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adjusted Is dependent on the number of binary bits which the converter Is
able to convert. When a rela- TECHNICAL FIELD
tively small and simple converter is used, either the maximum frequency
swing from the local oscillator The present invention comprises a method
for   5   will be small or the frequency stages will be relatively rapidly
controlling the frequency of a coherent radio-  large. receiverwhich, via a
channel which is subjected to in-  The transmitted signal can be subjected
to inter- terference, receives signal-sequences which include ference in
systems of the aforesaid kind. This inter- at least one
synchronizing-sequence and at least one  ference or disturbance may, for
instance, be In the data-sequence, said method comprising the follow-  10
form of an added noise-signal or in the form of multi- ing
signal-processing steps of                     pie-path propagation due to
repeated reflection of the - converting a received signal-sequence to a
signal against buildings, mountains etc.. This is often baseband signal.
the case in mobile radio transmissions, as is descri- - A/D-converting the
baseband signal to points  bed in an article published in the Norwegian
technical in an intended analysis plane;          is  journal Telektronikk
Nr 1, 1987, Torleiv Maseng and - adapting a Viterbi-algorithm having a
desired  Odd Trandem: Adaptive digital phase modulation" number of states
to the prevailing interference  The article describes a coherent
receiverwhich incor- of the channel with the aid of adaptation sig-
porates an equalizerin theform of an adaptiveviterbi- nals obtained from
the synchronizing se-     analyser The transmitted signal comprises
periodi- quence, the number of said adaptation signals  20  cally recurring
signal sequences which include a syn- being equal to the number of states
in the Vi-  chronizing sequence and a data sequence as men-
terbi-algorithm; and                         tioned in the aforegoing. The
signals are frequency- Viterbi analysing the sequence of points in the
mixed and converted in an analogue-digital conver- signal analysis plane
such as to finally deter-  ter, in the aforedescribed manner, and stored in
a mine the data bit sequence, as well as an ap-  25  memory. The
Viterbi-analyzer is adapted to the pre- paratus for carrying out the
method.         vailing transmission characteristics of the channel with
the aid of the synchronizing sequence, these BACKGROUNDART
characteristics being determined primarily by said multiple path
propagation. The data sequence is ana- In many radio transmission systems,
for instance  30  lyzed in the Viterbi-analyzer for the purpose of ex-
time-divided so-called TDMA-systems, it Is important  tracting the content
of the original transmitted signal. that transmitter and receiver are well
synchronized. It  An article in IEEE/IEICE Global Communications is also
highly important that the local frequency gen-  Conference, Tokyo, Nov.
15-18,1987 by Franz Edba- erator of the receiver is locked very accurately
to the  uer. "Coded 8-DPSK Modulation with Differentially transmitter
frequency, particularly In the case of co-  35  Coherent Detection -An
Efficient Modulation Scheme herent transmission systems. An arrangement of
ap-  for Fading Channels" describes a radio receiver paratus for such a
radio-transmission system is de-  equipped with a Viterbi-analyzer. This
analyzer as- scribed in the article "Radio Test Performance of a  sists in
controlling the frequency of a received signal. Narrowband System" by
Sjernvall, Hedberg and Eke-  According to this article, the
Viterbi-analyzer is set mark, published in IEEE Vehicular Tech. Tampa,
Flor-  40  permanently and cannot be adapted to handle varia- ida, USA,
June 1987.                              tions in channel conditions for
instance. The frequency error in a receiver where the re-    A more
detailed description of the Viterbi-algo- ceiver frequency has been at
least roughly set is es-  rithm applied in the Viterbi-analyzer is given in
Ri- timated in a frequency-error calculating device, and a  chard E.
Blahut. "Theory and practice of error control control processor generates a
correction signal for  45  codes", chapter 12, Addison-Wesley 1983. each
new transmitted signal- sequence in accor- dance with the size of the
correction obtained during  DISCLOSURE OF THE INVENTION the preceding
signal sequence and in accordance with the estimated frequency error. The
correction    It is mentioned in the aforesaid article published signal is
sent to a controllable local oscillator, accord-  50  in the journal
Telektronnkk that during signal transmis- ing to the aforesaid article a
so-called frequency syn-  sion a small drift in frequency can occur, which
is thesizer, which is constructed to generate mixing sig-  manifested in
the form of a successive phase-shift of nals, the frequencies of which are
corrected in de-  the receiver bits. When this phase-shift is small, no
pendence on the control-processor signal. This signal  compensation is
necessary. When the phase-shift is digital and in practice is converted
toanalogueform   55  reaches a given value, however, there is a danger in a
digital/analogue converter before being sent to  that an decisoon-error
will be made in the Viterbi-ana- the local oscillator. Consequently, the
number of sta-  lyzer when analyzing the data-sequence. The present ges in
which the oscillator output frequency can be  invention is based on the
concept of utilizing the 2    3                   EP 0 381 636 B1
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states which occur in the Viterbi-analysis to effect an  quency. This
control signal is digital and is converted adjustment of the phase of the
signal intended for  in a D/A-converter 6, prior to being sent to the local
analysis in the Viterbi-analyzer. In this respect all of  oscillator 2. The
mixing signal generated in the oscil- the Viterbi-analysis states are used
and the values   5   lator is changed In small increments, owing to the
fact extracted for each state are compared with the signal  that the
D/A-converter 6 converts only limited num- to be analysed, in order to
achieve the aforesaid  ber of bits. This results in a residual
freqency-error, phase-adjustment. The invention has the characteriz-  which
can cause errors in the transmitted signal. ing features set forth in the
accompanying daims.  Such frequency-errors can also occur in receivers in
10 which frequency is controlled more accurately. BRIEF DESCRIPTION OF THE
DRAWINGS                     The block 4 produces an output signal S1 which
corresponds to the received signal S. The signal S1 An exemplfying
embodiment of the invention wil  is sent to a block 7 which includes a
channel-decoder now be described with reference to the accompany-  and a
speech-decoder, and means for converting the ing Figures 1 to 9 of which
is  decoded signal S1 to an analogue speech-signal. The Figure 1 Is a
block-schematic illustrating a known  speech signal is sent to a
loudspeaker 8. radio receiver;                                    Radio
receivers of the kind described briefly in Figure 2 is a diagram
illustrating signal-sequene-  the aforegoing may be included in a system
that in- es In a time-divided transmission system;      corporates
time-division signal transmission. The Figure 3 illustrates a complex
numeric coordinate  20  system has time-division channels which are N in
system with signal modulation;                 number, as illustrated in
Figure 2. Each user is as- Figure 4 is a diagram illustrating
time-displaced  signed a given time slot n during which a signal fre-
bit-sequencies;                                quency is transmitted. Each
signal sequence includes Figure 5 is a block schematic of a known adaptive
a synchronizing-sequence SO and data-sequence DO Viterbi-equalizer,
25  which contains the information to be passed-on. The Figure 6
illustrates a complex numerical coordin-  signals in the signal sequences
relevant in the case ate system with signal points;                 of the
present invention are coherent, and an example Figure 7 is a block
schematic of the Viterbi-equal-  of one such coherent signal is illustrated
in Figure 3. izer incorporating the inventive frequency-control  The signal
is represented by a vector VO in a complex facility;
30  numeric coordinate system with the real axis refer- Figure 8
illustrates a numerical coordinate sys-  enced I and the complex axis
referenced Q. A trans- tem with distance and angle deviations between
mitted "1" corresponds to a phase-rotation through signal-points; and
one quarterof a revolution in a positive sense, where- Figure 9 is a
diagram illustrating a further signal-  as a transmitted "0" corresponds to
a phase-rotation sequence format.                           35  through one
quarter of a revolution in a negative sense between the points A, B, C and
D. The vector DESCRIPTION OF PREFERRED EMBODIMENTS               VO can be
stated in a conventional manner, by its real and imaginary parts, or in
polar coordinates in terms Figure 1 illustrates schematically a radio
receiver  of its length and its angle relative to the positive 1-axis.
which is intended for use with a system that incorpor-  40  Each
transmitted "1" and "0" takes up a given ates time-divided transmission of
information in digi-  time-interval in the signal sequence, the so-called
bit tal form. Areceived signal S is mixed-down in a known  time. Figure 4
illustrates schematically a signal dia- manner in a receiver stage 1 which
includes a low-fre-  gram in which T signifies time and to is the bit time.
quency and an intermediate frequency stage. There-  As before mentioned,
the transmitted signal can ceiverstage I receives a high-frequency and an
Inter-  45  reach the receiver via a direct path between the
mediate-frequency signal from a local oscillator 2, for  transmitter and
the receiver and via one or more instance a frequency synthesizer. The
mixed signal,  routes or paths along which the signal is reflected the
baseband signal, is converted in an analogue-dig-  against mountains
buildings etc.. The reflected sig- ital converter and stored in a memory in
a buffer 3. A  nals travel a longer path than the direct signal, which
signal is sent from the buffer to a block 4, which in-  so  results in a
time-shift t1 between direct and reflected cludes an equalizer and means
for calculating fre-  signals. The time-shift t1 may extend to several
bit-ti- quency error. This frequency-error calculating means  mes and cause
Intersymbol interference of the re- may comprise a calculating unit in
which the frequen-  ceived signal S. The shorter the bit-time, the more cy
error is calculated on the basis of the successively  bits that are
accommodated within the time shift and changed phase-positions of the
received signal in re-  55  the more serious the intersymnbol interference.
lation to the expected or anticipated phase-positions  As mentioned in the
aforegoing, the receiver of of said signal. Data relating to the frequency
error is  the Figure 1 embodiment includes an equalizer. The supplied to a
control processor 5, which calculates a  incoming mixed and digitalized
signal is processed in control signal for correction of the
local-oscillator fre-  the equalizer, in orderto be able to extractthe
content 3    5                   EP 0 381 636 B1                 6 of the
originally transmitted signal. In the case of an  ates I,Q. This has been
illustrated in Figure 5 by dou- 



inventive receiver constructed in accordance with   ble signal-paths, one
for each coordinate. The signal- Figure 5, the equalizer comprises, in a
known man-  points, for instance the signal-point E in Figure 6, can nor,
an adaptive Viterbi-analyzer 10 which is used, in   5   be given by a
radius R and an angle [err]. accordance with the invention, to control the
frequen-  According to one embodiment of the invention, cy of the signal
entering the Viterbi-analyzer. The use  described below with reference to
Figures 7 and 8, of a Viterbi-analyzer as an adaptive equalizer is de-  the
aforedescribed adaptive Viterbi-analyzer can be scribed in the aforesaid
article published In the jour-  used for rapid frequency-control purposes.
Figure 7 il- nal Telektronikk and will be outlined summarily here-  10
lustrates the Viterbi-analyzer 10 with the correlator below in connection
with figure 5. The Viterbi-analyz-  circuit 12 and the filter circuit 13.
The Viterbi-analyzer er is  connected to the buffer 3 shown in Figure 1.
The  is adapted with the aid of the synchronizing-se- buffer is also
connected to a correlator circuit 12  quence in the manner described above
with refer- which, in turn, is connected to a filter circuit 13. The  ence
to Figure 5. As before mentioned, the Viterbi- output of the fiLter circuit
is connected to the Viterbi-  15  analyzer functions with individual states
which are analyzer. The Viterbi-analyzer is provided with a de-  [err]..,
in number, according to the example sired number of states M = [err], where
m = 2,3....    the m=2, and the incoming signal is branched-up with The
Viterbi-analyzer is adapted in the following  a branch 19 for each state.
The incoming signal-point mannerto the channel conditions which prevail
during  is referenced [err], where the index T signifies that the a signal
sequence. As illustrated in Figure 2, the re-  20  signal-point refers to
the time-point T. The signal- ceived signal-sequence includes the
synchronizing   processing procedure will be described solely in re-
sequence SO, which is received by the correlator 12.  spect of the first
state and signal paths of the remain- from the buffer 3. The known
synchronizing-se-      ing states have been indicated in broken lines in
Fig- quence is stored in the correlator and the correlator  ure 7. The
signal-point [err], which is also shown in Fig- compares the bit-pattern of
the known synchronizing-  25   ure 8, is applied to a phase-shifter 20. In
the case of sequence with the wave form of the received syn-    the first
state, the phase-shifter 20 has shifted [err] to chronizing-sequence. The
correlator sends a signal F  a point [err], where the index numeral refers
to the to the filter circuit 13, in which a filter is built-up in or-
state number. [err] is shifted through an angle [err] der to correspond to
the transmission properties of  which is the correction predicted for the
first state at the channel during the duration of the received sig-  30
time T. The signal-point [err] is sent to a comparison nal-sequence,
so-called channel estimation. The Vi-  circuit 21, which also receives a
predicted signal point terbi-analyzer 10 receives the data-sequence DO
value [err] from the fiter-circuit 13. The index numeral from the buffer 3
, and with the assistance of a signal  1 of the reference U1 refers to the
first state, the let- G from the filter circuit 13 is able to determine the
ter K refers to the relevant transition between the content of the
data-sequence DO by carrying out a   35  states and in the case of the
illustrated embodiment large number of traditional Viterbi-calculations.
As-  can assume either one of the two values K=O and sume, for instance,
that one of the signal points in DO  K=1. The signal-points [err] and [err]
are illustrated in received by the Viterbi-analyzer 10 lies in a point E1,
Figure 8 and have angulardeviations In relation to [err] as illustrated in
Figure 6. The position of this point is  designated [err] and[err]
respectively. The distanc- contingent, inter alia, on the degree of
accuracy to  40   es between the signal-points [err] and [err] and [err]
are which transmitter and receiver are synchronized.    respectively
designated [err] and[err]. The com- Subsequent to full analysis in the
Viterbi-analyzer 10,  parison circuit 21 is operative to compare the posi-
there is determined a final bit-sequence which is  tions of the
signal-points [err] and [err] respective[err] transmitted with the signal
S1 for conversion to a  and calculates said angular deviations [err] and
the speech-signal in accordance with Figure 1.     45   distances [err].
The comparison circuit 21 sends the As before mentioned, the received bits
may un-  signal[err] to a control loop-filter circuit 22 and the dergo a
successive phase shift, which in unfavour-  signal [err] to the first state
In the Viterbi-analyzer able circumstances may be so large as to make it
10. The Viterbi-analyzer chooses the best path in the highly improbable
that the bits can be referred to any  path-memory of the analyzer, thereby
determining of the points A, B, C or D in Figure 3. This problem is  50
which of the transitions K=O or K=1 is the best tran- solved in accordance
with the invention by utilizing  sition in this instance. The value
obtained thereby, the states and transitions in the Viterbi-analyzer 10
designated [err], is used to determine which of the in- for controlling the
frequency of the received signal-  ternal variable values of the control
loop-filter circuits sequence. This frequency control is performed for   22
are selected to survive as the internal state of the each state and
corresponds to a successive shift in  55  control circuit associated with
successor state no 1. the phase-position of the received signal points.  In
the example and according to the Viterbi state tran- It should be noted
that in the aforedescribed em-  sition principle, the control circuit
variables of either bodiment the signal-points have been given in a com-
state 1 or M/2+1 would become the new control vari- plex numeric coordinate
system having the coordin-  ables for state 1, according as [err]=0 or 1.
Asimilar cal- 4    7                   EP 0 381 636 B1                    8
culation in the Viterbi trellis decides whether the Vi-  arriving at a
Viterbi-analyzer. The invention also re- terbi state contents, including
control loop-filter circuit  lates to a frequency-control method which can
be ap- 



22 contents, of state 1 or M/2+1 survive to become  plied with the aid of
the aforedescribed arrangement. the new contents of state 2. Likewise the
Viterbi state   5   A preferred method includes the following known
transition principle in this binary example decides  steps: which of state
i's or state (M/2+i)'s contents survive to  The received signal-sequence S
is mixed-down become the new contents of states 2i-1 and 2i.     with a
known frequency to a baseband signal. This In a more general Viterbi
algorithm perhaps en-  signal is converted in an analog-digital converter
to visaged for non-binary signals or having more than   10  form
signal-points (I,Q), which are then stored. The two predecessor states
competing to survive as a   received signal is subjected to interference
during the successor state, the control loop-filter circuit 22 val-
signal-transmission procedure, for instance, due to ues of that predecessor
state which survives become  multiple path-propagation, and the data speed
is rel- the control circuit values of the successor state.  atively high
and consequently intersymbol-interfer- The control loop-filter circuit
values may for ex-  15  ence can occur. Consequently, the received signal
is ample consist of an integral [err] of past angular devia-  equalized,
which in the case of the inventive method tions [err] designed to filter
out rapidly varying fluc-  is effected with the aid of a known
[err]-algorithm. tuations due to noise, as well as the [err] of the sur-
This algorithm Is adapted to prevailing channel-con- viving transition
[err], and an estimate [err] of the fre-  ditions in a known manner, with
the aid of the syn- quency error (time derivative of phase) which may be
20  chronizing-sequence SO. The transmitted data- updated using the
surviving [err] value according to  sequence DO is analyzed in the
Viterbi-analyzer known servo-control theory. In this way a phase cor-
through a relatively large number of calculating sta- rection signal V,
corresponding to the signal [err], is  ges, so as to extract the
bit-sequence of the data- obtained, which successively shifts the phase of
in-  sequence. The inventive method comprises the fol- coming signal-points
for the first state. When [err]  25  lowing additional stages: [err] and
[err], are used to predictthe next phase val-  The incoming signal-point
[err] is branched-up in ue at time [err] for state 1, a so-called PID
(propor-  identical signal-points, the number of which is equal tional
Integral derivative) controller can for example  to the number of states in
the selected Viterbi-algo- be constructed. It can be named that the
parameters  rithm. For the first state, the phase of the signal- of the
control algorithm in the control loop-filter circuit  30  points is shifted
through the angle [err], which is the 22 can be programmable and even
chosen depending   phase-correction estimated forthefirst state at T. The
on the observed received signal characteristics.   phase-shift is changed
in the following manner. The As before mentioned, the incoming signal-point
phase-shifted signal-point [err] is compared with the ET is branched-up so
as to provide a branch for each  signal-points U1K. These signal-points are
obtained state. Each branch is phase-shifted perse in a phase-  35  from
the synchronizing sequence SO of the signal- shifter 20 with a phase
correction signal which is cal-  sequence in a known manner when adapting
the Vi culated for each state per se in the manner described
terbi-algorithm to the channel. When carrying-outthe above with respect to
the first state. The distance dif-  comparison, the angular deviations
[err] and the ferences, often referred to as "metrics", are also cal-
distances [err] in the complex numeric coordinate culated for each state
per se, in accordance with the   40  system I,Q are calculated for each of
the transitions above. The distance differences are processed in the  in
the Viterbi-algorithm. The best transition of the two Viterbi-analyzer 10
in a known manner, and the ana-  transitions K=O or K=1 is determined in
each case lysis results in a sequence of bits which are convert-  through
the Viterbi-analysis in a known manner, with ed, for instance, to a speech
signal in the manner de-  the aid of the distances [err]. One of the
calculated scribed above with reference to Figure 1.     45  angular
deviations [err] is selected together with The invention according to the
described exem-  the internal values of one of the control loop-fiter cir-
plifying embodiment can be applied to a signal-trans-  cuits 22 according
to the selected value of K The se- mission system whenever a
Viterbi-analyzer can be  lected value of [err] is used to update the
selected used. Examples of modulation forms which can be    control circuit
values according to known control theo- utilized are QAM-modulation,
Quadrature Amplitude  50  ry, and the updated values become the control
circuit Modulation orGMSK-modulation, Gaussian Minimum     values of the
new successor state. In this way the Shift Keying.
phase-correction signal V is obtained, which is the The GMSK-modulation
form is described in more  new value of [err] for the first state.
Correspondingly, detail in Conference Proceedings Digital Cellular Ra-  the
angle-shift signal is calculated for the remaining dio conference, October
12-14 1988, Hagen, West-  55  states, through which the remaining branched
signal- phalia FRG, in an article by Ulrich Langewellpott  points [err] are
phase-shifted prior to analysis in accor- "Modulation, Coding and
Performance".              dance with the Viterbi-algorithm. Phase
corrections There has been described in the aforegoing an  for following
incoming signal points are successively arrangement for controlling the
phase of the signal  calculated in a similar manner. 5    9
EP 0 381 636 B1                 10 A format for the transmitted
signal-sequence, in-  nal-point [err] was branched-up with a branch 19 for
cluding a synchronizing-sequence SO and a subse-    each state, had been
described In the aforegoing with quent data-sequence DO, has been described
with    reference to Figure 7. All branch-signal points are 



reference to Figure 2. Figure 9 illustrates an alterna-   5   processed
simultaneously in the mutually parallel tive signal-sequence format, In
which the synchron-  branches, and each branch Includes the phase-
izing-sequence SO is located in the centre of the sig-  shifter 20, the
comparison-circuit 21 and the control nal-sequence and embraced on either
side by data-  loop-filter circuit 22. However, it Is possible in accor-
sequences D1 and D2. An inventive receiver can be  dance with the
inventionto processthe branch-signal constructed such that the frequency of
the receiver  10  points ET forthe individual states sequentially at time-
will be controlled in the following manner, when de-  point T, Instead of
employing the aforesaid parallel modulating this latter signal-sequence.
signal-processing procedure. In this alternative case, As described in the
aforegoing, the Viterbi-ana-  the signal-point ET are stored in a memory
and the lyzer is adapted through the synchronizing-sequence  branch-signal
points are fed-out sequentially. The SO. Demodulation of D1 commences at a
point D11  15  branch-signal point for each state is processed in the and
terminates at a point D12. Demodulation of D2  manner described with
reference to Figure 7 for the then continues, commencing at a point D21 and
ter-  first state. The phase-correction signals V for the in- minating at a
point D22, or vice versa. Angles which  dividual states are stored in
memories and are utilized correspond to [err]  for the data-sequence D1 are
in the aforedescribed manner for successive shifting herewith calculated
successively, and the angles are  20  of the subsequently incoming signal
points. filtered and integrated In the aforedescribed manner.  It can be
mentioned that the iunvention can just as Corresponding calculations for
the data-sequence   well be implemented by applying the phase- D2 are
carried out subsequent hereto, wherein the fi-      correction signal V for
each state to the adaption sig- nal values in the control loop-filter
circuit 22 of the  nals [err] as an alternative to application to incoming
best state surviving from D1 can be used to derive   25  singal points
[err]. starting values for the control circuits for demodula- tion of D2.
It should be observed that when the trans- mitted signal-sequence has the
format illustrated in  Claims Figure 9, it is necessary to store the
received signal in a memory, preferably subsequent to A/D-conver-  30  1. A
method for rapidly controlling the frequency of sioon. No such storage is
necessary in the case of a    a coherent radio-receiver which, via a
channel signal format such as that illustrated in Figure 2.    which is
subjected to interference, receives sig- In the case of the aforedescribed
embodiments,     nal-sequences which include at least one syn- the
transmitted signal-sequence SO, DO has been bi-   chronizing-sequence and
at least one data- nary modulated in the manner described with refer-  35
sequence, said method comprising the following ence to Figure 3. The
Viterbi--analyzer 10 utilized for  signal-processing steps of demodulating
the signal-sequence has two possible        - converting a received
signal-sequence to a transitions between the states, corresponding to the
baseband signal, two levels in the binary code. It is also possible to ap-
- A/D-converting the baseband signal to ana- ply the invention in those
cases when the transmitted   40  Iysis-oriented signal-points in a
signal-plan; signal-sequence has several modulation levels,           -
adapting a Viterbi-algorithm having a de- hich is often the case when the
signal is modulated       sired number of states to the prevailing in- in
accordance with the aforesaid QAM-modulation            terferences of the
channel with the aid of principle. The Viterbi-analyzer used in this case
for      adaptation signals obtained from the syn- demodulation and for
accomplishing the inventive fre-  45  chronizing sequence, the number of
said quency-control has several possible transitions be-        adaptation
signals being equal to the num- tween the states. More specifically, the
number of         ber of states in the Viterbi-algorithm; and transitions
is equal to the numberof modulation levels   - Viterbi-analyzing the
analysis-oriented sig- for the modulation form selected. The number of sig-
nal-points in the data sequence through a nal-points [err] in the
adaptation signal from the filter  50  relatively large number of
calculating sta- circuit will also increase. In the example described
ges, such as to finally determine the bit-se- with reference to Figure 7
and 8, the signal-points are    quence of the data-sequence; two in number,
K=O and K=1. In the case of the more   characterized in that the method
comprises the general modulation-forms the number of signal-
further signal-processing steps of: points is equal to the number of
modulation levels,  55  - splitting at a time-point (T) one of the ana- and
the number of angular deviations [err] and the      lysis-oriented
signal-points  ([err])  into distances [err] is also equal to the number of
mod-       branch-signal points ([err]), the number of ulation levels.
which is equal to the number of states of the A method and an arrangement
in which the sig-           Viterbi-algorithm;    9                EP 0 381
636 B1                    10 A format for the transmitted signal-sequence,
in-  nal-point [err] was branched-up with a branch 19 for cluding a
synchronizing-sequence SO and a subse-   each state, had been described in
the aforegoing with quent data-sequence DO, has been described with
reference to Figure 7. All branch-signal points are reference to Figure 2.
Figure 9 illustrates an alterna-   5   processed simultaneously in the
mutually parallel tive signal-sequence format, in which the synchron-
branches, and each branch includes the phase- 



izing-sequence SO is located in the centre of the sig-  shifter 20, the
comparison-circuit 21 andthe control nal-sequence and embraced on either
side by data-   loop-filter circuit 22. However, it Is possible in accor-
sequences D1 and D2. An inventive receiver can be  dance with the invention
to process the branch-signal constructed such that the frequency of the
receiver  10  points [err] forthe Individual states sequentially at time-
will be controlled in the following manner, when de-  point T, instead of
employing the aforesaid parallel modulating this latter signal-sequence.
signal-processing procedure. In this alternative case, As described in the
aforegoing, the Viterbi-ana-  the signal-point [err] are stored in a memory
and the lyzer is adapted through the synchronizing-sequence  branch-signal
points are fed-out sequentially. The SO. Demodulation of D1 commences at a
point D11   15  branch-signal point for each state is processed in the and
terminates at a point D12. Demodulation of D2  manner described with
reference to Figure 7 for the then continues, commencing at a point D21 and
ter-  first state. The phase-correction signals V for the in- minating at a
point D22, or vice versa. Angles which  dividual states are stored in
memories and are utilized correspond to [err] for the data-sequence D1 are
in the aforedescribed manner for successive shifting herewith calculated
successively, and the angles are  20  of the subsequently incoming signal
points. filtered and integrated in the aforedescribed manner.  It can be
mentioned that the invention can just as Corresponding calculations for the
data-sequence   well be implemented by applying the phase- D2 are carried
out subsequent hereto, wherein the fi-   correction signal V for each state
to the adaption sig- nal values in the control loop-filter circuit 22 of
the  nals UK as an alternative to application to incoming best state
surviving from D1 can be used to derive   25  singal points [err]. starting
values for the control circuits for demodula- tion of D2. It should be
observed that when the trans- mitted signal-sequence has the format
illustrated in  Claims Figure 9, it Is necessary to store the received
signal in a memory, preferably subsequent to A/D-conver-  30  1. A method
for rapidly controlling the frequency of sion. No such storage is necessary
in the case of a   a coherent radio-receiver which, via a channel signal
format such as that illustrated in Figure 2.   which is subjected to
interference, receives sig- In the case of the aforedescribed embodiments,
nal-sequences which include at least one syn- the transmitted
signal-sequence SO, DO has been bi-   chronizing-sequence and at least one
data- nary modulated In the manner described with refer-  35  sequence,
said method comprising the following ence to Figure 3. The Viterbi-analyzer
10 utilized for  signal-processing steps of demodulating the
signal-sequence has two possible        - converting a received
signal-sequence to a transitions between the states, corresponding to the
baseband signal, two levels in the binary code. It is also possible to ap-
- A/D-converting the baseband signal to ana- ply the invention in those
cases when the transmitted   40  lysis-oriented signal-points in a
signal-plan; signal-sequence has several modulation levels,           -
adapting a Viterbi-algorithm having a de- hich is often the case when the
signal is modulated      sired number of states to the prevailing in-
accordance with the aforesaid QAM-modulation            terferences of the
channel with the aid of principle. The Viterbi-analyzer used in this case
for      adaptation signals obtained from the syn- demodulation and for
accomplishing the inventive fre-  45  chronizing sequence, the number of
said quency-control has several possible transitions be-        adaptation
signals being equal to the num- tween the states. More specifically, the
number of         ber of states in the Viterbi-algorithm; and transitions
is equal to the numberof modulation levels   - Viterbi-analyzing the
analysis-oriented sig- for the modulation form selected. The number of sig-
nal-points in the data sequence through a nal-points [err] in the
adaptation signal from the filter  50  relatively large number of
calculating sta- circuit will also increase. In the example described
ges, such as to finally determine the bit-se- with reference to Figure 7
and 8, the signal-points are    quence of the data-sequence; two in number,
K=O and K=1. In the case of the more   characterized in that the method
comprises the general modulation-forms the number of signal-        further
signal-processing steps of. points is equal to the number of modulation
levels,  55  - splitting at a time-point (T) one of the ana- and the number
of angular deviations [err] and the        lysis-oriented  signal-points
(ET)  into distances [err] is also equal to the number of mod-
branch-signal points (ET), the number of ulation levels.
which is equal to the numberof states of the A method and an arrangement in
which the sig-          Viterbi-algorithm; 6    11                  EP 0
381 636 B1                  12 - phase-shifting the branch-signal point
([err)     the first data sequence is stored prior to Viterbi- of
respective states through an angle ([err])      analysis, characterised by
the use of the final which is associated with respective state,      states
of the phase-correction signals (V) and of such as to obtain a corrected
signal-point   5  the control-loop filter algorithm after processing
([err]);                                         the first data sequence to
determine suitable ini- - comparing the corrected signal-point ([err])
tial states of the phase correction signals (V) and 



for respective states with the adaptation       of the control-loop filter
algorithm for starting signal [err]) for that state thereof which has
processing of the second data sequence. signal-points ([err]) the number of
10 which is equal to the number of possible    5. An arrangement for
carrying out the method of state-transitions in the Viterbl-algorithm;
Claim 1 with a coherent radio-receiver which, via - calculating for each
state angular devia-       a channel subjected to interference, receives
sig- tions ([err]) between the corrected signal-   nal-sequences which
include at least one syn- point ([err]) and the signal-points ([err])  15
chronizing-sequence and at least one data- of the adaptation signal;
sequence, said arrangement comprising calculations in accordance with the
Viterbi-       - a receiver- stage for signal-reception and algorithm are
made for each state on the             conversion of a received
signal-sequence distances ([err]),                                 to a
baseband signal; - selecting for each state one of the transi-  20    - an
A/D-converter which is connected to the tions ([err]) on the basis of these
calculations;      receiver stage and which is operative to - calculating
separately for each state an an-        convert the baseband signal to
analysis- gular deviation ([err]) of the selected tran-         oriented
signal-points; sition ([err]) between the signal point ([err])         an
adaptive Viterbi-analyzer which is con- and the adaption signal ([err]);
25            nected to the A/D-converter and comprises - subjecting the
angular deviation ([err]) to         adaptation circuits and which
Viterbi-ana- a control loop filter algorithm (22) to calcu-       Lyzer has
a desired number of states and is late a phase correction signal (V) for
each          adapted to the interference prevailing in the state; and
channel with the aid of adaptation signals, - using the so calculated phase
correction   30       the number of which equals the number of signals (V)
separately for each state to             states, and which are derived from
the syn- phase shift either the next incoming
chronizing-sequence by the adaption cir- branch-signal point ([err]) in the
data se-            cuits, the adapted Viterbi-analyzer process- quence
(DO) or the adaption signal ([err]).           ing the analysis-oriented
signal-points in 35           the data-sequence in a relatively large 2.
Method according to claim I characterized by, for         number of
calculating stages, thereby final- each state of the Viterbi algorithm,
re-initialising     lydetermining the bit-sequence of the data- internal
states of a control loop-filter algorithm       sequence, characterized in
that the ar- (22) using previous internal states of the control
rangement further comprises loop-filter algorithm (22) indicated by the
select-  40  - a signal-dividing circuit (19) which, at a ed transition
([err]), the control loop-fiter algorithm     time-point (T), is operative
to divide one of including low-pass filtering, integration or differ-
the analysis-oriented signal-points (ET) into ntiation to yield a desired
signal phase-tracking        branch-signal points, the number of which
behaviour.                                               is equal to the
number of states (M) of the 45           Viterbi-analyzer (10); 3. Amethod
according to claim 1 or 2, characterised          - phase-shifter (20)
which are connected to by utilizing the final values of the phase correc-
the signal-dividing circuit (19) and which tion signals (V) and the
control-loop filter algo-       are operative to phase-shift the branch-
rithm (22) internal states atthe end of processing       signal pointforthe
respective state through one of the signal sequences (SO,DO) in order to
50      an angular value ([err],) belonging to said determine suitable
initial states of both the phase      state, therewith to form a corrected
signal- correction signals (V) and the control-loop filter       point
([err]); algorithm at the start of processing the next sig-     -
comparison circuits (21) which are each nalsequence.
connected to a respective phase-shifter 55           (20) and to the
adaptation circuits (13), said 4. A method according to claims 1, 2 or 3 in
which           comparison circuits (21) being operative to the signal
sequence consists, in time-sequence,          compare the corrected
signal-point (ET,,) of a data-sequence, a synchronising sequence
for each state with the adaption signal and a furtherdata sequence, and in
which atleast          ([err) for the state which has signal-points 7 *   C
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[err]) whose number corresponds to               folge bestimmt wird; each
possible state-transition (K=O, K=1) in        dadurch gkeknnnetchnet, daS
das Ver- the Viterbi-analyzer (10), wherein the com-   fahren welter
folgende Signalverarbeitungs- parison circuit (21) for respective state be-
5  schritte aufweist tween the corrected signal-point ([err]) and       -
Aufspalten bel einem Zeltpunkt T) einen the signal-points ([err]) of the
adapta-        der analyseorientierten Signaipuriqte (ET) 



tion signal calculate distances ([err]) and       ind Zweigsignalpunkte
(ET), deren Anzahl angular deviations ([err]) and send the             der
Anzahl der Zustinde des Viterbi- distances ([err) to the respective state
in  10  Aigorithmus entspricht, the Viterbi-analyzer (10), and
- Verachiebung der Phase des Zweigsignal- - control circuits (22) each
being connected         punktes (ET) entsprechender ZustAnde um to a
respective comparison circuit (21) and        einen Winkel (VT1), der dem
entsprechen- to a corresponding state in the Viterbi-ana-        den
Zustand zugeordnet ist, derart, dai ein lyzer, wherein the Viterbi-analyzer
(10) ac-  15   korriglerter Signalpunkt (ET.,) erhalten cording to its
algorithm for each state (M)        wird; carries-out calculations on the
distances        - Vergleichen des korriglerten Signatpunktes ([err] and on
the basis of these calcula-        (ET,1)fOrjewelligeZustindemitdermAnpas-
tions sends the selected transition ([err]) to        sungssignal (U K) fir
den betreffenden Zu- the respective control loop-fiter circuit (22)  20
stand, derSignaipunkte (U10, t.11) aufweist, which obtains the angular
deviations               wobel die Anzahl der Anzahl der maglichen [err]
from its respective comparison cir-       Zustandaslbergange Im
Viterbi-Aigorithmus cult (21) and processes the angular devia-
entspricht; lion ([err], or [err]) corresponding to the      - Berechnung
fir jeden Zustand der Winkel- transition ([err]) selected, this
signal-proc-  25    abweichungen (AfTrK) zwischen dem korri- easing
constituting a control-loop filter algo-    gierten SIgnalpunkt (ET.1) und
den Signal- rithm according to known control theory            punkten
(U,10 U11)desAnpassungssignals; which may include integration,differentia-
- Ausffihren von Berechnungen gemaB dem tion or other form of filtering
such as to cal-    Vierbi-Algorithmus flr.jeden Zustand auf culate
separately for each state an estimate  30   den Abstinden (AST'K), of the
phase correction signal (V).              - Auswahlen eines der Oberginge
(Kl) auf der Basis dieser Berechnungen ffir jeden Zustand; Patentansprfiche
- getrennte Berechnung einer Winkelabwei- 35          chung (A,1K1) des
gewihIten Obergangs 1. Verfahren zur schnelten Steuerung einer Fre-
(K1I) zwischen dem Slgnalpunkt (ET,1) und quenz eines kohArenten
Funkempfingers, der              dern Anpassungssignal (U1K1) firjeden Zu-
Ober einen der Interferenz ausgesetzten Kanal          stand; Signalfolgen
empfangt, die mindestens eine Syn-       - Unterziehen   der
Winkelabweichung chronisierungsfolge und mindestens eine Daten-  40
(AuIKl) einem Ragelschleifenfilteralgorith- iyz. folge enthalten, wobel das
Verfahren folgende Si-       mus (22), urn ein Phasenkorreklursignal fur
gnalverarbeitungsschritte aufweist                     jeden Zustand zu
berechnen; und - Umwandeln einer empfangenen Signalfol-           -
getrenntes Benutzen der so berechneten ge In ein Basisbandsignal,
Phasenkorrektursignale (V) fOr jeden Zu- - AlD-Umsetzung des
Basisbandsignals in  45          stand, um entweder den nichsten einlau-
analyseofientierte Signatpunkte in einer Si-      fenden Zwelgsignatpunkt
(ET) in der Daten- gnalebene;                                         folge
(DO), oder das Anpassungseignal - Anpassen eines Viterbi-Algorlthmus mit
ei-        (U1K) in der Phase zu schieben. ner gewrnschten AnzahM von
Zustinden an die vorherrschenden Interferenzen eines  5o  2. Verfahren nach
Anspruch 1, gekennzeichnet Kanals mit Hilfe von Anpassungssignalen,
durch die Re-Initialisierung innerer Zustande ei- die aus der
Synchronisierungfoig gewon-       nes Steuerschleifenfilteralgorithmus (22)
for je- nen wurden, wobei die Anzahl der Anpas-       den Zustand des
Viterbi-Algorithmus, unter Be- sungssignale der Anzahl der Zustande im
nutzung vorheriger, durch gewihiten Obergang Viterbi-Algorithmus
entspricht; und   ss      (K') angezeigter Zustinde des Steuerschleifen- -
Viterbi-Analyse der analyseorientierten Si-   filteralgorithmus (22), wobel
der Steuerschleifen- gnalpunkte in der Datenfolge durch eine re-
filteralgorithmus eine 1iefpalfilterung, eine Inte- lativ groBe Anzahl von
Berechnungsstufen,     gration oder Differentiation umfakt, um einen ge-
derart, daB am Ende die Bitfolge der Daten-   wunschten
Signalphasengleichlauf herbeizuffih- *   C   L  M  S    *    15
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dai die Anordnung welter aufweist - sine Signaltelerachaltung (19), die be!
ei- 3. Verfahren nach Anspruch I oder2, gekennzeich-          nern
Zeitpunkt (T) die Unterteilung sines net durch die Verwendung der Endwerte
des   5          der analyseorientierten Sgnalpunkte (ET)
Phasenkorrektursignals (V) und der Inneren Zu-         in Zweiguignalpunkte
durchffhrt, deren An- stande des Steuerschlelfenfitteralgorithmus (22)
zahl der Anzahl der Zustande (M) des am End. derVerarbeltung einer der
Signalfoigen         Viterbi-Analysators (10) entsprichk 



(SO, DO), um gesignete Anfangszustande so-           - Phasenschleber (20),
die an die Signaltel- wohl der Phasenkorrektursignale (V), als such   to
lerschaltung (19) angeschlossen sind und des
Stbuerschbefenfilteraigorithmus fr den Be-         die Phasenverschlebung
der Zweigsignal- ginn der Verarbeitung der nAchsten Signalfoige
punkte fMr den entsprechenden Zustand zu bestimnten.
durch oenen Winkeiwert (VT,1) bewirken, der zu dem Zustand gehort, urn
damit einen 4. Verfahren nach Anspruch 1, 2 oder 3, be! dem die  15
korrigierten Signalpunkt (ET,1) zu bilden; Signalfolge im zeldichen Ablauf
aus einer Daten-     - Verglelchsechaltungen (21), von denen le- foige,
ehner Synchronbsierungsfoige und einer          dean einem entsprechenden
Phasenschie- welteren Datenfolge besteht, und beidem minde-         ber
(20) und an die Anpassungsschaltun- stens die erste Datenfolge vor der
Viterbi-            gen (13) angeschlossen ist, wobel die Ver- Analyse
gespeochertWIrd, gekennzelchentdurch   20      gleichsschaltungen (21) zum
Vergleichen die Benutzung der ersten Zustinde des phasen-          des
korrigierten Signaipunktes (ET.1) ffr je- korriglrten Signals (V) und des
Steuerschlelfen-       den Zustand mit dem Anpassungssignal
filteralgorithmus nach dem Verarboiten der or-         (U1K) fur denjenigen
Zustand wirksam wer- stbn Datenfoige, zur Bestimmung goeigneter An-
den, derSlgnalpunkte (U.1, U11) besitzt, do- fangszustande der
phasenkorriglerten Signal.  25       ren Anzahi jedem
m6glichenZustandsfber- (V) und des Steuerschleifenfilteralgorithmus,
gang (K=0, K=1) im Viterbi-Analysator (1O) zum Beginnen der Verarbeitung
der zweiten Da-          entspricht, in welchem die Vergleichsschal-
tenfoige.                                              tungen (21) fir den
jeweligen Zustand zwi- schen dem korrigierten Signaipunkt (ET,1) 5.
Anordnung zur Durchffihrung des Verfahrens  30         und den
Signaipunkten (U10, U11) des An- nach Anspruch I bel elnem koharenten Funk-
passungssignals Abstinde (AsT.1') und empfanger, der iber enen dot
interferenz ausge-        Winkelabweichungen (a+T1r) berchnen, setzten
Kanal Signallolgen empfangt, die minds-        und die Abstande (AsT.,iK an
den entspre- stns esine Synchronisierungsfolge und minde-           chenden
Zustand im Viterbi-Analysator(1 0) stens sine Datenfolge aufweisen, wobsi
die An-  35     liefern; und ordnung aufweist
- Steuerschaltungen (22), von denen jade an - eine Empfangerstufe fMr den
Signalemp-            eine entsprechende Vergieichsschaltung fang und die
Umwandlung einerompfange-            (21) und einen ehtsprechenden Zustand
im nen Signalfdge in ein Basisbandsignal;            Viterbi-Analysator
angeschlossen ist, wo- - eonen AID-Umsetzer, der an die Empfan-  4o
bei der Viterbi-Analysator (10) entspre- gerstufe angeschlossen ist und zum
Um-            chend seinem Algorithmus fMr jeden Zu- setzen des
Basisbandsignals in analyseori-        stand (M) Berechnungen der Abstande
entiertb Signalpunkte dient                       (AsT.K) durchffhrt, und
auf der Basis dieser - einen adaptiven Viterbi-Analysator, der an
Berechnungen den gewahiten Obergang den AID-Umsetzer angeschlossen ist und
45       (Kt) an die entsprechende Schle-fenfilter- Anpassungsschaltungen
umfalXtwobei der            schaltung (22) liefert, die die Winkelabwei-
Viterbi-Analysator eine gewfinschte Anzahl        chungen (A.kIK) von ihrer
entsprechenden von Zustinden aufweist und an die im Ka-
Vergleichsschaltung (21) erhalt und die nal vorherrschende Interferenz mit
Hilte          Winkslabweichung (AT.10 oder A4%11) ent- von
Anpassungssignalen angepaSt wvrd,  5o         sprechend dem gewahItln
Obergang (K') deren Anzahl der Anzahl der Zustinde ent-
verarbeitst, wobsi diese Signalverarbeitung spricht, und die von
derSynchronisberungs-        einen Steuerschleifenalgorithmus entspre-
fobige durch Anpassungsschaltungen abge-          chend bekanntbr
Regeitheorie bildet, der Isiet werden, wobei der Viterbi-Analysator
sine Integration, Differentiaion oder eine die analyseorientierten
Signalpunktb in der  5s   andere Form der Filterung umfalt, derart,
Datenfolge in elner relativ grogen Anzahl         dai fOrrjeden Zustand
getrennt sin SchAtz- von Berechnungsstufen verarbeitet und di-         wert
des Phasenkorrektursignals (V) be- durch schlieilich die Bitfoigen der
Datenfol-     rechnet wird. go bestimmt, dadurch gokennzalchnet, 9 *     C
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Revendications                                           6cart angulaire
(A4T*K1) de la transition s6- lectionnee (KI) entre le point de signal
(ET.,) 1. Un pr6o6d6 pour commander rapidement la fr6-           et le
signal d'adaptation (U1KI); quence d'un radlorecepteur coh6rent qui re9olt,
s  - on sournet Wecart angulaire (A4,.K1) A J'ac- par l'Interm6dialro d'un
canal qui est soumis a un    tion d'un algorithms de filtre de boucle de
broullage, des sequences do signal qui compren-       commando (22), pour
calculer un signal de nent au moins une sequence de synchronisation
correction de phase ) pour chaque 6tat; 



ot au mohs une sequence de donnees, ce proc-         et de comprenantles
Mtapes de traitementde signal  lo   - on utilise les signaux de correction
de pha- suivantes:                                            se ainsi
calcules (V), separernent pour cha- - on convortit une s6quence do signal
recue         quo etat, de fagon A dephaser soit le point on un signal on
bande do base,                    de signal de branche entrant suivant (ET)
- on applique une convecsion-A/N au signal          dans la sequence de
donnees (DO), soit le on bands de base pour donner des points  15
signal d'adaptation (UK). de signal arient6s vers l'analyse, dans un plan
de signal;                           2. Procede selon la revendication 1,
caracterise en - on adapts un aigorithme de Viterbi ayant un  ce quo, pour
chaquo etat de l'algorthme de Viter- nornbred'6tats d6sir6 au broullage
existant  bi, on r6initlaiiso des etats internes d'un algo- du carn, A
raide de signaux d'adaptation qui  20  rithme de fltre de boucle de
commands (22) en sont obtenus A partir de la sequence de      utilisant des
Mtats internes precAdents de l'algo- synchronisation, le nombre de cos
signaux   *  rithme de filtre de boucle de commande (22) qui d'adaptation
etant egal au nombre d'etats    sont indiques par la transition
selectbonn6e (K'), dansl 'algorithmo de Viterbi ; et
l'algorithme do f tre de boude de commande - on applique une analyse de
Viterbi aux  25   comprenant un filtrage passe-bas, une integra- points de
signal orientes vers l'analyse     tion ou une differentiation pour donner
un dans la s6quence de donnees, par un nom-     comportement de poursuite
de phase de signal bra relativement grand d'etapes de calcul,   dbsire. de
faQon A d6torminer finalement la se- quence de bits de la s6quence de
donnees;  30  3. Un proc6d6 selon la revendication I ou 2, carac-
caracterise n ce quo Is procidA comprend     t6rise on ce qu'on utiiise les
valours finales des les etapes de traitement de signal supple-   signaux de
correction de phase (V) et les etats in- mnentaires suivantes:
ternes de l'algorithme de filtre de boude de - on dMv0e A un Instant (1)
l'un des points do  commande (22)a la fin du traitement del'une des signal
orientes vers l'analyse (ET) on points  35  sequences de signal (SO, DO),
de fagon A deter- de signal de branche (ET), dont le nornbre   miner des
Mats initlaux appropri6s A lafoisdes si- eot egai au nombre d'etats de
l'algorithmne  gnaux de correction de phase M  et de ralgo- de Viterbi;
rithme de filtre de boude de commande au debut - on dephase le point de
signal de branche     du trattement de la sequence de signal suivante. (ET)
d'tats respectifs d'un angle (VT.,) qui  40 est associ A I'tat respectif,
de fagon a ob-  4. Un procedA selon les revendications 1, 2 ou 3, tenir un
point de signal corrig (ET,,);      dans lequel la sequence de signal
comprend. en - on compare le point de signal corrig (ET,,)  sequence
temporelle, une sequence de donnees, pour des etats respectifs avec le
signal     une sequence de synchronisation etune sequen- d'adaptation (U,K)
pour coet etat correspon-  45  ce de donnees supplementaire, et dans leque
la dant, qui a des points de signal (U, U,)    premiere sequence de
donnees, au mons, est dont le nombre est 6gal au notnbre de tran-
enregistree avant l'analyse de Viterbi, caracterise sitions d'etat
possibles dans l'algorithme de  par l'utilisation des etats finals des
signaux de Viterbi;                                     correction de phase
(V) et de l'algorithme defiltro - on calcule pour chaque etat des ecarts
an-  50  de boucle de commando apr~s le traitement de la gulaires (A4%,K)
entre le point de signal    premiere sequence de donneos, pourdeterminer
corrigm (ET,,) et les points de signal (U10,  des etats initiaux appropries
des signaux de U1') du signal d'adaptation;                 correction de
phase (V) et de I'algorithme defiltre - on effectue des calculs
conformnment A       de boucle de commande, pour commencerle trai-
ralgorithme de Viterbi pour chaque btat, sur  s5  tement de la seconds
sequence de donnees. les distances (ASr,,'), - on selectionne pour chaque
etat l'une des  5. Un dispositif pour mettre en oeuvre le procede de
transitions (K1) sur la base de ces calculs;  Ia revendication I avec un
radiorncepteur cohe- - on calcule separernnt pour chaque etat un    rent
qui regoit, par l'intermediaire d'un canal sou- 10    19
EP 0 381 636 B1                20 mis A un broullage, des sequences de
signal qui         d'eux etant connoct6 A un circuit de compa- comprennent
au moins une ahquence de syn-               raison respectif (21) et Aun
tat correspon- chronisation et au moins une sequsnce de don-           dant
dans l'analyseur de Viterbi, I'analyseur nees, ce dispositif comprenant:
5            do Viterbi (10) accomplissant des calculs - un etage recepteur
pour la r0ception de si-        sur les distances (AST,,K), conformement A
gnal et la conversion d'une sequence desi-         son algorithm., pour
chaquo etat (M), et gnal recu on un signal en bande de base;
transmettant, sur la base de ces calculs, la - un convertisseur AIN qul est
connecte A            transition sleictionnee (W) au circuit de fii- 



r6tage recepteur et qui convertit le signal  10    tre de boucle de
commando respectif (22) en bando de base en points de signal orien-
qui obtient les ecarts angulaires (A4TK) A tes vers l'analyse;
partirde son circultdecomparalson respeo- - un analyseur de Viterbi
adaptatif qui est          tif (21), et qui traitke rcart angulaire (A,1T
connecte au convrtisseur AIN et qui                ou A4T,1) correspondant
A Ia transition (KI) comprend des circuits d'adaptathon, cot  1s
s6lectlonn6e, ce traitement de signal cons- analyseur de Viterbi ayant un
nombre               tituant un algorithm de ftre de boude de d'6tats
desire et etant adapte au brouillage       commande conforme A la th6orie
de la exstant dans le canal, A raid. de signaux          commando connue,
qul pout comprendre d'adaptatfon dont le nombre est Ogal au            une
intbgration, une differentlation ou une nombre d'etats, et qui sont obtenus
A partir  20   autre forme de filtrage, de fagon A calculer de la sbquence
de synchronisation, par les         sbparbment pour chaque etat une estima-
circuits d'adaptation, ranalyseur d Viterbi .      tion du signal de
correction de phase (V). adapte traitant les points de signal orientbs vers
l'analyse dans la sequence de don- n6es, par un nombre relativement grand
26 d'etapes de calcul, pour dbterminer sinsi fi- nalement la sequence de
bits de la sbquen- co de donn6es, caractrise on ce que le dis- positif
comprend en outre: - un circuit de division de signal (19) qui, a un   30
instant (T), divise l'un des points de signal orlentes vers l'analyse (ET)
en points de si- gnat de branche, dontle nombre eat egal au nombre d'etats
(M) de l'analyseurde Viterbi (10);                                 35 - des
dephaseurs (20) qui sont connectes au circuit de division de signal (19) et
qui d6- phasent le point de signal de branche pour NWetat respectff d'une
valour angulaire (VT,,) correspondant A cot etat, pour former ainsi  4o un
point de signal corrige (ET,); - des circuits de comparaison (21), connec-
tes chacun A un dlphaseur respif (20) et aux circuits d'adaptation (13),
ces circuits de comparaison (21) ayant pour action do   45 comparer le
point de signal corrige (ErT,) pour chaque etat avec .le signal d'adapta-
tion (UlK) pour l'btat, qui a des points de si- gnal (U10, U11) dont le
nombre correspond A chaque transition d'btat possible (K = 0, K   so = 1)
dans ranalyseur de Viterbi (10), le cir- cuit de comparaison (21) pour un
Mat res- pectif entro le point de signal corrige (ET,1) et les points de
signal (U10, U11) du signal d'adaptation  calculant des  distances  55
(ASrKr,) et des ecarts angulaires (A+T,,K), et transmettant les distances
(ASr.,K) a l'tat respectif dans l'analyseur de Viterbi (10), et - des
circuits de commando (22), chacun 11 *    C    L    M   S    *    


