WO 2008/128143PCPUS2008/060164 1 VIDEO DETECTION SYSTEM AND METHODS
CROSS-REFERENCE TO RELATED PATENT APPLICATIONS [0001] This application claims the
benefit of U.S. Provisional Application 5No. 60/923,412 filed April 13 2007. The entire teachings of the
above appliciffolt48ar8iftorporated herein by reference. FIELD OF THE P¢WEREPERFI196002] The
present invention relates to a content-based retrieval system. Specifically, the present invention relates
to a video feature detection, identification, 10and classification system to monitor video content.
BACKGROUND OF THE INVENTION [0003] The availability of broadband communication channels to
end-user devices has enabled ubiquitous media coverage with image, audio, and video content. The
increasing amount of multimedia content that is transmitted globally has boosted the isneed for
intelligent content manageMEREEPIREIE MEdLHro &nirtelthéil ddhienVahd B b to detect
unauthorized broadcast, usage, and alteration. Similarly, broadcasters and market researchers want to
know when and where specific footage has been broadcast. Content monitoring, market trend
analysis, and copyright peResDR BrE RMSTE MpapRlicatiopin s Nevw madd ofoigital media.
20[0004] Content-based retrieval (CBR) systems are commonly used to access, organize, and analyze

nformaion store e 5y, ciats) i SoprseRpiRgns T siaishegpepigentatons can be

searched or otherwise queried to deteimine matches to an existing, target set of digital data

representations. WafhB3ichi? Bidcd rerihidet By the qetire teegtinesiafilrdave eanhertivisiga digital
data 25represeniatigns;and the-gxisting.selef digital data representations. It is common for

FIELD OF THE INVENTION

{0002] The present invention relates to a content-based retrieval system.
Specifically, the present invention relates to a video feature detection, identification,

10 and classification systemn to monitor video content.
BACKGROUND OF THE INVENTION

[06003] The availability of broadband communication channels to end-user devices
has enabled ubiguitous media coverage with image, audio, and video content. The
increasing amount of muliimedia content that is transmitted globally has boosted the

15 need for intelligeni content management. Providers must organize their content and
be able to detect unauthorized broadcast, usage, and alteration. Similarly,
broadcasters and market researchers want to know when and where specific footage
has been broadcast. Content monitoring, market trend analysis, and copyright
protection are emerging applications in the new world of digital media.

20 [0604] Conteni-based retrieval (CBR) systems are commonly used to access,
organize, and analyze information stored in the form of digital data representations.
The digital data representations can be searched or otherwise gqueried to determine
matches to an existing, target set of digital data representations. Matches can be
determined by the degree of similarity between the queried digital data

25  representations and the existing set of digital data representations. It is common for

these digital data representations to be classified as follows: digital text, digital



these digital data representations to be classified as follows: digital text, digital WO
2008/128143PCT/1i82008/060164 2 graphics, digital images, digital audio, digital video, digital audio
and video, and combinations thereof. [0005] Each digital data representation class, generally shares
attributes, oMfeWéESprticular to its class. A feature model can used tofifiéftHR 4P théfine features
5specific to a class, and represent each digital data representation in a class by a feature set in a
feature space of the given class. Consequently, a query can be confined to matching a feature set of

the queried digital data representation oa%Eeat re set of the exjsting set of digital data
representations,Wﬁsbﬁﬁ%h’é’?fﬂ&?g&t e igﬁfﬁ@’oﬁfﬁgﬂ H&%ﬁrmgﬁ% ’t‘?oar?égvé?ﬁ?ésa%dfe in the same
feature space. taf§QokkMatchiagdeatures automatically, generally requires that features first be
reduced to a set é merical values. This can be. accomplished.using, f t nd feature
metrics that can@ %e%ﬁg rﬁg g‘?g%agtaaf: 5?%?%%%8“0%%3%? e%gfréajr I%%%%%%%%%%‘S%%%Qmeasures.
Feature measuresréreleomitoribssefefeainedibyielistanced inédamirdirbdibeniegirasponding feature

data set elements Infeaiies,of thes togsted AndaackAolpl dakmirR ssenialogs iRate space.

Such distance measures in a K-dimensional feature space are commonly referred {o as
K-dimensional, Neldres fauaisineroRiche & 6RIeliN GOsFesqrbo PENT e M- 19 iRrarchical
structures, such as: g SItGIFe S \4eiadAlTakcadiie ndexdsriibhateniesa it ad4tofttean
proposed an R-tree indexing 20structure, which was fol owedg?g an R-free variant i 19?7 by Sellis,
and a dynamic FEXIFEBE AR ShOIRIPOSH P BEMHALATEKHTTES ﬁé”%‘?ﬁﬂ%@ iﬁxfﬁtén%gll%ﬁ%ucture,

partitions of the featueg:spase:in eachaf thearaforementianed dpeesstructures.

1w I0006] Matching features automatically, generally requires that features first be
reduced to a set of numerica! values. This can be accomplished using feature data sets
and feature metrics that can be used for matching according to one or more rules
referred to as feature measures. Feature measures are commonly determined by
distances measured between corresponding feature data set elements in features of the

15 queried and target digital data representations feature space. Such distaﬁce rneasures
in a K-dimensional feature space are commonly referred 1o as K-dimensional,
Nearest-Neighbor queries, or K-NN queries.
[6007] In the mid-1970s, hierarchical structures, such as tree structures, were
introduced to index K-NN queries. In 1984, Guttman proposed an R-tree indexing

20 structure, which was followed by an R”-iree variant in 1987 by Sellis, and a dynamic
R"-tree variant in 1990 by Beckman. Features were defined in the leaf structure,
partitions of the feature space, in each of the aforementioned free structures.
Distances were found to irregular convex subspaces spanning the partitions. The
irregular convex subspaces made indexed K-NN queries in each of the

25  aforementioned tree structures nearly intractable in feature spaces with dimension K
greater than approximately 20 and with low distance measure variance.
[0008] Principle component analysis approaches, implemented in 1995 by Faloutsos
and 1996 by Ng and Sedighain, reduced feature space dimensions using a fast
approximation of the Karhunen-Loeve Transform. However, results consistently

30 showed a loss in accuracy in K-NN queries with significant reduction in feature space

dimensioi.



Distances were found to irregular convex subspaces spanning the partitions. The irregular convex
subspaces made indexed K-NN queries in each of the 25aforementioned tree structures nearly
intractable in feature spaces with dimension K greater than approximately 20 and with low distance
measure variance. [0008] Principle component analysis approaches, implemented in 1995 by

Faloutsos amg@%maﬂgr@namqmmea%tecgﬂés@fﬂﬁ%&%ﬁﬁ@ﬁ@@@ﬁi@sﬁérg%yg%@gﬁg A loss i

approximation of the Karhunen-Loeve Transform. However, results consistently 3
accuracy inMNNPEGRs1ES WAtReSiGh e arined (R BRI ratarasisHES HIRNPEIONIth31200091 Relational

databases imf@%m%migﬂﬁﬂﬁ%ﬁb%gﬁeﬁﬁwqw[@49}30'1%9%@1%'kﬂ’(}éﬁ@%ﬁ%ﬁ% $RagEs to be defined

to span the tree-structure topology with no intrinsic information of the topology itself. In 1999, Vleugels
implementetPaREHE Spite SR Triethid grae e hiardsrpRIch S viRTEge- s transform to

produce a fealtire MeABHIeSOR KN QuriesuPILIQRlAYETe [Re¥Ahgrdransiggmation from
relational databases to tree-structure databases. [0010] A second set of relational database

approaches WBHESTATSIBRhdRiRptsy ErfsarriagsadabasyTiaccia in 1997. The Chiueh vantage-point
tree and CigggiaM-iephath Laditiensm ieRiia-sRass FesLIsiV el Smallesand smaller feature

subspaces, each defined by regular hyperspheres. Centroids of hyperspheres are searched in K-NN
queries, redliding B Biekity g0t RNt ehashganieernasidre stidfdacsad\dtiissures, relational
database stygiyasansicembipaians:ehiherseAndrelational datahasesiruciigsda not take

advantage of feature set ortho%gnality inherent in feature sets of many digital data representations.

Clusters of f8&fFEL AT b &SRHIBHET AR STure St reichYaR/aRHES simanerhrdiadkaller disjoint

feature subspacesipestetkdisiaiptdsature subspaces, each defined by regular hyperspheres, by
iteratively clustering features according to the inherent nature of the defined feature sets. 100121

K-NN queri€&ihloi/ing R dHSTEcs UpYsats S EIRPrEIG S E iR Brp ReR o miolo i partial searches
and increasgrguRried aacsiatyieiseduced searshtinas pUMMARY PR IHE INVENEON [0012al

According to an aspeé?ﬁ[ff the present invention, there is provided a video detection method,
comprising 2R BREA Mt FE AR HLE0 W Fr dRF L G St S g eal rRA G Re digdfle digital image set

in a first seteirliledigitakimage:satsr (Blinreasking ARGIRINAPIE RHQLS halwesh tlR fpature data set
extracted from the queri igjtal image set and the file digital image set; (c) repeating steps (a)-(b) for

ed d [¥
one or mor& e i R S A At Es S aP AR ILr IHTEYS QNS SN SHEFRARRT a second set

of file digitatiote@disets ymagrein thpsasenesel censista i rachiel hediledigitalimage sets in the
first set havig . cqrrespondinfg oﬁg%?r more errors less than a corresponding set of thresholds; (e)
repeating st g %-e(’ff)%?iﬁ%% I FERHE a6 Sets, generating a matching set of file digital image

sets; (f) mepEiNg ERENqMeteshiinaprpatehing wiigis-bebyeRRigne akimare sphliapeas of a queried

digital 3a . . . .
allow for partial searches and increase queried accuracy for reduced search times,

SUMMARY OF THE INVENTION

[0012a] According to an aspect of the present invention, there is provided a video
detection method, comprising: (a) extracting a feature data set from a queried digital
image set and a file digital image set in a first set of file digital image sets; (b)
measuring one or more errors between the feature data set extracted from the queried
digital image set and the file digital image set; (c) repeating steps (a)-(b) for one or
more file digital image sets in the first set of file digital image sets; (d) generating a
second set of file digital image sets, wherein the second set consists of each of the file
digital image sets in the first set having a corresponding one or more errors less than a
corresponding set of thresholds; (e) repeating steps (a)-(d) for one or more feature
data sets, generating a matching set of file digital image sets; (f) measuring one or

more bitmap matching errors between one or more subframes of a queried digital



image in the queried digital image set and one or more sets of one or more subframes of a file digital
image in a file digital image set in the matching set of file digital image sets, wherein the bitmap
comprises a set of ordered pixels in an RGB color space; (g) translating, resizing, and requantizing the
one or more subframes of the queried digital imag@%nd repeating (f) to reduce the one or more bitmap
matching errors; (h) adding, to the one or more sets of one or more subframes of the file digital image,

one of: (1) ofeage imate pewisdidmes andsRhANGN SELRTONEOLMAIE SURIAMESHANIL() repeating

(2)-(h) for one.or or(? file digital images in_one or more file di(%ital image sets in the matching set of

file digital imag® s.lﬁjfﬁéf%fﬁcﬁbfbmﬁ S eriiarstspeciniitnaTrishe mvartibly, digielis provided

an apparatusragapied, fahpradusin g vigeo Geteetion ComBHSIRg(3) W%f%e%&%p%gﬁa plurality of
[

feature data sets common to.a querjed digital image set and for each of a first set of file digital image

sets; (b) meHE for &bdABHALT SEaFERHE SRIFIG B e pee datasees Tobaamatchingset of file
digital image sefsdwheiairiiheseqaenpiaksaarehnocomprisesmatching dheplurality. of feature data

sets commog}rrt%tha u%ged digital image set and to a sequentially smaller set of subsets of the first
set of file digital im Bqé‘ {8 () NP o FEBMPETRG B b e Sismn et be diljudinid digital

image in themugrieshdigital image setioronewrsmararsels long ar eeresubiraipes of a file digital
image in a filebtili%iltlal jmaég&i1 set in the _a)}ghing_ set of file digital |_m_a%eg sets, wherein the comparing
comprises compannig a Se %f%ﬁf@%%" s T QRGOS BUSIAS Bt ihareniitneeset Bloordered pixels
and the RGBledl@itapaseyaregommomniecthe.aueted digitalimags.angdto the file digital image; (d)
means for t@m%fg resié;r%%, and re qeuantizing {Lhe one or more subframes of the queried digital

atihg ¢

image and G5 RS BIHEBANSR Blttiap Frsstehinycafiers brEshésdimidedsabsets of the
set of orderepppixels addieetifbihe-eheiap Mok bismapMatahifeBIFols)is ke Thelyeen jhe queried

digital image in a queri gagtil%iéaci Image set and the file djgital image in a file digital image Set in the

matching sét g ﬁ%%f igﬁa‘? IHage” Sets!s (B9 B LB retstiig i himyeeriseh ToiaRtoré bitmap

matching erfioss ist leS§thigizetamaspanding) setofthresholdsidNymeansiey @dding.ifpo match is

detected, toféhfur%nga%r mor sets o{ %ne or m%r% subframes of the file digital image, one of: (1) one or

more new subframes, an & &P YEETDR llerﬁ%@aédﬁ??‘é%%@?aW&‘W%ﬁr@%ﬁ@ﬁeaﬁng (©)-(f)

for one or nsereclilegligitedrimages dninpeherpmeittlilerdigitald magesetsindhe malchingset of file digital

image sets. '3bta]f001a31 E bogiglent%s%of the. present inventjon provide a content-based retrieval
qiks AT e

system for datr repreaentations or di B S SUBRLS ofibs, B sdveirifements

against digitagitabdinsgroacicasts frammyiriialyapy-beuese, alsmatowina-farautematic.aed efficient
supervisiondg) -%icpﬂ%i it%ll chntent. .Sc\{s&engesdand Erocesses according to embodiments of the present
invention canbe hig ‘%sca able Sha USSP ARBE LIPSt ErSiSo ARy Sitnal srsce&amitechnology

for analyzirgyfotage if thdvidieoarichindhe addiodigmpiminseat imae JARkARL INsoBrgRMbodiments,
the contenté?g?%di{%r'gvs%ksincl%des %or more .K(lFSN ueries implemented over a nested, disjoint
feature spacé of one or more di 20082 E AP EFTES SOBBRIE 8458t Rt ePFEpiedentations. In

Cre
igl &l
the presentivigéntionn Rgithlcdaia sepresehtationshearte daksificgias pasiofiihe folqwing: digital text,
digital grapfjics,. digital | digital audip, digital video, digjtal .audio.and video, and combinations
thereof [001 ﬁ%grtg%ﬁq%%%e% egjﬁgr uesrﬁ%cgé? %gggrlen%% @géagfé%ﬁiﬁ’ %5{%@%&;&@9 BSaFaction.
Sequential ferattaes Béirg setdzitraction commprisssgathieast conyertingEt:eRsasfetagdeppressed

dotoded a3 s RGLRHCE Sbtlenialy
producing &%sewst f@éﬁ@t@ﬁéﬁa setsfrodethe migital whagishaceecompasingihe seliofigature data
il data e e OE MR ) o HaReebr™ 48t of eature
measures &l dge oipgeshaldlcatiditepratingsaitin ohe mewidre okraneie sebpifeatye data sets
and a new@t@&t?é)i%%&%sfgﬁﬁstecting a match if the one or more bitmap matching errors is less

than a corresponding set of thresholds; (f) means for adding, if no match is detected,

to the one or more sets of one or more subframes of the file digital image, one of: (1)

one or more new subframes, and (2) a new set of one or more subframes; and (g)

means for repeating (c)-(f) for one or more file digital images in one or more file

digital image sets in the matching set of file digital image sets.



[0016] Producing a set of feature data sets comprises at least one of: producing one 150r more sets of
spatial feature data sets from the digital image space, producing one or more sets of spatial frequency
feature data sets from the digital image space, producing one or more sets of temporal feature data

sets from the digital image space, producing one ore sets of temporal frequency feature data sets

from the cigjtal ipade: SAGE RS S BRR.T O Sl ALAITARRRAE, A SAE3 ffom the digital

20image space, and combinations thereof. [0017] Further, the digital image space itself can be one or
more of: a spatENdREdigRbAG HaspaTatiens pArhe i fagivragishab $pave clinermpbral one
dimensionakgpaggemdarResalsTHtidimensioBal SRACE. A MM RAINMLSPAGE,ANLNergy space, an

ROB color space, a YCrCb color space, a YIQ color space, a YUV color space, a 9- 25color space, a

29-color spate ISt TR S98ETa A COMBIAITS R, Srsk6iit0 KT Emd ftisigtseione or more
sets of spatjaligalusadaiaseinitamdiedialainags. sraoe cAmprIsee R adliging.pge or more sets of

spatial moments. Producing the one or more sets of spatial moments comprises producing at least one

of: a mean, PYAHaERTIHFALRES. PHsILRN G i brie GERiRs écsbrs bizsgatanribaginency feature
30data setstiyoipthia digialdnagei sRRCS LRSS Rradycipg.one or more of: a one- WO
2008/12814%PCT/U82008/060164 5 dimensional DFT, a multidimensional DFT, a one-dimensional
wavelet trarSfbrhh, dAGHIH GIBRARHGEh Ahsverrat harstsrwie ot 107 piesioeing thetere or more sets
of temporal featyie-datnsim o the didialinags sraeacompHses PIRduring R faajuse data set
indexed by one of time and event, wherein an event comprises one of: an image, an'image change, an
image rate of change, an image trigger, an image message, and combinations thereof Producing the
one or more sets of temporal frequency feature data sets from the digital image space comprises
producing one of: a one-dimensional z-transform, a multidimensional



z-transform, an LSP, a two-dimensional LSP, a temporal wavelet transform, and iocombinations
thereof [0020] Producing the one or more sets of bitmap feature data sets from the digital image space
comprises producing a bitmap feature data set from one or more of a bitmap image space, a
translated bitfapiiageidpace, a rotated bitrnap image space, a resized IFtrhaEprmsEgespace, and a
requantized bitmap image space. 15[0021] The bifmap image space comprises providing partitions in
the digital image space. In one or more embodiments, providing partitions in the digital image space
comprises providing a five-section partition in a spatial two-dimensional image space. In some

embodiments, foli#iaf thesrratsntiols Re Py Hupuisidd B&idlameperseenstigns fsarbedges of the

spatial two-dimengiopalimage: angadifib.agctioneamprises:alQieaianaeinithe.centerplithe spatial
two-dimensional image, In some embodiments, four of the five sections comprise circles at or near the
edges of the spafiffitnBisii SHEe s ALgElia ARt iR oA CaMBrRel S fcle at or near the center
of the spatial twoiglimsensitiaddmage: {E022]shhe: itnap.lnageRRAGE campsiges pepviding a change in
resolution, 25Wher§in a fidlgesoluttjc{rgof 12 % 12§é)i€<el§ can be char;agb?d to provide for a resolution of
one of 64 x 654, S?faigﬂoﬁm ssc;”’l%lerliji A %Efﬁugﬁa dUttasTe fedEIutORE IR ﬁﬁ%g{%"a@&é%pagce comprises
providing a requantizid bitdnapipnaigelishets Bytrequantiziigaiset oiamilituddsiassopiated with one
or more of a cha ' lgital it ' ' e in the
8%% rﬁft%ge %&g!éééd IDAGE ﬁl%s%ﬁaﬁgg%é‘&‘é&ﬁéa' Ine &8&%@%@8&%@%@ hang

partition. The 30requantized digital image comprises requantizing amplitudes
according to a cofitraipeldiffusiondaigetitrare Wo2008ERl A3rETiIg2008/0d0a8% 62(0023]

Comparing a feajuedaiamelsfionia selabaueriat digiakimagesin.a eoespanding feature data set

from a set of file digital images compriSes generating a set distance metrics between corresponding
feature datdSet S1BHIEHTEEH I (R SeTBTRARtMEE hnéliTab S enararenty @ 88CarEA®r functions.
Matching the set@figi@iRdepresentation set, matching the digital image space to the file based on a

set of feature measures and a set of thresholds, and repeating with one or more of’ a
new set of feature data sets and a new digital image space.
[0816] Producing a set of feature data sets comprises at least one of: producing one
15 or more sets of spatial feature data sets from the digital image space, producing one or
more sets of spatial frequency feature data sets from the digital image space,
producing one or more sets of temporal feature data sets from the digital image space,
producing one or more sets of temporal frequency feature data sets from the digital
image space, producing one or more sets of bitmap feature data sets from the digital
20 image space, and combinations thereof.
[0017] Further, the digital image space itself can be one or more of: a spatial one-
dimensional space, a spatial multidimensional space, & temporal one dimensional
space, a temporal multidimensional space, a momentum space, an energy space, an
RGRE color space, a YCrCb color space, a YIQ color space, 2 YUV color space, a 9-
25  color space, a 29-color space, a bitmap image space, and combinations thereof.
[0018] Producing the one or more sets of spatial feature data sets from the digital
image space comprises producing one or more sets of spatial moments. Producing the
one or more sets of spatial moments comprises producing at least one of a mean, a
variance, and a skew. Producing the one or more sets of spatial frequency feature

30  data sets from the digital image space compnses producing one or more of: a one-



5digital images to the set of file digital images comprises grouping the set of file digital images having
a corresponding set of distance metrics less than a set of thresholds. [0024] In some embodiments, an
apparatus adapted for producing video detection includes a means for extracting a plurality of feature
sets commoiw{d 28085188¢tieried digital image set and for each of a first set pf filesdigdasémage sets and
a means for 10sequentially searching the plurality®of feature data sets for a matching set of file digital
image sets. Sequential searching comprises matching the plurality of feature data sets common to the
gueried digital image set and to a sequentially smaller set of subsets of the first set of file digital image

sets. [0025] The dipisaring fafthet melidiesesionad A Toracoppanansionel sravRieetmsiBirames of a

queried digital image, intheguekied digitalitnags: 88110 one or more sets of one or more subframes of
a file digital image in the matching set of file digital ima%e sets, A set of ordered pixels in an RGB color

space are compaP8d® wherE i s &P G R HikElS BN IR R EB eI sisit B WP Lo B to the

queried digital imiaggdRihe avapackdigiahimagersehanttosthetileeigitatinaneis the eraighing set

200f file digital im%%e sets.eLQ026#The ag)gara%us further includes gmeans for translatir%g, resizing, and
5 WOCTEIN an LI cHange

requantizing the one or RoreBLBHARRES oF the q%nell%%%iaﬁé%arﬁgge ahd %6@3%%63%88 aforementioned

comparisqn to rmgmmiummtahin@gﬂ_mmm@né mwaabiomdi@’subsﬁtsdmwng set of
ordered pixels. 25100471, Lhe: poRers iharIcides.ameans (ar delcinga magh Line one or

more matching error functions is less than a corresponding matching set of thresholds. Tn the event
that no detectiorfiéehaeiepiHEdpparats Jnekidensalimsteioaddirepngane srenbidiveresse of one or

more subframes of therfile digitalimage ipithe.matahing setplfile digitaldmagersats .anpe of (1) one or

more new subframes, and (Zé%new set of 30 one or more subframes. WO
2008/128148PCHHEBABHIOEHTEA 7 [0028] The apparatus further includes a means for repeating the

aforementioned [Boaige cesdpaisonfoneachiite digitdimagefadhe dmatchingsetied figidigital image

Sets. image space comprises producing a bitmap feature data set from one or more of' a
bitmap image space, a franslated bifmap image space, a rotated bitmap image space, a
resized bitmap image space, and a requantized bitmap image space.

16 [0021] The bitmap image space comprises providing partitions in the digital image
space. In one or more embodiments, providing partitions in the digital image spacé
comprises providing a five-section partition in a spatial two-dimensional image space.
In some embodiments, four of the five sections comprise trapezoids bordering each of
the four edges of the spatial two-dimensional image, and a fifth section comprises a

20  rectangle in the center of the spatial two-dimensional image. In some embodiments,
four of the five sections comprise circles at or near the edges of the spatial two-
dimensional image, and a fifih section comprises a circle at or near the center of the
spatial two-dimensional image.

[6022] The bitmap image space comprises providing a change in resolution,

25  wherein a full resolution of 128 x 128 pixels can be changed to provide for a
resolution of one oft 64 x 64, 32 x 32 pixels, and additional suitable resolutions. The
bitmap image space comprises providing a requantized bitmap image space by
requantizing a set of amplitudes associated with one or more of: a change in the
digital image space, a change in the resolution, and a change in the partition. The

30  requantized digital image space comprises requantizing the set of amplitudes

according to a constrained diffusion algorithm.



[0029] In some preferred embodiments, a video detection method includes 5extracting a first feature
data set common to a queried digital image set and for each of a first set of file digital image sets,
measuring a first set of one or more error functions between the first feature data set for the queried
digital image¥setéitck ibetirst feature data set for each of the first set of fil@@igigdtireragagets, and
generating a second set of file digital image sets. The second set consists of each of the first set of
isfile digital image sets having a corresponding first set of one or more error functions less than a
corresponding first set of thresholds. The aforementioned steps can be repeated until a final feature

data set has beell®Bdtactanrpsms-adriasairirdca semetrmrarhiigeiassose] In some

preferred embodigesisoihieyidea.detastientoethes bthedinahides LLacompadinganReahmore
subframes of a qsuer'ed digital image in the queried di%?is%al image set to one or n}Eore sBets ofeg;ne or
more subframes Bt & f’@ﬁgéﬁg{f—‘i(ﬁ% B P T ARCRING é’?%?ﬁ%%&ﬁta?lﬁﬁigﬁg*% & CBBhthg is
EeGrErm?d by a sﬁsmﬁmdmmidsﬁygﬁmmm.mg@@?@mm?mema@?%g@ﬁ@f.dméqlupﬁ(@js ?jnd tzh(()a )
color space,are common tq the ed.digital image in the querie ital im et.and to 20the
e dioial maas T B D B one
the one or more mmamfﬂﬁemm@@gﬁdﬁﬁdi&@@;@r@@@b@é@é@i?ﬁm@méﬂwm, and
requantized to r 522 ong QiRUSHIAIGEINY STeRinGiARs RLORe HoMRIRSHRsStRREIRG set of

ordered pixels. [0032] In some preferred embodiments, a match is detected if the one or more

25matching errofftiHefbh B R Jer RS EsFaEpELENTY Fratarifr TP iR EshBldsTYFRg match is
detected, the vidggidetesiieneneiags-adds iodhe:008 o Mmosesaels:iRNevnmarasufrgmes of the

file digital irr;age iQ the m; tching set of fil digital image sets, one gf: (1) one or mo new subframes,
and (2) a ndil scFBFBHE bf FBFOSEINARIEE L ABTSRIAE HEd GIe B BE St ThilEhing subframes
is repeated for 30Mahifilecdigital Enagmintheridtghtngmetafifiledtiglabembgdisets. f8033] In some
preferred embodiments, (e Mt ISALG,H33 384N PNALEARY B a sequentially smaller set of
subsets of the first set of file digital image sets.
[0025] The apparatus further includes a means for comparing one or more
15 subframes of a queried digital image in the queried digital image set to one or more
sets of one or more subframes of a file digital image in the matching set of file digital
image sets. A set of ordered pixels in an RGB color space are compared, where the
set of ordered pixels and the RGB color space are common to the queried digital
image in the queried digital image set and to the file digital image in the matching set
20 of file digital image sets.
{06267 The apparatus further includes a means for translating, resizing, and
requantizing the one or more subframes of the quernied digital image and repeating the
aforementioned comparison to reduce one or more matching error functions of one or
more subsets of the set of ordered pixels.
25  [0027} The apparatus further includes a means for detecting a match if the one or
more matching error functions is less than a corresponding matching set of thresholds.
In the event that no detection is made, the apparatus includes means for adding, to the
one or more sets of one or more subframes of the file digital image in the matching set

of file digital image sets, one of: (1) one or more new subframes, and (2) a new set of

30  one or more subframes.



first function of two-dimensional statistical moments in a COLOR9 space of the queried digital image
set, In some preferred embodiments, the first function comprises: temporally segmenting the queried
digital image set into a set of 5segmented queried digital image subsets according to a distance
measure of th& $et8F28i4-dimensional statistical moments between cons&¢RiVe2eigditdeitigital images
in the queried digital image set, and averaging the set of two-dimensional statistical moments for each
segmented queried digital image subset, [0034] In some preferred embodiments, measuring includes
differencing the la averaging with a carresponding key frame for each of the first set of file digital
image sets. In s PrefCPrtPRAFBBUHISITS HHRIER f Srems s arreiiraih AlRsreiifnts comprises
at least one of: abineRd carvpstaRac ARt R Sikaiyi[B03hlhisamenpteiriFed: emiedipientsnasecond
feature data set is extracted by a second function of two-dimensional statistical moments in a
COLOR9 space Btthe 15queried digital image set. In some preferred embodiments, the second
function compris&iidinporathyspgriertingriheigueried digiakirragersetintd adetief segmented
queried digital '”&%%&%ﬁ%sae-%és?%@é%{ﬁé% s%t%'cﬁ%ﬁﬂ&?t@?%ﬁ%%@&i?ﬁé?ﬁ%&tg@ég%péﬁgal statistical
moments between conseécutive queried digital images in the queriéd digital image set, and temporally
indexing the set of afiostiii e ditrdierastanst calsniornaniagerBidsisdgmrprastiuerd digital image
subset. [0036] InssQmerRigieries @ERRHMARIS MR WING CORRESas:RANYAlMNGhe temporal

indexing with a set of corresponding segment frames for each of the first set of file digital image sets.
In some preferrefrenftoamissctier sathp - i erwdfids digtielicnrsn o Ard ESRTHIEEat least one
of: a mean, a vaganea, anek @ skaw2 303 Akin stme-psafescechambosimentst ativikdfeaumre data set
is extracted as a@et of.t\éyto-dimensi%nal wavelet trangforrg coeffic}Tents ina COLOF%%fgacg. The set of
two-dimensi8nal WadHibe (PRRER IR LEXHHR BRI S BB ALH FRHEOHR EIRHic BRI "THE BOLORY
space cab be trarsfohmetdoasgrevisgdiestcdacilitateHiidstwikdimreasienalwiarete ttrahsform.
30[0038] In some_preferred. i ring the r ixels. i [ the file
it mage m 1 SRS St ot B N R 4R, DEAEH RIS RATHEH B

file digital image sets.

[6030] In some preferred embodiments, the video detection method further includes
15 comparing one or more subframes of a queried digital image in the queried digital
image set to one or more sets of one or more subframes of a file digital image in the
matching set of file digital image sets. Comparing is performed by a set of ordered
pixels in an RGB color space, where the set of ordered pixels and the RGB color
space are common to the queried digital image in the queried digital image set and to
20 the file digital image in the matching set of file digital image sets.
[0031] In some preferred embodiments, the one or more subframes of the queried
digital image are repeatedly translated, resized, and requantized to reduce one or more
matching error functions of one or more subsets of the set of ordered pixels.
[0032] Insome preferred embodiments, a match is detected if the one or more
25  matching error functions is less than a corresponding matching set of thresholds. 1f
no match is detected, the video detection method adds to the one or more sets of one
or more subframes of the file digital image in the matching set of file digital image
sets, one of: (1) one or more new subframes, and (2) a new set of one or more
subframes. The aforementioned steps to detect matching subframes is repeated for

a3c  each file digital image in the matching set of file digital image sets.



WO 2008/128143PCT/US2008/060164 9 set of ordered pixels comprises one or more sets of: a
horizontal offset, a vertical offset, a horizontal segment length, and a vertical segment length. [0039] In
some preferred embodiments, translating, resizing, requantizing, and repeating to reduce the one or
more matchiMPeXi¥ fisiétions comprises one or more 5feedback loops. |FPE&fig{desied
embodiments, translating, resizing, requantizing, dnd repeating to reduce the one or more matching
error functions comprises an edge detection and suppression function. In some preferred
embodiments, detecting a match further comprises detecting a match if the one or more subsets of the
set of ordered pilBEH comfigl6rsRsIeB PR EsRIe HreferdareibtimeritsiHaredvent no match is
geteclted, the \[/idei@sdﬁlmtiﬁfbma%l@d%ﬂdﬁé@agst@ﬁm@ theones %hmm,@nﬁr@md @tﬂge queried

igital image. [0041] In some preferred embodiments, a video archiving method is used to
actomatically tag BB IGEBEE PRETIER AR HETEN B8 S Sihooding a video,
importing the videonipraasetaifiesHigitaimageshgenerafi di:a-4 énafvide adetaetiof data from the set
of file digital images, generatin set of video analysis data from the set of file digital images,
generating asset%qggﬁ%?ﬁa@a%e roﬁd?ﬁ]éa%é?%%% (fiegglétgL ?%%égggsggae%?é%ﬁaﬁ?ﬁén & seto %n%laensuc%a%innotation
data based on thevsediofefiléodidistitistiagascmsdtybefaremimy eeentobvidede daxitigraegesfiom the
20aforementioneg ganefated datao.archivadhsiden 40421 Aartialivcamalstadvideo method on a

file digital image that yields demonstrably larger distances than a previously measured file digital
image can directiieide S use e plaraia 1o SEirtérrextie digital image, effectively inserting a
data tree pruningstem Arpartially-eempleiedsddeenmsthed:ana.fis digitelimagr 2bthat yields
demonstrably smaller distances than a previQusly measured file digital ima an_.djrect the video
detoction apliaraf S8 BEora Bie e IO T Lt A A B P s
representation tcseeplacenthe pedstied dyhedasuiad thieddif tabitiagesinthestrddébahgeatokfile digital

images. [0043] Pégrrrpyarggergg( %Qar(t’g]eqo% %en%%&%)\,re algé:e? a (ﬁ)raes\{(;g\%'sly tested file digital

OIS

[0035] In some preferred embodiments, a second feature data set is extracted by a
second function of two-dimensional statistical moments in a COLORS9 space of the

15 queried digital image set. In some preferred embodiments, the second function
comprises temporally segmenting the queried digital image set into a set of segmented
queried digital image subsets according to a distance measure of the set of two-
dimensional statistical moments between consecutive queried digital images in the
queried digital image set, and temporally indexing the set of two-dimensional

20  statistical moments for each segmented queried digital image subset.

[0036] In some preferred embodiments, measuring comprises convolving the
temporal indexing with a set of corresponding segment frames for each of the first set
of file digital image sets. In some preferred embodiments, the set of two-dimensional
statistical moments comprises at least one of: a mean, a variance, and a skew.

25  [0037] In some preferred embodiments, a third feature data set is extracted as a set
of two-dimensional wavelet transform coefficients in a COLOR9 space. The set of
two-dimensional wavelet transform coefficients can be Haar iransform coefficients.
The COLORDY space cab be transformed to a grey scale to facilitate the two-
dimensional; wavelet transform.

30 [0038] In some preferred embodiments, comparing the set of ordered pixels is

defined by the file digital image in the matching set of file digital image sets, and the



30image with the file digital image under test comprises one or more of: a deconvolution WO 200 /1 8
43PCT/US2008/060164 10 of a set of one or more matching errors from and a reassignment of
thresholding levels. BRIEF DESCRIPTION OF THE DRAWINGS [00441 The foregoing and other
objects, featt@SWhd28diantages of the invention Swill be apparent from RTINS Hdre particular
description of preferred embodiments of the inverttion, as illustrated in the accompanying drawings in
which like reference characters refer to the same parts throughout the different views. The drawings

are not necessarily to scale, emphasis instead being placed upqn illustrating the principles of the
invention. 10100%5 PHIEeTELAERS ORISR EIH AT :S?QH@?@%B eﬁ% nnel video

g;onli(toring procesgs, aqeatgangevyth-rin @phodihentofctiedgresearitindention. [0046] FIG. 2 shows a
ock diagram of emplary multi-channel video. monitoring system in accordance with an
embodiment of tﬁ%ggggsgﬁ%ﬁ%g%ﬁﬁ%ﬁ? (gﬁfgi%%’igag%%g r%%%%éﬁ%%a%%%’%%aﬁ%\% of a digital
video fingerprint ieptSaccardahce ivithremembodimehingfaher froshatd meantions [BG48]RIG. 4 shows a
screen shot of an exemplary graphical Hserinieriacsqe.a.Rulll:chapnel idse mapitaring system, in
accordance with an e?nnc]go‘d?é]'ent (%1# the%%kesent invention. 100491 FI%’_. 5 sf?g&;\’/s‘a screengs’shot of an
exemplary detaileeflcpestngiariediee tisrevfordusy argrapme srosdviptiona cats & R aricRannel video

monitoring SystefaydRion and suppression function. In some preferred embodiments, detecting a
match further comprises detecting a match if the one or more subsets of the set of
ordered pixels is contiguous.

10 [0040] In some preferred embodiments, in the event no match is detected, the video
deteciion method adds a subset of the one or more subframes of the queried digital
image.

[8041} In some preferred embodiments, a video archiving method is used to
automatically tag and store video clips. The video archiving method comprises

15 encoding a video, importing the video to a set of file digital images, generating a set
of video detection data from the set of file digital images, generating a set of video
analysis data from the set of file digital images, generating a set of metadata from the
set of file digital images, generating a set of manual annotation data based on the set
of file digital images, and generating a set of video indexing data from the

20 aforementioned generated data to archive the video.

[6042] A partially completed video method on a file digital image that yields
demonstrably larger distances than a previously measured file digital image can direct
the video detection apparatus to skip to a next file digital image, effectively inserting
a data tree pruning step. A partially completed video method on a file digital image

25  that yields demonstrably smaller distances than a previously measured file digital
image can direct the video detection apparatus to store the file digital image under
test, allowing the queried digital data representation to replace the previously
measured filed digital image in the matching set of file digital images.

[0043] Prematurely aborting a search to replace a previously tested file digital

30 image with the file digital image under test comprises one or more of: a deconvolution



accordance with an embodiment of the present invention. 100501 FIG. 6 shows a system block
diagram of an exemplary digital video image detection and matching system in accordance with an
embodiment of the present invention. 25100511 FIG. 7 shows a system block diagram of an
exemplary aXi@id%frdE8idktection and matching system in accordance witR@H ERli8dntémt of the
present invention. [00521 FIG. 8 shows a flow chrt for an exemplary video detection process in
accordance with an embodiment of the present invention. 100531 FIG. 9A shows an exemplary

traversed set of K NN nested, disjoint feature SOsﬁ% pac in accordance with mbodiment of the
present inventiof! £ 2135681978105 T eIRBNTE L CERS TAh T %%Ség%@t% ?S%ﬁ%gggﬁ disjoint feature

subspaces with &ckiange in a digital image representation subframe in accordance with an
embodiment of the present invention. [0055] FIG. 10 shows an example of a detectable change in a

digital image Srepresentation subfiame: inReeRIdaNSE; WiEanembodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [00561 It should be appreciated

that the particular i %Eleréﬁ fttlons ShO\% X eescr ed hesr(aa1 %&%aexanél&%s{ of .the present invention
and are not inter &t t WSt 8% %é St gagﬁeesen iAVSHHA T any Way'ﬁfourther the
techniques iparesgliitabigptorafplicatiofs immtele confepericingy tebotigsouisitpretanradnned vehicles, or
any other Similare%%gé%%g%g%f the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon illustrating
the principles of the invention.
10 10045] FIG. I shows a functional block diagram of an exemplary multi-channel
video monitoring process in accordance with an embodiment of the present invention.
[0046] FIG. 2 shows a block diagram of an exemplary multi-channel video
monitoring system in accordance with an embodiment of the present invention,
[0047] FIG. 3 is a diagram illustrating generation of a digital video fingerprint in
15 accordance with an embodiment of the present invention.
[6048] FIG. 4 shows a screen shot of an exemplary graphical user interface to a
multi-channel video monitoring system, in accordance with an embodiment of the
present invention.
[0049] FIG. 5 shows a screen shot of an exemplary detailed clip comparison
20 provided by a graphical user interface to a multi-channel videc monitoring system, in
accordance with an embodiment of the present invention.
[0050] FIG. 6 shows a system block diagram of an exemplary digital video image
detection and matching system in accordance with an embodiment of the present
invention.
25 [0051] FIG. 7 shows a system block diagram of an exemplary audio video detection
and matching systemn in accordance with an embodiment of the present invention.
0052} FIG. 8 shows a flow chart for an exemplary video detection process in
accordance with an embodiment of the present invention.
[0053] FIG. 9A shows an exemplary traversed set of K-NN nested, disjoint feature

30  subspaces in accordance with an embodiment of the present invention.



100571 Video detection systcnis and processes according to the present invention are capable of
comparing digital footage such as films, clips, and advertisements against digital media broadcasts
from virtually any source. This enables automatic and 15efficient supervision of digital content. The
video detectiod 2p8{&i#148 highly scalable and uses superior computer visESntard%8itftfattrocessing
technology for analyzing footage in the video andin the audio domain in real time. 100581 Users can
insert their reference content into the video detection system, and nominate one or more media

sources such as differe oggc st television channels 2 g wm%%gtg&rqﬁ%ﬁrﬁo{ mgpitoring. The
system then gen[éﬁléé%%s f;lEe%“e g%g{}’gtﬁglseg%igﬁ a %gg?rasﬁggé%fg tﬁa reference c nten? within the

monitored medizgsgrces whittopirottis brégittdsrEisoEyesitidiainsd foreoRfiTragercpurposes. The
video detection i@ﬂgg}g&g&%{g&ﬁ@&gﬁé@ﬁﬁﬁ@&{gﬁpn around-the-clock. Minimizing the required

amount of manual intervention, this allows virtually any source to be 25monitored in a very

cost-effective wd§?§Gb5diifhotestewste Shuepl tete Ao b tefre U ALY Mtt-based

identificationy techpplogyigiabbraceuraiesdbile-himan ehspais:mayersdurdmiatigus, or miss
small details in the footage that are difficult to identify, video detection system is capable of detecting

content with a proven wﬁgg%%{}%%gggﬁgégﬁﬁﬁ%ﬁﬁmgﬁ RHRE HSRaEHeR;0r manipulation

of the footage to be monitor S2008/060164 12 The system extracts the
relevant information from the video stream data itself and can therefore efficiently monitor a nearly

unlimited numbei®B5&hafidrdiRRERs IR b IACREiCLBH 8BP PRE VNSRRI Sy stem

computes digital sigrabires ciealledfingaepuintsdpiam ihedeferendecantsntsAdwese describe specific
audiovisual aspects of the content, such %%fcolor distribL%tion shapes p@{[lt Q?*tﬁé‘%élf?}% frequency

spectrum in the AU &R dumA % BFP P ISR TE e A i & v Gaprint Bt 1S Baciediya compact
digital representation;eftis fonigpei caciovisudkchaiactenggicsbotics vision, unmanned vehicles,

or any other similar applications.
[6057] Video detection systems and processes according to the present invention are
capable of comparing digital footage such as films, clips, and advertisements against
digital media broadcasts from virtually any source. This enables autornatic and

15 efficient supervision of digital content. The video detection system is highly scalable
and uses superior computer vision and signal processing technology for analyzing
footage in the video and in the audio domain in real time.
[0058] Users can insert their reference content into the video detection system, and
nominate one or more media sources such as different broadcast television channels

20 or digital video streams for monitoring. The system then generates detailed statistics
about appearances of the reference content within the monitored medsia sources. A
copy of the broadcast footage is retained for confirmation purposes. The video
detection is designed to operate without supervision around-the-clock. Minimizing
the required amount of manual intervention, this allows virtually any source to be

25  monitored in a very cost-effective way.
[0059] Moreover, the video detection system’s automatic content-based
identification technology is highly accurate. While human observers may err due to
fatigue, or miss small details in the footage that are difficult to identify, video
detection system is capable of detecting content with a proven accuracy of over 99%.

30 This does not require prior inspection or manipulation of the footage to be monitored.



1006111 The fingerprints of the reference content are stored in a reference database ioalong with all
relevant meta-infoiniation. In a typical scenario, the video sources to be monitored are buffered by
video detection signal acquisition units; fingerprints from these sources are extracted offline and then
compared toéezfiigieBdfits in the reference database as illustrated in FIGCT/US0@82F¥ideo detection
systems and processes use a fast multi-stage fingerprint 15 comparison engine that reliably identifies
any occurrence of the reference content in the video data stream that is being monitored. As part of

the flngerprlntlngT%roce§srthgﬁs tSt m c&uste S mllatr fr es gleat.ggglé WlthpCF close} arr(l)é%rguty as

. . & SYSLe Xiracts FOLCVAILT INFOTINAanon A gait gata 1ise.
illustrated in FIG. 2° ThiS TeSUTE I the temporal segmentation of the video into small, Visually coherent

units, called shotscFdrreathcsholy onmitepreseniativerfitih ewnbkeyifthameecl2@ithselectedathat can be
used for visualiz%it%‘%ég 4, storyboard. The fingerprints of the individual frames are combined to form
the video fingerprint for the entire clip. The video detection systems and processes use these video

fingerprints to idéP#i#jlif aite wiHen delridrct dementiarisadiciid parippeacim shensetreniideo

streams being monitared. 270031 Within the.atching RIReasS, iR videe Aptegtignisystem analyzes
the footage to identify Regions of Interest (ROI). A region of interest occurs, for example, when

reference conterfif&Ftt Sibvin RIP LRt SLRSRHEPEPIE LR eaimg it Smart Stent in a
video. In such casgis theanalysis piRoisf iddabladoddaitity fhgcrpgiantin whighche eferenee content is

shown, and disre ardg other 30cont in subsequent processing steps. WO
2008/128143PC?%%§ OSSO LER J‘%} 4 @%%‘Hﬁ’* ?/é%l%%%. %%Xemplary video detection
system 40 accor{fifigifo theediegeptrinverdtipnrifosinateshitef @ ¢ 3toumsistsrefeatieadtfdusenain

subsystems;, (1) %@&@Jﬁ%@%%a&f&%@m@a&mﬁtm% i) a.conientanalesisaHhsystem 44, (il

a data storage su tem 4 Iv) a management subsystem 48. The media Sacquisition
subsystem 42 aduitesiorrs rmbofeerad by sidealissoisnditmebaisigaaunits; fingerprints

from these sources are extracted offline and then compared to the fingerprints in the
reference database as illustrated in FIG. 1.
[0062] Video detection systems and processes use a fast multi-stage fingerprint

15 comparison engine that reliably identifies any occurrence of the reference content in
the video data stream that is being monitored. As part of the fingerprinting process,
the system clusters similar frames that occur within close proximity as illustraied in
FIG. 2. This results in the temporal segmentation of the video into small, visually
coherent units, called shots. For each shot, one representative frame — a key frame —

20  is selected that can be used for visualization in a storyboard. The fingerprints of the
individual frames are combined to form the video fingerprint for the entire clip. The
video detection systems and processes use these video fingerprints to identify if and
when reference content or parts thereof appear in one of the video streams being
monitored.

25  [0063] Within the matching process, the video detection system analyzes the
footage io identify Regions of Interest (ROI). A region of interest oceurs, for
example, when reference content is not shown full-screen, but as a downsized version
along with other content in a video. In such cases, the analysis engine is able to
identify the region in which the reference content is shown, and disregards other

30  content in subsequent processing steps.



records it as data chunks on a number of signal buffer units 52. Depending on the use case, the buffer
units 52 may perform fingerprint extraction as well, as described in more detail herein. This can be
useful in a remote capturing scenario in which the very compact fingerprints are transmitted over a
communicatiRBHIEIHS such as the iolnternet, from a distant capturing &E {82808 8pitiafized content
analysis site. The video detection system 40 andlﬁrocesses may also be integrated with existing signal
acquisition solutions, as long as the recorded data is accessible through a network connection. [0065]
The fingerprint fqr h data chunk can be stored in a media,r itory.58 i=Tele]y '9 frtb%éjata
storage su bsystgﬁwgg%. InEome e"r%%’é%?’mz‘ﬁ‘téf‘?ﬁ‘é’ {ol?ra}fav %%%?gggé%sgﬂ%}s?%stt% 456%]n(§ u%é% t_one or more of
a system repositprgs&6 avdntiveidrshesden5ftony60siomnel oidarbievnithia fepeiitones(B6, 58, 60 of
the data storage gibsystem 46.caninclideRpaar mors)lpcalpardiskiduvesnetwarkiapgessed

hard-disk drives, optical storage units, random access memory (RAM) storage drives, and
20combinations &6 BREGRSHBrAG R PIfosRBHEESE! SEsEYEAAInditE ¥ atabase

managemeny systemdn faciitele:aleior and Aecess Al 21018s cantant dneDme-embodiments, the
system 40 supports different SQL-based relational gatabg e systems h;%ugh its database access
layer, such as OFSRIESHPMROSBIIS O Suiber fiigi %@@%ﬂaﬁf as€ RIS RE SR (YAT repository
for all metadata gereraied fitring L Sopekapafcindindingrprosessing,; eontijatiostried status
information. 100661 In same embgdiments, the media repgsitory 58 is serves.as th in payload
data storage of RS/ fﬁeisxfbrlngst%aélﬁﬁélg%éar]lﬁ?s%%ﬁ%@ﬁ?ﬁ% gﬁsgg?r@élgp%}r%%lﬁgh&}é% frames. A low
quality version of-the qropesdedéopiageassocinitddviththegtomditaiepriateis.asdistoied in the
media reposjtoryp8, The.medig (eROSIANRE SANPe NIMRleMmEnied, Uaing.ane.or fMare RAID
systems that can be accessed as a networked file system. WO 2008/128143PCT/US2008/060164 14
100671 Each of fetcetbn ohtak Camp scorpbaimanayeisaiukartdsdtnaatied fmprocessing by a

controller 62 of the,manageMaNURSIIER AR [dhndeartsallRrRe:igible through a network

connection.,
[0065] The fingerprint for each data chunk can be stored in a media repository 58

15 portion of the data storage subsystem 46. In some embodiments, the data storage
subsystem 46 includes one or more of a system repository 56 and a reference
repository 60. One ore more of the repositories 56, 58, 60 of the data storage
subsystem 46 can include one or more local hard-disk drives, network accessed hard-
disk drives, optical storage units, random access memory (RAM) storage drives, and

20 combinations thereof, One ore more of the reposiiories 56, 58, 60 can include a
database management system to facilitate storage and access of stored content. In
some embodiments, the system 40 supports different SQL-based relational database
systems through its database access layer, such as Oracle and Microsoft-SQL Server.
Such a system database acts as a central repository for all metadata generated during

25  operation, including processing, configuration, and status information.

[0066] In some embodiments, the media repository 58 is serves as the main payload
data storage of the system 40 storing the fingerprints, along with their corresponding

key frames. A low quality version of the processed footage associated with the stored
fingerprints is also stored in the media repository 58. The media repository 58 can be

30 implemented using one or more RAID systems that can be accessed as a networked

file system.



primarily responsible for load balancing and distribution of jobs to the individual nodes in a content
analysis cluster 54 of the content analysis subsystem 44. In at least 5 some embodiments, the
management subsystem 48 also includes an operator/administrator terminal, referred to generally as a
front-end 64 Wih&¢isefatér/administrator terminal 64 can be used to confi§&reiGAIHPINSHEe elements of
the video detection system 40. The operator/admifistrator terminal 64 can also be used to upload
reference video content for comparison and to view and analyze results ioof the comparison, 100681

As shown in FIG, 3, the content analysis units fetch the recorded data chunks from the signal buffer

units directly antﬁ@ﬁﬁct%ﬁ%é’%ﬁﬁ@%r%’u%tﬁa@ ﬁ‘é‘i&“sﬁsa? 3%%%%3%? ﬁba %Eiflff?l%gggge??\fes one or

more video (and praresgerierallpawndieyisl af)blipsiossegments Y8gsath Motudingodiaeshective series

of image frames 71. The image .15ft, re highly r - I I : ing from each
19 Igasshliamesaua el Jeadank U LR Iamas YAy

other according 5 difterent shots o e video segment 70. In the exemplary video segment 70,
sampled frames widtrevidenseymeisisre gisupedisbeseaing erahse whpstishot2ln aidetbnd shot

72", and a third st 72+ AKERISSSALAHLE. keY famedt 4F 4ls/Adasnerally 74) is selected for each
of the different shots 72', 72", 72" (general 72;. 20The system 40 determines a respective digital

signature 76', 76°P78\qyRHRIHATE) ht drpsrisneikegsrrlneat s Sthe§foup of digital

signatures 76 for,fae:kemmdramesafé tegrtharaepiesental digigl iidediegeptnt atwmexemplary
video segment 70. 10069] After processi veral such %.ata.chunks 70, ti}%ﬁgetec ionb%esults for

these 25chunks Sre"At60dtF 18 SULEaH' Gath R B TR S BENSATANG ST MBS and
capacities of signatdufiersnitef(EtGiRpandteontenbanalsie rodesbd(EHG a2) mayefeiibly be
scaled to customi% th% S s}_ies%s capacity to specific use cases of any kind. Realizations of the system
40 can include niul ||§I3 scﬁ?ware’ components that can be combined and configured to suit individual
needs. Dependiri§6Bithé:spevifici8ilice Tabe cosivatabeomponiénteidaipecrarieshdtie S8Wie hardware.

Alternatively or i addition, compenentsGan-he,ru erindividuabhardyaredanbetiayperfagmance and
WO 2008/128143PCT/US2008/060164 15 improved fault tolerance. Such a modular system

architecture allowEsEIstOAUSHSh B LU ARRIATTRETR I o Suip B eiseeeagal ik Al oy ISl Urtle-PC
solution to nationyideRepRiter BEYstammdavisilaranseidesonaing eduaoancyraitdagembinations

el 0] S O i A S % 198, D 100 52T A B 2eding o
different shots of the video segment 70. In the exemplary video segment 70, sampled
frames of the video segment are grouped according to shot: a first shot 727, a second
shot 72, and a third shot 72'". A representative, or key frame 74°, 747, 74’7
(generally 74) is selected for each of the different shots 72, 727, 72°” (generally 72},

20 The system 40 determines a respective digital signature 76°, 767, 76 (generally 76)
for each of the different key frames 74. The group of digital signatures 76 for the key
frames 74 together represent a digital video fingerprint of the exemplary video
segment 70.

[0069] After processing several such data chunks 70, the detection resulis for these

25 chunks are stored in the system database 56 (FIG. 2). Beneficially, the numbers and
capacities of signal buffer units 52 (FIG. 2) and content analysis nodes 54 (FIG. 2)
may flexibly be scaled to customize the system’s capacity to specific use cases of any
kind. Realizations of the system 40 can include multiple software components that
can be combined and configured to suit individual needs. Depending on the specific

30  use case, several components can be run on the same hardware. Alternatively or

addition, components can be run on individual hardware for better performance and



5review detection results, manage reference content, and monitor the system's status. Several
auxiliary tools may be added to the core system, such as a ClipCutter utility to extract and insert new
reference clips into the database, and a RetroMatch tool that allows offline matching reference clips
against preVisigspdeditfed footage. [0071] In some embodiments the vid&d etd8#8 E/stem and
process can be 10installed as a Web portal solutfon. Web portal implementations allow for flexible, on
demand monitoring offered as a service. With need for little more than web access, a web portal

mplementation allows cents il smalleference data volumesfo henefi fiom ihe adiapiaoes of the
video detection SEEME ARG Procassas ol the Bresent inventon. Solutions can offer one or more of
several programmingiinigifacesusing 16 Micresoftt et RembtimeforrSeenhides ihkbaseiregration
with existing apnlicaliont, NGLIAIYEIK R Adean-daRg s SiovageBseroa widegrdata and

e adde

operative redunngncy ca y installing a secondary controller and secondary signal buffer
units. 100721 Ry sysimmerErgon, ehdasigmal wirer it B ar-padfpiEitedted to 200perate

around-the-glock WithoyLanyousesinierRelion RecRESANIBrs UGN arphRsimerisdheseatinuous video
data stream is cgptured, divided into manageable segments, or chunks, ang stored on.;nternal hard

disks. The hard SRIEGARE IR 99N B AR FUAGHG HOAS AR AYEB A& P THEE SRfibUAtion, older
stored data chunisreanheimenedioaseparalipdong thenastbisgentit fetratdhistatpflabing up 25space
on the internal hayd disk.drives foy.storing new, incoming,data.chunks, Such.storage management
provides reIiabIe?’{ Tt %nua'ts%{gnﬁgglrg%%ﬁ%%eﬂﬁh oV al\?%i:r;?ﬁ%‘f%aué{ rfgﬁ‘%@ﬁ}frﬁ‘ﬁ?%igg., hours, days,
weeks). The conéliét 62niscconfighreihtentndera dimdiootbressing: ehalprmrssctaaiies so that no data

is lost. The signal acquisitionsnits, nziars, desiones (a.ARaratewithaut anyeMArkGoneestion, if
required, (e.g., 385ur|ng pem% network interruption) to increase the system's fault tolerance.

demand monitoring offered as a service. With need for little more than web access, 2
web portal implementation allows clients with small reference data volumes to benefit
from the advantages of the video detection systems and processes of the present
invention. Solutions can offer one or more of several programming interfaces using

15 Microsoft Net Remoting for seamless in-house integration with existing applications.
Alternatively or in addition, long-term storage for recorded video data and operative
redundancy can be added by installing a secondary controller and secondary signal
buffer units.
[0072] Referring again to FIG. 2, the signal buffer units 52 can be implemented to

20  operats around-the-clock without any user interaction necessary. In such
embodiments, the continuous video data stream is captored, divided into manageable
segments, or chunks, and stored on internal hard disks. The hard disk space can be
implanted to function as a circular buffer. In this configuration, older stored data
chunks can be moved to a separate long term storage unit for archival, freeing up

25  space on the internal hard disk drives for storing new, incoming data chunks. Such
storage management provides reliable, uninterrupted signal availability over very long
periods of time (e.g., hours, days, weeks). The controller 62 is configured to ensure
timely processing of all data chunks so that no data is lost. The signal acquisition
units 52 are designed to operate without any network connection, if required, (e.g.,

30 during periods of network interruption) to increase the system’s fault tolerance.



WO 2008/128143PCT/US2008/060164 16 100731 In some embodiments, the signal buffer units 52
perform fingerprint extraction and transcoding on the recorded chunks locally. Storage requirements of
the resulting fingerprints are trivial compared to the underlying data chunks and can be stored locally
along with th&@a¢88¢B6i#ks. This enables transmission of the very 5comp&é&tHitigasasientdsihcluding a
storyboard over limited-bandwidth networks, to a¥id transmitting the full video content. [00741 In
some embodiments, the controller 62 manages processing of the data chunks recorded by the signal
buffer units 52. The_controller 62 constantly monitors the signal buffer units 52 and content analysis
nodes 54, perforMiigloat M@%@%&’e{ ﬁi%%@ﬁf%ﬁ%ﬁsé%g PR BG8BT &5 tem resources.
For example, thezeonitaherG2ditiatés pooabssiegrabdewsdatiociibinkSthyassigringanakysis jobs to

selected ones Oftgc]aer aasﬁﬁi}{s'ﬁ nodeﬁsng%l some, mstanﬁ%g,t gem%: g@}g&;ﬁga% %t&m%gg%léx restarts

individual analysis processgtesn% e anaefy5|s no glspgliﬁ or one or more-entire analysis nodes 54,
enabling error recovergdlithit dseg intdrictidaia AgréphitaisuseblirtéraveissBoad Be pravided at the

front end 64 for manifor.and control.of one.or Mot subsYSIams A2 #R81ES Sysiem 40. For

example, the graphical user interface allows a user to configure, reconfigure and obtain status of the
content analysis 2@ FgysiEhn 6575 Hidehfe®a#bodiments, the analysis cluster 44 includes one or

rznooredanalyskzI nqd@?@%l ﬁ@s&ﬁé@i%ﬁ@f&ﬁi&?%%ﬁ%@k \ méﬁg@m&@m&%wtﬁrﬁafach anf?llysigz
node 54 independently processes the analysis tasks, that are assjgned to the the controller 62.
This primarily incIREE f&EORTHE @Hﬁ\%ﬁ%ﬁ%&k@ﬁﬁ%ﬁ ,Té’@r?é’%ﬂ%rtﬁg Wgé%ﬁnﬁ?'g}é%ﬁtﬁf& and
matching of the fingeprintsfgaingt terefesenee cotientndde féspltifigraatalisdtoredcinghe media

repository 58 and in the data storage.subsystem 46. The analysis nodes 54 ca halso operate as one or
more of refé?encrée%lé??p% fﬁlalenst |gr% f\ﬁg ] éi}%%%iﬁ%ﬁ% %’slzegcr)%ceefgr'o atch ne gleés in case the system
performing retro$peotinaarpiohingBémevatiyteathuckivity efsibeinmhatpbisiciobide isststadotied and

monitored by the saniraller[007R1 4 serash.shiak ARl Al expmRlaMARUAPRIcaLYset interface

(GUI) for operators, data annalists, and other users is gflustrated in FIG. 4. The video detection 30and
comparison GUIiB Efaw|aaadists srerresaenn dbtcembiies mdrngb Pefite ALB RGBS &8 D metadata,

play reference apddetectedinatageaachparfarimeetai@dnteraction. A graphical user interface,

15 can be provided at the front end 64 for monitor and control of one or more subsystems
42, 44, 46 of the system 40. For example, the graphical user interface allows a user to
configure, reconfigure and obtain status of the content analysis 44 subsystem.
10675} In some embodiments, the analysis cluster 44 includes one or more analysis
nodes 54 as workhorses of the video detection and monitoring system. Each analysis

20 node 54 independently processes the analysis tasks that are assigned to them by the
controller 62. This primarily includes fetching the recorded data chunks, generating
the video fingerprints, and matching of the fingerprints against the reference content.
The resulting data is stored in the media repository 58 and in the data storage
subsystem 46. The analysis nodes 54 can also operate as one or more of reference

25  clips ingestion nodes, backup nodes, or RetroMatch nodes, in case the system
performing retrospective matching. Generally, all activity of the analysis cluster 18
controlled and monitored by the controller.
[6076] A screen shot 80 of an exemplary main graphical user interface (GUI) for
operators, data annalists, and other users is illustrated in FIG. 4. The video detection

30 and comparison GU! 80 enables users to review detections, manage reference content,

edit clip metadata, play reference and detected footage, and perform detailed



WO 2008/128143PCT/US2008/060164 17 comparison between reference and detected content. In
some embodiments, the system 40 includes or more different graphical user interfaces, for different
functions and/or subsystems such as the a recording selector, and a controller front-end 64. [0077] A
portal is a weiSBesfétnd-user interface to the system for offering on 5déifanE¥RtsAttetection as a
service. The portal targets customers with smallef’amounts of reference content, such as small to
midsize advertising agencies, content owners, or PR firms. Clients can log in, upload their reference

content, and select the_chagntels they wish to Q% rpopiéorgc% frg)tr ndse%%%%ggdg%nemssp%. Detailed
detection reportd TR BE iR LG BARTE AT AR (iRe” SAG EhTal nothcations can be sent every iotime
reference contentias: déenchired ohmadel iy dhezpgialad ffersiadvanes dofutiChorrdlfynsiots as RSS
feeds, metadata ageess, download of detection reports.in Microsoft-Excel orXML farmat, and detailed
clip difference vi%ﬁ%fﬁ%éﬁ%ﬁ%@’%‘%‘%ﬁ%@?h% %Ula ronti-ené.' f06;78]’ The video detection and comparison GUI
80 includes one Biifidre Aseriad Sseluehdified spérorssisiis KsBedyeiar WindtRtotitrol features.

The GUI 80 alsogncludes detestionresultstable 84lpotha exemnniansembodimantithe detection

results table 84 includes multiple rows 60, one row for each detection. The row 60 includes a
low-resolution verBRIFEREISIERSE SHAEE BB M IfHOIRES FREATHTIEHS SRIRUT R Gltection itself

Generally, a nanae.g&9thepterival. intisatonabih® 20stemtidhadeans banpinyVitddaestie the image.
The detection information can i cludpe one .or néo e of; date ag(%,time of dg[etct'og; indicia of the channel
g );r fed 1 lﬁ d

or other video sdtFEEEREIEETEH A8 15 TREGGS B R At as To H5e SuaTty

e qua |3“y%f an audio
match; date of inspegtianiye-detecidnidantifieatitinvalnd cardl maifatiomasHo etewtiviegource. In

fames of 18 Qe B B e e b o ncludes an
audio viewing wifrdotic88ifgrsudmadtify fhedicimvtdaisasiosc6nipriabal foFrupoOREaTfsIBlished content
differs slightly frap she ofiginal iefesance.contenk avbildniscontsehuilstillberatpgiaddhe system
will not report a 100% match. In
the GUI front-end.
[0078] The video detection and comparison GUT 80 includes one or mors user-
15  selectable controls 82, such as standard window control features. The GUI 80 also
includes a detection results table 84. In the exemplary embodiment, the detection
results table 84 includes muitiple rows 60, one row for each detection. The row 60
includes 2 low-resolution version of the stored image together with other information
related to the detection itself. Generally, a name or other textual indication of the
20 stored image can be provided next to the image. The detection information can
include one or more of: date and time of detection; indicia of the channel or other
video source; indication as to the quality of a match; indication as to the quality of an
audio match; date of inspection; a detection identification value; and indication as to
detection source. In some embodiments, the GUI 80 also includes a video viewing
25  window 88 for viewing one or more frames of the detected and matching video.
alternatively or in addition, the GUI 80 also includes an audio viewing window 89 for
comparing indicia of an audio cornparison.
{0079] Often published content differs slightly from the original reference content.
while this content will still be detected, the system will not report a 100% match. In

30 these cases, users may examine the changes between reference and detection in detail

using the an exemplary graphical user interface 90 for comparative analysis, shown in



30these cases, users may examine the changes between reference and detection in detail using the
an exemplary graphical user interface 90 for comparative analysis, shown in FIG. 5. The reference
content is shown in the upper row 92, key frame 96 by key frame 96, and compared to the detected
content in th&/{bAey1844B4. Visual differences are highlighted using colofd!Hax8%/#sitiétences in the
audio track can be visualized as color-distinguishi&ble bars (e.g., red and green bars) 98', 98" shown 5
above the key frames 96 and may be evaluated by playing both reference and detected footage

side-by-side thr he yser interface 90, In some embaodiments, the, front-en ElG. 2) provides a

Componente-bass oA T L a0 o 2ty R o K63, raments

Functionality sucﬂtﬁuwﬁadnﬁinmgd]taﬁh_bs%@@e@ﬁmﬁﬁﬁrin@h@hv%beraﬁd@q i¥ regliired. lo[0080]

Referring now 1,4, 6. a%%?%m%&%& cliagram, 100, i shownrnmate fetail fan an sxemplary digital
in

video image detection and matc system according to an embodiment of the present invention. The

system block diatjparizEdosreleseistingatshaerand 2 Lo psrarreiambder 1205 e manager 130,

a preprocessor 4@, anides frame pesassel b2Qvarlile.database:d 66iaervdeadiairbage 170.
15[0081] The user interface, 110 communicates direct%y with the systemiﬁ%jgggrg%é% and the file

manager 130. THRPEE 8l Wi egorores heige i 4ital s CEfoie &fts to provide
for a system condiglisatier;l 2p madides systepotinninbabid gitapis b2 dsef hetafaly gistdontroller 121

includes an input analysis controller 121A and an output analysis controller 121B. The input analysis
controller 121A iﬁgﬁsﬁlﬁz%gﬁ% %t?%r%fl 5%%%?5%%%%2%@%&%5@ ﬁ‘écél}%ﬁt analysis controller
includes a detectdmli28yatictassifigrtadrandaividoeydrivietdb25f {6P82YIThe threshold set 122 is used

as a systemnpyhiRdet A% AR PLMace Ieatsarbibieshaltia, eomAsmIadents. the

threshold set determines feature thresholds manually, baséd on input from the user interface 110.

In some 25embaiinibfisairxemeanoiietat idsodaesaipesienmd BN SREATATERSY. In some

embodiments, thg thresheighsstk L2 hdetesminasdaaurerthreshaldsinamaitandeuaomryaally.
100831 A set of video match output data is received by the detector 123 and the classifier 124. The

detector 123 regiSRE8FESHS bPASKHERS MEREFOLAP difiaapaeer 130, a preprocessor 140, a

video frame processor 150, a file database 160, and a video database 170.
45 [0081] The user interface 110 communicates directly with the systems manager 120
and the file manager 130. The systems manager 130 includes an analysis controller
121 and elements to provide for a system configuration 126 and for system timing
functions 127. The analysis controller 121 includes an input analysis controller 121 A
and an output analysis controller 121B. The input analysis controller 121A includes
s¢  an element to provide a threshold set 122, The output analysis controller includes a
detector 123, a classifier 124, and a video driver 125,
[0082] The threshold set 122 is used as a system input to determine one or more
feature set thresholds. In some embodiments, the threshold set 122 determines feature
thresholds manually, based on input from the user interface 110. In some
25  embodiments, the threshold set 122 determines feature thresholds automatically. In
some embodiments, the threshold set 122 determines feature thresholds manually and
automatically.
10683] A set of video match ouiput data is received by the detector 123 and the
classifier 124. The detector 123 registers results of the video match output data. The
so classifier 124 classifies results of the video match output data. The video driver 125

displays results and classifications of the video match output data.



30classifier 124 classifies results of the video match output data. The video driver 125 displays results
and classifications of the video match output data. WO 2008/128143PCT/US2008/060164 19 [0084]
The system configuration 126 and system timing 127 elements of the systems manager 120
communicat® Wi#pEHepteprocessor 140. The system configuration 126 dBteriiatis/8sfitiware
configuration to capture an MPEG video input strt¥am. The system timing 127 determines a video
capture rate and a video 5 capture period for the MPEG video input stream. [0085] The user interface

110 communicates with a file manager_130 to u Ioad t least gne vi file to co re to a queried
video input. The Wmangb@e?yﬁﬁm(‘f%%%‘}af fyﬁﬁn&ﬁ%‘ﬁ? ?;%)f!'f? % upload function

and queue 133. Iﬁ&xweﬁmgay 181 camptoad dag dzﬁﬁ;iaﬂeté;beou@ﬁadﬂ@nd‘imis&mre selected by a

user at 10the user i terf%ce %%gd% 86;11@ preprocessor 1 40| clu%| %‘lg Bﬁ@r MPEG video
capture and buffer . an element for video conversion om an %} igital iImage representatlon to

an ROB digital imwestaamséﬂwasmmémm@ﬂwmmmpm@é?@@pﬁlv@@mens and a

video resize 5143%'3&&%81%‘@&%&@%%? yetsion from an ROB digital image r(.apresent'ation
to an COLORO didital image representation 144. [0087] Theg eprocessor 140 communicates with the

video frame prod8888r 15be 158 ikegerdiH prorEsisierst el it e 4ttt e P o5 Fesolution
temporal feature;gxiractiondofianhesaipdewore saliian iecperat fealymextagtiominclides a 20

method to calculate low resoIL_Jtion temporal momenfg ement to,com low resolution
temporal moment§tGHeridtff “Hﬂ?ﬁff 462 P05 gﬁi%@?f@rﬁ@fﬁ%%é”ggé?’lﬁ%@th Sncludes, in the
same element, am@alqmgnt3@[W&&sglmmmﬁéﬁiar@mmmoh%BWsm&@hyemm&On feature
extraction mcludehse %Sg?éte? 10,4
[6086] A preprocessor 140 includes an element for an MPEG video capture and
buffer 141, an element for video conversion from an MPEG digital image
representation to an RGB digital image representation 142, an element for a removal
of borders, split screens, and a video resize 143, and an element for a video
15 conversion from an RGB digital image representation to an COLORSY digital image
representation 144,
[0087] The preprocessor 140 communicates with the video frame processor 150.
The video frame processor 150 includes an element for low resolution temporal
featurs extraction 151, wherein low resolution temporal feature extraction includes a
20  method to calculate low resolution temporal moments, and an clement to compare the
low resolution temporal moments to an existing database 152. The video frame
processor 150 further includes, in the same element, an element for high resolution
feature extraction 151, wherein high resolution feature extraction includes a method to
calculate high resolution temporal moments, and an element to compare the high
25  resolution temporal moments to an existing database 152, The video frame processor
150 further includes a method to calculate 2D wavelet transform coefficients 153, and
an element to compare the 2D wavelet transform coefficients to an existing database
154.
[0088] The video frame processor 150 further includes an element to convert an
ac  RGB digital image representation subframe to a normalized grey scale digital image

representation subframe and compare the normalized grey scale digital image



calculate high resolution temporal moments, and an element to compare the high 25 resolution
temporal moments to an existing database 152. The video frame processor 150 further includes a
method to calculate 2D wavelet transform coefficients 153, and an element to compare the 2D wavelet
transform co&ffigidmadtian existing database 154. [0088] The video fraf& fladesseid60 further
includes an element to convert an 30ROB digital #fhage representation subframe to a normalized grey
scale digital image representation subframe and compare the normalized grey scale digital image WO

2008/128143PCT/USZOOEB/OGO% 4 20.re reseptatié)n %ubfrlasrge 10 an & Isting databas &55, wherein

. . YEpTESEntalion si ame.totz{%eﬂs % éa aée . W 61?'?11‘} ﬁe GO@ Alillg 1o £5

the comparing inclides & regisnation in translati f‘x, y) and scaling (s) of the normalized grey scale
digital image represgnitation subfralaiéoto(the Enistidgedbraliase! Gndemmelesiezieiosbiiwise compare the

RGB digital imaggepiaseniaion shliamee.an sxslasdalaase Lo, uherRindg omparing

includes an edge detection and suppression algorithm to eliminate residual registration error. The RGB
digital image reﬂ?é@ﬁﬁﬁ%ﬁ%@l9??4%@%@@@?&%%&%@%%%%&5@ FOHVBEL The video

frame procegsordka@ dwther inctudesianalgmen lochaldvnamic tieanaldsd Shiesermpare elements
152, 154, and 156. 10100901 The file datahase 160 includesg%gg%%égia%q%g relational database, cross

referenced by art BREETHGEITHEIE TSR ARG St BHm Ha 2t wavelet transform
coefficient archivept&dnatiowsitgoiuiion dempdratiroorhenissang dughaesolution temporal moments

archive 163, an P archive 164. [0091 ile,database 160 elements 162, and 163
directly feed the%@#é%ll rg%qeegrggggs%r%iﬁa%ﬁe%éﬁ% ?ﬁgf@@; Sf%r}]%ﬁ% %t}?rtgssﬁjé%llv%wdﬁe file
database 160 elémhtdds 617 T8 camehi63carentalSilaté4 frohi $he MPEG archive 164 in an identical

manner as {he V@@Qﬂﬁramﬁeqf@%%%sgl%ﬂ%ﬁéﬁx&éﬁa 323, andhd Pd.feaRestiNElY. g &alculated from

the preprocessor 140 element for MPEG video capture and buffer 141, wherein calculations for 155,
153, and 151 arécdrtrensey HeRrdedigis! image representation subframe archive 161, 2 2D

wavelet transform coefficient archive 162, a low resolution temporal moments and
high resolution temporal moments archive 163, and an MPEG archive 164.
[0091] The file database 160 elements 161, 162, and 163 directly feed the video

15 frame processor 150 elements 156, 154, and 152, respectively. The file database 160
elements 161, 162, and 163 are calculated from the MPEG archive 164 in an identical
manner as the video frame processor elements 155, 153, and 151, respectively, are
calculated from the preprocessor 140 element for MPEG video capture and buffer
141, wherein calculations for 155, 153, and 151 are distributed between the

20  preprocessor 140 and the video frame processor 150.
[0092] A video database 170 includes a video frame relational database, cross
referenced by an MPEG archive 171, an RGB digital image representation subframe
archive 172, and a features archive 173, wherein the feature archive includes low and
high resolution features. The video database 170 elements 171, 172, and 173 are

25  populated by preprocessor 140 element 141, the video frame processor 150 elements
155 and 156, and the video frame processor 150 elements 151-154, respectively. The
video database 170 is populated as determined by the systems manager 120 system
configuration 126, which is selected by the user at the user interface 110.
[0093] FIG. 7 shows a systemn block diagram 200 for an audio video detection and

30 matching system according to a first embodiment of the present invention. The

systern block diagram 100 includes a user interface 110, a systems manager 120, a file



20preprocessor 140 and the video frame processor 150. [0092] A video database 170 includes a video
frame relational database, cross referenced by an MPEG archive 171, an RGB digital image
representation subframe archive 172, and a features archive 173, wherein the feature archive includes
low and highwésalfitgifgatures. The video database 170 elements 171, ¥Flayeswdoiigoare
25populated by preprocessor 140 element 141, thé video frame processor 150 elements 155 and 156,
and the video frame processor 150 elements 151-154, respectively. The video database 170 is
populated as determined by the systems manager 120 system configuration 126, which is selected by
the user at the useAPRETfatl 4 RIGPIOBUSTEIE: 7 ¥lst S ans iR Yinglanrebestortin audio video
detection and 30matehingisysigmacearding to a first embodiment of the present invention. The
system block dia includes a user interface 110, a sfystems manager 120, a file WO

ram 10 3
2008/128143Pc%@%éo&%‘/%%ﬁffé%%amﬁ2&8%@‘}“&%&% Beibs 26 AR SE RS S HHRY ptBcessor
150, a file database t6dilandaupalidio. dBiabager2ya{@@a4] Thadsssinterfaseil t0ngetivnunicates
directly with the systems manager 120.and the file manager 130. systems manager 130 includes
an analysis gont?’é%?e?%’l%n aer{f(}i9 g?eprﬁoevﬁ%se grpa}(% %e (%(rn?aiq yg tel(r)ﬁ’l Igﬁfﬁgﬁgﬁg#%ﬁgﬁ@%r system
timing functions f2rtThe ldhalbissoehyvlemiRilanthldes aleimpunanadysisstorinoidied 22and an

output analysis cgpirligr121B.1The LRLLABAlySES cepiraller 12hadncludes an slament josprovide a

threshold set 122. The output analysis controller includes ‘a detector 123, a classifier 124, and a audio

driver 225. to[009BFFREthie sHuftisatarsspid sed 4% JaySdrtirpat@sderihiiemsialsy more feature

set thresholds. Insepe embedimeants. the threshold-satd22 getermines feature thresholds manually,
based on input from thenﬁer int%ﬁ(ie 110. In some embodiments, the threshold set 122 determines

feature threShold8 S omEti ST € 87h & 2Erfo B s AEy FHE AL P STH 88 (S Hfies feature
thresholds manugliyusesstt thresholds. In some embodiments, the threshold set 122 determines feature

thresholds manually, based on mput from the user interface 110. In some
embodiments, the threshold set 122 determines feature thresholds automatically. In
some embodiments, the threshold set 122 determines feature thresholds manually and

16 automatically.

[0096] A set of audio match output data is received by the detector 123 and the
classifier 124. The detector 123 registers results of the audio match output data. The
classifier 124 classifies results of the audio maich output data. The audio driver 125
plays results and classifications of the audio match output data,

20 [00%97] The system configuration 126 and system timing 127 elements of the
systems manager 120 communicate with the preprocessor 140. The system
configuration 126 determines a firmware configuration to capture an MPEG video
input stream. The system timing 127 determines a video capture rate and a video
capture period for the MPEG video input stream.

25  [0098] The user interface 110 communicates with a file manager 130 to upload at
least one audio file to compare to a queried audio input. The file manager includes a
web query 131, an upload tag 132, and a file upload function and queue 133, The
web query 131, upload tag 132, and file upload function 133 are selected by a user at
the user interface 110,

30 [0099] A preprocessor 140 includes an element for an MPEG video capture and

buffer 141, an element for a conversion from an MPEG digital image representation



15automatically. [0096] A set of audio match output data is received by the detector 123 and the
classifier 124. The detector 123 registers results of the audio match output data. The classifier 124
classifies results of the audio match output data. The audio driver 125 plays results and classifications
of the audio Watlioiia data. 20[0097] The system configuration 126 aRé Byt fignlng 127
elements of the systems manager 120 communic#te with the preprocessor 140. The system

system timing 127 determines a,video capture rate a video, capture period for the MPEG video
out stream. 251005 e e AT 18 A e T G A R L3005 dfoad at
least one audio fitedfo tomparetoapgereriet audierinpdic TiseuicydmegeripoisdestianWéb query 131,

an upload tag 133, pgl afle ygload Lupstien and auene. 1% Bheuiebausonddl ploa tag 132, and

file upload function 133 are cted by a user at the user interface 110. 30100991 A preprocessor

140 includes an éfredicfems mEEBNidbiedytrcnslFBardo 1 windrBIe e mifop A86nversion from
an MPEG digital jjage f%%%é@c@%ﬂ% WS 200841281 A3R6:T (142 20R8IR0MAA B2 taamkAuUdIO time

domain representation 242, and an element for a conversion from the audio time domain
representation t6 EHCAEHRS FFetg SR HBR-atr Pass dLént o ST iE OB S5 b re or 140

communicates witbitiaesandiRfiame pregasses 2 Fhg.audiddramergincensaoz363nalddas an
element for wmdc&wr&ﬁhe audio time Sd%&%grgg sentation 251, and an (galgment to cross correlate

the audio time d&mial ?é%?gggﬁfgtlo% 5'&n exis ing datana: (;3 %%iﬁi;hfﬁ%masﬁalo ]f?gr%*?ea%rocessor 250
further includes anigleméntteseeight the audio frequency domain representation 253, and an element

to compare e WrighjecadinienieD . domandeRisrENRIORI9. L0 SXISHING alahass. 254

10101011 The audio frame processor 250 further includes an element to set dynamic
thresholds 157 for compare elements 252 and 154,

[6802] The file database 160 includes an audio frame relational database, cross
referenced by an audio time domain representation archive 261, an audio frequency
domain representation archive 262, and an MPEG archive 164,

15 [0103] The file database 160 elements 261 and 262 map directly onto the audio
frame processor 250 elements 252 and 254, respectively. The file database 160
elements 261 and 262 are calculated from the MPEG archive 164 in an identical
manner as the audio frame processor elements 251 and 153, respectively, are
calculated from the preprocessor 140 element for MPEG video capture and buffer

20 141, wherein calculations for 251 and 253 are distributed between the preprocessor
140 and the audio frame processor 250.

10104] A audio database 270 includes an audio frame relational database, cross
referenced by an MPEG archive 171, an audio time domain representation archive
272, and an audio frequency domain representation archive 273. The audio database

25 270 elements 171, 272, and 273 are populated by the preprocessor 140 element 141
and the audioc frame processor 250 elements 251 and 253, respectively. The audio
database 270 is populated as determined by the systerns manager 120 system
configuration 126, which is selected by the user at the user interface 110.

[0105] FIG. 8 shows a method flow chart 300 for a digital video image detection

30 system 100 in accordance with a first embodiment of the present invention. The

method flow chart 300 initiates at a start point A with a user at a user interface 110



thresholds 157 for compare elements 252 and 154. [0102] The file database 160 includes an audio
frame relational database, cross referenced by an audio time domain representation archive 261, an
audio frequency domain representation archive 262, and an MPEG archive 164. 15[0103] The file
database 160/@RMM#1IH 261 and 262 map directly onto the audio frame pRSCEEE P8 Eéments 252
and 254, respectively. The file database 160 elerfients 261 and 262 are calculated from the MPEG
archive 164 in an identical manner as the audio frame processor elements 251 and 153, respectively,

are calculated from the preprocessgr 140 elem(\ajé‘lt for. MPEG vi(il%) o ture and buffer 20141, wherein

calculations for ST FHITBEPE AL ITR ARt ISR ISP o s 014D DRI BE M T0 frame
processor 250. [eiQd}Analidies edtabaget27Gtincludesiah audistfrasnéerelitipmadttiadabade, cross
referenced by an MPEG archive 171, an_audio tim mai r tation archive 242, and an audio
frequency domaﬁh?%?gg%nn?gﬁgﬁ%?’c% %}%&%ﬁg‘%ﬁg%%{f&%@ﬁ%%% e e.mge%ts 171, 272, and 273
are populated byCtwfigreptesssterniZéimsleftslE afdehe st haMeiBroddssBras0 elements 251

and 253, respectjyely; Jhe audio.databaseiae0.is Repulasdacdgterminethby, he:systems manager

120 system configuration 126, which is selected by the user at the user interface 110. 10105] FIG. 8
shows a methodsfiBw Heirasee i e AR AnGiHEE 2 e BE RSB ABE) L1673 Hkcordance with a

first embodiment,of dheiRpeseRt ipve MiRnithecRateg fievschart 300 initiates at a start point A with a
user at a user interface 110 WO, 2008/128143PCT/US2Q08/060164 23 §g§%ﬁi9 tcl?g gsi)gital video
Ing

image detection S8 £98 RHE e RO BHE LA R8s AT AT E L e feLting Gt 1eAst one channel,
at least one decqdingamethathapdachhnnebsaniplingeateina chiarnetrsanyslingtixhey &nd a channel

sampling period. Configuring the Srlerp,28.nevslen one-af:canfioning bR digialivideo image

(6107} In some embodiments, the method flow chart 300 for the digital video image
detection systern 100 provides a step to optionally query the web for a file image 131
for the digital video image detection system 100 to match. In some embodiments, the
method flow chart 300 provides a step to optionally upload from the user interface

15 100 a file image for the digital video image detection system 100 to match. In some
embodiments, querying and queuing a file database 133b provides for at least one file
image for the digital video image detection system 100 to match.
[0108] The method flow chart 300 further provides steps for capturing and buffering
an MPEG video input at the MPEG video receiver and for storing the MPEG video

20 input 171 as a digital image representation in an MPEG video archive.
[0109] The method flow chart 300 further provides for steps of: converting the
MPEG video image to a plurality of query digital image representations, converting
the file image to a plurality of file digital image representations, wherein the
converting the MPEG video image and the converting the file image are comparable

25  methods, and comparing and matching the queried and file digatal image
representations. Converting the file image to a plurality of file digital image
representations is provided by one of: converting the file image at the time the file
image is uploaded, converting the file image at the time the file image is queued, and
converting the file image in parallel with converting the MPEG video image.

30 [0110] The method flow chart 300 provides for a method 142 for converting the
MPEG video image and the file image to a queried RGB digital image representation



5 detection system manually and semi-automatically. Configuring the system 126 semi-automatically
includes one or more of: selecting channel presets, scanning scheduling codes, and receiving
scheduling feeds. [0106] Configuring the digital video image detection system 126 further includes
generating aitPriti§/edtitl sequence 127, wherein a set of signals gener&fedi5y i stithing control
sequence 127 provide for an interface to an MPE® video receiver. [0107[ In some embodiments, the
method flow chart 300 for the digital video image detection system 100 provides a step to optionally
qguery the web for a filg,i or the digital video in& g Q% ti Ie, g)ggy;[&]{yatch. In some
embodiments, thaé‘l%naefi% ov\(/%1 %%gﬁrgrgg%eé?%z\%%egégg{}s%’e% t% Sptioi}up'al y ?J[g%a from the User interface
15100 a file imagerforthng dighabvide firaueodaretcaaystesria 00ags pramh. 1 dorfiet@nbodiments,
querying and queying a file dlatabase J33h-pravidss dor atdeastons e dmaas.farthg.digital video

image detection system 100 to match. [0108] The method flow chart 300 further provides steps for
capturing and buffaiaRiasMEeG JRIES TP SPRPIRS VPG DRI CEFET HhTorsiiing the MPEG

video 20inpyf 174,333 digitdlmageispeseiatigndnanMRE video aisbiiecl0168] dhe method

flow chart 300 furather provides for steps of: converting the MPEG video,image to a plurality of query
digital image rerPRREALHEINS CEATING RSN AP BT O ORI A

representations, siperein tbmeenvedingibecMREGnyidethindge anththewomvertingi thefite image are
comparable 25 methods, ring,and matching the queried ang file digial | e
g 3%‘3%8@3%% 1 oagegﬁgﬁ?%tgqlﬁ% griedand s digialinag

representations.%glﬁ%eﬁ?ng e e digital Image representations is provided

by one of: conveltitig theTileririlige SothehtmOthtufileipragedis Gploasbod bt &tingrtEle image at

the time the, file E%E@ﬂﬁ}@(%%‘é&%ﬁﬁ@aﬁ‘a'%ﬂgﬂl@%Qgeftl?é@?&%A@ﬁf@i@ WithA£9Rygxting the MPEG
video image. 30[0110f The method flow chart 300 provides for a method 142 for converting the MPEG
video image andreiessiatatinpentbedilleRePRUBeR)itaansd6w snaten aracivey
2008/128143PCELMSANNEA60AG4 24 k3 file B Breligitationgorom meseatationdraspectively, In
some embodiments, converting method 142 further comprises removing an image border 143 from the
queried and file BEB el G SeRE BN ions. In some embodiments, the converting method 142
further comprisegprarmovinghacsitii soreed 148ifrdndéheteps of: projecting the queried and file

15 ROB digital image representations onto an intermediate luminance axis, normalizing
the queried and file RGB digital image representations with the intermediate
lurninance, and converting the normalized queried and file RGB digital image
representations to a queried and file COLORS digital image representation,
respectively.

20 [0113] The method flow chart 300 further provides for a methed 1571 for converting
the MPEG video image and the file image to a queried 5-segment, low resolution
temporal moment digital image representation and a file 5-segment, low resolution
temporal moment digital image representation, respectively. Converting method 151
provides for converting directly from the queried and file COLORS digital image

25  representations.

[0114] Converting method 151 includes steps of: sectioning the queried and file
COLORSY digital image representations into five spatial, overlapping sections and
non-overlapping sections, generating a set of statistical moments for each of the five
sections, weighting the set of statistical moments, and correlating the set of statistical

30  moments temporally, generating a set of key frames or shot frames representative of



5queried and file RGB digital image representations. In some embodiment, one or more of removing
an image border and removing a split screen 143 includes detecting edges. In some embodiments,
converting method 142 further comprises resizing the queried and file RGB digital image
representati®yi® 10818k é30f 128 x 128 pixels. 101111 The method flow chB¢F303Mvtisérsprovides for a
method 144 for converting 10 the MPEG video infdge and the file image to a queried COLORY digital
image representation and a file COLOR9 digital image representation, respectively. Converting
method 144 provides for converting directly from the querj le,RGB.digital image
representations.tf‘ﬁfi}i%f’{é%g?ﬁsn%gr%% F%gg 54 ?ﬁ%?@gg%nggrg‘%’%gg:{%r%j%% ?ﬁ‘é‘%ﬁ% gueried and file
15RGB digital inTegresespresmntations onto an intermediate luminance axis, normalizing the queried
and file RGB digjipl,igpage representationsy withJdhe intsmmediale minance,and senyerfing the
normalized queried and file RGB digital image representations to a queried and file COLOR9 digital
image represent&#israieg FEE TSR0 LCIIISET Re/ HaMBAEN W @%ﬂ’w%ﬂﬁgﬁﬁﬁwdes for a method

151 for converting the, MREG Videarsaagsanddhe fiie dmage.ra@aueliedomsagRet:iay resolution
temporal moment digital image representation and a file 5-segment, low resolution temporal moment

digital image repld<ORiEHBRE FREHRE NI Uk SRIFRPHIZINGE TETPBFRA QSRR HRIRG directly from
the queried and filg CQLPR%:digitdlseage: 2byenrasentationsigfol 14k goryeriagmethod 151 includes
steps of: sectioning.the queried.and file COLOR9 digital i e representations into five spatial,
overlapping sect%%%isggn %%%?aobné’laaspspiﬂ?gsgalglé%%ls?%glﬁ%rsa%%l 81‘%%}( ot statistica u%nrﬁgéirifs for each of
the five sectionspwiéigidtivi§ e se¢oinstgt SHOAIR O migiits rangdecopretatitngithe dktvef Statistical

30moments tempQr. erati S ' WO
>008/12814 fﬁ.PCBfé/{ﬁ%%%%% éﬁg%ggt gg&%&ﬁﬁ%ﬁ&[@ﬁ%ﬁ%&%&% FRMESISREESEQIRUNME OF
consecutive COLORDY digital image representations. The set of statistical moments of

an image frame in the set of temporal segments that most closely matches the a set of
median statistical moments is identified as the shot frame, or key frame. The key
frame is reserved for further refined methods that yield higher resolution matches,

15 [0117] The method flow chart 300 further provides for a comparing method 152 for
matching the queried and file 5-section, low resolution temporal moment digital
image representations. In some embodiments, the first comparing method 151
includes finding an one or more errors between the one or more of! a mean, variance,
and skew of each of the five segments for the queried and file S-section, low

20 resolution temporal moment digital image representations. In some embodiments, the
one or more errors are generated by one or more queried key frames and one or more
file key frames, corresponding to one or more temporal segments of one or more
sequences of COLORY9 queried and file digital image representations. In some
embodiments, the one or more errors are weighted, wherein the weighting is stronger

26  temporally in a center segment and stronger spatially in a center section than in a set
of outer segments and sections.

[0118] Comparing method 152 includes a branching element ending the method
flow chart 300 at ‘E’ if the first comparing results in no match. Comparing method
152 includes a branching element directing the method flow chart 300 to a converting

30 method 153 if the comparing method 152 results in a match.



temporal segments of one or more sequences of COLORO digital image representations. [0115]
Generating the set of statistical moments for converting method 151 includes generating one or more
of: a mean, a variance, and a skew for each of the five 5sections. In some embodiments, correlating a
set of statisti®dl PAEEYIES temporally for converting method 151 includes &6i¥élatig@nesdr more of a
means, a variance, and a skew of a set of sequeatially buffered RGB digital image representations.
[0116] Correlating a set of statistical moments temporally for a set of sequentially buffered MPEG
video image COLOR9 diﬁ_gal image representations allows for a 10determination of a set of median

statistical momehfd ¥t o BPMERE CURFEME BRESHELREFIR B IORE MY itarifdgissaie¥entations.
The set of statistitalenarénisetanineag e deaniainl thie sei:of tediparak $egmenta:thati mast closely

matches the a s%hréﬁ; med{i;aeg st%tigggs I meogn%?(t% is {Lden ifieg ﬁfets e v%??et trs%ryie %rske frame. The key
frame is reserved for Tufther refined methods ha?ﬁle% iS%er reso?utlon%a@icﬁ%s. 5?17] The
method flow chan:300 hathenprovided b, a vonaparitgeshetonhd B2Kow thatehiiy the queried and file

5-section, low resgliandemenra mament dialial mage ERESENaU90S 1) sys: smpggiments, the

first comparing me 151 includes finding an one or more errors between thé one or more of: a
mean, variance, Spid lSlevp efs6aeh empraiRensdftents for the queried and file 5-section, low

zoresolution tempgra); mameht digiialisage represeniatiopsApsoneRmMkeding is:xifle one or more
errors are generated by one or more queried ke% frames_and qQne or mare file key frames,

corresponding td SR ETHIGRE I BEFAFds Grene Gridie <SRG {ISTUS 6 EBEBRI queried and
file digital image kgpresentationsmdrisomesenbhdinenis;the tonetimaa iRk weighted, wherein
the Weighting is strogggraZStemBoral%gn a &fnt r se menﬁ%?d st og%elr %gatiaalrly. in a center section

' 1

than in a set of oUter segrf%er?% ang Le&tions. TOS ik} oer%cpanna@s%g 63452 5C1008 a branching

element ending trgrmeethes dteniativat 30t pir'E 'ségerfissticom panegeresutsdes 06 CAELER Comparing
method 152 inC"ﬂ%ﬁ&ﬁ&ﬁ%@?Q{Q&&l& nent directing the method flow chart 300 to a converting

30method 153 if tffe comparing method 152 results in a match. _
[0i21] Converting method 153a temporal moments are provided by converting

method 151. Converting method 153a indexes the set of images and corresponding
15 set of statistical moments to a time sequence. Comparing method 154a compares the
statistical moments for the queried and the file image sets for each temporal segment
by convolution.
[0122] The convolution in comparing method 154a convolves the queried and filed
one or more of the first feature mean, the first feature variance, and the first feature
20 skew. In some embodiments, the convolution is weighted, wherein the weighting is a
function of chrominance. In some embodiments, the convolution is weighted,
wherein the weighting is a function of hue.
[0123] The comparing method 154a includes a branching element ending the
method flow chart 300 if the first feature comparing results in no match. Comparing
25 method 154a includes a branching element directing the method flow chart 300 to a
converting method 153b if the first feature comparing method 153a results in a match.
[0124] In some embodiments, a match in the first feature comparing method 153a
includes one or more of! a distance between queried and file first feature means, a
distance between queried and file first feature variances, and a distance between
30 queried and file first feature skews registering a smaller metric than a first feature

mean threshold, a first feature variance threshoeld, and a first feature skew threshold,



WO 2008/128143PCMS2008/060164 26 101191 In some embodiments, a match in the comparing
method 152 includes one or more of: a distance between queried and file means, a distance between
gueried and file variances, and a distance between queried and file skews registering a smaller metric
than a meartRre¥BOR3 48 variance threshold, and a skew threshold, SresFédtivel{Eiéipdetric for the
first comparing method 152 can be any of a set of'well known distance generating metrics. [0120] A
converting method 153a includes a method of extracting a set of high resolution temporal moments

from the queried,and fle. GOLORYdiaial AR, RALSRENANANG, WRRISI Vs o8t of Highgsolution
temporal momentsinciude one or 1o more of: a'mean, a variancé, and a skew for each of a set of
images in an imagecfegihent repfstentagivestimpdngt segments of one or more sequences of

COLORS digital [§13ge repteseniations.I1aN:Sonssaoaneibes \i3adempaakmamgnts are

provided by converting method 151. Converting method 153a indexes the set of images and
corresponding 15 aeeuFlstAmEEEArMTORTEAIES BOMTBCBHTEACES BHTANHE HEEBHTEE% compares

the statisticaj momgais.iehshe ayeriedandihadieimagguseisioemchierspotaksegment by
convolution. 10122] The convolution in comparing method 154a conv Iveg tl'tl%gueried nd filed one or
more of: the first REARFETREEHSTE T FERHA & o0 AR SRR S AP TEaR A DocER ™

skew. In some
embodiments, theesyeiutiondsivyeightete WitdreRtdesind ightirg dgrasturetion &f elreminance. In
some embodiments, the convolution is weighted. wherein the Wei%' i/ fupetion of hue. 101231
The comparing r%%l?hoogﬁ% at%ecﬁﬁ eg@g\j" }g%rg ?ﬁtgaté?gﬁ?eaf?tp enc mg t%g&%]e‘t%gﬁg fTow chart 300 if the
first feature compemierporsulits immenvatctreGothperinf2Smdthsdirs4alnickdesssaieiiching element

directing the melog oy, 390 @ 2 GARYe1R0 Reioral 30 1L shisRiesspmparing method
a

153a results in a match. T01241 In some ’embodiments, a match in the first feature comparing method

153a includes oEcgrsabEEBIcacalatgndS BaRRiah BlR ARG HH domemey lEhd 58l distance
between queriedand:fignfirsideatire y arRneasabsharflisianse:bakiteesliminates or

normalizes brightness and saturation across the nine color representations comprising

the COLORO digital image representation.

15 [0126] In some embodiments, the set of nine wavelet transform coefficients are one
of 2 set of nine one-dimensional wavelet transform coefficients, a set of one or more
non-collinear sets of nine one-dimensional wavelet transform coefficients, and a set of
nine two-dimensional wavelet transform coefficients. In some embodiments, the set
of nine wavelet transform coefficients are one of; a set of Haar wavelet transform

20 coefficients and a two-dimensional set of Haar wavelet transform coefficients.

[0127] The method flow chart 300 further provides for a comparing method 154b
for matching the set of nine queried and file wavelet transform coefficients. In some
embodiments, the comparing method 154b includes a correlation function for the set
of nine queried and filed wavelet transform coefficients. In some embodiments, the

25  correlation function is weighted, wherein the weighting is a fanction of hue; that is,
the weighting is a function of each of the nine color representations comprising the
COLORSY digital image representation.

[0128] The comparing method 154b includes a branching element ending the
method flow chart 300 if the comparing method 154b results in no match. The

30 comparing method 154b includes a branching element directing the method flow chart



30queried and file first feature skews registering a smaller metric than a first feature mean threshold, a
first feature variance threshold, and a first feature skew threshold, WO
2008/128143PCT/US2008/060164 27 respectively. The metric for the first feature comparing method
153a can beVéjigs/az8et3of well known distance generating metrics. 1017 /PRéesPidPting method
I53b includes extracting a set of nine queried andfile wavelet transform coefficients from the queried
and file COLORO9 digital image Srepresentations. Specifically, the set of nine queried and file wavelet

transform coefficients are generated, fr rey scale representation of h of the nine color

. § 1896 2SN MG U
representations é@ﬂlﬁr%’uﬁg%‘%& ggggag%g%rﬁ%%g ?%’E’%aé"éﬁgﬁg?ﬁ%n sorﬁ%sgrﬁé%élments, the grey
scale representatierrlis approximately equivalent to a corresponding luminance representation of each

of the ine colorfep/geeniaANS AAGEMAEEINAGMOR? dalahimageispIssERialon, n some

embodiments, the grey scale representation is gener by a process commonly referred to as color

gamut sphering, SURereiPtonst ylisteresirane dsprexar sy i ate S 6r1ofifalizes brightness and

saturation agrosg b pinge:Co e ERIEREMRIONS RemMPLipgI e SRHQRYdigitakiraRge representation.
15[0126] In some embodiments, the set of nine wavelet tran?fo m coefficients aggerone ?f: a set of nine

one-dimensionalCREfiEIER ARSI RBETGRIEN & WEIEHHEE' oY HOFARTBIERSTh 8L RBYE'EF nine

one-dimensionalwergetetdransform coefficients, and a set of nine two-dimensional wavelet transform

coefficients. In s mbodiments, the, set aof nine wavelet transform coeffici e.qne of: a set of
Haar wavelet tra%@r%? 0] gfé%@egxﬁ% %gtﬁﬁéigﬁr%gﬁgﬁo&ﬁg?glé%x}v a%l ﬁaﬁ\?ge travrji%?glio
coefficients. [012#Ebemhéibdittoweeliarn300 furthemprodiBéSfdrztadomgrs grasetkbien54b for

matching the, st gf aine.duerat sl wavelelansionm.aec stz hapme ebadipents, the

comparing metho Includes a corrélation function for the set of nine queried and filed wavelet
transform coefficiesnsetpysenie dgitebignsrs ieprasentation subframes and file grey scale digital

image representation subframes, respectively, and one or more RGB digital image
representation difference subframes. The analysis method 155a-156b provides for
converting directly from the queried and file RGB digital image representations to the

15  associated subframes.
[0131] The analysis method 55a-156b provides for the one or more queried and file
grey scale digital image representation subframes 155a, including: defining one or
more portions of the queried and file RGB digital image representations as one or
more queried and file RGB digital image representation subframes, converting the one

20  or more queried and file RGB digital image representation subframes to one or more
queried and file grey scale digital image representation subframes, and normalizing
the one or more queried and file grey scale digital image representation subframes.
[0132] The method for defining includes initially defining identical pixels for each
pair of the one or more queried and file RGB digital image representations. The

25 method for converting includes extracting a luminance measure from each pair of the
queried and file RGB digital image representation subframes to facilitate the
converting. The method of normalizing includes subtracting a mean from each pair of
the one or more queried and file grey scale digital image representation subframes.
[0133] The analysis method 155a-156b further provides for a comparing method

30 155b-156b. The comparing method 155b-156b includes a branching element ending

the method flow chart 300 if the second comparing results in no match. The



25 correlation function is weighted, wherein the weighting is a function of hue; that is, the weighting is
a function of each of the nine color representations comprising the COLOR9 digital image
representation. 10128] The comparing method 154b includes a branching element ending the method
flow chart 3089948/ BFkdparing method | Mb results in no match. The 30ctipariaesitettéd 154b
includes a branching element directing the methdd flow chart WO 2008/128143PCT/US2008/060164
28 300 to an analysis method 155a-156b if the comparing method 154b results in a match. [0129] In

some embodiments, the comparing j paring method 154b includes one or more, of .a distance

between the set 8?%%%@@%1%%%@9\%@%% e |C|%}ﬁflsg, %%eé?se gr?élée ﬁent%\/éleeﬁn ac%slgf}ected set of

nine queried andifite vanesl6t coefficianis; amdyaidistanebI3Stidensecorsi ghteckseg ofistine! queried and

file wavelet coefficignts, 0130]. The analysis method 155a-156b provides for converting the MPEG
i%gb- 0 TES %nﬁ(%l

video image and the file iImage fo one or more gueried RGB digital image representation 10subframes

and file ROB digifiifagBeeismaparinatioribifmd SChdspbidnyelyo A P AMEHIGHEY scale digital
image representgtion.stbframss andfigdiensraledisiahimageisnissentaionsibframes,

respectively, and one or more ROB digital image representation difference subframes. The analysis

method 155a-15BHrERHEnBEsHRS i GRECHYIRERS 1 GLEIRETEAT figReB@Yital image

representations {@ihgehbassQimassubiramness {04 3biherdalysitdTretodiphé-khgi provides for the
one or more queried and file gr cale digital.image_representation subframes 155a, including:
el e e Hab

defining one or MBPEBRIGHS ARRET AR "digital image representations as one or more
queried and file RGBsdigitat insige rep reseidiaticnrstitfraime bevorvertiigrtirecdties one or

10 more queried and file grey scale digital image representation subframes 155b
inclhudes: providing a surn of absolute differences (SAD) metric by summing the
absolute value of a grey scale pixel difference between each pair of the one or more
queried and file grey scale digital image representation subframes, translating and
scaling the one or more queried grey scale digital image representation subframes,

15 and repeating to find 2 minimum SAD for each pair of the one or more queried and
file grey scale digital image representation subframes. The scaling for method 155b
includes independently scaling the one or more gueried grey scale digital image
representation subframes te one of: a 128 x 128 pixel subframe, a 64 x 64 pixel
subframe, and a 32 x 32 pixel subframe.

26 {0136} The scaling for method 155b includes independently scaling the one or more
queried grey scale digital image representation subframes to one of: a 720 x 480 pixel
(480i/p) subframe, a 720 x 576 pixel (576 i/p) subframe, a 1280 x 720 pixel (720p)
subframe, a 1280 x 1080 pixel {1080i) subframe, and a 1920 x 1080 pixel (1080p)
subframe, wherein scaling can be made from the RGB representation image or

25  directly from the MPEG image.

[0137] The method for rendering one or more RGB digital image representation
difference subframes and a connected queried RGB digital image representation
dilated change subframe 156a-b includes: aligning the one or more queried and file
grey scale digital image representation subframes in accordance with the method for

so  providing a registration 155b, providing one or ore RGB digital image



20 or more queried and file RGB digital image representation subframes to one or more queried and
file grey scale digital image representation subframes, and normalizing the one or more queried and
file grey scale digital image representation subframes. [0132] The method for defining includes initially
defining iderti@apisiess4or each pair of the one or more queried and file REBUSHEPIHAGe
representations. The 25 method for converting intludes extracting a luminance measure from each
pair of the queried and file RGB digital image representation subframes to facilitate the converting. The
method of normalizing includ ubtracting a mean, from. each pair of the qne o, .queried and file
grey scale digitaﬁa@ﬁea%%%%%rﬁegslé%%{%%ﬁ%%% %er%’easr%d[&qsvéﬁﬁg g%rgf%%téae ethod %@ga%%% further
provides for a comparingrenstiati Bd1E6b-186L: SThEwomparing method 155b-156b includes a
pranching elemapi silcing e maihos lanchaik AR dehesecandcomeadngdesuliz g match. The
WO 2008/128143PCT/US2008/060164 29 comparing method 155b-156b includes a branching
element directingttfesrrstitoansibord Sfainsdes Bustivhnafysisiniba g SDUFH R Ee¥bnd

comparing rgethgds thokdBohies WS 48 A naleh.kRl3tkthe companag methar#5%3-156b includes:
providing a registration 5between each pair of the one ar more queried and file grey scale digital image
representation stBRAMEET 8BEP LG YERaHHY Wd?ﬁbég%é%%%ﬁ‘gF?ﬁgﬁ Pgbrréﬁﬁﬁgﬁ%n
difference subframasrandaieoane dleR GRetigtRisRdigitatimagreptesentation dittedzchange
subframe 156a-h. 101351 The d for. providing a registration betw each pair of the one or
lomore queried & %‘?‘?Fé%ﬁé‘?ﬁ&%@ (%? taﬁ?ijrlr%éeerregpfseesné%%g |c?ﬁi%ﬁ%?rcgrsﬁ?én?i%%ﬁsﬁ%l%ges: providing a
sum of absolute wlifererbes(SARNtiegit Ay stimingtireshdisolute value of a grey scale pixel

difference hgtwegggnchpal, ghile DG BrARI G AURRd AN etk st e aiial dmage

representation subframes, translating and scaling the one or more queried grey scale digital image

representation stitsfriathesst il R4 dimdialiimers ieRamiriiausHESAD R ER P o988 or more
queried and file greyrseale digiRlinRaRLanesairiRn S WhiiamescEhepsaalingbarsmaheds155b

includes independéntly scaling the one or more queried grey scale digital ima#gsrgﬁresentation

subframes to onBSk o9 LrBgTpRUEARHE B63 YR LIEES RSNl 32 pixel

subframe. wherein providing an edge map includes providing a Sobol filter.

15 }0146] The providing the connected queried RGB digital image representation
dilated change subframe in method 56a includes: connecting and dilating a set of one
or more queried RGB digital image representation subframes that correspond to the
set of one or more RGB digital image representation difference subframes.

[0141] The method for rendering one or more RGB digital image representation

20 difference subframes and a connected queried RGB digital image representation
dilated change subframe 156a-b includes a scaling for method 136a-b independently
scaling the one or more queried RGB digital image representation subframes to one
of: a 128 x 128 pixel subframe, a 64 x 64 pixel subframe, and a 32 x 32 pixel
subframe.

25 [0142] The scaling for method 156a-b includes independently scaling the one or
more gueried RGB digital image representation subframes to one of: a 720 x 480
pixel (480i/p) subframe, a 720 x 576 pixel (576 i/p) subframe, a 1280 x 720 pixel
(720p) subframe, a 1280 x 1080 pixel (10801) subframe, and a 1920 x 1080 pixel
(1080p) subframe, wherein scaling can be made from the RGB representation image

30 or directly from the MPEG image.



20[0136] The scaling for method 155b includes independently scaling the one or more queried grey
scale digital image representation subframes to one of: a 720 x 480 pixel (480i/p) subframe, a 720 x
576 pixel (576 i/p) subframe, a 1280 x 720 pixel (720p) subframe, a 1280 x 1080 pixel (I 080i)
subframe, aRtP2A2@%43 080 pixel (1080p) subframe, wherein scaling cah3éusaeEdfiind the RGB
representation image or 25 directly from the MPE& image. 101371 The method for rendering one or
more RGB digital image representation difference subframes and a connected queried RGB digital

image representgtion.dilated ¢ u rapzﬁJ 6a-b includes; aligning.the one or more queried and
file grey scale digﬁftﬁ%g‘na%%e %ﬁ%@%ﬁ@ﬁ%{ﬁ su f{r}a%rlhrglsc | rgc\f’é%?sd%rl{(f%@\?\gt ti%ﬂearﬁ*?gbff%csj cg%l%%providing a
registration 15528rovididgioniicbrrnores RGBaigirlHrm dyeawo 2ed gl 48RCUs2H08/060164 30

representation d5%@%%@%@@&&@9%%%%%%&?%&%%@@%gﬂ@tﬂg?@agﬁ _
representation dilated chanﬁgﬂsubframe. 101381 The providing the one or more RGB digital image

representation difféiferitd Eifsn SRed i matiea sBiE it e SupTeesing thd ugeesiiPthe one or
more queriﬁgi 53@%@@3%%&@%9@%5@&% m?]g@t@ém fh&ff@dﬂ@& f%l‘ﬂiéﬂg% ' f alSAdeasHic by .
summing the absolute value of the ROB, pixel di nce between each pair € one or more querie
ana e RGB oGt 1RA Qe RIS LA DRI aL, S T AR S PR SHEE cigital mage
representation différgnetisubiframestas:asativhneent thexoitesponsihg Abhisdetaf a threshold.

i0[0139] The su%oressiggggs Ig%es&p({%\é;g{gga% eql%e p for the one or more queried and file RGB
C

digital image reprg%aex%lta I0R subframes and subtra Fﬁege he edge map for the one or more queried and

file ROB digital iffd¢8 represeritaiotesudfraines frolrtivecoidsor odequetitekandlfilé RGB digital

image represeniaionshibfiamEnale PRGN AR ARGP ABARINF A6 RIR NG POl fiter.
15101401 The providing tkt\e cotnnected gueried RGB digital image representation
gueue 15 not empty.

[0145] FIG. 9A shows a traversed set of K-NN nested, disjoint feature subspaces in
feature space 400 in accordance with a first embodiment of the present invention. A
queried image 405 starts at A and is funneled to a target file image 431 at D,

15 winnowing file images that fail matching criteria 411 and 412, such as file image 432
at threshold level 413, at a boundary between feature spaces 410 and 420.

[0146] FIG. 9B shows the traversed set of K-NN nested, disjoint feature subspaces
with a change in a gueried image subframe in accordance with a first embodiment of
the present invention. The a queried image 405 subframe 421 and a target file image

20 431 subframe 422 do not match at a subframe threshold at a boundary between feature
spaces 420 and 430. A match is found with file image 432, and a new subframe 432
is generated and associated with both file image 431 and the queried image 405,
wherein both target file image 431 subframe 421 and new subframe 432 comprise a
new subspace set for file target image 432.

25  [0147] FIG. 10 shows an example of a change in a digital image representation
subframe in accordance with the first embodiment of the present invention. A set of
one of: target file image subframes and queried image subframes 500 are shown,
wherein the set 500 includes subfirame sets 501, 502, 503, and 504. Subframe sets
501 and 502 differ from other set members in one or more of translation and scale.

30 Subframe sets 502 and 503 differ from each other, and differ from subframe sets 501



dilated change subframe in method 56a includes: connecting and dilating a set of one or more queried
RGB digital image representation subframes that correspond to the set of one or more RGB digital
image representation difference subframes. [01411 The method for rendering one or more RGB digital
image repreSeptatighi®Bdifference subframes and a connected queried REBdigitalbkdge
representation dilated change subframe 156a-b ifitludes a scaling for method 156a-b independently
scaling the one or more queried RGB digital image representation subframes to one of a 128 x 128
pixel subframe, a 64 64%1§ixel subframe, and a 32 x 32 pixel| subframe. 251§1421 T%? scaling for
method 156ab AR FBHERGRAAY SO PRI BhEBR B e S S TR B e
representation scabdmsids to one of: a 720 x 480 pixel (480i1p) subframe, a 720 x 576 pixel (576 up)
subframe, a 128 0 pixel (720p) subframe, a 1280 x 1080 pixel (1080i), subframe, and a 1920 x
1080 pixel (10800 bt e e mage 30 or
directly from the t#bEG imay@erwOiPo08/E281esET iys 2008/08DESY 81hema]ifineimethod flow
chart 300 furéherﬁ&%’éﬂﬁéré?Eh@s%?}ﬁﬁﬁ%rﬁﬁ%%éﬁ‘%5%%?%%@@%%&%%9&?&%& s:Mpihod 320

and the associated classify detection method 124 provide video detection match and classification
data and imagesPfoPeiBvEEnay PRECR AN SRR T eDsths PSR Setd By s GeBE iidHace 110.

The detection 5apglysisegiheca2d-anddhe wlassify delactionumetinod deith ity thel pravide detection
data to a dynamic thresholds mF%ghod 330, whe{%in the dynamic thresholds method 330 provides for
i

one of: automati& FaR Lt HORE R HTERFSIES S1#i3Hual reset of dynamic thresholds, and combinations
thereof [0144] [Eheanethnghdidivatioact 300:herther previdesiadtivg: comparibimeihod 340, toproviding
a branching element §ga%19 aghehmethod flow Q%g Sroa if the f"%g%&%?@aesﬁ Jueue-is not empty. [0145]

f :
FIG. 9A shows a fraveraed <et of KeNN nasted. di jom?]r eature subspaces in featire space 400 in

accordance withiadfivstuehbbdivaiden, phthet.pressntiappintiionAvquephsifivnby end0sdsratts it A and is
funneled to a tar&%ﬁéﬂ%&%ﬁﬁﬁﬁ&gm by reference.



15winnowing file images that fail matching criteria 411 and 412, such as file image 432 at threshold
level 413, at a boundary between feature spaces 410 and 420. [0146] FIG. 9B shows the traversed set
of K-NN nested, disjoint feature subspaces with a change in a queried image subframe in accordance
with a first embodiment of the present invention, The a %@eried image 405 subframe 421 and a target
file image 20 431 subframe 422 do not match at a subframe threshold at a boundary between feature
spaces 420 and 430. A match is found with file image 432, and a new subframe 432 is generated and
associated with bethida irsage 48 andithe queried image 405, wherein both target file image 431
subframe 421 and new subframe 432 comprise a new subspace set for file target image 432. 25[0147]
FIG. 10 shows an example of a chadngedin a‘digitawl _ilﬁge representation subframe in accordance with
the first embodiment of the presentinvention  ABst B ohe B fPget file image subframes and queried
image subframes 500 are showa) shereinghdsetR0binctudessubiame §0i8H50Mha502:603 and 504.
Subframe sets 5 anldyéqz differ frtomro_ etr set g}%mgers%n one or more of translation and scale.
30Subframe sets 85 ahd S0 differ fém'eagh' & er R iffBPH o Subframe Sets 501 WO
2008/128143PCT/US2008/060(54:82saridb02; by imagecontentandpresantradimage:difference to a
subframe matching threshold. 101481 While the jng{e_pti }_‘hc?s_b en described in connection with the
specific embodiments thereor, it wifl be Undarstosd that it s LaPALIR G dfher modification.
5Furthermore, this application is imtenaéchtegoven-aby fuatiationsysses|cofi adapiationsef thene

invention, includi@ﬁjétsjcp(%l partures Lr(grrlr;etgetgresent disclosure as come within known or customary
practice in the arf to which the ihvention %er?alﬁs, and as fall within the scope of the appended claims.

(d) generating a second set of file digital image sets, wherein the
second set consists of each of the file digital image sets in the first set having a
corresponding one or more errors less than a corresponding set of thresholds;

{e) repeating steps (a)-(d) for one or more feature data sets, generating
a matching set of file digital image sets;

(f) measuring one or more bitmap matching errors between one or
more subframes of a queried digital image in the queried digital image set and one or
more sets of one or more subframes of a file digitai image in a file digital image set in
the matching set of file digital image sets, wherein the bitmap comprises a set of
ordered pixels in an RGB color space;

(g) translating, resizing, and requantizing the one or more subframes of
the queried digital image and repeating (f) to reduce the one or more bitmap matching
errors;

(h) adding, to the one or more sets of one or more subframes of the file
digital image, one of: (1) one or more new subframes, and (2) a new set of one or
more subframes; and

(i) repeating (f)-(h) for one or more file digital images in one or more

file digital image sets in the matching set of file digital image sets.

2. The method of claim 1, wherein the extracting in (a) comprises
extracting the feature data set by a first function of one or more two-dimensional

statistical moments in a COLORY space.



[0]491 All publications, patents, and patent applications mentioned in this iospecification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent
application was specifically and individually indicated to be incorporated by reference. 33 WHAT IS
CLAIMED IS: 1.A video detection method, comprising: 34 (a) extracting a feature data set from a
gueried digital image set and a file digital image set in a first set of file digital image sets; (b)

measuring one or more grrors lq%/\g@lg@]5g%fQ%H§§29%ﬂ@gﬁle[}g%%&%?%{ﬁg{poﬁh&%ut;_:ri,ed digital image

set and the file digital image set, (c) repeating steps or one or more file digital image
sets in the first set of file digital(iriageeetdy segmentiyg)teneraitdgliaisecombsstoifigididital image

sets, wherein the gegonghset consists of @ach gfthe.filg ligital imads,sets '%B%&E‘a%tdsae%g@%\fmg a

corresponding one or more errors less than a corresponding setbo_fE thresholds; €) repeating
steps (a)-(d) for o1& BFHIckE fedtaitie] daressts gnereaidina inatdhingsepobfilecdigial image sets;

() measuring one,omore hiKuAR HAICHAG SITGTS HEMESD. 908, &L MOLE DIfAMes 4l ueried digital

image in the queried digital image set and one or more sets of one or more subframes of a file digital
image in a file digittigrapesctisripb heatcHmg setespfilk igiettimeage setes Wiedaiittherbitasap
comprises a set Qﬁ@;ﬂ@@g_igm}%& %;3@3 color space; (g) translating, resizing, and
requantizing the one or more subframes of the queried digital image and repeating (t) to reduce the

one or more bitmap matching éitbigding one qhygeiis: edthedaesammha setpoidng gramete
subframes of thefilg digiialiimage. ong of(d) PRS- QLML DSWLSHRIAAS) AN ANeV,SEL of one or

more subframes; an (i) repeating (f)-(h) for one or more file digital Images in one or more file
digital image set<lii #HE MaicHiy eat BrRROiyitipiifiRe somepTHadabow ohelaimaesaiHerein the

extracting in (a) GRBIRHSRESd a corresponding file image median frame for one or more segmented file

digital image subsets from the one or more two-dimensional statistical moments.

4. The method of claim 3, wherein the measuring in (b) comprises
measuring one or more errors between the one or more queried medians and the one

or more file medians.

5, The method of claim 2, wherein the set of two-dimensional statistical

moments comprises at least one of: a mean, a variance, and a skew.

6. The method of claim [, wherein the extracting in (a) comprises
extracting the feature data set by a second function of two-dimensional statistical

moments in a COLORY space..
7. The method of claim 6, wherein the second function comprises;

(1) temporally indexing a set of queried digital images in the queried digital

image set and a set of file digital images in the file digital image set; and

(it) assigning a corresponding set of one or more two-dimensional statistical
moments {o the temporally indexed set of queried di gital images and the temporally

indexed set of file digital images.



extracting the feature data set by a first function of one or more two-dimensional statistical moments in
a COLOR9 space. 34 The method of claim 2, wherein the first function comprises: (1)
temporally segmenting the queried digital image set and the file digital image set into a set of
segmented queried digital image subsets and a set of s@émented file digital image subsets according
to a distance measure of the one or more two-dimensional statistical moments between consecutive
queried digital images irgthe quegieg, digitelimags %%@%Rﬂﬁ%%%@agaﬂﬁs%t{@ {igdigutal images in
the file digital image set; and (if) finding one or more queried medians and a corresponding
queried image mé&diaRrEH o E hbicsed e rlehewe iedt digitatimersosubsttsstiorh the one or
more two-dimensjonal-statistiaal empefisiand finding.oae armore.f lgd&?@%%%@&i ALgFgRpgnding
file image median frame for one or more segmented file digital image subséts from the one or more
two-dimensional Statistizattispieiea] statgicphapiaensdior Blaistaf Wikedéiahinagasuring in (b)
comprises measuring one or more errors between the one or more queried medians and the one or

more file medians. 5. The meshaeiefciaipmanwhengintherselob wadimensional statistical
moments comprises at least one of: a mean, a variance, and a skew. 6. The method of claim 1,

wherein the extrdBfifTHS (&) EBHSHLE LT PLCHNG HHBFERRFEIMIS s a1HY 868tond function of

two-dimensional statistical moments in a COLOR9 space. 7. The method of claim 6, wherein the
second function comprisés:  Ti{D) tentpdraflylindeXingharset of:queriedrgdigital images dasthe queried
digital image set and a set of fil&gi ittl%lyirggg%%%n thg file digﬂitall irpe} qtset; aénd &lﬁ assigning a
corresponding set of one or more two-dimensional Stalistical momente & the tempsraly ihdeXéd set of
queried digital imagas aittisthe démpotiatiyundexeo set obfilerdigitat ifoages 0:3bore se@nidgemethod of
claim 7, wherein i@}gﬂr@g%suriqq&lna(g) ngggigfg convolving the temporally indexed set of one or more

two-dimensional Statisticalmormerits for the set of gueried digital images and the temporally indexed

set of one or more two-dimensiomakcstatisticabitomehtscfornthel set el dile digitahimagé.ients i8.aThe
method of laim ©RSHRIT e 583 M mensionel sestial moments comprises at st one of.

mean, a variance, and a’'s e method of claim 3, wherein the extr fcomprises:
digital image subsets.

11. The method of claim 10, wherein the set of two-dimensional wavelet

transform coefficients are Haar wavelet transform coefficients.

12. The method of claim 10, wherein the COLORSY space is transformed to

a grey scale,

13.  The method of claim 3, wherein the queried digital image and the file
digital image in (£} comprise the queried median image frame and the file median

image frame, respectively.

14, The method of claim 1, wherein the set of ordered pixels comprises
one or more sets of: a horizontal offset, a vertical offset, a horizontal segment length,

and a vertical segment length.

15, The method of claim 14, whercin the set of ordered pixels is

contiguous.



extracting a set of two-dimensional wavelet transform coefficients in a COLOR9 space from the
gueried image median frame for one or more segmented queried digital image subsets; and

extracting a set of two-dimensional wavelet transform coefficients in a COLOR9 space from the file
image median frame for one or more segmented fife dig?’l@l image subsets. The method of
claim 10, wherein the set of two-dimensional wavelet transform coefficients are Haar wavelet
transform coefficients. 12. Qf clai Juherein the COL ORI space is tr nsfqrmed to
a grey scale. 13. Tfig 'metk}ﬁ%qc#@cﬁlmgg ﬁé%?e’i%g (ljiﬁ{e%g%p a%{ﬁg lgalélgh’dl f”‘}("iv'el‘]fll]%ém|1 ital
image in (0 compfisbiaRsaisridd imesdiess ifragecframerard therfieambtigarinmage framsnrespectively.
14. The method ofiglaim, L. wherein.the,sgt of ordered pixels comprises one or more sets of: a
horizontal offset, a vertical offset, a horizontal segment length, and a vertical segment length. 15.
The method of claim 14, wherein he set of ordered pixels is contiguous. 36 1 6.The method of claim 1,
wherein the translating, Isizing retiG -G 2R rephativg hy Hrebliee (e iGHE orembidibitnap
matching errors in{@}GmRNisas el deedbackdosnsal Aldadperad of daim.d,Wherein the

translating, resizing, requantizing, and repeating (t) to reduce the one or more bitmap matching errors

in (g) comprises 4R B BERHARD AKRYRSBHEESIBRC b tion.

18. The method of claim 1, wherein the adding in (h) further comprises

adding a subset of the one or more subframes of the queried digital image.



18.The method of claim 1, wherein the adding in (h) further comprises adding a subset of the one or
more subframes of the queried digital image. 37 9.An apparatus adapted for producing video
detection, comprising: (a) means for extracting a plurality of feature data sets common to a
gueried digital image set and for each of a first set of filég)igital image sets; 38 (b) means for
sequentially searching the plurality of feature data sets for a matching set of file digital image sets,
wherein the sequential searching, compaes, MAERIRG e Ay Al faaig ala sfs.sommon to the
queried digital image set and to a sequentially smaller set of subsets of the first set ?I e-digital image
sets; (c) means for corfipaiifgoner 6k Fstasuliflaraéy off dcqheriddtaigitakimagenitrthe queried
digital image set i, 0Re;of; fMar3ess Qfona ALAIE SubfiAmes of &fle;dialtalimage (n a tile digital
image set in the matching set of file digital image sets, wherein the comparing comprises comparing a
set of ordered pixels in an ROB color space, whereby the set of ordered pixels and the RGB color
space are common to the queried digital image and to the file digital image; (d) means for
translating, resizing, and requantizing the one or more subframes of the queried digital image and
repeating (d) to reduce one or more bitmap matching errors of one or more subsets of the set of
ordered pixels, wherein the one or more bitmap matching errors is taken between the queried digital
image in a queried digital image set and the file digital image in a file digital image set in the matching
set of file digital image sets; (e) means for detecting a match if the one or more bitmap
matching errors is less than a corresponding set of thresholds; (f) means for adding, if no
match is detected, to the one or more sets of one or more subframes of the file digital image, one of:
(1) one or more new subframes, and (2) a new set of one or more subframes; and (g) means
for repeating (c)-(0 for one or more file digital images in one or more file digital image sets in the
matching set of file digital image sets.



38

(b) means for sequentially searching the plurality of feature data sets
for a matching set of file digital image sets, wherein the sequential searching
comprises matching the plurality of feature data sets common to the queried digital
image set and 1o a sequentially smaller set of subsets of the first set of file digital
image sets;

(c) means for comparing one or more subframes of a queried digital
image in the queried digital image set to one or more sets of one or more subframes of
a file digital image in a file digital image set in the matching set of file digital image
sets, wherein the comparing comprises comparing a set of ordered pixels in an RGB
color space, whereby the set of ordered pixels and the RGE color space are common
to the queried digital image and to the file digital image;

(d) means for translating, resizing, and requantizing the one or more
subframes of the queried digital image and repeating (d) to reduce one or more bitmap
matching errors of one or more subsets of the set of ordered pixels, wherein the one or
more bitmap matching errors is taken between the queried digital image in a queried
digital image set and the file digital image in a file digital image set in the matching
set of file digital image sets;

(¢) means for detecting a match if the one or more bitmap matching
errors is less than a corresponding set of thresholds;

(f) means for adding, if no match is detected, to the one or more sets of
one or more subframes of the file digital image, one of: (1) one or more new
subfram.eé, and (2) a new set of one or more subframes; and

| (g) means for repeating (c)-(f) for one or more file digital images in

one or more file digital image sets in the matching set of file digital image sets.



