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NOISE REDUCTION CIRCUIT FOR A TV RECEIVER

The present invention relates to a noise reduction circuit for

-

a TV receiver and relates in particular to a digital circuit

for noise reduction in modern high and wide screen TV

receivers.

One well-known prior art noise reduction system is based on
spatial noise reduction, where the signal is filtered in
horizontal and vertical directions. For the filtering either

non-recursive filters or median filters are used. The hardware

complexity of such systems is relatively low making them
suitable for low and mid range cost TV sets. One disadvantage
of these prior art systems may be seen in the loss of
information in the vertical and horizontal directions, which
cauéeé'lack of definition of the pigture. Another disadvantage

is that the maximum achievable amount of noise reduction is
fairly low.

Another prior art noise reduction system is based on temporal

noise reduction, also known as frame averaging. Frame

averaging is considered effective in processing a sequence of
image frames which are contaminated by random noise, but in

which the change in image information from frame to frame is

not great. 1In case of motion, a simple averaging method will

result in a smearing effect. The temporal noise reduction can

be improved by using a motion detection unit to control the

frame averaging by the detected motion value. Such prior art

systems require, however, complex hardware and the achievable

noise reduction is still not satisfactory.
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It is an object of the present invention to provide a noise
reduction circuit for a TV receiver, which has a simple

arrangement and which provides improved noise reduction.

This object is solved by the subject matter of claim 1.

-

Preferred embodiments are the subject matter of the dependent
claims.

In the following preferred embodiments of the present  invention

are described in conjunction with the accompanying drawings,

which show:

Figure 1, a simplified diagram of a preferred embodiment of

the noise reduction circuit according to the present invention;
and

Figure 2, a simplified diagram of a preferred noise reduction
circuit according to the present invention, which may be

realised with relatively simple hardware.

According to the present invention, noisé reduction in wvideo
signals is achieved by motion adaptive frame or field

averaging. Thé averaging of frames or fields is achieved by
means of a recursive temporal filter, an example of which is
shown in Figure 1, designated by reference numeral 1.

The delay elements of recursive filter 1 are constituted by
frame or field memories 2, wherein the amount of frame/field

memories corresponds to the order of the recursive filter.
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Using frame memories generally provides better filter quality,
since pixels used for the averaging processing are, in this

case, at the same physical position. Using field memories will

generally lead to a loss of vertical resolution, because pixels

of different vertical positions are averaged.

If the input signal to recursive filter 1 is x, output signal y
and the filter coefficients are kl to kf in case of a recursive
filter comprising f frame/field memories, then the filter

structure may mathematically be expressed as follows:
y=k()*x+].c1*y*‘=z"‘+k2*y*z""q-kB*y*z'3+...+k.f*y*z'£

In this equation z'* represents a frame/field-delay of 1

frame/field (z-transformation) .

Increasing filter coefficients k1 to kf will result‘in an
increased influence of previous frame/fields and thus, to an
‘increased. averaging. Thus, in case of low motion {or no
motion), filter coefficients k1 to kf should be considerably
high in order to achieve significant noise reduction. In case

of significant motion, filter coefficients kl to kf should be

smaller in order to avoid smearing effects.

In accordance with the present invention the selection of the
appropriate filter coefficients is therefore controlled in
accordance with a detected motion value. In Figure 1 the
appropriate filter coefficients are provided by look-up table means

3, which in turn is addressed by a quantisized motion value

supplied by quantisation means 4.
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The purpose of quantization means 4 is to guantisize a motion
value supplied by a motion detection unit (not shown) and thus,

to reduce the amount of motion values by which look-up table
means 3 is addressed. '

For example, the motion detection unit may generate motion
values in a range from - 256 to + 255 which are mapped by
quantisation means 4 onto a limited number of motion output
values. In a preferred embodiment quantisation means 4 may,
for gxample, comprise three threshold values in that the output
provided to look-up table means 3 comprises two bits by which

four difference motion values may be represented.

The amount and the magnitude of the thresholds can easily be
changed by loading different threshold sets TH via a control
bus into guantisation means 4. This is illustrated in Figure 1
by different planes 0 to j each representing a different set of
threshold values. The quantisized motion value output by
guantisation means 4 addresses a particular filter coefficient
set KFx comprising filter coefficients KOx to kfx used to
adjust recursive filter 1. Similar to quantisation means 4,

look-up table means 3 may also be reconfigured by loading
different coefficient sets via a control bus.

A particular qQuantisized motion value output by quantisation
means 4 may result in the readout of a particular corresponding

coefficient set from look-up table means 3, which is then

applied to recursive filter 1.

A particular quantisized motion value applied to look-up table

means 3 may, however, also result in the readout of different
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coefficient sets from look-up table means 3, depending on the

result of a noise measurement. In Figure 1 this is illustrated

by control unit 5, comprising a noise measurement circuit 6.
Control unit 5 is used to load guantisation means 4 and look-up
table means 3 with appropriate threshold and coefficient sets.
Noise measurement circuit 6 detects the signal to noise ratio
of incoming video signals and provides a respective indication
of the measurement result. The purpose of this noise
measurement circuit is to avoid smearing effects in piétures

already having a good signal-to-noise ratio and comprising slow
moving objects.

In case of slow moving (or still) objects, the present circuit
will generally apply high filter coefiicients to recursive
filter 1 leading to significant averaging processing. If the
signal-to-noise ratio of the processed picture is already

satisfactory, this averaging processing would lead to an

undesired smearing effect. Therefore, noise measurement

circuit 6 provides to control unit 5 with an indication in case
that an incoming video signal already has a sufficient signal-
to-noise ratio. In response thereto control unit 5 will load orx
select a different set of threshold values for quantisation
means 4 and/oxr aldifferent set of filter coefficients for look-
up table means 3. As mentioned, in this manner it can be
prevented that a video signal already has an appropriate
signal-to-noise ratio, averaging attempts to improve the

signal-to-noise ratio of the image quality if the video signal
contains motion.

The noise reduction circuit, preferably, additionally contains

an absolute and limiter unit 7, in which the .absolute value of
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the applied motion value is calculated and in which the amount
of bit is then reduced.

Figure 2 shows a simplified diagram of a preferred embodiment
having a further simplified arrangement. 1In Figure 2 recursive
filter 1 is formed by a first order filter comprising a single

frame/field memory 2.

The filter structure of the respective recursive filter may be
written as:

y=(1-K) *x+k*y*z"

As shown in Figure 2, control unit 5 loads threshold value sets
and filter coefficient sets via register chain 8 and register

chain 9 into quantisation means 4 and look-up table means 3
respectively.

Further recursive filter 1 comprises a bitshift and rounding

circuit for reducing the amount of bits finally output by the
filter.

Figure 2 further shows preferred bit-formats of the signals
input and output by the different units. As shown, motion value
provided by the motion detection unit_preferably comprises 9
bits. These 9 bit signals are processed by absolute and limiter
unit 7 in that finally S5-bit signals are applied to guantisation
means 4. The thirty-two possiblé motion values applied to
guantisation means 4 are mapped onto four different guantisized

motion values output by quantisation means 4. For this mapping

guantisation means 4 compares the 5-bit input- signal with three



different threshold values. Look-up table means 3 outputs in

response to each applied quantisized motion value, a 3-bit
filter coefficient for first order recursive filter 1. In case

of a higher order recursive filter, look-up table means 3 would

output a cbrresponding plurality of filter coefficients. As may
be further seen from Fiéure 2, input signal preferably comprise
8-bits, resulting in a 92-bit signal at the output of adder means
11 and a 12-bit signal at the output of multiplier means.lz.

The 12-bit signal is reduced into an 8-bit signal by bit shift

and rounding unit 10, and finally an 8-bit signal is output by
recursive filter 1.

It is probable that the luminance and chrominance component of
a video signal is filtered simultaneously, and in that two

recursive filter units 1 are provided. It is not necessary

that control unit 5, quantisation means 4 and look-up table
means 3 are also provided twice, but these units may control

two recursive filter units 1 used to filter the chrominance and'

luminance signals respectively.

The chrominance signal consisting of U and V'components may be

filtered by a single recursive filter 1 by multiplexing the U
and V components. '

A motion detection unit preferably comprises a frame/field
difference circuit and a five tap FIR filter by which a

calculated frame/field difference is filtered before it is

applied to absolute and limiter means 7.
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CLAIMS
1. Noise reduction circuit for a television receiver
- comprising:

a recursive filter means (1) for filtering at least one
component of an incoming video signal, the filter
characteristics of which being adjustable by at least

one filter coefficient applied thereto,

a quantisation means (4) for converting a supplied
motion signal being derived from the incoming video
signal and comprising a predetermined number of bits

into a quantised motion signal compriéing a lower number
of bits,

a look-up-table means, which is addressed by the
quéntised motion signal provided by said quantisation
means and which, in response to the addressing, outputs
at least one filter coefficient to said recursive filter
means (1) in that the filter characteristics of the

recursive means are adjusted in accordance with motion

detected in the video signal.

Noise reduction circuit according to claim 1, wherein

said recursive filter means achieves noise reduction by

frame- or field-averaging.
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" Noise reduction circuit according to claim 2, wherein

said recursive filter means is a first order filter
comprising a single frame or field memory in a backward
path of the filter and wherein the filter
characteristics are adjusted by a single filter

coefficient provided by said look-up-table means (3).

Noise reduction circuit according to one of the
preceding claims, wherein the motion signal applied to
the quantisation means is compared with a set of

threshold values stored in the quantisation means.

Noise reduction circuit according to claim 4, wherein
the quantisation means stores three threshold values and
converts a five-bit motion signal into a two-bit

quantised motion signal.

Noise reduction circuit according to claim 4 or 5,
wherein the set of threshold values stored in the
quantisation means and/or the coefficients stored in the

lock-up-table means are input by a control unit (5) via

a respective bus means.

Noise reduction circuit according to claim 6, wherein
the set of threshold values stored in the quantisation
means and/or the coefficients stored in the look-up-

table means, may be changed according to characteristics
detected in the video signal.

Noise reduction circuit according to one of the

preceding claims, further comprising a noise measurement
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circuit (6) for detecting noise in the video signal and
for providing a control'signal based on which the set of
threshold values of the quantisation means and/or the

coefficients of the look-up-table means are selected.

Noise reduction circuit according to any of the
preceding claims, further comprising a motion detection

unit generating the motion signal applied to the

quantisation means.

Television receiver comprising a noise reduction circuit

according to any of the preceding claims.



