
REPLACEMENT SHEET "RECEIVER FOR MULTI-LEVEL DIGITAL SIGNALS" The invention
relates to 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 transmission 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
transferring 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 Vi[err] a transission 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
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 signal to a
detection signal processes such as demodulation, equalization, echo
cancelling and amplitude control may be necessary. 



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 reference values. Depending on
the relative value of the detection signal with respect to    2 the
reference 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. 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
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 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 a 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 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
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
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.    3 Experiments
and simulations have shown that when the ratio between the amplitude of the
detection signal and the reference values is adapted in said manner by the
adapting means, it may happen that this ratio is adapted to an erroneous
value which leads to a very large symbol error rate. It is an object of the
invention to provide a transmission system as defined in 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.
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 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 them 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 adptaion 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 achicved, for example, by adding the correction signal to the
adaptation signal. A further embodiment of the invention is characterized,
in that the 



REPLACEMENT SHEET 4 corrrction 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 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 adaptation 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 partial response
channels, the number of possible values of the channel symbols is greater
than the number of possible values of the source or destination symbols. 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 channel 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 Symbols coming from the channel is taken
explicitly indeed. Several examples of partial response channels are, for
example, channels having a transfer function H(D)= 1-D[err] (PRIV) and
H(D)=1+D-D[err]-D[err](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  



5 Figures, in which: Fig. 1 shows a transmission system according to the
invention; Fig. 2 shows a combination of monitoring means and correction
means according to the inventive idea; Fig. 3 shows an embodiment of a
detector for detecting Partial Response class IV signals in which only the
destination symbols are available; and Fig. 4 shows correction means to be
used in a receiver comprising the detection means shown in Fig. 3. In Fig.
1 source symbols a[err] 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 connected
to an input 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 a[err] 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 conected 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[err] 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 r[err] is present at the input of the detection means 14. The
following may then be written for the detection signal:    REPLACEMENT
SHEET 



6 [err]k[err] w[err][err]k [err] [err]k(1) in (1) w is the, amplitude
transfer factor of the combination of the channel and the deriving means 8
and n[err] is the instantaneous value of the noise component in r[err].
For detecting a quinary detection signal, a comparison with 4 reference
values is necessary. There is then assumed that reference values V-3, V-1,
V1 and V3 are used in the detection means 14, which are equal to -3, -1,
+1, +3 respectively. For an equal likelihood of symbols ak the optimum
value w is equal to 1. The relationship between detection signal and
detected symbol value will be given in the Table below: [err]k
[err]k [err]k < -3                              -4 -3 [err] [err]k < -1
-2 -1[err][err]k < + 1                            0 



+1 [err] [err]k < +3                            +2 +3 [err] [err]k
+4 The value w is determined adaptively from the detection sign al r[err]
and the associate value of the destination symbol a[err]. This may be done,
for example, in accordance with the following expression: w[err]+ 1 =
w[err]-[err] ([err]k - [err]k) [err] SIGN(a[err]) In (2) X is an adaptation
constant ddetermining the adaptation rate. If the value w is much lower
than 0.25, this means that the absolute value r[err], when discarding the
noise signal n[err] will  always be smaller than 1 so that the symbol
a[err] is always equal to 0. (2) and (1) show that w is then adapted only
on the basis of the noise signal value n[err] . Since the average value of
the noise term n[err] is usually zero, the average value of the adaptation
signal [err](r[err]-a[err]) [err] SIGN(a[err]) 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 [err] and [err]4 no longer occur. By increasing in such a situation
the value w in accordance with    REPLACEMENT SHEET 7 the inventive idea
until all the symbol values again occur, it is possible yet to obtain a
correct adaptation of w with too small an initial value w. Another
undesired situation occurs if two different absolute values of the
detection signal lie above the maximum reference value. This can only occur
if w is too high. In such a situation two different levels of the detection
signal will be shown on the same symbol value. If the constant w is
adapted, an adaptation signal for reducing w 



will  be generated for the higher of the two levels of the detection signal
r[err], whereas for the lower of the two levels of the detection signal
r[err] an adapttion signal could be generated to increase w. Since the two
levels occur with a certain probability, w will 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 absolute 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 a[err] is equal to [err] 4. For the higher
of the two levels of the detection signal the adaptation signal is equal to
[err](4w-4), whereas for the lower of the two levels of the detection
signal the adaptation signal is equal to [err](4-2w). An equilibrium value
w is then obtained for which the 



following relationship holds: (4-W-4)P[err][err]4 = (4-2[err]w)P[err]2
(3) For an equal likelihood of the different levels of the detection
signal, this leads to a lue 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 i that the symbol values [err] 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 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 available on the Output of the adder circuit 20, is integrated by
the integrator 22 in a 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 correction signal become equal
to zero.  It will be evident that the integrator 22 can be 



8 constructed with both analog means and digital means. There should be
observed that, in order to obtain a correct ratio between the amplitude of
the detection signal and the reference values, it is alternatively possible
to control the reference values in lieu of controlling the gain of the AGC
amplifier. The reference value V1 may then, for example, be derived from:
V1[err] = V1[err](r[err]-V1[err]-a[err])  a[err]                       (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 a[err] 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 a 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 Va [V[err]]. 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. The comparing circuit 30
[32] ascertains whether the value of the symbol 



[err] is unequal to 0 [[err]2]. If the value a[err] is unequal to 0
[err]2], the output of the comparing circuit has the-logic "1" value ["0"].
If the value a[err] is equal to O [[err]2], the Output signal of the
comparing circuit has the logic "0" value ["I" ]. 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[err]
[v[err]] 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    



9 slowly, Whilst the change-over switch 47 [48] causes the correction
signal to become zero immediately if again symbols a[err] are detected
having a symbol value unequal to 0 [equal to [err]2]. The sign of the
voltages v[err] and v[err] is opposite because this value is to be
increased if the, value w is too 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 to a first input of an adder 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 of a cascade
circuit comprising two delay elements 56 and 54 and to the input of a
multiplier circuit 58. The output of the cascade circuit of delay elements
56 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 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[err] 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[err] and of the value of the transmitted symbol a[err]2. In addition,
precoding is usually applied by first converting the symbols a[err] to
symbols b[err] = a[err] b[err]b[err]-2. 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 a[err]. In the case of binary trasmssion
the dependence of the detection signal on the symbols to be transmitted
will be given in the Table below.    1 0 MAR 1997 10 a[err]
b[err]-2             b[err]          detection signal -1               -1
+ 1            +2 -1               +1                -1
-2 +1                -1               -1 



+1                +1               +1              0 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 elements 54
and 56 correponds to the functioning of a decision feedback equalizer,
whilst an estimate of the intersymbol interference caused by the symbol
b[err]-2 is eliminated by adding to the detection signal a feedback value
proportional to the symbol b[err]2. It will be evident that here only a
binary decision about the symbol bk is made by the comparator 52, whereas
the input signal is trinary. The multiplier circuit 58 determines the value
of the symbol a[err] from the values b[err] and b[err]. If the value w is
too low, the value b[err] will always be the 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
a[err] 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 b[err]
b[err]=a[err][err]b[err]-1 [err]b[err]-2[err]b[err]-3
(5) where [err] represents a modulo-2 addition. For this channel the
possible values r[err], with W=1, are equal to -4, -2, 0, +2 and +4. The
relationship between the values r[err] and the values [err] and [erer] will
be given in the following Table:    [err]         [err]K-2       [err]K-1
[err]k 0          +1           +1         +1          +1           -1 



0          -1          +1          -1          +1           -1 0
+1           -                      +1           -1 0           -1
+1          +1           -1          -1 0          +1           -1 +2
-1          +1           +1          +1           +1 +2          +1
-1          +1          +1           +1 +2          -1          -1
-1          +1           +1 +2          -1
-1          +1 -2          +1          -1            -1 -2          -1
-1                                   +1 -2         +1           +1
+1          +1 -2         +1           +1          +1           -1 +4
-1            -1                     +1           -1 



-4         +1           +1          -1                       -1 If the
value w is too small, the detection signal will always be observed as a
signa1  level equal to 0. This means that the value [err] will then always
be represented as -1. The fact that only the value -1 occurs for [err] 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 a[err] = -1. However, this
calls for a reduction of w. To solve this problem, it is possible for the
detection of values [err] 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 [err]    12 



again occur. In the correction circuit shown in Fig. 4 a relatively small
current ( -2.5 [err]A ) is applied to a positive input of a subtracter
circuit 64. A relatively large current ( [err] 40 [err]A ) is applied
vi[err] 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, 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 base 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 [err], 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 current 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, 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
[err]  = + 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 corection 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,    REPLACEMENT SHEET 13 so that the correction signal will
increase relatively slowly. However, once all the signal 



values [err], 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 that the correction signal will
rapidly diminish if all these symbol values [err] again occur.
REPLACEMENT SHEET 14 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 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 correction means and an adaptation signal coming from the adapting
means, 3.          Transmssion system as claimed in Claim 1 or 2,
charcterised in that the correction means are arranged for generarting a
corection 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 occur. 4.          Tansmission system as claimed in
Claim 1, 2 or 3, charaterized 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. 5.          Receiver for receiving an input signal
representing digital symbols, the receiver comprising deriving means for
deriving a detection signal from the input   



REPLACEMENT SHEET 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 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 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 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
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
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.  




