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NOXSE REDUCTION SYSTEM FOR VIDEQ SIGNALS

SPECIFICATION

Abstract of the Disclosure

Noise in a video pictuﬁe is sharply veduced using the
redundancy of information present in those portions of the picture
which remain unchanged through several successive frames. A number
of successive frames are compared to determine which portions of
the picture are in motion and which are stationary. The moving
portions of the image are separated from the stationary portions
and are processed in a conventional manner. The stationary portions,
however, are combined on a frame-by-frame basis to produce a highlj
noise~free averaged signal. In color systems, the eonventional
luninance-chroma separation methods used for the moving portions of
the picture are replaced, in the stationary portiomns, by an oppdsite-
phase frame comparison method which provides 100% separation regard-

 less of the nature of the image.



1005902

»

Background of the Invention

Although noise creates a problem in any video system, the
normal picture quality of commercial televiaion sets is so low that
the viewer generally tolerates a falr amount of nolise and signal

distortion. 1In the large-screen television art, the videotape-to-

£ilm or electronic film-to-film conversion art, and the astronautical

commmications arxt, the hoise problem assumes majorxr proportions,
particularly where color sgnals are involved. Noise in thie dis-
cussion encompassés all kinds of random signal degradation. In
fi{lm-to-film conversion, it may be caused by the grain structure

' of the original £ilm; in any system, it may be caused by spurious
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electronic signals; and in color video systems, it may be caused by
ircomplate separation of the luminance and chroma signals.

1t has previoasly been proposed tc reduce noise in video
systems by comparing information from adjacent portions of a video
image, as e.g., by comparing successive lines of the same image.
Due to the variation of image information from line to lime, the
applicability of this technlique 18 severely limited, quite aside
from the fact that it degrades the sharpness of the picture.

In color television, the standard video signal contains a
 luminance information component in the form of wide-band anplitude
modulation of the video carxier, and a chroma information éomponant
in the form of modulation of a color subcarrier whose phase alter-
nates between 0° and 180° between successive lines of a field and
between corresponding lines of corresponding f£fields of successive
frames of the picture. For color decoding purposes, these two
componente must be separated and individually processed by appro-
priate'clrcuita. .

The simplest way of separating the lumirance and chroma
components is to filter out the color subcarrier ahd its sidebands.
This approach, however, removes valuable high-frequency information
from the luminance component and produces spurious chroma informa-
tion due to high-frequency luminance modulation. In ths priozr arxt,
these disadvantages have been eliminated by using a so-called comb
filter which compares two successive lines of the image (whose
chroma components, as stated above, are of opposite phase) and
produces a pure luminance companent by addition and a pure chroma
component by subtraction. The disadvantage of the comb filtex ls
that wherever there is a substantfal color or intensity change in
the fmage from one line to the next, edge sharpness is lost and

color or intensity distortion occurs due to incomplete separatian.
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Summary of the Invention

The system and method of this invention achieves its
objectives by using the redundancy present in the stationary pox-
tions of a sequence of frames. This is done by comparing and
averaging the corresponding elements of a group of closely time-
related image fields. Inasmuch as a comparison betwaen such widely
time-separated information would severely distort amy motion 4in
the image, such motion is detected and the comparison is made only
on the stationary parts of the image. In the moving parts, no
attempt is made to reduce noise or to fmprove luminance-chroma
separation, but the maturally blurry appearance of an object in
motion makes noise reduction oxr high-quality separation unnecessary
in the moving area of the image.

in accordance with the invention, 100% luminance-chroma
separation 1s achieved without picture degradation in the stationary
porti.énu of the image (i.e., the only portions where picture
quality is important) by comparing not adjacent lines of the éam
field, but corresponding lines of corresponding fields of adjacent
or nearly adjacent frames. In the moving portions of the image,
where adjacent frames are mot comparable, but where, on the other
hand, picture quality is not so important, the system of the in-
vention falls back on conventional separation means such as a
comb filter, which is godd emough for those portions.

The separation of the stationary image {nformation from
the moving image information and its separata processing makes
commarcially practical the simultaneous comparison of as much as
eight fields, resulting in a noise reduction of almost 90%, f.s.,
nesrly 10 db. Even a four-field comparison system still achieves

e 75% noise reduction, which is usually adequate for evenm the
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super-high quality requirements of most large-screen television
systems oY videotape-to-£film conversim systems. ‘

1t is the primary object of this invention té utilize the
{nherent redundancy of information in the stationary portions of a
sequence of video image frames to improve the visual quality of
the picture.

1t {s another object of the invention to provide a video
noise reduction system using a pxocess which compares alternate
image fields.

1t {8 a further object of the invention to provide a video
noise reduction system in which a comparison ie made only between
substantially stationary portions of the image fields, with the ‘
moving portions of the image being processed by conventional means.

It 18 yet another object of this invention to provide a
color video noise reduction system in which luninance-chroma sepa-
ration is done by algebraic processing of corresponding opposite-
phase information from two different fields in the substantially
stationary portions of the image, and by other means in the moving

I

portions of the image.

Brief Description of the Drawings

Pig. 1 is a schematic block diagrem of the basic environment
in which the picture quelity improvement system of this invention ‘
is used;

Fig. 2 is a schematic representation of a two-lavel com=
bining pattern: suitable for the improvement of colox video images;

Fig. 3 is a schematic representation similar to Fig. 2 but
showing a three-level pattern;

Fig. 4 is a block diagram of a possible simple type of
timing device which can be used with the device of this invention;

lpo
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Fig. 5 is a circult dlagram, partly in block form, of a
circuit carrying out the principles of the invention; and
Fig. 6 is a partial block diagram of an alternative embodi-~

ment of the invention.

Description of the Preferred Embodiment

The invention is based on the recognition that if any
moving picture is divided into a large number of incremental areas
or elements, it is statistically almost a certainty that a wajority
of these areas will be "stationary", i.e., exhibit no aignificant
change in luminance (and hue, in a color picture) from one frama
_ to the next. The repetition of stationary areas in successive
frames of a moving picture is redundant, i.e., it conveys no in-
formation not already available.

~ This redundancy has previously been utilized in audio-
visual telephony to reduce the bandwidth of video signals for
transmission over conventional. telephone cables. In the present
invention, however, it is used in the opposite seg;e to improve
the visual quality of a video picture by substantially eliminating
noise and luminance-chroma interference from the stationary portions
of the picture.

Referring first to Fig. 5, that figure shows in detail a
preferred embodiment of the apparatus carrying out the basic
concept of this invention. This apparatus is generally designated
by the reference numeral 20 in Figs. 1 and 5. With the.two-level
combination pattern of Fig. 2, the device 20 has four inputs denoted
22, 24, 26, and 28. These inputs altermately receive fields 1, 3,
3, and 7, respectively, and 2, 6, &4, and 8, respectively, of the
comparison field group shown in Fig. 2. The output of the device

-5’



1005902

20 appears at terminals 30, 32 and alternately represents the
luminance and chroma components, respectively, of the odd-field
combination, and the luminance and chroma components, respectively,
of the even-field combination. It will be understood that an odd
field and an evan f£ield together make up a frame of the moving
plcture.

In Fig. 5, the inputs 22, 24 are connected to a motion
detector 34. The motion detector 34 is a conventional comparator
cixrcuit and is designed to produce, at any given instant, an output
proportional to the absolute value of the difference between the
signals appearing at inputs 22 and 24 at that instant. The output
of motion detector 34 is the comtrol signal which controls the
gate 36.

The gate 36 may be & conventional transistorized gating
eircuit whose resistance gradually increases from a closed~-circult
condition to an open-circult condition as its control signal in-
creases fromaa level representing about a 2% difference between
the input signals at 22, 24 to a level representing about a 20%
difference between the input signals at 22, 24.

The input signals 22, 24 are also fed through delay lines
38, 40, respectively, to DC clamping amplifiers 42, 44; respectively.
The clamping amplifiers provide a constant, equal DC reference
jevel on each side of the gate 36, so that the signal level at the
high~impedance input to amplifier 46 will remain constant regard-
less of the condition of gate 36. The load resistors 48, 50 being
equal, the AC input to amplifier 66 is composed 0f one half of
signal 24 and one half of aignal<26-when gate 36 18 in the closed-
circult conditdon, and of the whole slgnallzz-alone when gate 36
is in the open-circuit condition, with a gradual transition betwean

thesa extromes.
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The purpose of delay lines 38, 40, which may be of about
80 ns each, is to allow the control signal to operate the gate 36
in synchronism with the appearance acroes it of the signals which
caused it to operate. |

It will be understood that in the same mannexr as described
above, signals 26 and 28 are compared by motion detector 52, with
signal 28 belng gated by gate 54, and the combination of signals
26 and 28 being fed to amplifier 56. The outputs of amplifliers
46 and 56, whose stationary portions are 2 cdmbi.nation of two
fields each, represent a nolse reduction, in the stationary por-.
tions of the picture, of 50%. -

In the second processing level, the output of amplifier 46
1s fed through a conventional comb f£ilter 58 which compares
adjacent lines of the scan (in which the phase of the chroma o m-
ponent of the signal is rewversed) and separates the chroms com-
ponent from the luminance component. The disadvantage of the comb
futef 58 is that by comparing successive lines, it malfunctiona
whenever the information in two adjacent lines is materially |
different. Because the comparison is made between different por-
tions of the same image, the comb filter 58 is mot affected by
motion.

The luminance output of the comb £ilter 58 is fed through
a DC clamping amplifier 60 and a resistor 62 to the high-impedance
input of luminance output amplifier 64. The output of the amplifiex
64 constitutes the luminance signal output 30 of the device 20. Im
the same manner, the chroma output of comb filter 5‘8 is processed
through clamping amplifier 66, resistor 68, and chroma output
amplifier 70 to the chroma output terminal 32 of device 20.

The output of amplifier 46 is also fed through a 500 ns
delay line 72, 63.5 us delay line 74, and resistor 76 to junction 78.

-7
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The 63.5 p8 delay represents a delay of one horizontal line and
compensates for the fact that the output of comb filter 58, which
works by comparing each line with the next succeeding line of its
field, of necessity trails its input by one horizontal line interval.
In the same manner, the ocutput of amplifier 56 is fed through 500 ns
delay line 80, 63,5/us delay line 82, and resistor 84 to junction 78.
Delay lines 74 and 82 are thus unnecessary if non-comparative
luminance-chroma separation means are used instead of the comb
filter 58.

Because resistors 76 and 84 are equal, the signal appearing
at junction 78 is composed of one half the output of amplifier 46
plus one half the output of amplifier 56. It will be noted from
Fig. 2 that the output of amplifier 46, being a comparison of
fields 1 and 5, has a chroma phase of 0°. By contrast, the output
of amplifier 56, being a comparison of fields 3 and 7, has a chroma
phase of 180°. Consequently, in the stationary portions of the
image, the chroma components of the signals fed to junction I8
cancel each other out, and the composite signal appeating at
junction 78 1s:a pure luminance signal. Inasmuch ;s the input signal
combinations at amplifiers 46 and 56 each reduced noise by one half,
the signal combination at point 78 reduces noise by one half again,
for a total hoise reduction in the luminance signal at point 78 of .
75%.

The composite signal appearing at point 78 is fed through
a further 160 ns delay line 86 to the input of DC clamping amplifier
88 to one side of the gate 90, whose other side is connected to the
input of luminance output amplifier 64. The combination of the
300 ns delay 72 and the 160 ns delay 86 compensate for the inherent
delay of the electronic components used in the luminance channel of
comb filter 58.
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The outputs of amplifiers 46 and 56, after being delayed by
delay lines 72, 74, and 80, 82, reapectively, are also supplied
through fuxrther 150 ns delay lines 92, 94, respectively, to the
inputs of an operational amplifier 96 which algebraically subtracts
the signal coming from amplifier 56 from the signal coming from
amplifier 46, and applies a DC clamping potential to the resulting
difference signal. Inasmuch as the chroma couwponents of the two
delayed signals are 180° out of phase, but the luminance components
are not, the output of the operational amplifier 96 in the station-~
ary portions of the image is a pure chroma signal with a 75% noise
reduction. The output of operational amplifier 96 is connected to
one side of gate 98, whose okher side is connected to the fnput of
chroma output amplifier 70.

The signal coming f£rom the output of delay line 74 is also
fed to a color phase inverter 100. By contrast, the signal coming
from the output of delay line 82 is merely delayed an additional
100 ns by delay line 102. The purpose of delay line 102 is to com-
pensate for the imherent delay in the internal circuitry of inverter
100. Color phase inverter 100 is axranged to fnvert the phase of
any signal components lying in the color subcarrier freQuency band,
leaving the remainder of the s$ignal unchanged. The internal
circuitry of inverter 100 is conventional.

Inasmuch as the chroma components of the signals from
amplifiers 46 and 56 are 180° out of phase, the inputs to the
motion detector 104 are substantially equal in the stationary parts
of the image. 1f there is any difference (e.g., in the moving
portions of the image) between the signal coming from color phase
inverter 100 and that coming from delay line 102, motion detector
104 produceé a control signal which switches gates 90 and 98 from

their normal closed-circuit condition to thelr open-circuit condition.
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Gates 90 and 98, unlike mixing gates 36 and 54 which are connectmd
to produce a gradual transifion from a 0-100% mix to a 50~50% mix
of Lnputs, are selector gates which convey either the compared
signal or the comb filter output signal to the output amplifiers,
also with a gradual trahsitiom from one to the other.

In practice, it is impossible to build the color phase
inverter 100 in such a manner as to produce a perfect phase invex-
sion at the chroma carrlier frequency and not to have any phase-
shifting effect at any other frequency. As a result; luminance
transients tend to be increasingly distorted by the inverter 100
as they approach the coloxr subcarrier frequency range. CQﬁsequently,
luminance tranasients in or near that frequency range tend to produce
false motion indications in the motion detector 104.

To prevent the erroneous actuation of gatee 90, 98, and the
consequent unnecessary loss of valld picture quality information,
the cmtrol signals produced by motion detectors 34 and 52 may be
applied through isolation diodes 106, 108, 63.5 us delay line 110 -
(necessary only if a comparative separator such as comb filter 58 is
used), 420 ns delay line 112, and DC clamping amplifler 114 to the
control eiectrode of gate 116. The gate 116 is an inverter gate,
f.e., it is arranged to short out the inputs to motiomn detector 104
whenaver the control signal from clamping amplifier 114 is absent.
Therefore, whenever motion detector 34 finds no motion between
fields 1 and 5, and motion detector 52 finde no motion between
fields 3 and 7, there is not likely to be any motlon between fields
3 and 5, and motion detector 104 can therefore safely be disabled.

Ag has been 1nferréd by the above description, the purpose
of all delay lines shown herein is to provide proper time colncidence
of corresponding signals at their junction and comparison points,

and to operate the gates in precise colncidence with the appearance
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at the gates of the signals to be gated. It will therefore be
understood that the amounts of these delays may vary, depending on
tha particular circultry used, without departing from the teaching
of tha invention.

The outputs of device 20 at terminals 30, 32 provide, for
usa in an appropriate color decoding device 118 (rig. 1), the
luminance and chroma components, reapectlvaly,‘of field 5 (during
the ofd-field zcan) or 6 (during the even-field scan), with 75% of
all noise removed from the fully stationary areas of the image,
i.e., those portions of the image in which no significant luminance
or chroma change takes place during the time interval between
fields 1 and7 (or 2 and 8, as the casa may be). 1In addition, the
device 20 provides a 50% noise reduction 1f motion occurs only -
between fields 5 and 7 (6 and 8 during the even-fleld scam),
because in that condition, although gates 90 and 98 are operated,
gate 36 i8 not, and the comb filter 58 is supplied with a combina-
tion of fields 1 and 5.

Inasmuch as the information from fields 5 and 6 always
appears at the outputs, regardless of motion, fields 5 and 6 are
known as the prime fields, and together constitute the prime frame.
In the use of the device 20, the successive fields of a'video motion
picture must be presented to the input of device 20 repetitively,
e.g., & given field of khe video motion picture may be scanned as |
fleld 1 at a first point of time, then re-scanned as field 3, xe-
scanned again as field 5, and finally re-scanned a fouxth time as
field 7. During each scan, other f£ields of the video moéion picture
are presented to the other imputs of device 20. Only when tha given
field is scanned as field 5, however, do all of its paxrts appear at
the outputs.of device 20; in any other scan, only its stationary

parta are used.
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The manner in which this repetitive scanning 1s accomplished
may vary depending on the environment in which the invention is uged.
Iin its simplest form shown in Fig. 4, the timing device 120 of Fig. 1,
which produces the repetitive scan, may consist simply of three delay
lines 122, 124, and 126, each of which delays the raw video signal
by one frame (i.e. two fields). More sophilsticated timing devices
may be used for various purposes, one such device being described in

U.S. Patent No. 3,752,906.

The invention is not limited to the comparison of four
frames as described hereinabove. Even better noise reduction (87-1/2%)
can be achileved with a three-level comparison system using eight frames.
The comparison pattern of such a system is schematically illustrated
in Fig. 3, and it will be seen that fields 9 and 10 are the prime odd
and even filelds, respectively, in that system. Beyond eight frames,
however, comparison tends to become impractical for several reasons.
One such‘reason is the increased complexity of the equipment and
the reduction in the Iimage area which is stationary over the entire
cémparisop time. These factors offser any further gain in moise
reduction in all but a few high-noise, low-motion applications such as
those fouﬁd in astronautical communications. Another reason, present
in all systems, is that just before and just after an object in the
image is in motion, noise appears in 1t because the noise-reducing
comparison stops several frames before the motion begins, and does
not resume until several frames after thé motion ends. If this
noisy period, particularly before the motion, exceeds a very few
frames in length, it beccmes quite noticeable and annoying to the

viewer,

- 12 -
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The comparison patterns themselves may vary for monochromatic
images, but where color 1is involved, they must take into account the
chroma phase alternation between frames.

Fig. 6 shows an alternative embodiment of the invention, in
which better luminance-chroma separation is achieved along horizontal
intetfaces in the image. The circultry of Fig. 6 replaces fhe
circuitry between points A, B, and C in Fig. 5.

In Fig. 6, the comb filter 130 is of the same type as comb
filter 58 in Fig. 5, but filter 130 further contains an interface
detector circuit (similar to circuit 34 of Fig. 5) connected to
detect dissimilarities between the two lines which the comb filter
adds and subtracts to produce its luminance and chroma outputs.

The interface détector portion of filter 130 produces a
control signal which is applied to selector gates 132, 134. 1I1f
the lines being compared are identical, gates 132, 134 are blocked,
and the comb filter signals are conveyed directly to outputs B and
C through delay lines 136, 138 and 140, 142, respectively, DC clamp-
ing amplifiers 144 and 146, respectively, and resistors 148 and 150,
respectively. g

1f, however, the interface detector detects a disparity
between the lines being compared (as would be the case.zlong a
horizontal interfacé), control signals are produced to unblock the
gates 132, 134. 1In the luminance channel, this causes the signali
from comb filter 130 to be routed through delay line 136, trap 152,
and DC clamping amplifier 154 to output B. The trap 152 is a con~-
ventional band-pass filter which filters out all signal components
lying in the calor subcarrier frequency band.

in the chroma channel, actuation of gate 134 causes the
signal froﬁ comb filter 130 to be routed through delay line 140,
inverse trap 156, and DC clamping amplifier 158 to output C. The

«13-
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inverse trap 156, like trxap 152, 48 a conventional band-pass filter,
but inverse trap 156 is connected to pass only signal couponents
lying in the color subcarrier frequbney band.

Delay lines 136, 140 provide a one~-plcture-element delay
of about 100 ns for effective gate opemation, while delay lines
138 and 142 compensate for the internal delays of txaps 152 and
156, respectively.

Due to the quality characteristics of the chroma signal,
the chroma channel circuitry of Fig. 6 may optionally be omitted
and the chroma signal conveyed directly from comb filter 130 to
point C. -

14~
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for improving the quality of a picture obtainable from
a raw video signal, comprising the steps of:

(a) electronically comparing corresponding portions of at
least two successlve frames of the raw video signa1; and
e eNeaX ronia
(b) deriving from said comparison . combination signal repre-
senting an average of the corresponding signals from each of the frames
being compared.

9. The method of claim 1, which further comprises detecting those
portions in which the comparison indicates the presence of motion in the
image between frames; transmitting, during those portions of the image scan
whére motion is present, a signal representative of only one selected one of
said frames being compared; and transmitting said combination signal only
during those portions of the image scan where motion is absent.

3. The method of claim 1, which further comprilses algebralcally
combining the corresponding signals from at least two frames having chroma
components of opposite phase to provide separate luminance and chroma signals
each representative of a combination of the luminance and chroma components
of at least two of said frames being compared.

4. A method for improving the quality of a color picture obtainable
from a raw video signal comprising the steps of:

(a) electronically comparing corresponding portions of at least
two successive frames of the video signal;

(b) detecting those portions in which the comparison indicates
the presence of motion in the image between frames; and

(c) algebraically combining, only in those portions of the image
scan where motion is absent, the corresponding signals from at least two
frames having chroma components of opposite phase to provide separate lumin~-
ance and chroma signals each representative of a combination of the lumin-

ance and chroma components of at least two of said frames being compared.
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5. Electronic apparatus for improving the quality of a picture
obtainable from a raw video signal comprising:
(a) input means for simultaneously receiving input signals
representative of corresponding portions of at least two successive frames of

the raw video signalj;

(b) combining means connected to combine at least two of said
input signals to produce a combination signal representing the average of

signals from the corresponding portions of said frames;

(c) and output means for the combination signal;
6. Apparatus as defined in claim 5 further comprising:

(a) motion detection means arranged to receive at least two of
said input and combination signals, and to produce at least one control
signal upon detection of a difference between at least two of said received
signals; and

(b) gating means controlled by said control signals to convey
to saild output, in response to sald control signals, either a predetermined
one of said input signals or a combination signal.

7. Apparatus according to claim 5, in which at least one of sald

gating means is a progressive mixing gate.
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7. Apparatus according to claim 3, further comprising

means for eliminating luminance-chroma interference noise in colox
video pictures, said means including:

a) algebraic processing means arranged to receive two
of said input and combination signals having chroma cowponents of
opposite phase, and to produce separate luminance and chroma signals
by addition and subtraction of said two received signals; and

b) alternate luminance-chroma separation wmeans capable
of producing separate luminance and chroma signals on the basis of
information containable in a single frame of the video signal;

c) said gating means including selection meaﬁs res~
ponsive to said control asignals for selectively applying to said
output means the luminance and chroma signale of said algebraic
processing means, and the luminance and chroma signals of said
alternate separation means.
gk Apparatus accoxrding to claim1§$ further comprising:

a) color phase inverter means connecsgd to recelve one
of said two signals received by sald algebraic processing means and
to reverse the phase of those signal components which lie in the

frequency band of the color subcarrier; and

b) comparator mesns arranged to receive said color phase-

inverted signal and the other of said two signals received by said
algebraic processing means, and to produce a control signal whenever
a difference exists betwsen sald signals received by said comparator
means ;

¢) sald gating means being controlled at least im part

by said last-named contxol signal.

17
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; Apparatus according to claim 8, further comprising
disabling means arranged to disable said comparator meane in
reasponse to the absence of any control signals produced by said
motion detector means.

il %

10. Apparatus according to claim.7, in which said alternate
separation means is a comb filter.

/2 g

1¥. Apparatus according to claim 7, in which sald alter-
nate means comprise:

a) additional gating means;

b) comb filter means including means for actuating
sald additional gating means upon occurmence of a disparity between
the image lines being operated upon by said comb filter means to
produce its filtering action; and

¢) band-pass filtering means arranged to separate
luminance-frequency signal components from color subcarrier-

. frequency signal components; |

d) said additional gating means being connected to
pass the output of said comb filter means through said band-pass
filtering means only when said additional gating meann'are actuated.

18
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12. The method of Claim 1, which further comprises the step:

(c) transmitting each of said combination signale.

ig. The method of Claim 3, wherein said separate frames,
recited in stgP (a) are successive frames.

iﬁ% A method of improving the quality of a video picture,
comprising the steps of:

gmi (a) electronically comparing corresponding portions of at
least two separate adjacent frames of the video signal, the first of said
frames being the ﬁth frame of said video signal;

(b) deriving from said comparison a combination frame repre-
senting an average of the corresponding frames from the two frames being
compared;

(c) transmitting the combination frame resulting from said
comparison; and

(d) repeating said comparison and transmission with said first

- frame being, successively, the (n+l)th, (n+2)th, etc., frame of said video

signal.

19
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