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MOTI ON DETECTI ON I N TELEVI SI ON SI GNALS The invention relates to a nethod
and apparatus of notion detection which is*particularly well suited Lo
detect notion in a television signal which'5 has been obtained froma
filmto television converter using a conventional 2-3 pull-down technique.
Motion picture filmis normally exposed at a rate of 24 franes per second.
When reproducing these filnms in a television systemwith a franme 10 rate
of 25 franmes per second (such as PAL or SECAM it .i.s universal practice to
sinply reproduce the 24-frane rate filntat- 25 frafes per second. The snall
increase in the pitch of the reproduced sound and the jqbt _reduction in’
the running time (i MOEKMANI o LON IN LELE VISHIN, SIGNALS, | | v accept ed
conprom se. The use of this method in a 30 frame per second tel evision 15
system (such as NTSC), however, is totally unacceptable. This 30 frane per
second system us iRVE | ' ' ' S
exposed for two te ég\}l SI on&*t F%IF%E% géggg&t ngnfpﬁahn%ﬁ%ﬁﬂf%g&ﬁgm S
exposed for vhichéstpargvalarlgrwéll sbited td detectmtdtivh if a atlevision signab whichg t he
filmin the projector gate for either two or three television field
exposur & i hasdbeencbtaingd framafilmdoteleisioneanvertez using acanveriontd 234
well inthe p a It cgn, cause problens when digital signal processing
met hods areP&‘ng PR teEhmqUet o) evi si on signal . For exanple, many digital
tel evi sion systens require an accurate 25 notion detector in order to
sel ect a proper signal processing algorithm e.g. for deciding whether or
not to use a "nWﬁofnrgiéﬁxﬁoﬂEnfi'sm&inﬂB_f ekpiedaarc &/ ¢ of 24 Teames Ger!
separati on. Known notioh detectors for this purpose generally conpare two

pi cture el ersecond.t iWhearrepaoducing theseofilme linis) television system with a frame i

10 ° rate of 25 frames per second (such as PAL or SECAM) it is universal practice
to simply reproduce the 24-frame rate film at 25 frames per second. The

small increase in the pitch of the reproduced sound and the slight reduction
in the running time (i.e. speed-up) of the film have been a generally accepted
cbmpromise. The use of this method in a 30 frame per second television
15  system (such as NTSC), however, is totally unacceptable. This 30 frame per
second system uses a special method in which one motion picture frame is
exposed for two television fields, whereas the next motion picture frame is
exposed for three television fields. This method of alternately holding the
film in the projector gate for either two or thi'ee television field exposures is

20  called 2-3 pulldown.

Although 2-3 pulldown has worked well in the past, it can cause -
problems when digital signal processing methods are applied to the television
signal. For example, many digital television systems require an accurate

25 motion detector in order to select a proper signai processing algorithm, e.g.
for deciding whether or not to use a line or frame comb .ﬁlter for
luminance/chrominance signal separation. Known motion detectors for this

purpose generally compare two picture elements that are a frame (two fields)



-2- apart and base the+ motion detection decision on the difference in

si gnal anplltude bet ween these two picture elements. If the tel evision

pi cture is.obtained froma notion picture filmand a 2-3 pul | down has been
used for the frame-rate conversion, it has been found, as will be expl ai ned
I h greater detail 5 bel ow, that the motion detector will fail regul arly,
which may lead to a degradation of picture quality. If, for exanple, the
notion detection signal was belng used for controlling the use of either a
line or a frame comb filter in a televisiadn si gnal processor, a.regularly
occurring failure of the notion detector (i.e. an indication of no notion
when in fact #get andsbaset thei) metion detectionsddcision- en ghe idifferenosi inc wigngl

bet ween these two conb filter techniques. This Ieagitg visi bl e peri.odic
flicker in thamphsule betveess these: twe PIGIUE SlEmERSr & H}SA‘?MHC Abr e

i o el e SRR O WY 104

convent i onal op, ct o '
accorrpanyl ng ﬁﬁé{&r r‘rérjﬂa{J e a ong\nunﬁas wﬁh foﬁﬁé'sdsgwggﬁﬁ%%gg%ﬂeed;fcn h~ o tr t?e tar%lnt i on
picture f?afreselbﬁ: ditfat &he 'otidn d¥tetor dellk Caibrregoluphy, i whicto mays Jeadiitoga -

pi cture enent's Separated by a frane interval will detect notion between,
e.g. correspodegradation ofipictare quality- i if, fﬂOEImmPlanﬂleGﬂmon Qﬂiﬂﬂl@) sxgnal

~ Simlarly, it wll detect _notion en co ondin ture el s in
~ fields F5/F7, wasbeing used for/qontrolk Pngm qu%? %c?? g‘?@ﬁ“%@?@%ﬁﬁ En it
conpares pi ct.ure mifields F8 t ure
el enents are W’ gépei@y}sg?%ﬁlgqag,pgogﬁﬁ?{, & Sglf]}gflﬁ @“@ﬁﬁ’g}ﬁo@ﬁ@g&]?ﬂgﬁﬁ&@%ﬁt he
samg Motion paGLUGE qgfa% e Ahlon26E nd Rotibh WitdiRin FhdtitheRe idl eidticid! will
Conti nuing thr's evalvuation - ? ﬁe Trotion detector one can easily see that
the notipp defegtltdn a’péﬁodladwi&hmg bawmhlthese mcqmblﬁlleexttebhmlques.n This

leads to a visible periodic fhcker in the resolutlon of the television picture, as

explained in more detail below, due to the different resolutions resulting from

the use of a line or field éomb filter.

5 = -'To_'_:understa‘r‘i'd_"rﬁqrg“,_clc"érly_ why .-'_a;c_d_x'lven_tional-;motion detector will

fail, considex:_Figure 1 of the.accompanying diagrammatic drawings. Firstly,

- assume t_hat-fg_:aci:h of -th__é_ qmotion picture-frames is differe;xt_,- A motion detector

con-x-paring corresponding picture .elexhe__nts separated by a frame interval will

N | ~ detect motion between, e.g. -correéponding picture elements in fields 4 and 6

20 - (F4/F6).. :_Similarly,-_._;it- will; detect motion between .corresponding picture
~_elements in fields F5/F7,: F6[F-8,..;and-'F7:[FQ. It_will ‘not- detect. motio'n,_ .

- however, when it compares . ﬁicture elements from' ﬁelds- F8/F10  since,

_. corresp_ond to the same motion picture _ﬁ-_'ame- : (MP:. 4).- and are: thus spatially

25  identical. _.Continuing: this evaluétiqn-,; of the motion-_detecﬁ_tor;-- one can easily
~ see that the motion detector Willl indicate "no motion" every five television -
.- . fields although all motion picture frames -are different. This wrong decision

. can lead to the _selecﬁpn.-;.;o_f;,;_f_thg;f; wrong luma/chroma. signal separation



fields although all notion picture frames are different., This wong
decision can lead to the selection of the wong | uma/chroma signal
separation -3- algorithmat a regularly occurring | ow frequency rate,
i.e. 12Hz, and thus result in visually annoying artifacts in the displayed
picture due to the difference in signal resolution between line and field
conb filtering. 5 U S. Patent 4,933,759 uses a plurality of field
delay circuits to perform various conbi nati ons of signal conparisons in
order to develop a notion detection signal. For ease of understanding, the
sequential fields (n-2) through (n+3) of Figure 1 of that patent will be

referred tcalgeritimFit a regulaely sedutringhlow froyie 6?&%63 ile.aIXHZ, ahd fthasre 2
of that patent are 10 responsive to signal in Tiel ds F1, F3, F4 and F3,

F4, F5, andresalénirFyisvally Eanoyimgrartificts ﬁﬁ the e&pphyedepxpnnuhdnesw théres 1
and 2 are ?fgl ched jo thejr alternate positions. Due to the fact that in
t he above- féﬂe $ resolution-betweendinesand Seld; combefiltgringnpar ed, i . e.
fields F3/F4, F3/ F4/ F5; F2/F3/F4; and F3/F4, and the presence of |ine
interlace, a 4-point averaging technique is required to spatially match a

poi nt ig one f| r ) ue to
the i ntS(;rI ace "line o?t?set 93'3 ‘P%)Q&‘; a’ﬂu?@ﬁ??f%(lfgggg @ﬁ@%mlﬁ% es the
conpar at or Variwisi ombﬁmhombsoﬁ signal mmﬂmowinmﬂefnow&? & niotsrk/ Whi t e

transition occurring in the imge space bet ween adj acent field lines, which

woul d r esuldetestion gignaloutfon easeoof mdermpdlmnoﬁlp sequentiab fields (ne2)ii r ed
| nor eas! ng FREH And 0Pt dAEimLc oF: At gatsms will bo Yeferred to as F1-F6,
respectively. Thus, comparators 1 and 2 of Figure 2 of that patent are ~
10  responsive to signal in fields F1, F3, F4 and F3, F4, F5, and then F2, F3,
~ F4 and F3, F4, F6, respectively, when switches 1 and 2 are switched to their
alternate positions.

Due to the fact that in the above-noted comparisons, adjacent fields are
15  being compared, i.c. fields F3/F4; F3/F4/F5; F2/F3/F4; and F3/F4, and the
presence of line interlace, a 4-point averaging technique is required to
spatially match a point in one field with a corresponding point in an adjacent

field (due to the interlace "line offset").

20 This necessarily complicates the comparator functions and also, due to

the possibility of e.g. a black/white transition occurring in the image space
between adjacent field lines, which would result in-a gray output from the -
comparator, the threshold required to indicate motion would have to be set a
relatively high value, thereby increasing the chance of an indication of no

25 motion when in fact there was motion.

In preferred embodiments of the present invention, a plurality of
television interim motion detection signals are developed by always comparing



25 notion when in fact there was notion. In preferred enbodi nents of the
present -invention, a plurality of television interimnotion detection
si,gnal s are devel oped by al ways conpari ng -4- inmage points i.n the video
~signal which are spaced two sequential fields apart, and then gating the
interimnotion detection signhals together in order to generate a final
“notion detection signal. 5. In a preferred aspect of the invention
all but one of the interimnotion detectiop signals are conbined using an
AND function, and the output of the AND fUhCtion and the renmaining interim

noti on detecti,on signal .are copbi ned . usjnhg an OR function. 10 : I n
accor dance w #Wage-ﬂ%i“ﬂtﬁ 1R §pe N Wﬂ@r‘l’t’ﬁﬂgﬁéﬂc@f twa,sequential figlds apsat,

- nverm ot Fon,deied! L, 803 ATRORBH, 431 P LARRH 38 RGBT

adj acent to t%gpé%gl_M%aﬁgﬁ'%tédﬁ&eﬁgﬁgp the remaining interimnotion

detection sig n ‘accordance w th ©one enbodi nent of the invention,
the interimnotion detection.signals are all devel oped by a single notion
detector, whose output is successively delayed for “providing the plurality
of interi® motion detacprefenred aspest of the nventiompalt butane of thennierimnmotioo
According to '

t Qf th g t i 11 ] there i i ded
method Tor -deERCARY SERATE areroRbined ising anAANL] Brcliogn and JBe SR of the

'AND function and the remaining interim motion detection signal are combined

using an OR function.

10 In accordance with a still further preferred aspect of the invention, the
intérim motion detection signals combined using the AND function correspohd
'to. a comparison.of __ir'n_a'gq: points m the ;gle,vi'_s:ion image which are spatially
adjacent to the ima;ge_.po_i_x_its_;'._-hspd__'...:to develop the rema:mng interim motion
detection signal. L ' o

15 : S :
In accordance with oné embodiment of the inv_entiori, thé interim
- motion detection signals areall deve_:loped by a single motion dEtector, whose
.. output. is, sﬁccgssively-delgye,_g__.:fg; providing the plu;aiit_y of interim motion

- ... detection signals to a gating cxrcmtarrangement o '

20. '

According to one-’aspéct of the present invention, there is provided a
-:method for detecting . image motion in a television signal obtained by
 conversion of film images to a sequence of television video fields using a 2-3

+. film pulldown technique, the method comprising the_steps of:

genemﬁng a plurality of intgﬁm motion detection signalé ‘which are
- . always based upon:a comparison of image points in the video signal which are

spaced two sequential fields apart;.and . .



conversion of filmimuges to a sequence of television video fields using a
2-3 filmpulldown technique, the nethod conprising the steps of: 25
generating a plurality of interimnotion detection signals which are al ways
based upon a conparison of inage points in the video signal which are
spaced two sequential fields apart; and -5- gating said plurality of

I nterimnotion detection signals together in order to generate a final
notion detection signal. Preferably, said generating step conprises: 5
generating all but one of said plurality§Sef interimnotion detection
signals which are gated, by delaying the prior outputs of a single notion
detector. 10 gatingPsaid eplakdlity ofvimtedint inigtion dptectionr signals togethieriing al |
but one of-said interimnotion detection signals together with an AND
function anordemto generateha final motior detestionibignalct i on and t he remai ning one
of said interimnotion detection signals together with an OR 15 function.
According to another aspect of the present invention, there is provided

apparatus for detecting,.i | [ LSi on signal obtained by
conversion of fi |1?ﬁ°f%§l¥sr$gf§%ﬁ@ﬁé§°lﬁf‘r’@§%§$si on video fields using a
2-3 20 filmpulldown technique, the apparatus conprising: generating
-means fOr generating a plurality of interimnotion detecting

generating all but one of said plurality of interim motion detection

signals which are gated, by delaying the prior outputs of a single motion
detector.

10 Preferably, said gating step comprises:

combining all but one of said interim motion detection signals together
with an AND function and combining the output of the AND function and the
remaining one of said interim motion detection signals together with an OR

"15  function.

According to another aspect of the present invention, there is provided
apparatus for detecting image motion in a television signal obtained by
conversion of film images to a sequence of television video fields usinga 2-3  —

20  film pulldown technique, the apparatus comprising:

generating means for generating a plurality of interim motion detecting
signals, each interim motion detection signal always being based upon a
comparison of image points in the video signal which are spaced two

25 sequential fields apart; and-

gating means for gating said plurality of interim motion detection
signals together in order to generate a final motion detection signal.



- signals, each |nter|n1nDt|on detection signal always bejng based upon a
conpari son of image points i'n the video signal which are spaced two 25
sequential fields apart; and gating neans for gating said plurality of
interimnotion detection signals together in order to generate a final

- notion detection signal. ~6- Preferably, said gating neans conprises: an
"ORgate having at |least two signal inputs, a first input being responsive to
an undel ayed out put of said generating neans and said second 5 i nput
“being responsive to a delayed version-of séi-d interimnotion detection
signal . Alternatively, said gating means conprises: 10 an AND gate
for combini ng. al |- "bRteferablyf saidi ghtinigumedns: gomprises:er.i m not i on det ection
signal s together; and an OR gate for conbining the out put of the AND
function and -t he- renalnlng one of-said i nteri mnotion: detection signals

teri m ot fon dot oifi OR SRt bREE. 2 468 e sighRl GrBuR, %ﬁ“@?’gﬂ%ﬁ% nes
~in adjacent f rﬁ@gﬁnﬁb@tto %rneu ityed &thﬂpﬁf G nééﬁe?ﬂ?ﬁ( niEdts WpldOWid second

(surroundl ng) rven |I'Ine posl t nd sal rrourdi ng 1 nterimnotion

det ecti on §i griwpat Béﬁlgcﬁﬁbbﬂﬁde 26 a délayediversidiDof said initérémoniotion déteviorth

i's combined wit the interimnotion detection signal for said given |line
position in. sasigndlR gate. Preferably, ‘sai d generat| ng neans corrprl ses:

Altema{ively, said gating means comprises:

10 an AND gate for combining. all but one of said plurality_of interim

~-motion detection signals together; and

an OR gate for combining the output of the AND function and the
remaining one of said interim- motion_ detection signals together.
15 L .
Preferably, said genefating means gem_:rétes surrounding interim motion
detection signals based on comparisons in video signal lines in adjacent frames
- that are sﬁaﬁa_lly p_osi—tion_e_d ';-:ab,ové : jand.-_below (surrounding) a given line
~ position; and séid surroﬁnding ihteﬁm motion.detection signals are- combined.
20  in said AND gate, the output of which is combmed with the interim motion
.- detection signal for said given line position in said OR gate. -

Preferably, said generating means comprises:
25 - . . a frame delay;

a motion detector having first and second signal inputs and a motion

detector output for providing an interim motion detection signal, said video



25 a frame del ay; a notion detector having first and second signal
I nputs and a notion detector output for providing an interimnotion
detection signal, said video -7- signal being coupled to the inputs- of
said frane delay and said first input of said notion detector, and the -
out put of said frame del ay being coupled to said second input of said
notion detector; and a second frane delay coupled to the output of said
notion detector for delaying said interimnotion detector signal 5 one
frame tine period so that it is providgd to said gating neans concurrently
with the next sequential interimnotion detection signal provided by said
moti on det gehalr beiﬁg coupiedio th ROGE sdidframbe idetdy afid!saitP firdtCinput bfrd_
frame del ay coupled to the output of said second frane delay, for providing
a further said motiomdetectorgend the outpat ofisdid tframeidelayabéing conpled toldaid
i nvention extends to a video, signal processing apparatus provided 15 wth
tecton: ansha W&am dela

appar at us, sesond daputeef v eoupledita she

di t f, the i I Q. h t . '
Pelevi si oroBBE Pt sstd sefion deietas T0r delayme i et Mbkisn JHESD8 stEmal reans.
20 F b ' e | b Q:
may b6 cardie famd RGN SPuA i 8 Drovited s Ad Siting Meae totlirtatty STF
to the accRithafhé néxidséglientiah ihteriti anbHas detectidi signal provided by said

motion detector.

An apparatus as above may further include: Ad
10
a third frame delay coupled to the output of said second frame delay,

for providing a further interim motion detection signal to said gating means.

The invention extends to a video signal processing apparatus provided
15  with apparatus, or adapted to perform a method, according to any of the
preceding aspects of the invention.

Such apparatus may comprise a television receiver and/or video signal

recording and/or reproducing means. —
20
For a better understanding of the invention, and to show how the same
may be carried into effect, reference will now be made, by way of example,
to the accompanying diagrammatic drawings, in which: |
25 Figure 1, as mentioned above, illustrates the result of the application

of a 2-3 pulldown film-to-television frame-rate conversion technique;



25 ¢ Figure 1, as nentioned above, illustrates the result of the
application of a 2-3 pulldown filmto-tel evision frame-rate conversion

t echni que; 8 Figure 2 illustrates one exanple of a basic circuit

enpl oying the principles of the present invention; Figure 3 illustrates a
further enbodi nent of the invention having a 5 different technique for

gati ng toget her

interimnotion detection signals; Figure 4 illustrates a

circuit for nore accurately deternmining the occurrence of notion, in
accordance. with a further enbodi ment. of tBe invention; 10 Fi g.ure 5
illustrates a sinplified version~-of the Figure 4 enbodl nment ;

i |lustrates the |iPiguref2liustrates sons) expaiple fda;  Basig @ifgui gm 8 ?@%dl ng
t he enbadi nents shown i n-Fi gur €.6b and 7:715 Fi gure 6b |Ilustrates a
further enboopmuplwofﬂ@mﬁ%‘#tmdﬁ“ OMhd Figure 7 illustrates a sinplified
version of ‘the Figure 6b enmbodinent. 20 - A sinple notion detection

circuit arrangenent whi.ch.can be used, :fer exanple, in a television

recei ver for

r enmai nder
circuit and t

cont gkl 1a0s Wiglibaks o fitfiereinbOdinént ofitie nvention havingia | be
used for a Iuma/ch

separ atl on -g¥rcul ti - i's shown i n=Fki gure 2.  The

%ﬂﬁer&ﬁt fR¢hhique I&Cgaungrtogeuher imterign masion detectien ﬁtgf!?éiyar ation
remal nder” of the-television signal 25 prqceSS|ng and

display circuitry, is not shown for ease.of. understanding the invention

and for clari

ty Of tlghueredr avﬂus?ra'tesl 2 ci‘i'cull tf%cli' }n%?e fdchrﬁgﬁh d%ﬂéfﬂﬁﬂﬂiﬁ the

occurrence of mot10n, 1n accordance W1th a further embodxment of the

_1;nve_n_tlon,__ o

| Fxgnre 5 '_i.l_lilét'rété"s 'é._fsimpiiﬁcd-Y_e:__'r'.'_sidnidf the Figure 4 embodiment;

| -"_ F1gure 6a 111ustrates the hnes of a televxslon ﬁeld and is useful for

=

understandmg the embodlments shown in Flgure 6b and 7
Figure 6b ill_u_sl::ates a‘-furﬂle_r_.-_e_nlhod_iment of the inyention; and
Fxgure 7 illustfates _ a s1m;)hﬁedvers1on of the Fxgure 6b embodiment.

A 51mple motlon detectlon Cll‘Clllt arrangement whxch can be used for

_ example, ina telev1s1on recexver for controlhng whether or nota hne or frame

omb filter w111 be used for a luma/chroma separatmn Cll'Clllt 1s shown in

| Flgure 2. The remamder of the telev1smn recelver mcludmg the

- luma/chroma separatlon c1rcu1t and the ‘remainder of the telev1s1on signal .

~ :
o
15
- 20
.

_ processmg and dlsplay c1rcu1try, is not shown for ease of understandmg the

: mventmn and for clanty of the drawmgs Itis noted that all such components

wh1ch are not shown are of the type whlch are well known to those of

ordinary skill in the art.



whi ch are not shown are of the type which are well known to those of
ordinary skill in the art. -9 - As shown in Figure 2, the television
signal is applied to the input of a one-frane delay 2. The output of frane
delay 2 is supplied as a first signal input to a notion detector 4. The-
second input to detector 4 is the undel ayed tel evision signal. Mtion
detector 4 conprises a conventional type of notion 5 detector, such as
one whi ch conpares the signal |evel of two pixels sinultaneously presented
at its respective inputs and detern1ne§9|f their difference exceeds a
preset threshold level. If the differente between the anplitude |evel of

out put gi”ﬁh. car ﬁ%é‘ﬁﬁﬁp?éﬁﬂ%g g@%ﬁ“@bﬂw&k@ Rl e gt B 7 "

change at ﬁ?fﬁ da?" fOfrafiie 1 ol i4rsRbbli¥d r tion
det ecti on signal's élﬁFrmtlon tgsctlon fs‘tlibg lbe| PS ba?gcf E%%nﬁg
conpar i son jRputitioEhrotigh détector 4¢XThé secondein ﬂﬁt&dﬂﬂetdr4is theauridelgyedsi on
signal . A gating circuit 6 is used to gate the interimnption detection

signal s to@elbhmon slgnaheMthrpdmcm 4ecomprisesrd convendiomat typenofimption. 15 | n
the Fi gu enbodl gatin rcwt 6 | Iudes a fr?rre delay 8 and an
5

OR gat electon o S @%ﬂlee F (,séﬂﬂl leyel ;of wg, pixe

2?5%2?“?2'&%9&@%‘ ?&?%ﬂé‘ﬁﬂﬁo@fdéﬂ%ﬁemﬁﬁ i, e ferf ""éféﬁd'ﬁg o to

OR gat e 10 giffeicdhciPexceds apRdeO ifresNcliEledel. IFQhe Aifféitrite BEWEcRCHRC! OF .

provi des a signal based upon a plxel conparison I n F5/F7, delay
amplitude level of the signal input is less than the threshold, motion detector

4 provides an output indicating no motion. The output of motion detector 4

)

10 is able to change at the pixel rate, thereby providing a plurality of interim
motion detection signals: each motion detection signal being based upon a
comparison of pixels which are exactly one frame apart in the television
signal. A gating circuit 6 is used to gate the interim motion detection signals
together in order to provide a final motion detection signal.

15

. In the Figure 2 embodiment, gating circuit 6 includes a frame delay 8
and an OR gate 10. In the NTSC system, frame delay 8 comprises a delay
of 525 horizontal (H) lines. When detector 4 provides a current motion
detection signal to OR gate 10, delay 8 provides the motion detection signal

20 to OR gate 10 which was generated one frame ago. For example, when
detector 4 provides a signal based upon a pixel compﬁrison in F5/F7, delay
8 provides a signal based upon a comparison one frame earlier, i.e. F3/F5.
Thus, when the erroneous F3/F5 detection signal (indicating "no motion" and
having a LOW logic level) is applied to gate 10, the correct F5/F7 signal

25  (indicating "motion" and having a HIGH logic level) which is also applied,
will dominate OR gate 10, thus preventing the final output signal from being

in error.



'8 provides a signal based-upon a conparison one frane earlier, i.e. F3/F5.
Thus, when the erroneous F3/F5 detection signal (indicating "no notion" and
having a LONIlogic level) is applied to-gate 10, the correct F5/F7 signal
25 ?indicating "motion" and having a HHGH logic |l evel) which is also
applied, will dom nate OR gate .10, thus preventing the final output signal
frombeing in error. - 10- ‘Figure 3 illustrates a notion detector which
is substantially simlar to that shown in Figure 2. However, a nore
reliable transition between a "notion" -dfda "no notion" signal is
~provided. This is acconplished by a gating circuit conprising a three-input
OR gate 12, for reRiguye Bdillustrates s metion detedter whiclis substantially simidargtoal s
provi ded fromthe output of notion detector 4. A fjrst interimnotion

det ection si ghat shewai in Figyreadp) iHaweverga anorg regxabiq; Sransition behwveen idon

. detection sigpal i 3 ligd to gate .12 vi 2 Lay 14 hird
interi Im not : %@%é‘icgg&?l Fr‘%‘.? &?@?ﬁ?gﬂgﬁﬂlvisgﬂ%t"&? - t'ﬁi‘%&?ﬁ@'ﬁ@ﬂ%ﬁﬁiﬂ@ ay

Sianal s he dREciuir bR e nple O Bake 12! i velEiifh oty

two F9/ F% i ntigferith TN deRCH6h isighats provided Foni ¢herbatputof Motion de@weedrs due -
to the action of 1H delay 16, which two signals indicate if there is notion
in the lines 4paAifarst yntehiny enctich deteotionrsignalris adiredtlyrappliedh o @atpd2ed i n

Fraure ' reimocomdipierin maton demasnsgnk  appied 1o ke Eaofh nord B
motion ‘14, and a third interim mouon detechonmgnal is applied to gate 12 via the
N 262H delay 14 plus a 1H delay 16 In this mahner, the final motibn detector -
10 signal, the output of OR;.gat;:____l___Z, is a cpx'pbi__r'_lation: of, e.g. an F10/F8 and
: two F9/F7 i._xite_n'm mot_iqh detection signals._ There are two F9/F7 signals due '
___to the action of 1H delay 16, which two signals indicate if there is motion in
the lines- spatially above and below the _-_j_:gurrc__nt line being compared in
. FIO/FS. | |
- . Another éircuit for accurately detjéxjmining motion is shown in Figure
- 4. Referring again for .#'_,.n;qmcgt: to Figure 1, assume that a simple motion
detéctor is comparing.pijcels._;..jg,_fra_imgs -F10 and F8. Since the picture
—  elements in F 10 and FS-a;;e identical, it will not detect motion even if MP 4
20  is different from MP 3 andMPS The motion detector-of Figure 4 not only
) makeé the F8/FI0 compa.nsonwa ;dgtectog,ZO.and framefdeléy- 22, but also
| the F8/F6 comparison via detectbr_ 24 and frame-delay 26 to check for motion
between MP 3 and MP 4, and the F10/F12 comparison via detector 28 and
.. .frame-delay 30 to check for moﬂon between MP 4 and MP 5. An AND gate
25 . 32 receives the outputs of detectors 24 and 28, and an OR -ga,t% 34 receives
.. the output of AND gate 32 and detector 20. |



detector is conparing pixels in frames F10 and F8. Since the picture
elements in F10 and F8 are identical, it will not detect notion even if M
4 20 is different fromMP 3 and MP 5. The notion detector of Figure 4 not
only nmakes the F8/ Fl O conparison via detector 20 and frane-delay 22, but -
al so the F8/ F6 conparison via detector 24 and frame-delay 26 to check for
noti on between MP 3 and MP 4, and the F10/F12 conparison via detector 28
and frame-delay 30 to check for notion between MP 4 and MP 5. An AND gate
25 32 receives the outputs of detectpgf_24 and 28, and an OR gate 34
receives the output of AND gate 32 and detector 20. Logic gates 32, 34

ot on. 't hen t he oS, BRtes 32,1 deferiie mondiPid, e FNGED wY, | THinBRGRS
det ect or 20détediora2@ dndivatesvinotion, thérethé utputt 6 ORI gfia 34 Wl ig%dit tg’ m ned

by the outputs of notion detectors 24 and 28. Only if both 5 ese
moti on det emotion. | Hamotion detectom?20 hndiaates Jinoanotibe} thehthe outpit dfrgateut put

a2 on S B i o e S ot e ™
i ond .of;. L« s Fi 5

7 ' o R ot e RO, 5o e, A 1
ot o 1 0"alpl o SOMBETOH S 36 GRS gl ! 0GB 11 °1 Y

i s acconpl i ndted that if onty onbafdinotion défestors 24 dridke2® iidicited motid Woe 28 and 26

provi de notion detection signals which correspond to the 15 out puts of
det ect or s 2¢ithercatzthe start ordhe eodyof amation stepere 4 enbodinent. It is noted
that this enbodi ment al so provides significant reductions in bit ~

10 Figure 5 performs exactly the same function as Figure 4. However,
in this case the motion signal output from detector 28 (and not the video
signal) is merely delayed by two additional frames. With this arrangement,
the same function is accomplished with less hardware. That is, the output of
delays 22 and 26 provide motion detection signals which correspond to the

15  outputs of detectors 20 and 24, respectively, of the Figure 4 embodiment. It
is noted that this embodiment also provides significant reductions in bit
storage requirements and processing because the motion detector output signal
is typically one bit, while the video signal can be 8 bits or more.

20 Figure 6a illustrates some of the lines of successive television fields,
wherein lines used in the following illustrated examples are shown shaded and

given reference designations.

Figure 6b shows another embodiment of the invention including a

25  plurality of motion detectors 40, 42, 44, 46 and 48. A series connection of
delay circuits 50, 52, 54, 56, 58, 60 and 62 are grouped so as to provide a
single frame delay between the inputs of each of detectors 40-48, with each
frame delay comprising a 1-line delay and two 262-line delays. With this



storage requirenments and processi ng because the notion detector output
signal is typically one bit, while the video signal can be 8 bits or nore.
20 -7 7 Figure 6a illustrates some of the lines of successive television
fields, wherein lines used in the following illustrated exanples are shown
shaded and gi ven reference designations. Figure 6b shows another enbodi nent
of the invention including a 25 plurality of notion detectors 40, 42, 44,
.46 and 48. A series connection of delay circuits 50, 52, 54, 56, 58, 60 and
62 are grouped so as to provide a single-fl2ame del ay between the inputs of
each of detectors 40-48, with each franme delay conprising a 1-line del ay
~and two 262- | ianmangetrent, additiortahi ines abage belpwethe, cuoéint | imen| (bt rigs
above and bel oy the current. line (hQut i.p.different fields) are used to
“det er i ne not ﬂéﬁ':rqnéﬁeé&samél,se&% SlETHIIG MOLIQE- @qrsexm uASIme flmims_nd

ol e 50 g g QRGBT B SPE OALE
T ndi cated 11 PG AYSAECARE et (R I8 0 Affefence MinABh cofrebbhding BiXel® |

i.e. if réspegiline Oiand limoPr(ghed Hne which bcosizedvone fRire edflizr)1then’ iotion
i ndicate notion. An AND gate 64 receives the outputs of detectors 40, 42,
46, and 48 anavillnordR besindidated ifcall ‘other metiandetectors 46, ARD4§and 481 indidateo
detector 44 . for generatjng the finpal_ nmotiop detection si - Lh.a r
© such as previ SN, de.cf rBsRECHVe PiXel Gommparisons m%s&@?@@é%m@@%
perfornms the sa funct.i.on LGHIre. 6 . Lequl ) ongiider Varl €
“har dwar e t han? cﬁga i‘PSEP-ﬁ' i%ﬁ[—ixg]#ga%ebgﬁﬁg%géss cé@?&egfagéca’% 4d’ 49)?’
~ 46, and 48 and an OR gate 66 receives the output from AND gate 64 and -
10 detector 44 for generating the final motion detection signal in a-manner such

* as previously described with réspect 1o the prior Figures.

" Figure' 7 performs the ‘same" function as Figure 6b, but requires

* considerably less hardware than the circuit ixi;'Figure- 6b due to successive

15 delaying"-of the motion detection signal instead of the video signal (such as in

' the Figure 5 simplification-of Figure4): ' Here, a frame delay 70 cooperates

“with detector 40 for .'prbvidiﬁg',lf ‘e.g."the* A/D signal;"a one-line delay 72

' provides the B/E signal; ‘a 262 line delay. 74 provides the C/F signal, a

~ 262-line delay 76 prdVi&es- the D/G signal and a 1-line-delay 78 provides the

20 E/H signal. Gates 64 and 66 operate in the same manner as .s;hown and
described for Figure 6b. '

Thus, there has been shown and described a novel motion detector

‘which fulfils all the objects and advanfages sought therefore. Many changes,

25 modiﬁcations, variations and other uses and appﬁcaﬁons of the subject

invention will, however, become_ dpp_arént tb those skilled in the art aﬁer

considering this specification and its accompanying drawings, which d_isélose

preferred embodiments thereof. In an a.l;_erﬁative embodiment, by substituting



15 delaying of the notion detection signal instead of the video signal
(such as in the Figure 5 sinplification of Figure 4). Here, a franme del ay
70 cooperates with detector 40 for providing, e.g. the AD signal, a- ..
one-line delay 72 provides the B/E signal, a 262- line delay 74 provides
the CF signal, a 262-line delay 76 provides the D/ G signal and a 1-line
delay 78 provides the 20 E/H signal. Gates 64 and 66 operate in the sane
manner as shown and described for Figure 6b. Thus, there has been shown and
descri bed a novel notion detector which fquiIs all the objects and

advant ages sought therefore. Many changez nodi fications, variations
and ot her uses and applications of the s %Ject I nvention will, however,

poci 11 cat | Y oL ERTmdiibh dpsersion pfl fostal B 6 Qifh% 61} (eRasgn

enbodi nent s 0 ta,
- delaying o Sﬁgﬂ}mtst on ﬁé@?ﬂgﬁ%ﬁgw. (hrs{te%gc? 0 the \é}'c?()(‘)' g(?%:nafe (such
as in the FiwithedeteetorP40f forapioviding, Fe.glinhe 44/D Higeal, & one+iinel debiy

cooperates with detector 40 for providing, e.g. the AAD signal, a one I|ne

del ayI 72 pr oprodndwl the (B/E sigmahl a %Zeahnemqhy dé p;ovzdaqomu% s:gml,ogFl

262
?'ﬁngov.%‘ez mlﬁegieﬁﬁg%& prowidescine DS i éﬁfaagaaféﬂerﬁql PO eagyd
a novel ot | BIFHCSE 6%9%;,6% Mty 5 P R SEAnBR0 MR oA R, 0°

sought there b%&ﬁﬁﬁ nodi fi cations, variations and ot her uses
and appllcatlons 0 ect :

Thus, there has been shown and described a novel motion detector

10  which fulfils all the objects and advantages sought therefore. Many changes,
modifications, variations and other uses and applications of the subject
invention will, however, become apparent to those skilled in the art after
considering this speciﬁcation and its accompanying drawings, which disclose
preferred embodiments thereof. In an alternative embodiment, by substituting

15 AND-gate 64 which is shown in Figure 6b with a PROM, one can easily
modify the gating requirement for the motion detection signal. One possibility

T is that only two of the pairs, either (E,H) and (B,E) or (D,G) and (A,D), have

to indicate motion in order for the final output to indicate motion. -



inventiion will, however, becone apparent to those skilled in the art after
considering this specification and its acconpanyi ng draw ngs, which

di scl-ose preferred enbodi ments thereof. In an alternative enbodi ment, by
substituting 15 AND-gate 64 which is shown in Figure 6b with a PROM one
can easily nodify the gating requirement for the notion detection signal
One possibility is that only two of the pairs, either (E, H and (BE) or
(D,G and (A, D, have to indicate notion in order for the final output to
i ndicate nmotion. - - 14 - CLAIMS 1. A nmethod for detecting inmage notion
in a television signal obtained by conversipp-of filminmages to a sequence
of television video fields using a 2-3 5: filmpulldown technique, the

met hod c-oirrpr-i-s-i:@p,%% 5 Sst eps-of . generating a plurality of interimnotion
detection signal's which are al ways based upon a conparison of inage points
in the video signal -which are spaced.two sequential fields apart;. and 10
gating said plurality of interimnotiqn detection: sit%ga_l s together in order:

" to generate a fl.nal ) ethoddior detecting Jmagg motion in A teayisian sigaal obtaipedoby
- cl ai 1, wh ' i.d ' ' tep 15 ' L gen i ng. al | t
ohalm L ol el el 005 s PR oS SRS SAL 16yl o
« by del ayi ngs t NGy 1fdBWrPtfinffue? thd Rihfod BoBRishY e Qeps 88

&

- generating a plurality of 'ixi_ténimi-:_motion dét"cctic::)ﬁ;},-s_ignals__which are
W, always based upona comparisof of image poihts in the Yidpg_fsig_na_l_ which are
| spaced two sequential 'ﬁélds}apaft; and . e |
-'gating ‘said plurahty of:interim motion d¢tecti§n_ signals_ together in

order to generate a final motion detection signal.

2. A method according"to claim 1, Whgrein said generating step
15 - comprises:..-s.'..__-.;- ' | '
- generating: all: but one of _s_i_iid pquality ofmtenm motion detection
\, signals which are gated, by 'dc,lgl;g-ing the prior outputs of a single motion
. detector. ' ' -
0 T o
3. A method according to Claim 1 or 2, wherein said gating step

- comprises: . oo .

combining all but'one' of said interim motion detection signals together
25  withan AND function and combining the output of the AND function and the
remaining one of said -interim motion detection signals together with an OR

- function.

* c L M $ *



3. A nmet hod according to claim 1 or 2, wherein said gating step
conprises: combining all but one of said interimnmotion detection signals’
together 25 with an AND function and conbi ning the output of the AND .
function and the remaining one of said interimnotion detection signals
together with an OR function. - 15 - 4. Apparatus for detecting inmage
notion in a television signal obtained by conversion of filminmages to a
sequence of television video fields using a 2-3 film pull down technique,

t he apparatus conprising: 5 generating neans for generating a
plurality of interimnotion detecting sigfals, each interimnotion
detection signal always being based upon a conparison of image points in

t he video signal [

gating rreans‘gf or )gg??#ﬁsg?@% &ﬁlﬁﬁ% Blﬁﬁ é@%r@ﬁ& | on%gpﬁgﬂag&jnal S
toget her in gumVetsibn ofefilen mﬁes fo 8¢ umte@ﬁt@levman 0idled fields using a 2- 3
Appar atus according to claim mhereln sai d gating neans conprlses 15

an OR gate kﬁhﬂwlMDWmmhmqw,sthgnppananWMpasmgrst i nput bei ng
responsi ve to an undel ayed out put of said generating neans and said second
- I nput bei ng responsive to a del ayed version of said interimnotion

gat i ng Moans comfietiy megd ok Bhdkiaflng B aiiicy S B monbidStefind’ ©

plurality ofsipdIe! edtROintétimIftiotion' 8tettion Vignd1CAdY3" befdgIbased upon a
comparison of image points in the video signal which are spaced two
sequential fields apart; and

10 gating means for gating said plurality of interim motion detection
signals together in order to generate a final motion detection signal.

5. Apparatus according to claim 4, wherein said gating means comprises:
15 an OR gate having at least two signal inputs, a first input being

responswe to an undelayed output of said generatmg means and said second

- input being responsive to a delayed version of said interim motion detection
signal.

20 6. Apparatus according to claim 4, wherein said gating means comprises:

an AND gate for combining all but one of said plurality of interim
motion detection signals together; and

25 an OR gate for combining the output of the AND function and the
remaining one of said interim motion detection signals together.

R RO



25 .. an.OR gate for comnbini ng' t he output of the AND function and the

remai ning one of said interimnotion detection signals together. - 16 -

7. - Apparatus according to claim®6, wherein: said generating neans
generates surrounding interi mnotion detection signals based on conparisons °
in video signal lines in adjacent franes that are 5  spatially positioned

above and bel ow (ssurroundi ng) a given |line position; and said surroundi ng
interimnmnotion detection signal.s are conbined in said AND gate, the output
of which is conbined with the interimnotilén detection signal for said
given line position in said OR gate:? 10 8. Appar atus according to claim4
or 5, wherein7sai d Ajpperattsi aggondiagstoociaim i6s evherein:r ane del ay; 15 a notion
detector having first ‘and second: si-gnal i nput s> and ‘a notion detector output
for providing an interimnotion detection signal, said video signal being

ot Ton det ector  aiaid Bendiakng therts st E A ihdipklERk Ao peididn
20 d i i 3 : RN | ed
20 ocors, i b h BRI 6o i et so kot pacaus o0

detector si gngpatialfNpositiofied bbove Bad belbvé (surfminding) # giveaVlintepoditionpadd
gating neans concurrently w-th:the next :sequential interimnotion de'_t ection

_si gnal provided by said notion detector.

said surrounding interim motion detection signalsare combined in said
 AND gate, the output of which is combined with the mterlm motion detection
8.  Apparatus according to claim 4 or 5, wherein said generating means

comprises: |

a frame delay; h
| a motlondetectorﬂavmgﬁrst and 's',.éc'ohd 51gna1 mputs and a mbtion
~detector output fof. prov1dmg an mtenm niotidﬂ detection signal,' said video
‘signal being coupled to the inputs of said frame delay and said first input of

said motion de_tector,_. and the output of saiﬁ frame delay being coupled to said

20  second input of said motion _detec_t'or;' and a second frame delay coupled to the
outpuf of said motion detector for delaying said interim motion detector signal
one frame time period s0 that it ié provided to said gating means concurrently
with the next sequential interim motion detection signal provided by said
motion detector. | | | |

25 . S
9.  Apparatus according to claim 8, further including:
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25 9. Apparatus according to claim8, further including: -7 - a
third frame delay coupled to the output of said second frane delay, Yor
providing a further interimnotion detection signal to said gating neans.- .
10. A nethod for detecting imge notion in a television signal, the nethod
5 bei ng substantially as herei nbefore described with reference to the
acconpanyi ng drawi ngs. 11. Apparatus for detecting i mage notion in a

tel evision signal, the apparatus being substantially as hereinbefore
described with reference to the 10 accorrpanyl ng drawi ngs. 12. Video

si gnal processing apparatus provi ded witR7apparat us, or adapt ed to perform
a method, according to any of the preceding claims, Appar at us
according to clai enthixd franye delayonpled tovthei @xtputeoésmdrseaaudcfram¢dbiass,| gnal

recordi ng and/ or reproducin ans
0 for prov13mg a errremtenm motion detection signal to said gating means.

10. A method for detecting image motion in a television signal, the method
5 being substantially as hereinbefore described with reference to the

accompanying drawings.

11. Apparatus for detecting image motion in a television signal, the

apparatus being substantially as hereinbefore described with reference to the
10 accompanying drawings. ~
12.  Video signal processing apparatus provided with apparatus, or adapted
to perform a method, according to any of the preceding claims.

15 13. Apparatus according to claim 12, comprising a television receiver
and/or video signal recording and/or reproducing means.




