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NOISE REDUCTION CIRCUIT FOR VIDEO
SIGNAL RECORDING/REPRODUCTION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to noise reduction cir-
cuits, and more particularly, to a noise reduction circuit
for reducing noise included in a reproduced video sig-
nal from a video signal recording/reproduction device
such as a video tape recorder (referred to as a VIR
hereinafter).

2. Description of the Background Art

Video signal recording/reproduction devices such as
VTRs are usually provided with noise reduction cir-
cuits for reducing noise within reproduced video signals
generated while video signals are recorded onto a re-
cording medium, such as a magnetic tape, and/or repro-
ducing video signals therefrom. Generally, a video sig-
nal comprises a luminance signal (Y signal) and a chro-
minance signal (C signal) interleaved with each other at
the interval of 3-fz. In recording, such video signal is
Y/C separated and the extracted luminance signal is
processed by a luminance signal processing circuit to be
recorded. When such luminance signal is recorded,
chrominance signal components apart from a luminance
signal spectrum by #.fgy may possibly remain in the
luminance signal, and such chrominance signal compo-
nents become noise components.

FIG. 1 is a block diagram schematically showing a
non-recursive type noise reduction circuit which is an
example of such conventional noise reduction circuits
for reducing noise components.

Referring to FIG. 1, a reproduced luminance signal
as a reproduced video signal, including noise, provided
from a reproduction system circuit (not shown) of a
VTR for example, is applied to an 1H delay line 2 imple-
mented with a CCD delay line for example, via an input
terminal 1, to be delayed by 1H period (H: horizontal
period of a video signal). The delay line is not limited to
1 delay line, and may be any nH (n: natural number)
delay line. The reproduced luminance signal delayed by
1H period in 1H delay line 2 is applied to a negative
input terminal of a subtractor 3.

The current reproduced luminance signal provided to
input terminal 1 is applied to a positive input terminal of
subtractor 3, as well as to a positive input terminal of a
subtractor 6. Subtractor 3 subtracts the reproduced
luminance signal 1H-delayed by 1H delay line 2 from
the current reproduced luminance signal which is pro-
vided from input terminal 1. Because the video informa-
tion of the vertical direction and reducing noise, where
the level of a signal component not having line correla-
tion is emphasized, i.e., vertical emphasis is applied to a
luminance signal to record a video signal on a magnetic
tape, and the reproduced luminance signal is passed
through a recursive type noise reduction circuit at the
time of reproduction. A recursive type noise reduction
circuit employed in such VTRs is disclosed in Japanese
Patent Laying-Open No. 57-211885 and 59-158684, for
example. FIG. 2 is a block diagram schematically show-
ing such a conventional recursive type noise reduction
circuit.

Referring to FIG. 2, a reproduced luminance signal,
including noise, provided from a reproduction system
circuit (not shown) of a VTR is applied to a positive
input terminal of a subtractor 9 and a positive input
terminal of a subtractor 13, via an input terminal 8.
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Subtractor 9 subtracts the reproduced luminance signal
supplied from a 1H delay line 10 from the reproduced
luminance signal to extract a component not having line
correlation (mainly the noise component).

The extracted component is provided to an attenua-
tor 12 having an arbitrary attenuation coefficient via a
limiter 11, where the level is attenuated. The attenuated
component is then applied to a negative input terminal
of reproduced luminance signals having 1H period in-
terval are in close approximity, i.e. have line correla-
tion, noise components not related to video information
(no line correlation) are extracted from subtractor 3.

The extracted noise component has the amplitude
thereof limited via a limiter 4 to be applied to an attenu-
ator 5 where its level is attenuated. The noise compo-
nent is then applied to a negative input terminal of sub-
tractor 6. The positive input terminal of subtractor 6 is
supplied with the current reproduced luminance signal
from input terminal 1. Subtractor 6 subtracts the noise
component from the current reproduced luminance
signal. Thus, a reproduced luminance signal having the
noise component reduced is provided via an output
terminal 7.

With the noise reduction circuit of the non-recursive
type of FIG. 1, not only the noise components but also
the signal components not having line correlation are
canceled from the reproduced luminance signal by sub-
tractor 6. The resolution in the vertical direction of the
reproduced picture is therefore degraded with pictures
having blurred edges. Because this phenomenon is no-
ticeable where noise reduction effect is increased, the
SN ratio could not be improved sufficiently in the non-
recursive type noise reduction circuit of FIG. 1.

A VTR has been proposed for simultaneously per-
forming de-empbhasis in the subtractor 13. The positive
input terminal of subtractor 13 is supplied with the
current reproduced luminance signal from input termi-
nal 8, whereby subtractor 13 subtracts the component
without line correlation from the current reproduced
luminance signal. Thus, the reproduced luminance sig-
nal having the noise component reduced and the signal
component without line correlation emphasized at the
time of recording but now de-emphasized is applied to
an output terminal 14, and to a 1H delay line 10. A series
of the above mentioned operation is repeated thereafter.

The recursive type noise reduction circuit of FIG. 2
implements a closed-loop in which the reproduced lu-
minance signal provided from output terminal 14 is
fed-back to 1H delay line 10. The noise components are
reduced according to the attenuation coefficient of
attenuator 12, and the signal components without line
correlation are de-emphasized to improve the SN ratio
significantly.

The noise reduction rate in the recursive type noise
reduction circuit of FIG. 2 is great because de-emphasis
in the vertical direction and reduction of the noise com-
ponents are simultaneously carried out with one circuit.
This results in degradation of the resolution of the re-
produced picture in the vertical direction as mentioned
before. Also, the noise components having line correla-
tion which were not reduced as described above is
particularly emphasized, leading to a problem of rain-
ing-like trails in the vertical direction on the reproduced
picture called “raining noise”.
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
noise reduction circuit of a video signal recording/re-
production device which prevents degradation in verti-
cal resolution in reproduced pictures.

Another object of the present invention is to provide
a noise reduction circuit of a video signal recording/re-
production device which suppresses the increase of
“raining noise” in reproduced pictures.

A further object of the present invention is to simplify
the structure of a noise reduction circuit of a video
signal recording/reproduction device.

Briefly stated, the present invention is a noise reduc-
tion circuit for a video signal recording/reproduction
device, wherein the video signal recording/reproduc-
tion device includes vertical emphasis means of a non-
recursive type for applying vertical emphasis to a video
signal at the time of recording. The noise reduction
circuit includes a first noise reduction circuit of a recur-
sive type and a second noise reduction circuit of a non-
recursive type. The first recursive type noise reducing
circuit functions as a vertical de-emphasis circuit sub-
jecting reproduced video signals to vertical de-empha-
sis with a characteristic complimentary to that of the
vertical emphasis circuit. The second non-recursive
type noise reduction circuit cancels noise components
without line correlation from the reproduced video
signal.

The main advantage of the present invention lies in
that by subjecting the reproduced video signal to verti-
cal de-emphasis with the recursive type noise reduction
circuit as well as reducing noise components with the
non-recursive type noise reduction circuit in reproduc-
ing a video signal subjected to vertical emphasis at the
time of recording it is not necessary to increase the noise
reduction amount of the noise reduction circuit to sup-
press both degradation in vertical resolution and in-
crease in raining-like noise.

The foregoing and other objects, features, aspects
and advantages of the present invention will become
more apparent from the following detailed description
of the present invention when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically showing a
conventional non-recursive type noise reduction cir-
cuit.

FIG. 2 is a block diagram schematically showing a
conventional recursive type noise reduction circuit.

FIG. 3 is a block diagram schematically showing a
noise reduction circuit according to a first embodiment
of the present invention.

FIG. 4 is a graph for explaining the operational char-
acteristics of the first embodiment of FIG. 3.

FIG. 5 is a block diagram schematically showing a
noise reduction circuit according to a second embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 3 is a block diagram schematically showing a
noise reduction circuit of a VTR according to a first
embodiment of the present invention. Referring to FIG.
3, a luminance signal to be recorded provided from a
recording system circuit (not shown) of a VTR for
example, is applied to a 1H delay line 22, implemented
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4
with a CCD delay line or the like, through an input
terminal 21 to be delayed by 1H. The 1H-delayed lumi-
nance signal is supplied to a negative input terminal of a
subtractor 23.

The current luminance signal provided to input ter-
minal 21 is applied to a positive input terminal of sub-
tractor 23 as well as to one input terminal of an adder
26. Subtractor 23 subtracts the luminance signal delayed
by 1H at 1H delay line 22 from the current luminance
signal from input terminal 21 to provide a signal compo-
nent without line correlation.

The extracted signal component without line correla-
tion is applied to a multiplier 25 having a coefficient of
K1 via a limiter 24 to be attenuated in level. The result-
ing level attenuated multiplied signal component is then
applied to the other input terminal of adder 26. Adder
26 adds the signal component without line correlation
to the current luminance signal. Hence, a luminance
signal having an emphasized signal component without
line correlation emphasized is provided from adder 26.

Input terminal 21, 1H delay line 22, subtractor 23,
limiter 24, multiplier 25 and adder 26 constitute a non-
recursive type vertical emphasis circuit which applies a
vertical emphasis to a luminance signal in a luminance
signal recording system of a VTR.

The vertical-emphasized luminance signal provided
from adder 26 is applied to a recording/reproduction
system 27 inclusively showing a recording system mod-
ulation circuit, a recording system magnetic head, a
magnetic tape, a magnetic head for reproduction, a
reproduction system demodulation circuit and the like,
and is recorded in the magnetic tape.

The vertically emphasized luminance signal, and
including noise generated at the time of recording/re-
production, which is reproduced from the magnetic
tape at the time of reproduction, is applied to a positive
input terminal of a subtractor 28 as well as to a positive
input terminal of a subtractor 31. Subtractor 28 sub-
tracts the reproduced luminance signal provided from a
1H delay line 32 from the reproduced luminance signal
to extract a component without line correlation (mainly
noise component).

The extracted component is applied to a multiplier 30
of a coefficient of K2 via a limiter 29 to have its level
resulting attenuated multiplied. The attenuated compo-
nent is then applied to a negative input terminal of a
subtractor 31. The positive input terminal of subtractor
31 is supplied with the current reproduced luminance
signal, whereby the component without line correlation
is subtracted from the current reproduced luminance
signal. Thus, a reproduced luminance signal without the
component having reduced line correlation is applied to
positive input terminals of subtractors 33 and 36, as well
as to 1H delay line 32. Thereafter, the above described
series of operation is repeated.

Subtractor 28, limiter 29, multiplier 30, subtractor 31
and 1H delay line 32 constitute a recursive type noise
reduction circuit. If coefficient K2 of multiplier 30 of
the recursive type noise reduction circuit of the repro-
duction side is set to have a characteristic complimen-
tary to that of coefficient K1 of the non-recursive type
vertical emphasis circuit of the recording side, the re-
cursive type noise reduction circuit of the reproduction
side functions substantially as a vertical de-emphasis
circuit subjecting a luminance signal to de-emphasis in
the vertical direction. ]

The reproduced luminance signal provided from
subtractor 31 subjected to vertical de-emphasis is de-
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layed by 1H in 1H delay line 32 and applied to the
negative input terminal of subtractor 33. Subtractor 33
subtracts the reproduced luminance signal delayed by
1H from the reproduced luminance signal supplied from
subtractor 31 to extract a noise component without line
correlation.

The extracted noise component is applied to a multi-
plier 35 of a coefficient K3 via a limiter 34 to be attenu-
ated in level. The noise component is then applied to the
negative input terminal of a subtractor 36. The positive
input terminal of subtractor 36 is supplied with a repro-
duced luminance signal from subtractor 31, whereby
subtractor 36 further subtracts the noise component
from the reproduced luminance signal subjected to
vertical de-emphasis. The reproduced luminance signal
having the noise component reduced is provided from
an output terminal 37. 1H delay line 32, subtractor 33,
limiter 34, muitiplier 35 and subtractor 36 constitute a
non-recursive type noise reduction circuit.

In accordance with the first embodiment, the recur-
sive type noise reduction circuit of the preceding stage
of the reproduction system performs mainly de-empha-
sis in the vertical direction to eliminate the need to
increase the noise reduction amount of this recursive
type noise reduction circuit, in comparison with the
conventional example of FIG. 2 where vertical de-em-
phasis and noise reduction are carried out simulta-
neously. Therefore degradation of vertical resolution
and increase of raining-like noise arising from the noise
reduction circuit can be suppressed. The non-recursive
type noise reduction circuit of the succeeding stage
performs mainly reduction of noise components, allow-
ing noise component reduction without particularly
increasing the noise reduction amount of this non-recur-
sive type noise reduction circuit. Therefore, noise hav-
ing line correlation is not emphasized, and raining-like
noise arising from this noise reduction circuit does not
occur.

FIG. 4 is a graph explaining the operation character-
istic of the first embodiment of FIG. 3 in comparison
with the conventional example of FIG. 2. The operation
of the first embodiment will be explained in details with
reference to FIGS. 3 and 4.

The transfer function of the non-recursive type re-
cording system vertical emphasis circuit implemented
with elements 21 to 26 of FIG. 3 is derived as in the
following manner.

First, the following equation is established between
input luminance signal V3; at input terminal 21 and
output V¢ of adder 26.

Vas()=V21(0)+K1(V21()—V21(t—T)) (¢Y
where T represents 1H period.

The transfer function Hze (o) of the recording system
vertical emphasis circuit is expressed as below.

@

Hig (w) V26 (@)/ V21 (w)

1+ K1 —Kl.exp(—sT)

The transfer function of the recursive type reproduc-
tion system vertical de-emphasis circuit implemented
with elements 28 to 32 is derived as in the following
manner.

" First, the following equation is established between
reproduced luminance signal V27 provided from recor-
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6

ding/reproduction system 27 and output V3; of sub-
tractor 31.

Vsl =V —K2(7@ - Va1t ~ 1) 3

The transfer function H3; (@) of the reproduction

system vertical de-emphasis circuit is expressed as be-
low.

@

H3p (w) Vit (w)/ V27 (@)

(1 — K2)/(1 — K2 - exp (—sT)

The transfer function of the non-recursive type repro-
duction system noise reduction circuit implemented
with elements 32 to 37 is derived as in the following
manner.

First, the following equation is established between
reproduced luminance signal V3 provided from sub-
tractor 31 subjected to vertical de-emphasis and output
luminance signal V37 at output terminal 37.

V37()=V31() - K3(V31(1)—V31(t—T)) )

The transfer function H37 (w) of the reproduction

system noise reduction circuit is expressed as below.

H37 (w) ®

V37 (0)/ V31 ()
= 1 — K3+ K3:.exp (—sT)

In view of the foregoing, K1 and K2 should be deter-
mined to establish the relationship of:

Hag(w) X Ha{w)=1 (Y]
for the characteristic of the recording system vertical
emphasis circuit to be complimentary to that of the
reproduction system vertical de-emphasis circuit.

That is to say, from the above equations of (2), (4) and
(7, K1 and K2 k should be determined to establish:

K1=K2/(1~K2) ®)

By determining K1 and K2 as in the above equation,
degradation of vertical resolution and increase of rain-
ing-like noise arising from the recursive type vertical
de-emphasis circuit can be suppressed while carrying
out vertical de-emphasis.

FIG. 4 is a graph showing the frequency-amplitude
characteristics where K1=0.5, K2=0.33, and
K3=0.164 in the structure of FIG. 3, in comparison
with the conventional example of FIG. 2. The recursive
type noise reduction circuit shown in the conventional
example of FIG. 2 does not include the elements corre-
sponding to elements 33 to 36 of FIG. 3. Also, it is
assumed that the attenuation coefficients K1 and K2 of
the recording system and the reproduction system are
both specified as 0.5. In the convention exampie,
K1=K2 / (1-K2). Accordingly, the de-emphasis
amount of the vertical direction in the reproduction
system is greater than the emphasis amount of the verti-
cal direction in the recording system.

Referring to broken line representing the first em-
bodiment and solid line b representing the conventional
example in FIG. 4, the pass-band of a reproduced lumi-
nance signal of the first embodiment is wider than that
of the conventional example to allow passage of original









