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-1- AN ADAPTI VE MEDI AN FI LTER SYSTEM The present invention reléléotgll
adaptive nedian filter systens. Devel opugats in inage processing have nade
5 possible the processing of imges in a varlety of forms.- For exanple, a
phot ograph may be processed as a two-di nensional array of sanples. A vi deoer
signal ; as froma tel evi sAmrAmmmE NEDIBS FICTERS &Y STEM

t hree-di nensi onal arr SAD, ﬁslnvgﬂ,%i%m ﬁ_%(l}c%rresga on qu%tlf‘%elﬂg { he

tenporal di mension an rer}?esen I'ng notion
al gori t hm wfiidtemysyatemdl ied in the processing of suc;h i mages is the

median filter. A medi %Jéigﬁeﬁggugﬁslh%@ ?‘i‘ such $Evd e Si gnal but

may be particul arly effective for reduci,ng oi Se 1 n_an inmge such

as may Be cROSSIDIE £h& REFLFHLIRIPAS: 65‘P§&ﬁ dn 2 FHPRRY i9f tfrrms.
communi cat i Fexr exixide OerphditsdrabR Magebesipdiodessed @i tted. A nmedian
filter does t £l f edge rners ch exist.in an | mage,
however. | nt%(ral grq'g“ ?{sslr?elé]gng%ef%}'egg g?ﬁglgﬁie & o f&r%%l '(t gﬁ%l e
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enhancenent t&? t he cf?sral r?a?t er| n glfg%rl Pﬁ%s?ies?rﬁ q-'lé{')&bove ei ec %I vel y
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?El y Ih f | 1& hemalgleeF ofoﬁéﬁet'mat:ﬁmgsanabelﬂtms%tiw dfayofbdo[Js ieét%nmwed%he
reshol ds or._exa e p e Enhance I ng e I an
and | nt er guBFESEE % esucER, g@%&?ﬁr 15 l@ﬂrgﬁg&e‘ﬁm on, Gaphics
and | mage Processing, A/aiedizxn f?BtepageduEES-i&pu@ﬁykﬁypernpxhéfrmemug
bet ggen theg !gigaq ?én%r&ﬁflﬂé ParepdRLEraNdeERR YA T S g Pared L0 (B

a constant ti erence between t upper and ovver quartTles (the
i nt er gbart i FECH fodfe)in |an tiHeager FURR 38nPAY bedicansad e ehscrateheat er

thgn the :niﬁr auwgﬁdi;r%fph &Séfﬁﬁspf:uﬁch?oﬁhet :&Qﬂi’mﬁdiﬁﬁclfﬁfﬂi&rtﬁs *’tiﬂ’{éx%gel he
neadl an val ue_1.S S e r e current ,sanpl & Sc r e a ave
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fllter does not adversely affect edges or corners which

exist in an image, however. 1In prior art median filters,
20 the current sample (the sample being filtered) was replaced
by a sample having the median value of the values cf that
sample and a number of samples surrounding that sample.
An enhancement of the median filtering algorithm
described above selectively substitutes the sample having
25 the median value for the current sample only if the value
.of the current sample lies outside of predetermined
thresholds. For example, in the paper "Image Enhancement
Using the Median and Interquartile Distance' by Scollar et
al. in Computervision, Graphics and Image Processing, Vol.
30 25, pages 236-251 (1984), the difference between the value
of the current sample and the median value is compared to a
constant times the difference between the upper and lower
quartiles (the interquartile distance). If the current
sample/median difference is greater than the interquartile
35 distance function, then the sample having the median value
is substituted for the current sample. Scollar et al. have
found this algorithm advantageous because it "adapts to°



-2- local ‘contrast in the data, and sharp edges will hardly be blurred at
al’l, ...". An enbodinent ‘of the present inw¥@Ation conprises a source of an
I nputy sj gnal possibly including noise, and 5 a nmeans for producing a
plural®ty of sanples representing the signal. An adaptive nedian filter
filters these skopakscontraspoincthe datant and shanpl edgesoiwdd le hianddiyo be

estimates the rﬁi&4*3§ ggngiig of /4he noise in.the S|gnal bei ng sanpled. A
control “signal generato nefates the control gnal supplied to the
gn

adaptive median filter |nAFe%@bﬂ@émFBttﬁ§ §§F|Hﬁ?§ olawension gomprises

appears that arh'éﬁﬁ?dé”@ftaﬁVfﬁdpﬁﬁesﬂéhaﬂ. pbhsﬂaxgbeneqaa&hbenbflseonanaage
related criteria are used for ter _al gorithm
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ability to attenuat
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enbodyi ng the presen |nven agram
of an adaptiyve Fererates| the qmnbhOha§1g§a&s§upphleﬁet9y§hsnaﬂamaéwﬁated in

FIGURE 1; Fl GURRedidf fiPteekifl ?&éﬁdhﬁé 28 Mhel égtmfna@eaeho\mbc aemd&e
used in the nedian filter_illustrated, in 30 Fl GURE 2; i,S a

bl ock di agram of an al t er Rt 2RRSaESpERIE ﬂBdFQﬁrPVFPQPts9§P€n¢@ﬁb§G}Pﬁg t he.
present inventigpt hayFb&bbsdibléeifnnoh-imggel redangdnetiteria are used

~ for adapting the median filter algorithm, in addition to
15 the contrast related criteria described in the above
Scollar paper. Because one of the primary advantages of a
median filter is its ability to attenuate impulse noise,
improved operation may be possible if the eperation of the
adaptive median filter is modified in response to the
20 relative density of impulse noise in the signal being
filtered.
In the drawings:
FIGURE 1 is a block diagram of an adaptive median
filter system embodying the present invention;
25 . . FIGURE 2 is a block diagram of an adaptive median
U . filter which may be used in the system illustrated in
FIGURE 1;
FIGURE 3 is a block diagram of an M-tile producer
which may be used in the median filter illustrated in
30 FIGURE 2; and )
. FIGURE 4 is a block diagram of an alternative
adaptive median filter system embodying the present
invention. -
... .... .. _In FIGURE 1, the input s;gnal being median
35 filtered, for example, a video signal from the front end of



35 filtered, for exanple, a video signal fromthe front end of - a ,
television receiver (not shown) is ap@+ted to an input' term nal 5. Input
termnal 5 is coupled to a sanple producer 10 and a noise estimtor 30.: o
Sanpl e pr oducer 10 ,produces.a plurality of sanples, including a current i;

sanpl.e a tedeviginme regelyiay ((nad whqwn ) élr%cﬂpl?]ekﬁ%s@ltarngmplg; ven poi nt

i n“t-he i mgm&magsproqw,tm:ﬁlh% IR GRS 8 PES SE Y dnffil HOI NE S
surroundlgglot hat gpg_l nt.. .These isanmpl are £ )l ed, to res&;tlve dat a i nput

ter ni nal sPEPIRTeX A% ADE R HOLFS ﬁst pt i SARRIBRPIYGe%R1Q0 10
pr oduces ptrodncest puplugadinyl cf rsahpa]res‘,l Imm]aramg rwtcw:gm& samiyl O ut put

t erm gal ti qﬁ%g mnal of a control

Si gnaF ener at or 28.% en%r at es a Cg.qi ,_C% e'{aﬁ{l%lﬁ[ﬁ}[ ?Iérm nal

whi ch |s Pedptedn: &he émﬁobeimrprmeﬁm @;ncf’ mtmgar samplEs ve medi an

filter 20reb@eeeatahgoaom%@pls%&r&ﬁmﬂ 1@1&%%&9&5 VeFd O 43& idie input
|

si gnal fromterm ?H ich r rese e current and- surrou ng poi nts.
In a syst &P ﬁo\'ﬂﬁ ﬁ resp&c atras ippptidemigads ofa@ie 20
producer aBaphyveompdian Elﬂ.aqepre&odel Addp tisveVmenty 1 oA s ggurrent

sanpig an S_guLro rent pl e either iertlclly,
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t he adaptive nedi anIfi pperaitdopar tsiamgllsr lpraodxfar ftopriduwamt i ng '
i mpul se/ ngb$gioRei 8¢ eRkl TRbt 31BN fr¥m terminal 5 which

represent the current and surrounding points. In a system

in which the input signal is a video signal, sample

20 producer 10 may comprise a tapped delay line which provides

a current sample and samples surrounding the current sample

either vertically, horizontally, temporally or some

combination of these. The adaptive median filter 20

selectively couples either the current sample or a sample

25 having the median value of the current and surrounding
samples to the filter output terminal. The decision to
substitute a median value sample for the current sample is \/
based upon the values of the input samples and the control
signal supplied to the adaptive median filter 20.

30 Noise estimator 30 evaluates the input signal

' supplied at input terminal 5 to determine the relative
density of the noise in the input signal. Because the
adaptive median fiiter is particularly useful for
attenuating impulse]noise, noise estimator 30 may, for

35 example, detect the relative density of impulse noise in
the input signal. Noise estimator 30 may comprise a
threshold detector which produces a'pulse whenever the
input signal exceeds the thresholds, indicating a noise



&

35 exanpl e, "detect the relative density of inpulse noise in the input

st gnal. Noise estimator ‘30 may conpri se a&threshol d detector which produces
a pu.@e whenever the input signal exceeds*the thresholds, indicating a

noi se™ -4- inpul se; and a resettabl e counter which counts the nunber of

pul ses. over uBIRl e iAo AU O o ey, TIE A9 US G 808 n

generated by 5 gna gener at or responsive & densit
i mpul se noi s @Iﬂsesmvgrcm@dgtyemxmamtqml mpfll Bameoi se WI t hout

adversely affecting theelcQIdtaNGE ddANSTE tdéith i td D Sidtro 0o &rdd1
signal generator 40 may, for exanple, be a decoder for enerat| n% control

signal s havi FGIGTROTe RO \%%P&‘W%ﬁ%ov?eeﬁﬁﬂﬁil@b wiie r

esti lrjnat ed 10moz1éOIc©ﬁ1pd.@1ﬁ]$y%/ altﬁdmfatc& gthalmmm:tbée o tHd s detcpder
m e a re | SL[I n. lve
e o £ P CRBHRETE afdidind S Vinddiiilercd LRIAECdBATAN 0
1. In Fl GUREsdgrednpl| €ontuoh ssirgial pgemmmom)fma?am 1exL£npla,r e a
coupl ed 10 daieRddilteds Ul e g Worlbdd] S RERUHE Having Tee £OPO

Si gnal fromcontro ener ator 1S_CO to a control, I nput
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termnals. The H&per an

| ower Mtile sanples are coupled to respective
i nput terni n}& ?E&PF&&%’“%& %%{?&ﬁm‘?@m nal of subtractor 23 is
coupl ed to a first i nqutIGtmEnmdllhisa'm'ﬁpaamtmaﬁﬂivmrm@iam filfcex a20
generator Sﬂérpvr 115&{33 &, ( t Falelly fw 121)
the rredl 3 (I)E‘i} Sanple are c%% I%%’%o ressqe%:jf\{?%/%fﬁg%t Itll[e)ér;m nal s of a
subt Tactor 23R fﬂé;lgmﬂ Fut Sc@ﬂ%ﬁfalfi%ﬁm siFBl‘IPJaﬁztR}FOQFfFé %‘bdbfeﬂlq"éa% Lecond
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out put termnal of co arat r coupl ed. to, a control
terﬁl nal of ‘t| 1gnasl .fprom co trgl 51gnaf genera’gc?r 40 is

coupled to a control input terminal of M-tile producer 21.

M~tile producer 21 produces an upper M-tile sample, a
median sample and a lower M-tile sample at three data
20 output terminals. The upper and lower M-tile samples are
coupled to respective input terminals of a subtractor 23.
The output terminal of subtractor 23 is coupled to a first
input terminal of a comparator 27 through a function
generator 26. The current sample (at the input of M-tile
25 producer 21) and the median output sample are coupled to
\_ respective input terminals of a subtractor 25. The output
terminal of subtractor 25 is coupled to a second input
-terminal of comparator 27 through an absolute value
generator 28. An output terminal of comparator 27 is
30 coupled to a control input terminal of multiplexer 29. A
first data input terminal of multiplexer 29 is coupled to
receive the median sample from M-tile producer 21. A
second data input terminal of multiplexer 29 is coupled to
receive the current sample from the input of M-tile
35 "producer 21. The data output ‘terminal of multlplexer 29
produces the median filtered output sample.
M-tile is a generic term relating to the relative
position of a sample in a list of samples sorted according



first data input termnal of nmultiplexer 29 is coupled to receive the
medi an sanple from Mtile producer 21-5-A second data input term nal of
mul tipl exer 29 is coupled to receive the current sanple fromthe input of>
Mtile 35 producer 21. The data output term nal of nultiplexer 29 4
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be taken M6 @déaakafm&eﬁumfaséﬁsgﬁeéﬁb&a&is mepfe&sédi\ﬁwz?sl e val ye,
fromthe quléJE(}EiJ Mtile value. The difference is the inter

di st 3fce. Adtermatiiqnal |QR%$31REIE‘F? O AFAREELES, cEPeerhiardi n funct i on
gener at or signdin Hitcessing, Vol. 3, pages 1001-1004 (1985), an

example of a digital.implementation of a median filter is
described. This filter includes a sorting element
comprising an array of ten 8-bit comparators which sort
20 five 8-bit samples into an ordered list from which one
median value and one upper and lower M-tile value may be
taken every clock cycle.
Subtractor 23 subtracts the lower M-tile value
from the upper M-tile value. The difference is the inter
25 M-tile distance. A function of the inter M-tile distance is
calculated in function generator 26. In the
above-mentioned papér by Scollar et al. for example, the
interquartile distance is multiplied by a constant. _
other functions of the inter M-tile distance may
30 also be advantageous. For example, a fixed value may be
produced, or a linear function of the inter M-tile
distance. One such function is one-half times the inter
M-tile distance plus a constant. 'In a digital
implementation, the function may be-preprogrammed into a
35 programmable .read only memory (PROM), having address input
terminals coupled to the output of subtractor 23 and data
output terminals coupled to comparator 27.




apove-nentionéd paper by Scollar et al. for exanpfe, the interquartile
distance is nultipliéd By a constant. ‘Gt her functions of the inter Mtile
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functign is one-hal f tirfB hp%t':.%her e'b‘?l.rﬁleil @'Pclﬁl%l g&gsacagw . Ina
dlgltal I npl enment ati on, the unctiqon may be prepro Into a

pr ogr amabl eatgadbenmadas AEAP tABROWR W%eacf@r |q%3?tr°t1ersﬁ'imlé as
coupl edtto t he1a4tpHteal mubhhmbﬁr %%ﬁ@tmgtza‘ &q?ﬁﬁ oyl xS COUp: ed E o
conpar at or nction o e j.nter i I.e di sjance a so be
nmade adapt i vgu}‘ﬁt?'@gp8£ ghﬁ P&f? o ¥t g"&rﬁﬁ eafﬁlichfﬁdlrgé&?

in FI GURE 2. theevpauki otffl &hef contiral shgﬁa14rﬂnn'dwdmdytadlstance selected

depends PO o chULELNE ShEtiRiGy Pl Stlle bR TGl nay pe

|nplenentat|on I'nc S|gna §l|e
further addrégpplhpdttpefﬁrﬁhﬁ§ @dd¢w§Sngnuﬁnhgnmmnﬁlanf|§h§nﬂaqm

functi ons haYﬁtBeﬁﬁlehoﬁH”B%&is;ﬂi% G offs HEld %@éﬁ

di fference 10 bet ween dian and_the current .sa e Absolute val ue
generator 28 produces Fﬁ@ RH(S'RPE':U SubtTa chox @eﬂ@e%ﬁ GifLerenge.q t he
curr entlearrpbetwadnanhél fediad. a‘ﬁl@l thré shanent Saplear edxﬁswm wed lire of

the f [ f h V5

15 ol of REBFEACAFSHnpEoRYeBE N R IR T fifesdrera ™
then conparaisrcallgdnﬁhatenraesmgﬁ@MpLaimddﬂanuﬂnﬁﬁanqﬂ stThtis othermnse
S gna' Co ha%é aﬁegnﬁsseehg‘%bh %ogwe %l'xfe I iR fhuntitite

ti,pl exer cou i an-val ued sanple fromMtile pro ucer 21 to
t he\fl | ter 28nteguMptilecfiskance pYs F@’ﬂi’iaréd:qrs 2T t HE heoriehtte,
nul tipl gxer 2BmpoEpedihhedietante SXTIls tHd @ dddsifed dintidr sl

This system
y Hagtggcconghgﬂr%gm%%rat%&agwagenerates a signal, Co, having
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a first state, otherwise signal Co has a second state. If
signél Co is in the first state, multiplexer 29 couples the
médian4valued sample from M-tile producer 21 to the filter
20 output terminal; if signal Co is in the second state,
multipiexer 29 couples the current sample to the filter
output termlnal. |
Thls system may be configured as a standard
median filter in which each sample is replaced by a sample
25 having the corresponding median value. If the output of
U function generator 26 has so small a value that each
current sample/median difference always eg#eeds that value
(e.g. 0), then the median-valued sample will always replace
the current sample. Conversely, the median filtering may
30 be turned off if the function generator 26 produces so
large a value that no current sample/median difference ever
exceeds that value. In that case, the current sample will
always be passed through multiplexer 29.
_ _ The inter M-tile distance is a measure of the
35 contrast of the 1mage in the 1oca11ty of the c¢current
sample. 1If the contrast is high, the inter M-tile distance
will be large and visa versa. If there is high contrast in
the locality of the current sample, then the current sample



median filter in which each sanple is replaced by a sanple 25 ‘haviang the
.ccorrespondi ng medi an value. |f the odtput of function generator 26 has so *
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medi 58 varebeByed B B el tavhly SroHk GEHE At B IHAS [
medi an vaMuedleadplseanEIel dsnithust @mkhn,emrutMr@m sanple t he
need only deviate from the median value by:a relatively
small amouht before it is replaced by the median valued
sample. This will tend to replace more samples with the

20 median in response to the higher den51ty of noise. On the
other hand, if the noise density is relatlvely low, then
the upper and lower M-tiles may be selected to be
relatively farther from the median. In this case, the inter
M-tile distance is larger, and the current sample needs to

25 deviate from the median value by a relatively'large amount
before it is replaced by the median valued sample. This
will tend to replace fewer samples with the median in o/
response to the lower density of noise. 1In additidn,'if
the noise density is very small, it may be advantageous to

30 turn the median filter completely off by proper selection
of the function used by function generator 26, as discussed
above. _ '_ _

FIGURE 3 illustrates a possible embodiment of the
M-tile producer 21 illustrated in FIGURE 2. In FIGURE 3,

35 the ihput samples are coupled to respective input terminals_
of a sorter element 22. Sorter element 22 may be as
described in_the above-mentioned Demassieux et al. paper.
Sorter element 22 produces at respective output terminals
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fe e S C

coupled to a nt one I nput term na nult|pIeX|ng circuit
24 al so dependent upon the control signal.

Multiplexing circuit 24 may, for example,
comprise a direct connection from the median input terminal

20 to the median output terminal of multiplexing circuit 24,
and two multiplexers one each for coupling the upper M-tile
and lower M-tile output terminals respectively to selected
input terminals of multiplexing circuit 24, each receiving
the control signal from the control input terminal.

25 : Referring again to FIGURE 2, comparator 27
produces a logic "1" Co signal whenever the current sample
is to be replaced by the median sample. The output Co of
comparétor 27, thus, is an indication that the current
:sample may represent a noise impuise which should be

30 Ireplaced. ‘This signal may be used to estimate the relative
density of impulse noise in the input signal by
ascertaining the number of occurrences of impulse noise in
an interval of time. The Co signal is shown in phantom
coupled to an output termlnal in FIGURE 2.

3s FIGURE 4 is an alternative embodiment of an
adaptive median filter according to the principles of the
present invéntion. Elements similar to those in FIGURE 1

are designated with like numbers and operate in a similar
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t he rel at 2@ .i npul se noi se density detected in the I nput signal. This
estimate signal is qouRhfd 4ydde d€Piiphe tAmingl SOPépPbsents, for
example, a composite video signal, then there are time
intervals in the video signal during the vertical
20 synchronization interval when the signal is. at a
predetermined level. The synchrbnization signal supplied
to noise estimator 50 may, for example, be the vertical
synchronization component of the composite video signal.
During the time interval when the signal.is known to be at
25 the predetermined level, any impﬁlses indicated by signal
Co are assumed to belceused by noise. The number of _
impulses indicated by the Co signal from adaptive median \/
'filter.20' during the vertical synchroniiation interval is
counted in noise estimator 50. The higher the count, the
30 higher the relative density of the noise. Noise estimator
50 may, for example, comprise a gated digital counter. At
the beginning of the vertical synchronization interval, the
counter is reset and counting enabled.. At the end of the
vertical synchronization interval, counting is disabled and
35 the resulting count is latched at the output terminal of
noise estimator 50. ' '
The results of 1mpulse countlng durlng the.
vertical synchronization interval 15 supplied as the input
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si gnal generator 40 which produces a control signal coupled 15 to the
control input term nal of adaptive nmediafglilter 20'. |If the signal at
inpugs;ern1nal S represents, for exanple, a conposite video signal, then
there“are tinme intervals in the video signal during the vertical 20

synchroni zat 59gnhft €6V ébn‘t’&%'l Ehgnalgd@neratdir & onrediteifiete gdrteitesThe
synchroni zation si gna
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counted in ”QhéemeiiiggtQ&e5QeIE@Qe@!&@ﬁ%ﬂﬂ%élynéﬂosé'ﬁbi¥he ﬂédﬂ&H the
rel ative density of the noi,se. _ Noi,se estimtor- g&y §§§131

conpri se a g&f‘édfeirgllf’c’a'l nod & density; ﬁé'eoégﬁltﬁﬁtrﬁji Iatd ther
synchroni zat irgemi Bher weldianhe counter is reset and countlng enabled At the
end of the vertical synchr on | nt| bl ed and 35
the resulting count i sri% Fglﬁélé%; S ke eﬁ ‘{-3}31-1‘&-?1 ngel ﬁ esti mat or
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- generator 40 ener.at es e contro S|gnal to control the upper
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rel ativeby faptilger dfetmmﬂyhatmmuartlmets shdid csumzh raatme,hato t he arrangenent
synchronization signal input would be required for noise
estimator 50. It may be further desirable to produce an
indication that an impulse is present. In this case, the
Co signal from adaptive median filter 20' is produced at an

20 output terminal, also shown in phantom.

The above embodiments have been described in
reference to a composite video signal. It should be noted,
however, that any signal which is subject to impulse noise
may be advantageously filtered using the adaptive median

25 filter system described above. This invention may also be
embodied in a continuous or sampled data system and the
sampled data system may be implemented in either analog or
digital form.



n FI GURE 4 may be used to estimate the inpul se noise :
m’m MM“"H‘{EE rformng any fil terl'hbl" Such apparat'us woul d i nclude as i
an ~ou nated i mpul se noi se density from noi se estinator 50, &s.
shown i'n phantomin FIGURE 4. It may be desirable to estimte the inpul

15:" noi se CAMSY at all tines. In such a case, no synchronization signa
i nfut woul d be requi red f aknnedaptivé imedbanSPiltermsysbemfurther desirable
to produce an indi jon that an |npulse is present. In this case, the Co
si gnal frcnﬁ?ﬂgﬁﬁ§ hedian filter 20" is produced at -an 20  out put
termnal, also shown am jmput ofor m fput snbndlnQQSSLh&Yelneénddagcr|bed
I n referen% so%,a conposite video signal. It should be noted, however, that
any signal i's subject to inpulse noise nay be advanta eously filtered
usi ng the adaptive nHOSIRS 2ELSPIRSive §9$$éh¢dé§md#b§élg§§évg°r Thi s

i nvention ?:Y odlEOnH Cs EEEEss B | Sefs C@ﬂtsﬂﬁﬁﬂésofeﬁi‘%éﬁélﬁét 8agyst em and

t he sanpl ed, dat a systen1nay be inplemented I n either analog or digital

form - 14nPeY Fi@Rak:  An adaptive nedian filter system conprising: an

input for an lnpug Slm@@hspﬁﬁﬁi#?&ptﬂ¢évﬂimedﬂ&hsfilﬁerlng saldfﬁeansl
responsive to said input_ sj or in cessive sets of sanples
representlﬂﬂngaﬁﬁslﬁ °§§ﬁ%§l On%dﬁ§n€ faﬁgﬁgggély median filtering said
sanpl es l@sponsive: tcmeansnresponsgmaltolﬁald input ségnalr Eeponsive to

sai d i nput éé@ﬂﬁ’é?{:?ga&gée 14804 Betigley 4 8T8l hiigh,ogpd nol sei anc

neans respon5|ve [ noi se enér sai d
control signal. means respon31ve to said estlmated noise density _
for generatlng said control signal. o W/
15

2. The system of Claim 1, wherein said adaptive
median filter means comprises: N .
means for determining a median value sample and
20 upper and lower M-tlle value samples of said set of
samples; ' '
means responsive to a further control signal for
selectively substituting said median value sample for a
current one of said set of samples being filtered; and
25 means responsive to said median valued sample,
said upper and lower M-tile value samples, and said current
sample for generating said further control signal.

30



2.-* The systemof Claim1, wherein said adaptive nedia inhit
conpri ses: neans for determ ning.a nedi an_val ue sanpl e mmHml@%!ﬂMﬂL
| ower” Mtile value sanples of said set ofléanples means r espan 3
furtﬁﬁ? control signal for selectively substltutlng sai d nedi an val ue

sanpl e for a current on ?rIad?gn \§§§ttg1f aqa, Bei %éféiz‘?rﬁomr %??’I'I .

nmeans responsive to sal sai’d "upper  an
val ue sanpl escoattodasigoalr genesanoire cromprgae@r ating said:further control

- signal. 30 -12-3. IQ@tSR%@agtlgfﬁga%s \Maatirs 57 ded UEd 18 rol

signal generator conprises: _first subt t1ng nmeans responsive to_sal

upper and IowéndNﬂPWBE Matddes yadues spaPrlesod@ Ryaducing rehedifference

t her ebet ween; cpeeaBdt&Bhiact i ng means responsive to said current sanple
and sai d m@di an val ue sa odug 9 t he dlfference t her ebet ween; and

l e for
~conparing means coupl edSE5ORG & IeanS) FRFRAMFHYR tFR S Sns for
~ produci ng sai dufruehhesam'pnu andsisgid meditane vt#]fdeersamplé réor spiodwaeimnd

subtracting exge t h fr said first subtracting neans
. or a functlo pé§%e§%§cg %H%ﬁﬁb %ﬂ%ghl rac:lalrnB wherein said further
~control signal generat ocommmaﬁmmu@e@m@miﬂ f:u@tamesemd
of O ai m 4 I ERSErRBEINEInRRR £33 AR R BXNex Loptrof System
nul ti pl yi ng asdigpadl ifnghe ﬂdﬂiﬁﬂFHQﬂuﬁﬁqm1%ﬂ%ﬂﬂﬁﬁQﬂnQnﬁ¥P¥¥¢%¥i%%nstant
- and addi fig a ﬁﬁﬁﬂ@deﬂé@eagrQhﬁpﬁiﬁiﬁrence from said first subtracting

_ ' means or a functlon :hereof.
o/
15

4. The system of Claim 3 wherein said further
control signal generator includes:
,' a function generator coupled between said first
20 subtracting means and said comparing means.

5. The system of Claim 4 wherein said function
25 generator includes means for mﬁltiplying a signal input to
o/ said function. generator by a first constant and adding a
second non-zero constant. '

30



The system of any of clains 2 to 5 wherein.said nedian
”.qulluunumumand | ower Mtile val ue-3a#pl e producer conprises: neans
Ving a®plaratity of input termnals 5 responsive to said set of sanplés,
and a plurality of output termnals for producing said set of sanples

ordered according to Q.hel rThel sipstemnaf nahyi pfeelagmseangohévwhgreaapectul ve
datai nput il Sad SPROANS! i | Q58 “aRlIbREr AL L] e53HRLES saligha 10

out put tern1na ro ucing a ast sal upper | ower € val ue
sanpl es, aﬂ?qguﬂﬁﬁrQQmPfﬁﬁﬁstern1naI responsive to said control S|gnm

for coupling respect 'M@a&@'l@ﬁﬁi’goé‘eﬁlﬁfaﬁtﬁ defﬁgdtsﬁbrﬁﬁnﬁiﬁm es to
sai d upper and lower Mtile, yal ue sgnggmggata output termmnals 1n 15

response t FASROVSAR W S3t 28Ht9 &Fr gnd apRingaditye ofedi an
filter systapamémigilantonppiodacing sapdt setgogl senpied! vrigeveddi ng

noi se; neans_responsiyve (.o said ut “signal for producing successive sets

of sanplequﬁﬂﬁéihﬂ Fﬁ)%ﬁﬁ{FlYﬁéﬁ §rgﬁﬁ 25 nmeans for

adaptively medi an f|Imu&trgﬂexanbsmeahsshavspgnréspebhlaecdataohnshgnal and

producing g '}?a[ ”ﬁdé ﬁé‘ﬂvéhéé $a£&r6§8&r88€s8£ T4 gaﬁlg[le%f | es
a rve

represents 0|s means r esponsi ve ating
signal fyy qntnuﬁltsxmx@plm ¢%IEIQQ@CHEESﬁtylsﬁs§a5§1#oH@Deran@dneans

glezgglnw Ve Qe iML©51d NP B NPAMS168Sahd hOEofer81at hpatS detmiaahr O
responsive to said control 51gna1 for coupllng respective
selected ones of said ordered set of samples to said upper
and lower M-tile value sample data output terminals in </

15 response to the vaiue of said control signal. |

7. An adaptive median filter system comprising:

20' an input for an input signal possibly including
noise; _

means responsive to said input signal for
producing successive sets of samples representing said
input signal;

25 means for adaptively median filtering said
samples responsive to a control signal and producing a
signal indicating that a current one of said set of samples
represents a relatively noisy signal;

means responsive to said indicating signal for
30 estimating the relative density of said noise; and
means responsive to said estimated noise density
for generating said control signal. '

35
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-X4- 8. An-adaptive nedian filter system conprising:
input signal includi'ng -alternating synchronization and ’m"!m!m Ii
interval s 5 and possibly including noise; neans responsive

si gried” for produci ng successive sets of s?qples representing said |nput
signal ; nmeans for adaptively nedian filteri'ng said 10 sanpl es responsive to

a control si gnal durlng said information time interval and producing a

si gnal- i ndi cating that cur ﬁ%ntadggeti@fe ﬁ@'dq.a%etfﬁfte??:%ﬁ.serﬁ epresents a

relatively noisy signal durlng sal d sync nizati on invetval ; 15
means responscvmptéséagd I ndicating signal for estimating the relatlve

density of said noise; iﬁdlﬁ%ﬁ&thﬁsﬁﬁﬂihﬁﬁtt%fﬁﬂéi‘?H%} fﬁbn0|se density
|

for generatingbsald control nal lter system

in which an i ApEErBaSARE FMP&%Zﬁm@r aad; ﬁ!ﬁ%ﬁ’fé@%ﬂ%lﬂ&ﬁ#\f#ls

response t9 agn@spbEBib19f ineluditgnablise;n the signal. 10. A system
according to claim9 in which the 25 est i mat e ,of .noi se density_ in the

signal is derived in re@ﬁ&ﬁ§erﬁéppﬁéiH@gFQeSGFQHQQHHqrﬁ}QRﬁ%\HQQ'of t he
system 11. Apgeduelindi bueces;atremswhsb&nbaﬁiﬁlxesa&eiﬁ-dw&ingi@ﬁd bed
W th referencgnbsttgﬁgggionpanylng dr awi ngs
means for adaptively median filtering said
10 samples responsive to a control signal during said
information time interval and producing a signal indicating
\~} that a current one of said set of samples represents a
relatively noisy signal during said synchronization time
inverval;
- 15 means responsive to said indicating signal for
estimating the relative density of said noise; and '
means responsive to said estimated noise density
for generating said controlhsignal.

20 ' 9. A median filter system in which an input
signal is median filtered in a manner controlled in

response to an estimate of noise density in the signal.

10. A system according to claim 9 in which the

— 25estimate of noise density in the signal is derived in
response to the degree of filtering activity of the
system.

= 11. A median filter system substantially as

3°herein described with reference to the accompanying
drawings




