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(js 7,809,

I
VIDEO l&NTITY RK(.'0(".VITION IN

COMPRESSED DIGITAL VIDEO STREAMS

('OSS RFFI',RENCF, TO RFI ATED
APPLICATION

154 B2

specific algorithms performed on tlm dccompresscd strenm
need to be performed to compare the &nconung video stream
with tlie fingerprint. It is desirable to have a method and
system of detecting video sequences in compressed digiml
video streams prior to their decompression.

This applicatmn &s a continuation-&n-part of co-pend«ay
U.S. patent apphcation Ser. No. 11/067,606, filed Feb. 25,
2005 and en«lied "Detecting Known Video Fntiues 1)tili zing

Fin erpnnts". wluch is a conlutuation-in-part of U.S. patent i&1

apphcat&on Ser. No. 10/790,468, filed Mar. I. 2004 and
entitled "Video Detection and Insertion'*, which clmins the
benetit of U.S Provisional Application 60/452,802. tiled
Mar 7, 2003, entitled'System and Method for Advertisement
Subsliuu&on in Broadmast and Prerecorded Videioi Streams"
and U.S. Provisional Application 60/510.806, filed Oct. 14,
200'3, entitled "V&doo Detection mid Insertion*', thc cntirc
disclosures oi wluch are herein. uicorporated by reference

lliis application claims the benefit of U.S. I'rovisional
Pa«:n(Application No 60/671380 tiled Apr 14, 2005, and zc

entitled "Video Entity Recognition ui Compressed Di ital
Video Streams', the entire disclosure of which is herein
u&co&porat&xt by reterence.

COPYRIGIIT NOTICL AND AUTI IORIZATION

Portions of thc documentation in this patent document
contain matenal that &s sublect to copyn ht protection. The
copyright owner has no objection to the facsimile reproduc-
lionby uiyoneofthepatcntdocumentorthepatentdisclosure so

as &t appears &n the Patent and Trademark Ofhce file or
records, but olbcnsisc resen cs all copyright rights wlu&gso-

cvci:

BACKCiROUND OF THE INVkNI ION

Detection of video segments is used to recognize knosvn
vide&i scgm&aits and lake subsequent video processing steps
In one example. specific advertisements or video scenes are
dctectcd in a video stream and substituted or deleted from the sn
video streani ln other app heal«ins &1 &s desirable &o recoyiire
certain scenes for other purposes such as video indexing &ir

the creation of other nwtadata or other refi.rance niatcrial
attached to that pedicular video scene. )n all of these
exmuples it is necessary to be able to recoyiize a known video 4-

Coo&lie&'Il

Methods have been devekiped u hich can be used to detect
knossn video sequences. These &uelhods &nclude recognition
of certain characteristics associated with scene changes &ir

certain video scgmcnts as well as thc comparison of video c

seyuents with fingerpnnts of those video segments. In the
fingerprinting technique, the knov;n video segments are char-
actcrizcxt mid tlm incmning video stream is compared v ith the
characterizations to determine if a knov n video sequence is in
tact prese&it &it tliii I tiiiic 5

Onc teclufique for recoyiizing video segments is to create
a color cohcrencc vector (('CV) or a lou -rcs image (c g .ol'ize

8 by 8 pixels) representanon of a known video sequence
and compare the C( V or low-res image fingerprint against
lhc color coherence vectors or low-res images of incomiing ui
video streams. Other teclmiques can be used to compare the
incominv video to stored fingerprints but all of tlm known
presently used tecluuques are based on opemst&ons performed
in the uncompressed domain. TKis requires tlmt the video be
completely dcconipressed in order ui calculate the spccitic (

parmuet era ofthe tingerpruit and perform a comparison. L'ven

in the instances in which there is a partial decompression,

BRIE

I '
UMlVLARY OF TI IL'NVL&NTION

The present method mtd system is based on the use oi
statistical parameters ofcompressed digital video streams for
thc recognition of known video segments by comparison
against fingerpnnts. The method and system can be used to
identify the video semnents by comparing stanstical param-
eters of the compressed stremn with fingerprints of k&«&wn

video sequences, those tingerprmts contaimng parmneters
related to thc comprcsscd stress« Tlm technique may also be
used &u conjunction wuh tingerpnnling iechniques basest on
the uncompressed domain such tint a partial comparison is
niadc in the compressed d&miain and a subsequent compari-
son is made m the tuicompressed domain. One o I'he «lvan-
tages of the present method and system is that it allows for
niore etlimem and rapid identification of known video
sequences and does not rely on process uig completely in the
uncompressed domain. Synchronization can bc obtained
from the compressed digital video signal. In other words, the
compressed fingerprint may serve as a fast pre-tilter to find
niatching mndidates, while the (slower) comparison in tlm
uncompressed domain is used for ventication. Based on the
detection ofsyncluonizat&on points, subsequent signal pro-
cessing is famlitnted to provide eflicient lingerpnnting of the
inconung digital video signal.

The present method and system is usvd lo detect a knov n
video entity within a compressed digital video stre un. The
compressed digital stream is received, and syncluomzat&on
pomts are dctenni&ied within the compressed stream Slalis-
ucal par uneterized representauons of the compressed dry tat
vidkm streaui for windows following the syncluonization
points in thc video stream arc crea(cd. and compared lo u in-
dosvs of a plumlity of fingerprints that includes associated
statistical paranwterized representations ofknown vide) enti-
i&es. A known video entity &s detected in thec&miprnssed
digital vide«i stream svhen at least one of the plurality of
fingerprints bas at least a threshold level of similarity to
fingerpnnt created from the video stream.

BRIL'F DESCRIPIION OF TIIL& SFVL'RAL
Vlk/ WS OF I'Hl. DR.sAVINGS

The foregoing sununary, as &veil as the folios& i«8 detailed
description of preferred embodiments of the invention, will
be better understood when read ui conluncnon uith the
appended dmsvings. I&or the purpose of illustrating the inven-
tion. there «s shoun in the drawin s embodiments which are
presently preferred. It should be understood, ho&sever, that the
invention is not limited to the precise arrangements and
instrumentalities shown

I'he patent or application tile contains at least onc drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) &vill be provided by the
Otlice upon requesi and pnymenl o I'he &iecessury ii:e

111 &lie Draw iiigs:

FI(i. I is a d&agrmn ofa content delivery system. accord&n
to onc cmb&«limcnt of the present invcnti&n«

FI(i. 2 is a diagram of a co nfiyiration for local detection of
adkmitisemcnts witlfin a video progrmnming strmam used in

the content dehvery system of I'IG. I, according to one
embodiment of the present invention:
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I'IG 3 shoes nn exemplary pixel grid for a video I'ran&a and
an associated color histogrmn. according to one embodunent
of the present invention;

FIG. 4 shows an exemplaD companson ol two color his-
togram&, according to onc embodim&'.nI of the pl&went &oven- I

tron:

FICI 5 sluiws no & xmnplary pixel grid I'or a video frame and
associated color lustogrmn and color coherence vector.
accorduig to one embodiment of the present invention,
accorduig ui one embodiment of tlm present invention,

FKI. 6A shnws an exemplary comparison of color histo-
gr uns uid CCops iiir two unages, according to one embodi-
ment of the present invention;

FICI. 6B shows comparison of cd e pixels for two exmn-
plary consecutive images, according to one embodiment of "
tlm prcscnt invention:

FI(i. 6(. shows compalIson of thc niovcnIcnt of niacrob-
locks for tuo exemplnry coinsecutive images, according to
one embodiment of the present invention:

FIG. 7 shou.s an exemplary pixel arid for a video frame .""

with a plurahty of regions sampled and the determinauon of
the average color lor n regions. accorduig to one cmbodun ant
of the present invention;

FICI 8 shows two exemplary pixel gods luiving a plurahty
of regions for sampling and coherent and incoherent pixels -'dentified,according to nim embodiment nf the present inven-
uom

FICI 9 shows exemplary comparisons ol'tlm pi&el gridsol''ICI.
8 based on color lusto r uns liir the enure frame. CC&/s

"o
for tlm entire frmne and avcragc colnr for the plurality of "

regions. nccording to onc embodiment ol'lm present uiven-
Iion:

I'IG. 10 is a block din@am of an advertisement matclnng
process, nccording to one embodiment of tlm present inven-
tion;

FIG. 11 is a block dia~vam of an initial dissimilarity deter-
niination process. accorduig to ooe emboduueut of the
present invention;

FICI 12 shows mi exemplmy iniuul comparison of calcu-
1«

lated features for an incoming stremn versus initial portions of
lingcrprints for a plurality of known advcrtisenmnts, accord-
ing to one embodiment of the present invention;

FIG'3 sin&vs mi cxeniplary initial con&parison ol'calcu-
lated feamres iiir an incoming stream, similar to FICI. IZ, with
an expanded initial porti&m of a fingerprint fbr a kno&vn advcr-
lisemcut. according to one embodunent of the present uivmi-
tion:

FIG. 14 shov s an exemplary expanduig window compan-
son of thc features of the inc&miing video stream and the
I'en&urea of thc fingerprints ofknov n advertisements, accord-
in to one embodiment of the present invention;

FIG. 15 shov s an exemplary pixel grid divided into sec-
tions. according to one embodinient of the present invention;

FICi. 16 shows an exemplary comparison of nso whole;;
images and corresponding sections of the uvo images.
accorduig to one cmbodimcnt o I'lm present inv&uition,

FIG 17 shows an exemplary comparison of pixel grids by
sections, according to one embodiment ol'the present uiven-
tion: so

FIG. 18A slxiws two images v;ith different overlays,
according to one embodiment of the present invention;

FIG. 18B shou s nvo additional images with different over-

lnys, according to onc emlxidimcnt of the present invention;

FICI. 19A shows an exemplary impact on pixel grids of an I
overlay being placed on corresponding image, according to
one embodiment of the present invention:

FI(i. 19B shows an exmnplary pixel grid v'ith a reginn of
uiterest excluded. according to one embodiment of the
present invention:

I'l(i. 20 shows an exemplary image to be lingerprintcd dint
is divided into four sections and has a portion to be excluded
from fingerprinting, according to one embodiment of the
pl'cscntinvclltloiu

FICI. 21 shows an exemplary image to be Iingerprinted that
is divided mto a plurality o fregions that are cvcnly distributed
across the iniage and has a portion to be excluded from
fingerpunting, accordinvg ui one embodiment of the present
111VCntlon.

FICI. 22A shows an exemplary channel change nnage
wlmre a chminel banner is a region of disinterest, according ro

one embodinwnt ol'the present invenuon,
FIG. ZZB shoivs an exemplary channel clmnge image

where channel idmitilication information contained in a chmi-

nel b mner is a regimi of uitercst according to one embodi-
ment of the present invention:

FICI. 23 slxiws nn image with expcctcdl locnti&ms ofa chmi-
nel banner and chmnel identification information within the
channel banner identified. according to one embodiment of
the present invention;

FIG. 24 shows the family of feature based detection meth-
ods as well as recognition. and specifically fingerprint dencm
t&on methods, accorduig to one embodiment of the present
hlvcntion:

FICI. 25 is a diagram of a spatuil compression process for
digital video with associated statistically relevant parameters,
according to an emb&xlinmnt of thc present inventioiu

FIG. 26 is a table of sire and run length par uneters bein
converted to code words for transmission as indicated the
pmcess in FICI 25, according to onc cmbodimcnt of thc
present invention:

FICI. 27 is a block diagram showing a method for video
entity recognition, according to mi mnbodimcnt ol'the present
uivention:

I'l(i. 28 shows a spatially coded transmission stream cre-
ated uith the mmodmg dcmonstratcxI in FICI 26, with asso-
ciated statistically relevant pammeters, according to an
cnibodin1cnt of dm prcscnt invenrion;

FICI. 29 shows a temporally encoded transmission stream
with associated statistically relevant parameters, according to
an ombodiment of the prcscnt i&&vent&on, and

FICI. 30 shows synchronization pouits withui a compressed
uansmission stream used to trigger creation of statistical
par uueter as descnbed in FIC&S. 25 uid 29, according to an
embodiment of the present invention.

DE'LAILL'D DBS(rRIPTION OF THL'NTENTION

Certain terminnlogy is used herein for convenience only
and is not to bc taken ms a limitntion on 1he present &nvcntion.

ln the dra&vings, the same reference letters are employed for
designating tlm smne elements throughout the several fi cures.

&ui exemplary content delivery system IUU is shown in
Fl(i. I Thc system 100 includes a broadcast Iacility 110 and
receiving'presentation locauons. The broadcast facihty 110
umismits content to the receiving/presentation facilitic» and
th&. rcccivhlg/prcscntation facihties receive the content and
present the content to subscribers. lhe broadcast facility 110

may be a satellite transmission fa" ility. a lmad-tnd, a central
oflice or other drstnbution center. The bmadcast fucihty 110

may transmit the content to the receiving/presentation loca-
tions via satellite 170 or via a network 180 The

network

180

may be the Internet, a cable television network fe.g., hybnd
fiber cable. coaxial), a switched digital video network (e.g.,
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5
digital subscriber line, or fiber optic network), broadcast mle-
vision network, other cored or wireless network, public net-
work, private network, or some combination thereof. The
receiving/presentatimi facilities may include residence 120,

pubs, bars and/or restaurants 130. hotels and/or motels 140, I
business 150. anr1'or other establishments 160.

In addition. the content delivery system 100 may also
include a Digital Video Recorder (DMR) that allo)vs the user
(residential or commercial establishmein) to record mal plav-
bach the progmnuuing. The methods and system descnbed io

herein can be applied to DMRs both with respect to content
being recorded as well as content being played hack.

The content delis cry netuork 100 may deliver m uiy dif-
ferent types of content However, for ease. oi'understnnding
thc remainder of this disclosure v ill concentnue on pro ram-
ming and specifically vidcx) programming. Many program-
ming chan)mls include adimrtiscments Ivith the plogfa)tli-

ming. The advertisements may be provided befi)re and/or
after the programming, may be pmvided in breaks during the
programming, or nmy bc provided within tho programming o

(e.g., product placements, bugs, baiuier ads). For ease of
understanding the remainder of the disclosure will focus on
advertisements opportiuuties that are provided between pro-
gramming. whether it be beuveen programs (e.g., after one
progrmn and befi)re another) or during programming (e.g, "

advertisement breaks in progmmming. during time outs in
sporting events). 1he advertisements may subsidize the cost
ol'he programming and may provide additional sources of
revenue for the broadcaster (e.g., satellite service provider,
cable service provider). "o

In addition to being able to reco nize ulvertisements it is
also possible to detect particular scenes of interest or to
gcnefically detect scene changes. A segment of vidm) or a

paitlculal llllage. Ol scelle chal)go bet)veen llllages, uhfch Is

of interest, can be considered to be a video entity 1 he library "»

ol'vidm) segments.images. scenechangesbctuceninuigcs,or
fiiigerpruits of those images can be considered to be com-
prised of know:n vidm) entities.

A variety ofnicchanisms for detection el'video I ntitias and
subsequently mechanisms for defeating the automatcxf detec- so

tion of video entities such as intros, outre). and advertise-
ments are discussed herein.

As the advertisements provided in the pmgranuning may
not bc appropriate to the a cdimice watclung die programming
at the particular location, substituting advertisements may be ss
beneticial mid/or desired. Substitution of advertismnents can
be performed locally (e, g., residence 120, pub 130, hotel 140)
or may be perfonued somewhere in the video distribution
systeni 100 (e.g, lmad end, nodes) and then dehvercd io a

specific location(e.g., pub 130). a specific eograpluc region o

(e.g.. neighborhood), subscribers Iiaving specific traits (e.g.,
demogmplucs) or some cmnbination Ihcreof. For mise ol'nderstanding,the remaining disclosure )sill ficus on local
substitution as dw. substitution and delivery o I'targeted

advert-

isementss from )1ithin the system 100. :)

Substinuing advertisements requires thnt advertismnents
bc detcctcd within thc progriunming The advertisements
may be detected using information tlmt is embedded in the
progmm streaui to define where the advertisements arc. For
analog pro rmnming cue tones may be embedded in ilm pro- 0)

gramming to mark the advertisement bounthsries. For digital
progmmming digital cue messages may be embedded in the
progranuning to identify the advertisement boundanes. Once
the cue tones or cue tone messages are detected, a targeted
advertisement or targeted ad)mttisements may be substituted I
In place of a default advertisement, default advertisements. or
an entire adve)tisement block. The local detection of cue

tones (or cue tone messages) nnd substitution ol'argeted
advertisements may be performed by local system equipment
including a set top box (S1B) or DVR. However, not all
progranmiing streams Include cuc tones or cue tone mes-
sages. Moreover. cue tones may not be tmnsmitted to the STB
or l)VR since the broadcaster may desire to suppress them to
prevent automated ad detection (and potential deletion).

I'eclufiques for detecting advertisements v ithout the use of
cue tones or cue messages include manual detection (e g,
uidividuals detecting the start of advertisements) mtd mito-

matic detectiim. Regardless of wlmt technique Is used, the
detection can be pcrlornmd at various locations (c g . pubs
130. hotels 140). Alternanvely, the detection can be per-
formed cxtcrnal to tlm locntions where the extenial detcmtion

poll)is lilily be part of the system (e .. node, he ul end) or may
be external to tlie system. The external detection points would
inforni the locatiims (e.g, pubs 130, hotcls 140) of the detec-
tion of an advertisement or advertisemcnt block. The mnu-
nuuiications from the

external

detection point to the locations
conld bc via tlm nctu ork 170 For ease ofunderstanding this
disclosure, u e will focus on local detection.

MI exemplary configuration for manual local detection of
advertisements wnhin a video progranuiung stream Is shown
in 1.1Ci. 2. The incoming video stream is received by a netsvork
interface device (NID) 200 The type of network interface
device v, ill be dependent on how the incoming video stream
is being delivered to the location. I)or example. if the content
is being dehvercd via satellite (e.g.. 170 ol'FICi. 1) the NID
200 will be a satellite dish (illustrated as such) for receiving
the incoining vidix) stream 11m incoming video stream is
pmvided to a STB 210 (a tuner) that tunes to a desired chan-
nel, and possibly decodes the climuiel If encrypted or com-
pressed It should bc noted that the STB 210 may also bc
capable ol recording progmnuning as is the case with a DVR
or video cnssette recorder MC'R.

Thc STB 210 foiu mds tlm desired channel (video stream)
to a splitter 220 that provides the video stremu to a detection/
replnccnmnt device 230 and a selector (c g., A/B switch) 240.
Thc detection/replacement device 230 detecLV mid replaces
advertismnents by creating a presentation stream consisting
of programming with targetccd advenisemmits. Tlm selector
240 can select which signal (video steam or presentation
stream) to output to an output device 25U (e.g., television).
1lie selector 240 niay be controlled mamially by an operator,
may be controlled by a signal/message (e.g. ad break bevgin-

ning message, ad break ending message) that was generated
and transnnned from an upstream detection location. and/or
may be controlled by the detection/replacement device 230.
The splitter 220 and the smlector 240 may be uscxf ns a bypass
circuit in case of mi operations issue or problem in the detec-
t)on/replacement device 23U. The default mode for the selec-
tor 240 may be to pass-through the uicoming video strmun

Manually suitclung the selector 240 to the detectioivre-
placcment device 230 may cause the detection/replacmnent
device 230 to pn)vide. Ildvet'116eilleilts (e g., 1st'gated adver-
tismnents) to be displayed to the subscriber (viewer, user).
Tluit is, tlm detection/replaccmcnt device 230 nuiy m)t dctcvt
and uisert the advertisements ui the pro~am stream to create
a presenmtion stream Accordingly, tlm manual switching of
thi. selector 240 may be thc cqmvalcnt u) switching a chamicl
from a pmgram content channel to an advertisement channel.
Accordingly, this system would have no copyright issues
associated therewith as no recording. analyzing. or manipu-
lation of the program stream would be required.

Wifilc the splitter 220, thc dctcction'replncmncnt dcvicc
230. and the selector 240 are all illustrated as separate com-
ponents they are not limited thereby. Rather. all the compo-
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nants could be part of a single component (c.g, the splitter
220 mid the selector 240 contained uiside the detection/re-
placement device 23U; the splitter 220, the detection/replace-
ment device 230, and the selector 240 could bc patt of thc
STB 210). s

Automatic uechniques for detecting advertisements (or
advertisement blocks) may include detecting aspects (fea-
tures) of the video stream tlmt indicate an advertisement is
about to bc displayed or is heing displayed (feature besoil
detection). For example, advertisements are often played at a ui

lugher volume than proyanuuutg so a sudden volume
iilcrease (without cmuiliaixis lroni a user) may indicate ml
advertisement. Many times several dark monoclu ome (black)
franws of vidwi are prevmntcd prior to tlm stats of an ndver-
tisement so the detieetion of these types of frames may indi-
cate nn advertisement. The above noted techniques may be
usvd individually or in combination with one another Thcsc
techniques may be utilized along with teniporal ineasure-
ments. since conuuercial breaks often begin vsithin a certain
known lime rmige Howcvcr, these techniques nmy miss o

advertisements if the volume does not increase or if the dis-

play of black frames is missing or does not meet a detection
tlueshold. Moreover. these techniques may result ui false
positives (detection of an advertisement when one is not
present) as the programming may include volume increases "

or sequences of black ibames.
lirequent scene/shot breaks are more common during an

advertisemmu since acuon/scene changes stimulate interest
in the advertisement. Additionally, there is typically more
action and sccnc clumgcs durino an ndvcrtiscniclit block io

Accordut ly, another possible mitomatic feature based tech-
nique for detecting advertisements is the detection ofscene'hot

breaks (or I'requcm scene/shot breaks) in ihc video pro-
granunutg Scene breaks may be detected by comparing
consecutive frmnes of video. ( omparing the actual images of "»

c(lllscciltlvis iraliics Iiliiv'l:illlll c sigiiilimuit processing. Alter-
natively, scene/shot breaks nuiy be detected by computing
chnnacteristics for consecutive fmmcs of video and fiir com-

paring these characteustics. The coniputed chauictcnstics
may include, for example, a color histogram or a color cuber- sn

ence vecror (( ('V) Thc detection of scene/shot breaks may
result in many false positives (detection of scene clmnges in
progmnuning as opposed to actual advertisemmits).

A color lustogram is mi mialysis of tho number ofpixels of
various colors within an unage or frame. Poor to calculating ss
a color histogram the frame may be scaled to a particular size
(e.g, a fixed number ofpixels), the colors may be reduced to
the most significant bits for each color of the red, blue, creen
(RGB) spix:trum, and the image may be smoothed by lilter-
ing.As an example. if the RGB spectnuu is reduced to the 2 o

most sigiuficant bits for each color (4 versions ofeach color)
there w ill be a total of6 bits for the RCiB color spectrum or 64
total color combinations (2s).

An exemplary pixel grid 300 fiir a video frame imd an
associated color histogram 310 is shoivn in FICi. 3 As illus- s

trated the pixel grid 300 is 4x4 (16 pixels) and each grid is
idcmified by a six digit number with each two digit portion
320 representing a specdic color(RCiB). Below the digit is the
color identifier for each color 33(l For exmnple, mi upper left
grid lms a 100000 as the six di2pt number v, hich cquatcs to R„ai
(io and Bo. As discussed, the color histogmm 31U is the
munber ofeach color in the overall pixel grid. For exaniplc in
O'IG. 3, the 9 R„'s in the pixel gnd 300 are indicated in the first
cohunn 340 of the color histoc~am 310.

Fifi. 4 shows an exemplary compnrison of tvs o color his- r
tograms 400, 410. Tire comparisoti entails computing the
difference/distance between the two. I'he distmice may be

coniputed fiir cxaniplc by suniming the nbsolute diffi.rences
(Ll-Norm) 420 or by summing the square of the chil'erences
(L2-Norm) 430. For simplicity and ease ofunderstanding we
assume that thc inmgc contains only 9 pixels and that each
pixel has the smne bit identifier for each of the colors in the
Rt)B specuum such that each color is represented by a single
number. The difference betiveen the color lustograms 400,
410 is 6 using the absolute difference method 420 and 10
using Uic squared differcncc method 430 Depcndin on thc
method utilized to compare the color lustogranis Uie thresh-
old used to detect scene changes or other parameters may be

adjusted accordingly
A color lustoar un tracks the total number of colors ui a

frame. Thus, it is possible that when comparing two frames
that are completely ih(Tercet but utilize similar colors
throughout. a false matcli will occur CCVs divide the colors
from thc color histogrnm into coherent and incoherent ones
based oil liiiw tile Ixilol's are groilped togmher Coherent col-
ors are colors that are grouped together in more time a thresh-
old number oi'conncctcxl pixels and incoherent colors arc
colors that are either not gmuped tovgether or are grouped
together in less than a fitreshold mimber of pixels. I'or
example. if g is the tlueshold and there are only 7 red pixels
grouped (connected together) then these 7 red pixels are
considcrcxI incoherent.

An exemplary pixel rtd 500 lor a video frame and asso-
ciated color lustogram 510 and CCVs 520, 530 is shov n in
FICi. 5 For ease of undersuinding we assiuue that nil of the
colors in the pixel grid Imve the same number associated with
each of thc milors (RCiB) so that a single number represents
each color and the pixel gnd 500 is Iimttexi to 16 pixels.
Witlun the grid 500 there are some colors that are grouped
togcthcr (has at least one other color at a conncctcd pixel
one of the g iouclung pixels) and some colors that are by
thmnselves. For example. two color 1s 540, four color 2s 550,
and four (two sets of 2) color 3s 560, 570 are grouped (cmi-
nec ted). w lule tlu ee color Us, one color 1, and two color 3 s are
not grouped (connected) Tlm color lfistogram 510 indicates
thc number of each color. A fir t CC'V 520 illustrates thc
munber of coherent and incoherent colors assuming that the
threshold grouping fiir being considered coherent is 2 (that is
a grouping of two pixels of the same color means the pixels
are coherent for that color). A second ('( V 53 U il in atm tea the
number of coherent and incoherent colors assmuing that the
tlu eshold gniuping was 3. The colors impacted by the change
in threshold are color 0 (went from 2 coherent and I incoher-
ent to 0 coherent iutd 3 incoherent) and color 3 (went from 4

coherent and 2 incoherent to 0 coherent and 6 incoherent).
Depending on the method utilized to compare the CCVs the
tlueshold used for detecting scene changes or ofiier param-
eters may be adjusted accordingly.

FICi. 6A shows an exemplnry coniparison of coilor histo-
rams 600. 6U2 and CUCVs 604, 606 for two images. In order

to compare, tlm diiTercnces (distances) bettvcen tlm color
histogams and the CCVs can be calculatcxI The dilTemllces
may be calculated, for example, by sununing the absolute
dilTcrenccs (I,l-Norns) or by summing the sqimre of thc
differences (1.2-Norm). I'or ~ implicity and ease of under-
standing assume that the image contains only 9 pixels and Cist

each pixel has thi: same bit idcntilicr for each o I'hc colors ui
the Rt)B spectrum. As illustrated the color histograms 6UU,

6()2 are identical so the difference (0( H) 600 is 0 (calculation
illustrated for sununing the absolute differences). The differ-
ence (A(sCV) 610 betvveen tlie two CCVs 6U4 606 is 0 (based
on thc sum of tfm absolute differences nmthod).

Another possible feature based automatic advertisement
deuection teclmique includes detecting action (e.g., fast mov-
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ing objects, hard cuts, rooms, changing colors) as an adver-
tisement moy hove more ac«on ui a short tune than the pro-
gramming. According to one embodiment, action can be
dcterminced using edge change ratios (I')CR). FCR detects
structural changes in a scene, such as entenng. exiting ond s

moving objects. fhe changes are detected by comporing the
edge pixels ot consecutive im iges (frames), n and n-1. I:dge
p&xels are the p&xels that form a distinct boundary between

two distinct obtccts orsurface~ uitbin o scene (c . a person,
a house). A detemunation is made as to the total number of «I

edge pixels for tvvo consecutive unages, o„and o„o the
number of edge pixels exiting a tirst frimie. X„, '" and the
number of ed e pixels eaten« a second ima e. X„'". The
F R is tlm maximum of(1) thc ratio ofoutgoing edge pixels
&o totnl pixels ti&r a first image

or (2) the ratio of incoming edge pixds to total pixels lor a

se&xil&d il&loge

T&vo exemplary tmmsecutive images, n 620 and n-I 630 are so

shown in I'ICi. 6B. idge pixels for each of the images are
shaded. Tlm &otal number of edge pixels for image n-l, 0
&s 43 while the total number of edge pixels I(or uuage n. o„. & s

33. I'he pixels circled 632, 634, and 636 in image n-1 are not
pmt &if'tbc image n (they exited image n-I ) Accordingly, thc Is
number of edge pixels exiung image n-1. X„,"", is 22. The
pixels circled 622, 624, and 626 in image n were not part of
unngc n-I (they entered image n) Accorduigly, the numberof'dge

pixels entering image n. X„"". is 12. 'I he B('R 640 is the
greater of'he tv o mtios st&

mid

Accordingly, the IX:R value is 0.512.
:&

Action can be determuied using a motion vector length
(MVI.) Ttie MVI, divides images (frames) into mocroblocks
(e.g., 1 6x16 pixels). A detemunat&on is then made as to where
each macroblock is in the next image (e.g., distance be«veen
macroblock ui consecutive uuoges) Thc deterniination nray r,6&1

be bmited to o certain m&mber of pixels (e.g., 20) in each
direction If the location of tbc macroblimk can not bc dctcr-
mined ther& a predefined maxinnuu distance may be defined
(c.g.. 20 pixels in each direcction). The macroblock length
vector f'r mich macroblock can be calculated as tfic square
root of the sum of the squares of the ddferences between. the

x atid y coordu&ates(y (x& —x,) +(y&+y ) ).

FI(i. 6C'lmws two exmnplory consccutivc images. n 650
ond n-1 660. The ima es are divided into a plurahty ofmac-
roblocks 670 (as illustrated cacti mocroblock is 4 (2x2) pix-
els) I'our specitic mocroblocks 672, 674, 676, and 678 orc
identified with shading and are labeled 1-4 in the image n-I
660 A maximum search area 680 is defined amund the 4

speci lie macroblocks as a doued line (as dlustrated the search
areas is one macroblock in each direction). The four mocrob-
locks 672, 674, 676, and 678 are idmi«tied with shading on
the image n 650. Comparuig the specified macroblocks
between images 650 and 660 reveals tlmt the first 672 and
scc&iml macroblocks 674 moved within ihe defined search
are &, the tlurd marroblock 676 did not move, and the fourth
macrob Inc k 678 moved out of tlm search area. If the upper Icfr

band pixel is used as the &x&ordinates I'or the macroblock it can
be seen that MB1 moved from 1.1 to 2.2: MB2 moved from
9,7 to 11,9, MB3 did not mo&m from 5.1&, and MB4 ltiovcd
from 13.13 to outs«le of the range. Su&ca MB4 could not be
found witlfin the search window a maximum distance of 3

pixels in cack direction is definni Acm&rdingly, the length
vectors 590 for the macroblocks are 1.41 for MBI, 2.83 for
MB2, 0 for tVIB3, and 4.24 for MB4.

As with the other feature based automatic advertisement
detection teclufiques the action detection teclmiques (e.g.,
I')C'R, MVI,) do not always provide a high level ofconfidence
that the advertisement &s detected and may also led to false
positives.

Several ol'hese techmques may be used in conjuncuon
uith one am&ther to produce a result with a lugher de ree of
confidcncc and may be able to reduce thc number of false
positives ond detect the advertisemeu(s faster. However, as
the feature based teclmiques are based solely on recogvnit&on

of li I&urea ihat may bc prcsvnt morc ofien in ad&mrtiscmcnts

than progrmnming there c ui probably never be a complete
level of confidence that mi adveitismnent has been dc&sec&cd.

In addition, it may take a long time to recognize tlra& these.

features are present (seveml advertisements).
In sonm countries, mimmcrcial brcak intros are utilized to

ind&aite to the vieuers that the subsextuen& material being
presented is not programming but rather sponsored advertis-

ing 'These commercial break intros vary in nature but moy
u&elude certain lo os. characters. or other specific video and
audio messaoes to indicate that the subsequent material is 1&&it

programniing but msthcr advertising The return to program-
nung may in some instances also be preceded by o conuner-
cial break outm which is a short video segment tlmt indicates
the reroll& to prop"«illa&ng. I&1 so&lie esses the llltlos a&id the
outros may be the same with an identical progranuning seg-
ment heing used I'or both the mtro and tlm outro Detecting the
potential presence ot'he commercial break intros or out&os

may indicate that an advertisement (or advertisemem block)
is nb out to begin or end respective tv If the intro s ond/or ou tres

were olu ays the same. detection could be done by detecting
the existence of specific video or audio. or specific logos or
characters in the video stremn, or by detecung sp&ecitic fexi-

mres about the video stream (c g., ('('v's). Hou:ever, the intros
and/or outros nccd not bc tlm sanw. The imros/&mtros may
vary based on at least some subset of day, time. channel
(nenvork). progmm, and advertisement (or advertisement
break)

Intros may be seveml fmmes ofvideo easily recognized by
the viewer, but nuiy also be icons, graphics, text, or otlmr
representations that do not co~er the entire screen or &vluch

are only sl«&un for very bnef periods of time.
Increasingly. bmadcsstcrs are abso selling sponsorship of

certau& progmnuning which means that a sponsor's short
message appeam on either side (beginning or end) ofeach ad
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brm&k during that progranuning. Tlmse sponsorship messages
can also be used as lu&ent cue tones indicat&ng the start and end
of ad breaks.

The dctcction of thc intros, outre&, an&Uor sponsorship
messages may be based on companng the inconung v&deo s

stream, to a plurality ofknown intros, outros. anChor sponsor-
slup messages. This would requ&re that each of a plum&i&y of
known intros. outros, and/or sponsorship messa es be stored
mid that the incoming video stremn bc compared &o m&ch. This
n&ay require a large amount of storage and may requ&re sig- u&

n&ficant processing as well. mcluding the use ofnon-real-time
processing Such storage and processing may not bc (fusible
or practical. especially for real t&me detect&on systems. More-
over, storing the known advertisemcnts for comparing to the
v&dco programmu&g could potentially bc considered a copy-
right violation.

The detection ot'hc intros, outre&. an&Uor sponsorship
messages may be based on detec&ing n&a&sages. logos or
chamcters u ithin the video stream and comparing them to a

pluralityofknoun messages, logos orcharactcrs I'romknoun zo

intro&, outros, and/or sponsorslup messages. The incoming
video may be pmcessed to find these messagem logos or
chancters. 11&e known messages, logos or characters &could

need to be stored &n advance along with m& associat&on to an
intro or outre. The comparison of the detected messages, "

lo os or characters to the known messa es, logos or charac-
ters may require significant processing. includ&ng the use of
non-rmil-tm&e processu&g. Moreover, storin the known mes-
sages. logos or chancters for compartson to mes sa es, logos
or clu&ractcrs from tlm incoming video stream could Ix&tcu- &o

&ially be cons&dered a copyrtght v&olation.

11&e detection of the intros. outros, and/or sponsorsh&p
messages may bc b&&sed on detecting messages swithin thc
v&deo stream and deternunu&g the meaning of the uords (e.g.,
detecting text in the vidm& stremn and analyzing the text to "»

determine if it means an advertisemen& is abou& to s&ari)

Altemat&vely, the detection may be based on calculatu&g
fntures (statistical paranmtcrs) shorn the incoming video
stream Tlm I'eatures calculate&I may include, I'or exmnple,
color histograms or C('Vs as discussed abo&m. 11&e features shh

may be calculated for an entire video frame, as discussed
above, number of frames. or may be calculated for evenly/
randomly highly subsampled representations of the video
franw. For example, the video franm could be san&pled at a

number (e g.. 64) ofnndom locations orreg&ons in the video ss
frame m&d parameters such as average color) may be com-
puted for each of these reg&ons. The subsampl&ng can also be
perfortned in the temporal don&ain. I'he collection of features
u&eluding C(/Vs for a plurabty of uuages/Ibames. m&lor his-
tograms for a plurahty of reyons. may be referred to as a o

fingerpru&t.
An exemplary pixel grid 700 I'ore v&deo Ir une is sho~n in

FIO, 7. I'or ease of understanding, we 1&m&t the pixel nd to
12xl2 (144 pixels). limit tlm color variations for each color
(ROB) to the tuo most sign&ticm&t b&ts (4 color variations), s

and have each pixel have the same number associated with
each of &hc colors (R(iB) so that a single mm&bcr rcprcsents
each color. A plurt&bty of regions 710, 720, 730, 740, 750,
760, 77U, 780, 785, 79 U, 795 ofthe pixel grid 700 are sampled
and &m average color f&ir each of thc regions 710, 720, 730, 0&

740. 750, 76U. 770, 78U, 785. 790. 795 is calculated. thor

cxmnple, the region 710 has an average color of I 5, the
region 790 has an a~erage color of 0.5 and the reg&on 795 has
an average color of 2.5, as shown in the average color chart
705. 6

One advantage of the samplu&g of reg&ons of a frame
instead of an entire frame is that the entire frame would not

need to be copied in order to calculate the features (ifcopying
was even needed to calculate the features). Rather. certau&

regions of the image may be copied in order to calculate the
fbaturcs ti&r those rcvions. As thc regions of the franw. &vould

pmvide only a partial unage and could not be used to recreate
the image, there would be less potential copyright issues. As
will be d&&cussed u& more de& ul later. the generat&on of tin-

gerprints for known entities (e.g.. advertisements, intro s) that
are stored in a database for comparison could bc done for
re iona as well uid theret'ore create fess potent&al copyright
issues.

Two exemplnry pixel grids 800 mui 810 arc shou n in FIG
8. Fach of the pixel nds is I I xi I (121 p&xels) and is lun&ted

to binary color values (0 or I ) for simplicity reasons. Tlw rop
v&ew oi each p&xel grtd 800, 810 has a ph»'ahtv ol &'eaux&s

identified 815/830 and 855-89U respectively. 'Il&e lou er view
of each pixel grids 800. 810 has tlm coherent 851-853 and
891-894 and incoherent p&xe is ident& lied, where the tine ahold

level is greater than 5.

FICI. 9 six&us cxmnplary comparisons ol'hc pixel grids
800. 810 of FICI. 8. Color tusto~va&us 900, 910 are for the
entire frame 800. 810 respectively and the difference in the
color lusto rams /&CII 920 is 0 CCVs 930. 940 are for the
entire frame 800, 810 respectively and the difference. 5( 7C Vs

950 is 0 Average colors 960, 970 capture the average colors
for the vartous &dent&fied reg&ons &n frmues 800, 810. The
difference is the average color of the remons 980 is 3. 5 (using
the sum ot'absolute values).

FICIS. 7-9 focused on deternuning the a~erage color for
each of thc rcgi&ms but the &eclmiqims illustrated therein arc
no& l&n&ited to average color determu&at&ons. For example. a

color lustoyam or CCV could be vgenerated for each of these
regions For ( C:Vs to provide useful bcnetits the regions
uould have to be b&g enough or all of the colors v ill be
incoherent. All of the colors will be colmrm&t if the coherent
thrcslxild is made too lou

The calculated features/tingerprtnts (e.g., CCVs, evenly/
mndomly highly subsmnplcd representations) arc compared
to corresponding Ibatures/lingerprints I'or known introsm&d,'r

outros. fhe fingerprints for the known intros and outros
could be calculated and stored in advm&cc 'The comparison of
calculated features of the incoming video stream (statist&cal

parameterized representationsj to the stored fingerprints for
known intro&!outros will bc discussed in morc detail lat&m

Another method for detect&ng the presentation of an adver-
tisement is automatic detection of the advertisement. Auto-
mat&c detection tecluuques may u&elude recoyfizing that the
incoming video stream is a known advertisement. Recogni-
tion tcchniqums may u&elude comparing the incoming video
stream to kno&vn v&deo advert&sements. Tlus would require
that each of a pluml&ty of known video advertisements be
stored in order to do the compartsm& This &vould require a

relatively lar e amount of store e and would l&kely require
sivnificant processina, including non-real-tinm pmcessing.
Such storage and processu&g nuiy not be fees&ble or practimd,
especially for real time detection systems. Moreover, storing
the known;xlvertismmcnts Iior comparison to tlm video pro-
gramining could potent&ally be considered a copyrtght viola-
tion.

Accordingly, a nu&rc practical mitommic advertiscmcm
recogn&tion technique may be used to calculate fean&res (sta-
tistical pammeters) about tlm incoming v ideo strcan& m&d to
compare the calculated features to a database of the smue
feanires (prev&ouslv calculated) for known advert&sements.
11&e features may include color histograms, C:CVs. and/or
evenly/randomly lughly subsampled representat&ons of the
video stream as discussed above or may include other features
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such as text nnd object recognition, logo or uther graphic
overlay recognition, and unique spatial frequencies or pat-
terns of spatial frequencies (e.g., sahent points). The features
may be calculated lilr images (e.g.. frames) or portions ol'mages

(e g . portions ot'rmnes). The li:a(urus may be calcu-

lated for each unage (e.g., all frames) or for certain images
(e g . every I-frame in ml MUG stream). The combination of
features for dift'erect unages (or portions of images) make up
a tlngerprint Tile tingcrprint (fbatures created front nlidtiplc

IO
frames or fmme portions) may include uiuque temporal char-
actertstics instead of, or in addition to. the unique spatial
characteristics of'a single uuage.

The featuresitingerprints for the known advertisements or
other segments of progrmmning (also referred to as known
video entities) niay Imlu been pre-ialculnted and stored at thc
detecuon point. I'or the intown advertisements. the finger-
prints may be calculated for the entire advertisement so that
the known lulvertiscinent tingerprint includes calculated fea-

tures fbr the entire advertisement (e u., every frame for an zo

entire 30-second advertisement). Alternamely, the finger-
prints may be calculated for otlly a portion of the known
advntiscmen(v (c.g, 5 seconds). The portion should bc large

enough so that effective matclunv to the calcu lated tingerprtnt
for the incoming video stream is possible. For example. Su

-'
lfective match may require comparison o I'at least a ceitaln

number oi'im i es'fr uncs (e g, 10) as the fulsc negatives nlay
be high if less comparison is perfonued

An exemplary llowclmrt of the adlcrtiscment matching lo
process is shown in FIG. 10. Initially, the video stream is
received 1000. The received video stream nuiy be analog or
dl ital video. The pmces sing may be done in either analog or
Ihgital but is eimputatioimlly casicr as digital video (alvord-
uigly dlgiuil video may be preferred) Therefore. the video is
stream may be digitized 1010 if it Is received us analog video.
Feitures (statistical par unctcrs) arc calculated for the video
stream 1020. Tile features nuiy ulclude CCVs. color lusto-
grams, other statistical parmlmtcrs. or n combination thereof
As men tilmcd above the I'ca(urea can be calculated Iilr images
or for portions of images. I'he calculated features/fingerprints
are compmcd to corresponding finverprints (c.g., ( ('N s are
comparedulCCYs) forknownadvertisements1030 Accord-
ing to one embodiment. the comparison is made to the pre-
stored fingerprints of a plurality of known advcrtisenlents ss
(fingerprints of known advertisements stored in a database).

The compartson. 1030 may be made lo the entire Iingerprtnt
for the known advertisements, or may be made after compar-
ulg to some poruon ol'the lingerprints (e g, I second lvluch is
25 frmnes ui PAL or 29.97 frames ul NTSC, 35 frmnes wluch u

is approxunately 14 seconds in PAL) that is large enouvP to
make a detemiiuation regarding similarity A dctennination is
made as to whether the compartson was to entire fingerprints
(or sonw. large enough portion) 1040 If tlm entire tingerprint
(or lar e enough portion) was not compared (1040 No) addi- s

tional video stremn will be received and have features calcu-
latel and elmparcd to tfm tingcrprint (1000-1030). If thc
entire tingerprtnt (or large enough portion) was compnred
(1040 Yes) then a determination is made as to wlmther the
I'en(urea ol'tlm incoming video strcnm meets a threshold level el
of similarity w ith any of the fingerprints 105 U. If the features
for tlm incoming video stream do not nwet a threshold level of
sinularity with one of the known adveitisement fingerprints
(1050 No) then the ulcoming video stream is not associated
with a known advertisenmnt 1060 If tlm fbatures for the r
lnconung video stream meet a tlueshold level of similartty
with one of the known advertisement fingerprints (1050 Yes)

then the incoming video stream is associated with the known
advertisement (the inconung video stream ls assumed to be
the advertisement) 107U.

Once it is determined that the inconling video stream is nn

advertisement, ud substitution may occur. Targeted advertise-
ments may be substituted in place ofall advertisements within
an adverusement block The targeted advertisemeuts may be
ulserted in order or may be inserted based on any number of
parmnctcrs including day. time, progrmn, last time ads were
ulserted. and default advertisenient (advertisement it is

replacinvg). I or example, a particular advertisement nmy be
ncxtinthequcuetobeuisertcdaslongasihcincomin vidixi

slream is nol luned to a parncular program (e.g.. a Nikex'd
may be next in thc queue but may be restricted I'rom being
substitutel in football g uncs beeluseAdtdasu ls a sponsor of
the football league). Alternatively. the targetcxt advertise-
nionts may only bc inserted in place of certain default adver-
tisements. The determinatxm ol'v luch default ads should be
substituted with targeted ads may be based on the same or
similar parmncters as noted above with respet to the ordor of
targeted ad insertion. Iior example. beer ads nmy not be sub-

stitutixt in a bar, especially if the bar sells that brand of beer.
Conversely, ifa default ad fora competitor hotel ls detected ut
the incoming video stremn at a hotel the default nd should be
replnccd with a targeted ad

The process described above with respect to FIG. 10 is
focused on detecting advertisements

lecithin

the incoming
video stre un liow ever. the process ls not linuted to adver-
t sements. I'or exmnple. the same or similar process could be
used to compe'c calculated fr.'atures for thc iucolifitlg video
stream to a database of fingerpruit~ for knolwi intro s (I f 1 nu os

are used in the video dehvery system) or known sponsorslups
(if sponsorships arc used) ll'a match is dctcvtcd that would
uldlcate that an ultro ls beulg displayed and that ut advertlse-
meit break is about to begin. Ad substitution could begin once
thc intro is date:ted Targeted adhmrti Cement s may bc inserted
for an entire advertisement block (e.g., until an outro is
detected) Ilm targeted advertiscnwnts mny bc inserted in
older'i'uay bc inserted b'1st.'4 on nilly nulubcl'fpal Jluetcrs
including day, tune. progmm, and last time ads were inserted.
Alternatively, the targctet advertisements may only bc
ulserted in place of certain default advertisements. To linut
insertion of targeted advertisements to specific defmlit adver-
tisements would require the detection of specitic advertise-
ments.

The intro or sponsorship may provide some insight as to
u.hat ads may be played in the advertisement block. For
example. the intm detected may be associated witli (often
played prior to) mi advertisement brcak in a soccer gante and
the first ad played may nortnally bee beer advertisement. Tlus
information could be used to lunit the comparison of the
incoming video stream to ad tiugerprints for known beer
advertisements as stored in an indexed ad database or could be
used tl) assist in thc detcnnination ofwhich advcrtiscnwnt to
sub situ te. I'or example. a restaurant that did not serve alcohol
may want to replace the beer advertisement with an adver-
tisement I'or a non-alcoholic bcvcragc

The level of similarity is based on tile mimmal number of
substitutions, deletions mid insertions offeatures necessary to

align the Icuturcs of the incoming video stream with a tinger-
print (called appmximates substring matching). It is regarded
as a match between the tingerprint sequences for the incom-
ulg video stream and a known advertisement if the minuual
(absolute or relative to matched length) distance between
docs not I'.xcccd a distance threshold and tfm diffi:rance in

length of the tingerprints does not exceed a length difference
tlu as hold. Approximate sub string matching may allow detec-
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tion of commercials that have been slightly shortened or
lengthened. or ivhose color characten sties have been afiected
by different modes or quality of transmission.

Advcrtiscnwnts only make up a portion of an incoming
video stream so tltat continually calculatuig features for the s

incoming video stream IUZU and comparing the features to
knou n advertisement fingerprints 1030 may not be etlicient.
I'he feature based techruques descnbed above (e.g.. volume
incr( uses. in crci1se scene changes, nio iioc immic images) inay
be used to detect ihe start of a potential advertisement (or ui

advertisement block) mid the calculating offeanires 1020 and
comparing to knoivn t)ngerpnnts 1030 may onlv be per-
formol once a possible advertisement break has been
detected It should be noted that sonw. methods of detecting
thc possibility of an advertisement break in the video strcmu
such as mi increase in scene cltanges. where scene changes
may be detected by comparing successive (YCVg may in fact
be culculatuig fmitures iif the video strtaun 1020 so the adver-
tisement detection process may begin with the comparison
1030 "o

The calculating of feanires 1020 and comparing to known
fingerprints 1030 may be limited to predicted advertisement
break umes (e.g.. betv, een:10 and: 20 after every hour). The
generation 1020 and the comparison 103U may be based on
the channel to which it is timed. For example, a broadcast "

channel may have scheduled advertisement blocks so that the
generation IU2U and the companson 1030 may be limited to
specilic umes. Fioivever. a live event such as a sporting Lwent

may not have fixed advertisement blocks so time linuting may
riot bc afl (ipiliut Moi'LCVLl chalilmls alc cllaligLLI at I J11110111 so

times. so time blocks u ould have to be channel spewilic.
iten intros are used, the calculated tingerpnnt for the

incomin video stream may bc continually compared to iin-

gerpnnts lhr known intros stored ui a database (known intro
tingerprints). Afier an intm is detected indicating that an "»

advertiscnicnt (or advertisement block) is about to begin, thc
coniparison of the calculated fiiigerpruit for the uiconung
video stream to tingcrprints for known advertisements stored
ui a oatabnsc (knirun advertisement iingcrprints) begins.

Ifan actual advertismnent detss:tion is desired, a compari- so

son of the calculated fingerprints of the incoming video
stream to the kutoun advertisement fingerpnnts stored in a

database will be performed whether the comparison is ci111-

tin ua I or only after some event (cg, dctcct ion of intro. certain
time). Comparing the calculated fingerpnnt of the inconung s.

video stream to entire tingerprints (or portions thereof) for all
the knov,n advertisement tingerpnnts 1030 may not be an
elhcient use of resources. 'Ihe calculated fingerpnnt may
have linis or no similarity with a percmitage ol'he known
advertisement tingerpnnts and this ditference may be obvious o

early in the comparison process. Accordingly, continuing to
compare fite calculated lingerprint to these known advertise-
ment tingerpnnts is a waste of resources.

An initial window (e g., several fnuncs, several regiims of
a fnsme) of the calculated fingerpruit of the incoming video s

steam may be compared to an initial window of all of the
known advcrtisvmcnt fingerprints (c g.. several I'ranies, sev-

eral ragmns) Only the knov n advert is einent fingerprut tv that
have less than some defined level of dissimilarity (e.g., less
thmi a certain distimcc bctwimn tlwm) procimd for liurthcr 01

comparison. The initial v;indow may be. for example, a cer-
tain period (e g., I second), a certain number of images (e.g,
first 5 I-frames). or a certain number ot regions of a fmsme

(e.g . 16 of 64 regions of frame).
FI(i. 11 shows an exmu pl ary tkiwchart of an initial di as imi-

lanty determination process. The video stream is received
1100 and may be digitized 1110 (e.g., if it is received as

analog video). Features (smtistical paranmters) are calculated
for the video strewn (e.g.. digital video stream) 1120. The
feamres (fingerprint) may include CCVs. color histograms,
otlmr statistical paranwters, or a combination thereof The
features can be calculated tiir images or tiir portions of
images. 3 he calculated features (fingerprint) are compared to
the fingerpnnts for knoisn advertisements 1130 (known
advertisement fingerprints). A determination is made as to
whether the companson hms boon complctcd for an initial
period (window) 1140. If the uutial window companson is
not complete (1140 No) the process returns to 1100-1130. If
the imtial wiixlow comparison is complete (1140 Ycs) then a

deternuiiation is made as to the level of dissimilanty (dis-
tmice) between tlm calculated fingerprint mid the known
advertisement lingerprints exceeding a tine ahold 1150. If the
dissimilarity is below the tlueshold. the process proceeds to
Fl(i. 10 (1090) for those fingerprint~. For thc known adver-
tisement lin Lrprints that thc tltieshold is exceeded (1150
Yes) the comparing is aborted.

FICi. 12 shows mi exemplary initial comparisim of thc
calculated fingerprint fiir mi incoming stream 1200 versus
initial ponions of fingerprints 1210. 122U for a plurality of
known advertisements stored in a database (known advertise-
ment fingerprints). For ease ofunderstanding we will assume
that each color is limited to a single digit (two colors), Cist
each color has the same di it so tliat a single number can
represent each color. and that the pixel grid is 25 pixels. The
calculated lingerpnnt includes a ('('V for mich image 1202,
1204. and 1206 (e.g., frame, I-frame). lhe inconung video
stream has a C(.'V calcutatcd liir tlm first tlute fram~ca Thc
CCV for the first tluee frames of the uicoming stream are
compared to the associated poison 1212-1216 and 1222-
1226 ((CVs of thc first three Iralnes) of each ol'he Miov n
advertisement tingerpnnts. The companson includes sum-
mating tlic dissimilarity (e.g., calculated distance) between
corresponding I'rmnes (c.g., distmme Frmue I+distance
I'rame 2(distmice I'mme 3). The distance between the CCVs
fiir each of thc frmnes can bc calculatcxI in various mmincrs
including the simi o I'he absii lute differences and thesum oI'he

squared difibrences as described above. The sum of the
absolute differences is utilized in I'l(1 12. Tlm difference
t(CCV 1230 between the incoming video steam 1200 and a

first fuigerprint (FP,) IZIU is 52 vvlfile the difference A('CV
1240 between thc incoming video strcani 1200 and thc Nth
fingerpnnt (FPv) 1220 is g. Refernng again to FICr. Il. if the
predetined level of dissimilarity (distance) was 25, then the
companson for FP, would not proceoI further (e.g, 1160)
since the level of dissinularity exceeds the predefined level

(e g.. 1150 Yes) The comparison Iiir FPv uoulil continue
(1090) since the level of dissunilanty did not exceed the
predefined level (e.g., 1150 No).

It is possible that the incoming video strewn may have

dmpped the first fev frames of the advertisement or that the
calculated features (e . ( ( V) are not calculated fiir tlm

beguinin of the advertisement (eg.. first few frmnes)
bsecause, for example, the possibility of an advertisement
being prcsentcd was not dctectcsI marly c11nugh. Ili this CCSL,il'he

compaosou of the calculated features for the tirst three
frames is compared to the associated portion (calculated fea-
tures of the first three frames) ol'each of ihc known adver-
tisement fingerprints, the le~el of dissimilanty may be
increased erroneously since the frmnes do not correspond.
One u:ay to handle tlus is to extend the length of the tin er-

print u:indow in order to attempt to line tire frames up.
FI(i. 13 shows an exmnplary initial comparison of calcu-

lated features for an inconnng stream 1310 versus an
expanded initial portion 1320 of knoivn advertisement finger-
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prints. For ease of understanding one can make thc same
assumptions as with regard to FIG. 12. The CCVs calculated
for the first tluee frames 1312-1316 of tlie incoming video
stream arc compared by a sliding window to thc tirst five
frames 1322-1329 fora stored fingerpnnt. That is. frames 1-3 s

of the calculate»f features of the incoming video stream are
compared against Ibames 1-3 1322-1326 of the tingerprint.
frames 2-4 1324-1328 of the fingerprint, and frames 3-5
1326-1329 ol'he fingerprint By domg this ii is possible to

reduce or elinunate the differences that may have been caused ui

by one or more frames being dropped from the incoming
video stream In the exmnple of FICi 13, the first two frames
of the uicoming stream were dropped. Accordingly, the dif-
ference 1350 between tlm calculamd fi.atures of tlm incoming
video stream etta»ted best to frames 3-5 of the fingerprint

If the comparison benveen the calculated features of the
incoming stream mid the tingerprint has lens dissimilarity
than the tftreshold, the compartsou continues Thc conipart-
son may continue from the portion of the fingerprint where
the best match uas fiiund for the initial comparison In thc c

exemplary comparison of FIG. 13, the comparison shimld
continue betwrmn frame 6 (next fmme outside of initial win-
dow) of tire tingerpnnt and frame 4 of incomuig stream. It
should be noted that if the compartson resulted in the best
match for fmmes 1-3 of the fingerprint, thni thc comparison "

may connnue startin at fr une 4 (next frame u itlun the initial
vundow) for the fuigerprint.

To increase the efficiency by limituig the amount of com-
parisons being performed. the window of compartson may
continually be increased fiir tlm known advertise»neat linger- so

prints that do not meet or exceed the dissimilarity threshold
until one of the kutown advertisement fingerprints possibly
meets or exccmds thc similarity threshold For example, thc
ivindoiv may be extended 5 fmsmes for each know n advertise-
ment fingerprint that does not exceed the dissimilarity tltrcsh- "»

old Thc dissuuilartty threshold may bc measwcd in distance
(e g . total distance, avenge distance/fmsme). Comparison is
stopped if thc incoming video tingerprint and the known
advertismncnt fingi:rprint differ by more thmi a chosen dis-
similarity tltreshold. A detertnination of a match would be sc
based on a similarity threshokk A determination of the sinii-
lartty threshold being met or exceeded may be delayed until
some predetined number of frames (e.g., 20) have beni com-
pmed to ensure a false match is not detected accidentally.
wluch is more like with a small number of fmmes. Like the s.

dissimilarity threshold. the similarity threshold may be mea-
sured in distance. For example, if the distance between the
features for the uicoming video stream and the fingerprtnt
dil'li:r by less tl»in & per (kame afier at least 20 frames are
compared it is considered a match. (i

FIG. 14 shows an exemplary expanding wuidow compan-
si»i of the fnitures of die incoinuig video stream and thc
features of the fingerprints of knov'n advertisements. I'or the
initial window W, 1410, thc incoming video stream 1450 is

compared to each of tive known advertisement tingerpruits, s

FPCFP, 1455-1475, respsectiveiy. Afier W,, the comparison
ol'FPi 1460 is aborted becmisv. it excocdnl the dissimilarity
threshold. The compart son of the renuuning known advertise-
ment tingerprints continues for the next window W, 1420
(e g . next fiivi: frames. (otal of'0 fr mica). After Ws, the ni
comparison of Iip, 1455 is aborted because it exceeded the
dissimilarity threshold The comparison of thc reniaining
knoun advertisement fin erpnnts continues for the next uin-
dou Ws 1430 (e.g., next five fmrnes, total of 15 frames). After
W,, thc nmiparison of FPs 1465 is aborted. The compm ison r
of the remairung known advertisement fingerprtnts continues
for tlie next tvindow Ws 1430 (e.g., next five frames, »ital of

20 I'ranms). After Ws, a determination can be nuitle about the
level of similurtty. As illustmted, it was determuied that I'Ps
1475 meets the similarity tlueshold.

If neitlmr of tlm known advcrtiscnwnt fingnprints (I'Ps or
I'Ps) meet the sinularity tlueshold, the compartson would
continue for tlie knoivn advertisement fingerprints tliat did not
exceed the dissimdarity tlueshold Tlxise that meet the dis-
similartty threshold would not continue with the compari-
sons Il'more th ui onc kttow n advertisement lingcrprint meets
the sunilartty tlueshold then the companson may contuiue
until one of the known advertisement fingerprints falls out-
side of thc similarity threshold, or thc most similar knov,n
advertisement fingerpnnt is chosen. The companson al~ays
ends if the length of the comparison reaches the length of the
respective fingerprint.

The u indoivs of comparison in FIG. 14 (e.g., 5 frames)
niay have been a coniparison of tcmpoml nlignmnit of the
frames. a summation ol the differences bctv ecn the indi-
vidual frames, a summation of the differences of individual

regions of the frames, or somi: combine(in( thernil'. It should
also be noted, that the window is not limited to a certain
number of frames as illustrated and may be based on regions
ofa fr une (e g, 16 of the 32 regions the frame is divided into).
It'he u indow ives for less than a frame, certain fuigerprints
may be excluded from furtlmr comparisons after comparing
less tlmn a fr une. It should be noted that the level of dissimi-
larity may have to be high for comparisons of less than a

fiame so as not to exclude compartsons that are tnnporarily
high due to, for example, misaltr muent of the fingerpnnts.

The calculated featiucs for the inn»ning video stream tki

not need to be stored Rather, they niu be calculated, nim-
pured and then discarded. bto video is being copied or if the
vidixi is being nipied it is only fora short time (temporarily)
uhde the feauires me calnilated. The I'eatures calculated for
images can not be used to reconstruct tlm vidni. and thc
calculated fiiilulli s are licit co pic»l or i I'the I'cauires are copied
it is only for a sliort tnne (temporanly) u bile the compartson
to thc known advcrtiscnwnt fingerprints is being perfortned.

As pmviously no(ail, the features may bc calculated for mi

image (e.g., fmme) or for a portion or portions of an image.
(.at cut ating features fitr a portion may entai I sampling ccrtain
regions ofan uuage as discussed above with respect to FICrS.
7-9 above. Calculating features for a portion of an image may
entail dividing thc image into sections, solccting a specitic
portion of the image or excluding a specific portion of the
image Selecting specific portions may be done to focus on
specdic areas of the incoming video stream (e.g.. network
logo, clmnnel identification. pmgram identification). The
fiicus on speci(ic mnis still be discussed in more detail later.
Excluding specific portions may be done to avoid overlays
(e.g.. network logo) or banners (e.g., scrolling news, weather
or sport updates) thnt »ray bc placed ou die inconiing video
stream that could potentially afi'ect the matclung of the cal-
culated features of tlm video stream to fingerprint~, duc to tlm

fact tliat known ulvertisements might not luive had these
overlays and/or banners when the original libmry fingerprints
were gnicratcd.

I'ICi. 15 shows an exeinplary pixel grid 1500 divided uito
sections 1510. 1520, 1530. 154U as indicated by the dotted
lmc The pixel grid 1500 consists of 36 pixels (a 6x6 grid) and
a single digit for each color with each pixel having the smue
number associated with each color Tlm pixel grid 1500 is

divided uito 4 separate 3x3 grtds 1510-1540. A full trna e

CCV 1550 is generated fiir the entire grid 15UU, and partial
image C:C:Vs 1560. 1570, 1580, 1590 arc gcncmtcd fiir the
assocmted secnons 1510-1540. A summation of the section
C('Vs 1595 v;ould not result in the C('V 1550 as the pixels
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mny hme been coherent because they &vere grouped over
section borders u.h&ch would not be ind&cated u& the summa-
tion CCV 1595. It should be notsxI that the sununation C(Wk

1595 is simply for comparing to the C CV 1550 and would not
be used in a comparison to fingerprints. W1&en calculat&ng 1

C('Vs for sections tl&e coherence threshold may be lowersxI.
For example, the coherence threshold for the ovemll grid was
four and may have been tluee for the sections. It should be
noted tluu il'it was lowcrcd to 2 that thecolor I pixds in ihc
lou er ri ht corner of section pixel ~d 1520 v, ould be con- u&

sidercd coherent and the CCV would change accordingly to
refle(s this Ihct

If tlm image is divided into sections, tlm compnrison of the
les&urea assomated uith the incom&ng video sirmun to the
features associatkxi witl& known advertisements may be done
be~ed on sections Tlm comparison mny bc based on a single
section. Comparing a s&ngle section by Itself may have less
granularity than comparing an entire in»ge.

FI(k 16 shows an exemplary companson of tuo images
1600. 1620 based on the (sluile invdges 1600. 1620 mid sec- 'ionsof the images 1640, 1660 (e, upper left quarter of
image). Features ((SCVs) 1610, 1630 are calculated for the
unu es 1600. 1620 aiul re( eal that the di (Terence (distance)
betv een them is 16 (based on sum of absolute values). Fea-
tures (('CVs) 1650, 1670 are calculated for the sections 1640,
1660 &Oui lcvcal 01st there &s no d&fference. The Iirst sections
1640, 1660 of the images were the same vvlfile the other
svctions werc difi'crmit thus comparing only ilm feduircs
1650, 1670 &nay erroneously result in not be&ng Iiltered (not "o
exceeding dissimilarity threshold) or a match (exceeding
similarity ihrcslxild). A match based on ibis I'else positive
would not be likely, as in a preferred embodiment a match
would be based on more thmi a single comparison of calcu-
lated features for a sect&on ofan una e u& an inconun v&deo

strwsm to portions of known advertisement fingerprints.
Rather, tlm false positive would likely bc filtered out as the
comparison was extended to fiirther sections. In the example
ofFKi. 16, when the comparison is extended to other sections
of the unage or other sect&ons of add&tio&ud Images the appro-

St k

priate w(ceding out should occur.

It should be noted that compari»g only a s&ngle section may
provide the opposite result (being filtered or not mntching) if
ihc section being compared was the only section that was
d&fferent and all the other sections were the same. I'he dis-
similarity threshold will hnvc to be set at an appropriam lcvcl
io accoui&t for tins possible eiTect or several compansons &vill

have to be made before a comparison can be terminated due to
a misnmtch (exceeding dissimilarity threshold)

Alternatively, the comparison of the sections may be done;,&
&11 fl&i'alnc tune (c.g.. Ic'It&iles of acct&ons 1-4 ofIhc nlcoinulg
v&deo stream to features of sections 1-4 of the known adver-
iisemenis) As d&scussvd above, c(m&paring I'eatures ol'sec-
tions may require tlues holds (e.g., coherence tlu e ahold) to be
adjusted. Comparing each of the secnons individually may ss
result in n fi&mr ranulnrity than comparing the u hole image

FICI 17 shows m& cxmnplary comparison oi' pixel grid
1700 (divided into sections 1710. 1720, 1730. 1740) to the
pixel vgfid 1500 (divided into sections 151U, 1520. 1530,
1540) of Fgi. 15 By simply comparing ihc pixel grids 1500 BI

and 1700 it cm& be seen tl&at the color distribution is different.
However, comparing a ('('V 1750 of the pixel grid 1700 and
the CCV 1550 of the p&xel gnd 1500 results &n a d&fference

(distance) of only 4. However. comparing CCVs 1760-179U
for sections 1710-1740 to the ('(.Vs 1560-1590 for sections (
1510-1540 would result u& d&fferences of 12, 12. 12 and 4

respectively, for a total diiTerence of 40.

It should be notcxi that FI(IS 15-17 dcpictsvI tlm image
be&ng d&vided into four quadmnts of equal size, but &s not
1&mited thereto. Rather the image could be div&dhxl in mnner-
(uis ua'(B without depaning from the scope (c g.. row slices,
colunu& slices, sections of unequal s&ze and/or shape). The
image need not be divided in a manner in wlfich the whole
uuage is covered For example. the image could be d&v&ded

u&to a plurality of a&adorn regions as d&scussed above with
respect to FIC('S 7-9. In fact, tlm sections oi'an image that me
analyzed and compared are only a portion of the entire uuage
and could uot be used to recreate the unavge so tlmt there could
ck.arly bc no copynght issues. Thar is, ce&tain portions oi'the
uuage are not captured for calculatin features or for com-

paring to associated portions ol'lm in&own adveitisemenr
Iingerpnnws thai are stored in a database The known adver-
tisement tingerprints vvould also not be calculnted for entire
images but (vould bo calculnted for the snme or similar por-
1&ons of the &n&ages.

FICIS 11-14 discussed comparing calculated features for
tile (nco&11»lg video stream to windows (small portions) of ihc
fingerpnnts at a time so tlmt likely nusmatches need not be
contiminlly compared. The same basic process can be used
w&th segments. If the features for each of the seynents lor an
image are calculated and compared together (e.g.. FIC&. 17)
the process may be identical except for the fact that sepmate
features for anima e arche&ng compared u&stead oi a s&n le
feamre. If the features for a subset of all the sections are

eneraied and co&uparixI. then the process may compare ihe
features for that subset of the incoming v&deo stream to the
li.'Sturcs li&r that subset of thc ndvcrtisvmcnt fingerprints For
the Iingerpnnis that do not exceed the threshold level of
diss&milanty (e.g., 1150 No of FIC(. 11) the comparison u in-
do(v nuiy be expandcxI to the additional sogmcn(s o I'the image
aud fmgerprints or may be extended to the same secuon of
additional images. When determining if there is a mntch
betuis:n ihc incoming v&dco stremn and a fingerprint Ii&r a
kno&v n ad (e g., 1050 ofFICI. 10), the co&mpan son is 1&kely not
based on a single section/region as this may result in erro&m-

ous conclusions (as depicted in FI(i. 16). Rather, ii is prefer-
able if the determination of a match is made after suiTic&ent

comparisons of sections/regions (e g,, a plurality of sections
ofan &mage. a plurality of images).

For example, a fingerprint for an incoming video stream
(qilclv fi&igclp&1&it q) &lid&'c bdscd o&1 Bn i&uagc (or portion of
an image) and cons&st of feanires calculated for different
regions(q,. q, q„) of the image I'he fingerprints for knovvn
advert&sements (subiect iingerpnnts s) may be based on
images and consist of features calculated for different regions
(s,, ss s.,) of the images The integer m (Ihc nun&barol'espons

&n an image for a stored tingerpnnt) may be greater
than the integer n (number ofregions in an image of incoming
video stream) if the Iingerprint of thc incoming video stream
&s not for a complete unage. I'or example. re Iona may not be
dcfincd for boundaries on d&l Inconli&ig video stlca(ni file &o

the differences associated with presentation ol'uagns for
different T3 s and/or STBs. A comparison of the fingerprints
would (similarity incasurc) bc tfm sum for i

—
I to n of the

mu&unum d&stance between q, aud s,, where»s the parucular
region. Alternatively the karth Movers distance could be
used The Farth Movers distance is deiincd Bs thc minimal
changes necessary to transform the features &n reg&on ql....,
qn into the reference li.atures of region s1...., sm This
d&stance can usually be eflicient compute by means of solv&ng

a specml linear program called the optimal (panml) flow
co&lipuiadion.

Some distance measures nmy not really be affected by
calculating a fingerprint (q) based on less than the whole
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imnge However, it might accidentally nlatch tlm wmng areas
since some features such as color lustognsms may not encode
any spatial distnbution. For instance, areas which are visible
in the top half of thc inconling video stream and are uscxf for
the calculation of the query fingerprult nuptt mntch an area ln 1

a subject fingerprint that is not part of the query fingerprint.
This isould result m a false match. Such sltuauons can be
handled by incorporation of spatial constraints to the match-
nlg prilccsm

As previously noted, entire inlages ofneither the incoming lo

video strmml nor the knov n adverusements (ad intron spon-
sorship messages, etc.) are stored, rather the portions of the
images are mipturcd so that the fi:atures can be calculated
Moreover, the features calculated lor the portions of the
images of the incoming video stremn are not stored, they are
calculated and conlpared tu fcarurcs for known advertise-
ments and then discarded.

If the video stream is an analog slremu and it ls desired to
calculate the features and compare to fingerprints ul digital.

"(1
tlmn the vldmi strmnn is converted to digital only ms uimessaD'hat

ls. (f the comparisons to fin erpnnts are done on an
image by image basis the conversion to digital will be done
uuu e by uuagc. If the video stream is not lraving features
generated (e.g., CCV) or being compared to at least one
fingerprint then the digital conversi&m ivill not be per(bra)cxf
That ls, if the features lor tbe ulcomulg video stre uu do a(s)

match any fingerprints so no comparison is being done or the
inconllng Vlilco strimnl 1V((S mlualcil with an advertisement
and the comparison is temporanly tenmnaied wlnle the ad is

"(1
being displayed or a targeted ad is being substituted. If no
I'ca)urea are bcmg generated or cnmparixf )bin there is no
need for the digital conversion. Luniting the amount of con-
version fmm analog to digital for the incoming video stremn
means that there ls less maaipulatlon and fess temporary
storage (if anv is required) of the anolog stream while lt is
being converted

When calculaung the fi".a)urea I'or the incoming video
stl'cion ccrtaul sections (regions of ultcrcst) wills'c clthcr
avoided or focused on. Portions ofan image that are excluded
may bc dc linedl as mgmns ofdisinterest while regions tfwt arc
focused on may be defined as regions of mterest. Regions of
disinterest anib'or interest nwy include overlay~, bugm and
banners Tlm overlnys. bugs and banners may include at twist
some subset of channel and(or network logo. clock. sports
scoreboard, tinier, progrmn information, FP() screen. promo-
lions. wmatherrivons, specuil news bulletins. close eaptiolmd
data. Snd intemctive ib buttons

If a bug (e.g.. nenvork lovgo) is placed on top of a video
stream (including advertisements within the stream) the cal- 81
culated features (e.g.. CCVs) may be incomparable to finger-
prints of the same videos sequence (ads or intros) that were
genem)ed u i)bout the oimrlays. Accordingly, tlm overlay nlay
be a region of disinterest that should be excluded from calcu-
lations and comparisons.

FIGS 18A and 18B illustrate exemplary images with dif-
I'crent overlays The tivo images 1810 A. 1820A in Flri 18A
are taken from the same video sueam. The tirst image 1810A
has a channel logo overlay 1830A in the upper left conwr and
a promotion ovirlay 1840A in thc upper ri ht corner while the mi

second image 182UA has no channel overlay and has a dif-
ferent promotion overlay 185))A. The rvo inlages 1810B,
1820B ul I'IG. 18B are taken from the same video stremu. The
first image 1810B has a station overlay 184UB ul the upper
right mimer and an interactive bottom 1830B in thc lower r

nght corner wlule the second unage 1820B has a different
channel logo 1850B in the upper right and no intemctive

button. I'omparing fingerprints lilr the tirst set of inuiges or
the second set of images may result in a non-nlatch due to the
different overlays.

Ffti. 19A shows an cxcmplary impact on pixel grids of nn

overlay beulg placed on a correspondulg image. Pixel gnd
1900A is for an image and pixel grid 191UA is for the image
with an overlay. I'or ease oi explanatlwl and understanding
the pixel gnds are lunited to lfix10 (100 pmels) and each
pixel lras a single bit defining mich el'he RCiB colors Thc
overlay u as placed ln the lou er right corner of the uuage and
accordingly a lower nght corner 1920A of the pixel gvnd

1910A was alfimted Comparing the features (c g. rrVS)
1930A. 1940A of the pixel gnds 1900A. 1910A respectively
indicates that the differcncc (distance) 1950A is 12 (using
sum of absoluie values)

FIG. 19A sholvs a system where the calculated fingerprint
filr the incoming video stream and the Intown advertisement
lillgerpnnts attired ul a lowil database ivcre wilculated lor
entire fmmes. According to one embodiment, the regions of
disinterest (i. g, overlays, bugs or banners) are dotec ted in the
vidm stream mid are excluded from the calculation of the
fingerprint (e.g., CCU s) for the incoming video stream. The
detection of regions of disinterest ul the video stream vali be
discussed in more detail later. Bxcludulg the region from the
tingerprint will affi:ct thi; comparison of thc calculated fin-

gerprint to lhe known advertisement tingerprults that may not
have the region excluded.

FICi. 19B shows an exemplary pixel grid 1900B isith the
region of interest 1910B (e.g., 1920A of Iqti. 19A) excluded.
Tlm cxcludcd region of inwrcst 1910B is not used in calcn-
latln the features (e g., CCV) of the pixel grid 1900B. As 6

pixels are ul the excluded region of ulterest 1910B, a CCV
1920B will only identify 94 pixels. Comparing thi rrV
1920B having lhe region ol'lterest excluded and lhe CCV
1930A for the pixel grid for the image without ml overlay
1900A rcsulms m a differcncc 1930B ol'6 (using thc sianol'bsolutevalues). By removing the region of interest from the
difference (distance) calculation, tlm distance betivcen the
imnge imth no overlay 1900A and ihc image with tlw overlay
removed 1900B was halfof the di fference betw eml the image
with no overlay 1900A mid the inlage with the overlay
1910A.

The regions of disinterest (ROD) may be detix:ted by
searching for certain characteristics in tlm video stream The
search for the characteristics may be limited to locations
where overlays, bugs and banners may nnnnally be placed
(e g.. banner scrolling along bottom ofuuage). The detection
ofthe RODs may include comparing the image (or portions of
it) ui stored regums ol interest For example, network over-

lays may be stored and the incoming video stream may be
compared to the stored overlay al determule if an overlay is
part of the video stream Companng actual images mny
require extensive memory for stnrin the knoivn re iona of
interest aswell ascxtensiveprocessing to comparetlmincom-
lng video stremn to the stored regions.

A ROD may be detected by comparing a plurality of suc-

ccssiiv. images Il'a group ol'pixels is dctcmlincd to not have
changed for a predetermuled nwuber iif'iames, scene
changes or hard cuts then it may be a logo or some over type
ofoverlay (c .. logo, banner) Accordingly, ibc ROD nuiy be
excluded from comparisons.

The known RODs may have fentures calculnted (e.g.,
CCVs) and these features may be stored as ROD fingerprints.
Feanires (e.g., CCCVs) may be generated for the incoming
video strewn and tlm video stream fcatu res may bc compared
to the ROD tingerprints. As the ROD ls hkely small with
respect to the image the features for the incoming video
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strmnn may have to be lin&ited to specific portions (portions
w:here the ROD &s likely to be). For example. bugs may
normally be placed in a lower right hand corner so the features
will bc gencmted fiir a lower right portion of thc incoming
v&deo and compared to the ROD fingerprints (at least the ROD s

tingerpnnts associated with bugs) to determine if an overlay
&s present. Banners may be placed on the lov er 10% of the
&magesothatfeatureswouldbe eneratedforthebottom10%
ol'an incoming video sfrcmn mid cmnparcd to thc ROD lin-

gerpnnts (at least the ROD fingerpnnts for bmmers),
'll&e detect&on of RODs may requ&re that separate finger-

prints be gm&crated for the incoming video strmim and com-
pared to distinct Iingerpnnts for RODs. Moreover, the fea-
tures calcu lated fi&r the possible RODs for dw incoming video
strmim may not mntch stored ROD fingerprints because the
RODs for tl&e incoming video stream may be overlaid on top
of the v ides& stream so that tlm features calculated will include

the v&deo strmm& as i&all as the overlay i&here the known
tingerprint may be generated for simply the overlay or for the
overlay ovi:r n diffi:rent video stri:an& Accordingly it may not o

be practical ai deternune RODs in an incoming video stream.
ll&e generation of the fingerprints for known advertise-

ments as ivell as for the &ncom&ng v&deo stream may exclude
ponions ofan image that are knoivn to possibly contain RODs
(c.g., overlays, bannem) For example as previously discussed "

iv&th respect to FICi. 19B. a poss&ble ROD 1910B may be
excluded from the calculation of the fingerprint for the ent&re
I'rame This would bc the case for both the calculated linger-
print of the incomu&g video stream as well as the known
advertisemcnt lingcrprints stored in thc database Accord- io

u&gly. the puss&ble ROD would be excluded from con&pan-
sons of the calculated fingerpnnt and the knoivn advertise-
menf lingerprin&s

The excluded reg&on may be ident&lied in numerous man-
ners I'or example, the ROD may bc spec ilically defined (e.g, "»

exclude pixds 117-120). The portion of &bc image that should
be included u& li»gerpru&ting may be defined (e.g., include
pixels 1-116 and 129-150). The image may bc bn&ken up into
apluralityol'blocks(c g,16x16pixelgrids) andthoseblocks
that are included or excluded may be defined (e.g.. include sr&

regions 1-7 and 9-12, exclude region 6). A bit vicctor may bc
used to ident&0 the pixels and/or blocks that should be
included or excluded from the fingerprint calculation (e.g.,
0101100 may indicate that blocks 2, 4 and 5 should be
included and blocks 1. 3, 6 and 7 are excluded). s.

11&e RODs may also be excluded from sex&iona and)or
reruns if the Iingerpnnts are genemted for port&ons of an
image as opposed ai m& entire unage as illustrated in lilfi,
19B

FIG. 20 shows an exemplary image 2000 to be Iin er- o

printed that is divided into four sections 2010-Z04U. The
una e 2000 may be I'ro&n m& incomu&g video sucani or a
known advert&sement. u&tro. outro, or channel ident&lier. It
should bc noted that the sections 2010-2040 do not make up
the entire uuage That is, ifm&chal'the&asset&ons is grabbtnl s

in order to create the fingerprint fiir the sections there is

clcmly no copyright issues associated thcrcsvith as thc entire
una e is not capiured md the uuage could mit be regenerated
based on the portions thereof. I.ach of the sections 201(1-2040

is approximafi:ly 2&% ol'thi. image 2000, however thi: si:c&ion 0&

2040 has a portion 2050 excluded therefrom as the portion
2050 may be associated i& ith v here an overlay is normally
placed.

FIG. 21 shows an exemplary image 210U to be finge-

rprinted

tha is divided into a plnrality of regions 2110 that are r
evenly distributed acmss the image 2100. Aga&n &t should be
noted that the inmge 2100 may be from an incoming video

stream ore known advcrti &en&eni and that the regions 21fifi do
not make up the ent&re image. A sect&on 2120 of the &mage

may be assocmted ivith ivhere a bmu&er nmy normally be
placed, tlnis this porfion of thc in&age would bc excluded.
Cenain reg&ons 2130 fall w&tlun the section 2120 so they may
be excluded from the fingerprint or those regions Z130 may be
slmu&k so as to not lail w itlnn the section 2120

Ad substitution may be based on the particular channel that
is being displayed That is. spurt&cular targetcxI advertismnent
may not be able to be d&splayed on a certa&n chmu&el (e.g., an
alcohol advertisement may not be able to be displayed on a

religious progrmuming chimncl) ln addition. if thc local ad
u&sert&on unit &s to respot&d pmperly to channel specdic cue
tones t liat are centrally genemmd and distributed to each local
s&te, the local un&t has fo know what channel &s being passed
through it. An ndvertisement detection unit may not lmve
access to data (e g, specific frcx)ucncy, mctndata) indicating
&dm&t&ty of the channel that is being displayed Accordingly
the unit will need to detect the specific channel. Fingerprints
may be dcfn&cxI for chminol idontilicntion inlionnation that

may be transmitted witlun the v&deo stream (e... channel
logos, charu&el banners. channel messages) and these Iingcr-
pru&ts may be stored for companson.

When the incom&ng video stream is rece&ved an attempt to
identify the ponion of tlm video stream containing the chan-
nel identificauon u&formation may be made. For example,
channel overlays may normally be placed in a spec&fic loca-
&&on on the video stre un so that portion ol the v&dco strmm
may be extmicted and lmve features (e.g. CCV) generated
thcrefi&rc Thcsc fi.aturcs will be compared to stored lingcr-
pru&ts for cha&u&e) logos. As previously noted, one problem
may be the fact tint the features calculated for the region of
interest Ii&r thi. video streim& may include the acorn) video
stream as w.ell as the overlay Add&t&onally. &he logos may not
be placed in C&e same place on the video stream at all times so

that defining mi exact portion of fhc video stream u& calculate
features lor may be d&flicult.

C'hannel changes may bc detected and thc channel infor-
mation may be detected during the ch mncl clmngc Thc
detection of a channel change may be detected by comparing
features of succcssivc images of the incoming video stream
and detectu&g a sudden and abrupt chm& e in features. In
digital progranm&ing a change in channel often results in the
display of several monoclm&n&c (c g.. blank, black, blue)
frames while the new clmnnel is decoded.

The display of these monochrome frames may be detected
u& order to deternnne that a channel change &s occurnng The
display of these n&onochron&e fmmes may be detected by
calculating a fingerprint for the mconiing video strewn and
companng &t to fingerprints for known clrumel change events

(e.g.. n&onochron&e images displayed between channel
chan es). When chnnnels are changed, the channel numbers
may be overlaid on a port&on of the v&deo stream. Altema-
tivcly, a channel bnnner idcntifyina various aspects of tlm

channel bemg changed to may be d&splayed The chnru&el

numbers and&or channel banner may nom&ally be displayed in
the xamc loca&ion As discussed above ivith respect to the
RODs, the locations on the images that may be associated
with a chmu&el overlay or channel banner may be excluded
from thc fingi:rprint cnlcul ation Accordingly. the fingerprints
for either the incoming video stream or the channel cl&ange

fingerprint(s) stored in rim database would likdy be ti&r sim-

ply a monocluome image.
An exemplary channel change image 2200 is show in

FIC)S 22A and 22B The image dunng a channel chm&ge is a

monocluome frame 2210 w&th the exception of the channel
change bmmer ZZZO along the bottom of the image. Accord-
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ingly, as shov n in FKi. 22A, tlm entire channel banner 2220
plus some tolemnce may be &dentdied as a region of d&smter-

est 223II to be excluded from comparisons of the features
gcncmted for tlm incon&ing video stream and thc stored tin-
gerpnnts. 5

After, the channel change has been detected (whether
bused on comparing fingerprints or some other method). a

determination as to what channel the system is tuned to can be
made Thc determination may be based im airalyzing channel
nun&hers overlaid on the uuage or the chuu&el banner. The u&

analysis may include comparing to stored channel numbers
m&d/or cham&cl bmmcrs. As addressed above, ihe actual com-
panson of &ma es or poruons of &m iges requires large
mnounts of storage and proces sing and may not be possible to
parti&rm in real time

Alternatively, features/fingerprints may be calculated for
the incoming video stream and compared to Iingcrprints for
known channel &denuficat&on data. As addressed above. cal-
culating and comparing tingerprints for overlays may be dif-
ficult duc to thc background image. Accordingly, thc calcu- io
lat&on and companson of finveerpnnts for channel numbers
will focus on the channel banners. It slmuid be noted that the
channel banner may have more data than lust the clmuu&el

name or number. 1&or example. it may include time. day, and
progrmn details (e.g, title, duration, actors. rating). The chan-
nel ident&ti cat«&n data & s 1&kely conte&ned in the same locat&on

of the channel banner so tl&at only tlust portion of the channel
banner w&ll be of interest and only that portion will be m&a-

lyzed.
FI(i 22B shows that the channel identificution data 2240 is so

u& the upper lefi hand corner of ihe rh u&nel b umer 2220.
Accord&ugly, th&s area contauung the channel identification
&Ls&a 2240 may be dcfincd as a region of interest Fingerprints
for the relevant portion of channel banners lor each clmumel
will be generated and will be stored in a database. Tlm channel
idcmification fingerprints may bc stored in same datab«sc as
the lu&own advert&sement (intm. outro. sponsorship message)
tingcrprints or nmy be stot&sf in a separate database. If stored
u»he sun«: dutabase the cbmu&el ident tingerprings are hkely
segregated so that the incoming v&deo stream is only corn- so

pared to tlmse fingerprint when a chm&nd clumge lms been
detected.

It should be noted that different tel avis iona and/or different
sct-top boxes may display m& incoining video stream in
sightly d&fferent fashions. Tlus includes the channel change s.

banners 222I) and the clmnnel number 2240 in the channel
change banner beu&g in d&fferent locat&ons or being scaled
differently. )&/hen look&ng ut an entire in&age or multiple
regions of'an image tins diilbrence may be negligible m the
companson. Ilo&vever, when generat&n chmu&el ident&fice- u

tion fingerprints for an incoming video stream and comparing
Ihe calculated channel identificati&m fingerpnnts to known
channel ident&ficat&on fin erprints, the difierence u& display
may be significmit.

I'If h 23 shows an im ige 2300 &vith expectesf locat&ons ol » i
cham&el banner 231 0 and channel idm&tification information
Z320 within the channel banner 2310 idcntiticdi The channel
&dentdication &«format&on 2320 may not be u& the exact loca-
tion expected due to parmneters (e.g.. scaling, tmnslation)
assume&id &vith thc specific TV and/or STB (or DVR) uscxf to 0&

rece&ve and view the pmgranuning. For example, it is possible
that thc cl&annal identification infiirmation 2320 could be
located with&n a spec&fic reg&on 2330 that is greatly expanded
from the expected location 2320.

In order to account for the possible differences, scaling and
trna«slat&on factors must be determined for the inconung video
st&'sail& These factors can be determined by compaunvg loca-

tion of the channel banner for the incoming video stream ro

the reference elm««el bunner 2310. Imt&ally a determ&nat«in

will be made as to where an inner boundary between the
n&onocluonmbackgroundandthechannel ham&eris Once&he
uu&er boundary &s deternuned, the w&dth and length of the
channel banner can be determined. The scale factor can be
determu&ed by oo&mpanng the actual d&mens&ons to the
expected d&mens&ons. 11&e scale factor in x direction is the
mfio ol'hc actual i&id&i of thechminel Ibanncr and the rct'cr-

ence ividth, the scale factor &n y d&rect&on is the mitio of the
actual he&ght of clmnnel bum&er and the reference he&ght. The
trm&slatmn factor can be detenu&ned based on comparing a

certain po&nt of the u&conung stream to the same reference
point (e g, top lefi corner of the inner boundary bctwecn the
monochrome backgroimd m&d the chminel banner).

The reference channel banner bm&ners for the various chan-

nelss

are scaled and tr&nsfated during the start-up procedure to

the actual s&ze and pos&t&on. The tru&slation a&xi seal&ng

pammeter are stored so they are knov;n. fhey can be used to
scale and tnmslate the incoming stream so that m& accurate
comparison to the reference material (e... finveerpnnts) can
be made. The scaling and translation factors have bem& dis-
cussed &vith respect to the channel banner and cluumel &den-

t&fication infonnat&on but are in no way limited thereto.
Rather, these factors can bc used to ensure an appropriate
companson of fingerpnnts of the incomu&g v&deo stream to
kno&vn fingerprints (e.g., ads, ad intros, ad outros, channel
iden&a, sponsorships). These factors can also be used to ensure
that reg&ons ofd&s interest or reg&ons of interest are adequately
identified.

Alternatively. rather than creating a Iingerprint for the
channel idennfier region of u&terest the reg&on of u&terest can
be analyzed by a text recognition system that may rccogni/c
the text associated w&th the chumel ident&fication data &n

order to determine thc associated clmnnel
Some net« orks may send messages ('lmnnc I &dent ') iden-

ufying the network (or chmu&el) that &s be&ng d&splayed to
reinforce nenvork (chamml) branding According to one
embodu&mnfi tlmsc mmssa cs are detected ai«l analyzed io
determine the channel. The analysis may be comparing the
nwssage to stored nwssages fiir known networks (channels).
Alternatively, the analysis may be calculatu&g features for the
message and comparing to stored features for kt&own net&vork

(clmnncl) mcssages/idents Tlm fi.sturcs n&ay bc generated tiir
an enure video stream (ent&re image) or may be generated for
a portion containing the bmnding message. Alternatively, the
analys&s may include using text recogiution to deter«one
what the message says and identifying the channel based on
that

A max&nnim break dumsuon can be ident&fied und is the
max&mum muount of time tluit the incoming video stream will
be prcempted After fius period of ume &s up. insertion of
advertisements w&11 end und return to the u&cumin v&deo

stream In addition a prc-outre time is idcntihcd. A pre-outre
&s a std l or animation tlmt &s presented un«i the max break
duration is aclfieved or an outro is detected whichever is
sooner. For cxan&pic. thc maxin&um brmik duration nuiy be
detined as I 45 and the pre-outro may be defined as:15.
Accordingly. three 30 second advertisements may be dis-

played during the first I 30 of tlm ad brcak m&d then the
pre-outre may be displayed for the remaining: I 0 or until an
outre is detected, whichever is sooner I'he maximum break
durst&on and outro tune are defined so as to attempt to prevent
targeted advert&sements from be&ng presented during pro-
grmnming If an outro is detected while advcrtisemcnts arc
still be&ng insened (e.g.. before the pre-outro begu&s) a return
t&1 the incoming video stream may be initiated. As previously
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discussed sponsorship nwssages nuiy be utilixcd akmg v ith
or in place of outms prior to return of programming. Detec-

tion ofa sponsorslup mess« e w(11 also cause the return to the
incoming «id(xi stream Demotion ofprogranuning may also
cause the return lo programming 5

Amunmum time between delecuon of a vide enuty (e g..
ad. ad intro) that starts advertisement insertion mid ability to
detect a video entity (e.g.. ad outro, proyanuuutg) that causes
ad insertion to end can be defined (muunuun break duration).

«1
Tlm mininium break duration may be beneficial where intros
and outros are the same. Tlie minimum break duration may be
associated with a shortest advertismnent period (e.g.. «fi sec-

onds). The nunumun break duration would prevent the sys-
tem from detecting mi intro tvi ice in a relatively short time
1'rune and assumin tluit the detcelion ot'the second was un
outro and accordingly enduig insertion of an advertisement
almost instantly.

A minimum dumtion between breaks (insertionsj may be
dolincd, and may be bcnelicial «herc intros 'md outros are the «

same. The duration ivould come into play when the maxinnun
break dumtion was reached and thc display of the incoming
video steam u as re established betiire detection of the outro. If
the outro was detected when the incoming video stream was
bcingdispiaycditmaybcassociatcdwithanintroandaucmpt "

to start another insertion. The mimmum duration between
breaks may also be useful where video entines similar to
know intros and,'or ourn(a are used during prognunming but
are not folio«ed by ad breaks. Such a condition may occur
(hiring rcplnys of spccitic cvmits during a sporting event, or 1«

possibly duruig the beginner&g or ending of a program. when
titles and/or credits are beuig displayed.

The titles at the beguuung of a program may cont nn sub-
sequences or images that are similar to know intros mid/or
outros In order «1 prcvcnl lhc dulcet«m ot lhcsc sub-se- ""

quences or images from initiating an ad break, the detection
of pmgrarnming can be used to suppress nny detection for a

predefined tune frmne (min«num duration after program
start). The minimum duration after progrmn start ensures that
once the stnrt of n progrmn is detected that sub-scqucnces or s«

images that are sunilar to know intms and/or outms will not
interrupt programming.

The detection of the beginning ofprogramming (either tire
actiml beginnuigof the progrnmor thc return ofprogr unming
alter an adveriisement break) may end the uisertion of tar-
geted ndvertiscments or tlm pre-outro if the beginning of
programming is identi lied bali(re the maximum break durn-
tion is expired or an outro is identified.

Alternatively, if an outro, sponsorship messa e or pro- .
(1

gramming is detected during an advertisement being in sertcxt,

the advertisement may be completed and then a return to
programming mny be initiated.

The detection of the be uufin of progrmnming may be
detected by comparing a calculated fingerprint of the incom- ss
ing video strmim with previously generaied tingerpruim for
the propamnung. The fingerpnnts for progiununing may be
for the scenes that are displayed during llm thenie s(mg, or a

particular unage that is displayed once progmmmiug is about
to resume(e g., an image withthc nameoftheprogram) The ro
lingcrpruibs o I'programming mid scmics w itin« pro grmnm in g
will be defined in more det ul below.

Once it is determuied that progmmming is again being
presented on the inconung video stream the genemtion and
comparison of fingerprints may be halted temporarily ns it is r
unlikely that an advertisement break be presented in a short
time frame.

The detection ofn channel change or an electrmiic progrnm
guide (L'PG) uctn stion may cause the insertion of advertise-
ments to cease and the new program or El'(I to be displayed.

Fingerprinm can be generated I'or special bulletins tluit may
preempt advertising in the incoming video stream and corre-
spolldiilglv wolild want to preempt insertion of targeted
advertising. Special bulletins may begin wtttt a standard
inmge such as the station name and logo and the words speci«I
bulletin or similar type slogan Fingerprints would bc gener-
ated for each known special bulletin (one or more for each
network) and stored locally. If the calculated fingerprint for
an incomuig video stremn matched the special bulletin ivi«1 e

targeted advertisement or the pre-outro was being displayed,
a return to the incoming video stream would be initiated.

Wlfile methods for local detection of advertisements or
advert ismnent intro s and local insertion of targeted adverti se-

ments have been descnbed, the methods descnbed are not
lunited thereto. For example. certain progmms may be
de«ected locally. The local detection ofprogmms may enable
the automatic recording of the progrmn on a digital recording
device such as a DVR. Likewise, specific scenes or scene
chan cs mny be detected. Based on the detection of scenes a

pm yam being recorded can be bookmarked for future v iew-

iilg ease.

To detect a particular program. fingerprints may be estab-
lished for a plurality of programs (e.g., video that plays
weekly (hiring thmne song. program ulle displayext ui the
video stream) mid calculated features for the incoming video
stream may be compared to these fingerprints. When a match
is detected the uicomuig video stream is associated with liral

pntpam. Once the association is made. a determination can
be made ns to whctficr this is a program of interest to llm user.

If the detected program is a program of uiterest. a recorduig
device may be tunied on to record tlm program. Tlm use of
lingcrpunts to detect the programs and misure ihcy are
recorded without any user interaction is an alternative lo

using tlm electronic or interactive program guide to sclmdule
recordings. Tlm recorded pro rams could bc archived and
indexed bas(xt on any number of parameters (e.g.. pmgram,
genre, actor, chminel, nenvorl )

Scene changes can be detected as descnbed above tluough
the matching of fmgerprints. If diirll'ig recording ofa program
scene clmnges are detected, thc change m scenes can be
booknmrked for ease of viewing at a later time. If specific
scenes have already bccn identified mid fingerprints sr«red for
those scene« Iingerprints could be generated for the inc(«ning
vidmi stremn and compared against scene fingerprints. When
a match is found tlm scone title could bookniark tlm scene
being recorded.

The fingerprints stored locally may be updated as new

fingerpnnts are generated for any combination of ads, ad
intro« cham(el burners, prograni merlaycu pro rams, nnd

scenes. The updates may be downloaded automatically at
certain tunes (e.g., every nigtt bete een I and 2 am), or may
require a user to download fingerprints from a certain lomition

(e.g., website) or any other means of updatuig. Automated
distribution of tingerprints can also be utilixed to ensure tint
vieivers local lingerprint hbranes are up-to-dale

Thc local detection system may track tlm features it gen-
emtes for the incoming streams and if there is no match to a

stored fingerprint, the system may dcterminc thnt it is a ne«
fin erpnnt mid may store the fino erpnnt. I'or example, if the
system detects that an advertisement break has started and

gcncra tea a tin gerprint for the ad (c g, new pep situ ad) aud the
features genemited for the new ad are not already stored. the
calculated features may be stored for the nc«v ad.
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In order to ensure that vidkxi segments (and in particular

intros and advertisements) are detected reliably, regions of
interest in the video progranuning are nmrked and regions
outside of the regions of interest arc excluded from process-
uig. The marking of the regions of interest is also used to s

focus processing on the areas that can provide information
that is useful in detemiinutg to wluch channel the unit is
tuned. In one instance, the region of interest for detection of
video scgmcnts is the region tluit is excluded for channel
detect& on and visa versa. In this uistance the area ihat provides ui

graplucs, icons or text indicating the channel is examined for
channel recognition but excluded for video scgmcnt recogm-
uo&1.

Both fi:arurc btmsed detection and recognition based detec-
tion methods mm be applied to video strmims io recognize
video entities as slum n in I'IC&. 24. Feature based detection
methods 2400 can include, but are not limited to, the dct ection

of numochrome frmnes. tile detection of scene break either
through hard cuts or fades or the detection of action either
through mmlauremcnt o fadge change ratios or motion vixtor c

lengths. Recogniuon methods 2410 are based on fingerprints.
Fingerprints can be crcathxt using both color histograms or
CCVs based on the entire unage or can be genemted based on
subsampled representations where the subsampling occurs
either spatially or temporallv. Although FI(i. 24 shows the use "

of color histo mrna and CCVs, a number of other statistical
parameters associated v;ith the images or portions thereofcan
be used to create liu erpruus Video entities can be m&nsid-

ered to be either knov n segments or sections ofvideo wluch
arc of in&crest fi&r auuiniatic dc&ection For example. adver- se

tisemeuts, uuros to sets of adverusemmits, pro&notions, sull
unages representuig advertisements, and other types of
inscrtcd advertising materials arc video entities. Scene breaks
uicluding scene breaks leaduig to advertisements or scene
breaks simplyplncedbetweenscenesoftheprogrammingear "»

also bc considered ul bc video anti&ious As such video entities
represent portions ot the video stremn that conte&a providers
may desirc to keep intcgril to thc video stream but which
automatic dciheticn equipment may bc able ul reCOgmve f'Or
alteration of the video stream contrary to the wishes of the sr&

mmtent provider.
The statistical properties of the compressed digital stream

can also be used for video entity detection. Compression of a

digital video stream can comprise spatial and temporal com-
pression techniques. FIC&. 25 shows spatial compression of a s.

digital video image, where an image frame 2510 in an uncom-
pressed state is subsequently trtinsformed 2515 into a fre-
quencv domain representation. As will be understood bv
those skilled m thc ar( the image 2510 eiui be either a I'rame

represenung complete intonuation within the image ore pre- u

diction ermr frmne tlmt contains only partial information
rein&ed to movement of nuicro blocks. The spatial compres-
sion techniques cmi be applied to both tiill fmmes of infor-
mation as well as to prediction ermr frtnnes. Thc transfiirnmd
ima e in the Irequency domain cmi be represented in a table S

ofcoethcients 252U, mnging from the IUC coeScient 2530 in
tlm upper lcllt hand corner to highest frequency cmnponcnt
coefficients 2540 in the lower rtJ&t haiti corner, where verti-
cal mid horizontal frequencies vary along the X and Y axis,
respectively. A variety of techniques may bc used to irans- mi

form 2515 the image from the spatial domain into the fre-

qimncy domain including Discrete ( ovine'I msnsfonu (D( T),
wavelet transfomis, and a vartety of other transforms wluch
will result in frequency coeScients that represent the image.

'Iim coetticients 2520 are scmumd 2550 and w eightcd 2565 (
such that particular coeScients are given more uuportance
than other coeScients. Tlus is due to the fact that the luuuan

eye will process the inulge in a particular manner and that
certaui coetlicients may be more important than others and
should tints be weighted accordingly for subsequent com-
pression steps and trmismission. A quantizing step 2570 is
used to reduce the length of some of the coethcient s. Bec mise

some of the coeScients can be less important to the Inunan
eye. they are rh7resented ivith feiver bits md thus a lo~er
accuracy, wtuch uicreases v;hat is termed as the quantizing
error. This tccbniquc cmi bc applied to coefficicnts tlmt arc of
less importance (usually the hi her lrequency components)
and reduce the amount of infonuation v,hich needs to be
trm&smuted, thus achicvu&g a coding gain or compression but
w.hich do not perceivably aITect the unage.

One&'. thi: linage is appmpriately weighted 2565 mid qumi-
tized 2570. it can be further encoded 2575 and output I'or

either tmnporal coding, or transmission if no temporal coding
is being utilized as is also show in FICI. 25. For example, as
will be understood to those skilled in the art, a llulTrnmi
coding atgorit tun (or aritlmietic coding) em& be used to further
encode the compressed inmgc data in thc spatial domain Thc
quantized coetlicients 2585 representinvg an uncompressed
digital image can be represented all together in a one dimen-
sional sequence. In this sequence. each nonzero coefficient is
known as a "size'*. and a ruunber of successive zero value
coefficients preceding a size value is known as a "nm". FICi.

26 ahois s a table 2610 v I&ere size and run length parmueters
are converted to a particular Iluffman code word 2620 for
trmismission. The particular wide word to be transmitted is
dependem on both the number of zeros tlmt have previously
appcarhxt and thc particulm coclTicicnt that is tlmn nccdcdi to

be trtu&sn&iuhxt. Although that iable 2610 r&7resents a parucu-
lar assignment of codes. any number of coding schemes can
be use!, those coding schcmis heing able to efticimuly code
the information such that transmission b mdwidth is mini-
mized and such that the information is appmprintely trmis-
mittcd In some instanhms. codes will be used that ui particu-
larly robust and can survive loss of certaut bits of&at'ormauon,
while in other instances the goal will simply be that of com-

Pl hail&it&.

The entry in the size colunm of table 261U is a coetTicient
tlmt in sonm instances is a 1010 coetlicient 2630 tmd which
represents a pattern for the End ofBlocks (L&OB) symbol. This
code word is assigned to the zem/zero mitry in the table since
tlm code of riro!zero has no nieaningful run-size interpreta-
tion. Use of this code word for end of block allows easy
detertnination of the end of a block in the spatial compressed
digital video stream.

As is also st&own in Fl(i. 25. there are statistical parameters
rale&cd to the coetTicients 2520 atter transfortnauon as &sell as
statistical parameters related to the iveighted coefficients
2560. The statistical parameters of the coefficients or
w eighthxt coelliclems can be used ns n method ofunderstand-
uig the image atid, in particular, of fingerpnnting the image.
I or exmnpli, an image that has boon compressed will have a

certain Instogram of coefficients 2570 that can be used as a

fingerprint. Likewise, a histogrmn of the weighted coeffi-
cients 2580 can bc used to crcatc a tingerprint form& image In
ihe event that this tiugerprtut ol the statisiical par mieters of
compression are recorded and stored. the incoming video can
bc checked against ihc stored vidhx& by comparing tile staiis-
tical parameters of the incoming video with the statistical
compression parameters ol'the storhxt video.

The statistical pammeters of the code words can also be
used for tuigerprinting. FIC&. 28 shows the use of code 1& ord
histograms fiir tingcrprinting by shmving an actual possible
transnus sion stremn 2810 with an end ofblock 2820 followed
by a series of code 1& ords 2830, fbllowed by another end of
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block 2860 fillknved by a series of code v ords 2850. Other
statist&cal parometers that can be used in add&t&on to those
previously ment&oned include the time sepamtion between
the end of blocks 2870, tlm histogmm of thc end of block
separation 2880 and the code word histogram 2890. There s

will be statistical variations suc1& tliat a video seynent of
several seconds or 30 seconds &n length u ill have a parucular
code word lnstovyam which can be potentially used to iden-
tify tlmt vidctl scglni&lt. In smne instances looking at a small
portion of the video segments such as a feiv m&lfiseconds of u&

v&deo sequence w&11 create a code word lustogram that is
sulliciently unique ul allow that code itord lustogram to be
used for either a lull or partud identification of tlmt video
scq&lcllcc.

A spatially trnnsfonucvf and compressvd dig&tal video
sequence can be further temporally compresscxf by removing
redundant iidonnation in time m&d creating representations
thai are of only a parual frmue, but allou reconstruct&on of
entire frame. For example in MPB(1-2, I-frames are used in
conjunction with B- (bidircvtional) and P- (predictive) I'rames n

to allow efficient trmuun&ssion of the video li ithout requirtng
transmission of the full video image in each and every frame.
FIG. 29 shows a video sequence in which tempomsl compres-
sion lms taken place. In a frame sequence 2910, an I-flame
can be followed by a number of B-frames and P-frmni, otlmr "

B-fmmes, P-frames and then a subsequent I fmme, The actual
image that is produced is based on a reconstmction from the
B-I'rames and P-frnmcs in coniunrtion isilh the I-fr mica or
based on the I-frames alone. '11&e stat&st&cally relevant param-
eters that occur include thc separation of thc I-frames 2920 as in
well as the actual stat isucs of the Bo P- a&xl I-frames between
I fiumes. As such. a stat&st&cally relevant fingerprint based on
the compression of the vidw& can bc crc&itcxf by lookmg at a

lustogram of the I-lbmne separat&on 2930 or of the number of
B-. P- and I-fmmes within a given time seynent 2940 For "»

example, i& is possible in nltlasilrc tin a s &lb I I'a&&le or llll I
I'I duic

basis the stat&sucs of that frame and compare those stat&sties

against statistics ofknown video sequences which hnve been
tingerpruitcd. In the event that there is suftimcnl s&milar&ty

between the incoming statistics of the compressied incoming sn

video svqucncc, they c m be compared agninst tlm statistics of
the known sequences and a deternunat&on made that the
sequences match or that additional analysis needs to be per-
formed in the uncompressed domain to correctly identify the
v&deo sequence. Although the abihty to use frame histograms s.

will depend to some extent on the use of sin&liar encoders,
there are certaui frame statist&cs thai w&ll have strong sim&-

lariues benveen different encoders.
The statistics iwsstmiatcdf uiih the motion vectors can also

be analyzed and used as the basis for a fingerpnnt. In particu- n

far. the statistics of the magnitude and direction of the motion
vcculrs can provide the bas&s filr a unique cluuacterizat&on
and lingerprtnt&ng of a frame.

In one embodiment, it is possible tn generate spatially
reduced images from MPBG-I, MPBG-2. MPBG-4, VC-I
(video codec bascxf on Microsoft IVindows Media Video ver-
sion 9) or o&her compressed digital video stree&a Thcsc
spat&ally reduced unages can be dertvcxf d&rectly from
I-frames, or approximated from P-frames and B-fmmes. In
(1&lc clrdxxiuucllt tflc appft)ximatltlil fit&in P" l&n&ncs dlld 60

B-fmmes is accomplished by employing motion information
to derive tlm DC images A zero-orcler approxinmtion can be
obta&ned by takuig the DC value fmm the block lathe P-frame
or B-frame that has the roost overlap with a reference block,
the rcfi:rance block heing tlm current block of interest. A I
first-order approximation can be deternuned by weiglung the
contributions from the 4 neighboring DC values w&th the m tin

ofoverlaps of tlm reference block wid& each of the neighbor-
uig blocks. These techniques can be apphed to generate DC
images from frames of compressed video. Once DC images
have been obtained, it is possible to gm&cmte fingerprints from
those DC images. and to compare those fingerprtnts against
stored fingerprints. Because the processing can be perfortned
at lugh spec&fs, it &s possible to enerate tingerpnnts at rates
equal to or exceeding 1,000 frames per second.

In onc embndimcnt, shown ui FI(i 27, synchromrtltion
po&nts are determuied w&tlun a compressed d&gital v&deo

stream. Upon detection of a synchmn&zat&on point 2720 after
rect:iving a stream 2710. a tingcrprtnt comprising of'a statis-
t&cal p uametertzed representation of the compressed strewn
is crented lilr a window fillknving tlm synchronizatinn poinr
2730 The lingerprint of the incoming stream &s compared
with a plurality of fingerprints based on previously param-
eterized known video entities 274 0. If i1m parunetcrized rcp-
resentat&on of the incoming sucam has at least a tlucshold
level of similarity 275U with a particular fingerprint in the
plurality ol'ingerprints thon dettvlion of thc known video
entity v;itlun the incoming stream is accomplislied 2760. To

increase the level of contidence filr detection of the knolvn
v&deo entity, further processing of the uncompressed v&deo

and subsequent comparison to a plurality of fingerprints can
be perfomwd. When thc level of contidence of known video
catty detecuon &s sufhciently h&gli either u&th or without
additional process&ng in the uncompressed domain. further
action. such as nisertion of a tar cted advertisemcnt into a
presentation stream, can be accomphshed.

Synchronization points are dctcnnined I'rom timo st~mps
or clock rel'erences embedded uitlun n compressied dig&tal

video stream. It will be understood by one skilled in that art.
that synclimnization points filr digital streams cncodcd using
different stmidmds c m be obtained from time &nfonnat&on

encoded within those streams. In one embodiment, a synchro-
nization point 3090 m mi MPF(i-2 steam 3070 can be dcter-
mused as shoivn ui I'I(i. 30. The compressed steam 3070 may
contain time stamps that indicate to the decoder 3085 to
divnde and uncomprcwss the coinpressed wdwl data to create
a presentation scm&e and time stmnps ulgch indicate the
decoded, uncompressed scene is ready to be output A DTS
(decod&nvg time stamp) 3080 &nd&cates ivhen a presentat&on
scene is to be created and a V I'5 (presentation time stamp)
3075 indicates when a prcscntation scene is to be output.
Add&tiona fly, the decoder 3085 can also determu&e a synclu o-

nization point 3090 based on a DTS and a VTS contained
u itlun the stream.

In an alternate embodiment, a syncluunization point 3060
is determined fmm time stamps or clock reli:rences embed-
ded w &thm a compressed d&y tel video stream in the MPBG-4
format 3010 as shown in FIG. 30. The compressed steam
3010 cmitains tune stamps in the BIFS conuuands that indi-
cate to the decoder to decode and uncompress the compressed
vick'.0 ilata to crcatc a prcsilltiltl(ill ace&&i: 3020 ariel tone
stamps uluch ind&cate the decoded. uncompressed scene is
ready to be output 303U, or likewise, terminate output of a

presentation svm&c 3040 in tlm presentation stream 3050 FI(i.
30 shou s a synchronitmtion pou&t assoc&ated u&th the ct&m-

mand to create a scene from the compressed steam, although
dctcrmi nation o I'sync luom & at&on points u i thin tlm si ream are
not I &mi ted to tlu s association with a scene

creat &on

command.
Based on the dettvtion of synchmnizatinn points, finger-

prtnts can be inmied&ately generated from the stat&st&cal

parameters of the compressed digital stream and compared
against tingerprints of thc statistical parmneters in a stored
1&brary, One advantage of the approach descrtbed here&n is
that the ability to detect syncluonization points within the
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compressed digiml video stream provides for partialmniporal
atiyuuent of the fingerpnnts genensted in the Incommg video
stream with the fingerprints In the library. As a result of this
partial temporal alignment, it is no longer necessary to com-
pletely cross-correlate frame or sub-frame tingerpnnts for I
each in-coming against each and ccvery fmme or sub-frame
iin erpruit of a stored frmne. Instead, the timing obtauied
from the compressed digital video stream is used to identify
potential adtcrtismumits. and the comparison is nmdc
between the beyiuung ofwhat is believed to be an advertise- 10

ment mid the beginning ofan actual stored advertisement. As
such, ihc computational requirements lhr lingcrpunt com-
panson are reduced.

In onc emboduuent, basest on the detecuon of a synchro-
nization point, fingerprints can be inmiediately generated "
front the statistical parmnctcri zed rcfiresvntat iona of the co n-
ipressed diyta

stream, including at least some subset ofcoef-
ticicnt histogmms, weighted coefficient histogrums, code
word lustogramw lustograms of separation of end blocks,
histograms of I frame separations, the number of B. P, and I "-"

ffaales w lthlll 0 tllac scyuci'IL llu1 tlorl conlpcllsutl011 vcct010s,

and spatudly reduced coefticietits.

In oue emboduucnt, based ou the detection of a syuchr&&

nization point, fingerprints can be inuuediately genemted
from tlm D( cocfticicnts of thc I-fnunes which represent a

low resolution Imnges of the nnage represented by the I

frame. Based on the detection of the synchronizafion points
mid generatimi of DC'octlicients trom thc compresrmd diy-
tal video stream, a senes of tingerpnnts can be generated and

"0
compared against finverprints in a stored library.

In an alternate embodiment, the stored fingerprints are
based on both AC nnd I &( coctTicients in a linear mixture and
do not contain recognizable ima es. The inconung com-
pressed video stream is used to generate similar fingerprints „

that are linear combmations ofAC and DC coeflicients which
are compared against the stored fingerpruits. In tlus embodi-
ment no actual inmgms exist or are stored in the fingerprinting
systein, thus muunumng copyriytt issues.

Iu anofiicr embodimcnL video mitity recoyuiion is pcr- cm

formed in tlie compressed digital video domain but additional
processing is utilized bascxt on the uncompressed images to
continn the presence of an mlvertisement. In tl»s embodi-
ment, the dual processing (compressed and uncompressed
domnins) provides for a higher reliability of vidcco entity or ss
advertisement reco nition.

The present method and system allow s for a tingerpruiting
of video sequences based on the statistical parameters of
compression Tlm IingerprinLS that arc crmitwl are Ihen com-
pared a ainst the statistical parameters ol an inconuiig video 0

stream to detect a intown video sequence. These parameters
uiclude the statistical par uueters cnerated both ui the spntial
compression as w ell as that ui the tempoml compression. The
spatial compression pansmeters include coefficient histo-
grams. Iseighting histograms, qunntization statistics as well 1

as any other statistics related to the spatial compression pro-
cess Siniiltuly in tfm temporal domain, the statistics rc la)cd to
the creation ol'the temporal coinpressiou uicluding the num-
ber of I, B and P franws, the spacing betwccen I frmnes, and
other paranmtcrs related to thc motion compensation cmi nil «1

be used to create hngerprints and subsequently recognize
video scqumices Motion compensation vectors nnd the stn-

ustics thereof can be used as a means ofcreating a tingerpnnt
Biltl subscqucirt cottlpallsoll bcI'Ivccll illcolllillg lnofioll cofll-
pcnsation vectors and the fingerprint to dctcnniiw. if the (

unages match. I uigerpnnts can also be obtained from spa-
tially reduccxt inmges obtained from the DC coeflicients, 01l

similarly a linear combination of D( mid AC'oefficient, of
the compressed digital video unage.

The techniques described herein cmi be applied to a vaucty
of video compression teclmiques including. but not limited
to. MPF(i-1. MPHi-2 and MPF(i-4 In MPI',Ci-4. a number
o 1'additioiral statistical parmneters are available inc ludin the
parameters relating to video objects, still texture ob)ects,
mesh objects mid fnce and body miimation objcccts. The sta-
tisucs related to those objects include differential encodin
statistics including the vectors and residuals. the statistics
related to w hat nrc knmsn as the video object plmics and otlmr
parameters related specific to MPECi-4 encoding. These
pammeters can be derived from the compression and decom-
pression ot the MPEC)-4 and be used to create fingerprints and
ui recogiuze those fingerprints just as applied to MPECi-2.

It is noted that any and'or all ol'he above embodiments,
confiyirations, andtor variations of the present invention
described above can be niixcd and matched and used in any
combination w ith one another. Moreover, any description of a

componmit or mnbodiment herein also includes hardware,
sotbvare. and contiyirations which already exist in the poor
art and may be necessary to the operation of such
component(s) or embodinmnt(s).

All embodiments of the present invention, can be realized
in on B number of hardis are mid solbs mc platforms including
nucropmcessor systenis proyammed in lan uages includinv
(but not limited to) (. ('++, Perl. HTMI . Pascal, and.lava,
although thc scope of thc intention is not lunited by the
choice of a particular hardware platform. programming lan-

gllagc ol tool
The present invention may be implemented with any com-

biiuu ion ofhardtvare Bnd software. If implmnented as a com-
puter-implemented apparatus, the present uivenuon is unple-
mentcd using nmmis fiir pcrfhnning all of tlm steps and
I'unctions described above.

Thc presint invintion cmi bi. includid in an article of
manufacture (e.g., one or more computer program products)
having, for instmicm, computer useable media. The media lias
mubodicd therein. for instance. computer rcadablc progrnm
code memis for providing and facilitatui the mechanisms of
tlm present invention. Thc article of manufacnirc can be
included as part of u computer systcni or sold separately.

The many features and advantages of the invention nre

apparent from the detaded speciticauon. Thus. the appended
claims are to cover all such features and advantacves of the
invention that till within the tnie spirii and scope of'he
uivention. I'urthermore. suice numerous moddications and
vmiati on s w i I I readily occur to those skilled in thc arL it is not
desircxt ui limit the invention to the exact constnwtion aud
opemtion itlustmted and described. Accordingly, appropriate
modifications mid cquivalcnts may bc included widiin the
scope

What is claimed is:

t. A metlxid of detecting a known video entity vvitlun a

compressed digital video stream. the method composing

(a) receiving the compressed digital video stream;

(b) determuiing synchronizauon pomts wnlun the mmi-
pressed digital video stream;

(c) creating statistical parameterized representations of the
compressed digital video stremn I'or wimlmv s toflowing
the syncluonization points in the video stream, wherein
the statistical pannmterizcd representations are based
on lastogmms of I lmme separations:

(d) companng the statistical parametenzed representation
windows to windows of a plumlity of fingerprints,
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wherein each of tlm plurality of lingcrprints includes
associated statistical parametenzed representations of a

known video entity; mid

(c) detecting a known video entity in die compressed digi-
tal video siream when at )cast one of the plurality ol'

fiilgi:fpfiilts has at least n threshold level ol'similarity to
a lingerprint of the video stream

2. The method of clauu 1. ~herein the synchroiuzation
points are obtained using timing uidicators iiithin the com-
pressed di ital video stream. 1(1

3. The method of claim I, wherein dw. compressed digital
video stream is spatially compressed.

4. The method of claim I, wherein the stausticul param-
etcrized representations are bnsed on coellicient histogr mls

5. The method of claim I, wlierein the statistical parmil
eterized representations are based on weighted coefficient
hisuigrams.

6. Thc nmthod of claim I, whcrcin the statistical panlm-
etcrired reprcuentatimis Bre bnsed on code u ord histograms

7. The method of claim I, wherein the compressed dig11al
"(1

video stream is tempomllly compressed.
8. The method of claim I, wherein the statistical parmn-

eterized representations are also based on the number of I), P,

and I fmmes within a time sequent.
9 Thc metlxid of claim I, whi:rein tlm siatisticnl panmi-

etefized representations are spatially reduced cocfiiments,
10. The method of claim 9. wherein the spatially reduced

coefficients are based on the DC coeflicients derived. at least
ui part, from L P. or I3 frames of the compressed digital video
stream.

11. The method of claini 9, wherein the spatially reduced "'"

coelIicicnts urc bascxI on a linear combination oi'1)t and AC:

coctlicicnts derived, at least in part from I, p, or I) frmnes of
the compressed digitnl video stream

12. The method of claim 1. Ihrther composing
(f) processing uncompressed video when a particular iin- "»

gerprint of the plurality of fingerprints has at least a
threshold level of similarity to tlm video stream

13 Thc method ofclnun I, wherein the knov n video enti-
ties are advertisemenis

14. The method ofclaun 1. ivhereui the known video enti- qn
ties are at feast some subset of advertisement intros. adver-
tisement outros. channel idents. and sponsorslfips.

15. The method of claim I, wherein said detecting of step
(e) includes detecting an advertisement opportunity in the
video stremn when said comparing of step (d) indicates that a ss
fingerprint nssociatcd with mi advcrtismncnt or nn advertise-
ment intro has at least a threshold level of similarity with the
statistical pammcterired representations of tlm vidwi stream

16. The metlxid of claim 1. further tmmipusing
(fi inserting a targeted advertisement subsequent to said

(I
detecting an adveuisement opportunity in the video
stream.

17 A luethod lor detectiilg a kiloivil video CIItiiy uitliiil a
video sire mi. the method composing

receivin a video stream;
contimially creating statistical paramctcrizixt rcpresenm- "

tions for windows of the vidcxt stream, wherein the sm-
tistical parameterized reprcscntations are basud on his-
togfaIlis of I ffairlc scparBtiolls,

conunually companng the statistical pamlmeteuzed repre-
senuiuon uuidows ui uindous of a plurahty of linger- ro

pruits, iiherein each of the plurality of iingerprims
mcludes associnted suitist ical parametenzed representa-
tions of a known video entity: and

detecting a known video entity in the v)deo stream when a

pnrticular fingerprint of the plurality of lingcrprints ims I
at least a threshold level of sinularity iiith the video
stream.

18. A sysmm for detecting a known video entity within a

compressed digital video streom. Ihe system compnsuig:
a receiver to receive a compressed digital video stream;
memory fiir storing a plumlity of tinocrprintg wlwrein

each of the plurality of fingerprints uicludes associated
statistical parameterized representations of a known
video entity; and

a processor configured to determine syncluonizatton
points uithin a mimpressud di ital video stream,

create statistical pammeterized representations of the com-
pressed digital video stream for windows follow ing the
synchroniuaiiOO pointu uhercin the statistical param-
etenzed representations are based on lustograms of I

frame sepamtions,
compare tlic statistical parmuetenzed representntion iiin-

dows following the synchronization points to windoivs
of thc plurality of fmgcrprints,

and dcIect a kiuiwn video entity in the video stre uu when
at least one of the plumlity of fingerprints has at least a

thn:ahold level of similarity to a iingcrprint of the video
stremn.

19. The system of clnim 18, ivherein the synchronization
points rue obtained points are obtained usin tinun indica-
tors withui the compressed digital video stream.

20. The system of clmm 18, wherein the known video
seguuents include at least some subset of advertisements,
advertisement intros, sponsorship messages. advertisement
outrow and channel idents

21. The system ofclaini 18. v, herein said processor detects
Bii advcrtiscnwnt opportunity in tlm video stream wlmn thc
compaong uidicates that a lingerprin1 assomaied uiih mi

advertisement or an advertisement intro has at least a thresh-
old Icvi.l of similarity with the statistical parmncterircd rcp-
resetitations of the video stream.

22. fhe system of claim 21, fiuther comprising:
a video uiscncr ui insert targeted advcrtiscnmnus once fhe

incoming video stre un is associated with a known
adveuisenmnt.

23 An article of nianufncture for detecting a known video
entity within a compressed digital video stream, the article of
nmnufacturc comprising a computer-readable nwdium hold-
uig computer-exemitable instructions for perfornunvg a

iucthod cottlpilsiilg:

(a) receiving tlm compressed digital video sironm,

(b) detemiinuig synchronization points witlun the com-
pressed digital video stream;

(c) crea11ng statistical par uneIerized representations of the
compressed digital video stream for windows fiillowing
thc synchrotuzatton poims in the video siream:

(d) companng the statistical pauimetenzed representation
windows to windoivs of a plumlity of fingerprints,
wherein each ol'he plurality of lingerprints includes
associated statistical pamlmeterized representations of a
known video entity, nnd wherein tlm statistical param-
etenzed representations are spaually reduced coeiii-
cicilts; ailtl

(c) detecting a known video entity 111 tilt'. coillpicssuil tligi-
tal video strewn when at least one of the plurality of
tingerprints Ims at least a tlueshold level of similarity to
a fingerprint of tlm video strclm

24. The article of manufacture of claim 23. the computer-
executnble instnictions performing n nwthod wlmrein thc
syncluonization points are obtauied usuig timing indicators
witlfin the compressed digital video stream.

25 Tfm article of manufacture of claim 23. thc computer-
executable instnicuons performing a method wherein the
compressed digital video stream is spatially compressed.
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26. The article of mnnufacturc of clainl 23, the computer-

exccutablc instnictions performing a nwthod furtlmr com-

prising:

(fj processing uncompressed video when a panicular fin-
5

gerprint of tlm plurality of fingerprints has at least a

threshold level of similarity to tbe video stream

27 The article ol'nlanufacture ol'claim 23, the computer-
exccutablc instnlCtiOna perl'orming a nlCthod whcrcin thc
knliwfl video mitities are odvertisements. la

2g The article of manufacture ol'claim 23, the computer-
executable uistnlctions performing a method wherein the
known video entities are at least some subset ofadvertisement
ultrOS, advertlaenient outrus. Channel idenms, mid sponsor-
ships.

2S3. The article of manufacture of claim 23, thc computer-
executable instructions performuig a method wherein said
detecting of step (e1 inchides detecting an advertisement
opponunity in the video stream when said comparing of step
(d) indicates that a fingerprint assocmted with an advertise-
ment or an advertisement intro lias at least a threshold level of
sumlanty with the statistical p u lmeterired represenuiuons
of the video stream.

30 The mticle of manufacture of'claim 23, thc computcr-
executable instructions perliirming a method liinher com-

Pllsulg;
(f1 insvrling a targctsxi advertilvmcnt subsettucnt lo said

detectln an advertisement opportunity ui the video
stl'earn
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