
EP 0 330 282 B1 Description The invention relates to a receiver of a system
for transmitting data symbols at a given baud-rate 1/T, this receiver
comprising a symbol detector operating at the baud-rate 1/T; means for
optimally conditioning 5   the received data symbols for symbol detection;
means for deriving from the conditioned signal an error signal which is
representative of a phase difference between a baud-rate clock signal
associated with the received data symbols and a locally generated baud-rate
clock signal for the symbol detector; and phase control means for reducing
this phase difference step-by-step in response to the error signal. A data
transmission system with such a receiver Is known from the United States
Patent No. 4,494,242. 10  In the known receiver the received data symbols
are sampled at the baud-rate. As Indicated in this Patent, such a sampling
is advantageous among other things in that the required equipment can be
considerably more simple than when sampling at the higher Nyquist rate.
When sampling in the receiver of a data transmission system it is essential
that the clock signals used in the receiver for the sampling be always in
phase with the clock signals which are associated with the 15  transmitted
and received signal. For combating the unavoidable phase differences
between these clock signals, the clock signal In the receiver must be
continuously adjusted. The phase adjustment in the known receiver is based
on the empirical fact that the shape and size of the precursor of a
received data symbol substantially only depend on the filters in
transmitter and receiver and are practically independent of the properties
of the transmission line between transmitter and receiver and thus possess
for a specific transmission system a variation which is known in advance.
Now, by comparing a fraction of the instantaneous value of the received
signal to the precursor portion of that signal at the previous sampling
Instant, information can be derived about the phase shift between the
detection instant proper and the desired detection instant, which
information in the known arrangement is used for adjusting the phase. 25
In order to avoid errors in the symbol detection it is desired that the
phase can be adjusted accurately. The latter requires a phase control by
phase steps having a sufficiently small size and thereto a high internal
clock rate should be used in the receiver. The requirements which are made
on the accuracy of the phase control are even stricter if full-duplex data
transmission through a single wire pair is concerned. In full-duplex data
transmission, as Is well known, 30  a compensation signal is used which is
obtained by means of echo cancellation (EC) either in combination or not in
combination with decision feedback equalization (DFE). In this case, a
relatively small phase step may already lead to a considerable adjustment
of the adaptive arrangements supplying this compensation signal, which
adjustment may take several hundreds of symbol intervals, so that the
probability of errors in the symbol detection is increased considerably.
This is especially a problem if, In response to the phase 35  control, the
phase keeps fluctuating in small steps around the optimum final value and
if such a small step causes a change of the respective coefficient values
in the echo canceller (EC) and the decision feedback equalizer (DFE). By
the choice of a sufficiently high clock rate resulting in the possibility
to make small phase steps, this problem can be overcome. However, to this
end use must be made of a relatively costly clock signal 40  regenerator.
Moreover, too high clock rates are undesired in view of the maximum
processing rate of digital components in the receiver, whilst also
inadmissibly high power dissipation may occur at these high rates. In the
article "A long reach digital subscriber loop transceiver" by P.F. Adams et
al., in British Telecommunication Technology Journal, Vol. 5, No. 1,
January 1987, pp. 25-31, a different solution is described, in which an
echo canceller is used comprising means for estimating the required
deviation of the 45  echo compensation signal in the case of a phase step.
Also according to this article, the phase deviation is estimated while
using the fact that the precursor value is substantially independent of the
transmission line. The value of the precursor, however, is estimated by
reducing the value of the signal sample close to the peak of the received
data symbol by a constant number of times the value of the signal sample
which was determined T seconds earlier. Such an echo canceller too is
intricate and expensive and, consequently, so  preferably not used. The
invention has for its object to provide a receiver of the type mentioned in
the opening paragraph, which receiver offers a simple and inexpensive
solution to the problem of the phase control of the clock signal as
depicted above. Thereto, the receiver according to the invention is
characterized in that the receiver comprises means 55   for establishing
whether the mean error signal value, over a predetermined number of symbol
intervals, is situated in a zone whose boundaries are determined by a first
given fraction of the level of the conditioned 



signal at the symbol detection instant where the first given fraction of
the conditioned symbol value Is related to the phase step size employed in
step by step reduction of phase difference carried out by the 2    EP 0 330
282 B1 phase control means, and means for blocking the phase control means
if the said mean error signal value Is situated in the said zone, and also
for unblocking the phase control means if the mean error signal value in
the blocked state meets a predetermined criterion , the criteria being that
the mean value of the error signal is established over a certain number of
symbol intervals and that the mean value of the error signal is 5  situated
outside the boundaries of said zone. The invention is based on the
recognition that it is undesirable to continue adjusting the phase of the
local clock signal around the optimum detection instant, once a
predetermined accuracy has been achieved. This especially applies when use
is made of echo cancellation (EC) either in combination or not In
combination with decision feedback equalization (DFE). Therefore, according
to the invention, it is first 10  established whether the phase situated
inside a predetermined narrow zone around the optimum phase and if this is
the case, further phase steps around the optimum are blocked. According to
a preferred embodiment of the invention, when the phase control means are
blocked, the mean value of the error signal is thereafter determined by
averageing the error signal over a larger number of symbol intervals. The
chance of phase steps as a result of occasional disturbances of the error
signal, 15 caused by noise, for example, is thus reduced. According to a
further preferred embodiment of the invention, the boundaries of the zone
of permissible mean values of the error signal are enlarged when the phase
control means are blocked. This reduces the chance of the mean error signal
occurring outside this enlarged zone and hence also the chance that
adjustments have to be made as yet. In this way too the influence of noise
in the error signal can be 20 suppressed. In this preferred embodiment the
phase control means are unblocked when the criterion is met that the mean
error signal is situated outside this enlarged zone. Preferably, in the
situation in which the zone of permissible mean values of the error signal
is enlarged, the averageing is effected over a larger number of symbol
intervals so as to attain an optimum suppression of disturbing signals in
the error signal. For determining the extent of phase convergence, that is
to say, the extent to which the phase of the local 25 clock signal
approaches the optimum, the value of the precursor of the received data
symbol is utilized, and it is established whether this precursor meets
predetermined criteria. The great advantage of the arrange- ment according
to the invention is the fact that a clock signal generator having a
relatively low frequency will suffice, which is cost-effective and avoids
the problems inherent in high frequencies. In addition, in data
transmission systems with echo cancellation (EC) either in combination or
not in combination with decision 30  feedback equalization (DFE), a
disturbance of the coefficients in the respective adaptive EC and DFE
arrangements due to phase fluctuations around the optimum is avoided. The
invention will hereinafter be further explained on the basis of an
embodiment with reference to the drawing, in which: Figs. 1A-1E: show a
number of time diagrams and a block diagram for illustrating the way in
which 35     information about the relative phase of a local baud-rate
clock signal can be derived from received data symbols; Fig. 2: shows a
general block diagram for a data transmission system with a receiver
according to the invention; Fig. 3: shows a block diagram of the means in
the receiver of Fig. 2 for optimally conditioning received 40    data
symbols for symbol detection; Fig. 4: shows in detail a block diagram of
the updating circuit in the receiver of Fig. 2; Fig. 5: shows in detail a
block diagram of the adaptive reference circuit in the receiver of Fig. 2;
Fig. 6: shows a block diagram of the timing control circuit in the receiver
of Fig. 2; Fig. 7: shows in detail a block diagram of an optional
embodiment of a state control circuit in the timing 45    control circuit
of Fig. 6; and Fig. 8: shows a block diagram of a local baud-rate clock
generator in the receiver of Fig. 2. In the following description data
symbols are assumed to be transmitted according to a standardized bipolar
line code for suppressing DC current components, the data symbols assuming
the values + 1, 0, -1. The way in which information about the relative
phase of a local baud-rate clock signal for sampling the 



50  received data symbols can be derived from these received data symbols
will now be explained with reference to Fig. 1. Fig. 1A shows the pulse
shape of a single data symbol with a value +1 which in the transmitter of a
data transmission system is applied to the input of the output filter of
the transmitter. At a baud-rate 1/T of the data symbols the duration of
this data symbol is T seconds. After transmission through a dispersive 55
transmission channel, for example a wire pair in the local public telephone
network, a data symbol occurs in the receiver of the data transmission
system at the output of the input filter, of which data symbol a possible
pulse shape is represented in a stylized form by the solid line R in Fig. 1
B. In the receiver the received data symbol is sampled by means of a local
clock signal having baud-rate 1/T at times which are denoted to- T, 3    EP
0 330 282 B1 [err]    ... in Fig. 1 B. in Fig. 1 B it is assumed that this
local clock signal has the correct phase for sampling the data symbol with
the pulse shape R, the sampling taking place at instant [err] near the peak
of this pulse shape R with a normalized peak value + 1. The portion of the
pulse shape R for instants t preceding sampling instant t = to, so in Fig.
1 B the portion on the left of instant t = to, is known as the 5
precursor. Now, in practice it appears that the shape and the duration of
this precursor are substantially independent of the properties of the
transmission channel (wire pair) between transmitter and receiver, but are
basically determined exclusively by the output filter of the transmitter
and the input filter of the receiver. This implies that for a given
combination of transmitter and receiver the shape and the duration of the
precursor are known in advance, and more specifically, that the precursor
of pulse shape R in Fig. 1 B at the 10  instant t = [err] - T has a value a
known in practice for a normalized peak value + 1 at the point t = to. The
received data symbol having this pulse shape R can now be applied to a
high-pass filter having the structure represented in Fig. 1 C. In this
filter the input signal is delayed over a symbol period T by means of delay
element 15 and this input signal is also multiplied by a factor a by means
of a multiplier 16. With the aid of a summator 17 the output signal of
multiplier 16 is subtracted from the output signal of delay is  element 15.
When the received data symbol having the pulse shape R of Fig. 1 B is
applied to the filter of Fig. 1 C, the data symbol at the output of this
filter has the pulse shape as shown in the stylized form by the solid line
F in Fig. 1 D. As appears from Fig. 1 D, this pulse shape F reaches its
peak value + 1 at an instant t = [err] + T, that is to say, an instant that
is shifted over a symbol period T with respect to the instant t = to at
which pulse shape R in Fig. 1 B reaches its peak value + 1. Furthermore,
the precursor of this pulse shape F in Fig. 1 D now has a value equal to 0
at the instant t = to. In Fig. 1 B are also shown two pulse shapes RE and
RL of received data symbols that are associated with a transmitted data
symbol with a value + 1, but sampled in the receiver at too early a
sampling instant (pulse shape RE, when the sampling takes place before the
peak is reached) or at too late a sampling instant (pulse shape RL, when
the sampling is effected after the peak has already been passed). In both
25  cases a phase shift of the local sampling signal is desirable, because
without such a correction this phase can start deviating ever more from the
correct sampling phase until it can no longer be established whether the
sample of these pulse shapes RE and RL represents a transmitted data symbol
with a value + 1 or a transmitted data symbol with the value 0. Fig. 1 D
shows how after processing by the filter of Fig. 1 C the pulse shape RE
results in the pulse shape FE whose precursor at the sampling instant t =
[err] has a 30   negative value, and also how pulse shape RL after
processing by the filter of Fig. 1C results in a pulse shape FL whose
precursor at the sampling instant t = [err] has a positive value. If the
pulse shapes R, RE and RL in Fig. 1 B relate to a received data symbol
having rank number k ,it may be put without a loss of generality that [err]
= kT with - [err] < k < + [err]. The value of the precursor of the pulse
shapes F, FE and FL at the sampling instant t = to in Fig. 1 D can then be
considered an error signal e(k) which has a value e(k) = 35  0 when a
sampling is effected with the correct phase, a negative value e(k) < 0 when
the sampling Is effected early and a positive value e(k) > 0 when the
sampling is effected late. So, the polarity of error signal e(k) provides
information about the desired direction in which the phase of the local
sampling signal has to be shifted. In the example shown this is a phase
shift to the left for the positive value e(k) and a phase shift to the
right for a negative value e(k). 40       The polarity of the received data
symbol naturally affects the polarity of error signal e(k). For taking
account of the polarity of the data symbols use can be made of the
expression: e(k)[err](k + 1)  (1) 



45  as a possible indication for the required direction of the phase shift,
[err](k + 1) being the polarity of the data symbol at the output of the
filter in Fig. 1C at the sampling instant t = [err] + T = (k + 1)T as it is
determined by a symbol detector in the receiver that is operating at the
baud-rate 1/T. If expression (1) has a positive value, in the time diagrams
of Fig. 1 B and Fig, 1 D a shift to the left is required and if expression
(1) has a negative value, a shift to the right is required. 50     The
magnitude of error signal e(k) is a measure for the required magnitude of
the phase shift. This can be explained with reference to Fig. 1 E showing
in greater detail the portion of pulse shape F in Fig. 1 D in the
neighbourhood of the precursor interval (to, to + T). The pulse shape F
around the sampling instant t = to = kT is a shape that in a first
approximation may be considered to be linear. Now, if the peak value of
pulse shape F at sampling instant t = [err] + T = (k + 1)T is set at [err]
(k + 1), that is to say, equal to twice 55  an adaptive reference signal
[err](k + 1) which will be further explained in the description following
hereinafter, and pulse shape F is approximated by a straight line through
the points having value 0 at sampling instant t = [err] = kT and value
[err](k + 1) at sampling instant t = to + T = (k + 1)T, the following holds
for the slope tan[err] of this straight line as an approximation of pulse
shape F around the 4    EP 0 330 282 B1 sampling instant t = to in Fig. 1E:
tan[err] = [err](k + 1)/T.  (2) 5   If it is assumed that in the receiver
the phase of the local sampling signal can assume a number of m discrete
values in one period T, for the magnitude of a single phase step [err]
expressed as a fraction of the period T it holds that: [err] = T/m.   (3)
10 Then, from Fig. 1 E it follows that for an error signal e(k)
corresponding with a single phase step [err] to the right from t = to = kT
it holds in good approximation that: tan[err] = 2V(k + 1)/T = e(k)/[err]
(4) 15 and thus, when utilizing formula (3): e(k) = [err](k + 1)/m.   (5)
20  Also for an error signal e(k) corresponding with a single phase step
[err] to the left from t = to = kT it holds that: e(k) = - [err](k + 1)/m.
(6) 25     Thus, the above has shown that there is a simple and unambiguous
relationship between the magnitude of a single phase step [err] and the
associated magnitude of error signal e(k) in the neighbourhood of the
sampling instant t = [err] = kT, in which a linear approximation of pulse
shape F is allowed. Fig. 2 shows a general block diagram of a data
transmission system with a receiver according to the invention for
optimizing the phase of the local baud-rate sampling signal. The
transmitter of this system 30  comprises a data signal source 1 for
generating binary data symbols which are converted in an encoder 2 into
ternary data symbols according to a standardized bipolar line code at a
symbol rate 11T. The data symbols at the output of encoder 2 are applied
through an output filter 3 to a transmission channel 4 which is formed, for
example, by a wire pair of the local public telephone network. The receiver
of this system comprises an input filter 5 connected to the transmission
channel 4 and the received data symbols are 35 applied to means 6 connected
to this filter 5 for sampling these data symbols at a rate of l/T and
conditioning the obtained samples for optimum detection in a symbol
detector 7. The detected data symbols are finally applied to a data signal
sink 8, in which a replica of the original binary data symbols of source 1
can be obtained while utilizing a decoder that corresponds with the bipolar
encoder 2 in the transmitter. 40   For making the sampling and conditioning
means 6 and the symbol detector 7 function in the proper fashion, the
receiver in Fig. 2 also contains an updating circuit 9, an adaptive
reference circuit 10 and a timing control circuit 11 for a local clock
generator 12 which generates a local clock signal of symbol rate 1/T with a
correct phase for sampling in means 6. The structure and the functioning of
these elements 6, 9- 12 of the receiver in Fig. 2 will be further explained
with reference to Fig. 3 - Fig. 8. As the sampling is 45  effected at a
rate 1/T at the output of filter 5 in the receiver of Fig. 2, the
description of the further signal 



processings in this receiver will be based on a conventional discrete-time
model, in which the signals are denoted in the customary fashion. Fig. 3
shows a block diagram of means 6 of the receiver of Fig. 2. In Fig. 3 an
output signal r(t) of filter 5 in Fig. 2 is applied to a sample-and-hold
circuit 20 and sampled therein at rate 1/T with the local clock so  signal
originating from clock generator 12 in Fig. 2. In the foregoing it is
assumed that the clock signal inherent to the received data symbols occurs
at instants t = kT, where k is an integer with [err] < k < + [err].
Generally, the local clock signal will then occur at instants t = kT +
[err], where To corresponds with a phase difference between the local clock
signal and the clock signal inherent to the received data symbols and thus
To satisfies - T/2 < To [err] T/2. At instants t = kT + To there will occur
at the output of circuit 20 in Fig. 55   3 samples r(kT + [err]) of the
analog signal r(t) which are converted with the aid of an analog-to-digital
converter 21 into samples of a digital signal which in a customary fashion
is denoted r(k). This signal r(k) is applied to a linear-equalizer 22 that
Is arranged for suppressing in the best way possible precursive intersymbol
interference and noise which have developed during the transmission of the
data symbols. On 5    EP 0 330 282 B1 the basis of the explanation of Fig.
1 it will be evident that this linear equalizer 22 can comprise a filter
22(1) having a structure as represented in Fig. 1C for cancelling the most
important component of the precursive intersymbol interference. In Fig. 3 a
feedback filter 23 is also included which forms part of an equalizer of the
decision feedback type. On the basis of detected data symbols [err](k) at
the output of symbol detector 7 5  in Fig. 2, this feedback filter 23 forms
a cancelling signal for postcursive intersymbol interference which has
developed during the transmission of the data symbols, which cancelling
signal is subtracted from the output signal of the linear equalizer 22 by
means of a summator 24 to obtain an input signal s(k) for symbol detector 7
in Fig. 2 which is cleared in the best way possible of precursive and
postcursive intersymbol interference and noise. For providing optimum
conditioning of this signal s(k) for symbol detection, a 10  feedback
filter 23 is arranged adaptively and comprises an adaptation circuit 23(1)
which is controlled by the error signal e(k) mentioned previously. This
error signal e(k) is representative of the phase difference between the
local clock signal and the clock signal inherent to the received data
symbols, but this error signal e(k) is also representative of the
postcursive intersymbol interference which has to be cancelled by feedback
filter 23. For, with a given combination of the filters 3, 5 in transmitter
and receiver the precursive 15  intersymbol interference Is practically
known and this intersymbol interference is substantially removed by filter
22(1) of the linear equalizer 22, which filter 22(1) has the structure
represented in Fig. 1C. It is equally possible to arrange linear equalizer
22 adaptively and provide it with an adaptation circuit which is controlled
by an error signal e(k), as symbolically shown in Fig. 3. The structure and
the operation of the adaptive equalizers of the linear type as well as the
decision feedback type are widely known and do not need any further
explanation, because in the present receiver use can be made of entirely
conventional techniques. It should be noted, however, that it is not
necessary to include filter 22(1) in linear equalizer 22 of Fig. 3, as this
filter 22(1) is linear and can, basically, be inserted at any point in the
transmission system between encoder 2 in the transmitter and summator 24 in
means 6 of the receiver. For simplicity of the embodiment, however, this
filter 22(1) should preferably be included in linear equalizer 22 of Fig.
3. 25      The way in which error signal e(k) is obtained, will be further
explained with reference to Fig. 4 showing an optional embodiment of
updating circuit 9 of Fig. 2. This circuit 9 is arranged for generating
error signal e(k) in accordance with the following equation: e(k) = s(k) -
[err] (k).[err](k)  (7) 30 where s(k) is the input signal of symbol
detector 7 in Fig. 2 and [err](k) is the output signal of this symbol
detector 7, and where [err](k) is an adaptive reference signal which is
generated by circuit 10 in Fig. 2 in a manner still to be explained.
Circuit 9 of Fig. 4 comprises a multiplier 25 multiplying signal [err](k)
by a factor of 2 and a multiplier 26 multiplying the signal [err](k) thus
obtained by signal [err](k) for forming a signal [err](k)- 35  [err](k)
which is subtracted from signal s(k) with the aid of a summator 27. In this
way, an error signal c(k) the output occurs at of summator 27 which
satisfies the equation (7). The reference circuit 10 of Fig. 2 is arranged
for generating in response to signals e(k) and [err](k) an adaptive
reference signal [err](k) which is as good an estimate as possible of the
half of the peak value of the received data symbol. This reference signal
[err](k) is used in symbol detector 7 as a threshold for the symbol 



40  detection and is also used to counteract the influence of the received
data symbol on error signal e(k), as appears from the above equation (7).
An optional embodiment of this adaptive reference circuit 10 is shown in
more detail in Fig. 5. Circuit 10 of Fig. 5 is arranged for forming a
subsequent sample [err](k + 1) of the reference signal in accordance with
the following equation: 45   [err](k + 1) = [err](k) + p.e(k).[err](k)  (8)
where [err](k) is the current sample of the reference signal and p a
constant value determining the magnitude of the adaptation step (and hence
also the adaptation rate). Reference circuit 10 of Fig. 5 comprises a
multiplier 28 multiplying signal e(k) by signal [err](k) and a so
multiplier 29 multiplying the product signal e(k).[err](k) thus obtained by
adaptation constant p for forming an adaptation term p.e(k).[err](k). This
adaptation term is applied to an accumulator 30 which is formed by a memory
31 for storing sample [err](k) of the reference signal and an adder 32 for
forming the sum of sample V (k) and adaptation term p.e(k).[err](k) in
accordance with the right-hand side of equation (8). This sum is stored in
memory 31 to provide at the output of memory 31 after an interval T the
next sample [err](k + 1) of 55  the adaptive reference signal which
satisfies equation (8). It should be observed that the manner of generating
an adaptive reference signal [err](k) and an error signal e(k) described
hereinbefore, is known per se from the article "Adaptive Reference Echo
Cancellation" by D.A. Falconer in IEEE Trans. Commun., Vol. COM-30, No. 9,
September 1982, pp. 2083-2094, (compare 6    EP 0 330 282 B1 Fig. 3).
Furthermore, the structure of the present receiver, as explained so far
with reference to Fig. 2 - Fig. 5, is also outlined broadly in the article
"Towards a Single Chip ISDN Transmission Unit" by K.J. Wouda et al. In
Proc. ISSLS 86, Tokyo 1986, pp. 250-255 (compare Fig. 9 and Fig. 11). For
sampling the received data symbols the receiver of Fig. 2 utilizes the
local clock signal of frequency 5   1/T which is generated by clock
generator 12 and has a phase that generally differs from the phase of the
clock signal inherent to the received data symbols. In order to reduce this
phase difference in a step-by- step fashion, a timing control circuit 11 is
connected to clock generator 12 which receives, in addition to the output
signal from clock generator 12, the respective output signals e(k), V,(k)
and [err](k) from updating circuit 9, reference circuit 10 and symbol
detector 7 for generating control signals BS and FS for shifting the phase
10  of the local clock signal forward or backward in a step-by-step
fashion. Fig. 6 shows a block diagram of this timing control circuit 11.
From the explanation of Fig. 1, and, more specifically, formula (1), it
follows that the required information about the phase shift to be effected
can be derived from a signal of the form e(k - 1).[err](k). Thereto,
circuit 11 of Fig. 6 comprises a correlator 40 with a limiter 41, a delay
element 42 having a delay 15  time of one sample period T, a multiplier 43
and an accumulator 44. Signal e(k) is applied through limiter 41 and delay
element 42 to multiplier 43 and multiplied therein by signal [err](k) for
forming a signal e(k - 1).[err](k). Limiter 41 is used for restricting the
value of signal e(k) to a range between, for example, [err](k)/2 and + V-
(k)/2, the limiting values being controlled by adaptive reference signal
V,(k). For, signal e(k) contains in addition to desired components also
interference and noise components which can occasionally assume 20  very
high peak values and could therefore lead to large, but undesirable and
also unnecessary phase shifts. To prevent this the magnitude of signal e(k)
is restricted in limiter 41 to values which do not exceed [err](k)/2.
Needless to observe that also different limiting values are possible, as
long as it is avoided that occasional peaks in signal e(k) lead to
occasional large disturbances of the signal from which the information
about the phase shift is derived. Despite this restriction of signal e(k),
interference and noise components in signal e(k 25  - 1).[err](k) can yet
lead to large undesired phase shifts and to combat same this signal e(k -
1).[err](k) Is averaged over M sample periods by means of accumulator 44.
The output signal of accumulator 44 is applied to a detector 45 having a
positive and a negative threshold of the same magnitude which is derived
from adaptive reference signal [err](k). If this output signal of
accumulator 44 is higher than the positive threshold, detector 45 supplies
a signal BS having the logic 30  value "1" which effects in clock generator
12 a phase shift of the local clock signal by a step [err]  in backward
direction (thus to the left in the time diagrams of Fig. 1). Detector 45
likewise supplies a signal FS having a logic value "1" which effects in
clock generator 12 a phase shift by a step [err] in forward direction (thus
to the right in the time diagrams of Fig. 1), if this output signal of
accumulator 44 is lower than the negative threshold. For output signals of
accumulator 44 situated between the positive and negative 



35  thresholds of detector 45 both control signals BS and FS have a logic
value "0" and no phase shift is effected in clock generator 12. The
magnitude of the thresholds of detector 45 is [err](k)/N, where the value N
to be used in detector 45 is controlled by a circuit 46. This circuit 46
controls also the number M of sample periods over which accumulator 44
averages output signal e(k - 1).[err](k) of multiplier 43. Thereto, circuit
46 includes a counter 47 40  with an adjustable end position M, which
counter 47 receives the local clock signal of frequency 1/T and when
reaching its final position M produces a pulse whose leading edge enables
detector 45 and whose trailing edge resets the contents of accumulator 44
to an initial value 0 after these contents have been detected in detector
45. The further structure of this circuit 46 will be described hereinafter,
but first it will be explained how the timing control circuit 11 of Fig. 6
described so far operates for a given state of 46  accumulator 44 and
detector 45 which is characterized by a given pair (M,N) of the values M
and N controlled by circuit 46. At the instant where counter 47 of circuit
46 reaches its final position M, k has a specific value and for this value
of k the output signal u(k) of accumulator 44 is given by the expression 50
[err] 55 This signal u(k) can be considered to be the sum of a mean value
q(k) of the phase error signal proper over M sample periods and an amount
of noise n(k) which is the mean value over M sample periods of the
interference and noise components in signal e(k - 1).[err](k) of multiplier
43, so that signal u(k) can be written 7    EP 0 330 282 B1 as: u(k) = q(k)
+ n(k).  (10) 5  With the explanation of Fig. 1 it has already been assumed
that the phase of the local clock signal can be shifted in phase steps of
such magnitude [err] that m phase steps correspond with a single period T
so that [err] as a fraction of T satisfies the equation (3): [err] = T/m.
From this explanation it follows that between the magnitude [err] of a
single phase step and the associated magnitude Au of the change of the
phase error signal, there is a relationship which in a good approximation
may be considered to be linear for a neigbourhood of a phase difference
zero between the local clock signal and the clock signal inherent to the
received data symbols, which linear relationship in this 15  neighbourhood
of a zero phase difference can be written, on account of formulas (4) -
(6), as: Au = [err] = [err](k)/m   (11) Now, if the phase difference
between the two clock signals does not exceed a half phase step [err]/2 and
20  hence the average value q(k) of the phase error signal proper is
situated in an area for which it holds on account of formula (11): -
[err](k)/m [err] q(k) [err] + [err](k)/m   (12) 25 a phase step [err] of
the clock signal in forward or backward direction does not produce a
further reduction of the phase difference between the two clock signals. At
the output of accumulator 44, however, this mean value q(k) is not
available separately, but a signal u(k) is available that is the sum of
this mean value q(k) and an amount of noise n(k), compare formula (10).
Now, by selecting in detector 45 the value N such that the magnitude
[err](k)/N of the thresholds N satisfies: 30 [err](k)/N = [err](k)/m = Au,
(13) thus, by a choice of N = m/2, it is achieved that in clock generator
12 no phase shift by one step [err] is effected for values of signal u(k)
which satisfy: 35 - [err](k)/m < u(k) < + [err](k)/m.   (14) In the case
considered here, in which the mean value q(k) of the phase error signal
proper satisfies formula (12), an amount of noise n(k) having a magnitude
not exceeding [err]/2 = [err](k)/m can be admitted in signal u(k) without
leading to a phase shift of the local clock signal by a phase step [err].
The phase shift as a result of this amount of noise n(k) thus has a
magnitude not exceeding a half phase step [err]/2. As the 



averaging of signal e(k - 1).[err](k) in accumulator 44 is effected over M
sample periods, the value M can now be chosen such that in the case of
phase convergence considered here, (that is to say, a phase difference
between the two clock signals which does not exceed a half phase step
[err]/2), the values of signal u(k) will 45 exceed the thresholds of
detector 45 having a magnitude of [err](k)/m with a probability that is
only very slight. Given the generally Gaussian nature of noise n(k),
sporadically occurring transgressions of these thresholds can still be
expected, however. In this connection it is advantageous that occasional
peaks of signal e(k) with exceptionally large values are limited by limiter
41 to values having a magnitude of [err](k)/2, for example, so that these
occasional peaks have only a limited effect on signal u(k) at the output of
50  accumulator 44. Thus, it appears to be possible to sufficiently
suppress the influence of noise n(k) to block, after phase convergence is
attained, the process of shifting the phase of the local clock signal in
steps having the magnitude [err] for values of signal u(k) which satisfy
formula (14), that is to say: - [err](k)/m < u(k) < + [err](k)/m.   (15) 56
After blocking this step-by-step phase shift of the local clock signal the
probability of incidental transgressions of the thresholds of detector 45
by signal u(k), and thus the probability of incidental phase steps [err],
can be further reduced by averaging the signal e(k - 1).[err](k) in
accumulator 44 over a larger 8    EP 0 330 282 B1 number of symbol
intervals. This can be achieved in a simple manner by enlarging in circuit
46 the final position M of counter 47 from the original value to a value
which, for example, is equal to four times this original value. A further
reduction of the probability of incidental phase steps [err] after
attaining phase convergence 5  can be achieved by enlarging the magnitude
[err](k)/N of the thresholds of detector 45 from the original value
[err](k)/m to a value of, for examples [err](k)/m which is also four times
as large, thus by reducing the value N from the original value N = m/2 to
the value N = m/8. In this case no phase shift with a step [err] is
effected for values of signal u(k) which satisfy: 10   - 8 [err](k)/m <
u(k) < + 8 [err](k)/m.   (16) The probability that signal u(k) exceeds the
limits of the permissible zone according to formula (16) by occasionally
large values of noise n(k) is considerably smaller than in the case of the
original zone according to formula (14) which, for that matter, is four
times narrower. 15     These measures are preferably combined, that is to
say that with an enlargement of the permissible zone between the thresholds
of detector 45 also the interval over which accumulator 44 averages has a
greater length. How these measures can be implemented with the aid of
circuit 46 in Fig. 6 by controlling the values M and N will now be
explained for a practical case in which the data symbol rate 1/T has a
value of 120 kBaud and the local clock signal thus has a frequency 1/T =
120 KHz. In this case m = 32 appears 20 to be a suitable practical value
for the number of phase steps per period T. In addition to counter 47,
which has an adjustable final position M, circuit 46 in Fig. 6 includes a
counter 48 counting the number of times counter 46 reaches this final
position M. This counter 48 generates two logic signals C(15) and C(31), a
logic value "1" of signal C(15) corresponding with a count value 15 and a
logic value "1" of signal C(31) corresponding with a count value 31
constituting the final position of counter 25 48. These signals C(15) and
C(31) are applied to a state control circuit 49, to which is also applied a
logic signal S having a logic value "1" when the phase step [err] is
effected. This signal S is obtained with the aid of an OR gate 50, to which
the two logic control signals BS and FS are applied produced by detector 45
when a phase step [err] has to be made in forward or backward direction. In
response to the logic signals S, C(15) and C(31) circuit 49 generates four
control signals CE, CR, M and N for counter 48, counter 47 and 30
detector 45, respectively. A logic value "1" of signal CE enables counter
48 and a logic value "1" of signal CR resets counter 48 to a zero count
value as Initial position. Signal M is used for adjusting the final
position of counter 47, a logic value "0" of signal M corresponding with a
count value M = 120 as the final position and a logic value "1"
corresponding with a count value M = 480 as the final position. Finally,
signal N is used for adjusting the magnitude of the thresholds of detector
45, a logic value "0" of signal N 35 corresponding with thresholds having
the magnitude of [err](k)/N = [err](k)/16 and a logic value "1" correspond-
ing with the thresholds having the magnitude of [err](k)/N = [err](k)/4.
Timing control circuit 11 of Fig. 6 can be brought into three states under
the control of circuit 49, which 



states are characterized by the value M of the number of symbol intervals
over which accumulator 44 averages and the value N which indicates the
magnitude [err](k)/N of the threshold of detector 45: 40 - state I   with M
= 120   and N = 16, - state II  with M = 480   and N = 16, - state III with
M = 480   andN = 4. 45 In state I counter 47 reaches its final position
after M = 120 symbol intervals and the detector 45 then enableed determines
whether output signal u(k) of accumulator 44 is situated inside the zone
between the thresholds - [err](k).16 and + [err](k)/16 or outside this
zone. When the process of phase shifting of the local clock signal in steps
having the magnitude [err] has advanced such that phase convergence is
achieved, the so phase difference relative to the clock signal inherent to
the received data symbols being a half phase step [err]/2 at the most, in
state I the count value of the counter 48 will be incremented by one each
time signal u- (k) is situated inside the zone between the thresholds of
detector 45 and thus satisfies: - [err](k)/16 < u(k) < + [err](k)/16   (17)
65 in which case signal S has a logic value "0" because the both signals BS
and FS have a logic value "0". So, circuit 49 has to be arranged such that
in state I enabling signal CE and reset signal CR for counter 48 have a
logic value "1" and a logic value "0" respectively, when a logic value "0"
occurs for signal S. If, in 9    EP 0 330 282 B1 state I, signal u(k)
satisfies formula (17) and is thus situated inside the zone between the
thresholds of detector 45 for a number of times equal to 15, it is
provisionally assumed that phase convergence has taken place. Counter 48
has then reached a count value 15 and supplies a signal C(15) having a
logic value "1" to circuit 49 for effecting the transition to state 11, at
which transition counter 48 is reset to a count value 0 5  as the initial
position. Thus, circuit 49 has to be arranged such that at the transition
from state I to state II a reset signal CR is produced for counter 48 and
in state 11 a control signal M having a logic value "1" for adjusting
counter 47 to a final position having a count value M = 480. In state 11 it
is examined whether the assumption of phase convergence is correct. Counter
47 now reaches Its final position after M = 480 symbol intervals so that
the averaging in accumulator 44 is effected 10   over an interval four
times larger than in state I and the probability of incidentically
exceeding the thresholds - [err](k)/16 and + [err](k)/16 by signal u(k) is
thus reduced. Also in state 11 the count value of counter 48 Is incremented
by one each time signal u(k) satisfies formula (17) and thus is situated in
the zone between the thresholds of detector 45, but different from the
situation in state I, counter 48 is reset to a zero count value as initial
position as soon as formula (17) is not satisfied for one time and thus
signal u(k) is for once 15   situated outside the zone between these
thresholds of detector 45. If in state 11 signal u(k) uninterruptedly
satisfies formula (17) for 31 times, it is assumed that phase convergence
has really taken place. Counter 48 has then reached the final position with
a count value of 31 and applies a signal C(31) having a logic value "1" to
circuit 49 for effecting the transition to state III, at which transition
counter 48 retains its final position with the count value 31. Circuit 49
thus has-to be arranged such that when transiting to state III no reset
signal CR is produced for counter 48 and In state III a control signal M as
well as a control signal N is generated having a logic value "1" to keep
counter 47 adjusted to a final position having a count value M = 480 and
give the magnitude [err](k)/4 to the thresholds of detector 45. In state
III the averaging in accumulator 44 is also effected over M = 480 symbol
intervals but, in addition, the zone between the thresholds of detector 45
is four times wider than in states I and 11, so that 25 the probability of
signal u(k) incidentically exceeding the thresholds - [err](k)/4 and +
[err](k)/4 is considerably smaller than in state II. This widening of the
zone between the thresholds of detector 45, after phase convergence has
been confirmed in a sufficiently reliable manner, is an effective
counter-measure against undesirable incidental phase steps [err] of the
local clock signal as a consequence of interference and noise components of
phase error signal e(k - 1).[err](k). Then it is no longer wortyhwhile
incrementing the count 30 value of counter 48 by one each time signal u(k)
satisfies: - [err](k)/4 < u(k) < [err](k)/4.  (18) However, as soon as the
condition of formula (18) is not satisfied for one time in state III and
thus a phase 



35  step [err] of the local clock signal in forward or backward direction
is effected, one cannot justifiably assume that the phase convergence of
the local clock signal shifted by one phase step [err] is reliable and,
therefore, a transition to state I takes place to verify once again the
correctness of the assumption of phase convergence. So, circuit 49 has to
be arranged such that in state III enabling signal CE for counter 48 has a
logic value "0" and the occurence of a logic value "1" of signal S effects
an immediate return to state I, on which return also a reset signal CR with
the logic value "1" is produced to reset counter 48 to a count value 0 for
its initial position. For controlling these three states I, II and Ill,
III, circuit 49 can be arranged in different ways. By means of example Fig.
7 shows in detail a block diagram of an optional embodiment for the state
control circuit 49 In Fig. 6. 45     For characterizing the three states 1,
II and III, circuit 47 in Fig. 7 comprises two RS flipflops 52 and 53, the
following relationship existing between these states and the logic values
of the signals Q(52) and Q(53) at the Q-outputs of the RS flipflops 52 and
53: 50                                     state I    Q(52) = "0"    Q(53)
= "0" state 11   Q(52) = "1"    Q(53) = "0" state III  Q(52) = "0"   Q(53)
= "1" The above relationship shows that, in all states, control signal M
for counter 47 of Fig. 6 can be easily 55  obtained from signals Q(52) and
Q(53) by means of an OR-gate 54 and further that signal Q(53) can be used
directly as control signal N for detector 45 of Fig. 8. The transition from
state I to state 11 is effected by applying signal C(15) from counter 48 in
Fig. 6 to the S input of flipflop 52, the transition from state 11 to state
III Is effected by applying signal C(31) from counter 10    EP 0 330 282 B1
48 in Fig. 6 to both the R-input of flipflop 52 and the S-input of flipflop
53, and finally the transition from state III to state I is effected by
applying signal S from OR-gate 50 in Fig. 6 to an AND-gate 55 which is kept
open by signal Q(53) only in state III and applying the output signal from
AND-gate 55 to the R-input of flipflop 53. 5     The enabling signal CE for
counter 48 of Fig. 6 only required in states I and 11 is obtained from
signals Q(53) and S by means of a NOR-gate 56. By means of an OR-gate 57,
which is only kept open in state I by control signal M, an AND-gate 58
which is only kept open in states 11 and III by control signal M, and an
OR-gate 59 connected to the outputs of AND gates 57, 58, reset signal CR
for counter 48 of Fig. 6 is obtained by applying signal C(15) from counter
48 in Fig. 6 to AND-gate 57 (for generating signal CR when 10 transiting
from state I to state 11) and applying signal S from OR-gate 50 in Fig. 6
to AND-gate 58 (for generating signal CR in the states II and (II). After
the description of the example in Fig. 7 It will be evident that a great
variety of implementations of state control circuit 49 in Fig. 6 is
feasible. A possibility which is attractive for practical purposes is
utilizing a table-lookup memory for the implementation of circuit 49, in
which memory the values of the signals M, 15  N, CE and CR are stored at
memory locations whose addresses are formed by the values of the signals S.
C(15), C(31) and the stored values of the signals M and N. The way in which
such a table-lookup memory is arranged, is widely known and does not need
any further explanation In this context. Fig. 8 shows a block diagram of
generator 12 in Fig. 2 for generating the local clock signal having
frequency 1/T, whose phase can be controlled in steps having the magnitude
[err] = T/m according to 20 formula (3) in a direction which Is determined
by control signals BS and FS originating from detector 45 in timing control
circuit 11 of Fig. 6. Generator 12 in Fig. 8 comprises a crystal oscillator
60 and connected thereto a frequency divider 61 from which the local clock
signal is derived. The frequency of oscillator 60 is larger than the
nominal value of the clock rate 1/T by a factor m and the dividing factor
of the divider 61 normally also has a value m. For effecting a phase step
[err] = T/m in backward direction (to the left in the 25   time diagrams of
Fig. 1), the dividing factor of divider 61 is adjusted to a value (m-1) by
a control signal BS for the duration of one dividing cycle and,
subsequently, readjusted to its nominal value m. In this case the dividing
cycle concerned does not have the normal interval T but an interval of
(1-1/m)T so that the clock signal at the output of divider 61 after this
dividing cycle has ended has actually made a step T/m in backward
direction. In a similar manner a phase step [err] = T/m in forward
direction is effected by adjusting 30   the dividing factor of divider 61
to a value (m +  1) under the control of control signal FS for the duration
of a 



single dividing cycle. If the frequency of the local clock generator 12 in
Fig. 2 shows a slight deviation relative to the clock frequency in the
transmitter of Fig. 2, the timing control circuit 11 can also be used for
controlling the frequency of clock generator 12. For this purpose timing
control circuit 11 of Fig. 6 comprises a polarity 35   detector 62 to which
is applied the phase error signal e(k - 1).[err](k) of multiplier 43 for
generating a binary control signal [err] having a fixed positive value when
signal e(k - 1 ).[err](k) Is positive and a fixed negative value (of the
same magnitude) when signal e(k - 1).[err](k) Is negative. This control
signal AF is applied to a frequency control circuit 60(1) of crystal
oscillator 60 in Fig. 8 for increasing or decreasing the frequency by an
amount which is only a tiny fraction of the nominal value of this frequency
(for example, a fraction in the 40   order of from 1:[err] to 1:[err] in
the case under consideration of a nominal frequency 1/T = 120 KHz and a
dividing factor m = 32 of divider 61). This change of rate is attended with
a slight phase shift per period T of the local clock signal, so that only a
general tendency of control signal AF in a positive or negative direction
over a very large number of periods, as a consequence of a frequency
difference between transmitter and receiver in Fig. 2, leads to a
significant phase shift of the local clock signal for reducing this 45
frequency difference, but frequently occurring errors in control signal
[err] as a consequence of Interference and noise components of phase error
signal e(k - 1).[err](k) substantially have no influence because the mean
value over this large number of periods is practically equal to zero. In
the description of Fig. 2 presented above, a phase error signal having the
form e(k - 1).[err]k) has always been used, the error signal e(k) being
derived in updating circuit 9 from signal s(k) at the input of so  symbol
detector 7 in accordance with formula (7) with the aid of an adaptive
reference signal [err](k) that is generated in reference circuit 10 in
accordance with formula (8). The information about the phase shift to be
effected can also be derived from input signal s(k) of symbol detector 7 in
a different way, in which it is not always necessary to use updating
circuit 9 and reference circuit 10. True enough, it is always assumed that
precursive and postcursive intersymbol interference in this input signal
s(k) is substantially completely 55   cancelled by sampling and
conditioning means 6. A simple possibility for deriving a phase error
signal utilizes this signal s(k) itself when specific symbol transitions
occur. For example, if a transition from the value 0 to the value + 1 In
signal s(k) is detected by the occurrence of the values [err](k - 1) = o,
[err](k) = + 1 at the output of symbol detector 7, signal s(k - 1) can be
applied directly to accumulator 44 as a phase 11    EP 0 330 282 B1 error
signal. In this case multiplier 43 in Fig. 6 has to be exchanged for a
switch which is only closed for the combination [err](k - 1) = 0, [err](k)
= + 1 and signal s(k) has to be applied to limiter 41 in lieu of signal
e(k). In a similar way signal -s(k - 1) can be used if a transition from
the value 0 to the value -1 is detected by the occurrence of the values
[err](k - 1) = 0, [err](k) = -1 at the output of symbol detector 7. 5
Within the scope of the present invention it is especially important,
however, that the recovered phase error signal be representative of a phase
difference between the local clock signal and the clock signal inherent to
the received data symbols. The way in which such a phase error signal is
derived from the conditioned received data symbols plays a less important
role therein and the choice between the various options is made on the
basis of the effectiveness of the representation of the phase difference
between the 10  two clock signals and by the simplicity of the practical
implementation. In this respect the extensively discussed method of
deriving a phase error signal having the form e(k - 1).[err](k) is
particularly attractive, the more so because this method can also be used
for other types of data symbols than the type discussed here of ternary
data sybols according to a standardized bipolar line code. 15  Claims 1. A
receiver of a system for transmitting data symbols at a given baud-rate
1/T, this receiver comprising a symbol detector (7) operating at the
baud-rate 1/T; means for optimally conditioning (6) the received data
symbols for symbol detection; means for deriving (9) from a conditioned
symbol an error signal which is representative of a phase difference
between a baud-rate clock signal associated with the received data symbols
and a locally generated baud-rate clock signal for the symbol detector; and
phase control means (11) for reducing this phase difference in a
step-by-step fashion In response to the error signal, 25
CHARACTERIZED IN THAT 



the receiver comprises means for establishing (40, 45, 46) whether the mean
value of the error signal, over a predetermined number of symbol intervals,
is situated in a zone whose boundaries are determined by a first given
fraction of the conditioned symbol value at the symbol detection instant
where the first given fraction of the conditioned symbol value is related
to the phase step size 30     employed in the step-by-step reduction of
phase difference carried out by the phase control means, and means for
blocking (45) the phase control means if the mean value of the error signal
is situated in said zone, and also for unblocking the phase control means
if the mean value of the error signal in the blocked state meets a
predetermined criteria, the criteria being that the mean value of the error
signal 35     is established over a certain number of symbol intervals and
that the mean value of the error signal is situated outside the boundaries
of said zone. 2. A receiver as claimed in claim 1, characterized in that
means are provided for averaging the error signal over a larger number of
symbol intervals when the phase control means are blocked. 3. A receiver as
claimed in claim 1, characterized in that means are provided for
determining, when the phase control means are blocked, the boundaries of
said zone in accordance with a second given fraction of the level of the
conditioned signal at the symbol detection instant, this second fraction
exceeding said first fraction, whereby an enlarged zone for permissible
mean error signal values is 45     attained. 4. A received as claimed In
one of the claims 1-3, characterized in that means are provided for
limiting the peak values of the error signal. 50    6. A receiver as
claimed in claim 2, characterized in that means are provided for
determining, when the phase control means are blocked, the boundaries of
the said zone in accordance with a second given fraction of the level of
the conditioned signal at the symbol detection instant, this second
fraction exceeding said first fraction, whereby an enlarged zone for
permissible mean error signal values is attained. 55 6. A receiver as
claimed in claims 1, 2, 3, or 5, further characterized in that counting
means are provided for counting how many times the average error signal is
situated in said zone or said enlarged zone. 12    EP 0 330 282 B1 error
signal. In this case multiplier 43 in Fig. 6 has to be exchanged for a
switch which is only closed for the combination [err](k - 1) = 0. [err](k)
= + 1 and signal s(k) has to be applied to limiter 41 in lieu of signal
e(k). In a similar way signal -s(k - 1) can be used if a transition from
the value 0 to the value -1 is detected by the occurrence of the values
[err](k - 1) = 0, [err](k) = - 1 at the output of symbol detector 7. 5
Within the scope of the present invention it is especially important,
however, that the recovered phase error signal be representative of a phase
difference between the local clock signal and the clock signal inherent to
the received data symbols. The way in which such a phase error signal is
derived from the conditioned received data symbols plays a less important
role therein and the choice between the various options is made on the
basis of the effectiveness of the representation of the phase difference
between the 10  two clock signals and by the simplicity of the practical
implementation. In this respect the extensively discussed method of
deriving a phase error signal having the form e(k - 1).[err](k) is
particularly attractive, the more so because this method can also be used
for other types of data symbols than the type discussed here of ternary
data sybols according to a standardized bipolar line code. 15  Claims 1. A
receiver of a system for transmitting data symbols at a given baud-rate
1/T, this receiver comprising a symbol detector (7) operating at the
baud-rate 1/T; means for optimally conditioning (6) the received data
symbols for symbol detection; 20       means for deriving (9) from a
conditioned symbol an error signal which is representative of a phase
difference between a baud-rate clock signal associated with the received
data symbols and a locally generated baud-rate clock signal for the symbol
detector; and phase control means (11) for reducing this phase difference
in a step-by-step fashion in response to the error signal, 25
CHARACTERIZED IN THAT 



the receiver comprises means for establishing (40, 45, 46) whether the mean
value of the error signal, over a predetermined number of symbol intervals,
is situated in a zone whose boundaries are determined by a first given
fraction of the conditioned symbol value at the symbol detection instant
where the first given fraction of the conditioned symbol value is related
to the phase step size 30     employed in the step-by-step reduction of
phase difference carried out by the phase control means, and means for
blocking (45) the phase control means if the mean value of the error signal
is situated in said zone, and also for unblocking the phase control means
if the mean value of the error signal in the blocked state meets a
predetermined criteria, the criteria being that the mean value of the error
signal 35     is established over a certain number of symbol intervals and
that the mean value of the error signal Is situated outside the boundaries
of said zone. 2. A receiver as claimed in claim 1, characterized in that
means are provided for averaging the error signal over a larger number of
symbol intervals when the phase control means are blocked. 40 3. A receiver
as claimed in claim 1, characterized in that means are provided for
determining, when the phase control means are blocked, the boundaries of
said zone in accordance with a second given fraction of the level of the
conditioned signal at the symbol detection instant, this second fraction
exceeding said first fraction, whereby an enlarged zone for permissible
mean error signal values is 45     attained. 4. A received as claimed in
one of the claims 1-3, characterized in that means are provided for
limiting the peak values of the error signal. so  S. A receiver as claimed
in claim 2, characterized in that means are provided for determining, when
the phase control means are blocked, the boundaries of the said zone in
accordance with a second given fraction of the level of the conditioned
signal at the symbol detection instant, this second fraction exceeding said
first fraction, whereby an enlarged zone for permissible mean error signal
values is attained. 6. A receiver as claimed in claims 1, 2, 3, or 5,
further characterized in that counting means are provided for counting how
many times the average error signal is situated in said zone or said
enlarged zone. 12    7. A receiver as claimed in claim 6, characterized in
that the counting means are reset as soon as the mean value of the error
signal is for once not situated in said enlarged zone. 8. A receiver as
claimed in claim 7, characterized in that the boundaries of said zone are
transferred to 5      the boundaries of said enlarged zone when the
counting means have reached a predetermined counting value. 9. A receiver
as claimed in claim 3, characterized In that the mean value of the error
signal meets one of the predetermined criteria when said mean value of the
error signal is situated outside the enlarged 10     zone. PatentansprUche
1. Empffnger elnes Systems zur Obertragung von Datensymbolen mit einer
gegebenen Baudrate 1/T mit 75     einem Symboldetektor (7), der mit der
Baudrate 1/T betrieben wird, einer Einrichtung (6) zur optimalen
Konditionierung der empfangenen Datensymbole fUr elne Symboldetektierung,
einer Elnrichtung (9), die aus einem konditlonierten Symbol ein
Fehlersignal ableitet, das die Phasendif- ferenz zwischen einem den
empfangenen Datensymbolen zugeordneten Baudraten-Taktsignal und elnem
6rtllch erzeugten Baudraten-Taktsignal far den Symboldetektor darstellt,
und 20     einer Phasensteuereinrichtung (11), die unter Ansprechen auf das
Fehlersignal die Phasendifferenz Schritt fOr Schritt verringert, dadurch
gekennzeichnet, daB der Empfanger eine Einrichtung (40, 45, 46) aufweist,
die feststellt, ob der Mittelwert des Fehlersignals Uber eine vorbestimmte
Anzahl von Symbolintervallen sich in elner Zone befindet, deren 25
Grerizen durch elnen ersten gegebenen Bruchteil des konditionierten
Symbolwertes im Augenblick der Symboldetektierung bestimmt werden, wobei
der erste gegebene Bruchteil des konditionierten Symbol- wertes in
Beziehung zu der PhasenschrittgroBe steht, die bei der schrittweisen, durch
die Phasensteu- ereinrichtung durchgeflhrten Verringerung der
Phasendifferenz benutzt wird, und 



eine Einrichtung (45) aufweist, die die Phasensteuereinrichtung sperrt,
wenn der Mittelwert des 30     Fehlersignals sich In der Zone befindet und
die Phasensteuereinrichtung entsperrt, wenn der Mittelwert des
Fehlersignals im gesperrten Zustand ein vorbestimmtes Kriterium erfOlit,
wobei das Kriterium Ist, daB der Mittelwert des Fehlersignals Ober eine
bestimmte Anzahl von Symbolintervallen festgestellt wird und sich au~erhalb
der Grenzen der Zone befindet. 35  2  Empffnger nach Anspruch 1, dadurch
gekennzeichnet, daB eine Einrichtung vorgesehen ist, die das Fehlersignal
Ober eine groBe Anzahl von Symbolintervallen mittelt, wenn die
Phasensteuerelnrichtung gesperrt ist. 3. Empfainger nach Anspruch 1, J 40
dadurch gekennzeichnet, daB eine Einrichtung vorgesehen ist, die, wenn die
Phasensteuereinrichtung gesperrt ist, die Grenzen der Zone entsprechend
einem zweiten gegebenen Bruchtell des Pegels fUr das konditionlerte Signal
im Augenblick der Symboldetektierung feststellt, wobei der zwelte Bruchteil
den ersten Bruchteil Ubersteigt, wodurch eine vergrdferte Zone ftr
zulassige Fehiersignal-Mittelwerte erreicht wird. 45 4. Empffnger nach
einem der AnsprUche 1 bis 3. dadurch gekennzeichnet, daB elne Einrichtung
vorgesehen Ist, die die Spitzenwerte des Fehlersignals begrenzt. so  6.
Empfinger nach Anspruch 2, dadurch gekennzeichnet, daB eine Einrichtung
vorgesehen ist, die, wenn die Phasensteuereinrichtung gesperrt ist, die
Grenzen der Zone entsprechend einem zweiten gegebenen Bruchteil fUr den
Pegel des konditionierten Signals im Augenblick der Symboldetektierung
feststellt, wobei der zweite Bruchteil den ersten Bruchteil Ubersteigt,
wodurch eine vergr6Berte Zone fUr zulissige Fehlersignal-Mittelwerte 55
erreicht wird. 6. Empfanger nach Anspruch 1, 2, 3 oder 5, dadurch
gakennzeichnet, daB eine Zahleinrichtung vorgesehen ist, die z~hIt, wie oft
das mittlere 13    EP                                         1 330 282
B1111111111 il 111 Fehlersignal sich in der Zone oder der vergr6Berten Zone
befindet. 7. Empffnger nach Anspruch 6, dadurch gekennzeichnet, daB die
Zahleinrichtung zurOckgestellt wird, sobald sich der Mittelwert des 5
Fehlersignals einmal nicht in der vergr6l~erten Zone befindet. . Empfanger
nach Anspruch 7, dadurch gekennzeichnet, daS die Grenzen der Zone zu den
Grenzen der vergrolBerten Zone verlagert werden, wenn die Zihleinrichtung
einen vorbestimmten Zahlwert erreicht hat. r10 s_     9. Empfanger nach
Anspruch 3. dadurch gekennzeichnet, daB der Mittelwert des Fehlersignals
eines der vorbestimmten Kriterien erfUllt, wenn sich der Mittelwert des
Fehlersignals auBerhalb der vergrodferten Zone befindet. 15  Revendlctlons
1. Un recepteur d'un systeme de transmission de symboles de donn~es & une
cadence de symboles donnde de 1/T bauds, ce recepteur comprenant un
detecteur de symboles (7) qui fonctionne A la cadence de symboles de 1/T;
20        des moyens (6) pour conditionner de fagon optimale les symboles
de donnees regus pour la d6tection de symboles; des moyens (9) pour
6laborer A partir d'un symbole conditionne un signal d'erreur qui est
reprdsentatif d'une difference de phase entre un signal d'horloge a la
cadence de symboles qui est associe aux symboles de donnees regus, et un
signal d'horloge & la cadence de symboles qui est 25     g~n~r6 de fagon
locale pour le d~tecteur de symboles; et des moyens de commande de phase
(11) qui sont destin~s & r6duire pas & pas la difference de phase pr~cit~e,
sous la d6pendance du signal d'erreur, CARACTERISE EN GE QUE le recepteur
comprend des moyens (40, 45, 46) qui sont destin~s a determiner si la
valeur 



30     moyenne du signal d'erreur, sur un nombre pr~ddetrmin4 d'intervalles
de symbole, est situ~e dans une zone dont los frontibres sont determinees
par une premiere fraction donnde de la valour de symbole conditionnr, A
I'instant de detection de symbole, la promibre fraction donn6e de la valour
de symbole conditionnd dtant fide A la taille du pas de phase qui est
employde dans la riduction pas & pas de la diff6rence de phase
qu'effectuent les moyens de commande de phase, et 35         des moyens
(45) destin6s & bloquer les moyens de commande de phase si la valour
moyenne du signal d'erreur est situde dans la zone pr~cltee, et dgalement a
debloquer les moyens de commande de phase si la valour moyenne du signal
d'errour dans l'6tat bloqu6 satisfait des critbres pr~ddtermines, les
critbres etant quo la valour moyenne du signal d'erreur dolt 8tre 4tablie
sur un certain nombre d'intervalles de symbole et quo la valeur moyenne du
signal d'errour doit se trouver & l'ext~rieur des <_,     frontibres de la
zone pr6cit6e. 2. Un r~cepteur selon la revendication 1, caract~ris6 en ce
quo des moyens sont incorpor~s pour faire la moyenne du signal d'erreur sur
un plus grand nombre d'intervalles de symbole lorsque les moyens de
commande de phase sont bloques. 45 3. Un r4cepteur selon la revendication
1, caractnrisd en ce quo des moyens sont incorpords pour determiner les
frontibres de la zone pr~cit~e, lorsque les moyens de commande do phase
sont bloquds, conform~ment & une seconde fraction donnee du niveau du
signal conditionn6 & I'instant de detection de symbole, cette seconde
fraction 6tant sup~rieure A la premibre fraction, grace a quo! on 50
obtient une zone agrandie pour des valeurs moyennes admissibles du signal
d'erreur. 4. Un r6cepteur selon I'une des revendications 1 & 3, caractdrls6
en ce que des moyons sont incorpores pour limiter les valours de crate du
signal d'erreur. 5  5. Un r6cepteur selon la revendication 2, caract~risW
en ce quo des moyens sont incorpords pour d6terminer les frontibres de la
zone prdcit~e, lorsque les moyens de commande de phase sont bloqu~s,
conformement & une seconde fraction donn~e du niveau du signal conditionn6
a l'instant de d6tection de symbole, cette seconde fraction dtant
sup6rieure A la premibre fraction, grAce a quol on 14    obtfent une zone
agrandie pour les valeurs moyennes admissibles du signal d'erreur. 6. Un
r~cepteur selon la revendications 1, 2, 3 ou 5, caractsriss en outre en ce
que des moyens de comptage sont incorpor6s pour compter le nombrs de fois
que le signal d'erreur moyen est situs dans s      la zone precitee ou dans
la zone agrandie prdcit6e. 7. Un rscepteur selon la revendication 6,
caractdris6 en co que les moyens de comptage sont restaurds dbs que la
valeur moyenne du signal d'erreur n'est pas situse, une soule fois, dans la
zone agrandle. io  a  Un recepteur selon la revendication 7, caract6ris6 en
ce que les frontibres de la zone pr6citde sont d~places vers les frontibres
de la zone agrandie lorsque les moyens de comptage ont atteint une valeur
de comptage pr6d~terminde. 9. Un rscepteur selon la revendication 3,
caracteriss en ce quo la valeur moyenne du signal d'erreur 15     satisfait
'un des crithres pr~d6termin~s lorsque cette valour moyenne du signal
d'erreur est situse a l'exteriour de la zone agrandie. 20 25 30 35 45 50 55
15    


