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PCT/ 1 B98/ 00718 Apparatus for processing a signal received via an .
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to an apparatus for processing a signal réceived via an information
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An apparatus of the type defined in the opening paragraph is known from
US- A-4, 905, 102. The known apparatus reads a signal froman information

carrier by neans of a receiving unit. The signal thus obtained is
subsequently applied to an equalizer and a si gnal - processi ng devi ce.
The known signal processing device includes a circuit for | mprovi ng
the applied signal. It has been found that the known signal processing

device does 10 not effectively sugpress sonme di sturbances in_ the signal.
It is an object of the Theianeution relates vproappatatissioy processing agigmrhreceied via
i nfluence_of. jinter-s ol | rference, such .as | ow.frequency noisg and
Vari at1 ongh gpropior YERR, LR Rl SompHEE i Suaihieh RHERTe B Bre zer o
Crossi Ngs récRivimie thel Gfrall San dqualiBérsar@ndsighdl rad&essil @edice Pr ocessi ng device is
characteri‘’zed in that the signal processing device includes: [err]

a first and a second signal path each having an input and an output, the

first and l,gnal h havi ng_their inputs
coupled to an input of %%ép%%&%ﬁ%?? &.%’}Q}pé aefified &aﬁ“e P WBE%@Eaigﬁﬁ’hdlég‘i%c?g,n from
[err] US-A-4,008,102 1 The khawalappahtis rées Woiigihl ioie afl ShRYmMARE SarridP by niedhs |
the second signal path including differentiation nmeans adapted to ef¥ect at
| east of a receiving unit. The,signat thus ohtained; is subsgijuentlycappicd te an eegwalizer and a
[err] . r b ] in | enent vin first _.and a second
signal i nS‘&t“?“BﬁFgﬁ%ﬁ% &IVEC%' ﬁei&%‘&’ﬁ ngn% ﬁ;og ssg}ggtﬂeg/llcel %ﬁﬁ‘f‘eﬁ 3 CES%?%rd to the
out put of ihproving sie @EQ&Bbigﬂﬁt Bt Ba3chewhifGdhd that the known si%nal procee§ifd deHitdo6ds
input is coupled to the output of the second signal path, a control 25

si gnal 19 npgt eHeqtiyelyctPPEssE seiBf disturbansas ifhessightdd for setting the

control | abl e swtching elenent to a first state or a
second state, and a signal output coupled to the first

~signal input in the firlsts at abjcrsfthe dnveneion t@ ihpoveate Signal ynAldutinp Whe
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_influence of inter-symbol interference, such as low-frequency noise and variations of the
average signal value (baseline wander), on the zero crossings in the signals. To this end, the
15 signal processing device is characterized in that the signal processing device includes:
® a first and a second signal path each having an input and an output, the first and
the second signal path having their inputs coupled to an input of the signal
processing device,
[ the first signal path including time delay means,
20 @ the second signal path including differentiation means adapted to effect at least
two differentiations with respect to time,
| a controllable switching element having a first and a second signal input, which
first signal input is coupled to the output of the first signal path and which
second signal input is coupled to the output of the second signal path, a control
25 signal input arranged to receive a control signal for setting the controllable
switching element to a first state or a secoﬂd state, and a signal output coupled
to the first signal input in the first state and coupled to the second signal input

in the second state,
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second signal path. The controllable swtching

mentioned in US-A-4,905, 102. However, it can be_used in any gﬁgaraxus in
decisigan as
us 1's characteriz

e appara ecCl S1 on .

the signals a | e o the first and t @seconfi J nﬁut. In this
e control sign .Aéiagrﬁaqlg on

apparatus 1S’ characteri z | nput o e signal processing
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iand 2he cAntembodithéns of the appangtus isecharacterized in that the decision

circuit further includes comparison means for comparing the amplitudes of the signals applied

to the first and the second input. In this embodiment the control signal indicates which of the
signals on the two inputs has the larger amplitude.
A further embodiment of the apparatus is characterized in that the input of
30 the signal processing device is adapted to transfer a sampled digital signal and the time delay
means are adapted to delay the sampled digital signal by a time which is substantially equal

to the time delay introduced by the differentiation means. The time delay means then ensure

P

that time-equivalent samples are applied simultaneously to the decision circuit and the

controllable switching element.
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It is to be noted that from US-A-3, 252,098 an apparatus is known which
I ncl udes a wW@ym079 ocessi ng devi ce corr?ri sing tinme delay neapsrasyd egris
circuit for effecting two differentfations with respect to tine.

However, said appar s negither, i ncludes_ an equal i zer nor conpari son
means, and Swi tcE\Png u%\F&. e goted that from US-A-3,252,098 an m@uwdk@mewhmh
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I nvention, . . JFigure 2 shows a nodification of the
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Figuge 3 diagrammatically shows exanples of signal waveforns with the

aid of which the operation of the signal processing device in accordance
with the invention i $hdse andpithérrmgects of the invention will be described ifFmgte @etdili s a
bl ock di agr of an en@odlment of an apparatus in accordance with the
i nventi¥ ir%[gf%ef‘bm’ﬁ RWHES| ayi ng apparatus. The apparatus includes a

pi ckup element 2 for reading the signal fromthe information carrier. The

pi ckup element 2 20 includes a read head 4 and usually also a preanplifier
6. The output of theFjguekdds albdoekndiagram of an smbodintend of an apparamytin 10 of a

signal processing. device 12 via an equalizer 8 adapted to equal i ze the
Si gI]I§| .fc?ﬂ"éiag?egwgf‘ ¢ -9y device 12 has its input 10 coupled to the

- inputs of a firgfousd éw?%trﬂo&ig%ﬁm Gt l?ngs?%ﬁgr gi'&@?sjmﬁgaé\ncelﬁmrv-ﬂ he

 first signal path 14 i'nclude

means yi ng the signal.
second Eiggreal, path 16 includes neans 22 for at least two tines 25

-differentiating the signal, with respect to timne. ) . A
first input 36 of a %Eﬁlf‘? glﬂ%?@"mﬁ shoyvsetramples efasigral waysfosers gthathe

.controllable swtchi'ng el ement

out put 48 dFfwiiBg e 6p°c}at§1in%e Rt ﬂfbceﬁ@in%ed‘t@g{ieigt%%rdﬂﬂc@&/itﬁ ,pvention i

38 1scou to an out put e

i secdhd eipjainéd.path 16. A control input 42 of the control | abl e
“switching elenent 38 is coupled to an output 34 of a decision circuit 26. A
. 30 control signal on the control input 42 of the controll able sw tching
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i el ement 38 determ negigyre 1 iWASSIBEE fﬁaEﬁm{ bfgﬁ_ehi%ﬁﬁnéﬁ o‘?rantﬂg)ﬁax%ﬁféQHd i nput

40 of the controllable switching element 38 is coupled”to the output
44 of tapsordsnce wiithabe éinvention in the fokmmdra plaging apparatus. The apparatus includeshe

stgnal prRgeeRhib 23 fBaRBME slglal kot Be InfoRNaln LARE"THE SRhclh Lliment 2
20 includes a read head 4 and usually also a preamplifier 6. The output of the pickup element 2
is coupled to an input 10 of a signal processing device 12 via an equalizer 8 adapted to

equalize the signal. The signal processing device 12 has its input 10 coupled to the inputs of
a first signal path 14 and a second signal path 16, The first signal path 14 includes means 20
for delaying the signal. The second signal path 16 includes means 22 for at least two times
25 differentiating the signal with respect to time. '
A first input 36 of a controllable switching element 38 is coupled to an
output 28 of the first signal path 14. A second input 40 of the controllable switching element
38 is coupled to an output 32 of the second signal path 16. A control input 42 of the
controllable switching element 38 is coupled to an output 34 of a decision circuit 26. A
30 control signal on the control input 42 of the controllable switching element 38 determines
whether the first input 36 or the second input 40 of the controllable switching element 38 is
coupled to the output 44 of the controllable switching element 38.
The signal processing device shown in Figure 1 can be implemented with

analog components as well as time-discrete components.



anal og conmponents as well as time-discrete conponents.

Afirst inp the decision circuit 26 is coupled to the_qutpu of
t he signal g}é%%"%fz;ﬁ A second input 30 of the decision circui tp%q%g%?:ﬁgp} ed
to the output 32 of t he second signal path 16. The decision circuit- 26
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si gnal input 102eisajetayed py NMcdlockkpgrivds afld is applied to the output 106 of the firs¥kimecond
subtracter circuit 122 has a first input 124 coupled to the output 120
of t he ddaoslament 04 ihe pasaasiehM 1 gnid functien Ayja cARYANt MABINE A, Halue) SEestel he

out pyt the second subtracter circuit 122, and an output 128 for
traglgf e‘%‘%‘?ﬁgfeﬁ‘hael t(s)ulbt raction result. 25 A mltiplier
circuit 130 has an i Apfitst $@iraceen piredit 108 hhe a dirstpinputl P adupldieto the inpmedOnd
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together forma circuit for a first-order differentiation with respect to
time. The signal on #hsecond timetdelay démentf 1 i8nkasfanrisputsLitst caupliast tocthe oufput 108

corres ds.to a first-order.differentiate i gnal . received.fromthe
i np&ﬁ E 4t {r‘ﬁe‘“mrﬁﬂ%ﬂ c‘ﬁ%‘c@s?r’r‘?ghaﬁ&?i Q}gpl.itglzﬁ for transferring the input sgnaf) The
second §djRddsy BY cletRPBAbds1 18 and the second subtracter circuit 122

together form™a circuit for a first-order differentiation with respect to

time, the output sigdasecond subtegcter isirceit 1g2ihas bdirsiginpus, B34 eauiplethte the gntput on
the out & ofL 518e s%fcorg gm%%%&r)}delesrﬁgx}trﬁgf grsegoinacl%&t 126 coupled to the output 128 of
the second subtracter circuit 122, and an output 128 for transferring the subtraction result.

25 A multiplier circuit 130 has an input 132 coupled to the output 128 of the
second subtracter circuit 122 and has an output 134 for transferring the input signal
multiplied by a constant %.

The first time delay element 104 and the first subtracter circuit 108
together form a circuit for a first-order differentiation with respect to time. The signal on the

30 output 114 of the first subtracter circuit 108 corresponds to a first-order differentiafed signal
received from the input 10 of the signal processing device 12.

The second time delay element 118 and the second subtracter circuit 122
together form a circuit for a first-order differentiation with respect to time, the output signal

of the circuit being inverted. The signal on the output 128 of the second subtracter circuit



122 is inverted because the coupling to the first input 124 and the second
I nput 126 hagolyeorss I nterchanged with_respect to the coupl igerigesbées
first ‘input '1.10 and the second i nput 112 of the first subtracter o
circuit 108. By neans of the afore-nmentioned circuits it is achieved that
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Tabl o 1 PappAGCHEi RRERE ABEMIRD B (1S Gecision Gireuit 26. In
the 15 Tabl e the parkMueéces, thbllinendelhj\elennt ¢o4 M tHehprebentendguinveh rdvides
sanpl es on, respectively, the first input 24 and the-second input 30
of tH: detmsidsieycvhichils Substantplly gl 1 fie W dlelay introducsgcyi thy supressier pba
to be tr 3%:%{-&%% hﬁfér?x’?tia%%ﬂgi}%git{‘%c’?ﬂ&%ﬁﬁifs‘ﬁ@g %@F‘E%. A8 2 PslfEHS d%,ji ibf'e
control ‘signal. ndition g&rterton 70N

Acti.on circuit 26 and the controllable switching element 38 receive time-equivaletX kirfipleoat theize
Criterion false 20 1 not applicable | N2| > | T N1j select [IN2
sel ect IPpyts. 2 pol (1 N1)=pol (N2) | N2 > | N1 sel ect IN2

TR select i TIBdebRAa G LBt horsiddr B becisipfeircui 8, B Ine
{IN2 15 sSkdbdethe parimeters IN1 and INDog¢predeh) flertithpebgivhiznt saniples on, respectively, the

";_; ; gls ;CL | efl'u{;%j@pbgi %lgg %gch gcgéq: %t%ué 30 of the, fecision circuit 26. Th;erallz?slt %w% cl%r?n%

' specify the actions to be transferred to the controllable switching element 38 by means of the

control signal.

Condition Criterion Action Action

Criterion true Criterion false

20 1 | not applicable |IN2| > |IN1| select IN2 select INI

2 | pol(INl)=pol(IN2) | |IN2| > |IN1| select IN2 select IN1

pol(IN1)#pol(IN2) | | IN2 | >2x | IN1 | select IN2 select IN1
3 | poi(INl)=pol(IN2) { |IN2| > |IN1| select  IN2 select IN1
pol(IN1) #pol(IN2) | true select INI1 select INI

25
Table 1 Three possible versions of the decision circuit

The first embodiment of the decision circuit 26 utilizes a criterion to
determine the action to be transferred to the controllable switching element 38 by means of
30 the control signal. When the amplitude of the signal on the second input 30 is larger than the
amplitude of the signal on the first input 24 the controllable switching element is set to the




Theqfi rst enmbodi mrent of the decision circuit 26 utilizes a criterion to
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{
he operation of the invention shown In Figure e expl al ne

36 of the controllable switching element 38 is coupled to the output 44 of the controllable

25 switching element 38. -

| A third embodiment differs from the second embodiment in that in the
case that the signals on the two inputs of the decision circuit 26 have different polarities,
always the first input 36 of the controllable switching element 38 is coupled to the output 44
of the controllable switching element 38.

30 The operation of the invention shown in Figure 1 will be explained with
reference to the diagrammatic representation of the signal waveforms in the time diagrams in
Figures 3a, 3b, 3c, 3d, 3e and 3f. The signals in the time diagrams are time-continuous
representations of the time-discrete signals used in an embodiment. Figure 3a shows the

error-free signal before it is stored on the information carrier. After the signal has been read
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reference to the diagranmatic representation of the signal waveforms in the
time di agr ays 9b/80796 Figures 3a, 3b, 3c, 3d, 3e and 3f. The gdymaggohs t he
time diagrans are time-continuous tTepresentati ons of the tinme-discrete
signals used in an enbodi nent. Figure 3a shows the error-free signal
bef or e fiam ite infenmagioneartias hynfmeanseafi opickaprélement/Z and hahbeeni egalizeddyy Been

d . f. i nf.ormation .carrier, b i ck- |
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Figure'clearly shows that some peaks in the si ?,nal can drop to val ues
ar ound viahees avanmdthe sivepagd signaluvaluesassa resplilof baselisgswanden Amadesult gfsthis, thesul t

of this, the § ze crossings of these peaks sonetinmes cann be detected
or o o 4% SOPSRESR! VR Bk qometimes cannr be dP@rR o A otefind 2t Ing rDE 1 ¢
det ect q]{%stéﬂ_?,t fot Ruple, e%a;i@& bRt Ros RA), Figur®Btahows tlfénsi%ﬁh? out put
28 of the first S|gnaf path 14, which includes tinme delay neans 20,

when t lobtanaghen thef owrpefLidSeoBthei firsagiphdl @ath 14, which includes time delay meapp @4, t he

signal sho i n _Fi e 3bis differentiated two tines in that the 10
second Y& FSWLgEE’@ﬁ%?hdﬁngns 22 for perforning two differentiations

with respect to WHER th@ sighANKowASIn FIgWYR IisFdiffeFeRtidedd itk oAhadi iAQHatQRe t he
out put 32 of the second signal path. . ] o Subsequent |y,
t hel®i gecdndssignal path 19 neludesaneansl 2Zifguperfganing twp giffergnuiazions with respect 10
respectively,. the first .i nput and t.he second i of the .deci sjon

i rou iy bighalcasmanain Fiktrefy & ibind SEERSunO of e bl VERTBNT o
Table 1, the output §dbsefudnig, dﬁcsigma@@h@wmyﬁ%@@ 3tand Fipdel RBiscappRed foh)!
signal as shown in Figure 3e to the input 42 of the controllable swtching
el ementreg®ctively, thediirsy Mmput24@0d desr sesopd input 80 of like degision circeit.clfithg Necision

he | ow,val 302 d ' N AP
' he Lokl SR scensadi® HRERERID LBt TaRe p e ATk hfcinon gruizs
congsol siu??i_ic% £ 0brited)i sithab h€ BgWn S0FRAEE 845 RSinpiitad2 bfl&le_sd(ﬂ&%hsmal@ﬁﬁtblﬁd%t 0
the first input 36 20 and the second input 40, which signals are as shown

i n Fi guelemens ¥ dltei ijgh valyg, 300 correspands ¢e theeagfionaSelech NP edtthe lave value 302
44, as %f&ﬁﬁ&#&%‘%%’%fOﬁe?B?%&'i'ﬁll“ as shown in Figure 3f is obtained.

In the e zér'o crossings are nore in conformty with
t he zero crossi mys cofitrélngtgmil isgowalin Figiralle (fapplicd tdathe ifpun 421t ther o
crossings in the signal (Figure 3b) on the input 10 of the signal

pr ocess¢anoliable switehingzpiement 38 and ensures that the signalyjappligtbtastie it inpHato ¢ he
ehof AR tAULH BpbeSE WhBR stihbls did ol B P i Figure 38%and Hibik 4R, o ement 2
has “beeR given HErery by way o axanpre. the T nitor mation Carrief in

sai d enjegplcively, afscdupled fohthe foatpm a4, as & apitasf wihish a sifnvat\ae shown treFigaté vel y
a receiving. unit can be adapted to receive signals via a_digital

. transmi skisAbtaingthda the sigapl v op Sh¢ zerocrossings alp morg in cpnformiy siththe An

T om saraochpBRgis B ushodl g (FREATbONal B A5 ORBRE LT 0¥ Nigh? (KR
i nt er f eB@nmethe inputol) bhthezségmal praxessimgydeviée 1hese signal s.

25 It will be evident that the embodiment having a receiving unit in the form
of a pickup element 2 has been given merely by way of example. The information carrier in
said embodiment -can take the form of a tape or disc. However, alternatively a receiving unit
can be adapted to recgive signais via a digital transmission channel, such as signals via a
cable or via the ether. An apparatus in accordance with the invention improves signals

30 received from said information carriers by reducing the influence of inter-symbol interference

on the zero crossings of these signals.



CLAI IVB 1. An apparatus for processing a signal

recei ved Vi ayghgjphtfogr MaLI ON carrier, whi ch appar at us Conpﬁtfﬁﬁhﬁ&hls
succession a receiving unit for rece|V|&g the signal, an equallzer and
a signal processing device, characterized in that t he signal processing
devi ce CLAIM® !l udes: 5 [err] a_first and a second signal path each

havi ng an input and an output, the first t he second

signal path having their inputs coupled taw g ” t si gnal
processi ng devi ce, [err] at h including

time del ay neans, [err] t he second S|gnal pat h i ncl udi ng
differentiati on neans adapted to effect at |east 10 t wo
differentiations with respect to tine, [err] a controll able

swi tching el enent having a first and a second signal input, which

first sijgnal input i %IFQ%@.E R p&&’csﬁﬁ%@‘éiglﬁf rercgfve(ﬁ liSin fifeRRdtioRatarignd

whi ch ond si‘gnal put” is coupled to the output of the
second ssihjc’:adlpnamt\lrs, ccanpums frofuccession a receiving umnit fomrgmhng niptisigaaly amged to

receive a SJ for. setting.the controll abl e

Swi t chi ﬁg‘“’g ats’@ I?IPF%‘Fmgtd&Y‘ée aéacé"égﬁﬁidn Gy the s‘&ﬂ%} LOCsSHAGIdeRIGE put

coupl edincludes: to the first signal input in the first state and

coupled to the second signal input in the second state,

} errj5 @ a fisst and arseanind signat pathieaqx ha\ﬁng 8t impwd aadsaacmmmj theufirst avid ch
I rst signal

Jirst input is co 0. af

bath and whi ch SebOREOPHsigal Eadk Beyipe dheir P SouRteats anSnput b the Sgiaity %oy
the second si gnalprg@iséing @Bdcdlavi ng an output coupled to the control

i nput of the controllab%e smntchlng el enent to transfer a control signal,

the e the first signal patbnnai\lldmglmnetxtnla}gmat@t ed to supply the cont f ol
fs: ?2? | aln ,? ﬁgeggetgggeq%ﬁgﬂgnal path nf.ludmg dxfferennauon ed naI gﬁgf (Lﬂ %fgecagt agi med

in Q@i m 1, char aglafifféRdubtbos Wath fdifecl @ tifleOn 25 Ci rcwt further includes
e'_,orrparl son means for conparing the anplitudes of the signals applied

f0 the f®rst and 2 ¢tentesdlebladwitehing element hgving a first and a second signa pypsit,awhishas

%Cl aimed in Gaim f%fst &Qx?{laxﬁﬁueirlls %gxgplé{' tot t?le ou%pr\]l? 09%? fsn's? signal path and which

second signal input is coupled to the output of the second signal path, a control
signal input arranged to receive a control signal for setting the controllable |
15 switching element to a first state or a second state, and a signal output coupled
to the first signal input in the first state and coupled to the.second signal input
in the second state,
® a decision circuit having a first and a second input, which first input is coupled
to the output of the first signal path and which second input is coupled to the
20 output of the second signal path, and having an output coupled to the control
input of the controllable switching element to transfer a control signal, the
decision circuit being adapted to supply the control signal in dependence upon
the signals applied to the first and the second input.
2. An apparatus as claimed in Claim 1, characterized in that the decision
25 circuit further includes comparisoﬂ means for comparing the amplitudes of the signals applied
to the first and the second input.
3. An apparatus as claimed in Claim 2, characterized in that the decision
circuit further includes comparison means for comparing the polarities of the signals applied

to the first input and the second input.




gcircuit further incl u#iﬂm mm)ﬂlnmmg ans for conparing the polarities of
the signal swap§igeass s i nput and the second i TB98/00718
4, ‘ .. An apparaLtu§' as ctaiffed in daim2 or 3, c aracteri zed
in that the input of the signal processing device is adapted to )

transfe4. a sanpl ed diAyi apparsugyastlaiared inHelaim 2eord®| characterized damshautke sgpapotd
to delay the sanpl ed diqgi.tal signal tine l.ch .is substanptially .equal
o the themEnaL PEFeRTRE Hiicets Rorence Fipiet & Toplltn etal shesal 55 tnetimd Sl

A Si gna}newsaah%ed 4659k thOSarkiNed bipiR sigRNMYPA UneAWhichal sRskudnRaly Kqolle
tof the preceding aims, Characterized inthat the signal processing device
i ncl uden the time flelay Jintroduced by the diffesentiation meavsond si gnal path each having
pan i u% and an output,.the first glnd. . thel second sioghnal
pat hhaving their i nptiFigRRARABPRsHng SleXice fop Bie Bran FRpatany aq claimed in any one
processpfthedfi¥éddtng Ethimb SéHakacterized in thdt $hd sigadl Jﬁb@é@ﬁhg RRYfde iRQhdedi ng tine
del ay neans, %err] the second signal path including
jdiffere®i ati on refanstandiaseendtsignal pathteach hireingan input and an output, the fizsb and
fdifferentiations with respect to,.ti.ne,. . . err . a ntrol ] able

L ow toni ng ol errondidsetond SBRR b naWiE el ingu ol oy amapul of e ena

§first signal inpyrodessifdeyiesdl to the output of the first signal path and
iwhich 15 second signal input is coupled to the output of the

jsecofd ®gnal patthe fisstsignel path including time delay meanssi gnal i nput arranged to
' [ trolsi l, f t.i .t he. troll abl
[ svi toni M of omenths Soaae spedf B4ih onctiing Gyfariaton s adapisd &9 gffar st

¢ coupl ed two differentiatichstwi¢h fdsp&dt t6igal input in the first state and
gcoupled to the second signal input ) in the second state,
120 [err® a eonixadlable switchmg slemeni\haniggea first end arsgcendssigral dnputpwhich

e e s HEBHBA i rped to s v of b gt B B a1 7=
joutptg of the secebshdéignalinRatid coupiél tathe WEtFuR of Whdstcofi® WipghepdtR, 4 B6ntrol
g control I nput of the controllable switching elenent to

jtransfer a controiigeal gput armanged to receive a control signal detsasiieg: thei qonirotlablei ng

| et 50 SuPm) e RSgiEN b 5 8 e S SOAAR SR g o coupe
to the first signal input in the first state and coupled to the second signal input
in the second state,

20 - @ a decision circuit baving a first and a second input, which first input is coupled
to the output of the first signal path and which second input is coupled to the
output of the second signal path, and having an output coupled to the control
input of the controllable switching element to transfer a control signal, the
decision circuit being adapted to supply the control signal in dependence upon

25 the signals applied to the first and the second input.




