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invention relates to a noise reduction circuit for a TV recei%%ﬁb@pdd o

relates in particular to a digital circuit for noise reduction in nDdernoPy
high and wi de screen TV receivers. One well-known prior art noise

reduction systemis based on spatial noise reduction, where the signal is
filtered in horizontal and vertical directions. For the filtering either
non-recursive filters or nmedian filters are used. The hardware conplexity
of such systens is relatively |ow nmaking them suitable for ow and md
range cost TV sets. One disadvantage of ithese prior art systens may be
seen in the loss of information in the vertical and horizontal directions,

which causes |ack of ygdeih Heduedrefi &Pfedi<C iFoRea N%I&?sadvant age is

t hat t he maxi num achi evabl e anobunt of noi se reduction iIs airly | ow.

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 signél 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. -In 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'bf the detected motion value. Such prior art

systems require, however, complex hardware and the achievable

noise reduction is still not satisfactory.



Anot her prior art noise reduction systemis based on tenporal noise
<«reduction, also known as frane averagi ng. Franme averaging is considered
effective in processing a sequence of image franes which are contam nated
by random noi se, but in which the change in inmage information fromfrane
to frame is not great. In case of notion, a sinple averaging nethod w ||
result in a snearing effect. The tenporal noise reduction can be inproved
by using a notion detection unit to control the frame averagi ng by the

detected notion value. Such prior art systens require, however, conplex
‘hardware and the achi evabl e noi se reduct¢ion is still not satisfactory.
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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.



In"the follow ng preferred enbodi nents of the present invention are

. described in conjunction with the acconpanyi ng draw ngs, which show
Figure 1, a sinplified diagramof a preferred enbodi nent of the noise

reduction circuit according to the present invention; and Figure 2, a

. sinplified diagramof a preferred noise reduction circuit according to the
"~ present invention, which may be realised with relatively sinple hardware.
According to the present invention, noi§e reduction in video signals is
achi eved by notion adaptive frame or fiéld averagi ng. The averagi ng of

frames or fyslgs frameCheryelkdyeiRaaslPprbvides! betEedt FINRed! qhaliws, an
exanpl e of which is shown in Figure 1, designated by reference nuneral 1.
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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.



case, at the sane physical position. Using field menories 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 conprising f franme/field nenories, then the filter
structure may mathematically be expressed as foll ows:

y=kO*x+kl *y*z[ err] +k2*y*z[err]+k3*y*z [err]+...+kf*y*z[err] In this
equation z[err] represents a frane/fieldﬁdelay of 1 frame/field

(z-transf or nEbe qirpose bficieasiizgtibht @eawoeaf filsCtongsakdidizekh Mbtiod esul t

I n an increaged I nfLuence of previoys frane/fields and thus, to an
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significant noise reduction. In case of significant notion, filter

coef fici ent sS™RPP% o kS 8ABHPSSYE smaller in order to avoid snearing

ef fects. In accordance with the present invention the selection of the
appropriate filter coefficients is therefore controlled in accordance with
a detect ed nBerosxamilge. the Miyiare detenbionppridpmaat gehetate motdehfi ci ents
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guanti si zed notion val ue suppl'i ed By quantisation neans 4#.
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 ié 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



4 The pur pose of quantization nmeans 4 is to quantisize a notion
;supplied by a notion detection unit (not shown) and thus,

anount of notion values by which | ook-up table neans 3 is addressed.

exanple, the notion detection unit nmay generate notion

from- 256 to + 255 which are mapped by quantisation nmeans 4 onto a
| iimted nunber of notion output values. In a preferred enbodi nent

guanti sati on neans 4 may,
t hat the out put

whi ch

conpri si ng
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0 quantisation ne
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 pictures

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 coefficients 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



| ook-up table neans 3 nmay al so be reconfigured by |oading different
.coefficient sets via a control bus. A particular quantisized notion val ue
out put by quantisation neans 4 may result in the readout of a particular
corresponding coefficient set froml ook-up table neans 3, which is then

applied to recursive filter 1. A particular quantisized notion val ue
applied to | ook-up table neans 3 may, however, also result in the readout
of different ' 5 coefficient sets

. 6 .
from | ook-up table nmeans 3, depending on the result of a noise
measur enent .thenappliied mbtibnsvakue |isusblatdatedyarsinr ehicinithe amoanpri si ng

.a noi se neasw enent _ci,rcuit 6. . Control unit 5 is used to | oad quantisation
means 4-and 9o EEU%)S C:lthft?l ereﬁ%gl%%. 3 with appropriate threshold and

coefficient sets. Noise neasurenent circuit 6 detects the signal to noise

ratio of incom ng_video si%nal .gnd pr.ovi des respective indication of
t he neasur el @rEed PROYSTiRe EJE‘P?SJb ddiggran,gt 3 p%ﬁ?@n‘%‘mwﬁ"ﬁé‘ﬁi t is

to avoid snmaaniing 8f fesiierd BiRpELE{&S arrangement. In 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:

1

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



al tready having a good signal-to-noise ratio and conprising slow nmoving
obj ect s. In case of slow noving (or still) objects, the present circuit
"will generally apply high filter coefficients to recursive filter 1

| eading to significant averaging processing. If the signal-to-noise ratio
of the processed picture is already satisfactory, this averaging
processing would lead to an wundesired snearing effect. Therefore, noise
measurenent circuit 6 provides to cont@ol unit 5 with an indication in
case that an incom ng video signal already has a sufficient signal-
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be further seen from Figure 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.



6 the applied notion value is calculated and in which the anmobunt of bit
. 1's then reduced. Figure 2 shows a sinplified diagramof a preferred
enbodi mrent  havin [ ified arrangenent. In Figure 2 recursive
filter 1 1is forn‘eﬁlmmullﬁ“ﬂglmcuqmar filter conprising a single franme/field
menory 2. The fitter dtrilctbire*of the respective recursive filter may be
witten as: , y=(1-k)*x+k*y*z[ err] 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 neans 4

and | ook-up table nmeans 3 respectively. Further recursive filter 1
conprises a bitshift and rounding circuit for reducing the anmount of bits
finally output by the filter. Figure 2 further shows preferred

bit-formats of the signals input and ol put by the different units. As
shown, noti on QLAIMSE

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 comprising 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.

2. Noise reduction circuit according to claim 1, wherein
said recursive filter means achieves noise reduction by

frame- or field-averaging.



provi ded by--t he noti on—detection unit preferably conprises 9 bits. These 9

bit signals absolute and limter unit 7 in that finally
" 5-bit signal Eﬂﬁ!&hlﬁﬁiﬁ%lﬂl qguantisation neans 4. The thirty-two possible
noti on val ues’y K s ntisation nmeans 4 are mapped onto four
different quantisized notion values output by quantisation nmeans 4. For

this napping quanti sati on neans 4 conpq;es the 5-bit input signal with

t hree 7 different threshold
val ues. Look-up table neans 3 outputs in response to each applied

quanti si zed BDti O¥pisel weguat Borbidirchiikt accoxdiffg cioenlaiwnr2 f iwhetrednder
recursive filter 1..Jn case. of_a higher order recursive filter. |ook-up
tabl e means 3 wout¥ (ﬁfﬁﬁ?l‘ée cfolr teesrggﬁaf‘%glsplauréris#yof) ¥ i#lttlg'Fr
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preferably conprise  8-bits, _resulti Ln aﬁ%{ﬁé si.gnal at the output of
adder neans 11 aﬂ&FQa?fZPgthk}Eﬁﬁﬂa wbﬁﬁeﬁ%t %&ﬂ%ﬁﬁltiplier nmeans 12.

The 12-bit signal chsrd@@468€it8t &randBuicbashgnalsihigili Eiskedt and
rounding unit 10, and finally an 8-bit signal is output b

) y recursive
filter 1. coefficient provided by said look-up-table means (3).
4. 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.

5. 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.

6. 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.

7. 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 chargcteristics

detected in the video signal.

8. Noise reduction circuit according to one of the

preceding claims, further comprising a noise measurement



It i s probabl e that-thetuminance and chrom nance conponent of a video

.signal is fi j usly, and in that two recursive filter units
1 are provid r mﬂﬁ Hmessary that control unit 5, quantisation
means 4 and c ans 3 are also provided twice, but these units

may control two recursive filter units 1 used to filter the chrom nance

and | um nance signals respectively. The chrom nance signal consisting of
U and V conponents may be filtered by al8ingle recursive filter 1 by-
mul tiplexing the U and’V conponents. A notion detection unit preferably

conprises a franmecirepit () iforedeteetinaiincigfdin the @idep migeal Bpgr by
whi ch a cal cul at gd,f gggfiéirfg' 4 @bkég&g’r&%ﬂaﬁ. babi& Gl WBRELR End lsdtS of

applied to absol ute a I mter nean
8 CLAI M5 threshold values of the quantisation means and/or the

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

9. 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.

10. Television receiver comprising a noise reduction circuit

according to any of the preceding claims.



1. Noise reduction circuit for a televisian receiver
.a recursive filter neans (1) for filtering at.least on
an incomng video signal, the filter characteri st
adj ust abl e by at | east one filter coefficient app
guanti sation neans (4) for converting a supplied

derived fromthe incom ng video signal and conprising a predeterm ned

conpri si ng:
e conponent of
i cs of which being
lied thereto,
nmoti on signal being

nunber of bits - into a quantised no ton signal conprising a | ower
nunmber of bits, a | ook-up-table nmeans, which is addressed by the
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means and whi ch,

in response to the addressing, outputs at least one filter _

coefficient to 3BPERACGRUrsive filter means (1) in that the filter
characteristics of the recursive neans are adjusted in accordance
Wi th notion Noisgjatescsdonncireuit foo 8i yalgvisiom rechibvee reduction

circuit accordi . olajm.1 i . 1d recursive filter neans
achi eves noi se ?e %%%%ﬁ?'gb reg@@gfﬁ%lﬁ%%Fegra€+%ﬁ -nggﬁ%éfﬁtﬁg &t

least one component of an incoming video s

ignal, the

filter characteristics of which beihg adjustable by at

least one filter coefficient applied thereto, a

quantisation means 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 comprising a lower number of

bits, a look-up-table means, which is addressed by the

quantised 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 in that the filter characteristics of the recursive

means is adjusted in accordance with motion detected in

the video signal.

FIGURE 1
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9 3. Noise reduction circuit according to claim?2, wherein sai d
srecursive filter means is a first order-filter, conprising a single
frame or field nenory in a backward path of the filter and mhereln
the filter characteristics are adjusted by a single filter
coefficient provided by said | ook-up-table nmeans (3). 4. Noi se reduction
circuit according to one of the precedi ng cl ai ns, wherein the notion
signal applied to t he quantisatio%nz?ﬂw is conpared with a set of
threshol d values stored in the quanti sat means.’ . 5. Noi se reduction
circuit according to claim4, wherein Sthe guanti sati on neans stores
three threshold val ues and converts aofive-bit notion signal into a
t wo- bi t - quantised notion signal. 64 Noise reduction circuit
according to claim4 or 5, wherein theyset of threshold values stored
in the quanti sation neans and/g#--t-he--geefit-ctent-s-stored in the

| ook-up-table neans are input by a control unit (5) via “ia respective
bus neans. : i
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7. -Noise reduction circuit according to claim6, wherein t he set of

threshol d values stored in the quantisation nmeans and/ or the
coefficients stored in the | ook-up- tabl e neans, may be changed
according to characteristics detected in the video signal. 8.
Noi se reduction circuit according to one of the precedi ng cl ai s,
further conprising a noi se neasurenent
10 circuit (6) for detecting noise, in the video signal and for
provi ding a control signal based on wlZ the set of t hreshol d val ues
of the quantisation neans and/or the coefficients of the | ook-up-table
nmeans are sel ected. 9. Noise reduction circgit according to any of the
preceding clains, further conprising a notion tection unit generating
the notion signal applied to the quant i sat ffon neans. 10. Tel evi sion
recei ver conprising a noise reduction gircuit » accorarng to—any of the
precedi ng cl ai ns.
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