247377 MOT| ON SI GNAL PROCESSOR Thi's invention relates to notion si gnai
processing systens. 5 A recently devel oped vi deo si gnal

( processin
for use in digital televisions uses |arge nmenories usually and, ﬁb%¥§é§ﬁzz
- obtain a good quality of the displayed i mage, has frequent use of frane

menori es. The video 10 si gnal- processing systemutilizing such frane
menori es uses conb-filters so as to easi Ig separ at e the | um nance signals
and the chrom nance signals fromthe coffpdsite video signals. These
conb-filters work well for still inmages L RGeERgorcoNnt ai n | mage moti on. .
However, it is 15 a di sadvanwﬁﬁé’o@mﬁﬁ Ique that, around -
“notion areas; artlfacts appear. which greatly reduce the. quallty of - t he

di spl ayed image. In order to ayoid_s e @dﬁétpanoslghah rmg@cmw%
notion.areas, it bedvkesinEeBELqPy g%ts&wgt% fromthe frane conbed signal

~t.o sone kind of itution signal that provides a better quality than the
frame conbed <Si3ghar. There '

have been. proposed two nethods for
~achi eving g he swi tching operation between the

t 19} Scegding - spsten
~hard switching techgi ﬁéaeﬁﬂdyt Ideveﬂ-né'ﬁdavé-éﬁ" s%\%%%h %techm '

The hard switching,- i hiisi®ns msesohaagﬁeﬁﬁpeﬁle%agsgﬁ}y two
states (1= notfern ‘&?%alrb J(é-r% t%i@ g

RER -are RS i etneddaselsty&@es
Therefore,’ vvhegnahl anhamﬂeawtfch?hba%g Bm P%he? Y new de

erence |n re i’% £’:[‘n et;uehn frmefmwreicﬁﬂ)ed
Si gnal anggt hess_gbsarll tm‘¢©¢%$1‘3$ better: aggalthtey 1um1r££’ﬂ&é'ler
very notlceabl es comb-fllters so as to easily separ

~ '51gnals and the chromlnance 51gnals from th: ;::p:iizi
| o v:.deo s:.gnals These comb-fllters work wel o s
:Lmages whlch do not conta:.n image motlon. Ho:iznd,mOtlon

15 a dlsadvantage of the above techm.que that, a N

[4

of the dlsplayed 1mage. :

In-order to avold such degradatlon of the image ni::
R as, it becomes necessary to sw1tch from .
. mOtlon c:;:ed'51gnal to some klnd of substltutlon s1gna1
f:::':e prov1des a better quallty than the fr:::n:Od:om:ii
s;Lgnal. - There have been proposed two riwo SIgn_als'
achieving the sw1tch1ng operation between the ot

25 | - one a hard SW1tch1ng technlque and the othe

.switchl,ng te_chn;gue. A
, Cas the of _motion
.. The' hard w1tch1ng, as the result of o motlll
. = s
detectlon, has only two states (1— motlon area or . thls
30 Therefore, when o
termedlate states.
30 area) ‘with no 1n of the
hard sw1tch1ng 1s employed a new degradat:::n e
degrada ion o
| 1 be 1ncurred. Thls
dlsplayed 1mage w:.l oo
1mage is ba51cally caused by the d).fference in resotu >
ution
between the frame combed signal and the substJ.: able
ice: _
35 s1gnal of better quallty Another very  no |



-2- artifact appears when the substitution signal consists of a line conbed
signal. In this case, hanging dots appear al ong nmovi ng hori zontal
“transitions. 5 This artifact beconmes especially annoyi ng when the

I mge contains alot of noving high frequency detail, and the system
therefore rapidly switches between the two differently processed signals.
10 Therefore, for a digital video signal processor, it is desirable
to have a soft switch which provides raﬁual transitions between moving and
stationary portions of the picture. . gener al nDtlon si gnal processing

system for fﬁgﬁ%?g%ﬁéméé ‘tglteaﬁﬂﬁs@l't'ug;l %ﬁe@&ﬂg‘e»&y ofown 15

in Figure npanyi ng grammatic dr aw ure 1 is an
exenpl ary a 14ing reanbked FigRal. b ¥nn‘é’c1116n°§$§na¥1a§ﬁlléadé‘|° s amp@drer, for

full bit rgqtdr@nnﬁj‘gnﬁj HEOCAS A traddig tidrgst rat ed notion detector 100 and
20 control “signal ~ spreader 102 should respectively . -be replaced .by -
a notion detector for producing full bit notion signals and a K val ue
genergtor for geiiey aérﬂgfa(ct'abeesmeé @esfp@c]:.am& annoyiridewpenertgie noti on

si gnal processm stemjr cI ud nt I t].0 ctar, 100 for
det ect i ng 15 oﬁ%ﬁ%ﬂ &% o™ iﬁ%‘ slhtq gggug?‘gcka:ae%% 5}5%

control srtgueal sgstemdd:rhémﬁdm papadéyl r&}mﬁcé'leﬁ)t beltwseglnatbeprtmn ded from

t he noti o& lﬁlﬁﬁ' ajdenerate-a spread control signal of

'K and 1 val ues. her rmre a spatlal processor 106 spatially processes

the conposite: vi deo’ signal |nput by -using.. ‘l.ine:comb-filters and a

tenpagal  pr OCGMrefjel:(e tEﬁ‘H}.Ora'ﬂdi/ Pt@PeﬁﬁdiéotBQgﬁelfppi-bbés‘elo@QO iz gnal

I nput " by.- u5| fra % corrbﬂltet\r The re§1 ectlye.out puts (?lf t he -
s:.ra e o ave a sof sw1tch whic

spatial provides" adua \J
' .trans:LtJ.ons between mov:.ng and statlonary port:.ons of the '
'plcture. A general motlon 51gna1 process:.ng system for
implement:.ng thls soft sw:.tch:.ng is’ as schematlcally shown_

15 in Flgure 1 of the accompanya.ng dlagrammatlc draw:mgs.

Figure 1 is an exemplary illustration of a 1-bit

motion signal spreader‘. However,_ for full bit motion

i “su;nal process;mg, the 111ustrated motlon detector 100 and

2_0""": control 51gnal spreader 102 should respectlvely be'

""" Feplaced by a mot:l.on ‘detector for produclng full bit

"motJ.on s::.gnals and a K value generator for generatln_g K'
values of 0 to 1. '

25 ° . The general motion s:Lgnal processing system iriclud'e_s."
| essentially the motion detector 100 for detecting motion
.s1gnals from the compos:Lte v1deo s:.gnal 1nput and the
control signal spreader 102 for proce551ng the mot:.on
"51gnals provided  from ‘the motlon detector 100 so as to

30 'generate a spread control 51gnal of K. and 1-K values. |
' Furthermore, a spatlal processor 106 spatlally processes
the ~composite v1deo s:.gnal -lnput by us:mg ‘1line -
comb-filters and a temporal processor 116 temporally
processes the compos:.te video s:Lgnal 1nput by u51ng frame

35 comb-filters. The ‘respective outputs of the spatlal )



- 3- processor 106 aihd t he tenporal processor 110 are nmixed with the control
si gnal output of K value and 1-K val ue provided fromthe control signa
spreader 102 by virtue of multipliers 112 and 114, respectively. 1In this

case, the 5 control signal is of [err]. - The respective outputs of the
multipliers-112 and 114 are m xed by neans of an adder 116 to produce
notion processed image signals. In the mean time, since the conposite

video signal input is delayed during processing by the notion detector 100
and the 10 control signal spreader 102, delay circuits 104 and 108 del ay
the conposite viplsecassonl 106n@And thbeet@nippmlprmtmgrmmeﬁilm rere nmbxedr

to match the deloyaq £Agt pahesedndsdl de Ko KU Ut B O Pl 3

t he spat i al pr ocessor or a I ocessor ure

t he ‘acconpanyi ngerpeifedrErer %wqx@arqls Sa-gmladcﬁpapééﬁéfnﬂ-gﬁohynglékuﬁpbés :
of the Structur%ﬂ;}ti i 8P | ik dpt@cipf, %@é@timycontmltﬁwnéésépr%éer

102 according to t nown prior -art, i a ference

circuit 118 ecé’r%‘?%e‘%ﬁﬂﬂﬂos‘ﬁ é’fvroégé]sr g'ﬁ&? BFSPﬁﬁFﬁgﬁc‘éuEPBFrﬁl of othe
detect the noti qlnxphiﬁtpiefselm gl . het ween mikedeBy méaﬁﬁabfaén|@&d9ﬁ3£16

filter 120 spatigal | filt the fr diff ded
Fromthe frame A (ETRANESCRPEAFT. FROSRPSRd (i OTRES 25 Litires

di fference si gnai:.mm,d siencel d:het hmmpdsmtesngrdaeo s\ngnbsolmpatvalsreielapedt
122 produces abs gebg 8‘%—& h f&g{réé@ rsriebtd ag h
ues onpar e P oI d

filter 120. The a predeterm ned-
val ue by a ldbnpmtxonzmqnabhsggﬁedereslqzwe c!ﬂ)lay 1Cb¥'1=utbﬁt oK sarghalos

accqrding to thee afthaoncomihgitet h@ldéob'élgﬂa)ﬁt putSi gRaket! b§pr§ad
by ‘& spreading processor 126 and the K val ues are thén generate

val ue “‘gener at or PEsetagnined thme inaprdernifermasrhi Migudelayed contr°1'
' s:r.gnal of K and 1-K values ‘with the outputs of the spatlal

, processor 106, and the temporal processor 110.
' Figure 2 of the accoinpany:i.ng di’agraminatic drawings is
a block dlagram show:mg examples of the structure of the
‘motion detector 100 and the control 51gna1 spreader 102
AR accordlng to the known prlor art in wh1ch a frame
20 difference c1rcu1t 118 recelves the comp051te v1deo s:r.gnal
or lum:.nance signal to detect the motion dlfference s:Lgnal
between frames. A spatlal low. pass filter 120 spat:.ally'
_ _ lowpass—fllters the frame difference signal prov:.ded from.
— - the frame d:r.fference c1rcu1t 118 so .as to smooth the'
25 motion dlfference 51gna1 and restr:rct the color signal.
An. absolute value c1rcu1t 122 produces absolute values of
: the. s:Lgnal output from the spatlal lowpass fllter 120. '
The absolute values are compared with a predetermlned
threshold value by a comparator 124 which generates the.
30 1-bit -c_on_t;_rol_is:l.gn_al -a_ccor_dlng_ to the comparl_s_on. Thus, -
| '_the 1-bit control 'signal is spread by a spreading
. processor 126 and the K. values are then generated by K
- value ge_ne_rato__r_.l32_.,_____Here_J_.n,_ the K values have cohtlnuous
'V_al.u,es_.of: _,;O_sKg'i:in_. which_, when a'.'l'( value is 1 ,. the motion



values of [err] in which, when a K value is 1, the notion -4- of the

i mage is very significant, and when a K value is 0, the notion of the inmge
is zero. Since this wprior art notion signal processor 5 forcefully
perforns the spreading process centering around a detected notion signal,
regarding the detected 1-bit notion signal as a notion signal (K= 1) in
which notion is very considerable, the notion signal can not be spread

adaptively. Accordlngly, when a - lot of noving 10

hi gh-frequency detail is processed, th® degradation of the displayed inage
can not Dbe: avoided- successfully. Furthernore, when_ inmage signals
contain i n@ﬁl%’éenm%‘i% is Repsigd fisants M‘,‘ﬂ wbem acBn¥ailvedigsOwmot i on

si gnal s anghéhﬂgt§gheag|ageoimagg ggdesi-ped i mage signal s occurs. 15 In
addition, since this structure detects.only. notion signals .correlated to

the time axis direction. in accordance with only the frame difference
signal, the noginsesi gmaJs hz;a::ldxttlﬁspambahonor rdleatsilon. prdbeseber e, it

accor df ng TOF CREHEY BAF LY ERE I AR SRR B RBRELCBREPREng, aund

“invention @i d\ettccmedvlmm:epmosngnail,grmtamwhﬁ gietmotest]i hgbabt i on

Signal's DinéitibhZufgndi bl 80abEbn® IBRT RO NEY BhIA Spbps oV de 2
m |

mot i on . signal processor f-aci - tati '.not .only-hard swtchin ut al so

soft switchervery cpnsiderablec. mumtvswgrm%n% 637 N9t be spread Anot her

a:c m i si t o iayy tﬂeeﬁy[mt'0“A§b8£é%n§l99€siﬂfeﬂm'§h dnsect s];a RV iHg val ge |
So 2t o FARhCE adteRey e et T S miecasad bR dedrAgardet propte
- . - displayed 1mage can not ‘be “avoided . successfully. N

.Furthermore, when 1mage 51gnals contaln 1mpulse noises, - i
" the impulse no;ses may be’ mlsconcelved as motlon 51gnals
and thus spreadlng of the undesired 1mage s;gnals occurs.
15 In addlt:.on, since th1s structure detects only motion
51gnals correlated to ‘the time’ axis direction in
accordance w1th only the frame difference sxgnal the
motlon 51gna1 has little spat1a1 correlatlon.: Therefore,
it is dlfflcult to process the motlon 51gna1 spatlally

20 _adaptlvely accordlng to the motlon area. ' |

| Preferred embodlments of the present 1nvent10n aim to -
prov1de a motlon 51gna1 processor - for spreadlng motlon‘
51gnals by utlllzlng 1—b1t control 51gnals.

25
_ Another ‘aim is to prov1de a motion 51gna1 processor
for facllltatlng not only hard sw1tch1ng but also soft
”sw1tch1ng by spreadlng the motion 51gnals spatlally
30a_ Another aim is to prov1de a motion 51gnal processor

i whlch detects a max1mum ‘value of motion signals by means
of a frame difference 51gna1 of an image window so as to
prodpce 1~bit control signals accord;ng_to.the result of'

_ comparing the maximum value with a predetermined threshold
35 value. | o



conparing 't he maxi nrum val ue with a predeterm ned threshold 35 val ue.
-5- Another aimis to provide a notion signal processor for spreading
notion of the inage signals, according to the presence of a 1-bit contro
signal obtained by conparing a frame difference signal of full bits with.
a 5 predeternined threshold value. Another aimis to provide a notion
si gnal processor for detecting an area of the notion signals thereby to
adaptively spread the notion. 10 Another <isn+s to provide a notion signal
processor for spreading notion: S|gnals di agonal Iy again which are spread .
hori-zontal ly and venAmohhéy anmeusbyotprbunﬁhem ﬁmmmdntsmgnaﬁlpmpsegsers.
15 Anot her aimi a n S

for © ?i—@é{fﬂﬁg ﬂ’o‘%&oﬂ 9L Eﬁggg §§bnh’is 4 a%bcfnfirﬁfhe

nunmber of a control gha é@ﬁlnlﬁlz as t
structure of thetfs%'stmfﬁsg!pe ° aAnét“ l"'—aFﬁTIFE'Oilo ﬁigmiéle ab N‘@ﬁ by

si gnal processorcyfi H% h'%%%melaﬂffé¥3néé”s1$hél QﬁrfﬁglaHWHs(%hﬁhgﬂa|

process, SO that resp 1ve har dwar e_ may enbodi ed si nply.
Anot her obj étt iRFedetermined Hhpssheld %%%E?ally spreading -a nDtlon

signal over a specific value by detecting the maxi mum val ue of an image
I Ddow and e ok ShBheP! 858518 sLoDRSRANSY HEA Wl e gl Lhe
spatial notion afer détebeingt iaon aremabf Abheombitipn tsighads mehy to
Lgéggtlon tr“”éhaﬁé&$&f¥ éﬁ?@éﬁr@ﬁécﬁbéigﬂal processor for spreadlng

10 , _ : _
' : Another aim is to prov1de a motion 51gna1 processor
- for spreadlng motlon 51gnals dlagonally agaln which are
--spread horlzontally and vertlcally, thereby to further

~

smooth_the mot;on151gnalsr:_'
15 - o |
_ Another a1m is to prov1de a motlon 51gnal processor
in whlch a step number of a control 51gna1 1s optlmally
mlnlmlzed so as. to 51mp11fy the structure of the system.-

20 '_;. _ Another alm 1= to prov1de a motlon 51gna1 processor.

| g_whlch utlllzes 1-b1t not full bit, durlng a motlon 51gnal

process, so- that respectlve hardware may be embodled
simpiy;f '

2_5_,” ' "'Anothﬂe-r object 1s to provide ‘means . for “spatially
| _spreadlng a motlon -51gnal over a speclflc value by
;detectlng the nmx1mum value of an 1mage w1ndow -and a
motion s1gna1 processor for reconstructlng (or presumlnq)

_ the mot;on adaptlvely_by using the spread motion signal
30 according to the spatial motion area of the motion signal.

According' to: the present invention, there is
provided a motion signal processor for spreading video
image signals of a motion area of an image and smoothing



i mage signals of a notion area of. an i mage and. snoot hi ng -6- a beundary
regi on between said notion area and a still area of said inage, wherein
sai d processor conprises: means for generating a frame difference signa
fromb5 an input video signal; spatial |ow pass filtering neans for -
filtering said frame difference signal and producing a spatially | ow pass
filtered signal; 10 absolute value producing neans coupled to said-
spati al Iom/pass filtering neans for- produci ng an absol ute val ue signal,
sai d absol ute value signal being an abkofrute val ue of said spatlally Iow
pass filtered signal; 15:motion signal nggadlng nmeans . cou Ieg

sai d absol&it BOURGAKY rpﬁ‘-’o‘d’&bl%t nsaid 1901 9%RR Eghd adl ng
means bmlﬁkéﬁmﬁﬁbssldOlﬁa@duceherépﬁe@dldnproeessgnabomp&&sdsspread nmot i on -
signal - bei.ng produced by 20 - spreading a degree.of:.image' notion present:
in pixels of said notion. area anDngst adj.acent. pi.xel s of said inmage by .
processi ng sai ckneamgefmrt generatimgea \ﬂrad\evvda:fcfemnmw:ggwaah firodow
posi tion [ g [irbuting a nmaximum notion value to -a

pr edetée)r mvﬁnﬁegﬁ'%égl glagﬁ gigﬁéid | mage wi ndow, said maxi mum noti on

val ue being determ ned by a hlghest noti.on value of either: said

predet er m ned péﬂ@tlaisfb& Bassaffiw&aﬁaa ateaasheroxplfﬁ@eﬂﬁ&waw d i mage
W ndow and .. not | on, f act- or eneratl ng nean gener at i ng notion .

factors ba%”é%}“%ﬁ%lff%%?ﬂ‘%?)r%‘z%‘% P§P&H$Im P?e?@?‘é'b?g Y %‘avopa%t i on
signal  sprEpckred gf@ﬂ§1¢onpr|ses e

10
o | absolute value produc1ng means coupled to said ;-)
spatlal low pass fllterlng means for produc1ng an absolute ' |
.'value 51gna1, said absolute value 51gnal belng an absolute
"value of said spat;ally low pass flltered 51gnal,
18 S

"motion-’siénal spreadlng means'*coupled7 to said
‘absolute value produc1ng means,' said motlon 51gnal
spreadlng means belng operable to produce a spread motion
51gnal said spread motlon s1gna1 being produced by
20 spreadlng a degree of 1mage motlon present in plxels of
' said motion area amongst adjacent plxels of sald image by
processing sald 1mage w1th an’ 1mage w1ndow and at any C
given window position within said 1mage, attrlbuting a o
maximum motion value to a predetermined pixel within said
25 image window, said maximum motion value being determined
' by a highest'motionfvalue of either: said predetermined
' pixel itself or, a function of other pixels within said
image window; and = - . - T
30 motionffactor'generating means'forfgeneratingdmotion

factors based upon said spread motion signal.

‘Preferably, said motion signal spreading means
comprises: RN . S
35



85 . ‘-7- & mexinum v: .
_ e TR | ue proc i

pr oeduci ng nméans,. va processing neans, cou I

sai d i mge wﬁndoW/;ﬁg gg?ffzﬁiﬂg | nput abSOIutepv:?ugos}gﬁaﬁgsg|Ute val ue .-
pi xel. of 5 said inma i'ng sai d maxi mum not i _ y neans of

: ge wi ndow in ion value to a c
centre pixel and said o accordance with not entre
_ ther bixel i on-val ues of d

spreading means may f pi xel s wi thin said wi ndow. S sal

to the maxinu y further conprise: 10 ac aid notion - signal
val ue DFOV|deg]¥?Lﬁ$tﬁroceSS|ng means, f-or7 co”ggpﬁaatﬁa operably coupl ed
-~ reference level; and 1§ maximum val ue processing negns e maxi mim not | on

constructing said $prZ8 Efim)tﬁﬁr gﬁaﬂ%e@mec@dmed“?%“?he o gerﬁigréetﬁ?m ned

S

Comar 1 maonuve raman oy SRR IR 1o T Le
~val ue signal Xlgﬂtg: g?a%esiiqhams bwameap§r U;I Roegs ?glgioweand

maxi mum ot i onauai—ﬂbu‘glnggﬁaitg Ilgjﬁt els 1?1% @i&ﬂaiaﬂ,ueﬁso asgegg{:engs%lg'it 5

val ue del ayed 5| a al d “absol ut e .yal sai d

sai d conpa?at of § lﬁagéndlngqupixy|acg:og%arbcthmB%#D%;r?gﬁlluasd oibsglldt e

a plurality of ; Beferapiaelso sadg, Wi -
Vfi' ue sel egtloﬁeﬁgﬁgp&g:l&é fgins and I'”ebje' ay xans%nd sa.sd”?é corrpr| se

i mu

Prurality of inputs gd am%lewr{e Q&uewﬁe%%'n%” Ak h%\éyﬁg ﬁlxrtrLuenr

: comprlse..

10
maximum value

a, comparator,:operably coupled to the
mbtlon value

for comparlng the max1mum
um value proces51ng means W1th a

and

proce551ng means,
prov1ded from the maxlm

.predetermlned reference 1evel,

' an area detector coupled to the comparator, for
om output 51gnals_

constructing sald spread motlon 51gnal fr

: of,thewcomparator,:__”__
20 . , Preferably,_xsa;d_fﬁa#imum'Hvalue proqessinq_:means

comprlses.
- .a. max1mum value selectlon means for'comparing said
lute value 51gna1 w1th delayed absolute value 51gnals,
max1mum motlon value a hlghest of said

nal and absolute value delayed 51gnals,'
value to said

N abso

| 25 selectlng as sald
absolute value sig

and _supplylng.:sald.,maxlmum_ motlon

comparator. .

processxng ‘means may co prlse a

a 1ine delay means and
sa1d max1mum value

Sald max1mum value
plurallty of . sample delay means an

sald max1mum value selectlon means,
ion, means hav1ng a plurallty of. 1nputs and a slngle

30

select
output, wherein:

- 35



35 -8- a first input thereof is connected directly to said absolute ,
val ue produci ng neans; a second input thereof is connected to said absolute
5 val ue producing nmeans via a first sanple delay neans; a third input:
thereof is connected to said absol ute val ue produci ng neans via said first
sanpl e del ay neans and a second sanple delay neans; 10 a fourth i nput
thereof is connected to said absolute val ue producing neans via a first

i ne delay nmeans; a fifth input thereof is connected to said absolute 15

val ue nmeans via said first line delay freans and a third. sanple del ay

means;. a sixth input thereof. is connected to said_absolute val ue producing

means via sai d Ri £STSY AR Sheraas, 1?()‘30“%%&’%!3@ h‘il%ﬁe?éiml godsady neans

and a fourggsggqﬂbevgghgyp&%@ﬂgang g@g@@th input”'t hereof is connected to
sai d absol ute val ue.producing neans via sai d fi.rst -li.ne.-del ay neans and 25

a second.line delay neans; an eighth input thereaf is connected to said
absol ute val ue pr sed¢ondg 1mn3tneaeam dsf cbaheanddseeosdlal apsdagy neans

Fo sai B anVaiiPoEEarsThe, RaaR, YhEa b 13r el xR b Y, S e el ay

means, said fifth sanple delay means and a sixth sanple del ay neans; 35 :

a thlrd 1nput thereof is connected to sald absolute

: value produclng means v1a sa1d flrst sample delay means

and a second sample delay means; - ' = o

10 _ _ _

| . a fourth 1nput thereof 1s connected to’ sald absolute | g,
l'value produc1ng means v1a a flrst llne delay means,

"a fifth inputwtnereofLis°connected”toESaid absolute
15 value means via said flrst line delay means and a third
' _sample delay means,_-' o

a sixth input thereof is connected”to*said”absolute
- value produclng means v1a said first line delay means,
20 said thira sample delay means and a fourth sample delay

means;

a seventh 1nput thereof is connected to ‘saiq absolute"
_ value produc1ng means v1a sald flrst 11ne delay means and
25 a second llne delay means, o ' ' '

an'eiéhtﬁ input thereof is connected td*said_absolute
value producing means via-said first and second line delay
means and a fifth sample delay means: and
30 N . ' R . Co
" a nlnth 1nput thereof is connected to said absolute
" value produc1ng means via said first and second llne delay
'means, said fifth sample delay means and a s1xth sample
delay means; '
35



-9- wherein sald nBX|nun1vaIue selectlon means i s operably arranged to

sel ect from anongst the signals appearing on its first to ninth inputs and
to output the signal having a highest notion value as said maxi rum5 :
noti on value. Preferably, said conparator generates a 1-bit notion signal.

10 -~ The area detector may conprise a plurality of sanple delay neans
and l'ine delay neans and an-adding circuit, said adding circuit having a -
plurality of inputs and an output, whereim 95 a first input thereof

I's connected directly to said conparator; a second input thereof is
connected sai'd conpamdienein a %ﬁ%}%vemimlmmpl vadueayseriention) amednis d-is

i nput thereof ig eﬁrt.—angaad {:‘8”%13&96 Y&%msaAHoﬁ&!ﬁntthéarElﬁa{jﬂ ay
means and an elg th sanple- e nmeans; fourth I nput er eof

is connected @@P@é'ld‘%cﬁﬂ)a\ffaﬁ oFixst’ §°tﬂ1m'8hl LRRUES| é?drré"&n@lté"ﬁ fehe
input thereof igigpaNechadihg S HigDRRY ahotidha vedivk t Br dsdiqe m&siﬁwm

means and a ninth sanpl e delay 30 means; a sixth input thereof-
connected té& saﬂ@:é§Wp§7 via said thlrd | i-ne-del ay neans, sald ni nt h.
sanple delay means and a tenth sanple delay means; 35 - 10 -
Preferably, sald comparator generates a 1—b1t motlon _’
signal. a '
10 - _ The area detector may comprlse a plurallty of sample
- delay means and llne delay means and an addlng clrcult,
said addlng circuit hav1ng a plurallty of 1nputs and an
_output whereln' _
15 . a'firstfinput thereof is connected directly_to said
comparator; | o ' | | '
a second 1nput thereof is connected sald comparator
v1a a seventh sample delay means;
20 . . _ | _ 5
a thlrd 1nput thereof 1s connected to said comparator.=
~ __;v1a sald seventh sample delay means and an elghth sample
' ~delay means;
25 a fourth inpnt;-Fhereof_ is“:connected_ to_7said _

comparator via a third line delay means;

| a flfth 1nput thereof is connected to sa1d comparator_
. v1a sald thlrd llne delay means and a nlnth sample delay
- 30 means,.gksj._ '

a 51xth 1nput thereof is connected to said comparator
v1a sald thlrd llne delay means, saiad nlnth sample delay
means and a tenth sample delay means;

35



a seventh input thereof -~ connected to sald conparator via said
third line delay neans and a fourth | ine del ay neans; ‘5 an elghth
input thereof is connected to said conparator 'via said third and
fourth Iine delay means and an el eventh sanple delay neans; and a ninth
i nput thereof is connected "to said conparator 10 via said third and
fourth line delay nmeans; said el eventh sanple delay neans and a twelfth -
sanpl e del ay neans; wherei n said adding circuit is operably connected to
add toget her. each of the signals appearﬂﬂb‘bn its first to 15 ni nth
i nputs. The adding CSéOdhthls er rovided.wi th a weighting factor
so as to boq:sc; %‘1]_. & af, - thelgggi:bl %Bﬁ% % &n ésgnQOﬁnﬁnnedromthgald '
conpar at or. 20" ﬂvgﬁ?| §Ai |mﬁhnﬁxi1ne dh:ayaheaﬁgdg% ) _
processinghéﬁﬂﬁnﬁe¥ﬁxnmehnbymth a metion signal- processor. aé%gg 'ﬁﬁhto t he
present invention. . The invention aJso includes a television-or video
recordeg/player provided 25 wi th such a S|gnal processi ng: system For a
bet t er nderstan&ﬂn;@ﬁghﬂha|inpuﬁ| dQM/hOMIthe same may be
nom1be ma

d int & ted l=mia
carried int comp Qﬁftorf %fl 83498 %g APy & PHE‘Fhrrﬁranechuay m salil\mo(:h:

Figures 3- tg é Rgp e acc

Figure 3 shoms %ENE |§3PP}eaﬂeéayodeanag ‘ghga noti.on. - -signal processor
accordi ng to the present invention; 35 Fi gure 4 shoms a maxi mum val ue
proceSS|ng meansy qélgﬁgrre 3 having a "3 x 3" inmage w ndow, Flgure 5A and

5B sh "3 .x,3" Ina &P dis connect
(%% via saiqg thlrd and fou ed to sald comparator

rth line delay means
sample dEIaY means an - said eleventh

d a twelfth sample delay means
’

15 ' ninth 1nputs.”

motion signal i or.

o g sput from the comparater:
| “?he .;nvettion'_iﬁciﬁdésﬁ’én'digitai"ﬁide
Processing systen, prov1ded with a i
accordlng to the present 1nventlo

signal
motion s1gna1 pProcessor
The invention also.

include .
| S a telev151on or video recorder/player pProvided N\

25
_ w1th such- a slgnal proce551ng system.

30

_ Figure 3 shows schematlc
motion s1gnal

invention;

ally an embodlment of a
preeessorl accordlng to  the Present
35 | |



5 expl ai ning-the -enbodi nent ‘of the invention; Figure 6 shows an area
detector of Figure 3 having a "3 x 3" inmge w ndow, 10 Figure 7A
shows an exanple.- of an inage w ndow obtained by the area detector of
Figure 6; Figure 7B shows a characteristic graph of the area detector in
the event that ‘a clipping process is.15 perforned; Figure 7C shows
anot her exenpl ary characteristic graph of the area detector in the event
that a clipping process is perforned;, 20 Eiggre 7D shows an exenpl ary

di agram for explai-ning the spreading of an image signal in the case of a "3
x 3" rectangul ar i magegirlon sRBws a marfiinfiiil SvadFusNE¥recalsengMlednt of
di agram for expl_agining the spread“gg of an.imge signal in the case of a "5
x 5" diamond i nEd@Wichdo BB % A X nbustBAYT IRYA | ustrating an

operational 30 characteristic of the area detector; Figure 8 shows a

diagram of the areg,, detector _connecied a spatial |l owass filter,_ for

i mprovi ng a snoot hi n?%ea%eﬁn Igg sggw_._.__t'_g_xl 'P-uﬁ%%rwe]\é?@santcﬁkﬁ‘sﬁﬂfm

t he out put- Shar expdeiistirgs tife enbodimentyerferttieoriroferfiipne 3; Figure 10A
shows anot her enbodi nent of a control 5 signal spreader according to the

invention; Figure 10B shows a soft switching processor utilizing a full bit
noti on signal of .a MBAGARS \ﬁalﬁmwﬁr-@@e%%g%um_or of Figure 3 having a

| ~ . "3.y 3" image window; o |

10 ~ Figure 7A shows ah':ggample of an image ﬁindow,
o . .obtained by the area detector of Figure 6;

_ .£igure 7B-shows;qschaxacte:istic_graph:of.the-area
detector in. the event that 'a clipping process is
15 . - performed; ' '

~ Figure 7C shows another exemplary characteristic
gréph of the area detector in the event that a clipping
- process is performed; ' ' S

20 - _ o S o .
Figure 7D shows an exemplary'aiagram for explaining
T __the spreading of an image 'signal in the case of a "3 x 3n
o rectangular image window; '
25 - Figure 7E shows an exemplary diagram for ékpléinihgt

the spreading of an image signal_in the case of a "s_k 59
diamond image window; .. ' '

Figure 7F shows a diégram illustrating_an_opefétional_
30 characteristic of the area detector; ' '

'Figure 8. shows a diagram of the__afea HdetectorV
connected to a spatial lowpass filter, for improving a
- .-smoothing characteristic;
35 | |



10 Figure 11A shows a block diagram of a spatial spreader which can be
repl aced by the area detector of Figure 3 according to anot-her emrmbodi nent
of the invention; 15 - Figures 11B and 11C show respectively

one-di nensi onal output characteristics of the spatial spreader and the

di agonal | owpass filter of Figure. 11A; Figure 12 shows a detail ed di agram
of horizontal or 20 vertical spreaders of Figure 11A; Figures 13A and 13B -
show detailed circuit diagrans of the basic block cells of Figure 12 and
their processed val ues; 25 Figures *4A2amd 14B show a detailed circuit

di agram of the horlzontal spreader. of Figure 12 conpleted by utilizing
basic block cRigaresnsd-and SPreshew cthe Qukpny rhasctemisBicsi gfire 15
shows the a;efsuérél@é J‘igﬁﬂfaébﬁnéf ﬁi?%ﬁf‘é'ﬁ‘g acconpl i shed by the spati al
spreader of Figure 1 In all of the figures, like reference nunerals
denote 35 | i ke or corresponding parts. -13- First of all, referring to
Figure 3 which ng@rba&l(m b‘sﬁ@ksdla'lwtammf efibpaimientl a6f ewanpbetoblan
enbodirent_of the |nv%&t oné g §e£ aﬂg ﬁﬁiéﬁture of the frane
di ff erencf IR TPIERTST nRCCpALT gﬁ ast T 120, 5 the absolute
value circuit 122 and the conparator 124 are generally sinmlar to those of
the prior art Wit f r words,
the franme di ff:%%%‘gié gﬂzggct:gth \(?Sﬂslf8g8et%e%{’§e§ﬁlnér§l:;%‘%é%|§%%a‘ft%f%?'{R‘gnces
between tf® fu&&esblﬁ/\m@hl@mesagpﬁﬂ-e@ftditnéleum ‘value processing

: means,
10 R | S
Figure"lihr'Shows ‘a’ biock ‘diagram of . a'hspatial N
spreader which can be replaced by the area detector of '
- Flgure 3 accordlng to another embodlment ‘of the invention;
15 . ' Figures 11B and'lic-shoW'respectively one?dimensional'

* output characteristics of the spatlal spreader and the
.dlagonal lowpass fllter of Flgure llA, B

- Figure 12 shows a detailed diagrémﬁof'horiZOntal or
20 -vertical spreaders of Figure 11A; B

Figures 134 and 13Blshow'detailed-circﬁit‘diagrams of
the basic block cells of Figure 12 and their processed

values; .\J :
25 B | i
_ ‘Figures 14A and 14Bﬁshow“a”detailed”éircuit diagram
of the horizontal spreader of 'Fig'ure 12 completed by
utilizing ba51c block cells "and - intermediate values
' thereof; and ' S
30

Figure 15 shows the reSult-of imagefsignel spreading
'accomplished'by the spatial spreader of Figure 11A.

In all of the flgures like reference numerals denote
35 llke or correspondlng parts.



10 spati‘al | owpass fil ter 120 for filtering | ow frequency conponents from
this frane difference signal. The output of the spatidl |owpass filter 120
consi sts of positive and negative conponents and this signal is changed to
an absolute value (positive value) by the absolute value 15 circuit 122.
The maxi mum val ue processing neans 128 which recei ves the absol ute val ue
sel ects the maxi mum val ue -of the signals input froman"Mx N' inmage w ndow
in order to spread spatially.the notion eengering on the sel ected maxi mum
val ue, in which the snobothing effect is determned 20 according to the .
sel ection of the shaue:.ﬁttdﬂe albhgereferpoing e iglmeg 3 avtedqter iseatbagd ¢ h

nbodi t ft

00 Shoot i g il Eky S£d PO LAY e AR CplbdiigiRe 128 2
when the frame dufé EIBVIGBtSOQFIaﬂ'-hBS ouexadd 26 ang cstouctiereooeddahe bﬁrmn
the notion reg' |ng eﬁéé'cif 28 11%“%31&%5&15’1 %w?asé“‘ﬁrltﬁ

obt ai ned outsta ects e si-ze "and ‘shape of. 't nmage w n UI d

be 30  proffer | thaljakackute ¥alue ik cl23 fand Ehe fonganafer rﬂa?g‘b are

W ndow i S unnecesfurd ¥1Pi Simiharques i tthE tdxe tnagexcm: bardeasastes e
to the excess spreadi’ ‘g of the-notion. - I nce the out equt ener at ed
from the maxi muARRY&ieWHFBcEEIPRENGEA L 1§8‘W§er ?sel 1% SHREF 4l %p

signal, it can tﬁ'aﬁ‘eddﬂﬁféraﬁbeoﬂet&&tbﬁl iy rddtdats c'onermlorumgx téuagnsbft
i\r,\maﬁ gglt gl’gl s?: (r:g%la%feg%b ent'?—é ?%xg ﬁggﬁg QBWhgsg % raenrbgg:??eé
descri bed Hérei repfateigl \Aﬂ.DwPaSSelfed(t@rt o1¥pgdcr 1mtmmgrﬂ.ny cﬁmw&gmm _
to Iilgure 3, thpcd?dﬂdﬂgntg fr.r@m this frame difference signal. The output
' of the spatlal lowpass fllter 120 cons:.sts of pos:.t:.ve and
.negatlve components and thJ.s SJ.gnal s changed to an
absolute value (p051t1ve value) by the absolute value
15 c:chuJ.t 122..-: The max1mum value proce551ng means 128 which

. _recelves the absolute value selects the max1mum value of

- the signals 1nput from an"M X N" 1mage w1ndow 1n order to

_spread spatlally the mot:.on centerlng on the selected

_ maximum value, in wh:.ch the smoothlng effect is determlned

- 20 accord,lng to. the selectlon of the. shape of the 1mage

gy __\w:.ndow. Accordlng to experlments w1th embodlments of the
.1nvent:l.on, rectangular and dlamond 1mage w1ndows had a

good smoothlng effect even for very hlgh-frequency detall.,

— In-particular, when the frame difference s:Lgnal is placed
25 . ~.around the boundary between the motlon reg:.on and stlll _
- region, embodlm_en_ts : of the invention _h_ave obtained

ou_ts_'tandi_ng effects. .. R

The  size and shape of the 1mage w1ndow should be

30 properly adjusted. - This is because, i€ ‘the sz.ze of the-

image w1ndow is unnecessarlly blg,. the. quallty of the

image can be degraded due to the excess spreadlng of the
mot:.on



- 10  maxi mum val ue processing nmeans 128 is conpared with a threshol d. val ue
which is set in advance-by the conparator 124. If the signal - output
from the maxi mum value processing neans 128 is greater than the threshold
val ue THR, then the value which is selected by the maxi num val ue 15 -
processing neans 128 is recogni zed as a naxi mum val ue and thus the
conparator 124 will produce a 1-bit notion signal. - Such a notion S|gna
nmeans that the notion detected. inrelation to the tenporal axis is a
si-.gnal conponent of which the notiddn~is greater than the 20

t hreshol d val ue THR,:' and .t hi-ssi-gnal i s the val ue. mhlch i.,s spread spatially
by means of theshﬁﬂﬁme\/aﬂ‘éf@‘b? OH§§§Fﬁ§eﬁ’eaﬁ¥§“12§ mﬂﬁ'é'rmé’l*'gr‘éa lpe s

possi bl e fRrotdksingtheéansi opalis orbeemw Set 1wl Ty sspi—eaa ngigndl,

- Th ft det ect or, 130 whi bit mot
STonal 19 Tb FRRohe VER Tt MRLAOR G RbATARTY 19K HePerRahl e ead 1 he

notion. |ghé hl&ﬁS&wi&@imgdrmﬂstrw i means i ol eaenKedvayueeans of
detecting SeReh Ll Al ALea il t ihd MRS ULRAOVLRY cUS! 88 Srguphesot ] on

value i'n wh LOn i s spa y spread by
t he maxi mJFntyiatee 92ocaBéi r&?-rrearSJJCIQBaby anrangement| é§t i dgsenebedxi num .

val ue.of tjngd: ft&‘i-”dﬁl\th faéefeﬁeaseéuﬂgagethsamtlon spatial l'y

according to the notion of the-inmage W ndow.- I'n other words, ‘the area
detector 130 processes agaln the notion: slgnal mhlch is corrected in

advance by the ﬁaﬁeﬁyﬂhgabueepagaeﬁstagFrrgane 328 tHe Rsutput)’ 66 UtRet he
spatial correlation tthe new nptio resumnmed

mot i ot i s Bl W@' REQGFTRL %nSF%P%nqugnﬁﬁléﬁ”@gﬁﬁ?gtégx?ﬁe not i on
factor K vﬁhmholdnvaMenehhd:hn:es sgtprmpaﬂvanceshyltite rrgomﬂmraraarrrum e

val ue of tifi. If the 51gna1 output from the max1mum value
_proce551ng means 128 1s greater than the threshold value
'THR, then the value whlch is selected by the maxlmum value
15"'proce551ng means 128 is recognlzed as a max1mum value and
- ‘thus the comparator 124 w111 produce ‘a 1-bit motion
51gnal. ' such a motlon 51gna1 means that the “motion
detectedlln relatlon to the temporal ‘axis is’a signal
component of_ Whlch ‘the . motion is greater' than the
20 fthreshold value THR, and this 51gnal"is the value which is
'spread spatlally by means of the max1mum ‘'value processing
means 128. Therefore, it is’ poss1b1e for thls motlon'

51gnal to be used for hard sw1tch1ng.

25  The purpose of the area'deteCtor5150 which receives
the above 1-b1t motion slgnal is to reconstruct the image
signal spatially rather than- spread the motlon. 'In this
case, the image reconstructlon is 1mplemented by means of
:detecting'a-new'motion'area of the image window by using

30 the motioh which exceeds a Specific'value; in which the

' motion is spatlally spread by the max1mum value processing

means 128 by means of selectlng the max1mum value of the

image window, and reconstructlng' the 'motlon spatlally

_ according to the motion of the image window. '
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out put fron1the area detector 130, it can be easily acconplished that the
motion process is sinplified and 10 that, in case of a w de- i mage w ndow,
the great difference between the centre of the notion region and the stil
region can be overcone. The K and 1-K values are applied to the

mul tipliers 112, 114 (as shown in Figure 1) and thus mxed with the outputs
fromthe spatial processor 106 15 and the tenporal processor. 110. The
theoretical basis -of +this process. cani5be supported by the

tenporal correlation of the franme difference signal. In view of the
one dinensional 20 Inlekheaxn sorss,cthe Bneandeheﬁtgnr@wprmmsmmgam

motion can be prﬁ-?émﬁgt%nt g gpas %«HET H hﬁs”&hh:?@%téé A é&vah el By the

direction of the X axis. Therefore, ese signals are spread i nto two
di mensi ons, a- n@W%ﬁﬂumwwgleﬁaPrEEﬁsﬁénGe@Gﬁ§§r R hteaRPTissURS) peke

into a gradual . -guiapid Y ecdpreldRibAN of 9Bk Hew h6tionhadigih i hsnapaéhfé
correlation to the tinme axi s'or in, accordance:wth the tjne _axis,

re-processi My t MEWS REPLMAa) notFATbAch@RRYEe ite &he K vadds fq'-’é‘%"t%r
30 " In Fiqex xdhmhegeaérauesvadhee nms@mssfagtarauxs vRaef Flzgurtmé

3 act angul aPeiRERG Ry RrPBRERY AL O s 8RBT e i, VA o e °
processi ng rrean@lm&:orﬁp'pmetha mamdeteetoe sE3@ct iidn cancube EEBidy h

a 35 luralit o. e ct
plurali Itoy of : sa)réplégm fggd13?1ha{i3%me2%§t pngQE%48:fsg s'mPlilled &Ir?a

del ays 1380 14hat, lThé’aS#aQifnﬁnVl%l image dtﬂé&qmg then G e2tB ESARAES he

absol ute val ue glethfaerspehéalceneasse | hbenmst fdPegdibheraifetAbINA 11
whi-clvis 5 processed i'n sequence by eans of the _frane _difference

region can be overcome. The .and 1-K values are applled

to the multlpllers 112, 114 (as shown in Flgure 1) and

- thus mlxed with the outputs from the spatlal processor 106

15-._and the temporal processor 110.

The theoretical basis of this process can be
supported by the temporal correlatlon of the frame

- difference 51gnal.‘._ In view of the -one dlmen51onal
20 characteristic as shown 1n Flgure 7F, the amount of motlon:_
can be presumed on the basis of the motions Ax and Ax’ in
the'direcfion of the x axis. . Therefore, if'these signals’

are spread into: two dimensions, a new motion signal can be

_ reconstructed'whichjcan_be‘mapped into a gredual;adaptive
25 motion signal of 0 to 1; having the spatialfborrelation.to
~ the time axis or'inraccordanCe with the time axis, by
re-processing the motlon 51gna1 component which is over a

specific value. "

300 . - In Figure 4, the maximum value probessing=means 128
" of Figure 3 is illustrated_in detail. In the drawing, an
exemplary cirouit.forrthe "3 x 3" rectangular image window
is shown, in which the maximum value processing means 128
comprises'a maximumfvalue.selection'circuit.lso with a
'35 plurality of. selection ‘terminals  and . connected to a



circuit 118, the spatial lowpass filter 120 and_ the absolute value .
cirtcuit 122. In-this case, a first. inmage line is arranged with.a signa
"a" applied to the maxi num val ue selection circuit 10 wi thout delay, a
signal "b" 10 which is delayed by the sanple by a sanple delay 134, and a
signal "c" which is a further delayed signal of the signal "b", by way of
the sanple delay 136. In the neantine, a second inmage line is arranged with
15 a line-delayed signal "d", which is delayed by one |line by nmeans of
the line delay 138, and-is applied to~tR& maxi mum val ue selection circuit
150; a si gng@dluralidhy chei sadehayad-hy one sanpl-e by means of the sanple
del ay 140; and a g?hﬁ L~T§?ﬂg2?9§gﬁg_§1ﬁﬂﬁ¢1 3%el b4ed dignaliad, t{wgsigna
20 "e" by Jreans Of° t heti&ansiedays al3B42. 1wt her e, ﬂﬁﬁ‘ﬂ'ﬁr to arrange -
a.third i napgocessirdendans ggga¥ééégvgslv S the qutput :“_eYﬁ%ﬁﬁdelay
138 by one Lpae;tq Rrovide a.signal 7g" To THe GHitR vealee25r taad ecti on
circuit-150,-the;sam&._ﬁﬁa%%} f%G?@eﬁE?metﬁéffbgaaEé?'ﬁgH510%§8§§Fp|e to.
provi de’a sPyAaessea tin t'ééqﬁa'xdiéumyv%%gengeggc ion gircuit 150, an® the
sanpl e del ayitdgige! pys thg signal ."h" by a Turt éa‘r _-é%ﬁ‘?bf'edtlﬁfsp‘phpet he
signal "i" to the maxinimVal uEP8&Iad: | dAWBarsUifilber Ao LhG | ZRge
si gnal .obt dtREQLYket Nalugogdrduits aked mmﬂﬂﬂhﬂgsag%éhown in_Figure 5A The.
mexi mum vallinéei€cikPanged Wity c1l§0 cor?ﬁr"esn.-tlh:e;;ﬂo- Torf S#_bﬁﬁ?slmgeh are .
FH9he" 3T rRbied sto otigerwanifug @0

obt ai ned b e, sanmpl e:delays .and _ . _ §
 maxi num va?"uéeﬂ%? THeefbiPBncireuity 1—5'Qsivgtlﬂi&;f,"-”&éig?ii_'s:_ac%s_{e%ﬁﬁen [TRXI mum
' éction urt 150 is

_ bvaf.fie. max mum val ue. se
_ signal’ npn b'. wa e i e_r dEIayed ?i’gﬁél of the \J
Lgn: b", by way ofkthe sample delay 136, '~ - .

| In thg'méaﬁtiﬁe,'afée¢bﬁd”imége line
15 ajllne-de;ayeﬁ signal ngn, which is'delayed by one line by
mgans of the_line;delay 138, and is'applied to the'man'e by
value.se;gctionfdirguit'lsd:'a signal-“é"ﬁwhich is d :lmum

by one sample by mééhg of the 'sample délay 140; iuz:e:

is ‘arranged with

'signal "f" which is a further“delayed:signal' f the
20 ' "e" by means of the samﬁle'délay 142Q: . °  Fhe
- Furthermore; in order to arrange a
‘the line delay-l44-delays the out
by one 1line to provide a signal
25 selection_circuitﬁlso;

third imagg'line,
put of the line delay 138 -
_ _ M"g" to the maximum valye .\J
signal "g¥ by one sampl ‘.t;he. '-Sa?npl'e déléy- 146 delays the
maxiﬁﬁm o § .Ip e;to ?rov1de a signal "h" to the
e selection Circuit 150, and the sample del
1?8 del;ys the signal "h" by a further sémpie £o a. 1 -
Signal "i" to the maximum value  se l "t 1m0
30- The image signal obtained in the abov
-as shown in Figure 5a.

lection circuit 1sg.
e described manner is

motion sj ich a bt
ion signals which are obtained by the'sample-delays and

35  the 1i er:
line delays to generate a maximum value of the motion



where' M e) represents the noti'en of current position "e": Referring to
Figure 5B, there is  shown =~ an illustration of the "3 x 3" rectangul ar

i mpage window, in 10 which respective pixels are -replaced by

specific substantial values. In this exanple, in accordancé with the-
formula (1), the maxinmum value Me) of the imge w ndow is represented as
follows; 15 Me) = MAX (0, 1, O, 7, 2, 3, 0, 6, 7) =7 ..... (2) In
this enbodi nent, when the threshold value IWR-which is set to the
conparator 124 is 4, the maxi num val ue of the i nage wi ndow shown in Figure
5B wi || becone &ifhalsccoldi tyiso calse,f dritreil maX2pum Taduef M(e) whelahut pait
of the conpar at : _ . 1= hi td | I L] As
a result, the n%(elljn%cﬁnt%gl a%r?%cﬁéés}glu"&‘bm ﬁée%%‘é@l%%&w%%e%%%gjit\e{ {lﬁg‘%ﬁr'rent
posi tion "e" -as of significant motion.. 25 In.this case,. the spatial .

spreading of the notipfepreams (4P!eEa! &g, by, sel eglimg e, maxi mumygjue - -

of the inage w ndow by using the maxi num val ue processi ng neans and thus
reconstructihg spatially, whereby the respective 30 - notions are’

correl ated t0 ORaFWINE) Fghriddntts thdinbtion @f der@itigadidiacker,
di agram of the area.detector of Figure 3, which is to presune the notion
area by receivingthe output -of the conparator 124, 35 - includes a nunber
of sanpl e del ay circlReReritihg 62tot wWFigure 185B,| i nehebee ay is r cahbenl64n

166, and an adder ' ca, det egloL.,. . ' aty| of . anp| e
delay circuits %ﬁz}j‘%‘aa’lh rEhhAef?I?t?\% ..el-%ysci %%ﬁ?:?gg?gﬁg }@ggiesfws}l m “E{'r %-.
that of théOmaxiwhimlyal Hespectavei nPiNsdss oRrEi greplacesl  byid tspecihiy
di ftf/r_en(_:e, i's dfideddie SBddRyal Uy this example, in accordance with
' the formula. (1), the maximum_ value M(e) of the :image

window is represented as.follows;
i5. © M(e) = MAX (0,-1,:0,°7, 2,3, 0, 6, 7) =7 .....(2)

In this embodiment,: when the threshold value THR
which is set to the comparator 124 is 4, the maximum value
of the image window shown in Figure 5B will become 7
20  according to the formula-(2). Therefore, the output of
the comparator 124 g'enerat'es the 1- bit motion signal of
a value 1. As a résult, ~the maximum-_- value processing
means 128 will -f.ecognize the current position "e" as of
~ : significént motion. T '
25 o _ | . _
In this case, the spatial .spreading of the motion
— . - area is imp]_.emeni:éd-- by\_:; selecting the maximum _-v_alue— ~of the
image window by using"-_'-.__.-t-he_ ‘maximum ‘value processing means
and thus reconstructiné ._-.spatially,' whereby the respective |
30 motions are correlated to one another.

Referring to Figure 6, the detailed block diagram of
the area detector of Figure 3, which is to presume the
motion area by recéiying, the output of .the-coméaratdr 124,

35 inclu_des-' a nunmber .o‘f‘..:._s__-ample delay '_: circuits 152-162, two



selection circuit 150 with a selection switch as shown in Figure 4 is

repl aced by an area detector 168 enbodied as an adder as illustrated in
Figure 6. 10 Thus the notion signals which are applied to the area
detector 168 are 1-bit signals having only the values of "1" or "0".
Therefore, the image wi ndow which is presuned by neans of the respective

- .sanple delay circuits 152-162 and line delay circuits 164, 166 is as

i klustrated in 15 Fi gure TA. The gdgr 168 counts only the nunber of
respective sanples a'-i' with the valdé "1". Thus, the characteristic'

ormia (ingdedy d85§?5?£512940a%5§§e?‘99r g‘?}o?fd?‘%@éé"e £ €489
(3) where ®es detedovutphe repe:farel%c@ﬁ tiey sawple idelay mgmtsppi i ed

to the addgg, f&z%&iq{rﬁé rmﬂ% h@qa@l @E.Ecﬁfltbt s6ahaig6t e&i sihe188r46. 25 The -
area detector 130 nay . esi gne have a, character| StIC dlfferent to
t he fornulthat 39t ti"ﬁatma’ilé“%g‘éaa];}‘e PEPCESTING | BRRPS, 9T Bt 4d i n

ggrrm:csa (Aaln&aBr\:rte QGH3 naiffﬂermwe di ]Lig athatistthé Bnapimdsi tvanuet(()4§ h_?_h
or mu 9 e
pr ocessi ngseajoé %’f?\% ‘)T’B?%A? 1,-%\' ”%) s%@%’#fn&é%erfor&‘ﬁn the K

val ue genefixfure duisi nephasedaby aln area fetechoyr ﬂémmmmabqst he area
rnector 4R aadly ca PRLLEARLE £RF1g e K, value generator will be |

unnecessary (Sinp ed by di vi di ng t he out put of the N
area detector by a gi ven’ maximum step val ue).* The 5. eaning of the

respegjive charpgherdsd Incoﬁaﬁglgﬂyl@whacﬁhaibespﬂmadtahenéI &héa hand

i de as I_légééégéf dllsg are 1-bit signals having only the values of \J'
niv or wWou, Theref.ore,. t__he image window which is presumed
by means of the re's?e'ctive sample delay.circuits 152-162
~ and line '_delay cifcuits 164, 166 is as illustrated in
15 Figure 7A. The adder 168 counts only the number of
respective samples a’-i’ with the value "1in, Thus, the
characteristic’ formula of the area detector 130 can be

represented as the following formula (3):

20 ~ S(e) = A Xx (Number bf.‘Motio_n Samples) ....c.censan. (3)
where S(e) is ‘the output of the"--.adde'r" 168 and A is the
we:l.ght applied to the adder 168 to determine the slope of
its characterlstlc curve. L N

25 ' '

' The area detector 130 may be designed to have a .
characteristic different to the formula "(3). That is to |
say, a-characte’.ris_tic-aS"repreSented:-in formula (4) can_ be
obtained by providing a constant B in' addition -to- the

30 formula (3). ' o

S(e) A X (Number of Motions: Samples) - B ..ea... (4)

"~ The 'proceésing ~ of the - formula - (4) "-is'- usually
35- performed by the K value generator, but in thls case it



Figuré 7C, is that-a kind of Spatial (or areal) threshold is established in
order for the area detector 130 to spread the notion area only when .the
nunber of the notion 10 signal's over a predeterm ned value (B/A) are.
present at the inage wi ndow. The characteristic fornula (3) represents a
specific case of the formula (4) at which B=0. In this processing, 15

the above result can be obtained when the notion is spread by an area
detector not having the maxi mum val ue det ec@l®orr circuit. The area detector
mentioned in relation to this case has a spreading feature different to the
above ones. 20 Redyrbe rpextormedrky 7mhe tarea detestoun k3 0ot i®h epreseli nin of

a rectangul ar i npges W I gpkhe C%ﬁuehaéeﬁe‘ﬁawsﬁﬁtl Angf ﬁﬁ}?ecessary
characteristic formula (3) is one (i.-e 1).. In relation to the I.mage
windows |, 11, I{simmly, oitFFahr Benamptlﬁeepﬁﬁsebw Ad¥WAinge fhes Py th ot

wi ndow of the inage ssagl %tewdredoiranyhbencwmmorsﬂéﬁ valhb? ar efhe

det ect 130 whi | h I
Whi ch are ndt  CIRGRHEERS OB ERR| FPBReCEARS RRREoTERBORTLET CREVAr AR e

result of a. m)tlsmlﬂﬂed cﬂomammgtheoassghw hhnd rmderumssteblustsated ims
can be understo d‘h %% {.e Q_se!,r
pi xel s in the |%glgi‘{€én ot H d%\%\%'g eve‘#f) tri% t an%trnl n q;r% ?Jb% d
to the maxi num stsapesatlabdlshedevm osﬁeu'eaf\er (ﬂhel |art@iingiettt%=1m§q A3 v‘aﬂiue
of the area 35 sgrd r? |SHPRAHAR fAbdle ¥ d fhed
- 20 - in additi {cg rmtlon df'g ferenc etween the central. portlons 0
the notion ¥gi GHONAWEF t PEeEt A| Predgitermined, alawuced/A) naEgs Pre&senty afe
i mage wi ndow. @gti}]ﬁg@r@md&gure 7E represents the m)t i on spreadl ng in
case-of a "5 _ .
'I'he character:.stlc formula (3) represents a spec1f1c _
- case of the formula (4) at wh:.ch B—O. _ In thls proce551ng,
5 the above result can be obtalned when the motlon 1s spread
,by an. area, detector not hav:.ng the max1mum value detectlon'
~ circuit. The area detector ment:.oned 1n relat:.on to this -
~case has a spreadlng feature dlfferent to the above ones.'

.20 . C _ oL . . _
| _ _ Referrlng to Flgure 7D, there 1s shown a motlon
.spreadlng of a rectangular lmage w1ndow 1n the case that
_ . the constant ‘A of the characterlstlc formula (3) 1s one
N’ - (i e., a=1). In relatlon to the 1mage w1ndows I, II III
25. of Figure 7D, the. image w1ndow 1 represents the window of -
- the image samples applled from the comparator 124 to the
. - area detector 130, whlle the image w1ndow Iz represents the
image sample 51gnals whlch are not cllpped._ In addltlon,_
the image window IIT represents the result of a motion
- 30 acllpplng process w1th a max1mum step of _seven. As can be
understood from the draw1ng, it is to be noted that all of
the plxels 1n the 1mage w1ndow hav1ng the levels of eight
'3'and nlne, are cllpped to the maximum step value of seven.
By means_  of llmltlng the ‘maximum value of the area
35 _detector 130 the motlon proce551ng can be 51mp11f1ed and '



. o i ndow 111 illustrates
"o - i ndow. Likewi se, the imge wn - step -

> X o d!agnnd|:"ag$ &%Pcﬁ | mage sanples are clipped tohgnfdnﬁélzgpgd "
ol ue ot MAneﬁM/ In order to obtain the best effect, Iéefector 130 nust 10
val ue of “sev 6f.inage wi ndow constructed by the area Che. maxi mum val ue
Procosei ng means 126, Referring to Figure SRR A T T
Of the imy tion, there is shown a block diagramof a : n‘with a spatial
of the |nVﬁn area detector 130 of Figiir&93=in associ atlor. 130 i s sof to a
{ep"“?fhEﬂ?-aaait%an'maheagnﬁﬁ?f SR | Betypesndtie et a1
owpass filtier ac . In the draw iy, SeERer i &9 . 124 and
orovi dog wi PREMENE B thet Pekiongnegibnsnandet e AL Wedton S4Bt i on
T oo A Lk S i g G I
5|gn?|dif}gfgh§gégégag§§ ﬁﬁgnﬁgsﬁéétmvﬁlbevsbSeaﬁhggbﬁgoggsépoﬁgégsén?ﬁe
lcg\l;ges Poug¥ Pbtdbamend chmhge . wAEsy Ji lk)eérWllJ'?%Zoit €,4Ba9eowindow IIT

Movpass:t11 e 2588808 fns Wl 1 rscumsoruimaeheabpytle i o
nggngiv;-ﬁiiPB _ngnﬁhs'nﬁxﬁhﬁmlgti Wﬁngﬁwoggﬁii§ﬁznﬁiﬂieﬁﬁerhﬁpe i s
In Figure iitaiichesbess apebher. gibodiment o Petted e aiage gpgns 128,
s arranged TR GUATARY (eane trICted e R Hedddhor T RT3
.lt fii 2r (rgl%r guikie ilartg‘an ?amﬁgél%?eﬁo???%%u@g %F&fﬁ_’"cohsmucféd‘éfg&mr ator .
124, the nar Sud 5P 1 HRBReRRAN means aassi g means 128 N
manuf act ur ed wth facility. . e
_ eferring'tq\Figure_8;'Which shbws'ahdthér*embodiment
~ _of the ihvéntion;~fhéréfisﬁsh6WH1iwbigckaaiagram“of a
15 .circuit'whichnfeblﬁéeépthé'éiéé detector’ 130 of Figure 3
' :ih aSsociatidh_wifh a spatialzlbwpaSS'fiiier”172;“when the
siope'A of the area:détéctbf 130 is set'to'afrélétively
| great value. In”fhe;dra&ing;_a motibh“spreadér?17o is
provided with the 1-bit motion signal from the comparator
- 20 124 and imposes the_Weight A on this signal So as to boost
'  up thé level of'mbfipn'Signél."Iﬁ'dﬁhér'W6fds, if the
 weight A is 1b {fof‘ékémpié);'theh”the leﬁéi:différence
between the feSpédtiVe'ieVéIs-Wili'bééoﬁé 10 which may :
_cauSés'féugh"métion'épreadih§;  Aééofdingly:"in order to '\“J _
25 -'process'thé:ﬁbfioﬁ'smOOthly, the spatial lowpass filter
' 172 is used fof;lowpass;filtering;:?Tﬁis circuit is more
effective when the_léVéisiof'the.ré5péctiﬁe motion signals
df'the image'wihﬁowfhaQé diéérete'valués;f"”' :

30  Ih“Figuré ldA}-Which'shpwé ahﬁﬁher'embodiﬁeht of the
invention, there is'illusfrated aﬁ:érfaﬁgémént in which
thé'ﬁéximum Vélué b#bceééing meénéliéBJiE'éfféngé&'at the
outpht:tefmiﬁéi_6f_the'cbmparatdr 124;  fhe'advantage of
this circuit is théf'Sinde the"mAXimhmfValﬁéfﬁfocéssing

35 means 128 should process only the 1-bit motion signal from



¢ .

Referring to Firgure 10B, which:shows a soft switching 5 'circuit operates
by selecting a full-bit maxi numvalue, this circuit generates notion
signals fromO to 1 in accordance with the characteristic of the K
val ue generator as shown in Figs. 9A and 9B. In this case, the
characteristic of Figure 9B illustrates a process for 10 reduci ng the
output val ue when the input value is too big, in order to correct the.
notion signal which is spread excessively-imlcase of a wide i mage w. ndow.
Accordi ng to anot her enbodi nent of the invention, the 15  area detector
130 of Figure 3 the lwompaxatoey bP4a rhie ohas@weadl f ctheumaximuh value

illustrated in QHESSélﬁg p&hs! Zﬁocﬁ Ype@mBRhE208hakas EEﬁdgﬁcaﬁﬁty.

spreads the m)tl n signal “out put romt e conparator 124 orlzonta I'y~“and .
a vertical spreader 176 spreads this signal 20 vertically. If it

is assuned that the Vﬁéféfﬁkngpesqdﬁjuﬁéﬁl@dMehhehbz:enaaéosargaﬂeéniﬁé
are matched wi'th each,other in their del 1 me, Pg&rgnlnun1va

processi ng neansCiieBitcoperatese b d 1'vléﬂ‘%e & ﬁwu‘&ui'ﬁﬁ’tlg' of
t he spreaders anﬁhﬁ@p'dlﬁ:&:ﬁ:hﬁ ganeﬂaﬂasalmmtidn 251gna1d| afesml ol oppags in

Gl gnal s i ch arsoSpaRRge (RIBESSchi | ShabilERuBRIR oY R

direction, so asgenesptendaskshmmnlxnlEmgﬁwﬂ SAspagdi 9Bl.y Ehothl$ocahe,shhpe
of acircle Over@illara act 8rfL04Ee Jel Briglre Q- dhiRBRARES a{:hg&%&g@e Skbe

of ' the notion" ocessed 1'n~such manner, 1's

this case, 19 th@%ﬂlm eﬁilmlhé’q]élﬁ\lwﬁqﬁb% LyRug; gﬂ&}@ aFetgﬁDb%‘Eed |

by N1 in the di ﬁcwaerofté h%o%l?{e&%dlﬁlﬂe pﬁ@ﬁ@éﬁ Fipal hehcBAr aE espsehs

curv it is shomn t hat gontlnuous oundary area of the
input Si gnal S egcess;wely in case of a w1 e image window. _

According to another embodiment of the invention, the
15 -area . detector 130 of Flgure 3 can be replaced by a motion
spreadlng circuit ‘which .is 1llustrated JJI Flgure 11A.
That is to say, a hquzontal spreader:174 spreads the
_motion_signal-output frcm the_ccmparator'124_hcrizontally .
and - a vertical .spreader' 176 spreads this signal
20 vertically If it 1s assumed that the vertlcal spreader
176 and the horlzontal spreader 174 are matched with each
other in thelr delay tlme— the maximum value proce551ng
_ means 178 detects the max1mum value from the signal
— . outputs of the spreaders and applles the maximum value to
| 25 a diagonal lowpass fllter 180 - The diagonal lowpass
filter 180 spreads dlagonally the motlon 51gnals which are'
already spread both, in vertlcal and in horizontal
direction, so as to spread the motion . signals spatially
. close to the shape of a c1rcle overall ., In Flgure 11B,
30 one-dimensional characterlstlc of the motion signals
processed 1n such a manner 1s 1llustrated._ In thls case,
-if the maximum. _step value is N, the. motlon 51gnals are
smoothed by N-1 in the dlrectlon of the spreadlng process.
.From the characterlstlc curve, it is shown that the



smoot hed in the output signals. Referring to Figure 11C an inage w ndow
relating to 5 the diagonal |lowpass filter is shown, in which the
characteristic of the diagonal filter is illustrated in relation to

hori zontal and vertical sanple points, in case that the maxi numvalue is 4.
The characteristic formula of the diagonal |owpass filter is represented as
the 10 following fornula (5). Mn) = MAX [(1+p+j+r)/4, n] ..........- (5)

. The fornula (5) neans that a value which is obtained 15 by dividing by
four the sumof the sanple valuesirft%%'ﬁiagonal .direction, centering on

the current ;sa ' , JkS-conpared t he val ue of the current
poi nt val u® 1sEg§§&n§§u§b EQPQQFtheggﬁilrﬁ#x\ghﬁnaﬁﬁP Yofft S 18 The

bl ock di agsmBothedn inn thiegoutph? isignadet.ai | ed ¢ircuit dlagran1of t he
hori zontal spreader 174 or/and the vertical spreader 176, in which there
are included a nunmber of basic block cells 182-188 and delay circuits
190- 196 and an Reédferring tol Figudet 136, Bneimagpewindow2Felafdsioc tisl ock

cells 8 2}5@@ zggsgagal %o uﬁgét r 8§ Pflar i Ny & eﬂo%:rl%uﬁawlﬁxﬁelmé

ci r cui val ue.circuits. 204, 2l is case, the
i nt er medi anaVQFﬁGQF‘l@ﬂith@ﬂ cehr ciizgonpdndidderodinotl lretratefod® in

Figure 13Brohagbn tbhﬁofEEBﬁﬁalV&x@&Séﬁti&amisai@leS p¥ints) dgesasdhe 1-bit
notion- S|gnals "o" which areéi I|e gﬁ% ﬁgect Lyg. b SIC bl ock cells |n

order to obPatnths MAFIIEh "1ﬁWIth EAGBY18 é°s§ war d -
‘bot h the roghtthed disfdorteindlswpiass afiill tvdar clisarzepeésgntedy meﬂmpl e. 35

23 . Ref; iigglkg %b&%bﬁa11é) this i.s a conplete dlagram
M(n) = MAX [(1+p+j+r)/4, nj () -
_ The formula (5) means that a value which is obtained
15":by dividing by four the sum of the sample values in the
diagonal dlrectlon, centerlng on theé current sample peint
"n", is compared with the value of the current ‘point value
‘wnv S0 as to select the maximum value thereof. C

20 The'block diagram shown in Figure 12 is a detailed
| circuit dlagram'of'the“horizontal'spreader'174*or/ahd the
 vertical spreader 176, in which there are included a
number of basic block Cells 182-188 and delayicifcuits-'
190-196 and an adder 198. “In'additfoh; the respective
25 basic block cells 182-188 ‘include, as "illustrated in
Flgure 13A, sample delay circuits 200 202 and maximum
value c1rcu1ts 204, 206.- In thls case; the intermediate
values of the respectlve elements 200~ 206 are as shown in
Flgure 13B. Nanely, the respectlve bas1c block cells
30 process the 1—b1t motion’ 51gnals."o" which are applied to
~ the respectlve baslc block ‘cells in order to obtain motion
51gnals gt which are spread by one sample ‘toward both the
'rlght and left hand 51des, and which are delayed by one
sample. ' o . S
35



of amrr exanple of the spreader -of Figure 12, in which there are three basic
bl ock cells 182, 184, 188 and each basic block cell is shown in nore detai

- as in Figure 13A. 5 Therefore, in this case that the maxi mum step val ue
N = 4, the internedi ate val ues processed fromthe respective basic bl ock
cell's 182-188 are applied to the adder 198 and added to each other, thereby
to obtain the final notion signal which is spread. The respective

i nternedi ate 10 val ues are as showr in - Figgre 14B. " Nanely, the resultant
notion signal "h" with respect to the input notion signal "a" is of a
nmot’i on si gnal whlch|R£f§rr£nbvt¢rwi¢mne senpl thideliayad comparet ebaiiadgren

ot and Lot handsideso R baLeosKgHRLE b5 Hlied o Lheulan aqiAl

spreader 15 e sanme ‘manner ver S readlng el
i npl ement ed. anﬂ@hraé b&ﬁn%ahb¢6kd@eh&SCRSaU|@§4aré8§ubgd1§ﬁﬂhﬂh§si¢ne

delay circuits, ﬁﬁ&wee%ifa_&ssehmerm%% geRaiivciof 1A Wibehd Noia.

maxi mum val ue circuit I.nput -si gha al , can nbodi e y nmeans

of an 20 - &R géﬁl@rqﬁq‘ﬁﬁe irs tlhlllsu§FF&t that Fh?o’ﬂ@ﬁn}‘%g%tw neRiire N 4,

exanpl e of the igHeer Hﬁéeﬁnéd!alteesvﬂué@tl das@ea Sf%mcfu@éermsgfé?@me by
the spatial spreader $g1Flg 11A ' to_say,. .the ndowl

represents the ﬁuﬁéz'?ﬁé ?ﬁﬁg%pﬂ}hﬁ%wf Ithe t%?qtﬂ?
nmoti on signals \dadaa attd! éacnadtharl,z«thre&rldby 3o tétetdung i zhat Einapr- awtaron

vorti carty oy RAKRY | bhaCBP! SEEUSEAA 10MRRD SIS < Tt
repr esent s dhe maﬂmwﬁeamttaaashmwmadnsﬁgmmts d#4Bi.he Namedy , witheo wesiu 1baht] |

by the maxi mum yalrye,Prey | Ty i TRARS I'L%pect':‘t'ot l&ﬁ'é”‘?.hf)ut E’ﬁ 1'omigeidﬂéldow

Vv represents the npsu tant notion signals of the m xed Sig s showmn 1 n the
i mage wi ndow | V,"akhi tf &fe %5m°t§ﬁ|"ea%11%‘%boﬁ’£'lqc§‘ b’ysn§§ﬁ'§aéf YHER d{tAFSfal
| owpass filter samples delayed toward both the right and left hand sides.

The above example is llmlted to the horlzontal spreader
15 but, in the same manner, the vertlcal spreadlng may be
implemented. Namely, if the sample delay circuits are
substltuted by line delay clrcults, the vertical spreader
can be constructed 1n whlch the max1mum value circuit,
_:'for a 1-b1t 1nput 51gna1, can be embodled by means of an
20  OR gate. . _;.:: - '

FiQure '15' illustrates;_ through image windows,' an

example of the 1ntermed1ate values -of motion SIgnals which

N o are processed by the spatlal spreader of Flgure 11Ai That
| 325 . ls to say, the 1mage w1ndow I represents the motlon slgnal
.1nputs, the 1mage w1ndow II represents the motlon signals

whlch are spread horlzontally by the horlzontal spreader

174, the image window III represents the motlon 51gnals

which are spread vertlcally by the vertlcal spreader 176;

30 and the image w1ndow IV represents the mlxture of the

' spread signals of the 1mage w1ndows I and 1T by the
maximum value process1ng ‘means 178. Furthermore, the

image w1ndow v represents the resultant motlon 51gnals of

_ _ the mlxed 51gnals shown in the 1mage w1ndow IV whlch are .
35 spread dlagonally by means of the dlagonal 1owpass flltery



- 24 - 180, whereby finally the .notion signals are spread in all .
directions. The adder 198 shown in Figure 14A has a feature that 5 clips
t he maxi mum step value in order to avoid error during the signal :
processing. For instance, when the sumof the values applied to the adder
198 has a value greater than the maxi numvalue, the output is limted to

t he maxi mum val ue: 10 I n such a processing -as described above, since the
motion image i s processed by means of the value which is spatially spread
by themaxi mum val ue processing means; 24he t hreshol d val ue of the conpar at or
must be of a 15 relatively great. value. "Accordingly, as_ described )
above, |n180rduherebYrﬁ@nné{Yuéhen%?tbﬁnaﬂbﬁﬂﬂvéI?racﬁﬁFEPﬁglﬂoalé regi on
of a 1-bitg g§&t93n55|gnal which ‘is spread spatially, ‘the 20
enbodlnents of -Invention add the notion signal detected by the area
‘detector to the notion value of or over a specific value in the tine axis,
which is spati a’rh& saaepdiby Ishawﬁainnpm;uﬁéummrmssm ﬁeaﬁﬁﬁésthatn

addition, sinpce t maxi num val ue of- the out put. .c e limyit clipping
25 tPe afeiPRet eﬂ‘av‘é?“b‘@ GF*Re V. ﬁ?@ ot t ﬁ’gde%a € Wi hdt é°§rmot hi ng

ef fect of abeingtthe sugnal procbssbngndaFgra;nateﬁceheWhenlbheaaumthrough

2 e ol RS N RN a8 | B ETHEdadl) 108 hasTHOURl BeCraatEeal

advant age ul'se noise whic recognlzed as-
a notion stgnal ﬁmpmesﬂsl@d YBl¥Rw e themeErt oisr %hﬁhtﬁﬁatt%f the
convent i ongly i SR ¢aduBY process, .the apparatus. .as illustrated may
have -a gooﬁ resistance. to n0|se 35 FurthernDre the hardware may be
very %@npllfled and, i.n _ :
In such a processxng as descrlbed above, 51nce the A\

“motion 1mage is processed by means .of the value Whlch is
Tspatlally spread by the max1mum value’ proce551ng means,

© 'the threshold value of .the comparator must be of a
15 'relatlvely great value. ' ' '

Accordlngly,' as Idescribéd 'above,” in ‘order to

reconstruct motlon adaptlvely according to a reglon of a

—blt motlon _51gnal which is 'spread spatlally, the

lzd." embodiments of invention add the motion signal’ detected by

_the area detector to the motlon value of or over a

- specxflc value in. the tlme ax1s, whlch is spatlally spread

- | by the max;mum value proce551ng means. In addltlon, since

'ithe maximum value of the output can be llmlted by Cllpplng

25  the area detected value or the size of the 1mage w1ndow,

the smoothlng effect of the motlon 51gna1 at the boundary

area of the motion and through a w1de motlon reglon may be
'1mplemented. '

30 ' Therefore; a great advantage may be’ that 51nce an
' 1mpulse noise which may . be mls-recognlzed as’ a motlon
51gnal is processed to have a motlon lower than ‘that of a
conventlcnal spreadlng process, " the apparatus as

: illustrated may have a fgood .re51stance ‘to n01se._

35 :Furthermore, the hardware may be very slmpllfied'and, in



) 1]

- 25 -’ practice, can be constfucted by the conbination -of |logic elenents
because the notion signals are processed in 1-bit signals. Another
particular feature is that the notion signals are reconstructed to be fit
for the human's eye 5 system by virtue of the spatial correlation. 1In
case of the enbodinent described in relation to Figure 11A it is
characterized in that the original notions in the tine axis are spread-
spatially inall directions close to the shdpe~of a circle. 10 The

il lustrated enbodi nents of the |nvent|on§ErOV|de circuits for, snoothing,

i mge signals diRXaTHifRd GRBURE SOBBERHSE§Y: BYi Sheoromrbidatden Rigelodid a
still image by Sdlreau”ﬂhm Bettausei e ot 16 e!ngﬁaysosﬁsrp:b@weeédtm Bheve

15 two regions, cir U|t re C ructs oral
processed noti 69 %ﬁlgﬁm &pﬁi:gerapag ao%%rsesebs n%gﬁgn%g?egﬁ%‘?t%n

Al t hough speci f isci grrddoddi arat seobnsteuchednttloorbeheﬁ/:d: 2for’ bhen hdnians’ts as ol
and describ a n h n . t
solely to ?the%g}/sg:ove d‘l} :Figtu éﬁbng ﬁ?ha& ?ork%é??}igﬁ one s‘%%g[ e’cgpi n
the art may easithe reeuhighm@t msthe&mrarrm:fqrcaq Figuge 11a, it is
subconstructi OngHikYy ”t‘ﬁ‘dtt qﬁ@rswgﬁw%o@é iRCORR Hjdde -

irnvention. For |nstance I n tﬁg di scl osed _enbodi nent s al t hqugh nmaxi mum
val ues of not s Axe oﬁ’é%QQdSP%t-b?%%sén Pnli‘il fixestiPREe Ot \iliies

can al so be usegHse dfid adiggneessing.  _Furthernere, ‘the size and shape
of the |maa§ wi ndow can be adjusted to have 30 . a -best ~condi ti on according
to the chardcteristics of the inmage to process, and the notion signal

processing for the tiTme ﬂ)ﬂlnﬁstmd)emhdmlmaf the timsrersdom mamnerde as

des o+ bed abovecz.rcults for smoothlng 1mage 51gnals distributed around a
boundary reglon ‘of a ‘motion 1mage ‘and a still" image by
spreading the transition which may occur between the above

15 two regions, in which the circuit re-constructs the
T temporally processed motlon 51gnal 1nto 'a spatially
processed motlon 51gna1 | ' ' ' '

_ Although speCific'embodiments:of'the'inﬁention'have-'
20 been 111ustrated and descrlbed above, it is not intended
" that the 1nventlon be linited ‘solely to the above
dlsclosed embodlments "_In addltlon,-one skllled in the ‘
art may ea51ly recognlze that partlcular modlflcatlons or
N~ subconstructlons may be used w1thout departlng from the
25 scope of the 1nventlon. For 1nstance, in the dlsclosed'
:i'embodlments,' although max1mum values ‘of motlon are
detected to process, .minimum or 1ntermed1ate values can
also be used for 51n11ar processing ' Furthermore, the
'51ze and shape of the 1mage w1ndow can be adjusted to have
30 "a best condltlon accordlng to the characterlstlcs of the
o .1mage to process, and the motlon s1gnal prooe551ng for the
time axis can be_ 1mp1emented in the same manner as
‘described above. '

35



35 - 26 - CLAIMS: 1. - A notion signal processor for spreading video. :
i mage signals of a notion area of an inmage and snoothing a 5 * boundary
regi on between said notion area and a still area of said i mage, wherein
said processor conprises: neans for generating a frame difference signal.
froman input video signal; 10 spatial |ow pass filtering nmeans for
filtering said frame difference signal and producing a spatially |ow pass

filtered signal; 15 absol ute. value producing neans coupled to
said spatial |ow pass filtering nears 2&®r—produci ng an absol ute val ue
signal ,  sai d absol ute val-ue signal- being an absol ute value of said
spatlally Ebﬁ;ﬁﬁss filtered signal; 20 - motion . signal. spreading
means coupl ed sald absolute value producing means, said notion
signal - spread| reans, bei ng. dperable to produce,a s read not i on
signal, sad spr IR iHENa Yy RIOCeRINg %‘i’%dﬁ%ﬁﬁadﬁﬂ}gsgl’-@&& Afeg%degr ee

of image meiigpale e;sﬁnfa I:ﬁoﬁidx@l areh 25f amai thad i andaretoctRiggt aadj acent .

pi xel s of said.i mage % sSi ng sad %e with- anlnag%&é%ndowand at
any gi Yen. wPHE §|e[gé'5% eSS §Rd |W§§é’ R BEPPLEPENG. Aff%ot i on
val ue to aoffr eddiie imaaed mbedem tsiamd gaicteissmge cumptugessai d maxi num

noti on val ue being determned 300 by a highest notion value of either:

‘said predeternined pi-xel itself or; a function of other pi.xel s within said
i mage wi ndow; aM@&ﬂﬁlﬁﬂrfqﬁnﬁﬁakﬁﬂﬁﬂﬁuff@ﬂ¢m§#§f¢6¢n§§n§#ﬁﬂaﬂgf#ﬁm‘on 35

factors baggd;inpek %qhgcsghggglnntlon 5|gnal
10 _ . :
spatlal low pass fllterlng means for fllterlng said ot/ _
frame dlfference slgnal and producrng a spatlally low pass '

flltered s1gnal,:

15 -. absolute value produc1ng means coupled to said

| spatial low pass filtering means for produclng an absolute

value signal, said absolute value 51gna1 being an absolute
value of said_spatially_low pass filtered signal;

20 - motioh -signal. spreadlng means_‘coupled .to' said
_ _absolute value produc1ng 'means, said motlon ' signal
- spreadlng means belng operable ‘to produce a spread motion
- signal, sa1d spread motlon srgnal belng produced by

_ spreadlhg a degree of 1mage motlon present 1n plxels of
25_ said motlon area amongst adjacent plxels of said 1mage by
processing sald 1mage w1th ‘an 1mage w1ndow and at any
given w1ndow p051tlon w1th1n sald 1mage, attrlbuting'a
'max1mum motlon value to a predetermlned plxel w1th1n said
image WLndow, said max1mum motlon value belng determined

.36 by a hlghest motlon value of either: sald predetermlned
plxel 1tself or, a. functlon of other plxels w1th1n said

image window; and

motion factor generatlng means for: generatlng motlon
35 factors based upon said spread motion 51gnal.

R Y
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- 27 2'2.7 A processor according to claim1, wherein said notion signal
spreadi ng neans conprises: a nmaxi num val ue processing neans, coupled to the
5 absol ute val ue produci ng nmeans, for processing input absolute val ue
signals by nmeans of said i mage wi ndow and attributing said maxi mum notion
value to a centre pixel of said imge w ndow in accordance with notion

val ues of said-centre pixel and said other pixels wthin said w ndow. 10 3.
A processor according to claim 2, wherein=sai’d- nDtlon si gnal spreadi ng

means further conprises: a conparator, operabl ,ou led to the maxinmum _
value 15 procéssind MEARESSAY ac&oF: %%tphﬁ AAR funYReYedn Saidanotion

provi ded fromiﬂgidﬁaqrgﬁﬁéﬁa [ﬁégﬁ§5¢5ﬁ?f&§@§ with a predetern]ned
reference level; and an area detector.-coupled to the conparator, - for 20

constructing said spread notion signal from output signals of t he

conpar at or . 4. A procaasimuns ¥aRigepriotesisding 2meins, \diﬁf;ﬂiéd stod the

maxi mum val't pr L.ng reans, co rlses 25 a_ maxi nmva ue sel ectipon
D

means for c St EFYIRGRG gﬁﬁ?nﬁn’t h %llél eRFeo VR el%?tﬁe
signal s, sel ect |atgsmisalwa|mmarbslbyi mehne afhsghésnmofg&saudidm:scﬂnde

val ue signal an%%%d%ﬁoaem ebaueth 5ed13pSvaife £a7d ool

maxi mum notion- val npar at rrocessor ﬁCOI’dI n&;

to claim 4, V\/I‘-F@rlé rimage G’Wm @ﬁFQﬁdﬁﬂéée‘Séthg‘“m W$s@% F]R1
plurality of 35 cex&%@';ﬁﬂﬂ aéhdms?e&'% fwhéf rﬁﬂ@i@wm @&msaaiﬁdawl mm
1o S : . '
\w 3. A processor accordlng to cla;m 2 whereln said motlon

signal spreading means further comprlses-."

- a comparator, operably coupled to the maximum value

15 proceSSing“meahs, for comparlng the max1mum motlon value

provided'from the maximum value proce551ng means with a
predetermined reference level; and. g

an area detector coupled to the comparator, for
20 conStructing said spread motion signal from outputdsignals
of - the comparator. | :
4. A processor as clalmed in clalm 2 or 3, whereih.said
~— maximum value proce551ng means comprlses.
25 ' ,
_ 'a maximum value selection'means for comparing said .
| labsolute value 51gnal w1th delayed absolute value 51gnals,
- 'selectlng as said max1mum—motlon value a hlghest of sald
absolute value signal and absolute value delayed s1gnals,
30 ‘and _supplylng sa;d _maxlmum motion . value to said
.comparator. o T B '

5. A processor according to claim 4, wherein said
_max1mum value proce531ng means comprises a plurallty of
35__,sample delay means and line delay means and sald max1mum

* c L " S *



- 28 - value selection neans, -said maxi mum val ue sel ecti on neans having:-a
plurality of inputs and a single output, wherein: a . first input thereof is
connected directly to said 5 absol ut e val ue produci ng neans; a second

i nput thereof is connected to said absolute val ue produci ng neans via a
first sanple delay neans; 10 . a third input thereof is connected to
sai d absol ute val ue prodUC|ng neans via said first sanple delay neans and a
second sanpl e delay neans; a fourth input thereof is connected to said
absol ute 15 val ue producing means Vi#8a~first line delay neans; a fifth

I nput t Her eof i's connected to.said: gbsol ute val ue. neans. via said first |ine

del ay mean¥adie gelfctdahmMfadSie SAtdEXIIuIy VR 18, S % RS is

connect ed hAvEgd aaE&Qrall&ty of i HPUPE CahiE | a1 G iMerles ot ws, Heresiind i ne
del ay nmeans, said third sanple delay nmeans and a fourth sanple delay means;

25 a seventh i.nput thereof is connected to said absolute val ue produci ng
neans via said hlfdrstrmnpuﬁenhemswﬁ amdcansecbted finecttdlyayoresmisi 30

an ei ggth %@%tlu erveﬁ_ d%%q_{ggqné (hesai d absol ute val ue producing maan.s

via safd forst and secon y Tears and a fifth sanpl e del ay neans;
and a ninth input thereof is connected to said absolute 35 value

pr oduci ng means aV's"éc?ﬁ'!dj :1.f1h;fu?tt t@i@i'eiﬁcqfsd c'oh%%c@:@da)to sa‘le%bsolute

value produc1ng means v1a a flrst sample delay means,_

10 . a third 1nput thereof is connected to sald absolute
. value produclng means v1a sa1d flrst sample delay means \_)'
and a second sample delay means, o '

_ . a fourth 1nput thereof is connected to said absolute
15 'value produc1ng means v1a a flrst llne delay means,_

a fifth input thereof is connected'to'said'absolute
value means v1a said flrst line delay means and a third
sample delay means, ' '

20 _ |
a sixth input thereof is conriected to said absolute
~ <value producing means via said first line delay means,
' said third sample-delay_means'and'a'fourth sample delay
means; - | ' " '
25 _
a seventh 1nput thereof is connected to said absolute
) value produc1ng means v1a said flrst llne delay means and
a second llne delay means,'

.30' an elghth 1nput thereof is connected to ‘said absolute
value produc1ng means via sald first and second llne delay

means and a flfth sample delay means, and

a ninth lnput thereof is connected to sald absolute
'35 value produc1ng means via said first and second ‘line’ delay

R D




nmeans;‘sai*d fif.th sanple del ay neans and a si xth sanpl e del ay neans;
wherein said maxinmum value 'selection neans is 5 - operably arranged
to select fromanongst the signals appearing on its first to ninth inputs
and to output the signal having a highest notion value as said maxi num.
moti on value. 10 6. A processor as claimed in claim3, 4 or 5 wherein
said conparator generates a 1-bit notion signal. 7. - A processor according
to any of clains 3 to 6, wherein said area gatector conprises a plurality
of sanple 15 del ay neans and line delay neans and an adding cirfcuit,

sai d addi ng ci r cméandavisadda filfittal sdmypbé depmysmaadsaammnanslxtmhsampme a
first input. therggiak §gggected directly to said 20 conparator; a second
i nput thereof is con eC $ai d conparator via a seventh sanple delay
nmeans; 25 a third input thereof .is connected to said conparator via

sai d seventh sanpl e dﬁhé¥eﬂﬁa”§aiﬁd 33 g%ﬂﬂﬁ"ﬁ%@ﬁ@‘EékaéﬁtiEKWBmeQnstHsth

I nput thereof 1is connected sal arator via a third |1 ne
del ay neans;5a f@P?ﬁabﬁhutaffﬁﬂQﬁﬁ it® .cERABELe L XM s AMPNAStpaitReor sipRads d

third line d9|aYaﬁ§éQ§1ﬁ§doﬁ Rt FigatPhe d8intn MBPis Ind to §Qt uf &h¥t h

i'nput thereof |s connected to sai d conparator, .via sajd third {ine dela
neans, said ni ntH1ES %’% Iggﬁ € a MR s¥ApPE @ afariEangaxsmun

a sevent h |npumotihﬁreslueLs ‘connected to said

10 6. A processor. as claimed in claim 3, 4 or 5, wherein
\ said cormparator generates a 1-bit motion signal.

N
7.. . A processor according to any of claims 3 to 6,
~_ wherein said. area detector comprises a plurality of sample
15 delay means. and line delay means and an adding circuit,
said adding circuit having a plurality of inputs and an
output, wherein;
_ T a flrst 1nput thereof is connected dlrectly to said
20 comparator, : g _ _ o
_ _ a second 1nput thereof is connected sald comparator
via a. seventh sample delay means;
—~ :

25 a third inpﬁt thereof is connected to said comparator
o v1a sald seventh sample -delay means. and an eighth sanple
delay means,.: e )

a .fourth' input thereof is connected to said
30 comparatorﬂyia_autpirdtline delay means;

a- flfth 1nput thereof is connected to sald comparator
'_ via sald third line delay means and a ninth sample delay
_meansj . - |
35
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- accor

conparator via said third |ine delay means and a fourth |ine del ay neans
an eighth input thereof is connected to said 10 conparator via
said third and fourth |Iine delay nmeans and an el eéventh sanpl e del ay neans;
and a ninth input thereof-is connected to said conparator via said third
and fourth line delay neans, said eleventh 15 sanple delay neans and a
twel fth sanpl e del ay neans; wherein said adding circuit i's operably
connected to add toget her each of the S|gnals appearing on its first to

ni nth |nputs 20 8. A processor & Simed in claim7, wherein the ‘addi ng
-circuit is provided mnlh a t|n factor so a to, bgost a | evel of the
one bit notion 3iFiEFRiHRRAT { \%§§% SoffpRPEESPd 38 $ald QomPRERfey

si gnal prgesadd thivbsldnel dellyy meanssr edankifroiretidesanp beddel bl

reference to any_ o ur h ananylng draw ngs. 30 10..
A digital YYD E?éngl Pgﬁegg*ﬁﬁ s?gigﬁ]ﬁp %fded with a nmotion signal
processor according to any of. the proceeding clains: 11. A television or

vi deo gecor der /| ranxggeﬂmv' dafutl tRndReor? YINUorHRARRE! NEoSYSHER
J comparator via said thlrd llne delay means- and a fourth

line delay means,

an elghth input ‘thereof is connected to said
10 comparator via sa1d third and fourth line delay means and

an eleventh sample delay means, and Y

a'ninth input“thereof'is connected to said comparator
via said third and fourth line delay means,'sald eleventh
15 sample delay means and a twelfth sample delay means,

wherein said adding circuit is opefabiy connected to
add together each of the 51gnals appearlng on its first to
ninth inputs. o ' '

20 _
- 8. A prbcessor.as-claimed in'elaim'77 wherein the adding
—circuit is provided with a weighting factor so as to boost
a level of the one bit motion signal input from the ‘
. comparator. | N
25 o

9. A motion "signaljt“proeessbrl’}subStantially as
hereinbefore described with reference to any of Figures 3
to 15 of the accompanying drawings. - '

30'_ 10. A digital’vided"signal'precessingisystemj°prOVided
with a motion 51gnal processcr accordlng to any of “the
proceedlng clalms. ' ' ' '

11, A television or video recorder/player prdvidedlwith
35?:fa“Signal processing system according to claim 10.

s



