. | 91831
A MOTI ON ADAPTI VE TELEVI SI ON SI GNAE PROCESSI NG SYSTEM The present invention L
relates to a tel evision signal processing-dystem providing adaptive
pgoceSSJng of a5 television signal in response to notion-induced i mage
changeg in the tel evision signal. Separation of |unminance and chroninance

conponents froma conposite viAldMOBIONADART IVE cDELE¥IISTOKpP i n processi ng

of a television signal. A fra f rformthis
separ ati-on: satlsfactorlly, FN(JS% #roCEssie Tﬂqoccurred [n the

presence of i mage notion The RERSenfrtinventionsrelates rta avtelevisien conb
filter because gﬂgﬂathp&%égaix@ é{%@rﬂ??ﬁé%iaﬁﬁéSadkpﬂ&‘vérprééé§§§ﬁ§dof a

I.mage vertical resolutlon nay res n ots_nm

present at Sver § edavisian 1 t*%rﬁ???%%e Eﬂdm%fl&‘ gﬂﬁg%?eﬁuﬁ%ﬁﬁﬁce

ll:)r aPSI-t!_OnS._ thbml r;@rﬂfwcmnévmdmtgiwaslon si gnal may be enhanced
y formng a dou e-scan noni nt er y erstitia

| i nes between the 20 - ﬁ#%# 4§K$§%£Q%Ré$ %%é gﬁyggfﬁg#gétory
interstitial | mwpm;erms efromeafcqmposmte: ocbkdeonsignakspenai ngqubredastep

the interstitigl <g¥gaﬁg§%$é;6¥”érfé ¢¥§¥Bﬂgsi%§$f PAO¥LgRe Eme”EQthlne.

noti on ‘has’ occurr fesence I nage, oti1on, an interstitia
i nt er pol ad&d fM@mIHQ#%PE&SthNﬁt#ﬁ?ﬁﬁ#Ei%%n%aF}%fﬂcﬁgr%hxt provyided no

'ntelrSE't'al 'du:&&géfnfm@ﬂ‘&m%ﬂs debupted Ne TRSthefpresenascdri tmagevertical
resol uti on an I ne | CKer t.to V|deot I.um OI‘ITB e,
Cyetens “auch: BOtRve aidans RRhAVEEE! i1 pEREeress el T, Batns &8
differently pnﬁﬁﬁtyrihhq;uées1tFizdun@smmetlanthnduoedcanblfabtsted and

f mb
dehayed and I .nt&”pﬁ?‘%ﬂ? UG OPPCEAEIROBEIEiofl mi] PepUEt’

tEé‘étherlSOr .mhanglngmdqta)maxebﬂapre%estgaﬁlgerﬁlesl 1§699IF@&°F0
t he remai nder %ﬁgﬁﬁﬂgﬁ m r o] b estimte
of i mage  not ion. Pro Sehaa/ﬂe&a?tif' ;%in&?éngjét gﬁfﬁ?ﬂgetﬁiﬁﬁsﬂﬁléﬁs

An image reproduced from a telew slgn signal may
be enhanced by forming a double~scanned noninterlaced-
display, including-interstitial lines between the

20. transmitted interlaced lines. A sat icfaﬂtory Anterstitial
line may be a line from the location correspondlng to that
of the interstitial line, but from the preceding field, _
provided no image motion has occurred. In the presence of
image motion, an interstitial line interpolated from lines

25 within the same_field as that of the interstitial line is
preferred, but at the cost of decreased imége vertical

. resolution and line flicker. |

| | In an attempt to provide optimum performance,
systems, such as those described above, simultaneously

30 produce dlfferently processed 51gnals. For example, both
line comb filtered and frame comb filtered luminance and
chrominance components, or both field delayed and line

- interpolated interStitial'signals are_generatéd. One, or

) ~ the other,'or some mix of the two alternative signals is

35 supplied to the remainder of the system, for further
processing, based on an estimate of image motion.

Problems have arisen in determining the proper
proportions of the differentiy_processed signals as a



proportions of the differently processed signals as a Page 2 function of
i mage notion. In the case of |um nance/ chroni nance separation, if too

- larde a proportion of frame conb filtered |um nance signal is included ikn
.the mx yielding the separated |um nance signal, then a notion- |nducedaz
artifact will be visible in the reproduced inage. |f too Iarge a =
‘proportion of line comb filtered |um nance signal is included in that mx,
. thén the vertical resolution in the reg|8ﬁ9§f2|nage changes may be- r educed
and hanging dots rmay be visible. I'n the case of a doubl e-scanned

noninterl aced converter, if too large a proportion of f|eId del ayed: si gnal’
-is included in the mx generatlng the interstitial line, then a notion

i nduced artif afindtsicon 68 Sﬁagetndtedges)rm thebeasesiofi e in the notion

On th h hand : t | t | at ed
ol gnal st 1 e HEPARCE bt od P8phEE OB eBaBhERRE, | 33 Yoo nBEdd" T PO AL
noti on area\Mpropmrthuoeﬁ ﬁndmelqemblfmtteredylhmlaamcensigﬂal|xs
desirabl e to 4464 V16i08he ChixDF 181246 AR BlpReal U rIREPSSI N0 of

the video signal Tn a nanner gnhal m xiI ng
undul y degr adisignahgcthenor u!‘P5§°nUin¢H§P€a§Fﬁgf#§F| ¥dLln éP@c é’d-sd-hhef dax
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Video sTanal L Ss Pl IFedd L S RRRE' 5131 Re The0R T T e o
provi di ng ‘a | itmsepreise seert icdkoresdputisnghal thearkigdlon ﬂﬁbdmﬁﬁﬁy coupled
ot on det ect GEEEE Y BE Peahfed, B RARGEnY, 58 Rl nel il g o
ot i on -i ndi cating si gnalIn thecgnseobfsagdaubgenscamedr eapmﬂ:axdatqedsal dU
motion indi catddig, el eeal- if@téadlgfﬁenﬂ proportion of field delayed -
'51gnal is" 1ncluded ‘in the mix generating the 1nterst1t1al
line, then a motion 1nduced artifact (such as serrated
'edges) will: be v151ble in the motion’ area._ Oon the other
hand, if too large a proportion of 11ne interpolated s1gna1
is 1nc1uded in the mix, "then the vertical resolution in in
the motion area w111 be reduced and line flicker may be
 evident. It is de51rab1e to adaptlvely control, ‘as a
function of motion,-the processing of the video signal in a
'manner which w111 provide signal m1x1ng w1thout unduly
'degrading 1mage resolution, or 1ncrea51ng motion-induced
':artifact visibility. ' ' ' N
~ In accordance Wlth the present invention, there o
is prov1ded a video signal processing system, comprising o
"an input for receiv1ng a video input 51gna1 to be
'precessed, a line processor coupled to said source for
prov1d1ng a line processed v1deo output 51gnal, a field
processer coupled to said source for prov1d1ng a field
processed video output s1gnal, ‘a motion detector
'respons1ve to sa1d video input signal for prov1d1ng a
" motion indicating signal,' a control 51gnal generator '
responsive to ‘said motion 1ndicat1ng signal (M) and hav1ng _
a given input—output function for generating a non-linear |
blending control 51gna1' a blending circuit respons1ve to
said blendinq control signal supplied thereto for blending
said line and field processed video output signals to



a given input-output function forfgenérating a non-linear blending control
signal; a blending circuit responsive to said blending control signa
§uppI|ed thereto for blending said line and field processed vi deo out put
.signhals to -3- provide a blended video output signal; and a verti cal

det ai-l" “5i gnal detector responsive to sai d vi deo i nput 5|gnal for providing
a vertlcal detai|l indicating signal; said com3ol signal generator being
responsive to said vertical detail ind|cat|ng signal for nodifying said

I nput - out put function of said control signal generator in accordance with
the vertical detail content of said video input signal. In the draw ngs:
FIGURE 1 is a bl prévitlegrablehded widesnoatputr aiignalGe sephreatv@rtical

incorporating a I ound 1.0 t he
present 1 nvent | cChia ALIAY, AERRER eRiBiL ive H i VML Sl 1Ne
noni nterl aced coﬂ&gnﬂérf@ﬂbD&?NnglnBeapN@E&ﬂFaﬂnﬂahﬂhi1Mndigﬂilaq:§xgﬂﬂkmk
di agram of a kno&ﬁlﬁnbbﬂﬁréﬁtgﬁgﬂhl ﬁ%r%%brb%éfﬂajfé&ﬁaﬂ%fﬁé“ﬂﬁtéhld

illustrated i.n FI GURES 1 Il lTustrates a transfer function of .

the control S|gn8Pr§éﬁ§Fa98FaFﬂl&EFFEF@&“EhSFB@BﬂE§°f FodrLyingRaisd j 5 g
bl ock dlagran1oflﬂpdtgbhabutnwhﬁ&tab&tb@nsa&dac@mﬁvan sdigial gyﬁuﬂ&ﬁdﬂ in

having the transfer functi trate n.FIL.GJRE 4, sed. in
the circuits il |ﬁ‘s‘FP5%{88°PnW&FbJ § 1’95% Fggﬁl‘:uﬁ co\g{gngﬁ g%i S&’éﬂ "a‘rﬁ?ﬁ
a signal conblnexnphtcalgnylbe used in the circuits illustrated in Fl GURES

1 and 2; FIGURE 7 is a.block diagramof a line |nterpolator whi ch nay be

used in the enbodi nent of the ..
In the drawings:

\J', : | - FIGURE 1 is a block dlagram of a 1um1nance/
chrominance separator 1ncorporat1ng a control signal
generator shown by way of background to the present
invention; ) ' . ;

FIGURE 2 is a block diagram of a double-scanned
nohinterlaced'conVertep embodying the present invention;

| FIGURE 3 is a block diagram of a'known motion
detector which may be ‘used in the c1rcu1ts 111ustrated in
' FIGURES 1 or 2; |
FIGURE 4 111ustrates a transfer function of the
control signal generator illustrated in FIGURES 1 or 2;
FIGURE 5 is a block diagram of a digital

_ implementation of a control sigﬁal_generator having the

./ transfer function illustrated in FIGURE 4, which may be
used in the'circuits illustrated in FIGURES 1 or 2;

FIGURE 6 is a block diagram of a signal combiner
whlch may be used in the circuits Lllustrated in FIGURES X
and 2; _ . _ _ _ _
| FIGURE'7 is a block diagram of a line
- ' 1nterpolator whlch may be used in the embodiment of the
" invention shown in FIGURE 2;
FIGURE 8 illustrates a transfer function of the
_control signal generator which may be used in the'
embodiment of the invention shown in FIGURE 2; and
FIGURE 9 is a digital implementation of a
control signai denerator having a transfer function



i nvention shown in FIGURE 2; FIGURE 8 itlustrates a transfer fUnction of
the control signal generator which may be used in the enbodi ment of the
“invention shown in FIGURE 2; and FIGURE 9 is a digital inplenentation of a

. control signal generator haV|ng a transfer function = -4- |IIustratedbdﬂ
FI.GURE 8 which may be used in the embodi nent of the invention shown in*
FIGURE 2. FIGURE 1 illustrates a’ | um nance/,chrom nance separator. I n

FIGURE 1 an input terminal 5 is coupled to a source (not shown) of. a
conposite video signal (CV) which includes a |um nance and a chrom nance

conponent. . | nput tern1na| 5 is coupled to respective input tern1na|s of a
frame conb fi]ter i,ne_conb - flltg11 0 and_ a notion detector :
Frame comb f ﬁ%t‘l‘sﬁﬁaﬁFGdGEegIﬁfmgegp n3y; he usedyiimy the 5 rama . conb

flhl tered | umémmemem[aoaenth% mkrehlt]manshawhmmm idd ﬁr eg nb
chrom nance conponent t . termn roduci e, frane co
filtered Iun1ngﬁce conpgﬁéhFE gr ?ihggfaﬁﬁﬁea 8#%“? qﬁﬂﬁi#ﬁﬂﬁﬂ?ﬂﬁeof a
si'gnal conbi neepdtatorne TonFIGURECL 26 p—l‘mcwminaésrﬁe(its \aoupikeiitto a
termnals a |ige c@mpnbi! %ﬁ&@ﬂ)' B%‘ Qa%ﬂ B%EE%“%'l‘de[oer i

| ﬁafb
filtered chrom nance congonen ut put: t'erm na produ0|ngqah ne

conb filterednelndesca Bﬂp&ﬁ@ﬁ? PéﬁrF an&&hHQHEQN9Q¥
termnal of téermigasl scsagbbaapléa toAkeg tivberlmpmad i e SO ner

component - Exnd leRb ELhERTIBat o i cRab ST 55 dithas St  '

which is coupietleétonnwnpuf‘ramerrcomb Gﬁ.l&:eG‘OIJ.IDI’ Pir osiugres a@ermspeutﬁie An

output termn gﬁ % c b gnal r Sg LNt 9 K

which is coup %8 $ gg%%% ‘i % Sgg@%% % q;;l glri&glﬁ%c“girr Aﬁ%&pﬂt Y,
Y and a frame’ comb flltered chromlnance component cf The
output term1na1 produc1ng the frame comb filtered luminance

component Yf is coupled to one 1nput termlnal of a 51gnal

comblner 40. _ _
Line comb filter 20 produces at respectlve output

' termlnals a line comb flltered 1um1nance component YL and a
_'llne comb flltered chromlnance component CL _ The output ,
terminal produ01ng the line comb flltered lumlnance
_component YL is coupled to a. second input ‘terminal of the
' s1gnal comblner 40. An output termlnal of signal combiner
40 is coupled to an output termlnal 15 and produces the

separated lumznance component Y._ An output term1na1 of

L]

motlon detector 30 prov1des a SLgnal M whlch 1s coupled to k*J

T an input terminal of a control signal generator 50. An
;output termznal of control slgnal generator 50 produces a
control s1gnal X whlch is coupled to a control 1nput
'termlnal of 51gnal comblner 40. '

- In operation, the frame comb fllter 10 and the_
line comb filter 20 produce, in a known manner,_respectlve
SLgnals contalnlng the lumlnance components._ Mbtlon
detector 30 generates the lmage difference on a plxel-by-

' pixel basis over the course of an image scan tlme interval,
for example, for a frame time period The magnltude of the

~ image difference 1s prov1ded as s1gna1 M.' Control signal
generator 50 produces control 51gnal K whlch is a nonlinear
function of the motlon s1gnal M. 81gnal comblner 40



In operation, the frame conb filter 10'and the line conb filter 20 produce,
I n a knowmn manner, respective signals containﬁng the | um nance conponents.
Vot i op.detector 30 generates the inage difference on a pixel -by- pixel

basi s\@ver the_caurse of a for a

f I
frame 1) e por FORPLAGR CRRRAPRHESDY PROPPREIR"S PrckbR. S-RBeFONPIC od
signal M Cbnletese@nandgkmaeaCOmbSﬁlmtededeiumnnancb siignallsKk which is a

nonl i near. functd 1$Q Yn?ﬁtﬂetgéggakg lﬁh? ere %ﬂﬁi 40.¢ conbi nes

conpl ementary pr |ons iné conb filtered
| um nance si greeR ¥@%b@@tb¥e¥93|ﬁPBtFﬁé 839p§@ Kun1nance signal Y as '

control I eds by the ContrOWhéh9ﬂ6£15n 8ignal M 1nd1cﬂﬂ&% EﬁhtoﬁoshﬁQGE
i ndi cat es t hat n Re dj fference has occur over recedln%elna ge

time interval, bt CREFREFoaoPET, e, PREREdiPg IPagruL]
substantially ﬁmterﬂE fthen sbghali tombddelugiondsceonddribn¥t &o p&evzde

amount of 1 nt SRShERFatay PRTer Ehecrando Bonll Biterdd 1lkIRabAY o cBRS,
is condltlonedYEOa@rthedeutnbtt&umnaanyeoﬁnynaﬂeYl|n&heunb0tabneseanal M
lum nancelm%aic 5" that 5h§%~éuﬁl aﬁaﬁﬁtoutfpahtsﬁ%he im glfa e and

i nt er medi‘at e i mage er ence, pr opor.tion
li ne conb f||t@%§§e¥ﬁﬂFﬁahé§ EﬁﬁﬁﬁﬁéﬁtstQFB §&BP§& Fﬁm§ﬂgﬁﬁl490#§|ner 40 in

accordance W tdox@itichedl ﬁﬂabrKv1EéGHREsiah*th.laiﬂ.§rabﬁ1F'atﬂéuQ'J.ﬁes combed
noni nt er |l aced o ver 120 IS cggpled

to a source ( %ﬁ)18T13a§8ﬁp83539%§P£2g;fE%g%g%nﬁgplnFBF e?gﬁgl t he
| um nance conpmngnalYY | NnBar intermediates vadugiseofi dmagepdififerenceyt the
e o g G 6" Rk i ol B Hhahabtd 0 %)
'produces a s|gmgmp¢pgn§s|grgougrégdt@n signal combiner 40 in accordance’
"with control signal K. : :
FIGURE 2 illustrates a double-scanned
noninterlaced converter. In FIGURE 2, an input tefminal,7
20 is coupled to a soﬁrce.(not shown) of a component of a
video signal, for example, the luminance component Y.
Input terminal 7 is coupled to respective input terminals
"of an equalizing delay 80, a line interpolator 60, a field
N delay 70 and a motion detector 30. An output terminal of
25 equalizing delay 80 produces a signal R and is coupled to
an inpﬁt'terminal of a time compressor 83. An output
terminal of time compressor 83 is .coupled to a first
terminal of a switch 90. The pole of switch 90 is coupled
" to an output terminal 25. Output terminal 25 is coupled to
30 display apparatus (ndt shown) which may reproduce the
double-scanned nonlnterlaced signal representlng the
: transmltted image. _
' An output terminal--of 11ne 1nterpolator 60
produces a signal IL which is coupled to a first input
35 terminal of a signal combiner 40'. An output terminal of
field delay 70 produces a signal I, which is coupled to a
second input terminal of signal combiner 40'. An output
terminal of signal combiner 40' produces a signal I, which



an input termnal of a tinme conpressor 83. An output termnal of tine
conpressor 83 is coupled to a first ternimfi=of a switch 90. The pol e of
switch 90 is coupled to an output termnal 25. CQutput termnal 25 is

coupled to 30 di spt.a ar atus (not shqwn)_which rra reproduce t he
doubl e- scanh%dcﬁBH?'ﬁfie¥'P (ter%}ﬂéer% £i®y SE?F?P'% dridee t‘f@@’??ﬁif@:gﬂ
out put ..t er ngmal - Aaf ohitpat: mmwiaat @f Gimw. bem;ﬁ@esescsr BAlid edddpléd ko i s

coupl ed to a first ut .3 of. ,a.Si conbiner 40'. An output .
terniial of2 f?%?ﬂnGef'ﬁyu"O%SW&%‘??s ?fAﬁwdhtzﬁh [&? Y] which is coupled toa =

second input terninal Anf ouitpudl teamiinadr oaﬂ)momrommepmctax Bogprodusegnal
~combi neg 40, pf ghlsef anikAniks 'cougﬁegi; to Kr@ i dput tlhieth :f’éf‘ ”pUt

termna of a second_time--conpress output termn
conpr essor B@W@lcﬁﬁﬁpé& 9&“&r§&9c¥m§q rrputAQ é?‘%ﬁm %ﬁmmkmﬁo An |

out put terngoatrel sRGhal eéhesa%n?@mr és aTonrel Mahdrikis

led t t t f t r.ol to 0 Al t. '[i
Corninal  orWBLART R CPORYR, SR aRiReT ek deX At (o Shemidhatni o

i s coupl ed ¢tombinest 40F .input ‘terminal .of the signal. combiner 40 10

I n opeyation, line ingtgr 0 g A oduee.differently’
procegisgd esti mat es o?ﬁaﬁsle%ttaglg 1"t "j{ik%l netcglchedla%% Iglés?{pl%%dﬂbéié\een' t wo

recei ved | idelayL70cpraducgodifferentls araaessed restinatem|of can -
i nt erst't'aintéfsﬁeiah aadefl Tehd Bl Wispl 3 ézﬂlm.asw@ex{ & dfcejehayed

interstitial {lerr I n a_known nanner. gnal I ner 40" conbi nes

conpl enent aHrnﬁﬁopEi‘- oﬁg‘tﬁﬂpm o4 ar%%%%ﬁ § [Jér‘}? e TRIIated

produce theintéessitiaal 1$n§na§qlandﬂﬁamnﬁla‘§ i70lipard dscddca NBDSILA ude Of.____

the l. nfge zgelaxgledf- _ -St:.% gl(é%gior}en,t 1Sngan owr?vn?arnﬁehre. pré) eeding
combiner'QO"COmblnes complementary_proportlons.of..
1nterst1t1a1 51gnals I, and If to produce the interstitial
signal I. ' - SR P -
a ' The 51gnal M indicates the magnltude of the 1mage
20 dlfference.of_the component 51gnaJ 24 over the preceeding
image 1nterva1. The ‘control 31gnal K is ‘a nonlinear
function of the motion signal M and controls .the proportion
of line ihterpOLated andffield1deiaYedﬁinterstitialﬂsignals
_ | I, and If_respeCtively,'in:the interstitial ‘line I.  If
25 motion slgnal M indicates that no: 1mage difference has
- occurred over the- preceedlng image time. 1nterval then the
"1nterst1t1al 51gna1 I is- substantlally only the field _
delayed 1nterst1t1a1 signal If. If a- great amount of 1mage_
difference has occurred “then the 1nterst1t1a1 signal I is
30 substantially only the_llne 1nterpolated interstitial
Signa1~IL;“For-intermediate'values-of:interframe
difference, the proportlon of IL ‘and: If is varied in signalr
comblner 40', in: accordance wlth the control s1gna1 K.
: Tlme compressor 83 compresses the amount of time
35 'requlred to scan a received line R to one-half of a.
 horizontal line 1nterval. Time. compressor 87 performs a
" similar function. for the interstitial line. I.  The
combination of_t1me compressors 83 and 87 and switch 90



i'mage interval. The control signal K is a nonlinear function of the notion
signal. M and controls the proportion of line Tfterpolated and field

del ayed interstitial signals [err] and [err] respectively, in the
|ntergL4t|aI l'ine | | f 25 notion signal ‘M |ndicates that, K no i nag

di fference has tdae et iRiaxes the LeceiveditARe Riar |F‘E‘%r%¥er¥%§1?%e
interstitial siignd 1 iteWsianglehorDrdytabhelinel tinel tyeerval erstati al

si gnal [@pr] Lt .a reat anpunt, of image.differen h ceurred en_ the
nterstital sitvE Wl £ GPOuAdacATRee ROBFRECERaCRR BETH cFhemal ot
hﬂ}frstltla| ﬁ@gﬂﬂuQ&dx] For internediate val ues of interframe '
I fferenceg the proporti rdml |§§eé I ner
40', in acgbrdance with the contrc# sl g +€éiiqé &iff?g%@g? cﬁ%resses
the amount of Mhiclgmay heynsed as %rﬁ‘%t¥%e¢§ﬁﬁct9ﬁe3® ip the @fhreudksy
horizontal |ingjijstdted ih NEIGEHES 6SMA8T. PEAfPLOBRR s; Nah ainpHwaCt i On

for the interstitial line (of0) natl o 3 d 87
bod sui ton 50 temmngl L i omRlat thorpete, betiRal P LR o Rl 1 8

i nter stldt ial |iiigput itémminal Myl in PIGURBt 21 Imputunermmelvm mncoupased
‘way, a do canne I d

FraRe o 00 & MRwreReedh e i Piafs 068, o BrBAOUEREY 32 ang, 2

mot'i on detectomuhtractﬁnaSﬁr(nﬁnépmtvuﬁttexmﬁnah GfGiFE@BldQL§N232IhS
FIGURE 3, an i (&d Eda s’écéﬁd%‘ﬁécﬁk.b?&@dtéﬁniﬂaﬂtokeéﬁbﬁﬁéc’éotnslfl GUgg 1

or 1 nput t er mna In Fl GURE 2 term na lisc
respective i npRUERY tRIRingl Of 59r3§4aﬁﬁ ﬁogﬂg?aaﬁ?ﬁ?ugﬁ aA%ow
out put term nal éﬁs ffﬂ‘lﬁef«l%@yﬁ ars alosplatet vadueechpduibpss terannal of

pa&J?FT?LIéBE‘ﬁoS\ﬂ Ut AL 9Y, oloBHRAE "EbBhfs JoCRUPLEGRLRRCE" o O
Cutput temmnt#o!¥h1gna1ng¢mzrator 50 of FIGURE 1 or control signal
generator 50' of FIGURE 2.
In operation, when a comp051te video signal (CV)
is applied to terminal 31, subtractor 34 produces the
- 20 . ‘difference of the image signals separated by cne frame
interval. Low pass filter 36 attenuates the frequency band
which normally contains color information, leaving only

image difference information. Absolute value circuit 38
_ provides the magnitude of the image difference as signal M
25 at output terminal 39. The above motion detector
 calculates image differences over an image interval of one
frame time period. Other image_intervals, such as a field
time period, may also be used. In addition, information
from within the field presently being processed may be
30 - utilized in estimating image motion. |
| - In order to determine the optimum nonlinear
'functlon for control signal generators 50 and 50', a series
of experiments were performed. A circuit similar to that
illustrated 1n FIGURE 1 was implemented in order to
35  separate lumlnance ‘and chrominance components of a
composite video signal. The separated components were then
processed to reproduce an image on a picture tube.



control signal generator 50 of FIGURE 1 -:or -control signal generator 50' of
FIGJRE 2. In operation, when a conposite vigeo signal (CV) is applied to
termnal 31, subtractor 34 produces the 20 di fference of the inage S
.signals separated by one frane interval. Low pass filter 36 attenuates: ibhe' '
frequency band whi ch mrdmiqurmtﬁmeoC@ignalnﬁesnsimﬁnesiﬂé&l Eﬂcﬁm y: —’*

I mge diffe e -jnfy I es, t
magnit ude 015&{5% anml%ar% f‘?ere‘ﬁ%éer?%tg{%ﬁ%‘ga&l\ﬁzéggkgfo ¥ aéF}‘n ﬁﬁFYSQ
The above. nmatt @ﬂldmedcmﬁ 201 IRE auntts noghere dcsigned bevrelaufl VrageIRE S
interval of yRed kA ‘géae P18k n%?éraﬁaﬂsesiﬁgﬁw%?elsa‘fh%g g eld
time period, may al so used. ,n addi I nforfation fromw

field pPeseniifshPragusat a it inageo The| Inage Wasest FAUBKAY | nage

ot i on, Lzealtﬁreztmgﬁigzﬁmnmtmc:e : e¢mwmpnélr ﬁ?ﬁgﬂ?wﬂﬁ%g@a ﬁaiglrsrs}ggble s

si gna f | :

ci ?cw t93| it &E') %almcf‘flﬂgtl?%‘fs’é ‘i %fﬁ%&’&rﬁﬁgnfﬁ'ﬁﬁgnﬁﬁ Ei] €in order to

35 badkgriownte Hok ch framrmnhoﬁqabbened télevi tensll

s gnalsep%g %&Pta‘ictl : &1, é‘&ﬁ'sféPfﬁ Sg¢ égv EE?ZZE?‘HCI?%QG
PtFlb rrp05|‘?le Vil deeo Si gha V\g ﬁém z'gd suEﬁ

on a picturet Synt t hat an

i mge s tlrd-mm ]@ff‘a hand pdass of ‘ék@ksgﬂeyeat Eorcesample20fbRE
units, wherg ®a@ uﬂdi‘\{l%vé!f of 20 Fﬁwr\hﬁferQﬂaeﬁ Lﬁékatnﬁﬁexﬁﬁd a

SRR e RIS S e %beeaxma'e%ﬁaﬁg”%eannmishe”ﬁgws "
units, nDV|m@gh@mb ade(IRE1ﬁnutsontally on t he ‘background. - For a frame -
& ohadow at the 1o A SR Y ORedl o 8rbelialyttRe "cBREFT Lt o
for a BSckgsdgmall &/enan;fedzmamurnrt%romrm uabqearesultmgl PE onILys t_heU
magni t ude Mfgmnkh%oh@a%.m édhﬂ&?eﬁt@dﬁ’éé‘ing dlsplayed toward a
- value whlch would result in only line comb filtered
'components belng dlsplayed The value of K for which the
_'shadow became unnotlceable was ‘noted. o
20 .  For example, vhen K was ad}usted to 80/127 for a
"~ 2 IRE image difference, the shadow was Just below "
visibility. - The_test was then repeated for a square
varying from the 20 IRE unit backgrdundfbyethesdifferent-
number of IRE units listed'in Table“I;:aﬂd'the'optimum K
25 noted. This entire series of tests was repeated for a
o background 1eve1 ‘of 35 IRE unlts, w1th no s:gnlflcant
dlfferences._ :able_I below 1llustrates.the resilts of g;)_
these tests. C B : -
, The solid square mov1ng horlzontally ylelds
30 results for 1ow frequency luminance motion. ‘This series of
tests was repeated for th1n vertlcal 11nes dlfferlng by |
predetermlned 'IRE unit levels -from background 1evels of
first 20 and_then 30 IRE units. snch a patte:n has high
frequency luminance information. = Table I1I below displays
- 35 the results of the series of tests for the hlgh frequency
~ luminance 1nformat10n. Pertinent emplrlcally derived
points are 111ustrated in FIGURE 4, and deflne points of a
function which provides the optimum mlxture of frame delay




regions is-2 IRE units. This display was then observed and the control 15
signal K varied manually froma value resultipg in only franme conb filtered
gonmponents being di splayed, toward a val ue which would result in only line
conb tjltered conponents being displayed. The value of K for which the
shadOM/becanteprumﬂssrnglylahdlnthMghést vertical reBoiutiaenpivéthohe&n K

was adj ust ed té%gggﬂ% Ei ﬂ gn anggglg%gggrence t he shadow was j ust

bel ow vi si bi | i en repeated for a square varying fromthe
20 | RE-Unit background by the dlfferent nunmber of IRE units listed in Table
I, and the optimum K ggpreneted. This entire seriegagtrt ¢3ts was repeated

for a backgroqqn%ﬂmgeT'—or—B'S | REguni ts, w thmpergignii1cant di kf erences.
Table |- beggowTI2USITal €s € gegub¥s of theSeziests. Ihe sobpgigquare
noving horizonte$ly yields 30116ye3ults for | o® frequency | noogagge notion
This series of 3®sts was repeaR®d12®r thin velbical |ines dikdgagmg by
predeternmi ned IS&E unit |evel s127ghRBackgr ound3bevel s of fir3@42823nd t hen
30 IRE units. Such.a pattern has high frequeR8y |unm nance LB74RR&ti on.
Table Il bel ow di splays 35 the results of the series_of tests for the

hi gh freq@ncy | um nanceBasedrupenokhesectabiefr anpatherrtjcadr PAMatisNNt s

are illustrat agad na&t{EE émandaﬂﬁibﬂemaeeat ¢hel fanktiehi eepwesehteaovydes
t he optlnun1n1€$ure of , frame §§ pr.ocessi ng yi el di ng hi ghest

vertical resol H2¢%% 9?%“5%t v tﬁb§4ﬂﬁFF8ﬁ Fﬁduced artifacts. TABLE
TABLE. [l M I RE) K =Kae~ K5 2 (2)

80/ 127 , whére A i§3fgﬁ7cggéégﬁt1§g1ch determiﬁ%%é}%§7maximum value

100/ 127 35 . i i _
: k,f 15 that K may take and M is the image difference in IRE units

over the frame time interval at a particular horizontal and -
vertical location. Although this equation représents the
'emplrlcally derived data, other mathematical formulae may
just as accurately ‘represent this data. It is the
- 20 empirical data which defines the function, a mathematical
formulation merely approx1mates the function and allows
estimation of the proper function at p01nts in between the
emplrlcally derived data points. '
" FIGURE 5 is a digital implementation of a control
25 signal generator 50 which may be used in the circuit
illustrated in FIGURE 1. In FIGURE 5 a read only memory
(ROM) 59 has address input termlnals coupled to recelve a
N2 multibit digital signal M from motion detector 30 (of
FIGURE 1). Data output terminals of ROM 59 produce a
30 signal K' which is supplied to signal combiner 40 (of
FIGURE 1). If the multibit digital signal output K'
_comprises n-bits, then the maximum value that X' can attain
is 2®-1. For exemple. if n=7, the maximﬁm value is 127,
and the function may be approximated by the mathematlcal

Pud

35 equatlon. _ :
. R' = 127e -0. 924/M : _ | - (3
The control signal K is equal to K"‘28, and varles'from
" to 127/128 in steps of 1/128th. In the digital
implementation K' may be used with a fixed attenuation of



55 127/ 127 35 . 124/ 127 55 127/ 127
10 Based upon these tables, a r@DRenati cal equatlon was derived
mhlch approxi mates the function represented by these points. "This function

K = [errj]éh8 ' (2) where Ais the v
: const ant whi dé‘!he‘-k‘?h neaythe anhardwargl bdtishiftnat ThenRM &0 isnd MFS
the imge dl aREoUBhhE ¥l ehbl %@.ﬁe rolfrn | RhRr dlcadli oh ,
particul ar zon %$ and vertlcg (e} atlon Although’t hi's equati.on :
represent s t Y| Ak, Yetheqaetat GPRERing: coxxesponRinge may

just as accwﬂtﬁé yof et eseThus)i foganadibtital tihpuOhavamy rheak adatea i ch-

functi o and dtEe: SuEBRETRD 187 brRBuEa sl che! VEIRECHRIR, e "
bet Yveenn: gteldgﬁnrmedlynde?ua’guoua}(a)pabnve. FEEBREr&pmga:admdb azloms esc;s -
![g glmrecwt Jlglléugstra g I% FI GUR%é QBQR-EPGS&EE%&&: gﬂg, S_-Qﬂ ?lrerrg‘rs; ROV - ‘
59 has addr S@8GFiked tiﬁﬂ?ﬁalEhEOEEPéﬁlFéllﬁbéPVévﬁanpﬂpﬁﬁtdﬁ%ﬂﬁhl gnal

M from noti. Ofuziﬁﬂﬁn.oraﬁ@ ﬂ@é EaﬁJBEof) valies preprogramieddinted RoMVisad
produc a 30 s £ i Eﬁg ed Lo signal . conbi nef 4 of FI GURE
£ 3 RAATASES pFilter 4E) SHiOp, fB, the Anp: the

-nBX|nun1VM|Eahles &£ wa&uestdenlved[from othRer . mn&hphetlchlni%rmUBae
maxi num val Iue%safs%z pFoPiabes cEthaBFe”E¥t9ﬁa%?.Bh XoPked BoriiSon.

mat hemat i ca
- (3) The control. S|gnaJF¥GV%Ee§uhl ustkatesosn gmbodimens pfosignalt o

127/128 in Smpindr 4d28heo | n therdcorkak, BRl eRBRLAethiKkal1m™y e used
\-?Mht th(ajg;s_;Sxed q{ ! eedjaéo O&gfframe coml% %‘ilwgr 10”?y?%I%UR%r l\glaro?r l%:Ihte shi fb
e 9 iqoupl \

field delay 70 (of FIGURE 2) Input termlnal 41 is coupled
'to a flrst 1nput termlnal of a multlpller 43. The output
terminal of multlpller 43 is coupled to a flrst 1nput

. term1na1 of an adder 44. ~ The output term1na1 of adder 44

20 is coupled to an. output term1na1 49 Output terminal 49 is
coupled to the output term1nal 15 (of FIGURE 1), or the
1nput terminal of time. compressor 87 (of FIGURE 2)
' A second input terminal 42 is coupled to the _
_output termlnal of line comb f11ter 20 (of FIGURE 1) or

25 line 1nterpolator 60 (of FIGURE 2) j Input termlnal 42 is

_coupled to a flrst 1nput term1na1 of . a second multlpller

45. An output termlnal of multlpller 45, 1s coupled to a s

- second 1nput termlnal of adder 44. A control input -
. _termlnal 46 is coupled to the output term1na1 of control
30 s1gnal generator 50 (of FIGURE 1) or control 51gna1
_ generator 50" (of FIGURE 2). Control input termlnal 46,
carrylng the control s1gnal K, 1s coupled to a second input
termlnal of multlplzer 45 and an 1nput termlnal of a
function generator 47, which generates the szgnal A~ K
35 where A is the maximum value of control 51gnal K, as
'  described above for equatlons (1) and (2). An output
terminal of functlon generator 47 1s coupled to a second
1nput term1na1 of multlpller 43, '

{



p'reprograrmed so that for each value off M the | ocation addressed by that
val ue of Mcontains the correspondl ng val ue ofl¥¢ . Thus, for a digital
|n|put J:law ng the val ue a digital output K is produced having the
val ue ¢27K as descri bed |n uati.on (3) .above. The preprogramed ROM 59
is essentially a table | & °§% Hz‘ﬂ&%éﬂé‘t‘?ﬁ %Asa"dg iRFRfUGRVe, the
empirically geéngﬁdlsonam@efummge priopdrtionsaral e tﬁﬁ;ﬁecﬂm@lmt
pr epr ogr.anmed i pto | estj.nm of .it.h nctio t he
pat vai ues. TABRaLSy - aasE 4 HoreR S HEorn timad AT A SR ey
al-so provide amuépu.p&hems%rmtndomé dfo produge taromuiinGURE ghdl |afst rat es

W01 BrougrERifsY s AR cg'%)ﬁr“ﬁ)é’rmf (t(?ﬁfﬁRéﬁEt‘?%" AN ﬁ"%‘s"

del ay 70 (of Fﬁ@REts)mmﬁl@ﬂJ{m 4R, £B lad Ry Lhe qantrpl

E: gL [ﬂ 23' tgf aaf Iaﬂ.ri.?hanl KEEroh m‘ﬂmlet Qiétﬂtitndlgréﬂ Ze#ozofexmﬁﬂw,l |v&{exf13cdr$l|:rol
er na an er .t

adder 44 20 - B {D tg?”o&t enaﬁlgﬂ?l %ﬂ“b ARYY, FerRina) ‘£2

coupl ed to theaqdt nlAt—ot)eHmnaﬂ:.m& (tm‘e El@:ﬂi Hromrinpet i teamiinal Mharef

time conprgessor . fE | A2 1 led t
t he out pui‘st erﬁf’ﬁé % hciag co% | | ter(%f)i tﬁﬂlgeﬁ@'g{l (gér1 5 ﬁféﬂ? £ °
i nt erpol at or 68ipes theuRignal ﬂmtmpemnmmmal $Z A dd to M) 17 r&t
nput “ter i nal +9hed 6e0RA gHL! Igton it AksiruY APTIE NAmdfndRl 44 P! i er

45 is coupled to a second_ i"hput ternj naI adder 44. A control ut,
termnal 46 i 286888 84 -t o Athdndermed %rﬁif%tﬁ by Srameing & Sgrtions
generator 50 (eff EthIREsl)grmscmmlteymls;enerm@mz&ré afonb {ARE D) .

Secomd i bt t BPARRaRRor RS SRR Sk o P et AR et B b gy

generator 47, ‘firomhigpudr degmimed dPyredd A - KBS Bﬁﬁkr‘blrwes sthmesmahum

val ue of contrgl.. ﬁ,.l g?i?:#x%te% s9BSC 44 b%é%{%u%?dw 44) PRGLP) .

An out put termina unction gener at or to a second | nput
termnal of nuithepl p@mpa@mentary proportions of the input signals are

combined in adder 44.
20 A control signal generator 50' hav1ng the
 transfer function illustrated in FIGURE 4 may be used
advantageously in the double-scanned noninterlaced
converter illustrated in FIGURE 2. ' In such a _
double-scanned noninterlaced-converter, a tradeoff is made .
25 between line fllcker and loss of vertical resolution
arising from llne 1nterpolated interstitial signals; and
9 : motion induced artifacts, such as serrated gdges, arising
from fleld delayed interstitial signals.
' " Further testing has determined that, for
30 unchanging images the percentage of line 1nterpolated
interstitial signal should be no greater than 36/127, and
for changing images the percentage should be no less than
80/127. Because image differences may sometimes be caused
by noise, it cannot be determined whether a low valued
35 image difference signal output from a motion detector, is
-noise in an unchanging image or a motion-induced image '
'difference in a low contrast image. Thus, a selection of
36/127 or 80/127 may not be cdrrect_for every instance.




In operation, nmultipliers 43 and 45 produce signals having varying
proportions of the respective input signals. Adder 44 conbi nes the
proportioned signals fron1nu|t|pllers 43 and 45 to produce an out put S|gnal
at ‘5. termnal 49 having varying proportions of the input signals from .
term nals 41 and 42, as controlled by the control signal K frominput §3
term nal 46.- For exanple when -control.signal K= 0 then-0 times the signal
frominput termnal 42 and (A-0) = A tine§1?ﬁe si gnal fron1|nput t er m nal
41 are 10 ~conbined in adder 44. Wen control ‘signal - A then A tines
‘the signal frominput termnal 42 and (A - A) 'O'tlnes t he signal fron1'
input termnal:41 is conbined in adder 44. At~ internmedi ate levels of K,
varying proportlons of |FﬁﬁHRE|@nalku$tnmte5rn1haaastgraﬁun¢21anef@ﬁn&hﬁed

n 15 adder drdls RHAD é‘eﬁéaf%f 561 1be ahemhaé&a&was ehidaindnt

frominput- termnaﬁ 42 err from i nput

terninal 41 aRf &ilntentioptshown in Mrf-hah Y!B#ﬁhe#é%ﬁé(ﬂ-?tes the
proportions ofaﬁche Immémgwlsoﬁéeemnwedme ndd @d4rvé0duplicates A

control signal erato havi ng. t he:transf n,il fed in
FGRE 4° b8 PR on ehERR h ELustR G R £
converter ill marumtmm mx@éﬂﬂﬁn Zthatnasnl:nlmuniovall.aesofnnsdequallnu:@rI aced

_converter, a i é@g¥a bet :
verti cal resolutlon ar|S| ron1 I ne #ﬁ aﬁ%?ﬁ?eéhgﬁg signal s;
and notion i nbresesged fmnerkmdvhels %@Wrﬁﬂbﬂeédéaégeadﬂ-fifﬁgen&‘@m frs d

del ayed -i nt erﬁéttéc'i'leé' Iifbwever) LT tRESE dﬂfféfeﬂEEQr BrBeedalliely pyor 30

unchangi ng- i rgges t er cent au e of line interpolated interstitial Si gnal
shoul-d. be no sehey somgy ‘F%griﬂéﬁgf’ﬂgmﬁfaﬁ@se?‘Rér&@P&eﬁ’t'age :
shoul d be no Imdsamw/dxzﬂveBﬁ@mncslmevdlﬁéebeneeylmywmmhm be\/

caused by;no“%%fféréﬁggngléﬁafqﬁﬁxn‘nedva SéhSBr%eEB%h %h%e%o a
dlfference of 2 IRE un1ts over ‘the 1mage scan -time
interval (see Table I above), this degradatlon is qulckly
e11m1nated by larger 1mage changes.u'

Large vert1ca1 tran51tlons in unchanglng 1mages _
result 1n fllcker if there is an 1mage dlfference caused by
noise. Thls nolse is more visible in the brlghter areas of
the vert1ca1 tranSLtlon than it would be in the darker

fareas.' An attempt to m1n1mlze thls degradation in lmage'
guality entails'detectlng vertical detail energy and
'modlfylng the transfer functlon based on the level of
detected vertxcal detail energy. As an increasing level of
vertical detail lnformation is detected, the minimum level
Kf of the control 51gna1 K. 1s decreased from 36/128 toward =
0. Thus, as vertlcal detail energy 1ncreases, more field
delayed s1gna1 is mixed in with the 11ne 1nterpolated
51gnal to form the 1nterst1t1a1 51gna1.- -
In accordance w1th the . 111ustrative embodlment
of the 1nvention shown in FIGURE 2, 11ne 1nterpolator 60
supplles at a second output terminal a vert1ca1 detail
1nformat10n 51gna1 vD (indlcated in phantom) whlch is

_coupled to a second input termlnal of control s1gnal

generator 50' ‘Control 51gnal generator 50' exhibits the
transfer function illustrated in FIGURE & and is modified

by the level of the vertical detail information signal



35 i mge difference signal .output froma notion detector, is noise in an
unchangi ng i mage or a notion-induced i mage difference in a | ow contrast
image, Thus, a selection of 36/127 or 80/127 may not be correct for every

i nstagge. -12- FIGURE 8 illustrates a transfer function for the control
si gnal ‘'generator 50" of an illustrative enbodinent of the invention (shown
in Figure 2) which alleviates the above propisﬂlto sone extent. The heavy
curve,duplicates the transfer of function curve illustrated in Fl GURE 4
with the exception that a mni numvalue of Kf equal to 36/128 is
established. = Unchangi ng i mages thus are processed properly when | ow val ued
i mge differences. are, detected., However, if these differences are caused
by image notion,SYPRIIednEremBqlingt 1BheFRP1IBECEXBBri enced. Because the
curve reaches a K val ue of rEQURES7 WRIustRgtedi &f 2ifi8CEntegpoalabbrasoawhich
val ue correspondiqg to a défferﬁﬁceeﬁf ﬁ | RE_uni.ts o¥e& thg Fg& e_scan %ine
i nterval (see'ﬁﬂﬁ ?355%9 )}nt g 3? 8§tyﬁﬁs?gnqﬁ C P? P aﬁganﬂf

| ar ger i mage champeintéxlaeedcconverteranilustrmated dincFAGYREQ2i.nadhe input
result in flicker if there is an .inmage difference caused by noise. This
noise is nmore visible in.the brighter areas of the vertical transition than
it would be in the darker areas. An attenpt to minimze this degradation
inimge quality entails detecting vertical detail energy and nodifying the
transfer function based on the |evel of detected vertical detail energy.

As an increasing level of vertical detail information is detected, the

m ni mum | evel Kf of the control signal Kis decreased from 36/128 toward O.
Thus, as vertical detail energy increases, nore field delayed signal is
mxed in with the line interpolated signal to formthe interstitial signal.
| n~ccordance with the.illustrative enbodi nent . ' '



- of the invention shown in FIGURE 2, line-interpolator 60 supplies at a

secoind output termnal a vertical detail iwmfgemation signal VD (indicated
.in phantom) which is coupled to a second i nput term nal of control signal
~generat or 50" Control signal. generator 50' exhibits the transfer functi

il lustrated tienﬁxﬁRB 8isndoupleddi6i ad ﬁyxpultetlee:nahad.f ofha ldmie cal defHi |

|nfornat|on ed4fr I 6 GURE 7
il lus{rates a I 'ne |rgeﬂ%€]a? Qés ﬁ% ﬁﬂh kQ E&%% %éﬁr q Ebnlver5|on
of the doubltemrinmks %nmtéﬁiﬂa&e&cendeat §F1btlrla§§t°|ra16éd .mnmm The

i nput '1%£fﬁ¥ﬂalﬁﬁf7iiﬁeCﬂﬁﬁéﬁdaiodémaynB!Emkﬁ&ﬂ%ﬂahsoko%ﬂﬂ ﬁJnerva
del ay el enment 61, and res rye I rst- Egg termnal s an-a 62 and

a subt r &t oFSFPECHVSY & on e?‘ﬂ?ﬂ’él tﬁFmP'P i F?tfeP@QFrdé a?néil ement 61 is
_COupI ed to subtnespst i 64. SeARNdutpt! teenihaadl o foldddde 263 sardupallg act or.

o o murt 1 B8 A RTBlg e PLIEE, 85 i fR BhENibDi8o°3R B ﬁ?faﬁi‘#%&t%t
term nal of iyt reeoninal tbplopechatfs aAni gn&pu[tertle]rmm&h oifs soaldlmer to
~an 10 inpy ntbv.?'.{l”i‘.r?é prodndes! a CQg&hﬁfr I40wf1§.e§1 Ehgéﬁﬁpta éﬁé 91“t put

term nal of subtractor 64 1s _couple roufh [ ow pass

absol ull® valifPut kermingl of ofignal FPPPéPe€54Qttéﬁ@éfé§uﬁﬁe2§pecﬁmm

portion of tdiﬂ:prﬁ)lﬁemm@i &\ElﬁﬂbﬁﬁéﬁﬁkaGQ-OﬂbabB&pQQHO'ﬂﬂ%% low
i nf or mati on, IeaV|Q%ao Iy verf det ali sol ute val ue

nf,or ma
circuit 66 é’ aqle]st?s ﬁ?g‘égﬁt E;ufélhglﬁ&b'ﬁ%t gge o P3RS ti cal
det ai | |nfommmmer1esuhttenmmpeedthe spectnalrpbrtngnabeQMQrdh@MtSO' (of

F|GURE 2) signal which normally contains chrominance information, N _
15 leaving only vertical detail information. Absolute value v/
circuit 66 generates a signal VD representing the magnitudé _
of the vertical detail information and is coupled to the:
control s1gna1 generator 50! (of FIGURE 2).
- FIGURE 9 illustrates a control 51gnal generator
. 20 50' which may be used 1n .the phantom version of the circuit
illustrated in FIGURE 2. In.FIGURE 9, signal VD from line
interpolator 60 (of FIGURE 2) is supplied'to a subset of
address input terminals of ROM 59'. sSignal M from motion
detector 30 (of FIGURE 2) is supplled to the remainder of
25 the address input termlnals of ROM 59'. Output terminals
of ROM 59*' produce control 51gna1 K and are coupled to
signal combiner 40" (of FIGURE 2). ¥ _ T
~ In operation, ROM 59' has a plurallty of |
_ different.transfer function curves, such as are illustrated
30 in FIGURE 8. Interframe difference signal M addresses a
| location hav1ng the correspondlng value of K for a selected
transfer functlon curve preprogrammed into it. This ,
control signal K is supplied-to the signal combiner 40' (of
FIGURE 2). Which transfer function curve is selected is
'35 determined by the value of the signal VD. As illustrated
- in FIGURE 8, as the value of the 51gna1 VD increases, the
minimum value Kf of K decreases.



FIGURE 9 illustrates a control signal generator 20 50" which may be used
in the phantomversion of the circuit illustrated in FIGURE 2. In FI GURE 9,
signal” VD fromline interpolator 60 (of FIGURE 2) is supplied to a subset

of ad cess input terminals of ROM59'. Signal Mfrom notion detector 30 (of
FIGURE 2) is supplied to the renmai nder of 29944 he address input termnals
of ROM 59’ Qutput term nals of ROM 59" produce control signal K and are
coupl ed to si gnal conbi ner 40-' (of FIGURE 2). In operation, ROM 59" has a
pl uraltity of different transfer function curves, such as are illustrated 30
in FIGURE 8. Interfrane di nce si gnal ddresses cation vin '
the correspondi ng val ue of ‘1{9 zf%oellr& "e]tf'l'\ﬂ{%.ﬁ?stfle‘@ ?ﬁ?‘f \%F thg
preprogranmed i npresentTHinvendriton pexitpin 4o ithes upmlinkean tiensfenal

conbi ner 40" (of r é&]ﬁf I i

det erm ned: by thgﬁ\&/‘%(gr%% t\geElgfb qé/.[?e in lll% %’{f’% In %Cﬁé?%l Igséé
t he val ue of the%momtm@agég conatantiknin Buch 4 argnrgr kthat an

decr eases. ThepdnRa itiaddd£1S Wetlveth TS fEdte d)iff&eer%@seﬁkstion)
invention pertain tq the nonlj n,ear transfer. function relatin

L or Ty ome dl £ £ oAEkdS abts And A s o ok A B § kAo LeS8 OR, YRrEHEN. o
-mann?r t hat Sn omﬁ.m&yﬁem‘ﬂ;}éﬂﬁm&g rrjsniletréx ammgmﬁééﬂ%?)m
artifacts an mtg{g | Slé @{ ve esol utio
artifacts result$ q%% n{iﬂ cf ﬁ? %‘? ?}5}% % ¥ aratlon
| umi nance/ chr om mammmmm@m%sﬁm aetdier
conversi on, ot 'he Sﬁ{i‘da‘iﬁtdr@%d '%:H’ﬂt?'lx*ﬁgﬁxfiﬁémdi’fféfé esf%l?é‘ﬁsc&ﬁ”

affect visible a ve praocessi r‘lig SO use the princip
i nyention advant asEeed yrlslble a aptlve processing may also use the
N/

pr:mc:.ples of the 1nvent10n advantageously.



-15- CLAIMS: - 1. A video signal processing system conprising: an input
for receiving a video input signal to be processed; a |line processor
coupl ed to said source for providing a |ine processed video output signal;
a field processor coupled to said source for providing.a field: processed»
vi deo output signal; a notion detector responsive to said video input =

signal for prOV|d|ng a notion indicati®sg signal; a control si gnal generator

responsive to said notion indicating signal (M and having a given

| nput -out put function for generating a non-linear blending control signal;
a blending circuit reeégﬁﬂﬂghlto sai.d bl endi ng control signal supplied

thereto for bl-ending said I|ne and- fleld processed V|deo output S|gnals to

provi de a bl ended vi deqQ out| nal,; nd a vert cal %all g .
det ect or responsive tosajd &d? FERCTT ?ﬂo%Yﬁ ?FFE&?g

~detail indicating 5|gnah,rnput(ﬁmnrndcemgﬂng ‘genaded oinfret ngignapohei ve to
sai d vertlcaL d§§@b' gg!catlng signal for nodifying said input-output
function of Saif control 'si.gnal generator in accordance with the vertical
detai|l content of sai davild@e pPyeRessiomAoupled o \gaid seunae fevcessor as

recited in C?ﬁb&héiwﬁeheu&n%abidaagééd ~HdEB o GHeE aéfépéf responsive to
a

said vertic det ai | ndlqatln for.increasin ort|on of
field processed video & §Helg g’ 9% GRP ARG &P :b%ts ’1"5 8§_ t he
vertical det prbvianhqnta cffieaa dmacmetdwmﬂdéb gm&pwcsiagﬁals, - -16-

a motlon detector respon51ve to sa1d video input
s1gna1 for prOV1d1ng a motlon 1nd1cat1ng 51gnal, ,
a control 51gna1 generator respons1ve to sald .kJ
motion 1ndxcat1ng s1gna1 (M) and hav1ng a glven ' '
input-output function for generatlng a non-llnear blendlng
control signal; _ _ '
a blending circuit responsive to said_blehding-
-controllsignal.supplied thereto for blending said line and
field processed video output signals to provide a blended
- video output signal; and |
a vertical detail signal detector responsive to
~said video input 51gna1.for providing a vertical detail
indicating signal; o .
said control SLgnal generator belng respons1ve '
to said vertical detail indicating s1gna1 for modifying --}n
said input-output function of said control signal et
generator in accordance with the vertical detail content
of said video input signal.

2. A video signal processor as recited in
Claim 1 wherein said control signalngenerétor is
_respoﬁSiﬁe to said vertical detail indicating signal for
increasing the proportion of field processed video signal
in saia blended,video output signal as the vertical detail
_ content of said video input signal increases.
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3. . Avideo signal processor as rtecited in Claim2 wherein said control
.signal generator conprises a read-only nenory having first address inputs
¢to which.said notion indicating signal is applied and having second address
i npuil,s to which said vertical detail indicating signal is applied and
havi ng outputs for providing a digital manifestation of said non-linear

. blending control signal. 4. A video signal- processor as recited in Caim
1 wherein said blending control sigrdé-exhibits a mninumvalue for
relatively | ow values of said notion indicating a signal and:wherein said
control signal generator is responsive to said vertical detail indicating

signal for controlling gsaid mn.gum val ue.of said blending ¢ trQI S|gna
5. A video signal processor g; g%?tﬁﬁgpﬂlcPﬁPﬁFTSEEWﬁﬁl§gﬁ %FF
conpressi on riaism f2rwheéeneinospidssonyrolnsignalsgederatior conptlsegnal ‘and

d bl ended L.gn h_RR f l.nt.erle tlne
'zghpresgng|€%§?%°ﬁ¥& Lﬁgfg,QLV§H§5|ve%§ %@ggﬁgﬁ thgggoék apiﬂﬂ ﬁ
A vi deo si gnatotkon ctndicatibng aﬁ;qaalylasanpleedbendr bawingr SBGQndq th

reference -t o i S{RBues Ebgﬁﬁfcﬁ éQE&UG‘éPﬁ:.EHQ aaéaiiﬁhhuﬂ%a@{% or to
the said version of Figure_ 2 to ure
signal is "applied hav1ng outguts for prov1d1ng a
digital manifestation of said non-linear blending control

signal.

_ 4. A video signal processor as recited in

'\“’ Claim 1 wherein said blending control signal exhibits a
minimum value for relatively low values of said motlon
.1nd1cat1ng a signal and wherein said control signal
generator is responsive to said vertical detail indicating
signal for cdntrqlling said minimum value of said blending

control signal.

5. A video signal processor as recited in
Claim 1 comprising time compression means for time
'compressing lines of said video inpﬁt signal and said
blended video output signal and switch means for
interleaving the time compressed lines to provide a
U '~ progessively scanned video output signal.

6. A video signal processor substantlally as
herelnbefore descrzbed with reference to the version of
Figure 2 including €he phantom line (VD) or to the said
version of Figure 2 together with Figure 7 and/or 9-
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