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57 ABSTRACT 

A noise canceler of the present invention includes a signal 
to-noise power ratio estimator to which a main Signal and a 
reference Signal are input. The estimator 10 estimates the 
Sinal-to-noise power ratio of the main Signal from the mean 
power of a desired signal contained in the main Siganl and 
a mean power of a noise Signal also contained in the main 
Signal. In addition, the estimator estimates the Signal-to 
noise power ratio of the reference Signal from the mean 
power of a desired signal contained in the reference Signal 
and the mean power of a noise Singal also contained in the 
reference Signal. An adptive filter for estimating the noise 
Signal of the main Signal has its Step size for coefficient 
updating controlled in accordance with the estimated Signal 
to-noise power ratio of the noise Signal. On the other hand, 
an adptive filter for estimating the desired Signal of the 
reference Signal has its Step size for coefficient updating 
controlled in accordance with the estimated Signal-to-noise 
power ratio of the reference Signal. Delay circuits are 
provided for compensating for a delay ascribable to a power 
averaging procedure which a Signal-to-noise power ratio 
estimator executes to calculate the estimated Siganl-to-noise 
power ratioS. 

6 Claims, 6 Drawing Sheets 
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Fig.3 
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E2(z) = XA () - F2(3) Eq. (5) 

= 0 

Therefore, the transfer characteristic W2(z) of the adap 
tive filter 6 is produced by: 

The output F2(z) of the adaptive filter 6 derived from the 
learning is expressed as: 

As a result, a desired signal HA(Z)S(Z) free from Signal 
distortion is output. 
AS Stated above, the conventional noise canceler updates 

the coefficient of the adaptive filter 3 and learns the acoustic 
characteristic of noise in Sections where the noise Signal 
N(Z) is present and the desired signal component S(Z) is 
absent or negligibly Small. Further, the noise canceler 
updates the coefficient of the adaptive filter 4 and learns a 
Signal distortion correction filter in Sections where the 
desired signal component S(z) is present and the noise 
component N(z) is absent or negligibly Small. It is therefore 
necessary to detect the above Sections where the desired 
Signal component S(Z) is absent (or little) and the Sections 
where the noise signal component N(Z) is absent (or little) 
and to command the adaptive filters to perform leaning in 
Such Sections from the outside. 

However, it is, in many cases, difficult to command the 
adaptive filters to perform learning from the outside in 
accordance with the level of the desired signal and that of the 
noise Signal, depending on the situation in which the noise 
canceler is located. With the conventional noise canceler, a 
Sufficient noise canceling ability and a Sufficient distortion 
correction characteristic are not achievable unless adequate 
learning Sections are indicated to each adaptive filter for the 
learning purpose. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a noise canceler capable of achieving a Sufficient noise 
canceling ability and reducing Signal distortion even when 
adequate learning Sections cannot be indicated from the 
outside. 

A noise canceler of the present invention includes a first 
delay circuit for delaying a main Signal containing a desired 
Signal and a noise Signal by a preselected period of time to 
thereby output a delayed main signal. A Second delay circuit 
receives the noise Signal as a reference Signal and delaying 
it by the preselected period of time to thereby output a 
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4 
delayed reference Signal. A first Subtracter Subtracts a first 
estimated noise Signal from the delayed main Signal to 
thereby generate a first desired Signal output. A Second 
Subtracter Subtracts a first estimated desired Signal from the 
delayed reference Signal to thereby generate a first noise 
Signal output. A first adaptive filter receives the first noise 
Signal output and adaptively estimates a noise Signal con 
tained in the delayed main Signal to thereby output the first 
estimated noise signal. A Second adaptive filter receives the 
first desired signal output and adaptively estimating a 
desired signal contained in the delayed reference Singal to 
thereby output the first estimated desired signal. A signal 
to-noise power ratio estimator receives the main Signal and 
reference Signal and calculates desired Signal power and 
noise Signal power of the main signal and desired signal 
power and noise Signal power of the reference Signal to 
thereby output an estimated value of a power ratio of the 
main Signal to the noise Signal and an estimated value of a 
power ratio of the reference Signal to the noise signal. A Step 
Size output circuit receives the estimated values from the 
Signal-to-noise power ratio estimator to thereby output a first 
and a Second Step Size representative of an amount of 
correction of a filter coefficient of the first adaptive filter and 
an amount of correction of a filter coefficient of the Second 
adaptive filter, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become apparent from the fol 
lowing detailed description taken with the accompanying 
drawings in which: 

FIG. 1 is a block diagram Schematically showing a noise 
canceler embodying the present invention; 

FIG. 2 is a block diagram Schematically showing a 
Signal-to-noise power ratio estimator included in the 
embodiment; 

FIGS. 3 and 4 are flowcharts demonstrating the operation 
of a step size output circuit 11 also included in the embodi 
ment, 

FIG. 5 shows the principle of a conventional noise can 
celer, and 

FIG. 6 is a block diagram Schematically showing a 
Specific configuration of a conventional noise canceler. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1 of the drawings, a noise canceler 
embodying the present invention is shown. AS shown, the 
noise canceler includes a first microphone 1 for a main 
Signal, a Second microphone 2 for a reference Signal, an 
output terminal 5, adaptive filters 3 and 6, Subtracters 4 and 
7, delay circuits 8 and 9, a signal-to-noise power ratio 
estimator 10, and a Step size output circuit 11. The operation 
of the adaptive filters 3 and 6 will be described first. 
A main signal XA(z) is delayed by the delay circuit 8 by 

D samples to turn out a delayed main signal XA(z)Z 
where Z denotes a delay by D samples. The signal 
XA(Z)ZP is applied to the subtracter 4. On the other hand, 
a reference signal XB(z) is delayed by the delay circuit 9 by 
D samples to turn out a delayed reference signal XB(z)Z 
and then applied to the subtracter 7. The delay by D samples 
compensates for a delay ascribable to the calculation of a 
Signal-to-noise power ratio to be effected by the Signal-to 
noise power estimator 10, as will be described later specifi 
cally. Because the delayS provided at the main Signal Side of 
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the adaptive filter 3 and the reference signal side of the 
adaptive filter 6, respectively, are equal, they have no 
influence on the relation between the main Signal and the 
reference Signal. Therefore, let D be assumed to be Zero 
hereinafter. 

The adaptive filter 3 operates to estimate a noise Signal 
included in the main signal XA(z) while the adaptive filter 
6 operates to estimate a desired signal included in the 
reference signal XB(z). To allow the filter 3 to estimate the 
noise Signal, the desired Signal estimated by the filter 6 is 
subtracted from the reference signal by the subtracter 7, and 
the resulting noise Signal is input to the filter 3. Likewise, the 
noise signal estimated by the filter 3 is subtracted from the 
main Signal, and the resulting desired signal is input to the 
filter 6. For this purpose, the two filters 3 and 6 are 
cross-coupled, as illustrated. 
ASSume that the Subtracters 4 and 7 produce output 

Signals E1(z) and E2(z), respectively, that the adaptive filter 
3 has a transfer characteristic W1(z) and produces an output 
F1(z), and that the adaptive filter 6 has a transfer character 
istic W2(z) and produces an output F2(z). Then, E1(z) and 
E2(z) are expressed as: 

By using the desired signal S(Z), noise N(Z) and acoustic 
transfer characteristics HA(Z), HB(z) and GB(z) described 
with reference to FIG. 5, the main signal XA(z) and refer 

The above equations give El (Z) and E2(z), as follows: 

As a result, the output E1(z) of the subtracter 4 is the desired 
Signal from which noise has been cancelled. 
Now, for the adaptive filter 3 to estimate a noise Signal 

contained in the main signal accurately, it is necessary to 
increase the amount of updating of the filter coefficient when 
the desired signal of the main Signal obstructing the estima 
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6 
tion is Smaller than the noise Signal to be estimated. 
Conversely, when the desired signal of the main Signal is 
greater than the noise signal, it is necessary to reduce the 
above amount because the Signal obstructing the estimation 
is greater than the noise Signal. 
On the other hand, for the adaptive filter 6 to estimate the 

desired signal of the reference Signal accurately, it is nec 
essary to increase the amount of updating of the filter 
coefficient when the noise signal contained in the reference 
Signal obstructing the estimation is Smaller than the desired 
Signal. Conversely, when the noise signal of the reference 
Signal is greater than the desired signal, it is necessary to 
reduce the above amount because the Signal obstructing the 
estimation is greater than the desired signal. 
The coefficient of each adaptive filter can be controlled to 

meet the above requirement if the Step size of the learning 
algorithm of the filter is controlled, as follows. 
A method of updating the coefficient will be described, 

assuming the LIM Scheme as a learning algorithm and the 
adaptive filter 3 by way of example. ASSume that the main 
Signal XA(z)is denoted by Xa(k) in time domain, that E2(Z) 
input to the filter 3 is denoted by e2(k) in time domain, that 
F1(z) output from the filter 3 is denoted by f1(k) in time 
domain, and that E1(z) output from the subtracter 4 is 
denoted by e1(k) in time domain; k is an index representa 
tive of time. 

Assuming that the j-th coefficient of the filter 3 at a time 
k is w1j(k), then an estimated noise signal f1(k) output from 
the filter 3 is expressed as: 

N- Eq. (18) 
f1(k) = X colick) e2(k-j) 

where N denotes the number of taps of the filter 3. 
A coefficient w1j(k+1) at a time (k+1) is produced on the 

basis of an error Signal e1(k) determined by the Subtracter 4: 

pu 1(k), e1(k). e2(k - i) Eq. (19) 
coli(k+1) = coli(k) + 

where u1(k) is the Step size for updating the coefficient of the 
filter 3. 

A greater step size u1(k) promotes rapid convergence 
because the coefficient is corrected by a greater amount. 
However, when components obstructing the updating of the 
coefficient are present, the greater amount of updating is 
noticeably influenced by Such components and increases the 
residual error. Conversely, a Smaller Stepwise u1(k) reduces 
the influence of the above obstructing components and 
therefore the residual error although it increases the con 
verging time. It follows that a trade-off exists between the 
“converging time” and the “residual error” in the Setting of 
the Step size. 

Likewise, as for the filter 6, assume that the reference 
signal XB(z)is denoted by xb(k) in time domain, that E1(z) 
input to the filter 6 is denoted by e1(k) in time domain, that 
F2(z) output from the filter 6 is denoted by f2(k) in time 
domain, and that E2(z) output from the substracter 7 is 
denoted by e2(k) in time domain. Then, an estimated noise 
Signal f2(k) output from the filter 6 is expressed as: 
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step size to be fed to the adaptive filter 6 in accordance with 
the estimated signal-to-noise power ratio SNRB(k) of the 
reference Signal. 

Alternatively, an arrangement may be made Such that the 
Step sizes u1(k) and u2(k) assigned to the adaptive filters 3 
and 6, respectively, are compared, and Smaller one of them 
is Set to be Zero in order to interrupt the learning function of 
the filter whose step size is determined to be zero. This kind 
of control Successfully reduces interference between the two 
filters 3 and 6 and thereby promotes more accurate learning. 

In Summary, it will be seen that the present invention 
provides a noise canceler capable of estimating the noise 
Signal of a main Signal and the noise Signal of a reference 
Signal accurately. The noise canceler therefore insures rapid 
convergence and allows a minimum of Signal distortion to 
occur without resorting to a command customarily input 
from the outside for commanding the learning operation of 
filters. These advantages are derived from a unique configu 
ration in which a relation in size between a desired Signal, 
which is an interference Signal for an adaptive filter used to 
estimate the noise Signal of the main signal from the 
estimated Signal-to-noise power ratio of the main Signal, and 
the noise signal to be canceled is determined. This relation 
is used to control a step Size to be fed to the adaptive filter. 
This is also true with an adaptive filter for estimating the 
desired Signal of the reference signal from the estimated 
Signal-to-noise power ratio of the reference Signal; the noise 
Signal is an interference Signal while the desired signal is a 
Signal to be canceled. 

Various modifications will become possible for those 
skilled in the art after receiving the teachings of the present 
disclosure without departing from the Scope thereof. 
What is claimed is: 
1. A noise canceler comprising: 
first delaying means for delaying a main Signal containing 

a desired Signal and a noise Signal by a preselected 
period of time to thereby output a delayed main Signal; 

Second delaying means for receiving the noise Signal as a 
reference Signal and delaying the reference Singal by 
the preselected period of time to thereby output a 
delayed reference Signal; 

first Subtracting means for Subtracting a first estimated 
noise Signal from Said delayed main Signal to thereby 
generate a first desired Signal output; 

Second Subtracting means for Subtracting a first estimated 
desired signal from Said delayed reference Signal to 
thereby generate a first noise Signal output; 

a first adaptive filter for receiving Said first noise signal 
output and adaptively estimating a noise Signal con 
tained in Said delayed main signal to thereby output 
Said first estimated noise Signal; 

a Second adaptive filter for receiving Said first desired 
Signal output and adaptively estimating a desired Signal 
contained in Said delayed reference Singal to thereby 
output Said first estimated desired signal; 

Signal-to-noise power ratio estimating means for receiv 
ing Said main Signal and Said reference Signal and 
calculating desired signal power and noise Signal power 
of the main Signal and desired signal power and noise 
Signal power of the reference signal to thereby output 
an estimated value of a power ratio of the main Signal 
to the noise Signal and an estimated value of a power 
ratio of the reference Signal to the noise Signal; and 

Step Size outputting means for receiving Said estimated 
values from Said Signal-to-noise power ratio estimating 
means to thereby output a first and a Second Step size 
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10 
representative of an amount of correction of a filter 
coefficient of Said first adaptive filter and an amount of 
correction of a filter coefficient of Said Second adaptive 
filter, respectively. 

2. A noise canceler as claimed in claim 1, wherein Said 
Signal-to-noise power ratio estimating means comprises: 

third Subtracting means for Subtracting a Second estimated 
noise Signal from the main Signal to thereby generate a 
Second desired Signal output; 

fourth Subtracting means for Subtracting a Second esti 
mated desired signal from the reference Signal to 
thereby generate a Second noise signal output; 

a third adaptive filter for receiving Said Second noise 
Signal output and adaptively estimating a noise Signal 
contained in the main Signal to thereby output Said 
Second estimated noise Signal; 

a fourth adaptive filter for receiving Said Second desired 
Signal output and adaptively estimating a desired Signal 
contained in the reference Signal to thereby output a 
Second estimated desired signal; 

first power averaging means for receiving Said Second 
desired signal output and producing a Square mean of 
Said Second desired signal output to thereby output 
desired signal power of the main Signal; 

Second power averaging means for receiving Said Second 
estimated noise Signal and producing a Square mean of 
Said Second estimated noise Signal to thereby output 
noise Signal power of the main Signal; 

third power averaging means for receiving Said Second 
estimated desired Signal and producing a Square mean 
of Said Second estimated desired signal to thereby 
output desired signal power of the reference Signal; 

fourth power averaging means for receiving Said Second 
noise Signal output and producing a Square mean of 
Said Second noise Signal to thereby output noise Signal 
power of the reference Signal; 

first dividing means for dividing Said desired Signal power 
of the main signal by Said noise Signa power of the 
main Signal to thereby output an estimated value of a 
power ratio of the main Signal to the noise Signla; and 

Second dividing means for dividing Said desired signal 
power of the reference Signal by Said noise Signal 
power of the reference Signal to thereby output an 
estimated value of a power ratio of the reference Signal 
to the noise Signal. 

3. A noise canceler as claimed in claim 1, wherein Said 
Step size outputting means comprises: 
means for inputting Said estimated value of the power 

ratio of the main Signal to the noise Signal to a prese 
lected monotonously increasing function to thereby 
calculate a first function value; and 

means for outputting as Said first Step size Said first 
function value when said first function value is between 
a first maximum value and a first minimum value, or 
outputting Said first maximum value when Said first 
function value is greater than Said first maximum value, 
or outputting Said first minimum value when Said first 
function value is Smaller than Said first minimum value. 

4. A noise canceler as claimed in claim 1, wherein Said 
Step size outputting means comprises: 
means for inputting Said estimated value of the power 

ratio of the reference Signal to the noise Signal to a 
preselected monotonously increasing function to 
thereby calculate a Second function value; and 

means for Outputting as Said Second Step size Said Second 
function value when Said Second function value is 
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between a Second maximum value and a Second mini- preselected monotonously increasing function to 
mum value, or outputting Said Second maximum value thereby calculate a Second function value; and 
when Said Second function value is greater than Said 
Second maximum value, or outputting Said Second 
minimum value when Said Second function value is 5 
Smaller than Said Second minimum value. 

5. A noise canceler as claimed in claim 1, wherein Said 
Step size outputting means comprises: 

means for Outputting as Said Second Step size Said Second 
function value when Said Second function value is 
between a Second maximum value and a Second mini 
mum value, or outputting Said Second maximum value 
when Said Second function value is greater than Said 
Second maximum value, or outputting Said Second 

means for inputting Said estimated value of the power minimum value when Said Second function value is 
ratio of the main signal to the noise Signal to a prese- 10 Smaller than Said Second minimum value.5; 
lected monotonously increasing function to thereby wherein one of Said first and Second Step sizes Smaller calculate a first function value; than the other is set to be zero. 

means for outputting as Said first Step size Said first 6. A noise cancler as claimed in claim 1, wherein the 
function value when said first function value is between preselected period of time assigned to said first and second 
a first maximum value and a first minimum value, or delaying means is equal to a delay ascribable to calculation 
outputting Said first maximum value when Said first of Said estimated value of the power ratio of the main Signal 
function value is greater than Said first maximum value, to the noise Signal and Said estimated value of the power 
or outputting Said first minimum value when said first ratio of the reference Signal to the noise Signal executed by 
function value is Smaller than Said first minimum value; 2O Said Signal-to-noise power ratio estimating means. 

means for inputting Said estimated value of the power 
ratio of the reference Signal to the noise Signal to a k . . . . 
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