METHOD FOR DETECTI NG CAMERA - MOTI ON | NDUCED SCENE CHANGES Technical Field
This invention relates to a nethod for automatically detecting scene
changes in i mage sequences such as video prograns, and nore particularly to
a nethod for detecting inter-shot scene changes resulting from canera
operations such as panning, tilting, and zoom ng. Video prograns are
generally forned froma conpilation of 1di fferent video segnments which are
known as "shots" in the filmand video industry. Each shot consists of a-
sequence of consecutive franmes (i.e., imges) generated during a continuous
(uni nt errupt ed) operating interval froma single camera. For exanple, in

notion pictures, a‘shot is a continuous series of frames recorded on film
that is gengeats : 3 G i

until is stops.
i mages seen on the screen fromthe tine a srngle camera is broadcast over
the air until it is replaced by another canmera. Shots can be joi ned

together EhhhﬁlddliﬂléﬁﬁUpt nmode
This 1nvent10n relates to a method for automatically
detecting scene changes in image sequences such as video
programs, and more partieularly to a method for detecting
O inter-shot scene changes resulting from camera.cperations
such as pamning, tilting, and zooming.

BACKGROUND _

Video programs are generally formed from a ccmpilation
of different video segments which are known as "shots" in
the film and video industry. Each shot consists of a
sequence of comsecutive frames (i.e., images) generated
during a continuous (uninterrupted) operating interval from
a single eamera. For example, in motion pictures, a shot is
a continuous series of frames recorded on film that is
generated by a single camera from the time it begins
recording until is stops
In live television broadcasts a shot constitutes those
images seen on the screen from the time a single camera is
broadcast over the air until it is replaced by another

camera.

Shots can be joined together either in an abrupt mode



2 (i.e., butt-edit,. or swwtch) in which the boundary between two
consecutive shots (known as a "cut") is well-defined, or through one of
many ot her editing nodes such as fade or dissolve which result in a gradual
transition fromone shot to the next. The particular transition node that
I's enployed is generally chosen by the director to provide clues about
changes in tine and place which help thg viewer follow the progress of
events. There are known automatic vi deo indexi ng methods which detect

abrupt trafsét | opstbebdee) erf beAeh)SHH swhi¥h e beudatychetwaBhhod,

whi ch can detect abrupt as well as gradual transitions, has been discl osed
i n Pat ent twpptonsSecutlivio shdd/sl Iknbin d4 | edvdecenbes wdll1@@8ined! i bred
"Met hod and Apparatus for Detecting Abrupt and G adual Scene Changes In

| rege Sequbroagh, cheeofonbeyt srbiexaditing modey suchrasrfbdd by
reference. In the context of automatic video programindexing these abrupt
transiti odisaodvef whichef mesed tt drea "gradiesl tmansheidet fEromdoheustati es
(i.e., cuts) are referred to as "scene boundaries". A "scene", however, is
comonl y tontheenszttoThe pasddwmier dranaieioni nede| bhatyisekapdoyed

contents 32”%2%22%13§Pii22££?E£¥iﬂu; director to provide clues about
changes in time and place which help the viewer follow the
progress of events.

o There are kpown automatic video indexing methods which
detect abrupt transitions between diffetent shots. 2An
exanple of such a method, which can detect abrupt as well as
gradual transitions, has been disclosed in Patent Appl.
Serial No. 08/171,136,.filed December 21, 1993, entitled
"Method and Apparatus for Detecting Abrupt and Gradual Scene
Changes In Image Sequences", the contents of which is hereby
incorporated by'reférence. In the context of automatic
video program indexing these abrupt transitions are often
referred to as "scenes" and the detected boundaries (i.e.,
cuts) are referred to as "scene boundaries". A "scene",
however, is commonly considered to be a sequence of frames
with closely related contenté conveying substantially
similaxr inférmation. If vidéo programs consisted only of
wstill shots" (i.e., shotslin which the camera is
motionless), each shot would contain only a single scene.
However, in general, video programs are composed not only of
still shots but also "moving shots" (i.e., shots in which
the camera undergoes operations such as pan, tilt and zoom) .

Consequently, because of camera motion the contents of a



simlar information. |If video prograns consisted only of "still shots"
(i.e.; 'shots in which the canera is notionless), each shot would contain_
only a single scene. However, in general, video prograns are conposed not

only of still shots but also "noving shots"” (i.e., shots in which the
canmera under goes operations such as dan, tilt and zoon). Consequently,
because of canera notion the contents . of a 3 series of . frames over an

i ndi vi dual shot may change considerably, resulting in the existence of nore.
than one segdes ofafgames sver afhmdividualvshet boaydziidrge bet ween
different shots are scene boundaries, such boundaries may be only a subset
of all thecnsdiderablyyaresilitting cion uthe rexi sterce phdrere stihae coeera -
moti on may produce inter-shot scene changes. Known scene change detection
met hods aBseedsf iiei engivEsh#hot heyTherefore, dehble Bewrdarhafgestvean occur

T AR R S L R SN 1 L
only a subset of all the scene boundaries that occur in a
video:program since camera motion may produce inter-shot
scene changes. | | .

Known scene-change detection methods are deficient
W, because they caq.ohly'detect scene changes that occur at the

boundary between shots, not scene changes that occur within
an individual shot.

SUMMARY .

In accordance with this invention, a method has been
developed for determining camera-induced scene changes in a
sequence of visual information-bearing frames which
constitute a single shot. In one example of this method,
camera-induced motion is determined between each of a
plurality of pairs frames within a single camera shot. The
camera-induced motion for each of the pairs of frames is
deconposed into at least a first component. The values of
the first component for each of the pairs of frames are
surmed to form a first cumulative signal. A scene change is
indicated when the first éumulative signal meets a certain
decision criterioﬁ.

In one parﬁicular example of the invention, the first
component into which the camera motion is decomposed

represents either image pan, image tilt, or image zoom. In



In accordance with this invention, a nethod has been devel oped for

det erm*ni ng canera-i nduced scene changes in a sequence of visual

i nformati on-bearing frames which constitute a single shot. In one exanple
of this nethod, canera-induced notion is determ ned between each of a
plurality of pairs frames within a single canera shot. The canera-i nduced
notion for each of the pairs of franés I s deconposed into at least a first

Franos. ar B TR of (e L i%ﬁ?ét&%ﬁe R ekl dnge | <
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crit or on eeRged {riv 4TY QhHE *S?Eﬁﬁage FRRBREREC f1rst. component

into which the gf 6tﬂ@%'é§hﬁﬁlgq8?22§§eg LERE gﬁﬁpt ?ﬂ%ﬁﬁgven ge pan,

image tilt, or |nage zoom In 4-a er exanpl e ion, the .
camera no é?‘@afété@cv&@&%eﬁeg Sefits LHMEL0NnHRRE ARIEY RRAFIRRE Metwddh anot her
exanpl e of the invention ignal 1s generafed which represents

caner a- i Ny oPtd PLBLAVREY of pairs of frames w;.th:_.n a single

. camera shét. A,plurality of the signals are summed for a
plurality of pairs.of-frames to form a first cumulative
'signal. A scene change is indicated when the first
cumulative signal meets a- certain decision criterion.

' In yet another example of the invention, the method of
the invention works in conjunction with a known method such
as block matching for detecting abrupt and gradual
transitions between camera shots. The known method is used
to find the beginning of each camera shot, which is
designated as the begimning of a new scene. Any known
method may be then employed to extract the image pan, image
tilt, and image.zocm that occurs between consecutive frames
within the shot. For each of the camera operations of image
pan, image tilt, and image zoom, the values computed between
consecutive frames are used to generate two signals: 1) a
continuous signal represénting the.cumulative value of the
camera operation sincé the beginning of the new scene} and
2) a binary signal indicating continuous activation of the
camera for the given operation. A scene change is indicated
whenever: 1) the magnitude of the cumulative value for any
of the operations exceeds a predetermined threshold; or 2) a
continuous operation period for any of the operations (i.e.,

pan, tilt, or zoom) terminates (as indicated by the binary



each of a plurality of pairs of frames within a single canmera shot. A
plurality of the signals are sunmed for a plurality of pairs of frames to
forma first cunulative signal. A scene change is indicated when the first
cunmul ative signal neets a certain degcision criterion. In yet another
exanpl e of the invention, the nethod of the invention works in conjunction
with a known method such as bl ock matching for det ecting abrupt and gradual
transitions between canera shots. The known nmethod is used to find the

begi nni ng siigeath aadethestorresponiing demujeatied wslukehasganni ng of a
new scene. Any known nethod may be 'then enployed to extract the inmage pan,

i mge til tvagnitiudegatzbeasthas derges aseanatinern predeterainedres wit hin
the shot. For each of the canera operations of inage pan, inage tilt, and

i mage zoomghr@shoddues conputed betvieen consecutive frames are used to
generate two signals: 1) a continuous signal representing the cumul ative
val ue of the camer a operation since the beginning of the new scene; and 2)
a binary sig ) nd, £Q tinuous activation of the canmera for the

gi ven opergfesy ol faLbR ol e Lod L) 3 whenever: 1) the magnitude of

the cunul ati ve ue;for an erati.ons exceeds a Jpredeterm ned .
t hr eshol d; or %ﬁé contBnfo }%&eﬁﬁ %?”b(ﬁf(?cp fW‘gﬂf the operations

(i.e camera-induced scene change detector, including a video

source an application interface, in accordance with this
W invention. -

FIG. 2 is a flowchart illustrating an example of the
method of this inyention operating on a single shot.

FIG. 3 is a flowchart illustrating an example of this
invention operating in conjunction with a shot boundary
detector to detect scene changes at shot boundaries and
inter-shot locatioms.

FIG. 4 is a flowchart lllustratlng an example of the
detailed steps involved in the detection of camera-induced
scene changes. '

FIG. 5 is a flowchart illustrating an example of
additional detailed steps involved in the detection of
pan-based scene changes.

FIG. 6 is a flowchart illustrating detailed steps for
generating a single pan active signal from closely-spaced
active intervals.

FIG. 7 shows, respectively, an example of a waveform
for the image pan signal, the associated pan active signal
before and after processing to merge closely-spaced active

intervals, and the cumulative pan signal resulting is a



pan, tilt,:or zoom) term nates (as indicated by the binary 5 signal) and
the correspondi ng cunul ati ve value has a nagnitude at |east as |arge as
anot her predeterm ned threshold. BRI EF DESCRI PTTION OF THE DRAWNGS FIG 1
is a block diagram of an exanpl e.of a canera-induced scene change'det ector,
including a video source an application interface, in accordance with this
invention. FIG 2 is a flowchart illudtrating an exanpl e of the method of
this invention operating on a single shot. FIG 3 is a flowhart

illustrati xanpl e_of I s _i,nvention operati,n onjunction with a
shot bouno‘%t’l9 e‘ﬁ'é%?rg E‘gﬁe@FdSQ n&heh eatlrg:lﬁﬁ"ag]oundari es and

I nt er-shot Ioc FG 4 is a flow art |IIustr | e of the
'~ detail ed stepsallgﬂr.‘u@olgleﬁ PHSr h&CFREEEY ajr?dd%eg-‘q% FRaRFE
FIG 5 1s &M&ﬂfm& Qu%s%taﬁ%da%a?f( %'ﬁ%r%.t%.o , the associated pan

active signal before and arter closely-spaced active
intervals are merged, and the cumulative pan signal, all
over the course of four scene changes, three of which occur

during the active interval.

\% DETATTFD DESCRIFTICN

FIG. 1 shows a block diagram of the scene change
detector 2 in accordance with one example of this
invention. 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 storing
intermediate results produced by the image processor 4. The
irrage processor 4 also includes a processor 5 to process the

Y images contained in the image memory 6. In an altermative
example of the invention, the digital computer 7 performs
the tasks of image processor 4, thus eliminating the need .
for a separate image processor 4. As described below, the
scene change detector 2 can detect both boundaries_ between
shots, as well as inter-shot scene boundaries.

The method of the invention operates on individual
shots within a video program. However, before such inter-
shot scene changes can be detected, the video program must
be first segmented into individual shots by any known
method. Once the individual shots have been delineated, the



addi ti onal detalled steps involved in the detection of pan-based scene
changes. 'FIG 6 is a flowhart illustrating detailed steps for generating a
single pan active signal fromclosely-spaced active intervals. FIG 7
shows, respectively, an exanple of a waveform for the image pan signal, the
associ ated pan active signal before antl after processing to nerge

cl osel y-spaced active intervals, and the cunul ative pan signal resulting is
a 6 scene change at the end of one active-interval. FIG 8 shows,

respect i veljhtem-shoopseené thangeBgwiphinsegahl shoti agnd belsetickted
operation, the associated pan active signal before and after cl osely-spaced
active int ethalmetthednefgelisandveheionpubat shewpainsiFgGal 2 .al [Ioehoulide
course of four scene changes, three of which occur during the active

‘interval . BEIAMMEEdEEhERIBTBUNthGundasyoms dtlslkedfk adismgrsmmabianiges scene
change detector 2 in accordance with one exanple of this
The steps performed by one example of this invention
are shown in FIG. 2. At the beginning of a shot (which is
also the beginning of a new scene) the_camera-induced scene
change detector is initialized in step 210. Consecutive
frames within the shot are digitized in step 240, and the
U camera-induced scene change detection method is employed to
detect inter-shot scene changes in step 250. The output
from step 250 is checked in step 260 for the presence of a
scene change. If é scene change has been detected,
appropriate action is taken in step 270. The particular
action taken is a function of the application for which
scene change detection is used. ' The method of the invention
may be used.in connecﬁion with any desired application, a
few examples of which will be set forth below. The inter-
shot scene change detector is then initialized to repeat the
process. The above-described steps are repeated until all
the frames within the shbt have_beeﬁ operated on. In the
event that no scene change has been detected, the process
continues without reinitialization of the inter-shot scene
change detector.

In another example of the invention, the detection of
shot boundaries and inter-shot scene changes are both
performed on the video program together, as shown in FIG.3.
In this case the initialization step 310 is performed

initially as well as after the detection of each scene



I nvention. The detector 2 includes an image digitizer 3, an inage processor
4, and a digital conmputer 7. The image processor 4 includes an inmage nenory
6 for holding digitized i mages of current and previous franes and for
storing internediate results produced by the i mage processor 4. The inage
processor 4 also includes a processor85 to process the inmages contained in
the inmage nenory 6. In an alternative exanple of the invention, the digita
comuter 7 perfornms the tasks of inage processor 4, thus elimnating the

need for a_separate_ i mage processor 4. As descri bed belima,the scene change
det ect or EhéEFeget da¥e l%%‘%ﬁ%r@églﬁégﬁéeﬁoﬁﬁﬁﬂﬂ:l?ﬁ el £5eph3é&Q-shot
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result is checked in step 360. If a shot boundary (which is
also a scene boundary) is detected, step 380 is performed,
and the process is repeated beginning with step 310. If a
shot boundary has not been detected, step 250 is performed

S~ to detect any inter-shot scene changes. The_result'of this
step is checked in step 370. If an inter-shot scene change
is detectéd, step 380 is performed and the process is
repeated begimning with step 310. If an inter-shot scene
change is not detected, the process is repeated beginning
with step 320, thus avoiding the reinitialization of the
inter-shot detector. The process is terminated at step 330
when step 320 indicates that the last program frame has been
reached.

" The inter-shot scene change detection method performed
in step 250 will be described in detail below. Since the
detection criteria used in step 250 rely on camera .
cperations, examples of different camera operations and the
purpose for employing them will be discussed first. The
effects of these camera operations on the frames, énd the
detection criteria used to recognize these effects, will be

presented subsequently.

Camera Operations

Video programs are generally composed of two different



be noted that a shot boundary is itself a scene change. The steps perforned
by one exanple of this invention are shown in FIG 2. At the beginning of a
shot (which is also the beginning of a new scene) the canera-induced scene
change detector is initialized iin step 210. Consecutive franes within the .
shot are digitized in step 240, and thg caner a-i nduced scene change
detection nethod is enployed to detect”inter-shot scene changes in step
250. The output fromstep 250 is checked in step 260 for the presence of a
scene charymes fof shehe. changetype bEeshdet eesadr sapheoptha eapidon i S
taken in step 270. The particular action taken is a function of the

appl i cat i siPg Mk BRVE caRd thanyensedoesi noti gcosedn e cuit.hodtdfs t he

i nvention may be_used ip connection with any desired application, a few
exanples<ﬁY§éHQﬁ FHPT b8 KREWRoashabdsswllTsbott.er Thehetheame rypshofe
detector i§g then injtialjzed o repeat the_ process. The above-descri bed
steps are é‘%‘é Fi VISR CheeCamgias ebither, movess h sndergsaseéh aemat ed

on. In the_event that no.scige change has_been detected, .the process

continues Urt PRFh Bt PEOHSY -t hehesee s aIE FEFR A det ect or .

I n anot her,, e he inpvention, the detection of sh boundari es and
i nt er - shot é#&gcﬁgéa s'ar§¥§8Fﬁ foticn and zoow are ollectively

referred to as "camera operatiQnS"'or "camera motions".
Camera operations can be classified as follows. A
"pan" is a horigpntal roﬁation of the camera (i.e., about a
vertical axis) to the left or right. A "tilt" is a vertical
rotation 6f the camera (i.e., about a horizontal axis) up or
down. "Dollying" is camera motion along the camera's
optical axis either toward or away from the ocbject.
"Tracking", as used herein, refers to the motion of the
camera within a plane perpendicular to its optical axis. Of
course, any translational motion of the camera is a
combination of both doli?ing and tracking. "Zooming" is the
effect created by varying the focal length of a zoom lens
which is very similar to the effect created by dollying.
Each of the above camera operations may be considered a
component of the actual motion that the camera undergoes.

Purpose of Camera Opefations
Typically, a camera is not moved while imaging unless
there is élear purpose. In a wéll—directed video program,
every camera opera;ion is performed for a good reason. For
example, a pan or tilt.motion may be used to "follow the

action" as the subject moves from one side of the image to



performed on the video programtogether, as shown in FIG 3. In this case
the initialization step 310 is perfornmed initially as well as after the

detection of each scene change. The franmes are digitized consecutively
in step 340 The digitized franes are first checked for the existence of a
shot boundary in step 350 by using nown shot boundary detection nethod
such as the nethod discl osed above. e result is checked in step 360. If a

shot boundary (which is also a scene boundary) is detected, step 380 is

erformed, ' 145 | gnj ' s LWfnarghot .
EoLnd;ry h%gagg%EEeEL e?%%{e&??gﬁi%q%£%8?§gB%??%r%%g fogﬁggégflgﬁy te

inter-shotpgeane ehRNeARw Baw 'éw@fd%fféréﬁépshﬁjééégkg?b iy 370.
If an inter-shot scene change 1s detected, step 380 is perforimed and the

process isahdpeat ed IRagich rixsn Wnid SlsPedtOrol Anatihert er pahobngcendtrchange
I's not detected, the process is repeated beginning with step 320, thus -

avoi di ng t heer ellsd e didwn ofiéteat ibar- shoshdet aclargelsabjeateshats

term nated at step 330 when step 320 indicates that the [ast program frane

has been reagcimet fit within one frame (possibly even in the fully
zoomed out position) and thus the camera moves to record the
entire subject over several frames. Similar to
"orientation", pan and tilt may be used for "exploration',

o in which selected details of a scene are shown in a closeup

view. Examples of association, orientation, and

exploratibns are disclosed in Stasheff E., and Bretz R.,

"The Television Program: Its Direction and Production, "

fourth edition, Hill and Wang publishers, New York, 1968.

Tracking may be used to achieve results very similar to
(but not exactly the same as) pan and tilt. Tracking may be
used to view a subject from a full 360-. A.property'of
tracking which is not shared by the rotational motions of
pan and tilt is an increased sense of depth. This occurs
because.when the camera tracks, cbjects that are closer to
the camera appear to move faster than those which are
farther away.

Zooming serves several purposes. A zoom-in operation
generates a closeup view of a éubject to provide details
that cannot be seen in a wider field of view. A shot may
begin with the zoom lens in a wide angle position,
generating a small view of the subject or several subjects,
then zoom-in to obtain a magnified view of one particular

'subject while excluding other subjects. A slow zoom



The inter-shot scene change detection nmethod perfornmed in step 250 will be
described in detail below Since the detection criteria used in step 250
rely on canera operations, exanples of different camera operations and the
pur pose for enmploying themw || be discussed first. The effects of these
canmera operations on the frames, and the detection criteria used to
recogni ze these effects, will be presiented subsequently. Canmera Operations
Vi deo prograns are generally conposed of two different types of shots.

ot zbom EPGRGHTT EISLYE] & (51 GRTRIRatE RaBRl CIRAE (B chafee e 0o
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or does both siImnmultaneous ese shots are known as "noving shots".

Camera Idlinedh PcALDGhabe €Rel 8B kel sl fleiR@, t @nas chedRidieper ati ons”
or "canera notions".” Canera operafions can be classified as follows. A

"pan” is addwai¥pniiellecsddienophll s@?ﬁly'.ingl iaforfbedbra refdrdialg axi s)
to the left or right. A"tilt" is apser I cal reY gl

the relative position of the subjects in the scene. A

zoom-out operation may be used to present a view of the
subject's surroundings or to include other subjects in the
scene.

— Zooming and-dollying both change the field of view and
the magnification. While the degree of magnification
produced éy dollying depends on the distance between the
camera and the ocbject, the degree of magnification produced.
by zooming is independent of the distance and is only a
function of the change in the focal length of the lens.

Effects of Camera Operations on the Image
Each of the camera operations discussed above has a
unique effect on the frames generaﬁed by the camera. While
for purpose of this discussion only the motion of the camera
is considered, the total motion is a composite of both the
camera motion and the object motion. The methods used to
extract the camera motion are capable of distinguishing
between camera motion and object mwotion. |
A camera pan operation causes a horizontal shift in the
image. All the stationary objects (and the background) move
by the same amount regardless of their relative positions
 with respect to the camera. This horizontal shift of the

image will be referred to as "image pan". As a result of



rotation of the canera (i.e., about a horizontal axis) up or down. :
"Dol lying" is canmera notion al ong the canera's optical axis either toward
or away fromthe object. "Tracking", as used herein, refers to the notion
of the canera within a plane perpendl cular to its optlcal axis. O course,
any transl ational rmtlon of the caner,g is a conbination of both dollying
and tracking. "Zoomng" is the effe created by varying the focal |ength
of a zoomlens which is very simlar to the effect created by dollying.
Each of t Aipageopartare poopiont ofnshenyohtenussofethe dmagepends ddo t he
actual ‘notion that the camera undergoes. Purpose of Canera Operations

Typi cal | y the deafly 27 scight nanddnewi conkangsngnisrss fromeths ¢ightaor

pur pose. Ihe&a wel | -directed video program every canera operation is '
per f or med Lia rg%ﬁﬁ¢%h‘§%%y For exanple, a pan or tilt notion may be used
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view bet weien tWO Igsf [ era_lt SUbgL.ecC)%_spg}/l,p%RT rt]:%e stationary cbjects
 tove by the same amount. This shift of the image is
referred to as "image tilc". As a result of image tilt, a
portion of the :.mage exits to the top or bottom and new
— image enters from the bottom or top, respectively.

A camera track:Lng operation along a horizontal line
causes the’ cbjects in the image to sh:Lft horlzontally
Unlike a camera pan, however, the objects closer to the
camera shift more than those that are farther from the
camera. The variation in the shift of the cbjects is small
if the variation in distance from the ocbjects to the camera
is small. For the purﬁosés of this invention, horizontal
tracking is treated the same as. camera pan and their effects
on the image will be collectively referred to as "image
pan'. Similarly, a camera tracking operation along a
vertical line results in an "image tilt". A camera tracking
operation along a diagonal line (or a curve) results in both
image pan and image tilt.

A camera zoom operation causes a change in the
magnification of the 6bject in the image. When zooming-in,
the magnification increases. This is accompanied by an

- apparent radial _motion. of the objects away from the image
center, with possibly some of the objects appearing to exit

the image. A zoom-out causes an effect opposite to that of



and/or tilting fromone subject to another. Pan and tilt are also used for
"orientation" to show a | arge subject that cannot fit wthin one frane
(possibly even in the fully zooned out position) and thus the canera noves -
to record the entire subject over several'franes. Simlar to "orientation",

pan and tilt may be used for "exploratlo _in which selected details of a
scene are shown in a closeup view Exa es of association, orientation,
and explorations are disclosed in Stasheff E., and Bretz R, "The

&zkgvbihfps%;rs ﬁﬁéaﬁéb %h ?é@?gﬂ ack| %Eﬁgttgeagg E{gga%ﬂéebe ﬁéshllsand
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sense of depth. This occurs because when the canera tracks, objects that
are closer to the canera appear to nove faster than those mhlch are farther
away. Zoonm ng serves several purposes. A zoomin operation generates a
closeup view of a subject to provide details that cannot be seen in ‘a wider
field of view A shot may begin with the zoomlens in a wide angle

posi tion, . - Detection Criteria

The criteria for detecting camera-motion-induced scene

changeé are based on the goals that the camera motions are

\ intended to achieve and their effects on the image. For the
purposes of thié invention, camera motions are divided into
two diffeéent categories as set forth below based on the
goals they are to achieve.

The first category of camera motions consists of those
camera cperations in which only the end result is |
significant. For_example, pan and/or tllt, or tracking are
often employed to follow the movement of an object, and thus
when the object stops moving the camera stops moving. In

U this case, only the end result of the camera moticn is
importént. Another example occurs when pan or tilt is used
for "association". In this case the camera motion plays a
role similar to that of a gradual tramsition (e.g.,
dissolve) between two adjacent shots, and the end of the
camera operation is the begimning of a new scene. Yet
another example occurs when a zoom-in operation is used to
achieve a close-up view of an object (e.g., a hotel-rocom
door) that initially appears in the scene, so as to make a
detail (e.g., the room number) cbservable.

The second category of camera motions consists of those



generating a small view of the subject or several subjects, then zoomin to
obtain a magnified view of one particul ar subject while excluding other
subjects. A slow-zoom operation involving a significant nagnification .
change causes a continuous increase or decrease in the magnification of the
obj ects and hence, the observable detgil, while additionally supplying
information regarding the relative position of the subjects in the scene. A
'zoom out operatlon may be used to present a view of the subject's

ZU{{oundiB or t.0 |nclud%}other suq%§f;ﬁdégﬁtgﬁﬁ§%ﬁfF9 Zoonln IQ$QI1
dggrg;ngf qg bé dol | a ends on .t he dlstance ©
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R The f 0od™Y SRS ot | RSt Palie 8 pbRiRHS, 1AsarE JRes:, il efge”
Fach O MBS S otinests a0 en LERS iEodtad 1

as defined above.  This category also includes slow zooms in

which there is a significant change in magnification. While
in these cases the contents of neighboring frames are Very
similar, frames that are farther apart may differ
considerably in-content because a large pan, tilt, or zoom
can exclude cbjects from the field of view of the camera
which weré initially present and introduce new objects that
were not initially present. Such a contextual change may
occur many times during a single shot, and may even occur
several times_during one continucus camera operation.

It should be noted that the two categories of camera
motions discussed above are not mutually exclusive. That is,
' camera operations are sometimes employed in which the
" changes in frame content are significant during the camera

motion, as well as at the end of the camera motion. Hence,

with the two categories of. camera motions set forth abome;

the criteria for detecting camera-motion induced scene

changes within a shot are as follows.

 Scene changes which are produced by the firsﬁ category

of camera motion are detected in the following way. For each

of the operations of image pan, image tilt, and image zoom,

time intervals (as measured in frames) are found over which

the operation is continuocusly active. A scene change is

detected if two criteria are met: 1)the active interval has



for purpose of this discussion only the notion of the canera is considered,
the total notion is a conposite of both the canmera notion and the object
noti on. The nethods used to extract the canera notion are capabl e of

di stingui shing between canera notion and object notion. A canera pan
operation causes a horizontal shift i §he i mge. "‘All the.stationary’

obj ects (and the background) nove by t'he sanme anount regardl ess of their
‘relative positions with respect to the canera. This horizontal shift of the

i mage Wi ldeginaiadr ef. &0, ahel BBABYRAROL16R ﬁagegubppéa). ahdl IZjggdan, a
portion of the contents of the I mage exits to the left or right and new

contents aghelgcivenréselei ot the biven opepaeibrekincd wheeedinding
operation causes a vertical shift in the image. As in the case of pan, all
t he st atigfatiye objecént negenky hibe reahednonniexceeided b drajetdmmimede is
referred to as "image tilt". As a result of image tilt, a portion of the

i mage exitlsréshobd. t ofher fhmstorrdtenion idergetanttdes endmf e danexan or

top, respectively. - _
operation. The second criterion is imposed to prevent a
scene change from being generated when a camera operation
“occurs whose net result is not sufficiently significant to
justify a scene change. An exanple of such an insignificant
U operation occurs _when the camera repeatedly pans to the left
and right either as a result of jitter or to compensate for
small lateral motions of the cbject. When this camera
operation ends, the net amount of image pan is small and
thus will not generate a scene change.

Scene changes which are produced by the second category
of camera motion are detected as follows. For each of the
operations of image pén, image tilt, and image zoom, the

- cumulative result of the given operation since the beginning
of the current scene is compared against a prédetermined
threshold (which is likely to be different for each
different operation). A scene change is indicated if the
cumulative result for that operation reaches or exceeds its
respective predetermined threshold. Unlike the first
category above, in this case a scene change may be generated
while the operation is still in progress. The predetermined
thresholds employed for the second category of camera
motions are typically considerably larger than those used
for the first category. These thresholds determine how much

of a change, over the course of a large camera operation (or



A canera tracking operation.along a horizontal |ine causes the abjects in
the imge to shift horizontally. Unlike a canera pan, however, the objects
closer to the canmera shift nore than those that are farther fromthe
canera. The variation in the shift of the objects is small if the variation
I n distance fromthe objects to the canera is small. For the purposes of
this invention, horizontal trackinglés treated the sane as canera pan and
their effects on the image will be - collectively referred to as "inage pan".

Simlarl aler.ae t i n ' al:Qn ' 4.ﬂ#b5 I in an
"i mage ti)éi ts%ﬁ%gc?ad?rfer%ﬁ%jrﬁéc %ggggéfrlg? i'o%ga%g%l\igregll g?ona | rllg:%l(J cgiréi” a
curve) r ' I, FHBJ an '&ﬁgﬁﬁ?ﬁﬁl : HeRIAPperation
causes a C attn%qeﬁéf]nﬁ?%(g tnlggnﬁn? ati ogbof the oejt'e(?fléi_iﬂ%lgf i magec‘;.P When

200N NQ- idhmd e FEENESECehiOBULPOERASES exlictdt cit e mari@s dtia, appar ent
radi al notion of  the objects away fromthé inage center, with possibly sone

of the ohhefitattixeaimage! pafxivhluke thakod.s Approrimatehnsegual w6 f ect
opposite to that of zoomin and can cause new objects to appear in the
i mage. the width of the image results in the original contents of
| the image being sh.lfted out and ne.w- contents being shifted

in. In this case, if the image pan threshold is chosen to

be equal or close to the width of the image, a new scene

'\, will be detected_at the appropriate point.
) DETECTION METHCD
FIG.4 is a flowchart showing an example of detailed

steps that may be involved 1n the camera- induced scene
change detection step 250. First, in step 400, the values
of image pan, image tilt, and image zoom are determined
using the current frame and the previous frame. This may
also be done using a temporally dom—sampied version of the
video program. T]:iese values may be determined by block
matching to find the motion vectors at a plurality of points
in the image. The collection of motion vectors are fu_rthex‘
processed to discriminate between object motion and camera
motion and to decompose the camera motion into pan, tilt and
zoom components. Such procedures are known and disclosed
in, for example, Umori K., et al., "Automé.t:ic Image
Stabilizing System by Full-Digital Signal Processing," IEEE
Transactions on Consumer Electronics, Vol. 36, No. 3, pp.
S10-519, August 19.90, Akutsu A., et al., "Video_Indexing

Using Motion Vectors," Proc. SPIE Conf. Visual



The change in the magnification of objects resulting fromcanmera zoom or
canera dolly is referred to as "inmage zooni'. Detection Criteria The
criteria for detecting canera-notion-induced scene changes are based on the
goal s that the canmera notions are intended to achieve and their effects on
t he i mage. For the purposes of thhsf;wention, canmera notions are divided
into two different categories as set“forth bel ow based -on the goals they
are to achieve. The first category of canera notions consists of those

canera Opelcm.eficdti s dn@ntragdependesastiyt (VeIP on) fi wadt.. 18as,exanpl e,
pan and/or tilt, or tracking are often enployed to follow the novenent of
an obj ect prand 32_€1L38@N thmoph) @ct akt opalavesnyot bamease imageops novi ng.
In this case, only the end result of the canmera notion is inportant. _ :
Anot her exstgbil izatticn vémd presentsi at realutanef gystessdoramiawion In this
case the camera notion plays-a role simlar to that of a gradual transition
(e.g., di ssitirgtioncthetdbsadinipatichobetwasn tbjectdmoticm agwhera
operation is the beginning of a new scene. - Yet another exanple occurs when
a zoom i n GPRerER ietienusaad: thacheasurarenss efupmagewperl andbpmage (e. g. ,
a hotel-roomdoor) that initjially aRpears in the scene, sq as to nmake a
tile. tsu et al. discloses a methed for estimating
camera operations using block matching and Hough transforws
combined with shot detection to generate a new image icon
_  representing the_camera operation during a single shot. As
noted previcusly, when camera motion involves dollying or
tracking the different objects in the scene may move by
differing amounts between consecutive frames. In such cases
it is the motion of the most dominant object (in texrms of
the percentage of the total image that it occupies) which is
of interest. This dominant motion can be determined by the
above-mentioned methods. | |
In step 410, the camera-induced motion between the two
g,, frames is decomposed into image pan, image tilt, and image
zoom components (if they were not already computed as
separate components). The values computed for each of these
components generate three discrete-time signals referred to
as Instantaneocus Pan (IP), Instantaneous Tilt (IT),.and
Instantaneous Zoom (IZ) respectively. The set of three
instantanecus signals are used independently to generate two
additional sets of signals in steps 420, 430, and 440. One
set consists of three cumulative signals that each have
values equal to the sum of the values of one of the three

instantaneous signals starting with the value of the



detail (e.g., the room nunber) observable. The second category of canera
moti ons consists of those 14 operations in which changes in the visual
contents of the imge that occur while the canera operation is in progress
are significant. These canera notions include |large pan and tilt novenents

for "orientation" or "expl oration" pupposes as defined above. This category
al so includes slow zoons in which there is a significant change in

magni fication. Wile in these cases the cont ents of neighboring franes are
very si nmirtaritan@sus heignat her ther beganhimey ofi ther cuonsintersddne .
i n-content because a |arge pan, tilt; of zoomcan exclude objects fromthe
field of THeese cfidmie]lsageeareliecireder €0 aist ichled YumdseritvearRan n(CR)duce new
objects that were not initially present. Such a contextual change may occur
many ti nduniuiatngva Tibgl dCMet andnCumay atnise Goomr (SB)ersiignales duri ng
one continuous camera operation. It should be noted that the two categories
of caner xespechivelycusThe secoadasetnaf wignals congisis of ThHaree s,
canera operations_are_sonetines enplaoyed in which the S
binary signals (i.e., signals each having only two values)
each corresponding to one of the three compdnents of the
camera motion (i.e., pan, tilt and zoom). These signals are
set to zero when the corresponding motion is not engaged
U (i.e., actiwve), §nd are set to one when the motion is
engaged. These signals are referred to as Pan Active (PA),
Tilt Active (TRA), and Zoom Active (ZA) signals,
respectively. In some examples of the invention, additional
steps may be taken when generating the PA, TA, and ZA
signals to eliminate short inactive intervals that may fall
. between two active intervals so that-the two active
intervals are merged into one larger active interval.
The detection method of this invention may involve
three independent ' steps that each correspond to one of the
three components of camera motion. In FIG. 4 these steps
are set forth as image pan 420, image tilt 430, and image
zoom 440. The sub-steps involved in pan-based, tilt-based
and zoom-based scene change detection are all substantially
the same except that the threshold parameters may differ
from one to the other. Accordingly, it is sufficient to
discuss in more detail only the steps involving pan-based
detection, pointing out any differences between it and the
remaining two components.

The details of the image pan step 420 of FIG.4 are



changes in franme content are significant during the canera notion, as well
as at the end of the canmera notion. Hence, with the two categories of -
canmera notions set forth above, the criteria for detecting camera-notion :
i nduced scene changes within a shot are as follows. Scene changes which are
produced by the first category of canera notion are detected in the
foll owi ng way. For each of the operatd ons of imge pan, image tilt, and

i mage zoom time intervals (as neasured in franes) are found over which the

oper at i ongj Ry iMa. i e ccha | t i fat
criteri ar’%frl%wﬁe?%l %tgﬁgb‘étcfa?\?g\ilqntl?r vai 'hg’g' ﬂ%f?’e?%ﬁ@gga%%e& t he
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operation since the beginning of thé current” scene has reached or exceeded

a predet efnsnpeetivashaaduelts, fadding rdHefdten wed awdw FEEueNEE ofha@ canera
operation. The second criterion is inposed to prevent a scene change from

bei ng genknstarteheous EarersignEd atTios auomnlsatbesevaktergsult is not '
sufficiently significant to justify a scene change. An exanple of such an
i nsigni fi tantialized both at the start of the method and after a
scene change has been detected in steps 210 and 310. It
should be noted that the IP signal can assume both positive
and negative numbers depending on the direction of pan.

\_  Accordingly, the CP signal- may be either positive or
negative and its magnitude may increase or decrease after
the new IP value is added to it.

In step 510, the IP signal is used to generate a new
value of the pan active (PA) signal. This signal has a
value of zero during the intervals in which the pan
operation is inactive and a value of one during active
intervals. As noted ébove, additional steps may be
performed to merge closely-spaced active intervals into
single intervals-and to detect the end of such intervals.
The details of pan active step 510 are shown in FIG.6 and
will be discussed below. '

In step 520 the magnitude of the CP signal is compared
against a predetermined threshold Tpl. If the magnitude of
the CP signal has reached or exceeded Tpl, a scene change
belonging to the second category of camera motions is
indicated. In this case the value of the PA signal is not
used. The CP signal may have reached or exceeded the
threshold as a result of one active pan interval or several

discrete active intervals that occur during the current



operation occurs when the canera repeatedly pans to the left and right

either as a result of jitter or to conpensate for snmall |ateral 'notions of
t he object. When this canera operation ends, the net anount of inage pan is
smal | -and thus will not generate a scene change. Scene changes which are

produced by the second category of camera notion are detected as foll ows.
For each of the operations of imagefan, image tilt, and image zoom the
curul ative result of the given operation since the beglnnlng of the current

scene is é#%ﬁgfed agai nst a predeternmi ned threshold (which is Ilkely to be
different tach different operation). A scene change is indicated if the

SEZ‘JL?L&]X&;SS#%esﬁéﬁé@aﬁaﬁ%&aﬁﬁ%ﬁ%@%%@g SRR f—faf#f%&%% a
| T
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are typi cahbdicg0of gléﬁéa&la b2 gef a}g?&%et %nm %#Sééﬁt cat egory.

These threshol-ds determ ne how nmuch of a e course of a large
canera Opﬁﬁéitﬁﬂeﬁoby step 510. If so, the magnitude of the CP

51gnal is compared agalnst a predetermined threshold Tp2 in
step 540. If the threshold has been reached or surpassed, a
scene change belonging to the first category of camera
—  motionms is indicated. Step 540 is employed to prevent those
~ active pan intervals having a negligible net result from
registeriné a scene change. Examples of such negligible
camera operations have been discussed above.
FIG. 6 shows the details of pan active step 510. The
current value of the IP signal is used to generate a new
- value for the PA signal in steps 600, 610, and 620. A
non-zero value of the IP signal (positive or negative)
indicates pan activity and will yield a value of one for the
__ DA signal, whereas a value of zero for the IP signal will
yieid a PA value of zero. Iﬁ some situations where noise or
other factors may cause the IP signal to exhibit small
non-zero values when the camera is not moving, step 600 may
be modified to check the magnitude of the IP signal against
a small non-zero value to determine the activity, or
inactivity, of the pan operation.
- Next, the PA signal is further processed to merge
closely-spaced active intervals and to detect the end of
such intervals. The new value of the PA signal is checked

in step 630. If the PA signal is non-zero, a counter



a series of small operations), is required to introduce new contentsinto
the i mage.” For exanple, when perform ng canera- pan for the purpose of
exploration or orientation, a cunulative inage pan value that is
approximately equal to the width of the inmage results in the original
contents of the image being shifted out and new contents being shifted in.
In this case, i.f the inage pan threshold g chosen to be equal or close to
the width of the inage, a new scene will be detected at the appropriate

oi nt. DETE G A flowchart show nga.an.exanpl.e,of
get ailed st%se%ﬂﬁ%%%%éﬁ*ge I ﬂnﬁhglé'ﬁﬁgﬁgﬁ'ngﬁ@e& c@é‘%ﬁaﬁ&@
detection st Gpd { N eppd e u | a |
tilt, and i rfag'&ggglzsoom aér%%ae%etﬁ%ngg %g‘%%ﬁt ﬁég%'u?'rge%tgl??grg}% %n%%lh)g@l%m
revious fr : Al | s ORE : USi NG ne -
\Bersi on of tﬁ\%ﬁﬁdeﬁf [)?%tg?émq,r# ggeﬁégfdﬁgsgrggy _Ee %?Er@r% %ggﬂbe}agg}o?%e
mat chi ng t o dhgehddeofii §Bcdeerame &b gar%@s@' ok thesRODFiNHS Jrh Gy FREE
The collection of notion Vectors are fufther processed to discrimnéte
bet ween obj esper@ticn eodisgnesaanbhlen fendal el gea%e thife GrRy® notion

into pan, tilt and zoom conponents. Such procedufes are known and di scl osed
in, for exanpesumlixyri The absetiateMFPABichAlTN® has two inactive

intervals resulting from points 702. These inactive

intervals have t:wo transitions 712 from one to zero which
N are related to po:Lnts 702, and. an end of | interval 713. By
processing the PA signal to generate 720 the short inactivé
intervals have been eliminated. The end of the active pan
interval 723 cbrresponds to the end of the interval 713 and
is slightly shifted with respect to 713 due to processing.
The CP signal 730, which has a value of zero at the
begimning of the scene, is the sum of the IP values. At the
end of the active pan interval 723, the CP signal 730 has
exceeded the Tp2 threshold 735. This results in a scene
W change being indicated and the reinitialization of the
detector which resets the CP signal (as well as other
cumulative and aétive signals and counters) to zero at 733 .
The right side of FIG. 7 (region II) shows an IP signal 700
resulting from camera jitter (i.e., small, rapid motion to
the left and right) which has negative and positive
intervals. The processed PA signal 720 has a point 724
which correspdnds to the end of the active pan intexval. In
this case, however, the CP signal, which has fluctuated due
to the reversal of the direction of pan motion, has a value

that falls below the Tp2 threshold 730, thus avoiding a



Stabilizing Systemby Full-Di gital Signal Processing,” |EEE Transactions on
Consuner El ectronics, Vol. 36, No. 3, pp. 510-519, August 1990, Akutsu A.,
et al., "Video Indexing Using Mdtion Vectors," Proc. SPIE Conf. Visual

17 Comruni cations and | mage Processing (VCIP 92), Vol. 1818, pp. 1522-1530.
Unori et al. relates to canera inage abilization and presents a real-tine
system for notion estinmation, the di s¢rinm nation between object notion and
canera notion, and the neasurenent of image pan and inage tilt. Akutsu et

al . discl opagearegt ted sl n1Rs PR Rid R £8 MBS s ef At & Oppedet agmbdheak
mat chi ng and Hough transforns cofibined with shot detection to generate a

new i mage i@ vedert Np (e rthanesné) oin dstepge4alsi nfhésshot. As
not ed previously, when canera notion involves dollying or tracking the

di fferent chueter is tdet ixemeermyinostepy 210fandnglamouThe valuweeonf
consecutive frames. In such cases it is the notion of the nbst dom nant
obj ect (i nNpedetexmires fthe erasaiyaumfsibe obtthei imgetivet regiovcpi.es),
which is of interest. This dom nant notion can be determ ned by the
PA=0) that is filled to merge two consecutive active
regions. If the'PJ_&. sighal is zero, step 640 is not
performed. The i?A:_-c'ounter is then decremented (by one) in
step 650 and the result is checked in step 660. A positive
N\ counter value indicates that either the PA signal is
currently set to one, or that it has been set to one at
least once in the Np previous frame times. 'I_'his results in
setting the PA signal to one (if it were mot already set to
ocne in step 610), thus merging closely-spaced active
intervals. A negative value of the PA_counter indicates
that the counter was zero prior to step 650. This causes o
the counter to be set to zero again in step 670 and sets the
PA signal equal to zero in step 695. A zero value for the
counter in step 660 indicates that the counter had a value
of one prior to step 660. This indicates the end of an |
active interval in step 680. At the completion of pan
active step 510, a current (processed) value for the PA
signal is generated and the end of an active pan interval is
detected, if present. |
FIG. 7 shows examples of typical waveforms for the
instantaneocus pan signal and the signals derived therefrom
in two different regions - denoted I (on the left) and II

{(on the right), each representing a different situation.

Region I shows the IP signal 700 for a continuous pan



above-nentioned nethods. In step 410, the canera-induced notion between the
two frames i s deconposed into inmage pan, inmage tilt, and i mage zoom
conponents (if they were not already conputed as separate conponents). The
val ues conputed for each of these conponents generate three discrete-tine
signals referred to as Instantaneous £an (IP), Instantaneous Tilt (IT), and
| nst ant aneous Zoom (1Z) respectively. The set of three instantaneous
signals are used independently to generate two additional sets of signals
in steps 420, 430, and 440. One set consists of three cunulative signals
that eachfabse dereesiefual to the sum of the values of one of the three

I nst ant aneous signals starting with the val ue of_the I nst ant aneous

signal at the B&grnBi SHOWS Sk SATRIR Pl BEENS Iedreferred to
the Cunul at | P ) . Cunmul at i Tilt (LCT),.and | at] cz
g?gnales, ?nggﬁétg-g?e&% g”%ﬁ)é:}%«?&r%u{g é%lgﬁé%ik%k@@%s?%ﬁ %ﬁgeggggﬁgr y)
' | . 8. ' | ach _havi |yt | | t.
one of 1 B SEEoE et eaRh, AT SR ot i 17 RGN E 07067 R ERES 1 °
zoom) . Thgageségﬂﬁkéaﬁﬁin operation which is sustained for a long

pericd of time. This is reflected in the processed PA signal
720, which exhibits a long active interval terminating at
823. The CP signal reaches the Tpl threshold for the first
- time during the active periocd at the point denoted by 833.
This results in a scene change (which falls in the second .
category). The CP signal is reset to zero at this point to
start once again accumulating the IP values. The Tpl
threshold is reached for the second a.nd third times at 834
and 835, respectively, resulting in two more scene changes
being detected and the resetting of the CP signal to zero.
Finally, at the end of the active interval 823, the CP
signal has exceeded the Tp2 threshold, thus resulting in
\_ another scene chaﬁge being detected at 836 which falls in

the first category of camera motions.

Tilt-Based Scene Change Detection
Except for the difference 1n their direction of motion,
tilt and pan are essentially the same. Accordingly, the
pan-based and tilt based detection steps are substantially
the same except that they may each have different

thresholds. These steps are performed independently of one

another.



set to zerb when the corresponding notion is not engaged (i.e., active),
and are set to one when the notion is engaged. These signals are referred
to as Pan Active (PA), Tilt Active (TA), and Zoom Active (ZA) signals,
respectively. In sone exanples of the invention, additional steps nay be

t aken when generating the PA, TA and ZA signals to elimnate short '

I nactive intervals that may fall b@BMBen two . active intervals so that the
two active intervals are nmerged into one |arger active interval. The
detection nethod of this inventiqn may involve three independent. steps that
each correspond to one §POTnBaERA-ECebrpEhange BRTESRCR motion. In FIG 4

these steps are,set forth as.imge pan 420, i tjlt 430, and.inage zoom
440. The sub-s&@ﬁs% SoP5 r‘FﬂF%F%a%%“ {‘PJFFE‘%&EG RdEDBoABIS B8 cene
change det,e¢ 'gyyﬁgg?glldﬁ¥bstan iallxa%ae gﬁgé,ﬁﬁceﬁt.éggt the threshold
{)arg_rretergl_ § tq“_f Cﬁﬁ?ecf o6 2 er e ctidi nt S ?‘E i s squ-icient
o discus r si.eps Nz ection
poi nt i g STCoRT e e e iR o e Y 8P NS BEnReRER .
The detai |3 z0fodd SH TP &R €80 fha P ahEd and tilt-based
scene changes apply equally to zoom. In the case of zoom,
however, additional steps must be performed prior to the

computation of the instantaneous zoom (IZ) and cumulative
zoom (CZ) signals. The reason for this distinction is
explained.pelow. ..

Pan and tilt cause the image to undergo translational
motion in the horizontal and vertical directions. This
translational motion as measured between two frames is
positive if the pan (or tilt) motion between the frames is
in one direction and negative if it is in the opposite
direction. Therefore, pan (or tilt) motions of equal
magnitude but opposite directions which are performed over
\_ several frames will cancel each other out when computing the
| -cumulative pan (or tilt) signals, thereby resulting in zero

net motion since the begimning of the current scene. In ‘
other words, pén and tilt are additive components. Image
zoom between two frames, however, is a multiplicative
component. For example, consider three consecutivé frames
during a zoom operation. If the magnifiéation of frame 2 is
double that of frame 1, and the magnification of frame 3 is
1.25 times that of frame 2, the magnification of frame 3
with respect to frame 1 is equal to 2 multiplied by 1.25,

which is 2.5. Accordingly, the method of this invention can



19 shown in greater detail in FIG 5. First, a new value of the cumulative
pan (CP) signal is generated in step 500 fromits previous value by adding
thereto the new val ue of the instantaneous pan signal. This cumrulative
value is initialized both at the start of the nethod and after a scene
change has been detected in steps 210 and 310. It should be noted that the
| P signal can assune both positive andzﬁegative nunbers dependi ng on the
direction of pan. Accordingly, the CP signal nay be either positive or

negative @adado] iRROMG iR Madd AR P sdeeisgseadhtealbdeonerhkP val ue
Is added to if. In step 510, the IP signal is used to generate a new val ue.

of the padingtianterdils dwnmelsidinl ¢IZnakqhat tovieheelofazethmdgEi abet he
intervals in which the pan operation is inactive and a value of one during
active i ntrelealisre Amgmi fickattiore, betteén othhé presentaframepanflothed to
merge cl osel y-spaced active intervals into single intervals and to detect
the end oprendoustirame s. Thiss deesiilss oinpanvatuevet szeposforathesA@an in
FIG6 and will be discussed below. In step 520 the magnitude of the CP
signal is signak ethen the magnification remains the same (i.e., the
relative magnification is equal to one, meking the logarithm
equal to zero). .When the magnification increases (i.e., a
magnification factor greater than one), the logarithm is
U positive, and when the magnification decreases, the
logarithm is negative. Accordingly, the zoom active (ZA)
and cumulative zoom (CZ) signals are computed in the same
marner as for the pan-based motion discussed above except
for requiring this additional step of computing the
logarithm to generate the IZ signal.
The above discussion treats each of the pan, tilt, and
zoom components of the camera-induced motion independently
of one another. However, this does not preclude the
application of the detection criteria set forth in this
invention to some combination of these components. For
example, the pan and tilt.components may be combined to
generate a motion vector and the magnitude of the resulting

vector can be used in the detection method.

APPLICATIONS
It is known that shot boundary detection methods way be
employed to generatelindices for video programs. Such
indices can be used to selectively retrieve individual shots

from the video program. This invention provides a second



agai nst a predeterm ned threshold Tpl. If the magnitude of the CP signal
has reached or exceeded Tpl, a scene change belonging to the second
category of camera notions is indicated. In this case the value of the PA
signal is not used. The CP.signal may have reached or exceeded the
threshold as a result of one active pan interval or several discrete active
intervals that occur during the currerft® scene. |f ascene change

bel ongi ng_to the second category of camera notion has not been detected, =~
t he nmet hodevelsdh swiexing Ky i Jenewathngoindicest £08 padivAdealal has been

i ndi cated by step 510. If so, the nmagnitude, of the sjgnal _i s conpared
agai nst asﬁrye@&ﬁ ik the chefs. T iﬁr@Yé@lBgobc’% F-hgsﬁhﬁ-@é’ﬁllsd Has

o o o i 4 SRS e eSO OB BRI T Pt b e
cene charse PBERSy . (TSeEHEbFBr RS ahe R oPEr HoTo e (VE been
di scussed JRANGR 1 SA Befortd VBabPng®hat! 2185 BRLsIRTLY® stk oF! Unilif
‘are discussed below.

A.sequence of representative frames from the original
sequence of frames can be generated by retaining a single
frame from each of the scenes (as defined in terms of shot
boundaries and scene boundaries within shots). This
sequence contains those frames fbr which the contents of the
original sequence (e.g., a video program) has undergone
significant change. The temporal distance between
consecutive representative frames is a function of the rate
of change in the content of the frames in the original
sequence which. are interposed between the two consecutive
representative frames. That is, more representative images
are retained where the contents change rapidly, and fewer
are retained where the contents change less rapidiy. In
signal processing terms, this situation can be viewed as a -
non-uniform resampling {(or down-sampling) of the video
program from a uniformly sampled source (e.g., the video
program) having a large number of uniformly spaced samples
(e.g., 30 frames for every seéond'of NTSC video) to a much
smaller number of samples. This small number of samples
collectively contain most of the visual information
contained in.the original video program. Therefore, the set

of representative images generated by the method of this



current value of the IP signal is used to generate a new value for the PA
signal in steps 600, 610, and 620. A non-zero value of the IP signal
(positive or negative) indicates pan activity and will yield a value of one
for the PA signal, whereas a value of zero for the IP signal will yield a
PA val ue of zero. In some situations where noise or other factors nmay cause
the P signal to exhibit small non-zero val ues when the canmera i s not '
novi ng, step 600 may be nodified to check the nagnitude of the IP signal

agai nst 3 rEdic taae e sl deralt ef nedrdéiigedcterysign OF thactivity, of
the pan operation. Next, the PA signal is further processed to nerge

cl osel y- gpdedch=Ac tvided Mhesdrdm. itk t setdedpLcstabiceimagbssobhained ial s.
The new val ue of the PAqiignaI is checked in step 630. If the PA signal is

non- zer o thd s marireer car be peompressed atsing uasyi af oaerndinbert iodn imaget wo
points 702 along the signal the IP signal goes to zero for a very short

peri od ofcanpresSius ccenimiquas?2(ere. cadBEG) etohfurthernyegduscence of a good
frame to process at _these points or by the :
storage and transmission requirements.

In general, the criteria employed in deciding on the
particular representative images to retain depends bn the
criteria used to determine what constitutes a change in the

U contents of a vid;eo segment and what type of changes are
deemed to be 'significant. The particular criteria employed
will differ depending on the reason for retaining
representative frames. For example, while fine details such
as changes in the facial expression of a person may be

| considered important in some applications, the deteétion of
such changes may arguably involve a level of soﬁhistication
not feasible with a pafticular image technology. However,
the criteria set forth by the method of this invention
result in a well-defined and practical method for detecting
a majority of contextual changes within a video program.
While the information contained in thesé representative

- frames may not be complete by itself, when these frames are
used, for example, as the visual component in multimedia
data, the combination provides a rich source of information.
The potential loss of some visual information as a result of
the downsampling process will often be justified given the
substantial reductions in storacje and transmission

requirements.

A number of illustrative applications of this invention



operation:-comng to a halt for a very short tine before resum ng. The
~associ ated PA signal 710 has two inactive intervals resulting from points
702. These inactive intervals have two transitions 712 fromone to zero
which are related to points 702, and an end of interval 713. By processing
the PA signal to generate 720 the short inactive intervals have been
elimnated. The end of the active pargg nterval 723 corresponds to the end
of the interval 713 and is slightly shifted with respect to 713 due to
processing. The CP signal 730, which has a value of zero at the_beginning
of the sda'n&?lvmgtmugtlm&iahvideosalpx@grams midlede dtigqussadi ve pan

I nterval 723, the CP signal 730 has exceeded the Tp2 threshold 735. This
resul ts iBekOWcenEOEhargePBei n§hen getafd representaliie i 8988 i on of the

e o LS ehLs, Tl B 54 s B S0
ot on' 1 FETRTRRRRA RETTY g Y ARttt ey o VR (T
he hoti vESpETPREERIE: Corm) ha Y0 ot SUSERATES bhatiias
fluctuat egndlaj.ecér?ph & BYC R Mad 16 I T&EH U AndsdB8Ps1 872 val ue
the original program can be retrieved and presented on a
computer, the representative frames appearing on the
computer screen accompanied by the audio, which is
transmitted through a speaker in proper synchronization with
the frames. The representative frames stored on the
computer may also be used as an index to fast-forward or
rewind the program to any desired point. The digitally
stored, compressed mltiﬁledia version lof the video program
may be readily accessed at a remote location by another
workstation. | '
A condensed uultimedia version of a live video program
\_ ¢can be Qenerated in real time for transmission to a remote
location over a band-limited transmission line. This will.
provide a remote user with access to the live broadcast over
a telephone line using a video-telephone or a computer
capable of displaying static images and which can play
audio. |
Content-based resampling of video programs or video
segments also may be applied to image databases and video
databases. Image databases consist .of a collection of framee
or images on which content-based queries can be performed.

To respond to queries by extracting information from the



that falls below the Tp2 threshold 730, thus avoiding a 22 referred to
as the PA counter is set to a predeterm ned integer value Np (greater than
one) in step 640. This counter is set to zero in steps 210 and 310.. The
val ue of Np determ nes the maxi mum size of the inactive region (i.e., PA=0)
that is filled to nmerge two consecutive active regions. If the PA signal is
zero, step 640 is not perforned. The B4 counter i's then decrenented (by
one) in step 650 and the result is checked in step 660 A positive counter

val ue mdirgg%gg bheknei e vidie pei-fy @.}%ll%,a@gr esSigig tah®ne, or that

it has bee et to one at |east’ once In e NP previous frame times. This

results 'mﬁéi'%réﬁatﬁl.@npénsbgﬂ.&rg@ setfnelrit! dff iR elnetes ireadye set to one
in step 610) hus nergi ng cl osel'y-spaced active intervals. A negative

val ue of gheaBaAseounthe hidir doaputatidzl cust of iegeprecessing St ep
650. This causes the counter to be set to zero again in step 670 and sets

the PA signdl ingeapretiver operattiemss Impose= riiniisieor dthe heumbentef in
step 660 indicates that the counter had a val ue
images that can be processed. Accordingly to perform such
" operations on a collection of video segments by processing
every frame is prohibitivé because of the large number of
frames contained in a video segment. By using the
o conﬁent-based resampling method of this invention, each
video segment can be reduced to a smaller number of images
on which content-based queries can be more realistically

performed.



of one prior to step 660. This indicates the end of an active interval in
step 680. At the conpletion of pan active step 510, a current (processed)
value for the PA signal is generated and the end of an active pan interval
is detected, if present. FIG 7 shows exanpl es of typical wavefornms for the-
I nst ant aneous pan signal and the signals derived therefromin two different
regions - denoted | (on the left) and Igg(on the right), each representing
a different situation. Region | shows the IP signal 700 for a continuous
pan 23 fhRAIMSdetection. FIG' 8 shows an exanple of typical waveforns in
a situation in which scene chan es bel onging to both the first and second
category are delect ed mRthad ermmnlmgtmamerasbn@mcaé §cgae operation
which is sustained for a |l ong period-of time. This is reflected_in the
processed phagggﬁa|uv@o sepienceaf visual| bnfomsatienrheariag £Eamesati ng

at 823. The reaches the threshold for the first tinme during
the acti vecBBISF&E-%E—tHB'n@- oL %Ié?é‘g‘éd %?l smethod comprising the steps
of: |
- (a) Igenerating a first signal repfesenting
. camera-induced motion between each of a plurality of pairs
of frames within a single camera shot;

W (b) decompOSLng the first signal into at least a
first component signal representing a component of camera-
induced motion;

(c) suming the values of the first component
signal for each of the pairs of frames to form a first
cumulative signal representing a total camera-induced motion

- for said component over the plurality of pairs. of frames;
and . -

(d) generating an indicator signal that indicates
a scene change when the first cumulative signal meets a

certain decision criterion.

2. The method of claim 1 further comprising the steps
of: | '
(e) repeating step (b) for second and third
components of the camera-induced motion to form second and
third component signals such that the first, second, and
. third components represent image pan, image tilt, and image
zoom, respectively;

(£) repeating step (c) for the second and third



This results in a scene change (which falls in the second. category). The

IS reset to zero at this point to start once agai n accumnul ati ng
the 1P values. The Tpl threshold is reached for the second and third ti
at 834 and 835, respectively, resulting in two nore scene changes bei ng

CP si gnal

det ect ed

and the resetting of the CP signal to zero. Finally, at the en

the active interval 823, the CP signal s exceeded the Tp2 threshol d,
resulting in another scene change being detected at 836 which falls in the
first cat CHPPPIENESTRD Fespedntvely| foBassacsndnandntiiysd DeveylabivExcept
for the difference in their direction of notion, tilt and pan are,

essenti al

steps are suhbst

t hr eshol d
Zoom Base
t he i nmage
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tially the sane except that they may egach haye differe
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meet a certain decision criterion.

3. The methed of claim 1 further comprising the steps
of: () generating at least a first active
signal corresponding to the first ccmponent of camera-
induced motion, ;aid first.active signal having first and
second values that represent, respectively, the absence of
camera-induced motion and the presence of camera-induced

motion for the first component of camera-induced motion; and

wherein the step of generating an indicator signal
comprises the step of generating an indicator signal that
indicates a scene change when the first active signal and

the first cumulative signal each meet a certain decision

criterion.

4. The method of claim 3 further comprising the steps
of: _

| (£) xrepeating step (b) for second and third
components of the camera-induced motion to form second and
third component signals such that the first, second, and
third components represent image pan, image tilt, and image

zoom, respectively;

(g) repeating step (c¢) for the second and third

nmes

d of
t hus

on
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different fromthose of pan and tilt. The criteria established above for
the two categories of inter-shot scene changes which were used to find

pan- based and tilt-based scene changes apply equally to zoom In the case
of zoom however, additional steps nust be performed prior to the

conput ati on of the instantaneous zoom (l1Z) and cunul ative zoom (C2)
signals. The reason for this distinciion I s expl ained bel ow. Pan-and tilt
cause the image to undergo translational -notion in the horizontal and
vertical directions. This translational notion as neasured between two
frames i s qoumpdrierss fto heegpect bvelyl fdrmoseconteande ihiiird fuemdatiive n one
direction and negative if it is-in the opposite direction. Therefore, pan
(or tilt) shgnadks; 6f equal nmagnitude but opposite directions which are
performed over several frames will cancel each other qut when conputing the
cunul ative pan (or t{ll) repeatingt asepbye) etol dergrming segend @9 on
since the heginning of the current scene. In other words, .pan and tilt are

addi tive deMgThaftsive nayeEnabsnthatweerrespondaresPersicRdy o

AR RER g Bl Sl A AR T A
frame 1, and the mgwnllxé{g%ﬁi_eﬂeogtfeiaag% ?éeinsérating an indicator signal
that ihdicates a s_ce_rie change comprises the step of

generating an indicator signal that indicates a scene change
when at least one of the first, second or third active

signals and the cumulative signal fepresenting the same
component of camera-induced wmotion as the at least one of -

the first, second, or third active signals each meet a

certain decision criterion.

5. The method of claim 2 wherein the certain decision
criteria comprise predetenﬁined thresholds for each of the
cumilative signals, said decision criteria being met when at

. least one of the firsf., second, or third cumilative signals
has a magnitude at least as large as its corresponding
predetermined threshold.

€. The method of claim 4 wherein the step of
generating an indicator signal further corrprisés the step
of:
generating an indicator signal that indicates a
scene change after the end of an interval over which at
least one of the active signals assumes its second value and

the magnitude of the corresponding cumulative signal



1.25 tines that of franme 2, the magnification of frame 3 with respect to
franme 1-is equal .to 2 nultiplied by 1.25, which is 2.5. Accordingly, the
met hod of this invention can 25 be applied to the image zoom by setting
each value of the instantaneous zoom signal (1Z) equal to the |ogarithm of
the relative magnification between the present frane and the previous
frame. This results in a value of -zer@For the 1Z signal when the

magni fication remains the same (i.e., the relative magnification is equal
to one, naking the logarithmequal to zero). Wen the magnification

I ncreases ad t thmis
Iposi tive, éﬁg‘é\/\/ﬁnﬁﬂﬁg nagn%'l%{n}éga ar@%r%%r eases mé[#?’%rgi&g&r |df r@? S neg%t | veI
Accor di ngkhe bifte 12800 fld WReti4A) & ’%é’l”&ﬂ %ﬁé/ VE (Eacippal s are

conputed in the sanme manner as for an- base noti1 on di scussed above

except foRnteawn A6 M Seadst ta@@rgé%ﬁ CeRRtd g ridd tlopeshoédn t o
generate the |IZ signal. The above discussiontreats each of the pan, tilt,

and zoom conponents of the canera-induced notion independently

7. A method of determining camera-induced scene
changes in a sequence of visual iﬁformation-bearing frames
constituting a single_caﬁera shot, said method comprising
the steps of: |

(a) generating a first signal representing
camera-induced motion between each of a plurality of pairs
of frames within a single camera sﬁot;

(b) decomposing the camera-induced motion of the
first signal for the plurality of pairs of frames into
conponents representing values of image pan, image tilt, and
image zoom to form an-image pan signal,_;n image tilt
signal, and an image zoom signal, respectively; .

(¢) suming each of the image pan, image tilt,
and image zoom signals to form a cumulative pan signal, a
cumulative tilt signal, and a cumilative zoom signal,
respectively; aﬁd

(d) generating an indicator signal that indicates
a scene chénge when at least one of the cumulative signals

meet a certain decision criterion.

8. The method of claim 7 further comprising the step
of: |
' (e) generating an active signal for each of the

image pan, image tilt, and image zoom components, each of



of one another. However, this does not precl.ude the application of the
detection criteria set forth in this invention to sone conbi nati on of these
conmponents. For exanple, the pan and tilt conponents nmay be comnbined to
generate a notion vector and the magnitude of the resulting vector can be
used in the detection nethod. APPLICATIONS It is known that shot boundary
detection nethods may be enpl oyed to Xenerate indices for video prograns.
Such indices can be used to selectively retrieve individual shots fromthe
video program This |nvent|on provi des a second 26 | evel of indexing by

eneratin dg 0 vidin
9 Saiddheesvbokil Al gﬁ%‘m?“% G5tV Edddhd hpd BueSy €hE 9

both these |levels of in ective video information retrieva

system i sEpessi baueOrpireaepltierf i onoridie: MRivey O habAi EadensEon

beyond i ndexi ng are al s6 pOSSIb|e sone of which are di scuSsed below. A
sequence péroepndseheasecerid amlud nuprdsemt irgy @l conponent havingnas can

be generated by retalnlng a single
magnitude that is non-zero; and

wherein the step of generating an indicator signal
that indicates a scene change comprises the step of
.generating an indicator signal that indicates a scene change
when at least one of the active signals and the cumulative
signal representing-thé.same component of camera-induced
motion as the at least one active signal each meet certain

decision criteria.

9. The method of claim 7 wherein the certain decision
criterion are met when the magnitude of at least.one of the
cumlative signals surpasses a predetermined threshold. .

% '10; The method of claim 7 wherein the certain decision
criterion comprise predetermined thresholds for each of the
cumuilative signals, said decision criteria being met when at
least one of the cumulative signals surpasses its
corresponding predetermined threshold.

11. The method of claim 8 wherein the step of
generating an indicator signal further comprises the step
of - .

indicating a scene change after the end of an

interval over which at least one of the active signals



frame fromeach of the scenes (as defined in terns of shot boundaries and
scene boundaries within shots). This sequence contains those frames for

whi ch the contents of the original sequence (e.g., a video program has
under gone significant change. The tenporal distance between consecutive
representative frames is a function of the rate of change in the content of
the frames in the original sequence mhich are interposed between the two
consecutive representative frames. TR i nore representative images are

retai ned_where t conten ange |d| ,_an re retained where
LPSUE?Pgsﬁfg:sfgh wed ;EigmﬁtngjﬁF§Zr ?esa d n |95a¥%033 sgggflng) of
the e g Pl Pdics oo
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cont ai he% i nwn @r%ggl na e\%go p%%r aﬁo%%g’?o?@té F E? Tease

repr esental iNeJdTIeS 4RSI Sudtled NenFELAGHaO! Lhi s

12. The method of claim 7 wherein the step of
generating a first signal comprises the stéps of:.
(a) performing motion estimation between each of
the pairs of frames; and |
Eb) discriminating between camera-induced motion

and object motion for each of the pairs of frames.

13. The method of claim 1 wherein the step of
generating an indicator signal further comprises the step of

retaining a frame from a scene defined by the indicated
scene change.

14. The method of claim 1 further comprising the steps
of (e) repeating steps (a) - (d) until all boundaries
between scene changes within the single shot have been
indicated, wherein the step of summing the values of the
first component signal to form the first cunulative signal
comprises the step of summing only those values of the first
component signal that have been determined since the

immediately preceding scene change.

15. The method of claim 14 further comprising the step



27 invention can be considered a condensed version of the original video
program The set of static inmages obtained in this nanner can be conpressed
usi ng any of a number of inmage conpression techniques (e.g., JPEGQ to
further reduce storage and transm ssion requirenments. -1 n general, the
criteria enployed in deciding on the particular representative inmages to
retain depends on the criteria used to determ ne what constitutes a change
in the contents of a video segment at®l what type of changes are deemed to
be significant. The particular criteria enployed will differ depending on:

the reasorpf ofet£imifing £L8MES ERbA LuRH 'Re deFirRem)f ghahile fine
details such as changes in the facial expression of a person may be

consideredumﬁnmateatsteneoahaﬂ?agications t he detection of such changes
may arguably involve a |evel sophi stication not feasible with a
particul ar- i mage technol ogy. However, the criteria set forth by the nethod
of this invention result in mell-deflned and practical nmethod for
detecting a najd6ityThe monh@d odl cdlladmyast iuttihen cdmeol pingrohe Sbhebe
the information contained in these representatlve frames_may _not be

conpl et e byti fq¥MinguABN inAese contaislng thadocaiiax @bl @, framehfromsual
t | ti nedi
conponen égcguscégg égflned by the indicated scene changes.

17. The method of claim 15 wherein the retained
frames form a set of representative frames that comprise a

visual component of multimedia data.

18. A method of determining camera-induced scene
changes in a sequence of visual information-bearing frames
constituting a single shot, said method comprising the steps
of:

(a) generating a signal representing camera-
induced motion between each of a plurality of pairs of
— frames within a single camera shot;.
| (b) summing a plurality of the signals for a
plurality of pairs of frames to form a first cumilative
signal; and
(c) generating an indicator signal that indicates
a scene chénge when the first cumulative signal meets a

certain decision criterion.

19. The method of claim 3 further comprising the steps
of:

(£) repeating step (b) for second and third



data, “the conbination provides a rich source of information. The potenti al
| oss of sonme visual information as a result of the downsanpling process

will often be justified given the substanti-al reductions in storage and
transm ssion requirenments. A nunber of illustrative applications of this
i nvention 28 involving multinedia videos prograns will be di scussed

bel ow. For exanple, the set of representative inages obtained by this
i nvention may be used, possibly in c@¥pressed form in conjunction with
audi o and/or text (also in conpressed form to store a condensed nultinedia

or i gi nal °~€¢§%§f§%ﬁ%¥%8€%"%§§%§% %@%&gﬁt&% AR G?faﬂ{e h
i o, WSS s SRR P aE AT Bt ! p‘EE%r FEOperﬁéfﬁfcaﬁ??ﬁat.yofq )
with the §yapm 8@6 gei.«égg?\%a@rﬁg ggs 38 Corany efmawy al so

be used as an in ast the ogramto any desired

poi nt. ThgodhJi i‘éébéctlvely,

(g) repeating step (c) for a come.natlon of the

first, second and third component signals to form a combined
cumilative signal; |

(h) repeating step (e) to generate a combined
active signal that. cér.responds to the combined cumulative
signal; and | | .

wherein the step of generating an indicator signal
comprises the step of generating an indicator signal that
indicates a scene change when the combined active signal and
the combined cumulative signal each meet a certain decision

criterion.



- stored, ,conpressed mul timedia version of the video program may be readily
accessed at a rempte | ocation by another workstation. A condensed

mul ti medi a version of a live video programcan be generated in real tine

for transmssion to a renote |ocation over a band-limted transm ssion

line. This will provide a renpte user with access to the live broadcast

over a telephone |line using a video-tel ephone or a conputer capabl e of

di spl ayi.ng static i mges and whi ch can play audi o. Content-based resanpling

of video prograns or video segnents aB&o nay be applied to i nrage dat abases

and vi deo databases. |mage dat abases consist of a collection of franes or

i mages on whi ch cont ent - based queries can be performed. To respond to

gueries by extractlng information fromthe 29 i mages often invol ves

perfornng '”R oceSS|ng and interpretation on a |arge segnent of the

i mages in the The hi gh conputational cost of inmge processing and
interpretive operatl METHQD)E@R DETECTING CAMBERAMOTEON INDUCED

SCENE CHANGES
A method (250) for determining camera-induced scene changes in a
sequence of visual information-bearing frames which constitute a single shot first
determines (400) camera-induced motion between each of a plurality of pairs frames
within a single camera shot. The c_amcra—induced motion for each of the pairs of
frames is decomposed (410) into at least a first component (420,430,440). The
- values of the first component for each of the pairs of frames are summed to form a
first cumulative signal. A scene change is indicated when the first cumulative signal
meets a certain decision criteria. ~ Figure 4



| mages that can be processed. Accordingly to perform such operations on a
col l ection of video segnents by processing every franme is prohibitive
because of the |l arge nunber of franes contained in a video segnent. By
usi ng the content-based resanpling nmethod of this invention, each video
segnent can be reduced to a smaller nunber of inages on which content-based
queries can be nore realistically perforned. 30 CLAI M5 1. A nethod of
determ ni ng canera-i nduced scene changes in a sequence of visua

i nformati on-bearing franes constitutifg a single shot, said method
conprising the steps of: (a) generatTng a first signal representing _
caner a-i nduced noti on between each of a pIuraIity-of pairs of frames within

a single canera shot; (b) deconp-Eer irst signal into at |least a
first conponent signal representi a nent of camera- induced notion;
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(c) sunming the values of the first conmponent signal for each of the pairs
of frames to forma first cunul ative signal representing a total

caner a-i nduced notion for said conponent over the plurality of pairs of
frames; and (d) generating an indicator signal that indicates a scene
change when the first c¢cunul ative signal neets a certain decision criterion.
2. The nmethod of claim1l further conprising the steps of: (e) repeating
step (b) for.second and third components of the camera-induced notion to
form second and third conmponent signals such that the first, second, and
third conponents represent image pan, image tilt, and i mage zoom
respectively; (f) repeatlnglgﬁjrégcégzor t he second and third 31
conmponents te respectlvely f and third cunul ative signals,
wherein step (d) conprises the step of generating an indicator signal that
I ndi cates a scene change when at
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| east one of the first, second or third cunulative signals neet a certain
decision criterion. 3. The nethod of claim1 further conprising the steps
of : (e) -generating at least a first active signal corresponding
to the first conponent of canera- induced notion, said first active signal
having first and second val ues that represent, respectlvely, t he absence of
caner a-i nduced notion and the presence of canera-induced notion for the
first conponent of canera-induced no3ion; and wherein the step of
generating an indicator signal conprises the step of generating an '
i ndi cator signal that indicates a scene change mhuﬁFJZE;: t active signa
i

and the first cunul ative signal ~eget ‘"et a certa criterion. 4.
The net hod of claim3 further g the steps of: (f) repeating step
(b) for second and thlrd conmponentyof the canera-induced notion to form

second and s such that the first, second, and third
conponent sjrepresent inmage pan, ingge tilt, and i mage zoom. respectively;

(g) repeattng step (c Tor[m?m?ff%ﬁ_gskajrrcﬁ&ma
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32 conponents to respectively formsecond and third cunul ative signals; (h)
repeating step (e) to determ ne second and third active signals that
correspond respectively to the second and third conponents of the canera
motion; and wherein the step of generating an indicator signal that

i ndi cates a scene change conprises the step of generating an indicator
signal that indicates a scene change when at |east one of the first, second
or third active signals and the cunul ative signal representing the sane
conponent of canera-induced notion as the at |east one of the first, :
second, or third active signals each neet a certain decision criterion. 5.
The nethod of claim2 wherein the certain decision criteria conprise
predetermi ned thrésholds for eachyaf cymul ative signals, said decision
criteria being nmet when at Ieastjggérzgﬁt first, second, or third

cunul ative signals has a magnitude at |east as large as its corresponding
predeterm ned threshold. 6. The nethod of claim4 wherein the step of
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generating an indicator signal further conprises the step of: generating an
I ndi cator signal that indicates a scene change after the end of an interva
over which at |east one of the active signals assunes its second val ue and
t he magni tude of the correspondi ng cumul ati ve si gnal 33 representing the
sanme conpaonent of canera-induced notion as the at | east one active signa

at the end of an active interval is at least as |arge as a predeternined
threshold. 7. A method of determ ning sanmera-induced scene changes in a
sequence of visual information-bearing franes constltutl e canera

shot, said method conprising the steps of: (a) generati 4(1? ggtsignm
representlng camer a- i nduce ach of a pluralritTy of pairs of
frames within a singlecanera: fﬂﬂPﬂA&EDdeco i ng the camera-induced

notion of the first sig Egscgaﬂpggyzngznnv airs of frames into

conponents representin ge tilt, and

GENERATE NEW VALUE OF | __ 500
CUMULATIVE PAN (CP)

#

- GENERATE PAN ACTIVE (P4) | __ 510
~AND DETECT END OF y
- ACTIVE INTERVAL |
| END OF ACTIVE
U

INTERVAL ?

! Z

r
|
1
i
]
t
!
|
1
1
f
]
1
1
1
]
|
i
I
!
{
{
i
1
{
!
!
{
!
|
!
|
!
|
[
!
!
i
1
(
i
1
t
{
|
i
1
§
]
1
{
t
i
|
{
!
{
1
1
|
{
!
!
1
1
1
I
]
]
|
i
!
1
|
|
|
{
{




i mge zoomto forman inmage pan signal, an image tilt signal, and an image
zoom si gnal

si gnal ,

respectively;.

(c) summ ng each of the inage pan
and i mage zoomsignals to forma cunul ative pan signal
and a cunul ati ve zoom si gnal

respectively; and (d) generating an

I ndi cator signal that indicates a scene change when at |east one of the
cunul ative signals neet a certain decision criterion.

claim7 further conprising the step & :
each of the inmage pan

said active signals having first and second val ues,

i mage tilt,

and i nmage zoomc

8. The net hod

of

representing a conponent having a magnitude of :zero and the second val ue
representing a conponent having ' '

the step of generating an.ingh
conprises the step of

¢

[ signal t hat i
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A

non-zero; and wherein
es a scene change
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generating an indicator signal that indicates a scene change when at | east
one of the active signals and the cunul ative signal representing the sane
conmponent of camera-induced notion as the at | east one active signal each
nmeet certain decision criteria. 9. The nmethod of claim7 wherein the
certain decision criterion are met when the magnitude of at |eastone of the
cunul ative signals surpasses a predeterm ned threshold. 10. The net hod of
claim7 wherein the certain decision criterion conprise predeterm ned _
threshol ds for each of the cunul ative,signals, said decision criteri-a being
met when at | east one of the cumul ati Ve signal s surpasses its corresponding
predet ermi ned -t hreshold. 11. The nmethod of claim8 wherein the step of
generating an indicator signal fgﬂgh /90 ises the step of: indicating a
scene change after the end of an j tjﬁ&iLnaLer\Mﬂch'at | east one of the
active signals 35 assunes its second val ue and the nagnitude of the
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correspondi ng cumnul ati ve signal representing the same conponent of
caner a-i nduced notion as the at |east one active signal at the end of the
active interval is at |least as large as a predeterm ned threshold. 12. The
met hod of claim 7 wherein the step of generating - a first signal conprises
the steps of: (a) performng notion estinmation between each of the pairs of
frames; and (b) discrimnating between canera-induced notion and object
motion for each of the pairs of franes. 13. The nethod of claim1 wherein
the step of generating an indicator signal further conprises the step of
retaining a frame froma scene defined by the indicated scene change. 14.
The nmethod of claiml furtheuﬁﬁgﬁﬁgligﬂg the steps of (e) repeating
steps (a) -- (d) until all tween scene changes within the
single shot have been indicated, wherein the step of summ ng the val ues of
the first conponent signal to forn1the first cunul ative signal conprises
the step of sunm ng only thos of the first conponent signal that
have been determ ned since thz:gﬁggﬁi}tely precedi ng scene change. 15. The
met hod of claim 14 further conprT§rng the step

j
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36 of retaining a frame fromeach scene defined by the indicated scene
changes. 16. The nethod of claim 14 further conprising the step of formng
an index containing the location of a frame fromeach scene defined by the
i ndi cated scene changes. 17. The nethod of claim15 wherein the retained
frames forma set of representative franes that conprise a visual conponent
of nmultinedia data. 18. A nethod of determ ning canera-induced scene
changes in a sequence of visual infordmation-bearing frames constituting a
single shot, said nethod conprising the steps of: (a) generating a signal
representing canera- induced notion between each gf}:h[pGJr%Bty of pairs of
frames wthin a single canmera s sunmm ng pltrel rt% of the signals
for a plurality of pairs of fra@@rma first cunul ative signal; and
(c) generating an indicator. sign at i ndi cates

-y
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a scene change when the first cunml ative signal neets a certain decision’

criterion. 19. The nethod of clairm 3 further conprising the steps of: (f)
repeating step (b) for second and third 37 conponents of the

caner a-i nduced notion to form second and third conmponent signals such that

the first, second, and third conponents represent inmage pan, image tilt,

~and i mage zoom respectively; (g) repeating step (c) for a conbination of
the first, second and third component signals to forma conbi ned cunul ati ve

signal; (h) repeating step (e) to gene?ate a conbi ned active signal that
corresponds to the conbi ned cumul ative signal; and wherein the step. of

generating an indicator signal conprises the step of generating an

i ndi cator signal t'hat indicates a chgnge when the conbi ned active
signal and the conbi ned cunulativésgiggél ch neet a certain decision
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criterion. 38 Abstract METHOD FOR DETECTI NG CAMERA- MOTI ON | NDUCED SCENE
CHANGES A net hod (250) for deternining canera-induced scene changes in a
sequence of visual information-bearing frames which constitute a single
shot first determ nes (400) canera-induced notion between each of a
plurality of pairs frames within a single canera shot. The canera-induced
motion for each of the pairs of frames is deconposed (410) into at |least a
first conponent (420,430,440). The valugs of the first conponent for each
of the pairs of frames are summed to forma first cumnul

scene change is indicated when the first cumulative S|g?;tlﬁg2 gé; certain
decision criteria.  Figur
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