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ability of the received data symbols becomes in- deed greater at these
lower SNR-values, but the The invention relates to a receiver for a pass-
influence of the increased error probability can band signal generated by
phase-shift keying of a   effectively be combated by the use of error-cor-
carrier in accordance with a data signal of a pre-   5   recting codes as
long as the receiver has the determined symbol rate 1/T, the receiver
compris-   disposal of a reliably recovered carrier. A require- ing:
ment to achieve this improvement in the transmis- - demodulation means for
demodulating the re-    sion quality is that the receiver disposes, also at
ceived passband signal with the aid of a local  these lower SNR-values, of
a stable local clock with carrier and thereby producing a demodulated   10
little phase jitter. When to that end use is made of data signal;
the known methods for recovering the local clock - regeneration means for
regenerating the de-    from the demodulated data signal, as described in
modulated data signal with the aid of a local  Section 11.3, pp. 230-249 of
said book by Gardner, clock and thereby producing a regenerated     there
is however the disadvantage that the genera- data signal;
15  tion of a clock component is an input signal for a - carrier recovery
means having a local carrier  phase-locked loop including the local clock
gener- generator included in a phase-locked loop      ator generally
requires operations which result in and connected to the demodulation
means,      the introduction of additional noise in the control and having
a remodulator for phase-shift key-  signal for the local clock generator.
This is more ing of the received passband signal in accor-  20
specifically the case with operations such as rec- dance with the
regenerated data signal and     tifying, square or limiting, which are
based on the thereby producing a carrier component as an    use of elements
having a non-linear amplitude input signal for the phase-locked loop; and
transfer characteristic. The additional noise thus - a local clock
generator connected to the re-   introduced implies that higher SNR-values
are re- generation means.                        25  quired at the input of
the receiver so as to be able A receiver having such a structure is known
to ensure a reliable clock recovery. from the second edition of the book
"Phase Lock        The invention has for its object to provide a
Techniques" by F.M. Gardner, Wiley, New York,      novel concept for
obtaining a local clock in a re- 1979, Chapter 11, Section 11.2, pp
216-230.        ceiver of the type defined in the opening para- For data
transmission with the aid of phase-  30  graph, the concept rendering it
possible to improve shift keying (PSK) of a carrier, a first requirement
the reliability of the carrier covery at low SNR- for an optimum detection
of the data signal is the  values at the input of the receiver.
availability of a stable local carrier with little phase  According to the
invention, the receiver is jitter in the receiver to enable coherent
demodula-  therefore characterized in that tion of the received modulation
band signal (PSK-   35  - the regeneration means are arranged for also
signal). A known method to obtain this local carrier    producing a delayed
and an advanced ver- utilizes the principle of PSK-remodulating the re-
sion of the regenerated data signal with a ceived PSK-signal in accordance
with the demodu-        delay and an advance, respectively, relative ted
data signal for producing a carrier component      to the regenerated data
signal, over a time that is used as an input signal for a phase-locked   40
interval A less than symbol interval T, and loop (PLL) in which a local
carrier generator is      - the receiver also includes means responsive
included (cf. Figs. 11.4, 11.5 and 11.8 on pp. 219,     to the received
passband signal and the local 220 and 223 of the above-mentioned book by
carrier for generating a baseband control sig- Gardner). In applications of
the receiver in systems    nal for the local clock generator, the control
in which the available signal power is limited and   45  signal being
representative of the difference the channel properties are unfavourable,
as is the      between the correlation function of the data case in systems
for satellite communication and         signal inherent to the received
passband systems for mobile communication, the signal-to-        band
signal withthe delayed version of the noise ratio (SNR) at the input of the
receiver can      regenerated data signal and the correlation assume
relatively low values. In the recircumstan-  50  function of the data
signal inherent to the ces, the PSK-remodulation should preferably be
received passband signal with the advanced performed by using thedata
signalm regenerated          version of the regenerated data signal, the as
regards amplitude and instant of occurrence          local clock generator,
in response to said instead of the demodulated data signal itself, as the
control signal, applying such a local clock to improvement in noise
suppression as achieved   55       the regeneration means that the
regenerated thereby for its result that a reliable recovery of the  data
signal is in synchronism with the data carrier can be ensured at lower
SNR-values at the       signal which is inherent to the received pass-
input of the receiver. True enough, the error prob-     band signal applied
to the remodulator. 2 
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now be described in greater    preferably be performed by using the data
signal, detail with reference to the accompanying draw-      regenerated as
regards the amplitude and instant ings, in which:
of occurrence, instead of demodulated data signal Fig. 1: is a block
diagram of a receiver accord-  itself. ing to the invention for binary
PSK-signals;  5       In the receiver of Fig. 1, the system for the Fig. 2:
is a block diagram of regeneration means  recovery of the local carrier,
described in the fore- suitable for use in the receiver of Fig. 1;
going, is not implemented as follows. The demodu- Fig. 3: shows four time
diagram of the clock      lated data signal at the output of lowpass filter
LPF signals used in the regeneration means of Fig.    is applied to a hard
limiter HL to obtain an 2;                                           10
amplitude-regenerated binary data signal a(t) that is Fig. 4: shows the
shape of the control signal for  subsequently regenerated as regards
instant of oc- the local clock generator of Fig. 1; and           currence
in a binary data regenerator DR which is Fig. 5: shows two curves to
illustrate the bit    connected through a timing unit TU to a generator
error rate (BER) as a function of the SNR-values  [err] for generating a
local clock of bit rate 1/T. at the input of the receiver of Fig. 1.
15   Data regenerator DR applies a completely regener- The present receiver
is described in greater      ated, i.e. as regards both amplitude and
instant of detail for the case in which the received passband   occurrence,
binary data signal [err] to a PSK- band signal is generated in the
transmitter by       remodulator REM for the received BPSK-signal, the
phase-shift keying (PSK) of a carrier with a fre-    remodulator REM  in
this case again being con- quency [err] of, for example, [err] = 70 MHz in
accor-  20  stituted by a multiplier. Since both lowpass filter dance with
a binary data signal a(t), wherein the    LPF and also data regenerator DR
introduced a symbols (bits) have a waveform of the NRZ-type       delay,
the filtered BPSK-signal at the output of (non-return-to-zero) and occur at
a symbol (bit) rate  bandpass filter [err] is applied to remodulator 1/T
of, for example, 1/T = 1 MHz, and the spec-      REM through a delay
element [err] to introduce a trum  of the binary PSK-signal thus generated
25  compensating delay, so that the regenerated data (referred to as the
BPSK-signal hereinafter) is limit-  signal [err] is in synchronism with the
data signal ed by means of filtering to its main lobe having a   a(t) that
is inherent to the filtered BPSK-signal width of 21T = 2 MHz.
applied to the remodulator REM. If, for the sake of In the receiver shown
in Fig. 1, noise and       simplicity, the influence of filtering and the
influ- interference are removed from the received BPSK-   30  ence of noise
and interference are not considered signal as well as posible with the aid
of bandpass   and the BPSK-signal applied to remodulator REM filter BPF1
having a centre frequency equal to the   is written as carrier frequency
[err] = 70 MHz and having a band width which is chosen such that no
appreciable       [err] loss of signal power occurs. In view of the width
35 2/T = 2 MHz of the main lobe of the BPSK             wherein [err] is
the carrier phase, then remodulation spectrum a (3 dB) bandwidth of
approximately 2.5    in accordance with the regenerated data signal [err]-
MHz is a suitable choise for this band pass filter   (t) results in a
signal of the form BPF1. The BPSK-signal thus filtered is coherently
demodulated in a PSK demodulator DEM which in  40  [err] this case is
constituted by a multiplier, and the demodulated data signal is selected
with the aid of  If no transmission error occurs, [err] is equal to a(t) a
lowpass filter LPF having a transfer characteristic  so that, neglecting a
scale factor which is not which is predominantly constant for frequencies
up   important here a perfect carrier reference to approximately the
Nyquist frequency 1/(2T) of  45 the binary data signal a(t). A suitable
choise for this  [err] lowpass filter LPF is a fourth-order Butterworth-
Thomson filter having a (3 dB) bandwidth of 0.54/T  is recovered. However,
in actual practice, bit errors 540 KHz.
always occur in [err] with a given bit error rate and The local carrier of
frequency [err] necessary for  50  furthermore [err] is not fully
bit-synchronous with the coherent demodulation is recovered from the
a(t) due to phase deviations of local clock gener- received BPSK-signal
using the principle of PSK-     ator [err]which result in a shift of [err]
relative to remodulating this BPSK-signal in accordance with     a(t) over
a time interval pT (denoted the clock the demodulated data signal for
producing a carrier  phase error hereinafter). The absolute value of this
component that is used as an input signal for a   55  clock phase error pT
never exceeds T/2 since a phase-locked loop in which a local carrier
generator  shift of the local clock over a time interval -T/2 is 



is included. To obtain a local carrier with the lowest  equivalent to a
shift over a time interval +T/2. possible phase jitter, the
PSK-remodulation should   These clock phase errors and also the bit errors
3    5                 EP 0 293 991 B1                      6 cause brief
sign inversions of the product [err]   As regards the practical
implementation of and consequently of the carrier component at the
phase-locked loop PLL in the described carrier output of remodulator REM.
As a result, this carrier  recovery system it should be noted that its (3
dB) component is contaminated by multiplicative noise    bandwidth is
chosen such that also for the maxi- and moreover by additive noise and
interference    5   mum frequency deviations of its input signal to be
penetrating into the receiver from the input. The    expected relative to
the nominal value of [err] = 70 output signal of remodulator REM is
therefore first  MHz the loop PLL will still sufficiently rapidly pass
filtered with the aid of a bandpass filter BPF2      from the non-locked
state to the locked state. At having a centre frequency equal to carrier
fre-     frequency deviations of not more than 5 KHz a quency [err] = 70
MHz and having a (3 dB) band-   10  value of, for example, 20 KHz for the
(3 dB) band- width of, for example, 200 HKz. and is thereafter    width of
loop PLL is amply sufficient. After the applied to a phase-locked loop PLL
in which a        phase lock has been obtained, this (3 dB) band-
signal-controlled generator [err] is incorporated     width is reduced to a
value of, for example, 1 KHz for generating a local carrier of frequency
[err] In  to reduce the phase jitter of the local carrier. This addition,
this phase-locked loop PLL includes a   15  can be effected in known manner
by switching phase detector PD for detecting the instantaneous    resistors
in loop filter [err] under the control of the phase difference between the
local carrier and the   smoothed output signal of a quadrature phase de-
signal originating from bandpass filter BPF2, and    tector (not shown in
Fig. 1) which in the most also a lowpass filter [err] to obtain a control
signal for  current designs of a phase-locked loop is already generator
[err]. As phase detector PD is of the   20   present as a locking indicator
(cf. pp. 88-89, of the multiplier type, phase lock of this loop PLL occurs
book by Gardner). In addition, bandpass filter at a noninal phase
difference of 90  between the     BPF2is preferably implemented as a
bandpass lim- two input signals of phase detector PD, so that,    iter so
as to apply a signal of constant amplitude to irrespective of a constant
scale factor the local    phase detector PD in phase-locked loop PLL The
carrier can be written as                       25  influence of the
limiter on the signal-to-noise ratio (SNR) is restricted to a very small
deterioration of [err]                                     not more than
1.05 dB for very low SNR values at the input (cf. Section 6.11, pp. 125-128
of the book wherein [err] is the local carrier phase and the phase  by
Gardner). The phase-shifts occurring in band- error [err] on phase-lock is
very small. This  30   pass filter BPF2 in response to frequency devi-
local carrier from generator [err] is applied to      ations of its input
signal relative to its centre fre- demodulator DEM through a [err]
phase-shifter PS.      quency of [err] = 70 MHz always remain limited to So
as to effect that the BPSK-signals applied to     very low values at the
selected value of 200 KHz demodulator DEM and remodulator REM have an
for the (3 dB) bandwidth and the maximum value of appropriate mutual phase
relationship, the time de-   35   5 KHz for these frequency deviations. lay
of delay-compensating element [err] must more-         The attractiveness
of the described carrier re- over be chosen such that the phase-shift
intro-      covery system can be demonstrated by comparing duced thereby at
carrier frequency [err] is an integral  this system with two other systems,
whose behav- multiple of [err]. This value of [err] results from  iour is
described on pages 226-230 of Gardner's the fact that phase-locked loop PLL
can lock at  40   book. In this comparison, the relevant circum- both a
nominal phase error [err]  and at a         stances are the same for all
systems, that is to say nominal phase error [err]. On the other hand
that the same bandpass filter [err] and the same this phase ambiguity is
not a shortcoming of         phase-locked loop PLL are used and that in
addi- phase-locked loop PLL but a typical property of all  tion the
signal-to-noise ratio SNR in the passband PSK-techniques (cf. the said
Section 11.2 of the   45   of filter [err] has the same value for all
systems. In book by Gardner). The influence of this phase        the first
prior art system, an unmodulated carrier is ambiguity on the data
transmission can be elimi-     applied to filter [err] and loop PLL is
directly nated in known manner by utilizing differential en-  connected to
the output of filter [err]. The second coding in the transmitter prior to
the BPSK-modula-  prior art system differs from the present system in tion
and by utilizing differential decoding in the   so  that the demodulated
data signal at the output of receiver subsequent to the BPSK-demodulation
lowpass filter LPF is used for the BPSK-remodula- and the regeneration.
This differential decoding of  tion in remodulator REM. In Gardner's book,
the regenerated data signal [err]for the data transmis-  first prior art
system  is characterized as a first- 



sion proper is not shown in the receiver of Fig. 1   order system (N = 1)
since the control signal in since this decoding is of minor importance for
the   55  the loop PLL is proportional to [err], wherein [err]. present
description.                                 [err] is the phase error. The
second prior art system is characterized as a second-order system (N = 2)
since the control signal in the loop PLL is 4    7                  EP 0
293 991 B1                     8 proportional to [err], and furthermore the
influ-  the local clock of clock generator [err] in Fig. 1. ence of the
multiplicative noise on remodulation is   This local clock constitutes the
clock signal [err] for represented by a loss factor which increases within
the first D-flipflop and the further clock signals [err] decreasing
SNR-values. The behaviour of these        [err] are derived from the local
clock with the two prior art systems is illustrated in Fig. 11.11 of   5
aid of two delay elements D2, D3 and an inverter the book by Gardner by the
curves for N = i and      which are interconnected in the manner shown in N
= 2. If now in the system shown in Fig. 1 it is    Fig. 2. The time delay
produced by element D3 is assumed that the lock phase error pT is very
small,  equal to the time interval A = T/4. As regards the then it appears
that for high SNR-values, for which  time delay of element D2 is should be
noted that multiplicative noise on remodulation in response to  10  delay
element [err] in Fig. 1 now must also produce bit errors may be neglected,
the present system      a compensating delay for the time interval A = T/4
behaves as a first-order system  as the control     through which data
signal [err] is delayed relative signal in the loop PLL is proportional to
[err]. In  to data signal [err]. For the time delay of element addition, it
appears that at decreasing SNR-values,  [err] a value of 1.25 T is chosen
which satisfies the a slowly increasing deterioration indeed occurs  15
requirement that the phase-shift produced thereby compared with a
first-order system, but that the     at carrier frequency [err] is an
integral multiple of behaviour of the present system, also at low SNR-
180  and is also adequately sufficient to com- values, is still
significantly better than that of a  pensate in the formation of data
signal [err] for the second-order system.
time delay of lowpass filter LPF. The difference In order to achieve the
improved reliability of  20   between the time delay of this lowpass filter
LPF, the recovered carrier at low SNR-values, the re-     which is, for
example, 0.625 T, and the duration T ceiver must indeed have the disposal
of a local      of one bit interval is compensated with the aid of clock of
bit rate 11T which is still sufficiently reliable  delay element D2 in
timing unit TU, this element also at these low SNR-values. In the present
re-     D2 consequently having in this example a time ceiver a novel
concept is now used for the recov-   25   delay of 0.375 T. ery of this
local clock from the received BPSK-         To achieve that regenerated
data signal [err] is signal, which novel concept utilizes both coherent  in
synchronism with data signal a(t) inherent to the demodulation with the aid
of the local carrier and   BPSK-signal applied to remodulator REM, local
also correlation of the data signal a(t) inherent to  clock generator [err]
in the receiver of Fig. 1 is the received BPSK-signal with delayed and ad-
30  included in a clock tracking unit CTU which further vanced versions of
the fully regenerated data signal  includes means which in response to this
BPSK- [err] so as to generate a control signal for local   signal and the
local carrier generate a baseband clock generator [err].
control signal for clock generator [err]. To that In the receiver of Fig.
1, this novel concept is  end, clock tracking unit CTU includes two PSK-
implemented as follows. Data regenerator DR and   35  remodulators [err]
which in this case are timing unit TU are arranged to generate both the
again constituted by multipliers. The filtered and regenerated data signal
[err] and also advanced      delayed BPSK-signal at the output of-delay
ele- and delayed versions [err] of data signal  ment [err] is subjected in
these remodulators [err] and [err], the advance and the delay both
correspond-    ME to a PSK-remodulation in accordance with the ing to a
shift a time interval [err] less than bit interval  40  delayed version
[err] and the advanced version [err]- T. For the case a time interval [err]
= T/4 is chosen.  (t), respectively, of regenerated data signal [err]. it
then holds that                                   With the aid of an adder
AD the output signal of remodulator ME is subtracted from the output sig-
[err]                                                nal of remodulator
[err] and the carrier component of 45  the differential signal at the
output of adder AD is A possible practical implementation of data regen-
thereafter selected by means of a bandpass filter erator DR and timing unit
TU for this case is        BPF3 and coherently demodulated in a demodula-
illustrated in Fig. 2 and the associated clock signals  tor CD with the aid
of the local carrier at the output are shown in Fig. 3. Data regenerator DR
com-        of phase-shifter PS. Finally, the baseband control prises a
cascade arrangement of four D-flipflops   50  signal for local clock
generator [err] is obtained 



which are interconnected in the manner shown in      with the aid of a
lowpass filter F2 connected to Fig. 2. The input of this cascade receives
data      demodulator CD. signal [err] at the output of hard limiter HL in
Fig. 1  The main character of this baseband control and the respective
regenerated data signals [err],   signal can now be derived by, as also
done in the [err] areavailable at the output of the   55  forgoing, leaving
the influence of filtering and noise second, third and fourth D-flipflops.
The respective  out of a account and thus by writing the BPSK- clock
signals [err] for the four D-      signal applied to clock tracking unit
CTU as flipflops are derived in timing unit TU of Fig. 2 from    9
EP 0 293 991 B1                     10 [err]
expression are shown separately, the first term being denoted by RL and the
second term by -RE, Rernodulation of this BPSK-signal in accordance      so
that the control signal is given by [err]. Since with the delayed and
advanced version [err] and      the clock phase error pT can never exceed
T/2, the [err] of regenerated data signal [err] then results in    5
control signal is always located in that portion of the output signals
the control curve RL - RE in Fig. 4 that is repre- sented by a fat line.
[err]                          In the above consideration, filtering of the
[err]                                         PSK-signal in the transmitter
and in bandpass 10  filters [err] of the receiver of Fig. 1 are left of
remodulators [err]. When phase-locked         out of account. This
filtering results in the shape of loop PLL has reduced the phase error
[err]            the composite parts [err] of the control curve to the
value zero, so that, neglecting a constant    deviating from the triangular
shape of the autocor- scale factor, the carrier derived from phase-shift PS
relation function of data signal a(t) that is shown in can be written as
15  Fig. 4, but it will indeed retain substantially the same character.
Consequently, Fig. 4 remains re- [err]
presentative of the main character of the control curve [err]. then the
subtracting operation in adder AD and the      As regards the influence of
noise, the descrip- subsequent coherent demodulation in demodulator   20
tion of deriving the control signal brings out an CD results in a baseband
output signal of shape     important advantage of the novel method for re-
covering the local clock from the received BPSK- [err]
signal. In contrast to other, known methods (cf. pp. 230-249 of the book by
Gardner), this novel meth- neglecting a scale factor 0.5. In the absence of
25   od for generating the control signal for clock gener- transmission
errors, regenerated data signal [err] is  ator [err] does not utilize
elements having a non- a version a(t+pT) of data signal a(t), shifted over
a  linear amplitude transfer characteristic which result time interval pT,
pT being the clock phase error of  in the introduction of additional noise
in this control the local clock. On the basis of the relations be-
signal. Thus, it will be possible to ensure a reliable tween [err], the
baseband output   30  recovery of a local clock with little phase litter at
signal of demodulator CD can then be written as     lower SNR-values at the
receiver input than in the case these other known methods are used. a(t +
pT - T/4) . a(t) - a(t + pT + T/4) . a(t)         As regards the practical
implementation of the system CTU, TU, DR) shown in Fig. 1 for the clock
Since lowpass filter F2 forms the average value of  35  recovery it should
be noted that the (3 dB) band- this signal over time interval which is very
large   width of the loop formed by this system is chosen relative to the
bit interval T, the output signal of this  such that also for the maximum
frequency de- filter [err] is given to a very good approximation by
viations to be expected of the clock in the trans- mission system relative
to the nominal value of 1/T [err]
40   = 1 MHz the loop will still sufficiently rapidly pass from the
non-locked state to the locked state. At the subscript line symbolizing the
mathematical      clock frequency deviations that in practice will be
averaging operation. Now the autocorelation func-    much less than 100 Hz,
a value of, for example, tion R([err]) of data signal a(t) is defined as
250 Hz for the (3 dB) loop-bandwidth is adequately 45  sufficient for that
purpose. Since this loop-band- [err]                            width is
predominantly determined by the band- width of lowpass loop filter [err],
the (3 dB) band- so that the output signal of filter F2 and con-      width
of bandpass filter BPF3 is of minor impor- 



sequently the control signal for clock generator    tance. In the example
described, a rather arbitrary [err] can be written as
so  value of 200 KHz is chosen for this (3 dB) band- width of bandpass
filter [err]. R(pT - T14) - R(pT + T/4)                               After
the extensive explanations already given it will be evident that the novel
concept for clock Fig. 4 shows the shape of this control signal as a
recovery results in an improved reliability of the function of the clock
phase error pT for the case in  55  recovery of the carrier for low
SNR-values at the which the symbols of binary data signal a(t) have a
input of the receiver. This improved reliability is waveform of the
NRZ-type and assume the values       confirmed by experiments in which the
described +1 and -1. In Fig. 4, the two terms of the above    example of
the receiver of Fig. 1 was used, in 6    11                 EP 0 293 991 B1
12 which experiments the SNR-value at the input of      signal of the bit
rate 1/T and consequently a suffi- the receiver is indicated by the value,
expressed in  cient number of data bits is correctly detected to dB, of the
ratio Eb(No), wherein Eb is the received  produce at the output of
remodulator REM a carrier signal energy per bit interval T and [err] is the
component having a sufficient power to bring the spectral power density of
additive white Gaussian    5   carrier loop PLL into the locked state.
After locking noise. These experiments proved that the present     of the
carrier loop PLL a reliably recovered carrier system  for the combined
recovery of the carrier    is available for the coherent demodulator CD in
and the clock remains in the locked state up to      clock tracking unit
CTU, so that also the clock loop values values Eb/No of approximately -10
dB, which   (CTU, TU, DR) can lock. Thus, the combined sys- means an
improvement of 4-6 dB compared with  10  tern for the recovery of the
carrier and the clock known second-order systems for the recovery of
has been brought in its totality from the non-locked the carrier.
state into the locked state. From said experiments From the explanations
given and also from the    with the described example of the receiver of
Fig. 1 block diagram of Fig. 1 it will be clear that in the  it was found
that, after loss of lock, the present present receiver there is a strong
connection be-   15  system for the combined recovery of carrier and tween
the recovery of the carrier, the recovery of   clock again reaches the
locked state for values the clock and the detection of the data signal.
[err] greater than approximately -6 dB. Errors in one of these three
processes influence        The performances of the present system are the
other two processes. Because of this strong      clearly visible in Fig. 5
which shows the bit error connection the question arises whether the
present   20  rate (BER) as a function of [err]. In view of the system  for
the combined recovery of the carrier     phase ambiguity already mentioned
(phase-locked and the clock can change from the non-locked         loop PLL
can lock at [err], the state to the locked state. This question can be
BER-value shown in Fig. 5 does not relate to the answered in the
affirmative, as, at a deviating clock  bits of regenerated data signal
[err] used for the frequency, the clock phase error pT cannot be-   25
BPSK-remodulation, but to data bits which were come greater than T/2, as
was explained in the       derived from the bits of [err] by means of
differen- foregoing. When in this case the carrier loop PLL is  tial
decoding, differential coding being used in the in the locked state, the
probability of incorrectly  transmitter for forming the bits of data signal
a(t). detected data bits at values [err] which are not   The broken-line
curve in Fig. 5 shows for these too low will not become greater than 0.25.
In this  30   differentially decoded data bits the BER-values situation
there still is at the output of remodulator  which are theoretically
feasible. The solid-line REM a carrier component having a sufficient power
curve in Fig. 5 represents the BER-values mea- for a reliable recovery of
the carrier. So clock     sured for the same case in the experiments
already recovery is in principle not necessary for the car-  mentioned in
the foregoing. Fig. 5 shows that, in rier recovery. In contrast thereto, to
enable clock   35   comparison  with the theoretical situation, the
recovery, a recovered carrier is indeed necessary    present system
results in a slight deterioration for the coherent demodulation in
demodulator CD      which is less than 1 dB. In addition, it appears that
of clock tracking unit CTU. When the carrier loop    also at very low
values for [err] the data bits can PLL is in the non-locked state, for
example on       still be detected. Of course the BER-value is then
switch-on of the receiver, the carrier phase error [err]  40  relatively
high, but the influence thereof can effec- as a function of time will vary
with a frequency     tively be combated by means of error-correcting equal
to the frequency difference between the two    codes as long as the present
system remains in input signals of phase detector PD. If this fre-    the
locked state, which, as has been mentioned quency difference is much
smaller than the clock     already, is the case up to values Eb/No of
approxi- frequency 1/T, which generally is the case, this  45   mately - 10
dB. These experiments also show that 



phase error [err] varies from [err] in a manner   the present system is
rather insensitive to disturb- that is slow compared to the bit rate 1/T at
which   ing signals. It was found more specifically that the the data
signal varies. During one period ([err])  present system always remains in
the locked state of this varying phase error [err] many data bits are    as
long as the power of an interfering carrier at the detected, however with
an error rate which de-   50  input of the receiver is less than the
received pends on clock phase error pT and carrier phase      power of the
desired signal, even for interfering error [err]. During this [err] period
two ranges occur   carriers having a frequency near the carrier fre- in
which data bits are detected with a minimum       quency [err] = 70 MHz of
the desired signal. error rate, more specifically the ranges around the
So far the system for the combined recovery of values [err]. These ranges
are   55  the carrier and the clock has been described for stable points
onto which the carrier loop PLL can    the case of a BPSK-signal. The
present invention is lock, since the variation of the phase error [err] is
however not limited to BPSK-signals, as the same very slow compared to the
variation of the data      principles can also be applied to other types of
7    13                 EP 0 293 991 B1                     14 PSK-signals.
This will now be described by way of    produced by such a filter must be
taken into ac- example for the case of a receiver for quaternary    count
of in the choice of the connecting point of PSK-signals (denoted as
QPSK-signals or as four-     clock tracking unit CTU for receiving the
filtered phase signals).                                      and,
optionally, delayed BPSK-signal at the output This explanation can be a
short explanation, as   5   of bandpass filter [err]. This measure and
further a receiver for a QPSK-signal basically only differs  measures
necessary for maintaining the desired from the receiver shown in Fig. 1 for
a BPSK-signal  time and phase relationships between the different in that
demodulator DEM and remodulator REM in       signals in the receiver of
Fig. 1 are fully within the Fig. 1 are replaced by their QPSK-equivalents,
scope of a person skilled in the art and, after taking which are known per
se, in the manner shown in  10  cognizance of the foregoing description
need no Fig. 11.8 on page 223 of the book by Gardner. As     further
explanation. It should however be noted that regards demodulator DEM  this
implies that the       from the point of view of practical implementation,
output of filter [err] is connected to a second       preference is given
to the design of clock tracking amplifier to which the quadrature-phase
carrier      unit CTU shown in Fig. 1. (which is already available at the
input of phase-   15  Finally it should be noted that it is possible to
shifter PS) is applied and from which, with the aid  implement, in the
event of QPSK-signals, the re- of a second lowpass filter (which
corresponds to     modulators [err] also for QPSK-remodulation lowpass
filter LPF) a second demodulated data       in the manner already described
for remodulator signal is derived which is inherent to the quadra-   REM.
After the extensive descriptions already giv- ture component of the
QPSK-signal. The second   20  en in the foregoing also this possibility
needs no data signal is thereafter regenerated as regards      further
explanation. amplitude and instant of occurrence, with the aid of a second
hard-limited (corresponding to hard-lim-    Claims iter HL) and a second
data generator (which differs from data regenerator DR in that the last
D-flipflop   25  1. A receiver for a passband band signal gen- in the
cascade arrangement can be omitted and           erated by phase-shift
keying of a carrier in only the output of the third D-flipflop is
utilized), the  accordance with a data signal of a predeter- second data
regenerator also being controlled by        mined symbol rate 1/T, the
receiver compris- timing unit TU (with the exception of clock signal
ing: [err] which is now  superfluous). As regards re-  30          -
demodulation  means  (DEM) for de- modulator REM, this means that the
output of de-              modulating the received passband signal lay
element [err] is also connected to a second                 with the aid of
a local carrier and thereby multiplier for remodulating the QPSK-signal in
ac-            producing a demodulated data signal; cordance with the
regenerated second data signal           - regeneration means (TU, DR) for
regen- for producing a second carrier component which,  35
erating the demodulated data signal with through a -90  phase-shifter, is
added by means of            the aid of a local clock and thereby pro- an
adder to the carrier component which had al-               ducing a
regenerated data signal; ready been obtained at the output of the first
- carrier recovery means having a local multiplier, whereafter the output
signal of this adder        carrier generator ([err]) included in a applied
to bandpass filter BPF2. The carrier loop   40      phase-locked loop (PLL)
and connected PLL and the clock tracking unit CTU need, how-
to the demodulation means, and having a ever, not to be modified.
remodulator (REM) for phase-shift keying 



In addition, the possibility is pointed out to            of the received
passband signal in accor- implement within the frame work of the invention
dance with the regenerated data signal the clock tracking unit CTU in a
manner other than   45       and thereby producing a carrier com- the
manner shown in Fig. 1. From the explanation              ponet as an input
signal for the phase- of clock unit CT4 of Fig. 1 as given in the fore-
locked loop; and going, it will be apparent that for instance the order
- a local clock generator ([err]) connect- of the operations performed in
coherent demodula-            ed to the regeneration means, character- tor
CD on the one hand and the combination of  50             ized in that,
remodulators [err] and adder AD on the other       ,      - the
regeneration means are arranged for hand can be interchanged, so that first
the coher-           also producing a delayed and an ad- ent demodulation
and thereafter the multiplication           vanced version [err] of the
regener- by the delayed and advanced versions [err] and               ated
data signal [err] with a delay and an aE(t) of regenerated data signal
[err] are per-  55           advance, respectively, relative to the re-
formed . Of course a lowpass filter connected to the          generated
data signal, over a time inter- output of the displaced demodulator CD must
be               val A less than symbol interval T, and substituted for
bandpass filter BPF3, and the delay 8    13                 EP 0 293 991 B1
14 PSK-signals. This will now be described by way of     produced by such a
filter must be taken into ac- example for the case of a receiver for
quaternary     count of in the choice of the connecting point of
PSK-signals (denoted as QPSK-signals or as four-      clock tracking unit
CTU for receiving the filtered phase signals).
and, optionally, delayed BPSK-signal at the output This explanation can be
a short explanation. as   5   of bandpass filter [err]. This measure and
further a receiver for a QPSK-signal basically only differs   measures
necessary for maintaining the desired from the receiver shown in Fig. 1 for
a BPSK-signal  time and phase relationships between the different in that
demodulator DEM and remodulator REM in        signals in the receiver of
Fig. 1 are fully within the Fig. 1 are replaced by their QPSK-equivalents,
scope of a person skilled in the art and, after taking which are known per
se, in the manner shown in  10  cognizance of the foregoing description
need no Fig. 11.8 on page 223 of the book by Gardner. As      further
explanation. It should however be noted that regards demodulator DEM  this
implies that the        from the point of view of practical implementation,
output of filter [err] is connected to a second        preference is given
to the design of clock tracking amplifier to which the quadrature-phase
carrier       unit CTU shown in Fig. 1. (which is already available at the
input of phase-  15   Finally it should be noted that it is possible to
shifter PS) is applied and from which, with the aid  implement, in the
event of QPSK-signals, the re- of a second lowpass filter (which
corresponds to      modulators [err] also for QPSK-remodulation lowpass
filter LPF) a second demodulated data        in the manner already
described for remodulator signal is derived which is inherent to the
quadra-    REM. After the extensive descriptions already giv- ture
component of the QPSK-signal. The second   20   en in the foregoing also
this possibility needs no a signal is thereafter regenerated as regards
further explanation. amplitude and instant of occurrence, with the aid of a
second hard-limited (corresponding to hard-lim-     Claims iter HL) and a
second data generator (which differs from data regenerator DR in that the
last D-flipflop   25   1. A receiver for a passband band signal gen- in the
cascade arrangement can be omitted and             erated by phase-shift
keying of a carrier in only the output of the third D-flipflop is
utilized), the  accordance with a data signal of a predeter- second data
regenerator also being controlled by          mined symbol rate 1/T, the
receiver compris- timing unit TU (with the exception of clock signal
ing: [err] which is now  superfluous). As regards re-   30          -
demodulation  means  (DEM) for de- modulator REM, this means that the
output of de-               modulating the received passband signal lay
element [err] is also connected to a second                   with the aid
of a local carrier and thereby multiplier for remodulating the QPSK-signal
in ac-             producing a demodulated data signal; cordance with the
regenerated second data signal            - regeneration means (TU, DR) for
regen- for producing a second carrier component which,  35
erating the demodulated data signal with through a [err] phase-shifter, is
added by means of            the aid of a local clock and thereby pro- an
adder to the carrier component which had al-                ducing a
regenerated data signal; ready been obtained at the output of the first
- carrier recovery means having a local multiplier, whereafter the output
signal of this adder        carrier generator ([err]) included in a 



pplied to bandpass filter [err]. The carrier loop   30     phase-locked
loop (PLL) and connected PLL and the clock tracking unit CTU need. how-
to the demodulation means, and having a ever not to be modified.
remodulator (REM) for phase-shift keying In addition, the possibility is
pointed out to             of the received passband signal in accor-
implement within the frame work of the invention               dance with
the regenerated data signal the clock tracking unit CTU in a manner other
than   45       and thereby producing a carrier com- the manner shown in
Fig. 1. From the explanation               ponet as an input signal for the
phase- of clock unit CT4 of Fig. 1 as given in the fore-             locked
loop; and going, it will be apparent that for instance the order      - a
local clock generator ([err]) connect- of the operations performed in
coherent demodula-              ed to the regeneration means, character-
tor CD on the one hand and the combination of   50            ized in that,
remodulators [err] and adder AD on the other               - the
regeneration means are arranged for hand can be interchanged, so that first
the coher-             also producing a delayed and an ad- ent demodulation
and thereafter the multiplication             vanced version ([err]) of the
regener- by the delayed and advanced versions  [err] and
ated data signal [err] with a delay and an [err] of regenerated data signal
[err] are per-  55            advance, respectively, relative to the re-
formed. Of course a lowpass filter connected to the            generated
data signal, over a time inter- output of the displaced demodulator CD must
be                 val A less than symbol interval T, and substituted for
bandpass filter BPF3, and the delay 8 *   C   L   M  S  *    15
EP 0 293 991 B1                     16 - the receiver also includes means
respon-          - des moyens de demodulation (DEM) sive to the received
passband signal and            pour d6moduler le signal de bande pas- the
local carrier for generating  a                sante regu a l'aide d'une
porteuse locale baseband control signal for the local              et pour
produire ainsi un signal de don- clock generator, the control signal being
5      n~es demodul6; representative of the difference between         -
des moyens de r6g6n6ration (TU, DR) the correlation function of the data
signal         pour r6g6n6rer le signal de donn6es d6- inherent to the
received passband signal           modul6 a l'aide d'une horloge locale et
with the delayed version of the regener-           ainsi produire un signal
de donn6es r6- ated data signal and the correlation func-  10     genere;
tion of the data signal inherent to the          - des moyens de
r6cuperation de la por- received passband signal with the ad-
teuse comportant un g6n6rateur de por- vanced version of the regenerated
data             teuse locale (VCOQ) inclus dans une bou- signal, the local
clock generator, in re-          cle a verrouillage de phase (PLL) et
sponse to said control signal, applying   15       connect6s aux moyens de
demodulation, such a local clock to the regeneration             et
comportant un remodulateur (REM) means that the regenerated data signal is
pour moduler par d6placement de phase in synchronism  with the data signal
le signal de bande passante regu confor- which is inherent to the received
pass-            m6ment au signal de donn6es r6gen6r6 band signal applied
to the remodulator.    20      et ainsi produire une composante de por-
teuse en tant que signal d'entr6e pour la 2. A receiver as claimed in Claim
1, characterized          boucle a verrouillage de phase, et in that said
means for generating a baseband          - un g6n6rateur d'horloge locale
(VC02) control signal comprise:                                connect6 au
moyen de r6g6n6ration, ca- - a first remodulator (ML) for phase-shift  25
racterise en ce que: keying of the received passband signal           - les
moyens de r6gen6ration sont pr6vus in accordance with the delayed version
pour produire egalernent une version re- ([err]) of the regenerated data
signal;               tardee et avanc6e (ALAE) du signal de - a second
remodulator (ME) for phase-                donn6es regen6r6 (aR),
respectivement shift keying of the received passband   30         avec un
retard et une avance par rapport signal in accordance with the advanced
au signal de donnees reg6n6r6, sur un version ([err]) of the regenerated
data sig-           intervalle de temps A inf6rieur a l'inter- nal;
valle de symboles T, et - an adder (AD) connected to the first and
- le recepteur comprend egalement des second remodulators for producing a
dif-  35        moyens sensibles au signal de bande 



ference signal;                                     passante recu et a la
porteuse locale - a bandpass filter ([err]) connected to the           pour
produire un signal de commande de adder for selecting a carrier component
bande de base pour le g6nerateur d'hor- of the difference signal;
loge locale, le signal de commande 6tant - a demodulator (CD) connected to
the   40            representatif de la difference entre la bandpass filter
for coherent demodulation          fonction de correlation du signal de
don- of the selected carrier component with              n6es inherent au
signal de bande pas- the aid of the local carrier; and
sante regu avec la version retard6e du - a lowpass filter ([err]) connected
to the              signal de donn6es r6g6n6re et la fonction demodulator
for obtaining the baseband   45        de correlation du signal de donn6es
in- control signal for the local clock gener-          herent au signal de
bande passante regu ator ([err]).
avec la version avanc~e du signal de donnbes reg6n6r6, le g6nerateur
d'horlo- Revendications                                              ge
locale, en r6ponse au signal de com- so           mande, appliquant, aux
moyens de r6g6- 1. Recepteur pour un signal de bande passante
neration, une horloge locale telle que le produit par modulation par
d6placement de               signal de donn6es r6g6n6re soit en phase d'une
porteuse conform6ment a un si-              synchronisme avec le signal de
donn6es gnal de donn6es d'un debit de symboles 1/T              qui est
inherent au signal de bande pas- pr6ddtermin6, le r6cepteur comprenant:
55           sante regu appliqu6 au remodulateur.
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18 2. R6cepteur suivant la revendication 1, caract6ri-        und zum
dadurch Erzeugen eines Trf- s6 en ce que les moyens de g6n6ration d'un
geranteils als Eingangssignal fOr die pha- signal de commande de bande de
base corn-               senverriegelte Schlelfe; und prennent:
- einen an die Regenerationsmittel ange- - un premier remodulateur (ML)
pour la   5           schlossenen    Ortstaktimpulsgenerator modulation par
d6placement de phase               (VCO2), du signal de bande passante regu
en                dadurch gekennzeichnet, daO fonction de ia version
retard6e (aL) du         - die Regenerationsmittel dazu eingerichtet signal
de donn6es r6g6n6r6;                        sind, zugleich eine verz6gerte
und eine -  Lin second remodulateur (ME) pour la  10          vorgezogene
Version (AL, SE) des rege- modulation par d6placement de phase
nerierten Datensignals (AR) mit einer ge- du signal de bande passante regu
en                genaber dem regenerierten Datensignal fonction de la
version avancee (AE) du             Verzogerung bzw. Vorziehung entspre-
signal de donn6es reg6n6r6;                        chend einem
Zeitintervall A Kleiner als - un additionneur (AD) connecte au pre-  15
das Symbolintervall T zu erzeugen; und mier et au second remodulateur pour
- der Empfanger zugleich mit Mitteln ver- produire un signal de difference;
sehen ist, die als Antwort auf das emp- - tin filtre de bande passante
(BPF3)                fangene Bandpal3signal und den Ortstra- connect6 a
I'additionneur pour s6lection-          ger ein Basisbandregelsignal fOr
den ner une composante de porteuse du si-  20
Ortstaktimpulsgenerator erzeugen, wobei gnal de difference;
dieses Regelsignal reprdsentativ ist fOr - uLn d6modulateur (CD) connect6
au filtre           die Differenz zwischen der Korrelations- de bande
passante pour la demodulation             funktion des dem  empfangenen
Band- coh6rente de la composante de porteuse             paBssignal
inharenten Datensignals mit selectionn6e a l'aide de la porteuse loca-  25
der verz6gerten Version des regenerier- le, et
ten Datensignals und der Korrelations- - un filtre passe-bas (F2) connect6
au de-           funktion des dem  empfangenen Band- modulateur pour
obtenir un signal de               palsignal inharenten Datensignals mit
commande de bande de base pour le                  der vorgezogenen version
des regene- g6n6rateur d'horloge locale (VC02).   30           rierten
Datensignals, wobei der Ortstakt- impulsgenerator in Antwort auf das ge-
PatentansprUche                                            nannte
Regelsignal den Regenerations- mitteln einen derartigen .Ortstaktimpuls -1.
Empfanger fOr ein Bandpafsignal, das durch             zuf~hrt, daB das
regenerierte Datensignal Phasenumtaslung  oines Tragers entsprechend   35
Zu dem  dem  Remodulator zugef~hrten 



einem Datensignal einer bestimmten Symbol-              empfangenen
Bandpalsignal inharenten frequenz 1/T erzeugt worden ist, wobei dieser
Datensignal synchron ist. Empfanger die nachfolgenden Elemente auf- weist:
2. Empffinger nach Anspruch 1, dadurch gekenn- - Demodulationsmittel (DEM)
zum Demo-  40       zeichnet, daB die genannten Mittel zum Erzeu- dulieren
des empfangenen Bandpal3si-          gen eines Basisbandregelsignals die
nachfol- gnals mit Hilfe eines Ortstragers und         genden Elemente
aufweisen: zum dadurch Erzeugen eines demodu-              - einen ersten
Remodulator (ML) zur Pha- lierten Datensignals;
senumtastung des empfangenen Band- - Regenerationsmittel (TU, DR) zum Rege-
45         paBsignals entsprechend der verz6gerten nerieren des
demodulierten Datensignals            Version (AL) des regenerierten
Datensi- mit Hilfe eines Ortstaktimpulses und zum           gnals dadurch
Erzeugen eines regenerierten            - einen zweiten Remodulator (ME)
zur Datensignals;                                      Phasenumtastung  des
empfangenen - Tragerrickgewinnungsmittel mit einem in  so
BandpaBsignals entsprechend der vorge- einer phasenverriegelten Schleife
((PLL)           zogenen Version (ME) des regenerierten vorgesehenen und an
die Demodula-                  Datensignals; tionsmittel angeschlossenen
Ortstrager-         - einen an den ersten und an den zweiten generator
(VCO1) und mit einem Remo-               Remodulator angeschlossenen
Summie- dulator (REM) zur Phasenumfastung des   ss         rer (AD) zur
Erzeugung eines Differenzsi- empfangenen BandpaBsignals entspre-
gnals; chend dem regenerierten Datensignal 10    19                  EP 0
293 991 B1                        20 - ein an den Summierer angeschlossenes
Bandpaifilter (BPF3) zum Selektieren ei- nes TrAgeranteils des
Differenzsignals; - einen mit dem BandpaBfilter verbunde- nen Demodulator
(CD) zur koharenten    5 Demodulation des selektierten Trageran- teils mit
Hilfe des Ortstragers; und - ein mit dem Demodulator verbundenes
Tiefpalfilter (F2) zum Erhalten des Basis- bandregelsignals fUr den
Ortstaktimpuls-   10 generator (VCO2). 15 20 25 30 35 40 45 50 55
________  Illlll_________ ___________ 11~~~~~~~~~~~~    


