respective
wei ghting circuits [err]Jto the adder circuit 429. Mreover, the anplitude
conpr essi riyheasimplifying this gpregeequativR G2tk grialtiplieth sitdalstSicto Siauah beprodusdd Whith e ek d

t he respedtessed bythefolipwingequationnal s [err] to [err] by way of the weighting
coefficients deterni ned by the gai né k" £h8 (48 pective wei ghting 50

circui & [er ﬁad?'wn{;e? %P"Héﬂﬁmmw%rf@xw@nmm ingiudes QymBweighting cireultsulo,MutAs,

signal [er¥" litier gircyitgcoutputs dheinputsianel Sf et the eespectiveimultiniier sig-

respectiv

- hi

Mt Rt ST - eregpactive weighting oiriiits Axt.fy tp e pgler dirguit 429, Motpavey; gie
[arrT he ok ',g)&t“;}g;%rg gty gzg,a%w;efé;%ﬁg' Q8 08 Bt o ﬁgﬂ!W!fip'ﬁdngf]
based yporfgLiE I Hamt S O Lt et e
fol I ow ng eq}@éﬁoﬂé}que s ﬁgﬁ ighting ficlentso thaer ‘especiive weighting circults A, to Ay are expressed

by the respective values Cy, C;, C,, Cy, ..., Cy, the output signal S, can be obtained via the weighting circuit
A, based upon the above-described equation (39), which is expressed by the following equation :
Yao = Co + Yo
=Cox 00030(44)
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In contrast, in the remaining weighting circuits [err], the output signals
[err] can be produced fromthe aboEp-oderssridded equati on (43), which is
represented by the follow ng generic equation: [err] As a consequence, the

out put si gnalyy fdalrke, ifRE reRBinY Wl i A id, 29[ romt
previ ous eﬁl‘éaluced-ﬁom thé Qtfbrﬁe- A Gﬂa E&G ﬁﬁ?@ﬂﬁ%d&gﬁnﬁﬁt "%\é lﬁ. @uaﬁﬁbe

follow ng equation: [err] 20 Accordi ngly, since thewelghtr n coe c lents
[err] of the weighting circuits [err] are setto the des| red val ues, the
i nput / ost put characteri st ¥&& &X¥mYassed by the hi gher order functlon formul a
of the equation (48) can be thbev.e(q ~1pnd therefore4 t he i nput/ out put
characteristic where the anpli It oo conpr essi oh* tatf (? Is 25 snmoothly and
conplexly varied withe the sinpler circuit arrangenent In the practical
case, when bdsia cersequarcedha dutpyt signal 8§ can beabtainddoyiartfie acides cifcait 42D frarm the previousiegilat | ng
ci rcui t® [ Hensf44y3nd (45 which igrepresentediby the follewingeequdtio:, and t he wei ghti ng
coefficients [err] of the weighting circuits A2 to AN are set to a val ue
of 0, the output signal [err] gan be produced which is represented by the
followi ng relation Fouatiywe ¢42) yipm the previous equation (46): 30
[err] Ip this case, as |I,¥|.lstr"dt‘ed in Fig. 34, with respect to the
| nput/ out put characteri St Gh¥t® t he anplitude conpression ratio CRis
equal to both the infinitlve - and the value of 1, which is represented by
the following relationshife¥ § &1 T Faxj! 35C3x-2 + ... = Cyx1-R
y» = x (49) the anpli tudfz Prrpresm ng/ expanding circuit having the
i\gput / ogt put characferistic’ can be obtained, where the anplitude
conpression ratio is snoothly changed fromthe infinitive to the value of 1
at the t hres hotottiinali sivice thowsighaIRBEHIdh 0 tolCR Bf theWRlghting Bieaits AGlo A Sbto ke Resired
first-ment vauesdhe ingutrbutmtitharibtenskicy exprossbd by the higifer bridr SUnGii dflula dfitRe dqllation (46)
put / out put canttmragiieved,i ant itterefuke, tHecnpmtitiut cHAMCRGED WRGS the HnpHtRRWnpEssion lritidiid | S
express@d #moothlyand ciniplsly vegiedgithe the4linpler circait arpngemint. (48) y = x (49) Wth the
above- descr i lieiile pragtical caseavhen bajlethe weightingieoetficietts O} andiCg bfthe \{lmhtir]g cirauitoAf snd apd
from t he cemeetén avaugell, apdtheweighting eoefficierits Cip Cy bitheowbightingreirtuits AjtoAgarg aetlo a
I eveI of t h\@'qeﬁb%f'!?ﬂgtﬁ‘&ls@{'%ﬁm Pa"dﬁamslmé\!hlﬂdsmmmmetde following prlation eqdétion (47)

ui ts [@?’?]"‘%’@Y'?‘BPH‘PE'?TE“‘%I ti pI y| ng process on the input signal [err]

WI h t 8 coeff| C|ent er ased n"Eﬁl troI SI gnhal. As a result,

the multi pI | «ght I8 ’ﬁﬂé{‘ Uﬁ?‘?’ﬁ@"l‘ﬂﬂﬁtﬁﬂm@l““
circuits eun 'i"'§§b‘e Yﬂ)’éqbl’”ﬁ'ﬁh B fepreentadiy e feipwieg
function forrrunfa Wit h respect to the anp | e "X' of the input signal
[err]. gghese multiplied signals are s the t he i nput S|gnal [err] via
the predet g Bhihfide WiipRbdinghpdn@ clrelﬁQaw tHe [lt%h Th&chg med vtherethe
V\ﬁﬂght' NG Arhiifublé Bo%p[egilﬂramzfﬁ Iy cff 9 Inl ?v } hold mt

act er i sohrbspohditig to th& reeédathm:cﬁ iﬂ@ w. fothJt m&s

be obt ai negltodtjut bnatdRrishd i fitptadd ﬁn ahdirdf cir@ft GBS o&vinﬁ) u@r
Circui tes afiods:seri es-connected to eac er, and the rrultl pI [ ed out pu S are

added to the predeterm ned coeffici enjis Bs0(485 to be output, with the result
that the input/output characteristic yepre@ented by the hi gher order
function f or Mith thegbevie-dessriyed circuit arranbementy thie icontrdiesigh® Saf is blitaineid fiom theontrobdignanin
be obt ai negpneralar cifcuit d2ihaspdaipandhe inplitsignatiovel efthddnputsional Siswd the serirspannokicted maltiplienui t
havi ng 4 heCieis i o perform:themeltinivingipeacess op e input signel S withdherkoeficiert &, Jiasrdiugan
circuit ar'fig al. i n which the anplitude conpression ratio is smoothly
and conpl ex| waﬂ '@Gm“'!@ed signgip Sg t Sy atpepbtafed from the muliplen cireuite Mete M wdiichtgp-

and/ or co § of "Zé -1} Qsgler fup Qh withdpsaect lodhpnmelityde e of the input
anpl i t yge ﬁnal Flfrlgoqgl signg| S, via the predsterminedyypighting ceqfynal
gener at1 ngila WP o P '\" pret éh"“[‘%'??‘f’“&ﬂﬁcha@f*@"sﬂc rop-”

i ) r r func uform a
gener ating antﬁ)ﬂlyQ Qj:l i it ﬁ&r rc |ts are ?- é?c%j:toe?ah
mul tiplyi ngq wa%uﬁ.aféh bt utéérgm d ‘ﬂ{ Oi: with tH& result
gener at i NGhinplitbithul bHafictebtt fabrosdntal the amplit cre
substr 3£t edf tHdhpitsigha ban BeVbtafbd Ak b édﬂSth élh :ﬂpim&l;coﬁ,bﬂ /.ripéﬁé.:lo
mul tipli ecdh®mpudidiitpdt SRardcteristic can be obtained with the simpler circuit arrangement, in which the amplltude
compression ratio is smoothly and complexly changed.

19



si,gnal processing neans (26) including a second signal nultlpller means
(22) f Or mul tiplying said control ERe2eal4e{Brr] with the o

said first substracter neans and for. generating a process$ﬂnm{ EI" W' l l
and seconcgggst ract ermeans (25) forsubstracting said processed terw

said nmultiplied out- 15 put [err], whereby the anplitude expanded

and/ or conpr aaamplitse expehdiryladiércorhRéssihg ¢i|su|qbz1) for EMpandf ahd/di coMpreasig andmpifiite

anpl i tude exjppandhpgsighalds dompidings €ssing circuit according to claiml,

wher ei 15 sai d si gbankrol3igoal gardiatvgy nnaase(8) sipbligd Wit tHslrput signat (S)Aadfocgspdrating & tanireins
(24) suppl i edigmi{Sa);t he output of said second multiplier nmeans (22), and the
output [err] of sigiatimaltighibn ricansy (3)fecmutiplyind theicentelignel (8¢) td sriddarutisignelo@ihend for
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