| NTERPOLATI ON AND SCANNI NG LI NE CONVERTI NG Cl RCUI T The present - i hvention
relates to a nethod of interpofating’a digital image signal, to a circuit
for 5 interpolating a digital image signal, and to a scanning |ine
converter circuit for a digital imge signal. Wth the devel opnent of
digital signal treatnment techniques, and t¥®e nenory-rel ated sem conduct or
10 * industries, a digital television has been devel oped which is equipped
with an inproved resol ution by using 3- dinensional signal treatment

met hods i ncor por at IRFERPOIAMYON ANDESGANNING L INETRCONVERTENG | CTRCULT
However, as it was 1nevitable to-use high-priced field menmory or frame
nmenory means to get the tinme axis treatment, scanning |ine conversion

t echni ques enpl oyi ﬂ'@eanbsm&muén‘lsicgmatelateshtmaa(enerbhodeeﬁ treat ed

with the time; i e

convert ed |na§§§§?8 i%ﬁﬁggf ﬁ&%ﬁnﬁ)-%ﬁﬁe é%éé?f %QH%}?gg%gakgg ne),
added to $he- inperpodaddng ganailgiamﬂ. titeagessngm n@mdlmledscgnmng it
produces a |i I @%?' fyk&gﬁ ter r i's
vertically si ?Sg%e et ween ofrc?]'go&ntd]:f)é |én£;hl§é sca ﬁla%g l'i ne
conver si on technlque has been enpl oyed which is nmade possible by |inear

i nterpolation out pw&tﬂm&r@@(ﬁfél%ﬁé?@%f‘gdi Des1 bs’ig‘@dl ofreaembaTsi vely
scanning the said vertlcaIIY | 1 near- 30 | nt er pol at'ed | nt er pol-ation

signal and inp8F the meneri-xelated SYELAIUCEREN" neans t hat
i nterlaced- scmdugmeﬁt & m@istaaon&axmsidn wabe/emeioped which
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dimensional ‘signal treatment methods incorporating
horizontal, vertical and time aXlS sampling.

15 However, as it was. ineVitable to use high-priced field
Imemory or frame memory means to get the time axis |
treatment, scanning line converSion techniques employing 2~
dimensional -signals which.have not been treated with the
time,axis have been used;‘ -

20

_ That is to say,.when a digitally converted image
_Signal has. been input delayed by 1H (1 horizontal line),
'added to the- input image signal, and the resultant

A% multiplied by-1/2, it produces a linearly interpolated
25 interpolation Signal that is vertically situated in between.

'the horizontal lines.g A scanning line conversion technique

has been employed which is made pOSSlble by linear

interpolation . outputting converted.scanning lines by way of

_progressively scanning the . said “vertically-linear—

30 interpolated” interpolation Signal and Ainput image Signal._

Here, the term "progressive scan" means that
interlaced-scan image data scans continuously, namely means
_ "non-interlacing".
35 _
. 1f the scanning period of 1 horizontal line at



-2- interlaced scan is. 63.5[err], the input inmage signal is- produced duri ng
63.5[err], and during the next 63 S5[err] the linearly interpolated imge
signal is output. 5 However, al though downfall" of horizontally .-
directed resolution is not experienced, the vertically directed resolution .-
drops down. In other words, if the wfrtlcally directed resolution 10 of
the existing interlaced scan nethod Ts 525/2 LPH (lines per height), the
passband fol lowing the linear interpolation dowgrades to 525/4 LPH As

evi denced above, one of. .the disadvantages in the 15 |inear interpolation
method ietenlacedicscan ia 6P eSHiseE cafhe chRPUE| ERAgE0SigRBdy 1shi s

dr awbaclyrddifeed b £/ reéaswﬁea:nt&a@oa@ﬂ £R8 Héx%UBSGS%?QecZO The

sl'ant correlation |nter ol at] thod- i ny oIv s _obt ai nin e pi xel val ue
of the e rinfaxiyninteEry ?Fﬁ @aﬂ%aﬁlgﬁ? elﬁfoﬁF?EFs wi th high

correl ations after detectlng the correlatlon of “pi'xel in the diagonal 25
directions -of_the rlght . Ld ect:kon ased.on .t pi xel s of
intgfpolatlcnﬁqw?ﬁgF 4% Mg tggﬂﬁfgﬁgn?g ﬁ?ﬁfﬁ?ﬁ%?ﬁ??oﬁlﬁgFﬁﬁchan '

i nprove resodlutiom $4indt| gxperieecedeatbé vertitapdyl direct®d However
this "Egﬁﬁgﬂﬁ?éigﬁjd¥o gn&g& pprevent a reduction in the vertical direction

resol ution 'S an o of .the present invention to reduce the
dr awbacks outl i ned above 35 Accordlng to a- flrst aspect of the present

i nvention Iﬁ?other words, if the vertically directed resolution
10 of the existing interlaced scan method is 525/2 LPH (lines
_per height), the passband follow1ng the linear '*_ . ' QJ

interpolation downgrades to 525/4 ‘LPH.

_ 'As evidenced above, one of the disadvantages in the _
15 linear interpolation method is the reduction in the
_vertical resolution. ' - '

To remedy this drawback the slant correlation
interpolation can be suggested. S e
20 '

‘The slant correlation interpolation method involves
obtaining ‘the pixel value of the interpolation line using
the mean value of pixels with high correlations after
detecting the correlation of pixel in the diagonal

25 directions of the right/left and up/down directions, based

‘on the pixels of interpolation lines. ‘

This slant correlation interpolation’ method can :
improve resolution slightly in the’ area of the slope 1ine.

30 However, this method- basically cannot" prevent a reduction
in the vertical direction resolution.

It is an obJect of the present invention to reduce the
drawbacks outlined above. R

35 , _

' According to a first aspect of the ‘present invention



there is.provided a method of Fnterpolating a digital inmage signal
conpr|5|ng the steps of forming fromsaid image signal first and second
conponent parts, said first conponent part being a highpass conponent and
sai d ‘'second 5. conponent part.being a Iomggss conmponent, generating a

hi ghpass interpol ation signal by inserting™0" in said highpass conponent,
generating a | owpass interpolation signal by |nterpolat|ng sai d | owpass
conponent, and appl yi ng said hi ghpass interpolation signal and said |ow 10
pass i nt er pol athenesignprovddeddrngeibads oft Haterpeletengs & diaid@hdnages

providing an igfghpel ébinBE‘;%H.ﬁBalthEOEt%%'sdo@ GO #ling THeRnS IsHIY imHYe -

i nvention also relates t6 a circuit for - 15 |nte olatln%ia dlgltal

i mage. si gnal cShERaL; RETRYADI: SECARG GONPORSRt BREFE sisGHE SiRSF first and

second conponegémpshéhit pairt beinh eomgh isspaomperiend: and @aﬂ@%econd
corrponent and said second. c ngﬁgent eing alo ss [o]0) o an " O

i nsertion ?nt eFPBPARERL PArt BH98d B’Haﬁ§e MREneE; geRe r’rﬁ ghpass
conponent to. gﬁﬂghpéﬁsaiht@hp&&&tu&hesﬁghaﬂlbg'imgmﬁting'W@WtMﬂ‘said

gener e a | odpiebeRRECRARPaptal” . BERE-EInY A AP, ERBI AR o (o
frthit sziggp“m&gwe%e%
pola ng- s 1 na

i mage si gnal er aspec e in entlon there is
provi ded hoscmngintnep@én\téppesxenaéuutp addiagimgieng, ¥he quiryt ffnal

compr i Sing an kgl & B8Nh"GheBheC trbyadidef BROUnAEYR1a4I¢n signal for

f1 xther. conpr|5|ng | € speed converter means to which is applled t he
i nput” i mage si §AH §ﬁ€1§§idimﬁ9§r§69§?ﬂon signal . 35 An enbodi ment
of the invention has the advantage of prOV|d|ng an |nterpolat|on and
scanning I ne. Conve&gengnvention also relates to a circuit for L
15g ~interpolating a digital- image Signal comprising means for
dividing saidzimage Signal-into first and_secondncompgnent_
parts, said first component part being a highpass component
and said second component part being ‘a lowpass component,
an “O“ insertion interpolation part arranged to insert "O"
20 in saidzhighpasa_compenentutO-generate'a highpass
'.interpolation;signal,-aifurther}interpolation part arranged
“to_interpolategeaid lbwpass:cemponent-to generate a lowpass
_interpolatiepgsianal, and_first_adding means arranged to
\/- receive and add said highpass interpolation signal and said
' 25 -1owpass interpolation signal to - output an. interpolation
' signal for ‘said digital image Signal.
,According'to a further aspect of the invention there
. 1is providedtayscanning_1ine-converter circuit for a digital
30 image signal_¢omprisingjanhinterpolating circuit as defined
above, and flxther comprising double speed converter means
to which is. applied the input image signal and said

interpolation signal

35 . An embogiment of the inventicn has the advantage of
' providing'an*interpolatiOn and Scanning line converting



circuit which utilises . the orlglnal I ncom ng i mage signal and a

2-di mensi.onal interpolation of image signal that scans the |nterpolat|0h
signal progressively after generating the interpolation signal by way of
"O' insertion 5 i nterpol ation at the vertical ‘di rection highpass :
conponent. An enbodi ment of 't he |nvent|on has. the advantage of inproving
the resolution of the slant (slope) e whilst renmoving: the visual

di st urbance phenonena caused by the 1 ‘structure of scanning line in the
~interlaced scan nethod An ‘enbodi nent -of the present invention is able to

i nterpolate |inearl -do_slant correl ation |ntenﬁﬁgat|on in the vertica

di rect i odasinplas dh"éﬂiiﬁstﬁee i prEkgAnal 1Inconing cimage S1gRal t her eby
prevent tdia decdidndrisideal eldtefpol £60b0 ! bPNMmdge L gR@DItRBEt Oof an

i nterpolation circujt. of-t nvenji said filt, ans . conprises a
vertical SSpns tﬁﬂﬁk%ﬂﬁ????{éﬁi §$EﬂéPtQF?§E§F %ighF 9%t conponent part
a verti cyenbrseingntie ghyesrpehatboe ndigial Hey iweg oS Y04 insaition .

i o aii'%%l%?%r%tbﬁ%%?h Al At S BRI L oS dithE”

conponent ‘part a vertlcal ~direction I 'owpass” conponent, -and wherein

said further “ig t I art
%&‘?p@f 1O "V SSE18n | A4S Ahd &i&?‘:é%éoéfp

arranged to generate sal :"atlon ?ang.% ear

ass |1 nt er pO )
Nt or pol AMRROCENGHE (FRSHLITIORIf Thecslant (FioRe} (1ine whileti on

| owpass GRERANATY 10 ¢isddl i SERAbANGe SPROMbHERE ,caasehfb&tﬁﬁeng neans
conprlses .a vertical .bandpass. fjfter, arranged t %ﬁi t he vertlag
dir @i oFHYHPHSR b r@‘?ﬂg‘?&ngr ?h-"enlm e"’é‘?%ﬁﬁé) cF%a’Hd'P?'E]B t band
blanklng filter arranged to pass as : _
An embodiment of the present invention is able to
interpolate linearly or do slant correlation interpolation
~in the vertical’ direction lowpass component of- the incoming'
15 image signal and thereby prevent the decline of the
vertical resolution. ' o o ' o

In an embodiment of an interpolation circuit of the
invention said filtering means comprises a vertical
20 bandpass filter arranged-to pass-as;saidffirst'coméonent:
“part a vertical directionqhighpase component”of the image
‘signal, said subtracting means being arranged to subtract
said vertical direction highpass component from the image -
signal to produce as said second component part a vertical
25 direction lowpass component, and wherein said further
-.interpolation part comprises_e_lineariinterpolation part
‘arranged ‘to generete said lowpass interpolation signal by
linear: interpolation between the horizoental lines and the
) vertical direction lowpass component. ' ’
20 - - |
. 'In-an-alternetive-embodiment,'saidffiltering-means
comprises a vertical bandpass'filter-arranged to pass the
vertical direction highpass component from the -image signal
and a horizonal band blanking filter arranged-to“pess as



said first, conponent part a first interpolation band sigdal produced by
filtering through vertical band bl anking the vertical direction highpass
conmponent, said subtracting neans being arranged to subtract said first

i nterpolation 5 band signal fromthe inmage signal to produce as. said
second conponent part a second interpolati Q band signal, and wherein said
further interpolation part conprises a sl ant~correl ation interpol ation part
arranged to generate said |lownass interpolation signal by interpolating

t hrough slant 10 correlation the second interpol ation band signal. .
Preferably, thesaidfixst conpenentppastsaatiasthingetpodgtpant bandasgg@aﬂo

del'ay and matc S t t g a f
;% &ﬁ;éé@gﬁy ;ﬂFeée;r-fﬁghe foddh P& 8Byt pah EQHHkﬂﬁg ¥h!

t he verti cal dpass 1 racting ‘means e|n arr
produce sai d scXSH Qﬂ#mﬂ#ﬁ#ﬁtﬁaﬁth%qhﬁﬁﬁﬁrﬁ%?Pﬁ@ePFonﬁééﬁds FE?@@iPSHQe

si gnal . Prefe“ﬂﬁahsEﬁéih"(%rraﬁgé&'ea sabefaetagaﬂa Eﬂfst'inggrpoihtiﬁﬁ@d
to generate said hlghpass I pterpal atjon SI 0" insertion

|nterpola1|§N1VRﬂQ§1?&ﬂ&%?"%?°?k§h?e%%@g%f ﬁg E?gﬁﬁ?éﬁ?elﬁ?eFﬁﬁFaFFGﬁnﬂ |
| i ne bei ng genatciipshernt bedieea détoied aynteﬂpoaaﬁibhebamrsngnampoahag :

addi ny means a IR (B TRst R B T oL BFPEPRLREL A P RebaRer heR B, BTFEE o

h|ghpass conpommﬂre&aki¢m‘inmerueletmgnneartoarpange@ tai genérage sdddng

means. ?ﬁi oigeLONVELg £1C%%C£h£eg§ ?tiﬂ@dtﬁ98¥§h”§ia9%-
ut t

made to ou%g ogr Ssive scan e orl om n
signal resk re(qutﬁhla ndtlke ampmeimmepcpba‘awanben@naigmla doubl e
spegd, converter by being eqU|pped W th said "0" insertion interpotation

part 35 arranged to generate a highpass interpolation signal by =~ -6-
- Preferably, the "ci rcuit further comprises a matching

delay part arranged to delay and match the image signal as
' _much.as_the amount of group delay of the vertical bandpass
15 filter, the subtraoting,means_beingzarranged;to produce
- said second component. part by subtracting from said delayed.
image signal. ' ' B

Preferably, said "0" insertion interpolation part is
20 arranged to generate said ‘highpass interpolation signal by
way of "O" insertion interpolation which makes “"0" the
level of image signal of interpolation line being generated
in between 1H delay line,andlthe current.incoming lines.

25 In an embodiment,, said circuit further comprises
. second -adding- means-arranged to restore the original input
- image signal from said highpass component and the lowpass
_component output by said first adding means.

30 - ;gA'scanning_line»converter=circuit as.defined-above may
be made to output through progressive scanning the original
-incoming image“signallrestored_from.the adder and the '
interpolation'signalfat a double speed converter by being
equipped with said "0" insertion interpolation part .

35 _arranged to generate a}highpass interpolation signal by



N

inserting "O'" into the vertical direction highpass conponent fron1the
vertical bandpass filter; and a further adder which generates interpol ati on
signal by adding | owpass interpolation signal created from5 the linear
i nterpol ation part and the said highpass.interpolation signal. Uilising an"
interpolation circuit as defined above, the scanning |ine converter circuit
may conprise second 10 addi ng meansé+o restore the original incom ng

i mage signal by adding a first interpolation band signal output fromthe
hori zontal band bl anking filter of the interpolation circuit and a second
'nterpolaiagarhgag Sbgnihtgu%gatvEE%EbBiedQQEE%18B hig th%ErpO'at'O”
circuit bl converter t out pu rough progressive
scanni ng @@mpﬁbﬁpﬁsgrpﬁt§h§oV§Ftéﬁa§|Qﬁaﬂpé§ﬁ1ﬁé1§§Frof the original input

i mge si-gnal t Sﬁaoaeéu%ﬁgtt aadéecaasicadgehesaéehhen%éeﬁblaeml ation
interpolation part of the interpolation mrcg86 sggnagbo I ments of the

present iFHERR OHYwPﬁﬂiﬁgréPWQPﬁériBEeHBQ&Pt cpeatednSFem vt h
refersncetﬁe 1MﬁeaecQﬁﬁaﬂpbmatdbﬁwpags,ana wheckaidShighpassFi gure 1 shows

a general i g scagnln? | i ne converting.circuiit which is not in
accor dancE*FPTROLAE BPe82AP nvent i on, Figure 2 is an illustrative view
explaining the linear. intérpolation in Figure 1, 30~ Figure 3 is a

f requency Charﬁ%&i&&ih Caﬁlgs%?9?85a%9§anE&%EHQEaEFOHeEinFHQHB % Figure 4

shows an exenplary vie t correlation in erpo i“on,
Figure 5 themgcannénEOAﬁnsncoovesﬁernpérﬁaﬂatman gompripecgecont t he

presgpt | 8480h50Reans to restore the original incoming image signal -
by adding a first interpolation band signal output from the N
horizontal band blanking filter of the interpolation
circuit and a second interpolation band signal output from
the adder of the interpolation circuit,_and a double speed'
15 converter that outputs through progressive scanning the
' lowpass interpolation signal coming dut of the original
input image signal restored from the'second“adder and the
slant correlation interpolation part of the interpolation
circuit. ' '
20
Embodiments of the present invention will hereinafter
" be described, by ‘way of example, with reference to the .
accompanying drawings, in which: - . S g_;

25 Figure 1 shows a general view of a scanning line
' 7_converting circuit which is not in accordance with the
present invention,-- o ' '
Figure 2 is an illustrative view explaining the linear
interpolation in Figure 1, ' '
'30_ ' Figure 3 is a frequency characteristic diagram of the
" interpolation: of Figure 1, . '
Figure 4 shows an exemplary view illustrating slant
correlation interpolation, '
Figure 5 shows an embodiment of an interpolation
35 circuit of the present invention, I B



-7- Flgure 6°1s.an |IIustrat|ve view showing "O' insertion interpolation in
Fi gure 5, ‘Figure 7 shows a scanning |line converting circuit that enploys
the:nterpolation circuit of Figure 5, 5 Figure 8 shows a further
enbodi ment of an interpolation.circuit of the present invention, Figure 9
shows a frequency characteristic diagramof a horizontal band bl anking
filter as used in the circuit of Figure 8,/10 " Figure 10'is a donmain
drawing of an interpolation of the circuit.of Figure 8 and Figure 11 shows
a scanning line converting circuit enploying an interpolation circuit as
shown in Figure 8. 'Eﬁgure 6 igeénrilhystoatiyerviey showinggi'0dl ipsertion
converted ima n dgcated, the signal R is delayed by 1H
at a 1H (1 ho?ﬁ%on #%%g g§|F§§%#§CUIt 41 _of a linear interpolation

part 40. This ]i%cE#QH%% nﬁgewsugnﬁFanglaadéangocpﬁserﬁﬁng FhEguis Fhat
at ?n a??er 4ﬁan ép%hé?intefﬁ?iéeié? élﬂ?h%tpreréﬁréng genSLates a
vertically i near in ol ated inteypol a anong t he
horlzontmsllnes Ygure §T§E°§§|ﬁ gBFF# ?V£°$F §£I9f PRt er pol at ed
i nterpol ation fntﬁﬁﬁolaﬁﬂdntbfrtﬂﬂﬂtofnﬁué presahchﬂvenﬁiogreSSIVely .
scanned at a doubl eed § nﬁerter 0. and. out t to, cony rte scannln%
lines. 10 ar. PRPEFpBI &F Fgﬁeﬁﬁxo Pﬁachr?F ﬁFe iagram, o%.8
by the i nage Shqw&&onmaﬁ hhhdebh;nﬂihgnéihtenndsthsednﬁgetheguarchimfthe
current input é%“ ngl then mul'tiplied by 1/2. 15 . F@ferrlng to the
) -

l-i near interp on atcording to
' . Figure 10 is a domain drawing of an interpolation of

(% . the circuit of Flgure 8, and - |
Figure_ll ‘shows a scanning line converting circuit
- employing an_interpolatidn circuit as shown in Figure 8.

15 _ '5'Réferrihgﬁfb Figure 1, if a digitally converted image
- signal is input as indicated, the signal R is delayed by 1H
" at a 1H (1 horizontal line) delay circuit 41 of a linear
interpolation part 40.: This 1H delayed image signal is-

added to the input imagé signal at an adder 42, multiplied



Fi gure 3, mhereln the vertical direction resolution is given as 525/2 LPH

(line per height), it"will be seen that the passband after the - Ilnear-t
i nterpolation drops.toe 525/4 LPH. 20 In the slant correlation i nt er pol ati on
method illustrated in Figure 4, the pixels of the 1H delayed line n are

X11, X12, and X13, and the plxels of the current input line n+2 are X31,
X32, and X33. Fixing the pixel X22 25 of the interpolation line n+tl as a
-base, is a nethod of obtaining the pixel value of the interpolation |line as

a nmean val ue of high correl ated glxels ‘whereas the correlation of pixel is
det ect e®¥atl At agenbFiplieE: 43nand ngenerptes anverkicpddyi.ght X1, - X33,

X13, X333.n{2-l&i$13ﬁt mgeﬁgolaﬁedaﬂﬂtéﬁwlatieﬁtsﬂgﬁaxlam 2¢nen ot her wor-ds,
35 wher € = [err]1 X12-X32" = [err]2Z2 X13-X31 [err]3

- 9- thehﬁﬁ#ﬁﬁ?ﬁﬂlo%%%?ﬁrng the pixel value Y22 of the |nterpolat|on line
n+l by averaging as bel ow according to the correlations in the pixels can

t h Y22 = .
( x1%ex§g;n/ gedm? 1§aﬁﬂe'}’%é\?%??¥1%| ii"?{”é# é’%n#?(?ef?gisz) /2....(2) where
[err], \Mntergokﬂtboﬂ2§1gn¢k13+aﬁd)tne lnpey imégéhsﬁgnameRpame \&ﬂue Y22

of the i &%&e rpo 'é&&lﬁé& atod 8@18?& g&gd EbBYLRtar! BoPhrenp! ary |

vi ew of "an i'on ‘Clrcul resent I nvention.  This
ci rcui t cad¥mit ks gpnverted scannlng lines. :

10 The linear interpolation according'fé:?iéhre 2, is _
added by the image signal a of 1H delayed llne n, and the | \gj
image signal b of the current. input n+2, and then o
multlplled by 1/2. .
15 . Referring to the~linear_inte:polatidn according to 
Figure 3, wherein the_verticaL direction resolution is
given as 525/2 LPH (line per height), it will be seen that
the passband after the- linear lnterpolation drops.to 525/4
- LPH,
20 . . : . .
In the slant correlation interpolation method .
illustrated in Figure 4, the pixels of the 1H delayed line '
n are X11, X12, and X113, and the pixeis of the current
input line n+2 are X31, X32, and X33. Fixing the pixel x22
25 of the interpolation line n+l as a base, is a method of
obtaining the pixel value of the interpoiation line as a
mean value of high correlated pixels whereas the
correlation of pixel is detected at the diagonal directions
in the left and in the right X1, X33, X13, X31, plus at the
30 up and down directions X12, X32.

In other words;

35 ‘where X11-X33| = €1
: X12-X32| = €2
X13-X31| = €3




vertlcal .handpass filter 20 -which extracts a vertical direction highpass
conponent fromthe incomng image signal; a matching delay part 10 which:
delays and mat ches the incoming i mage S|gnal as nmuch as the anount  of group
20 delay of the vertical bandpass filter 20, and a subtractor 30 which
extracts a vertical direction |owass conmpbnent by subtracting a vertical
direction highpass conponent extracted fromthe del ayed i ncom ng i mage
signal. The interpolation circuit also conprises a linear interpolation 25

part 40 whichthe mletteEbL Qammg thé OYAST valeepoRat bgnthegnal by .
| i near interpgl t|on t_the extracted

the h |
vertical di rei‘:f1 Jxlﬂgascg’e £ ZO'Fi %%égsgagi%%a?%% gﬁe?‘m’e?ﬁﬁf’ﬁpﬁ-&g Rt

50 i s arrangetheo cogirelaitel ciis m:ghﬂmSpﬂEblsltcamob@tdetemgﬁed by inserting
"0" into the vertical direction highpass conponent of -the vertical bandpass
filter 20. :A first adder 60 generates ah ‘i.nterpol ati on si gnal by addi ng

the | owpa8s interpdamelgn signal and the highpass interpolation signal. 35
The operation of the interpolation CIrCUIt of Figure 5 © -10- will now be

expl ained. Referring to Figure 5, if a-dig |taL%%200nverted | mage signal is
input to an | Whg&SsiEgnal Sapuia 4 SV Pl YaGhAs (¥2 5= (1‘%3}31]333&’68(3 -si-dda)  at

the verti cal Qﬁgg-gagﬁr fd Ié er %0 tmiclg%ﬁei&%m ﬁ (’212#2312)?2 Jpagey s to
di

extract a vertical ect i ghpass conponent Itaneously the said
i'nput i rage sWiREe S3 pfas“sn'ngezhé’rh’a‘?’élfﬁf QR %42 p par Xyp+f3ldéRayed (&) much

as the agppunt of the group delay .tinme of 10 the sai'd”vert. cal bandpass

I;l):ﬂtgernent Alng then ?;[ t,hethseu b;;:{:?ec Orafget;fZ I(i:gl 1n£é§_§éia@1 WH.

.n+l. can be obtained.

Figure 5 is an exemplary view of an interpoiation =
15 circuit'in the present'invention. This circuit comprises a
vertical bandpass filter 20 which extracts a vertical

~ direction highpass component from the incoming image

.-signal; a matching delay part 10 which. delays and matches

. -the incoming image Signal as much as the amount of group
20 delay of the vertical bandpass filter 20, and a subtractor L
30 which extracts a vertical direction lowpass component by
subtracting a vertical direction_highpass_component
extracted from the delayed incoming image'signal 'The
\gf, interpolation circuit also comprises a linear interpolation
25  part 40 which is . arranged to generate a 1owpass _ '

- interpolation signal byﬂiinear_interpolation in the - _
horizontal lines as against the extracted vertical = -
direction lowpaSS component; "An "O" insertion
_interpolation part 50 is arranged to generate an highpass

30 interpolation signal by inserting "o into the vertical
direction highpass- component of the vertical bandpass .

- filter 20. A first adder.60: generates an interpolation

' Signal by adding the lowpass interpolation signal and the
;highpass interpolation Signal '

The operation of_the;interpolation-circuit.qf Figure 5



<

extracted after subtracting the vertical direction_highpass.conmponent
extracted fromthe safa del ayed i nput image signal. 15 The said- extracteﬁ
vertical direction highpass conponent beconmes a hi ghpass interpolation
signal IH being "0" insert |nterpolated at "0" insertion interpolation part "
50, whilst the said vertical directip ? | owpass - conponent 20 becones

| owpass interpolation |IL being | i near y interpolated vertically-to the
horizontal |ines at the.linear |nterpolat|on part 40. |nasnuch as the said
hi ghpass |nterpolat|on S|gnal - |.H and the lowpass interpolation signal
|L are aWddéd BPWMQF(ﬁx_ §¥9%ﬂ adder 60, the interpolation signal | is
obtained. Here, the "O' insertion interpolatiofi, “as i'ndicated in 30

Figure 6 denote at._ 1 e signal.of inter ati.on I| n+l that cones
in between | H Ieeﬁfﬁq%m a’rﬁ‘f%eg’c&# e%tdlt%léjﬂrx fEOnger dI &P80Fed to
"0". F|gsign&ls&smenpuwrtnuancimagemsmgnat)inputctemmimahglem ther cui t
t-hat -enpl, tern ti | n Ilne
convgrtl Fi&%(lf‘l rg'ﬂﬂatg% & |azles heé V?%f‘tﬁ}af ha ‘f%épassﬂelf‘fgg 99 itch
extract sgbles whricugh a:llvemi,cmi hapdpass d@rmmtmctm vepticainge
signal. qlbg 8! ﬁh ;sodéwel BT Cardiid1y BGE shgpal by the

sanme anount as rted t he vertlcal bandpass filter The

subtractéPPBG'@mﬁﬁ?tﬁ%gﬂﬁ%t4QwQa§ﬁ¥QﬁnFQﬂ1WQ%ER%HQ(ﬂﬁ&ﬁMeﬁﬁrEylguBFract|ng'“
t he vertaeahy@a lnﬁfbﬂ’“éﬁlpﬁ‘ié SRS Y '&He)rgichﬁp okwéﬁazdtmeuzafl mage

sig The near |nterp 40 ge owpass .
i nt éﬁpol moﬁa&%ﬁ’zﬁ Thath '#??ﬁ%aféluﬁﬁ'er &ﬂgtﬁbe%mﬁ € horizontal 10
lines, asubRpestbr G0 thee wericsl \m'r:tec:taiordlxmam component is <

extracted after subtracting the vertical direction highpass

component extracted from the said delayed input image
s:.gnal - ’ ' -
15 . . :

The said extracted vertical direction highpass
component becomes a highpass interpolation signal IH being
"0"'insert”interpolatedﬂat "0" insertion interpolation ‘part

‘50, whilst the said'vertical”direction'Ibwpass -component
20f *becomes lowpass interpolation IL being- linearly o
" interpolated vertically to the horizontal lines at the

| linear interpolation part 40. -

Inasmuch as the_éaid'highpassfinterpolation'signal' N*J-
25 IH and the 1owpaSs*interpolation'signal'IL"are added by way
of a first adder - 60 the interpolation Signal Iis
obtained. _”' ' - ' '

Here ‘the’ “0" 1nsertion interpolation as: indicated in -
30 Figure 6 denotes that the ‘image signal of interpolation
1ine n+l that comes in’ between IH- delay 1line n and the
' current input line n+2 is levelled to "0". -

Figure 7 shows a circuit of'a-sdénningiline=convefting
35. circuit that employs the interpolation circuit of Figure 5.
‘The scanning lineé converting circuit comprises the vertical



Iompass cqomponent. A second: adder 70 restores the original input imge

si gnal by -addi ng the vertical direction highpass conponent,” which is_ output
by t:he vertical bandpass filter 20,. and the vertical direction | owpass 15
conponent, which is output by the adder 3Q., A double speed converter

out puts and scans progressively the orimitﬂ'input | mage si giial' restored
fromthe said second adder 70 and the | owpass interpol ation signal output
fromthe linear interpolation part 40. 20 The vertical bandpass filter 20
shown in Figwhﬁﬁﬁmmmsrfiktea-lﬂ whlieh extracts2ther vemdddalo datesytiogn 1

hori zont al - cq ' +Sikgpa n

terhfnal 101 é?éégt ggneﬁ@gggoﬁgglée?ﬂgu%gkael%&%%Faygcﬁ#g%?gﬂgg1
arranged tO(ﬂﬂeﬁﬂYap%btbQO dehayszshealinpute impge B#ﬁ@@lstghaheMsamehas
al ready bee“‘%ﬂd?ﬁ€/§¥ %hQEriﬁBBEQEd' 99theré§EiéB§ ?ﬂ@ﬁ}é@“éxi%éf”éb

22, 24 nultlpl respectively the’i mage signal_ an her 1 nmage
si gnal whi%h lﬁ¥#¢6§¢§9§d39yfgrﬁérFE@nV&FtFFﬁésdéGecﬁ%Pﬂﬂ%Qﬂpéﬁﬁ and

3 econfl del ﬁy Gonipbriént 1by2t§ubt£\ahlwhg %ﬂéeﬁeiii@alpﬂ&?egﬁlqo‘ﬁe'Hig}f%lass

i rection hi ass_conpopen e signal, del.aye

hor oontal || L iBoneRt cBFah Phe 2481 ARea £ ot Ta80d] RicrRa oA Jieat e
first and secam&empclatienSpaitano aéneﬁétébethen&awpasseummerpdmatmmn
40, as describe a
third | H del a;t;s il i¥hjgh i 187 %%Qgég@niﬁ%ﬁgggg%gﬁl hg;%g‘%s Tl Hoafiz it

i mage sidal delngs byas Hopposedotiot theddstragtethwesitgaal d;nemtmqnled by

1/ 2 h | Thi
|ntqiL0?a:|bwié%#§+£ tgépéﬁent eApQEEoﬁg gddegeaﬁrQE%%O%ésmMﬁgﬁbriginal

input image signal by adding the vertical direction
_highpass component which is ‘output by the vertical
bandpass filter 20 and the vertical direction lowpass
15 component which is output by the adder 30. a double speed
converter outputs and scans progre551vely the original
.'input image Signal restored from the said second adder 70
and the lowpass interpolation Signal output from the linear
o interpolation part 40.

The vertical bandpass-filter_éo shown in Figure 7
comp;ises a 1lH delay circuit_21garrangedfto delayaby 1
'horizontal line the'incoming imageisignal input'to image -
e | signal input terminal 101. The filter 20 also comprises a

25 'lH delay circuit 23 arranged to delay, also by. 1 horizontal

1ine the image signal which has already ‘been delayed by 1
horizontal line. First and second multipliers 22, 24
multiply by 1/2 respectively the image Signal and a further

. image signal which has been delayed by 2 horizontal lines

30 at the first and second delay circuits 21, 23. A third

adder 25 outputs the vertical direction highpass'component
by adding the image signal delayed by 1 horizontal line at
the said first delay c1rcuit 21, and the outputs of the
first and second multipliers 22 and 24.

35 _ . U . S o I
The linear interpolation part 40, as_described above,



i nterpol ation of the vertical direction | owass conponent which is the

out put of the adder 30. Referring. again to Figure 7, a detailed: deserlptlon
of 10 the operation of the scanning |ine converting circuit wll now be .
given. A dlgltally converted i mage signal input to the imge signal input
termnal 101, -is nultlplled by -1/243L the 15 first nmultiplier 22, and

i s sinultaneously input to the third adder 25, and then, .input to the sai d
third adder after belng del ayed by 1 horizontal line at 1H delay circuit

21. 20 : 86 Si gnal dela X é hgrlz ntal - |.ine at the second
1H del ay %Jr‘%i(ﬁtt‘z‘e 18copiy de\“?@%d 9“& hB¥i 28nfhl 8 ThiTd d89eday  ed by
-1/2 at tdt&aewndl mthf'pereaddﬁﬁd thet hﬂputnmmagen‘smghae tl rtheadder 25.-

The i nput tches erti.cal t|o ass component 25
| extractexqu i@gggdg€§3§ ﬁ%aiﬁugﬁ fﬁ rtg §§e %F ng del ay
part 10 mﬁemulmiplﬁedthg fBuat afthhedgmumpipéley 48. th@heepannﬂ40
band Ss t n, S§;C s extracted
by ddhigfidd o THERUED LASh-HbISEIL s RIS 1LoBRRIRAGS P, 0T L0 S0
the i rragetrstwlﬁm en of ﬁbﬁayeﬁﬁf-éﬁeddét?eﬂﬁéf@ubPWE§§§r cegpongntwpass
|nterpmauﬁfghsign@helgut§u9u5pu§hgtaaagrlBnear i nterpol ation part 40 by
bei ng I|nearly i-nterpol-ated as against the vertical direction-|owpass
conmponent. H ghpass |nterpolat|on si-gnal .IH is . output at the "0" 35 :
insertion intergpbaring 8g&in5€obyigarag7’ Ca d&talltledntﬁénﬁr&@tﬁd:rﬁ&:ﬂ)pposEd

to t t t ed t

| nt bl AUTOPETGRELOR; SFEhE ?%senaaasr ool E3BaRE RRE Ity oRt e
Iompass|nowwmmlgiven.5|gnal IL 5 output frontthe Ilnear |nterpolat|on\J
part 40 and the - o . L

| A digitally converted image signal input to the image
Signal input terminal 101 is multiplied by -1/2 at the
15 first multiplier 22 "and is Simultaneously input to the
third adder 25 and then input to the said third adder
' after being delayed by 1 horizontal line at lH delay
circuit 21 i

20 The image signal delayed by 1 horizontal line at the
'eecondﬁlﬂ delay circuit 23 is also'delayed bynllhorizontal
line, is multiplied by -1/2 at the second’ multiplier and
is ‘then input into the third adder 25 ‘The input image :

) Signal matches the vertical direction highpass component N

25 extracted from the adder 25 inasmuch as it is delayed at |
'the matching delay'part 10 by as much as the amount of the
group delay of the"vertical-bandpass filter 20. The
vertical direction*lowpass component is extracted by

_ subtracting the vertical direction highpass component from

30 the image signal which is delay matched at the subtractor
30. A lowpass interpolation 51gnal IL is output at the
linear interpolation part 40 by being 1inearly interpolated
as against the vertical direction lowpass component.
Highpass interpolation_Signal IH is output at the "o"

35 insertion interpolation part 50 by being "0O" insert
interpolated as opposed to the extracted vertical direction



hi ghpass i nterpol ati on signal |H output fron1the "0" insertion
|nterpordt|on part 50. The orlglnal i nput inmage signal R "at the second
adder 70 is restored by adding the vertical direction highpass component
extracted fromthe 10 vertical bandpass filter 20 and the verti cal
direction | owpass conponent extracted frd®the adder 30, A double speed
converter 80 receives the restored original image signal R and the
interpolation-signal | and outputs progressive scans.. Thus, a scanning
i ne converUnﬁgﬁghssc¢éﬁpbﬁeﬂtLI|S|ng an interpolation circuit of the
invention can inprove the vertical resolution by the use of the- ‘hi-ghpass
i nterpolation signal and the signal in the next field, whilst still keeping
hi gh frequency chama@tfmtérpoxatﬂbncsigﬁSDrdtnﬂhéofﬁﬁétgaﬁd%&aﬁo is’ ;
characteristics SO 2 tes_visua urhbance phenonena o
t he scannlngqEQ%f%ﬁ?ékkﬂrig?ﬁ%%r#g% gﬁw?ﬂﬁsl%ﬁtﬁ???EPﬁPQdePQPQ}Ikaass
|nterpoI§t|omu§gytﬂfr¢m théeahbivheéde, intéepolagibnr phet ©0 Bndurghe/, the

t b e Jnsertion -
O Mgl b GhAN Foh 01 0Ra 01 BEHR-BR tfle miEr ] On
| owpass i nt eAFSSRENRN sinFrrrolaplent pantt 5. ||ﬁbarorngénpélanpmt|xmageu)
is applied tgiidaidcuide %%é&ﬁ@%@&f%%%éﬁ ngagg 9’? 3iHeon

signal 1. 30 As_t he ressjive scan-at the e anni ng

- converter 80W§E£i9ﬁ*cﬂﬁ ?ﬁ?g?%@P°“?ﬁﬁg§x§F§ﬁ5?deam@1ﬂh9

i nt er polgt i oRreTitgRAll Ibaﬁapas@ssﬂt@ﬁ sz afd tnéOVéhelzéait de@bcdiiRet i on
hi ghpass conggpent can have the identical result or _effect with scanning

t he_| owpass 3SVPASH SPRAEH X HRAFTeE %Tomt'ﬁléel addsr PRrer foPRURK® part
40 to the inspeed aidmyertae 80 i‘dﬂ@eiﬁééﬂ ﬂﬁelféet@ﬁéat bemglnailama&yegnal I

signal R and the interpolation Signal I and outputs

progreSSive scans.. Thus, .8 scanning line converting
15 Circuit utiliSing an interpolation circuit of the invention
- can improve the, vertical resolution by the use of the
highpass interpolation Signal and the signal in the next
field whilst still keeping high frequency characteristics
o intact according to men's Visual characteristics. It also
20 eliminates visual disturbance phenomena of the ‘scanning
line structure incurred by the linearly interpolated
lowpass. interpolation signal IL. Meanwhile, referring
further to Figure 7, the same operation as described above
N can be obtained when an "Q0" insertion interpolation part 50
25 and the first adder 60 are removed .and the lowpass
' interpolation signal output from the linear interpolation
part 40 is applied to the. double speed scanning converter
80 as an. interpolation Signal I. j*'

30 ,: As the:progressive scan,at'the:double-speed-scanning
.converter 80 scans progressively the'original'image signal
R and the interpolation signal I, the insertion of "0" into
the vertical direction highpass component can have the
identical result or effect with scanning the lowpass
35 interpolation signal IL of. the linear interpolation part 40
~ to the interpolation line in the form of interpolation



Figure 8 shows an alternative ‘enbodi ment” of an |nterpolat|on circuit,

which a vertical bandpass filter 5 extracts a vertical .direction hlghpass’
conponent fromthe input inmage signal, and a matching delay part 10 del.ays
the input imge signal as much as the anount of the delay provided by the
vertical bandpass filter 20. A vertiggl band blanking filter 90 is-
arranged to.extract a first 10 - interpolation band signal. by

"horizontal -band bl anki ng/filtering" the extracted vertical direction

hi ghpass conmponent. The subtractor 30 extracts a- second interpolation band
si gnal by ssignakcting the first interpolation band signal fromthe delayed
I nput i mge 15 signal. A slant'correlation i nterpolation part 100 :
generates a | owpass interpol ation _signal interpolating _in the formof .
slant correl at ibhovRe 8cebAus §§t?éEgEBaFﬁ§§rﬁBPQEFBﬁnEagg &gnal . The "0"

I nsert i-on ir{%@w@iaﬁeﬁ earéube mhodumeﬁ a beghmaas. bahapaetsatmmtead gnal by
i LSt e tracted.inter naI The

t 1 0"
f| rst Igzgé“‘r’l‘%’gﬁ%ﬁ?piﬁtgefﬁéc?it 8?‘1581: tPBnEEEREPS) 3 g%“% of“mﬁpass and
t he h|ghpaﬂmpuﬂtfmagéaSngnaiLgaadsa f@8tching de&gyrpa9t|30ad2ﬂaqae

char acter il hA8E8 <0bna1aLi aaBhabsbEnd BhBEEGe! thichedlupl Fioure 8.

Fi gure 10t I on onaln_ raw ng mher in the
obllqueI|pmmwd@edlhYKthngertscéh bgndggss ﬁh§§PF|39 |nﬁeV&ﬁ§¥q donai n,-

and the bg) é’xﬁtgebiénkhgg%ﬂ%esogbeh@t aeaahgta.ar &el ék*t@%c@oﬁa'fﬂ.rs-ﬂ”'e

enbodi nment . ustrated”in Fi.gure 8_is exg ai ned bel- m1|n detail with - _
r ef erlhce %@ﬁ@ﬁ@°1a§39§n§§n§5Slg&ﬁ&rHUte P§FF9“§P W ﬁ& i'n Figure 9 and the
‘i nterpol athPéhﬂQHB/ Eldtégﬁ.ﬁ@'oth@ auteaded ver3:5.cal direction '\

hlghpass component. The subtractor 30 extracts a second
interpolation band signal by subtracting the first
interpolation band signal from the’delafed'input image
15 s1gnal.' A slant correlation: 1nterpolation part 100

generates a lowpass 1nterpolation s1gnal by interpolatlng
in the form of slant correlation the second extracted -
interpolation band’ signal. The "0O" 1nsertlon 1nterpolation
'part 50 produces a hlghpass 1nterpolatlcn signal by

- 20 1nserting "o into the first’ extracted 1nterpolatlon
s1gnal The flrst adder 60 outputs the interpolation
51gna1 by addlng the lowpass and the highpass 1nterpolatlon
51gnals. ' S ' ' ”

25 Figure 9 is'a frequency characteristlc dlagram of a
"horlzontal band blanklng filter 90 of Flgure 8.
Figure 10 is an interpoiation'domainldraWing of Figure
8, wherein the oblique lined domain K1, K2, is an "O0"
30 insertion interpolation domain, and the balance 1s the
' 1slant correlatlon 1nterpolatlon domaln. R

The embodlment illustrated in Flgure 8 is explalned
below in detail with reference to the’ frequency B
35 characterlstic drawing in Flgure 9 and the interpolation

domaln diagram of Figure 10.



Once the digitally converted inmage signal is input to the inage signa
“inputt térmnal 101 of thée circuit of Figure 8, the input inmge signal is
filtered through the vertical bandpass at the vertical bandpass filter 20
which 5 extracts the vertlcal di recti on hi ghpass conponent .

'Si mul t aneously the input inmage signal is t@ﬂayed at the matching delay part
10 by. the sane anount -as the delay introduced by the vertical bandpass .
filter 20. And, at the vertical band blanking filter 90, and "0" insertion
10 |nterpolatlonouoeathemﬁightaiéytbemmeamedKlmdge sﬂgmﬂilrfctnp@ueto
‘lines in Fi ag h n

Here, the f?ggﬁiﬁgmagﬁara§§3?|§? UE ?e&ﬁiﬁégi horﬁigﬁl l¥§ﬁf§ﬂ nki ng
filter 90 is %#mme ' Ffzgarenputmmlagte sAgngdf mmwmmugm the

passband amﬂ6%f%&@§1tBsnabaesbaedthétth%lggieta%Q akgﬁfﬁ!q%%aﬁﬁ%hﬁgﬁééon

i nterpol ation domai n whi ch-excl udes ! sertl on Interp
in ot her Jnor (EXt’f?FétioF’E’?oﬁeFﬁ%LPaF-ufiéE'eGGtioé‘bhlﬁ@@alslsné?@mnelm-eas K1, K2,

“ext ractls t he sﬂmmmbb métbﬁng| eheomnbaiadiﬁuageabi th% Qxt B@Q%%‘éd; 'd@t%he
nt er po atlon a ei.n e e "0" ins i on becones a -
hlghpgss 25 gg?#a% g?gﬁaﬁb %8 aﬁé aWﬁ?BFthn &A% i on
part 50, anIrntrdﬁusedobg theeventabamnbbau@assgﬁantbeim@ |nuakp I@ﬁeﬂhby '
the slant co t po Q "s I.L at the
slgnt corrmegé¥£?+%¥e$ ?nﬁi%ﬁkégﬁpéigahg gb ?IF@t gfﬁ&%ﬁlon band
si gnal éﬂben&ﬂﬂﬂrgptatientdomalaluhnch aneempelareas Kﬂ t K2 ,hishipassin
'conponent\Mndglﬁiﬁégpf§é§e an§9§h£ berbbigSegaggﬁggstH ny becones a

si gnal being exc Rces resoluti on.
.interpolation band Signal - Here, the frequency

_characteristic of the said horizontal band blanking filter
h_90 is shown in Figure 9 whilst the reference P denotes the
15 passband and S shows the stop bandr
At the adder 30, the slant correlation interpolation
domain which excludes ‘the "O".insertion interpolation area,
~in other words, the portion that rules out oblique lined '
20 areas K1, K2, extracts the second interpolation band -
signal. . . | T

The extracted first interpolation band Signal being
'_\, - interpolated by the “0" insertion becomes a highpass
. 25 interpolation signal IH at the "O" insertion interpolation
part 50, whilst the second interpolation band signal being
interpolated by the slant. correlation becomes a 1owpass
interpolation signal. IL at the slant correlation -
_ interpolation part 100.
30 S
_The_first_interpolationfbandrsignal-experiencing'a
-slant correlation interpolation_in the_highpass component
which is separated from the vertical bandpass filter 20
becomes a signal being excluded of a band Signal that
'35  enhances resolution. '



The second interpol ation band signal which is infenpoiated t hr ough sLanf
correl ation beconmes a .vertical direction | owpass conponent to inprove .-
resolution of the slant area, and a vertical direction highpass signal 5
excepted fromthe first interpolation band signals K1, K2. Therefore,

resol ution inprovenent at the slant pggt along with the prevention of :
resol ution drop in the "0" insertion interpolation domain ean be achieved.
10 Figure 11 is a drawing of a scanning |line convertlng circuit that

enpl oys an interpol ation, ¢jreuit as_sho ur d whi ch conprises
the vertical r‘n'%pa%equq t’é?t?fp‘\’/ﬁ %’h"%%%%%t qq}Féle\}‘gﬁ(qua*sdl rection

hi ghpass Q@ﬁﬁﬁ@mﬂatﬁﬁ tHraugnrsiammxnnrgpl shepumes dheentiichilng delay
part 10 i rOV|ded tQ Yiedlsd ﬁggp il ter 20.
The hori z%ﬂ'& aé% ‘%‘Fh?? Otclgjls1 aéke%nge %i%'lg ?ft ﬁIé St rst

i nt er pol asnlmtbms,l gmd abyveummal |dim¢wgpn H@xglmaseaslgmghpass
compogent ol.d iqb'l?e% £ AR A r PeNfhtedliol MU G Shyeaisagis khe second

i nt er pol ath on"band si gha y subtracting the first interpolation band
signal extracted fron1the delayed i nput inmage signal.. The slant

corr e: aLI 025I ntﬁ{éﬂéﬁit@n ﬁé’éél\l‘@ﬁbﬂeﬂﬁéh lﬁéﬁméxhe %@V\ﬂ@éssl@zhtrpak&él on -
si gnal by interpal atin rough_sl ant. correlation e Qn .
|nterpolaﬁ¥9?QJ %B |P éh%% 1R P ZRERTUTAPY i%??egntﬂ%e glnal i nput
i mage si gﬁdséﬁtﬁﬂﬂui‘:g:éﬁpniatﬁmdmmamlmmebmmhevmal (vvhl ch is the
outpﬂb of the horizontal "band. blanking.filter. 90} -ant¢-the second 30 .-

0

I nte | ati on bandpass signal (which is the output.of the subtractor 30)
Finally, the dmityuepbhch.smv@ramn@(bf)m pseanning ubineroonvesitéagscanni .

? 1t orbass AUSIRC H Ll ffs ditlais ﬁ‘%{%xg%if’éuiﬁeaé'éﬂérﬁoihe' ation

..|nterpolat|on par orl restored
fromthe Fddwresy® and which compr es the vertical bandpass filter

20 which extracts the vertical direction highpass component
15 from the incoming image Signal. ‘The’ matching delay part 10
is prov1ded to match the delay at the vertical bandpass
filter 20. The horizontal band blanking filter 90 is
'_arranged to extract the first interpolation ‘band- Signal by
"blank filtering the vertical highpass component at a
20 - horizontal band. The subtractor 30 extracts the second
' interpolaticn band signal by subtracting the first '
interpolation band signal extracted from the delayed input
1mage signal.- ‘The slant correlation interpolation part 100

- generates the lowpass interpolation signal by o A -

25 .iinterpolating, through slant correlation, the ‘second
interpolation band signal. The second adder 70 restores
the original input image signal by adding the first
interpolation band signal (which is the output of the
horizontal band blanking filter 90$'andfthe second

30 interpolation bandpass Signal (which is the output of the
subtractor 30). Finally, the double speed converter 80
‘outputs through progressive scanning a 1owpass
interpolation signal that is coming out of the slant

.correlation 1nterpolation part 100 and the original 1nput

35 image signal restored from the adder 70.



-ll-,The vertical bandpass filter 20 in Figure 11 conpri'ses the 1H first

. ; : : : : : > . I
del ay tircuit.21 that delays.by 1 horizontal line the input inmage signa
_conlﬁg fromthe i mage signal input terminal 101.. The second 1H del ay
circuit 23 which 5 ~ .delays again by 1 horizontal |ine the imge signal

which is alréady del ayed by 1 horizontal=t¥ne. -The first.and second

mul tipliers 22, Y ‘24 which multiply by -1/2 respectively the image signals
whi ch are'delayed by -2 horizontal lines at the input signal and by the 1H |
delay circuits 1,,The ergical(bandbassT e Lt czoa%erpi ﬁr@%&méﬁl

t [ (o] | S.G nt_ by, addin an-1m
gglt g;gdab§e£ o€| zgln?gﬁglltl ﬁgaa%h%ﬁ%céﬁg-\/n%ql&fm %éyﬁz % ol Qll't@ﬁ tge'
out put of .t hel$pesthendnputodmageusiignale comihg Z&omli:h'al”lq %ﬁé(el and
bl anki ng fi'l top@0 ﬁemahagslalde' FheCldetitla Ik WIHED, 9 g{m 3 e of

tical ection conponent out pui
:Eg Xﬁhl al ‘g%&ebbﬁl [ s§ga=l'-¥‘l PKr loborizongad, nmedme@ino@mmaaddmidae is
currently Inmé@dyedélagéddbyeit h%i%ﬁ%@lﬁsia%”m%@ ff.lr%r‘pt {_{‘%#g

adder 25 of t cal ass.filter the -vertica
hi ghpass conﬂ%ﬁ%ﬁfb Fhfe

ﬁ HP}EFsmﬁﬂtﬂﬁéYdEYayldﬂrG&SPE@erGQYfﬁh@
mul tiplier 9:-mdge;rsfgnamseehibn geet aeila arsgt QOBogézon%ghEQ%sco%WonFm |
val ue. by mul y 1/2 e ge i rec |0ncht ass - conponen ng ue
_whi ch was adhh% ‘{gﬁ PoEres Bée# o8 AlHetalpE ék’ﬁP&ﬁ&t Lon 20f 2hhe
“scanni ngd0 i n@3onvEhe i tiyiBfd addercabt asbangedntﬁl sutputl aVl-taeuibe gi ?/en
“Once the digigy qée}af%f&gvl@{éﬁga%gﬂgsa of8At by aBBihg'8n' TRage signal” "
101,,the vertlca as er |
. . de ayed by horizontal line at:the above 1H. delay circuits
e._l and 21 to the output of the first and second multipliers
22, 24.__. - | |
| ._ | The horizontal band blanking filter 90 comprises a
;delay circuit 91 which delays by 4 pixels the vertical
I'“ direction highpass component output from the. third _adder 25
yf of the vertical bandpass , filter 20. A fourth adder 82
20 'which adds the currently incoming vertical direction
'm-highpass component from. the third adder 25 of _the vertical
:bandpass filter 20 and the vertical direction highpass
component delayed by 4 pixels at the delay circuit 91. A
o - third multiplier 93 which averages the vertical direction
25 highpass component value by multiplying by 1/2 the vertical
direction highpass component value which was added to. the
fourth adder 92,

A detailed explanation of the scanning line converting-
30 circuit shown in Figure 11 will now be given.

_ Once the digitally converted image Signal is input to |
the input terminal 101 the vertical bandpass filter 20
filters the incoming. image signal by way of the vertical
35 Dbandpass filter and extracts a vertical direction highpass -
' - component. The matching delay part 10 matches and delays



filters the incom ng i_mage signal by way of the vertical 35 . bandpass
filter and. extracts a-vertical direction highpass conponent. The natcHi:ng"
delay part 10 natches and del ays -18- the incoming i mage signal as much
as the anmount of the delay of the vertical bandpass filter 20. . The

hori zontal band blanking filter 90 exjgacts a first interpolation band
signal by blank filtering through the horizontal band the 5 wvertical
directioon highpass conponent extracted fromthe vertical bandpass filter.
20. The adder 30 extraects:'a: second inter olatl hand

subt ract| thet BacOMiNg i iMage H:ENn A e cﬁ%WﬁTﬂPQE tF%Eted out of

me EOI’I zgglg_g %n@h%gha;g@ﬁm;hal Ittag-[dlgﬁés ffimté:hezo npurhe nageizéntali gnal
‘which is delay chi e t 1 € a
i nterpol aPPBA g’ﬂ'rat"‘s‘fdf? g@e ass 3 ie"F"'Jb%‘lol a’?#%%%%ﬁ%& %hga
i nter po: asigﬂaghrbyugﬂml-sIthngalmmh Mehe homizenitakcoand the .
I nt er pol ati on N QN ﬂﬁﬁ% I t 50
gener dt es Ve ﬁﬁ&?ﬁas‘%is II.%?%JFC%QI a%‘-’f%ﬁgbs ‘+ r&) %%i;érﬁ%g f%bﬂpﬁ?%rt he -
fhrst extwemmmmahﬂhanﬂpasscﬁnlﬂﬂﬂiZﬂgﬁmﬂhe ﬂ¢%§¥|3@teﬁﬁﬁ%$tﬁoagenerates
the int

ey rom‘dt g@%@ﬁiaél&é/ Bt gl z%nép\w;f%b&eé@mgt {Ra- reirgral |

generated correl ation. ol.at.i on--part %00 and a
hi ghpass™ dmteqrelation sb%lsiglh%e(%&dbfls(f ‘F’ﬁ%"é'F?‘ilo Uk neEr 5BRati on
part 50. LIR8 RREAN BEkie b VEnk 5 Ofﬂﬁté:l‘lezm)j i-gtoml thepihpitagmagegnal R by

convaBt er =gmak ptLciD, to RLFVRS S, Hh paath %@%‘%@@%ﬁtﬁ 8 estbored
grhglgagnLrﬁge S|gnaI9§ Sgd t he i nt erpol ation stgnal -I. t he hori zont al
cgnponent 30g q%ﬁié?%ﬁ%ﬁ ?#é%?%%elégr*é@%fp%f§5%§ﬁ %gﬁgngb gg?g?th@hpass_ k
a lowpass interpolation signal IL by interpolating through S
a slant correlation the extracted second 1nterpolation band
15 signal. An "O" insertion interpolation part 50'generates'a“'
highpass interpolation signal IH by inserting “0" into the
first extracted interpolation band s;gnal. The first adder
60 generates “the 1nterpolation signal I by adding a lowpass
interpolation signal 1 generated ‘from the ‘slant correlation
20 interpolation part ‘100 and a ‘highpass interpolation Signal
I made out. of'"O" insertion 1nterpolation part 50.' The '
second adder 70 restores “the original input 1mage ‘signal R
by adding the first and second interpolation band Signals.'
“ The double speed converter 80 outputs progressive scanning
25 by inputting the restored original image signal R and the '
-interpolation signal I, ' . T
Now, the horizontal band blanking_filter 90 delays by
4 pixels the'vertioai”diréction'highpass'oOmponent"
30 separated from the vertical direction bandpass filter 20. _
It outputs the first 1nterpolation band signal, the same as
" the "O"-insertionvinterpolation domain (Kl, ‘K2) shown by
oblique lines in. ‘Figure 10, after 'adding 'in the form of the
fourth adder 92 the delayed vertical’ direction highpass
35 component and the current incoming vertical direction
highpass component, and by multiplying the third multiplier



-

-sai d second compon

It output.s the first interpolation band signal, the same as the "0"

i nserti‘or-interpol ati on domain (K1, K2) shown by oblique lines in Figure
10, after adding in the formof the fourth adder 92 the del ayed vertical -
direction highpass 35 . conponent and the -qurrent i ncom ng verti cal '

direction highpass conponent, and by nultlplylng the third nultiplier

-19- 93 by 1/2. As nentioned above, the advantage of the present invention

is that, as an_original inconing image signal, 5 progressive scanning
‘i nt er pol ati on98nBYsd4Rni ng | i ne conversion circuits, and without using

field and frame nmenory neans, it can prevent drop of vertical direction
resol uti on and vi sual hlndrance henonena incurred by ning |line
W, G he B e

structure-of the ef8 WEPEIRLe

gpprecha;ed ;hﬁb?ntﬂbhtﬁgnthht ,aas Emdbhﬂgﬂnaﬂuinnbmﬂng|ﬂmagd|sﬂgn§iid
escri bed.an ustrated ma ende
cl ai ns. 1§ C grﬁgs?.ve sﬁ%’é\gﬁ‘gga rlntog.lapg.loq‘ |ar§11;éoa% ittn% lii%gég;e si gnal

“conpri sing theon‘vepsioh edmaud g sf, r@mdsaud:hqm;;ela;hrylaﬂieid ang siramel. second

conponent parhémoi*gin ebhsS! 1G0mAN v%%ftt d?:%g;%@d&:@l%&s WH and

part being a- mpass conponent., gener at hi ghpass
i nt er pol ati onresghutipn ﬁndewﬁsngl'@undxanﬂajnh_.= by :
generating a EBﬁﬁﬁiiﬁ' RY! %@@&ﬂx’c@&rﬂ Qﬁalth@’ el‘stwﬂiﬁférﬂiﬂe%tla&éﬂdan

| owpass conponent ‘a I.ng said
w 10 np method .« pp y g o

N~ : It will be appreciated that variations in and

modlfications to the invention as’ descrlbed and illustrated
_ may be made within the scope of the: appended claims. '
15 '



hi ghpass interpol ation signal and said | ow pass |nterpolat|on signal .
addi ng neans, the output:of said addi ng neans providing an |nterpolat|0n
- signal for sai d digital image signal. 1 A method as clainmed in Caim

2.

1,. wherein said interpolation signal T put from m,anm
conbined with said digital inmge signal. lmﬂmmed I'n
Claim1 or 2, wherein said first and second conponeht park s Mof ssard i mage
signal are f or med by applying said i n@ggBIMSgnal to filtering neans such
that said filtering neans outputs said hi ghpass conponent in the form of
the image signal fromwhich 25 filtered conponents have been_renoved, and
appl yi ng shid i Aemetbognalf interppdatinapasdigdwpdnimegeosidgpedact i ng means
to roduce ASR/aC e f S a I aid -

P d%@%ﬁ%%?ﬁg gge Qgese Bk EBrhifgf erBhsdhshalhigh! ¥18hals

filtered c A circuit for. interpol-ating a di |taI |nage
5|gnal5con§i¥§tngnﬁe§ﬁ§oﬂérCQWPPBFﬁﬁ EﬁFHsrnﬁﬁédsfbﬁﬁF FﬁgB

second conpeiggt apﬁibﬁpagél Eoﬁlpbﬁéneoaﬁdnealidpaébohel aompohegltp@ast
conponent and Sai.d.sécon ng nent. part. belgg $¥83§35 onponent, an "O0"
i nsertion ?ﬁ%@gpﬁléPWBﬁsﬁaFPm gnen rrgﬁﬁgﬁaF fn8e n said highpass
Conponert iﬁtefﬁelatﬁon bnghaasbylmnsepuiaglda"signsaidahﬁuhphss

i nterpol ation part_ arran I gt e

generate a cP gggtrn?&P%SPg?RSnQS?éﬁ§F§E igtbgpbg%Qﬁéﬁrggﬁﬂgg neans
-arrant@d tintecrpoletang saddséouphsghpampohnpeppéndtﬁDE1Yi§§aBaé sai d

g?“??Zf :nggﬁgééé'gﬂtgkgeihtaenog&aualaananbs&aohahlaasglgnal -for said
e igterpolatlon 51gnal to adding means, the output of said

adding means prov1ding an 1nterpolation s1gnal for said

v

_ dlgital 1mage s1gna1. _ _
15 | | o o | -
2. A method as claimed in Claim 1, wherein said
interpclation signal output frem_said adding means is
combined with said digital image signal.

20 3. A method as claimed in Claim 1 or 2, wherein said -
first and second component partslof said image signal are
 formed by applying said image signal to filtering means .
such that saidffiltering means dutputs said highpass. B
component in the form of the image'signel from which

25 filtered components have been removed, and applying said _ o/
image signal and said highpass component to subtracting
means to produce said lowpass component in the form
"substantially of sald filtered components. -

30 4. A circuit for interpolating a digital image signel_
| cemprising means for dividing said image signal into first
and second component parts,_said'first'cemponent part'being
a highpass component and said second'component part being a
. lowpass component, an "O" insertion interpolation part

35 arranged to insert "o" in said highpass cbmponent to
generate a highpass interpolation signal a further
interpolation part arranged to interpolate said lowpass .
component to generate a lowpass interpolation signal, and



5. A C|rcu1t as clainmed in*Caim4, further conprising converter neans
ar ranged.-.t0 receive the output ‘of said first adding means, and al so being
arranged 'to receive said digital inage- ngQ§£; 10 6. A circuit as
clained in Claim4 or daimb5, wherein said reans for dividing said i mage
signal conprises filtering neans arranged to filter said inage signal and
out put sai d highpass conponent in the formof the im sirgnal from
whi ch filteredtbHpoPAAtRInAPBNEBRTRBABTEO aﬁﬂeéﬁﬁtgagtﬁﬁ ﬁég f or

subt racting sambﬂms@gasﬁté@ﬁmaembnf g@ghaal dnarraaedsnaa@hsbo pr oduce said
| owpass conpo cl ai e ereln ai d

D ey oo erdotation siphplotbnaiipitoch tnkrrEpiation B4o

said first. comaﬂnsnalgﬁtalaimagels&bnéntectlon hi ghpass conponent of t he

| mage S|gggl sai d subtracting nmeans being arranged to subtract said

verti cal di recti on hi ghpass conponent fromthe image signal to produce
as said seccwmsconpmneﬂrcpattas ciatimedl idi Cdatimo#, - fowphes compudsdhg'and

wherei n sal d fuEhIEreLt 560LALLR0AABR! £EOTBELIGE. Tl BGLLNLS BRLA | O0

part arranged to genérate sard nt erpol ati on si i near 30
i nt er pol ati on %@rﬂkeﬂd@héghmﬁﬁagntandlBhég hﬁénghervengaéaKOdre@sﬁw@nsaid

| owpass conpongidi+H imdge! E¢Hhb1as clained in Claim 6, wherein said
filtering nmeans conprises. a veértical bandpass filter 35 arranged to pass

the verti®al direction highpass conponent.fromthe Jmage signal and a
hori zonal "bands bl arﬁslaﬂréuiteasaemmﬂed 1A pa8smad o2 dlEthnSE C QBRORIR

Pt bugn | saidmednh °eBe' 8128:R8"0a2h90800 B05R8T Btnbribe "
o filtering means arranged’ to filter said image signal and
output ‘'said highpass component in the form of the image
15 signal from which filtered components have been removed,
and subtracting .means for subtracting said highpass
component from said image signal tc -produce said lowpass
component.

20 7. A circuit as claimed in Claim 6, wherein said
filtering means comprises a vertical bandpass filter
arranged to pass as said first component part a vertical
direction highpass component of the image signal, said -
subtracting means being arranged to subtract said vertical

N 25 direction highpass component from the image signal to

' ‘produce as said second component part a vertical direction
-lowpass component, and wherein said further interpolation
"part comprises a linear interpolation part arranged to
generate said lowpass interpolation signal gy linear

30 interpolation between the horizontal lines and the vertical
direction lowpass component. | |

8. A circuit as claimed in Claim 6, wherein said
filtering means comprises a vertical bandpass filter _
35 arranged to pass the vertical direction highpass component
" from the image signal and a horizonal band blanking filter
'arranged'to_pass'as said first component part a first

* c L L s *



vertical- band bl anking the,vertical direction hlghpass conponent sai d
subtractlng nmeans bei ng arﬂaﬁged to subtract said flrsr‘EnterpoIatlon band .
signal fromthe 5 image signal- to produce as said second conponent part a
second i nterpolation band signal, and wher €i%?-said further interpolation
part conprises a slant correlatlon interpolation part arranged to generate
sai d | owpass i nterpol ation signal by interpolating through slant 10

correl ation thanﬂ:ea:@mxlat:ltmr el |s:ﬂgria§lncbmd3mdd ot filkerﬂngll'&hz&ﬁxgﬂ ai med

in daim?7 or th tsd rt arranged to
del ay and nat c%le?ltq]cl%l b%rnd %rl ﬁlﬂag 1{% armurﬁeeéﬂﬁg'%tf)’{D gﬁ'

of the verti cabom@mm fsaﬁ@lsumqm}mg a!ﬁansghmmalmamged rta:nged to
produce sai.d S%%Ha%%&aﬂfﬂgﬁ i%e&‘ﬁ?ilré‘ﬁtdd”'%érfd)@i \(/i\herel Yahd mROC

si gnal . 10 A circuit as clained in any alms sai d

"O' insertidon AREgepSigNAIn toyRTaducs raﬁg?éi- (?%@r MP%QG‘%M?%@
|nterpolat|on geabnld Eht&%pdﬂatﬁanlﬁaﬁdWsL anﬂfaﬂaNWHaﬁaidMaaﬂarﬁﬂﬁahé¥3
t he | evel of H%e Si i nt er pol at,ji on Sg@eln%%e‘rj_re],ted in between
1H del ay Ilne & thrﬁ'c “mfilﬁer?e§ TRedAtdOn as cl ai rred
in any of C ﬁl mtérmmid‘mrﬂdmf mraﬂgaal (57 wﬁﬁ@aag Towasy r anged 4
to restore the,qrigin i.nput_.i mage.sign m,sai 53159 onent an

the | owpass cor’.fﬁaz %ﬁfﬁa}‘ﬁﬁ} sdxgnsa% &) f%"’sq"‘te g"l thx%é’% r;ga :
scanni ng Rlne comredb@uomlths1sdhmndaiﬁtpﬁpdlatmw@ebam@nshgmadpr|S|ng an
interpolating circuit as clained in any of . Clains 4 to 11, and furt.her

conpri sing double speed 35 converter neans to which s appl I ed -t he i nput
i nRge signal afd saibd dimaadgolast icdmigieghdn Claim 7 or Claim 8, further

comprising a matching delay part arranged to delay and

match the image signal as much as the amount of group delay-
15 _.-of the vertical bandpass filter, the subtracting means

| being arranged to produce said second component part by

' subtracting from said delayed image signal. - '

10. A circuit as claimed in any of Claims 4 to 9, wherein
20 said "O" insertion interpolation part is arranged to
: generate said highpass interpolation signal by way of "O"
| insertion interpolation which makes "0" the level of image
' Signal of interpolation line being generated in between 1H
v : delay line and_the current incoming lines. |
25 . _ . o .

' 11. A circuit as claimed in any of CIaims 4 to 10, further
comprising second adding means arranged to restore the -
‘original input image signal from said highpass component

N and'the lowpass component'output b&'said'first'adding
30 means. o ' ' Y

12. A ‘scanning line converter circuit for a digital image
_signal comprising an interpolating circuit as claimed in
any of Claims 4 to 11 ‘and further comprising double speed

35 converter means to which is applied the input image signal
and said interpolation signal.

[



-23- 13, Acircuit asgglainmed in Caim12, wherei Ld h| ghpass ..
conponent i's generated a vertical bandpass filte rrprl sing a first 1H .
del ayer arranged to delay the incomi ng 5 lsTtage signal by 1 horizontal Ii ne, a
second 1H 5 del ayer arranged to del ay3by 1 horizontal line the image
signal which has already been delayed by 1 horizontal line, first and
second rruhé pli ers arranged to multiply by -1/2 respectively the inmage

yed

si gnal cLoeltz i slaimed diy Gladm defge vhaTeim spldiyed by 2
hori zont ahighpass mp&enﬂ hig @eaaﬂ:lateme areriged tba:ﬁisgééw i mage

si gnal del ri,zont al he out puts of . sa| first and
segond muff ?%[%Ffe ?“'P QF&H% &yifd= Iﬁr{'gl}gggé FRanged to delaw fhe o5
- ¢l ai ned i AnCbaimgl Imagec sdignadaiby. JlSho:‘r:uzgim:ais ldmeqoraerseddmﬁlm gener at ed

b f I i del ayer arranged
t)c/) gePS;I QE%Q-LI ngq- ?’H%%Lt%%gaesls co%gﬁrﬁﬁou%t%[l 1lir % té’r d. jt“%/ﬁ ¥ addi ng
means of ShEgnadr whigh basdpdzreatdy been ﬁa;hamdam ﬂghmmlarlgme,to add

th S S GOm0 TaEJ.,I_Ia 4reans and
thg ﬁrghgggggggﬁp@gngﬁt del 2132& g’(he"%?xm sn anda H%tl ?Ja'lprn& tq&d glr arr anged
to aver agEePRECKIYRINs $heomegensigaade Sedaved PUnﬂ-t h@r’riamnaladdm@ means.

25  15. aﬂdnehaodmabel slignagl aelagrea Byoi2l Rorizeatali qri?«!essut&?{dant ifally as

11 of _t
e ooy PhE- R G mishd RERRBAR tbo ARRALES shabR. 5 Lemaly dederethge
si gnal 30by tuberazbn&ﬂaﬂ.ylanehand ithef outpdtscoifbedidi firsaf @n@aice to
conver terSecond, Al iB136e8TRE CER 3K Manoble cRRPEREBCY 1er'ai nbef or

converter circui tal “I'irage "SI gna &)
described with 35 reference to Figures 5 to 11 of the acconpanying o

draw ngs. 14. A circuit as claimed in Claim 13 wherein said
15 highpass component is. also- generated by a horizontal band
- blanking filter comprising a further delayer arranged to
'.delay by 4 pixzels the highpass component output from said
third adding means of the vertical bandpass filter, fourth
adding means arranged to add the current highpass component
20 output from said third adding means and the highpass
' component delayed by 4 pixels, and a third multiplier
~arranged to average the highpass component value added from
the fourth adding means._

25 15. A method of interpolating a digital image signal : - o/
substantially as hereinbefore described with reference to '
Figures 5 to 11 of the. accompanying drawings.

16. A circuit for interpolating a digital image signal
30 substantially" as hereinbefore described with reference to
Figures 5 to 11 of the accompanying draw:.ngs.

17. A scanning line converter circuit for a digital image |
signal substantially as. hereinbefore described .with
35 reference to Figures 5 to 11 of the accompa_nying .drawings.
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