METHOD AND APPARATUS FOR DETECTI NG ABRUPT AND GRADUAL .

SCENE CHANGES I N | MAGE SEQUENCES Technical Field Thi s

i nvention relates to a nmethod and apparatus for 5 automatically

detecting scene changes in inmge sequen? g such as a vi deo program
Z neral ly

BACKGROUND Vi deo prograns are formed froma conpilation
of different scenes. Each scene contains visual information 10 that is
closely related in content. |n tuin, each scene is conposed of a
series of franes. As used herein the term "frame" is used

I nterchangeably with the term"inmag Jg 1 The transition between two
.scenes can be acconpli shed I n i ehtf ways. The nost strai ghtforward
transition is 15 an abrupt transition that occurs between adjacent franes
in - :
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a sequence of frames. This type of transition is referred to as a-

"butt-edit" transition and is defined by a single point in the
sequence of frames form ng the two scenes. Rat her than an abrupt
transition, a gradual transition that 20, occurs over two or nore franes
can be acconplished by gradual |y dlf@asing the contrast of the final
frames of a scene to zero (i.e. ade-out), and then_gqr

i ncreasing the contrast of the next (s§TdSf om zero to |aﬁﬁ!?(;?

2 nom nal | evel (| e., fade-in)>—-—er€ scene under out

while a different @ees -=F “VSV-YaT- dnder goes fade-in (i.e.
di ssol ve, bl end), jthe tranS|t|on w | | ba conposed of a series of

i nternedi ate frangs havi ng— are a conbi nati on of

t he corresponding Jpi cture TMIWtB]@IMD Mbl on g/@] to both
( or bl end

scenes. In contragt o an a@g a difsso
provi des no el | - defijned br®ak seque ce separating the two

scenes. 10 In addition to the tr1ﬁ5|t|on categories nmentioned
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above, other types of transitions can be produced by digital editing
machi nes. These transitions, which may be produced by various editing
nodes of the nachines, may yield the followi ng effects: a second scene
gradual ly shifts out a 15 previous segnent (vertically or horizontally);
t he second scene unrolls and covers e previous scene (fromthe top,
side, or corner); the previous scene shrinks to uncover the second
scene; the second scene begins at a reduced size on top of the

previ ous scene and expands to cover the previous 20 scene because the
variety of editing nodes are nunerous and increasing, it is not
possible to list herein all, the possi bl e variations. However, one
feature they all have in comon i s that they produce transitions

bet ween adj acent vi deo segnents that are not well-defined. Such
transitions 25 will be classified as gradual scene changes.

Known net hods of detecting scene changes_i-nclude a vari ety of nethods

based on gray-level histograns and in- pfacy tenpl ate mat chi ng. Such
met hods may be enpl oyed for a FIG‘3 3

vari ety of purposes such as video editing and video indexing
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to organi ze and selectively retrieve video segments in an ef ficient

manner. Exanpl es of known nethods are discl osed in U S Patent No.
5,179,449 and the work reported in 5 Nagasaka A., and Tanaka Y.,

"Aut omati c Vi deo | ndexing and FuIIAy@deo Search for nhject

Appear ances, " Proc. 2nd worKi rence on visual database Systens
(Vi sual Dat abase Syst ens Ijv Ed. 64, _E Knuth and L. M Wenger

(El sevi er Publlshers pp. 113-127)}; Qsyji K, ]Tononura Y.,

10 and Onhba Y. ﬁ B4WS|£P Jsi ng Hright n%ss Datja, " C. SPI E
Vi sual Connunica s-afd 4 nad PLocdésing ZV(:P 391) SPIE Vol . 1606,

pp. 980-989), Swanberg D., Shu S.} and Jain R, |"Know ¢dge QGui ded
Parsing in Video Databases," Pr oC $-SRI-E— Sthrage dnd Rotdieval for |mage
and Vi deo Dat abases (SPIE 15 ,,Voil. 1908, pp. 13-24) |San Jo$e, February

1993. These known - net hodvang dgfidie bgcagsel]th afe unable to

det ect gradual transitions of sCendg cuts petweern diTfefjent scenes
with simlar gray-level distributfons. reovef, thegde met hods may
generate fal se detections in the presemge of—p0—TaroTot{on and they do
not detect abrupt scene changqg. 4
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SUMVARY I n accordance with this invention, a nethod and
apparatus for detecting scene changes in video prograns has been
devel oped. In contrast to prior scene change 5 detectors, the present

i nvention is capable of detecting b E abrupt and gradual scene
changes. I n one exanpl e of tﬁgy nvention, consecutive franmes of
~an i mage sequence (e.g., a video progran) are ach|red and digitized.
The i mages are subdivided into a pIuUFnjr(;p rectangul ar regions.

Bl ock matching is perfornmed between o rent franme and the Dth
previous frame to determ ne mat ch signals that represent the

i keli hood that the regions . of the first franme contain visual

i nformation s simlar to respective matching regions of

t he second fr .?a h signals are ordered beginning with the
mat ch Si defln e best h and ending wth the match
signal s defln Py t he morst natch The f t S match signals are 6[
sel ected and averaged together, to obtain I nst ant aneous nadﬁp
signal S is uper definable.and s ———
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20 greater than zero and |l ess than or equal to the nunber of regj ons
into which each frane is divided. The |IM signal provides a criteria
for determ ning whether the first frane bel ongs to a scene different
fromthe second frane. Finally, a scene change is indicated when the
| M signal 25 neets certain decision c§/§eria. | n anot her
exanple of the invention, the IMsignal ‘i s tenporally filtered to
produce a cunul ative match (CM ' signal before a scene change is
indicated. As a result, gradual scene changes can be detected. The

t enpor al filtering may be acconplished with a digital filter such as
5 anodified first order infinite-inpul se-response digital filter
having a variable gain less than less unity. In this _ case a scene
change is indicated when both the IMand the CM signals neet certain
decision criteria. Jhe_auyt put signal produced by the present
invention, 10 which}§ ndicateg gi1 | ocati on of those franes in a sequence
of frames where scene jchanges occurred, nmay be used in any
application that is dgsir .«é& ﬂpplicatrons i ncl ude
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i ndexi ng the beginning of a new scene and retaining the first (or sone
other) frame froma new scene to represent 15 the contents of the scene.

These are only a few exanples of the invention. The full scope of the
i nvention entitled to an excl usionary right is set forth in the clains
~at the end of this application. ?fﬂ BRI EF DESCRI PTI ON OF THE
DRAW NGS FIG 1 is a block diadram of a video so and _an
application output coupled to the scene change detector i accor dande
with the present invention. '2'saf|owch1rtp ’,gglnc
the primary steps 25 of the sceneE n ,dgection met hpd nce
with the ' i nventi on. FI G 3898a\d4agra
illustrating 63 perfornmed between tho %q NI
FIG 4 shows |l e of a frame subdivided into ng
t he course of {bl ock nptching. .
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FIG 5(a) shows the behavior of the instantaneous match 5 signal in the

presence of an abrupt scene change. FIG 5(b) shows an exanple
of the behavior of the i nst ant aneous match signal in the presence of
f ade- out . FIG 5(c) shows ong,exanple of the behavior of the
i nst ant aneous match signal in the pres of a gradual 10 scene change.
FIG 6(a) shows the application of the two different t hreshol d val ues
"to the instantaneous match signal and the resulting change in the
state of the decision nodule. FIG 6(b) is a state diagram
showi ng a decision nodule 15 wth_its two states and the transitions
t her ebet ween utilizing only tf;i[ t'an us match signal. '
FIG 6(c) is a state diagramfor a tef fati deci si on nodul e
utilizing the instantaneous match signal and t he i mage contrast
signal. 20 FIG 7 is a block diagramillustrating the steps
i nvol ved when conparing each frame with its Dth previous franme.
FIG 8 is a diagramof a notion-controlled digital filter used to
determ ne the cunul ati ve match di gnal from
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25 the instantaneous match si gnal . FIG 9 is a state diagram for

a conpl ete deci sion -modul e utilizing the cumul ative match signal, the
i nst ant aneous match signal, and the |nage contrast signal.

Thi s Sheet Has Been Repl aced 1 1111111
1111111211212112172i6 1 7 FI G
10 is an exanple of the output signals prioduced by t he scene change
detector of the present invention which shows the instantaneous and
~cumul ati ve match signals, the notion indicator signal, and the~
resulting state change 5 leading to a scene change detection

DETAI LED DESCRI PTI ON FIG 1 shows a block di agram of the scene
change detector 2 of in accordance with one exanpl e of this

i nvention. The detector 2 includes an inmage digitizer 3, an I mage
procéssor 4, amMETHOD GiNMIAROIRAMES FOR DEEECTREE mnup@@ﬁﬁﬁﬁ&[o | ncl udes
an i mage nenory 6 for holding digitized I mges of current and previous .

frames and for storing SCENBt eHARGESt @Nr eMRGESSEQUENCEY by the image
processor 4. The _
Technical Field
This invention relates to a method and apparatus for
automatically detecting scene changes in image séquences

such as a video program.

BACKGROUND

Video programs-are generally formed from a compilation
of different scenes. Each scene contains visual information
that is closely related in content. 1In ﬁurn; each scene is
composed of a series of frames. As used herein the term
"frame" is used intefchangeably with the term "image".

The transit;on between two scenes can be accomplished
in different ways. The most straightforward transition is
an abrupt transition that occurs between adjacent frames in
‘a sequence of frames.” This type of transition iIs referred
to as a "butt-edit" transition and is defined by a single
point in the sequence of frames formlng the two scenes.
Rather than an abrupt transition, a gradual transition that
occurs over two or more frames can be accomplished by
gradually decreasing the contrast of the final frames of a
scene to zero (i.e., fade-out), and then gradually

increasing the contrast of the next scene from zero to its

This is the replacement sheet
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| mage processor 4 also includes a processor 5 to process the 15 inmages
contained in the image nenory 6. In an alternative exanpl e of the

i nvention, the digital conputer 7 perforns the tasks of the image
processor 4, thus elimnating the need for a separate inage processor
4. FIG 2 is a fl omchart representing one exanple of the steps of the
20 present invention as described bel owywhich may be I npl enmented in
the digital conputer 7. The input to the detector 2 is supplied

by an anal apominal levkDitilev) ddsoif)ce If Wit afcdne e rgeseitde-
recorder or a television tuner. The video source 1 is not limted to

25 any pareut whirlesialedi feretar sk neinu ftenexasipy ainddkwes fadeglnide
any other source of visual information such as a conmput er menory or

di sk whi ch &k es diRSRlvequirnd)., Mhe transiguimer atill heheonmerds @f ce

may be any source sequence . ) ) 8

what ever t IfatSSXART iRS WtEredints nifawas hawing gichure elements t he vi deo .

source 1 suppli.es_an anal Qg. input, the input is first directed to the
i mage di git 9h£fr?fat?ﬁéE%Qﬁa on o%lthe[%orrespondlng picture

elements from frames belonging to both scenes. 1In contrast
to an abrupt transition, a dissolve or blend provides ﬁo
well-defined breakpoint in the sequence separating the two
scenes.

In addition to the transition categories mentioned
above, other types of transitions can be produced by digital
editing machines. These transitions, which may be produced
by various editing modes of the machines, may yield the
following effects: a second scene gradually shifts out a
previous segment (vertically or horizontally); the second
scene unrolls and covers the previous scene (from the top,
side, or corner); the previous scene shrinks to uncover the
second scene; the second scene begins.at a reduced size on
top of the previous scene and expands to cover the previous
scene because the variety of editing modes are numerous and
increasing, it is not possible to list herein aIl the
possible variations. However, one feature they all have in
common is that they produce transitions between adjacent
video segments that are not well-defined. Such transitions
will be classified as gradual scene changes.

Known methods of detecting scene changes include a
variety of methods based on-gray-level histograms and in-~

place template matching. Such methods may be employed for a

Tmsistheremacementshoet
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source 1 supplies a digital input, the input is sent 5 directly to the
| mge processor 4. The output of the scene change detector 2 is a
scene detection signal 11 which is sent to a scene change detection
application, which may - include a range of applications such as video
editing and vi deo i ndexing. 10 One conponent of this invention
I nvol ves the procedure for measurinf the simlarity (or dissimlarity)
bet ween two n the sipplest case, .a franme containing visua
BURe vifigpare

., f L
Unf or mat i onVRFSPEYy 88 PHTREPSFnSHE IFiagesnAayideo ipdexiag|y
d A [ f which., 15 i L f
PP 58, BEkafliALr BHRCseRb ol 2021 ORee 21 ol Elard st drenER Lho e
: raig, By geterf e 8P Er8Rg o BET R
horge” o eperBient ARhAb:(! Bxamples BERhoMY Rekfibls 0880041 LI BLOGT

the tenplaten u.s.i PREEntSNEOTBAL6Y, LR9A2RAT &ﬁépggﬁkngegeeﬁagt Eﬁi stic of
The or i C

each 20 of the franes in the set of franes. rame t he

di fference Nagabekui Aual anlarantRai gt crhftémaeitoviakb IndexPAfNhagi N the
frames is the duplicate frane. The matching process iS5 made nore
conplex if Fhdl VideduPkarahefbradbjestshppeasanceh, reppeet padt herkengl ate
conference on visual database Systems (Visual Databasé
Systems II), Ed. 64, E. Knuth .and L.M. Wenger (Elsevier
Science Publishers; pp. 113-127); Otsuji K., Tonomura Y.,
and Ohba Y., "Video Browsing Using Brightness Data," Proc.
SPIE Visual Communications and Image Processing (VCIP '91)
(SPIE Vol. 1606, pp. 980-989), Swanberg D., Shu S., and Jain
R., "Knowledge Guided Parsing in Video Databases," Proc SPIE
Storage and Retrieval for Image and Video Databases (SPIE
Vol. 1908, pp. 13-24) San Jose, February 1993. These known
methods are deficient because they are unable to detect
gradual transitions or scene cuts between different scenes
with similar gray-level distributions. Moreover, these
methods may generate false detections in the presence of

rapid motion and they do not detect abrupt scene changes.

This is the replacement. shaet,
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25 franme. In this case, point-by-point matching of the tenpl ate frame
wth the duplicate frame will result in a di fference frane having
|-ar ge pi xel val ues since the pixels in the tenplate i mage are not
bei ng conpared agai nst the 9
appropriate pixels in the duplicate frame. A good match, however, can
be made by shifting the tenplate franme b¢ the sane anount as the
duplicate frame. This matchi ng process requires that the difference
frame be conputed for many 5 different positions of the tenplate frame
to find the position at which the difference in the visual
characteristic being neasured is a mninmum This nethod not only
establisheg%#ﬁﬁﬁgﬁtch bet ween the two frames, but al so cal cul ates a
notion vec defines the magnitude and 10 direction of the shift of

the duplicate fr%é&ﬁéﬂ@e'tvﬁth thﬂ]?ﬁ"{\génr?ajt% far ?r[g:f:'ho-r ia%d’ret hod is

referred to as "notion- based tenpla I Ng

OF the 11 amP Ry o SR A iig e T i e, AR B
tenpl ate frsuen alwvdlvped. In contrast to prior scene change

detectors, the present invention is capable of detecting

both abrupt and gradual scene changes.

In one example of the invention, consecutive frames of
an image sequence (e.g., a video program) are acquired and
digitized. The images are subdivided into a plurality of
rectangular regions. Block matching is performed between
the current frame and the Dth previous frame to determine
match signals that represent the likelihood that the fegions
of the first frame contain visual information substantially
similar to respective matching regions of the second frame.
The match signals are ordered beginﬁing with the match
signals defining.the best match and ending with the match
signals defining the worst match. The first S match signals
are selected and averaged together, to obtain an
instantaneous match (IM) signal S is user definable and is
greater than zero and less than or equal to the number of
regions into which each frame is d}vided. The IM signal
provides a criteria for determining whether the first frame
belongs to a scene different from the second frame.

Finally, a scene change is indicated when-the IM signal
meets certain decision criteria.

In another example of the invention, the IM signal is

s the rep\acement sheet
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duplicate franme. This situation arises, for exanple, when t he sequence
of franmes contain a static scene recorded by a canera undergoi ng a pan
and/or tilt notion. In contrast, when a vi sual sequence is produced by
a canera recording a 20 dynam c scene, the conbination of canmera notion
and the notion of the objects in thg scene results in different
regions of the frane noving by differing anounts and in differing

directions teh,g,ogéthp@_q_%er%dsitr&glpg:%%fgg 8 g_rastiB,e e o]E(rcgﬁ‘s?cri be the

rel ati onship between a tenplate f an ubsequen in'the

sequence aRd giNCodfiodeS a scerd IdHatgd il 1gdidlalriesh aagoqd ’[%L“;ﬂdynam .

The probl em of conparing a sequence of franes that recor

scene can kgaghlaleddandicHaliges 6D 1f ddtected. The temporal
10 frames into several "regions" or "blocks" (performed in step

220 in the fedaeplingmayhde moentripdi stiedwiith B Qigdtadndilter udH @gri ng
the notion-based tenplate matching on each bl ock I ndependently. In
the field & modddd ook ddast myrddy sinfifite-doglise -redponse akididaick
mat chi ng". _ Bl ock nmat.chi ng . _procedures (performed in step 230 in the
exanpl e of fif&er having a variable gain less than less unity. 1In this
case a scene change is indicated when both the IM and the CM
signals meet certain decision criteria.
The output signal produced by the présent invention,
which indicates the location of those frames in a sequence
of frames where scene changes have occurred, may be used in
any application that is desired. Such applications include
indexing the beginning of a new scene and retaining the
first (or some other) frame from a new scene to represent
the contents of the scene.
These are only a few examples of the invention. The
full scope of the invention entitled to an exclusionary

right is set forth in the claims at the end of this

application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a video source and an
application output coupled to the scene change detector in
accordance with the present invention.

FIG. 2 is a flow chart.illustrating the primary steps
of the scene change detection method in accordance with the
present invention.

FIG. 3 is a .diagram illustrating block matching
This is the replacement sheet
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i nvention showmn in FIG 2) are disclosed in "D gital Pi ctures,

Representati on and Conpression", by Arun N. Netravali and Barry G
Haskel I, Pl enum Press, 1988. 10 The foll ow ng discussion of the
formul ati on of exhaustive bl ock matchi ng between two franes I[err] and
I[err] (indicated in FIG 3 by reference nunerals 12 and 13,
respectively) will facilitate the discus&i on bel ow In FIG 3,

| et Bk be the thr ggan ular block of size 15 Mtinmes N of frane 12 with
its originPa* %%ﬁ%?f ] 5w fHamefe 12. Let I(i,j) dfnoge t he I
val ue of a visu har a terlstlc ntensity or color) of a pixe
of a frane at I%Ica |g4n Ehow S 3" )e:ﬁn{pr}(er @%péctfrlaﬁletﬁél ivdided; Rater ame. The

mat ch %%ﬂnﬁ Hd JJu(}:@eaot (]_on of |$[Iar dimensions in a 20

subsequent f ame 13 wt s origin a &8r1) in frame is

denoted by d[ er iH1c.0.50)a) dMbusS IS | %%vq%’r of the 1ngt8ptgr18lr-$1]rsr ktatch

In other words, d[err](0,0) denotes mat ch ~di'stanc
signal in the presence of an abrupt scene change.

FIG. 5(b) shows an example of the behavior of the
instantaneoqs match signal in the presence of fade-out.

FIG. 5(c) shows one example of the behavior of thé
instantaneous match signél in the presence of a gradual
scene change.

FIG. 6(a) shows the épplication.of the two different
threshold values to the instantaneous match signal and the
resulting change in the state of the decision module.

FIG. 6(b) is a state diagram showing a decision module
with its two states and the transitions therebetween
utilizing only the instantaneous match signal.

FIG. 6(c) is a state diagram for an alternative
decision module gtilizing the instantaneous match signal and
the image contrast signal.

FIG. 7 is.a block diagram illustrating the steps
involved when comparing each frame with its Dth previous
frame.

FIG. 8 is a diagram of a motion-controlled digital
filter used to determine the cumulétive match signal from
the instantaneous match signal.

FIG. 9 is a state diagram for a complete decision
module utilizing the cumulative match signal, the

instantaneous match signal, and the image contrast signal.

This is the rep\acemem sheet
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region in frame 13 that corresponds in size and location to

region Bk in frane 12. The match di stance may be generalized as
follows to define a region in frame 13 that corresponds in size, but
not location, to region Bk in frane 12. 1In this case, the 5 match

di stance of Bk froma region in frame 13 having its origin at a point
in frame 13 which is spaced a distance 7 from(x[err], y[err]) by a
vector (p,q) is_given

If the region oFgFraﬁB %§ ﬁﬁl ﬁaW?1809§rEaebﬁuﬁéuﬁh§ﬁgnalg PngEFPéth|s

| d h
gl2f:nc2tléﬁ%2rgknelghFﬁ% ugfg§ﬁggggg§g}§%a5egg Bkvengﬁgprr hig ﬁo?atc
i denti cal E&g&% % Enlhgﬁa Qh@Bugf &ﬁagﬁmﬁ§akﬁve ma Wﬁ'%q Oﬁdlgglng

conpar ed, erences etmeen Es"3F “Corid §%pi xel s

gg Itggrg \gggbesibansnaa@%eo&hglgnal vahuet‘ﬁta tReuTRE B Qltafté“Eﬁaﬂgeff] (p. q)
leading to a scene change detection.
DETAILED DESCRIPTION

FIG. 1 shows a block diagram of the scene change
detector 2 of in accordance with one example of this
inventidn. The detector 2 includes an image digitizer 3, an
image processor 4, and a digital computer 7. The image
processor 4 includes an image memory 6 for holding digitized
images of current and previous frames and for étoring
intermediate results produced by the image processor 4. The
image processor 4 also includes a processor 5 to process the
images contained in the image memory 6. In an alternative
example of the invention, the digital computer 7 performs
the tasks of the image processor 4, thus eliminating the
need for a separate image processor 4. FIG. 2 is a

. flowchart representing one example of the steps of the
present invention as described below which may be
implemented in the digital computer 7.

The input to the detector 2 is supplied by an analog or
digital video source 1 such as a video cassette recorder or
a television tuner. The video soﬁ?ce 1 is not limited to
any particular video standard and may, for example, also
include any other source of visual information such as a

computer memory or disk which stores image sequences. More

generally, the video source may be any source sequence

This is the replacement shoeét
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15 The bl ock matching process is based on the assunption t hat

there is a restricted range of notion between franes (i.e., the

obj ects appearing in the franmes nove by a relatively small anount

bet ween cl osel y-spaced franes). In other words, a given region in the
tenplate frame is assuned 20 to be in a position near its correspondi ng
| ocation in the franme to which it ig being conpared. The
following two steps are perforned in the bl ock mat chi ng process.

First, thewhatelvedi shatceudblies) viisual inFeFmdteentdeaztihgPeshhkans (p. q)
in a rectangul ar regi on of 12
si ze (2P+1)1t ithes viged sovaveelesuppliesean] anpllegr Lhputhi sheesupus is

inalist of (2P+1) (2Q+l) different values of dferr] . Next, t he set
of dk val uédrss ddxesked ter thee imagendigishiger Bet If thet kédebni mum nat ch
di stance be denoted b ) .. . ) [err] (3)

5 where nmRCEFCF &n&uﬁpﬂéﬁﬁ]aaFégﬁﬁélxlaﬁﬁty EbapoAPHESs i8f sgnkot i on

[ ' ' N i in a restricted area 15
vect or 'ndESQ%EQQyIQ% k%%a&hgge(%%%ﬁggsor 4. The output of)the scene

change detector 2 is a scene detection signal 11 which is
sent to a scene change detection application, which ma&
include a range of applications such as video editing and
video indexing.

One component of this invention involves the procedure
for measuring the similarity (or dissimilarity) between two
frames. In the simplest case, a frame containing visual
information (referred to herein as the template image) may
be easily compared to a set of frames, at least one of which
is a duplicate of the template frame, by determining the
difference between the two frames on a point-by-point (i.e.,
pixel-by-pixel) basis. In other words, a certain visual
characteristic such as intensity or color of the template
image is compared to a cofresponding characteristic of each
of the frames in the set of frames. The frame for which the
difference in the visual characteristic is zero TFor all
points in the frames is the duplicate frame.

The matching process is made moré complex if the
duplicate frame is shifted with respect to the template
frame. 1In this case, point-by-point matching of the
template frame with the duplicaté frame will result in a
difference frame having lafge pixel values since the pixels

in the template image are not being compared against the
This is the replacement sheel _
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in frame 13 at which the block in franme 13 forns the best match. Wile
the m ni num mat ch di stance d[err] provides I nformati on concerning the
quality of the match at that 10 position which is useful for many
applications such as not i on- based i mage coding, it al so has sone
undesi rabl e properties which nmake it |less attractive for region-based
I mge mat ching. For these purposes, the $resent invention has
determined that a better criterion for determining 15 whether two |nages
mat ch i s pREPFERYiBfeaPisehsl iredhpediipdicate fgplene A gopdnmAtcEn -

di stance rather than the m nijnu istance itself. The
nor mal i zat 8WeV§rac€8Hp£F g& SalfF&Pﬁbﬁge template framg H[@ﬂﬂ

+
denote the ayer2gg.gk dk' chll® A3 0hrt? e 20 m Tl Gl Sh3LA GG VALYSS

Lerr] requirl3€EnGRe ¢Hed 'd%’f%%se%‘?:e”%&%ﬁaec 2§ iofiptited ¥orP h%%§z Bk i's
different positions of the template frame to find the
position at which the difference in the wvisual
characteristic being measured is a minimum. This method not
only establishes the match between the two frames, but also
calculates a motion vector that defines the magnitude and
direction of the shift of the duplicate frame relative to
thé template frame. This method is referred to as "motion-
based template matching".

Motion-based template matching is effective when the
entire contents of the frame undergoes the same
translational motion between the template frame and the
duplicate frame. This situation arises, for example, when
the sequence of frames contain a static scene recorded by a
camera undergoing a pan and/or tilt motion. In contrast,
when a visual sequence is produced by a camera recording a
dynamic scene, the combination of camera motion and the
motion of the objécts-in the scene results in different
regions of the frame moving by differing amounts and in
differing directions. In such cases, a single motion vector
cannot describe the relationship Bétweén a template frgme
and a subsequent frame in the sequence and hence it is
difficult to establish a good match.

The problem of comparing a sequence of frames that

record a dynamic scene can be solved by dividing each of the
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denoted by rk and is defined as, ' [err]

As not ed above, the nornalized match coefficient r[err], which is
determined in step 240 in the exanple of the 5 invention shown in FIG 2,
provi des a better criterion for measuring the degree of match than
dierrr]. One reason for this is that rlerr] is a nuch better

di scrim nant of strong mat ches invalgvi ng high contrast regions, and
weak mat ches bet ween | ow contrast regi ons. For exanple, when two 10

di ssim | ar fregiesnsnitay sevemall oW eeiRids2'S loxa M lickikal"i @le¥formedSiil 's%'é'p
average gray-levels (e.g., two uniformy dark regions), dlerr] wll be
smal |, i ndi22at ilmg thegesmpdteciof the Hetverendonhehosg dns FIEe 2yalapg of
dferr] is small because the relatively small pixel values give rise to
smal |~ di f f @e&fe&ings the motd drodmsiesh teinplese matchingHoneeach #leck] al so
wll be smal | b%éﬁuse the lack of sufficient contrast results in

smal | er valtfEePERAGREAY -noilft $het Hdeldhof tmagsoprocessing this

procedure is known as "block matching". Block matching
procedures (performed in step 230 in the example of the
invention shown in FIG. 2) are disclosed in "Digital
Pictures, Representation and Compression", by Arun N.
Netravali and Barry G. Haskell, Plenum Press, 1988.

The following discussion of the formulation of
exhaustive block matching between two frames I, and I,
(indicated in FIG. 3 by reference numerals 12 and 13,
respectively) will facilitate the discussion below.

In FIG. 3, let By be the kth reétangular block of size
M times N of frame 12 with its origin at (%, y.) in frame
12. Let I(i,j) denote the value of a visual chafacteristic
(e.g., intensity or color) of a pixel of a frame at location
(i,3) with respect to the origin the frame. The match
distance of B, from a_regibn of similar dimensions in a
subsequent frame 13 with its origin at (x%,, v.) in frame is

denoted by d4.( 0,0), and is defined as,

M-1N-1 )
dk(°'°)=z E |I1(xk+ily1¢+j) - Iz(xk"‘i ’ Yk+j)|- (1)
1=07=0

In other words, d,(0,0) denotes the match distance of B, a

region in frame 13 that correigﬁngi.in size and location to
This is the replacement s t
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corresponding to dferr]. As a result, the match coefficient r[err]

will be large. In this case the division by d[err] de- 20 enphasizes the
simlarity of the regions. On the other

14 hand, when two simlar regions have relatively high contrast,
arapidrise in the value of dk occurs wh&gn noving away fromthe
point of mninuymdifference, thus leading to a | arge val ue of d[err].
In this casE®ItRR Bk i%ifrp®s Herr] by 5 d[err] results in a snaller

value of r[err], .fhere enphasi zi ng the simlarity of the regions.
Therefore, the nE%%hmagxh dYsEancei Bav Pr severalizednas Eebhowsi gh

contrast fe .in the_image_regjon, and is a_good detector of
featurelessééﬁ{ﬁé AnBePERR Ot FHaT réai8h§F GPTYREPRREF ek BhHz®, Makn two

10 h ' dj ng intensities are being conpar ed,

d[errfngggnﬁ?g?% 8%?28‘3(18{%1 kéégéﬁt #’ﬂguf R re]]2 = %,nhMJ@h_cafsle, ithf cat es
| et ! t h |0 e.simlar,

?nfgrrlrgi ?i Zs@%ﬁrf?sgﬁﬁc%\[’\gfr% W i i géjo%g%'ggnzeqﬁio,frame qén&"atvfhi’_g & mat ch

coeffici entorigifilat Saspbihe ORerrhmdi €8t {RYch 15s gggeg@'gtgigiéﬂgéCh-

Anot her reason why rk provides a better criterion
from (x¢, vx) by a vector (p,q) is given by,

M-1 N-1 ' (2)

de(p, Q) = E ): L{x+1 , y+3) - L(x+p +i , Yita +3) .
1=0 7=0

If the region of frame 13 which_is covered by B, when
its origin is placed at (x + P ,¥x + Q) is identical to B,,
the match distance is zero. 1If the visual characteristic of
By is not identical to that in the region of frame 13 to
which it is being compared, the differences between the
values Qf corresponding pixels of the two regions cause the
value of the match distance d,.(p,q) to increase.

The block matching process is based on the assumption
that there is a restricted range of motion between frames
(i.e., the objects apbearing in the frames move by a
relatively small amount between closely-spaced frames). 1In
other words, a given region in the template frame is assumed
to be in a position near its corresponding location in the
frame to which it is being compared.

The following two steps are performed in the block
matching process. First, the match distance 4,(p,q) is

computed for all.positions (p,q) in a rectangular region of
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reassuring the degree of match than d[err] is that the normal i zati on
process confines r[err] between the values of zero (indicating a
perfect match) and one (indicating severe 20 msmatch). This allows

t hreshol d paraneters to be nore easily sel ected independently of the
ot her paraneters such as i mage brightness and the size of the region.
The size of the regions into which the ithges are divided is an

[ d d ] Ni h tch ff t
e any reiee SEAEH P Lo S LSO LI Conda Tt (e okt oviHiF (ERTSHES 1y
b k t t t t n

oot | maros [5F é‘cﬂ“on%fgenfe%%fff LBoLEp' Sreedsat Wl lhadl B 420 MiFons. on
" the the d, vElhRsoheetHRenBaetBerhaCRdn imum value. Lfg

111111111111111111 lllﬂlll

ot her hand,thdafiRedturh hfafos At ddde We GRIESAEd 14, POOT mat ches since
they are nore likely to sinultaneously contain a novi ng object and a

portion of the background. In one exanpl e of the invention it has been
found advant ageous to

d® = d,(mx,, my,) , - (3)

where mx, and my, are the x and y components of a motion
vector indicating the location (within a restricted area 15)
in frame 13 at which the block in frame 13 forms the best
match. While the minimum match distance 4M™* provides
information concerning the quality of the match at that
position which is useful for many applications such as
motion-based image coding, it also has some undesirable.
properties which make it less attractive for region-based
image matching. For these purposes, the present invention
has determined that a better criterion for determining
whether two imagés match is provided by a normalized version
of the minimum match distance rather than the minimum match
distance itself. The normalization is accomplished as

follows.

Let 49 denote the average of all the (2P+1) (2Q+1)

match distance values. That is,

This is the replacement sheet

01 APR 1996

Date:



5 enpl oy twel ve regi ons such as shown in FIG 4. ' The net hod of
the invention set forth to this point determ nes a match coefficient
r[err] for each block Bk into whi ch the i mages are divided. The next
step (i.e., step 250 in the exanple of the invention shown in FIG 2)
of the 10 nethod involves using these match coefficients r[err] to '
generate a single paraneter indicating ti3e simlarity of the | mages
bei ng conpared. This paraneter is deternined as fol | ows.

Assune the inmages are divided into K regi kpt R be 15 the set of al
the K match coeff|C|ent3Aﬁ{err] cortespondi 33 d.( thf K reglon(4)That
i's, (2 P+1RxRig+anr i (6)
where t he subscript k denotes the region Tifer” Let L be an
ordered set of the elenents of R where the order is determ ned by the
magni tude of the match 20 coefficients. That is, there is a-one-to-one

correspondefes the R WREREAY & %n%ncoe%flglgng %braggbck B, is

denoted by r, and is defined as,

dM'.iﬂ
_{_L__ if d¢"o0
AT r g =g %)
1

As noted above, the néfmélized match coefficient r,,
which is detefmined in step 240 in the example-of the
invention shown in FIG. 2, provides a better. criterion for
measuring the degree of match than 4™". One réésSn for
this is that r; is a much better discriminant of strong
matches involving high contrast regions, and weak matches
between low contrast regions. For example, when two
dissimilar regions have very low contrast and relatively
similar average gray-levels (e.g., two uniformly dark
regions), 4™* will be small, indicating a good match
between the regions. The value of dﬂﬁ is small because the
relatively small pixel values give rise to small differences
at the location of best match. However, 4*9 also will be
small because the lack of sufficient contrast results in
smaller values of d, at points other than the point
corresponding to 4M™". As a result, the match coefficient Ty
wili be large. 1In this case the division by dg“é de-

emphasizes the similarity of the regions. On the other
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L ={2err], i =1, [err],K such that I[err]1l[err] for i=1, ,K- [err]

(7) _ 16 In other words, L is the
sorted version of R where 1l[err] is the m ni num mat ch. val ue (i.e.,

t he best matching region), and 1[ear] is the maxi num nmatch val ue
(i.e., worst matching regi on). 5 The instantaneous match (I M
signal is Hehdneghas two similar regions have relatively hfghr]

where S <= Kis a user selectable integer paraneter which controls the
number of coFteRStof & Fapifagdsenhan &bet vRBueeof dx qerurm when uwaving of
the IMsignal. For S=K, the val ue of the IMsignal is_just the average

of all theaﬁﬁﬁbﬁr°ﬂoth@0@PﬁP6iQﬁtQiPQumoﬁﬁgﬁﬁrﬁﬁéeveEPBﬁsleﬂd@ﬁgyéogﬁ S=1
Fegion.  LaTBR YU BhpRemr b VAT |5 A Atk ReRYt hat
" ralue o goot ARSI RN G Ergreny empralifing
the similarity of the regions. Therefore, the match
coefficient r, favors matches among high contrast featﬁres
in the image region, and is a good detector of featureless
and low contrast regions. At the extreme case, when two
homogeneous regions of different intensities are being
compared, 4™ and 4" are equal, resulting in r, = 1, which
indicates a complete mismatch. If two homogeneous regions
have similar intensities, 4*9 and 4™ will both be zero,
and thus the ﬁatch coefficient r, is set to one, indicating
a complete mismatch.

Another reason why r, provides a better criterion for
reassuring the degree of match than 4™® is that the
normalization process confines r, between the values of zero
(indicating a perfect match) and one (indicating severe
mismatch). This allows threshold parameters to be more
easily selected independently of the other parameters such
as image brightness and the size of the region.

The size of the regions into which the images are
divided is an important considetafion in determining the
match coefficient r, While any number of regions may be
chosen, the following factors may be taken into account.
Small regions result in inaccurate motion estimates in

homogeneous regions of the image. Very large regions, on the

Tris 1s wiv 1spmacement shoet

a0V IR B



- 15. good indicator of abrupt scene cuts. FIG 5(a) shows a plot of

t he behavior of the IMsignal during an abrupt scene change. Regions |
and 11l represent different scenes in a sequence of frames while
region Il represents the transition bet ween the two scenes and
coincides with the 1st frame of 20 the new scene. The IMsignal is snal
wi thin the individual scenes (i.e.asregions | and Il1) because of the
simlarity anong the frames that are being matched. Mtion and ot her

changes t hatheectandn danrensg the poswmibtidityacE genemather poor do not
cause an increase in the IMsignal as long as there _
17 ar masrhegastingef sheyoedter agirendlikedyc ites siimuilitanerasdy lcontgin
conpared. However, at the boundary between the two scenes (i.e., the
| eft edge 8f MP¥&RSnoPOECthandVves PeFaions ofathe backgrgyadrendin®near ge as
| ong as the franes %eigg Qogpared 5 on erent scenes.

Phet '

bel tq diff

Fi gure 5(bFXefBwne ARVERTIPT & IhﬁlssP&%é‘l %&’&nﬂnédvantagéquédépout
transition_in.re ionlll. In.rﬁgion 53 bef?¢9 . fad%-out occurs, the
mat ch val u§"Ps ¥milF 88 IGEBF FHET 2SS 4P 157 -hi*gh contrast of the
frames since th%hkakg%hod of the invention set forth to this point
determines a match coefficient ry for each block B, into
which the images are divided. The next step (i.e., step 250
in the example of the invention shown in FIG. 2) of the
method involves using these match coefficients r, to
generate a single parameter indicating the similarity of the
images being compared. This parameter is determined as
follows.

Assume the images are divided into K regions. Let R be

the set of all the K match coefficients r, corresponding to

the K regions. That is,
R=lz, , k=1, = ,K, (6)

where the subscript k_denotes the region number.

Let L be an ordered set of the elements of R, where the
order is determined by the magnitude of the match
coefficients. That is, there is a one-to-one correspondence

between the elements of R and L, and,

L =141, , i=1, -, K, such that 1;s1,,, for i=1,-, K - 1} (7)
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10 values of d[err] result in small r[err] values. As the inage

contrast is reduced (i.e., fade-out occurs), the d[err] and dlerr]
val ues decrease. However, d[err] decreases at a | ower rate. The net
result in an increase in the IMsignal in region Il. This increase
is proportional to the speed of 15 fadeg-out. As the contrast decreases
further, the val ues of d[err] reach levels conparable to the |evel of
noi se in tAe otheri wagds,AL tisi $hposonirtedeveabien of H|ewhgrdelfease at an
even hi gher rate than those of r[err]. Consequently, the I M signal

i ncreases thevaLpamup magcbnveilne Theeret tbel bgstt nettMingOregignal
increases until it reaches a value of unity when the scene has

conpl et el yaPddéd- bt the MPxrHET deat povieakee bl.e., wersfe metalbing is often
not attai ned hecause of noi se. Simlar to fade-out, the gradual
appear ance*§818™ew scene during fade-in causes a gradual decrease in

the I M signal a veform siml o_that for fade-oyt but in
reverse or%gF.lﬁgtgn&gneoﬁ?g&?ggé(2;Mih8%§nﬁﬁelﬁeﬂﬁ PB?HOPsthe | M
signal during a sinultaneous fade-out/in transition (i.e., a dissolve)
18

s
M= 2y, 1 (8)
1=

1 .

where S <= K is a user selectable integer parameter which
controls the number of regions of the image that contribute
to the evaluation of the IM signal. For S=K, the value of
the IM signal is just the average of all the match
coefficients r, from all the regions. A value of S=1 selects
only the match coefficient r, of the "best matching" region.
In one example of the invention it has been determined that
a value of S=4 (when K=12) generates good results.

The instantaneous match signal IM as defined above is a
good indicator of abrupt scene cﬁts. FIG. 5(a) shows a plot
of the behavior of thg IM signal during an abrupt scene
change. Regions I and III represent different scenes in a
sequence of frames while region II represents the transition
between the two scenes and coincides with the 1st frame of
the new écene. The IM signal_is small within the individual
scenes (i.e., regions I and III) because of the similarity
among the frames that are being matched. Motion and other
changes that occur in some regions from one frame to another

do not cause an increase in the IM signal as long as there
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bet ween two scenes which occurs in region Il. In this case t he abrupt
I ncrease in the I Mval ue which occurs during abrupt scene changes is
repl aced by a gradual increase foll owed by a gradual decrease. The

hi ghest value of the IM 5 signal caused by a dissolve process is
typically conparable to the values the I Msignal assunes as a result
of rapid notion occurring in a siﬁdie scene. Therefore, if the I M

detection esghohd Jis l.ower | evel_which.will, detect a.

di ssol ve, %?%ﬁ%% %%%§§ thﬁ?ggﬁ&gh%ﬁ-géggﬂtgﬁ| heg 48 %%G hoRBes 8§l§8ene
changes t habmbarkact Xi gt . | t accurate detection
of g?adual t?gngitionggwggkrﬁnﬁﬁl&ﬁﬁbhfh gﬁ%ﬁ?gﬁgh%gnngﬁg %gﬁpFEQnFﬁan t he

detection qfi.e., theruRiFtSe@Re SFARERS AN THERER ihsség@égs&i«. W%bebe

deferred until after abrupt transitions are discu

Det ecti on ehdArenptinScaaegl assilongnas the frameEN®edbgveonpakyai s of the
| M signal indicates that abrupt scene changes, as well as those

acconpani ebeppngi thedifferenadecemesr. f ade-out (but not, as discussed
bel ow, fade- i in/outg can be detected by determ ning when the I M signal
20 undergoes a FREHIEt SIR)f sbews ibgh bedlawdofi of. thaebdMesdgnal during .

a fade-out transition in region II. 1In region I, before
fade-out occurs, the match value is small because of the
relatively high contrast of the frames since the large
values of 4,*? result in small r, values. 2As the image
contrast is reduced (i.e., fade-out occurs), the 4,9 and
dy** values decrease. However, d,™® decreases at a lower
rate. The net result in an increase in the IM signal in
region II. This increase is proportional to the speed §f
fade-out. As the contrast decreases further, the values of
4" reach levels comparable to the level of noise in the
imagex At this pqint the values of 49 decrease at an even
higher rate than‘thosé of r™*. Consequently, the IM signal
increases in value in region III. Theoretically, the IM
signal increases until it reaches a value of unity when the
scene has completely faded-out. 1In practice, however, a
value of unity is often not attained because of noise.
Similar to fade-out, the gradual appearance of a new scene
during fade-in causes a gradual déérease in the IM signal
and a waveform similar to that for fade-out but in reverse
order.

Figure 5(c) shows the behavior of the IM signal during

a simultaneous fade-out/in transition (i.e., a dissolve)

. This is the replacement shest
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predefined threshold t[err]) to a low value (i.e., below a pr edefi ned

threshold t[err]). The detection of the |IMsignal can be achieved with
a decision nodule utilizing a finite- state-machi ne as functionally
illustrated in FIG 6 which 25 can be inplenented in any known nmanner in
the digital conmputer 7 shown in FI 1. The machine has two states
Slerr] and S[err]. The transition between these states is determ ned
19 bybkhtekeM &wehalcentlae wiBehi Lssi Pht bakh¥nl Brst r d
remains in that state as |ong as%?hggfbﬁgiSﬁaFQQL¥Fe?%I. }rﬁeﬁ[lfé cl"a%?rst

occurrencethé abvaptie iocricasel VnstpealiM>vather whi6BUS8SuRs duri %ransition
fromS[err] to S[err]. The machine remains in that state 5 ? r as |l ong

as the | M sbynpt issegecghangelsadst feplhcedTbg &i §8hdual inegésséence of an
| M value below t[err] causes a transition back to-state S[err]. This
transi ti onfpaérwed byakegspdur]l desvemseks The highesbegabuéngf ofhé hemnew
scene. . It should be noted that in the presence of abrupt scene
10 changeSignRd FRUSSE: P¥naf Adssofl¥er proaekst dsStypitallyecomparablEl G,

6 [a])is offset fromthe first trang of the new scene by one frame
(mhen'conpﬁ?iﬁgecgﬁgggﬁtF9§ fMafegnalrgesumes agpp| reguibnefi vambdch it is

-1 nportant &8tgbﬂdogg%r%§%%tin a single scene. Therefore, if the IM

detection threshold is lowered to a level which will detect
a dissolve, it will also indicate an unacceptably large
numbexr of écene changes that in fact do not exist.
Accordingly, the accurate detection of gradual transitions
involving fade-in/out is more complex than the detection of
abrupt scene changes and hence its analysis will be deferred

until after abrupt transitions are discussed.

Detecti £ Al t s T s
The above analysis of the IM signal indicates that
abrupt scene changes, as well as those accompanied by either

fade-in or fade-out'(but ﬁot, as . discussed below, fade-
in/out) can be detected by determining when the IM signal
undergoes a transition from a high value (i.e., above a
predefined threshold t;) to a low value (i.e., below a
predefined threshold t,). The detection of the IM signal
can be achieved with a decision mo&ule utilizing a finite-
state-machine as functionally illustrated in FIG. 6 which
can be implemented in.any known manner in the digital
computer 7 shown in FIG. 1. The machine has two states S,

and S,. The transition between these states is determined

This is the repiacement sheoet
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| ocation o
subtractin

transition.

transition
coi nci des

f an abrupt change, the exact |ocation can be 15 conputed by

g this known fixed nunber fromthe | ocati on marked by this

The reason for using this transition rather than the
fromS[err] to Slerr] (i.e., 63 in FIG 6 [a]), which
with the first frame of ,t,he new scene in the case of an

abrupt scene 20 change, relates to transitions involving fade-out,

fade-in,
There are

by t&ed 19r &d\d@laic h@?ﬁe&a‘@ﬁ'ﬁﬂ% Wig| 'm*i‘élghi?”gﬁe eRglow

two maj or advantages to enpl oyi ng

val ues andreequest iial thagi statel a& long SisN@he &hrgipﬁhq <Fier st p

per f or manc

det ecti ons

e is inproved when 25 the IIMsignal fluc

fromoccurring. Second, the existence o states

CorrespondFﬁgngétgpgbﬁgogcggetwn$ﬁJvam& agthine remains in that state

the beglnné

|ndependent conditions for the transition bet ween the two st ates,
as will beC8FYrESRs8E B W  IM yalue below t, causes a transition back

to state §,. Thls transition back to state S, also marks the

beginning of the new scene.

It should be noted that in the presence of abrupt scene

changes, the transition from S, back to S, (i.e., 64 in FIG.
6 [al) is offset from the first frame of the new scene by
one frame (when comparing consecutive frames)..For
applications in which it is important to fiﬁd the exact
location of an abrupt change, the exact location can be
computed by subtracting this known fixed number from the
location marked by this transition. The reason for using
this transition rather than the transition from §, to S,
(i.e., 63 in FIG. 6 [a]l), which coincides with the first
frame of the new scene in the case of an abrupt scene
change, relatgs to transitions involving fade-out, fade-in,
and gradual chénges which will be discussed below.

There are two major advantages to employing two
different threshold values and sequenfial logic over a
single threshold. First, the perfgrmaﬁce is improved when

the IM signal fluctuates near a threshold value, thereby

‘preventing the a series of very closely-spaced false

detections from occurring. Second, the existence of two

states corresponding to stable scene intervals and
This is the replacement sheet
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5 enables the nethod of the i.nvention to detect and reject fal se
scene changes usually fromflash phot ography.

Detection in the Presence of Fade When a transition between
scenes involves fade rather than an abrupt transition, the I M signal
reaches the t[err] 10 |evel when the ene has sufficiently faded-out.
Thi s causes a transition of the finite-state machine from Serr] to

S[err]. Theransitimshiiieextvals gl 19wl @ hal &lth HnEbld%s@ﬁ Ggpe appears
(either i n an abrupt manner or acconpanleg by fade-i1n), Ccausing the

I M val ue t bedeeerashebdeginning a0k nldevEl a Atehbi $rBRISAt 130 . 15This
transition from S[err] back to S[err] marks the begi nning of the new

scene. allows Ghet aise giplindependentf conddedeneh@oge tiet eehakitegyire
that a "representative i mage" of the scene be retained at t he

begi nni ng tuiegrofche §@€h§t§§eﬁea§udeasbyiﬂhebded&sbussedZ%elbh,aand
transition to new scene i s acconpani ed by fade-in, the I M signal can
fall bel ow 3&5 bEfoMethod Odnthgsinyenthon to defegt had rejebed a | evel
accept abl egfor. _a regges?ptative ' To overcone this problem an

Panerer e © angpgfgﬁpg&lyggﬁggéﬁgaﬁg Phetpaagehyent rast (10

addi ti onal “parameét
signal, is

Det . in the I c i

When a transition between scenes involves fade rathef
than an abrupt transition, the IM signal reaches the ty
level when the scene has sufficiently faded-out. This causes
a transition of the finite-state machine from Sy to S,. The
machine stays in state S, until a new scene appears (either
in an abrupt manner or accompanied by fade-in), causing the
IM value to decrease below the t, level. At this point a
transition from S, back to S, marks the beginning of the new
scene.

Certain applications of a scene change detector require
that a "representative imége“ of the scene be retained at
the beginning or end of a scene as measured by the detector.
If a transition to a new scene is accompanied by fade-in,
the IM signal can fall below t, béfore the contrast of the
image has reached a level acceptable for a representative
image. To overcome this problem an additional parameter,
referred to herein as the image contrast (IC) signal, is

employed. The IC signal is defined as,
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25 employed. The IC signal is defined as,

21 |C = Maxi mun(d[err] )[err] The 1C"
signal provides a good neasure of the difference i n brightness between
adj acent portions of a frame. This paraneter signal is a by-product of
t he mat chi ng process, and can be dgierm ned w thout any additi onal
conput ati on. 5 To incorporate the I1C signal into the detection process

requires that an additional condition be inposquon t he transition

fromS[err] to S[err]. Specif{&€aF|Naximen(dc'S) g2 - shoul d be greater
than or equal to a predeterm ned contrast paranmeter Clerr], as
indicated in FIG 6 en the previous scene fades out and the

succeedi ng T§€e£§)$§ﬁégliHFoﬁ5ggélP-E@Pﬁn@ﬁaﬁHHeOPstaﬁt@ﬁéfﬁéﬁﬂFe
oS, IOLSONE L AeTDheFRRER A,0UTREE L Baplef parescimy, b prosent
1D 0 rhBRAERS BoBbEE o By RisRRe UroLEEo LByt RERR L O
FFL:?g-in §H8Ncan beC8€8rh3nbE keEh8He! AnbN8akePIbRaef cbinBBeLP@bnt NE

To incorporate the IC signal into the detection process

requires that an additionéi condition be imposed on the

transition from S, to S,. Specifically, the IC signal

should be greater than or eéual to a predetermined contrast

parameter C,,, as indicated in FIG. 6(c).

When the previous scene fades out and the succeeding
scene fades-in, no well-defined end or starting point
exists. Moreover, in most cases a number of dark frames may
be present between the end of the old scene and the
beginning of the new scene which dé not belong to either
scene. This results in a transition period consisting of
many frames. The duration of the transition period in such
cases is reflected in the'length of time that the finite-

state-machine stays in state S,. This information can be

used to discriminate between abrupt and gradual changes.

Detecti £ Dj ] 1 ot} cradual T iti

Unlike abrupt scene changes éuch as those produced by
butt-editing, which cause abrupt and pronounced changes in
the IM signal, gradual transitions between scenes cause slow
and small changes in the value of the IM signal. As

previously discussed, the class of gradual scene changes
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state-machine stays in state S1. This information can be used to

di scri m nate between abrupt and gradual changes. 20 Det ecti on of

Di ssol ve and Other Gradual Transitions Unl i ke abrupt scene
changes such as those produced by butt-editing, which cause abrupt and
pronounced changes in the I Msignab, gradual transitions between
scenes cause slow and small changes in the value of the IMsignal. As

25 previ oisvglvisgusadd-oubeandassdet i 47 agh Abe SEEHECLLRNGES aking
22 i nvol ving fade-out and fade-in can be detected by Ailng _

advant age ¥fvameagetefisthy theegeityheharge|tinétyembiteidMor chsigpal to
| ow contrast regions, and by providing an i nmage contrast (1C) signal.
However, t$ES h%@si%%tC@@trhsabbegions,nagdhhyfprémid$ﬁgf&ﬁiiméggetect

t he cl ass of gradual scene changes invol ving di ssol ves. _

Di ssol ves SPRFERFF i £TFt $19wel ectHeWever nubbermethods seraforish &hews
because a dissolve occurs oyer. several frames, the level of msmatch
bet ween t HEY S8TVER §55 18811 ahRsdeFeehctle ckrescofigiradual  scensever al

frames of &g es involving dissolves.

Dissolves are difficult to detect for a number of
reasons. First, because a dissolve ‘occurs over several
frames, the level of mismatch between the last several
frames of the old scene and the first several frames of the
new scene is distributed over the number of frameé in which
the dissolving process takes place. This is depicted in
FIG. 5(c). During dissolves the gradual loss of intensity
of the old scene (i.e., fade-out) is accompanied by the
gradual increase in the intensity of the new scene (i.e.,
fade-in). Consequently, the total rate of temporal change
in the intensity of the blended ffames is much lower than |
the change that occurs for individual fade-out and fade-in
transitions which take pléce over the same number of framés.

Because é gradual scene change occurs over two or more
frames, it is often advantageous to compare frames that are
spaced apart a predetermined number of frames in the
sequence rather than to compare adjacent frames because the
change between any two adjacent frames may be too small to
detect. It should be noted that this does not suggest a
reduction in the rate at which frames are compared. Rather,
the frames'are still compared at the rate at which they are

received (e.g., 30 frames per second for standard NISC
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new scene is distributed over the nunber of frames in which t he

di ssol ving process takes place. This is depicted in FIG 5(c). During
di ssol ves the gradual |oss of intensity of the old scene (i.e
fade-out) is acconpanied by the 15 gradual increase in the intensity of
the new scene (i.e., fade-in). Copsequently, the total rate of

t enporal change in the intensity of the blended frames is nuch | ower
t han tideshargecepinat t I Ussch Of ramyli d detshpd Pste-widh aikbk fﬁ‘iﬁné n

transitions which take place over the sanme nunber of franes.

Because a wristhuatame dhet Theangei o ceas] ey wher®rD iy ethe frarres it is
of ten advant ageous to conpare franmes that are spaced apart a

pr edet er m enpmeined numbes ¢oh fimmes betsezprentwsatthet tdxn to conpare
adj acent frames because the change between any two adjacent franmes nmay
be t oo srrEFFCPmR%Fe@{S der bz ipreceshokich imtraterrad ttn hekmin @ suggest a
reducti-on th te at_which franes_ are conpared., Rather, the frames

are still %ﬁm?ﬁ?‘?%ﬁuél%&nmm%w t {R{TERENed in rskep ARP (I ghe 30
f d
5 B 48 U A < 40 1, o

FIG. 7, which shows the use of motion estimation in the
presence of DFC.

As FIG. 7 indicates, the current frame 71, is presented
as one input of the region-based match and motion estimation
block which performs block matching between twa frames. At
this time, the previous frame 72 is present at the output of
the first delay element 76, the Dth previous frame 73 is
present at the output of the Dth delay element 78, which is
presented as the second input to the matching block 74.
These two frames are operated on by block 74 to generate the
region based motion and match parameters. At the next frame
time, a new frame appears at 71, the previous frames shift
from the input of the uniﬁ delay blocks 76,77,...,78 to
their respective outputs, and the new set of match and
motion parameters are determined.

As a result of performing a delayed-frame-comparison,
the match coefficients will reflect ﬁhe accumulated change
in the contents of the frames which occurred over D frame
times. The effect of this accumulation is to amplify the
value of r, and hence the IM signal.

The use of delayed-frame-comparison is also

advantageous because it improves the signal-to-noise ratio
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which came Dtine units earlier, where Dis the pr edet er mi ned nunber

of franmes between those that are conpared. This process, which is
referred to herein as 5 del ayed-frane-conparison (DFC) (perforned in
step 230 in the exanpl e of the invention shown in FIG 2), is

i ndicated in FIG 7, which shows tH& use of notion estimation in the

f : : As Fl.G .7 indi cat th t f 71, i
br csonted_ CTotiEs 1 gianah. oanis, ey RNeRbES pociFer BahETks: AR nétkRut i on
bl ock whi | i gy ikt a0 franes. LA s tine,
Uhe.provi S EFans 75 TS oritart SpitR B dipBaritIes pebueen cheLl )

el ement 761frTaH@sDta|i'epra.\%ﬂlQ‘f§etir%@% 035 3. as Breeebitdl vhbg aubpyt of the
Dth del ay el enent 78, ichis 15 presented as the second”input to the

mat chi ng bhaglbatdties, whiese whed bbaesed eveRebakedrafeby iRkOgke7Act0
generate the regi on based notion and match paraneters. At the next

frame diiistrd nga irsdaflea ifercap medise ,abetbmet Idd spiagudghablanes shift
fromthe input of the unit delay blocks 76,77,...,78 to 20 their
respective out piths leadieliayedrdwaet- compaatisionaddes notnaififeatpahanet ers are
det er m ned. . As a result offperforning a '

del ayed- f r amPldsmgier ocfothe IM signal for abrupt changes, it does

result in an increase in the time over which the signal. *
assumes a larger value from one frame time (when consecutive
frames are compared) to D frame times (since the first D
frames of the new scene are compared with the last D ﬁfames
of the previous scene). When combined with the motion-
controlled temporal filtering method discussed below,
delayed-frame-comparison yields an improvement in the
detection of abrupt transitions between rather similar
scenes.

It should be noted that when using delayed-frame-
comparison with a delay of D to detect abrupt scene
changes, the point mérked by the transition from S, to S, is
offset from the first frame of the new scene by D frames.
This is becauée the first D frames of the new scene are
compared with frames from the old scene. As a result, the
magnitude of the IM signal does not fall below the t,
threshold until the end of the Dth frame. For applications
in which the exact location of scene transition is needed,
it can be obtained by moving backward by D frames the

position denoted by the state transition.
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the match coefficients wll reflect the accunul ated change in the
contents of the franmes which occurred over D frame 25 tinmes. The effect
of this accunulation is to anplify the value of r[err] and hence the
| M si gnal . The use of del ayed-frane-conparison is al so

advant ageous because it inproves the si@%al-to-noise ratio

24 of the IMsignal.. This inprovenent occurs because the noise

| evel s remai n const ant “n R QG Temparalwddd tedng franes are

anplified for D . As a result, very small diébéripies, whi ch when -
olr)ns)erved over orllazec%rufﬁe g[rlar@a;.r SRR changgss arey Ghapasterizes kol g-@,w
becone di st i | §. . Vhi | e del ayed-frane-caonpari sqon does not
af f ect thetah%q'li anpl’i ?l?(?g gpﬁaﬁéwlﬁcgﬁﬁseﬁoﬁna%ptlmlcI‘F&H@éé;' it d&es
result in ' 8RR ' By ovel, Is t he signa sunes a

| ar ger val %gv:‘a?%r% ones:c ?gtn%%ﬁlﬁgeﬁm\é%rF\gogr}%gcﬁﬁ%\?ge % seg, Qﬁe?‘r‘?r e

conpar ed) bbsBrivati®nl FeEHeS TS iilgha 1 i ’ f g gnew scene
are conpared with the last D fram:eLtsgl?l o? ?ﬁéegfg&ﬁgggiggéﬁg)9fWhen

conmbi ned wittimet.he Thiilsl @an be accomplished by identifying those

portions of the IM signal which undergo a relatively small
but sustained increase in amplitude over a number of frames.
However, there are other factors, such as motion that may
occur in the contents of the frames, which can also cause a
small, sustained increase in the amplitude of the IM signal.
Accordingly, it is necessary to distinguish between actual
scene changes that occur gradually while avoiding false

detections caused by things other than a gradual transition.

To accurately detect gradual scene changes such as
dissolve while rejecting the detection of motion-related
events tha;lgay be confused for a gradual scene change, the
present invention employs'temporal filtering of the IM
signal (in step 260 in the example of the invention shoﬁn in
FIG. 2) in connection with a motion detection module.

The apparatus for performing the step of temporally
filtering the IM signal is indicated in block form in FIG.
8} This apparatus processes the IM signal 60, and generates
a new signal which will be referred to as the Cumulative
Match signal (CM) 808. At every frame time, the new value
of CM is computed by passing the value of the CM signal

during the previous frame time (which is present at the
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controlled tenporal filtering nethod di scussed bel ow,
del ayed-frane-conpari son yields an inprovenent in the 15 detection of

abrupt transitions between rather simlar. scenes. It should
be noted that when using del ayed-framne- conparison with a delay of D
to detect abrupt scene changes @6p0|nt mar ked by the transition

from S[er Ly @i el uri fagﬁtafd)oreq%%g;h;rsnmr 09 581 Lg,nQy scene

by D franes ecause ‘the fir anes o the neW/scene are

conpar ed Widdy fdrdiBie (M el G196 Lher | hew gnijqude of
t he INIsigﬁgp does noéifall bel'ow the t é@?l a&%§%tﬁfésﬁ%l euﬁ&?? th end

of the Dthaddingy fOrtapMtd el a%éuétiéd/\hﬁaqfﬂxet RE ehCiM @33N of
scene transition i s needed, it can be obtained by noving backward by D

franes theusing posiddder C&mb.t @hebpdrtei et aife theaappar@tus consisting

25 Motion-Control | ed Tenporal Filtering

Because grazﬁjatlh%(mné: cledaye 814 e wildripdtien A3d thaviimg a posdmgikviet gedn | ong .

duration increases in the IMsignal, it is advant ageous to enploy a

det ecti on fEtMeehzeP and e, and adder 805, form a first order
infinite-impulse-response (IIR) digital filter, which in
effect functions as an integrator with decay. In order to
prevent the accumulation of low-level noise which may be
present in the IM signal, and to control the level above
which increases in the magnitude of IM signal are
considered significant, a constant value referred to as the
noise floor,.aoz, is subtracted from the IM signal using
adder 803 prior to the introduction to the input of the
digital filter. A range limiter 807 is employed at the
output of the adder to limit the output of the digital
filter between the values of zero and one. The range limited
serves to prevent the output from getting too large or
negative during extended periods_in which the noise-floor-
subtracted IM signal 804 either assumes relatively large
values or is negative (due to the IM signal being below the
noise floor). |

The temporal filter set forth above detects sustained

increases in the IM signal when the gain beta is set to a
value close to (and smaller than) one. However, to prevent
motion-related increases in the IM signal from accumulating

and resulting in a false detection, the characteristic of

the digital filter is altered when certain prescribed
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5 observation of the IMsignal over an extended period of time. This
can be acconplished by identifying those portions of the I M signal

whi ch undergo a relatively snall but sustained increase in anplitude
over a nunber of franes. However , %gere are other factors, such as
notion that may 10 occur-in the conteft's.of the franes, which can al so

cause a_ claSBabl orSustabACAAnERAsa Onl RATRLLLUIG QF EDgnbY.Si gnal.

Accordingly, it is necessary to. distingui actu

changes thahigcaer ageatpalikhedhibhe tae0diing coalkse1 blocﬂebsﬁtbgns caused by
t hi ngs other than a gradual transition. 15 To accuratéely detect

gradual sceeduchaggehesgainabeta todiasvehye swhillle vaauect(cneskthegdgiection
of notion-rel ated events that nmay be confused for a gradual scene
change, thequal tpreeznt .i Ahdst iion effplcty preswpasalthei keapbrglof the | M
signal (in step 260 in the exanple of the invention shown in 20 FIG 2)

i n connect RERUMMLRtACRDPifofhgeIMc SiionadndFesting beta eq@ikd &ppaeabus for
perform ng the_step of tegpqrall filtering the IMsignal is indicated

in bl ock f&FSHLASFRE the OSSeTﬁﬁ§°5bﬁ&P5Fa§tﬁﬂo@é@@é& 8R4 PRESigEal 60,

and generahgglteredat %gu%hgggg ??&%QxWEU g%%e&%l%rEEQi%gn%icggecgUHU|atlve

signal. As beta increases towards one, the sensitivity of
the CM signal to sustained low-level values of the IM signal
which are above the predetermined noise-floor increases.

The task of redﬁcing the gain beta may be performed by
a
Motion Indicator (MI) signal. This is a binary signal which
assumes only values of zero and one. When the IM signal is
set to zero, the gain control block adjusts the gain beta to
a value smaller than but close to one (e.g., 0.85 in one
example), thus allowing the detection of gradual scene
changes. When certain motion-related conditions are met,
the IM signal is set to one. As a result, the gain control
block sets beta to zero, thus altering the characteristic of
the digital filter so that the input signal is passed
through without accumulation.

As discussed above, the value of the IM signal depends
on the subset S of the K regional-match coefficients that
are selected for processing. Therefore, the existence of
motion in the remaining K-S regions of the image which do
not contribute to the IM value is of no consequence to the

detection process. The detection process only analyzes the
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25 Match signal (CM 808. At every frane tine, the new val ue of CM

I s conmputed by passing the value of the.CM signal during the previous
frame tine (which is present at the 26
output of the unit delay 810) through a nultiplier with an adj ust abl e
gain beta, 811, to generate a new val ue #2, and .adding it to the
current adjusted value of the |IMsignal usi ng an adder 805. The
portion of mdteicpphatt uscownsi ity S Srexfidie. urdindteltne &ep mf tiplier
811 having a positive gain bet ween zero and one, and adder 805, forma
first ordersetting M} rgignahpie sene ebipoiisit g 1R dhtgaqt'alorf idft gradatzsilch in
effect functions as an integrator with decay. |In order to prevent the
accunul at i GiFHIe |IRRI_RBI SRV IS EIPTAr HEaken 4o e@ventn the | Msignal,

Signal are uhedes -eve’rgam%w e S e e of 1M
noi se fl oor, rom.t he ||V|SI naI sin dder 803
prior to tﬁﬂeh]l' n%ro ?% ‘?ﬁfg?ﬁiﬂﬁ Gt rteh’%l egﬁ?'&%lwqd(aéﬁ A range
limter 807 Sl d:. t e i, t. the out put
of the di glt ?V ‘9?& t@?l%iglm%%ns%% va ugs‘)lo]’frbq"e Cro (?Lc‘)ir?era & range
limted  have been found to be particularly relevant.

First, regions having a match coefficient r, that fall
within either of two extreme ranges are excluded from |
determining the value of the motion indicator signal. One
extreme range corresponds to very small values below a
threshold denoted by Tiowr Which is in the vicinity of the
noise-floor. These values do not contribute to the CM
signal despite the temporal filtering process. Moreover, as
discussed below, once the MI is set to one, it will remain
at one for a finite period of time even if the conditions
that initia;ly caused it to be set to one no longer exist.
Therefore, small values of the match coefficient r, are
prevented from setting-the MI signal to one to prevent the
possibility of missing a prominent gradual scene change.

The other range excluded from the determination of the
vaiue of the MI signal corresponds to values of the match
coefficient r, that are above a thrgshold denoted by Iugn.
The values of r,;, above the t, value (discussed above) which
would result in a detection even without the temporal
filtering. For each of the S§ regions, the value of the
match coefficient is checked to see if it falls between the

two thresholds r,,, and rug. Any region having a match
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serves to prevent the output fromgetting too |arge or negative during
ext ended periods in which the noise-floor- 20 subtracted |IMsignal 804

ei ther assunes relatively |large val ues or is negative (due to the I M
si gnal being bel ow t he noi se floor). The tenporal filter set
forth above detects sustained i ncreggses in the | Msignal when the gain

beta is set to a 25 value close to (and snaller than) one. However, to
prevent cogf iGN el Tt EBatndpessesti fal hebetveenntlo. fardn mgguisl at i ng

and resul ti in a false detection, the characteristic of the digital
filter is aﬁqt x:lon T (TSR REQ9RsFing - : -

27 cl asses {g éi(Dﬂ ar resent. in the sequence of frapes. . Thi s
i s acconplished By THe Haih TR §26 FO1Pm hying an g rakget Weighi n

e s S o S 1 g PR 58 Bl L
et corea TSI LA TS 44 e B Lol 0 R0
is greater than or equal to a predetermined threshold
(denoted by Motiong,..,). the region is marked. |
Finally, if the number of marked regions is greater
than or equal to a predetermined number (denoted by
Motionu), the MI signal is set to one for the next n, time
units. By setting the MI signal to one for several frames,
rather than just the single frame in which the motion has
been detected, the filtering process is altered during time
‘'periods for which motion detection cannot be reliably
performed between every pair of frames. This condition
usually exists during time intervals for which the scene
being detected has a large number of relatively small
regions (with respect to the rectangular image regions) that
are moving erratiéally. Ey maintaining the motion indicator
signal at one for several frames (e.g., five in one eXample
of the invention) each time motion is detected, the
filtering step is inhibited during the few intermediate

frames when reliable motion detection is not possible.

. {on Usj he Cumulati h Coefficie

To detect gradual scene changes, the finite-stége-
machine discussed above (see FIG. 6(c)) for abrupt g

transitions must. be modified to take advantage of the
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signal. As beta increases towards one, the sensitivity of the CM
signal to sustained |owlevel values of the IMsignal 10 which are above

t he predeterm ned noi se-fl oor increases. The task of reducing the
gain beta may be perforned by a Motion Indicator (M) signal
This is a binary signal which assumes only values of zero and one.

Wien the IMsignal is 15 set to zero, the gain control block adjusts the
gai n bet amog ion-coatralleds memperallh£i lrericlgose el orga.esdis @ 85 in one
exanpl e), thus allow ng the detection of gradual scene changes. Wen
certai n méttieGe- Cdiagram ddddistiratdingr ¢heecriteria hsedVisi gnalp i290self to
one. As a result, the gain control 20 block sets beta to zero, thus
altering the eFamRdeeistthe dnventionhshewy tial FIG.t & whent ks Lolydnignput
signal is passedl ., through w thout accumnul ati on. As di scussed
above, th&ESTROFELEIAEETINGSI oS thepdigure indigates sthseCMssépnade K
r egi onal effici.ents that . 25 .are sel ected for processing. -
Thereforeg%%ﬁgcg% §P§hg§pgﬁgnai £Q5t 8RB ansd tiomaifRomy skager Sgi 6Rs of t he
i mge whigh dgyiie cREt ' e IMvalue is_.of nQ consequence to
t he Tat cmide procgsgaiﬁ%gHéefégt#%§ B?%%%%Elgﬂlgr%ﬂagyfﬁéEﬁhe

remain the same as before, and are a function of the IM

signal and the image contrast signal.

The operation of the finite state machine employing the

CM signal is as follows. Initially, the finite-state-machine

is in state S, and it remains in that state as long as the

CM signal is less than ty. The value of t; is adjusted to

account for the subtraction of the noise-floor constant from

the IM signal. As a result, while the gain of the temporal

filter is set to zero, the CM signal is equal to the noise-

floor-subtracted IM signal and the finite state machine

operates as discussed above. However, the sensitivity of

the CM signal to gradual transitions when the gain of the

temporal filter is adjusted properly allows the CM signal to

reach the ty threshold while the IM signal may have a value

too low to reach this threshold. As a result, the CM signal

causes a transition from S, to S,. The criteria for causing

a transition from 8, to S, are the same as discussed above.

Accordingly, the IM value is compared to the t, threshold to

ensure that the new scene has stabilized (i.e., IM <= t,).

The image contrast (IC) signal is also used to ensure that

the image contrast has reached an acceptable level during

fade-in. The transition from S, to S;, which indicates the
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28 motion that occurs in the S regions. Since the step of setting
M signal to one inhibits the detection of gradual scene changes,
several steps are taken to prevent unnecessary inhibition of gradual
scene change detecti on. 5 Wiile a nunber of different criteria my be
enpl oyed to prevent the inhibitiog,step, the follow ng considerations
have been found to be particularly rel evant. First, regions

havi ng a Bayihningl bifCiachew kekhk,t Bakof ahlises thw Eaiia 8ktheko0bet WO
extrenme ranges are excluded from 10 determ ning the value of the notion

i ndi cat or setgnal zerOn€or theedurantonangeoner feapendshe@ey9’ YowaBlihgval ues
bel ow a threshol d denoted by r[err], which is in the vicinity of the
noi se-f | othe valwesefvaheeSMdsigoalctnt theupresenthwallle of thiegnal despite
the tenporal filtering process. Mreover, as 15 discussed bel ow, once the
M is set npdsgnéloor-wubtrestadn IM signaleonFhiier rembivest thpeefdects tine
even if the conditions that initially caused it to be set to one no

| onger exPst the scepgecdpgge fIpm theaCMesignalhsonaildewe 58Lf temporalk are

revented f.romsetting,the M s al to one to prevent the
P fll%er a fré%h start whgge operatgng o% the new scene.

The present invention achieves a number of advanﬁages
when_both the steps of delayed-frame-comparison and motion-
controlled temporal filtering are employed. First, these
steps allow the method of the invention to detect dissolves
and many other gradﬁal transitions that can occur between
scenes. Second, these steps substantially increase the
sensitivity of the method when detecting slow fade-outs
which cause only a small increase:in the IM signal because
the small increase is amplified in the CM signal. 1In
addition, the detection of abrupt transitions between
relatively éimilar scenes is also enhanced. In this case,
the similarity of the corresponding regions of the frames
néar the transition may produce an IM signal having a
magnitude that falls below the ty threshold. As a result,
the transition may go undetected. However, as moted above,
by performing delayed-frame comparison the temporal extent
of the signal is increased from one frame time to D frame
times. This increase allows sufficiént time for the
temporal filtering step to generate a CM signai’having an
amplitude above t,. Accordingly, such transitions that
would otherwise be missed can be detected.

Figure 10 illustrates typical waveforms of the various
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20 possibility of mssing a prom nent gradual scene change. The
ot her range excluded fromthe determ nation of the val ue of the M
signal corresponds to values of the natch coefficient rk that are
above a threshold denoted by r[err] The values of r [err] above the tH
val ue (discussed above) which 25 woulg,result in a detection even w thout
t he tenporal filtering. For each of the S regions, the value of the

mat ch coeféighalé wheshehkeofletRogESEi Ehét 1ARMEIOE VB ONsdd o derdMD
thresholds r[err] and r[err]. Any region having a match '

29 cogfddeakbntrafeitiondalrelgbsnndl &ndl ebeitveenmet Bom | prekedd efd] s
elimnated fromfurther processing. In the next step, each
regi on havthg framésriegidmelhhi chThe IM sibgnabtébeexhibitsg nated is

exam ned for the presence_ of 5 motion. If the length of the notion
vect or forsefeaiggdonlow-level pagaitudehimcreasguih regiomrEdet er mi ned

t hreshol d ) (denoteg qiahbtion[err]£, t he region i s marked.

Final ly, i¥orHennenBErobtedatfRBRCFRYi Ehitesing caf ckhe IM sigral f0equal to

a predeterm ned nunber {denoted b O Mtion[err]),.the M signal is set
topone f or O THB* oY eﬂ[gﬁg]m?yh%n Ynd%cator sgg a &} is set to égro,-

causing an increase in the value of the CM signal 808 to
above the predetermined ty; value at 91. As a result the
finite-state machine undergoes a transition from state S, to
S,. When the end of the gradual scene change is detected,
there is a decrease in the magnitude of the IM signal to a
value below the t, threshold at.67. Consequently, the
finite-state machine returns to state S,, thus indicating
the beginning of a new scene. This also lowers the CM
signal to the present value of the IM signal. The rightmost
portion part of FIG. 10 (region II) shows an increase in the
value of IM due to erratic motion. In this case the MI
signal is set to one and the temporal filtering process is
altered. As a result, the CM value 808, which is equal to
the noise-floor removed IM signal, is below ty, and thus a

false detection is avoided.

Rejection of Camera-Flash-Induced Scene Changes
If camera light-bulbs such as those used in still-frame
photography are flashed while a video recording of the same
event is being made, the flash may cause a false scene
change to be detected. This false detection occurs because
of the sudden and substantial increase in the image
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units. By setting the M signal to one for several franes, rather
than just the single frame in which the nmotion has been detected, the
filtering process is altered during tinme periods for which notion
detection cannot be reliably 15 perf ﬁned between every pair of franes.
This condition usual Iy exists during time intervals for which the

scene inkenggtget eokadibas @okRr Qﬁ 'Eﬂgbg{lb c{:ekghg%gttﬁaémil Iandar e

reglons (with respect to the rectangul ar i mage regi ons

novi ng er Fanakal iy, Iﬁuﬂ&matabnVﬂﬁebhinaekhﬁg hﬂd'?ﬁiﬁrvlago §é?9@h at one
for several franmes (e.g., five in one exanple of I nvent1on) each

ti me noti &rri Objecschppearhaces, " Pirbter 2Ag ﬁb@klhg bBHEQkéﬁQedHﬁ'ng the
few internediate frames when reliable notion detection is not
possi bl e. Visual databaspefyetews (Nisgalhba€abukat systdaschrCoetficient 25
To detect_gradual scene changes, the finite-state- machi ne di scussed
above (segg ag@cF )Mfoweaﬁﬁﬁpﬁdltorsbr§hgevnensSqmencbePubmnéheﬂst0 t ake

30
advantage Of Egg 127, assumes that such intensity changes usually

affect no more than half of the frame. However, this
assumption is correct only in special cases. These cases are
those in which a large portion of the scene {(i.e., in
Nagasaka et al., half the scene) is sufficiently remote from
the source of flash to be unaffected by it.

However, when the majority of the objects in the scene
are_close to the source of illumination, the entire image
lcan experience a sudden increase in intensity during the
flash. 1In such caseé'the prior methods will falsely detect
a scene change. 1In contrast, the present invention can
successfully reject such false scene changes by employing
the step of delayed-frame-comparison. The rejecfion process
is based on the limited duration of the flash as measured by
the number of frames times the time the finite-state-machine
remains in state S, before the transition back to® S,. This
interval is referred to as the transition interval.

Consider the case in which the IM signal is computed by
comparing consecutive video frameé (i.e., no delayed-frame
comparison) In this case an abrupt scene change will cause a
sudden increase in the amplitude of the IM signal when the
first frame of the new scene is compared with the previous
frame which belongs to the prior scene. JThis in turn
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notion-controlled tenporal filtering step. FIG 9 is a - state diagram
illustrating the criteria used in step 270 of t he exanpl e of the

i nvention shown in FIG 2 when enpl oyi ng tenporal filtering. As the
figure indicates, the CM signal 5 replaces the IMsignal for the
transition fromstate S[err] to S[err], while the conditions for the
transition from S[err] to S[err] ra#ain the sanme as before, and are a
function of the I M signal and the inmage contrast signal.

The oper at i B¥OGUGETe 3 G t"@%é-\eat“@lﬁébﬁiaw@w &y nganding 18 toihsighah i S
as follows. o:gni thir‘?'alrgt%’,t' t he finite-state-nmachine Is in state S[err]
and it remaPts S 1LG-f@ s maghding fyam S, to 8\ siAfndthe fExsss t han

tlerr]. Thefvalue af t[gﬁ*# i S justed to account for the
subt ract i on GF &1 s &9 F5W FFATES IGFRared with thg previcusas a

It, whil i, of the t | _15 filter is set t , the M
Cronal i 5 chaamt s¥hch Meidlbd YU st el oo A FRRIL Rl £
finite stategdgchi QSRS L _th
ensi 41 vi Ly SoPe MRty e BT ff N AR, 1 AR et o

sensitivity of _ _ _ I"ons _
the t epRisdng id trdfariss (3 FRsh ,088" kY. al s #die CMSignal e 20
reach the t[err] threshold while the | Msignal may have a val ue too

| ow to reachhiehidurahriesh@dfl thds tramsidilon titeMall Glone frame time.

-If a camera bulb now flashes during a single frame of
the same scene, a comparison 6f consecutive frames results
in a transition interval of length two. This is because the
IM signal assumes a large amplitude during the two
consecutive frame.times in which the high intensity frame
(i.e., the frame during the flash) is being compared with
the frames immediately preceding and succeeding it. Since
some gradual scene changes may also have a transitioﬁ
interval of two frames, it is ndt possible in this case to
distinguish between a camera flash event and a gradual scene
change based on the length of the transition intérval.

If the detectién method now utilizes thé delayed-frame-
comparison with a delay of D frame times, abrupt scene
changes will have a transition interval of D frame times
(since the first D frames of the new scene are compared with
the last D frames 6f the previous scene). Gradual scene
changes will have a longer transition interval. However, a
flash event will be characterized by two transition
intervals of length one. The first transition occurs during
the comparison of the high intensity image with the Dth

frame preceding it. The second transition occurs during the
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causes a transition from S[err] to S[err]. The criteria for causing a
transition fromS[err] to S[err] are the sane as di scussed above.
Accordingly, the IMvalue is conpared to the t[err] threshold to 25

ensure that the new scene has stabilized (i.e., IM<=t The i mage
contrast (I1C) signal is also used to enssre that t he i mage contrast
has reached an acceptable | evel during fade-in. The transition from
S[err] to Spmpefrisehi of ithei bdgds intensity image with the Dth frame :
31 begi nning of a new scene, also causes the gain beta to be set
to zero foEctRhevanlatiton dheok®of tapasitionshprroReprigted by PhErgBBue of
the CMsignal to the present value of the noi se-fl oor-subtracted I M
si gnal . ThirBERENBYEs t FeusSHi &bes flagh gvenfecanche SrhRGESAr BASEAORM
signal to | ow _the.te ral filter, a f,resh start_while operating on
the new sc h&. Unit® 1endeh e thee SEROSIGOR: B XV R eveé‘saanﬁﬁﬁgﬁtof

advant ages . g&ﬁ‘%e%‘}%g‘tthwtﬂﬂr g‘}o(%]?i%ﬁat%fsed%l @éﬁg—ef :(Ti%g%b%g- ari son and

not i on- roll"ed t enpod €ring -are enpl oye First, these 10

steps al | ow theqgg! el &iReudMen IR ndalse thediragaLY SN of £3R&eMaNY
other gradual transitions that can occur between scenes. Second, these
steps subsiaRhiedlchinged %€ detRribed in terms of single frame

mismatches caused by flash photography. However, the

rejection process may be applied equally well to any other

source of noise which produces a single frame having a high

level of mismatch with the preceding and succeeding frames.
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sensitivity of the nethod when detecting slow fade-outs - whi ch cause

only a small increase in the I Msignal because 15 the small increase is
anplified in the CMsignal. 1In addi tion, the deteeti-enof abrupt
transitions between relatively simlar scenes i |l so enhanced. In
this case, the simlarity of the cé¥ esponding Zﬂa ”m M anes
near the tr I.td on may produce an | M signal having ay " ﬂﬁmmﬂthat
falls belo [err] threshold. As a result, the transitfon*my go
undet ect ed. However, as noted above, by perform ng del ayed-frane :
conpari son the tenporal extent of the signal is increased from one

frame time to Diframgy pethdd B35 detllisSnil azeal | ff.icient time for
the 25 tenporal filten;eing step teo gﬁnﬁg}g{ggaa%lg?l\ggﬁlghé\ﬂﬁg an

anpl i tude ayferiderdd vis%ﬂoridif&lméti%i%éarﬂ%g RS of h%mgrisi I d

ot herwi se ‘be m ssed can be det ect ed. igure 10 illastrateés
typi cal wawdeorstepsf dfe vari ous 32
signal s when the nmethod of the invention is used to detect gr adual

transitions (region |{alandisridhirioc anfiiret Fred@Ntintd a firsth@liramEsy
(region Il). The IMsignal 60 exhibits a :
of regions and a second digitized frame into a second
plurality of regions that respectivel? correspond in
location to the first plurality of'regions; |

(b) block-matching the regions to produce
regional match signals that represent a likelihood that the
regions of the first frame contain visual information
substantially similar to respective matching regions of the
second frame; |

(c) ordering the regional match signals beginning
with the match signals defining a best mﬁtch and ending with
a match signal defining‘the worst match;

(d) selectiné and averaging together a
predetermined number of the best regional match signals, to
obtain an instantaneous match (IM) signal, said IM signal
providing a criteria for determining whether the first frame
represents a scene different from a scene represented by the
second frame; and

(e) indicating a scene'change when the IM signal

meets a predetermined decision criterion.

2. The method of claim 1 wherein said first and

second frames define a first pair of frames and further

This is the replacement sheet

Date: 01 APR 1996



sustai ned, |ow|evel magnitude increase in region I. 5 Mbdtion-controlled
tenporal filtering of the I Msignal 60 occurs whe |

i ndicator signal M is set to zero, causing an increase in the val ue
of the CMsignal 808 to above the predeterni t“mlmnmmml at 91.
As a result the finite-state machiawe undergclmﬂm i rom

*

state S[err] to 10 Slerr]. Wen the end of the gradual stene change is
det ect ed, compuiming ithe stemm exfse in the magnitude of the IMsignal to a
val ue bel ow t he t[erréﬁthreshol d at 67. Consequently, the finite-state
machi ne returns to stéfle gapeqtincaFapfi(@drilsd a Plugrdisygodnitigest a
new scene. This also lowers th %pal to the present val ue of the

CM 15 si
| M si gnal . fofheé (SeffsRfstally ¢ h A YFL St of| 82156 Pfedirames PisRows an

i ncrease in_the al ue of IMdue to erratic notion. In this case the M
signal is SN ThE an T'hees‘terrporal filtering process is altered. As
aresult, the CMvalue 808, which is equal to 20 the noise-floor renoved
IMsignal, is belowt[err], and thus a fal se detection is avoi ded.

Rej ection of Cargra- Fhas hnd dilis &Sk %ﬂaﬁn Ghanges, isiby EHPRe
| i ght-bul bs such as those used in still-frame st comprist fg . P
of temporally filtering a plurality of IM signals before the

step of indicating a scene change.

4. The method of claim 3 in which the filtering step
comprises the step of subtracting a constant noise value

from the IM signal.

5. The method of claim 4 wherein the step of
temporally filtering the IM signals comprises the step of
temporally filtering the IM signals with an infinite-
impulse-response digital filter having a variable gain and a

range limiter.

6. The method of claim 3 further comprising the step
of varying the gain during the step of temporally filtering

the IM signals in response to a predefined conditionm.

7. The method of claim 6 wherein the predefined
condition is a function of a regional match signal and a

motion vector.
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~phot ography are flashed while a video recording of the same 25 event is
bei ng made; the flash nay cause a fal se scene .change to be detected.
This fal se detection occurs because of the sudden and substanti al

increase in the i mage- ﬂ
Intensity. Previous work on the subject Nagasaka”“‘“”“‘“cl“““lﬂ ‘“Lnaka Y.,
"Automatic Video |Indexing and Full Video Search '+ ¢ fior ®Qbf ect

Appear ances," Proc. 2nd working conferﬁﬁce on vi sual dat abase Systens
(Vi sual Database Systens I1), E. 5 "RAuth and L.M Wenger Editors,

El sevi er Sci ence Publishers, pp. 113-127, assunmes that such intensity

changes usual ly s. ﬁi‘eﬂf&ﬁo&‘@f&ﬁh?ﬂm Whtreirtthe rdpgorial amsch signabisear, this
n

assunption is correct o I n special cases. These casgs . those in
whi ch a | arigdo @bpmipimyn blagk nat %ﬁf%‘.",aﬂia:’{efaﬁﬁvgfiﬁagﬁ’gll’z&g‘tm%?@,“kha|f t he

scene) is sgfddciently renote from the source of flash to be

unaffected by it. However, when the najority of the objects in
t he scene are close to the source of illum nation, the entire inmage
can experience a sudden increase in intensity during the 15 flash. In

such cases the é)ri or nmethods wll falsely detect
. A method of determining scene changes in a

sequence of visﬁal information-bearing frames, comprising
the steps of:_
(a) digitizing at least first and second frames
of the sequence; |
(b) dividing the first frame into a first
plurality of regions and the second frame
into a second plurality of regions
respectively corresponding in location and
size to the first plurality of regions of the
first frame;
(c) block-matching by
(i) determining values of a first match
distance between a first region of the first
plurality of regions and a plurality of

regions of the same size as said first region
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a scene change. In contrast, the present inventioh—can’“"’”gﬁggggg?alIy
reject such fal se scene changes by enpl oyi ng the ‘“““
del ayed- frane- conpari son. The rejection process. - E‘\mm “w :

t e

limted duration of the flash as neasured by 20 r ®of Srdnes
‘times the time the finite-state-machine 54 remains in state Sl err] before

the transition back to S[er]. This I'nterval is referred to as the
transition interval. i nwithinORNgan ddieeasts | fedbhgNebigel M ol ghal 1
conmput ed by conparing conseculive video frames (I1.e., no del ayed-frane
25 conparison) In this cag 3 : a.

sudden increase in the anpl iefﬁlgg%%fl t (%Qfs‘? gna gﬁrﬁﬁ%hgégisn R sl,-'thef rame
of the new scene i s conpagedowd! Friff ;Prfd ous frame which belongs to
the prior scene. This in-.turn 34 '

produces a CM val ue WhiCh(Ei)aﬁﬂhﬁﬂﬁgﬂaﬂmiﬂiﬁﬁﬁrﬁhfhéréﬁéhéiQ&id of the
finite-state-machine from S[err] to S[err]. At the next frame tine,

the new frame is conpar edvellukst, hgalidewiotisnum vaid@n@oybespohaliandtd o the
sane scene. As a result of the 5 good match, the anplitude of the IM

signal is reduced, thus the dacsitigr dff anmdtemitg oredienr bet enelerr].

Therefore, in this case o
second frame that is defined relative to the
location of the-corresponding region in the
second frame, said matching region béing a
region of the second frame most likely to
contain visual information substantially
similar to the first region of the first
frame; |

(d) calculating an average value of all the

values of the match distance and normalizing
the minimum value of the match distance by
dividing said minimum value b& said average
value to obtain a normalized minimum value,
said normalized minimum value representing
the likelihood that the matching region

contains information substantially similar to

the first region of the first frame.

10. The method of claim 9 further comprising the step
of:
generating a motion vector from the minimum value,
said motion vector equalling a distance defined by the

location of the matching region relative to the location of
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the duration of the transition interval is one frane tinme. If a
canera bul b now fl ashes during a single frane of"”‘”

conpari son of consecutive frames results in nter val of
|l ength two. This is because the INIS|gnaI .&ﬂ“ﬂ l'i tude

during the two consecutive frane tlnes in mhl Sity
frame (i.e., the frame during the #Pash) is belng conpared Wi t h

t he franmes ,i medi at el recedi ng _and_succeedi n E Since 15 sone gradual
scene cha 9ﬁﬁF%ﬁQ§%$é&% 5?9?3 sPFi Bﬁe 53°°ﬁﬂt FAIE-of two frames, it is
not possible in this case to di stingui sh between a canera flash event
and a gradual scene change based on the length of the transition

i nterval . t e t hod. n tikiz e I -franme-
20 conparison mnfh tﬁe §t98§ §$f§gﬁgﬁt9n§§egg%#ug s?éﬁ%Q f¥% %Kggges

will have 'J{égﬁ'iﬂfg'kn£§§¥ahs°£n§ Eﬁfﬁﬁe&'ggﬁﬁglfanéﬁﬁ%%ﬁéE@§ fggf.St D

frames of the new scene are~conpare rane t he

previous scene). G agapl #6888t ing seeasg%%wfahh haye fod de & g i on
i nterval . However, a 25 ash event w | e characterized by t

transitiorg regmmé etyadbt&inl RNELAIRAGR. vADGek G9d t:cr%&'nidlqrtéa:curs during
t he conparlson of the high intensity inage with the Dth

minimum values respectively corresponding to the K regions.

12. The method of claim 11 further comprising the
steps of:

(£) ordering by magnitude the K normalized
minimum values, beginning with the smallest
normalized minimum valué and ending with the
largest normalized minimum value;

(g) calculating an instantaneous match (IM)
signal having a value determined by selecting
and averaging together the first S of the K
orderéd normalized minimum wvalues, where S <=
K and is user definable, said IM signal
providing a criteria for determining whether

.the first framé belongs to a scene different

from the second frame.

13. The method of claim 12 wherein said first and
second frames define a first pair of frames and further
comprising the steps of:

(h) repeating steps (a)-(g) a plurality of times

for a sequentially chosen plurality of pairs
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frame preceding it. The second transition occurs during the

35 conmpari son of the high intensity i mage withthe D frane
following it. The two transitions are separated by D t erval s.
Thus, the flash event can be detected based on &ﬂ@i‘ “ﬂ}“u h of the
transition interval. As a result, 5 the flash e s cause a

fal se detection. The above- di scussi on concernlng the rejection of
fal se scene changes was descri bed4ian terns of single frane

m smat ches caused by flash photography However, the rejection process
may be applied equal |y wefl framgsy oft khe seguense da glacs S§ Wiech

produces a single frane hQV|ng a hlgh | evel of m_smatch with the

CLAI M. hod of d t erm ni cene changes in
sequence of visual lnfor uﬁéaﬂ ng &Wb§lgﬂgimﬁQﬁhu}ha said ™

signal provides a criterion for determining
whether a frame of one of the pairs of frames
belongs to a scene different from the other

ffame of the pair of frames.

14, The method of claim 13 further comprisiné the step.
of:

(i) preselecting an upper threshold value:and a
lower threéhold value of the IM signal such that a change in
the value of the IM signal to a value below the lower
threshold vaiue after having been above tbe upper threshold
value at 'a previous time corresponds to a scene change at
the point in the sequence between the pair of frames at
which the IM signal changed from the value above the upper

threshold value to below the lower threshold value.

15. The method of claim 9 wherein said first and

second frames are consecutive frames in the sequence.

16. The method of claim 9 wherein said first and
second frames are spaced apart a predetermined number of

frames.

17. The method of claim 13 further comprising the step

of temporally filtering said IM signal with a digital filter
This 15 tiis ispracement sheet _
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the steps of: 5 (a) dividing a first—frame into a first
plurality of regions and a second digitized {r | econd
plurality of regions that respectively correspc‘M\‘m ‘\!\““\i“mfl on to the
first plurality of regions; ' (b) vfrauchs ng* t he regi ons
to produce 10 regional match signals t¥4& represent a likelihood that the
regions of the first fra contain visual informatio ) substantially
simlar to r?%‘éb%%t?v@aﬁﬁggﬁﬁngaﬁé‘git%gewat% a cumu Bateth;

SR EL A b SR T R R R
t he wor st tch; s d). selecti and .averagi ng together_a

pr edet er m g nﬁe ee}‘méglpﬁewgggpe%e& RAET nemﬁr}%rf’gsq d}ﬁﬂ scfccﬁ‘{}%'e‘?go%%lf atn an
i nst ant ane ( i |, said IMsignal 20 providing a criteria
for deter mpéilf“r‘\]gg%‘/\kﬁg}'hé%o %fgég'%lgr'st franme represents a scene different

froma scene represented by the second frame; and (e)

i ndi cati ng a scene change when the | M signal neets a predeterm ned
decision criterion.
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25 2. The nmethod of claim1l wherein said first and second

frames define a first pair of frames and further conprising the
step of: (f) repeating steps (a)-(d) a plurality of tines
for a sequentially chosen plurality of pairs of franmes of a sequence
of franes. 5 3. The met hod qf claim2 further conprising the
step of tenporally filtering a plucality of IMsignals before the

step of indicating a scene change. 4. The nethod of claim3 in
which the filtering step conprises the step of subtracting a constant
noi se value 10 fromthe I M signal. 5. The nethod of claim4
wherein the step of tenporally filtering the IMsignals conprises the

step of tenporally fiIterinthfg\/I sl'gnals with an infinite-

ANALOG OR DIGITAL {~ 1
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ANALOG DIGITAL
9~ ~ 10 2
| Y | -/
4
L PROCESSOR ;
omwez || ¢} DIGITAL
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PROCESSOR
SCENE CEANCE DETECTION APPARATOS |
N
8
SCENE CHANGE DETECTION

APPLICATION
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| mpul se-response digital filter having a variable gain and a 15 range
limter. 6. The nethod of claim3 further conprising the step
of varying the gain during the step of tenporally filtering the I'M
signals in response to a predefined condition. 7. The net hod
of claim®6 wherein the predefined 20 Eondition Is a function of a

regi onal match signal and a not i on=vect or.

8. The method of claiml, 3 or 7 wherein the regional match signal is a

rati o of a m ni mum bl ock matching er n average val t hey bl ock
mat chi ng error. 10 t hod of detdpgio ¢ ene
changes in a sequence of visual Tr§ormtion-bearing franes,

conpri sing t € steps or.

TAKE NEXT DICITIZED IMAGE | _ 249
IN THE SEQUENCE

!

DIVIDE IMAGE INTO 920
RECTANGULAR REGIONS |

l

PERFORM BLOCK MATCHING |
BETWEEN EACH REGION OF |~ 230
CURRENT FRAME AND THE
CORRESPONDING RECION OF
THE Dth PREVIOUS FRAME

{

GENERATE MATCH & MOTION | _ 249
VALUES FOR EACH RECION

]

GENERATE THE INSTANTANEOUS| _ 250
MATCH SIGNAL

{

GENERATE THE CUMUIATIVE MATCH | _ 55,
SIGNAL BY TEMPORAL FILTERING

270

280

| SCENE CHANCE DETECTED
i s e rpacomnt oo | TAKE APPROPRIATE ACTION
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(a) digitizing at least first and second franes ' of

t he sequence; 15 ' (b) dividing the first frane into a first
plurality of regions and the second frane into a
second plurality of regions respectively correspondi ng
in |location and size to the first plurality of regions
of the 20 first franéi (c)

bl ock- mat chi ng by (i) determning values of a first
mat ch di stance between a first region of the first
plurality of regions and a plurality of 25 regi ons of
the sane size as said first region 39
within a portion of the second frane enconpassi ng t he
corresponding region in the ' second frane; and

(i1) finding a mnimm val ue anong said 5 val ues, said

m ni mum val ue correspondi ng to the location of a

mat chi ng regi on of the
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second frane that is defined relative to the — | ocation

of the corresponding region in the second franme, said
mat chi ng region being a 10 regi on of the second frane nost
likely to contain visual information substantially
simlar to the first region of the first frane,;

(d) calculating an average value of all.the 15 val ues of
the match di stance and normali zi ng the m ni num val ue of
the match di stance by 40 di vi di ng said m ni num val ue by

sai d average value to obtain a normalijzed m nimum

val ue, sai d

1 Hi rum al ue rg¢presenting 20

the likelihood a t chj regio cont ai ns

i nformation sub@%@l’l?& n”-lgﬁ td 3 4 tfe first regi on

of the first frane. 10. T d of dlaim further
conprising the step of : -5 ' tion vector from-
t he m ni num val ue, sa|d4got|on veqtor eqgal lind a disgance defined by
the N § 6 7 ] |

49\{9 0| 1| 12

FIG.5
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| ocation of the matching region relative to the |ocation of

40 t he correspondi ng region of the second frame. : 11. The
met hod of claim1 wherein the first frane i's di vided into K regions
and further conprising the step of: : (e) repeating steps (c)
and (d) for each of said 5 Kregions to obtaln K m ni mum val ues and K
normal i zed m ni mum val ues respecLiver corresponding to the K

regi ons. 12. The method of claim 11further conprising the

steps of: () ordﬂ@ nltude the K normalized 10
m ni mrum val ues, beginning with th st normal i zed

m ni mum val ue and ending with the | ar gest normali zed
" m ni mum val ue; (g) calculating an instantaneous nmatch (I'M

si gnal havi determ ned by selecting 15 and
aver agi ng tEJg 66 t S of the K ordered
nornmal i zed ym ni num val ues, where S <83 K and is u%e"r

definabl e, |gaid | M signal _ |
A\ 'l
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providing a criteria for determ ning whether - ' the first

frame belongs to a scene different 20 fromthe second
frame. 13. The method of claim 12 wherein said first and
second franmes define a first pair of frames and further conprising the
steps of: (h) repeating steps (a)-(g) a plurality of tines
25 for a sequentially casen plurality of pairs
41 of frames of the sequence in place of the
first pair of franes to calculate a plurality of - val ues
of the IMsignal such that said IM signal provides a
criterion for determ ning 5 whet her a franme of one of the
pairs of frames bel ongs to a scene different fromthe
ot her frame of the pair-of franes. - 14. The
met hod of claim1.3 further conprising the step of : :
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10 (i) preselecting an upper threshold value and a | ower
threshol d value of the IMsignal such that a change in t he val ue of
the IMsignal to a val ue bel ow the | ower t hreshol d val ue after having
been above the upper threshold value at a previous time corresponds to
a scene change at 15 the point in the sequence between the pair of franes
at whi ch the | M signal changed froﬁflhe val ue above the upper

t hreshol d value to below the | ower threshold val ue. 15. The

met hod of claim9 wherein said first and second frarrps—a-;-e—c.ons.e.c.u.r\l ve
[ hi d

frames in the sequence. 20 The met hod of clfaim 9 wherein s

first and second franes are sp a predeterr
frames. : 7. The mathodfbfcﬁ 3 further comrlm%ﬁ sfep

of tenporallyf filterijng sbea'd IMsignal with a digi §§8-~Uter
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having a variable gain to generate a cunul ative match signal, said
cunul ative match signal providing a criterion for determ ning whether a
scene change has occurred over a plurality of franes.
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