
0  052 900 Description A. Background of the Invention A(1) Field of the
invention 5       The invention relates to a comparison circuit for
comparing two signals with each other and to ascertain whether these
signals are equal to each other. This comparison circuit is particularly
intended for use in a car radio receiver. A(2). Description of the prior
art 10      As is generally known a car receiver includes a tunable
receiving circuit. By applying a predeter- mined tuning datum to this
receiving circuit it is tuned to a predetermined radio channel through
which a certain program is transmitted. Modern car radios often comprise a
memory in which the tuning data for a number of radio channels are stored.
Such a tuning datum can then be selected by means of a selection switch and
applied to the receiving circuit. 15      Reference 1 discloses a car
receiver in which the memory consists of a plurality of addressable memory
fields each having a plurality of addressable memory locations. A tuning
datum is stored in each memory location and a memory field contains more in
particular the tuning data for, for example, all those radio channels
through which the same program is transmitted. One of these memory fields
can be selected by means of the selection switch. A search tuning circuit
has been provided for 20 selecting one of the tuning data stored in this
selected memory field. This search tuning circuit has a search-mode and a
rest-mode. If it is adjusted to the search-mode, the tuning datum  which
corresponds to the radio channel whose received field strength is strongest
is selected from the tuning data stored in the relevant memory field. After
the receiving circuit has been tuned to this radio channel the search
tuning circuit is automatically adjusted to the rest-mode. The search
tuning circuit is auto- 25 matically adjusted to the search mode again when
the selection switch is operated, but also when the received field strength
of the radio channel to which the receiving circuit has been tuned
decreases to below a predetermined value. This prior art car radio receiver
has the disadvantage that all tuning data must be previously fed manually
into the different memory locations. The consequence thereof is, for
example, that if the 30 receiving circuit must be tuned manually to a radio
channel the tuning datum of which has not been previously stored in one of
the memory fields and the received field strength of this radio channel
decreases to below a desired value that then this receiving circuit must be
readjusted manually. To obviate the two above-mentioned disadvantages,
reference 2 proposed to tune the receiving circuit (for example manually)
to a radio-channel through which a desired program is transmitted and to 35
search thereafter, for example by means of an auxiliary receiving circuit
to which a search tuning circuit is connected, for all those radio channels
through which the same program is transmitted and to store the tuning data
obtained therefrom in a memory field. In order to ascertain whether the
desired program is also transmitted through that radio channel to which the
auxiliary receiving circuit has been tuned by the search tuning circuit,
the output signals of the two receiving circuits are compared with 40  each
other in a comparison circuit. This comparison circuit produces a first
output signal when the two signals are equal to each other. If they are not
equal, the comparison circuit produces a second output signal. In response
to the first output signal the tuning datum which was used to tune the
auxiliary receiving circuit to the relevant radio channel is stored in a
memory location of a memory field. 45 B. Summary of the invention The
invention has for its object to provide an advantageous embodiment of such
a comparison circuit for mutually comparing a first and a second analog
signal. According to the invention, this comparison circuit comprises: a. a
first and a second signal processing channel each having: 50      -i    an
input to which one or other of said analog signals is applied; -ii   an
output: -iii   a zero-crossing detector the input of which is coupled to
the input of the signal processing channel; -iv   a counter circuit the
input of which is connected to the output of the zero-crossing 55
detector and the output of which is coupled to the output of the signal
processing channel and which is arranged to count all zero-crossings
occurring within a measuring time interval T(n) wherein n = 1, 2, 3, ... N
of a number of N measuring time intervals T(1), T(2), ... T(N) and for
producing a number which indicates the number of zero- crossings which
occur in this measuring time interval T(n); 60      b. a computer which is
coupled to the two outputs of the two signal processing channels and is
arranged to: -i   receive the N numbers x(n) produced by the counter
circuit in the first signal processing channel and the N numbers y(n)
produced by the counter circuit in the second signal processing channel; 



65         ii  determine by means of these numbers the value of a
correlation coefficient (R) which is 2    0 052 900 related to the product
of a first [err] and a second [err] directional coefficient of a first and
a second straight line respectively, which first line, according to the
least square error method, and considering the numbers x(n) to be
independent variables, can be defined by the general form y = a, x + b,
which is closest to the N numbers y(n), and which 5              second
line, according to the least square error method, and considering the
numbers y(n) to be independent variables, can be defined by the general
form [err], which is closest to the N numbers x(n); -iii  produce a first
or a second signal, respectively, according as the value of this
correlation coefficient is higher than, or lower than or equal to a
threshold value. 10     If now at a predetermined instant the first signal
is produced by the computer this means, for example, that there is little
or no correlation between the two analog signals and that they have little
or no agreement. If, in contrast therewith, the second signal is produced
this means that the two analog signals are highly correlated and are
consequently accurately in agreement. Hereafter the number of
zero-crossings of the first signal in the measuring time interval T(n) will
15 be denoted by x(n) and the number of zero-crossings of the second signal
in the same measuring time interval T(n) will be denoted by y(n). it
holding that n = 1, 2, 3, ... N. Although the numbers x(n) and y(n) are
independent from each other it is yet possible to determine the correlation
coefficient in a particularly simple way, namely if the N numbers y(n) are
assumed to be linearly related to the N numbers x(n). Considering the
numbers x(n) to be independent 20 variables, a straight line can be defined
which has the general form [err] and which is closest to the N numbers
y(n). The directional coefficient [err], can now easily be computed in
known manner by using the least square error method (alternatively
designated linearly regression method). Preferably, a programmable computer
which has been provided with or can be provided with the necessary memories
to store the N numbers x(n) and the N numbers y(n) is chosen for this
computation. 25      In addition to the above-mentioned directional
coefficient [err] it is also possible to determine the directional
coefficient a2 of a straight line of the general form x = a2y + b2 and
which is closest to the N numbers x(n). In that case the numbers y(n) are
considered to be the independent variables. Also this directional
coefficient a2 can be computed by means of the least square error method.
The correlation coefficient R can now be defined either as the product
[err] of the two directional 30 coefficients or as the square root of this
product. C. References 1. Receiver including a tuning circuit having a
transmitter search device: Netherlands Patent Application No. 7413161: 35
2. Verfahren und Schaltungsanordnung fOr einen Rundfunkempfgnger mit
Sendersuchlauf. German Patent Application No. 29 46 755.8. D. Short
description of the Figure Figure 1 shows a first embodiment of the signal
comparison circuit in which two separated signal 40 processing channels are
used. Figure 2 shows a second embodiment of the signal comparison circuit
in which the two signal processing circuits have a number of elements in
common. E. Description of the embodiments 45       Figure 1 shows a first
embodiment of the signal comparison circuit, which includes a clock pulse
c(i) - controlled programmable computer 1 to which the N numbers x(n) and
the N numbers y(n), wherein n = 1, 2, ..., N, are applied. This computer 1
is of the type having a first memory field I and a second memory field 11,
as well as a third memory field III. The N numbers x(n) are stored in the
first memory field I and the numbers y(n) in the second memory field II.
The third memory field is used to 50   store the program therein.
Preferably, this program contains the instructions which are required to
compute the value of the correlation coefficient R by means of the N
numbers x(n) and the N numbers y(n) and to compare this correlation
coefficient with a threshold value. This computer has an output 2 at which
a logic "O" appears as long as the computed correlation coefficient R is
smaller than the threshold value and at which a logic "1" appears when the
computed correlation coefficient R exceeds 55  this threshold value. As is
generally known, the directional coefficients [err] and [err] defined in
paragraph 8 follow from the respective expressions: N           1  N
N (1) 



65 3    0 0052900 N                N         N 5 If now the correlation
coefficient R is defined as the product of the two directional coefficients
[err] 10 and [err], then it follows from the expressions (1) and (2) that:
15 20 The numbers x(n) and y(n) are produced by a first and a second signal
processing channel K(1) and K(2), respectively. This signal processing
channel K(.) has an input 3(.) and an output 4(.). A cascade arrangement of
a zero-crossing detector 5(.) and a counter circuit 6(.) is included
between 25 this input 3(.) and this output 4(.). An analog signal s(.,t),
which is converted by the zero-crossing detector into a pulse train r(.,i)
is applied to this signal processing channel K(.). Each pulse in this pulse
train marks the location of a zero-crossing in s(.,t). This pulse train
r(.,i) is applied to the counter circuit 6(.), which counts those pulses of
r(.,t) which occur within a measuring time interval of a sequence of N
consecutive measuring time intervals T(1), T(2), T(3, . .. T(N). The number
of pulses of r(1, i) occurring 30 within the measuring time interval T(n)
has already been denoted x(n) in the foregoing. In a corres- ponding manner
the quantity y(n) now represents the number of pulses of r(2, i) occurring
within the same measuring time interval T(n). These measuring time
intervals T(n) may all be of equal duration, but they may alternatively
have mutually different lengths. In order to carry out this counting
operation in the above-described manner the counter circuit 35 6(.)
includes a counter (7(.) to which the pulses of the pulse train r(.,i) are
applied through an AND- gate 8(.). This AND-gate 8(.) also receives
periodically a sequence consisting of N gate pulses h(1), h(2), . ... h(N),
the pulse duration of the gate pulse h(n) being equal to the length of the
measuring time interval T(n). As it is only of interest to know how many
pulses of r(.,i) occur in the individual measuring time 40  intervals T(1),
T(2). .. . T(N), the counting position of the counter 7), which represents
the number x(n) or y(n) is each time transferred, at an instant located
between these two consecutive gate pulses, to the computer 1 and this
counter is thereafter reset to the zero position. For the transfer of the
counting position to the computer the output of the counter 7(.) is
connected through an AND-gate 9(.) to the output 4(.) of the signal
processing channel K(.). Transfer 45  pulses k(i) (i = 0, 1, 2, ...[err] )
are applied to this AND-gate 9(.). The counter 7(.) has a clear input C1 to
which clear pulses p(i) are applied to adjust it to the zero position.
Figure 1 shows that the pulses required for the control of this signal
comparison circuit are generated by a pulse generator 10. Figure 2 shows a
second embodiment of the signal comparison circuit. Also this circuit
includes 5o  two signal processing channels K(1) and K(2), each having an
input 3(1) and 3(2), respectively, and an output 4(1) and 4(2),
respectively, as well as a cascade arrangement of a zero-crossing detector
5(0) and a counter circuit 6(0). This counter circuit 6(0) is of a similar
implementation as the counter circuits 6(1) and 6(2) which are used in the
embodiment of Figure 1, and includes a cascade arrangement of an AND-gate
8(0), a counter 7(0) and an AND-gate 9(0). This embodiment differs from the
embodiment 55 shown in Figure 1 in that the cascade arrangement of the
zero-crossing detector 5(0) and the counter circuit 6(0) is now common to
both signal processing channels K(1) and K(2) and is alternately used in
time-division multiplex to generate the N-numbers x(n) in response to the
first analog signal s(1 ,t) and to generate the N numbers y(n) in response
to the second analog signal s(2,t). In order to use the said cascade
arrangement in the time-division multiplex mode there is 60  connected to
the input of the zero-crossing detector 5(0) the output of a two-position
switch 11, which is shown symbolically only, and which has the two inputs
12 and 13. The input 12 is connected to the input 3(1) of the signal
processing circuit K(1). In this embodiment the input 13 is connected to
the input 3(2) of the signal processing channel K(2), through a delay line
14. This delay line 14 has a time delay T which is equal to the time
interval between the leading edges of two consecutive gate pulses 65 h(n)
and h(n+1) which are applied to the AND-gate 8(0). In addition, also the
output of the counter 4    0 052 900 circuit 6(0) is connected to the input
of a two-position switch 15, which is shown symbolically only and 



has the two outputs 16 and 17. Output 16 is connected to the input 4(1) of
the signal processing channel K(1) and the output 17 is connected to the
output 4(2) of the signal processing channel K(2). The switches 11 and 1 5
are controlled by control pulses u(i) which are also produced by the pulse
5  generator 10. This control is such that alternately input 12 and input
13 of switch 11 and output 16 and output 17 of switch 15 are connected for
a period of time T to the input of the zero-crossing detector 5(0) and to
the output of the counter circuit 6(0), respectively. It should be noted
that in the embodiment of Figure 2 the consecutive measuring time intervals
will have to be mutually equal. 10      It should also be noted that the
measuring time intervals are permitted to partly overlap. Claim A signal
comparison circuit for comparing a first (s(1 ,t)) and a second analog
signal (s(2,t)) with 15 each other, characterized by: al a first (k(1)) and
a second signal processing channel (k(2) each having: -i   an input (3(1):
3(2)) to which one or other of said analog signals is applied. -ii    an
output (4(1); 4(2)); - iii  a zero-crossing detector (5(1); 5(2)) the input
of which is coupled to the input of the 20              signal processing
channel; - iv   a counter circuit (6(1): (2)) the input of which is
connected to the output of the zero- crossing detector and the output of
which is coupled to the output of the signal processing channel and which
is arranged to count all the zero-crossings occurring within a measuring
time interval T(n) wherein n = 1, 2, 3 ... N of a number of N measuring
time 25             intervals T(1), T(2), ... T(N) and for producing a
number (x(n), y(n)) which indicates the number of zero-crossings which
occurred in this measuring time interval T(n): b) a computer (1) which is
coupled to the two outputs of the two signal processing channels and is
arranged to: -i   receive the N numbers x(n) produced by the counter
circuit (6(1)) in the first signal 30              processing channel and
the N numbers y(n) produced by the counter circuit (6(2)) in the second
signal processing channel; -ii   determine by means of these numbers the
value of a correlation coefficient (R) which is related to the product of a
first (a,) and a second (a2) directional coefficient of a first and a 35
second straight line respectively, which first line, according to the least
square error method, and considering the numbers x(n) to be independent
variables, can be defined by the general form [err] which is closest to the
N numbers y(n), and which second line, according to the least square error
method, and considering the numbers y(n) to be independent variables, can
be defined by the general form [err], which is closest to the N numbers
x(n): - iii  produce a first or a second signal, respectively, according as
the value of this correlation coefficient is higher than, or lower than or
equal to a threshold value. Revendication 45 Un circuit de comparaison de
signal servant a comparer un premier (S(1,t)) e un second signal
analogiques (S(2,t)) entre eux, caract6risd par a. un premier canal de
traitement de signaux (K01)) et un second canal de traitement de signaux
(K(2)) pr6sentant chacun: so      -i    une entree (3(1)): 3(2)) A laquelle
est applique le premier signal analogique; -ii    une sortie (4(1));
(4(2)): -iii  un d6tecteur de passage par z6ro (5(1)); (5(2)), dont
I'entr6e est couplee A l'entrde du canal de traitement de signal: --iv   un
circuit de comptage (6(1)), (6(2)), dont l'entroe est connect6e A la sortie
du detecteur 65              de passage par zdro et dont la sortie est
couplee A la sortie du canal de traitement de signaux et qui est prdvu de
fagon a pouvoir compter tous les passages par zero se produisant dens un
intervalle de temps T(n) dani sequel n = 1, 2, 3, ... N, N dtant le nombre
d'intervalles de temps de mesure T(1), T(2), ... T(N) et pour ddlivrer un
nombre indiquant le nombre de passages par z6ro se produisant -dans cot
intervene de temps de a>:             mesure T(n); b. un calculateur (1),
qui est couple aux deux sorties des deux canaux de traitement de signeux
est conque pour: -i   recevoir les N nombres y(n) fournis par le circuit
(6(1)) de comptage dans le premier canal de traitement de signaux et les N
nombres y(n) fournis par le circuit de comptage (6(2)) 65              dans
le deuxiime canal de traitement de signaux. 5  



0 052 900 circuit 6(0) is connected to the input of a two-position switch 1
5, which is shown symbolically only and has the two outputs 16 and 17.
Output 16 is connected to the input 4(1) of the signal processing channel
K(1) and the output 1 7 is connected to the output 4(2) of the signal
processing channel K(2). The switches 1 1 and 15 are controlled by control
pulses u(i) which are also produced by the pulse 5  generator 10. This
control is such that alternately input 12 and input 13 of switch 1 1 and
output 16 and output 17 of switch 1 5 are connected for a period of time T
to the input of the zero-crossing detector 5(0) and to the output of the
counter circuit 6(0). respectively. It should be noted that in the
embodiment of Figure 2 the consecutive measuring time intervals will have
to be mutually equal. 10      It should also be noted that the measuring
time intervals are permitted to partly overlap. Claim A signal comparison
circuit for comparing a first (s(1 ,t)) and a second analog signal (s(2,t))
with 15 each other, characterized by: a) a first (k(1)) and a second signal
processing channel (k(2) each having: -i    an input (3(1): 3(2)) to which
one or other of said analog signals is applied. -ii    an output (4(1):
4(2)): - iii  a zero-crossing detector (5(1); 5(2)) the input of which is
coupled to the input of the 20              signal processing channel: - iv
a counter circuit (6(1); (2)) the input of which is connected to the output
of the zero- crossing detector and the output of which is coupled to the
output of the signal processing channel and which is arranged to count all
the zero-crossings occurring within a measuring time interval Tin) wherein
n = 1, 2. 3 ... N of a number of N measuring time 25             intervals
T(1), T(2). ... T(N) and for producing a number (x(n), y(n)) which
indicates the number of zero-crossings which occurred in this measuring
time interval T(n): b) a computer (1) which is coupled to the two outputs
of the two signal processing channels and is arranged to: - i   receive the
N numbers x(n) produced by the counter circuit (6(1)) in the first signal
processing channel and the N numbers y(n) produced by the counter circuit
(6(2)) in the second signal processing channel; - ii  determine by means of
these numbers the value of a correlation coefficient (R) which is related
to the product of a first [err] and a second (a2) directional coefficient
of a first and a 35              second straight line respectively, which
first line, according to the least square error method, and considering the
numbers x(n) to be independent variables, can be defined by the general
form [err] which is closest to the N numbers y(n), and which second line,
according to the least square error method, and considering the numbers
y(n) to be independent variables, can be defined by the general form [err],
which is closest 40             to the N numbers x(n): - iii  produce a
first or a second signal, respectively. according as the value of this
correlation coefficient is higher than, or lower than or equal to a
threshold value. Revendication sUn circuit de comparaison de signal servant
A comparer un premier (S(1 t)) e un second signal analogiques (S(2,tl)
entre eux, caract6risd par a. un premier canal de traitement de signaux
WK(1)) et un second canal de traitement de signaux (K(2)) prdsentant
chacun: so      -i    une entree (3(1)): 3(2)) A laquelle est appliqu6 le
premier signal analogique; -ii    une sortie 4(1)); (4(2)); -iii un
detecteur de passage par zero (5(1)); (5(2)), dont l'entrde est couplee a
1'entree du canal de traitement de signal: -iv    un circuitde comptage
(6(1)), (6(2)), dont l'entr6e est connectee a la sortie du d6tecteur 55
de passage par zero et dont la sortie est coupl6e a Ia sortie du canal de
traitement de signaux et qui est prdvu de fakon a pouvoir compter tous les
passages par zero se produisant dans un intervalle de temps T(n) dans
1equel n = 1, 2. 3. ... N. N 6tant le nombre d'intervalles de temps de
mesure T(1M, T(2), ... T(N) et pour ddlivrer un nombre indiquant le nombre
de passages par zero se produisant dans cet intervene de temps de mesure
Tin); b. un calculateur (1), qui est couplA aux deux sorties des deux
canaux de traitement de signaux est concue pour: -i   recevoir les N
nombres y(n) fournis par le circuit (6(1)) de comptage dans le premier
canal de traitement de signaux et les N nombres y(n) fournis par le circuit
de comptage (6(2)) 



65              dans le deuxieme canal de traitement de signaux. 5    0 052
900 -ii   determiner, A i'aide de ces nombres, la valeur d'un coefficient
de correlation (R) defini A partir du produit d'un premier (a,) et d'un
second (a2) coefficient representant, respective- ment, les pentes d'une
premiere et d'une seconde droite. la premiere droite etant definie par la
formule y = ax+b1 et s'approchant au mieux des N nombres y(n), et le
premier 5              coefficient (a,) etant extrait, en considerant les
nombres x(n) comrme variables independantes, par la methode des moindres
carres, tandis que la seconde droite est definie par la formule x = a2y+b2
et s'approchant au mieux des N nombres y(n), et le second coefficient (82)
etant extrait, en considerant lea nombres y(n) comme variables
ind6pendantes, par Ia m~thode des moindres carres: ro      -iii  produire
un premier ou un second signal respectivement lorsque la valeur de ce
coefficient de correlation est supdrieure, inferieure ou egale A une valeur
de seuil. Patentanspruch 75      Signalvergleichsanordnung zum miteinander
Vergleichen eines ersten (S(1,t)) und eines zweiten analogen Signals
(S(2,t)). gekennzeichnet durch: a) einen ersten (K(1)): und einen zweiten
Signalverarbeitungskanal (K(2)), die je mit den folgenden Elementen
versehen sind: -i    einem  Eingang (3(1); 3(2)), dem des eine oder des
andere der genannten analogen 20             Signale zugefuhrt wird, -ii
einem Ausgang (4(1); 4(2)); - iii  einem Nulldurchgangsdetektor (5(1);
5(2)). dessen Eingang mit dem Eingang des Signal- verarbeitungskanals
verbunden ist. -iv    einer Zahlerschaltung (6(1); 6(2)), deren Eingang an
den Ausgang des Nulldurchgangs- 25              detektors angeschlossen ist
und deren Ausgang mit dem Ausgang des Signalverar- beitungskanals verbunden
ist und die eingerichtet ist um jeweils diejenigen Nulldurch- gAnge zu
zihlen, die innerhalb eines Messzeitintervalls T(n) auftreten mit n = 1, 2,
3... N einer Anzahl von N Messzeitintervallen T(1), T(2),. .. T(N) und zum
Abgeben einer Zahl (x(n), y(n)), die die Anzahl in diesem Messzeitintervall
T(n) aufgetretener Anzahl Null- 30              durchgange angibt; b) eine
Rechenanordnung (1), die mit den beiden Ausgingen der zwei
Signalverarbeitungskanile verbunden ist und die dazu eingerichtet ist, - i
die N Zahlen x(n), die von der Zahlerschaltung (6(1)) in dem ersten
Signalverarbeitungs- 3s              kanal geliefert werden und die N
Zahlen y(n), die von der Zahlerschaltung (6(2)) in dem zweiten
Signalverarbeitungskanal geliefert werden, zu empfangen; - ii   mit Hilfe
dieser Zahl den Wert eines Korrelationskoeffizienten (R1, der zu dem
Produkt aus einem ersten (a,) und einem zweiten (ad) Richtungskoeffizienten
einer ersten und einer zweiten geraden Linie in Verbindung steht, zu
bestimmen, welche erste Linie ent- 40              sprechend dem kleinsten
Quadratfehlerverfahren und in anbetracht dass die Zahlen x(n) unabhangige
Verinderliche sind, durch die allgemeine formel y = a, x + b, bestimmt
werden kann, die den N Zahien y(n) am nichsten liegt und welche zweite
Linie nach dem kleinsten Quadratfehler-verfahren und in anbetracht, dass
die Zahlen y(n) unabhin- gige Verinderliche sind, durch die aligemeine
Formel x =a2 y + b2 bestimmt werden 46              kann, die den N Zahlen
x(n) am nichsten ist; ii;  ein erstes oder ein zweites Signal zu erzeugen,
wenn der Wert dieses Korrelations- koeffizienten hoher oder niedriger ist
als ein Schwellenwert oder diesem Schwellenwert entspricht. so 55 65 65 6


