WO 02/ 096095 PCT/ S&1/00101 1 Analysis of Video Footage Field of the

I nvention The present invention relates to processes and apparatus for

i denti fyi wg ozmesmsons of a video footage. Once identifiedPdisGopootoions can
be used for 5 multiple purposes. For exanple, they can be recalled

sel ectively based on their properties, conpiled to forma shortened form of
the footage, or used as the basis for v'b]deo editing of the footage such as
by using themas a basis for conbination with an audi o soundtrack.
Background of the Invention 10 Modern devices for recording video footage
make it easy to accunul ate very |arge amounts of material which take a
very long tine to review or process. For exanple, renoving uninteresting
footage fromwi thin shots taken AngalysigofVides Feeiadean be a ti me- consuni ng
process. Simlarly, security caneras record vast quantities of footage

Wit hin whi CI’Fin'alé‘ftgglirﬂ}énYiShy short sequences 15 containing unusual events
are of inte ~ Currently, video editing systens do not provide
any formof high level segnentation, but are based on extraction of key
frames fromTihe preserigmvehticre detates dboprduestegrams appdratasi fon idehifyiigon. 20

Summary of the.invention, Th resent inventjo I nms to provide new and
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vi deo f oot adbeispoopetties, conmpittsbtodiarmasbyriened fptry ohthedootagss or msed as
the basis for video editing of the footage such as by using them as a basis for

combination with an audio soundtrack.

Background of the invention

10  Modern devices for recording video footage make it easy to accumulate very
large amounts of material which take a very long time to review or process.
For example, removing uninteresting footage from within shots taken during a
holiday can be a time-consuming process. Similarly, security cameras record
vast quantities of footage within which only relatively short sequences

15  containing unusual events are of interest afterwards.

Currently, video editing systems do not provide any form of high level
segmentation, but are based on extraction of key frames from the footage
based on color histograms and motion detection.

20

Summary of the invention

The present invention aims to provide new and useful methods and apparatus
for analysing video footage to identify portions which are likely to be of interest
to a user.

25 In particular, a first aspect of the invention is to identify such portions (e.g.
within video footage stored in a video database) by applying at least one
“high-level” analysis of the footage. Three examples of such a high-level



"hi gh-level" analysis of the footage. Three exanples of such a high-I|evel
WO 02/ 096095 PCT/ SG01/00101 2 analysis are analysis to identify footage
whi ch show® @/mémsi ¢ subject (here referred to as a " StatAaa/SGuerwgt
segnent™ or SIS), to find footage which tracks the notion of a subject
(here referred to as a "tracking interest segnent” or TIS), and to find

f oot age whi ch shows an abrupt event (here referred to as an 5 "abrupt
event interest segnment” or AEIS). In the?second to fourth aspects of the

i nvention, discussed in detail below, mnethods are proposed for identifying
segnents of the footage which are one of these three types of footage. For
sone applications (especially the identification of SISs and TISs) it is

10 appropri @nalysis aternalypis to idedfydostage rwhibh dhdves testatic asibjdoteghery i ods
within the fpotage. For,.exanple ach segne taft at a respective
time X and rg%ﬁr 02% @s&g@qn&ée'?ﬁ eg,r,negg qr%@%jrl‘ﬁfé’rﬂt%? qub&a@‘fsthe
Segment s i NVRERStiorf8t &f SuBjeQ9I(HE ré@zrl%stooéf A andtiing Wﬁ%%es?gr@{;%n?cgﬂ eved

by averaging and threshol ding mechani sns wel | -known™in
Speci fi cal | y[1S)eantetp firgl tootage athichpeihows anshtestceventt dherearefered dd asteer e t he

cluster @f fu v, d riptor..val above a certain threshold (by
aver agi n§ anagﬁisgﬁBﬁafﬂgéfﬁfﬁﬂ%ﬁ Qﬁéjléf?g)'f these cluster of franes satisfy
the conditions of a particular interest segnment, then the frame from which

cluster is dhahtisegond toafdeeith aspetcts afdhehiavéntione dbgistettin @St Heldbw,
marked as Y. 20 For other applications it is preferable to consider the

footage as dneBpPAgaremropesed ty identiyingxsagients of the foniage whighrateian® and

store val uge( i i-ndi cating the probability that the slice
bel ongs to Ooﬁéh%%t#ﬁ%@&%stﬁgo% €S of interest segnents. A portion of

f oot age, which corresponds to one of the interest segnent can then be
i denti fi ed dwrasaraeiapplichtions despécialiynthen ideritifibation of SISs and TISs) it is

10  appropriate to identify such segments in absolute terms as time-periods within
the footage. For example, each segment may start at a respective time X and
end at a respective time Y, so that the identification of the segments involves
determining the values of X and Y. This can be achieved by averaging and
thresholding mechanisms well-known in the art. Specifically, we may

15  calculate per-frame descriptors and check where the cluster of frames have
descriptor values above a certain threshold (by averaging and threéholding
mechanisms). If these cluster of frames satisfy the conditions of a particular
interest segment, then the frame from which cluster is starting is marked as X
and the frame where its ending is marked as Y.

20 For other applications it is preferable to consider the footage as a series of
"slices" (for example 0.5 seconds in duration) and store value(s) for each slice
indicating the probability that the slice belongs to one or more of the types of
interest segments. A portion of footage, which corresponds to one of the
interest segment can then be identified as a series of slices having a high

25  value of the probability values.

The methods proposed here for identifying SISs and TISs are motivated by
considering the ways in which human cameramen, and especially amateur
cameramen, operate a video camera.



25 val ue of the probability values. The nethods proposed here for
identifying SISs and TISs are notivated by considering the ways in which
human camaoaremacoand especi al |y amat eur cameranmen, oper atRETzsGoL0em1caner a.
WO 02/ 096095 PCT/ S&1/00101 3 The second aspect of the invention relates
to identifying Static Interest Segnents(SISs). Note that SIS s may exi st
as sone small segnents in the shot or entire shots. The former occurs
when the caneranman noves the camera untT|l something of interest is seen
and then hol ds steady. The latter 5 occurs when the caneranman deci des on a
static shot beforehand, holds the canera steady, then records and stops

W thout nmoving it substantially. Since the majority of amateur caneranen
move the caf‘r‘éleasacgmféaasm@talofv\%a envegtiioot relgiesi ito fidentifyings ISdation Interast

handhel d carera it} ry her re secti.ons where the

camer aman S%@%@s@ﬁﬁ%ﬁﬁbﬁgé gm%Xb%)g%t gﬁ%o&p 881%%%?9‘1‘9“%\% W& t he
camera arougHot bpeB erfire oD MH farehar BEBURS Whed, thet dimERIMARATGVasOied t hen
try to capture the subject by fixing the canera angle onit, to forma
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rmters ol S "WREEH @Reh e CORRaKrPASAHEE onid SOt I ol tRhBP ROl the 1.

second aspechnratsteady, ésemrecorus rindostops ayitives moving ttequbstartiatigt SiHoeng
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handhel d camera (Vi deos capture y a nounted-canmera tend to exhi
di fferent djmermei are sectiohevdharkitbh canecraxmparoseadhes fohen deiecestingt sybjectA

nunber 10 f tl])()a/ucroinsétte;n%y r(r:rg\r/]ing'?hg %%ln%eerg Jrg{mé.hli.lgor? %Egﬁaes:omething interesting,
the cameraman would then try to capture the subject by fixing the camera
angle on it, to form a pseudo-static Segment, which constitutes a SIS. SISs
are typically a few seconds in duration and constitute selections from the

footage of material, which is on average better than the surrounding footage.

156 The second aspect of the present invention proposes two steps for detecting
SIS's, both of which may be performed by motion analysis.

Firstly, it is established (if this fact is not already known, e.g. based on
information provided together with the video footage) that the material is from
a handheld camera (Videos captured by a mounted-camera tend to exhibit

20 different dynamics to those which are exploited in the second step). A number
of heuristics can be applied for this purpose:

- If the average global movement is high, it is probably handheld.

- If the angle of global movement is not along an axis, it is probably
handheld.

25 - If there are any segments lasting more than a fraction of a second,
which are completely static, it is almost certainly taken by a tripod mounted-
camera.



- If the average gl obal novenent is high, it is probably handheld. - If the
angl e of gl obal novenent is not along an axis, it is probably handheld. 25
- | f therwoan@endy segnents |lasting nore than a fracti on @CTas@eo0Nd,

which are conpletely static, it is alnost certainly taken by a tripod

nmount ed- canera. WO 02/096095 PCT/ SG01/00101 4 - If there are any segnents
| asting nore than about a second in whic the direction of notion is very
constant, it is alnost certainly taken by a tripod nounted-canera (shot
froma tripod). Secondly, the segnment should show the follow ng two
characteristics: 5 - The total global novenent is [ow(e.g. nmeasured as the
Speed of canera between consecutive pairs of frames in the segnent). This
occurs because tHethesenare aan 5\@8@&0@? asiingdnae thanhebaidresecandeiadyhich The

possi bl ¢ 1o heR gL AnRiREniEReR. Cnst b ndF seBsCE G ek Py EhRags some
10 shake anenslintéd-caterh (thet fesrrer iped). cpnt! nuously corrects. A third
aspect of the invention relates to I dentifying Tracking Interest Segnents

s (TISs). equ when a ca n is_shoating a scene, he finds
sonet hing i ﬁegpﬁg{yrﬁbe%ﬂ“?m%@ s thh@éoqumg pw@agqg;ger&;tcsi S novi ng
then caneraman tries to track its notion i.e. noving the carrera in the
directiog in 15 whiid) tsteifisball HolBMBADis Fowidgt nicddy SpEedBHMS 1 n
the viewfinder. For exanple ,athe novi ng subﬁeggt coul g&% M%)’ 8 ?Fadl)ng in

the sky or @apmfadmet\mankq:m@e@uhmyalraeofcﬁamea inAthenseginentd Thfsovecunse
refer to th se as_Tracki,n rrent | Ss). TISs are
typically a W%%ﬂ%%aémfe@mauw&sltgﬁng gchﬁo@;hetf@ %‘& o0 be nore
| mport ant than t he surroundi ng

- The angle of motion is changing rapidly. This occurs because it is not

possible to hold a handheld camera completely steady - there is always some
10  shake and drift which the cameraman continuously corrects.

A third aspect of the invention relates to identifying Tracking Interest
Segments s (TISs). Frequently, when a cameraman is shooting a scene, he ‘
finds something interesting and tries to capture it. If the subject is moving then
cameraman tries to track its motion i.e. moving the camera in the direction in
15 which subject is moving, so that subject always remains in the viewfinder. For
example, the moving subject could be a bird flying in the sky or a person
walking across the camera. As mentioned above, we refer to these segments
as Tracking Interest Segments (TISs). TISs are typically a few seconds in
duration, and can be assumed to be more important than the surrounding
20 footage. Note that TIS's may exist as some small segments in the shot or as
entire shots. The former occurs when the cameraman tries to find something
interesting either in a static scene or by moving the camera around and once
he finds something interesting he tries to track the interesting object. The
latter occurs when the cameraman decides on an interesting object
25 beforehand and tries to track the movement of the interesting object in the
whole shot. '

The third aspect of the invention proposes that TISs are detected in two steps.



20 footage. Note that TIS s may exi st as sone snmall segnments in the shot or
as entire shots. The fornmer occurs when the caneraman tries to find
somet hi ngwa oroe6m®sting either in a static scene or by noviray/Sdva/ocemer a
around and once he finds something interesting he tries to track the

I nteresting object. The latter occurs when the canmeraman decides on an

I nteresting object 25 beforehand and trigs to track the novenent of the

i nteresting object in the whole shot. e third aspect of the invention
proposes that TISs are detected in tw steps. WO 02/096095 PCT/ SG01/ 00101
S Firstly, we propose finding out whether camera is nmoving in the scene and
whether it is noving in a particular direction. For this follow ng rules
can be usedirstly] wetp@p@serfu@kmg;loubawmwemerass mayting iin the speoeasidy due

Sucoessi ve MBer itds paovip I 4 PAREGRERof Bor IR Mo, pof i ng

I n one partiygdéldar direction. Secondly, we identify if there is a subject in
t he scene against a noving background. For this it can be safely assuned
t hat nost of lihe time the object being tracked will be at the centre of

the frane. A lbheavaingrglobelmavamentis fish, Ads Behably des tneamesnewtiond the
change in colour distribution within the vm ndow I S conpar ed to t hat

tside gf t | f
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In our str| utlon Int WI||
| ess as congessdhentheheamera |scpTobabb'|rdevmgmdome p'ﬁlté:‘.LﬂMltéctlaﬂpect of t he
I nvention relates to a nethod for detecting an abrupt 15 event interest

searent (AL Slcagl. 0 elu T b HTBTE i L S8t S8R e
nonment s wherbzekgraed. Fer 6as ithidrsb@ shfedfasédifed i thost of the time the object
being tracked will be at the centre of the frame. A small window is drawn at
10 the centre of the frames and the change in colour distribution within the
window is compared to that outside of the window. If the object is always
there in the scene then for successive frames the change in colour distribution
in the window will be less as compared to the portion outside window.

The fourth aspect of the invention relates to a method for detecting an abrupt
156 event interest segment (AEIS), by which is meant a moment in a video when
something special and sudden takes place. Examples of such special
moments include moments when a speeding car hits a tree, the moment
when a car race starts or the moment when a bomb explodes. AEISs can be
defined as those particular instants of time when a pattern of motion or shape
20 or colour in a scene, which was continuing for some time, changes suddenly.
Broadly speaking, AEISs happen when one of more of the following features

occur:

1) the velocity (i.e. direction or speed or both) of an object in the scene
changes suddenly;

25  2) the velocity (i.e. direction or speed or both) of camera while shooting a
scene changes suddenly; or



when a car

shape 20 wo @abews in a scene,

suddenl

Y.

f eat ures

obj ect

race starts or the nonment when a bonb expl odes. AEISs can be
defined as those particular instants of tinme when a pattern of notion

Broadl y speaki ng, AElISs happen when one of nore of the foll

occur: 1) the velocity (i.e. direction or speed or both) of
i n the scene changes suddenly; %ﬁ 2) the velocity (i.e. direction
or speed or both) of canera while shooti

g a scene changes suddenly;

02/ 096095 PCT/ S(X01/00101 6 3) the size or shape or colour (or sone
conmbi nation of these) of an object in the scene changes suddenly. To

perception,

AEl Ss are undoubtedly nore interesting than the surroundi

or

whi ch was continuing for saea/sdoreyiochanges

oW ng
an

or WO

hunman
ng

mat eri al bedallke sizeegr shdpg ot colaut kemsmme rcombinaticer of tesehiof anrobjécipiat t er n
.. For _ex le, t cene of an object undergoing an expl osion,
g}ﬁe, sg%r}&,gﬁ%ﬁg%%S@cﬁepi{-i c shot of the object carries nore visual
and it is often of higher interest. The fourth aspect of the

present i nvat ihmal qreessstionh ABSsEeré ahddubtdipsmbye ihit@eSHrRPIhah the
identifying clusters of frames which have the sanme pattern o 10 noti

and col our &HECHNEING; Bateriahhespdss thevgrefpreion? change paenecathearaa gumiform
galft@rr?'?ﬁschtgfsée'ﬁ%. Hoy Sd& leA'l?IJ\eSSscﬁﬂgnéf’ 5h e&j%ér;t Q@%Q:A@@ %ﬁg be

in the scen
or propul si

| npact,

suddenl ygat
assigned a

trength val ue, which indicates oW St rong

on

st rengt h valexplasiorgrorAfEbpuldiepe cdsipapehtd b)stativshbdtosfthe objectnerdes etbras t he

| ength of a sequence of

f :
abrupt eventISUhENPRG aRd 5&%&%’? gf F‘&l?ebf”

AEl S) ,

and (ii) how fast the change takes place (the faster the

10

15

20

25

The fourth aspect of the present invention proposes the detection of AEISs by
the steps of identifying clusters of frames which have the same pattern of
motion and colour distribution, and observing whether the pattern changes
suddenly at the ends of the clusters.

AEISs identified in this way may be assigned a strength value, which indicates
how strong an AEIS is. The strength value of an AEIS depends upon (i) how
long, e.g. measured as the length of a sequence of frames, a certain pattern
was present before the abrupt event (the longer the duration of the pattern,

the stronger the AEIS), and (ii) how fast the change takes place (the faster the

change, the stronger the AEIS).

Once identified, the SISs, TISs and AEISs may be used in content-based
video information retrieval. Sections of high interest can be recovered from a
media database automatically in response to a user query. Alternatively an
abstract or summary consisting of the highlights from a body of video material

can be generated automatically.

Furthermore, the AEISs may be used in video editing, since it is common to
align video material so that the timing of events is synchronised with the beat
of the music or with the timing of significant features of the music. This is

particularly true of motion events involving an abrupt deceleration, such as

rtalr} F?gttern 15 was present before the
£ t-pattern, the stronger the

collisions between objects. For example, if a professional editor is -



change, the stronger the AEIS). Once identified, the SISs, TISs and AEl Ss
may be used in content-based video information retrieval. Sections of high
i nt erest w@odesgoecovered froma 20 nmedi a dat abase aut omgidtesdoiyoion
response to a user query. Alternatively an abstract or summary consisting
of the highlights froma body of video material can be generated
automatically. Furthernore, the AElISs nay be used in video editing, since
it is coomon to align video material so' that the timng of events is
synchroni sed with the beat 25 of the nusic or with the timng of
significant features of the nusic. This is particularly true of notion

events involving an abrupt decel eration, such as collisions between
obj ects. Foinespeistiog a shat jir whishsa dalling edijecirhiissa 006 2h® $6 diksly to align

PCT/ S&01/001Q1 7 ingcorporating a . shot, in whi.ch a falli object hits a
Toor, e i SUFmamsht SR A Srenthdar sy Pifcar e i HBuBtSEr ot her
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in terms of AiobgHsthe dfdentiomandsy Hed idefiaad i abows o desndpdfandétiads,
arranged to receive video 5 footage and process it according to any of the
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i nventi on i sabolé el fulésarr proeides exommputenproghati prodtotsdeadsbledy d Gompudsmat i on
from "succesasiye" f(i‘arreﬁ},) It shoul d be understood that in %ertai n .

enbodi ment s AEYIGFRNGWNCTHRRUSE NERPTEIRUER SIS YiRRot PBTOIM 2naisthod acerrding i n
the footage ) anidhhe kedhbddames need not be immediately in sequence, but

r at her errboéi mehts of the Invention nmay achi eve adequat e accuracy by

enpl oyi ng sec!uences of frames which area selection fromthe total footage
Although the invention is often described herein in relation to deriving

10 information from “successive” frames, it should be understood that in certain
embodiments, especially ones in which the number of frames per sécond in
the footage is high, the frames need not be immediately in sequence, but
rather embodiments of the invention may achieve adequate accuracy by
employing sequences of frames which are a selection from the total footage

15 (e.g. sequences which are every other frame of the original footage), and in
this case the term “successive” frames of the footage is used to mean
successive frames of this selection.

Brief description of the drawings

Embodiments of the invention will now be described for the sake of example

20 only with reference to the accompanying figures, in which:

Fig. 1 shows steps in a method according to the invention for finding static
interest segments within a Shot; .
Fig. 2 shows steps in a method for determining if the camera was handheld or
tripod mounted while taking the Shot;

25 Fig. 3 shows steps in a method for determining the 'Speed of Camera Motion’
and ‘Direction of Camera Motion’ exhibited by a frame;



15 (e.g. sequences which are every other frane of the original footage),
and in this case the term "successive" franes of the footage is used to
mean suceEs®ioe9sr anes of this selection. Brief descriptirar/sgoiohmi

drawi ngs Enbodi nents of the invention will now be described for the sake of
exanple 20 only with reference to the acconpanying figures, in which: Fig.
1 shows steps in a nethod according to the invention for finding static

i nterest segnents within a Shot; Fig. 2 Shows steps in a nethod for
determining if the canera was handheld or tripod nounted while taking the
Shot; 25 Fig. 3 shows steps in a nmethod for determ ning the 'Speed of
Canera Motion' and 'Direction of Canmera Mdtion' exhibited by a frame; WO
02/ 096095 PETYskshews aonetredHpy  finding segmentadnividea fnotage\dvhigh sxbibéint s i n
vi deo foota | hRii... SOme special properties; Fig. 5 shows a

met hod for %ﬁﬁﬁg%&gﬁﬁﬁgggﬁ{eﬁci ty descriptor of a frame in video footage;
5 Fig. 6 shdrig. 5shoewsianmethuoek foo findingardEncentdcityhdesariptti ofoa fraate ihi ndi ng
tracking int re?t segments within video footage, Fig. 7, which is conposed
of Fig. 7(a)‘”§?ﬁi 9oi0€,7(b), shows steps in a nethod for cal cul ating an

i vi ded ot o Grar 2R Slepin Enth e, SR tohg indRyRORHer AAMG 4RI, o7 e

' Central Bl dolesestaedmedts withindvidgoBbaotakie, ; and Fig. 9 shows schematically

vari ous ot Hots! AR FTPBSThEr FIf dne) B FISDd(2h Sbasters (a Brrigr -
embodi Ment s for calculating an abrupt event descriptor value of any frame;
Fig. 8 shows how a frame is divided into smaller blocks and illustrates the
10  meanings of the terms ‘Central Blocks’ and ‘Surrounding Blocks’; and
Fig. 9 shows schematically an overview of how interesting regions are
identified in video footage in various methods according to the invention.

Detailed Description of embodiments
15
Fig. 1 shows a method of finding SISs in footage (specifically in a single

“shot”, defined in this document as the footage between one switching “on” of
the camera and the next switching “off’ of the camera). First of all we check
whether the footage we are searching for SISs was shot with a handheld

20 camera held or if it was tripod mounted [101]. A method for performing step
[101] is shown in Fig 2 and is explained below. If camera was tripod mounted
then there are no SISs by definition and no further searching for SISs is done
(Output “No” from box 101) (step {102]).

25 If the footage was taken with a handheld camera (output “Yes” from box 101).
then we calculate (step [103]) the ‘Speed of Camera Motion’ and ‘Direction of
Camera Motion'(Dir) for each frame of the footage. A method for performing
step [103] is shown in Fig 3 and is explained below.



15 Fig. 1 shows a nethod of finding SISs in footage (specifically in a
single "shot", defined in this docunent as the footage between one

swi t chi ngwoorr/o9as t he canera and the next sw tching "of f'pafSdheomanera) .
First of all we check whether the footage we are searching for SISs was
shot wth a handheld 20 canmera held or if it was tripod nmounted [101]. A
nmet hod for performng step [101] is shogvn in Fig 2 and is expl ai ned bel ow.
If camera was tripod nounted then there"are no SISs by definition and no
further searching for SISs is done (Qutput "No" from box 101) (step
[102]). 25 If the footage was taken with a handhel d canera (output "Yes"
frombox 101). then we calculate (step [103]) the ' Speed. of Canera Mdtion'

and ' Di r ect INsw far eaghirfeame i theofeotaye, we takecatisolutealifierence loé DirpfroayBir A
met hod for ) { | S wn in Fig 3 and is expl ai ned bel ow.
WO 02/ 09609§?b@'%%?6%1@el@?%9 E@@ach franme in the footage, we take
absolute difference of Dir, fromDir of previous frane (DeltaDir)(step

[ 104]). Now we | ook for the segnents in the footage, using DeltaDir as
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where the angle of global notion is changing rapidly, which is the first
characteristic for SIS by 15 definition. This occurs because . it is
not - possi bl & I8 @lsppessibithahibegvheladpetage is one single segment. This could

10 arise if the cameraman decides on a static shot beforehand, holds the camera
steady, then records and stops without moving it subsequently.

Thus, step [105] indicates places in the footage where the angle of global
motion is changing rapidly, which is the first characteristic for SIS by

16 definition. This occurs because it is not-possible to hold a handheld camera
completely steady - there is always some shake and drift which the
cameraman continuously corrects.

Now, for all the segments found in step [105] we calculate the ‘Speed of

20 Camera Motion’ averaged over all frames in the respective segments (step
[108]). All the segments, which have this average ‘Speed of Camera Motion’
below a threshold, we mark it as SIS (step [107]).

Step [107] is for satisfying the second characteristic of SIS, which says that
25 the total global movement is low.

Fig 2 describes a method of deciding whether a footage(Shot) was taken with
camera held in hand or it was tripod mounted.



conpletely steady - there is always sone shake and drift which the
caneraman continuously corrects. Now, for all the segnents found in step

[ 105] we @ @ubélee the ~Speed of 20 Canmera Motion' aver aged/sggfoofl |
frames in the respective segnents (step [106]). Al the segnments, which
have t his average "“Speed of Canera Mtion' below a threshold, we mark it
as SIS (step [107]). Step [107] is for satisfying the second characteristic
of SIS, which says that 25 the total gl18bal novenent is low Fig 2

descri bes a nethod of deciding whether a footage(Shot) was taken with
canera held in hand or it was tripod nmounted. WO 02/ 096095 PCT/ S&1/ 00101
10 Firstly, in step [201 ] for each frane of the footage we determ ne the
“Speed of  Carstly aniep (201]dodeadh frenei afithe fodtage me dbtermire thesSpeed of usi ng

th described bel ow with ref to Fig. 3.5 1n step [202], we
Find BTt noamaaMeRam A diston o e et scisB amgthe Carrer o

Moti on'  equarobdss?@sdbibEResow A RAGBRCOES I, @nces Tepresent those
portion of the footage where canera was perfectly steady. If there are any

such occurrences and the nunber of frames in any such set is greater than a

th hol 'n. t It tai.n_that ' Not nd- Hel d, t 10
[203]) (ot pub S1epe28 e i e Bt Pondi RS 3L ol WS Spedehil
possi bl e t o Gurherd MetioaTed il R ZERS: Thess eatud ostUrferidedtepRWehetiR@s | n
step [204], we_check the "Direction of Canera Mition' (dir) for all those

frames, whi derivef thegeetpass wharseamets was petfeetht steadialh tigreiareany dir f or

Il 15 h | ' ' : I, Ly ; ra was
"Not rand. R BRuleficeS pBRThE AR Bt Akl 1hAR Syen TR IS ol iR B 120
caner aman i ttheeshold(imsthHen it cedaipathabcamertaaias thist ldamabHeld'qstephe whol e
footage 10 [203])(Output “Yes” from box [202]), as for a human cameraman it's not

possible to hold the camera perfectly steady for more than few seconds -

In step [204], we check the ‘Direction of Camera Motion’ (dir) for all those
frames, which have ‘Speed of Camera Motion’ greater than 0. If the dir for all

15  such frameé lies along a single axis, then it means that camera was ‘Not
Hand-Held' (step [205])(Output “Yes” from box [204]), as for a human
cameraman it's not possible to pan or Arotate the camera for the whole footage
with such precision.

20 Ifthe Oufput is “No” from box [204] then it means that there was some shake
or jerkiness in the camera motion, so camera can’t be tripod mounted. And
hence we mark the footage as ‘Hand-Held’ (step [206]).

Dir calculated in step [502] lies between 0 and 360 degrees. If Dir is between
25 180 and 360 degrees then we subtract 180 degree from it (step [503]). This is
to make sure that back and forth motion of camera is counted as moving in

same direction.

In step [504] we calculate the standard deviation of all Dir’s calculated in step
30 [503}], and in step [505] we check whether calculated standard deviation is



Wi th such precision. 20 If the Qutput is "No" frombox [204] then it neans
that there was sone shake or jerkiness in the canera notion, so canera
can't be g adsgypunt ed. And hence we mark the footage apctandrobiahd’
(step [206]). Dir calculated in step [502] lies between 0 and 360 degrees.
If Dir is between 25 180 and 360 degrees then we subtract 180 degree from
It (step [503]). This is to nmake sure that back and forth notion of canera
is counted as nmoving in sane di rectionin step [504] we cal culate the
standard deviation of all Dir's calculated in step 30 [503], and in step

[ 505] we check whether cal cul ated standard deviation is WO 02/ 096095

PCT/ S&1/00101 11 less than a threshold. If "Yes", then it neans that the
cal cul at ed \essithancd thpesholdyr 1€ “¥edd's theent it atdansahagtheddlcul atael \m;mési oiJler
direction, which is lLikely to be due t he snoot n.of tri

mount ed cawéfasahat%@ 'ﬁﬁ onekdinrass: B Ca@rg*rwh'%avqwmﬁ@@ly tahed Fé@m 5
|t the cal cyhalsathoth ﬁm@hcbfciﬁywh}amtw?gfa@% sdema@kmE edasthen t hat

means that that the cal cul ated val ues o are not aligne one
particul ar “DiipedMovniedvisteh [POd).cat es that either the panni ng of the
canera i$ not snooth or that the canera is noving in all directions.
Ei ther of these features 10 suggests that the caneraman is hol ding the

camera in hllﬁtﬁwwbm@ﬂekj%ta@dfaragjemm ne@réat@ut@rn 4 aeeansd, %ﬁ"ﬁhaﬂark the
footage as 'Hand Hel d’ &step escribes a method for

cal cul at i ng ne@@ns g thatdhe ealwleéewwawﬁ o%emaare myptradignedin _@necpadeanvbt i on'
in a frame. dlné-:‘cF bh S\}i/hlch Thdit&Rs [tﬁgtlérthevﬁhg 3|aﬁanato? tﬁg%ahzl%rré ?Qnotescrﬁgét% of the

frame being
or that the camera is moving in all directions. Either of these features

10  suggests that the cameraman is holding the camera in his hand while taking
this particular footage. So we mark the footage as ‘Hand Held’ (step [506]).

Fig 3 describes a method for calculating the ‘Speed of Camera Motion' and
‘Direction of Camera Motion’ in a frame.

16
First, in step [301], we calculate the Motion Vectors of the frame being
analysed with respect to previous frame.

Next, we calculate how much fraction (Frac) of the figure is showing motion.
20 This is calculated by taking ratio of number of Motion Vectors (calculated in
step [301]) having non-zero magnitude with total Motion Vectors in the frame.
Total Motion Vectors in the frame is equal to all the blocks in the frame for
which Motion Vectors were calculated. Now we check whether the Frac
calculated above is greater than a threshold. If the camera was moving while
25  shooting this particular frame, then most of the Motion Vectors will have non- .
zero magnitude and hence the Frac will be higher than the set threshold
(Output “Yes” from box [302]). Otherwise, if the Frac is lower than threshold
then it means that camera was steady while shooting and the non-zero Motion

Vectors (if any) are the result of some object(s) moving in front of the camera



anal ysed with respect to previous frame. Next, we cal cul ate how much
fraction (Frac) of the figure is showing notion. 20 This is calculated by
t aki ng r awnioo2mbemesimber of Mbtion Vectors (calculated in stapdgadodioy havi ng
non-zero magnitude with total Mtion Vectors in the frame. Total Motion
Vectors in the frame is equal to all the blocks in the frame for which
Motion Vectors were cal cul ated. Now we ﬁgeck whet her the Frac cal cul ated
above is greater than a threshold. If t camera was noving while 25
shooting this particular frame, then nost of the Mdition Vectors will have
non- zero magnitude and hence the Frac wll be higher than the set

t hreshol d &)OJt put "Yes" frombox [302]). O herwise, if the Frac is |ower
than t hr eshéPdtoutiiNe” fronheenE02habocueassionaSpeed of Cameradetionsequgl and t he

T tront of 4 A A SFShrStted RehEan Tebhndd 8Tt * N Trom

box [302]). So we assign Speed of Canera Moti on' equal to zero and

D|rect|on Motjon' is undefined (step [.303]). Now, if the output
is " Yes' ﬁﬂ"bdg‘?‘mﬁ[’m ReYes dwom Wxﬂ%@]nwcﬂe%fym@.rm-@rvé&@m% in

SLLRS[?“%EQ{E%%. R e L L G LT L 3 S

we can def emanmlmsasaﬂhexﬂretd:hgneéMoibemm:ltorsmWrbhfao tcaBBOtdegrééH ls]?rwé/ectors
h di t f d | t d 10- 20
dagros in | ABIRSRCEE &) T0ASSHs kel ek ey 2WThS NiSIoh Ve daBavibg e | n

di fferent bldf}éct.dﬁﬁ@ﬂ{ ewoaaégré@wm Pbﬁh%ew%g@‘ bnﬁaema ﬂ%m 10 20 dbb?eemhnber of

Motion Vectors in that bin (step Since In frane, canera is
movi ng thenamﬂ'ter@‘ndtmowbt ion Vectors will be

10
After putting all the Motion Vectors in different bins, we calculate the
frequency of each bin i.e. the number of Motion Vectors in that bin (step
[305)).

15  Since in a frame, if camera is moving theﬁ most of the Motion Vectors will be
due to this camera motion. Only those motion vectors, which result due to
combination of both Camera Motion and some object(s) movement in the
scene, will have different direction from the rest. So, the bin with the highest
frequency will correspond to the Motion Vectors only due to Camera Motion.

20  Now, we calculate the average magnitude of Motion Vectors in the bin (step
[306]) and assign it as ‘Speed of Camera Motion’ (step [307]). For calculating
the ‘Direction of Camera Motion’ we calculate the vector sum of all Motion
Vectors in the bin and assign direction of this Vector Sum to ‘Direction of
Camera Motion’ (step [307]). *

25
Fig 4 describes a method for finding segments in a footage based on passed
parameters. A segment is a set of consecutive frames in the footage, which
on an average shows some deviation from normal behaviour.



due to this canera notion. Only those notion vectors, which result due to
conbi nation of both Canera Mdtion and sone object(s) novenent in the

scene, w Wo (zawe9di fferent direction fromthe rest. So, tirETNGIIMWLIOL t he

hi ghest frequency will correspond to the Mdtion Vectors only due to Canera
Motion. 20 Now, we cal cul ate the average magnitude of Mdtion Vectors in the
bin (step [306]) and assign it as 'Speelg of Canera Motion' (step [307]).
For calculating the '"Direction of Canerd Motion' we cal culate the vector
sum of all Mdtion Vectors in the bin and assign direction of this Vector
Sumto 'Direction of Canmera Motion' (step [307]). 25 Fig 4 describes a

met hod for finding segnments in a footage based on passed paraneters. -A
segnent is dirséof al, aldhedniametersraiesecaived fient Betalgerithwniveich oallsathimver age

h i ation f L _hehavi our.. 02/ 096095 PCT/ SG01/00101 13
i ?\évf 319 rrg| ﬂ,ﬁg@?fil(%@ %Q@Qﬂ‘@?@ﬁﬁéﬁégure\'/"eeﬁo?ﬁeomthe al gorithm which
calls this 1TepaoahetBesdriphddvaludd(Debp FurRizehdras i HRdfodtfje, b per frame

Descriptor val ues(Des): For, each frame in the footage, an associ ated
descriptor val agsqciated deseaptor yabieds geesived. aihe segmantsaaredound bpsed t he

behavi fothi L : iptor Threshol d Val ue (DesTH):
i o 1 hr €shol d oL A BEARRr ShiestpRRYBHIE O (e descri ptor values

Thi s threshold nor ma

obt ai ned ab%eDeédrip:waT h'hréslh(ﬁé S/aldg(’Dl\ﬁéWH%QHﬁé thréshdRe 8dstribiiane hbfrﬁal_

consi dered as nornma ehavi our . ni mum Franes Count Threshold in a

segnent  ( Fr niTHhehaWierof trsdéseriptor valies obtaimedhalvove., ifDdseis eds thantor syasls

franmes, show ng deviation fromnormal behaviour, to constitute a segnent.
This i s becausts DestH rtheir#'ssconsileted 49 roraal behaoierw a devi ation from nor mal
behavi our, but they may not be of )
3) Minimum Frames Count Threshold in @ segment (FrmTH): There has fo be
10 some minimum number of continuous frames, showing deviation from normal
behaviour, to constitute a segment. This is because few frames say 2-3
frames can show a deviation from normal behaviour, but they may not be of
any computational importance at all. So FrmTH puts a lower bound on the
minimum number of frames in a segment.
15
| Besides, a variable named ‘FrameCount’ is also defined to keep track of the

current number of frames in a budding segment.

Now, start from first frame in the footage, which has Des value above DesTH

20  and marking it as StartFrame of the budding segment and assign FrameCount
as 1 (step [402]). Now we keep on including next frames in the budding

segment and keep on incrementing the DrameCount, as long as the value of
Des averaged over all frames in the budding segment remains above DesTH
(step [403,404,405,409]). At the frame at which average Des value goes below
25  DesTH (Output ‘No' from box [405]) we compare the FrameCount with FrmTH
(step [406}). if FrameCount is above FrmTH (Qutput ‘Yes' from box [406]), then

we mark all the frames starting from StartFrame to CurrentFrame as segment



any conputational inportance at all. So FrnmlH puts a | ower bound on the

m ni mum nunber of franmes in a segnent. 15 Besides, a variable naned

" Fr ameCouwig o2i®6®@5s0 defined to keep track of the currentpaiwdigfooi frames
in a budding segnent. Now, start fromfirst frame in the footage, which has
Des val ue above DesTH 20 and marking it as StartFranme of the budding
segnent and assign FraneCount as | (step [402]). Now we keep on including
next frames in the budding segnent and Keep on increnenting the
DrameCount, as long as the value of Des averaged over all franes in the
buddi ng segnent renmains above DesTH (step [403, 404, 405,409]). At the frane
at whi ch average Des val ue goes bel ow 25 DesTH (CQut put' No' from box [405])
we conpare t(skepHAa6] Ctherwise it's discarded (Nowpwe Adiat the Safmegprecedunie fos above

FrnTH ( Qut . Yes' from box [406 t hen we pmar l. the frames startin
From St ar  FHAENG Bk FRORERI R SSb oL BRoRdStrp B8ADds Breriosteds o1 14
(step [408] )afe gs Wup@nthramgli scarded. Now we repeat the sane procedure for

finding nore segnents in rest of the footage (step [407]) i.e. the footage
left after the CurrentFrane. 5 Fig. 5 describes a nethod for cal cul ating

t he Ecceptrigjt riptor . of frane. This-high.l.evel descriptor gives a
nmeasur e Of r@éa@lfigg&mgsfée&@rﬁﬁ%d ?%&%‘gﬁt"?%&‘ec ﬁch?‘éﬁ'c'ﬁa‘%sc&f)%?rﬁg% rame and
rest of the ffarA8EThis higrelelEl @dscviptisr GivEeh hexsure B leldve tifrdnge of the
frame based on notion and colour distribution, which are calculated with

respect to tRRAWPRRRE serirgdmagbetibedrame @ngreshef the fimnednigmanaf yeme. The
Eccentricity I i | Sty . as t iation of the
set of descrqtg%gro gﬁgﬁgirdi%cgbfogls r?gtlf%fe}g’g%néér:%d éié@'ﬁﬁo%m{}%gg&r/ane fromthe
distribution, which are calculated with respect to the immediate predecessor
10  of the frame being analysed.

The Eccentricity may be calculated in statistical terms as the deviation of the

set of descriptors characterizing the central region of the frame from the

average values of the corresponding descriptors characterizing a set of
15  regions outside the central region of the frames.

First of all, we get the frame being analysed (step [501]) and calculate the

Motion Vectors of this with respect to the immediate previous frame (step
[602)).

20  Now, we divide the frame being analysed into “m x n” blocks (BIk) and out of
these blocks we choose “p x g’ blocks at the centre as Central Blocks as
shown in Fig. 8 (step [503]) and is explained below. In the figure
m=12; n=9;, p=6; q=3;

25 Values m. n, p and q are user dependent. Typical values can be:
m=3; n=3; p=1;, q=1; ‘

Now for each block, we calculate the Scalar Sum (SS) and direction of Vector
Sum (Dir) of Motion Vectors belonging to the respective block (step [504]).



average val ues of the correspondi ng descriptors characterizing a set of 15
regi ons outside the central region of the franes. First of all, we get the
frame bei wg @mabopsed (step [501]) and cal culate the Mti @csatmo®iof this
wWith respect to the imediate previous frame (step [502]). 20 Now, we

di vide the frame being analysed into "mx n" blocks (Blk) and out of these
bl ocks we choose "p x ' blocks at the c@ntre as Central Blocks as shown
in Fig. 8 (step [503]) and is explained Below. In the figure m=12; n=9;

p=6; q=3; 25 Values m n, p and q are user dependent. Typical values can
be: m=3; n=3; p=1; g=1; Now for each bl ock, we calculate the Scalar Sum
(SS) and direction of Vector Sum (Dir) of Mtion Vectors belonging to the
respective block (step [504]). WD 02/ 096095 PCT/ SG01/00101 15 After that

Bi ocks. and Attt ap s8I REB and Rbllarich BPHal S02hg HHRL ™ Cal cbl at ed
as: 5 MSBss Surhaniind BieksfanduT st Block St epkB05] VBidensteeaivusf vdligs of
Sur roundi ng Bl o?k;d VSBss = Variance of SS of Surrounding Blocks VSBDir =

Vari-ance of BIGUILdS$ r oundi ng Bl ocks 10 McBss = Mean of SS of Central

Bl ocks Bl,s8 = 0 q ral cks VcBss = Variance of SS of
Cent r al glso?ﬂs SS\A rélr‘ J:f ‘%{PT §hg§ﬁ§¢lh§ﬁl§%& Central Blocks 15 Now we
calculate t r?\ﬁsalzjﬁcief\}fera'ncdft[yir gf SEﬁBEﬁ&nE'EﬂS&% with respect to the

VSBgg = Variance of SS of Surrounding Blocks

V38 = Variance of Dir of Surrounding Blocks

10 M®Bgg = Mean of SS of Central Blocks
MCBp;; = Mean of Dir of Central Blocks
V©8sg = Variance of SS of Central Blocks

VCBDiIr = Variance of Dir of Central Blocks

15 Now we calculate the Eccentricity of Centre Blocks with respect to the
Surrounding Blocks, both for SS (Ess) and Dir (Epy) (step [506]). It is

calculated as:

Ess = absolute (MCBSS -~ MSBss) / Hss

20  Ep; = absolute (M®Bp; — MSBp;) / 360

Where, Hsg = Highest value of SS i.e. the highest possible value of Scalar

Sum of Motion Vectors of a block, which in turn is equal to the maximum
possible magnitude of a Motion Vector multiplied by maximum possible
25  Motion Vectors in a block. '

Now we calculate the weighed sum of Ess and Epy;, calculated above to get

the Eccentricity descriptor of this frame (step [507]) i.e.



Surroundi ng Bl ocks, both for SS (Ess) and Dir (EDir) (step [506]). It is
cal cul ated as: Ess = absolute (McBss - MSBSS) / Hss 20 EDir = absolute
(McBDir - wdBldoggws/ 360 Where, Hss = Hi ghest val ue of SS ip@Eysdoi@ofoighest
possi bl e val ue of Scalar Sum of Mdtion Vectors of a block, which in turn
is equal to the maxi num possible magnitude of a Mdtion Vector nmultiplied
by maxi mum possi ble 25 Mtion Vectors i q a bl ock. Now we cal cul ate the

wei ghed sum of Ess and EDir, cal cul ated 8bove to get the Eccentricity
descriptor of this frame (step [507]) i.e. WD 02/096095 PCT/ S(01/00101 16
Eccentricity = Ws * Ess + WDir * EDir Where, Ws and WDir are associ at ed

weights and 5 0 < WSS, Woir <1 and Ws + Woir = | Wights Ws and WDi r

above can be cal cul ated based on various guantities 10 calculated in step
[ 505]. For anpl e, | ow a threshold then we can assune that
there is nofé(cé’ngtﬂjﬁy sz DlSUED(DUI’ldI ng Bl ocks, so the Dir has

hardly and neani ng and we can use Ws =1 and WDir = 0, otherwise we check
VSBDir. If it's above a certain threshold then we can assune that

direction ofyyiere Wé“gdbﬁ&W[BPQﬂ’eSaés%cﬁéﬂéd’W%rﬁsbﬁH so the VSBDir hardly has
any 15 nmeani ng and we can use Ws = 0; otherwi se we use Ws =

0. and \/\D|c£é Theqe can be an alternative approach also for
caI cul atPng Xgﬁ"ﬁ B¥ty 'based on the absolute difference of colour of the
frame being anal é/sed and the

an

Wss + Wpjr = 1

Weights Wgs and Wp;: above can be calculated based on various quantities
10  calculated in step [505]. For example, If MSBgg is below a threshold then we
can assume that there is not enough motion in the Surrounding Blocks, so the
Dir has hardly and meaning and we can use Wsg = 1 and Whir = 0, otherwise
we check VBp;. If it's above a certain threshold then we can assume that
direction of Surrounding blocks is varying a lot so the VSBg; hardly has any
16 meaning and we can use Wgs = 1 and Wp;; = 0; otherwise we use Wgg = 0.5

and WD"' = 0.5.

There can be an alternative approach also for calculating Eccentricity based
on the absolute difference of colour of the frame being analysed and the

20 immediate previous frame. In this approach we calculate the absolute
difference (Diff) of colour of each pixel of frame being analysed from the pixel
at the same location in immediate previous frame. After that we calculate the
mean of the Diff of all pixels in Central Blocks and of all pixels in the

Surrounding Blocks separately and take the absolute difference (Mgisf) of two
25 means. After that we normalise the My by dividing it by maximum possible

value of colour of a pixel. This normalised Mg is the Eccentricity.



20 imedi ate previous frane. In this approach we cal cul ate the absol ute
difference (Diff) of colour of each pixel of frame being anal ysed fromthe

pi xel atwid®/ease | ocation in i medi ate previous frane. Aldigdifaaiorwe
calculate the nean of the Diff of all pixels in Central Blocks and of all

pi xel s in the Surrounding Bl ocks separately and take the absol ute
difference (Mliff) of two 25 neans. After that we normalise the MiIiff by
dividing it by maxi mum possi ble val ue d¥ col our of a pi xel . This

normal ised Mliff is the Eccentricity. WO 02/ 096095 PCT/ SG01/00101 17 Fig.
6 shows a nmethod according to the invention for finding TISs in video
footage. First of all we check for that condition of TIS, nentioned in

i nvention, which says that if an obj ect is being tracked then it does not

show rmtlon t respe o res he. fra ear to be

static. % f{]ﬁlgowﬁjaéggﬁwog ageor 'Hg t% B{'Te'{'f%ffr\déﬂﬂa-ﬁ%'i”c‘ﬂ ¢S usual ly
t he case tW@&agéeFﬁﬁldﬂ#ﬂv@é%héél@f&r'tﬁé‘t cdﬁamnﬂ\eér“nssméﬁuohaa if fen@ionl the
frame than in the rest of the frame For this we calculate the Eccentricity

descri ptor ahiesays thatif amoljret isdwing trackey ﬂi@nnbda@mhgts@lmbw onrotiingvigis t ep

el ol ned ateviect A ipdle 1B el PEnf bt e feffesedogebieflea”

Eccentri ci t th@seds of thy @ém@%t&ﬁ@&iﬁu@llﬁtﬁé’cd’éﬁ exndwtik cHear Hstribidiohr ame
Count Threshold (FrmlfH) as 15 two Threshol d val ues (step [602]. Both-the

t hr eshol ds é’lh@”%%l'es&éftlﬂh%ﬁe”t&er@éﬁ%ﬁaﬂ@rthﬁér’ﬁ' tefasy osthepTaB®2] is shown in
Fig 4 and is explained above. So, the steps [601,602], tell us about those
segnents of the footage which satisfy the above nenti oned condition of

TI'S. Now we Fendlis wehealeulabg thenEsc@tritity d@smmmof@mﬂiftémesn tHe folofage

- angl 800t ReibARRORY B {5 (elritiobdP. & miedor Beramans ey ) o

shown in Fig 5 and is explained above.

Now we look for the segments in the footage, using Eccentricity as descriptor
and Eccentricity Threshold (EccTH) and Frame Count Threshold (FrmTH) as -
15  two Threshold values (step [602]. Both the thresholds are user defined. A

method for performing step [602] is shown in Fig 4 and is explained above.

So, the steps [601,602], tell ué about those segments of the footage which '
satisfy the above mentioned condition of TIS. Now we check these segments

20 for another conditions of TIS, mentioned in invention, that |
(a) There should be camera motion

(b) Change in angle of camera motion in successive frames is relatively less.

For this we calculate the ‘Speed of Camera Motion’ and ‘Direction of Camera
25 Motion’ (Dir) of each frame of segments found above (step [603]). A method
for performing step [603] is shown in Fig 3 and is explained above.

Now, for checking condition (a) above, we calculate the average ‘Speed of
Camera Motion’ of each segment by taking average of ‘Speed of Camera
30 Motion’ of all frames in the respective segments (step [604]) and check for



For this we calculate the "Speed of Camera Motion' and 'Direction of Camera
25 Motion' (Dir) of each franme of segnents found above (step [603]). A

nmet hod fwo @@ésm ng step [603] is shown in Fig 3 and i Gxgdoaionmad above.
Now, for checking condition (a) above, we calculate the average " Speed of
Canera Motion' of each segnment by taking average of "~Speed of Canera 30
Motion' of all franmes in the respective _ segnents (step [604]) and check for
WO 02/ 096095 PCT/ S&1/00101 18 each seé%ent if it's greater than a
threshold (step [605]). For segnent, which does not satisfy this condition
(output “No' frombox [605]), we discard them fromfurther considerations
for TIS. For rest of the segnents (output "Yes' frombox [605]), we check
for conditi GACNISEINENEHil's Breateribanskthreshaid (stepdbOF 1 reorcegnfiend whith each

f f . J ' f i |t aDi t
16071 Nowdops L Salstv 388 EnelisB Tyl Koot 1R ToAP e i Mg
over all fr fmoen furthdreonsiepatidrisvier $131Mtreéﬁéﬁﬁe[s@%&]ént@(slﬂjtﬁb?‘%s' f this
average value is less than a 10 threshold (step [609]). Segment s which

have out put fropaBox{6QRh. .y cheeofor copdiigndh).i sfy the condition (b) al so and
we mark ghemas TIS (step [611]) and discard rest of the segments (output
"No' frombox [609]) (step 610]). Fig 7(a), and its continuation in Fig.

7(b), show &omthibpwedaksabsoigte diffelenceld Dinvteadhofrafer ofetchesdgnientAEl Ss i n

vi deo footage, and assigning.to each fr . An | S . descriptor value which
i ndi cat es h%%%?rtgﬂ‘é‘sﬁ'ﬁg’?ﬂﬁq@‘i%ﬁamﬁ (bﬁﬁgﬁlrk@epﬁl%éﬁ])[ g’@ﬂ’f MeAdef i ne few
buffers whi gBghRnitlabd§e wWedkall hev i ' l%trﬁ? use a
buf fer which gtor_es t he folﬁg%s%ﬂh%)gg%o?ﬁtgké%g%g CE)\}rég\?lilgus &atr?e\é? 1) The
magni t ude ofrespaptizemegmeant ¢step 1208l andcheck ifdhis vesagy value is less than a
10 threshold (step [609]). Segment s which have output ‘Yes' from box [709],
they satisfy the condition (b) also and we mark them as TIS (step [611]) and

discard rest of the segments (output ‘No’ from box [609]) (step 610]).

Fig 7(a), and its continuation in Fig. 7(b), show a method according to the
15 invention for extracting AEISs in video footage, and assigning to each frame
an AEIS descriptor value which indicates how strong the AEIS is.

In the first step [701], we define few buffers which we’ll use for identifying
AEISs in the footage. We use a buffer which stores the following data of the
20 previous frame:
1) The magnitude of a scalar sum of the Motion Vectors (Ssum)
2) The Direction of vector sum of all Motion Vectors (Dir)
3) The Number of non-zero Motion Vectors, that is the number of blocks,
which have non-zero motion vectors.
25
We denote this buffer by PFB.

We also use one more buffer, named ‘FrameCount’, which stores the number
of frames immediately preceding the current frame (CF), having some
30 identical pattern. This buffer is initialised to zero.



2) The Direction of vector sumof all Mtion Vectors (Dir) 3) The Number of
non-zero Mdtion Vectors, that is the nunber of blocks, which have non-zero
not i on vewoondve@5 We denote this buffer by PFB. W al so wsa/ssoe/oomi e
buffer, named ' FraneCount', which stores the nunber of frames i mediately
preceding the current franme (CF), having soime 30 identical pattern. This
buffer is initialised to zero. V\DOZ/OQQ 95 PCT/S@01/00101 19 In the step
[ 702] of the nethod we get the next available frame and mark it as the
Current Frame (CF). 5 By the definition of an AEIS, we only consider that
the current frane may be an AEIS if a certain pattern has continued for a
certain nunber of preceding franes greater than a threshold. Just because
by chance sonme 2-3 franes. show sone identical pattern, this does not

the. Fr amecolhi R T2barr B FhFo] maPg: e aanalle el g Mark T 4"
deci si on at fis¢ Sprieh®Brame (CRY", then in step [704] we set an AEIS
descriptor value for the CF to be equal to zero., Then we update the val ue

of FrameCount by analysing the CF. If we find in step [705] that there is

hardly 15 a t{ o0 I -Zero
Mot i on Vgct 0 tﬂgge‘lﬁ@!ﬂo{ﬁ h%f%ﬁ]v(gg (‘:%’ﬁ”gggwe&ﬁsﬁda% t?%eéﬁlggcﬁjgﬁetrﬁ F%%%g%%g)‘%s t oo
smal | to' giae ABKS if ARcstairopatiefn kad tgntinuedsfoep der@i] numbeeat pregetiing not i on

value of the CF, which is equal he, magni t ude, of the scalar sum of all
Vot on' Veot SiRESOHRLST tnad aiiaahe § 8 bEEERbY Bhaos SoMEEAGrRIEhen we
? gggt e[ ggg] ;&Hoﬂﬁéﬁrﬁé identi@81 SaBRnA, Bl dBSS heNhdckdsaflfFiraltate it Merbqs 2€r O

P ' a'ny AEIS. So, in step [703] we check the FrameCount, and see if it is greater

10 than a threshold.

If the decision at step [703] is “No”, then in step [704] we set an AEIS
descriptor value for the CF to be equal to zero. Then we update the value of
FrameCount by analysing the CF. If we find in step [705] that there is hardly
15 any motion in the CF, e.g. only 2 or 3 blocks show a non-zero Motion Vector
value, then we can assume that the object in the CF is too smali to give any
AEIS. Specifically, in step [705] we measure the motion value of the CF,
which is equal to the magnitude of the scalar sum of all Motion Vectors in the
frame, and if it is less than a threshold then we update PFB by making it |
20 empty and assigning FrameCount equal to zero (step [706]).

If we find in step [705] that the scalar sum of all Motion Vectors in CF is
greater than the threshold then in step [707] we check whether CF has the
same pattern of Dir and SSum as in PFB. Specifically, we test whether

25 Absolute(Ssum of the CF - Ssum in Buffer) is less than a certain threshold,
and whether Absolute(Dir of CR - Dir in Buffer) is less than a certain
threshold.



If we find in step [705] that the scalar sumof all Mtion Vectors in CF is
greater than the threshold then in step [707] we check whet her CF has the

sanme patt@iguabedosr and SSum as in PFB. Specifically, we tgstsodigbieer 25
Absol ute(Ssum of the CF - Ssumin Buffer) is less than a certain threshold,

and whet her Absolute(Dir of CR- Dir in Buffer) is less than a certain

t hreshol d. WD 02/ 096095 PCT/ S&1/00101 20 If either of these conditions is
not nmet, then in step [708] we set Fr am@€ount equal to one. This is
because the CF showed a pattern different fromits previous franmes. W

al so update PFB with data of the CF. 5 Alternatively, if in step [707] both
the conditions are net, then in step [709] we increnent FranmeCount by one.

Thi s i s becdiusither lod tiidsestmwiitibrishis reod et tbwntiarstemﬁdqa]wv\%mtsrrémm_n;%hal SO
updat e PFB usi ng, t he ta.of the ) now,cons) der _what occurs if the
deci si on at egpégto[%] g lsvb@gaqseﬁgeﬁg\glp%%@@bpﬂttqrg differgnbfromiign t he

t hreshol d, L BEEdsS Ve BRSSHH At ¥ ents an AEIS. In step
[ 710] we antgﬂggg t‘ﬁ‘g CF andechec@%t%%&%hrﬁzo g%(r)gf the sane as in PFB.
Specifically, we test whether Absolute(Dir of the - Dir in Buffer) is

CF
I th | he.eshol f ' 714 h ' he Ssum
22 pone S, AR, 308} foggt b ARG el e e o
of the CF - ifsiement FRathEColnt By bAgSThiBag beealsd thel OF ahRRd thbfsamkes. t hen
in step [716] we increment FranmeCount by 1 and update PFB using the CF

data, and i Madieapas pievioys fraaes: Née alspupdate P8 using thie datd pfitbe GIf. the CF
to be equal to zero. 20 If the decision in step [714] is "No", then the CF
does not have the same pattern of Ssumas PFB. In this case, we set the

AEl' S val ue tWemeweepradidérovhitcocours ifeh@tedidlvscatutal BrosniefyddreifCF- Ssumin

Buffer) }10 FrameCount is greater than the threshold, then there is a possibility that CF

represents an AEIS. In step [710] we analyse the CF and check if the Dir is

about the same as in PFB. Specifically, we tesf whether Absolute(Dir of the

CF - Dir in Buffer) is less than a certain threshold. If so, in step [714] we check

if the Ssum is about the same as in PFB. Specifically, we test whether

15 Absolute(Ssum of the CF - Ssum in Buffer) is less than certain threshold. If
yes, then in step [716] we increment FrameCount by 1 and update PFB using
the CF data, and in step [717] we set the value of the AEIS descriptor of the

CF to be equal to zero.

20 Ifthe decision in step [714] is “No”, then the CF does not have the same
pattern of Ssum as PFB. In this case, we set the AEIS value to be equal to the
value of {Absolute(Ssum of the CF- Ssum in Buffer)}
divided by the product of Maximum(non-zero MVs in CF, nbn-zero MVs in
Buffer) and the Maximum possible Magnitude of a single MV (step [715]).

25
If the decision in step [710] is “No”, then the CF then the CF does not have
the same pattern of Dir as PFB.-In this case, in step [711] we test whether the
Ssum of the CF is similar to that of the butter. Specifically, we test whether
Absolute(Ssum of the CF - Ssum in Buffer) is less than certain threshold, as

30 instep[714].



di vi ded by the product of Maxi num{non-zero MVs in CF, non-zero WMWs in
Buffer) and the Maxi mum possi bl e Magnitude of a single W (step [715]). 25
I f the degwicsizaPedon step [710] is "No", then the CF then the1fcdeesninot
have the sane pattern of Dir as PFB.-Iri this case, in step [711] we test
whet her the Ssumof the CFis simlar to that of the butter. Specifically,
we test whether Absolute(Ssumof the CE - Ssumin Buffer) is less than
certain threshold, as 30 in step [714] 2TWD 02/ 096095 PCT/ SG01/ 00101 21 |f
the result of step [711] is "yes", then in step [713] we set the AEIS val ue
to be equal to the value of Absolute (Dir of the CF - Dir in Buffer) /
180. 5 If the result of step] [711 ] is "No", then in step [712] we set the
AElI S value to be equal to [{Absolute(Ssumof CF Ssumin Buffer) divided
by the prod of  Maximun(non-zerq Ms in CF_non-zero M/s in Buffer) and
Maxi num posiﬁi‘?ée%%ﬁf §t§HT7 3)?] la%ﬁgﬂ@n\m step [7 [30weoselitbe AFISoralegte Dir in
Buffer) / 1 |, ¢ Sl 712], we
perform ste%ﬁé?éi%uag?o E%d\éétq%g%gﬁ%k%éh@%f@g%?mét ﬁ“ﬂ:t h%lrh’gfégk?gpd't e CF and
setting FrameCount equal to one. Thus, a new pattern has been defi ned

i f CFE the PFB h , | i.ngl 15 Fig 8 sh
one vay Pn dhinerreslif phrErE s Mot Hith PP E R St PEaEIs Voo Cand
sur roundi ng yeegd té fRBSoLS(Sshm BUCPOS8ENTh Bufftd) AjidEdDPthe rodb®y i fy

% f I I

cal cul ation the blocks in each region are typically of edual 'size although

thi s does nddaximua(nenizere Mysdader, non-zero Mvs in Buffer) and
Maximum possible Magnitude of a single MV }] + [Absolute(Dir of CF - Dir in

Buffer) / 180 ].

10
Following all of steps [715], [713] and [712], we perform step 718 of updating
the buffer with the data for the CF and setting FrameCount equal to one.
Thus, a new pattern has been defined starting from CF the PFB data has

A been updated accordingly.

15

Fig 8 shows one way in which a frame can be divided into a central region
(801) and a surrounding region (802) for the purposes of finding TIS’s. To
simplify calculation the blocks in each region are typically of equal size
although this does not have to be the case.

20 Fig 9 is an overview of how the interesting regions are identified in video
footage in various methods according to the invention. We perform motion
analysis (step [902]) on each frame of the given video ([901]). Subsequently
we identify Static Interest Segments (SIS)(step [903]), Tracking Interest
Segments (TlS)(stép [904]) and Abrupt Event Interest Segments (AEIS)(step

25  [904]) by the methods described above, and put all these interesting

segments into an interesting segment list (step [906]).

Although the invention has been discussed above in relation to particular
embodiments, many variations are possible within the scope of the invention,
as will be clear to an expert. For example, the methods of identifying the SISs,



20 Fig 9 is an overview of how the interesting regions are identified in
video footage in various nethods according to the invention. W perform
notion awa aaksnesstep [902]) on each frame of the given wWwaesGoodl]) .
Subsequently we identify Static Interest Segnments (SIS)(step [903]),
Tracking Interest Segnents (TIS)(step [904]) and Abrupt Event Interest
Segnents (AEIS)(step 25 [904]) by the nethods descri bed above, and put al
these interesting segnments into an int ?esting segnent list (step [906]).
Al t hough the invention has been di scussed above in relation to particular
enbodi ments, many variations are possible within the scope of the
invention, as wll be clear to an expert. For exanple, the nethods of
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10 identifications.



identifying segnents of interest wwthin the footage by at |east one of:
(a) identifying portions of the footage in which the notion information
has char astoer2/06d9ss i ndi cating that the canera used to rea@mksaheofoaot age
was 10 hel d substantially steady during recording; (b) identifying
portions of the footage in which the notion information has
characteristics indicating that the ca a used to record the footage was
noved or rotated to track a noving subj of interest; or 15 (c)
identifying locations in the footage in which there is an abrupt change in
t he characteristics of said notion information follow ng a period of
substantial continuity in said characteristics. 20 2. A nethod according to
claim1 in BREMS t he i dentification of portions of the video footage
showi ng a static subject of interest includes: calculating a notion
paranmeter representing an anount of canera notion in each frame and a
direction paraneter representing a direction of notion in the each frane,
and 25 identf.fyi rfymethod efddertifying segmesnts axftinipeedtowithihi ideo fogtaybethent i on
paranmeter is_bel qw.a fi.rst threshold; and WO Q2/ 096095 PCT/ SG01/00101 24
(ii) the avéP¥ anllﬂﬁ!l‘ﬁq'“gf a&’PP«fﬂﬁtéCEI"M ?ﬂ@lyainlgegﬁ‘?oﬁ)"g%g%n@t rve mgiaie a
second t Br eshRhflation, AndEih dntsed %aﬂgFanéalaetéws%dwezchmﬁer%ﬁﬁ@ggm y a
step of analysing the video footage to identify featdres of the footage

i ndi cative dgentiwngssegments qit ijerashwithjnbtfen foatage by aty leablamheheafd
canera, and only identifying said portions of the video footage within
sections of the video footage having said features.

(a) identifying portions of the footage in which the motion information
has characteristics indicating that the camera used to record the footage was
10  held substantially steady during recording;

(b) identifying portions of the footage in which the motion information
has characteristics indicating that the camera used to record the footage was
moved or rotated to track a moving subject of interest; or

15
(c) identifying locations in the footage in which there is an abrupt
change in the characteristics of said motion information following a period of
substantial continuity in said characteristics.
20 2. A method according to claim 1 in which the identification of portions of
the video footage showing a static subject of interest includes:
calculating a motion parameter representing an amount of camera
motion in each frame and a direction parameter representing a direction of
motion in the each frame, and
25 identifying portions of the video footage for which:

() the motion parameter is below a first threshold; and



4. A nethod according to claiml in which the identification of portions of
the video footage showi ng a noving subject of interest, includes: 10

cal cul at i W@y @/9joson quantity representing an anount of cag@ErsGe@bicdn in
each frame and a direction quantity representing a direction of notion in
each frane; and identifying portions of the video footage for which: (i)
the notion paraneter is above a third threshold, 15 (ii) the average anount
of change in the direction paramneter i s24pel ow a fourth threshold, and
(iii) changes between successive frames within a central region of the
frame are on average | ess than between successive franmes outside the
central area. 20 5. A nethod according to claim1 in which the

i dentification of(iipor thers/evdge tamounided chanyada tleodiregtien mparamgtauly ect
of interest includes: &',{21 c%l fcgl ating a set of paraneters characterizing
the notion ARONER SeLofdifresnofkyi on of successive frames, WO 02/ 096095
PCT/ S&1/00101 25 (ii) calculating a set of paraneters characterizing the

motion of a3 set PimERYHOBBCHMIR] 48 ERENCENWhith $€ree8ded Bpidl §té%”6§’ and
(iii) calculating the deviation of the parameters characterizing the

nmoti on of sanalysing thel videgifentageltaddendily featuesanféha deotpgejadicatiee of thes t he
paranet eLs ¢J 4 t he i pn_of id_s f gigps...outside,the
central Tegi 6‘%"3&55{?851* Bg}(ﬁbg , bg%é %K’?ﬁ Hgﬁﬁt Py 5?‘51‘3 B%lst F%ﬁ’ber%’f %ﬁ"lqe%\r/‘f deo
f oot age for jwemtifingasald deortishs Qif tHes vile@V fodtadd within esdutiofls & the Wiidtod
according to claim5_in which said paraneters include one or

footage having said features.

4. A method according to claim 1 in which the identification of portions of

the video footage showing a moving subject of interest, includes:

10 calculating a motion quantity representing an amount of camera motion
in each frame and a direction quantity representing a direction of motion in
each frame; and

identifying portions of the video footage for which:
(i) the motion parameter is above a third threshold,

15 (i)  the average amount of change in the direction parameter is
below a fourth threshold, and

(i) changes between successive frames within a central region of
the frame are on average less than between successive frames outside the

central area.

20 5. A method according to claim 1 in which the identification of portions of
the video footage showing a moving subject of interest includes:

(i) calculating a set of parameters characterizing the motion within
a central region of successive frames,



10 nore of total nmotion and direction of nmotion. 7. A method according to
claiml1 in which the identification of portions of the video footage

show ng awoakzrggwsevent, includes anal ysi ng successive f rramesGofotohe
footage by, for each frane: deriving one of nore characterization
paranmeters characterising the 15 frame; determ ni ng whether the
characterization paraneters of the fra resenbl e those of the preceding
frame according to a resenbl ance criteri“on; and if so, setting a
continuity paraneter indicative of continuity in the frame 20 to be higher
than a continuity paraneter for the preceding frame, otherw se, setting the
continuity paraneter for the present frame at an initialization value and
deriving a di scorii) nuicajcylatingnetsat ofnphrameéters ohatdeterizifigs thenmniotidrt pf laet ween

the present frane and the recedi S ti.nui p nmet er
dependi ng on the cont iy E} ntgg{etge C{ql.‘éf ?ﬁggfﬂ”e%fn f{fﬁ%ﬁw@ 8
02/ 096095 PCT/ S&1/ 00101 26 8 A nmet hod according to claim7 in V\/m ch said

video footage is (fipri watbuldtigmhe degidionesf sy yerahanrss dHéchtéﬁﬁM@' the
system 9. A method according to a% Itreced| ng. claimin which
f

identification of | nt@@%@rﬁf‘@é@ regins) Eﬁ}%tl\deripdhﬂﬁVEtﬁg%M@@BmQ‘ﬁeOf
e B Vi oo T ontie PAPAmble BIAALIANG HhE ndih bP8LATE: difragfor® O

of encodi ng vi deo foot age 1 nclhudrn |ng I'nteresting portelg

the footage by a net hmiltademeicmmlcreglmy\ gfrthe dinmegs, @ndil m  and  encodi ng t he
identified portions with a higher precision than other portions of the
footage. (iv)  identifying portions of the video footage for which said deviation

is above fifth threshold.

6. ' A method according to claim 5 in which said parameters include one or
10  more of total motion and direction of motion.

7. A method according to claim 1 in which the identification of portions of
the video footage showing an abrupt event, includes analysing successive
frames of the footage by, for each frame:

deriving one of more characterization parameters characterising the
15 frame;

determining whether the characterization parameters of the frame
resemble those of the preceding frame according to a resemblance criterion;
and
if so, setting a continuity parameter indicative of continuity in the frame
20 to be higher than a continuity parameter for the preceding frame,

otherwise, setting the continuity parameter for the present frame at an
initialization value and deriving a d|scont|nu1ty parameter indicative of the
discontinuity between the present frame and the preceding frame, the
discontinuity parameter depending on the continuity parameter of the

25  preceding frame.



10 1.1. A nmethod of editing first video footage to derive second video
footage, the nethod including identifying portions of the first footage by
a et hod war@apeliosg to any of clains 1 to 9, and sel ecti ngp@E@Ehosati fi ed
portions for inclusion in the second footage. 15 12. A nethod of editing a
video footage and mxing it wth an audio piece, to derive an audi o-video
footage, the nethod including identifyi n% portions of the video footage by
a nmethod according to any of clains 1 t 89, and sel ecti ng said identified
portions for inclusion in the audio-video footage and 20 synchroni sing them
with the audio piece to obtain the audio-video footage. 13. A nethod of
searching for interesting video data within a video database, the nethod

i ncluding i @nti Wmathxd)racbonﬁng)fco chetmv7 dreavhich shimkeidey facotaget isadkrivedor di ng
to any of cl.ains. and returni ng?satd identified 25 portions against

t he above sé’é’mﬁ'dﬁﬁet?%ﬁedl%“’ﬂ"ﬁﬁ?%ﬁ‘da CYLY S¥PMng data with video

footage, the nethod including identifying portions of the footage by a

met hod accomdi ng A helRyd @fccsieﬁm%% éngq) e@edl AR5 RCWAIdh el iBnfifdationi t h
the identified portions. WD 02/09609 PCT/S 1/00101 27 15. An apparatus

for identi f @f nigteregingt segimenthespieys vinfonmation dabotto dhegiootagenavhiphaisat us
i ncl udi f oot d d
o proceds TREeb g ERB A e BERYR ot or e on rom the video -

footage and: 5 (a) identifying portions of the footage in which the notion
i nf or mat i on 10has Achetiaed ef estadisg viddodediage ihtatinghidentiybigantesestirigo recor d
t he foot

© rootage p\gﬁlsons of the footage by a method according to any preceding claim, and
encoding the identified portions with a higher precision than other portions of

the footage.

10
11. A method of editing first video footage to derive second video footage,
the method including identifying portions of the first footage by a method
according fo any of claims 1 to 9, and selecting said identified portions for
inclusion in the second footage.

15

12. A method of editing a video footage and mixing it with an audio piece,
to deri\'/.e an audio-video footage, the method including identifying portions of
the video footage by a method according to any of claims 1 to 9, and selecting
said identified portions for inclusion in the audio-video footage and

20  synchronising them with the audio piece to obtain the audio-video footage.

13. A method of searching for interesting video data within a video

database, the method including identifying portions of the video database by a

method according to any of claims 1 to 9, and returning said identified
25  portions against the above search query.

14. A method of associating data with video footage, the method including
identifying portions of the footage by a method according to any of claims 1 to
9, and associating the data with the identified portions.



hel d substantially steady during recording; 10 (b) identifying portions of
the footage in which the notion information has characteristics indicating
t hat the waneroae9sed to record the footage was noved or rra@d/ob®Itrack a
novi ng subj ect of interest; or (c) identifying locations in the footage in
which there is an abrupt 15 change in the characteristics of said notion
information follow ng a period of substantial continuity in said
characteristics. 16. An apparatus accordi'ng to claim 15 in which the
processor is arranged to identify portions of the video footage show ng a
static subject of interest by: 20 calculating a notion paraneter
representing an anount of notion in each frame and a direction paraneter
representingl diAreapparates foroideotifying segmenriscof inteses! wilhio videmfodtageg

ot i rert hr dbRorPAERys B0 Thedtl iBe ERbind (U8 VBB RSB eano R "
paranmet er i proeésuyraars@egEtt to tgroesswlite fYEIaga/ BY ARIRIMCHMSHSNL (fSketion28 17.

An apparatus according to claim 16 in which the processor is arranged,
prior to iddRmile Migeorfeolagetantlis of the video footage, to anal yse the
video fgotage to identify features of the footage indicative of the video
footage "having been taken by hand held canera, and only to identify said
portions of 5 thdayidniffiogtpagtons ohiite fexthgoms wifich liee vhotisn frderinegtidrhavi ng

said features. 18. An apparatus. according to claim 15 in which the
processor | aéréﬁﬁ_@é&r'sﬁ% I"@flﬁfﬁinﬂyt%ﬁgﬁﬁ _gﬁf@e'@f uﬁ%t%f%d ftb%ﬁ%ﬂjeg%m ng a
movi ng subj a¢did Qﬁbétﬁﬁﬁé@%teaayduﬁﬁb?éé&ﬂh@? a notion quantity representing
an anount of notion 1 n e€ach
10 (b) identifying portions of the footage in which the motion information
has characteristics indicating that the camera used to record the footage was

moved or rotated to track a moving subject of interest; or

(c) identifying locations in the footage in which there is an abrupt
156 change in the characteristics of said motion information following a period of
substantial continuity in said characteristics.

16.  An apparatus according to claim 15 in which the processor is arranged
to identify portions of the video footage showing a static subject of interest by:

20 calculating a motion parameter representing an amount of motion in
each frame and a direction parameter representing a direction of motion in the
each frame, and

identifying portions of the video footage for which:
() the motion parameter is below a first threshold; and

25 (i) the correlation level of the direction parameter is below a second
threshold.



10 frame and a direction quantity representing a direction of notion in
each franme; and identifying portions of the video footage for which: (i)
t he noti owgparmemser is above a third threshold, and (ii) RdS@ano®hati on
of the direction paraneter between successive 15 frames is above a fourth
threshold, and (iii) changes between successive frames within a central
section of the franme are on average | ess than between successive franes
outside the central area. 19. An appara?lsus according to claim 18 in which
the processor is arranged, 20 prior to identifying the portions of the

vi deo footage, to analyse the video footage to identify features of the
footage indicative of the video footage where central section of the
frames behavi@s diArf apparatus dcommlingsb abdint @ irf whioh, the gmdcesdoy is deahgég,i ng

said portions, of the video,footage within sections of the video fpotage
avi ng_sai d FriEitar BEnthEED 810 Seaaiepe Ragnift 1685080 1 Ghahipes i .

accor di ng t §ogtageMol RidrlifpMeAArdd®f Hh@cﬁ)‘é‘-fébﬁe lirfigathvan 98 Ghe L b8 §Bbidge

portions of the video fodtage showi ng an abrupt event, by analysing
successi ve hayingsbegn takenfiyhagd held cameraaatd bnlyrie: iddptify\said) porteonst ofror e

charactegi zaf | ters .characterising.,th 5 frane. determ ning
whet her éhe?@%%&fgﬁés tW@Hﬁﬁglcﬁ?rﬁ 8tﬁ'eo\8d?%§°qt?% aV'Pst&‘r‘i)fe@%rﬁése of the
precedi ng frame according to a resenblance criterion; and if so, setting a

continuity pidansireappadiuEsscoddivl ©odhinmydbliy which the proaeBsorlid drearfyedhi gher
t han a conti nui trY' parameter_ for the preceding frane, . . )
to identify portions of the video footage showing a moving subject of interest

by:

calculating a motion quantity representing an amount of motion in each
10 frame and a direction quantity representing a direction of motion in each
frame; and

identifying portions of the video footage for which:
(i) the motion parameter is above a third threshold, and

(i)  the correlation of the direction parameter between successive
15  frames is above a fourth threshold, and

(i) changes between successive frames within a central section of
the frame are on average less than between successive frames outside the
central area. '

19.  An apparatus according to claim 18 in which the processor is arranged,

20 prior to identifying the portions of the video footage, to analyse the video
footage to identify features of the footage indicative of the video footage
where central section of the frames behaves differently from rest of the frame,
and only identifying said portions of the video footage within sections of the
video footage having said features.



otherwi se, setting the continuity paraneter for the present frane at an
initialization value and deriving a discontinuity paranmeter indicative of
the di scomidnwsdoy bet ween the present frame and the precaditagifosrmg, the

di scontinuity paranmeter depending on the continuity paraneter of the 15
preceding frame. 21. An apparatus according to claim20 in which the
processor is arranged to receive said video footage, which is derived from
vi deo- based surveillance in a security?9ystem 22. An apparatus according
to any of clainms 15 to 20 in which the 20 processor is arranged to receive
i nformati on about the footage which is received in conbination with the
footage, and to enploy this information in the identification of the

portions. 220.A Ashppalatus &cerdingdo\digia® 1640Wkieh tHesrogrsseMsidtfnigddng an
apparatus according to, any of clains 15 to 22 for identifying portions of

the 25 foott%g@,nt@ﬁaoa‘wnéﬁémyidreerfoeta@@oﬁwiﬂ%@nfahwafg@{ertthléy analya®g bei ng
WO 02/ OQGOQQUBQéS%@%H%%théﬁ]&éééggﬁ&t&‘cﬁq the identified portions
n other~ p |

wi th a higher precision tha ons of the footage. 24. A system
for editing first video footage to derive second video footage, 5 the
syst em i ncl udi ng demivingp anat afsmace ctdiracietivationy pafarcbtErsrechBbacteri@ingf the

i denti fyéng lport,i ons of the footage, and editing apparatus for editing the
first f otz;g‘?'én%y selecting said identified portions for inclusion in the
second footage. 10 25 A systemfor editing a video footage and m xing it

with an audi o pi eRfermihingd @HeWifera tite BHaTHEBALai AP REEmetd8 &Y Thé MrhfAfe udi ng
an apparatus according to any of clains 15 to 22 for identifying portions
of the vi de(geq;@@p@g’@n,osgmf the preceding frame according to a resemblance criterion;

and

if so, setting a continuity parameter indicative of continuity in the frame
10  to be higher than a continuity parameter for the preceding frame,

otherwise, setting the continuity parameter for the present frame at an
initialization value and deriving a discontinuity parameter indicative of the
discontinuity between the present frame and the preceding frame, the
discontinuity parameter depending on the contindity parameter of the

15  preceding frame.

21.  An apparatus according to claim 20 in which the processor is arranged
to receive said video footage, which is derived from video-based surveillance
in a security system.

22. An apparatus according to any of claims 15 to 20 in which the

20 processor is arranged o receive information about the footage which is
received in combination with the footage, and to employ this information in the
identification of the portions.

23. A system for encoding video footage, the system including an
apparatus according to any of claims 15 to 22 for identifying portions of the
25 footage, and an encoder for encoding the footage, the encoder being



selecting said identified portions for inclusion in the audi o-video footage
and synchronising themw th the audi o piece to obtain the audi o-video

f oot age. whh22P6098 system for searching interesting video maisofoerma vi deo
dat abase, the systemincluding an apparatus according to any of clains 15
to 22 for identifying portions of the video database, and returning said "
identified portions against the above search query. 20 27. A systemfor
associ ating data with video footage, th&0system including apparatus
according to any of clainms 15 to 22 for identifying portions of the

f oot age, and apparatus for associating the data with the identified
portions.

arranged to encode the identified portions with a higher precision than other
portions of the footage.

24. A system for editing first video footage to derive second video footage,

5 the system including an apparatus according to any of claims 15 to 22 for
identifying portions of the footage, and editing apparatus for editing the first
footage by selecting said identified portions for inclusion in the second
footage.

10 25 A system for editing a video footage and mixing it with an audio piece,
to derive a audio-video footage, the system including an apparatus according
to any of claims 15 {o 22 for identifying portions of the video footage, and
selecting said identified portions for inclusion in the audio-video footage and
synchronising them with the audio piece to obtain the audio-video footage.

15
26. A system for searching interesting video data from a video database,
the system including an apparatus according to any of claims 15 to 22 for
identifying portions of the video database, and returning said identified

portions against the above search query.

20 27. A system for associating data with video footage, the system including
apparatus according to any of claims 15 to 22 for identifying portions of the
footage, and apparatus for associating the data with the identified portions.



