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SC0544AT Digital Filter Field of the Invention This invention relates to a
digital filter, and nore particularly, 5 though not exclusively, to such a
filter for use in video appli.cations to separate | ow and high frequency
signals froma symetrical carrier signal, for exanple to separ 83€0544AT

| um nance (Y) and chrominance (C) signals ffroma conposite video signal.
Background of the Invention 1 0 More and nore video applications,
such as television (TV) receiving apparatus and video cantorders, are usi.ng
digital circuitry in order to try to iDigitaleFiltesr quality of the picture
avai l able. The main TV standards PAL, NTSC and SECAM generally utilise a
conposite video signal in which the Ium nance and chrom nance 1 5
conponents are nodul ated onto a s¥ield ofcthe dawentipnsi gnal . In the

apparat us, these UTRi sC‘i’ﬁ@éHt%ﬁSrdlﬂ%g t® :Pedlgi?ﬂﬁi”ﬁlt@fi 'aﬁﬂoni(ﬂ% papdéadasly,
signal s Yan n order filter, is. i sed. The

conposi t edvi 0@8‘1§ ghaf qx@ﬁ’?’rﬁﬁfy’tg’ tsh‘éﬁd?gﬁht&f: far| pse ‘é‘nal‘ilqﬂe applicafio
conponent s Yt@ndeﬁame Tow pahd Kiply dnéquersdy mgnzﬂe fiiogn t al symntetricadn be a

comb filter, whi ncl s an an to-digjt nvert ose digital
output is sto‘f‘aé'ﬁlefnsﬁng E ‘3?&'?1& 3 sf%%gte ZPE}@WP%C @cﬁ\ﬁ@el ay storage
el ement st or ezhroneinhnce ((ﬁ) tshgnals gfronz eal composite evidedesigaabnal and t he

contents of two or nore adjace &% t gga nts are utilized,
together with the output of thélBtc @f‘?a E‘tgﬁasgﬁg{rea‘li-\llthg)lﬁfhe Y and C~

conponen! § accor di Mipreoand paore cvideo applicatinns, ﬁﬁéhc%hﬁpmlswnoKTM| ch

depends on t hecBRihigC b?hréiﬂsshﬁﬂdﬁidbcﬁr@hlh%rde‘i‘s’ elaref u idi%itaosircaiiry | t
will be appreci atgd t ha

by the al gori¥hQFde lhéoh‘-réfLE‘?e 1@ %rﬁeh?r:]ﬁleélrhagﬁ tthlgllgle évéfl&hi.rﬁﬁt et
separated outmalerFVr standads, PAIS eraﬁdlSEﬂmrgeﬁerhllyeauhfselmformat i on
her et or e, 1 ROTRPGLe  TRiEN SRS in it s B i GRoEE ekt (OB o
Sunmary b5 t heothponenisoard modulatedToaterassymmettical icanriehesighal.e Joekhket o
glragaadﬁeﬁt ?l)n éﬁﬁxa{dé ! Hes8k&l Upoteits fiked! td G5 lsepafitteds intd® two
separate s1gna1s Y and C. In order to do this, a digital filter is
utilised. '
The composite video signal is input to the digital filter and the
20 two components Y and C are output. Conventionally, the digital filter
can be a comb filter, which includes an analog-to-digital converter,
whose digital output is stored in a series of delay storage elements.
Each delay storage element stores one line of the digitized composite
video signal and the contents of two or more adjacent delay storage
25 elements are utilized, together with the output of the converter, to
separate the Y and C components according to a particular algorithm,
the complexity of which depends on the particular TV standard and
the level of quality required. It will be appreciated that the larger
the number of lines of information used by the algorithm, the higher
30 the quality of the Y and C signals separated out therefrom. But, the
larger the number of lines of information utilised, the larger the
number of delay storage elements required, and therefore, the
larger the memory that must be provided in the filter.
: Brief Summary of the Invention
35 The present invention therefore seeks to provide a digital
filter which overcomes, or at least reduces the above-mentioned
problems of the prior art.




problens of the prior art. -2- Accordingly, the invention provides a
digital filter conprising an input termnal for receiving a digitized
nodul at ed signal including at | east a first conponent and a second
conponent nodul ated on a symmetrical carrié¥ -signal, the digitized

nodul ated 5 signal having a sarrpl ing rate at |least three tines the -
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of the samp ed signal and for interpolating the sampled signal to

produce a reconstructed signal including the second component. at an
20 output thereof, and a processing circuit having a first input coupled
to the input terminal for receiving the digitized modulated signal
and at least one further input coupled to the output of the at least
one interpolation circuit for receiving the reconstructed signal(s), the
processing circuit being arranged for processing the digitized
25 modulated signal and the reconstructed signal(s) according to a
predetermined algorithm so as to separately provide the first and
second components in digital form at separate outputs thereof.
In a preferred embodiment, the digital filter further comprises
one or more further storage elements coupled in a series with the at
30 least one storage element, each of the further storage elements in
the series being for receiving and storing a previous block of the
sampled signal from a previous storage element in the series, and
one or more further interpolation circuits, each further interpolation
circuit being coupled between a respective further storage element
35 and the processing circuit for receiving the stored block of the
sampled signal from the respective further storage element and for
interpolating the at least two consecutive digital samples of the
stored sampled signal to produce a reconstructed signal including



sanpl ed signal froma previous storage elenent in the series, and one or
nore further interpolation circuits, each further interpolation circuit
bei ng coupl ed between a respective further storage el enent 35 and t he
processing circuit for receiving the stor€d bl ock of the sanpled signa
fromthe respective further storage el enent and for interpolating the at
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50 in FI 2. .1he anples the 25 input signal at a rate which is
four ti mfé th@ltgﬂtﬁﬁéei‘ frequency of

Detailed Description of the Drawings
Thus, as shown i1_1 FIG. ‘1, a composite video signal, which

includes Luminance (Y) and Chrominance (C) components is received
on node 1 which connects to the input of an Analogue to Digital

20 Converter (ADC) 2. In general, the Y component is modulated onto
the carrier signal over a relatively wide range of frequencies
including some lower frequencies and the C component is modulated
onto the carrier signal over a relatively narrow range of frequencies,
as represented by Waveform 50 in FIG. 2. The ADC 2 samples the

25 input signal at a rate which is four times the subcarrier frequency of
the signal on node 1 and digitizes the signal to provide an 8-bit
word per sample at an output of the ADC 2. The digitized “output
from the ADC 2 is connected to node 3 and provides the input to a
band pass filter (BPF) 4. The BPF 4 filters out the frequencies

30 representing the Y component and passes the subcarrier frequencies
representing the C component through to its output connected to
node 5. The filtered signal on node 5 is represented by waveform
51 in FIG. 2.

A Half Sampling circuit (HS) 6 is a gating circuit which receives

35 the 8-bit data words from node 5 and allows two consecutive
samples (per cycle of carrier frequency) through to node 7 and
removes the next following two samples. As a result, considering
the samples of data on node 5, two consecutive samples are allowed



{he S|gnal on node 1 and digitizes the signal to provide an 8-bit word per
sanple at an output of the ADC 2.- The digitized output fromthe ADC 2 is
connected to node 3 and provides the input to a band pass filter (BPF) 4.
The BPF 4 filters out the frequencies 30 -répresenting the Y conponent and
passes the subcarrler frequencies representing the C conponent through to
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and 62 thr ugh 0 Nno el enent ‘8 consists of a nurrber of 8-bit
menory |ocations. Thedplayoélengen sistt 0f gnsumhssnef it maempsyem
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is 572, when one horizontal, i ne del a e |red ut e
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case for PAL dgsagtons Tised fipus72,0when ebnbahoglzem_dt line debhy is arduired, but
o Fe- conbor udMibhetts, BRI PhABPRTof Peped  Fhefich ve g &ﬁﬁﬁs fed to
node 9. The required, as is the case for PAL system. The input to the delay
element is node 7 and the output is connected to node 9.
An interpolation circuit (IBPF) 10 is used to re-construct the
original information. IBPF 10 has an input connected to node 9. The -

20 data on node 9 is received by IBPF 10, which inserts two
consecutive bytes of fixed data after every two bytes of the data
received at its input. In this case the inserted data is $00. The IBPF
10 also performs a filtering function to remove the unwanted
frequencies generated during the re-construction process. The

25 output from the IBPF 10 is connected to node 11. Waveform 65 in
FIG.2 represents the three cycles of the reconstructed data. Samples
67, 68, 71, 72, 715, 76 represent the original data samples read from
the delay element 8 and samples 69, 70, 73, 74, 77 and 78 represent
the samples of value $00 which have been added by IBPF 10.

30 A processing module 12 consists of a comparator 14, a
processor module 16 and a subtraction module 18. The processing
module 12 receives digitized data from node 3, the filtered data
from node 5 and the re-constructed delayed data from node 11. The
comparator 14 compares the data values from node 5, node 11 and a

35 fixed D.C. value ($80) from node 13 and allows the data with the
median value to pass to the output connected to node 15.




20 data on node 9 is received by IBPF 10, which inserts two consecutive
bytes of fixed data after every two bytes of the data received at its-
input. In this case the inserted data is $00. The IBPF 10 al so perforns a
filtering function to renove the unwanted Brequenci es generated during the
re-construction process. The 25 output fromthe |BPF 10 is connected to

node 11. V\aveform65 in FIG 2 represents the three cycles of th
reconstruct ed dat al M&aPFACESSEr; med “37;16572“”7795 ﬁ? fi‘é?’@@eﬁ{a h§°m|@‘i’%l
data sanpl es 35 el fth@rmlétlaefﬂﬂhameebe afdorafidns amede sl K9, It7 & a?ﬁan%7e,4,to77
and 78 represent th ed by 1BPF 10.
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Cis a f} ed B5€C 95‘?‘1&%‘?8 0?6Tﬁ'“e cgaxpsﬁferaegof BPflﬁe processed to prevent
overfl ow or underme/demizomtab\mahl linesloachere cHO, is ithe dpreaents linegi Hédthe)

$FF on the h
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subtraction niBluisst processes the data it receives from node 17 and uses it to
subtract the Chrominance (C) information from the data received on
node 3 and provides the Luminance (Y) component at node 47. The
~ subtraction module 18 consists of delay elements 30-37, a
20 comparator 38, adder 39 and subtractor 40. The delay element 30
receives the data from node 17. As a new sample of data is
received, the previous data is moved along from delay element 30 to
delay element 31 and then on from delay element 31 to delay
element 32 towards delay element 37. The comparator 38 compares
25 the data from nodes 17, 41 and 42. It allows the data with the
median value through. The output of the comparator 38 is
connected to node 44. The adder 39 receives the data from node 44
and node 42, adds the two and scales the result by 1/2. This
resulting data represents the Chrominance (C) information, which is
30 output at node 45. The subtractor 40 subtracts the data from node
45 from that from node 3. The result is checked for over/under
flow and the data limited to $FF for overflow and to $00 for
underflow. The result is the Luminance (Y) information, which is
output onto node 47.
35 Subtraction module 18 processes data along the horizontal line
to minimize the overlap between adjacent points. By using the Half
Sampling circuit 6 and the IBPF circuit 10, the amount of memory
required for the delay elements 8 is halved. However, this




18 first processes the data it receives fromnode 17 and uses it to
subtract the Chrom nance (C) information fromthe data received on node 3
and provides the Lum nance (Y) conmponent at node 47. The subtraction nodul e
18 consists of delay el enents 30-37, a 20. g@anparator 38, adder 39 and
subtractor 40. The delay el enent 30 receives the data fromnode 17. As a
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modifications and improvements can be made by a person skilled in
the art without departing from the scope of the present invention.



10 case, the fixed D.C. value fromnode 13 is not required. O course, if
still further inprovenent in quality is required, and an appropriate
algorithmis used by the processing nodule 12, any nunber of delay el enents
can be used in series so as to store the required nunber of lines to be

used for processing the data. 1 5 It will be appreciated that
al t hough only one particul ar enbodi nent of the invention has been descri bed
in detail, various modifications and i npFd@HB&nts can be made by a person

skilled in the art wi t hout departi ng fromthe scope of the present

I nventi on. A digital filter conprising: an input
terminal for }ecel g ?ddggaé fijter Pd¥Reat ed signal 5 including at least a
first conponent angn aimmrtobelncimaboferntreceitdingt 2 ddigitized ymodulated! sigrali er
signal, t t east
three ti rrg 1{%'1\5@@31@30 66%8? f&g&g E%@Bﬁghg%ﬂ%l %gcgﬁ&a{;&%‘i’ﬂg%ﬂgss filter
having an i npntOdlﬂanﬂdechI @ tsymmepricall aarrier nsigaial f dherdtgitl\zedgmtbrhllated
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signal at an 6@ fdTieResEML a sanpling ci rcuit having an input coupl ed to
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out put ; I ea one inte crrcult 0’t he out put
of at Ieast one st ar sajaplingnsincuitohavingian ngpuh@oyplﬁtbdom:hﬁ;mlﬁputmf the

sanpl ed si gngbaﬂ&‘dgié%r filﬂéxe"fBE”&Eéﬁ&n%hﬁl Efm?él"eﬁ sighal ah@ ﬁéé%%‘g taleas%t
;ﬁgons” CSt *“two conselcrlll(tzlve d1g1ta1 samples or eac necr)]'tcleatofaﬁxe ctarrultertsé;le to
provide a sampled signal at an output;
at least one storage element having an input coupled to the
output of the sampling circuit for receiving and storing a block of
the .sampled signal and an output; |
20 at least one interpolation circuit coupled to the output of at
least one storage element for receiving the stored block of the
sampled signal and for interpolating the sampled signal to produce a
reconstructed signal including the second component at an output
thereof; and
25 a processing circuit having a first input coupled to the input
terminal for receiving the digitized modulated signal and at least
one further input coupled to the output of the at least one
interpolation circuit for receiving the reconstructed signal(s), the
processing circuit being arranged for processing the digitized
30 modulated signal and the reconstructed signal(s) according to a
predetermined algorithm so as to separately provide the first and
second components in digital form at separate outputs thereof.

2. A digital filter according to claim 1, further comprising:

35 one or more further storage elements coupled in a series with
the at least one storage element, each of the further storage
elements in the series being for receiving and storing a previous

| R T




25= a processing circdit having a first input coupled to the input
termnal for receiving the digitized nodul ated signal and at | east one
further input coupled to the output of the at |east one interpol ation
circuit for receiving the reconstructed si-g8al (s), the processing circuit
bei ng arranged for processing the digitized 3 0 nodul ated signal and the
reconstructed sigpal accor g.to a_predeterm,ned algorithmso ags to
separately prdleg 9T(f|ea"P| F%IPP %Mn@%nﬁoﬂ’@%guﬁ‘ r?tmga@et &ﬁ]emﬁmnlat the
separate out pLg‘esldsheaﬁ@f. 2. A digital filter according to claim 1,
further conprising: ng or.nore rther storage .el m=nts coupl ed
In a series with H%nedtorl &aege oﬁéﬁ”sc(ro?%tﬁép%]la {1 gsn 1} EtEf?rt her

st orage el enenhﬁenpnlaﬂnenserrcust beiing t:oup}edcebetwngnalad reslmotnga durthees ous
-8- block of t ,%%m%l] thie© 3 g 1N

series; an%l) onsgg nmor e urt er |%t [ﬁ/‘é 0&1&&%81'5@5%8‘%&&@ thte s%}%d

i nt er pol at i on tlpekupf e sgmpled| %‘Gnlg tfxééh ther sespestivee nr}he—hestosam or age

el ement and thqe erﬁ@ e&ﬁd NEHrC hﬁté&'gélaiﬁfrg[ 'tBE ehtv i188st! PRoS CBRSECUI RS kdl%ital he
sanpl ed signal fr respecti er, stgr age elenment and fo

i nt er pol ati ng smn pLthe sire oﬁgm?$v%gaa 10, Preducs & r&mpﬁr{uﬁe& ed |
sanpl ed si gnalsi ﬂalpﬁﬁdlmnng ﬂm:@e&bndCbeﬂlp@ngnalaﬂ aal odipwr ttheredgcond

S ghal st @éd%r%v%ﬁ%ége@%s pfsKkC 3 ERBAN Mgk, g’t‘%e?hiﬁ oL SRR
circuit has irstotagd oelement,vi ng the reconstructed signal fromt heh
togother wi t h TROHE oY prebiiihg POGulc bl SUARE 1 (HCASRIE B8 ovide the
first and secdﬁaoa@ﬁﬂﬁ@w@ntssgn cff‘@mt éhef:ﬁswstlvphénﬂem@ﬁtm Gl and gst s

thereof. 3.  drsiigdd aforf 'ph'b@éss Oféni g tb egtidrhevitle| diendigitized amﬁﬂdﬁlated
wherein t proce ﬂg circ |ncI %es a her |n ut for rece|n¥
P grral

digital 2 S B REnal, ot sepafafely oV Sribei P&F{eﬁp%aﬁff QRY HmpODs
m ni nrum and nedigitain fornelat die tfiest mand | secetdc autpws theyoof..

3. A digital filter according to either claim 1 or claim 2, wherein

the processing circuit includes a further input for receiving a digital .
20 d.c. signal at a level approximately halfway between the minimum

and maximum levels of the modulated carrier signal. |

4. A digital filter according to claim 3, wherein the processing
circuit includes a further input coupled to the output of the digital

25 band pass filter and comprises a comparator circuit for comparing
the reconstructed signal(s) with the filtered signal and the digital
d.c. signal and providing the median of the three signals as an
output signal.

30 5. A digital filter according to claim 4, wherein the processing
circuit comprises a subtractor circuit for substracting the output
signal from the comparator circuit from the digitized modulated
signal to determine the first component.

35 6. A digital filter according to any preceding claim, further
comprising an analog to digital converter having an input for
receiving an analog modulated signal including at least a low
frequency component and a high frequency component modulated
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4. A digital filter according to claim3, wherein the processing circuit
i ncludes a further input coupled to the output of the digital 25 band
pass filter and conprises a conparator circuit for conparing the
reconstructed signal(s) with the filtered gignal and the digital d.c.
signal and providing the nedian of the three signals as an output signal.
30 5. A digital filter according to claim4, wherein the processin
cifcuit conpralek SYmmetHgat sarder signal dor sdigitizing i'i@ an@lqaurag@luhtg&m
Lr ;)m t he C?Em ﬁép{at Ca rswnpli?g OiéHStéV@f Cﬂtgle*glsﬂ Qﬁrﬁ%@fiﬁ?_@? Smes fﬂiq%bg_by o{ the
etermne the first .conponent . : i gi ilter acco ng to any
recedi ng I darier igRay Bnn uigu;conded o of inds telRbRl 4t avi ng
an-i nput for prevédingrghen dighaizegl mdduhlited sigmadl including at |east a | ow
frequencygconponent and a hi gh frequency conponent nodul at ed -9- on a
symetrical carrier signal for digitizing the analog nodul ated signal at a
sampling ratel.of afA digital fltescaccarding Ho tlaimudacyhereinhthe digher signal
and an out put } t ] i dJ Lgitized
Todulat od o CAgRtensy écnpBfehtils “Leﬁsg‘_g?ﬁ%c%ﬁﬁ“&%ﬂ“% Y e B e the
hi gh frequengfge‘&'é%he?ﬁmﬁ’gn?g% 1$0 486 the | ow frequency
conponent is the first conponent. 1 O 8. A digital filter according to

any precegdi ng, cl ai whereid the sanpling rate of the digi.tized nodul ated
ol yna L0 0B P AL R et RS Sing b . mpoldifegrhibh.” ShelRin B
~filter accor ciamgpling ctatenof shewdigitizedt modidateld sigral5icifouni timess gles t wo

consecutive %Qhﬁ«?ﬁcfa(%’ltﬁé E%i&a(\s?gﬁglgl e of the carrier signal to provide
t he sanpl ed sighal.

9. A digital filter according to claim 8, wherein the sampling
15 circuit passes two consecutive digital samples for each cycle of the
carrier signal to provide the sampled signal.
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