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to an adaptive Mtile sanpl e.producer in.which an Mtile of an adaptlvely
determi ned subset of input sanples is produféd. 5 ROPe £ht241
digital technology has nade possible nmore advanced: proceSS|ng of signals.

For exanple, matrices of sanmples

Eﬁﬁgbe processed
by cgnputer yielding enhancee—Freg R signal s
representlng i mages may - beTulgliaveytiﬁn rpiatess&d pnehﬁag;xmenM*tﬂLe #

enhanced i nmages C egha edi 3
cal |l ed nmedi an fﬁ%@é gﬁfg&gﬁgg In ?Eg %&d%ﬂ% I It°glr ta‘|;i]1nv &es a nldgw of
picture eIenemx#%ﬁﬁ&ﬁ}%?deﬁﬂhsnEpPgséﬁPPﬁgsémpéﬁﬁléﬁlﬁFQE§°34xnnt in the

i mge. The gu ndow i ncl udepresantealgmeh %@éhaonbwahatsv n@‘demp@ésable more
surroundi ng the qg(i’ven e, exa iWI ndow i.s a x 3 matrtx

of pixel s ( ConANAREE BT T RE i R AN s 4GPl r FOFs SRAFRASy0 B
exanpl e, a crossampleéeglureépoesenbingt n.nggeb t hay?fiow bievproeyded oy t he

f

the given sampl SoRmiEEE Y fe1afhd 'enhlntbds Spldee) | A3 IR iRt
square and ei ghtvideérrsiynals seprgagatnggt hmageSemapﬂ k@l dlmalrhge is
enhanced by g eplgicd Ads $88 ﬁ?éfélﬁ?xﬂimﬂgﬁl§ th VP&HE &F

t he nedi an of the nine piXe as bee ound
medi an filter WEL =Y Jr%?%t enhangiag. F}H&tﬁél Pé‘°qﬁ|$|sél‘igrrd1ﬁ %’-tlseq twqaaras
"salt and pepperflxuuﬁfnqn the dlsplayed |nage wi t heut, however, softening

edges or rounding corners t.he i e._ The dlan of. a set
of sanples is a specific e i NFtFFglgp‘aniﬁﬁ 15Ve %;Wﬁﬂﬁ
Mtile value is af\epmtureeoélemeanpl épm/medls Yo eauwrhi esparqmtrumg & pemed;cwhar(
inalist gfgth e ted c §£§¥ F
exanpl e, t?}"es M epé e va 132@3% ?ﬂ%&é Tﬁ& q’El'ﬁ:dgg’t rﬁgl vgldest %f el "&hd
which is in the anmbpéab?-tl'h@fsm-!‘eélsl F&FrOMdéﬂgeﬁh&&%M% pwelm tone

val ue called theaxiifiSTe (08T utR ASwih@owalike a0 X3 aEYi%k of pixels.

(Configurations other than.square'matrices may also be
used, for example, a cross configuration consisting of the

20 given sample and the four samples directly above, below, to
the right of, and to the left of, the given sample.) The
matrix includes a given pixel occupying the center square
and eight other pixels surrounding the given pixel. . The
image is enhancéd by replacing the given pixel with a pixel

25 having the value of the median of the nine pixels in the
window. It has been found that a median filter will
eliminate impulse-type noise, which manifests itself as
"salt and pepper" noise in the displayed image without,
however, softening edges or rounding corners of objects in

30 the image.

The median of a set of samples is a specific
example of an M-tile of the set of samples. An M-tile
value is the value of a sample which occupies a particular
location in a list of the input samples sorted according to

35 their values. For example, the M-tile value called the
median is the value of the sample which is in the middle of
the sorted list. As other examples, the M-tile value
called the upper quartile is the value of the sample

{f'



-2- ' . RCA 84,241 | ocated [err] of the way fromthe highest

val ued to t'he | owest val ued sanple i the sorRed |ist; and theRu# iglag 2vdl ue
called the lower quartile is the value of the sanple |ocated 3/4 of the way
fromthe highest valued to the 5 [owest valued sanple in the sorted |ist.
FIGURE 1 illustralesated khefcshenWayafared thepbighgssevaduedafol dhe lowest

represented by a eahuga gamﬁqea&ﬁsthzh%o&%gae&ﬂyﬂ'ﬂaﬂd@%ﬁ% Mg v
represents 't he vaIu The _col u uar es ed § ED,

at sa
represents: 10 tﬁé 9 %E esdRye quPGFF@ﬁeléoFBﬁnVPEHQIQ FRPU?aNQ&Franged
in rank order withothtelli gffasbfveheewagafipbn &he! hdghegtandlued oale

| ued I h h I d d bed ab
(7" o “the pptr qhareRRcvaThah Rabi€r sR0rRR, BPrtes) 13E "1 st at oo ns

bei ng obtained from 15 thEIGUREpiloplilustratest,i dns the cbéumndéﬁbelbdst
For exanpl e, the gRgian xaku%d gaEHh51EBa¥bB?eEQﬁt&ﬁ'pgé%)cbiuhﬁeo%a

the middl e of the sortéd II above |ve
sanpl es belom1|t)Th?hEuEBﬁ€rW&§ R éc§aﬁﬁpéréh§¢Pﬁgsﬁn§sv§heevﬁﬂuﬁs°¢h§hat

sanple [err] 20 OéahbieWBYThéOEblﬁﬁntBE EQuakQQ Qﬁbb&@ﬁpbohhﬁn§OEEQerb%ks

quarti 1 ¢ val BB SHB| BSEnds: Rgmpies, dran she; Cotuan, JapRles) INgPE redigpnoed

fromthe top to t bankoardérthethothedhhgh&st(wa&neﬂishmplelghtthewmbpsand
above it and 25 +fy0y éHBke§a?ﬁE8 ?h#le“ﬁ%”tﬂ B%%%bﬁg %gget§§%% ﬁe@%&d
€ n

becone desirable to de erm ne € val ue . I a
subset of the setMotilgpudesgrpbed. abevectinpl-e; nuPEGrp§§§§ﬁééeofmﬁﬂgﬁn

dens:ty i mpul se thae%OWEr”&Mabﬁlig) ?QéshnibetheBSQsabblﬁb Bb%ahﬁﬁﬂtﬁrom
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the input sanpl esexamplégr the mednanZ?anhedehhmpueOﬂhhwhhgrthg valuec4) is

S e S e, o, cob BABARACHE MU B0 g S 0¥
five samples above it and flve samples below it). The
upper quartile sample (having the value 5) is the sample %

20 of the way from the top to the bottom of the sorted list,
(i.e. it has two samples above it and eight samples below
it). The Iower quartile valued sample (having the value 2)
is the sample 3/4 of the way from the top to the bottom of

_ the sorted list, (i.e. it has eight samples above it and

25 two samples below it). |

when processing image data, it may become
desirable to determine the M-tile value (e.g. the median)
of only a subset of the set of input samples. For example,
in the presence of high den51ty 1mpulse noise, it may be

30 desirable to use all of the input samples to maximize the
suppression of the impulse noise. However, in the presence
of low density impulse noise, it may be desirable to use
fewer of the input samples in order to minimize the effect

_ of filtering on the underlying image.

35 _ The present invention is directed toward an
adaptive M-tile sample producer comprising a source of a
set of input samples and a source of a control signal.
‘Means are provided for adaptively replgcing a subset of the



set of input sanples and a source of a control si gnal . Means.are provided
for adaptively replacing a subset of th RCA 84, 241

set -of input sanples with sanples havi n(g} predeterm ned vty Q%Tzrqésponse to..
the: control signal. Means are provided which receive the resulting sanples

and produce n f s
provi ded for§e§ oglrjgﬁ %%a%%g‘u?'p?ustswgénlgl%e rlﬁhﬂllqggcﬁ I-on 1n t:ﬁ(‘a ordered

~set of sanpVa@dugorPeISoRINSE (L6 (The sontral Mignal i n Neanprxeto tJ
control si gﬁabmaaat i dha Weites veF R ebult it 's%iﬂﬂ@#%ﬁd“pfd&uces

under st andi ng § rr%ﬁ‘réﬁ of .the .term t| articular for the
Mtiles: upfB® gﬁedl ge 5 ek 2%% a di agram
useful Bn updevs'deﬂdlfng' @mﬂnlmﬁg)famd:am;iumlaampach aﬁ’rdmlitlﬁlng:aatm of

:\/FItO:JIt esggprriaﬁe producdereﬁ’og’ ko fG%pglresé'q} |%§J<°nt|c raﬁg&é%aﬁ@é&b! ock

di agr am of Hntédépﬁlmé‘eﬁpmss Mﬁﬁf@ signsl ey be used for
processing a video si Qhalthea@i-aZQngs- .~ FIGURE 5 is a schematic
di agram of a zeroi-ng ci.rcuit which ngy be used-.in the Mtile sanple

producer illustrated FRCPREURELS & #Wa&btuaﬁqféﬂ das andanstanding, thee
desi r efloM t neanifngasfunhe terne M-td Jesdiian paﬂﬂm«ﬁmrr oy tHd iN-etPfes: coul d

et an 111t SPPAD. AHAGELAR S HERAR s Jeye” S GUEEL, Uiy it s case
is a3 x 3 mtrix of FIGURE hllﬁhmgimaaesmaﬁﬁd Jabauuiemmdmgmbw 30
configurati ﬁ@%hbﬁaﬁfaaaabt:iv@i fdg]%x,e?g_ Ring e cent d bf'rg)\?vae t he

gi ven pi xel p1 Xel belng in the
matri x of pF%@P%eﬁmd the set of sanples used to derive the median are ally) -

of thelpine sanpl es | FIGORETS! liisX a bllm@wdi@ra(ucwrmlar&aﬁﬁaze? M-tile
‘sample producer embodylng the present invention;

. FIGURE 4 is a block dlagram of an adaptlve M-tzle
sample producer which may be used for process1ng a video
51gnal, and '

20 ' ' FIGURE 5 is a schematlc dlagram -of a zer01ng
circuit whlch may be used ‘in the M-tzle sample producer
1llustrated in FIGURE 4.

' In the detailed: descrlptlon below, the desired .
M-tile is assumed to be the median. However, any M-tile

25 could be derlved by apparatus according'to the present

invention.
One method of median f11ter1ng 1mage data entails E.J
the use of a wzndow, which in this case is a 3 x 3 matrix
_ of pixels, although as described above, other window
30 configurations than a 3 x 3 matrix may be used. As
' described above, the glven plxel, i.e. the pixel being
filtered, is the center pixel in the matrix of pixels and
the set of samples used to derive the median are all of the
nine samples in the matrix. The w1ndow (comprising the 3 x

35 3 matrix) may be env151oned as mov1ng over the image
pixel-by-pixel so that each pixel of tha image, in turn, is
filtered by being the middle sample in the matrix. A
filtered image is produced consisting of the median valued




35 -3 matrix) may be envisioned as noving over the inage pixel -by-pixel so
that each pixel of the image, in turn, 'is filgered by being tt'ﬁ:}?n'éjﬂ'lf‘u
sanple in the matrix. - Afiltered image is produced consisting o

nmedi an val ued -4-- RCA 84, 241 pixels located at the

| ocat i ons corr espireilsg locatted atf tRC 1 cgiateiions XD rrespdiEing e VehdY eslf
over the iJmge. uch dowis re ented as a 3 X
3 matrix Iabel edggﬁgegggﬁﬁ’gﬁ%% % %W%'l}?eves‘f]l?ar%%’%ﬁ% Quar e
repr esents a pixel. The nurmelf‘l\ﬂlmanmdmlscamr eualpree seiridow hiss val ue of

that ‘pixel. A coldfeflentiett ss1uny 'Rk Hadb I IDRE DAPAMLES WA ch

have a one-t.0-one correspon ence 1 n value to he P1 X
DATA matrix.>  TREDYALBAAG NdRe| squanes .| VEGCIDAIMARS (Nepresents ribmiiﬁl

to right and topThe hainbe® G:(iltnﬂ%p@a% tsQ;.iatie; Sepieierits Wife GRIUE & Abehod
| NPUT t aken from botﬁom Oﬁtﬂi A matri x | ahel.e %‘SK i | I(tftrates

whi ch pixels in Ph&® a( \ﬁlé’ree SERF et sgpts
val ue. The ast er sahpilest whith haviedd @rmqiw-@nm(tdxaimdﬂ&éndélaxglvﬂue to

sanpl e is used. I I_n th th el
the correspondi ng ba&onsbgﬁga%g@%ﬁ E}gw&gir’g al eu?gldpe]r €r°m
box is enpt¥9 t hthsoﬂﬂégﬁomhgmtxek itaken afm;bslafmftQMMh; regid ljsnm to
when deriving thg ag e gﬁ?

t he squares surroggglgir?% sﬁgesﬂéﬂ% tolug:rhe@ I N |cat| ng Glfl:f:éat %Hﬂﬁ%f t he |nput
sanpl es are usedNBUgefp & O BOA-0M, t9e toby tH\s%d‘l@m‘F ixmdnkatled

| abel ed MASKED, mhsKehdlastzhliteef wiﬁch &iieceiairmrea:kfer qrmdmm@wmddﬁwlﬁb

| NPUT are present _and er coI U | abel.ed S ED i S an qrder

set (cgnsi sting of'S Fﬁ W§gﬁp?g§§?’} VRHSsq q? “he

hi ghgst val 18d smiptddeasquberet apdamatelse thate tthe gjiveh ssamﬂe ats ttwed.

bottom In this wiligre.a %ﬂ%}@g

medi an val ue. ggggnp?( 5 ?n %—‘ém%&??ﬁ%o %'?‘di 'S exarrpt?i'fle %enlgs at

t he val ue 4) conFBPns’oFﬁésl?@Bdéﬁgvépﬁétlm ;%ﬁnﬂ}ke IIM%@R@DIWG%GBI’G
also used. If a box 15 empty, the corresponding pixel is
in a subset of pixels rot used when deriving the median

20 value.

In FIGURE 2a, there are "x"s in all of the
squares- surroundlng the middle square, indicating that all
of the input samples are used to derive the median value.
In the column of samples labeled MASKED, therefore, all of

25 the samples from the column labeled INPUT are present and

| unaltered. The column labeled SORTED is an ordered set

U . consisting of the samples from the column labeled MASKED

' ﬁith.the highest valued sample at the top and the lowest
valued sample at the bottom. 1In this case, there are nine

30 samples used to derive the median value. The sample at the
fifth location, (in this example having the value 4)
contains the median value. The sample labeled MEDIAN, and
containing the value 4 is obtained from this middle
location in the ordered list of samples.

35 In FIGURE 2b, a subset of the 1nput samples is
not used when der1v1ng the median value. The window
labeled IMAGE DATA and the column of samples labeled INPUT
are the same as those for FIGURE 2a. The matrix labeled



containing the value 4 is obtai ned fromth| s mddle location.in the ordered
list of sanples. 35 In FI GURE 2b, a subset of the input sarrpl es
i's not used when .deriving the nedian vaATe. The wi ndow | B & DATA
and the colum of sanples |abeled.INPUT are the sane as those for FlIGURE

2a. The mat Iabe 84,241 NMASK Jn Iu es an

asterisk i n Illé‘%efq&é‘r @sqeﬁ&s&ﬁ%ﬁ%zﬁaﬁﬁa\f gﬁ%‘FeS'a H&Ed
when deri vi mgatth(thnemlamn a@dmtheoms tdsadewheel "dexiving rﬁle:medaramw es.

Thi s indica t e%%%%:eesgu ego%ggy ‘0f the -
| MAGE DATA \%\naﬁ tct)-'\%?'v@’gtirettl'glse en der.| VI n teLe nedi an. e I’EITB.I n| n_g squar es
havi ng no "#ndicatesethats %M%@r&m tqsmretsfnprmﬁg dogations
correspgndi Bg theatMACE ORATANGidOwE APl Asdd AEr Ide i i thdsdaidn.

sanpl es not sed when .determni-ng.the nedian._ This. s bset of sanpl es has 10

been repl acd® FRNAADIDG §FHaFRsS HAYIRG ool F MRSEESM v dH % &L havi ng
a pr edet er nminddcadieu&hatt. "thie sapdes Rkts unﬁmpmidnﬁ;rﬂlmtmmrdﬁcthé he

four "0O"s a b f..1hae.S es-from
e Cne ootk bATA AL e CRE 2 Ut £ o il SR 5 1€
The | ocati owheamdst#mgmm e medisnsed Tst&ﬁalselhsg%mf ranpkre d1af these
o) o205, Bpdh, Seplaged) i o8 okl U \Wihyiiohs, QRIS 'e"”“‘r e |
el oy FREn Semples: Hevisg & BregereTmirah wAsie G5 AT, Corm ned
va: ue of dOthJ.sesgﬂ.um blft ramples Uss dwmm,attnéefdlm t'tUﬂsofaxtéleaiSGBi'eED G
col um an t he
remai ni ng s%%%’ltgg ﬂ&?‘ge@“gw%lwwc@& I Ny ongmﬁ]ge% &Aé‘l' S@H)’%les in
the ni ddl e theumeddampis t@nibﬁ tdﬁ(;ecmlé@t‘barqneesln rtheh et dBiiee row may al go
be advagt ag?BEi‘thki%ed T'h% i%@&tﬁ.o@fﬂ‘%nﬁéﬁfx{!j Ghe/ HeBanisadh &y det er mi ne

the medi an wi || _ocgupy the top three-|laocations in the SORTED col um and

"0"s will ofSampye & By the Biddle of Jheserfdiva FaMPLes |oF Ak Wet he
vaggle of thehigaplecation Friche tircarp. @R lmé:rmmcj ffbﬁ:@FSan\p.‘Ehstile
m e .

the bottom of the column are dzsregarded.
In general, a mask 1nd1c§t1ng that a subset of
20 samples is repleced with'the predete:mined-value-of nou,
results in_thosefvalues being at the bottom of the SORTED
column and the median value being in the middle of the
ordered list of the rémaining‘samples ' For example, a mask
including only the three samples in the middle column or
25 only the three samples in the middle row may also be
advantageously used. In such a case, the three values used .
to determine the median will occﬁpy-the top three locations o’
in the SORTED column and "0%"s will occupy the bottom six
locations. The median will then be the value of the sample
30 in the second location from the top, i.e. the middle
location of the top three locations in the SORTED column.
FIGURE 3 111ustrates an M-tile valued sample
Aproduc1ng apparatus. In FIGURE 3, a sample producer 10
produces a set of input samples at a plurality of output
35 terminalsﬁ The set of samples represent samples from a
window. The plurality of output tetminals of sample
producer 10 a:eacoupled-to'cqrresponding=input terminals of
" a masked sample producer 20. Masked sample producer 20



| ocation of the top three locations in the SORTED col um. FI GURE 3
illustrates an Mtile val ued sanpl e produci ngéapparatus. |n FRGARE43248
sanmpl e producer 10 produces a set of input sanples at a plurality of output
35 termnals. The set of sanples represent sanples froma w ndow. The
plurality of outpmmodw¢h$nalsebeEampSkegradmpbeSIBtaaeplunpleuytof output

correspondJ ng i npegnﬁﬁsﬂgal §n0£e%§ﬁ§§ g Sﬂmbﬁtféfdgiéﬁago?twgsEsgtﬁaiﬂ:" e

producer 2 produces a
sanples d?”a pIur%ﬂP?E’Eﬁr@%ﬁﬁhtcterFhﬂapéuriﬁlesﬁSnQEtPBtat€§ﬁFpélssP§n§he

at a control - 'nptﬁxaéleédn gahple pFbauéky’ abi h¥eOtoapledt tbeeatﬂahfaoa&;h
masked sanpl produc %0 are ou ed to orr put bern1na s of

pon
a sorter 30. ort%ﬁ o?dﬁ?ﬁ e§e gﬁ ?Es tpﬁ° PGPS BBy of
out put termnals. oﬂamr@dusetlbﬁ s&mphésuattarpiunhslby ofir batpit &eeminals.

oo 20 oy bou e b\ ATELy b8 SLEBLE PLeRiAAIR, SeSRLFRRD 300ne s EBlBIpa
sanpl es cont ai ni rkp t¢erxesperdingt inpukt termina}st of cansauplesselactorpdfise
to the control S'ﬂiﬁﬁl@sé’ié@ﬂ&foﬁo ﬂPHHPEEE”W:ﬂél sémpfeCPPbMOLhal 88ktion in

gener at or 50 has an ou term nal cou he respective control i nput
ternminals CH Eé&ﬁ#@ §?Bd9§e?aEalﬁﬁdcgaﬁ$¥E1§9 EBFeéFSFIQG Mrﬁlle at

Oper?tion sarrpl e.:zpradtp@t ﬁ@rﬂiﬁdycrsl,ai?l i‘ésﬁdﬁﬁlét tbetnenebﬁtao&emgﬁal at

sanpl es, represenl ndow | xels r Qm an

e eeont atTve” i Ednfrdl MERNE cRENTAS1 87 K EBhErol SibAR) HRfRrater 50

the 20 col unns cﬁhasnmﬁesutphéledrmtﬁal cquﬁléﬂFES theandspectiuaptontusker

20 takes as inputy i*%’ f&p €3 fﬁQEkg&”B&ﬁ?PéoﬁfsﬁﬁcéQ 38dahAPLanBTed
se e enpty i

sybsQL,of t hose sa a particul ar case
with valkRed ‘e%ol'rﬁﬁ)esponse to the val ue of the 25 control signal.

The out put of masked sanpl e;propeggtidhl, "B Ee i‘b&h@é?dlﬂs eaaﬁeeaoaél ﬂﬁs
to the col ums of sa Ies Iabelfd MASKED i_n ES 2a and e con

si gnal from cont rOFCRYYERIRERALS: Br S8 °§u§ﬁFP torﬁaggﬁan 1ng win OW of

pixels for example, from an image representative signal.
These samples may be envisioned as corresponding to the

20 columns of samples labeled INPUT in FIGURES 2a and 2b.
‘Sample masker 20 takes as input, the input samples from
sample prodncer 10 and replaces a subset of those samples
(which subset may be empty in a particular case)
with “0" valued samples in response to the value of the

25 control signal. The output of masked sample producer 20
may be envisioned as-corresponding'to-the columns of

U samples labeled MASKED in FIGURES 2a and 2b. The control
signal from control signal generator 50, supplied to masked
_ sample producer 20 adaptively controls which mask
30 configuration is used to select the subset of samples to be
o .replaced by "0 valued samples.

. Sorter 30 receives the masked samples from masked
sample producer 20 and produces an ordered set of those

_ samples at its output terminals. In the paper, "VLSI

35 Architecture For A One Chip Video Median Filter" published
in Proceedings of the ICASSP 85, pp. 1001-1004 by
Demassieux et al. FIGURES 3 and 4 illustrate a systolic
sorting array which may be used to implement the signal
sorter 30 of FIGURE 3. The output of signal sorter 30 may



sanpl e producer 20 adaptively contraqls which mask 30 configuration is used '
to sel ect the subset of sanples to be re-;)l aced by "O0O" vaI ued sa | es.
Sorter 30 receives the masked sanpl es fT'om masked sanpl e 44b0 and
produces an ordered set of those sanpl es at its output term naI s. In the

_ " VLSh, 3 bl i shed -
Pﬁpg oceedi r#gs%(g@r’%ﬁl Lq%%gesf,@g &mﬁb Wé’s &%&%i;elg @E%m{ FII anES

'3 and 4 il FIGURES 2ayand|dk> sél'rl'tq n@mme@smwtpuﬂaytmm £o0m rp), ement
the signal sy 30 Qif EHidUiE 3 Jdia-ius Pifle q{@w@e'véﬁié&r %ﬁbf?abel o

241- be envi si oned .as the,¢colum

SORTED i n Fl%@g%é’ HPUtPRE: YRR (CARKIRR ?‘Enlr%ﬂ et er 30

of FI GU|BE 3 sampliess arie m@hammm &am;het tarniid 19 @ty othigut
term na rr

and t he j nterveping output
termnal s caP#"%itnhq’%r enal er?g%%%’é% °Ifs1&:%)1 So?"%é %151 Jé](}ector 40
recei ves t hoesgimes $heplaorted mamples ﬁtonatsorter n'mltat eIts niputand
coupl es thet‘e&ﬂﬁ ey ey s R 4 ‘Eé}ﬁn Pt g%g he :
desired Mtile tglaltlt% out cut 115_f‘ss ter Q%"f@ ejfr é&ﬁ. t@dﬁ% 2, i f
the mask, fdhee Q-é’i?@té-‘malq%lff&n%lﬂ@ idgaATed it et%m%rﬁl@%‘él ect or
40 coup,loes tteendaal.e fromthe mddl e output termnal of sorter 30 to the.

t.put t i nal 15. | t 15 K f f :
Crples. “then sanpi e RetkErhe, Rt YRl £ L e man s AR pu
term nal fr emampdet,o@liows ficdd indnee dmpwit s:efmp]tes,f i theenupgeemper i nal s). of
sorter 30 t%etllé%t%'il Ryt cto%ﬂéla'tﬁ'é s?n-g;lge éarﬂ g ,Eer 30 t hat

i's coupled to the output term na upon e nufber of

sanpl es usederBigad; \?é:' S tRs i3k Favthe é’UtPHTe M#l’éﬂl stynal 1f rihe contul
si gnal 18enemak®’ ald owePRines paesddee cmrﬁrxfé idput daigidr théd

sel ector 40 c trols ich |n t termn of, s se| ect or 40?%6 | ed
to its outplt éﬁh e san tzﬁggﬁﬁilﬁ r°¥$@ﬂﬁﬂ¥?rmkp
nultlplexerfrom the top- (the middle terminal of the five upper .
terminals) of . sorter 30 to ‘the output terminal 15. The
output terminal of sorter 30 that is coupled to the output
20 terminal 15 depends upon the number of samples used to
| " derive the desired M-tile. The control signal from control
signal genefator 50 supplied to the control input terminal
C of sample selector 40 controiS'Which.input terminal of
sample selector 40 is coupled to its output terminal;
25 Sample selector 40 may, for example, be a multlplexer.
FIGURE 4 illustrates a more detailed embodiment
of the M-tile sample producer illustrated in FIGURE 3, o/
adapted for processing a television video signal. In
- FIGURE 4, an input terminal 11 1s_coupled to a source (uot
30 shown) of at least a component of a television video signél.
(e.g. a luminance or chrominance signal). Iuput terminal
11 is coupled to an input terminal of horizontal line
interval delay element 12 and a pixel interval delay .
- element 14. An output terminal of pixel interval delay
35 element 14 is coupled to an input terminal of pixel
interval delay element 15. " '
Ah'output terminal of horizontal line interval
delay element 12 is coupleduto-an input terminal of a



FI'GURE 4 illustrates .a nore detailed enbodl rrent of the Mtile sanple
producer iIlustrated in FI GURE 3, adapted fdr8processing a tel BRGRAs8dn241deo
signal . In FIGURE 4, an input termnal 11 is coupled to a source (not 30

shown) of at least a c onent_ of el evision vi Si

| uni-nance or chr &ifi ‘?P&TF@&P la:"&ﬁ? nbervad ‘g f?% %{t]r 'Féﬁ f% and; aBut
Ejelrm na: Qf hori z:mpuii ttemnml cof/aa plixel Bbterval 1dehﬂgl alement 16f erxal
elay e enent 14.4 ' r Ie

14 is. cou’ﬁf ed to an |npu e}rr?néima o?ﬂe ﬁn eéga él%ae? &P%’?r%n{‘g

out put termi'nal sTourRked din @nlimtmmahwﬁwuehmtezvab d@lkaed to
an input terg naleldmeht 178- An output té¥mii 1%12&% ﬁ@f 'EQI'ZPH%aidnféP@al

i nterval delay elenent 13 and an | pput term nal I xel 1 nterva

el enent 16. An o Y henent i ’p?)@“?lrﬂ%r%la%le? € teBRinal of a p:r.xel
coupl ed to an indiitdmrdll iddlay ¢lement NI VaAn dehtpud téoitnal 1df pixel

out put term nal qf_,horizon | | ntery, y,element 1

coupled to an i nﬁ'ﬁ}tetla'ﬁzﬁ réﬁai% W%‘f’ *%t’eﬁ v%?uﬁ?‘g t%l 2Pt ‘ig Lﬁﬁm‘nal
out put term nal &ff p);alxehtmtetvdbldqlﬁr eeﬂaethetlﬁ 1%. caplayl ebementspl2
term nal of pi e I

t hrough 19, lr%n c:‘%L '%rol\r? f%r?n%m pr o ucer %Q@E%?O&%r%?e]dofnas
FIGURE 3. Input tiddustaated Hny Emt%t terminals of delay el ements 12
through 19 are coupled to dﬁ{ﬁht %iﬂﬁi@'&&&ﬁé%@ﬁﬁt%&?ﬁﬂhﬂﬂs of

are coupl ed to-r LI ISRETORNA AL threndh GrS e, carBEed BS iGabs "LaPuE oo
out put terninalst@tmmnaks di)resnecwxve|z§reinglcmx¢uims 22. saoptpsthavi ng
oot i ve Hapur tamiiane o el RE e i vd By SRE EbroBifs P ate chiblpa
mul tipl exer 42 prtoduespeantiiem mpmctemmleag@lessomennnebwomp&@
;gw‘cga'm;s ]98Up's‘°éié&e’a B (En SOV o P sSr EOP136! PopP8sentihd the
’ locations of samples having the median value for different
numbers of input samples, are supplied to respective input
20 terminals of a multiplexer 42. An output terminal of
multiplexer 42 produces median valued output samples.
_ A control input terminal is coupled to a source
(not shown) of a control signal. This source may, for
example, be an impulse noise density estimator. The
25 control input terminal is coupled to an input terminal of
masking logic circuitry 24. 'Respective output terminals of
masking logic circuitry 24 are coupled to enable input
terminals of the zeroing circuits 22. The control input
terminal is also coupled to an input terminal of selector
30 logic 44. A 2-bit output terminal (designated by the slash
through the signal path with the numeral 2 near it) of
selector logic 44 is coupled to a control input terminal of
multiplexer 42.
| In operation, delay circuits 12 through 19
35 produce samples at their output terminals which, together
with the concurrent sample at input terminal 11, represent
a 3 x 3 pixel window of the image represented by the input '
television signel. 'From top to bottom, these output
terminals produce samples representing the bottom right



exanpl e, be an inpulse noise density estinmator. The 25 control input |
termnal is coupled to an input term nal- of nmasking Ioglc circuitry 24.
‘Respective output term nals of masking ?ogl c circuitry 2BCAr@4cdtbied to .
~ehabl e i nput term nal s of the zeroing circuits 22. The control I nput
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pr oduce sarrpﬁe ej r output term na t he
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t hese outp ‘raén %s pr ducf a% represe tge gotto RCA
84,241 (BR) BR'h Bot fe tt%m tap L TLt‘ﬁ 17 gﬁFﬁ 8‘3 ?a) t he
center (or 'Hi'Vesignxks ]whemecdnfesmnﬁ:(nq piinelsoareghSedT&) debiveop (T)

and the topye ié‘e %15 K fé?f«l: réi(%éf when

MasKki ng | ogic fEFgenera es p|x ‘enabl e signafs-[err errf 'eh are
|l ogic "1" §Qﬁﬁ@%ﬂ§:cﬁ#&bo¥ﬁhm Hhacsubset egeaamnleemva tlﬂedmedl an

val uecmarrméasoﬁ{@l Airadi€s "8 éaa@eélm aeseerfﬁépeaﬂpﬂs BtXgtgis in
t he subset %‘ ta | es not .use]((j Zer oi ng circ ach either passes
t

the sanpl-e Rik Lerpina e‘l"‘?h }t$ outpy B%F%’t‘a ef’ Ha FhEhIRAL
signal at idts rmhérableuinget Mtermhinsl ais ogi Todié siynsignalsopstitutes a

sampl e havigd i ielys, Sl hiPeng! 002! v2ul SR BRLE LABYL;LRLET 2! 1

alogic " gha A 1 exa dTch Zeroing Clrcurt cri bed
“in detail t;aet dvv.s |&nalike mnﬁblféermmahasi @flwwREO'zasignsbLecAnd
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i ndi calg Ng dxiip e lo i ik UL &S0 RS é:Pr@&it'SfQ d@séfibé& {Aeqgedign val ued

sanpl e, -then al'l of the pixel 20 . ‘enable si gnals [err] through[err] are
|l ogic "1" s. In
' 1f, for example, the mask of FIGURE 2a is

selected, 1ndicat1ng that all nine samples are to be used

to derive the median valued sample, then all of the pixel
20 enable s1gnals P through PTL'are logic "1" gignals. 1In

this case, the sample at the middle output terminal of

sorter 30 (labeled M9) produces the median valued sample.

Multiplexer 42 is conditioned by the 51gna1 from selector

logic 44 to couple signal M9 to the output terminal, under
25 these circumstances.

If the mask 111ustrated in FIGURE 2b is selected, .
indicating that five samples are used to derive the median &/
valued sample, then the pixel enable s1gnals for the top
left (P L), the top right (PTR), the center or given (P.),"

30 bottom left (PBL) the bottom right pixels (PBR) are all

logic nyn signals. The remainlng pixel enable signals,
i.e. for the top,(PT), the left hand (PL), the right hand
(PR) and the bottom pixels (PB) are all logic “O" signals.

_ In this case, the output terminal labeled M5 of sorter 30,

35 provides the sample having the median_value-of the five

' selected input samples. Multiplexerz42'is conditioned by
selector logic 44 to couple signal M5 to its output
terminal. ' ' -




this ‘case,  the sanple at the mddle output termnal of sorter 30 (I|abel ed
MD) produces the nedi an val ued sanple. MiltipR®%er 42 is condi RCn&4. l?#]t he
si.gnal from sel ector |ogic 44 to couple signal Md to the output tern na

under 25 t hese circunstan&gs. he mask |IIus ed in FI%#EEFE& S,

sel ected, indicating that five3s&Af e§°9Fé‘sﬁ"§é‘§ €Fe 1PM & &%ued
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this case, the output termn sorter 30, provi
sanpl e havi ng t he® P&nt$£WGBaan?h8ffF9€t§€l§9t$0 ﬂﬁﬁuP“§§Nﬁlé§rm1nal In

Ml tipl exer 42 i saddhglibhoned by isl debfiredogioc tidn @ fIOFillkeTigignl Mo to
Its Output term na

_ : 10 - ' . RCA 84, .2 | f k ISt
of “thren i nput | pi BLFQOPEDATS; FhAD prmAsknds, REDSTALEN eI sRiRS tHe "
correspondi ng to tenteérspimelt j*debyngeneratings aapdxeddernabdiec sighal (P, ),
signal s, and,jhe Ln I I we o Qe
s:gnals ?.p|§§g?£§§ ?§R§§%fP§3§2dsf§hgg§ SpgétngﬁﬁF§9hF%§?%§é %F‘the
sorter 30 to i ts sempiningr eight pPineddenabde, sllgnatls ofjdsigied 08 mdomadis.

filtering altogetigitipheres EESKS'énﬁsléﬂﬁkﬁdcbﬂyréﬂdﬁl telri @Al of
pi xel (*) by generat| |er enabl e nal rr]), 1 for the center
pi xel of a Iogic 8% §ggﬁgl tondt ﬁlPuﬁPu?hg F@&&%ﬁlng ei ght 'pi xel enabl e
si gnal s of Iogic "0" signal Maskting pbgier 242 and sm&@bmbﬁwiagmqohe matyput
Lor Al M 68 SoRhen.dl, okl bl bEbEAkor N ROk MoAMng che
decodi ng the contcontsognah.g'naﬁolnm Sheepizedbenablensignals Py, [~ePg)).,
ond 51 X 1gpaoi1hpsigesl o2°ORELONCs gl Rty M akmativei;
masklng 1og1c 24 and selector logzc 22 may include a read only
- memory (ROM), to_perform.the,decodlng._ Such ROMS would have
20 an address input terminals coupled to the control input
'~ terminal and a data output terminals coupled to zeroing
circuits 22 or multiplexer 42 respectively. Each location
of the ROMS, corresponding to the address represented by
the control signal, is preprogrammed with the appropriate
~ 25 data to correctly control the zeroing circuits 22 and
multiplexer 42. -

FIGURE 5 illustrates a schematic diagram of a bit
slice of a zeroing circuit 22 which may be used in the
median filter illustrated in FIGURE 4. One circuit, as

30 illustrated in FIGURE 5, is required for each bit of the
multibit digital signal processed by the zeroing circuit.
The enable 1nput terminals of each bit slice are coupled
together, and receive the corresppndzng pixel enable
signal. The data input terminals receive mutually

35 different data input bit signals.

In FIGURE 5, a data input terminal (DATA) is
coupled to an input'terminal of a switch circuit consisting
of the parallel connection of source-drain paths of



o {
mepory (ROM, to performthe decoding. Such ROVS woul d have. 20 an address
input termnals coupled to the control JB ut termnal and_a_data_out put-
termnals coupled to zeroing circuits 22 mul ti pl exer 4BC f\egﬁe@ﬂ-vel y. °
" Each location of the ROVS, corresponding to t he address represent ed by the

Correctly coimplendiEiyHGETELALI 0ebog GROLARIORLE 88 oy8BUE (Do
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correspondin enabl e srg put terninal g,receive e
nutual |y 35 g"‘&?f ‘irte%t a fate %ﬁ‘ftﬁ? es?t?ﬂ#’g ‘U’Fﬂnﬂ él NgafR i nput
term nal (DARPut stexminiall ¢H am 1mmterer22hal Ah autputchemﬁ.naﬂ.t of
consi sting af &2r u path -11-
RCA 84, 241 %‘on‘;‘%ﬁnent%‘ir]lyqﬁosco ns S éf °g§gﬁgin8§ ?‘put term nal of
the switch &rmxsme&@mﬂ&aan out pu term nal (QUT). The out put _
termnalg (QUT) is al Solﬁ%ﬂfé’tiéha JwHQthKGrQ16€£fn&ta{:héhéflﬁﬁﬁeaznput

sour ce- draln ath of a t hi ‘s translstor (@B. An enabl e I nput

ternminal (Bt ’c’?ﬁ?pl%l)t:‘osé %"-%I" rSyenad I\/@a’(‘Fﬁﬁ§P§t9@ bs and an
i nput ‘term RESnANt Fohed Ve (e ﬁihti\mmﬂ@dtﬂrerﬁtﬂﬁb of Thaveﬁtﬁﬁt%r i's

led t t f _ | : ;
gggfa'? | on0 %{a%vef#eéfg%ggfs gﬁ ﬁsg:lé éf%ﬁg?é?ﬁ}%?nfﬁ? nga | ogi c 2
signal, tr arm:ms:irst@: @2 cendits ocrmldu@tmer state enddqondmelenanq MOShe_)
out put 1%f | RG] niga L%%%ox@coﬁd%v%%ﬁ&éom o MPs! E:QE%.' Stor @

toits conductlve stat itio St or
nonconduct i ihestsikgnal |at (the input T—?@%‘P%aﬂﬁi !-ﬁeCPHB&?dt ﬁ’PHQh (I N

i's coupled Hﬂﬁéﬂﬂﬂhtch to the output terminal (OUT).
If the 51gnal at enable 1nput terminal (E) is a -
loglc bl b slgnal then MOS trans;stor Ql is condltloned to .
20 be nonconductxve. " The output of 1nverter 221 is a logic
"1i" signal, cond1t1on1ng MOS tran51stor Q2 ;o be
nonconducting and COnditioning MOS transistor Q3 to be
conducting. In this case, the output terminal (OUTJ is
isolated from the input terminal (IN) and instead, is
25 coupled tb a logic zero potential, e.g. ground potential.
Although described primarily with respect to

digital sampled data systems, a median filter, as descrlbedu

above, may be arranged to process sampled data analog or
continuous analog signals.



t He swrtch to the, output termnal (OUT). I|f the signal at enable input
terminal (B) is a logic "0" signal, then I\/DS.it;_r.ansrstor QL i s nd4,izaed
to 20 be nonconductive. The output of inverter 221 is a logic "1"
signal, conditioning MOS transistor @ to be nonconducting and conditioning
MOS transi stor QTCHAIME: conducting. In this case, the output term nal (QOUT)
|srsolatedfromtﬁe|nput term 1St e Iedtoa
| ogi c zer “potentlal e.g. groun po‘ﬁé;r\ﬁ @%Aﬁkﬁh asdaﬁnﬂ s?tqoené)prl marily
with respett to d:a;nmalsmnpl ed data systens, a madl an filter, as described

above, may be arranged to R Yfiees P £ Edtatae am@élﬁgégm i nuous anal og
signals. . -°12 RCA 84, 241 CLAII\/IS nad'aptrve Mtile

sanpl e prodder, conprisind soursg &f @ cpndol, fs‘rgﬂ‘ﬂt' sanpl es; 5
a source of a control si gnaﬁeaﬂga,ansoumd)lﬂd én@asainmcmmrﬂafor

produci ng a set Qf sked sa l.es gconsi.st S npgt

wherein a subset Bf° ‘%ﬁ‘d‘? rﬁ) et 9% kes‘% ]be? éi?rgse:psoﬁzs%é teeyssglg&pégé of
control signal, dmputemsanpes]Gherein garqnhﬁaeman/f rgﬁJedmmwt-esmkaB.val ue;
means, coupled t es%g}l , r t
of sarrpl es consi g?ll ng o&sar& %Frréads)k et'isa"'.ré) es_| n ran ee? Pér‘riegﬁcsé& .

coupl ed to skl d dfideh daying cx predeteningd Naluey the one of said
ordered set of .sanples haVlﬁEhﬁ§1€ é@\ip&@oﬁd%@mdtme@ ﬁﬁtﬁﬁrpﬁbdﬁctetﬁ
of saldlnput sanpl es to, an, out t ' es eto s [ ol

si gnal . for r producing, % e9£ gﬁéi ?ni°n%a%%'f’g‘? %g gaid

sanpl e source corget szs.maslmﬂlrsmnp)‘lfes eixevramlomndeiep signal; and tapped
del-ay means coupled to sai ¢,y de0 i @Ala SO '££id ordered sample producer,
/ 35 for producing the one of said ordered set of samples having
the value corresponding to a desired M-tile of said input
samples to an output terminal in response to said control
signal.
20 2. The sample producer of Claim 1, wherein seid
sample source comprises: ' '
a source of television video signal; and
tapped'delay means coupled to said video signal

source.
25 .
3. The sample producer of Claim 2, wherein said
W, video signal source supplies at least one component of a
: composite color television video signal.
30 4. The sample producer of Claim 2, wherein said

tapped delay means produces a plurality of signals

representing the respective values of an image at a given
location and at a plurality of locations surrounding said
given location. ' '

* [ L M S *



. 253, The sanpl e producer of G aim 2, wherein said video signal source
.supplies at |east one conponent of a co site color television video
signal. 30 : 4, The sanple'gﬁ%ducer of C ai mBCA Weredh said

tapped del ay means produces a plurality of S|gnals representing the

‘respective values of an inggk ﬁﬁ% Nolor\ g t a t
| ocati ons surroundin %sal d gl vena'“ﬁ’oca 1I"on A &€3 - L ‘mg{ﬂ’t{(%a%él 241
5. The sakappes: meangiRyadurestring signals A/RTESRALIN

85 S SRS Yo S oS, 1

matri x where ,said_given locatiqQn is,
6. The saﬁﬁf’énpll%&fgé"%flsd éck}ﬁer?é? MW’e"pr oducer

repl ac®s sai d subset of input sanples with zero valued sanples

7. The sanpl e -producer of ske roduc r
o 25 S, T, P MR R IR T
i nput sanp r eas
one of saldsgh s WAtH Ze qy%dgd(gaﬁﬁiégmludes a controlled swtch

m na

conpri si ng: ata i nput te an out put term nal; an enable input
term nal ; 20 a source of a zero-val ued sanple and neans for

sel ef:t 1wel y cgum ing gai d imHeisdnId Prodicer?igk dwm &f ﬁléﬁé:fjh@é%li?d
sanple to said.o ut termn I n response .to sa nal at said enable
oot 1 e m RapKei B ey, oS & e Y of AT Endla f pu
sanple is anlmchntsdpgnmdspnndﬂng tan Grestpeatiste dimput sanpl e=r oi ng
circuits conprises a plurality of n controlled swtches.

8. The sample producer:of Claim 7, wherein at
15 least one of said plurality of zeroing circuits includes a
controlled switch comprising: _
a data input terminal;
an output terminal;
an enable 1nput termlnal.
zo' ‘a source of a zero-valued sample, and
means for selectlvely coupllng.sa1d input
terminal or said source of a zero-valued sample to said
output terminal in response to said signal at said enable
input terminal. |
25 : :
9. ‘The sample producer of Claim 8, wherein:
'said input sample 1s an n-bit dlgltal ‘sample; and\\J
at least one of said zer01ng circuits comprises a
plurallty of n controlled sw1tches.

A
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-14- : . RCA 84,241 10. The sanple producer of aim@9, wherein
at least ore of said controlled swtches conptéses: a first MIECAréss24lor
of a first conductivity type havi ng a source-drain path coupled between
said;input 5 - and said out ut naI and_a gate_el ecirode coupled to
sai d enabl e i nput term nal; ?r%%‘?‘é?%!" of Glaweohg wherein at

conductivity typeléast ngne (Sf)LSE:Bi cbmnr@médcwﬂtcﬂebeémﬁsﬂ i nput and
sai d outpﬁt term nal s, and

transi sto¥ of said first cond%‘@%l verjtly typ%ﬁs}ﬁég?ﬁfg §oﬁ+’é%td?%?‘hu$5:’f ty
coupl ed -bet ween stYRE AIAVLRG tRrsnurtezitain spath ccolipled dhetiweenosaid | imput

and a gate g ect rsm s@id SWep weiéﬁﬁ;bmﬁ@' egndch 5&8@1&%@&%%1@0

termnal and said e el ectrodes of sal d second and said thir
transi stors. 11. s%‘?ﬂ}?]ee pRRRE & eml%ly preceding claim wherein said

ordered sanpl e producer corpriecsnd MESs tﬁa@éﬂétsrs&ftarwe@émycoﬂauctﬁety
sanpl e producer qf any recedln clal wherein sai q%£4% e, val ued g&que t
pr oducer corrprlsetsy%\ SR AN P TR L}?:%Fw%?na?ﬁ" npu
precedi ng cl ai m amiarsaani mtpuﬂmrtenhxm@ala@mrgam ebegtrods; a

Como) nat orf Ao 991 ¢ decodery dira Mos tran ‘%togh@fsé‘@&efﬂé’guggﬁd Lefpiey

of dains 1to 13, wherein s control ner at or I"%)I’ISGS a
decoder. 15. A sdmmer hajRpgra sﬁﬁib‘f%ﬁrt‘i%ﬁ}fy RA EFO%I‘%‘FM ween gatdi bed

with reference t itputttari®iinl NthdraVédtifce "of réfetendé pétential, and a
gate electrode; and

an inverter cdu'pled between said enable input
o/ 15 terminal and said gate electrodes of both said second and
said third MOS transistors.

11. The sample producer of any preceding
claim, wherein said ordered sample producer comprises a
20 systolic sorting array. ’

12, The sample producer of any preceding
claim, wherein said M-tile valued sample producer
comprises a multiplexer.

25
13. The sample ptoducer of any preceding
_ claim, wherein said control signal generator comprises a
- combinatorial logic decoder.
30 14. The sample producer of any of Claims 1 to
13, wherein said control signal generator comprises a ROM
decoder.

15. A sample producer substantially as _
35 hereinbefore described with reference to the accompanying
drawings.
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