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. Transmission system for multivalued digital symbols. 

The .invention relates to a digital transmission system comprising a 

transmitter coupled to a receiver by a channel, the receiver comprisina deriving means 

for derivina a ~on signal from an input signal received from the channel, a 

detector for determinina detected symbols by comparina the detected signal with at least 

s one reference value, the receiver also including adapting means for adapting the ratio 

between the amplitude of the detected sipal and the reference value to minimi7.e 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 1oumal 

on selected Areas in Communications Vol. 10, No. 1, January 1992. 

Transmission systems of this type may be used, for example, for 

trarisferring digital symbols throuah the public telephone network or for reconstructing 

lS digital symbols ~ainadna from a mapetic tape or disc. When digital ~ symbols 

are tiansinitted via a transmission medium or when data symbols are stored on a 

'~g medium, the digital symbols to be transmitted or recorded respectively, are 

converted to analog pulses which are subsequently applied to the transmission medium 

20 

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

The input sipal of the naiver coming from the channel is c0nverted 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, equalimtion, echo cancemn1 and amplitude control may be necessary • 
... ··. 

2S For reconstructing the transmitted symbOIS:on the basis of the detection signal, it is 

nttessary to compare the current detection signal, reduced, as required, by an estimate 

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

reference values. Dependina on the relative value of the detection signal with respect to 

THIS SHEET HAS BEEN 
REPLACED 



PHN 14.386 2 04.06.1993 

the reterence value(s) at a detection instant, a specific symbol value is assigned to the 

detection signal. 

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. 

s 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 Viterbi 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 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 

sjmbol error rate is minimi7.ed for an equal probability of all the symbols. 
Since the amplitude of the signal coming from the channel is not known a· 

15 priori the optimum value of the reference values cannot be known a priori either and 

the relationship between the detection signal and reference values is to be determined on 

the basis of the signal comin& from the channel. 1be 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 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 bu disclosed that the adaptation of the ratio between 

25 the amplitude of the cietection signal and the referea:ace 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 i'eal value 

of the detection signal is greater than the estimate, the ratio tJetween the amplitude of 

the detection signal and the reference value is adapted by increasing the· reference value 

30 or by reducing the amplitude of the detection signal. If the real value of the detection 
signal is Slilaller than the estimate, the ratio between the amplitude of the detection 

signal and the reference value is adapted by mducing the reference value or by 

increasing the amplitude of the detection signal. 

THIS SHEET HAS BEEN 
REPLACED 



' i· 

s 

pffN 14.386 
3 04.06.1993 

Bxperlmmts and simulations have shown that when the ratio between the 

litude of the deteetion signal and the reference values is adapted in said manner by 
aJJlP that thi ' • aAefthMI _ .... ~.,,,means, it may happen s ratio.is_..,- to an erroneous value which 
the auat"--
leadS to a very large symbol error rate. 

It is an object of the invention to provide a transmission system u defined 

in the openinl paragraph in which the determination of the ratio between the detection 

signal and the reterence value always leads to a suitable value for this ratio. 

For this purpose, the invention is characteriml, in that the receiver 

c:ompriseS monitorinl means for detecting the absence of at least one of the possible 

10 values of the detected symbols and includes correction means for .couectina the ratio 

betWelll the detection signal and the reference value if at least one of the poss1ole values 

of the deteCted symbols is absent. 

The invention is based on the recopition that an erroneous ratio between 

the amplitude of the .detection signal and the refelence value,. which ratio leads to a 

is taige bit error rate, can then occur and only then occur if at least one of the possible 

values of the detected symbols. is absent. By checldn& the preamce of all the possible 

symbol values there may be acertained, ·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, depeadina on· which symbol values are Jacking, there may be 

20 ascertained whether the ratio is too hiah or too low. On the basis of said information 

the ratio can be adapted by the ~on means ao that all the symbol values again 

occur. 

An embodiment of the ·invention is cbmcteri7.ed in that the receiver is 

arranged for adapting the ratio between the detection signal and the reference value on 
. . - . 

2' the basis of a combination of a correction sipai coming from the conection means and 

an adaplatiOn signal comma f!Om the adaptins means. 

By adapting the ratio between the amplitude of the detection signal and the 

reference value on the basis of a combination of the adaplation signal and the correction 

sipal, only 1iU1e additional hardware and/or software is necessary to make the 
30 conection of the ratio between the amplitude of the detection. sipal and the reference 

value. The combination of .the adaptation signal and the correction signal may be 

achieved, for example, by addina the correction signal to the adaptation signal. 

A further embodiment Of the ·invention is characterized, in that the 
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means are arranged for gefterating a correction signal which, if at least one 
correctl ssible values of the detected symbols is absent, chan&es in a fint direction at a 
of the po the hich th . -~--• chan • .a~---6!--~ that is tower than rate at w e correctiOll -.•MU ges m a WHNUUll 

~te to the former direction when all the possible values of the· detected symbols 

s occur· 
A relatively slow increase of the correction signal if certain symbol values 

are absent, avoids· that if certain symbol values are absent for a brief period of time, the 
adaP131ion of the ratio between the amplitude of the detection signal and the reference 
value is not disturbed by a (an unnecessary) conection. A relatively fast reduction of 

10 
the correction sipal if all the possible symbol values are present, avoids that the 
correction is made for a 1onpr period of time than is strictly necessary •. 

A further embodiment of the invention is characteriz.ed, 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 
lS deriving destination· symbols that have the same possible values as the. source symbols 

from the detection sipal and in that the monitoring means Ire arranged merely for 
detectinl the absence of possible values of the destination symbols. 

For specific clas• of channels, for example, commonly ·termed partial 
response channels, the number of possible values of the chanael symbols is greater than 

20 the number of possible values of the soun:e or cJmtination symbols. It appears to be . 
possible to detect an erroneous ratio betwml the amplitude of the detection signal and 
the reference value by only monitoring whether all the pomble values of the destination 
symbols are present. 'Ibis makes a check whether all possible values of the detection 
signal ue present redundant. It leads to a reduction of the complexity of the monitoring 

2S means, because only a smaller number of possible symbol. values need to be monitoied. 
In the system detection means cin moreover ·be used in which the decision about the 
value of the channel symbols is not made explicidy. 1bis type of detl!iction means may 
sometimes be simpler .... the detectimi. means in which the decision about the value of· 
the IYlllbols coming from the channel is taken explicidy indeed. Several examples of 

30 
Plltia1 response channels are, for example, channels having a transfer function 
H(D)•l-n2 {PRIV) and H(D)•l+D-I>2-n3(BPRIV), in which Dis the notation 
customary in data transmission for a delay over one symbol interval. 

The. inventioii will now be further. explained with ~ to the drawing 
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. ··-• in which: f11~-' 
Fig. 1 shows a transmission system according to the invention; 

Fig. 2 shows a combination of monitoring means and correction means 

accordinl to the inventive idea; 

Fig. 3 shows an .embodiment of a detector for detecting Partial Response 

c1aSS JV signals in which only the cfestination· symbols are available; and 

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

deteetion means shown in Pia. 3. 
In Fig. 1 source symbols 8t ~.applied to a transmitter 2. The output of 

10 the uansmitter 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 sipal in the receiver 6 is applied to 

the deriving means 8 for derivifta the detection sipal from the input sipal. These 

derivinl means 8 comprise in this case a filter 10 and an AOC amplifier 12. The output 

of the amplifier means 12 is connected to an input ·of detection means 14 and to an input 

is of adaptation means 16. 1be output of the adapJation means 16 is ~ to a first 

input of an adder circuit ·20. The adaplation sipal is available on the ou1pUt of the 

adaptation means 16. The deatinadon symbols ~ ue available on the output of the 

detection means 14. The output of the detection means 14 is also connected to an input 

of the monitorinc means 18. An output of the monitoring means 18 is connected to an 

20 input of the correction means 19. The correction sipal is available m the output of the 

correction means. The output of tbe correction means 19 is connected to a second input 

of the adder circuit 20. 1bis adder circuit 20 is present for combining the correction 

signal with the adapCatian sipal. 

The output Of the adder circuit 20 is connected to an input. of an integrator 

2S · 22. The output of the infeirator 22 is connected to a control input of the AOC amplifier 

12. 

The transmission system shown in P-11. 1 is amnged for transmitting 
. . 

quinary digital symbols. There is assumed that these symbols st· may adopt the values -

: 4, ·2, 0, +2.ancf +4, while k is a running index which adopts successive integtal ,. 

~ 30 values. After filtering by the filter 10 and ampliftcadon of the filtmed sipal, the 

.. . 

detection signal rt is present at the input of the detection means 14. The following may 

then be written for the detection signal: 
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(1) 

In (1) YI is the amplitude transfer factor of the combination .of the channel and the 

deriving rneans 8 and nk is the instantaneous value of the noise component in rt. For 

deteetinl a quinary detection signal, a comparison with 4 reference values is necessary. 

There is then assumed that reference values V-3, V-1, Vl and V3 are used in the 

s deteCtion rneans 14, which are equal tO -3, -1, + 1, +3 respectively. For an equal 

}ikelihoOd of symbols 31c.the optimum value w is equal to 1. The relationship between 

defeClion signal and detected symbol value will be pven in the Table below: 

~ 

rt At 
~ 

rt< -3 -4 

10 -3 :!!i rt< -1 -2 

-1 :!!irk< +1 0 

+1 :!!i rt< +3 +2 

+3 :!!i rt +4 

15 The value· w is det.ermined adaptively from the detection sipal rt and the associated 

value of the destination syinbol It• 1bis may be done, for example, in accordance with 

the following expression: 

(2) 

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

much lower than 0.2S, this means that the absolute value rk, when discarding the noise 

20 signal nt, will always be smaller than 1 so that the symbol It is always equal to 0. (2) 

and (1) show that w is then adapted only on the basis of the noise signal value ftt· Since 

the average value of the noise term Dt is usually zero, the average value of the 

adaptation signal >.<rt-At>• SIGN(lt) will be zero u a result of which w will not change. 

The result is a large symbol error rate wbicb will not improve any moie. Such a 

2S situation may be detected by the monitoriq means 16 since the symbol values ± 2 and 

± 4 no longer occur. By increasing in such a situation the value w in accordance with 
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P . "entive idea until all the symbol values again occur, it is possible yet to obtain a 
the ill t adaPfatlon of w with too small an initial value w. 
~ Another undesired situation occurs if two different absolute values of the 

tion signal lie above the maximum reference value. 'Ibis can only occur if w is too 

j . ~ In such a situation two diffetent levels of the detection si.pa1 will be shown on the 

f 5 ~ symbOl value. If the constant w is adapted, an adaptation signal for reducing w 

t will be generated for the higher of·the two levels of the detection signal rk, whereas for 

· r- the tower of the tw0 levels of the detection signal ft an adaptation signal could be 

generated to mcrease w. Since the two levels occur with a certain probability, w will 

'. -
10 

one time be reduced and increased the next time. 1be value w is then controlled to an. 

erroneous value which depends Oil the probability of the two levels of the detection 

t 
. 

IS 

20 

sipll. 
For example, if the initial value w is assumed to be greater than 1.S, the 

absolute value of the highest level of the detection signa1 is greater than 6 and the 

absolute value of the all but highest level of the detection sipa1 is greater than 3. For . 

tbe tw0 levels of the detection sipal the conespondina symbol tt is equal to ± 4. For 

the higher of the two levels of the detection signal the adaptation signal is equal to 

A(4w-4), wheleas for the lower of the two levels of the detection signa1 the adaptation 

sipa1 is equal to ).(4-2w). An equilibrium value .w is then obtained for which the 

following relationship holds: 

For an equal likelihood of the diffemlt levels of the detection signa1, this leads• to a 

value w = 1.6667. Here too the result is that a 1arp symbol error rate occurs which 

will not improve any more~ Such a situation can be det.ect.ed by the monitoring nieans .. 

16 in-that the symbol values± 2 no lonproccur. By nducing w according to the 
25 inventive idea in such a situation, until all the symbol values· start occuniDg ipin, it is 

possible yet to obtain a cornet adaptation of w with too Jarp an initial value w. 

1
1 The sum of the adaptation signal and the comction sipal, which sum is 

· available on the output of the adder circuit 20; is intepated by the intepator 22 in a 
t 

I: lO COlltml signal for the AGC amplifier 12. Due to the. praeace of the in~ the Pin 
t oftbe AGC amplifter 12 is controlled so that both the adaptation sipal and. the 

I
f correction signal become eq~ to mv. It will be evident that the intepator 22 can be 

THIS SHEET HAS BEEN 
REPLACED 

I 



pfll' 14.386 8 04.06.1993 

. __ ..tMf with bOth analog means and di&ital means. 
c;OllStrU"'- . 

There should be observed that, in order to obtain a correct ratio between 

ainplitude of the detection signal and the reference values, it is alternatively possible 
the . 
to conuol the reference values in lieli of controlling the pin of the AGC amplifier. The 

t 
I 
f s 

reteience value Vl may then, f0r example, be derived from: 

(4) 

'l1le other refetence values can then be simply derived from the reference value Vl by 

. multiplication by a constant value. 

In the combination of the monitoring means 18 and the correction means 

19 sboWD in Fig~ 2 the detected symbols It are applied to comparin1circuits30and32. 

10 ne 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 

inpU~ of a NOR gate 38 [40]. The output of the NOR pte 38 [40] is connected to a 

control input of a switch 42 [44] and of a cbanae-over switch 47 [48]. A tint contact of 

the switch 42 (44) is connected to a positive (neptive] voltqe source which carries a l 15 voltage Va [VJJ. A leCOlld contact of the switch 42 (44] is connected to an input of a 

low-pass :tilter 45 (46). The output of the low-pass filter 45 [46) is connected to a first 

contact of the chance-over switch 47 [48). A seconcl contact of the chance-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 OU1pUt of the cornction means where the 

f 
i 

20 correction signal is available. 

The comparing circuit 30 [32] ascertains whether the value of the symbol 

At is unequal to 0 (±2). If the value a.: is unequal to O (±2), the output of the 
. . 

comparing ~t bu the logic ·1· value ro·1. If the value At is equal to 0 [±2], the 

. output signal of the comparinc circuit.bu the logic •o• value C-1 •1. Successive values 

2S ·of the output signal of the comparina circuit 30 [32) are shifted in the shift register ~ 

[36]. If the value w is too small [too larp], all the outpUt sipals of the shift relister 34 

·[36] will at a specific moment have a logic •o• value. As a result, the loaic value of the 

output signal of the NOR pte 38 [40) becomes equal to • t •, so that the switch 42 (44] 

is closed and the change-over switch 41 (48) is tumed. A correction signal va' [vb'] will 

then be available on the output of the corncdon circuit 19 to conect the ~ue w. The 

low-pus filter 4S [46] causes the value of the correction sipal to increase. relatively 
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... 1y whilst the change-over switch 47 [48) causes the c:oinction signal to become 
slO"' ' · . 
zero irn111ediately if again symbols At are. detected ha~ a symbol value unequal to o 

f [equal to ± 2). 

I 
The sign of the voltages v8 and vb is opposite because this value is to be 

5 
incieased if the value w is too low whereas this value is to be reduced if the value w is 

f toO high. 
l 
! 
' i 

In the deteCtion lilean_s 14.shown in Fig. 3 the detection signal is applied. 

to a fint input of an adde:f circuit 50. An output of the adder circuit 50 is connected to 

an input of a comparator 52. The output of the comparator 52 is connected to an input 

10 of a cascade circuit comprisinl two delay elements S6 and 54 and to the input of a 

multiplier circuit SB. 1be output of the cascade_ cirCuit of delay elements S6 and 54 is 

cOnnected to a second input of the adder circuit 50 and to a second input of the 

multiplier circuit 58. 

Detection means shown in Pig. 3 are intended to detect detection signals 

lS coming from a channel that has a commonly termed Class IV partial response transfer. 

'Ibis transfer is described by the transk fUnction H(D) • 1 - DJ., where D is the 

no1ation customary in data transmission for a delay over one symbol interval. A symbol 

to be transmitted is now converted to a fint pulse at a first instant and a second pulse, 

as large as the first one but then having an opposite sip, at an instant two symbol 

20 intemls later than the first instant. 1be value of the detection signal then depends on 

the value of the transmitted symbol 8t and of the value of the transmitted symbol ·Bt-2· 

In addition, pmcodina is usually applied by first convening the symbols ·It to symbols 

bt • .1t·bt-2· This pmcocling is often prescribed in a transmission or mcordinc 
Standard, so that ~ receivers (not dilcuaed hem) can be used. A further advantage 

2S of precocling. is that a sip inversion of the detection sipal no longer bas any effect on 

the value of the detected symbols Ate Ia the case of binary transmission the dependence 

of the detection signal on the symbols to be tnnsmitted will be given in the Table 

below. 
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ak bt-2 ht detection 

signal 

~ -1 -1 +1 +2 

i.----
-1 +1 -1 -2 

---
t l 

+1 -1 -1 0 

- +1. +1 +1 0 

• i 

f 
! 
i 
! 

f 
~ 

' 

~ 

1be detection means 16 make a decision about the sign of the output 

sigllll of the comparator S2 at the instant k.;,2 and the detection signal at the instant k. 

1be funetioning of the combination of adder circuit 50, comparator 52 and delay 

10 etements S4 and 56 conapOi1ds to the fanctioning of a decision feedback equalim', 

"" whilst an estimate of the intersymbol interference caused by the symbol ht-2 is 

enminlted by adding to the detection signal a feedback value proportional to the symbol 

Gt.2• It will be evident that here only a binary decision about the symbol ht is made by 

the compamtor 52, whenu the input iipal is trinary. The multiplier circuit 58 
. "" "" is determines the value of the symbol It from the values bt and bt-2· 

4 

If the value w is too low, the value ht will always be the same ( + 1 or • 1) 

or alternately adopt the values + 1 and -1, dependin1 on the initial contents of the delay 

elements 54 and 56. 'Ibis will lead to tile fact that the value dt is always equal to + 1. 

This fact may be utiliml for generating .the correction signal. The method mentioned 

20 above cannot only be ~ for the PRIV channel diassed hereinbefore, but also for 

EPRIV channels. Por an BPRIV chamiel having precoding the followinl holds for the 

transmitted channel symbols bt= 

(5) 

whae EB represents a moclulo-2 addition. For this channel the possible values rt, with 

W•l, are equal to -4, -2, 0, +2 and +4. The relationship between the values rt and 

25 the values b and l will be given in the following Table: 
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·. ~ ... 
.... .... . .... .... 

rk ht-3 bic-2 bic-1 ht It 

0 +1 +1 +1 +1 -1 

0 -1 +1 -1 +1 -1 

0 +1 -1 -1 +1 -1 

s 0 -1 +1 +1 -1 -1 

0 +1 -1 +l -1 -1 

0 -1 -1 -1 -1 -1 

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

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

10 +2 -1 -1 -1 +l +1 

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

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

-2 -1 +1 -1 -1 +1 I 
t 

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

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

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

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

, If the value w is too small, the detection signal. will always be observed u a signal level 
I 
i 20 equal to 0. 'Ibis means that the value At will then always be represented u -1. The fact 

t that only the value -1 occurs for At here means that w is too small ·amt is to be 

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

value of -4, 0 or +4, which values are then also represented u At• -1. However, this 

calls for a reduction of w. To solve· this p!Oblem, it is possible for the ddection of 

2S values At, which are ~y equal to -1, first to reduce the value w considelably, so that it 

is certainly too low, and then. increase this value w step by step until all the values it 
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Jn the correction circuit shown in Fig. 4 a relatively small current ( •2.S 

p.A ) is applied to a positive input of a subtracter circuit 64. A relatively large current ( 

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

5 
firSt outpUt of the subtracter Circuit 64 is connected to a fiist 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 

12. 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 

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

10 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 cornction means. j 
; 15 • 

If the symbol values + 1 and -1 frequently .occur for the symbol At, the 

switch 61 will be frequently turned. Since the average value of the current applied to 

the negative input of the subtracter circuit is peat.er than the· curmat 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 charpd up to the forward voltage of the diode 70, 

l 

I • ! 

t 
j 

' ' 20 so that the voltage OD the base of the transistor 72 is larger than the voltage OD 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 ou1pUt curnnt of the correction circuit is 

substantially mo. 

However, if the value w is too low, only the value At • + 1 will occur 
i 

! 25 and no current will be aw.lied to the negative input of the subtracter circuit 64 and the 

i 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 armu 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 voltqe on· the base of transistor 72. Consequently, the 

30 current comina from the current source 78 will mainly flow tbmulh the transistor 74 

and the current mirror formed by. the transiston 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 chaqed, 
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50 that the correction signal will increase relatively slowly. Homer, once all the signal 

values At again occur, a much larger current will regularly be supplied to the negative 

input of the subtracter circuit by the current sOurc:e 61 so that the capacitor 66 will be 

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

5 that the correction signal will rapidly diminish if all these ~1 values At again occur. 
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Claims; 

111111111111111111111111111111 
C L M S * 

1. Digital tnn_smiuion. system c:omprising a transmitter coupled to a receiver 
by a channel, lhe receiver c::ompriaing derivin1 means for deriving a decection sipal 

from an input signal received fmm the channel, a detector for determining detected 
symbols by comparing the detected sipal with at least one reference value, the receiver 

S also .Ulcludina adaptinc means for adapting the ratio between the amplitude of the 

detected signal and the reference value to minimize tho symbol error rate, chamcterlzed 
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 cmrection means for 

correcting the mtio between the detecdon signal and the reference value if at least one 

10 of the possible values of the detected symbola is absent. 
2. Transmission ·system u claimed in Claim 1, characteri=d In that the 
receiver ls arranged fat adapting me ratio between the derectioa sipal and the reference 

value on the buis of a contbination of a correction signal comina from the correction 

meana and an adaptation sipal comina from the adap1in1 means. 
15 3. Transmission system u daimed in Claim. 1 or 21 cbaracter.lzed In lhat the 

correction means are anuged for generating a correction qnal 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 chan1es in a direction 
opposite to the former direction- when all the possible values of the detected symbols 

20 occur. 
4. Tmnsrnission system u claimed in Claim 1, 2 or 3, characterized in that 

the number of possible values of the channel symbols t.o bo detected 11 greater than the 

number of possible values of the soun:e symbols, in that the detection means are 

arranged for deriviq destination symbols that have the same possible values as the 

25 source symbols from the detection si1nal and in that the monilorln1 means are uta111ed 
merely for detectiq the absence of possible values of the destination symbols. 
S. Receiver for receivlna. an input sipal representing digital aymboll, the 

:receiver comprising deriving means for deriving a detection signal from the input 
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signal, a detector for determining detected symbols by comparing the ~lion signal 

with at least one referen= value, the receiver· also includin.C adapting means for 

adapting the ratio between the amplitude of the detection si&nal and the reference value 
to minimize· the symbol error rate, characterimd in that the receiver eomprises 

S monitorin& means for detectin1 the absence of u leas& one of the pouiblo values ot the 
detected symbols and includes correction means for correcting the rad.o between the 
detection signal and the reference value .if poa.sible values of the detected symbols are· 
absent. 

6. Rcaiver as claimed in Claini S, characterized in that the receiver is 
10 arranged for adaptina the ratio between. the deteetion signal and the ref'etence value on 

the basis of a combination of a comction signal coming from the correction means and 
an adaptation sig.nal coming from the adapting means. 

7. Receiver as claimed in Claim 5 or 6, chamctemod in thac the correction 
means are arranged for generating a com:ction signal whieh. if at least one of the 

lS possible values of the detected symbols is absent, tncreues at a rate that ls lower than 

the rate a& which the comction signal cllmlnilhes when all the pouible values of the 

detected 1ymbols occur. 

8. Rec:eiver as c:1aimed in Claim 51 6 or 7, characterized in that"the number 

of possible values of the channel symbol& to be detected is greater than the number ot 
20 possible values ot the source symbola, in that rhe detection means are arranged for 

deriving deatination symbols that have the same possible values u the source symbols 

from the detection sipal and in that the monltorin1 meahs are arranged for detectin1 

the absence of possible values of the destination symbols. 
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