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(57) Abstract: A video noise reducer divides a signal into spatial frequency bands and derives both recursively and non-recursively
O filtered signals for each band. Both signals are processed non-linearly. These signals are combined in ways that vary between the
bands to provide a noise signal and a detail signal. A clean video signal with all noise removed is used in the recursive loop. The
output signal includes detail enhancement and may have a subjectively pleasant amount of noise added back.
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IMPROVED VIDEO PROCESSING

This invention concerns the processing of video signals to change their
subjective quality or to make them more amenable to other'processes s‘dch “a\s
compression. |

‘The_ reduction of noise in video signals, either by reducing the spatiél
bandwidth, or by averaging stationary objects over several different temporal
samples, is well known. These processes have been found not only to.enhangce
the subjective appearance of pictures but also to facilitate the data compression
of video by removing less-visually-significant information prior to the cohpression
process. ‘

A commonly-used technique is to combine the video signal from a point in
a current frame with the signal from a corresponding point in a previous frame or
frames. This is usually implemented as a recursive (IIR) filter, which may be
motion compensated, where the recursion coefficient is varied in response to a
motion dependant control signal. Stationary areas may be averaged over several
frames, whereas moving areas may not be averaged at all.

A known implementation of this technique is to subtract two consecutive
frames to obtain a signal containing noise and motion; this signal is passed
through a non-linear function which attenuates small signals but allows large
signals to pass. The output of the non-linear processing is then added to the
earlier frame to obtain a noise-reduced output. In this arrangement the
instantaneous gain of the non-linear process effectively controls the degree of
recursion. When the instantaneous gain is zero the previous frame is output; and
when the gain is unity the added previous-frame information is cancelled by the
subtracted previous-frame information, and the processing has no effect. Usually
the shape of the non-linearity, and hence the gain characteristic, is varied in
response to a motion adaptation signal so that minimal processing is applied in

moving areas.
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In-spite of this adaptation, the performance may not be adequate in
moving areas and a further adaptation to a non;‘redursive, spatial bandwidth
reduction noise reducer may be used. Typically this spatial processing “cores”
the high-frequency ‘content of the signal by étté‘ndét‘ing low amplitude
components ‘(which are mainly noise), wh‘ilst‘allpwing larger high freqtjency
components to pass. |

Wlht'ere video images have been derived from film, the grain of the film may
be a subjective. impai|rment and these known video noise reduction techniques
may be used to make it less objectionablé. Howéver, film grain is a contribution
to the well-recbgnised and appreciated “film-look” and removing it by these prior
art methods sometimes leads to subjectively unacceptable results.

The inventors have devised a novel and flexible method of video
processing which can be used to mddify video méterial to achieve one or more of
the following:
- Reduction of video noise
Improvement in the subjective appearance of film grain
-Compression pre-processing
Alteration of the spatial frequency response of moving pictures to
provide equalisation of distortions or subjective enhancement.

Accordingly, the present invention consists, in one aspect, in a video
process in which spatially co-sited information from different temporal samples is
recursively combined, wherein the signal is decomposed into a low frequency
band and at least two high frequency bands, and both recursive non-linear
processing and non-recursive non-linear processing is carried out in each high
frequency band. ‘

Advantageously, the non-linear processing comprises a gain dependent
on processed signal amplitude.

Preferably, the input video signal, a recursive signal and a non-recursive
signal are combined to derive separate noise reduced and noise corrected
signals; the noise reduced signal being utilised in said recursion and said noise

corrected signal being output.
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Suitably, there is variation between high frequency bands of the relatiiﬁe '

- contributions of the recursive signal, the non-recursive signal and input video

SIgnaI in the noise reduced signal and wherein there is varlatlon between hlgh
frequency bands of the relative contributions of the recursuve signal, the non-
recursxve sngnal and input video signal in the noise corrected signal.

In another aspect, the present invention consists in video process m which
spatially co-sited information from different temporal samples is recursnvely
combined, wherein the combination varies in dependence upon spatial -
frequency, there being at least three spatial frequency bands, with a different
combination in each of the three bands.

 Advantageously, recursive and non-recursive filtering is combined.

Preferably, one or more non-recursively separated detail components is
combined with the video signal. These detail components may serve to enhance
or to de-enhance usually high frequency picture elements.

Suitably, one or more noise eomponents are removed from one or moré -
non-recursively separated detail components and the resulting noise-reduced
detail is combined with the video signal.

In yet a further aspect, the present invention consists in video processing
appafatus comprising a filter structure serving to divide an input video signal into
at least two high frequency bands; at least one recursive loop providing for the

-recursive combination in each band of spatially co-sited information from different

temporal samples; a non-linear processor operating on a non-recursive signal in
each band and a combiner serving to generate through parameterised
combination of input video signal, recursively combined video signal and non-
linearly processed signal, both a noise reduced signal for the or each recursive
loop and a noise correctevd signal for output.

Advantageously, the combiner serves to generate a detail correction
signal and a noise signal, the noise reduced signal being formed by subtraction
of the noise signal from the input signal and the noise corrected signal being
formed by weighted linear combination of the detail correction signlal, the noise

signal and the input signal.
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Preferably, there is variation as between the bands for at least one of:
the weigh'ting coefficients applied respeofively to the detail correction
signal, the noise srgnal and the input srgnal

the charactenstrc of said non-linear processor and

the recursive comblnatlon

Suitably, the non-linear processor serves to pass differentially low
amplitude signals expected to contain noise.

In still a further aspect, the preseht inve’ntiOn consists in a video process
comprising the steps of dividing an input ‘video si‘gnal into at least two high
frequency bands; deriving for each band a recursively filtered signal and a non-
recursively frltered signal; combining the input video signal, the recursively
filtered srgnal and the non-recursively frltered signal to derive separate noise
reduced and noise corrected srgnals, utilizing the noise reduced signal in said
recursive filtering and outputting said noise corrected signal.

Advantageously, there is variation between frequency bands of at least
one of: the recursion constant, the characteristic of the non-recursive filtering
input video signal, the relative contributions of the recursively filtered signal, the
non-recursively filtered signal and inout video signal in the noise reduced signal
and the relative contributions of the recursively filtered signal, the non-recursively
filtered signal and input video signal in the noise corrected signal.

Preferably, the process comprises the further step of deriving a detalil
corrected signal and outputting a noise and detail corrected signal.

Suitably, there is variation between frequency bands of the contribution of
the detail corrected signal to the noise and detail corrected signal that is output.
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Embodiments of the present invention offer important advantages The
“ability to vary the degree of recursion between dlfferent spatial frequency bands '
enables the maximum benefit to be obtained from' temporal noise reductlon
conSIstent WIth avoiding impairment. The variation between spatial freqUency
bands of other parameters such as a filter characteristic or weighting coefficients
(either alone or in combinations with or without variation in the degree of |
recursion) enable noise control and optionally detail control to be tailored to the
spatial frequency spectrum to produce the desired subjective effect. 'Irhe.
creation of a noise-reduced signal for use in the recursive loop, which is different
from the output signal, has important benefits. In appropriate circumstances, and
in amounts varying with frequency, amounts of noise can be added to the output '
signal whilst keeping “clean” the recursive signal loop. This addition of noise may
(band by band) comprise the adding back of a portion of removed noise or the
addition of synthesized hoise. Similarly, a detail control signal may be included
in the output signal whilst keeping the recursive loop clean.
An example of the invention will now be described with reference to the
drawings in which:
Figure 1 shows a block diagram of video processing apparatus according
to a first embodiment of the present invention;

Figures 2 and 3 show in more detail component parts of the apparatus

shown in Figure 1;

Figure 4 shows a video processing system in accordance with a second

embodiment of the invention;
Figure 5 shows an arrangement of spatial frequency bands;

Figure 6 shows a non-linear transfer characteristic;
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Figure 7 shows a noise and detail proeeseor; .

'Figur'el 8a'shows a band splitting filter:

Figure 8b shows an alternative structure for the filter of Figure 8a;
Figure 9 shows a vertical band splitting lﬁlter;

Figure 10 shows a method of splitting the frequency bands of Figure 5;

and

Figure 11 shows an alternative method of splitting the frequency bands of

Figure 5.

Referring initially to Figure 1, there is shown a diagrammatic overview of
video processing apparatus according to a first embodiment of the present
invention. '

An input video signal is received at spatial frequency decomposition filter
(101) and decomposed into a low frequency band (or DC) at least two - and
preferably at least seven - high frequency bands. These are - typically - two-
dimensional frequency bands and a preferred band configuration will be
described later. In some applications, a one-diemnsional‘ band will be
appropriate. Each band passes to a respective band processing circuit (102)
with the bands being summed in summer (103) to generate a processed video
signal output. Typically this output signal will be noise reduced or noise
corrected and may also be detail corrected.

The band processing circuits for frequency bands F to F,, will generally
have the same structure but may vary from band to band in the choice of various
parameters. The DC band processing circuit will generally have a simpler

structure.
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Referring now to Figure 2, there is shown the band processing circuit for
frequency band F;. The input band signal passes directly to a first inverse coring

" block (201) and via a subtractor (202) to a second inverse coring block (203)
- “The first inverse coring block (201) has a characterlstlc S;.. This may typlcally

take the form shown in Figure 6 and is described:in more detail subsequently
The characteristic may vary between bands in - for example - the amphtude
thresholds. The second inverse coring block (203) has a characteristic T., this
may take the same general form as characteristic S; o ,

The outputs of the inverse coring blocks are combined in combiner (204),
with the output of combiner (204) being subtracted at (205) from the input band
signall The output of the subtractor (205), taken through a picture delay (206) -
forms the inverting input to subtractor (202). '

The operation of this portion of the band processing circuit can now be
understood. The outputs of the inverse coring blocks (201, 203) may be
regarded as noise signals formed in non-recursive and recursive manner,
respectively. The inverse coring block (201), operating on a non-recursive
signal, separates low amplitude signals, presumed to be noise. This
presumption will be the more correct, the lower the amount of detail in the signal.
The inverse coring block (203) operates on a recursively-combined signal, that is
to say a combination of spatially co-sited information from different temporal
samples. The presumption that the output of inverse coring block (203) is noise
will be the more correct the less motion there is represented in the video signal.

The combiner (204) derives a single noise signal for the band by - for
example - forming a weighted sum of the recursive and non-recursive noise
signals. It will be understood that the weighting applied to either signal may at
times be zero, resulting in the selection of the other signal. The combiner may
additionally amplify or attenuate. Alternatively, the combiner may operate in non-
linear fashion to select - for example - the larger or the smaller of its inputs. More
generally, the combiner may derive its output in dependence, pixel-by-pixel, on
the values of the input signals to be combined. In a modification, the functions of
the inverse coring units (201, 203) are folded into that of the combiner (204).
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It is important to note that the recursive loop contains a nmse-reduced
signal resulting from subtractron of the current best estimate of noise, from the
rnput srgnal This noise-reduced signal may not subjectively be the best output
srgnal but it nevertheless represents the cleanest signal to drive the recursion.

There are diverse reasons why the nolse-reduced signal may not-
subjectively be the best output stgnat in the' particular band. It may for example
be prefe'ralcle to preserve a “film look” by not removing film grain. For this or
other reasons it will often be appropriate to a'dd back a proportion of the removed
noise. This.is achieved through adder (207) and multiplier (208). The gain A; of
the multiplier represents the proportion of detected noise that is added back and
will vary from band to band. In some cases it will be appropriate to accentuate
noise in a'certain band by selecting a garn of greater than unity.

Another reason why the srmple, nclse-reduced signal may not the
subjectively optimum output signal is that detail enhancement may be required.
Adder (209) and multiplier (210) provide for the addition of a proportion of the
band signal to.emphasize;- particularly,-higher spatial frequencies. In many
cases, improved noise reduction enables a higher degree of detail enhancement
than would otherwise be possible. ° |

It will be recognised that the inverse coring unit (203) operating on the
recursive filter, serves to reject signals likely to result from motion. In a variation,
other techniques may be employed for introducing motion adaptation into the
recursion and separating noise from motion. Examples of such techniques are
disclosed in US-A-4,058,836 and US-A-4,194,219, both of which are
incorporated herein by reference. Another technique involves dynamic variation
of the inverse coring characteristic T;. An alternative to motion adaption of the
temporal recursion is motion compensation, as described later.

The band processing circuit for DC is shown in Figure 3, where like
components have been given the same reference numerals as in Figure 2. It will
be seen that the inverse coring circuit (201) is omitted and the function of

combiner (204) is replaced by a multiplier (211).
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It will be recognised that the inverse coring blocks (201, 203) are

examples of a variety of non-linear processors suitable for use in this

f embodiment of the invention. The separate provisjon in each band of - typically -
" "an amplitude dependent gain for both the recursive and non-recursive signals, ' '

provides for noise reduction which is elegantly respoﬁéive to the spatial -
frequency spectrum of the video.

Reference is now directed to Figure 4, which shows video proceséing
apparatus according to a second embodiment of the invention.

A video input (1) feeds a one-frame compensating delay (2), the delayed
output feeds a subtractor (3), whose inverting input is driven by noise which has

‘been extracted from the signal by methods which will be described below. The

noise is co-timed with the video so that the output of the subtractor (3) is a noise-
reduced signal. This is combined in an adder (4) with an image enhancement
signal (also to be described below) and forms the video output from the process
(5).

The input signal (1) also feeds a bank of spatial filters (6a), (6b) etc. These
may be band-pass or high-pass, and are chosen to decompose the higher
frequency part of the signal spectrum into a number of separate frequency
bands. A typical arrangement of frequency bands is shown in Figure 5. This
figure shows nine two-dimensional frequency bands (21), (22) ... (29) which can
be filtered from a video signal having 576 active lines and 720 horizontal samples
per active line. (Note that nine filters (6) in Figure 4 are required to implemenf this

~ arrangement; the low-frequency band (20) does not have a corresponding filter

(6) in Figure 4.) The frequency bands should tessellate and the filter
characteristics should be “complementary” so that if the filtered outputs, and the
low frequency band (20), are added together the original signal is reconstructed,
substantially without distortion. Examples of suitable filtering methods will be
described below.

If the video is interlaced it will be necessary to use lines from both fields in
order to separate the higher vertical-frequency bands (21) and (22). This is
undesirable unless the signal is derived from film (or some other process in
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which the temporal sampling rate is nearer the picture rate than the field rate); for
true interlaced video the bands (21) and (22) would not normally be used.

Each of the filters (6) in Figure 4 (there will be nine filters to lmplement the
arrangement shown in Figure 5) feeds a respective ‘inverse-coring circuit” (7a),
(7b) etc. These have a transfer characterlsth of the form shown in Figure 6.
Referring to this Figure, the chalractleristic’has a linear region (31) where small
input éiénals are passed transparently, and low-gain.regions (32) and (33) where
larger-amplitude pbsitive and negative inputs are attenuated.

Returning to Figure 4, the outputs of the non-linear circuits (7) arefedto a
linear combiner (8), which also receives the outputs of the filters (6) directly,
without the application of inverse conng The combiner forms two different
weighted combinations of its mput S|gnals one combination (9) is optimised to
separate the noise from the mput slgnal,' and the second combination (10) is
optimised to separate high-frequency detail from the input signal.

The propagation delay of the filters (6) in Figure 4 is made equal to one

~-:frame (this will usually require additional delay elements, not shown in the

Figure) so.that detail and noise signals (9) and (10) are co-timed with the output
from the compensating delay (2). The noise can then be subtracted (3) to give a
noise-reduced signal (11), and the detail can be added (4) to give a noise-
reduced and detail-enhanced video output (5).

The processing described so far is purely spatial in character and it is
known that spatial noise-reduction can cause undesirable artefacts when a high
degree of noise reduction is applied. The system described above minimises
these artefacts by applying different levels of noise reduction in the different
frequency bands, but further improvement is possible by making use of temporal
recursion, as will now be described.

The noise-reduced signal (11) is subtracted (12) from the input signal (1).
These signals are separated in time by one frame, because of the compensating
delay (2), and so, in the absence of movement, the difference comprises only
noise. The difference signal is passed to a second set of band splitting filters
(13a), (13b) etc., and (14). These filters separate the signal into a number of
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bands in a similar way to the filters (6); however, a low pass filter (14) is in'cluded.
in this case. |

- The separated bands, including the Iow—frequency band, are processed in
"an array of inverse-coring circuits (15a), (15b), etc., ahd (16) which operate in the
same way as the blocks (7) to attenuate all except the small signal corhponents
The filtered, inverse-cored signals are fed to the combiner (8) where they are
linearly combined with the Signals from the blocks (7) to create the sepa'rated-
noise signal (9).

The propagation delay of the filters (15) and (16) is arranged to be one
frame (by adding compensating delays, not shown in the Figure, if nécessary) SO
that the filtered contribution from the mput signal (1) (via the subtractor (12))
arrives at the output of the combiner (8) co-timed with the output of the
compensating delay (2).

By selecting appropriate weighting factors in the combiner (8) to generate
the noise signal (9) both recursive and non-recursive noise reduction of the video
signal can-be achieved.-Generally when both the recursive and non recursive
contributions from the same frequency band are used care is necessary to
ensure that the corresponding signal weighting factors sum to unity, so that the
band in question is not unduly emphasised or de-emphasised. The optimisation
of the contributions will depend on the nature of the wanted signal and the noise;
as well as adjusting the combiner (8) it may be advantageous to alter the size of
the linear regions of each of the blocks (7), (15) and (16) depending on the level
of noise in the respective frequency bands.

The optimisation of the recursive contributions to the noise signal (9)
should also take account of “shot-changes” and the like. If there were no
contributions from the blocks (7), one frame after a discontinuity there will be
similar levels of noise at both input to the subtractor (12); optimum noise
reduction is then achieved when the gain of the route from the output of the
subtractor (12) to the negating input of the subtractor (3) is one half. This will give
a 3 dB noise improvement because the current field is effectively averaged with

the previous field (as far as small signal components are concerned). One frame
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later, trris noise improvement will be apparent on the signal (11) fed back to the -
subtractor (12), and its output will better correspond to the noise at the output of
the delay (2); the corresponding optimum gain is then two thirds and the noise.
rmprovement is then 5 dB. For subsequent frames the sequence of optlmum gain
values is . 3/4 4/5, etc. This is analogous to the process described in European
Patent EP 0 893 024 B1.

"Ir'r practice better noise reduction than this will be achieved because the
contributions from the blocks (7) to the noise s‘ignal (9) will ensure that there is
less noise on the feedback signal (1 1),‘and.so’a higher degree of recursion is
possible with consequent improved noise reduction

A further improvement is pOSSIb|e by motion compensating the recursion.
This can be done by connecting a motlon measurement system to the input (1).
The measured motion is used to derive motlon vectors which are used to shift the
pixels of the signal at the subtracting input of the subtractor (12). This signal is
one frame earlier than the input (1) and the vectors move the pixels to cancel the
effect of movement between-the input frame and-the preceding frame, thus
allowing the two frames to be combined without blurring.

Figure 7 shows a possible implementation of the block (8).

Figure 7 has three sets of input signals. A first set of nine inputs (40) are
the unprocessed outputs of the filters (6) in Figure 4.

A second set of nine inputs (41) are inverse-cored sub-bands separated
from the video input (i.e. the outputs of the blocks (7) in Figure 4); a third set of
ten inputs (42) are inverse-cored sub-bands separated from the difference
between the input video and the noise-reduced video of the preceding frame (i.e.
the outputs from the blocks (15) and (16) in Figure 4). Typically the bands would
be as shown in Figure 5, although other arrangements and numbers of bands are
not ruled out. Nine of the input bands (42) cover the same respective spectral
areas as the input bands (40 and 41); the tenth of the inputs (42) covers the low
frequencies not included in the other bands.

A gain adjustment block (43) individually adjusts the gains of each of the
19 inputs (41) and (42), and sums together corresponding bands from the two
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groups of inputs. The gain values are chosen so that when the ten outputs.from
the block (43) are summed in the block (44), an output signal (45) is obtained
which corresponds as closely as possible to the noise content of the video signal
“being processed. (This is the signal (9) of Figure 4.) |

The nine high-frequency bands from the gain adjustment block (43), i.e. all
except the low-frequency band, are respectively subtracted (46) from the i'nputs
(40) to give a set of nine noise-free sub-band components which are inp'th toa
gain adjustment and summing block (47). The individual gains of the bands are
chosen so that the summed signal provides a detail correction signal which will
be added to the video being processed so as to achieve subjective
enhancement. Usually constructive edge enhancement is required but negative
gains in the block (47) could be used to de-enhance edges. Because the
enhancement signal has had the noise subtracted from it, a greater degree of
enhancement is possible without creating undesirable artefacts.

There are applications when the objective is not to remove all noise from a
signal but to alter the-characteristics of the noise — perhaps to match the noise
characteristics of another signal. The outputs of the block (43) comprise a close
approximation to the noise content of the input signal; fortunately this noise is
presented és ten separate frequency bands, and it is therefore possible to modify
the “character of the noise by adjusting the gains of the individual bands before
adding them together. This gain adjustment can be done in the block (49), and
the resulting wanted noise can be added (410) to the detail correction signal (48)
to give a combined noise and detail correction signal (411). '

The output signals (45) and (411) from Figure 7 can be used as the
signals (9) and (10) respectively in Figure 4. The detail correction and the wanted
noise are not included in the recursion loop which makes them easier to
optimise. However, the best possible approximation to the noise is subtracted
from the video fed back into the recursion loop, thus allowing the majority of the
noise on the input video to be separated and cancelled. This allows very flexible
video processing where detail enhancement or de-enhancement can be adjusted
independently of noise optimisation.
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- Clearly the effectiveness of the processing depends on the ability of the
filter bands to discriminate wanted signal frorn noise, so that higher degrees of
noise reductron can be applied in bands which contaln little or no wanted signals,
The arrangement shown in Figure 5 has’ been found to be effective and a method
of implementing the necessary band spllttlng filters will now be described. For the
purpose of this explanation an mterlaced signal having 576 active lines, each
havmg 720 horizontal samples, will be assumed the skilled person would have
no difficulty in adaptmg the methods descnbed to other video formats.

As can be seen from Figure 5, the frequency bands can be obtained by a
hierarchical sequence of band splitting operations. First there is a vertical spllt at
144 cy,cles per active picture height (c/aphl), the resuiting high and low vertical
frequencies are then split by horizontal ﬁlfers at 180 c/apw. The lowest frequency
band (nearest the origin) from this o‘peration is then split horizontally and
vertically at 90 c/apw and 72 c/aph respectively. The lowest band from this
second split is then divided at 45 c/paw and 36 c/apw to derive the remaining
bands. Each of these band splitting operations (both horizontal and vertical) can
be accomplished by using a symmetncal three tap transversal filter of the form
shown in Figure 8.

Either the form of Figure 8a or Figure 8b may be used: they are
equivalents. This type of filter gives a cosinusoidal frequency response and
introduces no group delay distortion. The horizontal band-split at 180 c/apw
shown in Figure 6 can be obtained with a delay of one sample, the split at 90
c/apw can be achieved with a delay of two samples, and the split at 45 c/apw
requires a delay of four samples.

Because the filter response is periodic, it is necessary to consider the
higher-frequency repeats of the response. This is not a problem for the one-
sample-delay filter as the higher order responses are above the Nyquist limit;
however, in the caee of the two-sample-delay filter, the effects of the higher order
must be considered. Fortunately if the two filters are cascaded (with the wider
band filter first) the higher-order responsee of the second filter fall in the stop-
band of the first filter.
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The vertical band-split at 144 c/aph requires a delay cor‘responding‘ to one
line pitch. Usually the signal is interlaced and so a éignal delay of about'one ﬁeI\d
is required. A suitable arrangement is shown in Figure 9. The video input (61)

' feeds a 313-line delay (62) and a changeover switch (63) When the swﬂch is in’

the position marked A the input also feeds a one- -line de|ay (64). The dutput from
the 313-line delay (62) feeds a weighted-input adder (65), which combines the
313-line-delayed input (weight %) with the undelayed input (weight Ya) aﬁd the
output of the one-line delay (64) (weight 4). The resulting output (66) forms the
vertically low-pass filtered signal and correspdnds to a combination of three
vertically adjacent picture lines, two from the input field, and the inteNening line
from the previous fleld This low pass output is subtracted (67) from the central
line to give a high pass output (68).

The combination of lines from adjacent fields (as described above) usually
gives temporal as well as spatial filtering; however if the input is derived from film
(or some other source with a temporal sampling rate lower than the video field

- rate) it is possible to obtain purely spatial filtering by only combining lines from

fields which Correspond to the same point in time. In the case of film having a
frame rate corresponding to the video frame rate, this is achieved by operating
the switch (63) at field rate so that, when the input field (61) does not correspond
to the same point in time as the output of the 313-line delay (62), the switch (63)
is set to position B so that two lines from an earlier field are used. These lines are
made available by the combination of the 312-line delay (69) and the one-line
delay (64). (This method of processing is described in European patent EP 0 626
120.) |

If the well-known 3:2 pulldown technique is used to synchronise a film
frame rate lower than the video frame rate to the video frame rate, the switch (63)
can be operated in a suitable pattern (suchas ABBABAB B etc.) to ensure
that only time-coincident lines are combined.

The complete set of bands shown in Figure 5 can be obtained from a
cascaded arrangement of vertical and horizontal spatial frequency splitting filters
as shown in Figure 10. Each of the filters sums three, differently delayed versions
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of its input, weighted in the proportions % % % as described above (see Figures
8 and 9). The relevant delay values (béivyeeﬁ the contributions which are
combi'ﬁed' in the respective filters) are shown in Figure 10, in samplle periods for
the horizontal filters, and picture lines for the vertical filters. As mentioned
previously, the propagation delays of all the filters. must be equal to one frame
and thls will require compensating delays to be inserted at appropriate points;
these are not shown in the Figures.

The first vertical filter (71) uses lnformatlon from two fields and can use
the arrangement shown in Figure 9. However the vertical filter (73) requires a

.delay of two picture lines which equates to a delay of one line period, and the

verticai filter (72) requires a delay of two Iine periods. These latter two filters can
therefore use the structures shown |n Flgure 8 All the horizontal filters can use
the arrangement shown in Figure 8. _

As mentioned previously, compensating delays must be added to the

various filtered signals so as to make the delay for each band equal to one

-frame. It is therefore advantageous to re-arrange the-filters where possible so as

to make their vertical delays equal. The processing below the line (72) in Figure
10 uses only linear combinations of delayed signals from one field; it is therefore
possible to reorder these processes, provided that the contributions to each
output ’remain unchanged.

Figure 11 shows a rearrangement of Figure 10 in which the bands 23 to
29 and the low-frequency band 20 are derived from a single set of six cascaded
line delays. All the horizontal filters in Figure 11 have the same structures those
in Figure 10. The vertical filter at 144 c/aph (81) is also the same as in Figure 10;
the two other vertical filters are differently structured, but achieve the same
frequency responses for the various bands.

Referring to Figure 11, the processing above the line (80) is identical to
that shown in Figure 10. The signal (83) has been vertically low pass filtered (81)
(at 144 c/aph) so as to remove the bands 21 and 22. Two further vertical band
splitting filters are required, one (at 72 c/aph) to separate the bands 24 and 25
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(from the bands 26, 27, 28, 29 and 20), and a second filter (at 36 c/aph) to.
separate the bands 27 and 28 (from the bands 29 and 20).

The signal (83) is fed to six one-line-period delay lines glvmg delayed
outputs (a) to (f) inclusive. The band 23 is obtained by hlgh pass fllterlng (81) the
output (c) -of the third line delay.

The first vertically low-pass filtered signal is obtained by summin'g (84) the
three-line-delayed signal (c) with the signals (b) and (d), which correspoﬁd to the
succeeding and preceding lines respectively. The signals are weighted %, %2, %4
as in Figure 8. The resulting signal (85) is subtracted (86) from the central signal
(c) to give a high-pass output (87) which contains bands 24, 25 and bart of band
23. Tﬁis is low-pass filtered (88) to leave only bands 24 and 25, which are
separated (as previously described) in the horizontal filter (89).

The vertical low-pass signal (85) contains the band 26 together with both’
higher and lower horizontal frequency components, which are removed by the
low pass filter (810) and the high-pass filter (811).

The second vertical-band-split-must-have-a response equivalent to the
cascading of the filters (71) and (73) in Figure 10. This is obtained by taking an
appropriate weighted sum of the signal (83) and its delayed versions (a) to (f) in
the adder (812). The resulting low-pass signal (813) is vertically co-timed with the
signal (c) and contains the bands 20 and 29 together with parts of the bands 26
and 23. These latter parts are removed by the low-pass filters (814) and (815).
The two wanted bands are then separated by the horizontal splitting filter (816).

The low-pass output (813) of the second vertical filter is subtracted (817)
from the Iow~pase output (85) of the first vertical filter to give the signal (818),
which corresponds to the bands 27 and 28, together with parts of bands 26 and
23. These latter unwanted high-horizontal-frequency components are removed
by two low-pass filters (819) and (820) before separation of the wanted bands by
the horizontal splitter (821).

It can be seen that outputs of all the filters below the line (80) are arranged
to be timed three field-lines after the signal (83) and so only horizontal
compensating delays are required to synchronise their output bands. A single
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vertical compensating delay at the low-pass output of the filter (81) can be used
to synchronise these bands with the bands 21 and 22.

It must be noted that the above descnptlons are examples and many
vanatlons of the concept are possible. For example the number and shape of the
frequency: bands may differ from those shown in Figure 6 and the invention is not
Iimited‘ to interlaced formats or to formats "Having 576 active lines and 720
sampleé per active line. Transversal filters with different numbers of signal
contributions and Weights from those shown may be used; the horizontal filters
could be implemented by inductors and capacitors. Not all the high frequency

“bands in the recursive processing may correspond to bands in the non-recursive
processmg, and vice-versa. The i mverse corlng circuits may differ from each
other, and their individual characterlstlcs may be varied so as to optimise the
performance for a particular input. |

It will be understood that the above are but examples of modifications that
can be made to the described embodiments without departing from the scope of

the invention.
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A video process in which spatlally co- -sited information from
different temporal samples is recurswely combined, wherem the
signal is decomposed into a low frequency band and at least twb
high frequency bands, and both recursive non-linear processmg
and non-recursive non-linear processing is carried out in eéch high

frequency band.

A process according to Claim 1, wherein the non-linear processing
comprises a gain dependent on processed signal amplitude.

A process according to Claim 2, wherein the non-linear processing
comprises an instantaneous gain dependent on processed signal
instantaneous amplitude.

A process according to any one of the preceding claims, wherein
the high frequency bands comprise two dimensional spatial
frequency bands.

A process according to any one of the preceding claims, wherein
the input video signal, a recursive signal and a non-recursive signal
are combined to derive separate noise reduced and noise corrected
signals; the noise reduced signal being utilised in said recursion

and said noise corrected signal being output.
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. A process according to Claim 5, wherein there is variation between

high frequency bands of the relative contributions of the recursive
signal, the non-recursive signal and input video signalqin the noise
'reduced signal and wherein th}eréi‘is variation between high
frequency bands of the relative contributions of the recursive signal,‘
the non-recursive signal and input video signal in the noise ‘

corrected signal.

A process according to Claim 5 or Claim 6, comprising the further
step of deriving a detail corrected signal and outputting a noise and

detail corrected signal.

+ A process according to CIajm 7, wherein there is variation between

high frequency bands of the contribution of the detail corrected
signal to the noise and detail corrected signal that is output.

. A process according to any on of the preceding claims, in which

said recursive processing is motion compensated.

A video process in which spatially co-sited information from
different temporal samples is recursively combined, wherein the
combination varies in dependence upon spatial frequency, there
being at least three spatial frequency bands, with a different
combination in each of the three bands.

A process according to Claim 10 in which recursive and non-

recursive filtering is combined.

A process according to Claim 11 in which one or more non-
recursively separated detail components is combined with the video
signal.
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A process according to Claim 12 in which one or more noise.
components are removed from one or more non-recursively
separated detail components and thga resulting noise-reduced detail
is combined with the video signal. -

A process according to any of Claims 10 to 13 in which ohe or more
detail components are separated from a video signal and combined
with a noise reduced video signal. '

A process according to any of Claims 10 to 15, wherein recursively
and non-recursively filtered signals are input to non-linear filters for
removing specific components of the signals.

A process according to Claim 15, wherein it is the noise component
of a given signal which is filtered.

A process according to any of the Claims 11 to 16, wherein
recursively and non-recursively filtered signals are input to band-
splitting filters, and sub-bands of the recursively and non-
recursively filtered signals are combined.

A process according to Claim 17, wherein sub-bands of
corresponding frequency from the respective recursively and non-
recursively filtered signals are combined.

A process according to Claim 17 or Claim 18, wherein the set of
sub-bands of the recursively and non-recursively filtered signals are
both input to a single array of non-linear filters, the output of which
being a signal multiplexed between the filtered recursive signal, and
the filtered non-recursive signal.
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A process according to any one of Claims 10 to 19 in which the

recursive filtering is motion adapted.

A process according to any one of Claims 10 to 19 in which the
recursive filtering is motion compensated.

Video processing apparatus comprising a filter structure serving to
divide an input video signal into at least two high frequency bands;
at least one recursive loop pr_oviding for the recursive combination
in each band of spatially co-siteq information from different

temporal samples; a non-linear processor operating on a non-
I il

recursive signal in each band and a combiner serving to generate

. through parameteri'sed 'cor‘nbina{ion pf input video signal,

recursively combined video signal and non-linearly proCessed
signal, both a noise reduced signal for the or each recursive loop
and a noise corrected signal for output. *

Apparatus according to Claim 22, wherein the parameters of said

combination vary as between the spatial frequency bands:

Apparatus according to Claim 22 or Claim 23, wherein the
combiner serves to generate a detail correction signal and a noise
signal, the noise reduced signal being formed by subtraction of the
noise signal from the input signal and the noise corrected signal
being formed by weighted linear combination of the detail correction

signal, the noise signal and the input signal.

Apparatus according to Claim 24, wherein the weighting
coefficients applied respectively to the detail correction signal, the
noise signal and the input signal vary as between the bands.
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26.  Apparatus according to any one of Claims 22 to 25, wherein the
characteristic of said non-linear processor varies between'the

bands.

27.. Apparatus according to any one of CIéirﬁs 22 to 26, wherein the

recursive combination varies as between bands.

28.  Apparatus according to any one of Claims 22 to 27, wherein the
non-linear processor serves to pass differentially low amplitude

signals expected to contain noise.

29.  Apparatus according to any one of Claims 22 to 28, wherein the

recursive loop is motion adapted.

30. Apparatus according to any one of Claims 22 to 29, wherein the

recursive loop is motion compensated.

31. A video process comprising the steps of dividing an input video
signal into at least two high frequency bands; deriving for each
band a recursively filtered signal and a non-recursively filtered
signal; combining the input video signal, the recursively filtered
signal and the non-recursively filtered signal to derive separate
noise reduced and noise corrected signals; utilizing the noise
reduced signal in said recursive filtering and outputting said noise
corrected signal.
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A process according to Claim 31, wherein there is variation
between frequency bands of at least one of: the recursion constant,

the characteristic of the non-recursive filtering input video signal,

the relative contributions of the ré‘CU‘is‘iverifiltered signal, the non-
'recuréively filtered signal and input vjd‘eo signal in the noise
reduced signal and the relative contributions of the recursively
filtered signal, the non-recursively filtered signal and input video

signal in the noise corrected signal.

A process according to Claim 31 or Claim 32, comprising the
further step of deriving a detail pon‘ected signal and outputting a
noise and detail corrected signal.

A process according to Claim 33 wherein there is variation between ,
frequency bands of the contribution of the detail corrected signal to

the-noise and detail corrected signal that is output.
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