", ADAPTI VE FILTER' The invention relates to an adaptive filter oaapg'ngB}
conpri si ng a del ay circuit taps of which are connected to anplitude control
circuits, a diffefence-determning circuit for forming an error si gnal |
bet ween a signal which is corrected by the filter and a 5 . reference
signal having a waveform which substantially corresponds to a desired
wanef orm for the signal corrected by the filter, and further circuits for
obtaining control signals for the anplitude control <ircui ts, which further
circuits are controlled by nmeans of said error signal and include a
‘clanping circuit for the signal 10 corrected by the filter. |EEE
Transacti ons on Communi cati on Technol ogy, Decenber 1969, pages 726-734
di scl oses an adaptive filter of t WODARIIVE RIFERNher ei n use is made for the
control of a periodic non recurrent test signal. The clanping circuit is
not described. 15 is an object of the invention to provrde an
adaptlvefllter hy die r I fy.
circuit and is p\é%:écurﬁ}m y nsﬁ??aa e&%‘ o%r{ fe q"\/\/i{gl‘agtfrlyﬁe]J ?’E éu)t Er gnaFPQSln?he
filter is a sﬁg‘rﬂr%llayhﬁmcrﬁ‘gtatasPéq‘Efeh'Bed’bfareo?@é@Erﬁd\/éPyaff@éet}ﬂer #PtdPscrete

level s, call ed;palise, td Al BrdiehebNRkEAHiniRE circuit £OA6CAYLALRY ahOeddde
i ngention an ada tive filter of thﬁé‘()‘xﬁ% referred to is c aracterized in
i 0

that the refefd ErYRER ¢ S19Bth FEERCERR BYt Tt TR 4% hBI d circuit
togdn i Nplt ofretdrienhetdignsi graling ar weeifedn b;hlthadbsi:irﬂﬁ.al.by apptespdnds a t he

cl kng circyit, . nCEdC n ich the
I eveI of 25 lé he dtselgf ec1 ag?éf'{&%e %n gr![xé oéfish%g ﬁgeo&tﬁé%d{ g’l"ér ?&F%e% sa}é\é(;rrect ed
to a desired Ifevererbylmahs fot ebﬂaevehg eenmoél skgrghal fasbthg wedlitugm an

out put of an Iceaearlaéprcu\rfeg Chmkén Gubvigdr QYrJuli@sea[rreOEoﬁﬂrgi‘?éd i lmads been
found t hat when a pulse train_.is included in part of an input. signal_ to

form a digitaPfpsiid efFrediInad @ d8clydsra é’xléﬁrb’r‘?-,g CREFYRIEL FP éP"et%ﬁf‘a

di gi tal atMi 0cbﬁfeﬁ-!t5atbyomhe reiatéel evi sion signal, a level to be cl arrped
dur.ing the occurr < i tal. pa 2d| frcu m ne by
means of gate ci r?%rE rlor"’lwﬁa 10{1%6 plr:%ris?merrr%%a% et %‘é‘s N lIg*u 8@%’?:‘15?51 nput
si gnal may nalpegehd26+(Ptatisqiones @l eddpdive rfe'ld@t efntheaebove ¢ipe hberdianmpi ng
level . The pregenis rnaae%rorheotwmaop%éﬂoha& YnoRL - QUL REs@ FLALTI g

| evel very accurately.
The clamping circuit is not described.

._‘5 It is an object of the invention to provide an adaptive filter
~which embodies a particular construction of clamping circuit and is
particularly suitable for use when the input signal to the filter is
a signal having a sequence of consecutively occurring discrete levels,
called pulse train hereinafter. ' . .

20 Accerding to the invention an adaptive filter of the type
referred to is characterized in that the reference signal is obtained
from an output ef a threshold circuit to an input of which the

‘ signal corrected by the filter is applied r/ia the clamping circuit,
the clamping circuit being a control circuit in which the 1evel of
25 th= signal at the input of the threshold circuit is corrected to a
desired level by means of a level control signal obtained from an
output of an integrator which is driven by the error signal.
It has been found that when a pulse train is included in part of
_ ~an input signal to form a digital part thereof, such as,_for example, '
3 4itnh teletext or digital audio information in a television signal,

a level to be clamped during the occurrence of the digital part is



5 during the occurrence of the digital part (pulse train). The invention (g
will now be further explained, by way of exanple, with reference to the
acconpanyi ng drawi ngs. In the draw ngs:- Figure 1 shows a bl ock di agram of

an adaptive fi:lter according 10 to the invention; 'Figure 2 shows a

~circuit diagramof a delay el enent & a del ay circuit for the adaptive - |
filter. shown in Figure 1; Figure 3 shows a circuit di agram of an anplitude’

cont rol CI rcuiit for the adaptive filfer shown jn Fll_g re Figure
4 shows HEEHTEG 0 AeIGTHRSoPY FEPafT ﬁ@t%lcrlﬁﬁlfuttsf’ of ltlﬁet%edé’ﬁﬁ?‘?i’é:efu lter
shown i rofFeghbes in taxadofezgwm eirpus haigdad mayr wté tdeagrcaal afnsaptablieonat i c
gain conftroanr hr.eshol d CII’ 'i ptlvefllter shown

in Fi guré® >6° Smind Jﬁ°“F‘° Ml a“}fm? ev hg R% er568§t3e'}¥eﬁ *tThe adaptive
filter tdfée&s showssibdl applofeplrctvgdamg |aanﬁmplng How% h‘eerqoacs:turacel\on of filter

whi o 1 Sy khig, W] 88Lulnddibe ARSGTIALION LS a0 signal of a

t el e\§|S|on S gna N certaln peri _IS VI deo S|gnal corrprlses
dat a- i nf or meffPoAnsatAcnsyili onove Ranfirdher etxplained: nPy ragit ¢oex28rlsn di gi t al

audi 0 i Rf@hNEdFe@lncel RbStrlahacdrphAy Y beswingsgeneral |y present at a level in
the video signal which deviates fromthe zero | evel of that video signal.

(That part tthe dhrMEBI¥ignal in which data information occurs will be

referred to #igjueé nafshews as blodkd@ag@agnat )an 38aptive fillterdeserdig on of

Fi. gqur # Iates only to the operation of the adaptive filter during the
oc&?"re Ce l’(‘ﬁ IPXEHSEA signal .  The subsequent Figures indicate the type of
circuits whitigucar? eshabé @ thecwsidl digpanséi Rgdeletyl ehenintt & af Hélayr duri ng

t he occmglrg?,gf\t %E tt{h gg%paﬁ%hggﬁltégn&om &h+ ??’&J gtain the correcting action.

.of " the f e remaining portron of the video si gnal The
input 1 of tHigute|d shovs akircuifedisgran of an awilapuds coptroldcirca@tnhi ch has

a nunberegof sl ARSaSn1vé: fﬁtel-ls@%ﬂ %g(fe Ihe f;aps 5, 7, 9 and 11 are connected |

to an adding circuit 21 via anplitu control circuits 13,°15, 17 and 19,
resp¥ct i vel Wiging 4 peovap Equ"é-tcé*ﬁﬁé'éE‘e‘Ef ghekapéng| Grautt foqi Bhe2 havi ng a

fixed transtare EROLRT sROHRnBigure 1; and
Figure 5 shows a circuit diagram of an automatic gain control
circuit and -a threshold circuit for the adaptive filter shown in
Pigure 1. .
20 In Figure 1, a signal to be correctad by the adaptive filter
~there shown is applied to.aﬁ input.l. For the construction of filter
which is the subject of this description this is a video signal of a
television signal. In certain periods of'time this video signal
| comprises data information such as, for example, teletext information
25 or digital audio information. This data informaticn is generally

. present at a level in the video signal which deviates from the
zero level of that video signal. (That part of the video signal in

9 which data information occurs will be referred to hereinafter as a

| data signal). '

- 30 The description of Figure 1 relates only to the operation of the
adaptive filtef during the occurrence of the data signal.  The
subsedpent Figures indicate the type of circuits which can enable
the self-adjusting action of the filter during the bccuren;e of the
data signal and which can retain the correcting action of the filter

35 also for the remaining portion of the video signal.

The input 1 of the filter is also the input of a delay circuit 3



9 unlty A signal which is applied to an |nput 25 of a clanping circuit

27 is obtained froman output 23 of the adding circuit 21. The cl anpi ng '
circuirt 27 corrects the d.c. voltage I'evel of the data signal such that a
.signal obt.ained froman output 29 thereof is suitable for 10 processing by
a threshold circuit 3%t to which it is applied. An output signal of the
tt\_,eshold circuit 31 is applied to an |nput 32 of an automatlc gal n contr ol

difcuit 33, an _qutput 34 o his co ut 35 :
di f f er ence- det ﬁ?rﬁaﬁgac‘?‘l‘%ﬁfﬁ 3FaPg, 3 Se %dwpqﬁ‘g gg‘ 'ﬁaé’ﬁ ? 3u%p| i ed
with the signalndcomiarg tsroected ttbeammkipﬂﬁg ZQrcditt he \o.laaarppmg;ua:e reuttol?7.

ontror ol rou oGy 3, o LTSRN Rt ) 3RS SO il

contr ol ut r'ence- rmning Circurt
37 is called ahestts grigea Siigralt ZByhangaa:tfllam Gfraps$fert faetlrobqbadi keuit 31
this refergncqh gnal has a waveform-20 whi ch substantially corresponds 'to
the waveformthat a corrected signal should have at the second i-nput 39,
which is al so the buignel shiehest ppplded Po spghraut 3% vt e FleRPEng GEESHigNAF

by means of Whis Bpé iHeADEFomOsn BHePHELFIC o Sl Q&iapar@l&am rzaﬂ ! efhel %mﬁgﬁbned
froman output 41 of the difference-determning circuit

error signal #FEREE Gt GRAZSFES diet Aef-di P*‘agént%"e&e?ﬁr‘ﬁ?len‘ii?ﬁ? éW‘@&l Fu"bh? | s
~appl i ed to a fﬂﬂa&talﬂ@tﬁl @bthindd Ebdrd @it Sutpat ,thé:?ec&nds 4 v o ppl Y

trol- [s to t,h t.r ol |t 3, 17 19,
CoRbect i velly RresertlgeRY I Sheelf st € 1KY Whagk e e b BRE 10 L
43, 45, 47 and 49 M@utmlstshgmmedfbther espﬁtbﬂ.decﬁeumlsnlpila@ptq_ecseoomd .
i nputs of whi cfy pggeazcggnaeftagg @a‘h& 21285 ébl clr%ui‘Pdgr? o%%?&‘&tmvg%y The

th 't e N

mul tipliers 43l orm A~ COMbI nat T on W egrators 51,
53, 55 and 57 wWdcbald ednresited| bt @pninputcdd of mﬁhem#wmmcmcqmeﬂ,

anpl i tude conty %lec&dc{ ‘iHb&tS 3430¢ l;%lcﬁ-7lsaggpﬂ9.e& hatent B Weyehoemh oy Ehsh

corrected SI gnal at the second input of" the difference- determ ni ng
circuit 37! bec%ﬁe%u%s?%rﬂfl the flemmg EFFHE 9kvef orm of the reference

si gnal 4 at t herHdREgnalS cbbiineaf vialliRe Gihﬁ-eéhzﬂ.ldgaﬂcu@btﬁl Rad fHeom t he
output 41 of the difference- determning._circuit I s _al sq ap%_gtfed to an

i nput 59 of t l?é‘taﬂ‘??ﬁ?ag?%f‘ GaPHF YofitTottte?? &Y thggnp%ﬁﬁeg{ ege fF 89S put

59 is . determining circuit 37 is called a reference signal. By the action
of the threshold circuit 31 this reference signal has a waveform
-20 - which'substantially cbrrespgpds to the aneform that a corrected
signal should have at the second input 39, which is also the output
of the filter. A sighal, denoted an error signal, by means of which
a number of automatit settings are controlled is obtained from an
'output 41 of the difference~determining circuit 37.
25 The error signal at the output 41 of the difféfence—determining
Py circuit 37 is applied to a first input of four circuits 43, 45; 47
and 49, which apply control signals to the amplitude coﬁtrél circuits
L . 13, 15, 17 and 19, respectively, via respective integratoré 51, 53,
' 55 and 57. The circuits 43, 45, 47 and 49 are constituted by respective
30 multipliers, second inputs of which are connected to th= taps 5, 7,
9 and 11, respectively. .The multipliers 43, 45, 47 and 49 form in
combination with the'integrators 51, 53, 55 ahd_S? so-called
correlation circuits which ensure by means of the amplitude control
circuits 13, 15, 17 and 19 that the waveform oflthe corrected signal
B at the second input 39 of.the'difference-detekmining circuit 37

becomes substantiaily equal to the waveform of the reference signal



5 a firgt input of a nuliplier 61, a second input of which is ‘connect ed,@
together with a first input .of a control circuit 63, to the input 32 of e .
autondtic gain control circuit 33. The nultipli er 61 has an out put
connected to a second input of the control circuit 63 via an integrating
circuit 65, an output of the contrd circuit 63 bei ng 10 connected to the
otkvput 34 of the automatic gain control circuit 33. The control circuit 63
i's consid teb ethpay 5 Iﬂdéﬁég@ ier. The automatic gain control circuit 33

controls the anplitude ference si | to ch valuethat t he
error signat® %{rpf‘ﬁ% o8t t°°gil"5$$ H‘?Pélg%‘fa‘nkcéj‘a%ﬁsgf‘ﬁi thGTCCFCui t 37
a;sunesdeatewaimimgl&nmnt h37ap|sra’1aohmp1uhe twahneinphit t39eotlegier ed corrected
Stonal BRAALORCLUIASROSN Bl foushSyf TESHOf NG ENORER 85 e part of Lhe,

circuit ere e automati c gal n control 1s now active unwant ed stable
st atse .carfinst |imryerofoaculinhteraf), di FEEINd bppwnet d&*ﬁbn’énFOli‘fr?Cttﬁ@’ corrected

si gnal RALr GAERE ehsgmtlhgut ¢ Zeiatafl thecaut Byl tsi epaking@ ab - the
filter. e influence of the direct current conponent in the corrected

si gnal %Wﬁ@%ﬁﬁ&@%&ﬁ%ﬂl ETTHEF 33-13The SUIEPLIRK) 61R2S reduced by
the cl aafplongpm:u kcotihdct2d, td @ senondtutbIt ahewhintirol h:E.reui:rtDlS?:SE@‘l al 1s =

apRl | edy, Lk sRNLAL 80 o |58, Bekng, aPRkEcdis: an Lt easdtling 25 cf reuit

69 to a I npu a mu a second 1 npu
ecteehnected donthearutriity é{’stOfc tihe entomaficcegain, Cmrehtqsm:ubtf 313he

i pl b cBAvaapkigsia ¢l 18 CdonsH{ £ §% @Nah @1 8ed.i rst - input of a
subtractlng circuit 73, a second_i nput whi ch is connected to _the input

25 of the cFAFFSERRbFCIRIn S9ntah ?Jffé?“éF gAraFonirodn Bt PIRILErdY RE sub- 30
tlractl Nghee ireEéliencd 3signhl cld eu%rput vameCﬁmHE&herrEGrt%@n@Utdtufhé9 of the
clanping circujt 27 .desire i tude range_hetween two

Gat | coutut el o ithe B PES R R de B r e TGS 2V AR SRRt a1 Thi s
r_esLlBt swliun:ht approbalngs ltge cialoeidf 2Re rd@dummgortm:tsymlqn@hlﬂ opseilpe of the
filter JSULLBRITDN ug bl 00k £00 Yng OIREBS UL End QL Ad AL QAZCURE I evel in the

I nput S|g al to the filter, but or any unwanted direct current
corrponemereo‘ﬁh%ﬁyt%@%mﬁetqa}nl FPrithel tiﬁr ahgcgive, gnynwapked stableaused by,

for exagpl® cth Go LoHyRki OGSiri dnd BRy fdilbef cuFhbmt Eomsipest tikeed rcuit of the
filter vert)l/?&swtabl e for inplenentation as an integrated circuit. It wll

be cl eaf°tHated I‘?ég‘&?]ar"rﬁi“ﬁbt ERTTUPT CUESEL | Yed=FrRors s output 519“'31
20 of the filter.

The influence of the dlrect current component in the corrected
signal on the amplitude control circuits 13, 15, 17 and 19 is reduced -
by the clémping circuit 27, to an input 67 of which the error signal
is applied, this error signal also being applied via an integrating

25 circuit 69 to a first input of a multiplier 71, a second input of which
is connected to a constant direct current source 72. An output of the
multiplief 71 applies a direct current signal to a first input of a
subtracting circuit 73, a second input of which is connected to the input
25 of the clamping circuit 27. 1In the signal at an output of the sub-
30-_tracting circuit 73, which output is connected to the output 29 of the
clamping circuit 27, a desired level in the amplitude range between two
data levels is equal to é threshold value of the threshold circuit 31.
This results in the clamplng circuit 27 reduc1ng the synchronising
. tlme of the filter. PFurthermore, it not only compensates for varlatlons'
3 in level in the input signal to fhe filter, but also for any

unwanted diréct current component, or any asymmetry in the threshold



5 also suitable for -use in adaptlve filters in which no automatic gain (g;)-

control circuit 33 in used in the place indicated. Should the filter be

suitabl e for processing a multi-level data signal instead of a two-Ievel

signal ; for which 'the above described cirguit of the filter is intended,

t he reference signal generation 10 and, consequently, the threshold circutt
( and the control circuit 63 nust be adapted thereto.” In this exanple, the

error signal féirrc&ﬂe 33 dulsd ey 0B F Rheafpllel Ubid, t:suﬁmgeawéhé resa¢&Qr dance
with the nethod of mnimsing the rreansuare It be obvious that this

can al so be dé‘i‘l‘ésl‘ﬁ‘-‘“&ﬁ{is e &%ﬂts‘?f t“-ﬁﬁl"e‘*ﬁ%ﬁ’&w q‘thBledc??F rigplepqntagion

alternatively @Sﬁllmt@gf&euselréuﬂt. exarrpl e, a signal at the output 23 of

the adding circuit t th f t.he threshol ircyit . 31,

the output 34 of tFe"bf nfTest PRt (R TPl SaFreih Sedclbre Hine ol ™

signal of ®&he a‘llsbt sm.tabmaortm 28 adappire stiytals Of Whiehfrid Betenasiobt ai ned

fromthe outp l(i_!:af@bagu?l ﬁ Lﬂ 2 1Q9e rmg_&y{ége t hereof can be
a

kept constant y a con% CITCUl ses t e output signal of the
integrator 65 as tﬁ@b@éntheolflbw}nm sumeblmfeh rroaessdns & mul hi-lewat edata

opposi te to thaignef ﬁm@%eéﬂ-”o”f'@'%bﬂﬂeﬁlr Eibirla1 8 3por\h£dh Eﬁé/ dBBve e P dEEANS

of a 25 divider circuit. further possible-to appl y_ the output signal
of the |ast- rréﬁ-FF‘tH‘fs'eG’fc'E}?ﬁ Fé?-t%r FEuintepgedngne mshergyeofiane eRerekiate-

determ ni n@ Cignayli donéquditay| der theshuld ifkbeit Ghrdid théTonsrél Quiclad 8t
t h@out put 41 of .the glfferggce determining circuit 37 instead of at the

i nput. 35 ther SBFE P9 Fdpptsd ¥ne output signal of the 30 filter can be
derived, if so deSIrr ébiis fexanpbs ,hehe pairdt ssiighal Ferctiiec amplitiide ctasesi bed

COhSt r uction Of ﬁ aggorl%tclegse%a‘ i1 Cc%o%éancecév{ UIt;le%n &F\gg ttjgi%hr?pmég.]}xf%e

that it is i nSensitive tio norse an control's rap

assenbl i es, sushAnagayage. eXdnmplild, basmm ghabstiiig pamlaldretb@ctlem inoambt ai n
the cont roks siqfal s atsriP s A filter according to the invention is
suitabl e for processing synchronous and asynchronous data signals and

anal og pul se- nodul & &8 %ﬁﬁjﬁaﬁs itsie plgsrngtdvey RRpERLeptP S8ewi Rt SX3iH1Se

duration and pUls$gndl0akt tHaNGBHIH 2t ek shdNAksng Hiecdid b@r étSthé Qutgx@anpl e,
very 7 This direct current is derived fromthe base, ch is connected

to the coll ectWr ot Treshals staitodts 8F 3 tt’r‘%u?é‘ltg‘t‘?)r“m% thteh%“t°ma ic

gain control c1rcu1t 33, as the output signal of the filter. When the
20 output signal of the filter is obtalned from the output 29 of the
clamping circuit 27, the amplitude thereof can be kept constant by a
control circuit which also uses the output signal of the integrator 65
as the control signal, but which controls in the sense opposite to
that of the multiplying circuit 63, which may be done by means of a
25  divider circuit. It is further possible to apply the output signal
' _ofbtheVlast—mentiened control circuit to the input 39 of the difference-
aetermining circuit 37, provided the multiplier circuit 63 is providéd
_[§ ~at the output 41 of the difference-determining circuit 37 instead
' ~ of at the input 35.thereof; In that case the output signal of the
30 filter can be derived, if so deéired, from other points in the circuit.
The described construction of the automatic gain control circuit 33
has the advantage that it is insensitive to noise and yet controls
raﬁidly. 'other assemblies, such as for example, assemblies using
: peak detection to obtain the control signal, are possible.
35 A filter according to the invention is suitable for processing
synchronous and asynchronous data signals and analog pulse-modulated
signals, such ae, for example, pﬁlse width, pulse duration and pulse

. position modulated signals.’ The_filte; is, for example, very



em tter of which is connected to the base of the transistor 103 and al so
the bases ‘of three transistors 107, 109 and 111 which function as the _

di rect” current sources for, _respectlvely, the emtter connected to the

base of the transistor 81 of t he transi StQ{ t he int erconnected emtters

of the transistors 81, 83 and the emtter, connected to the bases of the
t fgnsi stors 83 and 89 .of a tranS| stor 112, the base of which is connected

{o zero pot en S a t put 113"
Co 2o POt enthdly Sieolf cyrrent Ashali¥/ e ILAD st ARRLLEG ! ogcou put 1
of the transi sicothg Follagtersefydakranainter s Rf pnplAnsEstary 1%y $heut put 113

has -a | ow pas sl BeEAGEEIHRhI £s oRfedtidly- eéfthﬁrméeamhef tmsgbtd 1650sen
near .t he hi ghest frequency of the frequency band of the signal 15 to be

passed througfifhl $Pefayths P‘E‘iﬁst °fAWr88tﬁ?t“sﬁ"f§’rﬁa%°7a FL%? éf“@ncjei ybteht i al

B, obtainegd frrmctiw asi a};bealféctt b@::tehanemﬁteg £bi2. reSpectiively, 1thé whittkrhas
for its function totsug It\g rsect rgnts t s %g° 8;9;”&?1% of tlgg filter
i s connected 1S PR edm 7 etﬁ FansT &t6roi ’52 a J‘%th weeh t he

i nput 75 and tthe mlltqmbnr%te&eenﬁ.lttm ofhee &r&'lsg.lsabrs &e| B4 agdtthensfer. The
product of th S ' ] nes
th% time del a;e/e"&fﬁzue oﬁtgif)rﬁe?s%gil% ltﬁ%? %i %gh%:]%aggis%%ﬁ%% gz%ggﬂgt ﬁ%f’g

anpr i t ude conttrehsittoruli2,sbogvbase edrwhichalisyconnertefite’ %}‘-‘r°250tentlal Qen

higs Fi'gurg 3, they 'éigH&l Bl 7w nC OONGGHE 8k ttQ ézb%u@ﬁﬁe%i@fwﬁﬂéﬂ é‘st‘i:EElItes
so ce tran5|stors 11 , which each supply the direct current for a

nul tiplying ci& &aPtof ﬁh?lqeéFYrﬁ}IrFFth’yllﬁfk&aﬂ-E%ﬁ £rpPR §her ApiEtsy <f khe
transistors 123andfftorl?d., #KO sidmdl 3adn 18on Hhe 155@@57551;@&&1&2&@{3@! 1h35,

127 and 30 1 9, 131 and 135, r ectively, are co ns.of their

emitters, B U CPAraSERR L n i e FI A ATTRY BRBErts  he

t ransi st or s 12:%\0&9@1 niaQB thide hibgheakt Srequbnay lof tiee e‘xedgumnagcbémvxbf hihe sigmatol
' | i f h 12 1, d

o Mne 55 Fopde B el MaSig Lk MR ABLRLEL® o do ] 181,08 S SORIGELE

to the 35 are Si romatap O
del ay ci rcw t potih@-abagesob(tﬁmddeftqaran:stes@w&eﬂ_’&f amj tradsimterctihected to

8 the input 115 ang, apg é@ﬁ%'vﬁﬂc‘é“ ﬁ% he #&f ALRACE, RAL Eu”;’.iﬂl@' aBectN&urrents
col | ectors of the transri’stors 135 are connected to
to other portions of the filter is connected to the emltter of the

transistor 105.
20 Between the input 75 and the output 85 the circuit has a signal-
delaying transfer. The product of the values of the resistor 77
"and the capacitor 87 determines the time delay. '_
The outputs 113, 115, and 117 are also inputs of the amplitude
_controi circuit shown schematically in Figure 3.
25 In this Figure 3, the input 117 is connected to the bases of
two current source transistors 119, 121, which each supply the direcc
current for a multiplying circuit.
l}e A first multiplying circuit is formed by six transistors 123,
125, 127, 129, 131 and 135. The transistors 123 and 125, 127 and
.30 129, 131 and 135, respectively, are coupled by means of their emitters.
A control signal is applied in anti-phase to the bases of the
transistors 123 and 125. Herelnafter it will be explalned how this
control signal is obtained.
The bases of the transistors 127 and 131 are connected to the
35  input 113 and are supplied with the signal A from a tap of the delay

circﬁit. The bases'of the transistors 129 and 135 are connected to



139. -The-outputs 137 and 139 carry the signals P and Q 5 t he

- anplltudes of which are controlled,in the opposite phase, by the first
mul tiplying circuit. The second rrultl plying circuit is formed by six ;
transistors 141, 143, 145, 147, 149 end 151. The transistors 141 and 143, ;
145> and 147, 149 and 151, respectively, are coupled by neans of their i
emtters.. 10 The signal A derived fromthe input 113 is applied to the base:
of the thhensnpitortlisnd Fre spapkiesf Wit the arpfieserse fﬂ%e’fté-ag dmected to '

receive 'frgecgf"fé:‘crtapgQ:prﬁ@rttrhﬁelﬁof:E ofp7t Bed |1@BU&re11:5nne'Eh:§db6£eﬁ of the
transistors 147 and 151 are connected to an . n ﬁO&%ICh an error

si gnal [®Ppt 1375aa?)mhieeﬂdlﬁﬁamfshé’fbﬁ'éee?%’?sﬂsﬁ rst %5 145 and 149.
are CO“%Fbﬁdp&@ 139, i I‘mut odtplats o13thasd) 130 E@frrgr tisd g;mgxhal[sePra}ndsQappl ied in-
t he opposite

ase. col | ectors t [ I 49 are -
i nt eP contct %d%%r?%e?f?’e‘:&’ iR congﬁ?lrlgﬁf rEmetrm‘réor p%f?%%llbt?l aﬁé‘,\“ g three
trans! StHes £F1bst mbbeiplydngGlirtuithe i nterconnected coll ectors of the
transistors- ;§5 %Qn%%mo@ry&nﬂ%may wf@mce%paylgﬁrtéa@émmscmiunctlons

as an integr V\/mc neasure of the product of the
error sitafl 145d Wie Wiyaad ﬁiebtﬁ\enéﬁﬁﬁsﬁ-éﬁq%%éﬂeﬁn@v&ﬁ’ t1ég BC the del ay.

ci Peuit. gpn 8y PLOSUGRH 6 1S RedraCof APRLE (AL tE6%s 2
contr ol 15'& 14§%‘ ES#%’rgEMt‘iv 124 t he bage oqut heé tr2n3| z}t or 5via a

pafy 125 Trmr séonpl dnderiged ?Mhé:h%twst 163, 19 @PPitehifetPasan® &*tifi cal
t ralnS' Zt He Q:angh%\ﬁ:bﬂg 1441) e’ir;ﬁet ESée l’d:‘.fs (5 G:l’raﬂﬁﬁstorT’ﬂB dénd':d’rmlecﬁécg mal i fs
applied in anti-phase to the base o ansi sto 3o r o
conpl eneffegiyet P SPETTS e 18Y " At §r¥ %{3 p&% gjrt i T %?gasggl stor, a
resi st Ortﬂé&ﬁﬁds%ﬁgmwlaaaorsﬂz& oenﬁedueul to ke imgut3053 @ woidber of di odes
177, 179, 181 a t he b of .t | converts the -
current sa’bﬁfd'ﬂﬁe%' t*thJi '_‘}p? T rgcrlls{?%t %%%étigg ageg#%’}&s%% 171 into
vol t #ges148 andstdid abkecdrneeected Thearainpfit @Sal ta ARG satnoFSrO}FGEiQI’PG? and 169,
171 are ngpleneqhgdyu?qget t519%2§aggrr%ﬂé%xﬁﬁ@c@ﬂﬂﬁbfaﬂﬂ opposi te, when

the volta across the capa Is at a value determ ned by the
resi st or srarBashocs 133, anghiléd arsl irtergporactedtand Foprechd i 2 FUFERRY ent i s

9 suppli geb- Dy Ebfcdlrtaﬂés}i%b%&ewﬁran]s&&or%Qs7,151]59 arsd i1sitde th@se at the

begi nning of the control &ction. The current rgs g
interconnected collectors of the transistors 14 151, which

., out put 137 and the collectors of the transistors 129 and 131 to an out pu@ 8

20 supply a capacitor 163, whlch functions as an integrator, with a
current which is a measure ‘of the product of the error signal and the
signal A obtained from the relevant tap of the delay circuit. Con-
.sequently, there is produced across the capacitor 163 a control

) signal which is applied to the base of the transistor 125 via a pair

25 of complementary transistors 165, 167 arranged'aszniartifical

~ transistor end having an emitter resistor 168. The control signal
is applied in anti-phase to the base of the transistor 123 via a

& pair of complementary transistors 169, 171 arranged as an articial
transistor, a resistor 173 and a transistor 175. A circuit having

30 2 number of diodes 177, 179, 181 and 183 at the bases of the transistors
123, 125 converts the currents produced by the pairs of transistors
165, 167 and 169, 171 into voltages of a suitable level.

The artificial transmstors 165, 167 and 169, 171 are complementary
and their base currents are equal and opposite, when the voltage

% across the capacitor 163 is at a value determined by the resistors

168 and 173, which value adjusts itself if no control current is



art!fi'pial transi stors 165_, 167 and 169, 171 are equal, so that at the @

begi nning 6f a control action the voltage at the bases of the 5

transi Stors 123 and 125 is equal and the gairn of the first multiplying
circuit 123, 125, 127, 129, 131 and 135 is zero. |f desired, the second

mul tiplying circuit 141, 143, 145, 147, 149 and 151 can be nmde inactive by
tedporarily cutting off the transistors 141, 143 by applying a gating

signal T to ag 0484 0 %42 mtters
of the transi st%&Hg§4¥§223tr\%i§5élgg%4e§1%&’- q‘%’i s o%‘sg %g?tﬁaef F%%Ete '?'he
control vol t aghe deginringaphcineorortgsl actirhat Thf Wwpent gadnsaft thgy of t he

first multi pI Xk@&;‘éhé?%r%n?ﬁt%k@eﬁsbywméﬂé ﬁfQ “f'ﬁl aPOtd b1 | Sof &b Red for
sone tine. In Figure 4 the signals Qderlvedfromthe

out puts 137 al”rﬁe P\?glﬁ‘?l’lgh@faﬁTﬁPP’f‘i?&ea‘EWrb*Pe C’P}E‘iﬂet at e BRRFSAOf 3§t her by -
an addi ng (i r gdhhsib86rand3agid hesl ilsOeinilUbAd 1Bé Guigh dBnef rarssubIael 11y

circuit havin .ei'ht ansLstQcrs 1,193, .1 197, 199, 201, 203 and 205.
The ot her i np “g‘ft #1%’ 32% géti c?‘#cﬁf‘fl 15?13?’ 1% %880l | ectors 20 of an

em tter-coupl ed pdifr dedired ansies serand 207, tigD@ingThixrauit plals o43,t hes5, 147,
subtracting - ciy e e ct d oIIectors
of $he transi s'? gk%’tdlgé%{] %Bﬁéﬁ?%g%%g}é;f Q}, mégﬁé\}g% &&QQQ f% Fl’?

out put si gnal $ransishess [F4asel43oby mpbmir}masgmsg @gnawa tpwm enput é1485,
falgower t ga”%hﬁrprgﬁt%égl si%r?aic 18 £ph el teoC NP h$t =208 tt'ﬂfee@rafn%%&}r%r s 219,

221%and Zﬂ and a onnected to zero potential O, to which al so
the bases of Hh#ér ti¥dnkkas fofiedeg187.193Nks does iREcHEect Biensortrelomriage

circuit of’ thatstdd eagddiner c1sragus6 th&mhﬂﬂtﬂtad@fs‘eeei oBYtHOEELSE i NG i N
t he: subtractlgg circult the q: onent of the SI nal _.at the |nputs 187,

189 by neans BFLSPLYHRS FRFEE: 8%??‘1@:‘? SPEAFRTS &F B € %t‘iqlaﬁ&r?ttﬁ 9 &85
197, 195 and 26he t288, 201, respectively, which are arranged as current

' ts, th ' : tr ' 20 9.
These dirdbt curr R ELAEE ATFVEIFPLE (R Si470r "l RN PR FoRhdS [ err]
) which is apphd et89i of dhei aggldsedd conturli Rpous t223ke 2@GedandgShentivy an

controls the bases, af-aeCiid Lah SRPLELPMIQl 147 I3 25062 Lpeddiing The

col l ector of t r ansi st or connecte
transi stor 23f¢iggudtahauingestohti transistersuilPlcdfpr i¥Pngldhr &89t R8hsiOBor s

235, 237, 239an8%dshatm g%ﬁéf?&ﬁﬁﬁ%% of the subtracting circuit are the collectors
: ‘20 of an emitter~coupled pair of transistors 207, 209. The outputs of
the sﬁbtracting circuit, which are constituted by the interconnected
collectors of the transistors 191, 195 and 193, 201, respectively,
supply clamped output signals in anti-phase to two outputs 215, 217
via two emitter follower transistors 211, 213, A circuit comprising'
25 three resistors 219, 221 and 223, and a diode 225 connected to zero
% potentialho, to which also the bases of the transistors 191, 193
are connected, forms the'output circuit of the subtracting circuit.
9 Clamping is effected by correcting in the subtracting circuit
the d.c. component of the signal at the inputs 187, 189 by means of
30 the direct currents subplied.to the transistors 199, 197, 195 and
205, 203,'201, respectively, which are arranged as current mirror
circuits, via the emitter-coupled pair of transistors 207, 209.
. These direct currents are derived from the error signal (+ £ and
- £ ) which is applied in anti-phase to two inputs 227, 229 and
35 which controls the bases of an emitter~-coupled pair of transistors

231, 233. The collector of the transistor 223 is connected to



. current which is a neasure of the nean voltage difference at the inputsr@y

227, 229 ts applied to a capacitor 241, which functions as an integrato
in thts collector circuit. -This difference current creates a control

~vol tage across the capacitor 241, this voltage controlling the base of the
transistor 209 via a pair of conplefntary transistors 243, 245 arranged as -
agartificial transistor and having an enmitter resistor 246, and the base.

- of the transistor 207 via a pair of 10 conpl enentary transistors 247, 249,
ar r angetheysoateshor ¢F dhgl tranghsidt 881 Har 2 GUWEeRt sIremFiecHitansi st or 253
such t hadmprakiRd itAPSe QGEHELJtBraMd3s, Phoge 289, tsBetlasasdidrebdiizet r ansi stors
207, 209. Connected . to the base f the transistors 207, O%Fi s a . further
di ode cFHRRFE WHED b%E MORFTEo8E i B LT &I EPEL B 1BES 15 257

and congert 226 his applsd 8o sUppbacidoby241)ewinidn furgitabns raansn Sintegraddd, 245
and 249.r ect i.vel i nto vol tages,o | t : f.or controlling the
ek ot SHBSCA N for IR0 B055 Plabe il PLG BYElolo)

ransi st or resistors 2 and 257 are

pr ovi dederitorod depittagbcaarons ride capagdtof 2dfie ®Wiisnpeltgoeigamgrellipe - The

pai r of JfJd S SEOk OB A 4 tpaifli § ChmSbRf PR sEold ent
source F?%?\%?gt%ftg%g%ﬁﬁ%%gsgé%ﬁvmé griili S conrp\%ct ed trgfthe tgrm' nal 117.

. Each Lagtr R4S suweresf agseR RehhfdRénttaeastsr ard feyine 22 #RIYSPEYI ded with |
Eu E a f&ﬂ&B&Tﬁwrsm tahanﬁas%tfef,t@ﬁ&aa@i%' g{e&e@ovrﬁ_@ e%_@_ﬂo#ﬂyhmans ofI ; g
roken |ines. ey conpensate _for _the irect currepis . which are applie
Do o PRIt A FPRRS L A 4y THETIEAS & BrERH il THEBHTStr { he

t r ansi shofesd380f L500aME @t efhrisdsEet @5Ppadueht tidt vasisiossideter -inol | ower

transi stor, 269. The_em.tter rent for_.the ) t -foll ower transistor 269
is suppF?%ld'pg?s% a%uFl?eer?tasg%uo%g;e:h%%rf’?%lnssﬁog oér?dpﬂ%@'The direct current for.
the pair of Connerdiegt to $+h@gseB3Cf ithestyppisietbusy 207 ,c 3PP et asbuntbertr ansi st or
273, Tha,Bases gl f ey Cukh eisas MGl 98T LOLY BAt-abthedls Ae control | ed

by a resisto two trandistors 277, The generation of

t he HonBPblandorenugste dihebeunrenssrarrliedrdicthanattificipl tegneistgrsff the

transi sbgss 533 land? 339 BesPEANSe®), Ank8l¥diages bt SidAakbik abiai wed from an
I nput 283 and applied to'the emtters of these transistors via a di ode 281.

Then t|1E°Q&ﬁ°@é§%9E%BFOES?th%f the pair of transistors 207, 209. The

resistors 255 and 257 are provided to adapt the control range of the
clamping circuit. _ _
20 The pair of transistors 207, 209 obtains its direct current from-
a current source transistor 267, the base of which is::onnected to the
terminal 117. Each Laguerre section, as shown schematically in
Figure 2 is provided with such a current source transistor, as indicated
in Figure 4 by means of broken lines. They compensate for the |
25 gdirect currents which are applied to the iﬁputs 187 and 189 by means
'+ of the signals P and Q. .
The base of the transistor 253 is connected to zero potential
9 ) Xig_én emitter-follower tranéistor 269, The emitter current for the
emitter-follower transistor 269 is supplied by a current source
30 transistor 271. . | _ '
The direct current for the pair of transistors 231, 233 is supplied
by a current source transistor 273. The bases of ths current source
 transistors 271 and 273 are céntrolled by a resistor 275 and two
~ transistors 277, 279f -
35 The generation of the control voltage can be temporarily made

inactive by cutting off the transistors 231, 233 by means of a gating



capacitor 241 js not affected. The outputs 215 and 217 of the cl anping <é§/
citcuit of<- Figure 4 5 constitute outputs of the filter circuit and are
als@ inputs of the circuit shown in: Figure 5. In Figure 5 the clanped
signal at-the inputs 215, 217 is applied |q anti -phase to the bases of two -
transi stors 285,287 which formin conbinatiton with a transistor 289 '
ingyuded in the emtter circuits 10 of these transistors the control

Circiut 63 of L guser bockle eDld h fiRabedshac ARRLL 48 10 WHEhASE P! the

transi stor 289 € TManner 1n ntrol naI i s obtarned Wl |
descri bed her ethesiet bransAstenspyvis @pdéedecdbt. c@hﬁﬁlltélﬁngokbmetaca’n% sthers 291,
293 and a resisinl; 230 g fgq‘gg%@egggd/veen the collector of the transistor
289 15 and the emtters of the transistors 285, 287, so that the control
for the signal at The qyiBeks (?flst#ﬂé‘ PR RS Eheycdanming ol Fubb Rt Fagunes 4a
threshol d gont géHstis@td Batpuitst ¥P-thevell tek gfidlcul € ddasid iat slerghtaiisch is
determ ned by the control voltaﬁg at: h@e base of the transistor 289, is
obt ai ned at t hEPCGrFEtToFROBY 1R HHFamsi stors 285, 20 287. when the base
of the transi st or ZBE'mgar@ds,l tthe eclainpd rseg:mmattimet hepimse1df 2tifels applied
transi stor 287 e, Lransi st e [ X
Conguct s, so t AR RlE & thaTiibel ol tho el 00244987, 208 G2, 10,
via the transi mr@rlnéwn whin at hearisdstorn 289 himclndes ilnt tre 2BbtHes abrraiye
W th respegt tQet 3454n [ v/ | ren |

é&@s% Q:isttoPs = t{J‘n 333 éf:%ﬁ.g%%B %? B%. é tthé c%‘f@r%l o

t hé®t r ansi St or he 'signa e inputs re al’so appl |

‘the bases of - t fkgnel apingt appdigd 7to the. b#ﬁ@%@?t%?a@swt%?%- aflee @epneLt ed

to the collectgh wpfich 1Hi1EC&InteY] r2Bhal l1ANSHELAEd 3071 Vbl de88H iHeAl Seraharidd3,

‘their collecters _being connected to the collectors of the 30 transistors

285, 287, resphdtiivsf Pc%@““&tc‘éﬁﬁ'?é'ﬁﬁjé??cémttl"FénﬁJcﬁtl°§Et%?r1’c??%&F‘? df these

four transistopesid@br 287is %Q‘Zaﬁ?cj'&ﬂl st&efﬁar}sﬁél aomédtef&rmehde&ﬁhmgﬂoﬂgzss
of t I

t whi ch, t t t
[ ansi st or § 2094 306 Shxléts BefURL seeraifEns BELAThor by the e BEShor
285, 287 and hfad nye asigaapldt mlde hdsesmﬂﬁheltxanstmmblm aes? opetstes af the

Lransistor 289 Ny OioLR. 493l oo Bhee SURALIAGLE LALLM Qg ARsibe. g LN

.the error S|gnal I'S ap

out puts 307, 3@BLchThs ﬁeéprrmimegllgme\:hel@rﬂml twoid tagsplatethe bash@fbhbles of two

transistor 289, is obtained at the collectors of the transistors 2853,
20 287. when the base of the transistor 285 is positive with respect
to the base of the transistér 287, the transistor 291 is cut-off
~and the transistor 293 conducts, so that the current of the current
source transistor 289 flows via the transistor 287: when the base
of the transistor 285 is negative with respect to the base of the
26 transistor 287 this current flows via the transistor 285.
The signals at the inputs 215, 217 are also applied to the. bases
of two transistors 297, 299, the emitters of which are connected to
9 the collector of. a direct durreht transistor 305 via resistors 301,
_ | 303, their collecters being connected to the collectors of the
30 transistors 285, 287, respectively. As a consequencé, the collector
- circuit of these four transistors 285, 287, 297 and 299 forms a
dlfference—determlnlng circuit in which the output 51gnal of the
filter, applied via the transistors 297, 299, and a reference signal
supplied by the transistors 285, 287 and having an amplitude which
35 is controlled at the base of the transistor 289 by control signal,

are substracﬁed from one another so that the error signal is applied



transi stors 311, 313 and 315, 317, respectively. The emtters of the C;;zj_

transi stors 313 and 317 are connected to the collector of a transistor. 3

and tHe enmitters of the transistors 311 .and 315 to the collector of a

transi stor 32%, the bases of which -are controlled, respectively, by the

signal at the inputs 215, 217 and the enitters of which are connected to .

. thedfcollector of a direct current source transistor 329 via a flip-flop
circuit, which functiens as threshold 10 gircuit and which conprises two :

transi st®rotaorhassrs &ngnd gs §q &po $FPutE 202, WPrent mirror circuit

conpri sing trhieee:trbﬁrﬁgawns Bdthed3dppandd &%tﬁé\d:aaeﬁ&m si®r 336, the

anS|stors d 317 are %onnected to

I nt er copnect e coI | sfct C{ ng | 2 %% t
the int S¥5ARETR4 013 c?rb S1o¢ hé SRR TE 3 FHG %15 °%so that the
| ast - metite ctnenisisrbans@ﬁoasd 1357s¢@pbynraecdedi ft@r emgzodﬂ.lea:t@mt of @ a capacitor

337 whi gl {4068 0339 8543 0nd “Eﬁ%&ﬁ:ﬁrof ek Se. At S ?}]f%é ef)fs pyoducing a-

vol tsdge across that capacitor IS a measure o al ue of the error

si gnal e cpplederpgf tarléréﬁ-’g-ﬁﬁ?r R 1t Hdeobrsas ofiviieh e cprtmolledr. Via

‘three epiddesttdaly, Owrthtergﬂga'aité)i $h83hpuBéd 131534312804 anOefiftbsE OF 345 the
- voltage at the capacitor IS ap E|Ieg to thé emtter of a transistor 347

‘theg bas® FIGRIRAT FEEGHRECCeENT §OFEFTOpoPlrt FaFednGusiifeseSBIFect or
appl i estian®aBtsm|329i @'raah £33 p¥ilog Itaﬁﬁlﬁf,owrﬁc&49unc3:5$ns Wi gherreEmaIR current -

or cjrcu e transistor  289.. The to 305 .and formin
oot Wl bR Ees b 58 s 105 SoA N8 218 o308 08 20 LT I
m rror $¢ig @urtrngmtchinrorcoitcudt |@apbisiagr dwiest brar339tdasoaBre3@3pot enti al .

The dirged sQHIEeNtsralieePPldeedkos hiE SalaBkOLs abeltie crasi stors 285,

287, 29 ] Via resistor emtter- ower transistors
365, 36%ansisters8dlgind: Ats arensannertddtpother igtencoanedtedoralligatersy been

connect € dk Bratslitedde 3hevel b5 Z%anthQ‘Etém '1§£t¥rleﬂt§or{e%5t§atr%&s%&de
net wor k 369 371, 373. The resistors 36 363 are | owval ue resistors and

conpénsERPLY o? HrfferensguaritenEsty A Fﬁ@%#%sﬁgtw&sés\ctsms Fhe
transi siwrintddsatrngd &ik Gﬂff_ebﬁn&eeﬁﬂﬁfa{tl byodwtn@fa‘ vBytaye38clsi tigatsi gnal T
uh o SIS APREY, (0o Mo [ Y LA e e SO PENRL |
vol t agebytthehsigrapact tthe 3¥put sighdl Fefr théefidake. of clarity, this
constructi Oﬁ._a?fthlf:ieguerm%.éeé r‘1L:O\.ll§,fower transistors 339, 341, 343 and é
.20 resistor 345 the voltage at the capacitor 337 is applied to the emitter
) of a transistor 347 the basé of which is connected to zero potential

and whose collector applies a control Signal,to t&o transistors 349,

351, which form a current mirror circuit with the transistor 289.

" The transistors 305 and 329 form in combination with two transistors
25 353, 355 and a resistor 357 a current mirror circuit which is controlled

& - by a resistor 359 from zero potential.

The direct currents are applied to the collectors of the
transistors 285, 287, 297 and 299 via resistors 361, 363 and emitter-
follower transistors 365, 367, the bases of these emitter-follower

.30 transistors having been connected at a suitable level to zero potential
zig a resistor-diode network 369, 371, 373. The resistors 361, 363
are low-value resistors and compensate for any inequalities in the
transistofs 365, 367. _

- The transistors 319 and 321 can be temporarily cut-off by a

35 gating signal T which can be applied to an input 375 and can take over

the collector current of the transistor 329 via a diode 377. This

' does not affect the voltage at the capacitor 337.



twe threshol d circuits 291, 293, 295 and 323, 325, 327 instead of the sol
thr—eshql d circuit indicated in-Figure 1 by neans -or reference nunmeral 31.
The non-controlled.circuit 22 of Fi guresl can, for exanple, be derived from
the circuit shown in Figure 3 by arranging the emtter- collector path of a
, transistor;” the base~of which is connected to such a voltage-that the _
triwsi stors 12Fcanthd 2akaref azltarﬂfyf,, this [mnathe:ltimtéf IFlilgu&mSt 's&éwstol I ect or’

path of the tr | ti I i ng,
del ay ci rc%?'? %Lr% ﬁépc{w% g/s éét%gff%gd% t‘g 33% ’}g:leng uits, a
differ encethdescellentlmasglomd rc;mctut gmdficaddngnafigaureot ki gaats lbet nefsreace
si gnal w& % gr.rect ed by the filter and a reference signal having a
wavef orm subStantially corresponds to a desired wavefarmfor the

si gnal corr ect ditebgon-sontidiled chrayitu?? ledr Figureuilt sarf,ofonExampleay control
si gnal s fosetct@n%g@uzromdeq&@tt:as&t Cshewﬁeaa Ieﬁlg %%rtﬁgL?ﬂr%QHet&l% tEr-

control led g nmeans of said error signal eac ing crrecurt

for the si GREIeCESF ratiedf 1y trRBSiStorer the hase fe Mhich lisncetnectedicta ef ef ence
signal is gléRiaedfdRMeAL: %Epeéme&seow&%hatddﬁs r&y Lut.oof%n {pput of
whi ch the s nal _.corrected by the filter is appli via the clanping
cirwuit, Hlghpriid Ehe c?ﬂ’tttﬁﬁ‘l'%lac’é‘éﬁﬁtpﬁ@l’ Sed FB‘EuttraPﬁlmrcﬁZ?he level of
the srgnat' at “ttre input- of the threshold circuit i's corrected to a desired
\! f a level control signal obtained froman output of an
i nt grator is driven by the error signal. 2. An adaptive filter as

claimed in daim 1 Arg RaaRtiver FASET| FPMPNASINGhe 2 cRelRYi FFRHECEARS €Bnprises a

mul ti plyi ngndhr ebé tconhbéted” tb Sanpiiph@d cbﬁtédlecﬂb&ﬁl& of dibeeddniegrator and
to an output, of a direct current source. 3. aSagsl ve filter

subst ant | aff§FEEENRE SHRBEDFRT FESBITDER ﬁf‘f‘ﬁ' Fe‘F Besg ?h%"g&'t‘%orrpanyl ng
dr awi ngs. wiieH estcdrﬁsethat &yeﬂhe‘ if¢ BteroRnBas rleeet‘errcepéﬂghaaeﬂa\b.yxgphot ocopyi ng

t he appli ca ‘%e to&l& ggl 8SELdy &na?‘lrt MRy, Lt aldgs fqewﬁvé? nt s which

are difficlf rea eorlg yescrlpt S6Rt AT i
‘anendnent stimnysigeal ropeetted by theefpktem, sarsl Fhrthesr Eatten-ttsc}cfn obtamitle For

Crrourre SR pgh S 08 5L Hln B RO M St ol
circuits are controlled by means of said error signal, and include
a clamping'circuit_for the signal corrected by the filter,
characterized in that the reference signal is obtained from an outpu£
of a threshold circuit to an input of which the signal corrected
by the filter is applied via the clamping circuit, the clamping
circuit being a control circuit in which the level of the signal
at fhe input of the threshold circuit is corrected to a desired
level by means of a level control signal obtained from an oﬁtput
& 'of an integrator which 1s driven by the error signal. '
2e An adaptive filter as claimed in Claim 1, characterlzed
in that the clamping circuit comprises a multiplying c1rcu1t which
is coupled to the output of the infegrator and to an output of a
* direct current source. .
3. An adaptive filter substantially as hereinbefore described

wiEh refe;ence to Fhe_agcompanyihg drawings.

The text of the aspecification has been reproduced by photocopying the applicants origlne.l
typescript., It may contain s few amendments wshich are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office



o .
the sole threshold circuit indicated in Fi guFl l"lﬂ}'"'mmm["lrererence @
nufreral 3 . The non-controlled circuit 22 o- exanpl e, be
derived fromthe circuit shown in Fi gur.g 3 by arr ngf‘ng the €nitter-

collector path of a transister, the base of which is connected to such a.
vol t age that t-he-transistors .23 and 125 are cut - off, in parallel with the

erfitter-col | echof thRt Bakdlost BsaslrtantﬁiQHaZ :u&!iéh'\@s Ip1 qur@Ns agARLI Ve

filter conprising, a delay circuit taps of which are connected to anplitude
“control cﬁ"’(ﬂutf‘%es*‘é’ di ‘F*iﬁ”éﬁée”’det‘@?m Angrei ?%3u| B82Por33Toinstrpdanter ror

si gnal bet¥ReRofe SrgBgho Mgt GOEE€£¢RM :RYridig of | tEmeaRd & rr%f-SE@.-EE‘ee
si gral havi ng a wavef orm whi ch substantially corresponds to a desired
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