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refates'to-a digital transm ssion system conprising a transni tte‘? coupl ed J'

to a receiver by a channel, the receiver conprising deriving neans for -
deriving a detection signal froman input signal received fromthe channel, -

a detector; RN d4t386ni ni ng detected symbol § by conparing the det ec#4:06.1993.

signal wt-h at |east one reference val ue, the receiver also including

. adapti ng nregransmissiondsystenn jon multivatued digitahsymbolse anpl i t ude of the detected

signal and the reference value to minimze the synbol err Onhigm'Ha;B&nReplaced

i nvention likew se relates to a receiver for such a transm _
transm ssion system as defined in the opening paragraph is : '
journal article "A PRML Systemfor Digital Mgnetic Recordi

Jour nal

The invention relates to a digital transmission system cbmpﬁsing a
transmitter coupled to a receiver by a channel, the receiver comprising deriving means
for deriving a detection signal from an input signal received from the channel, a
detector for determining detected symbols by comparing the detected signal with at least
5 one reference value, the receiver also including adapting means for adapting the ratio
between the amplitude of the detected signal and the reference value to minimize the
syrﬁbOl erTor rate. _ ' . | o
The invention likewise relates to a receiver for such a transmission -
system. | |
10 A transmission system as defined in the opening paragraph is known from
the journal article *A PRML System for Digital Magnetic Recording” in IEEE Journal -
on selected Areas in Communications Vol. 10, No. 1, January 1992,
.‘ - Transmission systems of this type may be used, for example, for
| transferring digital symbols through the public telephone network or for reconstructing
15 digital symbols originating from ahmgnetictap@ordisc. When digital source symbols

~ are transinitted vig a transmission medium or when data symbols are stored on a
recording medium, the digital symbols to be transmitted or recorded respectively, are
converted to analog pulses which are subsequently applied to the transmission medium
or recording medium respectively, further to be denoted by the term of channel.

20 The iriput signal of the receiver coming from the channel is converted in
the receiver to a detection signal of which it is possible to determine by a detector
which value of a transmitted symbol belongs to the associated value of the detection
signal. For the conversion of the input signal to a detection signal processes such as
demodulation, equalization, echo cancelling and amplitude control may be necessary.

25 For reconstructing the transmitted symbolson the basis of the detection signal, it is
necessary to compare the current detection signal, reduced, as required, by an estimate
of the contributions of the preceding symbols to the detection signal, with one or more
reference values. Depending on the relative value of the detection signal with respect to
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on sel eected Areas in Conmmuni cations Vol . 10, .1, January 1992.
Trahsmi ssion ‘systems of this type may be usedThli&!ee@i@a Queplé

transferring digital synbols through the publi cI Work or for-
reconstructing digital synbols originating fronﬂ pe or disc.

Wien di gi t abpgap14.386synbols are transmtte Vi [err] a tran5| Ssi-on 04108, 1993
when data synbols are stored on a recording nmedium the digital synbols to '

be transni t hadefirercevalubly) at asdetstion thstant i Specificy Syl vafue s

whi ch are subsequently applied-to the transm ssion madl um or recording
medi um respdetectlml urther to be denoted by the term of channel. The

ool ver o a det oot 1 Sick il o bR Bty mly 5RAKEIA Wrong', "5
det ect or WhiggEuitidny theimplifude of e inpat signd dhayddiffer G&oﬁ% tf&edﬂfeiaﬁ'sﬁﬁﬁﬁns

val ue of the detectlon signal . For the ggnversmn of the |nput signal to a

det ection§ s The atcepyiehchoweer,qis tn be sapable of rerrectly peoef the tion
cancel 11 ng aadli3R'thd 4ésBciaR Vahle we%@éﬁ%mv desplteﬂlestrongly fluctuating

amplitude. In the prior-art transmission system the comparison between detection signal
and reference value is made in a Vitgrbi detector, but it is likewise conceivable to
‘determine the relationship between the detection signal and values of the detected
10 symbols by means of a simple comparator. In a number of situations the reference
values are equal to the avetige of two-successive possible values of the detection signal
(supposed to be noise-free here). With such a selection of the reference values, the
symbol error rate is minimized for an equal probability of all the symbols.
Smcetheamphmdeot'theugnalconungfromthechannellsnotlmowna
15 pnontheopumumvalueofﬂmrefeteucevaluesmnotbeh\mapnonenherand
'themhnonsMpbetwemﬂledetecumagmlmdmfmvaluuuwbedetenmnedon
 the basis of the signal coming from the channel. The adaptation of the relationship
* between the amplitude of the detection signal and the reference values may be effected
in various ways. One option is to determine the amplitude of the detection signal at the
20 desiredvaluewithﬁxedrefereucevaluuwithﬂ\eaidofacircuitforauﬁomaﬁcg_ain
control, further to be referenced AGC amplifier (Automatic Gain Control). An
alternative solution is to adapt the reference value(s) to the amplitude of the detection
Said journal article has disclosed that the adaptation of the ratio between
25 the amplitude of the detection signal and the reference value(s) can be effected by
making an estimate of the nominal value of the detection signal on the basis of the
reference values and a decision about the value of a detected symbol. If the real value
of the detection signal is greater than the estimate, the ratio between the amplitude of
the detection signal and the reference value s adapted by increasing the reference value
30 or by reducing the amplitude of the detection signal. If the real value of the detection
snsnallssmallerﬂmnmeunmm,nwmuobetweenmeamphmdeofuwdmum
ﬂsnalandﬂwrefermcevalueuadapwdbymdmgﬂwmfermcevalueorby
increasing the amphtude of the deﬁecuon signal.
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For re!onstructl ng the transmtted synbols IS of t e detection
sirgnal, 1t is necessary .to conpare the curre ee reduced,
as required, by an estinate of the contri butl cedl ng synbol s
to the detectlon signal, with one or rm ref

Dep n
the rel atiéaq I386 of the detectlon S|g W th respect to %?wfbg%
ue

ref erence

(s) at a detect Qn n.sta speci fi¢c synbol. value is
assi gned to the detExperigents H?Y%%@F‘ 59%*"&1@9 m"sm on
path may present . # I ﬁd@ted al
“may differmﬁ? }ﬁ?%‘#e ent S|tuat|ons recelver, owever s to

be capable Wlt myllngpuhﬁat/ﬂﬁunuoflsadaptﬂhtmm erroneous value which
“dswamylargesymbolermrmte _
Itmanobjectofmemvmnonmprovndeatmmmmonsysﬁemasdeﬁned
mmwgpuagraphmwhlchthedetemunauonoftheranobetweenthedetecuon
gMjandtln:refereuc:evaluealwa,ysleam;toas\ntablevalnet‘m'tlusrai:lo
Forthxspurpose the invention is characterized, in that the receiver
eompnsesmt’m gmennsfordetectmgﬂwabsenceofatleutoneofﬂwposmble
10 values of the detected symbols and includes correction means for correcting the ratio
tmww,thﬂlemmonsngnalancltlun'eferencevaluexfatleastoneoftlu:possnl:levalues
of the detected symbois is absent.
The invention is based on the recognition that an erroneous ratio between
mumplimdeofthe.detecﬁonsignalandtherefuence_valué,whichmtioleadstoa
15 hkgebiterrorrate,canthﬂloccurandonlyﬂlenoccurifa;lastoneofﬂwpossible
values of the detected symbols is absent. By checking the presence of all the possible
symbol values there may be ascertained, if one or more symbol values ai'e absent, that
the ratio between the amplitude of the detection signal and the reference value is
incorrect. In addition, depending on which symbol values are lacking, there may be
20 ascertained whether the ratio is 100 high or too low. On the basis of said information
the ratio can be adapted by the correction means so that all the symbol values again
An embodiment of the invention is characterized in that the receiver is
arranged for adapting the ratio between the detection signal and the reference value on
25 the basis of a combination of a correction signal coming from the correction means and
an adaptation signal coming from the adapting means. - |
By adapting the ratio between the amplitude of the detection signal and the
reference value on the basis of a combination of the adaptation signal and the correction
-signal, only little additional hardware and/or software is necessary to make the
-M&ﬁmofﬂlenﬁobuweenﬂxeampﬁmdeofﬂwdmﬁmsignalandmemference
value. The combination of the adaptation signal and the correction signal may be
achieved, for example, by adding the correction signal o the adaptation signal.
A further embodiment of the invention is characterized, in that the
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ocl ated val ue of the detected synbol, despite the
st-rson luctuating anplitude. In the priof-art transm ssion systemthe
conpafi son between detection signal and reﬁﬁ;&sxheﬁiavaéwneplaedmde in a

Viterpi detector, but it is |ikew se conce| v! ne the
rel att onship betmeen t he detection signal detected
synbois by ne of a sinple conparat o4. In tuatw

referencePﬁHI gggare equal to the average of two successi ve possi 'Ie vaI ues

of the det ectjo Wwhiich, W dt'lea3t blle @

? artdnged forcgenefating a'eorfetibn
sel ect i ongomectiofle™ 1 e erence val ues, the symbol error rate is mnimzed for

an equal J,{Ffﬁm'mwmo MM sabsens, changesiin a firstadirectionat si gnal

comng fr e chanﬁ@kl t.he.Q num val.ue of the :

r ef er encegpahal dssIOVE dr‘)‘é novvn a pr?%ﬁ’é‘"‘éﬁh gé‘i‘FB?FEhi p

bet ween the Cigh& fheiformeti direetiom wdien allahe possible values bﬁﬂie%e%@%%wg ged on
e

t he basi sopges! signal comng fromthe channel. The adaptati t he
rel ati ggs&hg. bet ween the anplitude of the detection signal and the

referente val ues rI\‘a‘}’elﬁi;ﬁfeﬁfilﬁﬁtlﬁ&'easeofthecorrectxonslgnaleeertam symbol values
are absent, avoids that if certain symbol values are absent for a brief period of time, the
'Wmofﬂ\emuobetwwnﬂwamphMeofﬂmdetecummgnﬂandmemfemce
vﬂwlmotdlsturbedbya(anunneceuary)conecnon A relatively fast reduction of
mmﬁmsignalifallmepossiblesymbolvalmarepresent,avoidsthatthe
correction is made for a longer period of time than is strictly necessary.
A further embodiment of the invention is characterized, in that the number
ofpouiblevaluesofthechannelsymbolstobedetecudismthanthenumberof .
. possible values of the source symbols, in that the detection means are arranged for
IS deriving destination symbols that have the same possible values as the source symbols
from the detection signal and in that the monitoring means are arranged merely for
detecting the absence of possible values of the destination symbols.
o Porspeciﬁcclaswsofchannels,formmple,eommonly'temedparﬁal
response channels, the number of possible values of the channel symbols is greater than
20 ﬂwnumbaofpos;iblevaluuofthe_soumeot,duﬁnaﬁonsymboh.ltappammbe,
poasiblemdmctanenmeousmﬁobetweenlheampﬁmdeofthedmcﬁmsignaland '
the reference value by only monitoring whether all the possible values of the destination
~ symbols are preseat. This makes a check whether all possible values of the detection
signal are present redundant. Itleadstoareducuonofﬂxecomplentyofthemomtonng
3 means, because only a smaller number of possible symbol values need to be monitored.
Mlesystemdmuonmammmmbeusedmwmchmedmmaboutme
Vﬂuofﬂuchannelsymbohunotmadeexphmﬂy.mwpeofdetecnonnmsmay
*ometimes be simpler than the detection means in which the decision about the value of
"‘"’mmmmgﬁnm:hecmmaumﬁpmuymm Several examples of
:(';;‘:tnpzonsechmelsm for example, channels having a transfer function
(PRIV) and H(D)=1+D-D-D3(EPRIV), in which D is the notation
mm"ymdahmsnnmonforadelaymmsymbolmmal
Themvmnonwﬂlnowbeﬁxrﬂierexplmmdwmuefemcetothedmwmg
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- ' mmoicame] TiTe—getr T T o
_ he desired value with fixed reference—vatues—w-th the aid of a
circuf ed AGC anplifier

for automatic gain control, further_ to.be referen

(Autopmatic Gain Control). An alternative soTh‘“bh-tSHr.S.FnE Fe_t the reference
val uegs) to the anplitude of the detection si IIE IJj rnal article has
di scl bsed that the adaptation of the rz%io b itu%@ae -
det ec ionP 'glﬁaﬂ and the reference val ue(s) can be effected by . an
estinhte Of the noninal value of the detection signal on the basis of the
refer_’encegzgaieﬂas *a deci sion about the value of a detected synbol. If

t he real | ue of dbesta [+ | bErdin imate, the -
gir?fe)lli tudetdo?ﬂ}sﬁgﬁgﬁggf&lngn Si gngftag%d t s

rati o, between the e réference val ue
i s adapt ed by i ncrEigsi2rshowsa conibinationcofimbnitoring inganscahdodonrectione nreans i t ude
of the detection signal..|lf. the real value of the detection signal is

smal | er t joordnBdo BGINVERUVE I8 | 51 o between the anplitude of the detection

Fig. 3 shows an embodiment of a detector for detecting Partial Response
olass IV signals in which only the destination symbols are available; and ‘
Fig. 4 shows correction means to be used in a receiver comprising the

si gna

5

dmﬁonmednsshowninl’ig. 3.

In Fig. 1 source symbois a; are applied to a transmitter 2. The output of
the transmitter 2 is coupled to an input of a channel 4. An output of the channel 4 is
coupled o an input of a receiver 6. The received signal in the receiver 6 is applied to -
the deriving means 8 for deriving the detection signal from the input signal. These
desiving means 8 comprise in this case a filter 10 and an AGC amplifier 12. The output

* of the amplifier means 12 is connected to an input of detection means 14 and to an input
5 of adaptation means 16. The output of the adaptation means 16 is connected to a first
. input of an adder circuit 20. The adaptation signal is available on the output of the
| adsptation means 16. The destination symbols 4, are available on the output of the
. detection means 14. The output of the detection means 14 is also connected to an input
of the monitoring means 18. An output of the monitoring means 18 is connected to an
20 input of the correction means 19. The correction signal is available on the output of the
correction means. The output of the correction means 19 is connected to a second input
of the adder circuit 20. This adder circuit 20 is preseat for combining the correction
signal with the adaptation signal. |
| " The output of the adder circuit 20 is connected to an input of an integrator
25 22. The output of the integrator 22 is connected to a control input of the AGC amplifier
12, .

10

The transmission system shown in Fig. 1 is arranged for transmitting

' quinary digital symbols. There is assumed that these symbols a, may adopt the values -

4,-2,0, +2.and +4, while k is a running index which adopts successive integral -

: 30 values. After filtering by the filter 10 and amplification of the filtered signal, the

i detection signal r, is present at the input of the detection means 14. The following may
then be written for the detection signal: -
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si gn the reference value is adapted by reducin he reference val ue
or- ‘by¥increasing the anplitude of the detec E"ﬁﬂ R eplacgl Experi nent s

and sinul ati ons have shown that when the ratlﬁl ! arrplltude of the
detecgi on signal and the reference values S

nner t he

adapti ng neans #6 may happen t hat thisbratio is adapt ed to an l\ﬁj
val u Lwhlqﬂﬂ S to a very large synbol error rate. It is an object of t he
i nvention to provide a transn155|?n s§§ten1 defined in the openi )
paragraph in which the deterninatfén 8 8& Mati o between the detecti’on
signal and the reference value always |leads to a suitable value for this
ratto. @ wis the amplitude transfer factor of the combination of the channel and the

In .

instantaneous value of the noise co: t in r,. For
denvmgmwSSandnklsthe Sm mponen k

Waqmnarydewcuonugnal,acompanmmm4mfmcevalmunwessary
Therensﬂlenassnmedthatrefermcevaluesv-3 V-1, V1 and V3 are used in the

5 Wuonmﬂﬂs“ which are equal to -3, -1, +1, +3 respectively. For an equal
jikelihood of symbols 2, the optimum value w is equal to 1. The relauonslnp between
mw,ﬁonsumalandtkwunadsynuxﬂ\mmuswdnlxsghmninlhw'nnwabeknw:

Tk : ak

Iy < -3 - -4

10 d3sp<-l 2
-1sp < +1 : 0

+1 s <+3 +2

+3 STy ' +4

15 Thévalue'wisdeterminedadapﬁvely from the detection signal ry and the associated
value of the destination symbol 4,. This may be done, for example, in accordance with
the following expression: '

- | Wk,..'l. = WA (Ti-4g) < SIGN (&) - (a)

In (2) \ is an adaptation constant determining the adaptation rate. If the value w is
much lower than 0.25, this means that the absolute value 1, when discarding the noise
20 signal ny, will always be smaller than 1 5o that the symbol & is always equal 10 0. (2)
and (1) show that w is then adapted only on the basis of the noise signal value ny. Since
the average value of the noise term ny is usually zero, the average value of the
adaptation signal \(r,-8,) - SIGN(4;) will be zero as a result of which w will not change.
The result is a large symbol error rate which will not improve any more. Such a-
25 situation may be detected by the monitoring means 16 since the symbol values + 2 and
+ 4 no longer occur. By increasing in such a situation the value w in accordance with

= e
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pose, the |nvent|on .S characterlzed ‘in that the receiver

Ses nonitori n@‘m m ting the absence of at | east one of the

ol s and i ncludes correction nmeans for
tection signal and the reference val ue
Ieast 09§ of the possible val ue¥ of the detected synbol(4.06.199%ent .
nve % based on the recognition that an erroneous rati o between

rmlltude of . @%mmmmmmwm?mwwmﬂsh ratio -

t error rate, _can then occur and only then occur if at
| east one of mm&!-ed synbol s i s absent. By

- checki ngcqﬂﬁ‘é presenge s
ascejtained, if MW%‘W‘ val ues fwmwwg}w&@?
bet ween themar%h} gbove thé mastihvem trefeferce vahie. Thik édiconly oea i€ v isose 1S
i NCOJ T ecetecha? Ition, dep on, wh myal vaI ues are |lacking, there
may gae as, erlﬁgucnadl MWG‘%#&B&# signalowill be\shown omtherasi s
of Sa'a Le(:;”a \Sde. If the constant w is adapted, an adaptation signal for reducing w

! ibes enerawdfm-thehlsheroftlletwolevelsofthedetec:tlonmgnalrk,whereasfor

: melowerofthetwo1cvelsofmedewcuons:gnalrkanadaptanonugnalcouldbe
gmwdmmcrasew Suwemetwolevelsoccurthhacermnprobabmty,wwm
meumebereducedmdmcmsedthemxtume The value w is then controlled to an.

Mvaluewmhdepmdsmthepmbabmtyofﬂwtwolevelsofﬂwdmuon

‘10

For example, if the initial value w is assumed to be greater than 1.5, the
: absolutevalueofthehnghestlevelofthcdeﬁecuonngnalxsgreaterﬂmnGandthe
1S abmlu&valueofﬂneallbuthgh&levelofthedetecnmmalxsgruwrthanS For
mgmlwdsofﬂndmmngnﬂﬂxeeomondmgsymbolak.:sequﬂto:|:4.For
§ the higher of the two levels of the detection signal the adaptation signal is equal to

 Méw-4), whereas for the lower of the two levels of the detection signal the adaptation
= signal is equal to A(4-2w). Anethbnumvaluewnstlmobmnedforwhwhthe
" 20 following relationship holds:
(4:W-4) Pgiass = (4-2°W) Pgius2 R £}

Fot an equal likelihood of the different levels of the detection signal, this leads to a
value w = 1,6667. Here too the result is that a large symbol error rate occurs which
- will not improve any more. Such a situation can be detected by the monitoring means _
. letlmmesymbolvalmj;Znolongeroccur By reducing w according to the
; 25 inventive idea in such a situation, until all the symbol values start occurring again, it is
i Possible yet to obtain a correct adaptation of w with too large an initial value w.
; The sum of the adaptation signal and the correction signal, which sum is
- Wailable on the cutput of the adder circuit 20, is integrated by the integrator 22 in a
coutrol signal for the AGC amplifier 12. Due to the presence of the integrator the gain
of the AGC amplifier 12 is controlled 50 that both the adaptation signal and the
““““masnalbecomequamm Tt wil be evident that the integrator 22 can be
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the PO, can be adapted by the correctlon rre ns so that all the synbol
iﬁ e detection

agal n occur. An enbodiment of the |P¥E ot Has B ﬁ ®cterized in that
i

on of a

signag and the reference val ue on t he basis

corregtion sm coning fromthe corr@ction nmeans and an adpt04.0611993nal
com frﬂm e adaptl ng nmeans. By adapting the ratio between the anplitude
of thee detecti amalop inesny andedigitalamegalie on the basis of a

conbignat icond ada tation signal and the correction Signal, only little
addit§ onal hardwam beoghsegved thas ,H‘b@@ﬁémwmthM| on of

o T hien st I8, h igaf hd B8 HRAREK. ek, 08 Bl b oo

nmay ke achl c ¢ réfereave vilues indlieoficontrollivg the 'gaitrof the mamh%nﬁerl The

adapt ti omea® I A further enbodinent of the-1nvention is characterized,
nt Hat thalueVlmaymen forexample be deriv: edfrom.
; | Vg = VI+N(rg-Vig-&) °3k ' (4

;. |
! qhe other reference values can then be simply derived from the reference value V1 by

 multiplication by a constant value.
In the combination of the monitoring means 18 and the correction means
19 shown in Fig. 2 the detected symbols &, are applied to comparing circuits 30 and 32.
16 The output of the comparing circuit 30 [32] isconnectedtoaninputof_a_slﬁft'regi#ter
34 [36]). A number of parallel outputs of the shift register 34 [36] are connected to
inputs of a NOR gate 38 [40]. The output of the NOR gate 38 [40] is connected 02
control input of a switch 42 [44] and of a change-over switch 47 [48]. A first contact of
:  the switch 42 [44] is connected to a positive {negative] voltage source which carries a
15 voitage V, [Vy,]. A second contact of the switch 42 [44] is connected to an input of a
! low-pass filter 45 [46]. The output of the low-pass filter 45 [46] is connected to a first -
contact of the change-over switch 47 [48). A second contact of the change-over switch
47[48]isconncctedmapointofrefetmcépownﬁﬂ.'I'hecentmleontactofthechange-
over switch 47 [48] is connected to the output of the correction means where the
20 correction signal is available. |
mecompmngcucmtw[SZ]mswhedlerﬂwvalueofﬂlesymbol _
ﬂklsunequaltoO[:tZ] IfthevalueaknsunequaltoO[:l:Z],theoutputofﬂle
: Oompanngclrcmthasﬁlelogic'l" value ['0'].-Iftl\evalueaklsequalto0[:|:2],the
output signal of the comparing circuit has the logic "0" value ["1"]. Successive values
25 “of the output signal of the comparing circuit 30 [32] are shifted in the shift register 34
[36). If the value w is too small [too large], all the output signals of the shift register 34
i [36] will at a specific moment have a logic "0" value. As a result, the logic value of the
P output signal of the NOR gate 38 [40] becomes equal to *1", so that the switch 42 [44]
is closed and the change-over switch 47 [48] is turned. A correction signal v,’ [v,’] will
30 t‘\eﬂ'b_eavailableontlteoutputot‘the¢=orrect'ionc:ircuit'l9toc:otrecttl_ne\(aluew.T_he
low-pass filter 45 [46] causes the value of the correction signal to increase relatively
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opposi
det ect

the a
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VRO RONPAIES S0 ¢ mpmiia. o .

20

synmbol s is absent,
an the rate at which the correction signa
to th E@rner direction when alg the possible values ofy

ﬁsq d 9gpgnal

sypNd
e abdent 531930 i e oty Al 47 Sluies B borrdhfih Hehal Y Bltgme?, .02

lit ude ,,ﬂﬁediildydﬁiﬁﬁ lsmbﬁlbgﬂakg aadctunmméerqmbbl value unequal to 0

SHEET 4 corrrction nmeans are arranged for generating a

on signal which, if at |east one of the possible values of the
changes in a first direction at a rate that is
changes in a dlrectlon

ccur. Arelatively slow increase of the correctlon

[equam:l:l’]
Thesxgnofthevoltaguv,andvblsoppomtebwauseﬂnsvaluemtobe

incremdifthevaluewmtoolowwhereasthuvalueumbero;ducehfthevaluew1s
too high- | |
In the detection means 14 shown in Fig. 3 the detection signal is applied
waﬁminputofanadde;cirdﬁtso.Anoutputofthe;addercircuitSOisconnecﬁedto
an input of a comparator 52. The output of the comparator 52 is connected to an input
of a cascade circuit comprising two delay elements 56 and 54 and to the input of a
multiplier circuit 58. The output ofmecaseade‘circuit'of delay elements 56 and 54 is -
connected to a second input of the adder circuit SO and to a second input of the
mumphercnrcmtss

Detecnonmeansshwanlg 3aremw|dedtodetectdemcuonslgnals
coming from a channel that has a commonly termed Class IV partial response transfer.
This transfer is described by the transfer function H(D) = 1 - D2, where D is the

~ notation customary in data transmission foradehyoveronesymbolinwtval.Asymbol‘

to be transmitted is now converted to a first pulse at a first instant and a second puise,
as large as the first one but then having an opposite sign, at an instant two symbol

intervals later than the first instant. The value of the detection signal then depends on
the value of the transmitted symbol a, and of the value of the transmitted symbol ay 5.
In addition, precoding is usually applied by first converting the symbols a, to symbols

'bkg_ak.bk_,mpmcodingisomnprescﬁbedinamnsmisﬁmormording

standard, 3o that simple receivers (not discussed here) can be used. A further advantage
of precoding is that a sign inversion of the detection signal no longer has any effect on
the value of the detected symbols 4. In the case of binary transmission the dependence
of the detection signal on the symbols to be transmitted will be given in the Table

- below.
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val ue -i.s not disturbed by a (an unnecessary) correction. Arelatively fast
rection signal if all the possible synbol values are

ol ds that the correction is nade for a |onger period of tine
strlctly necessary. A further enbodi ment of the invention is
erized, in that the nunber of possible values of the channel synbols
etected Is greater than the nunber of possible values of the source

synbol§, |n th the detection neans arlQ arranged for deriving 04996,199% i on
synbol e t he sane pOSSIb|e val ues as the source synbols fromthe
det ect on ;4éﬂﬁﬂ—éhﬂxlll tiret e Mo tor g aTTS AT rely for
det ect§ ng e aaéence of possibgg val ugs of thye destlnaﬂﬂﬂmwnynb | s. For
speci fi ¢ ¢l asses of chapnels, for exanpgle, comonly [t d parti al response
channgl s, [t he nunber of}] possi bl e val ues of the chann nbols i § greater
~ than tfe mggheL—e+-pUss - f rom$ynbols. It
~ appearfs t§ be poksible fo detecl an errfoneoustkati o{betwedh? t he §nplitude
of the depe/ctmn_.s.l.g-n-a-l--a-n-d
-1 +1 : -1 -2
T +1 1 -1 0
. 41 +1 +1 0

—
Thedemcuonmwulﬁmaheademmnaboutﬂlesngnoftheoutput

signal of the comparator 52 at the instant k-2 and the detection signal at the instant k.

The functioning of the combination of adder circuit 50, comparator 52 and delay

demmtsﬁandﬁcomspondswmeﬁmcnonmgofadeamnfeedbackequahm

wmlstanuumateofﬂlemtersymbolmmfetmcemsedbyﬂlesymbolb‘_zls |

ehmmawdbyaddmgmthedeﬁecumagnﬂafeedbackvﬂuepmpOmethesymbol

.- It will be evident that here only a binary decision about the symbol by is made by

the comparator 52, whereas the input signal is trinary. The multiplier circuit 58

15 determines the value of the symbol & from the values by and by ;. |

S If the value W is to00 low, the value by will always be the same (+1 or -1)
or alternately adopt the values +1 and -1, depending on the initial contents of the delay
clements 54 and 56. This will lead to the fact that the value 4 is always equal to +1.
This fact may be utilized for generating the correction signal. The method mentioned

. 20 above cannot only be used for the PRIV channel discussed hereinbefore, but also for

EPRIV channels. For an EPRIV channel having precoding the following holds for the

'transnnttedchannelsymbolsbk | |

bksakebk-lebk-ngk-g BN { })

Where @ represcats a modulo-2 addition. Forﬂ\uchannelﬂleposublevaluesrk, with
w=1, are equal to -4, -2, 0, +2 and +4. Therelaumslupbetwemthevaluarkand
3 thevamubandamnbegwmmmefouowmg'rable

T ‘




possf bl e val ues of t
are uctlon of t he conp eX|ty o

Terence val ueTl lmﬂ smmmRﬂmmﬁh whet her all the possible val ues of
estination synb . ThIS makes a check whet her al

gnal are present redundant. It leads to
e noni toring neans, because only a

smal nu f possi bl e synbol values need to be nonitored I@F;%%L
syst m means can noreover bdlused in which the deC|§Fb t the
val ug of the chan19| synbol.s is not made explicifly.. This tyg et ection
meang ngy squetings sinpler #han the dgetectijon ns ijn which tHhe
deci §i of abggf t h vgﬁaé of théﬁsynb s ggd g;fron1 he Jhann isitaken
expl fci iy 1 pdeedf SeVerar Exanpres par (I al sp%qse dhannel s ane, for
exampl e | chalnels havithy a frandfler f nctT"én H( D)— Derfr] (PRIV) |and
H(D) §1+L : rrotattorfcuscomary in data
trangm g4si onOf or & delddy ovpr oHa synpol ihtervial . ¥le irventibn willl now
be f-grther—explalbed with rpference t ' ,
0 +1 -1 -1 +1 -1
s1 0 -1 +1 +1 -1 -1
0 +1 | - +1 -1 -1
0 ‘l 'l o '1 '1 ‘1
+2 -1 +1 +1 +1 +1
+2 +1 -1 +1 +1 +1
10 +2 -1 A -1 +1 +1
: +2 -1 | -1 +1 | - +1
| 2 1 | a4 | 1 | o+
2 -1 TS U I | -1 +1
: 2 +1. +1 | +1 +1
15 2 +1 +1 41 -1 1
+4 -1 -1 o+l +1 -1
-4 +1 +1 -1 -1 - -1

¥
i

i

If the value w is too small, the detection signal will always be observed as a signal level

i 20 equal to 0. This means that the value 4, will then always be represented as -1. The fact

ﬂutmﬂythevﬂMe-ltncmm1brakhuztmummﬂmuvvhlnosmmunndisu>he
increased, If the value W is t00 high, the detection signal will be considered to have a
value of -4, 0 or +4, which values are then also represented as & = -1. However, this
calls for a reduction of w. To solve this problem, it is possible for the detection of
B values 4,, which are only equal to -1, first to reduce the value w considerably, o that it
| xst’ertamlytaolow,andtlmnmcreasetlnsvalnewstepbyswpunnlallthevaluesak
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®s, in whith Fig. 1 shows.a {ransnission systemaccording to the
tion; Fi'g. 2 shmivsShest HaoBtshBeRlath of .nonitoring means and correction
ea; Fig. 3 shows an enbodi ment of a

according to t
tor for detectin onse class IV signals in which only the
nati o 48! s arc avail able; andiFig. 4 shows corr ection(wga 0 be
I n Bl‘&e@él ver conprising the detection neans shown in Fig. rl??é Fig.
rce syng%u; a[err] are applied to a transmtter 2. The output of the

m t agasn S coupled to an input- of a channel 4. An output of the
el 4is Intl:ecorrectioncircuitshowninFigJa:elaﬁvelysmallcurrent(-2.5

yA)is applied to a positive input of a subtracter circuit 64. Arelaﬁvely large current (

= 40 pA ) is applied via a switch 61 to a negative input of the subtracter circuit 64. A

st output of the subtracter circuit 64 is connected 10 a first terminal of a capacitor 66,

to the cathode of a diode 68, to-the anode of a diode 70 and to the base of a transistor

72. A second output of the subtracter circuit 64 is connected to a second terminal of a

capacitor 66, to the anode of the diode 68, to the cathode of the diode 70 and to the

pase of a transistor 74. The emitters of the transistors 72 and 74 are connected to a

{0 current source 78. The collector of the transistor 72 is connected to a positive supply
voltage V+. The collector of the transistor 74 is connected to the base and the collector
of a transistor 76 and to the base of a transistor 30. The emitters of the transistors 76
and SOaréeonnectedtomesupply voltage V+, whereas the collector of the transistor
80 forms the output of the correction means.

s | If the symbol values +1 and -1 frequently occur for the symbol 4, the
switch 61 will be frequently turned. Since the average value of the current applied to
the negative input of the subtracter circuit is greater than the curreat applied to the
positive input, on average a negative current will be delivered by the subtracter circuit.
As a result, the capacitor 66 will be charged up to the forward voltage of the diode 70,

{ 20 so that the voltage on the base of the transistor 72 is larger than the voltage on the base

of transistor 74. As a result, the current coming from the current source 78 will mainly
ﬂowthmughmﬁsmn,sothatﬂqeoutputcumtofﬂlemecﬁoncimuitis _
substantially zero. ' '
However, if the value w is too low, only the value & = +1 will occur
and no current will be applied to the negative input of the subtracter circuit 64 and the
output current of the subtracter circuit 64 will be positive, so that the capacitor 66 will
be charged relatively slowly in opposite direction. Once the voltage across the capacitor
has reached the forward voltage level of the diode 68, the voltage on the base of the
transistor 74 is greater than the voltage on the base of transistor 72. Consequently, the
current coming from the current source 78 will mainly flow through the transistor 74
and the current mirror formed by the transistors 76 and 80 will supply the correction
signal in the form of a current. Since the value of the current produced by the current
Source 60 is relatively small, it will take some time before the capacitor 66 is charged,
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» 10 an input of a receiver 6. The received S|gnal in the receiver 6
plled to the deriving neans 8 for deriving the detection signal from
i nput signal. These deriving neans 8 conprise in this case a filter 10
an AGC anplifier 12. The output.of the amplifier nmeans 12 is connected

out BN W38 adapt ati on means 16195 connected to afirst ISR ‘an
ta;::s‘r»cwt 20. TEe adagtgm on mgngl i glog?%aﬁ e 08 é(’%agbﬁutgﬁfltthe

ut of %@ﬁ&&nam tOWiIPRguiatly! fief to @i 14 is
co 0 an input of e m)nl tor| n% rreans An out of the
tori toéﬂlessuhmmmtehxﬂwmhww laothatethe,oamt unuehes 19.

out Eﬁl i ﬁ%&%n@wﬁé&'@ﬂ@% Juonth ibioh, Theke b veot the
eét ﬁ?ﬁ Si gnal WW?ME%HMWM ﬂwﬂobé\&

w th the adaptation signal.
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- [ RECEIVED B2/23 23:18 1996 AT 535iH6% PAEE 2 (PRINTED PAGE 2) 1}

" The out-p&e.FEP ‘Bhe 18tdder 2891845 20 is connected to an input of an P-2

I nttegrator 22. The output of the integrator 22 is connected to a control
input of the AGPEMNpKIIBEer 12. The transni sslén system shown in Fi ¢4.06.1993
arranged for transmitting quinary digital synmbols. There is assuned that

these symbol s af@alms: may adopt the values - 4, -2, 0, +2 and 4, whitek-is
a runni ng i ndex which adopts successive int egral vaI ues. Aftmﬂu

the filter 10 and anplification of the filtered signal, the ,mn”mﬁﬁ"’
signal r[err] is present at the input of the detection neans "14.° The
followng may then be witten for the detection signal: REPLACENMENT

SHEET

1. Digital transmission system comprising a transmitter coupled to a receiver
by a channel, the receiver comprising deriving means for deriving a detection signai
from an input signal received from the channel, a detector for determining detected
symbols by comparing the detected signal with at least one reference value, the receiver
$§ also including adapting means for adapting the ratio between the amplitude of the

detected signal and the reference value to minimize the symbol error rate, characterized
in that the receiver comprises monitoring means for detecting the absence of at least one
of the possible valueg of the detected symbols and includes correction means for
correcting the ratio between the detection signal and the reference value if at least one

10 of the possible values of the detected symbols is absent, |
2. Transmission system as claimed in Claim 1, characterized in that the
receiver is arranged for adapting the ratio between the detection signal and the reference
value on the basis of a combination of a correction signal coming from the correction
means and an adaptation signal coming from the adapting means,

15 3. Transmission system as claimed in Claim 1 or 2, characterized in that the
correction means are arranged for generating a correction signal which, if at least one
of the possible values of the detected symbols is absent, changes in a first direction at a
rate that is lower than the rate at which the correction signal changes in a direction
opposite to the former direction when all the possible values of the detected symbols

20 occur. .
4, Transmission system as claimed in Claim 1, 2 or 3, characterized in that
thenumberofpossiblevalt;esofthechannelsymbolsmbedewcwdlsgrenterthanthe
number of possible values of the source symbols, in that the detection means are
arranged for deriving destination symbols that have the same possible values as the

25 source symbois from the detection signal and in that the monitoring means are arranged
merely for detecting the absence of possible values of the destination symbals.
s. Receiver for receiving an input signal representing digital symbols, the
receiver comprising deriving meang for denvmg a detection signal from the input

1s Sheet Has Been Replaced




" [ RECEIVED 82/23 23:19 1996 AT 5354BEH PAGE 3 (PRINTED PAGE - 3) ] : _
"6 [err] kKEBFER Wperlf]er RREF ] [err]k(1) in (1) wis the, anplitud®3

transfer factor of the conbination of the channel and the deriving neans 8

and nferr] is tPHEN 14386t aneous val ue of the1510i se conponent in r[ qulds. 1993
For detecting a quinary detection signal, a conparison with 4 reference

val ues i s necessignal, aTetector fm'demumxgsdautbdtdynboh@@mpnﬁng/mbmﬁcmxgm 1,

VL a0 3 o, AR, el AR s B Sl 3
val ue w i s equalddpting theTiado betwebn mmnumume&hmi fidl aﬁd%fe?é?ﬁe value
otk e Vo0 0 Bitfad tht syt e e ehiiScoklsb o e 4 bl sdmpriges
-2 -1[ err] [ er5] knonitorirg means for detecting the absence of at least one of the possible values of the
detected symbols and includes correction means for correcting the ratio between the
detection signal and the reference value if possible values of the detected symbois are
absent, |
6. Receiver as claimed in Claim 5, characterized in that the recelver is
10 arranged for adapting the ratio between the detection signal and the reference value on
the basis of a combination of a correction signal coming from the correction means and
an adaptation signal coming from the adapting means, )
7. Receiver as claimed in Claim 5 or 6, characterized in that the correction
means are arranged for generating a correction signal which, if at least one of the
15 possible values of the detected symbols is absent, increases at a rate that is lower than
the rate at which the correction signal diminishes when all the possible values of the
detected symbols occur. | _
8. Receiver as claimed in Claim 5, 6 or 7, characterized in that the number
_ of possible values of the channel symbols to be detected is greater than the number of
20 possible values of the source symbols, in that the detection means are arranged for
deriving destination symbols that have the same possible values as the source symbols
from the detection signal and in that the monitoring mezahns are arranged for detecting
the absence of postible values of the destination symbols,
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' { RECEIVED @2/23 2,3 2@ 1996 AT S354864 PABE % (PRINTED PAGE %) 1 P.4
" +1 [erv] ZBEFP'RE <1638 B4a743489 +2 +3 [err] [err]k

+4- The value wis determ ned adaptively fromthe detection sign al r[err]

and the associ apENE4.986 of the destination spgbol-.aferr]. This maydaegadmg
for exanple, in accordance W th the follow ng expressmn wWerr]+ 1 =

werr]-Terr] ([Absthagts- [err]k) [err] SIGN(a[err]) In (2) X is an adaptation
const ant ddeter .t he ada | he .v Iue wis nmuch | ower
than 0. 25, thi sﬂ?@ﬂ'ﬁgs%éﬁ% !‘gﬁm@“ﬂﬂw when di scarding the

noi se signal n[err] wll always be smaller than 1 so that the synbol
alerr] is always equal to 0. (2) and (1) show that ‘wis then adapted only
on the basis of the noise signal value n[err] . Since the average val ue of

the noise termn[err] is usually zero, the average val ue of the adaptation
signal [err](r[err]-a[err]) [err] SIG\(a[err]) will be zero as a result of
which ww Il not change. The result is a |large synbol error rate which wll

not inprove any nore. S“fﬂ‘a"ﬁig_iml transmission system comprising a transmitter (2) coupled vis a
channel (4) to a receiver (6) a detection signal r, is compared with a number of
reference values to determine the destination symbols 8¢, Since the size of the received
signal ry is not known in advance, the ratio between the detection signal and the

5 reference values is 10 be determined by adapting means (16) on the basis oﬂhe received
signal and the decisions made,

Thepmblemmythmoccurthatuaresultot‘an initially erroneous
value of the ratio between detection signal and reference vaiues not a correct adaptation
is made. By recognizing mordmg to the inventive idea such a situation because specific

10 values of the symbals &, are lacking, in such a situation said ratio can be brought to
such a value by the correction means (18) that all the values of 4y, again occur.

Fig. 1.
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e detected by the nDnltorlng nmeans 16. since the synbol

Si

val ueiFer r | and [err]4 no | onger occur ™ Bytincreasing in such a si tuati on
the v#fue win accordance with REPLACEMENT SHEET 7 the inventive idea o~
until fall the synbol val ues again occur, it is possible yet to obtain a :
corre@ adaptation.of wwith too small an initial value w. Another

undesigred situation occurs if two different absol ute values of the

det eci on signal lie above the maxi mumreference value. This can only occur~
too high. In such a situationkizo different | evels of the detection
wi Il be shown on the same synb value. If the constant wis
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ed for the higher of the two levels of the detectlon si gnal
- wheieas for the |lower of the two |evels of the detection S|gnal '
an adapttion signal creas
- levells occur with a certain probability, wwll one tqﬁgmgg}ﬁgguc d and
i ncrgased the next time. The value wis then controlle

val ug whi ch depends on the probability of the two Ieve tlon
signdl . For exanple, if the initial value wis assuned t han
1.5, fthe absol ute value of the hi ghezaevel of the det ectlon signal is
greaf§er than 6 and the absolute valu the all "but highest |evel of the
detegtion signal is greater than 3. For the two |levels of the detection
signgl the correspoading.synbol _alerr]l is egual to [err] 4. For the higher
of the two levels df the detection signal the adaptatligp signal is equal to
[errf(4w4), wher ed ‘me Iome’ aft, ¢ two 1evels fof~the detection
signpl the adaptatl ' An equi l i brium val ue

i
54
-

w i sgt hen obt ai ned

k.

58 |
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fbl} owi ig rel ati onship holds:. (4-W4)P[err][efr]4 = (4- 2[errJW)Pr€‘ebPr
(3) For an equal likelihood of the different Ie\misShe@ﬁ‘HakBébnGteﬁlﬁsdlon
si*gnal , this leads to a lue w = 1.6667. Here too that a large
synbol error PHNelQ88&EP.®hich will not inpnove "M\}ﬂymlﬂl a situdtona3
can be detected by the nonitoring neans 16 i that lues [err] 2
no | onger occpkilipBEldcaohies NJVv according to the inventive idea in such a
situation, until aII t he synbol values start occurringragatn it is

Possi bl e yet to obtain a correct adaptation of wwth OBJEHLACQMEIW‘ S'H'EE: |
val ue w. The"RECEIVER FOR MUUEPALEVEIODIGITALABIGNMISE he corr rom—st+ghal—3Ani ch
sumis avail able on the Qutput of the adder circuit 20j | B at ed |by
the integrator 22 in a control Signal for the AGC anpl} fj ?@ D96t q tihe
presence of the integrator the gain of the AGC anplifilerlll2.is_controlll 4d
so that both the adaptation signal and the correction (signal become equgl
to zero. It wll be evident that the integrator 22 cambe

(U

The invention relates td a digital transmission system comprising a
transmitter coupled to a receiver by a channel, the receiver comprising deriving means
for deriving a detection signal from an input signal received from the channel, a
detector for determining detected symbols by comparing the detected signal with at least

5 one reference value, the receiver also including adapting means for adapting the ratio
between the amplitude of the detected signal and the reference value to mlmmlze the
symbol error rate.
_ The invention likewise relates to a receiver for such a transmission
system.

10 A transmission system as defined in the opening paragraph is known from
the journal article "A PRML System for Digital Magnetic Recording” in IEEE Journal
on selected Areas in Communications Vol. 10, No. 1, January 1992,

Transmission systems of this type may be used, for example, for
transferring digital symbols through the public telephone network or for reconstructing

15 digital symbols originating from a magnetic tape or disc. When digital source symbols
are transmitted via a transmission medium or when data symbols are stored on a
recording medium, the digital symbols to be transmitted or recorded respectively, are
converted to analog pulses which are subsequently applied to the transmission medium
or recording medium respectively, further to be denoted by the term of channel.

20 The input signal of the receiver coming from the channel is converted in
the receiver to a detection signal of which it is possible to determine by a detector
which value of a transmitted symbol belongs to the associated value of the detection
signal. For the conversion of the input sighal to a detection signal processes such as
demodulation, equalization, echo cancelling and amplitude control may be necessary.

25 For reconstructing the transmitted symbols on the basis of the detection signal, it is
necessary to compare the current detection signal, reduced, as required; by an estimate

of the contributions of the preceding symbols to the detection signal, with one or more

THIS SHEET HAS BEENJ
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8’ Qonstruct ed with both anal og means. and digital neans. There shoul d be
obServed that, in order to obtain a correct ratio between the anpl i tude of
the detection signal and the reference values, it is alternatively possible
to control tPEIN ¢4386rERPval ues in |ieu of 16ontrol | | ng the gain of thb0AS3
amplifier. The reference value V1 may then, for exanple, be derived from

Vi[err] = V1[agy: flerr]-Vl[err]-aferr]) a[err] -

The other re ersence val ues can then be si derived I-rothEPlrp@lEMEMc\éﬁt)ET
val ue V1 by niREFHIVERFOR WLBI CFeEaRIG '-F STENRYR™ cont}i fatTon of the
nmoni toring nmeans 18 and the correction neans 2 0 NOV 1996

In a digital transmission system comprising a transmitter (2) coupled via a
channel (4) to a receiver (6) a detection signal r, is compared with a number of
reference values to determine the destination symbols &,. Since the size of the received
signal r, is not known in advance, the ratio between the detection signal and the

5 reference values is to be determined by adapting means (16) on the basis of the received
signal and the decisions made.

The problem may then occur that as a result of an initially erroneous
value of the ratio between detection signal and reference values not a correct adaptation
is made. By recognizing according to the inventive idea such a situation because specific

10 values of the symbols &, are lacking, in such a situation said ratio can be brought to
such a value by the correction means (18) that all the values of &, again occur. |

Fig. 1.
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e ' _ 46070(-
19 -shown in Fig. 2 the detected synbols a[err] are applied to conparing
*ecircuits 30 and 32. The output of the conparing circuit 30 [32] is ‘
connected to an input of a shift register 34 (36]. A nunber of parallel
outputs of the shift register 34 [36] arg connected to inputs of a NOR gate
38 (40]. The output of the NOR gate 38 [40] is connected to a control input
‘of a swtch 42 [44] and of a change-over switch 47 [48] ~rrst—comtact of

Y =Y

the switch, i PQS ki [ negat i vé] RGRIACEYENS SHEEL
whi ch carriéﬁcl’:&éé%)IFPEJ@R%S][CE&?&@%I?MA%QQ%W contact ¢@f {the swtch 42][ 44]
is connected to an input of a lowpass filter 45 [46]. |The PO AR 1997 t he
| ow-pass filter 45 [46] is connected to a first contactf ¢f the change- gver
switch 47 [48]. A second contact of the change-over swijt¢ ' ‘
connected to a point of reference potential. The centrgl contact of the
change over switch 47 [48] is connected to the output of the correction
means where the correction signal is available. The conparing circuit 30
[32] ascertains wheti€rinvensiopzrelatesdp a digital transmission system comprising a

transmitter coupled to a receiver by a channel, the receiver comprising deriving means
for deriving a detection signal from an input signal received from the channel, a
detector for determining detected symbols by comparing the detected signal with at least
one reference value, the receiver also including adapting means for adapting the ratio
between the amplitude of the detected signal and the reference value to minimize the
symbol error rate. _

The invention likewise relates to a receiver for such a tx_ansrrﬁskion

—

system.

A transmission system as defined in the opening paragraph is known from
the journal article "A PRML System for Digital Magnetic Recording” in IEEE Journal
on selected Areas in Communications Vol. 10, No. 1, January 1992,

Transmission systems of this type may be used, for example, for '
uaﬁsfe:ring digital symbols through the public telephone network or for reconstructing
digital symbols originating from a magnetic tape or disc. When digital source symbols
are transmitted vig a transmission medium or when data symbols are stored on a
recording medium, the digital symbols to be transmitted or recorded respectively, are
converted to analog pulses which are subsequently applied to the transmission medium

 or recording medium respectively, further to be denoted by the term of channel.

The ixiput signal of the receiver coming from the channel is converted in
the receiver to a detection signal of which it is possible to determine by a detector

"which value of a transmitted symbol belongs to the associated value of the detection
signal. For the conversion of the input signal to a detection signal processes such as
. demodulation, equalization, echo cancelling and amplitude control may be necessary.
B For reconstructing the transmitted symbols on the basis of the detection signal, it is
i hecessary to compare the current detection signal, reduced, as required, by an estimate
of the contributions of the preceding symbols to the detection signal, with one or more
reference values. Depending on the relative value of the detection signal with respect to

& *on
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[err‘] I's unequal to O [[err]2]. If the value a[err] is unequpljto O

i RorLALCMER onckl |

ferr]2], the output of the conparing circuit has the-1Iogic "I vel gMAR 97,
If the value a[err] is equal to O[[err]2], the Qutput signa}] pf the
conparing circuit has the logic "0" val ["I" ]. Successivej varues—of—tie
out put signal of the corrparl ng circuit [32] are shifted ip the shift
regi ster 34 [36] t v is too snmall_[too l.arge eoutput
si gnal s oﬂlctfﬁ@"%‘ﬁﬂv “nglag éﬁ%ﬁ% i # jSpegifi ‘Ia ‘tﬂ?@wﬁﬁm¢

logic ™ %%&J[na}}g a result, the |ogic val ue of the Qut put signal of the
NCOR gat e ] becones equal to "1", so that the switch 42 [44] is closed

and the change- overSisce thelsighal os$]onithe transmissios\ pathr may presentsa guwodg v[ err]
Lo cor 1 bolluamionssampiiede Of Ui BRet sgeslmady diser siepnaly dor. dfterent BRSS! ¢ he
correct i oy St @Rkr, oweVer, 5836 bk Tapdble 6f ¥orrectly linking the value of the detection
signal and the associated value of the detected symbol; despite the strongly fluctuatirig
amplitude. In the prior-art transmission system the comparison between detection signat
and reference value is made in a Viterbi detector, but it is likewise conceivable to
determine the relationship between the detection signal and values of the detected
symbols by means of a simple comparator. In a number of eimations the reference

values are equal to the average of two successive possible values of the detection signal
(supposed to be noise-free here). With such a selection of the reference values, the
symbol error rate is minimized for an equal probability of all the symbols.

Since the amplitude of the signal coming from the channel is not known ¢
priori the optimum value of the reference values cannot be known @ priori either and
the relationship between the detection signal and reference values is to be determined on -
the basis of the signal coming from the channel. The adaptation of the relationship
between the amplitude of the detection signal and the reference values may be effected
in various ways. One option is to determine the amplitude of the detection signal at the
desired value with fixed reference values with the aid of a circuit for automatic gain
control, further to be referenced AGC amplifier (Automatic Gain Control). An
alternative solution is to adapt the reference value(s) to the amplitude of the detection
signal.

Said journal article has digclosed that the adaptation of the ratio between
the amplitude of the detection signal and the reference value(s) can be effected by
making an estimate of the nominal value of the detection signal on the basis of the
reference values and a decision about the value of a detected symbol. If the real value
of the detection signal is greater than the estimate, the ratio between the amplitude of
the detection signal and the reference value is adapted by increasing the reference value
or by reducing the amplitude of the detection signal. If the real value of the detection
signal is smaller than the estimate, the ratio between the amplitude of the detection
signal and the reference value is adapted by reducing the reference value or by
increasing the amplitude of the detection signal.
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9 slowy, Whilst the change-over switch 47 [48] causes the cofrpction
signal to becone zero imedi ately if again synbols a[err] are det 4B MAR W97
havi ng a synbol value unequal to O [equal to [err]2]. The sigp pf the
voltages v[err] and v[err] is opposite Decause this value is jo be
increased if the, value wis too | ow whereas this value is th_he reduced

]

If the value wis Lo ' i ' “*&g id t@egl t he
detection signal i?&g?%dﬂgm%%?q?ﬁ%%ﬁﬂgﬁ a gjﬁegﬁi‘}dcgclt tﬁi\n

out put of the ‘fehdgqﬁeaétéctidmsiﬁmliandmwmcb valuemisiadapted df saidcmammer dyor 52.
The out puamph¥t®he ¢

onparator, 52 i g cqonnecied to an input of a cascade
circuit cguppiginggneans lﬁﬁaﬁm&ﬁ* a“%@“&n’& @@‘S&(So ermpeoys yalug which
mul tiplief circuit l‘%g%:g')tm%tla@f the cascade circuit of delay el enents
56 and 54ieads O ENTEE 0 a second I nput of the adder circuit 50 and to a

second input of thg jsan object of the invention to provide a transmission system as defined
i the opening paragraph in which the determination of the ratio between the detection
signal and the reference value always leads to a suitable value for this ratio.

" For this purpose, the invention is characterized, in that the receiver
comprises monitoring means for detecting the absence of at least one of the possible
values of the detected symbols and includes correction means for correcting the ratio
between the detection signal and the reference value if at least one of the possible values
of the detected symbols is absent. - ' a

The invention is based on the recognition that an erroneous ratio between
the amplitude of the detection signal and the reference value, which ratio leads to a
large bit error rate, can then occur and anly then occur if at least one of the possible
values of the detected symbols is absent, By checking the presence of all the possible
symbol values there may be ascertained, if one or more symbol values are absent, that
the ratio between the amplitude of the detection signal and the reference value is
incorrect. In addition, depending on which symbol values are lacking, there may be
ascertained whether the ratio is too high or too low. On the basis of said information
the ratio can be adapted by the correction means so that all the symbol values again
occur.

An embodiment of the invention is characterized in that the receiver is
arranged for adapting the ratio between the detection signal and the reference value on
the basis of a combination of a correction signal coming from the correction means and
an adaptation signal coming from the adapting means. .

By adaptmg the ratio between the amplitude of the detection signal and the
reference value on the basis of a combination of the adaptation signal and the correction
signal, only little additional hardware and/or software is necessary to make the
Correction of the ratio between the amplitude of the detection signal and the reference
value. The combination of the adaptation signal and the correction signal may be
achieved, for example, by adding the correction signal to the adaptation signal.

A further embodiment of the invention is characterized, in that the
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miltiplier circuit 58. Detection neans shown in Fig. 3 are intengee—+o
detect detection signals comng froma channel that has a co nfy térrﬁg
Class |V partial response transfer. This transfer is describedjby t MAR 1997
transfer function HD) - 1 - Dierr] whege Dis the notation cu$tmary in
“data transmi ssion for a delay over one synbol interval. A synbgl to be

~transmtted i s now converted a first pulse at a first.ins t—ad—a
second pulcze BF mmSg@fé%mPﬁ@[ ﬁrrggpc@ﬁgg&ﬁoqeﬁﬁﬁn Mﬁhﬁh' bftpag gast gngj g,

cat an inst two.s ' e led NidGedth ' ' todfitecti al ue

. of the det qteipﬂﬁl@?éﬁg% ?%ﬂg%qgependdgﬁ?r?lst{ﬁe valthghigFéfE‘eh{?&ansm tuty(g?t gynbol

~alerr] an .ofd&igqf,?@ﬂmdfc tatecatt which rthe centectionisignad change® in rdiredtion i on,
- precodi ng rate a appl jed.b irs onverting the ol s err] to
Eyrrbols g[sqeﬂr)gs;mmmp@mfe? ?%YEF? L .°?ﬂ$sébt1fn"g’é‘6§19f1§}/ﬁn&‘m‘?£¥v $cribed

~in atran Ssion or recording standard, so that sinple receivers (not
- discussed Qewre) can be used. A further advantage of precoding is that a

~sign inversion of thelaivelycsiowrinereaseadf the cormection $igsaldfigentdin agmbohvalues
. re abseat, avoids that if certain symbol values are absent for a bﬁef period of time, the
Jdaptation of the ratio between the amplitude of the detection signal and the reference
value is not disturbed by a (an unnecessary) correction. A relatively fast reduction of
the correction signal if all the possible symbol values are present, avoids that the
correction is made for a longer period of time than is strictly necessary.

A further embodiment of the invention is characterized, in that the number
of possible values of the channel symbols to be detected is greater than the number of
possible values of the source symbols, in that the detection means are arranged for
deriving destination symbols that have the same possible values as the source symbols
from the detection signal and in that the monitoring means are arranged merely for
detecting the absence of possible values of the destination symbols. _

For specific classes of channels, for example, commonly termed pamal
response channels, the number of possible values of the channel symbols is greater than
the number of possible values of the source or destination symbois. It appears to be
possible to detect an erroneous ratio between the amplitude of the detection signal and '
the reference value by only monitoring whether all the possible values of the destination
symbols are present. This makes a check whether all possible values of the detection
signal are present redundant. It leads to a reduction of the complexity of the monitoring .
means, because only a smaller number of possible symbol values need to be monitored.
In the system detection means can moreover be used in which the decision about the
value of the channe} symbols is not made explicitly. This type of detection means may
sometimes be simpler than the detection means in which the decision about the value of
the fy“‘b"ls coming from the channel is taken explicitly indeed. Several examples of
Partial response channels are, for example, channels having a transfer function
A0)=1-0? PRIV) and H(D)=1+D-D?-D3(EPRIV), in which D is the notation
customary in data transmission for a delay over one symbol interval.

The invention will now be further explained with reference to the drawing
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the dependence of the detection signal on the symbols to bg mjanmﬁmm\ﬁdSHEET
\t/)m[” be given in the Tabl e bel ow. 1 0 MAR 1997 10 aferr]
err]-2 . bl[err detection signal -1
+ 1 +2 -1 | ! +1 § J -1 10MAR199%
-2 +1 -1 -1
in which
Flgufes’ in W

Fig. 1 shows a transmission system according to the invention;

Fig. 2 shows a combination of monitoring means and correction means
to the inventive idea;

Fig. 3 shows an embodiment of a detector for detecting Partial Response
jass IV signals in which only the destination symbols are available; and

~ Fig. 4 shows correction means to be used in a receiver comprising the

Jetection means shown in Fig. 3.

In Fig. 1 source symbols a, are applied to a transmitter 2. The output of
the transmitter 2 is coupled to an input of a channel 4. An output of the channel 4 is
coupled to an input of a receiver 6. The received signal in the receiver 6 is applied to
the deriving means 8 for deriving the detection signal from the input signal. These
deriving means 8 comprise in this case a filter 10 and an AGC amplifier 12. The output
of the amplifier means 12 is comiected to an ixiput of detection means 14 and to an input
of adaptation means 16. The output of the adaptation means 16 is connected to a first
input of an adder circuit 20. The adaptation signal is available on the output of the
adaptation means 16. The destination symbols & are available on the output of the
detection means 14. The output of the detection means 14 is also connected to an input
of the monitoring means 18. An oufput of the monitoring means 18 is connected to an
input of the correction means 19. The correction signal is available on the output of the
correction means. The output of the correction means 19 is connected to a second input
of the adder circuit 20. This adder circuit 20 is present for combining the correction
signal with the adaptation signal.

The output of the adder circuit 20 is connected to an input of an integrator
22. The output of the integrator 22 is connected to a control input of the AGC amplifier
12,

The transmission system shown in Fig. 1 is arranged for transmitting
quinary digital symbols. There is assumed that these symbols a, may adopt the values -
4,-2, 0, +2 and +4, while k is a running index which adopts successive integral

+ Values. After filtering by the filter 10 and amplification of the filtered signal, the

detection signal ry is present at the input of the detection means 14. The following may
then be written for the detection signal:



+1 +1 +1 - 0_The detection neans 16
make a deci sion about the sign of the output sigha f ogm ator 52 at
the instant k-2 and the detection signal at the in hFﬂACE@ENP 1rn:tioni ng
of the conbination of adder circuit 50, dbnparat ¢r |52 and d% el enrent s 54
and 56 correponds to the functioning of a decisidgn f b OAAR 3@: I ger,
whi |l st an estimate of the mtersynsz |nterf§r g¢e{caused by thejsy nbvé:
b[err]-2 is elimnated by adding to k re¥d&keCi'hor signal a f eedback Jue
proportional to the synbol b[err]2. It wll be ewul ly a
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too | ow, @W‘é‘%ue&%sferr wi] | always be the sama(+1or -1) k
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alerr] is arwssH
detection means 14, which are equal to -3, -1, +1, +3 respectively. For an equal

fiketihood of symbols 2 the optimum value w is equal to 1. The relationship between
detection signal and detected symbol value will be given in the Table below:

B Ty &
e < -3 4
3 <-1 -2
-1sn <+l | 0
+l=n <43 +2
+3<r1 | +4

The value w is determined adaptively from the detection signal r, and the associated
value of the destination symbol 4. This may be done, for example, in accordance with
the following expression:

Wial = Wx—N (T -8&;) - SIGN (&;) (2)

In (2) X is an adaptation constant determining the adaptation rate. If the value w is

much lower than 0.25, this means that the absolute value 1,, when discarding the noise
signal ny, will always be smaller than 1 so that the symbol 4 is always equal to 0. (2)
and (1) show that w is then adapted only on the basis of the noise signal value ny. Since
the average value of the noise term ny is usually zero, the average value of the
adaptation signal A(r-4;)  SIGN(4;) will be zero as a result of which w will not change.
The result is a large symbol error rate which will not improve any more. Such a
situation may be detected by the monitoring means 16 since the symbol values + 2 and
T 4 no longer occur. By increasing in such a situation the value w in accordance with
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This fact may be utilized for generating the correction signal. {The nethod
ment i oned above cannot only be used for the PRIV channel discusged 19 MAR 1997
her ei nbefore, but also for EPRIV channels. For an EPRIV channel {havi ng
precoding the following holds for the transmtted channel synbolfs bferTi ~
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Pel ati onshi rra:eﬂ%g@h&l ﬁe v%es rﬂ?f’% ﬂe vai ues [err] and [erér] wil |

be given in the f ol hg@mmurﬁehlred situatiofrackurs if two dlffcrcnt]Mutc valuey eff the K- 1
[err]k O +1

jeiection s1gnal lie above the maximum rcfcrenc:l: value. This can only occur if w 1s1too
tigh. In such a situation two dxfferent levels of the detection signal will be shown on the
ame symbol value. If the constant w is adapted, an adaptation signal for reducing w
will be gencrated for the higher of the two levels of the detection signal Ty, whereas for
the lower of the two levels of the detection signal ry an adaptation signal could be
gg.mtcdtomm“’ Smcemetwolevelsoccurmthamnprobabmty,wwm |
one time be reduced and increased the next time. The value w is then controlled to an
erroneous value which depends on the probability of the two levels of the detection
signal. '

For example, if the initial value w is assumed to be greater than 1.5, the
sbsolute value of the highest level of the detection signal is greater than 6 and the
absolute value of the all-but highest level of the detection signal is greater than 3. For
the two levels of the detection signal the corresponding symbol & is equal to + 4. For
the higher of the two levels of the detection signal the adaptation signal is equal to
Mdw-4), whereas for the lower of the two levels of the detection signal the adaptation
signal is equal to A(4-2w). An ethbnum value w is then obtained for which the
following relationship holds: '

(4*W-4)pgiutq = (4-2°W) Pgiayi2 . (3)

For an equal likelihood of the different levels of the detection signal, this leads to a
value w = 1.6667. Here too the result is that a large symbol error rate occurs which
will not improve any more: Such a situation can be detected by the monitoring means
16 in that the symbol values + 2 no longer occur. By reducing w according to the
inventive idea in such a situation, until all the symbol values start occurring again, it is
Possible yet 10 obtain a correct adaptation of w with too large an initial value w.
The sum of the adaptation signal and the correction signal, which sum is
::::‘:01! the output of the adder circuit 20, is integrated by the integrator 22 in a
of the 4 (:cm for the AGC amplifier 12. Due to the presence of the integrator the gain
amplifier 12 is controlled so that both the adaptation signal and the
‘on signal become equal to zero. It will be evideat that the integrator 22 can be
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?d with both*ahalb% means and digital means.

There should be observed pa};gm order to obxgm a cozrrect ratiq j;etween
; mhrudc of the defection signal andli'hje reference vahf} it is altemauve]} po4§1b1e
0 conn'Ol the reference values in lieu of controlling the gain of the AGC amplifier. The
reference value V1 may then, for example, be derived .from

Vige = Vlk"')‘(rk’v‘zk'ak) <& ' (4)

The other reference values can then be simply derived from the reference value V1 by

multiplication by a constant value.
In the combination of the monitoring means 18 and the correction means

19 shown in Fig. 2 the detected symbols &; are applied to comparing circuits 30 and 32.

The output of the comparing circuit 30 [32] is connected to an input of a shift register
34 [36]. A number of parallel outputs of the shift register 34 [36] are connected to
inputs of 2 NOR gate 38 [40]. The output of the NOR gate 38 [40] is connected to a
control input of a switch 42 [44] and of a change-over switch 47 [48]. A first contact of
the switch 42 [44] is connected to a positive [negative] voltage source which carries a
voltage V, [Vy,]. A second contact of the switch 42 [44] is connected to an input of a
low-pass filter 45 [46]. The output of the low-pass filter 45 [46] is connected to a first
contact of the change-over switch 47 [48]. A second contact of the change-over switch
47 [48] is connected to a point of reference potential. The central contact of the change-
over switch 47 (48] is connected to the output of the correction means where the
correction signal is available. B

The comparing circuit 30 [32] ascertains whether the value of the symbol
4y is unequal to 0 [+2]. If the value 4 is unequal to 0 [ii], the output of the

, comparing circuit has the logic "1* value ["0"]. If the value 4 is equal to 0 [+2], the
. output signal of the comparing circuit has the logic "0" value ["1"]. Successive values

of the output signal of the comparing circuit 30 [32] are shifted in the shift register 34
[36]. If the value w is too small [too large], all the output signals of the shift register 34
[36] will at a specific moment have a logic “0® value. As a result, the logic value of the
output signal of the NOR gate 38 [40] becomes equal to "1", so that the switch 42 [44]
is closed and the change-over switch 47 [48] is turned. A correction signal v,' [vy'] will
then be available on the output of the correction circuit 19 to correct the value w. The
low-pass filter 45 [46] causes the value of the correction signal to increase relatively
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value wis too small, the detection signal will always be obskryed B.MAR 1997
signal level equal to 0. This nmeans that the value [err] wl hen al ways

be represented as -1. The fact that only the value -1 occurs }or lerr] here
neans that wis too snmall and is to be increased. If the value_wils too

hi gh, the d;ﬁf@jﬂﬁlssﬂgrﬂﬂnwﬂw%rﬁ 48] causes thecarrection signabto becone or
+4, which v s are then also S S err]. = - wever . .this
call's for a ppdmm g if aghich Syrbibdl 35 3¢ g%ﬁéﬂf‘&‘t”f’@bé’?@?%%@@he
detection of v ugfj]err] which are only equal to -1, first to reduce the
val ue w condf R yso that it is certainly too |ow, and then increase

this value w step- by Fieesigruof the vollagese, and weis opposite becagse this value is to be
increased if the value w is 100 low whereas this value is to be reduced if the value w is
too high. |

In the detection means 14 shown in Fig. 3 the detection signal is applied
0 a first input of an adder circuit 50. An output of the adder circuit 50 is connected to
an input of a comparator S2. The output of the comparator 52 is connected to an input
of a cascade circuit comprising two delay elements 56 and 54 and to the input of a
multiplier circuit S8. The output of the cascade circuit of delay elements 56 and 54 is
connested to a second input of the adder circuit 50 and to a second input of the
multiplier circuit 58. _

Detection means shown in Fig. 3 are intended to detect detection signals
coming from a channel that has a commonly termed Class IV partial response transfer.
This transfer is described by the transfer function H(D) = 1 - D?, where D is the
notation customary in data transmission for a delay over one symbol interval. A symbol
to be transmitted is now converted to a first pulse at a first instant and a second pulse,
as large as the first one but then having an opposite sign, at an instant two symbol
intervals later than the first instant. The value of the detection signal then depends on
the value of the transmitted symbol a, and of the value of the transmitted symbol ay.,.
In addition, precoding is usually applied by first converting the symbois a to symbols
by = a3 +by 4. This precoding is often prescribed in a transmission or recording
standard, so that simple receivers (not discussed here) can be used. A further advantage
of precoding is that a sign inversion of the detection signal no longer has any effect on
the value of the detected symbols 4. In the case of binary transmission the dependence
of the detection signal on the symbols to be transmitted will be given in the Table
below,
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again occur. In the correction circuit shown in Fig. 4 a rel gt pvety—smaft
current ( -2.5 [err]A) is applied to a positive input of a puptr
circuit 64. Arelatively large current ( [err] 40 [err]A) iE appﬁé@wa
vi[err] a switch 61 to a negative input of the subtracter cifcuit_64 A
first output of the subtracter circuit 68is connected to a first terninal

wiat

of a capacitor 66, to the cathode of a diode 68, to the anode—e+—a—trote—r0
and to the ba f—a transistor /2. A segond oyt put OL the sybtracyer
circuit 64 s cormected fo a sedw™ terninal oPka cap citdgfxﬂg‘,‘ to]the

anode of the diode 68, t¢ the cathode of [the di ode 70 %WO t he bpse of a
- transistor {74. The enmttgrs of the transijstors 72 and are connefted to a
current sour 8—THe Ccqr1ector o1 tne gransistor 7241 S connect to .a

positive sypply vl tage Y+. The dollectof of ttd trangistort?4 is tonnected

to the basag?nrd_Lb.e-seH—e-e-t-eq—e-f—a—t-ﬁaﬁ:ﬁ St-et—r6—ant—-to—the—base—o{ a
transi stor . Thg emttgrs of thp transijstors-¥6 and}80 are2conneg¢ted to
t he supply jvol tage V+ ereas the colledtqr of the tlansistor
"
+1 -1 -1 0
41 +1 +1 0
hansmne =

The detection means 16 make a decision about the sign of the output

-+ signal of the comparator 52 at the instant k-2 and the detection signal at the instant k.
The functioning of the combination of adder circuit 50, comparator 52 and delay
clements 54 and 56 corresponds to the functioning of a decision feedback equalizer,
whilst an estimate of the intersymbol interference caused by the symbol Bk.z is
chiminated by adding to the detection signal a feedback value proportional to the symbol
by.5- It will be evident that here only a binary decision 2bout the symbol by is made by
the comparator 52, whereas the input signal is trinary. The multiplier circuit S8
determines the value of the symbol & from the values by and by 5.

If the value w is too low, thevalueﬁkwillalwaysbethe same (+1 or -1)
or alternately adopt the values +1 and -1, depending on the initial contents of the delay
elements 54 and 56. This will lead to the fact that the value 4 is always equal to +1.
This fact may be utilized for generating the correction signal. The method mentioned.
above cannot only be used for the PRIV channel discussed hereinbefore, but also for
EPRIV channels. For an EPRIV channel having precoding the following holds for the

'transmitted channel symbols by:
‘ by=a;Oby_1Bby_2Oby_3 (S)

where @ represents a modulo-2 addition. For this channel the possible values Iy, with
W=1, are equal to 4, -2, 0, +2 and +4. The relationship between the values ry and
the values b and 4 will be given in the following Table:
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80 i‘orms the output of the correction neans. |If the synbol} yalues +1 and {1
frequently occur for the symbol [err], the switch 61 will {be f1EMARIIPI7
turned. Since the average value of the current applied to{the negative
i nput of the subtracter circuit is greatdn than the currert appitred to the
positive input, on average a negatlve current will be delijvered by the
subtracterTircult. ﬁs esut CrtoT—60 W 11T aDe char geqg up tjo the
forward voltagdkof t 251931 shl.; hat{ t h&mol t gge oPkt he |basedpf tHe
transi st or er—t-he—bgse—of—trarststor—7F4] As a
result, the cur@ent kom Ad from thgjicurrlent $Qurcd 78 ill | nai nl ylfl O\qy
through trapsistor 7 sQ that}j the outp current lof the caorlrection cilrcuit
is substantially .zerp. Hoyevery i f he lue_v is|too kew, dnly Lpe vdl ue
[err] = +]1 will ocfpur and nof cur 11l be apglied to the negati ve
i nput of tfe subtracfer crrcurf 64 ana tjhe out put curr%rit of] the fubtracter
circuit 64fw | 1% be ppsiti sp that the capatitor -

0 -1 +1 +1 -1 -1

0 +1 -1 +1 -1 -1

0 -1 -1 -1 -1 -1

+2 -1 +1 +1 +1 +1

+2 +1 -1 +1 +1 +1

+2 -1 -1 -1 +1 +1

+2 -1 -1 +1 -1 +1

-2 +1 -1 -1 -1 +1

-2 -1 +1 -1 -1 +1

-2 +1 +1 -1 +1 +1

-2 +1 +1 +1 -1 +1

+4 -1 -1 +1 +1 -1

-4 +1 +1 -1 -1 -1

If the value w is oo small, the detection signal will always be observed as a signal level
equal to 0. This means that the value 4, will then always be represented as -1. The fact
that only the value -1 occurs for 4, here means that w is too small and is to be

increased. If the value w is too high, the detection signal will be considered to have a

value of -4, 0 or +4, which values are then also represented as 4 =

calls for a reduction of w. To solve this problem, it is possible for the detection of
Values &, which are only equal to -1, first to reduce the value w considerably, so that it
is certainly too low, and then increase this value w step by step until all the values &,

= -1, However, this



be charged relatively slowy in opposite direction. Once
the capacitor has reached the forward voltage | evel of the -
vol tage on the base of the transistor 74 is greater than {h t he
base of transistor 72. Consequently, the @Qurrent comng fio the ) r@@t

source 78 will mainly flow through the transistor 74 and fh¢ current mrror]
- fornmed by the, t istors 76 and 80 will supply the corection Signal in the

formof a caAPent. Since the value of the current produce(h_bgc_.r—he—eu-r—Feﬁ-t—-
source 60 is relati vH thessomtektion circuit shaverk in Figret 4 reistively small icorrenppaed. Sor

. 66 1s charged, REPLACENMENT SHEET 13 so that, the correctjon signal wll
i ncrease regad iis,appjied (10 @ RPSILYG AR of ’O?R%PSFF Cirprt ggﬁa‘leau"dy large current (

= 40 uA ) is applied via a switch 61 to a negative input of the subtracter circuit 64, A
first output of the subtracter circuit 64 is connected to a first terminal of a capacitor 66,
1o the cathode of a diode 68, to the anode of a diode 70 and to the base of a transistor
72. A second output of the subtracter circuit 64 is connected to a second terminal of a2
capacitor 66, to the anode of the diode 68, to the cathode of the diode 70 and to the
pase of a transistor 74. The emitters of the transistors 72 and 74 are connected to a
current source 78. The collector of the transistor 72 is connected to a positive supply
voltage V+. The collector of the transistor 74 is connected to the base and the collector
of a transistor 76 and to the base of a transistor 80. The emitters of the transistors 76
and 80 are connected to the supply voltage V+, whereas the collector of the transistor
80 forms the output of the correction means. '

| If the symbol values +1 and -1 frequently occur for the symbol 4, the
switch 61 will be frequently turned. Since the average value of the current applied to
the negative input of the subtracter circuit is greater than the curreat applied to the
positive input, on average a negative current will be delivered by the subtracter circuit.
As  result, the capacitor 66 will be charged up to the forward voltage of the diode 70,
so that the voltage on the base of the transistor 72 is larger than the voltage on the base
of transistor 74. As a result, the current coming from the current source 78 will mainly
flow through transistor 72, so that the output current of the correction circuit is
substantially zero.

However, if the value w is too low, only the value & = +1 will occur
and no current will be applied to the negative input of the subtracter circuit 64 and the
output current of the subtracter circuit 64 will be positive, so that the capacitor 66 will
be charged relatively slowly in opposite direction. Once the voltage across the capacitor
has reached the forward voltage level of the diode 68, the voltage on the base of the
transistor 74 is greater than the voltage on the base of transistor 72. Consequently, the
Current coming from the current source 78 will mainly flow through the transistor 74
and the current mirror formed by the transistors 76 and 80 will supply the correction
signal in the form of a current. Since the value of the current produced by the current
Source 60 is relatively small, it will take some time before the capacitor 66 is charged,
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val ues [err], again occur, a nuch larger current w II reglﬁl rTy De suppli
to the negative input of the subtracter circuit by the cufrgntq éwi@qu@l
that the capacitor 66 will be rapidly discharged and will b¢ recharged in
opposite direction. These neasures achigye that the corregti
rapidly dimnish if all these synbol values [err] again og¢cur.
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transmittsorth mn s‘%é’fﬂ\}elp%k ﬁﬁgﬁﬁpﬁ%me recel 'VW

deriving ﬁnctﬁfcuylanﬁmah ecEireeht Siifl regularly beaupplisd o thegiegative
recei ved %&%ﬁw H?g channél , a dgtﬁgct or for dgt%grmgl nrgm;d:gt ect ed sygmi)gles by

conpar i ngpiteofdhe subteagtesicjaenit byi the currentsourcer bk 3 that

receiver rapidly discharged and will be recharged in opposite direction. These measures achieve

that the correction signal will rapidly diminish if all these symbol values 4, again occur.
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al so including adapting neans for adapting the ratio between_the anplitude

of the detected signal and the reference value to mnim ze hﬁE@A’E@MﬁEN?rgf@ET
rate, characterized in that the receiver conprises nonitoring ans.1.QoL
detecting the absence of at |east one of the possible val ue f the
detected synbol's and includes correction ngans for correctifg t heOrMAR 3997
bet ween the detection signal and the reference value if at fedst one of the
possi bl e val ugs, of the detected synbols is absent. 2. Transm ssi on
system as cl. in Claiml, characterized in that the receéiver is

arranged for adapting the ratio between the detection signal and the
reference val ue on the basis of a conbination of a correction signal com ng
fromthe correction nmeans and an adaptation signal comng fromthe adapting
nmeans, 3. Transnssi on systemas clained in daim1l or 2,
charcterised in that the correction neans are arranged for generarting a
corection signal which, if at |east one of the possible values of the

detected synbpls is abgppita tahamedcn sylteth édriprsingl 4 @&ishiteraoupled to a receiver
by a channel, the receiver comprising deriving means for deriving a detection signal
from an input signal received from the channel, a detector for determining detected
symbols by comparing the detected signal with at Jeast one reference value, the receiver
also including adapting means for adapting the ratio between the amplitude of the
detected signal and the reference value to minimizs the symbol error rate, characterized
in that the receiver comprises monitoring means for detecting the absence of at least one
of the possible values of the detected symbols and includes correction means for
correcting the ratio between the detection signal and the reference value if at least one
of the possible values of the detected symbols is absent.
2. Transmission system as claimed in Claim 1, characterized in that the
receiver is arranged for adapting the ratio between the detection signal and the reference
value on the basis of a combination of a correction signal coming from the correcriog
means and an adaptation signal coming from the adapting means,
3. Transmission system as claimed in Claim 1 or 2, characterized in that the

' correction means are arranged for generating a cotrection signal which, if at least one

of the possible values of the detected symbols is absent, changes in a first direction ata
rate that is lower than the rate at which the correction signal changes in a direction
oppésite to the former direction when all the possible values of the detected symbols
occur,
4, Transmission system as claimed in Claim 1, 2 or 3, characterized in that
the number of possible values of the channel symbols 10 ba detected s preater than the
number of possible values of the source symbols, in that the detection means are
arranged for deriving destination symbols that have the same possible values as the
source symbols from the detection signal and in that the monitoring means are arranged
zherely for detecting the absence of possible values of the destination symbols.
5. Receiver for receiving an input signal representing digital symbols, the
receiver comprising deriving means for deriving a detection signal from the input
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rate that is lower than the rate at which the correction gignal changes i
a direction opposite to the-fornmer direction when all the |p ssﬂtgj.ﬂrmajgyys
of the detected synbols occur. 4. Tansm ssion sygtgm as clai ned i
Caim1l, 2 or 3, charaterized in that thga nunber of possiQl
channel synbols to be detected is greater than the nunber Jof possible

values of ! Eignd ok aeetsy fbR Aeerminthg! dtilctels 19 mB6l B9 coRPariibthe dBleCc Gghiyg=0 ' o'
deriving destination synmbols that" have the sa posSsi bl e val ues a he
sour ce synbWita af jegsh angaeferenes valum the rpseiversaish inoludingadaptiagmaesins fori ng neans

dest | nat | on LPRAE | 1 bAefF i Unglie 8P BT itoclon RIS ok the'RletEe Suye 7

represent i nt¢ @indmizaithesgmibol error fate, characterizad dn tiat ithei veceivkerdomiprigesmeans f or

deriving a pightfring Hests $iPdetdchiRf Uk WBsdndd 8F at teast one of the possible values of the
detected symbols and includes correction means for correcting the ratio between the
detection signal and the reference value if possible values of the detected symbols are
absent,
6.  Receiver as claimed in Claim 5, characterized in that the receiver is
arranged for adapting the ratio between the detection signal and the reference value on
the basis of & combination of a correction signal coming from the correction means and
an adaptation signal coming from the adapting means.
7. Receiver as claimed in Claim § or 6, characterized in that the correction-
means are arranged for generating & correction signal which, if at least one of the
possible values of the detected symbols is absent, increases at a rate that is lower than
the rate at which the correction signal diminishes when all the possible values of the
detected symbols occur.
8. Receiver as claimed in Claim S, 6 or 7, characterized in that the number
of possible values of the channel symbols to be detected is greater than the number of
possible values of the source symbols, in that the detection means are arranged for
deriving destination symbols that have the same possible values as the source symbols
from the detection signal and in that the monitoring means are arranged for detecting
the absence of possible values of the destination symbols,
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REPLACEMENT SHEET signal, a detector for determ ning detected synbols by
conparing the detection signal with at |east ‘one reference val ue, the
recei ver also including adapting neans for adapting the ratio between ih
anplitude of the detection signal and the reference val uq wepPACEMENTCSHEET
synbol error rate, characterized in t hatl& he receiver co [ (heS-BStBRH--E+HH J
nmeans for detecting the absence of at | east one of the pdsqgible valu a off.
t he detect e&%ol s and includes correction neans for c rrecﬂiQﬂARh’@ { atli
osisi bl e val ues af
claimed in Caim

between the detection signal and the reference value jf
t he detect edREGRINER FOR MYISF LEYEL. DIGITAL [JIGNALR" a5
5, characterized in that the receiver is arranged for ad :
bet ween the detection signal and the reference value on the basis of a
conbi nati on of a correction signal comng fromthe correction nmeans and

In a digital transmigsion system comprising a transmitter (2) coupled vig a
channel (4) to a receiver (6) a detection signal ry is compared with a number of
reference values to determine the destination symbols &, Since the size of the received
signal ry is not known in advance, the ratio between the detection signal and the
reference values is 10 be determined by adapting means (16) on the basis of the received
signal and the decisions made,

- The problem may then occur that as a result of an initially erroneous
value of the ratio between detection signal and reference values not a correct adapiation
is made. By recognizing according to the inventive idea such a situation because specific
values of the symbals &, are lacking, in such a situation said ratio can be brought to
such 2 value by the correction means (18) that all the values of 4; again occur.

Fig. 1.



an adaptation signal comng fromthe adapting nmeans. 7.
as claimed in CQaimb5 or 6, characterized i'n that the co
arranged for generating a correction signal which, if at
possi bl.e values of the detected synbols is absent, incred
. is lower than the rate at which the correction signal din
t he possi bl e values of the detected synbols occur. 8.
claimed in Cdaim5, 6 or 7,
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