METHOD AND APPARATUS FOR DETERM NI NG A DESI RED 2187314 "M TILE" OF A
PLURALITY OF DIA TAL SAMPLES This invention rel ates to determning a
desired Mtile of a plurality of digital sanp'lle's. It may be used 5 in
t he enhancenent - of the signal represented by a:plurality of digital
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the i nput signal. For exanple, consider a 30 set of sanpl es, havi ng val ues
of 2. 5, 4, 8 1 e, HEMPOTAL AANenRion A% IRRAGRFIHAG MARLIN 1A rHhe
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such noise in an image such as may be caused by a scratch
in a photograph or a dropout in the communications channel
20 over which a video signal is transmitted. A median filter
does not adversely affect edges or corners which exist in
an image. In prior median filters, the current
sample (the sample being filtered) was replaced by a sample
having the median value of the values of that sample and a
25 number of samples surrounding that sample.

U The median value of a plurality of samples may be
determined by the following method. First, a plurality of
samples for which the median value is to be determined, is
produced from the input signal. For example, consider a

30 set of samples having values of 2, 5, 4, 8, 1, 3 and 7.
Assume the sample having the value 8 is the current sample
and the other samples are from points surrounding that
sample. Second, the values of the samples are placed in an
ordered list. For the above example, the ordered list

35 would be: 1, 2, 3, 4, 5, 7, 8. The median value is the
value of the sample in the middle of this list, i.e. value
4. The sample having the median value is the third sample
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-2- inthe original set. Thus, the third sanple (value 4) would repl ace
the current sanmple (value 8). It is passible for nore than one sanple to
share the nedi an val ue. For exanple, for a set of sanples having 5 val ues,
5 2, 7,, 9, 4, 5, 5 the ordered list is 2, 4, 5, 5, 5 7, 9 and the
medi an valimetib@ pripiaajediedn va&hus, sthehhirdsanple stvalaten 4nd 7th
sanpl es. d“i‘ér‘;]ﬂ'&cfé R ciert & Jiﬁﬁfetwaeﬁléaém' es could be

substltuted for the _current samle._ 10 An enhancenent of the
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i nter quar tﬁﬂee&lrg«*eaﬂc d.he sarrpl es. If the current sanple/nedi an
difference is great n t he | e rtil e, di st ce functioon, then the
sanpt having the qrmeny S‘Uglsgﬁ Lﬂ%‘y‘%r EhHe g, To

use this degaribed abovies medessaively subistitdtesictho dangle Wbringredi an
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upper and om@?gét?%r%l e values areé‘{}ﬁte val uae%c% ﬂ:aie}% ‘ﬁac{lrut %rs and
one- quar t @£ ¢het garxent: sanrjie tliesorartside ief Rﬁedﬁnqﬂmm ues,
respectlvemesmldsForwieeamﬁeexamI@ éﬁ@r"oi’i@a[ Sngie is 2 (at
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di ff er encefi the- tugrent Baxpise and the median value is compared to a
constant times the difference between the upper and lower

20 gquartiles (the interquartile distance) of the samples. If
the current sample/median difference is greater than the
interquartile distance function, then the sample having the
median value is substituted for the current sample. To use
this algorithm, it is necessary to calculate not only the

25 median value of a set of samples but also the upper and
lower quartile values. _

The upper and lower quartile values are the
values located three~quarters and one~quarter of the way
through the ordered list of sample values, respectively.

30 For the above example, the lower quartile value is 2 (at
position 2 of the ordered list), and the upper quartile
value is 7 (at position 6 of the ordered list). The
interquartile distance thus is 7-2 or 5. If the constant

. by which the interquartile distance is multiplied is

35 one-half, then the threshold is % x 5 or 2%. The median
value is 4 and the current sample has the value 8. The
current sample/median difference is 8-4 or 4. Because the
given sample/median difference (4) exceeds the threshold

v



gi ven sanpl e/ nedi an di fference (4) exceeds the threshold -3- ([err]),

t he medi an value is substituted for the value _of the current sanple. Wth
t he ‘advent of very large scal e integrated (VEéF) el ectronic circuits, it
has beconme possible to 5 process inages as they are received (in real

by Dbrmssi ex o a2l 5o BSAiATs VPLE| LA, EPRRLISHBEOCs R tERo B adte OF the
Acoustics, SpeechcanxdesitgsampRescessi ng, Vol. 3, pages 1001-1004, (1985)
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_ : which it is fabricated. '
- The threshocld may be calculated from two
different M-tiles (a generic term for the value at a
‘particular position in the ordered list of samples, of
20 which the median and upper and lower quartiles are special
cases) which may change as a function of some parémeter of
the signal being filtered. To use this algorithm, it is
- necessary to calculate the median and some other upper and
lower M-tile values.
25 It is desirable to be able to extract a sample
i_/ having any desired M-tile value, for example, the median
and upper and lower quartiles, of a set of input samples
with a minimum of electronic circuitry and requiring a
minimum amount of area on an integrated circuit substrate.
30 In accordance with the principles of the present
invention, a sample having substantially the median value
of a set of samples is derived from truncated versions of
the input samples. Circuitry processing the truncated
samples may be provided which wiil operate in real time
35 and require less circuitry than the circuits in the .
above-mentioned articles.
A method embodying the principles of the present
invention comprises the following steps.



35 and require less circuitry than the circuits in the above-nentioned
articles. A nethod enbodying the princLQLeS of the present invention
conprises the foll owi ng steps. -4- First, a set of digital sanples, eacq
represented by a predeterm ned nunber of bits, is produced. Second, ’

truncated vgEsSkpNS 50 he ¢S at: I Qi et erm ne
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to the trungghgeaversversibay b the ey 3d diidid WM&y die truncated
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a Prtr) odtsc]cer bﬁheadlézeirﬁﬁ th-giiel v&a.lﬂﬂdl eﬁ ameh t_rzgmdaamtl %ﬂﬁdﬁ.o’hs).r edrijardy ned
nunber of bitsg, .t her ns,...cqQupl.ed _to.sai d _sanpl e pr.oducer,, .conpares
Lruncat ed vBr SPBREIEP Pic thB SIALHRG FAMRIER, CSF LARPRIINR &6 1€ Ao
respecti ve sruacaked versionsshaving ithd desined Mattitle aluegbnrheg
truncated v ' S : i r;ed i YR .. ans,
coupled to ?%éhgg%%?ev%?%&g’g%r l%né%gagggpgor%ﬁmans,t }%%ngtéaaﬁﬁ

- function of theedesdred Msiidecofcdhecssordiesy to the sel ected 20 truncated

versi ojg as substanti gy rlabRisdenibodyiMd idHe Yrdduhtdiivarie gl es. In the

drawings: FIGURE,1 is a bl ock di agram of a%paratus for determning a
2

digital sanfPEPRASER RaPrOGNSEAnOTal Fathebididal fKampkas €ach ue
enbodyi ng tbéﬁﬁéeéﬁlﬁbdi Byeal predeitephiined inumbdd @k Biitagr amgftiesanpl e
conparer which may be ysed.,in the apparatus iJdlustrated in FI.GJRE | GURE
315 & bl ocReaRHyy SANBHSE Ha Seiice SPRRIE BXadHoRiyy JRAT SR DIGRSY | o
t he sanpl e verpions 8 thel seitr aifediigi tAlCsAmrdes-laddREFoludesaind 8 are |
tabl es desciLphEg¢ B8 selection control signals indicating that the et
corresponding truncated version has the desired M-tile of
the truncated samples. A means, coupled to ‘the sample
producer and the comparing means, generates a function of
the digital samples corresponding to the selected
20 truncated versions as substantially the desired M-tile of
the digital samples.
In the drawings:
FIGURE 1 is a block diagram of apparatus for
determining a digital sample which has substantially the
25 desired M~tile value embodying the present invention;
FIGURE 2 is a block diagram of a sample comparer .
which may be used in the apparatus illustrated in FIGURE 1;\./
FIGURE 3 is a block diagram of a relative value
calculator which may be used in the sample comparer
30 illustrated in FIGURE 2;
FIGURES 4, 6 and 8 are tables describing the
operation of various ¢ircuit elements illustrated in the
block diagrams in FIGURES 3, 5, and 7;
FIGURE 5 is a block diagram of an alternative
35 embodiment of a sample comparer and function generator



operation of various circuit elenments il{ustrated in the bl ock diagrans in
FIGURES 3, 5, and 7; FIGURE 5 is a bl ock diagsam of an alternative 35

enbodi ment of a sanpl e caonparer .and function generator whi ch may be used
in the apparatus illustrated in"FIGURE 1; and FIGURE 7-is a bl ock diagram

of median fijlter whboclymay beeupedsdmt thevappasatu§ illustrated ihnFIBERE 1;
Figures, nmultibit Hﬁgital signal lines are illustrated as a single line
with a slash through it and a nunber indicating the nunber of bits. This

may be |nplenented as a nunBEPUBE {Faisl keblockndiagvam ofichedienyfijter

single bit. In adghbba?lnghgﬁeap§gg§ﬁk QBVEBElég nunber of bits in the

mul tibit S|ggal are extracted and coupled to a different location, this is
i ndi cated by a line curving awéyefFéHPFﬁé f @Rl thbiti digisadnsionaielings are

nunber ftblts agﬂlﬂubﬁratéds?Eaheglhbﬂé il?baﬁﬂfﬁnﬂtQlEHHbQ?réﬁgﬁbﬁfeaﬁada
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produces a set es Inclu
exani nati on and elbh? FUEVhRg §Hﬁﬁl5§°mTﬁéeZSuéénBLEWéGFheﬁﬂgya&n&éﬂe- The

exani nation repreﬁ@mbéraoﬁunieataeauat1sn1§musaaseeaeai6ﬁeateﬂagn hha anput
digital video signal.and the_eight further sagg r epr esent

SuPreundi ng the COFRSE 35; APOVEnandL AR SRATRAEHERNLE FhyeBeoldpReERer bhe
t he current pélntbﬂestexﬁthateﬂoareonhelhvre3§1gﬂ1fianntlbetsf(MSBadpacent
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In FIGURE 1, digital video input samples from,
for example, an analog-to-digital converter located in the
front end of a digital television receiver (not shown) are
20 applied to an input terminal 5. The input samples, assumed
to be multibit digital samples having a bitwidth of n-bits,
are coupled to a sample producer 10. Sample producer 10
produces a set of samples including an n-bit sample
currently under examination and eight further samples. The
25 sample currently under examination represents a current
. point in an image represented'by the input digital video
- ' signal and the eight further samples represent points
surrounding the current point. The surrounding points may
be adjacent to the current point vertically, horizontally,
30 in time (i.e. from adjacent frames) or any combination
of these. The sample producer 10 may be, for example, a
tapped delay line with taps arrangéd to provide éamples
from the desired points in the image.
_ A set of truncated versions of the digital
35 samples comprising the m most significant bits (MSBs) of
each of the nine full bitwidth samples are coupled to a
sample comparer 20. Each of the full bitwidth samples are

'
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fromthe desired points in the image. A set of truncated versions of the .
digital 35 sanples conprising the mwmegst Significant bits (MSBs) of each
of the nine full bitw dth sanples are coupled to a sanple conparer 20. Each,
of the full bitw dth sanples are -6- also supplied to a function
gener at or 8DsoNsuppidedctoon functmbnsggnatatbmn60corNéapoaélagtﬁcneach

t | f
fuhot i on peoherbEIGHRLE COHRSESEreUpBRAIaY ReTRakh IABLE sahBRE)® O
sanpl e mh|§ﬁ°ha§a§Bb§t§ﬂ@P§FP¥ ZReagesroupl ﬁﬂt%becvamﬁeloﬁnph55noﬂe sanpl es

out put fropusesRbR Qéﬁéﬁ&ﬁbrl@.o ! nmebaftp% o&amhet%waéﬁéﬂ@o@@‘aar es
the truncated mbit.versio &EB I nput es rom sanple 10 pr oducer

10 witA eath 6PhEFb1¥I?a§P SrV a?rﬁHP YetBE A§Sd&RBar ed
satisfies MhtlbelValuenoﬁrthetndgetsampieBObutpum ifroRnsamgaeed |ist) for

the desire anpl e conparer 20 produces a sel ection signal A
|ndlcatalngrgéﬁ%gfheacorrespondlng truncated sanple has the desired 15 =

Mtile val ue. Consi deinaoperagioni nsaspiel compBrexud, cewpderesr thed above,
the mediantyghigred hiBitoyEesiBnknes’ ihehs ngn%dss)n Ras kkp@egamgﬂe' st of

- sanpl es ordered by val ue here are four _sa |ng va eater than
or eqh8l 2Bro FGthéosHhﬁheeﬁﬁblﬁ§hFﬁe nﬁﬁl&nPFEFGSuléﬁthBEFa§§ | es

haV'nglVaLQ&ﬁgiSSBeihgncempaﬁHd|shtlFHQe&athbec&&Fb&ﬂoPhQrﬁﬁﬁtiﬁ Yebuel | f
a sanpl e Lve L I .sa UES es n,1ts val ue,
t hen t hat %gﬁngsﬁgﬁﬂBt ﬁeaPhnge gﬁ g&ﬁﬁl f%% *ﬁ? §P§éf§§ h gPlsf ni ne
sanpl es. 28amplésoomparersafpproldusesi weselectienosignaiaipideaaingg

val ues gr eghat thaNcblPedbiiflinbheuhldkeadlh10! 1dsC2RLOHLE LA (171N

sanpl e |n ered nirne sanpl es tion generat gener at
a funéﬁlohMDFliﬁeVﬂ B?t sanpl es from sanpl e producer 10 which is determ?Y d

30 by the sel ecti ogofigfbeel askgtab¥ hiae samplescompecausdl as
described above, the median value is the value in the fifth
(niddle) position of a list of samples ordered by value,
there are four samples having values greater than or equal

20 to the sample having the median value, and four samples
having values less than or equal to the sample having the
median value. If a sample has five or more other samples
having values less than its value, then that sample cannot
be the fifth sample in the ordered list of nine samples.

25 Also, if a sample has five or more other samples having
values greater than its value, then that sample also cannot
be the fifth sample in the ordered list of nine samples.

Function generator 30 generates a function of the
n-bit samples from sample producer 10 which is determined

30 by the selection contrpllsignals from sample comparer 20.
For example, if signal comparer 20 indicates that the
fourth truncated sample of a group of nine truncated
samples has the median value of the truncated samples, then
the full bitwidth sample corresponding to the fourth

35 truncated sample may be output through function generator
30. The output of function generator 30 is substantially
the median value of the full bitwidth samples from sample
producer 10.
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For exanple, if signal conparer 20 indiecates that the fourth truncated
sanpl e of a group of nine truncated sanpl esyhas ‘the nedi an val ue of the
tréncated sanples, then the full bitw dth sanple corresponding to the
fourth 35 truncated sanpl e may be output through function generator 30.
The output of function gehfrsdgmaBOcompsrést20tinbiyatée tREtAWowR! tige Of

he full bitw \ . -7- Jf si |
conparer 20 | ndiot oL His SO Br B ORd Ehmites enate the adilznyakue
share the nedi #f véhectineaked rsanpies, sthen e, funchionfoficthenfwilt he
full bitwidth &ﬁwmogwdé@ﬁrégpéﬂ&iﬁg% dféﬁ‘ifa@t{hé %}é&@&?&ecj
3 y the nedl an

sanples is generated by functjon generator as substanti al

val ue. The unctiREESA SYPLSS T cgenereated DX, fyaction generator (39 (s
fsarrpl _;g_g . correspaubitgntialiy tied eﬁélcgﬁaﬁ rvalaé edmarrﬂﬁ@@d Stidh tRapat f¢(§|hy,

unct¥on generator rge edet e Cpit .pattern with a
truncat ed saml%ﬁfﬁ%ﬁ%ﬁéﬁ‘gﬁﬁ%?ugft%’ e%@gsglg‘ﬁl% p%?m%n]a?ﬁ)l e
havi ng t he n-bicomrespandingqeo réhle seledtedi tsuncatedtsampddést truncated
sanpl e having the medi an I8 m S Lgnd fi t. it t he
out put sanple. Zero val ugﬁslf%%e‘} mayé%' s%%g??ié t%el%%g#é#n ea"é% ﬁe.ﬂ}e d
si gni fi carkO bi tPERASteEHLRAd thit RABRIR WPt 2 ctreneated sample paving

FIGURE 2 il ustfrid qfedi £121+d Tid o SGEé La €& NDR! Glit @tw&gﬁu_ﬂa\bﬁu?’_sﬁije! n
accorda_nce with rlgg %ﬁsen i nventj on InIF! RE 2, the desjred _ggllle S
the median. 20 P~HEt RESEE FeiTedon, 17 RIS LRstange: WBedreRit  om

sanpl e producertrithedtdd ramplle diavirsgdthe stedilanfvabee may fohmtithe m
o (e s o PR IO ot . ARLS e
truncat ed anpiRay hesypplieqd (ke the Renpleastogignificant hibapositivns
gless t han trmagytﬁgénghggugrghﬁﬁugntéaﬂabﬁsanfﬂibfgaggmﬁle§ bits as shown
'n Figure 2) and any desigec e 's ' AITePlo S Slrticular sample comparer
20 which may be used in accordance with the present
invention. In FIGURE 2, the desired M-tile is the median.
20 For ease of description, five 8-bit input samples from
sample producer 10 of Figure 1 are used instead of the nine
n-bit illustrated in FIGURE 1. It should be understood
that the sample comparer 20 illustrated in FIGURE 2 may be
expanded to process any number of truncated samples, the
25 truncated samples may have any number of bits (less than
the bitwidth of the input samplés, for example, 4 bits as
\_ - shown in Figure 2) and any desired M-~tile may produce an
indication. ' '
" In FIGURE 2, the five truncated input samples
30 from sample generator 10 of FIGURE 1 are applied at input
terminals A through E. Input terminals A through E are
coupled to input terminals of each of five relative value
‘calculators 21 through 29. A first input terminal X of
each relative value calculator 21 through 29 receives a
35 mutually different truncated sample. The other four input
terminals of each relative value calculator 21 through 29
receive the truncated samples from the other input
terminals A-E. The output of each relative value
calculator is a selection control signal which, for
40 example, may exhibit a logic Y1" if the truncated sample at
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~indication. In FIGURE 2, the five truncated input sanples 30 from sanpl e
generator 10 of FIGURE 1 are applied aigd nput termnals A through E. |nput
termnals A through E are coupled to input term nals of each of five
relative value calculators 21 through 29. A first input termnal X of each?®
rel ati ve vahee fdxistubiapat ZexrinalgX MHas ade weliam valuditofldlyl &ff f er ent

truncated t f i t.erpgnal s of. each relati val ue
cal cul at Or%?ﬁyg&%ﬁze%g%g&%\% atﬁ%?ﬁ%?t%% gé’rﬂﬁcef ooﬁt?%eé‘ngt €r i nput
term nal s EhE s®lectiopuisignadsciane:sappid efltee fawahilont @enegratose(3dct i on
control siggakreirghy .for 40 exanple, may exhibit a logic "1" if the
truncated sanpl e at the first input terminal X has the nedi an val ue of
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second i nput term nal,_of g.he_cqnparator 2. Each of .the - four
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the four GT signals from comparators 22 are coupled to
address input terminals of a GT PROM 26.

20 The single bit output terminals from PROMs 24 and
26 are coupled to respective input terminals of an AND gate
28. The output signal provided by AND gate 28 indicates
whether or not the truncated sample applied to terminal X
has the median value of the five truncated samples.

25 In operation, each of comparators 22 compares the
given truncated sample coupled to its first input terminal
to the other truncated sample coupled to its second input
terminal. If the value of the given sample is greater than
that of the other sample, the GT output supplies a logic

30 ni" gignal to PROM 26, and a logic "0" signal otherwise.

I1f the value of the given sample is less than that of the
other sample, the LT output supplies a logic "1" signal to
PROM 24, and a logic "O" signal otherwise.

PROM 24 is preprogrammed to output a logic "1" if

35 the number of other samples which have values less than
that of the given sample satisfies the criterion for the
desired M~tile. That is, if the desired M-tile is the
median, then no more than half (i.e. 2) of the other



has t he nmedi an value of the five truncated sanples 25 In
operation, each of conparators 22 conpares-bhe gi ven truncated sanpl e
coupled to its first input termnal to the other truncated sanple coupled
to its second input termnal. If the value of.the given sanple is greater
than that of thsamphes sanphavethalﬁ%soﬁbpstthappthat ofl ehecgi¥en Sample.
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criterion for tﬁétHQEFPEdeNGFFFef°Th§B°NS26rfnPh@°HSsFPéH beif| efi thene
medi &n,. t hen noothee samplaaléahlhaveZ»amﬁeghgrehhet thafagRhesogagh8ave
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PROM 26: no ”DVSuE?ﬁE @ﬁéﬁe@&rt?ﬁoobge&o§@”BEe§t§aQdﬁ?%givﬁggﬁﬁhﬂiﬁgtEEe

than that of th ven sa he sanpl e term na e medr an
val ue. PRGW26 ?§cﬁF§ﬁ%B§¢aﬁﬁeﬂxhbbbFoéGSéca"P gBdgnals.out put whenever two
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signals. FIGURE 4 is a_tab g data rogra
34%r 55 1 n_or GRFePEOFRARBER. P ERONR. 28 0k 26, 01 eBREY EHoIRBRFake, BRGE o
t he truncated shhplgsvenThamphEahgsnthetmddnanavhdgecoflthelgnahcahede 15
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FIGQBE , 1 f bo enerate | og I ca
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then AND gate 28 will genﬁé@é@rinboa 1n1t0291GU§EQBa|1f Bbiea rﬁdmeahasand
ggﬁ;|22e sanplezgtgéggratéeigbggl"1" sigﬁgﬁs 1n 1ca 1ng %La% go%gun gted
"less than" and "greater than" criterion have been
satisfied, then AND gate 28 will generate a logic "1"
20 signal. This indicates that the sample at input terminal X
has the median value of the truncated samples.
FIGURE 5 illustrates an alternative median value
determiner for a case when three samples form the set of
samples, and each truncated sample is represented by four
25 bits. This embodiment combines the sample comparer 20 and
- function generator 30 in common circuitry.
kQ o In FIGURE 5, 8-bit samples from sample producer
- 10 of FIGURE 1 are applied to input terminals A, B and C.
The four most significant bits from each of the input
30 terminals are coupled to respective address input terminals
of MSB PROM 50. MSB PROM 50 produces at four data output
terminals a four bit truncated sample having the median
value of the input truncated samples. This truncated
sample forms the four most significant bits of the 8-bit
35 median value output sample.
Residual samples formed by, for example, the four
least significant bits of the 8~bit input samples from
input terminals A, B and C are coupled to first input



FIGURE 5 illustrates an alternative nedian value determ ner for a case when'
three sanples formthe set of sanples d each truncated sanple is
represented by four 25 bits. This er%bodl ment conbi nes the sanple
conparer 20 and function generatqr 30 in comon circuitry. In Fl GURE 5,
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second input terminals of AND gates 62 through 66, and to
respective input terminals of a summing element 75. An
output terminal of summing element 75 is coupled to a
20 divisor input terminal of divider 80.
MSB PROM 50 is preprogrammed as illustrated in
FIGURE 6. There are 13 possible cases of relative values
for three input samples. The cases and the relative value
conditions are listed in FIGURE 6. The MSB PROM 50 input
25 terminal whose truncated sample is produéed at the median
data output terminal of MSB PROM 50, and the values of
selection control signals Am, Bm and Cm are also listed for 'k)
each case.
For example, for case 1, the value of the
30 truncated sample at input terminal A is greater than the
value of the truncated sample at input terminal B; and the
value of the sample at input terminal B is greater than the
value of the sample at input terminal C. The truncated
sample from input terminal B has the median value of the
35 three truncated sémples. MSB PROM 50 thus produces at its
median data output a truncated sample having the value of
the truncated sample from input terminal B, as supplied to
its address'input_terminals. MSB PROM 50 also produces the




output term nal of summing elenent 75 is coupl ed to a 20 di vi sor input
termnal of divider 80. MSB PROM 50 is preprdgrammed as illustrated in
FIGURE 6. There are 13 possible cases of relative values for three input
sanpl es. The cases and the relative value conditions are listed in Fl GURE
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value of 0 is F%éEHEﬁ%&fu égﬁhqgfgﬁﬁn gates 62 through 66, thus, produces
a sample having the value of the input residual sample if

the corresponding truncated sample has the median value of
20 the truncated samples, and having the value 0 otherwise.

AND gates 62 through 64 may, for example, comprise four

two-input AND gates having their tespective first inputs

coupled to mutually different bits of the residual sample

and each having their second input coupled to receive the
25 selection control signal.

Summing element 70 produces at its output
terminal a sample having the value of the sum of the output
samples from AND gates 62 through 66. This is the sum of
the residual samples whose corresponding truncated samples

30 have the median value of the truncated samples.

Divider 80 divides the output of summing element
70 by a dividing factor derlved from control signals Am, Bm
and Cm in summing element 75. the dividing factor is the
number of truncated samples which have the median value of

35 the truncated samples. The output of divider 80, thus, is
the average of the residual samples corresponding to the
truncated versions having the median value of the truncated
values.



terminal. Each of AND gates 62 through .66, thus, produces a sanple having

t he value of the input residual sanpl eliZ= t'he correspondi ng truncated

sanpl e has the nedi an val ue of 20 the truncated sanples, and having the |
value 0 otherw se. AND gates 62 through 64 may, for exarrpl e, conprise four
two-i nput AND gates R&vARgimage iscdedng mraqessed hiurthe sigdian t o
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det ect or ustrate RE 5 is_pos I'n an 1"mage pro each

point in tﬁBrF%eppénﬁ hes: dhe padiiam yakne wfithe Frunaateshi nt and ot her
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assuned t haamplet hehetieraoad rodmany rcsmxessdmunnptéda scamp]emt_s_men has t-he
medi an val Yge0hehREn! YUAGR $4th it. If the truncated sample

representing the given point does not hawve the median
value, then the average of the input samples whose

20 truncated versions do share .the median value is generated
as the median filtered output sample. FIGURE 7 illustrates
an embodiment which will perform this form of median
filtering. Elements in FIGURE 7 which are similar to those
illustrated in FIGURE 5 are numbered the same and operate

25 in the same manner.

In FIGURE 7, the input sample representing the
current point is applied at input terminal B. The samples
representing the points surrounding the current point are
applied at terminals A and C. The most significant bits

30 from input terminals A, B and C are coupled to address
input terminals of MSB PROM 50 (as in FIGURE 5). The
median data output of MSB PROM 50 forms the most
significant bits of a sample applied at a first input
terminal of a multiplexer 90. The full bitwidth sample

35 from input terminal B is coupled to a second input terminal
of multiplexer 90. The output terminal of multiplexer 90
produces the median filtered sample representing the
current point in the image.



sanpl es, then the full bitw dth sanple representing the 15 current point
is generated as the nedian filtered output=33mpl e, whether or not any other
truncated sanple shares the nedian value with it. If the truncated sanple
representing the given paint gloes notzefavfe t he nedi an_val ue, then the
average of the input sanpfR FRPM<08LS01PEadures $21eFBHRR 0PREERL t he
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coupled t S L | tegm nal of nmultiplexer 90. The output term nal
of mnulti pﬁe@er%@o%%rs ﬁ'e medi an filtered sanple representing the
current point in the inadthe residualepr AEN Borticns ppfdtkessamples | Hrom
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coupl ed to the shewutin cthe itable af FIGURE §} exbf selection control
signals Am and Cm are both logic “O" signals, then
selection control signal Bm must be a logic "1" signal. 1In
this case, multiplexer 90 couples the sample at input
20 terminal B to the output terminal and the output of LSB
PROM 95 is ignored. 1If selection control signal Am is a
logic "0" signal and selection control signal Cm is a logic
"1 gignal, then a sample having the value of the residual
sample from input terminal C is produced at the data output
25 terminal of LSB PROM 95. If selection control signals Am
and Cm are logic "1" and "0" signals respectively, a sample
U having the value of the residual sample from input terminal
A is produced. If both selection control signals Am and Cm
are logic "1" signals, then a sample having the average
30 value of the residual samples at input terminals A and C is
produced at the data output terminals. The output samples
from LSB PROM 95 is merged with the most significant bits
from MSB PROM 50 to form a median valued output sample.
The filter illustrated in FIGURE 7 may be further
35 enhanced by substituting the median valued sample for the
current sample only if the current sample exceeds
predetermined thresholds. For example, the system
described in the above-mentioned paper by Scollar performs



The residual or LSB portions of the sanples frominput termnals A and C
are coupled to address input term nal s.gf.LSB PROM 95. |n addition,

sel ection control signals Amand Cm are coupled to further address input 15 .
termnals of LSB PROM 95. LSB PROM 95 is preprogrammed as shown in the
tabl e of FlthiREs@bstitatientonhycafit the eugpaht Afin gme/@aiaﬁ aﬂgslaahee' c
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substituting the nedi an valued sanple for -the current s nly if the
current sanpl e exceeds predeterm ned thresholds. For exanple the system
described in the above-nenti oned paper by Scollar perforns -14- the
substitution only if the current -sanpl e/ nmedi an di stance exceeds. the val ue
of the interquartile distance. MSB PROM 50 may be preprogramed to perform:
this threshol ding operation and thus, generate the Bm sel ection control_é‘l
signal unless the threshold is exceeded. A systemincluding this

t hreshol ding operation is nore effective for reduction of inpulse noise in
t he i mage.
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advant ageousl y. CLAIMS: 1. A nethod for processing a s
occurring as a sequence of n-bit digital signal sanples where n Is an
i nteger, conprogppyMid he steps of truncating said n-bit digital sanples to

renove R, an integer les]s‘at an sser SI flcant blts of ch sanpl e
and producing truncated W é’a at er than -
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sanpl es correspon |ng to saim desi red e of e Jbﬂgrg@up of truncat ed
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signal. 2. ThgdeR)hGeitig Griddter mﬁrxelohes;alpi@ﬁmny goupeios @ifd)r each

Jorr osponds. « Fhaaked paptias, AP Ao IR Apbadalla Fol g i ne
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sampl e to det \giram ?gl :}&J{% truncgilﬁ%ﬂsgérrﬁée as e re |ve posﬁ%ﬁgtneeof
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avetage of t he I’I-Plt digi t r q?&orldl nagﬂtlo the sai d
desitred Mtil & Mrﬁ l'hl':tfr rﬁi}l plie

samples corresponding to the said desired M-tile of

each group of truncated samples; and providing |

successively generated output samples as an output signal.

2. The method of Claim 1 wherein said step of
determining for each group the or each one of said
truncated samples having a value which corresponds to a
desired M-tile comprises the steps of: determining the
relative value of each truncated sample compared with
every other truncated sample; and evaluating the
calculated relative values for each truncated sample to

U determine if that truncated sample has the relative
position of said desired M-tile in an ordered list of
values of the group of truncated samples.

3. The method of Claim 1 or 2 wherein the said
function is the average of the n-bit digital sample or
samples corresponding to the said desired M-tile of each
group of said truncated samples.



- 16- * C L M S * 4., The nethod of

the step of generating an output sanple conprises rrergﬂm"mi"m“rmgm
sanpl e, or one of said truncated sanplef corresponding to ¢ s sedx
Mtile with a predetermi ned bit pattern ?n order to generate an out put

sanpl e having n-bitg h

de?grntnlxé ahlchlone or on@§t§$as§?d runc ?éé ghﬁé$%€1ﬁatg%fsﬁ§ee a val ue
whi ch corofsgenesating apsoutpul sampleocomprises mexgipg the

predeterng ?téar 5Mﬁi¥ p3§sbﬁée?fog§%aatt 8£t§& ﬁ%ﬁéﬁegalues of the

truncated sa es o groug resu I ch entr t he truncat ed
sanpl es h%QEr?ﬁE°G€%F9e e| degired. Mahélgéwétht%nar?ﬁete¥m§n¢¢n response

to actual pitUpsetegnsefirbedes tOSyeherdeat ahyoutphbesanphe eh&fn.ﬁ%m' es
havi ng thehgg ired Mtile. 6. The nethod of Caim5, including the further

st eps of terntnrng for every possible conbination of relative vaﬁqes
f the truncated sanples“of a group a further result, mhlch further result

is a truncated sanpge h ?EQdegf'éfgikﬂ% %ﬁe¥ d ggéesftlng sai d

desired Mtil e-val ued tru ' response gr oup of
t r uncat eddetepnining. wh@ghranesoro¢n9509§scahg hrungabedrepmnseated by a

sequence ghg Mol hadhth! $h188"WhEEH YBREEsfohds ol &1 488Lredidegppar at us

conpri sing NS respons- ive_to sal gi eneratrn
truncatedcgﬁﬂﬁfﬁgsfFB §S?Bsn9§rtPHPGPFQFmiHﬁ$9e3%°§a?ﬁe uﬂ%ﬁ?iﬁ Qanpl es )
b?'nﬂ (n-tOmbihation! 68 mématiﬁélﬁaaﬁesn6£QEhe|esﬁnéh?édnsampﬂeénon blgs
of the trungat [o]e) p e | s of sai
o it i ofr ot PERUERS FhiGRPEESg ek (oniRh of £he  EERRKLRRT Ol 1o
means, cosgmpﬂesohauedtheadesinedgunbi&ernglueunaadedeaemptbngand W
[ esPONSi VendPef PERCER! ¥EsHOANES LD abtHlE A EnsaEBACSahBies

a result identifying the sample or samples having the

deslred M-tile.

6. The method of Claim 5, including the further
steps of: predetermining for every possible combination of
relative valuesof the truncated samples of a group a
further result, which further result is a truncated sample
having the desired M-tile value; and generating said
desired M-tile-valued truncated sample in response to an
actual group of truncated samples.

7. Apparatus for processing a signal \
represented by a sequence of n~bit digital samples, where
n is an integer, said apparatus comprising: means respons-
ive to said n-bit digital samples for generating truncated
samples from said n~bit digital samples, said truncated
samples being (n-R)-bit samples where R is an integer less
than n, and (n~R)-bits of the truncated samples correspond
to the more significant bits of said n-bit digital samples
and (n~-R) is greater than one; M-tile producing means,
coupled to said means for generating truncated samples and
responsive to respective groups of truncated samples'for
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|
respective group has or have a val ue corresponding to a desi rﬁmﬂm!wulll”“l
said truncated sanples and produci ng respective selection con c s  x
i ndi cating said one or ones of said truncaf d sanpl es having the desired
Mtile; and neans, responsive to said sel€ction control signals, for

ti oo | oo f i sfAIrth
generating aﬁiéé@ﬁﬂfﬁiﬂ GihithS8HE dSr &e@aﬁf'félﬁ%&t’f%fﬁ%fa%@%x%ﬁﬁsd jgirt ner

digital sanple representing a;predetermne N e n-bit digltal

sanpl e or sa@fFRsresPRESEBRITREUP NS OF i BRYe A ctrlve RexkRsRending do
sanpl es; addeé\%ﬁe?uaeenlef oga'sdidutf\hﬁﬁaﬂéf&iéahpﬁé@m e _i[gfgl\)/:i?_cfd
as a processed ou si gpha : ral us; 0 rein i ile
produci ng maﬁﬁ§p%5€%7’ s ggeﬁtﬁ?ﬁrﬁﬁef/g%fs%g%% W%ﬁf SR i ng

t he val ue oforn énescefecsaidnpiruntcated| samplidés rhaving ythle fdesired ot her
truneated s Wi 1 hi SpegLd f | | I

i ndi cati ng \?ﬂle)%ﬁg?' s%ﬁgn??ﬁégat g%ég%ﬁsp?%é’@o gér)éejé(?:ér‘@'{'%%{%} a?@s%@han said
ot her truncasignalspl for geunenatimgrasforther digital sample for wach

i ndi cation 9§i§+t§t e b i fgggprd'g@j NSamPle PF&shds ¢ d
sel ection cgffl\t r'o s?g%a?e%’?sf h%a%&nﬁér of reatf??1 a ien?ﬁcat | oéntg:ig%

| ess-t han i rili PEedekernined fune %&fothg ‘M‘Pﬁ;rfu;ﬂ tRY 5 ¥nits. 9.
Appar at us of g&hplés %otﬁ&épbﬁdiﬁ?_cﬁo Ofa i fh@ia&eédturmicsm?asémergans
conprises a conparajor having a figrst_in r esponsi V.

sanple, a se%%wni?a’ma% #responsi ve ?OéM%%H?é %f#ef‘é#u&%f h‘é#m hcat ed
sanpl e, a fisamples oeihgrproducedi ag a processed | oatptt tskonalnal at said
first input is greater than that at said second input, and a second out put

for indicating that the value of the signal at said first intgut s |ess
thah-t hat at said secoBe iApperatus efiClaimctivhereinsaid Mrtileg neans

conprises figsdau@fRg meaRsCEomprises: A rsiuraipey of Samparing atédns of

comparators eggh comparing the value of a truncated sample to values
of mutually different other truncated samples within a
respective group for generating a signal indicating
whether said truncated sample isfgteater than or less than
said other truncated samples; and means responsive to said
plurality of indication signals generated by said
comparing means for producing said selection control
signal if the number of greater-than indications and
less-than indications are ascertained to be within

predetermined limits.

9. Apparatus of Claim 8, wherein: each of said
plurality of comparing means comprises a comparator having
a first input responsive to a truncated sample, a second
input responsive to a mutually different other truncated
sample, a first output for indicating that the value of
the signal at said first input is greater than that at
said second input, and a second output for indicating that
the value of the signal at said first input is less than
that at said second input; and said selection signal
producing means comprises first means coupled to said
first output of said plurality of comparators for .
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having a first state if the number of val ues of said Ommﬂmuaggg l!
sanpl es greater than said truncated sa@~e i s ascertai L0C u = 1 han?

a first predetermnned nunber -and a second state ot herw se, second neans

coupl ed tgenexiating @nd ontiputt siignad’ dlqwlimgala first csd:a;teré.tﬁothef or

generati | f val ues of
sai d ot hre}g"ﬁéuncaﬁ)w(fﬂépfaefs \eﬁ'sd;q’ an sal t%t&;&ca%amyi%g eslksegascer t ai ned
to be fevhan gad tg@mﬂ: s ascertainedy to decfewen than

ot herw sg ﬁ&%@&:ﬁlﬂéﬁ&&ﬁdﬁ“d&ﬁe&sm 2/ Gecomid Srated Stherwise,!l he
out put signals, fromsaid first and,second generatl n%rearlphand havi ng an

out put f GFeCRIKE MAANR, courled: ta sajd e signals at
bot h i npyWlurald tyn mlcwpaﬁtwtﬁar &neﬁmw ah SutPudi Bignadher ei al d

mermor - VAR, R R U el i SR vaael 3, BB SERE O

pi'ural i t tmindated samples Gess tthan :sai&krbmmcaadeﬂ «sfampa.led.isonpar ators and

{)fesgle;l“%% or %’O\ﬁrel n sgﬂ# unctlon | '%ﬁg@ he P\a[:)?t "

aver a (0}
digital e athervife .nand am, g-ﬁ’gd truncat ed
sanpl e orr tqs;e %put%orﬁs’wgwe @@Iﬁne%udiﬂte I1<é ¥rold € produci ng

eapons! AR Eikst dadh saGapd, GAReIRtng medms, ‘r’»‘ése%a«ﬁaa Sa%??,f 'pr”ﬁﬁbi. ng
sai d sel emu;mt cmm geinexatiaics saﬂzﬂ ckemeg:uwn sontrolnsdgnalle
Phe’t na SHE bt S0 B e, e R A e e e %°£;.e3p8221 red ey
Mtile val ue. - 19 -
10. Apparatus of Claim 9, wherein said first

and second signal generating means comprise first and

second digital memory means respectively, each having

address inputs coupled to said plurality of first and

second outputs respectively of said comparators and

respective outputs coupled to said inputs of said AND

gate.

-11. Apparatus of Claim 7, 8, 9 or 10 wherein
said function is the average of the n-bit digital sample
or samples corresponding to the said indicated truncated |
sample or samples. : \_j

12. Apparatus of Claim 7, wherein said M-tile
produci.ng means includes a digital memory means having
respective address inputs responsive to said truncated
samples and respective ocutputs for producing said
selection control signals, said digital memory means being
preprogrammed to generate said selection control signals
corresponding to the indicated one or ones of said '
truncated samples having said desired M-tile value.



13. Apparatus of Claim7 or 12 wherein-said nmeans for generati further
digital sanple conprises: neans responsive to the n-bit digi tliﬂﬂ iH"(HIl””“I
sanpl es corresponding to said indicated one or ones of said t y e

sanpl es, for providing a residual sanple, et19=esi dual sanpl es correspondi ng
at least to the lesser significant bits of said corresponding n-bit digital

sanpl es; means responsikds t Appaxatus ofQladm 7 2 vhereignisaide| ecti on
control sign I Ghitdrik fnd W ¢ |l Sdn i%' .
pr edet er m negﬁef%uﬁnéc)tfido}fn of t%&%%uﬁ%’?ﬁ%ﬁ ortag'grrpl s?'\ggor r szg'os%gi'ng to
sai d i ndi cat RPAAT XASRANSLYR tQthe Ankik Algital sSample) 9k afammdesier gi ng
sai dI i nfli c?t b p&fndsﬁ@l to waid khdivatied djﬁﬁ &aidhéwum?aéﬂe.si dligl
sanple to for r gi a . . atus. o ai_m 13,
wherein the fmear%?‘tséag@edés'arﬁﬁi %M‘ﬁ@i&%%t’ugwlﬁé’rresi dual
igrrpxgscor [ es;asiﬂ\qu@_. tsanpkes car respanding (ahaﬂeﬁstlt lo tthen dessersanpl es.

: paratu v%m c&g_qrggr-?gnﬁ in a
di gi tal nenofsyﬂr?ej-'ar%doqéiflgds'mi e producl %earhﬁg @gypt}?& og{ag'm'red to
produce, at SaFRkeSMRANS respANSivRt Ferliduale samRles 3h@amples « he
e et ged i L L O O e el o

' e.

16. Appar at usg]%stq@%i‘?ﬁﬁéj“% #% \hﬂb‘r"& {g%ﬁ @‘F@M@W’@g | e
pr _oguci ngdrrelaus thenre ssieiua Jnesmoup lmbmgsmtdoaémfngawmjma tot )
sai d residua i [ | e
sum of said g’éﬁe@%% rﬁésg’cﬁ}g %a%é%%aﬁm%ngnﬁg%ﬁg‘ga
di \él dend i npfion aergisniy said é&ld_i-@hﬂl leng of Sajdbttizunc a(hﬁdpl mpd#ﬁd_ _hgyi ng
a djivisor in f i vidi ng
sai d~sum by ?ng,e ete[l?nifrgl ﬂlr\?ﬁr@ gggt’dcgl%t gg]btrf; ucegdg'gﬁa’rvergge val ued
resi dual samftigital sample.

_ 14. Apparatus of Claim 13, wherein the further
residual sample has the average value of the residual
samples corresponding to the said indica{:ed ones of the
truncated samples. '

15. Apparatus of Claim 13 or 14 when dependent
on claim 12 wherein,_ a digital memory means of said M-tile
producing means is preprogrammed to produce, at a data
output, a sample having a value corresponding to the value

__ of said indicated one or ones of said truncated samples,
~ ' which sample is merged with said residual sample to form
said further digital sample.

16. Apparatus of Claim 13, 14 or 15 wherein
said further residual sample producing means comprises:
means having respective inputs responsive to said residual
samples and said selection control .signals for producing -
the sum of said corresponding residual samples; and
dividing means having a ‘dividend input responsive to said
sum, having a quotient output, and having' a divisor input
responsive to said selection control signals, for
dividing said sum by a predetermined dividing factor to
produce said average valued residual sample. '
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sai d sum produci ng neans conprises. a pI urality of AND havi ng
respective first inputs responsive to nutually differe g ﬂEm@ ;
ng

and -each having a second i nput responsrv%O‘ro a correspondi

control signal and a data output; and sunm ng neans havi ng respectlve

I nputs coupled to sa dat a out uts fald Iurallt of Aq[.\,lc%) ate neans,
for producing sai d 1APPaRE ct8si¥ae %I%os? og‘ﬁﬁtlon

repr esent gsrdguci gy aneané @b@fﬁéesi gmapsuﬁélﬂtgl denmfml gate tmésng) h

, h d t
br bauce. aitehd SRBiOlve 128 (10000 Bedpottive 1O MRIIED) 1o (he
truncat ed dﬁtﬁemnt;n;ps;idwa;l ﬁmlestinéaeacbthaving absecond hinpaiti | e
| ft ﬂg&;ﬁ ' bj t,
an;tehol\/kt"t?seﬁél nal 1nh a éfé%i%term ne %eérr%%\%g?l Pr ot eé’:geé| i%ﬁ?héé’y d
conpar i sorflaga t%ﬁ?ﬁhcﬁ?@@%¥%l“‘%¢©ﬁa§‘av@§| wespeabive Lepwes according

to dai m ldoupl émlw éi@m&e@t&ﬁ biies GRNELid CSTRFAREEY bf AW Vgeke of the
truncated di ﬁ taI qnacF o4 sions, has the Mtile value, sel ectlng the full

bit |engtH" taf% R SMLEWRe Mtile truncated digital signal
versi on was obtained. 20. A nethod according to Caim18 in which the

pr edet er mi ned manner, £0 | nyver S
truncated digital si 1§ F%e’?%?%‘%g (¥§ élf&?%ggny%é%g?hhgf%“ﬂ%éypr ovi di ng
addi t i onalrepresesnt é@wtergwm of | digital sfngmlawf ascaivemgfubl Cl ai m 18

I n which t @,@Er t t | &g si gnal of
t he trunca%%p{jl gl talmp%bﬁg%?%ﬁﬁ%éﬁé%ﬁ?wﬁé é?]g% ?ﬁg%iia by :

provi di ng Sk tt?%al-e‘lﬁft% i R PFOINCE H1giERl P gq‘%g’fﬂrﬁ%‘-&lo%r .
si gnal s f resauded ibitheldagih e(h) jneatpair thgi the trgneiteqraigieabaving t el
Mtile val st r\qu eveorbstfér?se dwith each other to obtain the M-tile value

of the truncated digital signal versions, and deriving a

full bit length M-tile signal in a predetermined manner from

the results of the said comparison of the truncated digital

signal versions.

19. A method according to Claim 18 in which the
predetermined manner compriées, if only one of the truncated
digital signal versions has the M-tile vélue, selecting the
full bit length digital signal from which the M-tile
truncated digital signal veréion was obtained{

| s

20. A method according to Claim 18 in which the
predetermined manner comprises converting the M-tile signal
of the truncated digital signal versions to a full bit
length signal by providing additional bits of predetermined
values.

21. A method according to Claim 18 in which the
predetermined manner comprises converting the M-tile signal
of the truncated digital signal versions to a full bit
length signal by providing additional bits derived frcm the
full bit length signal or signals from which the M-tile
truncated digital signal versions having the M-tile value
were obtained.
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of digital signals of a given full bit |ength, which derlv
disgital signal versions, of reduced bit length, of the digi mngmam&uy l!ll
the group and conpares the truncated digi.tal .signal versions»

Mtile value of the truncated digital signal_ygLsions, the apparatus

deriving a full .bit length Mtile signal in a predetern1ned manner fromthe

rzgsulAts ?L fdhefsgld cormarzzs;\)/[l? afheusrﬁeﬁaaééeﬁhﬂni h @;E%h&é@ bed
ne (0] (0] ' an Ile si as er el rl1pe
with reference FOEE;F géuf 85t RoFEPHY & t igﬁi?gg g?“¥1§d?§sa29 Yﬁﬂd£
F!gur? 5; bor F|pﬁteléngththﬂhﬂchWﬁegsge§4truneatedudiéﬂtaﬂesignﬂm v&rﬁ&éuéﬁ
Sl gha subst ant e n | n u

optianal Ly ne noh FraBlplchEL aeRath, "aF Yhe alSLELE SEmidls O e ‘roum .
dr awi ITgs. ~ 25. Aaudgcomparem thestiuncated| djgitakestgmalicversons ko h
eference to; _Fogea aatuoaﬂéyvafuavéfftﬁé SYuhSEd Safg P0G Oighati Qure

5; or Figure 7 o m%
vers ns, the apparatus deriving a full bit length M~tile
signal in a predetermined manner from the results of the

said comparison of the truncated digital signal versions.

23. A method of deriving an M-tile signal
substantially as herein described with reference to;
o/ Figure 1 optionally as modified by figures 2 and/or 3;
Figure 5; or Fiqure 7 of the drawings.

24. Apparatus for deriving an M-tile signal
substantially as herein described with reference to;
Figure 1 optionally as modified by figures 2 and/or 3;
Figure 5; or Figure 7 of the drawings.

25. A digital filter substantially as herein
described with reference to; Figure 1 optionally as
modified by figures 2 and/or 3; Figure 5; or Figure 7 of
the drawings.




