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The invention relates to a digitai 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
one reference value, the receiver also including adapting means for adapting the ratio
bemeenﬂleamphmdeofﬂledeﬁectedmgndandmemferencevalmmmmmﬂ\e
symbol error rate. : '

The invention likewise relates to a receiver for such a transmission -
system.

_ Ananmﬁssimsyuunadeﬁnédinmempuagraphishownﬁom |

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
diginlsynmolsqﬁgimﬁngﬁoma'nmeﬁcmp@mdiw.Whmdigitalmsymbols
areﬁansminedviaammissionmediumorﬁhendatasymbmuestomdona
recording medium, the digital symbols to be transmitted or recorded rupecuvely,
converted to analog pulsu which are subsequently apphed to the transmission medium
orrecordmgmedmmmpecuvely,ﬁ:ﬂhertobedmoﬁedhyﬂlewrmofchannel

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
whichvalueofatransmittedsymbolbelongstotheassociaﬁedvalueofﬂle_detecﬁon
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.
For reconstructing the transmitted symbolson the basis of the detection signal, it is
nmsarytocompamﬂlecumtdmcnonmynl reduced, as required, byanatlmate
oftheeontnbutlmsofﬂleprecedmgsymbolstothedewcnonsn@al with one or more
reference values, Depmdmgonﬂnerelauvevalueofthedetecnonngnalmthmpectto
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the reference value(s) ata detecnon instant, a specific symbol value is assigned to the

detection signal.

10

15

Since the signal loss on the transmission path may present a strong
fluctuation, the amplitude of the input signal may differ strongly for different situations.
The receiver, however, is to be capable of correctly linking the value of the detection
signal and the associated value of the detected symbol, despite the strongly 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

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'theugnalconung fromthechannellsnotlmowna
priori the optimum value of the reference values cannotbeknownapnon either and

'themhnonsMpbetwemﬂledetecnmagmlmdmfmvaluuuwbedetenmnedon

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

20

25

30

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

Said journal article has disclosed 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
mfemcevaluesandademuonabomthevﬂueofadmctedsymbol.lftheredvﬂue
ofmmnmam:smmmuwmm,mmmﬂmmphmdeof
thedewcnmagnalmdtherefmvaluuadapwdbymngﬂwmferencevﬂue
orbyreducmgmemphmdeofmedmnonnm If the real value of the detection
signal is smaller than the estimate, ﬂwmuobetweentheamphmdeofﬂwdetecmn
ﬂsnalandﬂwrefermcevalueuadapwdbymdmgﬂwmfermcevalueorby
increasing the amphtude of the detection signal. '
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Experimultsandsimulaﬁqhshaveshownthatwhenmeraﬁobetween the
ampﬁmde'ofmedmﬁmﬁgnﬂandmemfmcevduuisadwinsaidmannerby
ne adapting mEans, it may happen that this ratio is adapted to an erroneous value which
“dswaverymgesymbolermrmte _

Itmanobjectofmemvmnonmprovndeatmmmmonsysﬁemasdeﬁned
mmwgpuagraphmwhlchthedetemunauonoftheranobetweenthedetecuon
gMjandtln:refereuc:evaluealwa,ysleam;toas\ntablevalnet‘m'tlusrai:lo

For this purpose, the invention is characterized, in that the receiver
wmpﬁ,e,mcmmnngnmsfordetecnngﬂwabmofalastmofﬂwpomble
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.detecﬁonsignalmdtherefuence_valué,whichmtioleadstoa
large bit error rate, can thea occur and only 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 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
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
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
thebamofacombmaumofaoorrecuonagmlconungfmmtbecorrecuon 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
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
acmma_, 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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rection means are arranged for genemung a correction s:gnal which, if at least one
@ possible values of the detected symbols is absent, changes in a first direction ata
f::,anslowerthantheuﬂeaWhmh thecorrectlon ngnalchangumamn
opposite 10 the former direction when all the possible values of the detected symbols

occu.
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A relatively slow increase of the correction signal if eertam symbol values
are absent, avoids that if certain symbol values are absent for a brief period of time, the

'wmmofﬂ:emuobetwwnﬂwamphmdeofﬂmdeﬁecummgnﬂandmemfemce

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
wmmismadefo;ammpeﬁod'ofmmusuicuymmy,

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
mﬁmmﬁmﬁmmmmmemaﬁmgmsmmedmmlyfor
dmﬁngtheabseuceofpossiblevalmofﬂudatinaﬁbnsymbols

~ For specific classes of channels, for example, commonly termed partial
mponsechannels thenumberofposablevaluuofﬂwchannelsymbolsugmtetthan
ﬂwnumbaofposqblevaluuofthe_soumeor,deﬂnauonsymboh.ltappammbe,
pouibletddewctanenmeonsmﬁobuweentheampﬁmdeofthedmcﬁmsignaland |
the reference value by only monitoring whether all the possible values of the destination

: symbohmpmthmmahcacheckwlwﬂmaﬂpomblevaluesofﬂwdeﬁecuon

Slznllmpmredundant Itleadstoareducuonofﬂxecomplentyofthemomtonng
Mbeuuseoﬂyasmauunumberofpomblesymbolvaluesneedmbemmumred.
In“‘Hyﬂemdeﬁecuonmeanscanmoteoverbeusedmwhlchthedecmonaboutthe |
vﬂuofﬂuchannelsymbohunotmadeexphmdy.mwpeofdetecnonumsmay
”Mmﬂbeumpletﬂlanthedeﬁecumnmsmwmmhedeumnaboutﬂlevalueof'
“‘"vmbolseommgﬁnmmechmauumﬁpuuuymdeed Several examples of
Partial response channels are, for example, channels having a transfer function
HD)=1-D? ®RIV) ang H(D)=1+D-D-D(EPRIV), in which D is the notation
mmo'“"""‘nda'wlttinsnnmonforadelayoveronesymbolmwrval
memvenmﬂnowbeﬁuﬂierexpmawxﬂlmfemcetothedmmg
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fHN 14.386
igures, in which:
Fig. 1 shows a transmission system according to the mvenuon,

. Fig. 2 shows a combmauon of monitoring means and correction means
according t©0 the inventive 1dea, .

Fig. 3 showsanembodlmentofadetectorfordewctmgPadeesponse
classwslgnalsmwhlchorﬂythedunnanonsymbolsmavaﬂableand ‘

Fig. 4 shows correction meunstobeusedmarecewereompnmgthe
detection means shown in Fig. 3. _

In Fig. 1 source symbois a; are applied to a transmitter 2. The output of

i

metransrnitterZiscbupledtoaninputofaéhannd4. 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 1_4andtoahinput

13

20

_thenbewrimforthedemcﬁonsignﬂ:

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 & 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
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.

| Theoutpmoftheadducxrcmtmuconnectedwanmputofanmtegmtor
22. The output of the integrator 22 is connected to a control input of the AGC amplifier
12, | S | |
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
etection signal r, s present at the input of the detection means 14. The following may
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prN 14.38 | |
| rp = weag + ng (1)

w is the amplitude transfer factor of the combmanon of the channel and the |
fn () means 8 and ny is the instantaneous value of the noise component in r,. For
i a quinary detection signal, a comparison with 4 reference values is necessary.
T:::T:menassumedthatreferencevalmVG V-1, V1 and V3 are used in the
detection means 14, 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

" getection signal and detected symbol value will be given in the Table below:

Ty - &
rk<;3 | 4
3sp<-1 2
‘1S <+l : 0
+1S 1 < +3 Bz
+3Srk ' +4

mvdm'wisdeurmhwdadapﬁvdyﬁommedmﬁmdgnﬂrkammeamdawd
valueofthédaﬁnaﬁonsymbolak.mismaybedorle, forexample,inaocordancewith
the following expression: '

wk;l. = Wg-AN(T;-4g) < SIGN (&) - (2)

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
Wnk,wﬂlalwaysbemaﬂerthanlsothatﬂ\esymbouklsalwaysequalmo @
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-
situation may be detected by the monitoring means 16 since the symbol values + 2 and

t 4 no longer occur. ByincreasinginmhasimaﬁmﬂwvalueWinwrdanwWith
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ve‘daunﬁlaﬂﬂiesymbdlvaluesagainoccur,iti'spouibleyettoobtaina
: ve::apmonofwmthtoosmﬂan:muﬂvalmw
i Another undesired situation occurs if two different absolute values of the
n‘ms,gmu;eabcwethetma.:umumret'erencevalms This can only occur if w is too
' ,uchasxmuontwodlfferentlevelsofﬂwdeﬁecuonugmlwﬂlbeslmwnonthe
: 5 bigh mmbolvalue If the constant w is adapted, an adaptation signal for reducing w
= sameb:ygen,medforthehlgherofﬂletwolevelsofthedetectlon.ngnalrk,whereasfor
] w of the two levels of the detection signal ry an adaptation signal could be
mlowﬂmmw Suwemetwolevelsoccurthhacermnprobabmty,wwm
::e::bereducedmdmcmsedthemtume The value w is then controlled to an.

Mvaluewmhdepmdsmthepmbabmtyofﬂwtwolevelsofﬂwdmuon

‘10

Forexalhple, if the initial value w is assumed -tobegx_u_m than 1.5, the
© absolute value of the highest level of the detection signal is greater than 6 and the
" 15 sbohte value of the all but highest level of the defection signal s greater than 3. For
the two levels of the detection signal the corresponding symbol 4 is equal to + 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

" 30 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
valnew==1;6667.Hmtooﬂ1émultismatahrgesymbolerrormeoccurswhich
- will not improve any more. Such a situation can be detected by the monitoring means
. letlmmesymbolvalmj;Znolongeroccur By reducing w according to the
, ¥ inventive idea in such a situation, until all the symbol values start occurring again, it is
Mhyﬂmobmnacomcta&pnuonofwwnhwolargeanmualvaluew.
The sum of the adaptation signal and the correction signal, which sum is
B “‘n‘blemtheoutputofmeadducircnitm,-isintegmedbytheinmtornina
control signal for the AGC amplifier 12. Due to the presence of the integrator the gain
of the AGC amplifier 12 is controlled so that both the adaptation signal and the
““““masnalbecomequamm Tt wil be evident that the integrator 22 can be

THIS SHEET HAS BEEN |
REPLACED




15 vol

10

20

'I'lns Sheet Has Been Rep

HIIIIH T IIII

PHN14385
n,ucwdwxmboﬂxanalogmennsandd:gmlmeans
'mereshouldbeobsetvedﬂlat in order to obtain a correct ratio between
ihe - amplitude of the detection signal and the reference values, it is alternatively possible
c‘,,m'ol the reference values in lieu of eontromng the gam of the AGC amphﬁer The

eference value V1 may then, for example, be derived from:

Vig = v1k+)\(rk-vzk-ak) -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
19showninFig;zmedetectedsymbolsikateappliedtoeompuingeireuitswandn.

. 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 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
itage V, [Vp]. 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]isconnectedmapointofrefetmcepownﬁﬂ.'I'heeentmleontactofthechange-
over switch 47 [48] is connected to the output of the correction means where the
correction signal is available. |
Theeompenngmmtw[SZ]mswhedwrﬂwvalueofﬂlesymbol _
ﬂklsunequaltoO[:tZ] IfthevalueaknsunequaltoO[:l:Z],theoutputofﬂle

. comparing circuit has the logic "1* value ['0"].-Ifthevalueaklsequalto 0 [+2], the

.
g -

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,’ [v,’] will
t‘\eﬂ'b_eavailableontheoutputot‘theeorrecﬁon 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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whﬂstﬂmchange—ovamtchﬂ[“]mmthecomchonugnﬂmbecome
edxatelylfagmnsymbolsakaredewctedhavmgasymbolvalueunequaltoo

[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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bz b detection
a1 41 +2
+1 -1 2
1 -1 0
+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
clements 54 and 56 corresponds to the functioning of a decision feedback equalizer,
whilst an estimate of the intersymbol interference caused by the symbol by 5 is |
oliminated by adding to the detection signal a feedback value proportional to the symbol
.- 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
determines the value of the symbol 4 from the values by and by . |
| 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
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

'tmnsnnttedchannelsymbolsbk

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
the values b and 4 will be given in the following Table: -

T ‘
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T b3 B2 | B C 4
s : :
0 +1 +1 +1 +1 -1
o0 | a4 41 -1 +1 -1
0 +1 -1 -1 +1 1
s1 0 -1 +1 +1 o 11
o | +1 -1 +1 -1 1
0 -1 -1 -1 -1 -1
+2 -1 +1 +1 T +1
+2 " -1 -+l +1 +1
10 +2 -1 A -1 +1 +1
é +2 a | a4 | o+ | a +1
i 2 +1 - R -1 +1
‘ 2 -1 TS U I | -1 +1
2 | +1 +1 | A +1 +1
15 2 +1 +1 41 -1 +1
e -1 ) C#1 +1 -1
4 +1 +#1 | 1 | 4 .

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
MOMyﬂwvalue-lowunforakheremnsﬂNwiswosmaH'andismbe
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

| ist’e_rtainlytaolow,amltlum_im:rease-thisvalm:wstepbyswlzoumilall'thevalues'ak
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In the correction circuit shown in Fig. 4 a relatively small current ( »2.5
yA)is applied to a positive input of a subtracter circuit 64. A relaﬁvely 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,
10 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
ofa:ransi;tor?ﬁandw:hebase'ofamsistorso.rheemimsofme'msim 76

- and 80 are connected to the supply 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.

| Asaresult, 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
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
25 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
cunmtcommgfromthecuuentsoumeﬁwﬂlmmnlyﬂowthroughﬂlemsmorﬂ

_andthecunentmmrfonnedbythemslm76and80wnnsupplytheeonecuon

signal in the form of a current. Since the value of the current produced by the current

80uree60isrela_.tive_lysmall,itwilltakesomtimeb‘eforeﬂleeapaciwr“ischarged,
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so that the correction signal will increase relatively slowly. However, once all the signal

 yalues 4 again occur, a much larger current will regularly be supplied to the negative
input of the subtracter circuit by the current source 61 so that the capacitor 66 will be
rapidly discharged and will be recharged in opposite direction. These measures achieve

5 that the correction signalwﬂlmpidlydinﬁnis_hifanﬂmesymbqlvalmakagain.occur. |
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1. 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, 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 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.
s. Receiver for receiving an input signal representing digital symbols, the
receiver comprising deriving meang for denvmg a detection signal from the input
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signal, a detector for determining detected symbols by comparing the detection signal
with at least one reference value, the receiver also including adapting means for
adapting the ratio between the amplitude of the detection signal and the reference value
to minimize the symbol error rate, characterized in that the receiver comprises
5 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 possible values of the detected symbois are
absent,
6. Receiver as clmmed m Claxm 3, characterized in that the receiver 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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