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ME'IHOD FPR DETECTING CAMERA-Mm'ION INDUCBP SCENE (JmNGES 

Technical Field 

This invention relates to a method for automatically 

detecting scene changes in image sequences such as video 

5 programs; and nore parti.cularly to a method for detecting 

inter-shot scene chan~es resulting from camera operations 

such as parming, tilting, and zooming. 

BACKGROUND 

Video programs are generally fanned from a conpilation 

.0 of different video segments which are known as "shots" in 

the film and video industry. Each shot consists of a 

seque..11ce of conseeuti ve f rarnes { i . e . , images) generated 

during a continuous {unintenupted) operating interval from 

a single camera. For ex.anple, in motion p~~tures, a shot is 

5 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 see..11 on the screen from the time a single camera is 

O broadcast over the air until it is :::-eplaced by anotller 

camera. 

Shots can be joined togeth.e:::- ei the:::- -- an ab:::-upt mode 
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(i.e., butt-edit; or switch) in which the boundary between 

two consecutive shots (known as a 11 cut 11
) is well-defined, or 

through one of many other editing modes such as fade or 

dissolve which result in a gradual transition from one shot 

s to the next. '!he particular transition mode that is employed 

is generally chosen by the director to provide clues about 

changes in time and place which help the viewer follow the 

progress of events. 

'!here are known automatic video indexing methods which 

10 detect abrupt transitions between different shots. An 

ex.anple 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 

· 15 Changes In Image Sequences 11 
, the contents of which is he=-eby 

incorporated by reference. In the context of autanatic 

video program indexing these abrupt transitions are often 

referred to as "scenes 11 and the detected boundaries ( i . e. , 

cuts) are referred to as "scene boundaries". A "scene", 

~O however, is ccmnonly considered to be a se\i!:1ence of frames 

with closely related contents conveying substantially 

similar information. If video programs consisted only of 

"still shots" (i.e., shots in whicb. the camera is 

motionless), each shot would contain only a single sca."1.e. 

:5 However, in general, video programs are corrposed not only of 

stili shots but also "moving shots 11 (i.e. , shots in wb.ich 

the ca-nera undergoes operations sue!: as par1, tilt anC. zoom: . 

Co~se~ e~~~y i--..::.~ause o~ came~- rn~~~o~ ~·n~ ~an~e~-s o~ -·-..L ~J ;..1.L..- I ~'- .._ -C. ,-..,,1.__ .... \... .. ......,. \,, .;,. .._ .. .a.-... ~ C4.. 
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series of frames over an individual shot may change 

considerably, resulting in the existence of more than one 

scene in a given shot. Therefore, while boundaries between 

different shots are scene boundaries, such boundaries may be 

s 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 

because they can only detect scene changes that occur at the 

10 boundary betwe~ shots, not scene changes that occur within 

an individual shot. 

SUMMARY 

In accordance with this invention, a method has been 

developed for detennining camera-induced scene changes in a 

15 sequence of visual ·information-bearing frames which 

constitute a single shot. In one example of this method, 

camera-induced motion is detennined betwee.~ each of a 

plurality of pairs frames within a single cam,era shot. The 

camera-induced motion for each of the pairs of frames is 
. . \ \ . 

w decomposed into at least a first component. The values of 

!5 

.... , __ ., 

the first component for each of the pairs of frames are 

surnned to fonn a first cumulative signal. A scene change is 

indicated when the ·first cumulative signal meets a certain 

decision criterion. 

In one particular example of the inve.11tion, the first 

corrponent into.which the camera notion is decomposed 

represents either image pa.~, image ti!~, o~ image zoom. In 



4 

another exanple of the invention, the camera motion is 

decatp0sed into ail three of these COllp)nents. 

In another exanple of the invention, a signal is 

generated which rf:!presents camera-induced motion between 

5 ~ach of a plurality of pairs of frames within a single 

camera shot. A plurality of the signals are sumned for a 

plurality of pairs of frames to fonn a first cumulative 

signal. A scene change is indicated when the first 

cumulative signal meets a certain decision criterion. 

10 In yet another exarcple of the invention, the method of 

the invention works in conjunction with a known method such 

as block matching for detecting abnipt and gradual 

transitions between camera shots. The known method is used 

to find the beginning of each camera shot, which is 

_5 designated as· the beginning of a new scene. Any known 

method may be then employed to extract the image pan, image 

tilt, and image zoom that occurs betwee.~ consecutive frames 

within the shot. For each of the camera operations of image 

pan, image tilt, and image zoom, the values corrputed between 

O consecutive frames are used to generate two signals: 1) a 
\ \ 

continuous signal representing the cumulative value of t-~e 

cai_nera operation since the beginning of the new scene; and 

2·) a bina.ry signal indicating continuous activation of r.he 

camera for the given operation. A scene change is indicate~ 

5 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 operatio::is {i.e., 

P,,,,,., t:. i +-
...... J., --'-1 or zoom) te:rminates (as indica:.ed by t:ie binary 

. ·~·.- .... 
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signal) and the corresponding cumulative value has a 

magnitude at least as large as another predetennined 

threshold. 

BRIEF DESCRIPfIQN OF THE DRAWINGS 

FIG. 1 is a block diagram of an exarrple of a 

camera-induced scene change detector, including a video 

source an application interface, in accordance with this 

invention. 

FIG. 2 is a flowchart illustrating an example of the 

~D method of this invention operating on a single shot. 

LS 

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 locations. 

FIG. 4 is a flowchart illustrating an example of the 

detailed steps involved in the detection of camera-induced 

scene changes. 

FIG. 5 is a flowchart illustrating a~ exarrple of 

additional detailed steps involved in the ~tection of 
' 

!O 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 exanple of a waveform 

5 for the image pan signal, the associated pan active signal 

before and after p~ocessing to merge closely-spaced active 

J_• n"""e ....... T-1 s 
'- ..i.. "-·0...;.. I and the cumulative pan signal ~esu2..ting is a 

-----~------
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scene change at the end of one active interval. 

FIG. . 8 shows; respectively, an exanple of the image pan 

signal during a sustained pan operation, the associated pan 

active signal before and after closely-spaced active 

s intervals are merged, and the cumulative pan signal, all 

over the course of four scene changes, three of which occur 

during the active interval. 

DEITATI·EI1 DESCRIPI'ION 

FIG. 1 shows a block diagram of the scene change 

~o detector 2 in accordance with one example of this 

invention. '!be detector 2 includes an image digitizer 3, an 

image processor 4, and a digital corrputer 7. The image 

processor 4 includes an image memory 6 for holding digitized 

images of current and previous frames and for storing 

LS intenrediate results produced by the image processor 4 . The 

image processor 4 also includes a processor 5 to process the 

images contained in the image memo:ry 6. In an alternative 

exanple of the invention, the digital conputer 7 performs 

the tasks of image processor 4, thus elimi~ting the need 

:o 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 witr..i.n a video program. However, before such inter­

s shot scene chaT"J.ges can be detected, the video program mu.st 

be first segmented into individual sho~s by a'1y known 

method. Once the individual sho~s !"'.i.ave been delineated, ::he 

.. _ ... · 
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inter-shot scene changes within each shot can be detected by 

the method of this invention, as shown in FIG. 2. It should 

be noted that a shot boundary is itself a scene change. 

The steps performed by one exanple of this invention 

5 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 qetector is initialized in step 210. Consecutive 

frames within the shot are digitized in step 240, and the 

camera-induced scene change detection method is errployed to 

.o detect inter-shot scene changes in step 250. The output 

fran step 250 is checked in step 260 for the presence of a 

scene change. If a scene change has been detected, 

appropriate action is taken in step 270. The particular 

action taken is a function of the application for which 

.5 scene change detection is used. The method of the invention 

may be used in connection with any desired application, a 

few exarrples of which will be set forth below. The inter­

shot sce.~e change.detector is then initialized to repeat the 

process. The above-described steps are repeated lJ!ltil all 

o the frames within the_shot have.been opera~~d 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 exanple of the inve.~tion, the detection of 

::> shot boundaries and inter-shot sce.~e changes are both 

performed on the video program together, as shown in FIG. 3 . 

In this case the initialization step 310 is perfonned 

initially as well as .after the detection of each sce..~e 
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change. The frames are digitized consecutively in step 340. 

The digitized frames are first checked for the existence of 

a shot boundary in step 350 by using a known shot boundary 

detection method such as the method disclosed above. The 

5 result is checked in step 360. If a shot boundary {which is 

also a scene boundary) is detected, step 380 is perfonned, 

and the process is repeated beginning with step 310. If a 

shot boundary has not been detected, step 250 is perfonned 

to detect any inter-shot scene changes. The result of this 

.o step is checked in step 370. If an inter-shot scene change 

is detected, step 380 is perfonned and the process is 

repeated beginning 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 

.5 inter-shot detector. The process is te...i-minated at step 330 

when step 320 indicates that the last program frame has bee.'1'1 

reached. 

The inter-shot scene change detection method perfonned 

in step 250 will be described in detail below. Since the 

O detection criteria ilsed in step 250 rely o~,camera 

operations, exarrples of different camera operations a"1.d the 

purpose for en-ploying them will be discussed first. The 

effects of these camera operations on the frames, and the 

detection criteria used to recognize these effects, will be 

5 presented subsequently. 

Camera Ope~at~o:is 

Video programs are ge."1.erally corn:Josed. of two dif:::eren:: 
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types of shots. One type of shot results when the camera 

does not nove and the lens does not zoom in or out. T.his 

type of shot is kn6wn as a "still shot". The other type of 

shot results when the camera either moves, undergoes a zoom, 

5 or does both simultaneously. These shots are known as 

"moving shots". camera motion and zoom are collectively 

referred to as "camera operations" or "camera motions". 

camera operations can be classified as follows. A 

"pan" is a horizontal rotation of the camera (i.e., about a 

.0 vertical axis) to the left or right. A "tilt" is a vertical 

rotation of 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 object. 

"Tracking", as used herein, refers ·to the motion of the 

5 camera within a plane perpendicular to its optical axis. Of 

course, any translational motion of the camera is a 

combination of both dollying 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. 

J" Each of the above camera operations may be considered a 
'\ 

corrponent of the actual motion that the camera undergoes. 

Purpose of Camera Operations 

Typically, a camera is not moved while imaging unless 

there is clear purpose. In a well-directed video program, 

:> every camera operation is perfonned for a good reason. For 

~le, a pan or tilt motion may be used to "follow the 

action" as the subject moves from one side of the image to 
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another. Pan or tilt may also be used for "association" to 

bridge the. view between two different subjects by panning 

and/or tilting from one subject to another. Pan and tilt 

are also used for "orientation" to show a large subject that 

5 cannot 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", 

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

10 view. Exarrples of association, orientation, and 

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

11The Television Program: Its Direction and Production," 

fourth edition, Hill and W~g publishers, New York, 1968. 

Tracking may be used to achieve results very similar to 

15 (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 arid tilt is an increased sense of depth. T:b..is occurs 

because when the camera tracks, objects that are closer to 

the camera appear to move faster than tho~ which are 
\ 

farther away. 

Zooming senres several purposes. A zoom-in operation 

generates a closeup view of a subject to provide details 

that canno~ be seen in a wider field of view. A shot may 

!5 begin with the zoom lens in a wide angle position, 

ge.Tlerating a small view of the subject or several subjects, 

then zoom-in to obtain a magnified view o:: o:::-ie pa~ic..:lar 

subjec-= wt.ile excluding o~her subje:::.s. '];._ slow zoom 
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operation involving a significant magnification change 

causes a continuous increase or decrease in the 

magnification of the objects and hence, the observable 

detail, while additionally supplying infonnation regarding 

5 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 

10 the magnification. While the degree of magnification 

produced by dollying depends on the distance between the 

camera and the object, 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. 

15 Effects of Camera Operations on the Image 

Each of the camera operations discussed above has a 

unique effect on the frames generated by the camera. While 

for purpose of this discussion only the motion of the camera 

is considered, _the total motion is a c~~te of both the 

W camera motion and the object motion. The methods used to 

extract the camera motion are capable of distinguishing 

between camera motion and object motion. 

A camera pan operation causes a horizontal shift in the 

image. All the stationary objects (and the backgronnd) move 

·.s by the same amount regardless of their relative positions 

with respect to the camera. Th.is ho~~zon~al shif~ of t..~e 

image will be refer:::-ed to as "image pan". As a ~esul:: o:: 

·· 1'ii1i1ilIUi 
··~ 
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image pan, a portion of the contents of the image exits to 

the left or right and new contents enters from the right or 

left, respectively. 

A camera tilt operation causes a vertical shift in the 

5 image. As in the case of pan, all the stationary objects 

move by the same amount. This shift of the image is 

referred to as "image tilt". As a result of image tilt, a 

portion of the image exits to the top or bottom and new 

image enters from the bottom or top, respectively. 

10 A camera tracking operation along a horizontal line 

causes the objects in the image to shift horizontally. 

Unlike a camera pan, however, the objects closer to the 

camera shift more· than those that are farther from the 

camera. 'Ihe variation in the shift of the objects is small 

-5 if the variation in distance fran the objects to the camera 

is small. For the purposes of this invention, horizontal 

tracking is treated the same as camera pa~ and their effects 

on the image will be collectively referred to as "image 

pan". Similarly, a camera tracking operation along a 

fr vertical line results in an "image tilt". )\,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 object 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 tc ex.it 

the image. A zoom-out causes an e::ec:: opposi-:e to that o: 
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zocm-in and can cause new objects to appear in the image. 

The change in the magnification of objects resulting from 

camera zocm or camera dolly is referred to as "image zoom". 

Detection Criteria 

The criteria for detecting camera-motion-induced scene 

changes are based on the goals that the camera motions are 

intended to achieve and their effects on the image. For the 

purposes of this invention, camera notions are divided into 

two different categories as set forth below based on the 

10 goals they are to achieve. 

The first category of camera motions consists of those 

camera operations in which-only the end result is 

significant. For example, pan and/or tilt, or tracking are 

often errployed to follow the movement of an object, and thus 

:.s when the object stops moving the camera stops moving. In 

this case, only the end result of the camera motion is 

important. Another example occurs when pan or tilt is used 

for 11 association'' . In this case the camera, \IDtion plays a 

role similar to that of a gradual transition (e.g., 

!O dissolve) between two adjacent shots, and the end of the 

camera operation is the beginning of a new sce..11e. Yet 

another exarrple occurs when a zoom-in operation is used to 

achieve a close-up view of an object (e.g., a hotel-room 

·door} that initially appears in the sce..11e, so as to make a 

5 Q~er-;i (ca rh~ ~oom nUimbe~' o~sc"'"'=~ie _e,_.,,__ "'-" • ..,,/ • I -·•- - " - I 'AJ "-- y~..._ • 

The second catego:::-y of came~a motions cons~sts o= those 

~.. . 
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operations in which changes in the visual contents of the 

image that occur While the camera operation is in progress 

are significant. These camera notions include large pan and 

tilt movements for "orientation" or "exploration" pm:poses 

5 as defined above. This catego:ry also includes slow zooms in 

which there is a significant ¢iange in magnification. While 

in these cases the contents of neighboring frames are ve:ry 

similar, frames that are farther apart may differ 

considerably in content because a large pan, tilt, or zoom 

10 can exclude objects from the field of view of the camera 

which were 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 continuous camera operation. 

15. It should be noted that the two categories of camera 

motions discussed above are not nrutually 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, 

!O with the two categories of camera motions ~t forth above, 

the criteria for detecting camera-motion induced scene 

changes within a shot are as follow~. 

Scene changes which are produced by the first category 

of camera motion a:!:"e detected in the following way. For each 

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

time intervals (as measured in frames) are fou.11d over which 

the operation is continuously active. A scene c!1a"1.ge is 

detected if twc criteria are met: :)the ac~ive inte:rva: has 

·.,_ 

-~ ... ·~--
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tenninated (i.e. , the camera motion has stopped) , and 2) the 

etnnUlative result of the given operation since the begimrlng 

of the current scene has reached or exceeded a predetennined · 

threshold. The first criterion detects the end of a camera 

5 operation. The second criterion is inposed 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 exarrple of such an insignificant 

operation occurs when the camera repeatedly pans to the left 

LO and right either as a result of jitter or to conpensate for 

small lateral motions of the object. 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 catego:cy 

._5 of camera motion are detected as follows. For each of the 

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

cumulative result of the given operation since the beginning 

of the current scene is compared against a predete:anined 

threshold (which is likely to be different for each 

:O different operation) . A scene change is ~cateq 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 t..~e operation is still in progress. The predete-."1'1lli.ned 

5 thresholds enployed for the second category of camera 

motions are typically considerably la..rger than those used 

. for the firs~ category. These thresholds determine how much 

of a e;~ge, over the course of a large ca..'Tiera operation (or 
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a series of small operations}, is required to introduce new 

contents into the image. For exarrple, when perfonning 

camera pan for the pw:pose of eJQ?loration or orientation, a 

cumulative image pan value that is approximately equal to 

5 the width of the image results in the original contents of 

the image being shifted out and new 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 sc~e 

will be detected at the appropriate point. 

J DETECTION METHOD 

FIG.4 is a flowchart showing an example of detailed 

steps that may be involved in the camera-induced scene 

change detection step 250. First, in step 400, the values 

of image pan, image tilt, and image zoom are determined 

5 using the current frame and the previous frame. This may 

also be done using a terrporally down-sanpled version of the 

video program. These values may be detennined by block 

matching to find the motion vectors at a plurality of poin~s 

in the image. The collection of motion vea.~ors are further 

Q processed to discriminate ?etween object motion and camera 

motion and to decarpose the camera motion into pan, tilt a.'1d 

zoan components. Such procedilres are Jmown and disclosed 

in, for exarrple, Urnori K. , et al. , "Automatic Image 

Stabilizing System by Full-Digital Signal Processing," IEE-::-: 

=> Transactions on Consumer Electronics, Vol. 36, No. 3, pp. 

510-519, August 1990, Akutsu A., et al., "VideQ IndeY..ing 

Usina Motio:r! Vectors," Proc. SP!E Conf. v:.sua:. 
.;J 

... ~ 
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Conmunications and Image Processing (VCIP'92), Vol. 1818, 

pp. 1522-1530. Uteri et al. relates to camera image· 

stabilization and presents a real-time system for motion 

estimation, the discrimination between object motion and 

5 camera· motion, .and the measurement of image pan and image 

tilt. Akutsu et al. discloses a method for estimating 

camera operations using block matching and Hough transf onns 

combined with shot detection to generate a new image icon 

representing the camera operation during a single shot. As 

10 noted previously, when camera motion involves dollying or 

tracking the different objects in the scene may move by 

differing am01.mts between consecutive frames. In such cases 

it is the ll'Dtion of the most dominant object (in tenns of 

the percentage of the total image that it.occupies} which is 

15 of interest. This domina11t motion can be determined by the 

above-mentioned methods. 

In step 410, the camera-induced motion between the two 

frames is decomposed into image pan, image tilt, and image 

zoom components . (if they were not already corcputed as 

20 separate components). The values conputed .f.x'?r eaeh of these 

· corrponents generate three discrete-time signals referred to 

as Instantaneous Pan (IP), Instantaneous Ti;Lt {IT), and 

Instantaneous Zoom (IZ) respectively. T'ne set of three 

instantaneous signals are used independently to generate two 

25 additional sets of signals in steps 420, 430, and 440. One 

set consists of three cumulative signals that each have 

values equal to t-1'1e sum of the values of one of the th!:'ee 

insta"'1taneous signals starting with the value of the 
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instantaneous signal at the beginning of the current scene. 

These signals are referred to as the CUmUlative Pan {CP), 

CUmulative Tilt (CI'), and CUmulative Zoom (CZ) signal£?, 

respectively. The second set of ~ignals consists of three 

5 binazy signals (i.e., signals each having only two values) 

each corresponding to one of the three corrponents of the 

camera motion (i.e., pan, tilt and zoom). These signals are 

set to zero when the corresponding motion is not engaged 

(i.e., active), and are set to one when the motion is 

_o engaged. These signals are referred to as Pan Active (PA), 

Tilt Active (TA), and ZOOrn 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 . 

. 5 between two active intervals so that the two active 

intervals are merged into one larger active interval. 

T.he detection method of this inve..Tltion may involve 

three independent steps that each correspond to one of the 

three corrponents of camera motion. In FIG. 4 these steps 

o are set forth as image pan 420, image tilt\'\30, and image 
. . 

zoom 440. The sub-steps involved in paTl-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 

5 discuss in more detail only the steps involving pan-based 

detection, pointing out any differences between it and the 

remaining two corrponents. 

The details of the image pan s~ep 420 of FIG.4 are 
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shown in greater detail in FIG. 5. First, a new value of 

the cumilative pan {CP) signal is generated in step 500 from 

its previous value by adding thereto the new value of the 

instantaneous pan signal. This cumulative value is 

5 initialized 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 

.0 negative and its rragnitude 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 

5 operation is inactive and a value of one during active 

intervals. As noted above, 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 

0 will be discussed below. 
\ ' 

In step 520 the ma~itude of the CP signal is compared 

against a predetennined threshold '!pl. If the magnitude of 

the CP signal has reached or exceeded '!pl, 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 duri~g the Cl..L"""rent 

------------
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scene. 

If a scene change belonging to the second category of 

camera motion has not been detected, the method in step 530 

checks if the end of an active pan interval has been 

5 indicated by step 510. If so, the magnitude of the CP 

signal is compared against a predetennined threshold Tp2 in 

step 540. If the threshold has been reached or surpassed, a 

scene change belonging to the first category of camera 

motions .is indicated. Step 540 is errployed to prevent those 

o active pan intervals having a negligible net result from 

registering a scene change. Exarrples of such negl~gible 

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 

s 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 t.1'1e 

PA signal, whereas a value of zero for the IP signal will 

yield a PA value of zero. In some situations where noise or 

) other factors may cause the IP signal to ~it 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 detennine the activity, or 

inactivity, of the pan operation. 

Next, the PA signal is further processed to merge 

closely-spaced active inte:?:Vals and to detect the end of 

such intervals. The ne,., vai ue of r"hp Pn c::i n-n::l 1 .; c:: ,...hecke"" 
... .ft -- - -~J.- -·.. .....-:::>·~- ..... _. '-'L . ~ 

in step 630. If the PA signal is ncn~zero, a cou..~ter 
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referred to as the PA_counter is set to a predetennined 

integer value Np (greater than one) in step 640. This 

counter is set to zero in steps 210 and 310. 'Ihe value of 

Np detennines the maximum size of the inactive region {i.e. , 

5 PA=O) that is filled to merge two consecutive acti'\re 

regions. If the PA signal is zero, step 640 is not 

perfonned. The PA_ counter is then decremented (by one) in 

step 650 and the result is checked in step 660. A positive 

counter value indicates that either the PA signal is 

LO currently set to one, or that it has been set to one at 

least once in the Np previous frame times. T.his results in 

setting the PA signal to one (if it were not already set to 

one in step 610), thus merging closely-spaced active 

intervals. A negative value of the PA_ counter indicates 

.5 that the counter was zero prior to step 650. This causes 

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 indicat:es that the counter had a value 

of one prior to step 660. This indicates the end of an 

O active interval in step 680. At the corrpletion 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 

5 instantaneous 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 =o= a continuous pan 
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operation that occurs in one direction. At two points 702 

along the signal the IP signal goes to zero for a very short 

period of time. These points 702 are caused either by the 

absence of a good frame to process at these points or by the 

s operation coming to a halt for a very short time before 

resuming. The associated PA signal 710 has two inactive 

intervals resulting from points 702. These inactive 

intervals have two transitions 712 fran one to zero which 

are related to points 702, and an end of interval 713. By 

.0 processing the PA signal to generate 720 the short inactive 

intervals have been eliminated. The end of the active pan 

interval 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 

5 beginning 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 

change being indicat~d and the reinitialization of the 

detector which resets the CP signal (as well as other 

J cumulative and active 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 

th.e left and right) which has negative and positive 

intervals. The processed PA signal 720 has a point 724 

=> which corresponds to the end of the active pan interval. In 

t~is case, however, the CP signal, which has fluctuated_ due 

to the reversal of the direction of pan mo~ion, has a value 

tJ:1at ::alls below the Tp2 threshold. 73 O, thus avoiding. a 

---'----· ---·------

.· .. 
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false detection. 

FIG. 8 shows an exanple of typical wavefonns in a 

situation in which scene changes belonging to both the first 

and second category _are detected. The IP signal 700 in this 

case shows a pan operation which is sustained for a long 

period of time. This is reflected in the processed PA signal 

720, which exhibits a long active interval tenninating at 

823. The CP signal reaches the '!pl threshold for the first 

time during the active period at the point denoted by 833. 

_o 'Ihis 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 '!Pl 

threshold is reached for the second and third times at 834 

and 835, respectively, resulting in two more scene changes 

.5 being detected and the resetting· of the CP signal to zero. 

0 

Finally, at the end of the active interval 823, the CP 

signal has exceeded the Tp2 threshold, thus resulting in 

another scene change being detected at 836 which falls in 

the first category of camera motions. 

Tilt-Based Scene Change Detection 

Except for the difference in their direction of motion, 

tilt a""ld pan are essentially the same. Accordingly, the 

pan-based a"'ld tilt based detection steps are substantially 

the same except that they may each have different 

=> thresholds. These steps are perfo=med independe..""ltly of one 

anotheY. 

1ifiiU1ii1Hr 
./. 



24 

Zoan-Based Scene Change Detection 

'!he effects of camera zoom (or dolly) on the image are 
. . 

different frc:m those of pan and tilt. The criteria 

established above for the two categories of inter-shot scene 

5 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 must be perfonned prior to the 

computation of the instantaneous zoom (IZ) and cumulative 

zoom {CZ) signals. The reason for this distinction is 

!.O explained below. 

Pan and tilt cause the image to ~ergo translational 

motion in the horizontal and vertical directions. Thfs 

translational motion as measured between two frames is 

positive if the pan (or tilt) motion between the frarnes is 

.5 in one direction and negative if it is in the opposite 

direction. !herefore, 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 

o net motion since the.beginning of the curreitt scene. In 

other·· words, pan and tilt are additive components. Image 

zoom between two frames, however, is a multiplicative 

component. For exarrple, consider three consecutive frames 

during a zoan operation. ~f the magnification of frame·2 is 

5 double that of frame 1, ·and the magnification of frame 3 is 

1 . 25 times that of frame 2 ,_ the magnification of frame 3 

. . -r .. . .. t 2 "' . 1 . - by witn respect to ~rarne .~ is equa~ o rru~tip_iea 1.25, 

whic=: :.s 2.5. Accordingly, the method of this invention can 
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be applied to the image zoom by setting each value of the 

instantaneous zoom signal (IZ) equal to the logarithm of the 

relative magnification between the present frame and the 

previous frame. This results in a value of zero for the IZ 

s signal when the magnification remains the same (i.e., the 

relative magnification is equal to one, making the logarithm 

equal to zero). When the magnification increases {i.e., a 

magnification factor greater than one), the logarithm is 

positive, and when the magnification decreases, the 

10 logarithm is negative. Accordingly, the zoom active (ZA) 

and cumulative zoom (CZ) signals are ccnputed in the same 

manner as for the pan-based notion discussed above except 

for requiring this additional step of ccnputing the 

logarithm to generate the IZ signal. 

15 The above discussion treats each of the pan, tilt, and 

zoom ccnponents 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 corrponents. For 

~o exarrple, the·pan and tilt canponents 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 jmown that shot boundary detection methods may be 

5 errployed to generate indices for video programs. Such 

indices can be used to selectively re~::::-ieve ind:.viduc.l shot.s 

from the video program. This inva~tio:i p::::-ovides a seconc 
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level of indexing by generating indices for individual 

scenes within the shots. By providing both these levels of 

indices a nore selective video info:rmation retrieval system 

is possible. Other applications of the method of this 

5 invention beyond indexing are also possible, some of which 

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 tenns of shot 

~o boundaries and scene boundaries within shots). This 

sequence contains those frames for 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 

.5 of chans-e 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 rapidly. In 

O signal processing terms, this situation can\be viewed as a 

non-unifonn resanpling (or down-sarrpling) of the video 

program from a unifonnly sample.d source (e.g., the video 

program) having a large number of unifonnly spaced samples 

{e.g. , 30 frames for every second of l\"TSC video} to a much 

5 smaller number of samples. This small number of samples 

collectively contain most of the visual information 

contained in the original video_progra111. Therefo:::-e, the set 

of represe.'1tati ve images ge.i"lerated by t...i-ie method of this 

... · .. ·. ·~::-:: . .. 
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invention can be considered a condensed version of the 

original video program. The set of static images obtained in 

this manner can be corrpressed using any of a number of image 

carpression teclmiques (e.g. , JPEG) to further reduce 

s storage and transmission requirements. 

In general, the criteria employed in deciding on the 

particular representative images to retain depends on the 

criteria used to determine what constitutes a change in the 

contents of a video segment and what type of changes are 

.0 deemed to be significant. 'Ihe 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 inportant in some applications, the detection of 

5 s_uch changes may arguably involve a level of sophistication 

not feasible with a particular 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. 

J While the information contained in these representative 

frames may not be conplete by itself, whe..~ these frames are 

used, for example, as the visual c9ITP0nent in multimedia 
·' 

data, the combination provides a rich source of information. 

The potential loss of some visual informatia.~ as a result of 

j the downsampling process will often be justified given the 

substantial reductions in storage and traTlSmission 

requirements. 

A nurnbey o& ;11ustYar~~~e app11·~-~;ans o~ th~~ ~nv;QTn~~o--- .L, _...,_ - .__ V' - \,,,Cl._...., ,. _ .,.., ....... '-' ..i.... .._... -- -.-. 
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involving multimedia videos programs will be discussed. 

below. For exanple, the set of representative images 

obtained by this· invention may be used, :Possibly in 

corrpressed fonn, in conjunction with audio and/or text (also 

s in corrpressed fonn) to store a condensed multimedia program 

on a corrputer or workstation. such a condensed version of 

·the original program can be retrieved and presented on a 

corrputer, the representative frames appearing on the 

corrputer screen accompanied by the audio, which is 

_o transmitted through a speaker in proper synchronization with 

the frames. The representative frames stored on the 

conputer may also be used as an index to fast-forward or 

rewind the program to any desired point. The digitally 

·stored, corrpressed multimedia version of the video program 

.5 may be readily accessed at a remote location by another 

workstation. 

A condensed multimedia version of a live video program 

can be generated in real time for transmission to a remote 

location over a·band-limited transmission line. This will 

o provide a remote user with access to the l~ broadcast over 

a telephone·line using a video-telephone or a. corrputer 

capable of displaying static images and which can play 

audio. 

Content-based resampling of video programs or video 

5 segments also may be applied to image databases and video 

databases. Image databases consist of a collection of frames 

or images on which conte_71t-based queries can be perfo::med. 

To respond to queries by extracting info~tion frorn t~e 
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images often involves performing image processing and 

interpretation on a large segment of the images in the 

database. The high computational cost of image processing 

and interpretive operations imposes liinits on the m.nnber of 

s images that can be processed. Accordingly to perfonn such 

operations on a collection of video segments by processing 

every frame is prohibitive because of the large number of 

frames contained in a video segment. By using the 

content-based resampling method of this invention, each 

10 video segment can be reduced to a smaller number o_f images 

on which content-based queries can be more realistically 

performed. 
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1. A method of determining camera-induced scene 

changes in a sequence of visual infonnation-bearing frames 

constituting a single shot, said method carprising the steps 

5 of: 

(a) generating a first signal representing 

camera-induced motion between each of a plurality of pairs 

of frames within a single camera shot; 

,· 

(b) decorrposing the first signal into at least a 

10 first corrponent signal representing a carponent of camera­

induced motion; 

(c) st.mming the values of the first carponent 

signal for each of the pairs of frames to f onn a first 

cumulative signal representing a total camera-induced motion 

LS for said corrponent over the plurality of pairs of frames; 

and 

·o 

(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 corrprising the steps 

of: 

{e) repeating step (b) for second and third 

components of the camera-induced motion to fonn second and 

third component signals such that the first, second, and 

5 third conponents represent image pa"1, image tilt, and image 

Zoom .,...e~r"'+-; .. "'ei ''. •'I .._ ~~'-'"'-'- V' -.z I 

(f) repeating step {c) £or the second a~d ~hird 

111111111111111111111111 w1111· · 
* C L M S . * 
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conponents to respectively fonn second and third cumulative 

signals, wherein step (d) conprises the step of generating 

an indicator signal that indicates a scene change when at 

least one of the first, second or third CUilUllative signals 

5 meet a certain decision criterion. 

of: 

3 . The method of claim 1 further comprising the steps 

(e) generating at least a first active 

signal corresponding to the first corrponent of camera­

induced motion, said first active signal having first and 

_o second values that represent, respectively, the absence of 

camera-induced rrotion and the presence of camera-induced 

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

wherein t..~e step of generating an indicator signal 

corrprises the step of generating an indicator signal that 

5 indicates a scene change when the first active signal and 

the first CUITn.llative signal each meet a certain decision 

criterion. 

-
) 

~ ... ·· ·, .. > .. · 

.. ·:· ~ ·. ,.:-· 

4. The method of claim 3 further canprising the steps 

of: 

( f) repeating step (b) for second and ~hird 

components of ~he camera-induced motio:J. to form second and 

third corrponent signals such that the first, second, and 

third corrponents represent image pan, image til-c, and image 

zoom, respectively; 

(g) repeating step {c) :or -he seconc a..~d ~lo....· .. i...u:..ro 

111111111111111111111111111111 
* C L M S * 
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conponents to respectively fonn second and third cumulative 

signals; 

{h) repeating step (e) to detennine secorid and 

third active signals that correspond respectively to the 

s second and third corrponents of the camera m::>tion; and 

wherein the step of generating.an' indicator signal 

that indicates a scene change carprises the step of 

generating an indicator signal that indicates a scene change 

when at least one of the first, second or third active 

.o signals and the currru.lative signal representing the same 

conponent of camera-induced notion 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 

.5 criteria cornprise predetermined thresholds for each of the 

cumulative signals, said decision criteria being met when at 

least one of the first, second, or third cumulative signals 

has a magnitude at least as large as its corresponding 

0 

predetermined threshold. '' 

6. The method of claim 4 wherein the step of 

generating a.~ indicator signal further comprises the step 

of: 

generating an indicator signal that indicates a 

scene change afte!'." the end of an inte:::val over which at 

5 least one of the active signals assumes its second value a..~d 

the magnitude of the cor:::-esponding C'..l'TI'~lative signal 

------------

I lllllll llllll ·1111111111111111 :· 
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representing the same cortJ)Onent of camera-induced motion as 

the at least one active signal at the end of an active 

interval is at least as large as a predetennined threshold. 

7 • A method of determining camera-induced scene 

s changes in a sequence of visual information-bearing frames 

constituting a single camera shot, said method canprising 

the steps of: 

{a) generating a first signal representing 

camera-induced motion between each of a plurality of pairs 

_o of frames within a single camera shot; 

{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 fonn an image pan signal, an image tilt 

_5 signal, and an image zoom signal, respectively; 

0 

5 

(c) surrming each of the image pan, image tilt, 

and image zoom signals to fonn a cumulative pan signal, a 

cUim.llative tilt signal, and a curmllative zoom sigr.i.al, 

respec~ively; and 

(d) generating an indicator signal that indicates 

a scene change when at least one of the curmllative signals 

·meet a certain decision criterion. 

8. The method of claim 7 f~vther comprising the step 

of: 

(e) gene~ating an active signal fo~ eac~ of the 

. . .._.: 1 d . . image pan, image ._..;.._t, an image zoom corcponen<:s, eact of 

I lllllll llllll lllll lllll II llll . . 
lfi1iiHr 
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said active signals having first and second values, the 

first value representing a caiponent having a magnitude of 

zero and the second value representing a cooponent having a 

magnitude that is non-zero; and 

wherein the step of generating an indicator signal 

that indicates a scene change corrprises 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 the same conponent of camera-induced 

10 motion as the at least one active signal each meet certain 

_5 

0 

decision criteria. 

9. The method of claim 7 wherein the certain decision 

criterion are met when the magnitude of at least. one of the 

cumulative signals surpasses a predete:rmined threshold. 

10. The method of claim 7 wherein the certain decision 

criterion corrprise predetennined thresholds for each of the 

cumulative signals, said decision criteria,~ing met when at 

least one of the cumulative signals S1L..i-passes its 

corresponding predetermined threshold. 

11. The method of claim 8 wherein the step of 

generating an indicator signal fur+-1.,...~er corrprises the step 

of: 

indicating a sqene cha."1.ge aft.er :.he end of an 

interval over which at least one o= the active signals 

I lllllll llllll lllll lllll II llll 
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assumes its second value and the magnitude of the 

corresponding cumulative signal representing the same 

conponent of camera-induced motion-as the at least one 

active signal at the end of the active interval is at least 

s as large as a predetennined threshold. 

0 

12. 'Ihe method of claim 7 wherein the step of 

generating a first signal corrprises the steps of: 

(a) performing motion estimation between each of 

the pairs of frames; and 

(b) discriminating between camera-induced motion 

and object motion for each of the pairs of frames. 

13 . 'Ihe 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 

5 scene change. 

·-

14 . The method of claim 1 further comprising the steps 

of {e) repeating steps (a) - (d) until all boundaries 

betwee..11 scene changes within the single shot have been 

indicated, wherein the step of sunming the values of the 

first component signal to fonn the first ~..nnulative signal 

comprises the step of sumning only those values of the first 

corrponent signal that have been detennined since the 

irrmediately preceding scene change. 

15. The method of claim 14 furthe::::- comp::::-ising t.he step 

111111111111111111111111111111 
* C L M S * 
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of retaining a frame f ran each scene defined by the 

indicated scene changes. 

16 . The method of claim 14 further carprising the step 

of f onning an index containing the location of a frame f ran 

5 each scene defined by the indicated scene changes. 

17. The method of claim 15 wherein the retained 

frames fonn a set of representative frames that carprise a 

visual carponent of multimedia data. 

18. A method of determining camera-induced scene 

·.o changes in a sequence of visual infonnation-bearing frames 

constituting a single shot, said method conprising the steps 

of: 

(a) generating a signal representing camera­

induced motion between each of a plurality of pairs of 

5 frames within a single camera shot;. 

(b) surnning a plurality of the signals for a 

plurality of pairs of frames to fonn a firs~ cumulative 

signal; and 

/ (c) generating an indicator signal that indica~es 

O a scene change when the first cmnulative signal meets a 

certain decision criterion. 

19. The method of claim 3 further conprising the steps 

of: 

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

'·lllllll llllll lllll lllll ll 1111 
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corrponents of the camera-induced m::>tion to fonn second and 

third canponent signals such that the first, second, and 

third canponents represent image pan, image tilt, and image 
zoom, respectively; 

(g) repeating step ( c) for a combination of the 

first, second and thi:r:d conponent signals to fonn a combined 
curm.llative signal; 

(h) repeating step { e) to generate a combined 

active signal that corresponds to the combined cumulative 

o signal; and 

wherein the step of generating an indicator signal 
carprises 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 

5 criterion. 

' 111111111111111111111111111111 
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