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This 4 nvention relates to tenporal video noise reduction sy‘stey’bisp \J;W*’
generally, and particularly to video noise 5 reduction systens of the type
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filters have been found to be effecttive in inproving the signal-to-noise
rati o of video si SXPTEVE m QPRI | on. Such
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incoherent and exhibits little correlation from frame to frame.
Accordingly, by combining a number of frame delayed signals, the

15 signal power of the sum will increase more quickly than the noise
power and the signal-to-noise ratio will increase.

Obtaining multiple frame delayed video signals may
be achieved by feedback in so-called "recursive" noise reduction
systems. FIGURE 1 herein is an example of such a system. The

20 noise reduction system 100 of FIGURE 1 includes an input
terminal 102 for receiving a video input signal to be noise
reduced and an output 104 for providing a noise reduced video
output signal. Input 102 is coupled via a subtractor 106, a limiter
108, an attenuator 110 and an adder 112 to the output 104. The

25 input 102 is also applied to the adder 112 and the adder output is
feedback to the subtractor 106 via a frame delay unit 114,

In operation, a noisy video input signal S1 (at terminal
102) and a frame delayed noise-reduced video output signal S3
fiom unit 114 are combined in subtractor 106 to produce a frame

30 difference signal S4. The frame ‘difference signal S4 provides an
estimate of the amount of noise in the input signal S1 for still
images. For moving images, it represents frame-to-frame motion
plus noise. To reduce the visual artifacts produced for moving
pictures to an "acceptable” minimum level, difference signal S4 is

35 limited in limiter 108 to relatively low levels (e.g., a few IRE
units). Providing a larger limiting threshold will increase the




In operatlon a noi sy video input signal Sl (at term naI 102) and a

frame “del ayed noi se-reduced video output si gnal S3 fromunit 114 are
conbined in subtractor 106 to produce a frame 30 difference signal S4. The
frame difference signal S4 provides an estimate of the anmpbunt of noise
in the input signal Sl for still i mges. For noving inmages, it
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resul t ant " ndohgecumantdaputisignal S1 thus canceling a portion of e noise
content of the input signal S1. The resultant-"noise reduced" signal
S2 is fed back to the frame delay to be used on the next frame
15 and thus completing the recursive signal path.
| As described above, the general form of recursive
noise reduction provides excellent results for still (or nearly
stationary) images because of the high correlation (coherence) of
picture element values from frame to frame whereas the noise is

20 relatively uncorrelated on a frame to frame basis. For moving
pictures, however, the difference signal S4 represents motion as
well as noise and limiting at a relatively low level is required to
minimize the visual artifacts caused by the motion component of
the difference signal. Generally speaking, however, in certain

25 applications, limiting the difference signal in a frame recursive
noise reduction system may not be enough to suppress the motion
artifacts to an acceptable minimum level and additional motion
compensation may be cailed for and various approaches to this
problem have been proposed.

30 One way to reduce the effect of motion artifacts in a
frame recursive noise reduction system is to split the video band
into two portions, apply frame recursive noise reduction to the
lower frequency portion and apply another form of noise
reduction to the higher frequency portion. Such a system is

35 described by Christopher in US Pat. 5,130,798 entitled DUAL
BAND PROGRESSIVE TELEVISION SYSTEM WITH NOISE REDUCTION,
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3 recursive filter for scenes containing high motion. To this end a
motion dependent switch is provided (known generally as a "soft
switch") which "blends" the incoming video signal with the noise
15 reduced video signal as a function of the motion indicating signal.
- For still images the switch selects the noise reduced signal, for
moving images' the switch selects’ the original signal (with no noise
reduction) and for images having relatively low motion the signals
are proportionately "blended" as a function of the motion (frame
20 difference) signal. Although such an approach is effective in
reducing motion artifacts in the case of moving images, it also
eliminates the noise reduction. :
A further problem with the "blending" type of "motion
adaptive" noise reduction system is that the action of the soft |
25 switch itself may produce visual artifacts for certain scenes due,
for example, to motion detection errors. For example, large
amounts of noise in a still image may be crroneously interpreted
as motion-in the scene. If so, the soft switch will erroneously
reduce the frame recursive filtering component thus reducing the
30 noise reduction when, in fact, there is no reason to do $0. '
It is herein recognized that a need exists for a motion
adaptive frame recursive video noise reduction system having
reduced motion related visual artifacts. A need exists further for a
motion adaptive noise reduction system which does not require
3 5 restriction of the noise reduction bandwidth. A further need exists
for a motion adaptive noise reduction system which does not rely



whi ch issued July 14, 1992. Advantageously, the "dual band" ' approach.
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otion adgRl e ddlieed “Video vignal e Hame delayed video Signal and "
the video input signal are applied and the output of which
provides the further signal. , .
20 A method of providing noise reduction, in accordance
with the invention, comprises forming a difference signal from a
video input signal and a further signal; limiting and attenuating
the difference signal; combining the limited and attenuated
difference signal with the video input signal to form a video
25 output signal; delaying the video output signal by one field and
by one frame; and selecting the further signal from among (i) the
field delayed video output signal, (ii) the frame delayed video
output signal and (iii) the video input signal.
In accordance with a further feature of the method of
30 the invention, the step of selecting the further signal comprises
subjecting the video input signal, the field delayed video output
signal and the frame delayed video signal to median filtering, the
median value thereof being used as the further signal for forming
the difference signal. |




reduced notion related visual artifacts. A need exists further for a
nmot i on adaptive noi se reduction system which does not require 35

restriction of the noise reduction bandmﬂdth. A further need exists  for
a motion adaptive noi se reduction system which does not rely
4 on notion dependent "blendi ng" asgpreviously discussed. Thg present
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motion artifact suppression of the noise reduction portion of the
system of FIGURE 2.
The motion adaptive video noise reduction system 200
15 of FIGURE 2 includes an input terminal 102 for receiving a video
input signal "C" to be noise reduced and an output terminal 104
for providing a noise reduced video output signal "H". A subtractor
106 forms a noise representative difference signal D from the
- video input signal "C" and a further signal M" supplied thereto.
20 The difference signal "D" is limited by a limiter 108 and
attenuated by an attenuator 110 and the resultant limited and
attenuated difference signal "F" is combined with the video input
signal "C" in an adder 112 to effectively "cancel" the noise
component of signal "C" and thereby produce the noise reduced
235 video output signal "H". As an aside, it will be noted that the order
of the limiting and the attenuation is of no consequence. Limiting
may be applied first (as shown), attenuation may be applied first
or both limiting and attenuation may be applied concurrently in a
common circuit configuration.
30 In accordance with the invention, the signal "M" is
derived from the input and output signal signals "C" and "H" of the
system 200 so as to provide both noise reduction and motion
artifact reduction. In this embodiment of the invention, the .
formation of the signal "M" is provided by a delay unit 202,
35 responsive to the video output signal "H", which provides a
frame delayed video signal "A" and a field delayed video signal
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video input signal to forma video 25 gutput signal; delaying the video
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FIGURE 2 i's SREMBIG Hieagnestany (ofo 15D VoIS ot HiE seEiafc VoRlks> T <
reduct i onl€y gt 9N eqoalsy 2nwhereasi theeravierage is 4. As another éxample, 3thes a
bl ock di agramecﬁan Bft lﬂﬁg%'e{ nﬁ?%,”ﬁdi@cﬂlaIS 4 whereas the average would be
3. For a three input median filter, the median is that value lying
within a range defined by the maximum and minimum values of
the three input signals.
15 In more detail, for the three input median filter
shown, the filter selects the video input signal "C" as the further
signal "M" when the video input signal is within a range bounded
by the field delayed video output signal "B" and the frame
delayed video output signal "A". In other words, "C" will be taken
20 as the median if it is not greater than the largest of "A" and "B"
and it also is not smaller than the lesser of "A" and "B". If "C" thus
exceeds the minimum and maximum values defined by "A" and
“B", then "C" can not be the median and one of the other values
must be. To continue, the median filter 220 selects the field
25 delayed video output signal "B" as the further signal "M" when the
field delayed video output signal "B" is within a range bounded by .
the video input signal "C" and the frame delayed video output
signal "A". Lastly, filter 220 selects the frame delayed video
output signal "A" as the further signal "M" when the frame
30 delayed video output signal "A" is within a range bounded by the
video input signal "C" and the field delayed video output signal
"B". Finally, in the case where any two of the signal values are
identical and of equal value, such as "x" IRE units, then the median
. (for a three input median filter) will equal "x" regardless of the
35 value of the third signal. FIGURE 3, discussed later, provides a



filter suitable for use in the notion adaptive recursive video noise 10

reduction systemof FIGURE 2; and FIGURE 4 is
spatio-tenporal diagramillustrating notion artifact suppression of the
noi se reduction portion of the system of FI GURE 2. . The -

notion adaptive video noise reduction system 200 15 of FIGURE 2 includes an
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results in meeting the dual objects of both providing noise

reduction and providing motion artifact reduction. Performance

may suffer if a lower order of interpolation is employed, such as

linear one-point interpolation where pixels are estimated by

20 repeating the value of one pixel a field earlier. Such an
interpolation technique results in a field-delayed pixel that is
vertically offset from a current pixel rather then being spatially
coincident as is desired for purposes of the present invention. As
an alternative, one may provide a higher level of interpolation, if

25 desired, by using more than two points and the estimation may be
done with other than by "straight line" calculations (e.g., parabolic
or other curved estimation functions may be suitable).

Considering now the details of delay unit 202 and the

two-point linear interpolation discussed above, unit 202

30 comprises a cascade connection of a first delay element 204 which
delays the video signal "H" by one field less one half of a line. This
delay corresponds to 262 lines in the 525 line NTSC system or 312
lines in the PAL 625 line system. The delayed signal "J" is delayed
by one additional line (1-H) in the delay element 206 and the

3 5 resultant delayed signal "K" is delayed again by one field less one
half line (262 lines or 312 lines as noted above) in a delay



6 "B"." A selection circuit 220 (illustrated here as a nedian filter)

sel ects one of the franme del ayed video signal "A", the field del ayed

vi deo signal "B" and the video input signal "C' as the further signal
"M for application to the subtractor 106. 5 Mor e

speC| f ically, the nedian filter 220 seBects the medi an of the signals
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has been found that two point linear interpolation is preferred as
being optimum in terms of both cost and performance for the
reasons discussed above. '
In operation of the overall system of FIGURE 2, the
20 selectlon circuit (i.e., median filter) 220 selects the median of a
pixel from the current field (C), a pixel having the same spatial
position averaged from pixels above and below of the previous
field (B) and a pixel taken from the previous frame (A). By taking
the median of those three signals, the "feedback" or "reference"
25 signal (M) for the subtractor 106 is in a sense "pre-corrected” for
" moving pictures, which substantially reduces the motion artifacts
previously discussed. The dramatic reduction in motion artifacts
is illustrated in the spatio-temporal diagram of FIGURE 4.
‘In FIGURE 4 the horizontal axis represents horizontal
3 O position from left to right and the vertical axis represents time in
terms of three fields with field three being the current field, field
two being the previous field and field one being a field occurring
one frame earlier. There is illustrated a case where a dark box
402 is in motion from left to right across a light background
35 during three fields. In field 1, box 402 is located to the left of the
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signal "A" as the further signal "M when the frane 30 del ayed vi deo out put

signal "A" is within a range bounded by the " video input signal "C' and
the field del ayed vi deo output si gnal "B". Finally, in the case where
any two of the signal values are ﬁntlcal and of equal value, such as
“x" IRE units, then the nedian for a three input median fllter) Wil
equal "x" rebaridbatal positin axis. \Ial fieldf2 the @%r‘ﬁ’p i psa movedctethg.

di scussed | agghter PaRY iiflefieRl 3 the box (402") has moved to the right. I

detail ed bl ock di agra f a sui, t abl me of t di an filter
220. ST tg%zvngggl ﬁg{egif gﬁﬁr\/é” °'9ﬁo§? des the’
frame and fi bfbdi‘eédiylﬁijﬂ asl\gawles Who #ndvitBhing theocument field (field 5 nedi an

filter 220 o] e S bl e t hat
the field ng §?SI flf atpg g{&% Was ?¥8ﬁ§38& b Ié co eﬁ%ﬁ?he frame
del ayed vi de ajngntgcurgyg ﬂ&ﬂlﬁfcémpu S%diﬁépﬁils eno pi xel a
field earliedisg | fighal %ﬂanﬁmude XVI\hbllﬂepaﬁifhcpfataldcutlbﬁmtOiH el d

since there 3. esh ftt fr 0 to.f |
coi nci dent phi'é? '?)?Fi‘? ‘Ff‘“%?el n p‘f’%'g‘fm *@ Igoéfélelle% cﬁogogy%igpfsegts' ? hey
desi redI si gnavhdir anotior is p!estm thet rlimnel@rﬁﬁﬂrenec Sbgnaieéh%.

inte a

| nve:}ffontl'd)rgub%raﬁtor ou e%u‘f)oun i t;ﬂgﬁﬁﬁﬁﬁiﬁ? i‘Hdtfbrﬁ (i¢r! Re Hﬁ‘i’él‘é&l@eOf the

€ us

I ne 0i nt
i nt er pol at i ofetween @@e‘ﬂ& & iframe nearlieg @I“‘gelloﬁﬁgﬁns?é‘ham%'% B8 des
satisfactorythe black box 402 from the white background 404 would produce

a very large value for the difference signal. Such a difference
would clearly activate the limiter and the limiter output would
15 still include a large motion dependent artifact. Also, due to the
temporal recursion of the noise reduction, the motion artifact will
die out slowly over several frames and the effect will be trailing a
smear or ghosts behind the moving box.
Advantageously, under the identical circumstances
20 described above, in the system of FIGURE 2 the potential artifact
of a large frame difference due to motion is completely eliminated
in both of locations 404 and 406 of the displayed current field.
Here's why. Recall that the three signals A, B and C are median
filtered for application to the subtractor 106. As shown in FIGURE
25 4, the box 402 from two fields away has a relatively low
luminance value (e.g., black), the luminance one field previous
was of background level (e.g., white) and so is the luminance of
region 404 of the current field. Accordingly, for display location
404 of the current field, the median of the black box 402 of field
30 one, the white background in field two and the white background
in field three (at location 404) is white. In other words, for this
case the median filter input comprises BLACK, WHITE and WHITE
and the median equals WHITE. Since the current value of the
video input signal at location 404 is also WHITE, the difference "D"
35 between the median and the current is either zero or equal to the
difference between fields two and three depending on the noise



results i'n nmeeting the dual objects of both providing noise - reduction
and providing notion artifact reduction. Performance may suffer if a
| ower - order of ‘interpolation is enployed, such as | i near one- poi nt

i nterpol ati on where pixels are estimated by 20 repeating the val ue of one
pi xel a field earlier. Such an I nt erpol ati on technique results in a
field-del ayed pixel that is vertically offset froma current pixel

rather then KOnERNtsphithgse two signalsi ddws the joutprisiof cther shbEactssdQ6of t he
present inver§ifoteedIo be dderal L thefelly \aRoidifg they peodudtith afha ovigibleevel of

i nterpolation, .pf 2 esi.red,, by usi re than poi nts and the

estimation mﬁutﬂft gt g%%l% t@ofﬂe#ﬁgﬂnﬁvw 'b&xr gpght | ine" calculations
(e.g., parabolic or Advantageoustyl evennfern dhis wopsratng eepdiiiomsui t abl e) .
Consi deri ng Ramd HdidetRihenoh Hehpylied t IR0RrARY of heiewer! pRefeférde, | | near

i nterpol ati on _di scussed_ ahove, unit® 202, 3 0 ¢ ri ses a,ca le” cohnection
of a first dEHHQination.of Yig, PRt moa@na%u?ag A %‘Ejatk‘?‘bn‘ﬁ?f" 8 by one
fihel d2I elss obeehalfbund to |dragmatidally imptevey thorsyssanngerfiornidmeel i nes ihn
the 525 |ine SVSt; N kot L i t The
del ayed si gn%@@b%@%@éﬁ%msg@é c?ng&g%‘%f tél}ggg_ ?f%@c%ﬁ&ﬁ)@é\ t%?e del ay
el enent 206 4hel meyimg Hoxed2 ant del ayed signal "K' is del ayed again by

one fieldjlgss one ha! ioré NgethdS Fol | AiSPlay 160atidn B 30 he! edr@mgve) in
a del ay t,. 208 to

B oul 42 the dieltcGiRlighmael; oths Brpsto- she median fitter 29D SHL e 0, (o
signal "B" i SWHHTE (icel, tlre thaok pgronnd |ofnfield one), BLACK (i.e., the box 402’

itself in field two) and WHITE (i.e., the background level at center
location 406 of field three). The median of WHITE/BLACK/WHITE

15 is WHITE and so the output of the median filter will correspond to
the white background level. But this level is also applied to
subtractor 106 and so the difference signal "D" will be forced to be
zero. This is true regardless of the actual level in IRE units as long
as the level of the box a field ahead is different from the levels of

20 the background preceding and following it. Accordingly, potential
motion artifacts are eliminated at both the left location 404 and
the center location 406 of the current field three which is being
displayed for the continuously moving box.

At box location 402" the inputs to the median filter of

25 WHITE, WHITE and BLACK from the corresponding locations of
fields one, two and three will yield a median of WHITE but the
current video input -signal will be BLACK. Consequently, subtractor
106 will produce a maximum value difference signal "D". The
limitation of the amplitude of signal "D" by limiter 108, when

30 added in adder 112, will reduce the contrast of the moving box. It
is herein recognized that in practical applications, the trailing
smear associated with conventional noise reduction techniques is
considered much more objectionable than an artifact on the
moving object itself. This is due to the inherent psycho-visual

3 5 difficulty with resolving detail in moving objects.




i nterpolation provided by an averager 210 which forns the aver age of
t he del ayed signals "J" and "K'. As noted above, the 5 process of

i nterpol ation fromthe del ayed signals shown produces pi xels (i.e.,
picture elenments) of the interpolated (averaged) signal "B" which are
spatially aligned with pixels of thejcurrent and frame del ayed vi deo

signal s but tenporally,disnl y e i I t her s, the

signal "B", represent @?n@%@é‘?ﬁ%ﬁu tg'? I%)a'ﬂ}?%'} p%ﬁ aﬁgﬁogafﬁg%‘? vertically

adj acent pi xatifacts dispusseidoabove dpl the system of FIGUBE 2 d¢ yachiewed and

(imediatel y \aahi 280H098¢ {1RN convehtiondl VOleRing" 8F hafid-§Fkriry" on

field. Repeating the foregol . caveat, using Tewer than.t .nts for

the inter pol%ﬁﬂ‘gﬂcﬂ“a‘y prev @éﬂ? t disgus tthr?éﬁb%pﬂ‘ﬁm?éef; AF nePECtiYS o

- poi nts mayS lshorfcomgngsn the interpol ation at the cost of increased

conplexity. It has n ' |51 ' Atg on i s

preferred as . bein %Eﬁaﬁu%gi gm?%r?ir%g\(l)? %ﬂ%ﬁ%gﬁﬁ%&h&ﬁ@?&ﬁ#&% for the

reasons di sdnedian zi’dlgﬁle. 20_ for u_sed In th? mﬁu@pea_depme o¥idepengisgr al | - syst em

Of TLOURE 2 relieigh syt P FIGURE b. (The fliteiaybél bomhucléd el ects the
[ .1 DI X u | , i X Vi

spati al p“c}m% BH%Péggtglfaﬁo T e{ﬂféfe CORPTERES o hise FH%'B ude ous

field (B)l Qnebmparatets 38R2en304 oand h20Gr whichiscdmpane, ( ¥9speBtivehki ng t he

medi an of t h ' SCA hear | gp(? y . enge” Lapal (M

for the S-ub[%} g@?%rA?SGQQQ?E gAsI,eﬁglé _ﬁpr -ghlrprlgtg‘t? B‘é“ﬁ@& the nrr‘églnﬁggg

pi ctures, wiQUAPALMEES, INAYR| cOMPEise c differantial; amplifienss &t analogy ey ousl y

flih chszteflb tw&m:)grk fum?p@rratemfcl?g?Mﬂémtamoimplbméﬁﬂati@mt Sthel dclx;ni&iRaéeisr ?}1 gd in
hor i zgnt al a gg Fgg}lgggt‘gorﬂw%ﬂt&oﬁaﬁ'@g'lﬁgsibli?%rﬁ f'PSﬁPi‘E?F to right and
the vertilk3lcamparatessr £femparallele processingy s singler bis compasatarsh fiel d.
three bei ng (¢ seifal AricHmmene) A gl 308 'HOvRRISNthd N8Rl eRilBsieeOR and
field one be(l)afnga leld occurrin one rane_me(ﬁ. q'Tce;:e 'S _
i |1ustrated of & OWPSFE of magni compgyators 1344 deFi eft to right
across a |i giuntiullingr aumdltiplex switch 312 which selects signals "A" or "B".
Conventional exclusive OR gates may be used for this purpose in
20 either analog or digital implementations. Another gate 310
provides the exclusive-OR of the outputs of comparators 304 and
306 for controlling a multiplex 314 which selects the output of
switch 312 or signal "C" and produces the median "M" of signals
"A", "B" and "C". For analog implementations the multiplex
25 switches may comprise transmission gates, or the like, and for
digital implementations they may comprise either transmission
gate switches or AND/OR selection (binary) gates or the like.
- In operation, exclusive-OR gate 310 determines if C is
the median by enabling switch 314 to select C if either B>C and
30 C>A or B<C and C<A. Otherwise switch 314 selects the output of
switch 312. Exclusive -OR gate 308 controls switch 312 to select B
as its output if either A>B and B>C or if A<B and B<C thereby
identifying B as the median. Otherwise, switch 312 selects signal A
as the median. Summarizing, briefly, C is selected as the median if
35 within the range bounded by A and B, B is selected if within the
range bounded by A and C and C is selected if within the range



35 duriﬁg'three fields. In field 1, box 402 is located to the teft of the

9 horizontal position axis. In-field 2 the box 402" has noved to the
center and in field 3 the box (402") has noved to the right.
Now consi der the visual effects that would be percei ved by a viewer who

is watching the current field (field $ponunber three). If the ,video was

processed by i qn f recursive. LIR (infinife fnpulse
response) fi I?%Wgy A %Ihg éylggag? g%aw%u?lénﬁﬁc%{f’dé)fanfﬂ“&cgfé’ ¥%i f act
at |ocation 4déen thatrxalpe é‘\élﬁl be putpuited jas thenwediannwalue) RMBYi se
reduction systens - when notion is present the frame difference signal
(i.e., the 10 subtractor output) mainly represents notion (i.e., the

di fference bet ween box 402 a franme earlier and | ocation 404. Subtracting
the bl ack box 402 fromthe white background 404 woul d produce a very

| arge value for the difference signal. Such a difference woul d clearly
activate the imter and the limter output would 1 5 still include a | arge
noti on dependent artifact. Al so, due to the tenporal recursion of the
noi se reduction, the notion artifact wl| die out slowy over several
franes and the effect will be trailing a snmear or ghosts behind the
novi ng box. Advant ageousl y, under the identical )

ci rcunst ances 20 descri bed above, in the systemof FIGURE 2 the potenti al
artifact of a large frame difference due to notion is conpletely

el i m nated in both of l|ocations 404 and 406 of the displayed current
field.



Here's why: Recall that the three signals A, B and C are nedian filtered

for application to the subtractor 106. As shown in FlI 25 4. the box 402
fromtwo fields away has a relatively |ow | uni nancST l!lHI ' "I ’Htk) ,
the | um nance one field previous was of background; | ¢ oe Yy, we)
and so is the | um nance of regi on fI034 of the current field. Accordingly,
for display |ocation 404 of the current field, the nedian of the black

box 402 of fi(@aim8D one, the white background in field two and the white
backgr ound in field three (at | ocation 404) is white. In other words,

for this case the naldqll nPE‘ié‘hg’; f%’ﬂ%"?&mﬁ{ bga ] A ’reWi'l:ﬁgnand VWH TE

and the nedi an equals urre e of the vi deo i nput
signal at |ocompnrsmg: is also WHITE, the difference "D' 3 5 between the

medi an and g he current a SuBirhédr For! forfing 04 differehdte signald{D} dremca

bet ween fi el ds  two, d th th .
250" cont erfides oRBESIENSL S5 2 Pucer fistl, DD swPRlind SheReI%it or 106

i st f ?rced toI be zero thechivyinfor dﬁ@tihgeami catteruatimgofsaid \diffiebé¢nce
i&v;n?g;eghslsgg@i/gg)#gff({rﬁ][sflt?)%sg?iaaplk %33‘?‘{3)5 i?izon, 5 some noi se, reduction
is applied. In terns ofa @DMﬂebrféfe‘F@'ﬁb@,mg the F?ﬂ‘ﬁa(é))n"‘ TERRIY ent i al
The. syst em barf o B T A o ae 8 rut Rop” o011 a0t
at Io)éat i onp406 of hdelayis “6{3;53!?89'.‘“%8 t' i VidEo “olifput gt ' 2!

(H), for providing a field delayed video signal (B) and a frame

delayed video signal (A); and

a selection circuit for selecting one of said field
15 delayed video signal (B), said frame delayed video signal (A) and
said video input signal (C) as said further signal (M) for

application to said subtractor.

C

2. Apparatus, as recited in Claim 1, wherein the
- 20 selection circuit comprises a median filter to which the field
delayed video signal (B), the frame delayed video signal (A) and
the video input signal (C) are applied and the output of which is
connected to supply the further signal to the subtractor.

25 3. Apparatus, as recited in Claim 1, wherein the
selection circuit comprises: |
a switch; and _
a control circuit for causing the switch to select the
video input signal (C) as the further signal (M) when the video
30 input signal (C) is within a range bounded by the two delayed
signals (A,B);
' said control circuit for causing the switch to select the
field delayed video signal (B) when the field delayed video signal
is within a range bounded by the video input signal (C) and the
35 frame delayed video signal (A); and



10~ " In nore detail, for dlsplaylocat|0n4 wthe current

field (field three), the inputs to the nedian filter I!M}Hm,” I;I']ICE
e

(i.e., the back ground of field one), BLACK (i.e., the*
in field two) and WH TE (i.e., the background |evel at center Focation
406 of field three). The median of WH4E/ BLACKK WHTE 1 5 is WH TE and so

the output of the nmedisudfédrtesl wirchitCforr eanﬂﬁgiﬂ;@ swnt:hetd\/fsbl&tbwground

i T rerence e Wefyed uGE SRRl Fhd the TABI] Heihed VigBDlsBal 0 oo
of the actua{A) dyevithin |aRFange tbouaded dbyy the videehinpug\signali (Ehcamsbx a fiel d

ahead is difr ?iéldfdélH*éJ‘thSUei@nﬂf (BY. the background precedi ng and
following it. According pot ent I"al notion artifacts are elimnated at
both the left |ocation 404 and the center | ocation 406 of the current

field three which is bki Apparatiss@sayeeitetioin (Claimoi] iwherei ythm)delag box.
At box 'Ocat%%ﬁ%cm&% aﬂp}ﬁé@@afd}ef&ﬁgbﬁﬁﬂlg 5 ngag BPxef! JE M TE and

BLACK f e corres and ree will
yield a nedi lwedEvmo tshgnal withy pixels \ofidhe i vidae mpglﬁaﬂgm .l be
BLACK. Consequent I y, subt ract or 106 wi |l produce a maxi mum val ue
di fferencg,signal " limtation . of t | tude, of s al "D' by
liniter 1189 when 30 a%dgtfﬂaﬁatgadélﬁ repited, i éﬁé’&ﬂ@ Iein, th a%f t he
novi ng box. ¢11rcu1t irchideseian twec pointz Eaeahdnterpolatar tfior aavapging: qnxelss t he
trailing 436 Qe (A ek G NI HABSWIAC pREels SAIGYLA by QAT ques
is con3|d nmor € o )j ecti a rti pdt ai: movi ng
obj ect itsel eldTmlgs joneg half; Hnepto o, said ‘g%l)dc slayed xideo sigmalsiculty
with resolving detail in noving objects. - '

15 6. A method of providing noise reduction, comprising:

forming a difference signal (D) from a video input
signal (C) and a further signal (M); :
limiting and é,ttenuating the difference signal (D) to
form a resultant signal (F); :
20 combining the resultant s1gnal (F) with the video input
signal (C) to form a video output signal (H);
delaying the video output signal (H) by one field and
by one frame; and | |
selecting the further signal from among (i) the field
25 delayed video output signal (B), (ii) the frame delayed video
output 'signal (A) and (iii) the video input signal (C).

7. A method, as recited in Claim 6, wherein the step of
selecting the further signal comprises;

30 subjecting the video input signal (C), the field delayed
video signal (B) and the frame delayed video signal (A) to median
filtering to provide a median valued signal (M); and

selecting the median valued signal (M) as the further
s1gnal for forming the difference signal.

35



11 ot Advant ageously, the reduction of notion related
artifacts di scussed above for the system of FIGURE 2 is achieved w t hout
resort to the conventional "blending" or "band-sp aches
previ ously discussed thereby avoiding their coll elullm"ﬂuiluumﬁun ngs.
FIGURE 3 illustrates a suitable inplenmentation of tthe® *“nellidn filter 220
for used in the notion adaptive video lfbi se reduction system of FI GURE
2. The filter may be c@nsArmetitst,! i recigéd hgrcmﬂ{qg Whefdifii thel form The
filter conpri s&sqihre? rragnl tude 1 0 comparators 302, 304 and 306 which
compare, resgEESHAR \SEP § AB, BC and CA. For anal og.

i npl enent ations, the rraglectmge the wmdnmrmput sigmal (O)ymasi the duifther ent i al
anplifiers of @-ﬂﬁ' whé!n? &1@9%&8”?@ t&ﬁﬁfnl g&*) {4 Qlifrth 4 Mhggentation,

t he conpar at of onprise conv tr-bit binary®magnitude 1 5

conparator$ (boy Bdrb}' @le bwecdelayed) videossigpals tﬁA Baorrpar ators (for

se{l alt ar:cthmetIC) A ggtRcidd pﬂféVlfizéw dél d)gnaeb .ﬂgﬁil;léB(Gksqhe ortthlé"

out puts of na r cont r a mul tipl ex
: 'e’éegllé%‘ﬁn@) Wgﬂ ﬁ}f' fg‘?rig ée aye8 W?eﬁ'ﬁn&ﬁ defkl usi ve pO?

switch 312 whtt
gates may be withig faorangei &opndpdsbyunhezmcbot linputasignad &) andi the

| mpl ement at i ¢Rsme 2@852&3 % yﬁ“’%@? .oypges the exclusive-OR of the

out puts of conpar r. co trp ng a i pl 314 which
sel ects t B0 out put of Seefr%ﬂchh%ﬁa‘BP elay 53 ﬁtg%l% medi an

"M of signalfgrther’ s'i\gnal BM)aﬁ)ﬂlenCthe Fﬁﬁn@”dbt@eﬂ”ﬂidﬂ&%ﬁ@alo(&) tlbe

-
-q

bt OO
,-J

mul tiplex 25 _sw tches I S ansm ssi.on Kk nd for
digital inpl e B?ng ﬁ%n@? g@eg f%‘ftggﬁlﬁg n@é)s%"gﬁ {He gie?tléil
swi t ches or Akibiyed s@dmtmgﬂal(lﬁ dary) gates or the like. I n
operation, exclusive-OR gate 310 determnes if Cis the nmedian by

enabl i ng i"% tch 314 tOQ?eAeﬁ}etlﬁ)dfas rggi%d Bn>1CC?a1m 6, wherein the step of

delaying the video output signal further includes interpolating the
_ field delayed video signal for spatially aligning pixels of the field
delayed video signal with pixels of the video input signal.

20 10. A method, as recited in Claim 6, wherein the step
of delaying the video output signal includes further includes
interpolating the field delayed video signal by two-point linear
interpolation including averaging pixels delayed by one field less
one half line with pixels delayed by one field plus one half line to

25 form said field delayed video signal.



30 CA or" B<C and C<A. Ot herwi se switch 314 sel ects the output of switch
312. Exclusive -OR gate 308 controls switch 312 to select B as its
output if either A>B and B>C or if A<B and B<C t hereby identifying B as
the medi an. O herwi se, switch 312 sel ectl$é signal A as.the nedi an.

Sunmari zi ng, mﬁcﬁfwm@ms,xﬁm R61 0 rAGUCTRGy Reiemn i f 35 within the range
bounded by A and B, Is selected if within thg range bound&d by A and C

and Cis selected if W|th| n the rangeAbstract

1 2 bounded by A and B. If two or nore signals are of identical value, then
that value will be outputted as the nmedi an value, "M.

13 d ai s A subtractor AQGY forms o dlffprmoedsrgpmlu(db)) froins e

reductl on, S|ﬂna§%t_f|5§b?9 siglil (C) and a furfheiBigdf' V) 'Rippi A"tk fo.
erence signal is limited (108) and attenuated (110) and
the resultant signal (F) is combined (112) with the video input
signal for providing a noise reduced video output signal (H). A
delay circuit (202), responsive to the video output signal, provides
field (A) and frame (B) delayed ‘video signals. A selection circuit
10 (220) selects a median value (M) of the field delayed video signal,
the frame delayed video signal and the video input signal as the
further signal for application to the subtractor. Advantageously,
the further signal provides the dual functions of (1) facilitating
the noise reduction of the output signal and (2) concurrently
15 reducing the occurrence of potential motion artifacts to a very
substantial degree.

FIGURE 2



video input signal (C) and a further signal (M suppl i ed thereto; .
acircuit for limting and attenuating said difference ThlsShéaﬂ?aEBééR)Reil&ed

forma resultant signal (F) : . a conbiner fo
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. said control
* frame del ayed video signal when the franme del ayed
(A) is within a range bounded by the vi deo i nput si gnal
field delayed video signal (B). 5
in Claim1l, wherein the del ay
spatially aligning pixels of the

14
t he

of the video AnrD) alaf: 1.0 5. Appar at us,
Caim 1 whereill the del ay gircuit incfudes a two point
I nterpol ator for avram ¥i xel g del ayed by g

line with pixels deaﬁa'ba oneY: ield plus psg hal f i
field del ayed video] si gy 1 5 . bt

reducti on, conpri sing: form ng

(O
4. Appar at
circuit jimpcludes an interpolator

field deI ayed vi deo signal

grence signal

circuit for causing the switch to sel ect

Vi

?mmﬂialseen Replace

wth plxels

lﬁrlﬁééhs ed in

312i el d FAETEFhe hal f

ne 220f orm sai d

et hod of providing noise

(D from

a video inputB ( )egrs - he g0 _OM ;
limting and atienufti gnal ) ¢ forma resultant
signal (F); 20 esul t aht sijgnal (=Bi4ith the
vi deo i nput si gnpl 384 ggph olit.put signpal NE;
del ayi ng the video putp ‘ (H) by one=f3pg! d and by Jone frane; and
.selecting the further $igna anpng (i) the field 25|\igkley ={_J)iMeo
. i [ tho franp _daol avod viden
out put signalC( : y _ 0 Median
: X
306 X>Y:
Y ~310
FIG. 3
402 LOCATIONS FROM
\ PREVIOUS FIELDS
F-'IELD__
ONE
BOX
CURRENT
’-:erEV%)D -+ LOCATION
FIELD 402"
THREE T -
MEDIAN (M) = BACKGROUND (S1)
MOTION ARTIFACT ELIMINATED

HORIZONTAL POSITION L—& R

FIG. 4



out put signal (A and (iii) the video input 5|gnal (0. . ok
A nethod, as recited in Claim6, wherein the step of Thig Bdh@d?P‘ﬁQe‘Pmt Sh.?et

further S|gnal conprises: 30 _ . subjecting the video input
signal ¢C),” the field del ayed vi deo signal (B) anci he 1;#'36 ayed
video signal (A) to nedian filtering L@g2provide a t ar3laljubd si gnal
(M, and sel ecting the nedi an val ued signal (M as t he
.further signal for forming the difference signal. 35

8. A nethodioas rediOISE REDBICTEDNwher 4104 +Qe
sel ection ris @ SYSEEMt i t0Oe vi deo .. gnal
(O as the?ﬁ}g ‘Fl gna m/p Shen the video input si gnal 4 within
a range bo he tfo—detayet—viteo AR
sel ecting t heFriet o\rﬂel ayedjvi dq:gg al (M

gnal ‘
when the field del ayed vi ecy 5| naISJNNB b bogzdd by the

vi deo input signal (C an nd 10
selecting the frame del al (M
when the frane del ayed fvi Ngp _#i g ge -ound d by the

video input signal (06 am'. he él él'd
' 3

FRAME DELAY <

>

|

MEDIAN
FILTER

220

63 ] ¢ = |
N MOTION ADAPTIVE
NOISE REDUCTION SYSTEM

200
FIG. 2

t

m
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