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(54) Noise eliminator for radio receiver

(57) A noise eliminator 3 is provided for eliminating
noise contained in a signal while avoiding missing signal
components. Upon detecting noise contained in an input
signal, a holding unit 4 puts the signal into a hold state
for output. A synthetic unit 5 synthesizes the signal com-
ponent of the output signal in the hold state with an in-
terpolation amount Scmp supplied from an interpolation
control unit 6, thereby generating an output signal. A
predictor 7 performs a predictive operation on the output
signal of the synthetic unit to determine a predictive val-

ue approximate to the input signal. The interpolation
control unit determines the amount of change of the pre-
dictive value as the interpolation amount. If the predic-
tive value differs greatly from a hold signal component
output in the hold state from the holding unit, the inter-
polation control unit stops or inhibits the synthetic unit
from performing the synthesis with the interpolation
amount. If, further, the predictive value is appropriate,
the interpolation control unit makes the synthetic unit
perform the synthesis with the interpolation value.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a noise elimi-
nator for eliminating noise from a signal processed by
electronic equipment such as a receiver.
[0002] Conventionally, it has been a significant chal-
lenge to develop electronic devices which have excel-
lent noise immunity against noises such as external
noise.
[0003] For example, receivers such as a radio receiv-
er for receiving radio broadcasts, and communication
equipment including radio communication devices and
cellular phones are sometimes used in an environment
susceptible to external noise and the like. It has thus
been a significant challenge to provide excellent noise
immunity.
[0004] Description will now be given of a more con-
crete example. An in-car radio receiver mounted on a
vehicle is subject to external noise such as ignition noise
occurring from the vehicle. Then, studies have been
made on a noise elimination method for eliminating ex-
ternal noise contained in the detection signal for the
sake of high quality sound reproduction.
[0005] Fig. 1A shows the configuration of a conven-
tional noise eliminator for exercising this noise elimina-
tion method.
[0006] This noise eliminator comprises a hold circuit
1 for inputting an FM detection signal Yin which results
from FM detection, and a hold control signal generating
unit 2.
[0007] The hold control signal generating unit 2 com-
prises a high-pass filter having a predetermined cut-off
frequency, and a wave-shaping circuit. When the detec-
tion signal Yin containing noise Nz as illustrated in Fig.
1B is supplied, the hold control signal generating unit 2
puts the FM detection signal Yin through the foregoing
high-pass filter to extract individual pieces of noise Nz.
In addition, the hold control signal generating unit 2
shapes the waveforms of the extracted pieces of noise
Nz through the foregoing wave-shaping circuit, thereby
generating a hold control signal CNT of rectangular
waveform which indicates the periods of occurrence of
the respective pieces of noise Nz.
[0008] That is, the hold control signal CNT is gener-
ated as a so-called binary signal which is inverted from
logical "L" to logical "H" at the starting point of occur-
rence of noise Nz and inverted again from logical "H" to
logical "L" at the end point of the noise Nz.
[0009] The hold circuit 1 is made of a so-called S/H
circuit (sample hold circuit) which is controlled by the
hold control signal CNT. When the hold control signal
CNT is logical "L," i.e., when there occurs no noise Nz,
the hold circuit 1 passes the FM detecting signal Yin as-
is for output. On the other hand, when noise Nz occurs,
the hold circuit 1 holds the signal component of the FM
detection signal Yin at the time of a so-called rising edge

where the hold control signal CNT is inverted from log-
ical "L" to logical "H." The level of this held signal com-
ponent is maintained and output during the period when
the hold control signal CNT keeps being logical "H" (i.
e., during the period when the noise Nz occurs).
[0010] According to this conventional noise elimina-
tor, as shown by the waveform at the bottom of Fig. 1B,
the level of the FM detection signal Yout output from the
hold circuit 1 is fixed to that of the held signal component
mentioned above in the period when the noise Nz oc-
curs, i.e., while the hold control signal CNT keeps being
logical "H. " Thus, even if noise of relatively high energy
such as ignition noise is superimposed on the FM de-
tection signal Yout, it is possible to eliminate the noise
Nz forcefully.
[0011] By the way, the conventional noise eliminator
can effectively eliminate noise which is superimposed
on the foregoing FM detection signal Yin. There has
been the problem, however, that it is sometimes difficult
to make distinction between signal components and
noise, and signal components actually not to be elimi-
nated might be eliminated.
[0012] This has produced problems including that it is
difficult to achieve high quality sound reproduction and
the like based on the FM detection signal Yout output
from the foregoing hold circuit 1 when necessary signal
components actually not to be eliminated are eliminat-
ed.

SUMMARY OF THE INVENTION

[0013] The present invention has been achieved in
view of the foregoing conventional problems. It is thus
an object of the present invention to provide a noise
eliminator which exercises appropriate noise elimina-
tion.
[0014] A noise eliminator according to a first aspect
of the present invention is one for eliminating noise con-
tained in an input signal, comprising: a holding unit for
detecting a period of occurrence of noise contained in
the input signal, passing the input signal for output dur-
ing a period when no noise occurs, and putting the input
signal into a hold state for output during the period of
occurrence of noise; a synthetic unit for synthesizing a
hold signal component of the signal output from the
holding unit with an interpolation amount, the hold signal
component being output in the hold state; a predictor for
performing a predictive operation on output signals of
the synthetic unit to calculate predictive values approx-
imate to the input signal; and an interpolation control unit
for determining the amount of change of the predictive
values as the interpolation amount, and stopping the
synthetic unit from performing the synthesis of the inter-
polation amount when the predictive values are inappro-
priate with respect to the hold signal component output
in the hold state, and making the synthetic unit perform
the synthesis of the interpolation amount when the pre-
dictive values are appropriate.
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[0015] A noise elimination method according to a sec-
ond aspect of the present invention is one for eliminating
noise contained in an input signal, comprising: a holding
step of detecting a period of occurrence of noise con-
tained in the input signal, passing the input signal for
output during a period when no noise occurs, and
putting the input signal into a hold state for output during
the period of occurrence of noise; a synthetic step of
synthesizing a hold signal component of the signal out-
put in the holding step with an interpolation amount, the
hold signal being output in the hold state; a predictive
step of performing a predictive operation on output sig-
nals generated in the synthetic step to calculate predic-
tive values approximate to the input signal; and an in-
terpolation control step of determining the amount of
change of the predictive values as the interpolation
amount, and stopping the synthesis of the interpolation
amount in the synthetic step when the predictive values
are inappropriate with respect to the hold signal compo-
nent output in the hold state, and enabling the synthesis
of the interpolation amount in the synthetic step when
the predictive values are appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other objects and advantages of the
present invention will become clear from the following
description with reference to the accompanying draw-
ings, wherein:

Figs. 1A and 1B are diagrams for explaining the
configuration and operation of a conventional noise
eliminator;
Fig. 2 is a block diagram showing the configuration
of a noise eliminator according to an embodiment
of the present invention;
Fig. 3 is a diagram showing the configuration of a
noise eliminator according to an example;
Figs. 4A and 4B are diagrams showing the config-
uration and characteristic of a prediction filter pro-
vided in the noise eliminator of the example;
Fig. 5 is a diagram showing the configuration of an
error detecting unit provided in the noise eliminator
of the example;
Figs. 6A to 6D are charts for explaining the opera-
tion of the noise eliminator of the example; and
Figs. 7A to 7E are charts for further explaining the
operation of the noise eliminator of the example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Hereinafter, a preferred embodiment of the
present invention will be described with reference to Fig.
2.
[0018] Fig. 2 is a block diagram showing the configu-
ration of a noise eliminator according to the present em-
bodiment.

[0019] For convenience of explanation, the descrip-
tion will be given of the case of eliminating noise which
is contained in an FM detection signal Yin output from
an FM receiver unit 8 for receiving and detecting FM
broadcasts.
[0020] In Fig. 2, this noise eliminator 3 comprises
holding means (hereinafter, referred to as "holding unit")
4, synthetic means (hereinafter, referred to as "synthetic
unit") 5, interpolation control means (hereinafter, re-
ferred to as "interpolation control unit") 6, and predictive
means (hereinafter, referred to as "predictor") 7.
[0021] The holding unit 4 inputs the FM detection sig-
nal Yin (hereinafter, referred to as "input signal") output
from the FM receiver unit 8, and detects whether or not
the input signal Yin contains noise. The holding unit 4
passes the input signal Yin as-is for output in periods
where no noise is contained, and holds the input signal
Yin for in periods where noise occurs.
[0022] More specifically, the FM receiver unit 8 re-
ceives incoming waves from broadcast stations via an
antenna ANT, performs tuning and frequency conver-
sion to generate intermediate frequency signals (IF sig-
nals), and then detects the intermediate frequency sig-
nals to generate an FM detection signal. The holding
unit 4 inputs the FM detection signal as its input signal
Yin.
[0023] Then, while no noise is detected, the holding
unit 4 passes the input signal Yin as-is for output. On
the other hand, when noise is detected, the holding unit
4 holds the signal component of the input signal Yin
which is input immediately before the point of detection
of the noise, and maintains the level of this held signal
component (hereinafter, referred to as "hold signal com-
ponents") for output throughout the period of occurrence
of noise until the noise disappears.
[0024] Moreover, the holding unit 4 also supplies a
hold control signal CNT1 to the interpolation control unit
6. The hold control signal CNT1 indicates the period of
occurrence of noise mentioned above (hereinafter, re-
ferred to as "hold period").
[0025] For convenience of explanation, the signals
output from the holding unit 4 shall be referred to as hold
signal Yh1. That is, as described above, the holding unit
4 either passes the input signal Yin as-is for output, or
outputs the hold signal component during a hold period.
These signals to be output from the holding unit 4 shall
be referred to collectively as hold signal Yh1.
[0026] In the foregoing hold period, the synthetic unit
5 synthesizes the hold signal Yh1 with an interpolation
amount Scmp which is supplied from the interpolation
control unit 6. More specifically, assuming that the level
of the hold signal component in a hold period is
Yh1_HOLD, the synthetic unit 5 synthesizes this with an
interpolation amount Scmp so that the level of the hold
signal Yh1 in the hold period is (Yh1_HOLD + Scmp).
[0027] Through such synthetic processing, the signal
component missing upon the hold processing in the
holding unit 4 is interpolated (synthesized) with the in-
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terpolation value Scmp. The resultant is output as an
FM detection signal (hereinafter, referred to as "output
signal") Yout having necessary signal components.
[0028] The predictor 7 inputs the output signal Yout
as a sample signal Y. Based on the sample signal Y, the
predictor 7 then performs predictive operations to deter-
mine predictive values <Y>.
[0029] More specifically, the predictor 7 inputs the
sample signal Y in synchronization with predetermined
sampling intervals ∆T, thereby inputting the sample sig-
nal Y as a series of sample values in synchronization
with the sampling intervals ∆T. Then, each time it inputs
the sample signal Y in synchronization with a sampling
interval ∆T, the predictor 7 determines a predictive value
<Y> approximate to the input signal Yin by using a plu-
rality n of sample values in series already input within a
predetermined period T before the point of input.
[0030] Here, the predictor 7 is provided with a predic-
tive operation method in advance so that it can extract
the characteristic of the signal components which might
drop out during the hold processing in the holding unit
4, and reproduce predictive values <Y> approximate to
the signal components with high fidelity.
[0031] To name a concrete example of the subject of
the predictive operation, it is generally known that the
input signal (FM detection signal) Yin supplied from the
FM receiver unit 8 to the holding unit 4 includes not only
signal components for so-called sound reproduction but
also control signals such as a 19-kHz pilot signal and a
38-kHz sub carrier. If the holding unit 4 detects the pilot
signal, sub carrier, and the like as noise, and performs
the hold processing, then the hold signal Yh1 output
from the holding unit 4 would lack the pilot signal, sub
carrier, and so on. As a result, unless the synthetic unit
5 applies such processing as interpolation to the hold
signal Yh1 which lacks the aforementioned pilot signal,
sub carrier, and so on, the output signal Yout would also
lack the pilot signal, sub carrier, and the like. Then, it
would be difficult to reproduce high quality sound etc.
when such processing as sound reproduction is per-
formed based on the output signal Yout.
[0032] To realize a noise eliminator 3 which can avoid
the pilot signal, sub carrier, and the like missing, the pre-
dictive operation method of the predictor 7 is previously
established as described below so that predictive values
<Y> approximate to the pilot signal, sub carrier, and the
like are reproduced with high fidelity.
[0033] Initially, to determine the predictive values <Y>
of the 19-kHz pilot signal and the 38-kHz sub carrier, a
frequency (k 3 fc) is determined which is the least com-
mon multiple of 19 kHz and 38 kHz, or a frequency fc,
multiplied by an integer k (k is a natural number). A pe-
riod corresponding to the reciprocal of the frequency (k
3 fc), i.e., 1 / (k 3 fc) is determined as the period ∆T
described above. For example, when the foregoing fre-
quency (k 3 fc) is determined to be 38 kHz, the forego-
ing period ∆T is the period corresponding to the recip-
rocal thereof, or 1 / (38 3 103) sec.

[0034] Moreover, the foregoing sampling interval ∆T
is a period shorter than the time widths of occurrence of
the pilot signal and the sub carrier.
[0035] When set thus in advance, the predictor 7 sam-
ples the sampling signal Y in high resolutions in syn-
chronization with the sampling intervals ∆T. The predic-
tor 7 holds a plurality n of sample values in series ob-
tained within the foregoing period T (that is, n = T / ∆T),
and updates the series of sample values by so-called
first in first out (FIFO) processing or the like where the
oldest sample value is discarded each time the latest
sample value is input.
[0036] Then, the predictor 7 performs predictive op-
erations by using a series of sample values consisting
of n sample values, in synchronization with the sampling
intervals ∆T. The predictor 7 thus determines the pre-
dictive values <Y> approximate to the pilot signal and
the sub carrier.
[0037] Incidentally, the predictor 7 may incorporate
various other predictive operation methods including a
correlation operation method and a learning identifica-
tion method. In the correlation operation method, corre-
lation values are obtained through correlation opera-
tions on the foregoing series of sample values, and the
correlation values are adopted for the foregoing predic-
tive values <Y>. In the learning identification method,
the series of sample values described above is input to
a prediction filter for learning, and the values of filter fac-
tors of the prediction filter obtained through the learning
are adopted for the foregoing predictive values <Y>.
[0038] A yet concrete example of the predictive oper-
ation method will be described in conjunction with a
practical example to be seen later.
[0039] The interpolation control unit 6 holds the pre-
dictive values <Y> output from the predictor 7, in syn-
chronization with the timing of occurrence of the hold
control signal CNT1, and updates and holds new pre-
dictive values <Y> each time a new hold control signal
CNT1 is output.
[0040] The interpolation control unit 6 also determines
a difference between the latest predictive value <Y> out-
put from the predictor 7 at the sampling intervals ∆T and
the foregoing predictive value <Y> held in advance
(hereinafter, referred to as "hold predictive value
<Yh2>"), and generates the difference (i.e., the amount
of change) as an interpolation amount Scmp.
[0041] To be more specific, suppose that the holding
unit 4 outputs the hold control signal CNT1 at points of
time ta, tb, tc ..., and the predictor 7 outputs predictive
values <Y> of <Ya>, <Yb>, <Yc> ... at the points ta, tb,
tc ..., respectively. Hold periods starting at the respec-
tive points ta, tb, and tc (in other words, the periods of
occurrence of noise indicated by the hold control signal
CNT1) shall be τa, τb, and τc.
[0042] In this case, the interpolation control unit 6
holds the predictive value <Ya> as the hold predictive
value <Yh2> in the hold period τa. In the hold period τb,
the predictive value <Yb> is held as the hold predictive
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value <Yh2>. In the hold period τc, the predictive value
<Yc> is held as the hold predictive value <Yh2>.
[0043] Suppose also that during the hold period τa,
the predictor 7 outputs predictive values <Y> of <Ya1>,
<Ya2>, <Ya3> ... at sampling intervals ∆T. The interpo-
lation control unit 6 determines differences between the
hold predictive value <Yh2> and the predictive values
<Ya1>, <Ya2>, <Ya3> ..., or (<Ya> - <Ya1>), (<Ya> -
<Ya2>), (<Ya> - <Ya3>) .... The differences (amounts of
change) are adopted for respective interpolation
amounts Scmp. In short, the interpolation control unit 6
determines the foregoing differences (<Ya> - <Ya1>),
(<Ya> - <Ya2>), (<Ya> - <Ya3>) ... in synchronization
with the sampling intervals ∆T which are shorter than
the hold period τa, thereby determining the interpolation
amounts Scmp in high temporal resolutions.
[0044] Suppose also that during the hold period τb,
the predictor 7 outputs predictive values <Y> of <Yb1>,
<Yb2>, <Yb3>, <Yb4> ... at sampling intervals ∆T.
Then, the interpolation control unit 6 similarly deter-
mines differences between the hold predictive value
<Yh2> and the predictive values <Yb1>, <Yb2>, <Yb3>,
<Yb4> ..., or (<Yb> - <Yb1>), (<Yb> - <Yb2>), (<Yb> -
<Yb3>), (<Yb> - <Yb4>) ..., and adopts the differences
(amounts of change) for respective interpolation
amounts Scmp.
[0045] Subsequently, in the same manner, the inter-
polation control unit 6 repeats the processing for deter-
mining the differences (amounts of change) between
the hold predictive value <Yh2> held in advance and the
predictive values <Y> obtained at sampling intervals ∆T,
i.e., the interpolation amounts Scmp.
[0046] Furthermore, the interpolation control unit 6
decides whether or not to interpolate the hold signal Yh1
with the foregoing interpolation amounts Scmp in a hold
period indicated by the hold control signal CNT1.
[0047] More specifically, the predictor 7 having the
function of predicting so-called original signals through
predictive operations may have difficulties in performing
accurate predictive operations, for example, when the
sample signal Y varies in frequency characteristics. It
might thus become difficult to determine accurate pre-
dictive values <Y> approximate to the pilot signal and
sub carrier mentioned above. When the predictor 7 out-
puts inappropriate predictive values <Y> approximate
to neither the pilot signal nor the sub carrier, the values
of the foregoing interpolation amounts Scmp generated
in the interpolation control unit 6 are also inappropriate.
The synthetic unit 5 might thus interpolate missing sig-
nal components in the hold signal Yh1 by synthesizing
the hold signal Yh1 with these inappropriate interpola-
tion amounts Scmp, with the adverse effect of additional
noise on the output signal Yout. That is, the hold signal
Yh1 whose noise is eliminated in the holding unit 4 might
be synthesized with inappropriate interpolation amounts
Scmp with the opposite effect that the interpolation
processing had better not be performed.
[0048] In view of this, when inappropriate predictive

values <Y> are generated, the interpolation control unit
6 stops supplying the interpolation amounts Scmp to the
synthetic unit 5 or instructs the synthetic unit 5 to inhibit
the synthetic processing. As a result, the hold signal Yh1
is passed intact as the output signal Yout, and output as
the noiseless output signal Yout. On the other hand,
when appropriate predictive values <Y> are generated,
the interpolation amounts Scmp are supplied to the syn-
thetic unit 5 for synthesis with the hold signal Yh1. As a
result, the output signal Yout is output with its missing
signal components, such as the pilot signal and the sub
carrier, interpolated.
[0049] To perform such interpolation processing, the
interpolation control unit 6 initially inputs the hold signal
Yh1 and the predictive values <Y> at the sampling in-
tervals ∆T, during the hold period indicated by the hold
control signal CNT1. Upon each input, the interpolation
control unit 6 compares the value (level) of the hold sig-
nal Yh1 in the hold period and the predictive value <Y>,
and if the predictive value <Y> differs from the hold sig-
nal Yh1 beyond a predetermined condition, regards the
predictive value <Y> as inappropriate. If the difference
is smaller than the predetermined condition, the inter-
polation control unit 6 regards the predictive value <Y>
as appropriate.
[0050] When an inappropriate predictive value <Y> is
detected, the interpolation during the hold period using
the foregoing interpolation amount Scmp is stopped or
inhibited. When an appropriate predictive value <Y> is
detected, the interpolation with the interpolation amount
Scmp is performed in the hold period.
[0051] More specifically, the interpolation control unit
6 determines the absolute value |<Y> - Yh1| of a differ-
ence between the predictive value <Y> and the hold sig-
nal Yh1 acquired at the same time in the hold period,
and the absolute value |Yh1| of the hold signal Yh1.
Then, the predictive value <Y> is regarded as inappro-
priate if the condition given by the following expression
(1) holds:

[0052] On the other hand, the predictive value <Y> is
regarded as appropriate if the condition given by the fol-
lowing expression (2) holds:

[0053] For example, when the sample signal Y varies
in frequency characteristic and thus a predictive value
<Y> applicable to the condition of the foregoing expres-
sion (1) is generated, the predictive value <Y> corre-
sponds to the case there it differs greatly from the hold
signal Yh1. It follows that the interpolation amount Scmp
generated based on the predictive value <Y> of great
difference has a value inappropriate for interpolation.

|<Y> - Yh1| > |Yh1| (1)

|<Y> - Yh1| ≤ |Yh1| (2)
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Consequently, if the synthetic unit 5 synthesizes the
hold signal Yh1 with the inappropriate interpolation
amount Scmp during the hold period, there arises the
opposite effect that the interpolation amount Scmp
mixed into the output signal Yout functions adversely as
noise. When the foregoing inappropriate predictive val-
ue <Y> is generated, the interpolation control unit 6 thus
stops or inhibits the interpolation with the interpolation
amount Scmp in the hold period.
[0054] On the other hand, when a predictive value
<Y> applicable to the condition of the foregoing expres-
sion (2) is generated, the predictive value <Y> corre-
sponds to the case where it is not so greatly different
from the hold signal Yh1. It follows that the interpolation
amount Scmp generated from the predictive value <Y>
of small difference has a value appropriate for interpo-
lation. For this reason, the interpolation control unit 6
instructs the synthetic unit 5 to synthesize the hold sig-
nal Yh1 with the appropriate interpolation amount Scmp
in the hold period. As a result, the output signal Yout is
generated with its missing signal components, such as
the pilot signal and the sub carrier, interpolated.
[0055] As above, according to the noise eliminator 3
of the present embodiment, the noise of the input signal
Yin is initially eliminated in the holding unit 4 appropri-
ately. It is therefore possible to generate the output sig-
nal Yout with noise elimination effect.
[0056] Moreover, in cases where signal components
not to be eliminated (such as necessary signal compo-
nents including the pilot signal and the sub carrier) are
eliminated in the holding unit 4 and the hold signal Yh1
is generated with its necessary signal components
missing, then the predictor 7 predicts those signal com-
ponents, the interpolation control unit 6 generates inter-
polation amounts Scmp based on the predictive values
<Y>, and the synthetic unit 5 interpolates (synthesizes)
the hold signal Yh1 with the interpolation amounts Scmp
during the hold periods. It is therefore possible to gen-
erate an output signal Yout having necessary signal
components.
[0057] When the predictor 7 fails to determine appro-
priate predictive values <Y> for any reason, the interpo-
lation amounts Scmp generated from the inappropriate
predictive values <Y> are prevented from being used to
interpolate the hold signal Yh1. It is therefore possible
to perform appropriate interpolation processing and
generate the output signal Yout with the noise elimina-
tion effect.
[0058] As above, the noise contained in the input sig-
nal Yin is eliminated by the holding unit 4. Signal com-
ponents removed as a result of the noise elimination are
interpolated with interpolation amounts Scmp which are
generated from the predictive values <Y> predicted by
the predictor 7. Besides, in the interpolation processing,
the interpolation using the foregoing interpolation
amounts Scmp is not performed if the predictive values
<Y> are inappropriate, while the interpolation is per-
formed if the predictive values <Y> are appropriate. This

allows both noise elimination and the interpolation of
necessary signal components, and can avoid such
problems as interpolation with inappropriate interpola-
tion amounts.
[0059] It is therefore possible to provide a noise elim-
inator which can avoid such problems as the elimination
of necessary signal components and can perform ap-
propriate noise elimination.

[Example]

[0060] Now, an example of the noise eliminator will be
described with reference to Figs. 3 to 7E.
[0061] Incidentally, the noise eliminator in this exam-
ple is intended for an in-car FM receiver of super heter-
odyne system. The noise eliminator inputs FM detection
signals generated by the tuner circuit, frequency con-
verter, detector, and the like arranged in the in-car FM
receiver as its input signal Yin.
[0062] Then, it eliminates noises superimposed on
the input signal Yin, such as ignition noise, and applies
appropriate interpolation processing for avoiding lack of
necessary signal components such as the pilot signal
and the sub carrier, thereby generating the FM detection
signal Yout for output.
[0063] Initially, the configuration of this noise elimina-
tor will be described with reference to Fig. 3.
[0064] This noise eliminator comprises a hold circuit
4a and a hold control signal generating unit 4b which
correspond to the holding unit 4 shown in Fig. 2, an
adder 5 which corresponds to the synthetic unit 5, and
a prediction filter 7 which corresponds to the predictor 7.
[0065] The noise eliminator also comprises circuitry
which corresponds to the interpolation control unit 6
shown in Fig. 2, consisting of a first switch element SW1,
a second switch element SW2, a hold circuit 6a, a sub-
tractor 6b, an error detecting unit 6c, and a clock gen-
erating unit 6d.
[0066] Here, the hold control signal generating unit 4b
subjects the input signal Yin to its high-pass filter which
has a pass band adjusted to the frequency band of noise
to be eliminated. The hold control signal generating unit
4b then shapes the waveform of the noise passed
through the high-pass filter to generate a hold control
signal CNT1 of rectangular waveform which indicates
the period of occurrence of noise.
[0067] Incidentally, the hold control signal CNT1 is
generated as a binary signal which exhibits logical "H"
in the period of occurrence of noise and logical "L" in
noiseless periods.
[0068] Then, the hold control signal generating unit
4b supplies the hold control signal CNT1 to the first and
second hold circuits 4a, 6a, and the first switch element
SW1.
[0069] The hold circuit 4a is made of a so-called S/H
circuit (sample hold circuit) which is controlled by the
hold control signal CNT1. When the hold control signal
CNT1 is logical "L," the hold circuit 4a passes the input
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signal Yin intact as the hold signal Yh1. On the other
hand, when the hold control signal CNT1 is inverted
from logical "L" to "H," the hold circuit 4a holds the signal
component of the input signal Yin at the point of the ris-
ing edge, and maintains the level of the hold signal Yh1
to that of the hold signal component mentioned above
and outputs the same during a period until the hold con-
trol signal CNT1 returns from logical "H" to "L" (holding
period).
[0070] As will be detailed later, when an interpolation
amount Scmp is supplied from the switch element SW1
in the hold period when the hold control signal CNT1 is
logical "H," the adder 5 adds the interpolation amount
Scmp to the hold signal Yh1 to generate and output the
output signal Yout which is given interpolation process-
ing. If no interpolation amount Scmp is supplied from the
switch element SW1, the adder 5 passes the hold signal
Yh1 as-is and outputs the same as the output signal Yout
without the foregoing addition processing.
[0071] The prediction filter 7 inputs the output signal
Yout as a sample signal Y to be subjected to the predic-
tive operation. That is, the prediction filter 7 inputs the
sample signal Y as a series of sample values in syn-
chronization with the predetermined sampling intervals
∆T. Each time the sample signal Y is input in synchroni-
zation with the sampling intervals ∆T, the prediction filter
7 performs a predictive operation using a series of a plu-
rality n of sample values input within a period T, or the
sampling interval ∆T multiplied by an integer n (T = n 3

∆T), thereby generating a predictive value <Y> approx-
imate to the input signal Yin.
[0072] More specifically, the prediction filter 7 is made
of a first-order digital filter having the configuration
shown in Fig. 4A.
[0073] That is, the prediction filter 7 comprises 24 (n
= 24) delay elements DL1 to DL24 connected in series,
a coefficient unit 7a connected to the output point of the
12th delay element DL12, a coefficient unit 7b connect-
ed to the output point of the 24th delay element DL24,
and a subtractor 7c for subtracting the output of the co-
efficient unit 7b from that of the coefficient unit 7a.
[0074] These delay elements DL1 to DL24 are each
given a delay time D identical to the sampling interval
∆T. When the sample signal Y (i.e., the output signal
Yout) is input to the delay element DL1 which lies in the
first stage, the sample signal Y is input as a series of
sample values and transferred to the delay elements in
the subsequent stages in accordance with the respec-
tive delay times D.
[0075] The sampling interval ∆T and the delay time D
are set at the time corresponding to the reciprocal of the
frequency 228 kHz, or 1/(228 3 103) seconds, for the
sake of high-fidelity approximation of predictive values
<Y> which correspond to the 19-kHz pilot signal and the
38-kHz sub carrier contained in the FM detection signal.
[0076] That is, in this practical example, a high fre-
quency of 228 kHz is employed as the frequency (k 3

fc) which is the frequency fc, or the least common mul-

tiple of 19 kHz and 38 kHz, multiplied by an integer k (k
is a natural number). The sampling interval ∆T and the
delay time D are thus set finer to sample the sample
signal Y in high temporal resolutions.
[0077] The coefficient units 7a and 7b are made of
amplifiers or the like. The coefficient unit 7a multiplies a
sample value Y12, which is output from the 12th delay
element DL12, by two and outputs the resultant. The co-
efficient unit 7b multiplies a sample value Y24, which is
output from the delay element DL24, by one and outputs
the resultant.
[0078] The subtractor 7c subtracts the sample value
(Y24) output by the coefficient unit 7b from the sample
value (2 3 Y12) output by the coefficient unit 7a, thereby
determining the predictive value <Y> through the first-
order predictive operation expressed by the following
equation (3):

[0079] The prediction filter 7 of such configuration has
the following characteristics, and particularly has the
function of generating predictive values <Y> capable of
reproduction of the 19-kHz pilot signal and 38-kHz sub
carrier contained in the FM detection signal.
[0080] That is, the total delay time T1 of the 12 delay
elements DL1 to DL12 and the total delay time T2 of the
12 delay elements DL13 to DL24 are set to satisfy the
relationship of T1 = T2 = T/2.
[0081] Consequently, when the sample signal Y con-
tains the signal component of the pilot signal or sub car-
rier which arises at cycles proportional to the delay time
T1 (or T2) in a so-called standing fashion, a series of
sample values of the signal component lies both in the
12 delay elements DL1 to DL12 at the preceding stages
and in the 12 delay elements DL13 to DL24 at the sub-
sequent stages.
[0082] The series of sample values of the signal com-
ponent lying within the delay elements DL1 to DL12 and
the series of sample values lying within the delay ele-
ments DL13 to DL24 have a phase difference as much
as the delay time T1 (or T2). Thus, the sample value
Y12 to be output from the delay element DL12 and the
sample value Y24 to be output from the delay element
DL24 are successively output in synchronization with
the delay time D, as sample values correlative with each
other.
[0083] For example, when the 11th delay element
DL11 contains a sample value corresponding to the
standing pilot signal or sub carrier, the delay element
DL23 lying ahead of the delay element DL11 by the
phase difference of delay time T1 (or T2) also contains
a sample value corresponding to the pilot signal or sub
carrier. Then, in synchronization with the sampling in-
tervals ∆T, the sample values in those delay elements
DL11, DL23 are transferred to the delay elements DL12,
DL24 and output as the sample values Y12, Y24, re-

<Y> = (2 3 Y12) - (Y24) (3)
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spectively. The sample values Y12 and Y24 are thus
output as correlative sample values having the charac-
teristics of the pilot signal or sub carrier.
[0084] Then, the coefficient unit 7a multiplies the sam-
ple value Y12, one of these correlative values, by two
and the coefficient unit 7b multiplies the other sample
value Y24 by one. The subtraction therebetween in the
subtractor 7c thus achieves a predictive operation by
which a sample value {(2 3 Y12) - (Y24)} approximate
to the signal component of the pilot signal or sub carrier
is determined as the predictive value <Y>.
[0085] In particular, when the predictive operation is
performed by this prediction filter 7, the sample value
{(2 3 Y12) - (Y24)} obtained through the foregoing sub-
traction processing generally coincides with the sample
value Y12 output from the delay element DL12 or the
sample value Y24 output from the delay element DL24,
provided that the sample values Y12 and Y24 are highly
correlative with each other. It is therefore possible to de-
termine the predictive value <Y> approximate to the sig-
nal component of the pilot signal or sub carrier without
attenuation.
[0086] In contrast, when the sample values Y12 and
Y24 output from the delay elements DL12 and DL24 are
of nonperiodic noise component or signal component,
these sample values Y12 and Y24 are not correlative
with each other. Here, the sample value {(2 3 Y12) -
(Y24)} output from the subtractor 7c has a value smaller
than the sample value {(2 3 Y12) - (Y24) } which is ob-
tained from the foregoing correlative sample values Y12
and Y24.
[0087] Consequently, this prediction filter 7 makes it
possible to determine predictive values <Y> approxi-
mate to the periodic standing pilot signal or sub carrier
without attenuation, and to attenuate predictive values
<Y> pertaining to nonperiodic noise etc. The predictive
values <Y> approximate to the pilot signal or sub carrier,
which are originally intended, can thus be determined
with emphasis.
[0088] Fig. 4B shows the input and output character-
istics of the prediction filter 7 described so far. More spe-
cifically, Fig. 4B is a dB representation of ratio (ratio of
predictive error) between sample signals Y of various
frequencies and predictive values <Y> obtained at re-
spective frequencies when the sample signals Y are in-
put to the prediction filter 7. In the chart, the ratio of pre-
dictive error (<Y> / Y) approaches 0 (dB) when the pre-
dictive value <Y> well approximates the sample signal
Y. On the other hand, the ratio of predictive error (<Y> /
Y) shows a value larger than 0 (dB) when the predictive
value <Y> fails to approximate the sample signal Y.
[0089] As can be seen from the chart, the prediction
filter 7 shows smaller amounts of predictive error for
sample signals Y in a frequency band lower than fre-
quencies near 1 kHz. This means that the predictive val-
ues <Y> well approximate the sample signals Y can be
obtained.
[0090] The amount of predictive error also falls for the

signal components having frequencies equivalent to in-
teger multiples of 19 kHz (19 kHz, 38 kHz, ...). The pre-
diction values <Y> approximate to the pilot signal or sub
carrier can thus be determined without attenuation.
[0091] On the other hand, at frequencies higher than
19 kHz, the amount of predictive error increases for
sample signals Y which have frequencies off the inte-
germultiples of 19 kHz. Then, the predictive values <Y>
are obtained with attenuation when the sample signals
Y input are of signal components other than the pilot sig-
nal and sub carrier, noise, and the like. In other words,
predictive values are substantially not determined of sig-
nal components other than the pilot signal and sub car-
rier, noise, etc.
[0092] This noise eliminator utilizes the characteris-
tics of this prediction filter 7 to exercise appropriate
noise elimination and interpolation processing. The de-
tails will be given later.
[0093] Returning to Fig. 3, the hold circuit 6a holds
the predictive value <Y> in synchronization with the in-
version of the hold control signal CNT1 from logical "L"
to "H," or the so-called rising edge thereof. During the
hold period when the hold control signal CNT1 is logical
"H," the hold circuit 6a keeps outputting the predictive
value <Y> it holds as the hold predictive value <Yh2>.
On the other hand, when the hold control signal CNT1
is logical "L," i.e., not in the hold period, the hold circuit
6a passes the predictive value <Y> without a hold, and
outputs it as the hold predictive value <Yh2> as-is.
[0094] The subtractor 6b determines a difference ∆Y
between the hold predictive value <Yh2> described
above and the predictive value <Y> output from the pre-
diction filter 7 in synchronization with the sampling in-
tervals ∆T (i.e., <Yh2> - <Y>), and outputs it to the switch
element SW2.
[0095] Consequently, when the hold control signal
CNT1 is logical "L" (not in the hold period), the subtractor
6b subtracts the predictive value <Y> directly supplied
by the predictor 7 from the predictive value <Y> supplied
as the hold predictive value <Yh2> through the hold cir-
cuit 6a, and thereby outputs the difference ∆Y which is
approximately zero in value.
[0096] In contrast, during the hold period, the subtrac-
tor 6b determines a difference ∆Y between the hold pre-
dictive value <Yh2> held in the hold circuit 6a and the
predictive value <Y> supplied from the prediction filter
7 in synchronization with the sampling intervals ∆T, and
outputs this difference ∆Y as the amount of change of
the predictive value <Y> with respect to the hold predic-
tive value <Yh2>.
[0097] The error detecting unit 6c has the configura-
tion shown in Fig. 5. The error detecting unit 6c applies
signal processing to the predictive value <Y> and the
hold signal Yh1 to generate a control signal CNT2 for
controlling on/off the switch element SW2. Incidentally,
the error detecting unit 6c performs the above-men-
tioned signal processing in synchronization with a clock
signal CK (given a time cycle longer than the foregoing
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sample interval ∆T) which is supplied from the clock
generating unit 6d.
[0098] More specifically, the error detecting unit 6c
comprises a subtractor 6ca, absolute value operating
units 6cb and 6cd, maximum value detecting units 6cc
and 6ce, and a comparator 6cf.
[0099] Here, the subtractor 6ca subtracts the hold sig-
nal Yh1 from the predictive value <Y>, and outputs the
subtraction result Sa to the absolute value operating unit
6cb.
[0100] The absolute value operating unit 6cb deter-
mines the absolute value of the subtraction result Sa, or
|<Y> - Yh1|, and outputs it to the maximum value de-
tecting unit 6cc as an operation result Sb.
[0101] The maximum value detecting unit 6cc detects
a maximum value of operation results Sb occurring with-
in each cycle of the clock signal CK, and outputs the
obtained maximum value Sc in synchronization with
each cycle.
[0102] The absolute value operating unit 6cd deter-
mines the absolute value of the hold signal Yh1, or
|Yh1|, and outputs it to the maximum value detecting
unit 6ce as an operation result Sd.
[0103] Like the maximum value detecting unit 6cc, the
maximum value detecting unit 6ce detects a maximum
value of operation results Sd occurring within each cycle
of the clock signal CK, and outputs the obtained maxi-
mum value Se in synchronization with each cycle.
[0104] The comparator 6cf compares the maximum
values Sc and Se. If the maximum value Sc is larger
than the maximum value Se (i.e., if Sc > Se) , the control
signal CNT2 of logical "L" is output. That is, when the
maximum values Sc and Se have the foregoing relation-
ship Sc > Se, the comparator 6cf outputs the control sig-
nal CNT2 of logical "L," considering that the predictive
value <Y> differs from the hold signal Yh1 greatly and
is thus inappropriate, approximating neither of the pilot
signal and the sub carrier signal.
[0105] On the other hand, when the maximum value
Sc is smaller than or equal to the maximum value Se (i.
e., Sc ≤ Se), the comparator 6cf outputs the control sig-
nal CNT2 of logical "H," considering that the predictive
value <Y> does not differ from the hold signal Yh1 great-
ly and is thus appropriate, approximating the pilot signal
or the sub carrier signal.
[0106] Then, the comparator 6cf supplies the control
signal CNT2 of logical "L" to the switch element SW2,
thereby turning off (disconnecting) the subtractor 6b and
the switch element SW1. This inhibits the difference ∆Y,
which is determined as an interpolation amount, from
being supplied to the switch element SW1.
[0107] Moreover, the comparator 6cf supplies the
control signal CNT2 of logical "H" shown in Fig. 3 to the
switch element SW2, thereby turning on (connecting)
the subtractor 6b and the switch element SW1 so that
the difference ∆Y, which is determined as an interpola-
tion amount, is then supplied to the switch element SW1.
[0108] The switch element SW1 turns on/off in ac-

cordance with the hold control signal CNT1.
[0109] More specifically, the switch control element
SW1 turns on in the period when the hold control signal
CNT1 is logical "H" (hold period), so that the difference
∆Y transferred through the switch element SW2 is sup-
plied to the adder 5 as the interpolation amount Scmp.
[0110] In the period when the hold control signal
CNT1 is logical "L" (in periods other than the hold peri-
od), the switch element SW1 stops or inhibits supplying
the difference ∆Y to the adder 5.
[0111] That is, the switch elements SW1 and SW2
supply the difference ∆Y to the adder 5 as the interpo-
lation amount Scmp when under the following first con-
dition, and stops or inhibits supplying the difference ∆Y
to the adder 5 as the interpolation amount Scmp when
under the following second condition.

[First condition]

[0112] The hold control signal CNT1 and the control
signal CNT2 both are logical "H."

[Second condition]

[0113] The control signal CNT2 is logical "L," irrespec-
tive of the hold control signal CNT1.
[0114] Since the switch elements SW1, SW2 are con-
trolled on/off according to these first and second condi-
tions, the first condition is satisfied when the predictive
value <Y> generated is appropriate. Thus, the adder 5
adds the appropriate interpolation amount Scmp to the
hold signal Yh1. Consequently, when the first condition
holds, the appropriate interpolation amount Scmp is
added to the hold signal component during the hold pe-
riod of the hold signal Yh1, whereby the signal compo-
nent missing in the hold processing of the hold circuit
4a is interpolated appropriately.
[0115] Moreover, the second condition is satisfied
when the predictive value <Y> generated is inappropri-
ate. Thus, the adder 5 will not add the inappropriate in-
terpolation amount Scmp to the hold signal Yh1 even in
the hold period.
[0116] Now, the operation of the noise eliminator hav-
ing such a configuration will be described with reference
to Figs. 6A to 7E. Incidentally, all the waveforms shown
in Figs. 6A to 7E are adjusted to an identical time axis.
[0117] Fig. 6A shows a wave train of the clock CK out-
put from the clock generating unit 6d, Fig. 6B a wave
train of the input signal Yin on which noise Nz is super-
imposed, Fig. 6C a wave train of the hold signal Yh1,
and Fig. 6D a wave train of the predictive value <Y> gen-
erated by the prediction filter 7.
[0118] Fig. 7A shows a wave train of the subtraction
result Sa output from the subtractor 6ca shown in Fig.
5, Fig. 7B a wave train of the operation result Sb from
the absolute value operating unit 6cb, Fig. 7C a wave
train of the operation result Sd from the absolute value
operating unit 6cd, and Fig. 7D wave trains of the max-
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imum values Sc and Se output from the maximum value
detecting units 6cc and 6ce. Moreover, Fig. 7E shows
the control signal CNT2 output from the comparator 6cf,
in association with the input signal Yin.
[0119] Before going into details of the operation, an
overview will initially be given of the operation from the
input of the input signal Yin to the generation of the out-
put signal Yout.
[0120] When the input signal Yin as illustrated in Fig.
6B is input, the hold control signal generating unit 4b
detects noise Nz, and outputs the hold control signal
CNT1 which indicates the hold periods corresponding
to the periods of occurrence of the noise Nz.
[0121] The hold circuit 4a performs the hold process-
ing in accordance with the hold control signal CNT1,
thereby outputting the hold signal Yh1 which is given
noise elimination as shown in Fig. 6C.
[0122] Then, in the hold periods, interpolation
amounts Scmp are supplied to the adder 5 from the
switch elements SW1 and SW2 according to the first
condition described above. The adder 5 adds the sup-
plied interpolation amounts Scmp to the hold signal Yh1,
thereby generating and outputting the output signal Yout
in which necessary signal components such as the pilot
signal and sub carrier are interpolated.
[0123] The prediction filter 7 performs predictive op-
erations to generate the predictive value <Y> approxi-
mate to the necessary signal components such as the
pilot signal and sub carrier. From the predictive value
<Y>, the hold circuit 6a and the subtractor 6b generate
differences ∆Y for interpolating the necessary signal
components such as the pilot signal and sub carrier. Un-
der the on/off control by the foregoing switch elements
SW1 and SW2, the differences ∆Y are supplied to the
adder 5 as the interpolation amounts Scmp for appro-
priate interpolation.
[0124] As above, the prediction filter 7, the hold circuit
6a, the subtractor 6b, and the switch elements SW1 and
SW2 constitute a so-called feedback path for the adder
5, whereby the pilot signal, the sub carrier, and other
signal components missing in the hold signal Yh1 are
interpolated with the interpolation amounts Scmp. As a
result, the output signal Yout is generated with appro-
priate elimination of noise and appropriate interpolation
of necessary signal components.
[0125] Next, the operation of the noise eliminator will
be described in detail.
[0126] As described above, when the input signal Yin
containing the noise Nz illustrated in Fig. 6B is supplied,
the hold circuit 4a outputs the hold signal Yh1 shown in
Fig. 6C and the adder 5 outputs the output signal Yout
given interpolation processing.
[0127] Then, the interpolation filter 7 inputs the sam-
ple signal Y and performs predictive operations, output-
ting the predictive value <Y> as shown in Fig. 6D.
[0128] Meanwhile, the error detecting unit 6c config-
ured as shown in Fig. 5 performs the processing for gen-
erating the control signal CNT2 based on the hold signal

Yh1 and the predictive value <Y>, along with the
processing through the feedback path described above.
[0129] More specifically, the subtractor 6ca shown in
Fig. 5 inputs the hold signal Yh1 and the predictive value
<Y>, and subtract the hold signal Yh1 from the predic-
tive value <Y> to output the subtraction result Sa shown
in Fig. 7A.
[0130] The absolute value operating unit 6cb deter-
mines the absolute value of the subtraction result Sa,
and outputs the operation result Sb shown in Fig. 7B.
[0131] The absolute value operating unit 6cd also de-
termines the absolute value of the hold signal Yh1 to
output the operation result Sd shown in Fig. 7C.
[0132] Then, the maximum value detecting unit 6cc
detects the maximum value Sc of the operation result
Sb within each cycle of the clock CK, and the maximum
value detecting units 6ce detects the maximum value
Se of the operation result Sd within each cycle of the
clock CK. As a result, the maximum values Sc and Se
having stepwise waveforms shown in Fig. 7D are output.
[0133] Here, the waveform of the predictive value <Y>
shown in Fig. 6D depends on the characteristic of the
prediction filter shown in Fig. 4B. Specifically, as shown
in Fig. 4B, the prediction filter 7 has the characteristic
that the amount of predictive error drops during predic-
tive operations on such signal components as those of
the sample signal Y lying in a frequency band lower than
approximately 1 kHz and those having frequencies of
integer multiples of 19 kHz. Thus, the predictive values
<Y> for such signal components as those in the low fre-
quency band described above and at frequencies of in-
teger multiples of 19 kHz are generated in larger values.
[0134] Consequently, the predictive values <Y> of
both the 19-kHz pilot signal and the 38-kHz sub carrier
are generated appropriately.
[0135] Nevertheless, as shown in Fig. 4B, the amount
of predictive error also drops at frequencies above those
of the pilot signal and sub carrier if the frequencies fall
on integer multiples of 19 kHz. Thus, at these frequen-
cies, predictive values <Y> of signal components, noise
components, and the like can also be generated in larg-
er values. In particular, when those predictive values
<Y> exceed the predictive values <Y> of the pilot signal
and sub carrier, there might occur the problem that the
adder 5 interpolates the hold signal Yh1 with inappro-
priate interpolation amounts Scmp.
[0136] Then, the error detecting unit 6c shown in Fig.
5 detects the cases where the predictive values <Y> of
the signal components, noise components, or the like
having frequencies falling on integer multiples of 19 kHz
described above have inappropriate (greatly different)
values, and performs the processing for stopping or in-
hibiting the inappropriate interpolation.
[0137] Initially, the subtractor 6ca in Fig. 5 determines
difference between the predictive value <Y> and the
hold signal Yh1 to obtain the subtraction value Sa which
shows the amounts of difference of the predictive value
<Y> from the hold signal Yh1 as shown in Fig. 7A. Then,
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the absolute value operating unit 6cb determines the ab-
solute values of the subtraction value Sa to standardize
the amounts of difference into positive values.
[0138] Then, the maximum value detecting unit 6cc
detects the maximum value of the operation results Sb
occurring within a cycle of the clock signal CK to output
the maximum value Sc which shows the largest amount
of difference.
[0139] Meanwhile, in parallel with the processing by
the subtractor 6ca, the absolute value operating unit
6cb, and the maximum value detecting unit 6cc de-
scribed above, the absolute value operating unit 6cd de-
termines the operation result Sd which indicates the ab-
solute value |Yh1| of the hold signal Yh1. Moreover, the
maximum value detecting unit 6ce detects the maximum
value of the operation result Sd occurring within the cy-
cle of the clock signal CK to output the maximum value
Se which indicates the largest value of the hold signal
Yh1.
[0140] Then, the comparator 6cf compares the maxi-
mum value Sc indicating the largest amount of differ-
ence mentioned above and the maximum value Se in-
dicating the largest value of the hold signal Yh1. If the
maximum value Sc is larger than the maximum value
Se, the predictive value <Y> is greatly different from the
hold signal Yh1 and thus is inappropriate. Then, the con-
trol signal CNT2 of logical "L" as shown in Fig. 7E is
output. If the comparison of the maximum values Se and
Sc shows that the maximum value Se is smaller than or
equal to the maximum value Sc, the predictive value
<Y> is not so greatly different from the hold signal Yh1
and thus is appropriate. Then, the control signal CNT2
of logical "H" is output.
[0141] By means of the control signal CNT2 of logical
"L," the comparator 6cf turns off (disconnects) the switch
element SW2 to stop or inhibit the processing corre-
sponding to the foregoing second condition, i.e., the in-
terpolation processing. The provision of this interpola-
tion stop or inhibition avoids the problem that the adder
5 interpolates the hold signal Yh1 with inappropriate in-
terpolation amounts Scmp to generate an output signal
Yout which contains even higher noise.
[0142] By means of the control signal CNT2 of logical
"H," the comparator 6cf turns on (connects) the switch
element SW2 to make the adder 5 perform the process-
ing corresponding to the foregoing first condition, or to
be more specific, make the adder 5 perform the interpo-
lation processing in the hold period when the switch el-
ement SW1 is turned on by the hold control signal CNT1.
That is, this interpolation processing can be performed
to generate the output signal Yout in which the pilot sig-
nal and sub carrier missing in the hold signal Yh1 are
reproduced.
[0143] Consequently, according to the noise elimina-
tor of this example, the noise elimination processing in
the hold circuit 4a causes missing signal components in
the hold signal Yh1. At the time of interpolation thereof,
the error detecting unit 6c decides whether predictive

values <Y> generated by the prediction filter 7 are ap-
propriate or not, and only if the values are appropriate,
supplies interpolation amounts Scmp to the adder 5 for
interpolation. This provides the excellent effect that both
appropriate noise elimination and appropriate interpola-
tion can be achieved at the same time.
[0144] As has been described, according to the noise
eliminators of the present embodiment and the exam-
ple, the predictor 7 and the prediction filter 7 can gen-
erate interpolation amounts Scmp for use in interpola-
tion. The interpolation processing can be stopped or in-
hibited, however, in cases where these predictor 7 and
prediction filter 7 fail to generate appropriate interpola-
tion amounts, while the interpolation processing is per-
formed when appropriate predictive values are gener-
ated. It is therefore possible to achieve both the appro-
priate noise elimination and the appropriate interpola-
tion at the same time.
[0145] Incidentally, in the foregoing practical exam-
ple, the error detecting unit 6c shown in Fig. 5 detects
whether predictive values <Y> are inappropriate or not
in such a way that the maximum value detecting units
6cc and 6ce determine respective maximum values Sc
and Se of the operation results Sb and Sd which occur
within a predetermined period set by the clock signal
CK, and the comparator 6cf compares the maximum
values Sc and Se. Nevertheless, the foregoing maxi-
mum values Sc and Se need not necessarily be deter-
mined. That is, the maximum value detecting units 6cc
and 6ce may be omitted. In this case, the comparator
6cf compares the operation results Sb and Sd, and if Sb
>Sd, generates the control signal CNT2 of logical "L,"
regarding the predictive value <Y> as inappropriate. If
Sb ≤ Sd, the comparator 6cf generates the control signal
CNT2 of logical "H," regarding the predictive value <Y>
as appropriate.
[0146] The foregoing embodiment and example have
dealt chiefly with noise eliminators for eliminating such
noises as automotive ignition noise contained in FM de-
tection signals generated by an FM radio receiver. Nev-
ertheless, the embodiment and the example may also
be used as noise eliminators which effectively eliminate
noises other than the automotive ignition noise, and
ones which effectively eliminate various noises from sig-
nals processed by various types of communication de-
vices and other electronic devices aside from FM radio
receivers.

Claims

1. A noise eliminator (3) for eliminating noise con-
tained in an input signal, comprising:

holding means (4) for detecting a period of oc-
currence of noise contained in said input signal,
passing said input signal for output during a pe-
riod when no noise occurs, and putting said in-

19 20



EP 1 427 111 A2

12

5

10

15

20

25

30

35

40

45

50

55

put signal into a hold state for output during the
period of occurrence of noise;
synthetic means (5) for synthesizing a hold sig-
nal component of the signal output from said
holding means with an interpolation amount
(Scmp), said hold signal component being out-
put in said hold state;
predictive means (7) for performing a predictive
operation on output signals of said synthetic
means to calculate predictive values approxi-
mate to said input signal; and
interpolation control means (6) for determining
an amount of change of said predictive values
as said interpolation amount, and stopping said
synthetic means from performing the synthesis
of said interpolation amount when said predic-
tive values are inappropriate with respect to
said hold signal component output in said hold
state, and making said synthetic means per-
form the synthesis of said interpolation amount
when said predictive values are appropriate.

2. The noise eliminator according to claim 1, wherein
said interpolation control means determines, as the
amount of change, a difference between said pre-
dictive value generated at the starting point of the
period of occurrence of noise and each individual
predictive value generated within the period of oc-
currence of noise.

3. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 1,
wherein said interpolation control means deter-
mines an absolute value of said difference between
said each predictive value determined within the pe-
riod of occurrence of noise and said hold signal
component output in said hold state and an abso-
lute value of said hold signal component, and re-
gards said predictive value as inappropriate with re-
spect to said hold signal component when the ab-
solute value of said difference is greatly different
from the absolute value of said hold signal compo-
nent.

4. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 1,
wherein said interpolation control means deter-
mines an absolute value of said difference between
said each predictive value determined within the pe-
riod of occurrence of noise and said hold signal
component output in said hold state and an abso-
lute value of said hold signal component, and re-
gards said predictive value as appropriate when the
absolute value of said difference is little different
from the absolute value of said hold signal compo-
nent.

5. The noise eliminator according to one of the pre-

ceding claims in particular according to claim 3,
wherein said interpolation control means further de-
termines a maximum value of the absolute values
of said differences within a predetermined period
and a maximum value of the absolute values of said
hold signal component within said predetermined
period as a first maximum value and a second max-
imum value, respectively, and regards said predic-
tive values as inappropriate with respect to said
hold signal component when said first maximum
value is larger than said second maximum value.

6. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 4,
wherein said interpolation control means further de-
termines a maximum value of the absolute values
of said differences within a predetermined period
and a maximum value of the absolute values of said
hold signal component within said predetermined
period as a first maximum value and a second max-
imum value, respectively, and regards said predic-
tive values as appropriate when said first maximum
value is smaller than or equal to said second max-
imum value.

7. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 1,
wherein said input signal is an FM detection signal.

8. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 7,
wherein said predictive means performs a predic-
tive operation for approximating one of a pilot signal
and a sub carrier contained in said FM detection sig-
nal.

9. The noise eliminator according to one of the pre-
ceding claims in particular according to claim 8,
wherein said predictive means determines a differ-
ence between two of said output signals to calculate
said predictive value, said two output signals having
a phase difference corresponding to the frequency
of saidpilot signal or said sub carrier.

10. A noise elimination method for eliminating noise
contained in an input signal, comprising:

a holding step of detecting a period of occur-
rence of noise contained in said input signal,
passing said input signal for output during a pe-
riod when no noise occurs, and putting said in-
put signal into a hold state for output during the
period of occurrence of noise;
a synthetic step of synthesizing a hold signal
component of the signal output in the holding
step with an interpolation amount, said hold sig-
nal component being output in said hold state;
a predictive step of performing a predictive op-
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eration on output signals generated in the syn-
thetic step to calculate predictive values ap-
proximate to said input signal; and
an interpolation control step of determining an
amount of change of said predictive values as
said interpolation amount, and stopping the
synthesis of said interpolation amount in the
synthetic step when said predictive values are
inappropriate with respect to said hold signal
component output in said hold state, and ena-
bling the synthesis of said interpolation amount
in the synthetic step when said predictive val-
ues are appropriate.
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