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or art control for an adaptive equalizer that this meth- od cannot be used
for high rate communication since The present invention relates to a
control for an  operation speed is slow. adaptive equalizer which Is
applied to a high trans-  The ZF method has a diffIculty in convergence
mission rate digital mobile communication system.    5   and has a problem
that the inputted data cannot be In particular, the present invention
relates to a  equalized particularly when it is used for the digital
control foran equalizerdisposed between an antenna  mobile communication in
which the signals are gen- for a receiver in a digital mobile communication
sys-  erated in a burst manner. tem and a signal processing circuit
(demodulator and  Another prior art arrangement, similar to that de- the
like) for outputting to the signal processing in unit  10  scribed above,
is described in US-A-3992616. an optimum signal (reference signal) of the
inputted signals which have not been influenced by distur-  SUMMARY OF THE
INVENTION bances between a transmitter and the receiver since some of the
signals transmitted from the transmitter  The present invention was made
for overcoming are directly inputted to the receiver without being in-  15
the above mentioned problems. fluenced while the other signals are
reflected by   It is an object to provide a control for an adaptive
buildings to cause fading or delayed bythe reflection.  equaliser which can
enhance operation speed, con- Fig. 3 shows a prior art control for an
adaptive  vergence speed and convergence performance. equalizer. A
reference numeral 1 denotes a delay ele-  The invention is defined by the
features of claim mentfordelaying an inputted data. Reference numer-  20
1. als 2 through 4 denote delay elements for delaying  In the present
invention, the gains of the amplifi- data from the delay elements 1 through
3 at the pre-  ers can be sequentially operated by the LMS method vious
stage.                                     and updated each time when data
are inputted to de- Reference numerals 5 through 9 denote amplifi-  lay
elements for overcoming the above mentioned ers for weighting the input
data to the delay element  25  problems. and the output data (tap output)
from the delay ele-  Since the gains of the amplifiers are sequentially
ments 1 through 4, respectively. A reference numeral  operated by the LMS
method and updated each time 10 denotes an adder for adding the outputs
from the  when the data are inputted into the delay elements, amplifiers 5
through 9. The delay elements 1 through  operation of the gains of all the
amplifiers are not per- 4, the amplifier 5 through 9 and the adder 10 form
an  30  formed each time when the data are inputted. There- equalizer.
fore, the present invention has advantages that the Reference numerals 11
and 12 denote a discrim-  LMS method having a low operation speed can be
Inator for presuming the level of a reference signal  used for high
transmission rate communication and from the output of the adder 10 and a
subtracter for  that the convergence speed is fast since the opera-
subtracting the level of the reference signal from the  35  tion is
performed by the LMS method. discriminator 11 from the level of the output
of the ad-  The invention will be described now by way of ex- der 10,
respectively.                            ample only with particular
reference to the accompa- In the above mentioned structure, the control 13
nying drawings. In the drawings: performs operation of the gains of all the
amplifiers  Fig. 1 is a block diagram showing an embodiment 5 through 9 by
ZF or LMS method and updates the  40  of a control of an adaptive equalizer
of the pres- gains each time when the data are inputted to the de-  ent
Invention; lay elements 1 through 4 so that the inputted data are  Fig. 2A
is a chart showing the output of an adder equalized.
of the control of the qualizer, Now, the ZF and LMS methods will be
described.   Fig. 2B is a chart showing the output of a discrim- (1) The ZF
(Zero Forcing) method is an algorism   45  inator of the control; and for
controlling the weighting of the amplifiers 5  Fig. 3 is a block diagram
showing a prior art con- through 9 so that the errors are approximated to
trol for an adaptive equalizer of the present inven- zero. Although this
method is suitable for fast  tion. processing since the operation time is
short, it has problems that there are conditions for con-  50  DESCRIPTION
OF THE PREFERRED vergence and that convergence speed is not fast.
EMBODIMENTS (2) LMS (Least Mean Square) method is an algor- ism for
controlling the weighting of the amplifiers  Embodiments of the present
invention will be de- 5 through 9 so that the square of the errors be-
scribed with reference to the drawings. come minimum. Operation is
complicated and   55  Fig. 1 is a block diagrams showing an embodl- takes a
long period of time while the convergence  mentof a control foran adaptive
equalizerofthe pres- is always assured.                            ent
invention in which components which are like to 



However, the LMS method has a problem in a pri-  those in Fig. 3 are
designated with like numerals. 2    3                   EP0453201 B1
4 In Fig. 1 a reference numeral 1 denotes a delay  dating the gain of the
amplifier in interest to the op- element for delaying an inputted data.
Reference nu-  erated gain. merals 2 through 4 denote delay elements for
delay-   When another inputted data is inputted into the Ing data from the
delay elements 1 through 3 at the  delay element 1, the data stored in the
delay elements previous stage. Each delay element include a latch.   5   1
through 4 are sequentially shifted to the subse- Reference numerals 5
through 9 denote amplifiers for  quent delay elements 2 through 4 and the
amplifier 9 weighting the input data to the delay element and the  and
weighted by the amplifiers 5 through 9. The output data (tap output) from
the delay elements 1  weighted signals are added by the adder 10. The dis-
through 4, respectively. A reference numeral 10 de-  criminator 11 presumes
the reference signal level in notes an adder for adding the outputs from
the am-   1o  accordance with the outputsignal ofthe equalizerand plifiers
5 through 9. The delay elements 1 through 4,  outputs an output signal
representative of the refer- the amplifier 5 through 9 and the adder 10
form an  ence signal level. The subtracter 12 subtracts the ref- equalizer.
erence signal level determined bythe discriminator 11 Reference numerals 11
and 12 denote a discrim-  from the output signal level of the equalizer to
output inator for presuming the level of a reference signal  15   a signal
representative of the difference to the control from the output of the
adder 10 and a subtracter for  13a. subtracting the level of the reference
signal from the  The control 13a operates the gain of next one of
discriminator 11 from the level of the output of the ad-  the amplifiers 5
through 9 in predetermined order and der 10, respectively.
switches the control order switcher 14 for updating Reference numeral 13a
denotes a control for se-  20  the gain of the amplifier in interest to the
operated quentially operating each gain of the amplifiers 5  gain. through
9 by the LMS method in predetermined order    Accordingly, the control 13a
consecutively oper- in accordance with the level of the signal from the
ates the gain of one of the amplifiers 5 through 9 In subtracter 12 and a
reference numeral 14 denotes a  predetermined order in accordance with the
present control orderswitching circuitwhich is switched bythe   25
embodiment each time when a data is Inputted. control 13a foroutputting the
operated gain to the cor-  Therefore, the gain can be updated within an
opera- responding amplifier.                              tion period of
time which is 1/5 of that required in the Now, operation of the thus formed
embodiment    prior art in which there are provided five amplifiers 5 will
be described.                                 through 9. In Fig. 1, the
inputted data are delayed by the ser-  30  The control 13a has an advantage
that the con- ial delay elements 1 through 4 and are stored as a  vergence
is fast since the control performs the oper- data train and then weighted
by the amplifiers 5   ation by the LMS method. through 9 in accordance with
the following formula     Since the multi-path fading which is the largest
and then added by the adder 10 to provide an output  obstacle of the
digital mobile communication system signal to the equalizer.
35  has less fluctuations with time, it is not serious even C'y = Cy
-[err]-Xy                    if the gain of one of the amplifiers 5 through
9 is se- whereiny =-2, -1,0, 1, 2for the amplifiers 5, 6, 7, 8,  quentially
operated and compensated for each time 9, respectively;
when the data is inputted. The advantage of the LMS Cy denotes the gain of
the amplifier at time t =  method is not lost. C'ydenotesthe gain
oftheamplifierattimet=[err]  40  Although the gain of one amplifier is
operated at Xy denotes an input signal at time t = [err]   one time, in the
present embodiment, the gains of a [err] denotes the difference between the
outputs  plurality of amplifiers may be operated at the same of the adder
10 and the discriminator 11 at time [err]  time and the amplifiers, the
gains of which are to be a denotes a constant=
operated may be sequentially changed at given [err] times. the numberof
taps (5 In the embodiment) [err] which is same for all amplifiers. The
discriminator 11 presumes the level of the  Claims reference signal in
accordance with an output signal of the equalizer (adder 10) as shown in
Fig. 2A and   50  1. A control apparatus for an adaptive equalizer In-
outputs the outputsignal -1, 0, +1 as shown In Fig. 2B.  cluding: The
subtracter 12 subtracts the level of the reference      a plurality of
delay elements (1 to 4) con- 



signal from the discriminator 11 from the level of the  nected in series to
each other for delaying input output signal of the equalizer 10 to output a
signal to  data applied to a first stage of said delay ele- the control
13a.                              55       ments; The control 13a operates
the gain of one of the          a plurality of amplifiers (5 to 9) each
con- amplifiers 5 through 9 in predetermined order and      nected to a tap
of each of said delay elements for switches the control order switching
device 14 for up-  weighting the delayed data of said delay ele- 3    3
EP 0 453 201 B1                 4 C   L  M   S* In Fig. 1 a reference
numeral 1 denotes a delay  dating the gain of the amplifier in interest to
the op- ment for delaying an inputted data. Reference nu-  erated gain.
through 4 denote delay elements for delay-     When another inputted data
is inputted into the ing data from the delay elements 1 through 3 at the
delayelement 1 the data stored in the delayelements previous stage. Each
delay element include a latch.   5   1 through 4 are sequentially shifted
to the subse- Reference numerals 5 through 9 denote amplifiersfor  quent
delay elements 2 through 4 and the amplifier 9 weighting the input data to
the delay element and the  and weighted by the amplifiers 5 through 9. The
output data (tap output) from the delay elements 1  weighted signals are
added by the adder 10. The dis- through 4, respectively. A reference
numeral 10 de-  criminator 11 presumes the reference signal level in notes
an adder for adding the outputs from the am-   10  accordance with the
outputsignal of the equalizerand plifiers 5 through 9. The delay elements 1
through 4,  outputs an output signal representative of the refer- the
amplifier 5 through 9 and the adder 10 form an  ence signal level. The
subtracter 12 subtracts the ref- equalizer.
erence signal level determined bythe discriminator 11 Reference numerals 11
and 12 denote a discrim-  from the output signal level of the equalizer to
output inator for presuming the level of a reference signal  15   a signal
representative of the difference to the control from the output of the
adder 10 and a subtracter for  13a. subtracting the level of the reference
signal from the  The control 13a operates the gain of next one of
discriminator 11 from the level of the output of the ad-  the amplifiers 5
through 9 in predetermined orderand der 10, respectively.
switches the control order switcher 14 for updating Reference numeral 13a
denotes a control for se-  20  the gain of the amplifier in interest to the
operated quentially operating each gain of the amplifiers 5  gain. through
9 by the LMS method in predetermined order     Accordingly, the control 13a
consecutively oper- in accordance with the level of the signal from the
ates the gain of one of the amplifiers 5 through 9 in subtracter 12 and a
reference numeral 14 denotes a  predetermined order in accordance with the
present control orderswitching circuitwhich isswitched bythe   25
embodiment each time when a data is inputted. control 13a for outputting
the operated gain to the cor-  Therefore, the gain can be updated within an
opera- responding amplifier.                               tion period of
time which is 1/5 of that required in the Now, operation of the thus formed
embodiment    prior art in which there are provided five amplifiers 5 will
be described.                                 through 9. in Fig. 1, the
inputted data are delayed by the ser-  30  The control 13a has an advantage
that the con- ial delay elements 1 through 4 and are stored as a  vergence
is fast since the control performs the oper- data train and then weighted
by the amplifiers 5    ation by the LMS method. through 9 in accordance
with the following formula     Since the multi-path fading which is the
largest and then added by the adder 10 to provide an output  obstacle of
the digital mobile communication system signal to the equalizer.
35   has less fluctuations with time, it is not serious even [err]
if the gain of one of the amplifiers 5 through 9 is se- wherein y = -2, -1,
0, 1, 2 for the amplifiers 5, 6, 7, 8,  quentially operated and compensated
for each time 9. respectively;                                    when the
data is inputted. The advantage of the LMS Cy denotes the gain of the
amplifier at time [err]  method is not lost. C'ydenotesthe gain
oftheamplifierattimet=t [err]  40  Although the gain of one amplifier is
operated at Xy denotes an input signal at time t = [err]    one time, in
the present embodiment, the gains of a 8 denotes the difference between the
outputs  plurality of amplifiers may be operated at the same of the adder
10 and the discriminator 11 at time t = [err] time and the amplifiers, the
gains of which are to be [err] denotes a constant=
operated may be sequentially changed at given times. the number of taps (5
in the embodiment) [err] 



which is same for all amplifiers. The discriminator 11 presumes the level
of the  Claims reference signal in accordance with an output signal of the
equalizer (adder 10) as shown in Fig. 2A and   50  1. A control apparatus
for an adaptive equalizer in- outputs the output signal -1, 0, +1 as shown
in Fig. 2B.  cluding: The subtracter 12 subtracts the level of the
reference       a plurality of delay elements (1 to 4) con- signal from the
discriminator 11 from the level of the  nected in series to each other for
delaying input output signal of the equalizer 10 to output a signal to
data applied to a first stage of said delay ele- the control 13a.
55       ments; The control 13a operates the gain of one of the          a
plurality of amplifiers (5 to 9) each con- amplifiers 5 through 9 in
predetermined order and      nected to a tap of each of said delay elements
for switches the control order switching device 14 for up-  weighting the
delayed data of said delay ele- 3    5                   EP0453201B1
8 ments;                                            ker auf der Basis einer
Differenz zwischen dem an adder (10) connected to said amplifiers
Ausgangssignal des Addierers und dem von dem for adding output signals of
said amplifiers to    Diskriminator erzeugtbn Referenzsignal, wobei each
other,                                       die Vorrichtung dadurch
gekennzeichnot it, dal a discriminator (11) connected to said ad-   5  sie
umfaht: der for producing a reference signal in accor-          eine mit
der Stbuereinrichtung (13a) ver- dance with an output signal of said adder,
and    bundene   Steuerreihenfolgenumschalteinrich- control means (13a)
connected to said dis-  tung (14) zum selektiven Anlegen der von der
criminator for sequentially calculating a gain for  Steuereinrichtung (1
3a) berechneten Verstir- each of the amplifiers on the basis of a
difference   10  kung an einen derVerstirkerjedesmal wenn Da- between the
output signal of said adder and the   ten an die Verzogerungselemente (1
bis 4) ge- reference signal produced by said discriminator,  hen, wodurch
JederderVerstarkernach einervor- said apparatus being characterised by
comprls-    bestimmten Relhenfolge angewAhit wird und wo- ing:
durch der Schritt des Anlegens der berechneten control order switching
means (14) con-  15  Verstarkung fOr jeden einzelnen Verstirker der nected
to said control means (13a) forselectively  Reihe nach ausgeffhrt wird.
applying the gain calculated by said control means (13a) to one of the
amplifiers each time  2. Stbuervorrichtung fOr einen adaptiven Entzerrer
that data is input into said delay elements (I to 4),  nach Anspruch 1,
dadurch gekennzeichnet dag whereby each one of the amplifiers is selected
in  20  die Verstirkungen der Verstarker (5 bis 9) nach a predetermined
order and whereby the step of     dem Verfahren der kieinsten
Fehlerquadrate ge- applying said calculated gain is performed for
steuert werden. each amplifier in turn. 3. Stbuervorrichtung far einen
adaptiven Entzerrer 2. Acontrol apparatus for an adaptive equaliserac-  25
nach Anspruch I odor 2, dadurch gekennzeich- cording to claim 1,
characterised in that the gains  net, da/ jedes der Verzogerungselemente (I
bis of the amplifiers (5 to 9) are operated by the least  4) einen
Zwischenspelcher aufweist. mean square method. 3. A control apparatus for
an adaptive equaliserac-  3o   Revendications cording to claim 1 or claim
2, characterised in that each of the delay elements (1 to 4) comprises a
1. Appareil de commande pour 6galiseur adaptatif latch.
comprenant: plusieurs elements a retard (1 A 4) connec- 9S     tes les uns
aux autres en serio pour retarder des Patentanspruche
donnees d'entree appliquees A un premier etage desdits elements A retard;
1. Steuervorrichtung far einen adaptiven Entzerrer         plusieurs
amplificateurs (5 A 9), chacun mit:
d'eux etant connecte A une prise desdits ole- aener Anzahl miteinander in
Reihe go-  40    ments A retard pour ponderer les donnoes retar- schaltster
Verzogerungsolemante (1 bis 4) zum     dees desdits ilements A retard;
Verzogern an einer ersten Stufe der Verzoge-            un additionneur
(10) connecti auxdits am- 



rungselemente anliegender Eingangsdaten;          plificateurs pour
additlonner les signauxdesortie einer Anzahl jeweils mit elnem Abgriff an
desdits amplificatburs les uns aux autres; jeweils einem der
Verzogerungselemente ver-  45         un discriminateur (11) connecte audit
ad- bundenerVerstirker(5 bis 9) zum Gewichten der     ditionneurpouremettre
un signal de riferenceen von den Verzogerungselementen verzogerton
fonction d'un signal de sortie dudit additionneur; Datbn;
et einem mit den Verstarkern verbundenen             un moyen de commands
(13a) connecti Addierer(10)zummiteinanderAddierenvonAus-  5o     audit
discriminateur pour effectuer de maniere gangssignalen der VerstArker,
sequentielle le calcul d'un gain pour chacun des einem mit dem
Addiererverbundenen Dis-       amplificateurs sur la base d'une difference
entre kriminator (11) zum Erzeugen sines Referenzsi-    le signal de sortie
dudit additionneur et le signal gnals entsprechend einem Ausgangssignal des
de reference emis par ledit discriminataur, ledit Addierers; und
55      appareil itant caracteriso en ce qu'iI comprend: einer mit dem
Diskrminator verbundenen            un moyen de commutation d'ordre de
Steuereinrichtung (13a) zum sequentiellen Be-     commando (14) connecti
audit moyen de rechnen einerVerstArkung fur jeden der Verstar-   commands
(1 3a) pour appliquer de fagon sileo- 4    5                   EP 0 453 201
B1                    6 ments;                                          ker
auf der Basis einer Differenz zwischen dem an adder (10) connected to said
amplifiers   Ausgangssignal des Addierers und dem von dem for adding output
signals of said amplifiers to    Dlskrlminator erzeugten Roferenzsignal,
wobel each other,                                        die Vorrichtung
dadurch gekennzeichnet ist, dais a discriminator (11) connected to said ad-
5  sie umiallt: J    der for producing a reference signal in accor-
eine mit der Steuereinrichtung (13a) ver- F    dance with an output signal
of said adder; and     bundene   Steuerreihenfolgenumschalteinrich- control
means (13a) connected to said dis-   tung (14) zum seloktiven Anlegen der
von der criminator for sequentially calculating a gain for
Steuereinrichtung (13a) berechneten Verstar- each of the amplifiers on the
basis of a difference  io  kung an einen derVerstarker, jedesmal wenn Da-
between the output signal of said adder and the    ten an die
Verz6gerungselemente (1 big 4) ge- reference signal produced by said
discriminator,   hen,wodurchjederderVerstarkernacheinervor- said apparatus
being characterised by compris-     bestimmten Reihenfolge angewihit wird
und wo- ing:                                               durch der
Schritt des Anlegens der berechneten control order switching means (14)
con-  16  Verstarkung fOr jeden einzelnen Verstarker der nected to said
control means (13a) for selectively  Reihe nach ausgeffhrt wird. applying
the gain calculated by said control means (13a) to one of the amplifiers
each time  2. Steuervorrichtung fOr einen adaptiven Entzerrer that data is
Input into said delay elements (I to 4),  nach Anspruch 1, dadurch
gekennzeichnet. dafi whereby each one of the amplifiers is selected in  20
die Verstarkungen der Verstarker (5 bis 9) nach a predetermined order and
whereby the step of      dem Verfahren der kleinsten Fehlerquadrate ge-
applying said calculated gain is performed for     steuert werden. each
amplifier In turn. 3. Sbtuervorrlchtung fOr eonen adaptiven Entzerrer 2. A
control apparatus for an adaptive equaliser ac-  25  nach Anspruch I odor
2, dadurch gekennzeich- cording to claim 1, characterised in that the
gains,  net, dal jedes der Verzogerungselemente (1 bls of the amplifiers (5
to 9) are operated by the least  4) einen Zwischenspeicher aufweist. mean
square method. 3. A control apparatus for an adaptive equaliser ac-  3o
Revendlcations cording to claim 1or claim 2, characterised in that each of
the delay elements (1 to 4) comprises a  1. Appareil de commande pour
6gallseur adaptatif latch.
comprenant: plusiours 6l6ments a retard (1 A 4) connec- 35     tes les uns
aux autres en serle pour retarder des PatentansprOche
donnees d'entree appliqudes A un premier etage desdits elements A retard;
1. Steuervorrichtung fOr sinen adaptiven Entzerrer          plusieurs
amplificateurs (5 A 9), chacun 



mit:                                               d'eux etant connect6 A
une prise desdits ele- einer Anzahl miteinander in Reihe ge-  4o    ments A
retard pour pondgrer les donn6ees retar- schalteter Verz8gerungselemente (1
bis 4) zum      dees desdits elements A retard; Verz8gern an einer ersten
Stufe der Verzoge-             un additionneur (10) connecte auxdits am-
rungselemente anliegender Eingangsdaten;           plificateurs pour
additionner les signauxde sortie einer Anzahl jeweils mit einem Abgriff an
desdits amplificateurs les uns aux autres; jeweils elnem der
Verzdgerungselemente ver-  45          un discrlminateur (11) connecte
audit ad- bundener Verstirker (5 bis 9) zum Gewichten der    ditionneur
pour emettre un signal de refdrence en von den Verzogerungselementen
verz6gerten          fonction d'un signal de sortie dudit additionneur;
Daten;                                             et elnem mit den
Verstarkern verbundenen              un moyen de commando (13a) connectK
Addierer (10) zum miteinanderAddleren von Aus-  5o  audit discriminateur
pour offectuer de maniere gangssignalen der Verstirker;
sequentielle la calcul d'un gain pour chacun des einem mit dem
Addiererverbundenen Dis-       amplificatours sur la base d'une difference
entre kriminator (11) zum Erzeugen eines Referenzsi-    le signal de sortie
dudit additionneur et le signal gnals entsprechend einem Ausgangssignal des
de reference emis par ledit discriminateur, ledit Addierers; und
55       appareil etant caracterise en ce qu'il comprend: einer mit dem
Diskriminator verbundenen            un moyen de commutation d'ordre de
Steuerelnrichtung (13a) zum sequentiellen Be-      commando (14) connecte
audit moyen de rechnen einer Verstarkung fMr jeden der Verstir-   commando
(1 3a) pour appliquer de facon seleo- 4    7                  EP0453201 B1
8 tive Is gain calcule par ledit moyen de commands (13a) A l'un des
amplificateurs A chaque fols qu'une donnee est Introduite dans lesdits ele-
ments A retard (1 A 4), chacun des amplificatours 6tant selectionne selon
un ordre pred6termine at   5 I'etape d'application du gain calcule 6tant
effeo- tues pour chaque amplificateur tour A tour. 2. Appareil de commands
pour 6galiseur adaptatif selon la revendication 1, caracterise en co quo
10 les gains des amplificateurs (5 a 9) sont calcules selon la methodo du
plus petit carre moyen. 3. Appareil de commando pour 6galiseur adaptatif
selon la revendication I ou 2, caracterise en ce  15 quo chaque element A
retard (1 a4) comprend un verrou. 20 25 30 35 40 45 50 55 / 5    


