APPARATUS, SYSTEM AND METHOD FOR ANNOTATI ON OF MEDI A FI LES W TH SENSOR
DATA BACKGROUND OF THE | NVENTI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thewprerensssappl i cation clainms priority to co-assiPGhsaG202800051

Provi si onal Patent Application No. 61/445, 036, entitled "APPARATUS, SYSTEM
AND METHOD FOR ANNOTATPENRETUSDISY STERS, XN MENSEBIDEDR" filed on
February 21, 2011, which is hereby |ncorporated by reference inits
entirety. Fl ELDANN[HEAIW(I)EM[EJDD&]FMHE&WS’EH SENSORIDATA! at es
generally to capture of nultinedia in nobile devices and, nore
particularly, to systems and nethods for nultinedia annotation with sensor
data. DESCRI PTION OF THE RRAGKEBOUND UOBBEREYENEHMNat ed video content is
experi enci n significant growth which is expected to continue and further
accel er a@%o E&’rﬂ%&l&ﬁﬁl %EE%IA@PHFMABW upl oadi ng twenty hours of
video per mnute to YouTube Maki ng .such video archives effectivel )
sear chadP®@ll's ot pasertppplicaiiqn <aime Preiity Errarastimrrdd)- S roisionatBesrnt Amﬁaag@ﬁe nt.

Cur r ent ﬁ@%%\s 086 hémmg@&Ai)bﬁkAbmsl ISR TENINAD '1\@1\1’131'{89019(‘)& NANROHAGEONOBEf rom

vi deo struggle to scal Canera sensors have becone a ubi quitous
feature MEDM\EIL@S\W H&hwSOR b TioT Bled nulFehowazy V1, debl, whichss hereby nebipgrated by
col | ect t. d for many purposes such as surveillance, nonitoring,
reporti ﬁgf,e%g‘?e Rigs EM'8¥nment . Because of the affordabili ty of video caneras
t he general pubI ic is now generating and sharing their own videos, . which
are att rHELDQF I INVERNHIONNnt erest from users and have resulted in an
extensive user generated online video narket catered to by such sites as

YouTube o dipfuS gL A AP ASALS AT, ELAARSS RuliERRLty FRECARLLNG N

t he user ge era et Si 0 expand FoMm
m | | i on more gA€dularty, 8systednk amnethocgﬂﬁﬁnuﬂ'hednaepmiuommmmdam data from
popul ar video content providers including AOLUncut, Broadcaster.com

Crackl e. I i V@%ng;ﬂ , Metacafe, MySpace TV, Revver.com
Vsoci al . W%f@h‘?& d YouTube. By 2010, nore than half
(55% o t nlln i xpect ed .to be
(559 o £ R O Rt o B A PSR

devel oplcnqmuaand)ﬁnsthd‘msaems Axaekample, usérs are euresndy mgoadﬁfgk\eénty dutstof Qlﬂ&}ﬁ&’ t he

nor e obvi.ous opes advertisin Forr st Res rch and

eMar ket é?‘“&"éﬁ‘b %B"q’tﬁhﬁga Hesugh 57 Tihiver iR s ahle isong T e cuival
reach mMhgllehf@&nf mudtilédid hdRageinedO ICurrehPQARI YBhMiqaés hieutBind sigadlleveRBEHi@S are
nobi |l e, such as the ones enbedded in smartphones. The collected video clips

cont ai n extraqtienEaoideostugae togealgi sual and contextual information that nakes
them unli ke any other nedia type. However, currently it is still very

chal | engpgid) t 0 Ganeexsehidfs @ﬁ@b@éam\éla%muﬂa&s%eamnme Bh3fonteRERl ord S¥Shore
preferred by humans. Effective video search is becomng a critical problem

in the wdiep qhiphercabael ¢9llgeisd rmnd Ls@ved foianany apepases sush s sypvgiblanes, imoniieringat ed
o1 e bkl R AEUERRR PRI SO e e G5l 8891 ©
potent i egjendranr@agah sHariogtieir pwn wpieosg evhicherapt@dckihy sigmcicans aibdrést frym(mtermm/na_ve
ol AR AR SR b b LSl bl SR e
1970s - AustramiMediaRetdarth has released a report forecasting that the user generated video market size

is expected to expand 50% from 22 million in 2007 to 34 million in 2008. The report was based on

data from popular video content providers including AOLUncut, Broadcaster.com, Crackle.com,

Ebaumsworld, LiveDigital, Metacafe, MySpace TV, Revyer.com, Vsocia].com, VEOH.com, Yahoo

Video and YouTube. By 2010, more than half (55%) of all the video content consumed online in the

US is expected to be user genereted, representing 44 billion video streams. Companies are developing

various business models in this emerging market, with one of the more obvious ones being advertising.
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extract features based on the visual signals of a video. Wile progress has
been very significant in this area of content based video retrieval,

achi evi ngwbigir/asaracy with these approaches is often Ipicmisicaedi20000speci fic
dormains (e.g., sports, news), and applying themto | arge-scale video

r eposi t omi2fes, FoRadt RescaricH Ahd dM@RétersErRB iHat thy globA Bh B idedad Atiskhd BER@WIN €,

text annotations of video can be used for search, but high-level concepts
nust of treashmoradaed2bdliemby 301dnd hence i'ts use is cumbersone for |arge
video coll ections. Furthernore, text tags can be ambi guous and subjective.

[ 0007] Rqsmg t QbR Rdleh@lisck EFRGRS dAANEHIRPEIR S ROHL BhbAMEMMEmaRpIbREQ Ghat €
more contextual information with videos: the automatic col l'ection of sensor
met adat gollgtadavidastofips fontaim e tnemenrdoys poount o visedl hrd cantextual anferinatitn thatamakes hei r
data ca t oget h ' vi deo.stream For, _exanpl curren
amar t pranaLvUiEah" le REE 0L MRS IR 3t LT R RER R s S e

por t abl eidodate aghglyigleschiaatielete! patdtrd &y huthansnBifectitlatideemel R b&dming acricital
sensors represents a rich source of information that can be mnped for

r el evantP"Sedr E’HR‘? e gengrated videqmarket Jhe 5§98 8#‘_#"(5 §54e i HB’F“@E‘E‘%‘HHE’ ﬁ’é‘ttg@td glea can
be addedesthe bRY bERIbE YcRNSted RPL BB BNIBGEUYICALY §uekitd iR (HERL.S GMNGRniber of2067.
p03|t|oRé. [ 0008] Sone tgpes of video data are naturally tied to )

geogr aphBeisr videsgarnch has thametenggldprpieaificantly daprag the quabimand ugability ofmany srvieey may
not have g&gﬁ-gﬁﬁghﬁg i &h d - I ocation information. Thus, in
such appplc tFons, ongﬁhgégggépé%gggfggh@%gﬁp%on toretrieve the traffic
video at that point or in that region. Unfortunately, current devices and
met hods [8408] notA sigiitjeant kody oStIRIR'EX SIS - BeiBg bagWERIrIDNS 1he 0 OW)s Erob taghmignetsghas f

met hods ' i n ti j e t referred.to.herein as
Sensor - it THGHS PRl B BRARARS 4 o WAl s hhiefl LB R ngRI i

t r ansm ssdaoficonsepabasty vidaudettic el aalyieifig Mighla@pracyraijie hesepproadheslis ofttralimingizo been

recorded in.conjunction with additional. sensor-jinfornqatjon (such. as, but
ot 1 i mePEHS STl PHLT e AR SRICYRRTTRY 6 REEETEH LISGF FSieTier Sifaie ude,
al ti t udejgniflcantReddildy pR6lchBNAs aniifeinafild) @KL MMnbiatisns oRMHaESR bé dGBTr Brch, but
condi tions, device orientation, etc.). The collection of sensor information
i s acquiliedewn cencepinmusiRiica beadded remupiianddicasedisriige ivimbessamp fe, lagp idgps

| nf or malh @i BRY ARnGRRF] RUPHS dinBE diblefShe/shB WO ! esPONdi ng sensor at
every second during the recording o 5 vi deo. erefore, the acquisition
apparatus generates a continuous stream of video frames and a conti nuous

st r eam d9005kns diecerstiechnelpgical dtendshaveippenadmansthee avppua teeasseniate mareontextuahat
every vi IQthir()ﬁI%h'v?deasc‘.stﬂg hﬁgﬁ%i%otllgct%n%?%en%n rﬁﬁg&?ar A %rfé of s'éps%% a&%l%wt he
sanpling frequency (1.€e., the frequency a i ch sensor val ues can be
measur eddstieffecoplyrndaiblecand thed dataman bé rsemdsdtogetharwidxkavigéestreanGPSr canpi;  nay

be sanpled at 1-second int als while,a c ass sensor. nma sampl ed, at
o0 T caged sy areet QP et it AR B apiard Fral aarabe Sith as
25 or 3@nérppeEiBicpLpack@RONThe MRASHEa SiibAtedl Y AREQehRECRpwkdns 23kh sbikewr | f
sensor data has not changed fromthe @)revi ous frame (due to a | ow sanpling

rate) t HEATEAYEN BrRespn Baginpd hadavantrcansh ersyiis designifiantpsaefit istha sersarumetd-figga
conbi nathop: AicPakbfifRaMNhddeBRARD Et!i\%qmohﬁatﬁ)ﬂ'(égdt_h@ S&gHr - rich video.

[ 0010] Enbodi nents of a systemfor miltinedia annotati oﬁ w th sensor data

i ncludes one or nore caneras, m crophones, configured to acquire and manage
mul t i med?098} hatSomedynsephdeoigiseee Wltrhlbsftﬂﬁ‘é@gqur&ﬁg@?ltlp@ﬁlpnsezfﬁt eHaepldyidene or
nore se I : ' : Ol [ . j (for
R e e R e S

cor r el atlbds, seswshappbicapes,.tone sgeds a breeidiadovatign talrgteeahd eafficreitieo daliaapoiarae it hen

utilized for.stori.n i ndexi n sear ghi handl i and presenting | arge
col | ect i(abaﬁrsegg)f" ﬁngoé’g‘gatf:&’ ngﬁgdeﬁﬁﬁs ﬂ‘gé‘?%?d‘\ﬁév .0{ ﬁ{f]g‘&%ﬁsi geri ng vi geo )
rel ated neta-data and cross-correlating all the information, videos can be
better managed, searched and presented. The current Sensor-rich video
system i npl enentati on denpnstrates a systemthat consists of severa

acqui sition applications for nobile devices and a sanpl e video search
portal. One of the novel Sensor-rich video processing aspects is the use of
an estimation nodel of a canera's viewddl e scene. For Sensor-rich video

vi deo acquisition, the systemuses autonmated annotation software that
captures videos, their respective field-of-views (FOV) and ot her sensor
information. Prototype Sensor-rich video recording applications have been
i npl emented for both Android and i OS devices. It could al so be nade
avai l abl e for suitably equi pped | aptops, tablets and other conputers. As
one possi ble use case, the WD 2012/115593PCT/ S&G2012/ 000051 acqui sition
software apps allow community-driven data contributions to the Sensor-rich
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bul ky, binary video streans. The small (in size) abstraction provided by
the sensor data is often sufficient in many video applications. Overall,

t he propewoOi2er/w0f598ensor-rich video result in a nunber @®CTiSGReNO8ANSNY
techni cal solutions, such as real-tine transm ssion and search. [0014] The
generally small size of thesysMaARY OFarHRINVENGIOMWS for its efficient
storage and transm ssion. For exanple, when sensor-rich video is captured

on a nokoee] devimibdihans Exatiide for anltividiinbotatdn WilkSehas 8sla GoRrEPROBRIN & hen
the sensor stream may be transpjtted to a server first and the bul kﬁ/ vi deo
o

dat a | at3psorTii videg) incdydspacguisition. wapagsmentattarags: liniRsing Fansiseion. saarah.fandt
transni sgipp Jridednag, RRsbiHd, (AP bR rtddfielin %Frg&tatfaﬂ VAR daﬁlo%ylr {?n
processed and made aval 'able to other usérs. Wre net vvor such as 3G
i n generiaformationi(sish a5, vt vet lirpted 40l Maﬂmwtdmlaﬁdsthemfenmmbm(lmliudg lorigitudaral |
ot 1 er R SoBBAE Bl b, 3l ingbfbBitls FubihhBRnesh RIS Bl e

i nfor miﬂiheIloldmtiorbﬁ“sd&bamhﬁldatidmmdqhtfed/drdﬁﬁ)nﬁm@uhmti|d&ﬂn§re{?l&ﬂxag oy exanipdhd, | €
t he correl%ﬁ %ﬁ”‘ ween the videg and. the sensor streans i s nmaintained via
a uni quéNSkd Lifgmatien e cpptapoustyacqur 4 QOFRSRORYIRG Sepsor ptevery MsPREHIINGf S0
desi r ed.thd REGk&hE Bf £Vided. Thérefhd, W abi\BsiBHPIIpRANR beRBNASY cohﬁft%’itﬂ&?éaﬁ’irbfmcfeg
very short del ay, a nobile devi ce can conti nuousl y transmt the sensor

str eam tiEmes prstacantinyionysreamghsengor meta-dta dues. The o streerny ate engrelated insthagieh ey

vi deo i cal , S )

Upl oaded SRR s BEARIKlE St of Qhebt AR NGl e P SRS DHBYTL, she
very shdrequaney atyvhi¢h sensor valugsean ba mmyreé)us tiepehdent @t thetypeisesessoc. dior exadfpltes aand

which g aphi cal e i 0 re curr.ent ei ng_ vi deo-recorded

appl i cation’ eg%oér’i%afyi % Eead’g# Sﬁc%‘fld'étﬁwta?é "g’ llelj"a“tompéﬁf oiland |“?aé(eltegsﬁtnB|'eg o f¢
are equingipieconi tiervBIbi VidedR \ulsoaamploatt 4 fRyifidsae ts@cmwmram framds §ePéedond.
sensor-rjch video abaut the fire situation in their area. By upl oadi ng t he

sensor i KRYF At 6 ASSEUHES Wi eash framer!f srgsar Aea haseerdnnegd fromdherayiqus fame (due
super Vi §9% loklasﬁmfﬁﬁlateﬁﬂmen b bRl Qy ﬁ‘]leasﬁ% 489S SesQfe u‘ééhe e BeuRinFeBmBition of
operating and areas vi deo been captured. The supervisor coul d
t hen remotideoynd asareenstream iskabeds wptsom-mh videam speci fic crew nembers, if

he/ she woul d |i ke to see the captured video. The portal system woul d then
contact by C OrHRRARALL W SRR fr ANk Riadffbth Ui sEnddr HSIROLUR AT m AT ©

t hat th| S k| nd of on-deman deo transm ssion i s very energy an an dth
ef fi ci eaméras, nti¢rephonby, t@fdemd tewquisi and maoageynulmedtematesettedlg\vaggatmﬁweksod ata
is tran mteltueeS ca hresd l\)/vou d rbe SI%I’II frIC \ better tha upl oadi n \#deo
from al PPREVICEEPHTT Mg O%i P FRE F P ée rhE? qrnrmfcég one; FVEOHET {8 % e

t echni catédowdidgg@gickinepl& dOENiss Hm(léd o aeopvasHidinforiationy. ﬂ“ﬁélé‘oll@dfted dnd@ByeldI€d sensor
cost - prohi b|t| ve, Note al so t on-demand vi deo upl oad can_be very

t ar get e REMESrWhtsrenfy @lso ! 5‘? mefariaiag dfethgh 4Bl3edcian Sw@a&égtexwgsﬁe&Mnge
segnent haddiRguhdpRsdnflifd la@et&)ﬂedtlﬂné@ﬂ’ \'1@5& IVBRR] SHGReRAPwWRYs. Bl TBnsideRRgLIdeH
etc.) and there Is no need to upload all the video. A user can al so request
smal | vireleted mefarsigtatagd erogssqorrelgtingal ibe infirmatier], widgersan b bejtergnanagedessarchaddnd hen
sl ow y

o1 ont Lo Presfls, oL AU Sk FLE B ATHERL L LOMOR AR or
a recor dexd:ra} agpoition appla:latldms i, mabiladénites ankbwéamlmddodeab}spbmp iCmadf ﬂheyoxfel anes

of the i deo ecific intervals rres ar ract ed fro he vi deo
and r ep ELERroL ABEbI S Son APE R ue la s T i SRt SRl o
t he vi swat Sénedttridhtvided valey a@hecsmo‘al tRE Systea/usks ARRBat¥dAnbtaliéh RRWaRGhA daptids
transmtted at_ intervals (say ever\é 10 seconds, or triggered by certain

event s) Videpefheirresaerding Seiofvigne(t®\oend othesgensefrinformrsionyPrelptypeSeapar-rich xideq he
transm $&b%%()gppﬁcaﬁ%tﬂa%@é§ infAIRGu&E HAR AJ&?&dQﬁd‘i@fS'dterés Ilf&Xlldl AT hatiS
that they woul d provide visual information, 1n addition to the sensor

st r eam duailabledornsuitably eamtipred lapiebsdiablststand oths? corhputera.vky erle. posghle fusacass, thoul d
be presented to the user on a map along the trajectory of the canera path.
WO 2012/ 115593PCT/ SG2012/ 000051 [0017] Sensor data, as it is scalar and

al phanuneric in nature can be efficient|ly indexed on the portal or within a
| arge video archive. The benefits-of sdch indexing is that it allows-for
efficient search of identifying and selecting videos with certain
properties, for exanple, videos or video segnents that show a certain
geographi cal area. [0018] Large archives of sensor-rich videos may be
browsed and presented in various ways. One natural representation is to
draw the canera path (also called a trajectory) on a map. In addition to
the canera |l ocation, the camera viewing direction or the viewabl e scene
(representlng the observable ar ea of the canera Iens i.e., a volunetrlc

o o o o, o o v o



the video franmes. Existing smartphones can easily handl e such integrated
recordi ng tasks. By considering a collective set of videos and | everagi ng
t he acquiweaorumridgBary neta-data, the approach is abl e PCd/SG20120D0051
interesting regions and objects and their distances fromthe canera

posi t i orsquiditich sofvhig appkt A0IGALcEBmMAALLY-dPumhhaRrodadibitRdHs So B Beldbi-ricovTstpaitapnal
efficiency, and therefore are very scal able.- [0021] The term "coupled" is
def i ned VaEowuHhE cPRisation) scRstighcaGtsohscBYgigrsd y directly, and not
necessarily nmechanically. [0022] The terns "a" and "an" are defined as one

or nor e (eI eSS 1h lnSordichGAdREd R vRIED bdth bevisdr@AeHn £8 cRHtMREIM.S SovelyQRRSFdNE
term"substantially” and its variations are defined as being | argely but

not necédsassedidtgd witop st ofisenson weluspard Yireversss Thnstapastserin pan aspebeofongidetthar y
skill i E LD =L ot i ' ' " refers
o rangegur {RpioBhiint haBd Enfiiil Aile gy BRI JFERL 1 e BIRY AIbY ei¥eipf€ g
nost pr eizethabthe codr¢shomii@ \budéooF orekaibple,svhslpe eidbo etcbam[ndd 4 1 T hegibytesin size, the
"conprise” (and any formof c j . such as " ri ses” e .
conpr i enghipd Seniirtuet Bt be VPG DS s T IR0 Bbes il s iffgsnosgp )

"i ncl udgize beMEl sehBt stredninIVwsifrGlovel@nd sfficiinBSays tdWekseHR S vidBth a dofpattdhddger) and
"contain" (and any formof contain, such as "contains" and "containing")

are open-ended |inking verbs. As a resuylt, a nethod or device that
"conpr i 3%0&,9? " 14§ nieh sepser nferation s useddiy %Sﬁrh%ﬂiheoﬁ?e%ﬁﬂwga%q%@v&wa%nts

possessese. RS icWABlcQten@D! Ons hAPS tANItIBhANBHodch iB'e dbSrf@bn bf MHelspslial Qideo
possessing only those one or nore elenents. Likew se, a step of a nmethod or

an el eméAYerage using@eirewlan segfor arewfthe serera locaien point heis aprreachgveregtipates the
one or ki . . (0) g L Ur e .

e oL T LS POREANES LA LS LSS S i 0o
devi ce aorodstis ingrdduced, whadh is derivedfrorg thedasiomofdocatert ad direwipn sepsar dnfbringptioredith N at

| t that but. | b fi d i hat t i d

[ 0025] oA FikamPain T okl ey Bt pal et i e B Bearatod bR
ref er encg thedr debgraptad propértics. URik aiddeiditriles & balpide ®BtwREtn SRR6MmpleRiteHMIBAhMpidas | N
connection wi.th the acc_orrpan_Yi ng_ dr awi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGSesetip® 2ndehs gficigqayythawigh Hgan porssd darr fastsearehcs. Note dishthe sensor-data

speci fi eahiR afMlstRicfor BE tHa0REed Qontddf LNRAcARRTAROE 3hE bE GEdnaddd BIREG] #hidf
the present invention. The invention may be better understood by reference

to one @bstigphiaw. of these drawi ngs in conbination with the detail ed
description of specific enbodi nents presented herein.

[0013] In one embodiment, sensor-data streams can be managed and/or handled separately from the
bulky, binary video streams. The small (in size) abstraction provided by the sensor data is often
sufficient in many video applications. Overall, the properties of sensor-rich video result in a number of

interesting technical solutions, such as real-time transmission and search.

[0014] The generally small size of the sensor information allows for its efficient storage and
transmission. For example, when sensor-rich video is captured on a mobile device (for example, an
" Android- or iOS-based smartphone) then the sensor stream may be transmitted to a server first and the
bulky video data later. The smalli size of the sensor data allows for-robust an_d'fast transmission to, say,
aportal, on which the information can be further proceséed and made available to other users. Wireless
networks, such as 3G, in general provide limited upload bandwidth and hence submitting the small
~sensor data is beneficial as it results in fast transmissions with a smaller chance of connection

disruptions. In general, the sensor information can be detached from the video and handled separately,
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WO 2012/ 115593PCT/ SG2012/ 000051 [0027]FIG 1 is a schematic bl ock diagram
i1 lustrating one enbodi nent ofa system for generating annotated i nmages
associ at adowptNifBadat a conpri sing i nformati on gener at @ATISG20RO0@S1 nor e
system - sensors. [0028]FIG 2 is framework structure and nodul es.

[ 0029] Flvhile 3he drralatiéiak éenalic vaaeotam tHeaemdos strep O BQhdthtaindd Vis a@Riqué hndsshal i on
of canera field of view (F in 2D (b) in 3D. [0031]FIG 5 is

Geor ef ergsitiBigr Vneidisame sandlpf %“c‘ﬁTCP'é‘étnﬁﬁi afsq@syssh FI G 6A is a visualization
of the overlap regions between query 07 and video V46. [0033]FIG 6B is a

vi sual i 4661'5};“ ah ofREtoQYIBIWItRIshEBEE SMEnsBEINYSRRAL SHARTY v& SHorithyVd AEiIdEIRe
[ 0034] FI G is the overlap between a video FOCScene and a pol ygon query.

[ 0035] Fle@ caiinpepsly traprit theisgrfior grremdo wipstiallsevat wWhilg af the samedimarscondingagd ams

for vi d%ﬁeré@d&?‘Qﬁts chﬂg%d&g@\ﬁ&@ﬂaﬁb%%%?%%équ&mgoﬂ l?})q?aﬁééééﬁiok-gééahoﬂﬁ for

overl ap ograns or VI stem envi ronnen
nobi | e \bleqiamesmimrgehmfm with 6@88]setks @ithYOryisboradelayr (C bl ineedl tinme) mfchitl’meotperoqsesed

system [0039] FI 11 is a schematic OW- C t di. mil stratl one
enbodi rré’%ﬂ 6‘?51’ "ﬁe‘f"ﬂéh g"roéfapﬁl&ft‘ll rc?%‘u"ﬂ?g”u"&i?‘é’ﬁ@ ng Y\‘ r@%‘ird%‘{n Seaé‘tﬂp HAY

ef f ect i weendti§ tddkRerth lrisATRE biALBSTireAEHES Bared dagiph&d WillemsBidevice that tEyaIseSt -
[0040] FIG 12A is a conceptual illustration of visible distance estimation.

[ 0041] Flteanomemasily|rererd-spsos righ pidsmbont the fregituggionjimtheir atse. By wieedingti senn i s
a sect ofBASREN RN RUSy r@aﬂﬁé the recording, the mission supervisor has excellent situational

awareness of where his men are operating and of which areas video has been captured. The supervisor
could then remotely request for video uploads from specific crew members, if he/she would like to see
the captured video. The portal system would then contact the corresponding mobile device and initiate a
video upload. Note that this kind of on-demand video transmission is very energy and bandwidth
efficient for the mobile devices, since only the requested video bulk data is transmitted. This would be
significantly better than uploading video from all devices during all the recording time. In fact, this may
not be technically feasible because of bandwidth limitations or it may be cost-prohibitive. Note‘also that
on-demand video upload can be very targeted as é remote user (e.g., the supervisor) can fequest a
specific segment of a video (delimited in various ways such as by time, location, etc.) and there is no
need to upload all the video. A user can also request small video snippets.ﬁrst to assess the relevance of
its content and then slowly direct his attention to larger video segments from the area of greatest

interest.

[0016] In addition to uploéding sensor information about a recorded video in real-ﬁme, a mobile
device could also upload key frames of the video at specific intervals. Key frames are extracted from
~ the video and represent snapshots that allow a user to gain a quick understanding of the visual content
of a video. Since key frames would be extracted and transmitted at intervals (say every 10 seconds, or
triggered by certain events), their transmission would still be more energy efficient than the
transmission of a continuous video stream. The benefit of key frames is that‘:they would provide visual
information, in addition to the sensor stream data (e.g., location and direction of the éamera). Key

frames could be presented to the user on a map along the trajectory of the camera path.



[0043]FIG 13B is a center-line-based coverage nodel. WO

2012/ 115593PCT/ SG2012/ 000051 [0044]FIG 14 is sensor neta-data collected

t oget her WOt2h126/398r -ri ch vi deo streans by the i Phone appliS6a0i2®n005The XM
encoded data includes tinestanps, GPS coordinates (top fragnment) and
conpass [§Eafli NGenddp Ahta O if IsagATR Mn) -alph@RldRekic]ifenathRAvah Ibk USIciaatlf Sndel@d driMe

Scene mapped in Google Earth [0046]FIG 15B illustrates a projection on a
2D pl an®otyoF withis ﬁéﬁf&"g‘“@@ arghiverthe bspelfsofonctindsxinggnthay lt)@msweﬂ“m%s&arsh
denonst 1@l e e hhd GRlcifE At WaM cek B })@FA& fof Exdrkid! S1dedd G ideb h
continuity % lgj ect é):é]q)gﬁ‘(;lrencesce Oélfg FIG 1% 4 ust6rat els a iSt aTt:“arth
i nt er f ackow akptairsgaographivil aceal | zatlon of canera trajectory and a top 15 tags
identified by an enbodi nent of a nethod for automatically generated tags

for _an g?((ﬁlgrl e La¥ ed?chf' egg} V&?h@?’ Q%te%ég{]!i@%ttﬁé’%ed[a&? g%lent g‘d%%%%ugwla sgbr gt es

a list deo rrent ere ags appear

I 1| ustr akwmsal eapr@emdmmeﬂbldmv the canaepﬁb(alsroioalhed/d tmtdrﬁ)gglanmpshwddimoﬁmem

[ 0052] FI G 2([? rat es a sn B i nterface %r ccordl ng
to embodPHEA %ca‘c‘) °?JP%Y§(‘-SWW‘ rﬁ?}&’é‘ Oéﬂ‘ﬂ vigpaplg seene (rapyesen ! eﬁVP‘P B&t? at es

SENsor - I f cMh&e Rn§ €8I £HoliB&HL Eshe) @AARD 86ldlan FAQEPR cAFAErh HajediH2S ApFek&atin
22A-B illustrate a sensor-rich video i Phone application prototype. DETAI LED
DESCRI PPiftgcent captured videos can be shown on amap simultaneously. A user can select an area, for example
by visually drawing a rectangle, to select the videos he/she would like to see. The system then finds and
presents the representative video segments either on the niap or in a separate window. Video segments
are the portions of a video that satisfy the user search criteria. For example, when a geographical range
search is performed, only the video segments that 6verlap with the search area are returned as the
results. Browsing and presentation can also be performed on a mobile device. Depending on the devices
capability and its screen resolution various ways to allow for user input (i.e., specifying the search

criteria) and presentation of the resulting videos are envisioned. For example, the current location of the

mobile device could be used to search for geographically related videos.

[0019] In various embodiments, a search may result in a large number of results being returned. In
such a case, similar to textual searches on a search engine such as Google, the results may be ranked
according to relevance. Video relevance can be computed in various ways. One possibility is to
compute the spatio-temporal overlap between the video trajectory and viewable scenes with the search
region specified By the user. The more considerable and longer the overlap is, the higher thé videos
relevance ranking. Other overlap properties, such as the proximity of the search region to the camera’s
location and search region’s appearance within the video frames (i.e. how close is the query region to
the center of the frame) can also be used in relevance calculation. The closer and the more at the center

.the search region is, the higher the videos relevance ranking will be.

[0020] Embodiments of the method and system leverage sensor-collected meta-data (camera
locations and viewing directions) which are automatically acquired as continuous streams together with
the video frames. Existing smartphones can easily handle such integrated recording tasks. By

considering a collective set of videos and leveraging the acquired auxiliary meta-data, the approach is



[ 0055] Vari ous features and advant ageous details are explained nore fully
with reference to the nonlimting enbodi nents that are illustrated in the
acconpanywogotyassosgs and detailed in the foll ow ng desecrTpG2on/000051
Descriptions of well known starting materials, processing techniques,
conponenbk,to détect Gt AITE mégumsan@mjééte@hd&ﬁela&sﬂa@&es HOmMURS MRS S Positions Qbéﬁmp e
the invention in detail. |t should be understood, however, that the

det ai I'eduEetediway; Sechsntpodimentssakibit P%ﬂ@&aawpalee@cmﬁy,raed therefasgare very scalable: -
enbodi nents of the invention, are given by way of illustration only, and
not by weor1pf k@t Qlpled V@d%ﬁﬂe%’ dlonRRET Aa B 26 AR0A 1Y k@Y Sand not
substi tutions, nDdlflcatlons addi tions, and/or rearrangenents w t % he
spirit an@#@mbgngﬁemGﬂW-the underlylng inventive concept-will becone
apparent to those skilled in the artfromthis disclosure. - [0056] The
camer as dd «ha

Ther ef or g@%ﬁs e?l?e%%hg??é;’%ﬁ gr% gﬁéjhﬁ%agﬁ%y&w (ﬁgléjﬁsfes\'?\nﬁlt %‘ﬁ%zd\}}]rg)eégﬁiﬁity re%LHres
carry widtherwisem al |l the tine. The Sensor-rich video system | everages thls
phenonenon and i ntroduces the concept of sensor-rich video capture whi ch
can be f i var . r t

shari ng. [M/gtsrenbo ?%epn?Ubo%Bgagfzﬁé\ég])rfs-g‘ﬁrlgﬁgnsg%:%ﬂggd Sg)ﬁ%nggaé% & Br{%m ne8?ss?%%| | e
acqui si twholly syhpt is apgpifivends sinderstoad beomest qrdma@lskttlanplmmantand $n SIIiH)Mm linhitiftg 9.

. [0057 rrent ner L, smart phones r mpbil e deviges) contain
rany S eRBPUMET AR ER b taroes whian s Bt w R afoaP o BEGr P haE B - al
embedded 9, ah@mastq)mérhblymmtmi%of@n@t IS HREGYA. ef ficient are automatically
annot at ed mnth sensor-rich information. Uploading to a server is perforned
at the q@ q button. Video and sensor information is automatically

corr el att@#*hnd TORETTHTOMPEET dAndaRy f5@ 9f Remprissanreliaso FOmPrANS Al G IngRK | ous
ways (segalt (a8 Q@q“ofn@§ﬂﬁ'§«9 BudRBR YReY érﬂt“)lavnﬂé}? 5§1Hu'ae HaRBRS Rrm'dr fdlude, gﬁ:@l as
system videos are uploaded and are made available to bé searched.

syst em nishigess et Tinglpdingip|and deantgingdard amd farpie of é¢ra%ledst§br1@$o‘ﬁcon@tna” dacd a

i nf or maty f S S 0CE. el ween
the dat ab&%}m%% aft'o I;f)}%#?té(%éﬁ?lélh%&&bé Asté)reﬁéghl%{h%dtopgev?c% lga? Po?r%}) hQ

i nt er f aCencludies ou‘éo@ntannyortehne mopd smpeomememth m)asessres thoad onicloelinoBtseps brmaem&c ch

area on,t esired | ocat use an. search for and pl ay
mat ohi ngUUF AL <R 1 B R O BE St o e PR oHRPR S P GBI G5EN The
syst em RRyhedl @ delibOwaet ctidifiset,0 “hf3eincAIISS U “Soiaish of@bramore BaRIsHoHeskances
bet ween two points, or the |ike. [0059 I n one enbodi nent, search and

di spl ay these oae ©p maraifrailee th ISR imaitghimpaessessing Wy EeboaNGrERMore lfrv@usg;sst em
takes agyamdABR, Plevidi®r SRRARL Bat 1§‘c§nlﬁgu@ﬁ‘m h%%rt&lﬂ vxSaP Roh N FQITR 2R84t t?iatﬁ't'

query. For exanpl e when the user hone In one direction t mAII
tri gger bat maalsshbetogniigisedsio wags thayare aetdisted. the GPS | ocation and orientation
information. The portal will send back relevant videos to users by finding
al'l t he UZQEOS (yfhérmeegmrep Gnd ﬁésgc\ﬁgtg(ﬁ aﬁ)\;a?lﬁl 59 &vyil Bct,coh"xlg ygrgﬁt 11-1;" 're?fer]elﬁ € tg rt}{e

usef ul ers could use therr smartp She 10 UICk i) ocat

They c omlw“amgto;mlh@déscriim@n lof pecfigenatrodinfiéntsdn mmhembmwith tlhacaohmmm dn@wmgsevm ng
vi deos that were taking with the sane direction and at the sane | ocation

some time ago. [0060] Enagl: g@ﬁéﬁ(%%ﬁic}bﬁAﬁhﬂ;s generate

sensor-rich multinedia, 1nclu |ng vi deo rec I'ngs, and managenent. For
exanpl e, €eo I t.

it or mad oSl A YR A AR ot BFIREAREH ¥l ol UARY Ao SERE

col | ect ddnorrserhuee:eltmg asmets w ¢ire ressm infentioas Khefinventier inag bahetotr amd@stocbdew\or ds
to descrl t hernore, .t he coIIect

non- anbrIHeHS 16 ok SRy oL IReRGHINIES in RentUS Sab b SAET drsepBl Pt eteify
users MEﬁb&h@ﬁMBqum&ﬂam&nnon rel evant descriptions may be entered. The
sensor-enriched nmultinedia may be suitable to be processed efficiently and
effectively in a nunber of ways. For exanple, videos can be searched,
managed and presented based on their geographic properties. [0061] One
benefit of the described enbodinments is that sensor-annotation can be done
very conveniently and cost-effectively _on current-generation nobile devices
(e.g., smartphones). These devices cont’ai n many or all of the sensors and
are now available at relatively |ow cost and in high-vol ume nunbers.
Therefore, users can capture high quality videos with devices that they
carry with themall the tine.



[0062] I n one enbodi ment a user may be able to upload, search and view
videos in real-tine. Sensor-rich video includes advanced features based on
augnent edWe@aROINS539af or mat i on whi ch rmakes the shari ng exBETISGACIE/0nHSE

soci al, enjoyable, and technically scal abl e beyond sinpl e video upl oadi ng
and vi eyorg] DadiGyhisarschehiigit bloelndiagriug B ratbeume Embodidient bOsgst&a &rgbnerating
Framewor k Framework [0063] The nobility of canmeras in the franmework is of
part i cul23PotRtEd Bhages aspretalpdanithpetadata GopiRgising yfarmatisn rensraR hyoBs onmgresydem —
prom neRthsbRportance of geographic properties of noving caneras. Mre and
nore user generated videos are produced from nobile devices such as

cel lul ar phones. To address the issues of sensor-rich video search, the
franemr{Q‘Pz@bnsilgﬁszéﬁff‘twqﬂh?té@t%@ﬂﬁl mediles: (1)the data col | ection at
nobi | e devices, (2) the search engine to-store, index, search and retrieve
bot h t hgogmf a- daas JWeohRARDNGIAERodels.2nd (3) the user interface to
provi de web-based vi deo search services. These main parts may be

comuni cati ng through the Internet and/or cellular network. [0064] Data

Col | ect iffP0beviHIE 4 in apdhistretiondf panecre Hpld o visn(FOXED dn B3 @ppdB- wi t h sensors
and a comruni cation unit. A good exanple is Apple's i Phone 3GS that

i ncl udegoddrp, 1@l 5/ GERPRRRd VAGLH BIcA Mliffecture. TEJa pi xel canera,

W Fi / Broadband data connection, and programm ng capability. especially

wi dely avail able |ocation data, may be straightforward due to the w de

avai | abilP032y ofFI&ehA it 3 vigyrdizatioaiof thepverlapgegionsdietwagh querkéhue ved VidgaFisous
types of sensors provide different characteristics such as sanpling rate
and pregp@zen Qi BB i Behiealod éﬁ&gl ' d at the
rate of ([30 r amsgt ggrssa:gglgngat&ﬁiol gletoﬁg{a&% I ocbze{vive\g}rllqgéa?% ngrégg%fﬁrgtlg{egﬁ? ust
once per second at nost and a digital conpass can sanple nore than 40 tines
per sechHM]NbﬂQGVéFHh?ﬁ%?@pE%h@%h?ﬁ@§§fags%ﬁﬁﬁﬂ¢?RRH@GE§U%V-neasurenent
errors due to various reasons such as bad weat her, which may inpact the
accur acyo@s) seaehsaiOPEA: HighiibRed OBhNatichs $@DvEeRthidtSerifs PRSI ST e At the
device level. First, the sanpled sensor data should be synchroni zed and
tagged in accordance with the recorded videqg franes. This automatic

synchr on®%38l adil6r 8diivncaighighlighted pigualizatyms froverlapdidesams foruides Kios-To
accomodate the different sanpling rates of devices, sanple values m ght be
nani pul 3ggad} USipIG. ORIkl enRINARHB 0P %Bil@ﬁdé&h&r{agé}héﬂtl ng, averaging, etc.
The sanpling frequency can be periodic, or aperiodic using any adaptive

nmet hods. An ad%ptive_nethod can be nore efficient and desirable in a | arge
scal e apf38tat itdfr- 19 is@8 apchiteciyie pf the piopased §¥teipunt of the captured data and
support a nore scal able system Second, it is desirable to represent the
col | ect goh39pt a-Fiat &1 USd Rberdatie! fRNdatact diardRiNusir 883 RE @SB o@eh T aHHORSS for
type, and precision of sensors, for general acceptance in diverse

appl i catdptseting ragipns of Witesgst andealimaiing sfteqiiae visigledisianeg vahies coresnoadiagt thayegiser
generatg@hmggﬁos on public web sites. Third, the neta-data are either 1)
enbedded 1nto the video contents or 2) handl ed separately fromthe video
contents. The enbedding granularity can be at each frane, segnment, scene or
clip | ed@40bi (HIE. 1240 comepptuabillpstratior glivipibls distancaprtimatiomnbeddi ng net hod
based on a specific video technology. The problemis that there are so many
di f f er engoayj de@l@?ﬂ@ﬁlu&@%&wgﬁ%m rI%Sn b@hiefit Wor ks' i ndependently fromthe
vi deo codi ng techni ques, however It presents a verification problem between
a video file and its nmeta-data. [0067] The captured video and sensor data
are in @42l al FlewbIn itaskeqtor-baspdserverageimpdelt he server in their entirety.
Thi s approach may work well for small-sized applications. However, when a

| arge sq@iad) Vi 48@. £ IsaCkh@ifd RRed dokaandsqd! mobile devices is

consi dered,  which have expensive comunication cost or limted

comuni cation capability, this imedi ate video and neta-data transm ssion
schenme m ght not be cost-efficient. One inportant observation is that not
all collected videos are inportant or requested i mediately. |In many
applications, the providers of data and their consuners are worKking

i ndependently. In other words, providers are collecting data at their own
schedul es and consuners are “eT



guerying data at their convenience, which results in a tinme gap between the
data collection and the data retrieval. Another observation is the

expensi vewai2pYs¥3commruni cati on cost from nobil e devi cBETSGEHM 2880058 | ul ar
phones. When a huge anount of video is transmitted i nmediately after being
col | ect gdoduit -FIG244 isRerisof metu-dataeol|derd tagethl Wigh defsorficRpiRéd Braimelythd iPhdrRY

not be the nost cost_efficient, way to use expensive cellular conmuni cati on.
[ 0068] THEPECaPR a5 XMb '669%‘1@8 s rludesi EnEstaaws. 6P Stoserdintpsdlfopt eagmeny) and-
transniQgﬁ@&m%ggﬁ%g(hﬁghl§£ﬁﬁgbe, video data can be delivered on an
on-denmand basi s. sum ng that ‘'not all captured videos from nobile devices
w il be imediately requested by users, i.e., if they are not selected as
query rd804d s, H&ehSAitustintas @eﬁét\’asqen%mgpﬁeésn gaogltEwtlgh costly wirel ess

net wor ks may not be necessary. Wen the neta-data and the captured video
data ar qogpar atiesl 158 MRst¥sd RofRNord b S3D blaAR 88 dspddatheTE R TRk 8cdn oﬂﬂﬁs.
server while transmtting video data in a del ayed nanﬁer. Then, searching
on the cdaptured video can be perfornmed i medi ately without actual data
transm ssion. Depending on the search results, the actual video data can be
transm t[h@@l,- on spﬁﬁﬁ-ﬁ'}ﬁ&gnéﬁﬁé asvenﬁgyocrcglg‘{gﬁ§t ed videos will be transmtted
as soon as %OSSI e, however the capture ut not-imredi ately requested
videos may be transmitted to the server through a high speed wired network
(i.e., d8&48]ef fEHE i1V dlusidates tagporeleontinsty opebjegdscusfengesday (i.e., better

di stribution of server load). This separate nmanagenent of the geographic
properti fow (] S t: . . | deo
o A e A e g TR i b L MR bl By

t he desitgpectiy adrtor b tagsciténtidied by asgmbmdinvint ef aroetkddsfoamdompaically geperaRdadgst i me
neta-daqgr%&gg%n%%%ko%ogngnon-pﬁﬂqndIpased vi deo transm ssion enable a

real -ti me. SEArCh at - PRe serser whi'l"e SYiIizing a nore cost-efficient

transm ssion of large video data over expensive cellular network. Note that
thi s sed6@¥]i orFI6. 18B dlusedtes dlist af vidamnegmaeowhantiernds 15 aguimpeaxt r a
processing for the synchronization and verification of the neta-data.
However ,iasd{nce it i des nore.advant.ages than.di sadvantages,. it nay be
assumned [W?allti] t hﬂelbm&)e? giﬁaté%%s a|nsam§"et ﬁc)cglrl-rgtoe? genrsr%r hré%evééj ef)r%%ﬁ%"lgﬁgar 386 sont ent .
100691Any nobil e device includes the follow ng nodules in the framework:
Sensor  d8@] c olHIEG 20 dinstravad wlseapshico bf owetnigteefaqergeskested avcordilg tadhebodinents of the
preci siqn sensor i nputs are captured through various sensors including

vi deo, @ﬁ§m1@5%%g§§? AEBFer oneter, etc. Sensor signal processing nodul e:
sonme input values may need to be checked and refined. For exanple, video
cont ent [6GA3] be KlGe2k d@hhstkaés sehsdf-ritly video @aech uSulrendeerbih€ooprRiBarthi nput can be
filtered for a clearer signal. Sensor neasurenent errors can be detected

b oader 1K1 ¢ ASHA2E Thiehor Ta G| e o BaPB oL ARy ey o

annotate the collected sensor inputs is inplenented here, which al so

i ncl udes the synchronization anong vi deo contents and sensor data. The
format shoul d cover the fol | OBETAILUEDODESCRIPTIONENt | fication of device and
video, real tinme of recorded data, types of sensors, sanple val ues,

preci si go055t t harsanfehtecks dad advastygrohs dniikaire explamadmgory idyovidndfeadnbeto thensor

inputs, etc...Co ni.cation nodule: defines and controls. the ta, ..

transm 'élgf‘lf)'ﬂ‘tlﬂé%%‘mteﬂté hBe EIIILHE@IF‘&“ PLABPYEING a‘ﬁ‘&%%ﬁ“‘gaetélleﬂr‘écf@?i ned
pr ot ocolfelloWihg deReplich. NERAS i Ptidnd o Wi e kYErS attahin% M@cxﬁalg,op@se%gﬁg;ﬂéiﬁhfaues,

di verse applications and service nodels. [0070] Search Engine: Since videos
are searreReenca dndisguipmentapsemised saurs net toruragcessgalygbegyr the fpvepiontn éail. bt by
their vi ' [ j - ile
Vi deos. B R e A 1 AR Y R ARSI 2
server cahodiments of theTieention, laecgiveh byewvay diillastfatiomotlycandotok be wde i Gmitation.
delivered to the database server while the video contents are stored in the
media server. In FIG 2 shows a tightly coupl ed dat abase and nedi a server
on the sane platform However, sensor-rich video search applications can be
i npl enented at various scales. As the gmount of video grows, a single nedia
server m ght not be enough to provide the storage and stream ng of videos
whil e the anount of neta-data can be nanaged by a single database server
Then, the search engine can consist of a single database and nultiple nedia
servers (even heterogenous nedia servers to efficiently support various
types of videos). For the nost general and | arge scale applications,
mul ti pl e dat abase servers and nmedi a servers are distributed across a w de
area and col | aborate with each other. For a focused discussion, this paper
assunes the sinplest configuration, i.e., a single database and nedi a

T o - rFr A"~ 417T r~~ 1 _ 1. ~ o - M T 1



[ 0073] Search types exploiting the geographic properties of the video
contents may include not only conventional point and range queries (i.e.,
overl ap DEOReRN15398 covered area of video and the queryPEaS§a)12/0b&651 al so
new types of video specific queries. For exanple, one night want to
retri evevaiohysubstitotihs whetificatiomspadditions, anilbt rearéin@erherad withis e spifid add boOeapd an

appear s g/l t hi q .a video scene, Eﬁt Wit h&%ﬁ% ven mnpinum size for, better

vi sual PBTY ‘EY‘B%]‘“VE%UaF‘P’VePt\m SR g 1o theseskidled in theyart framghis fisclotyract |
the object appears larger in the franme. Thus, a search with a range

restri ctjoess]f orTieht@mekias trabsdgedih phbiees ﬁwmmrdve@%lmnfré&m yehys. ﬂié%f&e}l@b@t

can be devised, which is terned as a distance query. Simlarl the canera
vi ew di rc@e £ansie digh qﬁéhtmlcteﬂSpwt deices shat Biey FUFY W ile themedieh ime eht iSshsasfrichn
ObSEr v eryigdRAIIR erb iR AR ISR af KirdRReRALCHEpPRR 62 dhQAd Bollle Wit O
exploit the tollecte ra directions for querying, say a i rect s ona

guery. Aanbxantheeussear \zmlous waysk-6ar ezangple o repkdime \pabaomhamrrg g‘taoerslpmhmentfof ad

al | videoan_% ldteake Wlthtt came Bzit%hntln in th %ﬁ ar/]\e dire

and overTappi Ay "W ?ﬁyst?‘% GUEPY 8B FO2YE FFWISHOB PR “r"é’tﬂOP > AhApENVERP? d as
a |ine abmpomht isfshe@m inlkg.danera to the query point (i.e., an object or

pl ace pictured i n the frarre) For the inplenentation of the video domain

speci fi ry es nde h ues dat abase quer

oot | AT ¥ Baheer oo Parhits bt Ol e e E R SR mitreromeushana

query t mesres&iwl 8 chfpdsash apuahetto eke anrea%a&ealmtoesg‘m@u pbrkabld @hd nek@rL g€
scal e video search. There has been little research on these issues.

[ 0074] Afefiasieny ar autppptisally annogatadvith fepsopTigh ifermgtion. Wplpagiag tea sspysr is eerfared
anot her ¢hal,engs thior. Weoftuar%?wmata%ﬁng duk R, c%tretatt ad@%ft‘)mﬁtts
may take a 5| gni ficant anmount of time. To enhance t'he effectiveness o
resul t praydenntetidaged ordransmiiedaciaripes ways (ganttachgd tebrarchehavsmips. of resul ting
videos with respect to the given query and to present the results based on
their ri ilmcqn 5@%6 h v-qﬂ:% gtérﬁl\ﬁdgoEXrelulpEﬁ édrhn%lgr% TI]%%VJ]Q@EC t(g Qeesegrléﬁr@d?
appreci ation process o nce is very su jective and so I't IS

chal | endliha gystam inenageschoth the qdoadﬂh eldécrsamletm rddatbdisenss set-datajifotniation. One of the

nmeasur e S tlf the re videas in two
0ot or erimiBot o e coneeh B vest Bl R TR B0 BrSts A3 et thgian
query ran geeraadmamunfate OFhe Zer A Plack & iGYBNEEthatOVEEH 3 BV sBHCIE QYL e fbpe.
[ 0075] The dat abase server can consi st of the faollow ng nodul es: Mbdeling

nmodul e: 1 e dpsied lasatirno  heusencaisearchyfar ?J’Wd&@'s‘@@d"%\“d%?ss whee thevidggp piowthe on
by appl W:%?&h f HDERbet hRE. ﬁﬁ:‘&%&@mrrhé?}haléﬂ AR% 562F &lindbd afAR s%oﬁ‘lsdaﬁi %Htﬁ’ut@s a
geospati al coverage of canera field of view (FOV) as shown in

nmor e soplrtanceschgtveasn spapeintstasthedikgl  mul ti di mensi onal nodel . The adopt ed
nodel affects the query functionalities and performance of the system

St or age | e: - . t (Al

appropri 21‘?5}211dathétt&g‘t§ %ﬂ? t8 {i}ﬁgngn ?ﬁ%”e"x g@&%@?@%?‘%&%@%iﬂgﬂﬁﬁgﬁ II,QS? tlll?s% ne
modul e rabedivest, d@eﬁwstqueakeesd\amdgpefIhorsm;»otsh'e tlmcphoades tseae:cdtyismge phite ofothé y

t he conventl nal ati.g ora and range

uer | o6 ety B SsiBRalrS LEdR RuosHEptori B ERe StiEfo BVt RER ARG he
ar e i nplsevertyednding the @GR loeedlonlaamsm@aﬂmdm‘oﬁnaﬁoherﬂeq@a’at willf defdrbidREelg LRk Y
proceSS|n nodul e of . video segnent.s found can be ranked and
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is the ab|I|ty to random y access any ? rtion of stored videos in a fast
way. Since the amount of data in an entire video clip can be very |arge and
the user might be interested in watching only a portion of the video where
t he query overl aps, random access is very inportant for humans to verify
the results. [0077] Transcodi ng nodul e: a video m ght need to be transcoded
when it arrives at the server. For exanple, a user can collect videos in
any format but the application mght require certain predefined formats for
the service. Simlarly, when users request the display of the query
results vi deos can be transcoded to acconnodate the di fferent supported
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not requested for a while in an application, it may not be the most cost efficient way to use expensive

~-cellular communication.-

[0068] There are ways to overcome the drawbacks of the immediate data transmission scheme. For
example, video data can be delivered on an on-demand basis. Assuming that not all captured videos
from mobile devices will be immediately requested by users, i.'e., if they are not selected as query
results, shch immediate data fransmission through costly wireless networks may not be necessary.
When the meta-data and the captured video data are separated, the system may first transmit the meta-
data to the server while transmitting video data in a delayed manner. Then, searching on the captured
video can be performed immediately without actual data transmission. Depending on the search results,
the actual video data can be transmitted on an on-demand basis. Any requested videos will be
transmitted as soon as possible, however the captured but not-immediately requested videos may be
transmitted to the server through a high speed wired network (i.e., cost effective) during less busy
periods of a day (i.e., better distribution of server loéd). This separate management of the geographic
properties of videos (i.e., small amount of textual data) and actual video (i.e., large amount of binary
data) can provide a higher flexibility for the design of service architectures, service models and policies.
Real-time meta-data transmission and on-demand based video transmission enable a real-time search at
the server while utilizing a more cost-efficient transmission of large video data err expensivé cellular
network. Note that this separation of the meta-data from video contents incurs extra processihg for the
synchronization and verification of the meta-data. However, since it provides more advantages than

disadvantages, it may be assumed that the meta-data is separately managed from the video content.

[0069] Any mobile device includes the following modules in the framework: Sensor data collection
module: following a predetermined rate and precision, sensor inputs are captured through .various
sensors including video, GPS, compass, accelerometer, etc. Sensor signal processing module: some
input values may need to be checked and refined. For example, video content can be checked for
clarity or occlusion. Accelerometer input can be filtered for a clearer signal. Sensor measurement
errors can be detected and missing sample values can be estimated heré. Format module: for abroader
and transparent use of the collected data, a standard way to annotate the collected sensor inputs is
implemented here, which also includes the synchronization among video contents and sensor data. The
format should cover the following information: - identiﬁcati.on of de\)ice and video,‘ real time of
recorded data, types of sensors, sample values, precision of the sampled data, synchronization among

video and other sensor inputs, etc. Communication module: defines and controls the data transmission
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between the mobile device and the server based on a predefined protocol. This module needs to

— -provide versatile ways to accommodate diverse applications and service models: -

[0070] Search Engine: Since videos are searched only by the abstraction of their geographic
properties, not by their visual information, meta-data is managed by a database server while videos are
managed by a media server. Any conventional database and media server can be used. The collected
meta-daté from the mobile device are delivered to the database server while the video contents are
stored in the media server. In FIG. 2 shows a tightly coupled database and media server on the same
platform. However, sensor-rich video search applications can be implemented at various scales. As the
amount of video grows, a single media server might not be enough to provide the storage and streaming
of videos while the amount of meta-data can be managed by a single database server. Then, the search
engine can consist of a single database and multiple media servers (even heterogenoﬁs media servers to
efficiently support various types of videos). For the most general and large scale applications, multiple
database servers and media servers are distributed across a wide area and collaborate with each other.
For a focused discussion, this paper assumes the simplest configuration, i.e., a single database and

media server on the same machine.

[0071] Database Server, To utilize the captured geographic properties of videos for searching, the
framework represents the coverage aréa of video scenes as spatial objects in a database, i.e., it models
the coverage area using the meta-data. Then, the problem of video search is converted to the problem
of spatial object selectiohs in a database. Modeling the video scenes depends on the availability of
sensor data. For example, in the presence of only GPS input (the camera location data) the potential
coverage area of video frames can be represented as a circle centered at the camera location
(CircleScene in FiG. 3). With extra camera direction data from a digital compass, the covefége area
can be more accurately refined like a pie slice (also called the field of view, FOV) shown in FIG. 3
(more precisely in FIG. 4). Thus, videos represented by the pie model can be searched more effectively.
Modeling may facilitate indexing and searching of video contents in a database because the query

functionality and performance are greatly impacted by the spatial modeling of videos.

[0072] Using the defined model, videos are stored and searched as spatial objects in a database.
Video searching should be able to fully take advantage of the collected meta-data for various requests
of applications. Beyond the importance of the geographic information where a video is taken, there are
other obvious advantages in exploiting the spatial properties of video because the operation of a camera

is fundamentéllly related to geometry. When a user wants to find images of an object captured from a
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such as range queries, k nearest nei ghb queries or spatial |oins,
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circular area (e.g., neighborhood of a point of interest), a rect angul ar
area (e.pgint.” The view direction can be defined as a line of sight from the camera to the query point (i.e., an
object or place pictured in the frame). For the implementation of the video domain specific query
types, new indexing techniques or database query functionalities need to be introduced. Moreover, the
evaluation of new query types should be fast enough to be practical, especially for a large scale video

search. There has been little research on these issues.

[0074] After a search results in multiple videos in a large application, another challenge is that
human visual verification of the video results may take a significant amount of timé. To enhénce the
effectiveness of the result presentation, an approach is to quantify the relevance of resulting videos with
respect to the given query and to present the results based on their relevance ranking. The difficulty lies
in the fact that the human appreciation process of relevance is very subjective and so it is challenging to
-be quantified. The framework harnesses objective rheasurements to qﬁantify the relevance between a
query and videos in two different ways: 1) spatial relevance: overlapping coverage area between query

range and a video, 2) temporal relevance: overlapping covered time.

[0075] The database server can consist of the following modules: Modeling module: received
sensor data will be processed for a specific application by applying a model for sensor-rich video

search. It can be as simple as a geospatial coverage of camera field of view (FOV) as shown in FIG. 4
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expl ai ned and three basic netrics for ranking video search results are

di scl osed. A summary of the synbolic notations used in the discussion is
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ranking. 2) loosely coupled - independent and general media servers are collaborating with the
database server through the standard network protocols. Itis usually not expected to closely interact
between two servers but can be more appfopriaté for distributed server environment, peer-to-peer video
sharing, or web video crawling. The media server is straightforwardly streaming video contents to

users under the database server’s direction.

[0102] User Interface: Users should be able to send video search queries to the search engine from
both wired computers and mobile devices. Then, depending on the type of devices, the user interface
can be designed in different ways. The framework assumes a web-based user interface to communicate
with the search engine. Depending on the computing power of the user’s machine and the availability
of other supporting software (e.g, Google Maps, media player, web browser), the features of the sensor-

rich video search applications can be significantly affected.

[0103] Users can search videos in multiple ways. For exafnple, one intuitive method is making a
map-based query when users are familiar with the interested area. Drawing a query directly on any kind
of map (see the implementation examples in FIGs. 13 and 14) might provide the mbst human-friendly
and effective interface in the paradigm. Alternatively, text-based query can be also effective when
users are searching for a known place or object. For example, the user interface can maintain a local
database of the mappingvbetween places and their geo-coordinates. Then, the textual query can be
converted into spatial query with exact longitude and latitude input. The search engine can maintain 5

large collection of such mappings for well known places.

[0104] The user interface receives the ranked query results from the search engine. As well as a
good ranking method, the presentation style or format of the results also greatly affects the effectiveness
of the presentation. Thus, human friendly presentation methods should be considered such as using key
frames, thumbnail images, any textual descriptions; etc. A map-based user interface for both query
' input and video output can also be an effective tool by coordinating the vector map and actual video
display. Note that relevance ranking and presentation style aré not just technical issues, but may require

an intensive user study.

[0105] The framework includes the following modules at the user side: User interface module:

For regular com'puters, anormal web-based interface with maps can be expected. Users can exploitall
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overlap region between V: and Qat t" a set of corner points RTA rel evance
score with Total Overlap Area RD rel evance score with Overlap Duration RSA
rel evancewecoréigiosh Surmed Area of Overl ap Regi ons G i @CWIHGRDICHDI0ST

covering the universe WD 2012/115593PCT/ S&012/ 000051 Term Descri pti on VG
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between Gid and V: (t,) VkG a video clip k represented by a set of VKG (t,

) QG video contents can be delivered and presented without-changing the format, i.e‘a high-quality video if- -
communication bandwidth is enough. For the mobile devices, the user interface design should be
adjusted for the limited size of the display, computing pbw'er, and ability to handle video formats.
Media player: The media player software plays out the query results. One important aspect of video
presentation is the capability to display only relevant segments of videos at the user side avoiding

unnecessary transmission of video data. Thus, the media player at the user side and the streaming

media server are expected to closely collaborate.
Implementation Case Study

[0106] Here, the solutions of the modules in implementing the framework is introduced. Note that
the present disclose is not necessarily providing optimal solutions for all modules discussed, but instead
intend to provide an example solution for each critical module to demonstrate the feasibility and

adequacy of the proposed sensor-rich video search framework.

[0107] Collecting Sensor Data and Modeling Viewable Scene: The impleme'ntation focuses on the
geographic properties of the video contents, i.e., the exact area on the ground covered by the video
scenes. To capture the geographic properties, the video recording system is prototyped with three
devices: avideo camera, a 3D digital compass, and a Global Positioning System (GPS). Itis éssumed
that the optical properties of the camera are known. The digital compass mounted on the camera heads
straight forward as the camera lens. The compass periodically reports the direction in which the camera
is pointing with the current heading angle (with respect to North) and the current pitch and roll values.
The GPS, also mounted on the camera, reports the current latitude, longitude, and altitude of the
camera. Video can be captured with various camera models. The custom-written recording software
receives direction and location updafes from the GPS and compass devices as soon as new values are
available and records the updates along with the current computer time and coordinated universal

(UTC) time.

[0108] A camera positioned at a given point p in geo-space captures a sc_ene whose covered area is
referred to as camera field-of-view (FOV, also called a viewable scene), s‘.ee FIG. 4. The meta-data
related to the geographic properties of a caméra and its capturéd scenes are as follows: 1) the camera
position p is the latitude, longitude coordinates read from GPS, 2)the camera direction a is obtained

based on the orientation angle (0° < a < 360°) provided by a digital compass, 3)the maximum visible
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[0111]

[0109] Based on the collected meta-data, the viewable area is modeled in 2D space, which is
represented as a circular sector as shown in FIG. 4(a). For a 3D representation shown in FIG. 4(b), the
altitude of the camera location point and the pitch and roll values are needed to describe the camera
heading on the zx and zy planes (i.e., whether the camera is directed upwards or downwards). It is
believed that the extension to 3D is straightforward, especially since the altitude level is already
acquired from the GPS and the pitch and roll values from the compass. Thus, the FOV is represented in

2D space.

[0110] One important point in data collection is the difference in the data sampling frequencies.
The GPS location updates are available every one second whereas compass can produce 40 direction
updates per second. And for a 30 fps video stream there will be 30 frame timecodes for every 1 second
video. An intuitive way is to create the combined dataset as the sensor data is received from the
devices and use a commbn timestamp for the combined tuple. Such a tuple will include the last
received updates for the location and direction values. Because of the heterogeneity in data
frequencies, it is possible to match data items which are not temporally closest. A better way is to
create separate datasets for GPS updates, compass readings and frame timecodes, and later combine the
data items from each data set that has the closest time match. Since all sensor values will be refreshed

at most every second, intuitively, the data frequency for the combined dataset will be a second.

. A periodic data collection was used iﬁ the implementation, i.e., an update per one second.
Thus, in the implementation, a » second long video is represented with n FOVs each representing the
geographic properties of one second long video frames. Table 1 shows the collected geo- tagged meta-
data fora 5 sec long video, where each row (i.e., tuple) corresponds to an FOV InTable 1, Ti imestamp
is the computer time when the meta-data is recorded and Timecode is the corresponding frame timecode

in the actual video.
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seri es dPuepdrgmbreyeferyeadiddeodet ai | s about the inplementation of the

Over |l apBoundary al gorithm can be found in the extended technical report.
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This quantifies how |ong VKF overlaps with Q enphasizing tenporal

r el evancémer3 heglingnlus the eanasg idepd vidgp iy pashyideREANe. The summati on of the
overlap areas for the intersecting FO/Scenes during the overlap interval.

This st r[bfl@? a mlu‘g‘&%e@% HEela Eél)egra%ﬂi%ali @éio@&dsohﬁ'rfpﬂﬁaﬁlor C@ﬁa@‘ﬁﬁaﬂp@nat can be

inferpreted as a region in geospace. The Query Interpreter in FIG. 5 translates the user query into a

<

spatio-temporal query. As an example, the query “Find the videos of the University of Idaho Kibbie
Dome” is translated into the coordinates of the corner points of the rectangular region that
approximates the location of the dome The database is then searched for this spatial region and the
video segments that capture the Klbble Dome are retrieved. If the query specifies a temporal mterval

only the videos that were recorded during the specified time window are returned. The FOVScene
éoverage of a moving camera over time is analogous to a moving region in the geo-spatial domain,
therefore. traditional spatib-temporal query typeé, such as range queries, k nearest neighbor (ANN)
queries or spatial joins, can be applied to the ¥ data. One of the tasks is to extract the video segments
that capture a given region of interest during a given time interval. As exp‘iained, the F(t, P, d ,0, R)

description can be constructed for every time instance. Hence, for a given query Q, the sequence of
video frames whose viewable scenes overlap with Q can be extracted. Going from most specific to
most general, the region of quéry Q can be a point, a line (e.g., a road), a poly-line (e.g., a trajectory
between two points), a circular area (e.g., neighborhood of a point of interest), a rectangular area (e.g.,

=20 -



[0121] Total COverlap Area (RTA): The total overlap area of 19(VKF, Q is
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change but the video will nost |ikely be very rel evant
properties, i.e., how much and how long the resulting video segments overlap w1th the query region.
[0115] Alt_hough the objective of the study is to rank results based on the queries’ spatio-temporal
attributes, for some applications the video ranking accuracy can further be improved by leveraging the
features extracted from the visual video content. In FIG. 5, the Concept Detection module provides
information about the semantic content of the video segments to aid the ranking process. A detailed
discussion of content based video search and ranking techniques is out of the scope of the paper. A
review of state-of-the-art solutions can be found in the literature, It is provided here some example
queries for which the ranking accuracy can be improved by leveraging visual features in addition to
spatio-temporal overlap properties.- Note that content based feature extraction is curréntly not

implemented in the prototype system.
Ranking Georeferenced Video Search Results

[0116] In video search, when results are returned to a user, it is critical to present the most related
videos first since manual verification (viewing videos) can be very time;cbnsuming. This can be
accomplished by creating an order which ranks the videos from the most relevant to the least relevant.
Otherwise, although a video clip completely captures the query region, it may be listed last within the

query results. The relevance of each video may be questioned with respect to the user query and an
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[0123] Summed Area of Overlap Regions (RSA): Total Overlap Area and Overl ap
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1=1 (%) overlap with the query region for time intervals of different length. A video which captures the query
region for a longer period will probably include more details about the region of interest and therefore
can be more interesting to the user. Note that during the overlap period the amoiunt of spatial overlap at
successive time instances changes dynamically for each video. Among two videos whose total overlap
amounts are comparable, one may cover a small portion of the query region for a long time and the rest
of the overlap area only for a short time, whereas another video may cover a large portion of the query
region for a longer time period. FIG.s 5a and 5b illustrate the overlap between the query 0207 and the
videos Vs and Vios, respectively. Although the actual overlapped area of the query is similar for both

videos, the coverage of Vs is much denser. Consequently, among the two videos Vjog’s relevance is

higher.

[0118]

explained and three basic metrics for ranking video search results are disclosed. A summary of the

In the following, how the overlap between the video FOVScenes and query regions is

symbolic notations used in the discussion is provided in Table 2.

Table 2: Summary of terms

Term Description

T the short notation for FOVScene

P camera location point

Q a query region

V, a video clip £ ‘

vE a video clip k represented by a set of FOVScenes

VkF (ti) a polygon shape FOV Scene at time t,, a set of corner points
0 , a polygon query region represented by a set of corner points
O(VkF ) Q) overlap region between ¥, and Q at 1, a set of corner points
Ry relevance score with Total Overlap Area

Rp relevance score with Overlap Duration

Rs4 relevance score with Summed Area of Overlap Regions
Grid M H N cells covering the universe
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Here, function Area returns the area of the overlap polygon O(VkF(t, ), Q.

The summed overlap area for a single fls obtained by nultiplying its

overl ap WORRWHIKIBts overlap tine. Recall that the ovePCRSGRINWOG0St each f
is estimated as the difference between tinestanps of two sequential f. The
sumat i on of R SumMM¥mesewgionap areas for the overlapping Fs provides the

RSA score fo j_;ﬁw VT SEOLOF Sk t%ﬁ%%te@%?%%t@?ob@laﬁ‘éﬁ@%@llsbcOr €%
Al gorithm'l RsSA, Ie}iQA %F ﬁpgﬁ??kScores(k VKF 4. n=
5. M= vFk ,E1l G ven Yo R e r-Y UNVBR( VK E( t \\ convex Dolvqon shaped
query region|i8 {Load | aMsceipg reieeseniedby a8 of VI Xii sk}

o° ‘ a polygon query region represented by a set of grid cells
o° (ch (t,). O overlap region between ¥,° and Q at 1;, a set of grid cells

tf

RTGA : relevance score using grid, extend of Ry
Rg relevance score using grid, extend of R
RS relevance score using grid, extend of R,

[0119] Preliminaries: Let O be a polygon shaped query region given by an ordered list of its

polygon corners:

Q= {(lonj, latj), 1<j< m}

where (lon > lat j) is the longitude and latitude coordiﬁat’e of the j” corner point of Q and m is the
number of corners in Q. Suppose that a video clip ¥ consists of n f'regions. ¢ and f, are the start time
and end time for video V}, respectively. The sampling time of the ith ¥is denoted as L. Thé starting
time of a video ¢, is defined as #;. The i represenfs the video segment bétween t;and ;4 aﬁd the n®
t, which is the last FO VScene, represents the segment between 7, and ie (for convenience, say f, = t,1).
The set of FOVScene descriptions for V, is given by VkF = {F Vi (t,., P, c?, o, R)] 1<i< n}. Similarly, the F
at time ¢, is denoted as V" (t,).

If O is viewable by ¥}, then the set of 1 that capture Q is given by

SceneOverlap (VkF , Q): {V;F (r;) | for all i(1 <i < n) where ;7 (¢,) overlaps with Q}

The overlap between ¥, and Q at time 1, forms a polygon shaped region, as shown in FIG. 7.
Let O(VkF () Q) denote the overlapping region between video ¥, and query Q at time #,. It is defined
as an ordered list of corner points that form the overlap polygon. Therefore,

O(VkF (ti ), Q): 0verlapBoundary(VkF (ti ), Q) -

= {(Ionf", lat:"),] <j< m}

)

where m is the number of corner points in O(VkF (), Q). The function OverlapBoundary returns the
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{n is the nunber of FOVScenes VF {Mis the MBR that encapsul ates the whol e
video file} 6: if Rectintersect(M Q is truethen {Filter step |} 7: for
i0 to (n-v¥P22d/Bs5593ML = MBR(VKF (t, 9: if RectlntersecPCASQRINZG0ASUEe t hen
{Filter step 2} 10: if Sceneintersect(Q VKF (t,)) is true then {Filter

step 3} oldrlap @gbywhlc&mdswmmap yeigfon( In PIGCY, t%&omeﬁﬁﬂ@bﬁhé@éﬂhp’pd@on

RSA= Ar ea( Opol
are( s(ajwn ¥v)1th Qatbels Pl throug]l:l P9.~Practically, when a pie-shaped #"and polygon shaped Q intersect;

the formed overlap reglon does not always form a polygon. Ifthe arc of Fre51des inside Q, part ofthe

overlap region will be enclosed by an arc rather than a line. Handlmg such 1rregular shapes is usually
impractical. Therefore the part of the arc that resides within the query region Q can be estimated with a
piece-wise linear approximation consisting of a series of points on the arc such that each point is 5°
apart from the prévious and next point with respect to the camera location. OverlapBoundary computes

the corner points of the overlap polygon where: (i) a corner of the query polygon Q is enclosed within +

or (ii) the camera location point is enclosed within Q or (iii) an edge of the query polygon Q crosses the

sides of the ¥ or (iv) part of the ¥ arc is enclosed within Q (the intersecting section of the arc is

estimated with a series of points). Further details about the implementation of the OverlapBoundary

algorithm can be found in the extended technical report.

[0120] Three Metrics to Describe the Relevance of a Video: Three fundamental metrics may be

used to describe the relevance (R) of a video ¥V, with reSpect to a user query Q as follows:

1. Total Overlap Area (Rr4). The area of the region formed by the intersection of Q and VkF . This

quantifies what portion of Q is covered by ¥, , emphasizing spatial relevance.

2. Overlap Duration (Rp). The time duration of overlap between Q and ¥,/ in seconds. - This

quantifies how long VkF ‘overlaps with O, emphasizing temporal relevance.

3. Summed Area of Overlap Regions (Rsy). The summation of the overlap areas for the intei'se_cting
FOVScenes during the overlap interval. This strikes a balance between the spatial and temporal

relevance.

[0121] = Total Overlap Area (Rry): The total overlap area of O(VkF , Q) is given by the smallest

convex polygon which covers all overlap regions formed between V! and Q. This boundary polygon

can be obtained by constructing the convex envelope enclosing all corner p(;ints of the overlap regions.
Equation 5 formulates the computation of the total overlap coverage. The function ConvexHull
provides a tight and fast approximation for the total overlap coverage. It approximates the boundary

polygon by constructing the convex hull of the polygon corner points, where each pbint is represented
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RD+ = (tH1- ti) 15 end if 16: end if 17: end for 18: end if WO
2012/ 115593PCT/ SG2012/ 000051 Al gorithm 1 | RTA, RsA Rd

=Cal cul atwBankBasmes(k, Q 19: RTA7 Area( COTl Vexhl 4RTAPPCT/SGR012/000051

[0124] Algorithm 1 outlines the conputation of the proposed relevance

net ri cs aREAlonBiBAle, latdddRPaif. aTIGas gows Bxamsledf e t@BIbyEeY dbvéagdieivieeh h@huériae
rel evance score for VK I1s conmputed only when V: overlaps wth Q

Al gor i t Heprand yideps Vo @bl iof: j ThedetplRyedansgseq is clewated asfollens-10) may be appl i ed
to effectively elimnate the irrelevant videos and video segnments. First,

t he al gorithm checks whet her ery Q awerlaps with the MBR enclosing all.
I f so, the al@(ﬁ,fi@}mdr@mmw hké(z)‘ Qvlgl ons whose MBR overlap with Q And
finally, the algorithmfurthen refines the overlapping fregions by checking
the overl ap between query Q ng,,a(gtgyal VKF }J Such a filtering process

i mproves conput at i Qr@gnvg,j}}d, wncw {(lon lat" ) |
i=1
Subsequently, the Relevance using Total Overlap Area (Rr,) is given by the area of the overlap

boundary polygon O(VkF , Q), computed as:

Ry, (VkF’ Q) = Ar ea(O(VkF’ Q)) | ( (3)

where function Area returns the area of the overlap polygon O(VkF , Q). A higher Ry, value implies that

a video captures a larger portion of the query region Q and therefore its relevance with respect to O can

be higher.

[0122] Overlap: Duration (Rp). The Relevance using Overlap Duration (Rpp) is given by the total

time in seconds that VkF overlaps with query Q. Equation 7 formulates the computation of Rp.

x

( ) Z .1 —1;) for i when O(Vk (t, )7Q)¢() .
o )

Rp is obtained by summing the overlap time for each Fin V.E with Q. The overlap time for each

may be estimated as the difference between timestamps of two sequential ¥s. When the duration of
overlap is long, the video will capture more of the query region and therefore its relevance will be
higher. For example, a camera may not move for a while, hence the spatial quefy overlap will not

change but the video will most likely be very relevant.

[0123] Summed Area of Overlap Regions (Rsy): Total Overlap Area and Overlap Duration
capture the spatial and temporal extent of the overlap fespectively. However both relevance metrics
express only the properties of the overall overlap and do not describe how individual FOVScenes

overlap with the query region. For example, in FIG. 6, for videos Vi and Vigs although

Ry (V4lgs Q:>.o7')E Rry (Vlgss on7) and R), (V4Z= Q7 )5 Rp (Vlgiis Qo7 ), Vios overlaps with around 80% of
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by gradually elimnating the majority of the irrel evant video sections.
Algorithm 1 calls the subroutine MBR which conputes the m ni mum boundi ng
rect angl evoap12a11g9en f regi on. Functions Rectl nt er sect PRI/SQGROIAME0051

Scenel ntersect (Q VKF (0) return true if -the given query Q overlaps with the
rect angl e §‘ﬁfgﬂ Tyl .02 : )S6 trics
descri béﬁqt ggrr%%l? ﬁgg)(s?id cr eﬁéggﬂggvﬁgﬁﬁgﬁvg%ﬁgg&%ﬁ ?/%)%Eg @ﬁlgélg?\?\???’f &’

i nt er estfedmbsd of B bvediap iM@Saltahe ot &@lapy aith 80T, WA oL theNRa N FOMS.cAQY ah €d
region in query Q whereas RD defines relevance based on the length of the
vi deo sé&der &%ﬁl%(fﬁratltwé%‘zﬁtw?@ssuw viggop, the, Relgvrese woneSuimess %‘f‘idaﬂdf@&’t(%éﬁ mgy be he
overl ap C LAty g : % IS the
b1 gger (he Rk STORERGE, #Bs Mo il toeSpg AhfE GEb AR g WAy ST

t he nor eqeutieh IfemaRads YIgdspiatibn BERJ, A vilde d1 tnd jilens@nMati on. Since each
metric bases its relevance definition on a different criteria, it my not
be expected to obtain a unique ranking for all three netrics. Furthernore,

wi t hout feedbac Omu | A i jcult\wto ascertain wheth one of
themis superi oéSA{I}b ’@I)F‘égi’%%‘?@(l}kﬁbg@f»%pw %’fyertai n metric pr ov&sjes t he best
ranki ng when the query s specific in describing the properties of videos
that the user is |ooking for. As an exanple, i yi %e survei l |l ance systens,
t he vi dé#se fimgtionilxea rethias fhgarameithesyerapgolyaen éﬂl’k (ki xQO% A he Remgedeverlep gican

w | befrmre relevant. Then, ,FrJe,tric RTA wi || _provide the npst accurate

r anki ng fOTAsEGT sediaied by myjltiRiyipg U averiar area Wi its Qveibmitine iNegall Badbe as much
det ai | i . r r . t .apd time
of - coveragaRamtol NPl el aC R ter il phELEL AL mM YRR e
good r anthkBEmmAch dMAlltsimbd GvdiRp bietd foP the DY &lPPIg FVRRIVRICE IR FBANRISSr ke
nostly stationary, the duration of the video that captures an acci dent
event wivideob& .nore significant in calculating rel evance. Therefore, netric
RD wi | | produce the best ranking. WD 2012/ 115593PCT/ S&012/ 000051

[0126] Based on the query specification either a single netric or a

conbi natRagkings Videes Basedon Relevance §eigs t o obt ai n t he vi deo ranki ng:

Cal cul ati ng the wei ghted sum of several relevance netrics (Equation 9) is a
common TQe8iArE/A,Q ROPR @aﬁ:ﬂla%%ﬁ@br%s(k I Ng SChene. Relevance( VKF

Y, 5 0 0 obta =e—opti nal

.G onve an . .
al ues fg webglhts W, ni ng dataset which provides an
opt i m z&d FAnRi ased on several netrics is needed. However constructing
a reliaBteVf rabaudtig) daed F6VStar dgwopédrsfmncdiskivi deos is not trivial and

requires, carefxl tedi ﬁyﬁ,’ual k. There is extensive research on
cont ent §‘ba@eﬁﬁ"ﬁl gg{s%l eincgjlblgg(?f an c?'éeﬁki"n}g of videos using Support Vector
Machi nes ( SV and(qt hﬁr classifiers, which train their classifiers using
publ i cl y:a THM#Q Veal) utiivthe YRR, that gsicansylaies the wheole vitgaNED benchnmar k

dat aset) . . e&:; is aneed for a simlar effort to create public training
data for g‘lgf _ é‘i’gﬁﬂ(ft‘é’dgglsdréﬁs.th"[“djfﬂﬂﬁ*ﬁ%]i/i sual content of the videos can
be | ever’age®riint d toKes1}dthki ng process to inprove the ranking accuracy. For
exanpl e 8: f or MheMBRYKGS € )Dore query, the video segnents in the search

resul ts om ghis REARRLYAR D OnadCH (e 1§ 23t he view of the canera is

occl udecl y\nth.](sﬁc}rre 0?{1 ec(g $ C)Z as t\[leeﬁ,. cars,.etc. Sone state-of-the-art
concept 'det ectio¥& e LER¢L H’ogt g gt ther§'eBdéh obj ects within the video
cont ent .11The Vi@ﬁ@ziﬂi&%ﬂb&)ﬂi‘a@/(’(/ﬁéi)@ ra view is occluded can be wei ghted
| ess in1 al cul a}éi n U;&@galti al and tenporal overlap for the netrics RTA,
RSA and ‘RD. | n d#fFton v8°¢€ontent based features, text |abels extracted
fromvidéo fil dhahesirea@polplffrdi ng) t ext and social tags can be useful in

vi deo rdAki ng. Rp012%-A-K) st ogram Approach for Cal cul ati ng Rel evance Scores:
The rankbng mebadifds cal cul ate the overlap regions for every overl appi ng
FOVScena6i 0 et @i n the video rel evance scores. Since the overlap region
conput atizonerdsfogonput ati onal | y expensi ve these techni ques are often not
practicak. dn@rif| arge scal e applications. Thus, several histogram based

ranki ng techni ques that provide conparable ranking results are al so

i ntroduced, but at the sane tine dramaéécal |y inprove the query response
tinme. Using a predefined grid structuré&) a histogram pre-conputes and
stores the anount of overlap between a video's FOVScenes and the grid
cells. During query execution only the histogramdata is accessed and

queri ed.



[ 0130] H st ogram based ranki ng techni ques not only enable faster query
conput ation, but also provide additional infornmation about how densely the
vi deo oveWD2PBR/MFIB t he query. For exanpl e, although th&CE#ggaeo129hedde of the
overlap _region is calculated for each individual f, the conputed  rel evance
scores dQgevethngl Y&, ROER J=SlaldubidRankscofestkh@) overl ap throughout the query
region, 9. R, = MohEbnPARNIR, PorhN€ query region are nore frequently captured
i n the .-; o " a-aant 1T o AN ' . " -',v " - N T e
distribution of the density of overlap ¢can be neaningful in _gauging a
vi deo' s [PB4by arftigorifind qu@%%@? quep%atwa@?she RIPROSeA redeyaue Mot ReeRsHAId Rof¥ zed
queries, therefore shoul stared.. [0131]T I.St ogr sed rel evance
door e ma RSk o WPy D bRkt A SR RTpRRRTE ke SERS
ranki ng {igCHNiAUeS ridith GUb -RvEINRPUE SleBRIATRBUD 54 119) mEY BE YppiRG o SH&EVel
wher eas hli s?ogra?n@lgased’techrvli qt_Jees gssgalt?zrlle p?e-conp{thng% ovped#ﬁ%apolgltrfl} or nat i on
t 0 obt aiehminaée thankélengot videss3mi Mideovshgrhentyy e bisgatbe atgayithipeclpaks whétharegieiyn® o
disjoint grid cel|ls such that their union covers the entire service space.
Let G i @veriapg with.the MiBRnepcloging gll e lfsiet the plserthmsloplsy for e Tvesing Wipse 8RR i ng

et P ooy And AREIRS s Bl henre ity %%%vgﬁ%rwﬁn@feﬁégiﬁaé’gy Hetiing e’ °
 nCEPEECTPn 174 THaPt TEGIAF ML i e Pt |
oS or ] b e Gk nd Attt . Suche St process vt Eﬁw?%@g%e@?mnay: on
f f. i.n. Vk Lt ) \ )
Ot A" by OGRS oo e AR AEPENEEGARL A [eBFEY oo IO I QU EE ! 2P

bet ween MWAR ‘oldcldeompetes she Tiigimunp | bemedib@trecangtbetf@i b sgitawr 7T aagjomt | MRyndfic@s can
be found in the extended technicgl repart. Then, Va grid representation of
VKF whi dReciligeraea®/, (@ and Seenalirerdet B0, (1 Yhvetutni rsiedfithamivieo qurk @ qvetlgpsotidrthas
OHk, consists of grid cells Ck = Uni VKG (t, [0133] For each cell cf in Ck,
Over | aphksdngteadior the tFid Saenatdgt (1, pfréspsativelyes t hat ci overlaps with. In other
words, it cal cul ates the appearance frequency (4) of ¢, in VKG (Equation
11). fi = OverlapHi st (ci,VkG =-Coun (ci,{1/kG (ti): for all 41 i nDﬁS)
[ 0134] FUMZS] on Thsterirorossdonsteeseissarive theumasthasisrelgpamga criteriatthps e typispl userwvillppear s
in. NotegytRalyin. Ry defines the relevance based on the area of the covered region in query O whereas R

defines relevance based on the length of the video section that captures Q. Rs, includes both area and
duration of the overlap in the relevance calculation, i.e., the larger the overlap is, the bigger the Rsy
score will be. Similarly, the longer the overlap duration, the more overlab polygons will be included in
the summation. Since each metric bases its relevance definition on a different criteria, it may not be
expected to obtain a unique ranking for all three metrics. Furthermore, without feedback from users it
is difficult to ascertain whether one of thefn is superior to the others. However, a certain metric
provides the best ranking when the query is specific in describing the properties of videos that the user
is looking for. As an example, in video surveillance systems, the videos that give the maximum
coverage extent within the query region will be more relevant. Then, metric Rz, will provide the most
accurate ranking. In real estate applications, users often would like to see as much detail as possible
about the property and therefore, both extent and time of coverage are important. In such applications
metric Rsy will provide a good ranking. And in traffic monitoring systems, where the cameras are
mostly stationary, the duration of the video that captures an accident event will be more significant in

calculating relevance. Therefore, metric Rp will produce the best ranking.
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Overl apHi st describes only the spatial overlap between the grid and the
vi deo FOVScenes. However, in order to calculate the tinme based rel evance
scores tHEORPBYIAGYAmM t hat summari zes the overl ap dur ati 863/S68e13909051 be
created. OverlapH stTinme constructs a set of tine intervals when cj

over | apq0126] h \Bdsed orfthe qudfy specifi€atidf ek 4 5inPI3 ST Hrd 03 Mb AT tHeelired cdidk ds
overl ap mJerval s w.th cell cf and V pairs of <starti ngl tinme, overlap,
sF

dur at i"or#sed QRN thedeg ranking: &ﬁlwmmsﬂk\rz ‘wejghted sum pjseveraly gatnselaﬁtrlgfr@euas@m s

each at tﬁ%%&ﬂe&nﬁ?@%@ﬂﬁ@n EfsBABRMSkingAMEnand a set of overl apping
interval §. [0135] Exanpl e 1: The hi stogram of vi deo clip VK is constructed

as follows: OHk_><c2f2 12><§:3f313:(23) l< 2,8 > <10,7 >, <

20,5 >1>, < (I{kle:%)zncfk(Vk{Q)%@,MA(i’} 30 K\ﬁszDiq, ,7Q)>+}W§RSA(W‘ J@) hi st Og(fﬁﬂm consi sts of
three grid cells el, c2, and c3 appearing 3, 1, and 1 tines

respecti .

| asts f&“ﬂgyseconc@ﬂpﬁ ?tf'n Qv%}ilp ES1 ‘yélglﬁgw %g 3.satrlah%gr?%‘fdh tvﬁ} gwél qﬁo
and | astoptifnized Banking basdd on sr&erabpelacss odeded. si{cawdvemnﬁtucﬂﬁg a&ﬂwbleammg@rase'f
seconds.. c3 a%rﬁ%‘a(i nce s% at 10 a %d] ﬁfilsts for E s.. FIG .8
demonst FORESE ey Bl P b0 BB Do e v

Wi t hi n tr&Rarloh 64 ag;teansasacr@as\ﬁﬁaminlam&nmmg Bf WMddo¥ usifg SQpoFt VieBbEMBERIABSSVM)

[ 0136] The hi stogram based i ngll enent ati on counts t%e nunber of overl aps

bet ween 2t ethsiifdpsgifiprg, Wreh tein thaig clastificss wsing publicinavatiahle eislustiondataforsxmyplpay e
i nteger yafpeSy I idnemak bMsded. TAGE ishh€edthed SaaTreRkd é?été]@%llpﬁﬁlhhghét% ¥or

overlap wth the Fs, floating point values that quanti anou
overl ap gn@!yfetﬂCst‘edEOSAl | owi ng fl oating point histogram b| ns will inprove
the precision of the RSGA netric by assigning |ower rel evance scores to the

TulT o o0 Pttt BHEA! AheYiddbs LIbIURIe ) B0 ARIRAEL hIGREE N

fully overlap with wever, storage an i'ng of
poi nt nuarkérgacenrggyt FpmxamplecﬁardwdﬁbbiaMPneclocmuhavidcmwlgmmanMadeavdhefesuﬂthe

byl | oliiag o PESERRE et e e setra SOk ek Rt 2"

of the Rus!agrssmeahtt-of-thEhet doha@e@eftéct&ebmdbme@tosluanxfﬁMh@afef;t@wmnme
shoul d be, expl ored throygh careful analysis. In order to obtain reliable

resul t s,V'9eAEOPENT Dheedrodramea et F"Gﬁ%m%’ﬁ Hisvds prsludesian b prighted he%frng@lwms)
dat aset .thd P Lxﬁf‘t@ﬁH&r‘apcﬂreﬂﬁp @?@1@ Qﬂric@-RTﬁﬁg}Qﬁd R b 8&itibisto Rt $hRd &fRes, A

gi ven polygon shaped query I on be represented as a group of gfid
cells i rﬁe){gg@gb@@@acted from v1deo f ilenames, surroundmg text and social tags can be useful in video

ranking.

[0129] A Histogram Approach for Calculating Relevance Scores: The ranking methods
calculate the overlap regions for every overlapping FOVScene to obtain the video relevancé scores.
Since the overlap region computation is computationally expensive these techniques are often not
practical for large scale applications. Thus, several histogram based ranking techniques that provide
comparable ranking results are also introduced, but at the same time dramatically improve the query
‘response time. Using a predefined grid structure, a histogram pre-computes and stores the amount of
overlap between a video’s FOVScenes and the grid cells. During-query exgéution only the histogram

data is acceéssed and queried.

[0130] Histogram based ranking techniques not only. enable faster query computation, but also
provide additional information about how densely the video overlaps with the query. For example,

although the exact shape of the overlap région is calculated for each individual ¥, the computed
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QG =grid cells that overlap with @ (9) The definition of overlap regi on my
be redefined as a set of overlapping grid cells (0G between VKkG and QG
Usi ng t hewfi2et2ogsxm of VKG (i.e., OHk), the overl appi ngPgTiS€G2¢I0p00set can
be defined as: ' 0G (vkG Q3 {(c of oHk)nQG (10) Note that the
grid celrklsvanbe §dores ADRBE dive M IdaSHAGH BOthE eI NBoshoaN e gidre Fotadns i &1 @McA 14.
Let QG be a gquery region that consists of fthe grid cells, QGG = {< 2,2 > <
2,3 >, < partgofihequgrygesion arqrgrs freqpentlyenturagisi thyyides and wlichipantyage ¢ApHass anly in

Exanpl e ;leREcHi®: 1HE disk{itHon OFthe defsify?ofdyerlapledd b mahfheful 3n §aL?anﬁg5a villgo’s <
(3,3),1{<10,7 >}>}. 101381H stogram Based Rel evance Scores: "Using the

gri d- bagdavanvewitharsspeedp @ guabEnd:ih ansevepinoysosadtomitediquericastherefotshouldl saged.
fol |l ows. Total Overlap Cells (RTGA ): RTGA is the extent of the

I . . ls ; : G
Trus, - KA o7 8 e G R Ry 5 B e ar PR R el
Exanpl e piscisRrapRing t&hniques calculate theOverdpamobos &tr eaeny {sBiejuery Whereds istdgran based

over | ap between a_quer nd YG.can be easjly cal cul ated using the
"t er ol CCLHES U BTe-TorBRd e P Ematien o R BT EEGb ! ner nt or val s( CH

k) (11) Function Conbi nanterval s conbines the intervals in the histogram

Not e t hgo132her erhemholegebdpad mpa e paticionddigtoidisjcntgaid selsauctsbirehdif unidhecoeak | s
are disjoint. There are al so oyerlapping tinme duyations across cells. In
Exanpl e the engis@erviosgpasecleft §gid = ¢; ; :1<1< M apdrhed SI‘%};Q%FC Bt ofcsldsyTPetppiigVedd | s
(RsGA): RsGA is the total time of cell overlap occurrences between V QG and
t her ef orceveriag sherppagsy Féventherfodeserintipng K{ |of vidgo (%t}met af guie edly thay inkrepsbwitik @ and
how | ong each overlap cell is covered. Since the histogramof a video

al r eady paiculsr Y&, Jappbaidenifiedfasequenci es (/) of all overlapping cells, RsGA
becones: |0G (VAG QL f

ve ()= {cm,n :Cp, , OVerlaps with VZ(t,)and Cp.n € Grid } @)

VE(t,) is the set of overlapping grid cells with V7 (z,) at time t,, i.e., a grid representation of an . To

obtain V7 (t,), the method searches for the cells that overlap with the borderline of ¥, (t,) and then
include all other cells enclosed between the border cells. The implementation details for computing

¥, can be found in the extended technical report. Then, ¥ is a grid representation of ¥ which is a

collection of V%(t,),1<i<n. The histogram for ¥, denoted as OH,, consists of grid cells
G, = U:lzl Ve (ti)"

[0133] For each cell ¢; in Cy, OverlapHist counts the number of " samples that c; overlaps with. In

other words, it calculates the appearance frequency (f) of ¢; in VkG (Equation 11).
Jf; = OverlapHist (cj, VkG)z Count (cj, {VkG (t,): for alli,1<i< n}) ®)

[0134]  Function Count calculates the number of ¥,°(z,) that cell ¢; appears in. Note that

OverlapHist describes only the spatial overlap between the grid and the video FOVScenes. However, in

order to calculate the time based relevance scores the histogram that summarizes the overlap durations
needs to be created. OverlapHistTime constructs a set of time intervals when ¢j overlaps with VkG LA
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K A(17 kG, QG )= E E Sum nterval s(c,, j)(12) 1=1j=1 where Sum ntervals
adds all intervals of an overlapping grid cell a. In Exanple 1, R=27. WO
2012/ 115590RO/1382312/ 000051 [ 0139] As nenti oned above, XRCHISGROGOAINSHI ves
the overlap distribution within the query region with - discrete nunbers.

Knowi ng efen %@k itteShlsWHcLIOR ahd vFIgk Béiwqfkqamh% i€, 368 BuilisiBO Tﬁ&fi‘g\%h
appllcatlohs where a user mght “further refine the search criteria an
NAr T oW the. SEARC T 85U _ e e Vi ded Manaaermenl Lsiing
Smar ¢ phonees FR T gy g O g o A el i A Bn RARELS Sl

t he powerset sk8appingantembls| € devi ce operating under different nodes. The
target device is the HTC G, a snartphone that is based on the open source
Googl e Android nobil e device platform [0141] Mbdel ed Har dware Conponents:
The powelpléiti ritamye hobha histegram ahyidep clig 1 heonstrugiedps dliawsh- based power
estimation nodel is proposed, which uses high-level neasurenents of each
har dwar e conporent{<ep 1t e, aehif &, glgv<j3pﬁ,135§) estinmate the total system power

cvaluate the o POIREySandld basr ey b H ke b opos Ba WALy SEak h

techni que. [0142] Rel evant details of each hardware conponent on the target
HTC G riitts Higogrivo nensistsof thesgridivelds aagx.tand THeppeaeiag 8.1, syt tinesiim&(r, popeatiedy.an
additional GPS receiver unit to obtain location neta-data. Therefore, the
ori gi nal ¢mpaeArs instheeg yideadegraentn cPupiEath# Jpeddasts Sndusependon Angther #fel 0dps?

recei Vergcdndd ﬂeqa&% 5%9%@0%%5 ?ﬁ@rfoﬁﬁj&PQ{ 3623%)992& ﬁ%:te? E%ﬁg_‘ggp Yo $f3hdi @ § OFS)

and it is rated at , Is scal e In ormto run at

124 NMHz ,seconds. MHzappeantiorB8 4taitg . at Thendiasth éut7 feraygne Ry, SodentsdSradizwosxarople
used. Tt}]e | owest fl‘ed%{flegln%;érei Sheve nsuner verllfziﬁﬁns of the Phone,

istograms, where uency v Je l\')Ivstﬁld ﬁg ig't(c)) rams age,visu W

and is t Do g MIEe LT EF enisee Valugs pathin g ustograms dieyisug (BAY RSP % nd
medi um (iRéhsitMdslz) frequencies are considered in the nodel. CPU power
consunption is strongly correlated with the CPU utilization and frequency.
CPU hi U0 raneters. represent the average.CPU utilizati i.le
oper at i T SgH R e S RE e ORI mOT o S ERIFE Y € S EB oy
i's descry e i ; ATRLEr Walell ' her
the sor Gan f el B hRIRHR Sigs AR AL AT e P etiuctih .01
of the selsbat phrtiaihevedsswith tha 723®ating foint whiyessiva quahtifatiedrsount of overlap may be

used. Allowing floating point histogram bins will improve the precision of the RSGA metric by assigning

lower relevance scores to the videos that partially overlap with the query region compared to those that
fully overlap with the query. However, storage and indexing of floating point numbers might introduce
additional computational overhead when the size of the histogram is fairly large. Also note that the
gain in precision by allowing floating point histogram bins is highly dependent on the size of the
histogram cells. The tradeoff between precision and performance should be explored through careful
analysis. In order to obtain reliable results, the performance evaluations should be done using a large

video dataset.

[0137] Execution of Geospatial Range Queries Using Histograms: ‘A given polygon shaped

query region O may be represented as a group of grid cells in geospace:

QG = {all grid cells that overlap with Q} ' )

The definition of overlap region may be redefined as a set of overlapping grid cells (O°) between
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WO 2012/ 115593PCT/ SG2012/ 000051 [0145] W Fi: The bool ean paranmeter WFi _on

descri bes whether the WFi network interface is turned on or off;

addi ti onaWpPywouwyEss9Brf and W Fi - bytes indicate network-t PaTSIGe0MdSHhe

nunber of bytes transmitted during a particular time interval. :

[ 0146] St oo e

flash rrelm%g@car Q%Bgr ti rtr%éP%nrlu%gr O(Ir§a?@?§%?gésre§f)ﬁ]gggaCél[]%%%nlr’%ﬁdﬁg%

[0147] GPS: The bool ean paranet er GPS denot es the power consunption

coefficient whe pﬁ ,-,?Dqu‘ L) npg@ [0148] System There gxjsts also a
par arnet

residual power consu er System Thi s paraneter subsunes all
power that is not accounted for t he hardware conponents |isted above. This
i s ref erNelthasthé péd bdls & Of inhSyitsdoermsppadieg frequRAdie] Adahtyivals onPomer Model @ The
described nodeling paraneters are incorporated into the analytical power
model that ps utilized in the sinulation es§gr|rrents The %)ower

det er m rJré"éQt e 2 ARy Feeinmd pat sorsists Rfdihe erid callp {sPati s2i3cs< 88 <33 ?Ete val ue

for screen brightness) and the power consunption for each rel evant hardware

conponene, The, \»eng,;&@ée fs bR oEARD RELabHE 1 9Lt i o5 col | ected from the

device (fig va ue e output represents the total power consunpti on.

The overall systeg p?fo r_({@(zg) gg},n<ae7a>ig(mgg (3)3)1{41@37 >|}_s det er mi ned
as follows: P(t) C CPU hi CPU h|(t))+( U 1o X fi U lo(0) (CLCD

X LCD(t))+(C Brightness X fIbr(t))+ WF _on x_on(0) WFi _trf X
f1 W pi t 10138) ) + Hmgrany\Based Relevince [Seores( t)ding (he 2B0-beseti3SR(lg) ragoarS’, xthree

13GPS(t) ‘(’P(’g {)gsrgr%(reglgﬁ}éﬁta H}ﬁl% [ 0150] The overall power consunption is
y Su

cal cul at St 8tistics collected at time t for the
sel ected hardware conponents |nto P(t). [0151] Validation of the Power
Model : To eval URitsl Oveelap@Cellk @zﬁ;):okgt i8 heRRIsR oftfedRkrlap rOGoPOMEF, i.e., how many

celis in O are overlapping with VkG. Thus, RS, is simply the cardinality of the overlapping set
OG(VkG,Q ) In Example 1, RS, =2.
Overlap Duration (RLG) ): The duration of overlap between a query O° and VkG can be easily
calculated using the interval sets in OH;. OverlapHistTime. ' |
RS(rE,0° )= Combinelntervals(OH, ) | (11

Function Combinelntervals combines the intervals in the histogram. Note that there may be time gaps

when the intervals for some of the cells are disjoint. There are also overlapping time durations across

cells. In Examplé 1, RY =20 seconds .
Summed Number of Overlapping Cells (Rg,): RSGA is the total time éf cell overlap
occurrences between ¥,° and O° and therefore is a measure of how many cells in O° are covered by
| video VkG. and how long each overlap cell is covefed‘. Since the histogram of a video already holds the

appearance frequencies (f) of all overlapping cells, RSGA becomes:

G‘ G NG )l & :
RSA(Vk Y ): z ZSum]ntervals(c,-,Ij) 12)

i=1 j=1

where Sumlntervals adds all intervals of an overlapping grid cell a. In Example 1, RSGA =27.
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consunption of an HTC Gl is nmeasured with Power-Tuto, an application for
Andr oi d- based phones that displays the power consuned by nmajor system
conponentwouh1s®3CPU, network interface, display, andprGPScrer@isst (see
FIG 1). According to the authors, PowerTutor was devel oped on the WD

2012/ 11369PCT/ AXréntidhe 8] a hﬁt@gl@ﬂq dives B bl @Rp URtribaffonWithin e V\%@muh ts

accuracy shoul'd be within 5% of actual val ues for the Q. [ 0152
Power Tutdefrcretwmbassl Kagwing theroxerlapdistrabution isthelpiftr &ar mtgrlactmefwc@@ eagtchiappl igotiong -

units. FJ ds&f‘rhlé}ét kRSt tﬁé)%elal%ﬁtcﬁgr@Qn@naﬁjovﬂng&%rcil% aﬁé fferent usage

scenari os. ance, Vi or one mnute Is captured or upl oaded.
During the fests, all non-essential processes were d| sabled. After nmultiple
exper i ndinesgy-Efficien Mobile Video Managemientdsing\§mghtphondsn Tabl e 3. Tabl e 3:
fl-paranmeters under different operational nodes. Hardware Paraneter Video

Capture [W4|l_)i Trﬂ%m&ieﬂ NASBYinbdtioh lodbiNs ddfirta t«f desribe thd SCR)Ver/ 1&els of a mobile

device operating under different modes. The target device is the HTC G1, a smartphone that is based

on the open source Google Android mobile device platform.

[0141] Modeled Hardware Components: The power estimation model is adapted. A linear-
regression-based power estimation model is proposed, which uses high-level measurements of each
hardware component on the mobile device, to estimate the total system power consumption. This
model at the device level is used to understand and evaluate the efficiency and feasibility of the

proposed video search technique.

[0142] Relevant details of each hardware component on the target HTC G1 mobile phone are
described next. The search system incorporates an additional GPS receiver unit to obtain location
meta-data. Therefore, the original model is adapted to include the power consumption for the GPS

receiver.

[0143] CPU: The processor supports dynamic frequency scaling (DFS) and it is rated at 528 MHz,
but is scaled down in the platform to run at 124 MHz, 246 MHz, and 384 MHz. The highest frequency
of 528 MHz is not used. The lowest frequency is never used on consumer versions of the phone, and is
too slow to perform basic tasks. Thus, only the high (3 84 MHz) and medium (246 MHz) frequencies
are considered in the model. CPU péwer consumption is strongly correlated with the CPU utiliiation
and frequency. CPU_hiand CPU lo parameters represent the average CPU utilization while operating
at 384 MHz and 246 MHz, respectively.

[0144] Screen: The display is described by two parameters: a boolean parameter LCD indicating
whether the screen is on or off and a Brightness parameter which models the effect of the screen

brightness with 256 uniformly spaced levels.
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O 0OLCDficcD1 O fibr 102 0 [01531In the next step, the neasured
paraneters were substituted into the power nobdel. Sane usage scenarios is
per f or redw@i20 /1153 Androi d G phone for about two m nut @€T/S&A02t0peISt r ace
| ogs from Power Tutor is collected. The power consunption is nmeasured for

vari ous [phBpe wageme&mdnqmaawcdﬂ Vasi 6aﬁesdfleegeﬂsﬂ(eematwm Rgwetkdiaerfagdis
using GPS to obtain |location _ information), capture+WFi_  (capturing video

and usi iy o ored: dditional I il gend Wb‘?f}by’@é?ﬂl%ﬁteemw&fé%fﬁ@ﬂﬁ RigrbenRiPYERd

usi ng G@thnqﬁgpg@[n% alfaRich@F Bkt Hidrvaiand transm ssion+WFi (transmitting data
via WFi). Gouped by usage scenario, the average power consunption

obtai ned fromthe power nodel was conpared to the power val ues reported by
Power Tutl®t46] TheStoraga;| he nuper ohssgrors trangerzed to or from iy MiseoSkbidash ewmendcartbres ur ed

power cqmqﬁggwapg}gr% wmeé\%%rlnftgp%eeach of the usagevsce}_narl o. To

cal culate t accur t’he following error netric e is used:
"measur ed ' nodel ed rreasured [ 0155] The results indicate that the power
est i mat i[BH7hod€FPhcEhertaoishy papmelecEES tenotes st mwer eorslimpioaerocfisrativpen tha.
The eer%PSere;]eqver%ao%h scenario is less than 4.9% and the average error
across a e scenarios is 1.7%

[0v148] System: There exists also a residual power consumption parameter System. This parameter
subsumes all power that is not accounted for the hardware components listed above. This is referred as

. the baseline System power.

[0149] Analytical Power Model: The described modeling parameters are incorporated into the
analytical power model that is utilized in the simulation experiments. The power model determines the
relationship between the system statistics (é. g., the value for screen brightness) and the power
consumption for each relevant hardware component. The inputs to the model are the statistics collected
from the device (f; values), and the output represents the total power consumption. The overall system

power consumption as a function of time ¢ is determined as follows:

P()= (CCPU_hi X ﬂcpu_hi(’))+ (CCPU_Io X :BCPU_lo(t))+
(Crep x Biep(t)+ (CBrightness x B, (¢ ))"‘

(CWiFi_on X Buiri_on (1 )+ (CWiFi_trf X Buiri _uf (v ))+
(CWiFi_bytes X Buirs _sytes (v ))+ (Cspx Bsp(t))+
 (Cops x Baps (0)+ (CSystem X ﬁSyster.n (r ))

[0150] The overall power consumption is calculated by substituting the statistics collected attime t

for the selected hardware cbmponents into P(1). -

[0151] Validation of the Power Model: To evaluate the accuracy of the power model, the power
consumption of an HTC G1 is measured with Power-Tuto, an application for Android-based phones
that displays the power consumed by major system components such as CPU, network interface,

display, and GPS receiver (see FIG. 1). According to the authors, PowerTutor was developed on the
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WD 2012/ 115593PCT/ SG2012/ 000051 [ 0156] An inportant point to note is that
capturing video and then transmtting it through WFi are both very

ener gy- coNORMNIgSW3t i vities. Wth its standard 1, 150 mARCE&®GACI2{00005at t ery,
the GL phone would last |less than three hours in the worst case, when

cont i NUGHEBC Y5 1dapéllaboragorawidh Goegdls ind its agurtdsuldHREaviNiOPRDERctid vhRessst #8d
battery life through nore selective transm ssions. [0157]FIG 31 shows an
overvi edbf the proposed system Mobile nodes collect the videos and the
sensor-associ ated neta-data such as GPS | ocati on, conpass direction,

capt ure [bism arwnﬁtwermaﬂ@- v&loat exlstatifiey TRbb@hed THE dUFHGR® Habdvase LRI N
| ocally on the device until uested while the neta-data are i mredi ately
upl oadedPregifieaily., 1§é~°r1\?é<|>“eic‘ﬁd P’éa tphw fow i ferentiieage speaariaso Feingpnge) videoferhnen a
dat abase}nm{ll@ aiaYd? éﬁ&lﬁ% E'tegts :9; H&f esgél?'lgllsp ()ges&s ’we?éaélge{b\{%r S/Qﬁe?an
query the Vi deo t re being captured from nmany devices in real-t

near reahultlplﬁrexperimens tassalmsdwdmdﬂterann;dend pircxwmd@ablwquery as a

geogr aphi cal region of ‘interest. The video neta-data stored on the server
are searched to 'denlt'bié/?) d&'—?#a?ﬁetér@Yxﬁd&h(ﬁf egl?g ecf'aéupnsalth be Show the
requested query region an e 'search Fesuf e presen &8 to the user.
During query processing, the video content aI ready available on the server
i s i medi aterdwasent |t o Ramnatger | or WideniGagtunhi | e[t he Wi 5 Tragsnvissd@n
segnent 5 ar eCPequest ed gfrpggmand| from t ie4sobi | e devi ces tivat3zcaptured f he
videos. | Note that oply the,precipely deliomted pafts (i.e., only the video
segnents thatcpctualTy oyerJap W th the query regfon) are regrieved. The
conplete video content nay be up| oaded Igber when|the deviceyis in contact
W th a raster networ K connection. [ 01587 The pPresent enbudiments may save
consi derabl e battery energy by delaying the costly transm ssion of the

| arge binary video data that have not been requested, especially when the
transm d8189h sged next tepwthe] rodas@Fdarampersuiesé stibstrituaddhtwmeq@dfer modelnSame
positio ol Jel{s) C aptures a cen ose, cover ed
ren i o ke Sedi i SRRk BB GERGRe PR BB SRCTR ARG FR
vi ewabl eosedhgr.is cblectédOT hapoiedr coesamipiidreis nﬁam&nﬁbﬁ/aﬂow phoRdlsagesscamagios suck D
space with parapeters: canera |ocatio c rrer orien atlon a, viewahle
2ngl e 0 AAPYTIPE dedufineteorenrome B ge OBt forajon, GEBOFHHY. taatar

posi ti oncdpusRasides §nd3fsmtgiW1Fi Rlobfalhdre 16&@0&)0@91&&@@1»1:@9&@1@8&&8 ahERhgldsMN a

posi tioni ngﬁdew ce . GPS) and the canera direction a is obtai ned based

on the &9 icBRinathe é?PaHW@i é“dpﬁf%ﬂ?méﬁé@nbwﬂé (@pginiting detepwa WViFR. | Grouped Waxsageim
visible sgénﬁhé'?ﬁe%vferra %ﬁv@&oﬁé@&ﬁt}b Tb a?l{eg? g‘p%gﬁéwé?‘ olal: %%nggﬁg&%qm}o%’?r

field-of-view can recogni ze e ang S ca at e ase
caner a anhbes @n@qurbmi’eW@lTe@rf dhe tehdtscawshewn i Blem2| evel The col | ect ed

net a-data streans are anal ogous to sequences - 35 - = of

(ni .d’ vi gﬂiﬁ&/: t'lflfe cﬁiele? ’am *e%sgh v&é’p% %urgt)tg(i e?rg?:ilgls\% elli ?o? a(I:?l ?tf thé byage. . o

nobi | e devi e Vi ndica

i nst ant sednasidni Bdnczﬂctudnt@@daccmracgoﬁnhdﬁd)del]‘hrefollowmg(eder rastsloensaﬁsedi w th each
video frame is denoted by tf. In 2D space, the field-of-view of the canera
at tinme forns a pie-slice-shaped area as illuystrated in FIG 4. [0161] Wen
a nobil e device begins video ca&lﬁm@hﬁ@ and conpass sensors are
turned on to record the |ocation |andPy,d.entati on of the canera., . lhe
customwitten data-acquisition software fetches such sensor vzg es as soon
as new val ues are available. Video data are processed in real tine to
extract [0¥&he tThmsohisaisd'(caté)hatfﬁh@owbrsdsbﬂngtidi rsbdehecuiitdlspredics theadystembiesstd on
t he camera s ecifi.catj ons ected, neta-data (i, e., |location

i et ShreyDEi S g el 1R e S SR e s S e A GRBAHES s
a tupl e sednarieidk 0atked to the server. [0162] An appropriate neta-data upl oad
rate should be determ ned such that the server is updated
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imediately for realtinme video search while the energy consunption for

net adata uploads is mnimzed. Two policies are possible. First, the system
may send WBe0t1ds9dat a whenever it is generated. SecondPCriSGaen2/0pest er t he
nmeta-data | ocally and then send the accunul ated data periodically. Such

met a- dat[8136y9r egminipRa@pdindelnoitds Hiattaptutiig Videoeana tizh kraknBtting it a6 kghbR Rl we dt h
nore efficiently. For the first policy, since neta-data_.is always ready to
be upl odtPHbYery ¢rergyscoqeunAgagtiyiies Wéthv% standasd b PG e hrcapagityhgléery dhe i kphone -
recor di ngyy 1Y AQN&S thah MecHdBrs HEHONErsPQLE, Ghen Wnﬁhudﬂsfylc%é%ﬁr_iﬁé%{na %qnsqﬂmagdid%f
periodically. Sone startup energy is consuned when FI' s turned on.

[ 0163] Anldetpegposal jrctotextiend batigrydife dfrfughineare selestivetrarisorissighs.| ocat i on net a- dat a.
GPS, WFi and GSM pose a chal | engi ng tradeoff between |ocalization accuracy
and ener ons ' iJ.e ' | QA : nd
R £ e S e S S R TS S e
bat t ery semoy-afsagtted Meteidatrsdch@GSKAPSds@tios chepass dacatioh,esptueeriaregind bthageaynera-

however, ¢ i ncur higher |qgcalizatiop errors .(approxi mately 40 m and 400
" es pegefeg dntoathn oo 6 R Lache S g BB Sty Heste
st r at egi@simniddBtdIpsaehdsd foah@Eseref réal-titheSadidr thdyGirddtSred@idandered @dide@bdsy., In
whi |l e GPS-save uses a nore conplicated strategy. Wen the device
or i ent atd Yo HRFGECTariothar ree (¢ g nPserycrelirgquery theividegsbfpeedeing sapryrptiienayi ce
user dogganYQbvieAFNQE!-tthSorhe4r rdm X0 1t 4sEMddht 2 BRA plobRleHR cﬁerry%§%ée\6§r(aplﬁi§al _
turned off "'to save energy. Once the direction changes, -the GPS reéeceiver is
t ur ned degion efpjptetasiaghhelvedee mrctasdata tored o dhe. serpare paatchedi mtidentify fndiraiieve the
consecutj. [ ' : h.C t] e
"t or pol A2 TS HE R e Ml D AR ok SRl O bR 08 v o
consi derfabing qeergpepecesag, the vislay eshtent ¥if2ad () dvai1aHie bR BleCdV&GGR DdraédaelY Sdnt to the
[ 0164] Dat a St qr age d.lndexing; This nodul e i npl enents stora erver
that . TS VRETE LD T Ao CHR oI eA S A8 ARt TP BAge dgvices
separ at qhat cgit@t@the Viagosy Me&ha@mw&tpraﬁyégidamnnmm@@e@ onilige Widdeegrhdntsqmat ar e
| inked to the the neta-data streans by device ID (nid) and video ID (vid).
Each FOdctuaihy everlap yithiheaugatragionrasaieirioved- ublescompiatayideq samtsabaay baunlipaged
Poi Nt's teAyiRAlthd Giilcdlis flcBiiBer Wit BsidiEend Qe&mfaﬁhent . Thi's ensures a tight
synchroni zati on between the two streans. f0165 The server keeps a data
structure nodelnfo for each nobile node, which includes the device MAC
addr ess,[0138 unihgueesgetanhedinmntsanal save comsiderpbleckaster\imetgy byrislagingrthgyeosdier ver
receive . t r {Jl.e.dey .G J iGally.to
each FO\%f a%%’gllsge@{ % (&%dglréei tgﬁaa bdlleﬁ a(%a?/a wggﬁ |en%6etﬁ3/e§§ )rgﬂgﬁ%%g%%@ d&]?eg rt¥leéac h
FOV t upltensmidsicraspeeisidvet her t he correspondi ng binary data of the video
frame exists or not on the server. Spatial indices are built and maintained
to facilj et fficient rch.of, FOVs, [0166 ery Processing. \Wen a
user ' sdbtB S i ety ap2CRER 0 P R RS bREE P T o o8
retri eveapthes ¥ scbao whegrenired aboR ecfeir@lalal chezamaaJicavetviap (ROV haldohralled the
geogr aphi cal  regi on_s i fi in.the query.  Th uery region can be a
poi nt, | 9. , - g~ X WO

int, a9 SeLy e made descpssycrinfa S(Véevbaﬁle%aewa?e 3?96;3 y b oermeiers
POi Nt S) ,caefailéatbP, @AMeA driRntdtion A&icSABRLANOY afl vRIbRAIGhncefR: | Nterest), a
rectangul ar area (e.g., the space delimted with roads) or a polygon area
(e.g., the space delimted by certajn buildings, roads and ot her
structures). [0167] G ven a query CyF?Ké4ﬁh%¥§ brocessing nodul @4y eturns a
list of the video segnents whose correspondi ng FOVs overlap with the query

Q Each yjdeo nent _is identifie i.th tupl ni.d, Vid, t.starb nd

wher et BAPEC SHETERbr R I Lo bR 1l s i R B o

[ glGE] F](cpbsiﬁatﬁhg asfeivftkfelc(e.g._elgi_lli'smmdic the f}dﬂ&rﬂdﬂﬁd’cﬁort @?dtﬂeﬁqutﬂaeedcmahyownmﬁeﬁ ﬁ@gle
checks for . availabilit . the correspondi.ng video content on the
server. pﬁ&’é‘gﬁgﬁ’yt% S‘Fa?fﬂ‘é% -o%aa@egﬁ%vmkvé%lﬂg dtsg’ﬁ& o Fndfi HCR, g"é%? 5%ks
are upl Gag@rknt Gantddes BEEVENicREn Whrto %&.snﬁfan%légismt:aaté@%e&&?ﬁue AehR@h@ng
to. For the FOVs with the inServer field set to 1, the corresponding video
cont ent 1¢ns peppaitiesior Bie gerranhzoogeleyebr Thematectaskipesa-deth gireams preanaegousiorseaueiass
inServer field equal to O the video cogéent is not available and therefore
needs to be requested fromthe capturing nobile device.. To acquire a

m ssing video segnent, -a Video Request Message (VRM is sent to the nobile
device. A VRM nessage specifies the I P address of the target nobil e device
as well as the corresponding video |ID and the begi nning and endi ng

ti mecodes for the requested video segnent. WD 2012/ 115593PCT/ SG2012/ 000051



[0169] If the requested video with video ID 'vid is still available on the
nobi | e device, the video segnent fromt start to tend is uploaded to the
st orage sWOBI2/113398 i nServer tags for the correspondi ngPEDE¥S2e2806081 to 1.
However, if the requested video cannot be |ocated, the nobile device

not i fi e%f(m@wqu@ryyfpm,@@mpms wh¢resadittbregents tié HE@ftH@lﬁSbl&Qievaéglv&ils e 3D afthe
(VNEM . 1f no response is received fromthe device after n trials, the

devi ce ividegduganddraydndigates theipe iBptantahwhich shoiQY ingscosdsd.- iThe timssads agsqciated ¢ he

query PrAgESSIPlideathOGakRottd 8y A1 1HS0SsphQy ukhﬁx&@f%ab ofﬁaé Whth&a Qnuwﬁm%@aver
it inmediately sends the video data to the user. The video segnent s

r equest eie-flicoshapaéanspby illestuediic EXG.dr e sent as soon as they arrive at the
server. [0170]Below is a sanple speC|f|cat|on of the data format (JSON

TOF mat ) C{bﬂfigl St\?ﬁ&rs %ﬁ%%@w%e%ms%&@g tdr@ rtﬂ%?S’fﬁlﬁ%bl%Eqss fen, oréal‘e tur}{é,aq)% e' d”

. a uni i dent it e vid Swner _propertie
! goog! e reaoodlhmtocatlohladd onentamem nE@cogre Tdnoms}om-whdm,damaacpmsxpm soﬂame fétches

I M . ",
"EQr mNa[sgc}\/sg?sgf gﬂues .aiscﬁm as. réegv saﬁ)ures agﬁyaa.llat)le% 51889%}8 are ch}cs%;edcﬁma?{lme to exfrac%

timest arfﬁnie&lméc@d@"(ti The2AQsiPre Q&tah8d R4 5@@1;4&&1 baked 88 #e, chhdralspaifications. Al
["2010- 03 18T07: 58: 462“ 1. 29356, 103. 78] "sensor_array .ti nestanp_x z": [

[ " 2010- ¢Sl q:geflgl;xets-gatgize lj?%lob,odllfcw yigygple distance, frame timecode and video D) are
"2010- Q@m%ﬁI@Zs asépl%@gd uﬂ-lgédeg% ﬁie chvér 00] '

[0162] - Anappropriate meta-data upload rate should be determined such that the server is updated
immediately for realtime video search while the energy consumption for metadata uploads is
minimized. Two policies are possible. First, the system may send the meta-data whenever it is
generated. Second, it may buffer the meta-data locally aﬁd ’theﬁ send the accumulated data periodically.
Such meta-data aggregation and delivery may utilize available network bandwidth more efficiently.
For the first policy, since meta-data is always ready to be uploaded, its is assume that the WiFi interface
is always on when recording. Whereas for the second policy, WiFi will be turned on and off

periodically. Some startup energy is consumed when WiFi is turned on.

[0163] Another aspect is energy-efficient collection of location meta-data. GPS, WiFi and GSM
pose a challenging tradeoff between localization accuracy and energy consumption. While GPS offers
good location accuracy of around 10 m, it incurs a serious energy cost that can drain a fully charged
phone battery very fast. WiFi and GSM based schemes are less energy- hungry, however, they incur
higher localization errors (approximately 40 m and 400 m, respectively). The current disclosure
employs GPS-based and GPS-save strategies. GPS-based scheme refers to sampling GPS data
periodically, while GPS-save uses a more compliéated strategy. When the device orientation change is
within a limited range, it is assumed that the device user does not change his/her moving direction, and
the GPS receiver is turned off to save energy. Once the direction.changes, the GPS receiver is turned
on, reporting the current location. When meta-data with two consecutive GPS data points is uploaded,
the device location can be interpolated between the two GPS locations on the server. With this method

considerable energy can be saved.

-36 -



1 [0171] To provide synchroni zati on between neta-data and video streans, the
duration, encoded date and tine are extracted fromthe video. Tinestanp

i nformat iIWO 20/115¥A added to every sensor data record PETES2GRINNEE1t he

rel ati onship between a video clip and its correspondi ng geo-sensor

i nfor maforsd] TiDwa Serigpmadadéxng:i ThiSmeanvimpledvbiana storage (M Jhat nanagvthe
time zone |s?ues Files include the tinesta part of their fjlenanme to

avoi d artlegiiiesynd e prseeipted Jiedolata sspmi it ?&‘@@"@h@stwfs ey ideeqnispt il the meta--
Sensor - Ru@h THE JRIBo Y 4xd inke @ RANE THRASHATBAL stré%nﬁ%&*&@ﬂcé)fD iAAY|de8 IIB rG‘ﬁid)
effective visible distance R includes the proceSs of determ ning

di st anc&acloFQNjtere in meleala stroamminichides nframe timeodsr, thﬁmym@satmrpartwl@mﬁara«r e

poi ntin re d to by
PTG S R A T R S
region of interest. Such regions of interest may be part of an attraction
or | andif@w6l] or Thensatkeephs adatastrustuié fiddagvo fr emh irvhile wwies ahicsinplodsspieadelice

physi cal terest. .to s.(e.q., a beautiful

Vel Tey) MBS MG R T asd e TR BB R, (ISt ol ERE Pl petr,
profi | i Agadfontmbbilcddvices tredlisfadasn @tdxﬁdt@@ll;s@teaaf Feengsle. Aaeadidomgsinandag hen,
the visible distances R are estinagfd bet ween the canera-and . regi on of

| nt er es{PEEER SRR BRERH AP iRTSE AEHEHE SomapRdimedinaD fa g ths 11,
The franRiee tamétdxistZ&Sndt B e ldved alsBatdiifdicet e lhﬁlt @R hiagdiffkdWot teiliallaRe
frames to describe the geographic properties related to the canera view.
One of effiientsepreblef FOVsn the art will recogni ze that nultiple methods for
determning a region of interest may exist. One such nethod generates a
popul ar ij§pse[rap PrORs Y Wil f Vi ews
and then |dgﬁt| I €5 {hesnnst pébu ggrggggégﬂa§ﬁ§§:g?aghé&g&%ghg % égfggion
of i nt esemthedét @Utewothewsteh@@nmtmmoecswtw@h ssepgsoaeldpovitipbe peographicall regivme
camera vie and then identifies.the usters_ i.nferred fr n1t int

cl oud aépﬁcgﬁddﬁq% % 190t e?@sﬂ“m‘rﬁe@‘ f“raeg"t O 8 g L6 &1 S W@ngg

esti mat edjebyryciveath avd pantk)Lcietutdr are e 4, eievgheahﬁma@oinocﬂhuefe@ts aaékdartgblar

cl osest ion of int rest Vi. ewabl e Scenpe Mbdel 74] A ¢ osi ti.oned
at a gi @@ﬁ%sp He $asen edfgatee aa@eroe EPUP@QI}&% eréiaéewn épefw@m e py gerfagn

ref er r eduii@n@srdallCand MR drdctudsyl- of - vi ew (FOV, also called the viewable
scene). In one enbodi nent, the FOV nodel may describe a canera's viewable

scene in 2D space by u5|n% four paraneters: the canera |ocation P, the
camera 69162t aGiivem aguepHe the eHERLPTecesFiRg odule Friurphalishek thewideo seamenis Wihost ance

R ohidd &rﬁhngaFOQs oRRERh) & itP khe Qje?)SbThEa&]aﬁﬁé@sé’gﬁl%hlt lsoiﬂelﬁlﬁ'g@XVl[H"Qltﬁ’pq@ the

| atitude and | ongi tude coordi nates read froma positioning device
GPS senswdyiddme, ttnkr)eWb%tné@aandlt;nm if@rtma:CD@S(ﬁmthﬂ estianddase HO¥n. t he or| ent at i on
angl e provided by a digital conpass. i's the maxi mum vi si bl e distance

fromPpP 613‘_8']“' ClkoPedcRURE, &Qin‘éﬁtt metqnérg désglgség)gqﬁé@pﬁ)cés's&lcqe&g fo\f't}%\'gl'v&l?a@ll#?)e

recogni -The angle O-T's ca I carat on” -t he-canera an ens
propert ioéélet:mespd)reinrtgmdeerwbntzmwntlheeweder Rdzall thet, thectaeaperetver-keegpsarask owinmsh
consi st ences. of (nid vid,t re ni ents
Che 1 D Sfep AELHEHRRRRe M stviiohe Rk fhfupbioodBia ey b Bribrasd, For GREGY:

i ndi cat esthtthe inSerer tioldtsanio ﬁtthd\tbrfébpdnhﬁlgﬁﬂéovﬁﬁteﬁﬁﬁ%ﬁ%le orhhe tseriverc oded
associ ated with_each video frarre IS denot ed b [Q176]In 2D s ace t he

fi el d- ofORMEBRIYolor thase witihhe &Server fighdequald Othsryi OéOHF’ét lgqlqteéaﬂgwga therefose 45

needs to be requested from the capturing mobile device. To acquire a missing video segment, a Video
Request Message (VRM) is sent to the mobile device. A VRM message specifies the IP address of the
target mobile device as well as the corresponding video ID and the beginning and ending timecodes for

the requested video segment.
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illustrated in FIG 4. To acquire sensor-annotated videos, a custom
recording app for Android- and i 0S-based smart- phones, or any ot her
pl at f or mWaRIRa1s59éd. When a nobil e device begi ns to capClifS&24i20e@31t he GPS
and conpass sensors are concurrently turned on to record the |ocation and
ori ent at[0rs9] of If the repBREBVidédad th eidepilsiiiioNilisavhilabdy ¢ the hobRS dskieNths efor
val ues as soon as new values are available. Video data are processed in
real -ti iPESBRH g’ﬁ?{"r’&vtto ferdaﬁ’éplP?%&@eétomgF perven |The dpSepet tgs frathe aespopding |
| ocat i ool arr@s‘ett toon. Hévcarep 1ftthé%ﬁ&’é§f%d@méo\éhr91%9bé lQéataf the TRYBRL BEHcAR e ! €
and stored for |ater gf oading to a server. [0177/]FIG 12A illustrates the
concept query\prasessbebyde m)éldﬂo dessinpelNis Mdssage F WAM). d@mmsn@hsq integeiwest from
o000 ) e RME Rl S AL ek Rl Al 6 Be RERIBRY 3B the VI GRIBES K iSie N
can be dm@remmms@matnhecaehthé adem fdnehmmhsemlts (pabelieaferaflﬁﬂﬁe,dlatelﬁse,nds’l(hgl on
intere the ¢ | ocati ons of Interest Detection
0178] NP IFE S TS eoP S saTaisg s Bumar TBIbTEHPURS St SR BRomas iy For
exanpl e arivefdk e ser@éfodi nent of a met hod utlllzes a grid counting nethod to
obtain a popularity distribution of FO/s. A second enbodi nent applies a
clustering algaorithmon a cloud of .intersection points of the FOV center
li nes. 6%? ]TI%IQ“éIS&énglﬁéﬁeé‘ﬁcét‘%%fﬁmtatmePPé (BOHoga#ythapteresienspapeta . e.
g = FQ)(mkpt t he sensor neasurenent results be expressed as sets of data of
D= (111. -A, where each di is a nmultidinmensional observation consisting
of GPS coordi nates, conpass direction angles, etc. [0180] Grid-based Region
of interest Detection. The target space is first partitioned into equally-
spaced square grldbﬁﬁﬂr@ﬁym ‘Adslining Hc g is the set of region of interest
gi ven D, then the“vignoolda bﬁpﬁlﬂ\}elyNaltltlfeab@r\ilglfooél, ,g is a region of interest
gi ven the sensor byger vawedies{ s expressed as HID), or sinply p(hiD).
[0181] To obtain the pdSd_eypedr “googlbatriount’y kg 1D) a grid counting-based
popul arity net hod may ‘i :ssesne@pbighecoaxi sti ng popul arity estinmation
met hodol ogi es for},geo-tagging, where GPS |l ocations are typically used as
the popul arity nearuicepréehrg:rents of the present invention may |everage
t he visual coverage nodgal ﬁonvmaehkbyfrbﬁqglm(g{dd’ of -vi ew of a canera,
because the canera posidy onniRYd"be di spl aced fromthe area or location in
whi ch users are actualkx;ba%@ﬁesﬁ@d in when recording video. |In such an
enbodi nent, if an ar eacf—lnﬁwglgl e -9 py cameras nmore often, it will nore

likely be a regio |ntere§t As illustrated in FIG 12A regions. of
interest tend to ’ g&e to, or experience overlap from nany canera
0 be specially handl ed, nanmely when inportant

FOvs. One S|tuat|on an
obj ects are |l ocated ac oss“Iron1each ot her an hea e camera direction
vectors coincidentally inte &3 <£ﬁp ual region of
interest - see the exanple in F d as "phant om
region of interest” [01821The Or?aﬁs ‘%651 ngd 562]Q§r7r$t]3n5| onal data
structure representln%Ieve y nmap grld ceII and containing a nonotonically

i ncreasi ng counter nterest. Wthout prior know edge of the underlying

| andmarks or attractidns, the counter is increnented whenever its grid cel
is visually covered by an FeusorTausy\timesdmpesverdfe nodel s are investi gated:
a sector-based coverage nodel aH@0H-03-hELWLS8et Ziin8@&00,1.00.¢.08kct or - based
coverage nodel uses an FOV t hat [‘281003513HTtEH6ZS,181.8@¢t.001.00hose maxi mal
visual distance is Rm(e.g], 1 km. As illustrated in the FIG 13A the
counter of all the gri}d cells that overlap partially or fully with the
sector is increaspd. Since this exhaustive coverage is tine-consumng to
process, a |ightweight solution is i ntroduced, namely a center-line-based

coverage nodel. It uses a line vector with Iength Rma" , whose origin
coi nci degrMf th Ttor’tﬁoﬁe%yh%éﬁlké?ﬁn %@t%e%ﬁ’l%ﬁ daeatl Q/Qieb §tréamas ﬁ@@ﬁrraﬁorg leh&akd on -
see FIG 13 Wth this nodel only the counters of e grid cell's that

i nt er sedateand time pre exteastedfronetbe wided. STimagaraprinforadtionTis ehen added tragveryf sonsot fits
approach is that the main focus of interest in videos is often on objects
| ocated in the center of the frame or ?e FOV. [0183] Usi ng either ofthese
coverage nodels, a posterior popularifé probability for every grid cell is
generated, gin), by normalizing the counters as follows POID) = Cg



where co is the counter of grid cell ,g and si is the nunber of grid cells
af fected by each coverage nodel generated-by the sensor neasurenent d

Wt hout aWNQ 202¢d5¥8 general ity, the posterior probabili PgTiS6&201208@d1 as t he
counter val ue interchangeably. [0184] Anrong all the grid cells, the |ocal
nexi ma aterdorphllad tRelak@ship detwa avideoalip ahdlieytotrbipeadiaggdoagh@h infrmatitrer est
if their_probability .is hlgh r %Qﬁf t hose of all their neighboring cells

and t he TiiE foeBisEsatedip Darravihod 'frettiMEgnigiagoidigme zone issucs.” Files include the -
p(s=hl u)mﬁésaan@(awalkErm&rﬁlefﬂﬁﬁ@tomoﬂd%n;bt%e?et of g's neighboring cells.

[ 0185] Cl ust er-based Regi on of interest ection: As is illustrated in FIG
12A, an intuitive way to detect region of interest is to use the

i nt er sedistigratingiPasition pf Regionsof futerestyith SepjorRigh Videp| t he intersection
poi nts together forma point cloud on which a clustering algorithmcan be
appl i ed [ppr2pbt ahRn€ kB BMSnt2S mkiMBd dériatfly fh%(ll“f@cﬂw@fws'lmé §i@ade R [HRMAYEHhe
this rrethod suffers froma major performance issue due to the generally

| ar ge nugsess ob determining ghetdisancp s qpjest Oﬂﬂéﬂ‘@éocaamprvélem%@@smamgcm‘ed\m @ei s
pr opose e thm
D0 B0; Tibsak AR hOEHT RGBS LG of Ol BE R AFRL T
| engt h Rail frepmeseritlanm ornt énEDmmpae ns eglonan npenem Suoff r@&@mﬂintdkstmatylbeqiah of lae

ot her cea es is cal cul a ed. (Sﬁ ;f? Lthm mai nt ai ni a datg structure
for eacH"%& ?Pe?{t andgRY rrﬁ"ﬂ?j“éf ABIG YHHFEAT At SRS Py ipeeibiG Rfwcapgbiects but

I Nt er seahdy®? o Ritditst to BeRIEQULBuful Laleypach center line it is repr esent ed
as a curve to describe the distribution of the intersection points.

i ncreas nal-to n0| se ratl SNR t he rve i t he

movi ng- j@ﬁgig Ifpng qpbod @egé‘P‘]SO reskydpiede O‘HRmﬁE‘Bg g@%@ﬂcoﬁ%@?dﬁf’%? t he
curve anggé QBEeRsbr aerdifd8afid B ithd VE1Ble AlstinbAeNdrt EdtRthic@Detvit@n BRI Binera@hd

i nt er est of dk. The rationale behind this operation is that the

i nt er sedegighofppeisstdocations. s catbydineat ¢fiihig methed |15riilé$’f@@|lmﬁlcpdﬂ nTke ffgresveork he
FOVs re

cach conpitesf B Bia A L LAlcole i ideR bt 3 R AhER LRIkl
t o det ectlated g the cofera micor €¥te of egilrmmssklmlmm wvlld)feccgnmtthmimlgti;aé gethodhfos ar e

avai l abl g _and. the rea d.are as fo : N
doos. nocieRRlined e R e Py et Qpdrick psd Belbrds sty B s bseTop g
DBSCAN @#Bn it zﬂéa@fpbzlrﬁ madifférgnteBapadicsund s ideatifiddake hbge poRilitgthceaMiodent i fy
i rregul arl y shaped regi gn of |nterest (3) DBSCAN has a notion of noise
suppr es SMEAJiIEENG 9 3 reeiiisd pirest defpesian “Eﬁ‘l‘i‘dB‘E“E’rt‘iﬁ%‘ﬂmteﬁeﬁéﬂnlp?mts(qf?” hRSTANE | S

| nsensi iR ah®thkh ﬁieﬁl‘fﬂ:@ FeRfsRfs ihRBed ﬁ‘&H tthlpﬁﬂnlﬁtcﬁ)ud LOLER Qﬁml'gs@t"['hg Bidctive
Conpl exity Anal ysis: is considered that there are " Alf FOVs (sensor
measur ervistle dé@metg)vnayrbeteh@n@taci becalofatingthe dlsme betecagraanictsdeeationeartddle t he
time co uting the counters for Ne grid cells covered
bleFOVrs%S?Se%) %%hgé)rgggrrpl exity of conmputing the local maxima of the map is
O(N, 2). Hence, the overall time conplexity for the gird-based nethod is

Ct ( l\rf)+mb!éo?cemd1@0dﬁlust eri ng-based met hod, conputing the intersection

poi nts ofocenter lines of FOVs results in time conplexity O:Nn. Next, the
| ocal P al : . > t he
coml extty For s Manter B Qi T ARl Eaph A8 AHEROTR St 1C

t here arre*etk‘(d to agthnjannema ﬁ¢ld>9f-wmg/ (POVnilso aiieditie viageb/asena) pintont embdtbmBBSTAN

al gorit %V erl] mta)h gescrobe a camerrarlbs VIewafble scene in 2D space by using four parameters: the camera

location P, the camera orientation a, the viewable angle 8 and the maximum visible distance R™“*:

FOV 2 (P, a, 8, R*%) (15)
[0175] The camera position P may include the latitude and longitude coordinates read from a

positioning device (e.g., GPS sensor) and the camera direction « is obtained based on the orientation
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input points is O(k X N1) and the run time conplexity for clustering is
O((k X 102). Therefore, the overall tinme conplexity for the

cl ust eri yoraredset hod is O(N ) -1- 0 (N f+ O((k X NLPEY/S62¢1900906189] Fr om
t he above analysis, it can be observed that when N1 is nuch larger than N'
the gri cbngb@s@ﬁﬂeﬂ;bpra@laagﬁal ¢cﬁnpmc RS i ethe ffakiudniisibleatistiree ﬁ@inusateﬁhlﬂga lapged
met hod. Ogn t he ot her hand ?n N1 is much snmaller than N, th

cl ust er i PiEh LR thamiser s Geldgf-yiewrqen P &5pgnizgdsTheapgle @iis %l%%t%‘ﬂbaéﬁ‘b?‘bﬁ'@h is
nor e suida@fayan@R&si pedelifes & tﬁi@ BRnBERRS 18041 TR cb@éctéﬂfmgtghfatg%fr@an(s%hﬁﬁ dfs

the nore frequent case), while the clustering-based nethod is best applied
to spar sequiaces Oﬁ(mdwzdﬂp$wm Paoe@}ugleb|veheDi rid mpeeenBshé iaifittenndbild 80jdeatidshe a

set of e d i i nt.erest conputed fro € previous sta When

new senstﬁ? Igg ﬁ@ $§f§ g@é frevdn %ﬁ’r"értg g‘?‘ wnstant ?R/QLHCR \émé?ﬁorqeﬁefhare

tranSfOrtﬁ@&odd’ﬁsgbc@atémwa@ﬁmﬂ%oﬂ@lﬁé%rdeﬂ%tedﬁ)xn? where xf consists of the
he

subtended angle a of a conpass direction to region of interest i EH

and the Euclidean distance d to.the region of interest. [0191] The effective
vi si bl e [B1%] anda 2Dsppeathe Sgldraf-vigsfdhe srmerat S draaionBne Pifaliceshapaderae a5i ew
tends t Q@b it PR, 'T&ta‘%gllﬁgéeﬁ%r-gﬁrﬁ)@aﬁemﬂ&)soi LRfont REBdg a Pﬂadil%tdhd’@%h\/e

pl ace. Therefore, this information can [ everaged to eSt

ef fecti v@thasqdbh@rtdmhsm@n@@nbyth@mat&irms@y@s gsed. Whet e mobiledevice H@gins to bnmme
angul ar [ [ nk-10 e er est al
Select usERE GEY pR b g RAPEReKY G iR e fon il s

Vi si bl e thk sirenc @aasadghitidh séfewseefetohed dneh feﬁglr@é]lué)sfas Rbrae aéw wWhlueshrd eﬁzafmﬁé

i kely p\?l nted to by a%d(camara, Vi ew, ¥/ chogsin Fe m ni mum subt ended angl e
al ong” wi YAl atﬁ?jﬁ@POCffa Brraiingedn GREAct fromp Heseades (%), All cpllected mega-gaty Ci.c.,
fargnl ng 1 (422 DB

i ncorr ec%cadéc|d]srf8(§fr?nbecaulsng&b¢e a%ﬂg}agéﬁss)tagnggm gﬁﬁxﬁjuﬁqlom rsé)g]édg{r’]h%t%mpﬁaglp Bst .
As seentpbas#vé@ 12B, a phantom regi on of interest should not be chosen as
the cl osest region of interest, since it nay be erroneous. Such phantom
region It ergst | 7By, I n.dLembhird- pa

| andmar af)ljg aba@ésl suclﬁggdge% ecg &95\?‘3% sn)lé(lﬂ rchgest(? twél aseﬁ|8n re\glopl %lél ue(r;
| andmar kAlong denmatrieitrdjtage (lﬂﬂciklliny segmieyltsa,\xm tanizrevibws (tﬂlmmrolegfeh& oIt tar

ar eas. [0193 To el i ate such un ed . phantom regi qn of interesf when no
andnar ROTSAEBLECEER s FragNS: S5 & B R RUraas i gRBratsist RERPoRSIRod
may be la&ggl1eTk’dg&;ﬂQ)fﬂﬁé{%g&la{ﬁtﬁe%@lhﬁfaqu@tlbﬁs based on the observation that a
phantom region of interest is generated by multiple cross-intersections by
at |east_two I nes % two i ndependent region of interest. This inplies that
some carﬁfﬁiﬁ?ﬁt"é "GV GR6f°" nterest near the intersection points are highly
likely to be phantomregion of interest. Algorithm 1l outlines the nethod.

|t firstjormsgat eduldiple pPHsEhRY Gori detelliftekion bf mérB:itSngfbetdé@i dir & Xamblel & e
froma set of candidate region of interest (lines If the intersection

poi nts &Atpodimentofagiethod ﬁBh%ﬁ‘ Agrid eyntipe ‘BFtthff’éP‘é@ta PaPléari%@)‘Stélpﬁi% OfFQ¥y A e
di scar deg-ohl hﬂg@du’ﬂelﬁ)applm@ % blustk e ALFRH bR gbl%ﬁm}ll%l%eaf?)\q’pgﬁ[s FRRTFOVE &'HR:P of

interest is located fromthe intersection points and select some wthin a
gi ven tHimeshol d distance (lines 11-15). Finally, the algorithmrecovers the
regi on of interest that contribute to the elimnation of other region of

i nteresty r ejtldridle ét@ﬁnesgr%%ﬁ]‘g&% rb%qlfﬁlgé%fgralpﬁl&:ﬁrrﬁaﬁ)t (i. i Ij;hohkt‘) 4 the sensor

Cross-i ter ections
measurement results be expressed as sets of data of D = d;, --,d,, where each d; is a multi-

dimensional observation consisting of GPS coordinates, compass direction angles, etc.

| [0180] Grid-based Region of interest Detection. The target space is first partitioned into equally-

spaced square grid cells g. Assuming H < § is the set of region of interest given D, then the
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Algorithm1l Cross-Intersection Elimnation Algorithm.- -Require: --H:
set-of -candi date hotspots; Th:- -a-threshold 1: p 0 2: for all different

i

k, 1 EWOQ0123115598 , k, 11 = intersect ion(i, j,k,l) intePE€ESG20¥(00005K, |, )
intersection(i, 1, j, k) 4. if 3 p Ep{i,j,k,1},q E,k, 11 and Il'p,ql, 1 <

Th t hen [ﬁobab'ﬂ)im thaug gﬁd celll @eis a:regibh of Biteresn@ivieh tik sesd dbsdrvatidns (S ekpresdedrasal |
i EH,pI% )1 | f then 13: =i, break 14: end if 15: end for
Soplg e ?D or- 51mply p

D).

[0181]  To obtain the posterior probability p(g|D) a grid counting-based popularity method may be
used. Unlike existing popularity estimation methodologies for geo-tagging, where GPS locations are
typically used as the popularlty measure, embodiments of the present invention may leverage the visual
coverage model conveyed by the field-of-view of a camera, because the camera position may be
displaced from the area or location in which users are actually interested in when recording video. In
such an embodiment, if an area is pointed to by cameras more often, it will more likely be a region of
interest. As illustrated in FIG. 12A, regions of interest tend to be pointed to, or experience overlap
from, many camera FOVs. One situation needs to be specially handled, namely when important objects
are located across from each other and hence camera direction vectors coincidentally intersect in an area
between the actual region of interest — see the example in FIG. 12B. Such areas are termed as

“phantom region of interest”.

[0182] The algorithm maintains a 2-dimensional data structure representing every map grid cell and
containing a monotonically increasing counter of interest. Without prior knowledge of the underlying
landmarks or ettractions, the counter is incremented whenever its grid cell is visually covered by an
FOV. Two visual coverage models are investigated: a sectof—based coverage model and a line-based
model. The sector-based coverage model uses an FOV that is abstracted as a sector whose maximal
visual distance is R™** (é. g., 1 km). Asillustrated in the FIG. 13A, the counter of all the grid cells that
overlap partially or fully with the sector is increased. Since this exhaustive coverage is time-consuming
to process, a lightweight solution is introduced, namely a center-line-based coverage model. It uses a
line vector with length R™2¥ whose origin coincides with the GPS location and whose headiﬁg is the
camera direction — see FIG. 13B. With this model only the counters of the grid cells thet intersect with
the center vector is incremented. The rationale for this approach is that the main focus of interest in

videos is often on objects located in the center of the frame or the FOV.

[0183] Using either of these coverage models, a posterior popularity probability for every grid cell

is generated, 2{g|N), by normalizing the counters as follows

. ’ . . c
205
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16: for all ¢ ECdo 17: if 3 pf E P then 18 C =c¢ 19: end if 20: end
for 21: return H- C Automatic Tag Generation and Ranking [0194]FIG 14
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[0197] Visibility Determ nati on based on FOV Scene: Defining 3D VISIBILITY
QUERIES. FIG 15A visualizes the viewabl e scene of the aforenentioned
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initialize the algorithma nock object 0 is introduced, which is assuned to
be infinitely far away fromthe canera and have zero height, so that it is
al ways oc¥PRdBd1BP3any object. First, for each object, PH&/SGA012/000051 he
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interest and return the remaining region of interest without any cross-intersections (lines 16-21).
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Algorithm 1 Cross-Intersection Elimination Algorithm
-~ -Require: H: set of-candidate hotspots; Th: a threshold -~
. 1: P+ 0 ‘
2: for all different i,7,k,l € H do
3:

p{i,5,k.[} = intersection(i,;,%.1)
‘ intersection(s, k, 7,1)

U
U intersection(l,7, k)

& if 3 pe p{ij k1 q € {i,4.k 1} and ||p.q|| < Th
then

5 continue

6: else

(& Pu= p{i:ja kal}

8 endif

9: end for

10: C+ 0

11: for alli € H,p € P do

12:  if [, p|| £ Th then

13: C+ =1, break
14: end if
15: end for

16: for all ce C do

17 if 3 p{---,¢, -} € P then
18: C—=c

19: end if

20: end for

21: return H - C

Automatic Tag Generation énd Ranking

[0194] FIG. 14 illustrates the overall architecture of the proposed tag generation approach and
highlights its components. The system has two major processing stages which are outlined below.
Users collect sensor-annotated videos with special recording apps and upload them to a server. The
éollected meta-data are utilized to describe the geographical coverage of the video scenes based on a
viewable scene model. In the first stage, the object information for the covered geographical region are
retrieved from various geo-information services and visible objects are identified through 3D visibility
computations. Occlusion detection is performed to remove hidden objects. ':The system then generates
descriptive textual tags based on the objectinformation retrieved from the geo-information services,
such as names, types, locations, dimensions, efc. Currently, tags are generated from a limited number
of sources, but one of the benefits of this approach is that tag generation can be extended in many ways,

for example by employing geo-ontologies, event databases and Wikipedia parsing techniques. In the
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[ail Al =Taj,fli] - [ak,13k] 11 Ritnmp = Rnp + (Lab Al : 49" .i) 12 for t
=1,2,...,Size(07) do 13 if Ilorizont al0 cclus ion (o, O0"[t],p, [ak ,eki)
A2, WO 2012/115593 PCT/SG2012/000051
second stage, six relevance criteria are introduced to score the tag relevance to the scenes, i.e., closeness
-~ -to-the- FOVScene - center, distance to-the- camera—position,- horiionta'll'y/vertical-ly‘visible“ang]e' -
ranges/percentages of the object. Some attributes of the object information retrieved from the geo-
information services are analyzed to identify th¢ imponanf landmarks. After scoring tag relevance, the
video segments for which the tags are relevant to are determined. Unlike many other video tagging
techniques, the system can associate tagé precisely with the video sections in which they appear, rather
than the whole video clip. Therefore, when a user searches videos for a certain tag, only those relevant
video sections are returned. The ranked tags can be utilized by a video repository to allow search

through textual keywords.

[0195] After videos and sensor metadata have been recorded, automatic video tagging-can be
applied. Given a set of geographic objects O for a region in geospace and a set of video files ¥ with
associated sensor meta-data M, effective algorithms are designed for the following steps:
(1) determining the visible objects in video ¥;Vi by querying O through the meta-data #; and extracting
textual information about the visible objects to serve as tags, (2) scoring and ranking the tags based on
the geospatial and temporal properties of their appearanceé in the video, and associating tags with the

video segments where they appear.
Determination of Visible Objects in Videos

[0196] The first step is to determine which objects have been capfured in the video. The viewable
scene information calculated based on the sensor meta-data identifies the geographic region covered in
the video. However in order to describe the video semantics, further information about the geographic
objects in the captured scene needs to be acquired. These objects may include buildings, landmarks,
roads, parks, mountains or any other geo-object that is associated with é location. In this system,
information about these objects is retrieved from two geo-information services, namely OpenStreetMap
and GeoDec. These systems provide sophisticated information, such as name, type, location, polygon
outline and even a 3D model of the geographic ob‘jects in geo-space. These 3D models reproduce the
visual scene of the real world. For example, captured videos may be compared to corresponding 3D
models with a Google Earth interface. In order to determine the obj ects that'appear captured video, the
geo-information services may be queried and all the objects within a certain distance R around the
camera location points may be retrieved. A custom R value can be applied to affect the level of detail

required in the tagging process. Next, the objects that-are within.the videos’ viewable scenes are
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WO 2012/115593 PCT/SG2012/000051

extracted through geometrical computations. A considerable challenge is that determining the actually

- -visible objects is not straightforward-due to occlusions.

[0197] Visibility Determination based on FOV Scene: Defining 3D VISIBILITY QUERIES. FIG.
15A visualizes the viewable scene of the aforementioned video snapshot on Google Earth (the visible
area is highlighted in blue while the occluded area is highlighted in yellow). Not all the objects are
equally visible in the highlightéd areas. The objects can be classified into three categories according to

their visibility level:

[0198] Front Object: An object to which there exists a line-of-sight horizontal tracing ray from the
camera location which does not intersect with any other objects (see FIG. 15B). The buildings labeled
with alphabets belong to this category. In FIG 15A, the front objects enclose the front area highlighted

in blue.

[0199] Vertically Visible Object: An object Which is hot in the front but is vertically visible
because its height exceeds what the front object is blocking. When the vertical viewable angle range of
the object is wider than the angle of the object right in front of it, the object will be marked as vertically
visible. The buildings labeled with numbers in FIG. 15A belong to this category. Note that an object

can be vertically visible even behind several objects.

[0200] Occluded Object: An object which is neither front nor vertically visible, therefore it is

completely occluded.

[0201] When the query algorithm retrieves objects within the viewable scene, the object set will
also include occluded objects. Thus, a more sophistiéated method is needed to retrieve the visible
objects oﬁly. A 3D visibility query is disclosed. In the present disclosure, a method to defermine the
visible objects and their visible angle ranges when observing from a specific viewpoint is disclosed.
One limitation of this technique is that the visibility computation is restricted within 2D space and is
based only on the outline of the footprint of the objects. Therefore, the vertically visible objects will be
considered as occluded by the front objects and will be eliminated. For example, when their method is
applied, the Fullerton Hotel completely blocks the camera’s sight fo the skyscrapers in the back, which
is not the case in reality as seen in FIG. 15A. Hence, the method may bé extended to 3D space to

satisfy the demands of the system.
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geo-information sources is utilized, which contain detailed information

about t HGZGII}] eCASD vasitsi fity g@erf &ltes antopjpet set Oaad the fens@ bt 8aa M@(t@(l eAtlﬁeaﬁmk@
schema for rhcém“énforrmtlon | ooks as follows: "id":<Qbject '

"name":’ @iﬁ“@‘é?a camerg yigyablengle rajiee]p 1 gimec] as mp“&%’i‘ﬂddFtH‘a‘ﬁ éget o‘f‘éhwwblﬁe of
the obj eftiezis and &Rl 8brizonfalP RS veRRaI vidiblelhSe Pdlﬂlgt%c{te? = {1, v). [, v, 1)}, Notably, the

algorithm not only obtains the visible objects, but also quantifies their degree of visibility with angle

ranges, which will later be used for tag fanking.

[0203] | Processing 3D Visibility Queries: As illustrated in FIG. 15B, each visible object has a
horizontal angle range (such as a for B and b for D), which indicates the visual width of it. However, a
horizontal angle range may not only be associated with one visible object. For example, the non-front
object 2 is also located in the range a. In a general case, since vertical visibility is considered as well, at
an arbitrary horizontal angle value within [a, B] there may exist multiple visible objects, which are
sorted according to their horizontal occlusion, forming a visible object queue. Hence, an atomic
horizontal angle range is defined, within which the visible object queue is the same at every angle
value. In FIG> 15B, the range a is not atomic becéuse theré exist some angles whose visible object
queues are different. On the other hand, the three sub-ranges of a are all atomic and respectively

associated with unique object queues, i.e., (a5 : {B,D,3}), a, : {B,2,3}) and (a5 = {B,1}).

[0204] An incremental algorithm is disclosed to determine the queue of visible objects associated
with an atomic range as follows. Initially the queue is empty. When a new object arrives, the algérithm
will check the horizontal occlusion between the newcomer and the objects in the queue one-by-one,
stopping at the first object that is horizontally occluded by the newcomer or at the queue tail. If the
newcomer is not entirely vertically occluded, it will be inserted right before the last checked object or
into the queue tail. Afterwards, the vertical visibility of the objects behind the newcomer will be
checked, and the ones that are wholly occluded by the newcomer will be removed ﬁdm the quéﬁe (e.g,
the NTUC Center in FIG. 16A). The process will stop when no more objects can be added to the
queue. The final result will consists of the objects that are sorted according to their horizontal

occlusion and are visible to some extent. FIG. 16B shows an example of the result queue.

[0205] Algorithm 1 sketches the overall procedure of processing the 3D visibility query. To
initialize the algorithm a mock object @ is introduced, which is aséumed to be infinitely far away from
the camera and have zero height, so that it is always occluded by any objecf. First, for each object, the
part of the horizontal angle range that is outside the camera viewable range is filtered from further
computation to improve the performance. The camera viewable angle range [a, B] is split into a

number of atomic horizontal angle ranges, in each of which the candidate objects will be added to the
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"address": <Address of the object>, "description":<Detailed description of
the object> "websites":<List of supplenentary websites> [0209]In the

pr ot ot ypeyorhe/mnawés of visible objects are used to ser PETRS20R2HE005As
described in the introduction, |ocation and geographic nanmes play an

i mpor t arbrrespbrding durue acbidirtigytp ®sthdibrizaysd and s@tianbtusiving & iv ddediscdabevd. Mages
of nedi a shgri and search Sitgﬁi hb&ﬁ%}hat t he nethod coul d be used to
furt her PERFGIVEFELEHEOFHISMIHIPEIN RS thard Rprigoninl aedisiapraposedivy Lesqs ahavhilie
tag typepeymenisha()IRQUs MBther tHOBBIEN is @iFel L YHIRNIG ocdiifed BB hHO R G/ end, the

i ncor porate event databases (e.g., Upcom ng, http://upcem ng.yahoo.con),
and use alpepithnhpest peackwes ta dnternatedataostrugtiuresand et the sétofrvisitilo abjeetgand their

Mor eover,, .. nguage ik o¢esSsiing hods can be introduced-to generate
better- vgs#ﬁ?&r%l)r ea?%%’sl%r"ia’gt i'@[;e’ f’gf’g"n?'ﬁmt?hz prototype inplenentation, if

there exists a WKkipedia page for a visible object, this fact is used to
upgr ade [0206] r aiete thhgthe visibaity qusfy eloted praglsrithan] rairprtbe et sBdsibla objegs bnly o

further expan tags,, Which is certaiply an tion j he futur.e.

Seor | no TR EP S Hal sy FEds3p Bt tp e BL SR RO B ndhs Wig: i
vi deo scenes can be quite diverse. As an exanple, an object that is close
to the de2osta Effdcts of Sexsok Erives ee¥isihilitga Thyaccuhey efals vacvatbivecereizhleatatiovhis ch

is far anay frqmthe canera nm barely recogni zabl e. Consequent |

obj et oagevishSRetes GEREPRAEPL ARt s ST 0BG S BRELHo B LB « he
Cor I es pARAGPY afthfoRfpassHRRRAN. Zandberdtd e¥ hideRNRES R acdidbly FMcafishsiobtaffed using

i ndi spensabl e process to increase the effectiveness of tags, especially

when t héliffeaent pesitinning medps prsthe a6 dRhope. Hhe A-GB3 daratiers, Whiglis deanqgatiement awde or
nost  of utsélﬁintt‘ﬁétipﬂﬂng?&%}diné%ré Q@hiE\?@g. BP&?@Q%& thelin QFSQ&E iingégf:ﬂichvl@' gllI n

other words neans to prioritize the visi obj ect s. Ing Ta
Rel evansempaed watbh siEONf e siswablF keenereortsoldred<s gs st fal doequant dbbyt 1300mé memnce

of Vi si bl i ect.s: i n..ap individual FOV ne .a rding to the six rel evance
oritori RRaRl, Hfioh bl i dlriatRes 2 RAGAG GO Rphike b iest B iRt o
t hat pedgle fieandsdfficiémandinactuiatedace Ainekrodin i tompagdeadiasral bemdrddignificant.

observatjon, the nethod favors objects whose horizontal visible angle range
i's cl oseloVoreh e r@ﬁ%ﬁnaoraiefa@aaiu%",'é Seﬁiw%gvet inesanp e eonuipry (L seghg
score i theMnidunt dTRveédipddivReivd ddh§lhitve TV AQusub By BRkATR misding %‘s@%féc% in

m ddle() returns the mddle angle of the horizontal visible range [Rh, Vh].
[ 0213] Disem@pideo frames duselp egigfseia the eomriaksetegdings Wil prehablypitirappeanin the agjaeent

vi deo. -Fll&ﬁle§.cﬁf)@e\te?,rsu£m§‘rors might have a minor effect on the tag scores. But any false positives_

would have very low scores and be ignored in the final video tagging.
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di stance criterion is fornulated as S2 = min 11) where center() returns the
LdEst ancs(p, centsr Ca)) coordinate of the object center, and distance()
conput es Wheotygt¥®Ace fromthe canmera to the object cenfP€M/SG2012/000051

[0214] Horizontally and Vertically Visible Angl e Ranges: An object that
occupies a wider range of the scene (either along the wdth or height) is
more proni nent. The noflggrithadl:3BoYighilifyoRuerhEysessero WO

2012/ 115593PCT/ 862012/ 0@@051tlem6ewlp®txmaﬂexeemdﬁm th"the formulas S -

1146-141 and S 4 - "vul whertte 5(9“%{ HJ ;@El‘s’ém m orizontal and verti cal
vi ewabl e angl es, respeccf | Vetlryng ]y ,h , ]) y an™Vertically Visible

Per cent ages: These two erit ) {Qﬁ s ‘on e conpl et eness of the object's
appearance in the vi deqem?mlz, eo scenes that show a | arger percentage of

an object are preferaBlp [evai= :{;ce]mrirzhamkmw only a small part of it. The
scoring formulas are ftfhf =@ 1. Ypore0 Bt dyel S6where wi dth() and
hei ght () return the ngx rﬁ'ﬁﬁa (Bgtcf hkrﬁjfj‘ d th (a)height (a) vertically
visible angl e ranges wi | houi [QCG) HShiR thdOR 16}Af ley Obt ai ning the scores
for each criterion, they ar&mb%api-y[aeﬁﬂb(?ﬂed to compute the overall score
of an object in an inBi}igudl*ED r'?e i . e., S =co,5" where w, represents
t he : - 10 [&liﬁ‘ [aj ﬁg [aks .k]

11 Rimp = Rimp + ([ag. 5] : O)

12 fort=1,2,...,8ize(C¥) do

13 if HorizontalOcclusion(o, OY[t],p, [ax, Bi]) A

VerticalOcclusion(o, OF[t — 1], p) then

14 Insert o into O;’ at £

15 foreach o € O;’ A 0% after o do

18 if VerticalOcclusion{¢”,0,p) then

i7 l' I_ Remove o from O;»’

18 leave loop

19 | 'Rtmp——— Rtmp +([Qk3ﬁk] : O;.’:]

20 R = PostProcass{Rimp)

[0208] Assigning Tags to Visible Objects: To generate textual tags for visible objects the object
set O retrieved from geo-information sources is utilized, which contain detailed information about the
objects, such as name, type, location, address, etc. A sample schema for object information looks as

follows:

"id":<Object ID>,

"name":<Object name>,

"type:<Type of the object>, .
"coordinates":<Qutline of the object>,
"center":<Center point of the object>
"address":<Address of the object>,
"description":<Detailed description of the object>,
"websites":<List of supplementary websites>

[0209] In the prototype, the names of visible objects are used to serve as tags. As described in the
introduction, location and geographic names play an important role within all types of tags associated
with videos and images of media sharing and search sites. Note that the method could be used to

further add versatile information to-the visible objects, and expand the tag type beyond the geographic

domain.  For example, the method can incorporate event databases (e.g., Upcoming,
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wei ght to adjust the contribution of each criterion to the overall score.
Additionally, the nethod pronotes the scores of well-known objects (or

| andmar ksWO 204%1db5%re nore |likely to be searched for. [ @2IBGENE/00MSECt
information retrieved fromthe geo-information services include several
clues t Olttbdﬁaﬁ&drﬂlyg ydhpo.cdrant andane ges- kﬁomﬁﬁd&n encanipt € eitfacmeﬁﬁhfcﬁmbﬁ&ptag@t a,
sone | andmar ks t he Si ngapore E%a/ are given an "attraction" | abel.
Q hers é\ﬂ%‘e%t‘(?@n%‘ﬁrg‘dlav\ﬁ"taﬁe Pf"ﬁﬁ%smﬁd“?t svgeRi Bseliradyssdsée sengrte Rettir gRE e an

i ndi r ectyeliriptivd s, HPIhE plotdtyPRGn B@ﬁh@ﬁtaﬂéﬂ mré&r@;mngpéamgé Qﬁgvﬂsmle\%j@cped' a
is believed .to be inportant. {( 218] Associ ation of Tags wi deo Segnents;
Due to tthie fashiswsed tofupgiadetisrank.hEhe eomsot of such eamgcamfbetprn@cesccénre@pﬁmmfn@ea
peri od s e exanpl e of score variations
over timne: lﬁtdqhé)t%% Fvglr(fg eé%pglgl %ey?rﬁﬂqﬁfﬁﬁgcore inthe first half while the
Mari na Bay Sands takes the first place in the second half. These score

vari at i daerifg morRem&iag oflBsease, reaching a peak or dropping to zero) are
caused by the novenent -and the rotation of the canmera. One observation from
this ex i e

(g TEAGF | S BpBEIMOL CBL-AEARTIAS LG, SEURI: HIELE A SPSRL

and r et wniobjettohat &robose fethe &ma:rq:nlvmld nsualfy K8 sedn/clédnly, \Hsqpéaa amaliver lOB_]CGt(WTﬁ(tl‘dEfaed

V|S|blefro t3,to ortan tributj of thet it can
et eot VAL o i actcl et bd Pty R S e Ouirs et Rl TE R eren

ot her Wakh@srtande baglevaite MAseINGChIW ﬂ@HoMe@%ﬁdJﬁg 8bjeét Appdais tﬁ@rvtd@b Rceh€9mapt

(or segnents). of the video. Another observation in FIG 17 is that the
segment $aNNE is apzpdizpggsaplegprogesy toatngregssrthe effertinencss ahiaps. senceially e thenag t

tinme ga e t L
unex peclt% g@ﬁ%‘gﬁﬁ%ﬁ?ygﬁ‘ Ei &r%g%\q}l 03{5\ g?rggﬁnem%w Opﬁg%gﬁ"éé&?}( ?{59& tﬁ r%%ﬁ‘

er. It may not real I'st ur b human
vi sual pebepprritiged, gfhichanbihauwverds maansdo puerithre the vigiblowbieetat , a t hreshold is
set to nerge close segnents (e.g., the segnments-[-, ti-]- and [t4, +-f are
too far e A8V st b

Not abl y,[bﬂﬁg scra%[r)rgﬁ ?’ﬂ m&%@g%&ugge Clgltbove Sl%ogﬁgae%dégﬁs{lg'%g mglgthgt

t he vi dedsvaaceofnvidiblphljsdteml anyndyptndl FOM32d&r@]ab¢andihg 1o, thé sik rdaahceseitariatlow.
associated with an object, its overall scores is calculated. Formally, |et

Sf ov(t) [{?ﬁ'lﬂ (%lgseenés%% tms%hg C?btlef’l ﬁ%esg: rcl%1 IZ!lcat g{hﬁépeong%/réq e*lsa (%Ihei i

, and t respec eno

S egrent cawrengf ahlimagn dSastt‘d”lext EhlsI dﬂﬁemﬂidﬂcthe armﬂ&ﬁlrfavoTh ebjedti @hsediveiz@ital tvigble
object for this.segnent can be co d .through the formula Sf - , 1
SCCut . ANEle FHIES i3 s’ Celiehiess AECHBR TGN ek e IsEO G Seepe-4nd S?Oamééﬂﬁva%ed

on this ur l-herlipfgh)-d:fe  scor. bj e ca d.f.or
t he \/\/nolfgel%\%lli dséo gl a formids Scu herelfl”%”éf)reu elrne(ﬁitle IQOE r' rLllta V'%Ibl? he

segnents associated with the Obj ect. Siml arI y, the obj ects,. or th,e tags in
consequeage [ucHr. be sorted according to this score. [0220] FI Gs. 18A-B
illustrate how multiple regions of interest may be tagged in various parts

of a [0213] Distance: A closer object is likely to be more prominent in the video. The score for the

f i } |
.Ld:‘smncs(?’,cmt.sr:o)}'1 where center() returns the

distance criterion is formulated as §, = min

coordinate of the object center, and distance() computes the distance from the camera to the object

center.

[0214] Horizontally and Vertically Visible Angle Ranges: An object that occupies a wider range

of the scene (either along the width or height) is more prominent. The normalized scores for these two
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video segnent. In this exanple, the video is taken of an area surroundi ng
Marina Bay in Singapore. FIG 18A shows a Google Maps view of an exanpl e of
fifteen rwoizomsiiefosi nterest identifiable in the area of pilsicnen2Bays1 FI G
18B shows that the video segnent is eight mnutes long.  FIG 18B-further
illustr te Ni DtR) seg _DtDryl-ﬂ]V\:hIC of ..t he
fi fteen%%lge%iaocgg bQ% }"h?@?é‘g ‘Q%]Z"’?{Hc uded int ng g"gptubedw}w rb L’iwthe

I nterface _for Sensor-Rl ch Video Automatic Taggi ng and Search System

( SRV- TAGS)izowtal land eatical eic@alde ungey, fedR2tyeBeospati al vi deo acqui sition
applications have been created for bot h Andr oi d- and iOS— based nobile
phones e Lic ons ui.re | n and .ord ent at j on
net a- dat[a-ﬂﬁfomaﬁn(glﬂtmwﬂef %nedngg'f lscal e\nﬂl’%’ UALEST | e|$€e ‘6? 871%83\;1? on the
Subsequebinbl¢tentsef the bbjeatmpmnae ﬁlaheawtieo tlshedldeo sd¥R€khat kiBy £ RYRF pGeenBigeas
of the video scenes éwsegatl al a canera's set of fi eI d of

Vi ews (r@é%)o ief{GopF %fmeaa% n%%‘r O'aatttaasrgaélomaﬂfég Theospring fermylagare
t V\/m, ha t [ SRV- T GS t
oxi 511 ng>geommen At oreainbadt ¢ G ing DB AT pRLY nd

geogr aphi cal objects in the vi ewabl e region of the video (taking into

account vecichliysvigibie angle Bmbssawjthent doglusioh. ext racts textual descriptions of the
visible objects to serve as tags, and scores them based on their rel evance

tothe hi. nt R QM 0|n t|o

Not abl y VAR, TAEar O8ia M e ST e el e HES L BB s R BinfS LSRRI e
clips buwberall serélef dnrsbjeedinahl indb@@rEROFScekhgR., S R\EEA@: §s@hert RerépRMtd e

i ndex the videos, |everaging Apache Lucene (h tp://1ucene. apache.org/) to
facilit a’stfe?%htt ?G(de@st tl?eeafnﬁ"ibutlaﬁlgf E4th @Gtedoh 19 1PACRSA. £&E.  Additio ally, the method
(http://c apache.org/) to expose a progranmm ng |nterfa ce tor

appl i catprames the seafds pf welhdngrooljeoppEr BRIMAES, whish emmore likee® e sedrtledtforne b
interface, where users can search for videos and then watch the resuIts and
their c Rage I 7k

archite ‘tﬂl}? J\ﬁl E]%&]ont ea(ri:]tia ngasegmg?hgéo lé&@#ﬂ@r{; ggesg&rll% %%\%}aal yz%St?/l deo
cont ent 1dldnt1fyugtmctantt lngdnparkec e Bor @simphy tio Wpta StreédyapGate rsatnie dandaresk sS@ Qx| the

[ 0223] di st i shi.ng feature af .SRV-TAGS over r|or that it
oes not1earg® EReH sk 0t Bl Gand dape o igmeRict P dik e Widbedt
geo- i nf @agelwiith RIPUT KeRH indXe@HR Forpbjeaahpsrtansy] sﬁ&%ﬂﬁ&tﬁﬁgﬂ%ﬁbed in Wikipedia is
(http:// ww oFenstreetnap org/), in order to acquire the information of

geogr apRFEEVEHoReIBPYRANi n t he FOVs of the video. Since not all the acqui r ed
obj ects are visible due to occlusions, a 3D visibili ty checking al gorithm
is devi 5[@118!]0 fAskd@AtionUdt Tﬂgk%ﬁlsVﬁiQ@Se tSC DL EEfle nRURSETANRAE, | tNe te P‘GS
retrieves the nanes of the remaining o jects to serve as tags. [0224]As

SRV- TAGHends obthsisearesduring gpgriod showidbarxplorgsd &1G.dgshowsanssaaple piscergvRriatioam t o
enhanceotvéﬁfnqe Hte'ésgltaaf de-ll_éw§/es tth S%X&E ?rmh!e ﬂys?hzﬁg@ﬁ enﬁ”e Ma £B eféﬁl\ﬂ?‘ﬂlﬁgs the
criteria to score atag's (or it corresponmgolec evance to the
vi deo: tfinst plabg is¢hte sscomﬂbslénﬁsse scoretvhmatDos(ieEreaen tlergase, kmcldnga:malcer dnaipv:gem t he

canmera and, t he abj.e | ocat | he v |b| e a ran es/ s of
Che-obj 200 MEaRe e G IR olaiSh ohiB e Qe et VPR

accor dl ngthapDa tnikehddi @hSdewhﬁiﬂedﬁd séynehh&/h@ecbnl sHjext BRaYd ORibEObY G&Sctmg the two
Furthernore, .the system can determ ne the start and end tinestanps between

whi ch tI’?@“ftﬁlB]‘%sc‘t’heFee PGPEe SJ3rtsi fanpandrpiums Aoy pea0- kanoxampls 1B FIi1ddhe Krslapadeyi

answer s ¢gfsidaldi mltlectrow gag t6.e48Bntifporill &hudithties Be%aédhmqué ffcdh afeodt vttfapg
vi deos. | ndexing and Textual Search Support [0225] G ven the tags and their

r el evanebiegle apregr fthe Mideq priwell a4 Wheyy heyprnsers Intether avordsad taguren |be§p€fcrf@ﬁllnser s
can be e
becauseﬁ%@ﬁ?{egg’gh E‘?%grﬁ%gm%ﬂg r‘lé‘g@ﬁ{n‘?ﬁ fgtﬁé( v1990 Aq-{f)ﬁ'l%; éb\éerUB o(ﬁthEIE} 1’}19?1§t[the
retri eveegmentsds) 2l ttg té] araeafry élk)kﬁetoléadhloetret o’ﬂthsitoaItimecg’ap btaﬂueerﬁve) septhéres t on”
by entering the erton.! Hence, a sophi sticated
Pl -t ot e spind BY Eithe s pEbher bl BARRE oL B S geﬂraeacﬁ " rRben
the query text WD 2012/ 115593PCT/ S&012/ 000051
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and the tags. - 102261Wen a tag entry (tag nane, rel evance score, video

I D, segnent boundaries) is generated, it is fed into the Lucene indexing
engi ne. SRO2TRAISFAI ntai ns two separate indices: one at PCHEGERA000&E Ity of
whol e clips and the other at the segnment-level. As a query arrives, the

t ags si medllgdistuwb hivearuiaray péresptiombf donbruitye tAsiacugiter anprosanidngd thesioidlis 3¢ td 0
their Lucene scores. te f)hat thifsh SCﬁre i.S C Icul-a{aed based qan t he .

si mi | ar MYELEPRSERM e CrdPsy SEMENT e Hnd Wids e HRP RIGGGreedr weveatingct s
the rel gyRB¢ ﬁ‘oﬁ%\é@ﬁi‘i\g'%’%{;ﬁ}éﬂen@éﬂg N&go1y, 1€ Seghlehdlis® i8Rt ed aE@v&ﬁ'lG%ll:a?ltaﬁdt he
nost relevant results, SRVIAGS first groups all the itens by the tags, then

sorts t Wenggrieipthatshe videasare ot hwsicabosndit. and finally sorts the items in each
group by the ranking score. Wb Service Integration and APl 102271To be

easi |y 30599S! Wiy SRY JACSdnRULEA0ERARGENS GBBer, s WHaRSLHLER LaERID! k.

el E
to wap itself as a RESeTfuI, service. Three APIS are exposed to potentia
appl i catFounally, [e0928) dSwmter thé scory thati thiesbjedt ebtoims ifar thauh@t Sanadtitine tofand Hend t

service. |t takes in.th ry.text an raduces . a list, of matched ta
ontr1 oo opsyBy ERpdE i TPl e R @08 gR O RAG G Broopd breFnsCRhERTEy ot
associ atapgkas edremtthed edodd bs theThigedt fpuithi eggnieht sarf boi@binpited $hraughi the Ofoinkdila

[ 0230] Add: Al Lows the adding of a new video into SRV-TAGS. It parses the

sensor - ¢t a- JABP) i(Sds. NIl thbQideeSRMdhgssaNREd wHE HE bB@SrelrAkd bRALLH YGRS
them Afterwatds, the new video becones i nmedi atel'y searchabl e t hrough text

queries. [0231] The sensor-data input and the output of the APl are
or gani ze%“ri?‘ﬁ”m\lthﬁrsckl\ﬂ_ Ofdﬁ?ré{bﬁcglc@ beo compyted (far de avhelea iR otia fPrapa

enmbodi ment  ofyma yeb hBker it atgubibal ofGRsd2meAS AGLALRE vAR G iR §Milah§, the
met hods “6f° t he pré&ent enbodi ment's. Presentation of Sensor-rich videos with

Googl e Eart h ({7%3% 'Ii'heo obj %cti vaebi S r&e%gi nrg. sg?rh%osrs-crri ch video segnents
wi t hi n SOFEPe t 22 B OB P T S ﬁ esent R Bs %ﬁ'gmentations in a
virtual, three-di nensional environnment such as Google Earth. FIG 9
i1l ustrde2e] t h&F1GueBAIB illastcind Homchultipleoégidisef Biystsemay bdaggediimvaonpmmsiofs ar e
a brows %Eci_eg %gg%jeny.\elg t}(l:ils Ice)f"arr%p’le, the video is taken of an area surrounding Marina Bay in Singapore.
FIG. 18A shows a Google Maps view of an example of fifteen regions of interest identifiable in the area
of Marina Bay. FIG. 18B shows that the video segment is eight minutes long. FIG. 18B further
illustrates the portions of the eight ninute segment in which each of the fifteen regions of interest are

included in the captured video.
Web Interface for Sensor-Rich Video Automatic Tagging and Search System (SRV-TAGS)
Architecture Overview

[0221] Geospatial video acquisition applications have been created for both Android- and iOS-
based mobile phones. These applications concurrently acquire location and orientation meta-data from
multiple sensors in the phones while recording video. Subsequently, the collected meta-data is used to
model the coverage areas of the video scenes as spatial extents, i.e., a camera’s set of field of views

(FOVs).

[0222] The acquired sensor data sequences provide arich source of information which is utilized in
the SRV-TAGS system to query existing geo-information databases with the goal of identifying the

geographical‘ objects in the viewable region of the video (taking into account occlusions).
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WO 2012/ 115593PCT/ SG2012/ 000051 a web server with an associ at ed dat abase,
a stream ng nedia server, and renote access to Google's - Earth and Maps
servers. WO28gJ1ik®3acqui sition of videos that are fusedPail{fSG2e2t08005¢ed
geo-reference information is needed. In order to collect sensor-rich videos

Wi t h t heSubssgaaitlyme taradattextuds dyeripiond ©fthe Siidithle bbjpét9 todieme s taak thng édravahén
applications have been built. FIG 10 shows an excerpt fromthe XM-encoded

geo- dat PAHLP they relgyaneTiody vidroapgthe W&r?éové‘ifﬁleE’&tgF%Wf%{h‘atlwaﬁééﬁéﬂ Negably;

sui t abl %‘m@ﬁceﬁpgﬂcﬁ‘r‘ﬁtéwﬁgoc@ﬁ@ WioHQ3thi e of %@vfdk’@gﬁﬁsoﬁﬁ‘lalsh'c@ﬁmlt@%wf
the challenges in virtual environments is that it may not be very easy to

speci fy segments efhen, S&YHIAGOfusdsnther gs t¢ i index thehaidgorerlpvesaging Apadre éxmmpl e,
currentl n por. h eC|f|cat|on of at
query ré angrgﬁl t éé If}rgﬂea e fa%&élgage?cﬁexélra eageaﬁ&r taHI s PiEgre ratm %8?1% Use a
query ar(bp:i/cfapicke.o@t) s adpbye aeaxq:gra&mﬁmg intetfa2dYor ﬁpﬁgiuenmpﬁlly,ﬂqemﬁtyﬁdﬁmet a
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Indexlng and Textual Search Support

[0225] Given the tags and their relevance scores of the videe clips/segments the textual queries
from users can be answered. However, the queries may not exactly match the tags because of typos,
incompletions, etc. For example, users may expect to retrieve videos showing either “the Fullerton
Hotel” or “the One Fullerton” by entering the keyword “Fullerton.” Hence, Apache Lucene, a

sophisticated full-text search engine, is leveraged to judge the correspondence between the query text
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theta Canera heading relative with the ground (read from conpass) R

Vi ewabl e di stance al pha Angul ar extent for canera field-of-viewtilt Canera
pitch relNOI208/MFI9R t he ground (read from conpass) rol | PCR$62612/060051
relative with the ground (read from conpass) Itinme Local tinme for the FOV

t i recodenditerggde for the FOV in video (extracted fromvideo) [0236]In
MySQL, the proper functionality is provide through User Defined Functions
(UDF) tdY Héﬁ)f or WOV SN RI2A BABS reﬁ%ﬁaﬂceosﬁoremde@d@rsyg@szrgéawdaﬁe@ isigeneraied,

UDFs al liows #g e me&fe%aexmgeé@meonmmAégtn?alﬁam@M RHaraBY ﬁ)dﬁ% gaé hV@kY
supported in MyYSQ. An UDF i's executed wthin the engine of the database,

hence beiranglasibi of v\tholetcaksaanédlmﬁlneag@h@segmhm levcéom 3 mrmmqs,ommgﬁt simiTdr¢o HOF
Wwas devel nglqut i(ﬂ Bem*rleggdﬂ' Snedd O%Z%d IB.(?JO%CBQ% e1r u ene SCOI‘eSt g]ql ngt {QUSSSCOI'C 1S

li mitati%h Search ace are suppor e of
this, t h:elcallated tbwée opareesﬁmimrty bawamthe Qitdryedil’&lrthedg, wiileahdanking sadse reflbds thear ch

S st|II perfornmed onp the t he r sul t own in Google Earth are
then di gﬂﬁweﬁgﬁ\ge%ﬂ < b gnf Mgaideo C?Bg?ﬁ‘ﬁﬂér eleylyre thyimagsbrelsva Tesults, SRV

t r ansf ormdaxtirvtigsips AIf @Bt thé @@setueﬁg&tsahdogrmp%y fldirPhadhe sdoke, Qnd?tfﬂa}{)l/ $drgal
space in accordance with the user's viewpoint, is one of the major tasks

for web-thuiéaw i icerbRreipdyy|thgpieniips $89p1-i cations. In this domain, there exist
several viable solutions:

Web Service Integration and API

[0227]  Tobe easily accessible, SRV-TAGS leverages Apache CXF, a web service framework, to

wrap itself as a RESTful service. Three APlIs are exposed to potential applications:

[0228] .Search: Provides the basic functionality of the service. It takes in the query text and

produces a list of matched tag entries.

[0229] Get: Acquires all the tags of a specific video, and their associated segment details. The

input for this function is a video ID.

[0230] Add: Allows the adding of a new video into SRV-TAGS. 1t parses the sensor-data supplied
by the recording apps, generates tags, and indexes them. Afterwards, the new video becomes

immediately searchable through text queries.

- [0231] The sensor-data input and the output of the API are organized in JSON or XML format.
FIG. 20 illustrates a snapshoot of one embodiment of a web interface that can be generated

according to the methods of the present embodiments.

Presentaﬁon of Sensor-rich videos with Google Earth

[0232] The objective is to find sensor-rich video segments within a relevant area and then to present
them as augmentations in a virtual, three-dimensional environment such as Google Earth. FIG. 9

illustrates the overall architecture of the system. The main components are a browser-based web client,
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102421A prototype sensor-rich video acquisition nodul e was desi gned and
I npl emented on an Appl e i Phone 3G5 handset,
recei ver WOQRoponpds functionality. 102431The Sensor -ri CRTHIGAEIR/0AH1 was
devel oped with Apple's Xcode devel opnent environnent for
3. 1. 2 orfieldbfview (HM@Y)SBasdon tHichods],dedeodmihd Srieappsitias vathibthy 3D yamt Viewaf
(129 vi deo streamrecorder, (2) location receiver, (3) orientation
Ie)Eagth cap kg $PWBe and synchronization control, (5) data upl oader
battery status nonitor. [0244]Video Stream Recorder: This nodul e

enpl oys the U Kit FrapRuosheria thPSD iffli0seyitP (FOVPRpl&eRtatibRYEr t 0 i nvoke

nodul es:

r ecei verdoog

and (6)

whi ch provides the built-in GPS

i Phone OS versi on

)

the built-in camera. Anong the three video formats that the iPhone
supports, thelsmedibim qual Juplodae®lidtEfiles used. However, this could be
changed based g, NEENY atithdd 'Iéhgrudt BB diratSfol SimeHBERioR ilay ! OFO
acqui sition paraneters. Thhl e~y | Phone audi o/ vi deo capture parangters.
f/g]éé/- ilg?gk'[?‘?z{‘%u;?;ﬁ O %{'%rirt- -(’féi:%?'v'%\tivti)loint S PR Rty Format—Formpt  pr ofile

theta amera heading relative with the ground (read from compass)

R Viewable distance

alpha Angular extent for camera field-of-view ,

tilt Camera pitch relative with the ground (read from compass)

roll Camera roll relative with the ground (read from compass)

ltime Local time for the FOV

timecode . [Timecode for the FOV in video (extracted from video)

[0236] In MySQL, the proper functionality is provide through User Defined Functions (UDF) to
perform FOV-matching as part of the query execution. The use of UDFs allows us to perform
operations on data types that are not natively supported in MySQL. An UDF is executed within the
engine of the database, hence being able to take advantage of the execution environment. The UDF
was developed and implemented as part of the prior work. One current limitation is that only searches

in 2D space are supported. Because of this, the altitude parameter is not implemented. In other words,

the search is still performed on the 2D data and the results shown in Google Earth are then displayed as

3D sensor data.

[0237] Perspective video, i.e., transforming video from a 2D plane into a projected planein a 3D
virtual space in accordance with the user’s viewpoint, is one of the majof tasks for web-based video

overlapping applications. In this domain, there exist several viable solutions:

« Existing plug-in-based Rich Internet Application (RIA) technologies such as Adobe Flash
and Microsoft Silverlight support 3D video rendering capabilitiee. While available for rapid
prototyping, these environments re quire overlapped web services to pquide corresponding RIA-
compatible APIs. J

* Pixel-level image transformatioﬁis also a feasible selution, buf it requires sigﬁiﬁcant client-
side processing power. |

* A Cascaded Style Sheets (CSS)_ 3D transform has been proposed by Apple Inc., and it is
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WO 2012/115593 PCT/SG2012/000051
now under development by the W3C CSS level 3. This method transforms the coordinate space of a
‘video element through a simple change of its transform properties.
+  AnIFRAME shim can establish a layer on top of the Google Earth web browser plug-in (or

other web pages). The IFRAME can aid in the process of rendering videos, and is flexible in any

environment.

[0238] Considering both pfacticality and feasibility, the IFRAME shim approach is chosen as the
main technique to overlay 3D perspective video. Hence, when the viewing direction changes by a
certain angle, the video also changes accordingly. With this notion, the users will get a more intuitive
and immersive experience. Additionally, the meta-data will be stored in a KML file which allows to
automatically invoke an animated tthe through Google Earth. This is a relatively new capability of
Google Earth which can help us automatically traverse the environment. Furthermore, the camera
trajectory will also be shown in the 3D world. With the presentation of the trajectory, the users will
explicit In Google Earth, the number of modeled 3D buildings varies among different cities, but overall
the number is steadily increasing. When 3D building structures exist, the captured video can be more
convincingly overlaid with the virtual world. When viewihg these buildings, it is determined whether
the scene in a video matches the same position in the virtual world. It can also observed how accurate
the these 3D buildings have been modeled.  Note that due to the current limitatvion of Googie Earth,
which does not allow the drawing of dynamic rectangles, Google Maps are used to enter the query
region by applying the Google API. Therefore, the query mode is currently 2D, which may be extended
in the future. There are also a number of other technologies used for the web interface. To embed
Google Earth and Google Maps in the same web page, Ajax may be used . To achieve the interaction
between Google Earth and Google Maps interfaces, the google.earth namespace, the GEView interface,
and the Maps API GPolygon are used. The specific details of each technology are given below.ly

follow the camera movement associated with the video.

* The godgle.earfh namespace contains.global functions to support to the use of the Earth API
interfaces. A listener may be attached to Google Earth fora specific evént, which means that if Google
Earth moves, the program will be aware of the movement and simultaneously move Google Maps.

» The GEView interface checks the view behavior of the observer camera in Google Earth.
There is a function that can return the globval view region thét is visible. It is notewerthy that the
returned region may not be very accurate because it will be larger than what is strictly visible.

Maps API GPolygon is an interface to create a polygon in Google Maps. Through this the
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users will directly get a view of the query region.

[0239] FIG. 21 shows the video results using the example Sensor-rich video Search engine. As can
be scen, the web browser interface embeds Google Earth and Google Maps on the same page.
Superimposed on top of Google Earth are the video results, while in the lower left bottom is the tthe
progress bar. The indicator on the progress bar points out the cofresponding pdsition within the time

interval.

[0240] In the system, data needs to be exchanged between the clients and server corresponding to
the query and result data. The overall architecture is shown in FIG. 9. The numbers (1) through (5)
indicate the sequence of interactions between a client and the server. Initially the user sends a query
window to the server. There, the data will be processed by means of using PHP to invoke the UDF then
returning the query results to the PHP code. The query results contain a KML file and video clip
information which is used to play back the video clips from the media server. Finally, the results will

be sent to the user where they are shown in Google Earth.

[0241] The main functionality in this client-server interaction is coded with Ajax. With this
technology, web applications can retrieve data from the server asynchronously without interfering with
the display and behavior of the existing page. At the same time, because of the properties of Ajax, an

dynamic interface can be established for the web page.

[0242] A prototype sensor-rich video acquisition module was designed and implemented on an,

Apple iPhone 3GS handset, which provides the built-in GPS receiver and compass functionality.

[0243] The Sensor-rich video App was developed With Apple’s Xcode development environment
for iPhone OS version 3.1.2 or later. The Sensor-rich video App is composed of six functional
modules: (1) video stream recorder, (2) location receiver, (3) orientation receiver, (4) data storage and

Synchronization control, (5) data uploader and (6) battery status monitor.

[0244] Video Stream Recorder: This module employs the UIKit Framework of the iPhone OS
Cocoa Touch Layer to invoke the built-in camera. Among the three video formats that the iPhone
supports, the medium quality profile is used. However, this could be changed based on user needs.

Table 5 summarizes the audio and video acquisition parameters.

Table S: iPhone audio/video capture parameters.
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Frane rate node Variable Colorinetry 4:2:0 Scan type Progressive
Channel (s) 2 channels Sanpling rate

WO 2012/115593 PCT/SG2012/000051
Parameter ‘ . Description
Format : ' __._MPEG-4_

Format profile o QuickTime

Overall bit rate . 861 Kbps ' 861 Kbps
Video Audio

Format , : AVC : AAC

Format profile Baseline@L3.0 | ‘ LC

‘Bit rate. mode _ Variable Constant

Bit rate 794 Kbps 64.0 Kbps

Resolution 24 bits 16 bits

Resolution (pixels) 640 x 480

Aspect ratio 4:3

Frame rate 30 fps

Frame rate mode - Variable

Colorimetry 4:2:0

Scan type Progressive

Channel(s) 2 channels

Sampling rate 44.1 KHz

[0245] Location and orientation receiver: TO engage and control the built-in GPS receiver and
magnetometer, the Core Location Framework in iPhone. oS Cére Services Layer is used. Location data
consists of longitude and latitude and the position can be regarded as the mobile phone exactly as the
position of the camera. For the orientation information, however, an interesting difference between the
true pointing direction and the device heading is discovered. Therefore, the system also fetches the
accelerometer data from the UIKit Framework to determine an adjustment and ensure thét the data that

is recorded represents the camera’s direction, even when the phone is held vertically.

[0246] An interesting aspect in sensor data acquisition is the sampling frequency. The update
frequency may be set based on a distance filter for the location data and a fixed sample rate for the
orientation information. A location ﬁpdate is triggered whenever a distancé movement of more than 10
meters is detected. The sampling réte for the compass is set to 30 per second. Experimentally, with
these settings viewable scene changes may be discovered well while saving battéry energy as much as
possible.. Furthermore, an expiration deadline is set for every data item obtained. If the location
coordinates were obtained longer than 5 seconds ago, this data is considered as stale. For orientation

data, its lifetime is set to 2 seconds because of its higher variability.

[0247] Data Storage and Synchronization Control: This module manages the storage of the
sensor data on the device’s flash disk. The goal is to utilize a flexible data format that can be easily

ingested at a server. In this situation a Property List may be chosen in the Core Data Framework as the
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ol et it ™n HGTAR TG b4 Eiediion b Fasr g aRiany Win st iRehes
[ 0249] DakesoivaRAedr sheilISirfRel ReledhX @S (18 siPBIFIGOI AR ARPEAICitRE QR t he

CFNetwor k APl in_i Phone OS Core OS Layer, naned ASIHTTPRequest. This
t hi r d- pdP $§1t CRRIYENERRS Videner s9ntinHe tongleadpvadoslips whpecersopflate yiaprdievieusly ng

wth a r i irl pi it f [ 1 j :
Fequeot SPRAGRE HFIS 1E@T0Ehe N SLART TR (Al Fhn s S M alipl Bt
The Dat aighplaodtherusenrandiparresord, stapt cdncd s et a Fideo 3 aia tRiG intedficaljest likethepr ks

to transm't| es
ua

ata, fi ” rtantl i s nmodul e i npl.enments the two

it or onmty R 1ind iphe s dPRAChAG . 1R BB St BRI S o o
concur r eefeteycedidfofition frbin thd ©P S@idshy difitdl esnmke Thp kensstaldtald stdréd to Widb\cddne
video files nay be transmtted later. Vjdeo files on the flash disk are
Lagged VEERGY He B vides isaveddeythe 6”5%“&8' Bédlagh diplo Moyt-rnaploaginasqseasegiges wo
scr eens iRt wehrouILhSRBE Qlep ) A @RstibGGPURL R dispSBd tcH S8 be LIBHBE 8 Lifh€r the
software, he or she will first see a wel cone view (left side of FIG 22A).
A user cégoeinfimatiomedy er bash gregensor apst videmtlencanche uplepded. A% mentinned garlierp

upl oad v o . i I I f the user
{buches ‘T1ia Vit AP PREscERE Rer B Findfine BIREHY BUR e WRLARERRen | (G “228
right) and the user can then record, stop, cancel or edit a video clip via
thi s i nd&5hce Nletheds| fok autpmetcally pasitigninip andndisplayin®Phisiaes & R feaviranmeatrera

Vi ew. . t iti,ona tarts to .record georeferenced

i or it EiSs G B BRERE R, 480 ine U B E Y S SR ST o1 e
to the dmogledEanh ot Geogld Mepswherefone thel ddameeds ts Bv@tlvér@edish ehacialsebmpatibld wisnd
flash disk. Next, an oading screen jdes the user through, the_ next

step. ASEEERY Wit dssiroeletart J&'i‘eseﬁ‘P%{%‘a‘t I%Séﬁnsea%%@oeﬁa%@aya ghep aforRaef ¢ he
sensor information only or both the sensor and video files can be upl oaded.
As nentioned earlier, saved videos can _be uploaded at a later point in tine
directly fromthe wel cone screen. [OZSQFNhthods for automatically :
positioning and di splaying videos in 3D environnents are disclosed. First,
the acquired sensor data in the case was not using the sane coordinate
system as Google Earth or Google Maps. Therefore, the data needs to be
converted so that it is conpatible with systens such as Google Earth. The
experinmental GPS sensor data information is based on a fornmat of



degrees, mnutes, and seconds. However, the longitude and latitude in
Googl e Earth uses a decimal degree format as represented by the WS84
coor di natWOYRYEMI3The broader issue here is that multi BCESCEONROVIEL e
systens need to be supported and data needs to be correctly identified and

convert eiegrm FEHURRY dndls8dd@ils. SIEal & et iitaon Ama bk Thiit0fe AMGbogRMHarth AbdsANdecimal
[ 0252] Secon sensor val ues by their very nature are sonetinmes noisy and

errors &ﬁ%reﬁfoaﬁat@meﬁremd&déhﬁwﬁs81)?0&&1na5%syaftemt iThekroadasissuediernds basreltiRiat a
qual ity c%rhinaﬂé%S‘%érﬁ@nJeHrt& Betu ep?BHQVandfdaL r%é@s%lb@ i Itr&t];y'?(‘fe?lﬁhécgéﬁdeconv%rted to
interpolation ahd error correction net Anot h ssue may b

accur at suppedilage-atalcoridavfac@iisition andiappkicationsGoogl e Earth (or other virtual
worl ds). Furthernore, the 3D datasets are far fromconplete and only a few
cities ext % 0 [ i

661 g 1T EIe RSP ARE ! P B BelGROBL Srkile O poltV B B A0SR B
and t he ndi ovaur irdpradtice htatmear ‘Blais prbhiem dfﬂytacluzﬂltyuwtll raquiﬁ:e“urtl&r stady, dj&tekaim]ﬂé to

experience. .[ 025 as nmentioned earlier, current djsplay technal ogy
P st 5SS R A oA STo] S Rty Aot aresSUEERY behE Bty SRR G o y
region TolﬂBDllbﬁhdméﬁﬁ CRYAIEWakh (mu@svma&mcma&) FEaftherhidrd, bR 3B QkREY BR farfRpg| €
Maps is used to aid in the qu area definitiaon, but eventually a full 3D
query i spapletgand gnlye @@sqlﬁleé%w extamya PR siaEiuges ip Gepgle Earth.h Vhsp huildings are

chal | engss e (ERL A IARRS R i ARE) bebdaRy SHEN Rt SRR i fHat dica. SO
interfaces €xist to deal w t h i mages and vi deos.” Al t hough they have

r udi ment Hriymgyigiswipt a disor’s gavigationd expenicnasf or mati on, they are still not
suitable for the research. For exanple, existing applications in Google

T e R e e R R L R L R

i nst ead dlfﬁcuigfor He lﬁcxdglspecﬁfyla 30 quegdetgion thrpughh éor syah e mass intérectonsn hebe a

server whic .spurce vid lips.b rrents
or " per t BRIt Pop laBY 7 8160 1 AT P el o feRaiob iy Sép G Eh p B bup
per spectwo\mﬁ;edégltdmet he technol ogy of | FRAME shi munder Mac OSX, 3D
perspectives nmay be |rrpl enented in Google Earth with the |atest webKit.

[ 0255] | pro e s, demopstrated that the aytomatic

b aconedt gl UiFras Bied Bheotitl hahaaEnel BifsRyEbaidiont & & gty
Earth a@l')o&l@@aftless&ﬁe ih@riYRE YxifiOddabw Mdimagdd HAH Qidedd. HithoAmh&NAle RapRAtd-pat
still need to be overcone, such as the sensor accuracy of the collected

dat aset StrRoHGEcofocien RBFmatmdiney B silbnng swiahlsfordhsiercarshe Rorsxample cxising
However fully
ot ot PeaEpiohs B Geeld S8R oh TP PhyrOhe i IRk afe3Becliea By BRRAMEinforfffon!

aut omat i Moprfbmbslsy nhelptul &f theseledtioalof ihnﬂ"tmtl\aﬁ clem me\mbd instead using the Google API
2012/ 11 §P 012/ 0000%\ 025 %AI | of H ls ghscl osed ai ned
herein cAROHEONIRRSYSINE BS3 Mth SO E‘(H!f gan mamp“éﬁ? f'%‘i‘?tvé‘ﬁ“ p?

|i ght ofextrdveingsegaents, dilpﬁﬁ'd)rﬁﬁd)th& operd¥ibrise A digreApaitaion $s xalacédm@slbcpéxsp@hvéshl S

i nvention - - have been described in terns _of qpreferred enbodi nents, it

will be “iptedrrhnelgex Aol RAME shim ynder,Mag OSX. 314 pegtpegtiyes may Hsdmpleinepigd in

appl i ed do@glk FariNRiR VlSaefidrebRitt he steps or in the sequence of steps of the
met hod descrl bed herein without departing fromthe concept, spirit and

scope of the invention. In addition, nodifications may be nade to the

di scl 0sd®58bpartathserolefipesytppnitisdsmansratsd thef thepyigmatic rdacegﬁbfsqfwﬁq?felatortb? t he
COﬁpone%&rée-&*iﬁ]%ﬁ&bm@od?%ﬁb By NAELEGE S ‘E‘@rmean‘arthéie@i!l1’:le tél oﬁﬁﬁappa meVaikd RRt

achi eved such simlar substitutes and nodific ent to those
ski | | ed spme phaélerwes that gilbieredrbaibe @velyomgi sush as thiasenspr ¢qcuracss‘afdb@colbntdd d@m@tept

of the I gc\é%snetolf(\?v%at gr c(cjn? 1 nn%%ncp gthérhe ao%%%n%iaedffec{ howe er r%/) gmﬁcdz fA‘ l an%oDstlo
. A nmet ho rirsing alnln Irntrornmnati on a an e evt ce
i nfor rratthematac;@mrrplajem g/ell and mﬂﬁiut@ﬂatmfall)t ih eheelk pe inficPes. Godengb@éale datasets such an

automatic processing is of critical importance.
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a direction that a surface of the device points to; a |level of light that
the device is exposed to; and an acceleration of the device's notion; and
recordi ngvoRrelzms¥smati on. 2. The nethod of claiml, WRETSGAK2H80051
information is recorded in a video format. 3. The nethod of claiml,
further (gz5pr i SAINGF tRSHOMORIdiRBséd@dicRARENREdiPBanWelnkhdd akd dXBcut&f WHIRAEEdue 4-
The method of claim4, wherein associating the information with a tine

r ef er ehEEPL iApFAgR i1 lightefdhenrpssnt dcdesuiea Yehle tha apparaius afmethedstof Hyis invention—
dir ectl %Qza]lge%}f Qés'cﬁ edI ih sopﬁ}gfeﬁ&f;&hl%d%én?@ it'vﬂ[l(% atditto C{hése oﬁ\ﬁll ﬂﬁh@?fé of
claim1l, erein the information 1s continuously obtalned at a first rate,
and t he thatfaiataos roay Gesppl@ditd the ogthoys and drothd etdpsatr irsthe segoende ptaps of the mEthed
method of clajm5, further conpri-sing determ ni whet her the first .rate
et Chas Ceretvab M vittbi YebarttdRi S aleHt ol Ard hebt SR nvbMiogtih Rlaitdh © ¢
the fir shodifiddafioisSmhpbermiddéab thdissReingbpartil, andaddinioaérits) ghagleae aihated of Or
the information when at an information recordation tine, no infornation is
obt ai nedubstigitediethegqrraneris desprabethprein weareihe samreorsimitan reselfsoroudd bepshigvedal ues
uses i nfAQr gRh isAiliaP RIRIIREL 2R hﬁaiffcai&ntg%%ga%@wﬁmeo&nteunﬁtmsit dr@t!&rrr@tttgg
obt ai ned after -the recordation tine. . The nmethod of claim1, further
conpr i sivwithin te spiriisevipa.gnd noreepiaf theyinyshtierhas defihet byethe appeadedalaimsor dat i on
time; and recalculating a value for the information, if the information is
i naccurate. WD 2012/ 115593PCT/ SG2012/ 000051 10. The nmethod of claim1,
wherein the accuracy of the information at a recordation tine is
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determ ned by information obtained prior to the recordation time and after
the recordation tinme. 11. The nethod of claim1l, further conprising

i dentifyiWwQ 20®y1gé393i nformati on fromthe continuously re®6T$&A0R20p@stat i on.
12. The method of claim 11, further conprising extracting the target

i nf or matwen 1 I9OLAMEROY: | nuously recorded information. 13. The nethod of
claim1, further conprising identifying a target object in the continuously
recorded information. 14. The nmethod of claim 13, further conprising
calculating a visible distance fromthe el ectronic device to the target

obj ect. 115. Amehettoangisingdevi ce, the el ectronic device configured to:
continuously obtain information, the informatjon conprisi.ng: a |ocation of
the el ect r onPRAGHE RIQrMafiog;at %‘b‘{l?cérﬁ“'?rﬁiﬁ‘flc%t@dP#’&E@‘OSfCOF’HBS‘ vi ce points to;
a level of light jhRRitidnhetdeYdcaenit devgeeposed to; and an accel eration of the
device's notion; and continuously record the information. 16. The

el ectronic devi cea @ecipthgl a girfaggeftes ¢evicg@oingfter mati on is recorded in a
video format. 17, .Therf lﬁ%a{t%io‘évﬁg}éieﬁg o) e ﬁd m 15, further configured to
associate the informati of With a time rererence. 18. The el ectronic device
of claim 17, wher & svcesrstoi aithedgvichis matfooramdt i on with a tinme reference
conpri ses associating. neasurenent tine of the |ocation, direction, |evel-
of light, an&cggggltg‘%ﬁg'ﬁu?rhf ormation. -19. The el ectronic device of claim
15, wherein the information is continuously obtained at a first

2. The method of claim 1, wherein the information is recorded in a video format.
3. The method of claim 1, further comprising associating the information with a time reference.
4. The method of claim 4, wherein associating the information with a time reference comprises

associating measurement time of the location, direction, level of light, and acceleration information.

5. The method of claim 1, wherein the information is continuously obtained at a first rate, and the

information is continuously recorded at a second rate.

6. The method of claim 5, further comprising determining whether the first rate matches the

second rate.

7. The method of claim 6, further comprising, if the first rate is lower that the second rate,
calculating data values for the information when at an information recordation time, no information is

obtained.

8. The method of claim 7, wherein the calculation of data values uses information obtained prior to

the recordation time and information obtained after the recordation time.

9. The method of claim 1, further comprising:
determining an accuracy of the information at a recordation time; and

recalculating a value for the information, if the information is inaccurate.
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rate, and the information is continuously recorded at a second rate. WO
2012/ 115593PCT/ SG2012/ 000051 20. The el ectronic device of claim19,
further cYORVNEDR3to determ ne whether the first rate BReTSGas12t0h@5second
rate. 21. ' The electronic device of claim?20, further configure to

cal cul ati®. datrae idthé@Soff Mimt 1) ewhierdi® kH¥edck @racy\bfeie a foiation fa0 b FBdor@ifion time is
recordation tinme, no information is obtained when the first rate is | ower

that thelelsapipadiby ifesmatigmobtarprd Rejok ky the Freerdatiop tiree a5 alprtheepardatigneies.ni t he
cal cualtion of data values uses information obtained prior to the
recordation tinme and |nfor ion obtained after the recordation tinme. 23.
The el ectlr onilée psthpd ef %%lméngarﬁh?rfsmpflw Weptifyigg fargstinEymatipn fegay the sAnkauoysly
accur acyeQfdddifrolnttghmati on at a recordation tine; and recal culate a val ue
for the information when the information-is inaccurate. 24. The electronic
device of claim 23, wherein the accuracy of the information at a

recor datjpon trng8ndiifoddet &aid Nedfubter n%rﬁﬁltgl %a&higadh@%r & in®rmhGort A8m the
recordation tine and after the recordation time. % he el ectroni c device

of cl ai reentsuopsly reerdedipfFrmgitted to identify target i nf ormation fromthe
continuously recorded information. 26. The el ectronic device of claim 25,
further confi ured to extract the target information fromthe continuously
recor ded 3 nf gg?rﬁ“teflﬁ’ﬁ f claym Frarther é‘é‘f‘?rdﬁr‘u‘igc‘dﬂ'éﬂfy‘éé agfregl ehiget i therqgptinpopsly
confi gurgdrded ihfdEtiohy a target object in the continuously recorded
information. 28. The electronic device of claim17, further configured to
calculate a visible distance fromthe electronic deV| ce to the target

obj ect. 1429. The fk¥hbe BT AKMPI3, Rirher comprisingd baleNatfiRRSKible ARfah &l én UR JIRASMEE A
| ocation of the system a di rection sensor con igured to neasure a

di rect i ol§vies torthrtatapkeliet- a | ght sensor configured to measure a |evel of
light that the systemis exposed to; an accel eroneter configured to neasure

an accel eration of the systemis nption; a_recording device configured to
cont i nudds| y Anedssirenie H?Vcb"rerrﬁ‘ﬁelﬁﬁm’"c‘%‘éﬂ"i‘%%? WESIIR° conpri si ng

continuously obtain information, the information comprising:
a lbcation of the electronic device;
a direction that a surface of the device points to;
a level of _light that the device is exposed to; and
an acceleration of the device’s motion; and

continuously record the information.
16. The electronic device of claim 15, wherein the information is recorded in a video format.

17.  The electronic device of claim 15, further configured to associate the information with a time

reference.

18.  The electronic device of claim 17, wherein associating the information with a time reference
comprises associating measurement time of the location, direction, level of light, and acceleration

information.

19.  The electronic device of claim 15, wherein the information is continuously obtained at a first

rate, and the information is continuously recorded at a second rate.
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the location, direction, level of Iight and accel erati on associated to the
system 30. The systemof claim?29, wherein the information is recorded in
a video EOrAt2/118W3 The system of claim 29, further conPCHEGeeN20000&85s0cCi at e
the information with a time reference. 32. The system of claim 31, wherein
associ ationg triheelectfddid iRy icoBf dMiint1 9 Autthdior iRl &N RRrERTRhERE $heTR S Ofé MbNG
nmeasurenent tinme of the |ocation, direction, |level of |light, and -

accel er #b¢ BMOMHPGr mati on.  33. The system of claim 29, wherein the
information is continuously obtained at a first rate, and the information
is continuously recorded at_a .second rate, -34. The system of claim 29,
further donf %&E Flegirangs d&é‘@%??ﬁ?%%&hmgrcoﬁﬂ%‘r? forcalculats data yalpesherdhaiptermaation ng
rate.  3ohen H igtihRidh McofdaBblBrdd no fisrhiaBbn S8PGInEENEh thonsahe W 18k & wale
values for the information when at an information recordation tinme, no

i nf or matseesmdirgie.obt ai ned when the first rate is |ower that the second rate.
36. The system of claim 35, wherein the cal culation of data val ues uses
information obtained prior to the recordation tinme and information obtained
after tHe redde §ReFYc devigs. of chym 2phwherpig therradeualtionj ahda vajugs usesinfemrtiogur ed

to: det giing pﬁe.i t%‘%ffélﬁeé’&éf%f%.ﬁ Snll mﬂm&#gﬁaiﬂﬁd Sk g%%c%?&aiﬁsml%m: and

recal culate a'value for the information when the infornation I's |Inaccurate.
38. The system of claim 37, wherein the accuracy of the information at a

recor dati3on tinBBlekifoniiSleolcBonasinDYSs, ief dBRkib@ed QP ai ned prior to the
recordation time and after the recordation tinme. 39. The systemof claim

29, further demigeareascuracy efdhn infoymatigngse récafdetionatimeandr om t he conti nuously

recorded inf @ cﬁ’lg{lliafgr}'vfalu\é\%r%géﬁéojr&é o%s\ﬁ)lgl;{tﬁe(j%?ojr%/a&) anlgﬁréccuﬂeg . The system of

claim39, fur r configure 0 extrac arge ornmation fromthe
continuously recorded information. 41. The system of claim29, further

configurgd t gy | : i - i .
ot or s on. age apictisfet ScREh 3Ry R ajcief Bthe BRI ol AR ipe, -
Vi si bl e iglde¢ranined by infomidtion ebtened pridrdo tevewedation tilme abdafipe theobjoedation time.

25.  The electronic device of claim 15, further configured to identify target information from the

continuously recorded information.

26.  The electronic device of claim 25, further configured to extract the target information from the

continuously recorded information.

27.  The electronic device of claim 15, further configured to identify a target object in the

continuously recorded information.

28.  The electronic device of claim 17, further configured to calculate a visible distance from the

electronic device to the target object.

29. A system comprising:
a locatibn sensor configure to measure a location of the system; - |
a direction sensor conﬁguréd to measure a direction of the system;
a light sensor configured to.measure a level of light that the system is exposed to;

an accelerometer configured to measure an acceleration of the system’s motion;
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arecording device configured to continuously record information, the information comprising

- - the location, direction, level-of light and acceleration associated to-the system: -

30.  The system of claim 29, wherein the information is recorded in a video format.
31.  The system of claim 29, further configured to associate the information with a time reference.
32.  The system of claim 31, wherein associating the information with a time reference comprises

associating measurement time of the location, direction, level of light, and acceleration information.

33. The system of claim 29, wherein the information is continuously obtained at a first rate, and the

information is continuously recorded at a second rate.

34.  The system of claim 29, further configured to determine whether the first rate matches the

second rate.

35.  The system of claim 34, further configured to calculate data values for the information when at
an information recordation time, no information is obtained when the first rate is lower that the second

rate.

36.  The system of claim 35, wherein the calculation of data values uses information obtained prior

to the recordation time and information obtained after the recordation time.

37.  The system of claim 29, further configured to: |
determine an accuracy of the information at a recordation time; and

recalculate a value for the information when the information is inaccurate.

38.  The system of claim 37, wherein the accuracy of the information at a recordation time is

determined by information obtained prior to the recordation time and after the recordation time.

39.  The system of claim 29, further configured to identify target information from the continuously

recorded information.

-67 -



WO 2012/115593 PCT/SG2012/000051

40.  The system of claim 39, further configured to extract the target information from the

- -continuously recorded information. -

41.  The system of claim 29, further configured to identify a target object in the continuously

recorded information.

42.  The system of claim 41, further configured to calculate a visible distance from the electronic

device to the target objéct.
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