Systens and Met hods for Stream ng and Archiving Video with Geographic
Anchoring of Frame Contents FI ELD AND BACKGROUND OF THE | NVENTI ON The
present iwoento@seel ates to systens and nmet hods for st reamBrgo/esdso
archiving video with geographic anchoring of frame contents. It is known to
provi de geographical information relating to the location at which still or
vi deo i mages were sanpled, and in sone cases, to incorporate the | ocation
information as nmetadata within the inage or video data. This technology is

Commnl%/ (rj ef e[L %zs*t&nélﬁnd%@@mbag%ﬁmwﬁ it Bld Avéhiting inel%alvh:gm?hﬁedl a to be
associ ated w corresp es o i's

t echnol ogy nay be found%%%’gl?j%)]‘ri:"'8 Pgﬂﬁ%QHIggggRggﬁé€§8457l, 6741790 and
7042470. The | ocation data for the af orenmenti oned geo-taggi ng of video is
typically derlved from sensors associated with the inaging device, such as
GPS sensors, sensors. Such sensors
provi de varﬁ? 24, e 2 ocation of the imaging

devi ce, and p055|bly also the dlrectlon in mhlch the i magi ng device is

facing, but do nghepi@¢hdiavaaim Rites BisQ5teRkiaan niibots foberrgaesigs apli cal
coverage of the video content. Thus, for exanple, if a user of a database

Wi shes t@ Vig f | ion, the user may need
to sift '(tghr whyﬁr%gﬁfgde\%%@b @Hi&?ﬁgﬂﬁggg?ﬁ%ﬁg V\ﬁlﬁ%h t heoreti cal | y could

have viewed the lLocation oflnt rest i vij.deo re taken from
nearby | ocati onslI ¥ to provfle geograp. zcaﬂ H)gm hon reﬁatmg 10 thw?ocataon

at which still or video images were sampled, and in some cases, to incorporate
the location information as metadata within the image or video data. This
technology is commonly referred to as “geo-tagging”, and allows the resulting
10 media to be associated with corresponding locations on a map. Examples of
this technology may be found in US Patents Nos. 6282362, 6504571, 6741790

and 7042470.
The location data for the aforementioned geo-tagging of video is
typically derived from sensors associated with the imaging device, such as GPS
15 sensors, inertial sensors and/or inclination sensors. Such sensors provide
various levels of precision as to the location of the imaging device, and
possibly also the direction in which the imaging device is facing, but do not
provide accurate information about the geographical coverage of the video
content. Thus, for example, if a user of a database wishes to view video of a
20 specific geographical location, the user may need to sift through many videos

taken from locations which theoretically could have viewed the location of



facing in the correct direction. Even if geo-tag data were suppl enent ed
with informati on about the pointing direction of the inaging device, the
actual cowmDento/@bs22he i nages is very sensitive to angul CTpBBa)/832639. Even a
smal | angular error in the pointing direction can result in a ngjor

i naccuracy in the geographic area which is visible in the inmages. This is
particularly true in situations where narrow fi el dof- view optics is used

to view di stigRtesPBh@6difg ASedsS whRINNRRrd Makkhefrbmehs®y 18tdtioh@ it not
reconnai ssance and survéillance. In mlitary applications, it is known to

I
enpl oy real _ﬁéig\?%‘ﬁ&,‘%%“g&t‘?@cﬂ&lt echnology to correlate information in

vi ewed i nages mages froma geographi c dat abase, thereby determ ning
t he geographi c cgordi.nates of, each point viewed .in. a sanpled i mage. In

ot her wor ds, eac%"ﬁl deigepfag dai Wﬁﬁ‘géuﬁpie“é‘?”f*‘\gt"ﬂ%ll OFfRHIRg byt ghe
correspondi ng geographic location. This allows reliable identification of
poi nts of i moéringt disgedionradribe emagihg glsytpeapte ectialycantenk of theriroagestis on
between platforns viewing a region fromdifferent viewing directions. The

scene matschivegy pERaRSHRGgLBT ?mrﬁtﬂ\/@ﬂ&! diyalhed@xilar @ne ihabelpb@sngccess to
an extensive infrastructure of reference images. As such, it cannot readily

be repeated S - Of: { I ; td Qg :Qr at a
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advant ageous .t.o0. make vi deo .sanpled.fr.0 remot e sensqr_avail ahbl
vari ou Sg Visible 1R l%l?e umages. This is partlcularri?f Gruc S SinSatidns wherd Nattow %eﬁi— at

of-view optics is used to view distant objects, as is common in the field of
military reconnaissance and surveillance.

10 In military applications, it is known to employ real-time scene matching
technology to correlate information in viewed images with images from a
geographic database, thereby determining the geographic coordinates of each
point viewed in a sampled image. In other words, each pixel of each image is
effectively mapped to a corresponding geographic location. This allows reliable

15  identification of points of interest and transfer of geographically-linked
information between platforms viewing a region from different viewing
directions. The scene matching processing is computationally heavy, and
requires access to an extensive infrastructure of reference images. As such, it
cannot readily be repeated on demand for re-use of the video in other locations

20 orat a later time.

Military systems are today highly network based, and it may be
advantageous to make video sampled from a remote sensor available at various

different locations in a network. In most cases however, due to bandwidth and

2



different locations in a network. In nost cases however, due to bandw dth
andprocessing capacity limtations, it is not feasible to provide the

f unct i onawOt29100f463220gr aphi ¢ anchoring of the images at murtBEhe03268%t i ons.
Specifically, the scene matching processing used to achi eve geographic
anchoring of the scene contents typically requires that the original
full-resolution inmage data, unconpressed or conpressed only by "l ossl ess”

techni ques, Hp&eé‘é{ﬁ’%g%%gg}gi?niﬁ%ﬂéﬁt f58lok 'sfl%ié ﬁﬁ;%%%ie D RmRABIMH LR

avai |l abl e in nost and particularly 1n wde area networks (WAN),

typically prohibits transfer .of such uncompr.essed or m.ninally conpressed
data. ATt er EORAPEESISRORNE 19f dhe dmErLat PARUPR: PE e yPraRHaEE f o
network transm ssion, the data is typically insufficient to perform

reliabl e scéepenmgichinggroenssigesgedhpshpehieisctroerapdic aedpang of fiestrene need to
provi de for storage and retrieval of video sanpled fromnultiple sources
accordi ng t eotfeatsgeggcadbhhireqliresovdert atie afigidad fuldesoluliie mirpee-datnt i oned US
Pat ent No. 6504571 di scl oses a system and net hod for querying a digital

i mge databage,RpR8kdonr ¥ahpRYSIPGHIANRE efossikdie! tielinigegeBgnapititie kocation
data. Here again, since the indexing of the video is based on the |ocation

of the imgieﬁ&rge}@h@&e E&%ﬁﬁ !I‘Eeabéﬂdlqﬂdt'gxa%%igbb?% NG5 %R&é&kgﬁgﬁédi ng the
geogr aphi cal” ' cont ent  of éach i nmage, leading to location msmat’ches between
a requested | ocation and coverage of video sequences retrieved froma
dat abase. Tl ipowiKg arse HAWOHS %@‘gﬁﬂft}’?% REP %@}S?%’f SUER cul ar
| ocation of interest is included within the video or not

uncompressed or minimally compressed data. After compression by high

compression ratio lossy techniques for network transmission, the data is
10 typically insufficient to perform reliable scene matching for geographic
anchoring.

There is also a need to provide for storage and retrieval of video
sampled from multiple sources according to the geographical coverage of the
video. The above-mentioned US Patent No. 6504571 discloses a system and

15  method for querying a digital image database based on various parameters
including geographic location data. Here again, since the indexing of the video
is based on the location of the imaging device, there is a wide margin of
uncertainty regarding the geographical content of each image, leading to
location mismatches between a requested location and coverage of video

20  sequences retrieved from a database. The user typically has no way of knowing
whether a particular location of inferest is included within the video or not
without checking all videos recorded within a certain range of the location of

interest, or at least, a large subset of such videos which were taken in the right



wi t hout checking all videos recorded wthin a certain range of the | ocation
of interest, or at least, a large subset of such videos which were taken in
t he ri ghtwenerol4siter ecti on. In the case of a | arge dat albasaB20a0/03263p t ask
may be inpractical. There is therefore a need for a system and nethod for
facilitating transm ssion and use of video sequences whi ch woul d incl ude
pgecise geogr aphi cal anchoring of the video frame content. It would al so be
advant ageou ravi ar,.S d t rieval of

vi deo on de%g%%agégé& upo%lg%%%%%?g@i%3%@?ng&%%m§h§ﬁ%g%b%§gh?%glb%overage
of the content of. Hhe video frames. SUMVARY OF THE | NVENTI ON The present

i nvention r &PBt8t'o systens and nethods for stream ng and archiving video
w t h geographic anchoring of frame contents. According to an aspect of the
present inventi ofhemeisethesslpieoyinted, foa ansyvien ashpratkethdor heciklebps of 1 (a)
processing franes froma source video sequence by matchi ng i mage content of
the franes tanimBgendahd dseonl avidewgiegphrices dahrbas@uld idelnde epretise
geographic | ocations of pixels within at |east part of the frames; (b)
conpr esskng (%%Q%ra RUSCanVHARR SRUHRNGEIY AnOSHYieht.de0 wANR! 8861 B

techni que to generate a conpressed video sequence; and (c) encoding the
conpressed vi.deq sequence togeth i ( i adli ' raphi c
ocat  ons ofpr e IE O RATYED A deBl B PtAEE b it BEVREDT, 2

aspect of the present invention, the data i
on demand based upon accurate indexing of the geographical coverage of the

content of the video frames.

SUMMARY OF THE INVENTION

10 The present invention relates to systems and methods for streaming and
archiving video with geographic anchoring of frame contents.

According to an aspect of the present invention there is provided, a
method comprising the steps of: (a) processing frames from a source video
sequence by matching image content of the frames to image data from a

15 geographic database to derive the geographic locations of pixels within at least
part of the frames; (b) compressing the source video sequence by a lossy video
compression technique to generate a compressed video sequence; and
(c) encoding the compressed video sequence together with data indicative of
the geographic locations of pixels as a composite data stream.

20 According to a further aspect of the present invention, the data
indicative of the geographic locations includes parameters of a transformation

for mapping between image content of the frames and the geographic database.



i ndi cative of the geographic |ocations includes paraneters of a
transformati on for mappi ng between i mage content of the franes and the
geogr aphiwodatoatzee. According to a further aspect of theCcpnBzamds2espwventi on,
the data indicative of the geographic |ocations includes at |east part of
an el evation map. According to a further aspect of the present invention,
the data indicative of the geographic |ocations for a subset of the franes

includes data foy Y 9 9eRhaPhifed 0GRIHONFedept ahiMRichO HE0GHAPhI C
| ocati ons define C?ﬁhgit%g?s of the fgegrres. Acg)gcrec?i ng to lg further aspect of

t he present .i nventi the c site data,st ' [ . f or mat

i ncl udi ng né’f(g‘d%{vg.O%R}Eec%‘?oﬁf%g&?@cg@ﬁrl?ﬂ‘é(}e%% Eeggl]tﬂa%[f (?ﬁta}\:leeq%%élggtr@ipi nventi on,
t he source video sequence is a real-tine video sequence out put a video
sensor, the net hdégcerdinghde %oﬁ%ﬂh?l‘siaﬁi@ecﬁr%§lﬁ"érﬁrﬁ?@ttlﬁﬁe’fﬁ@ﬁpotgﬂ Rat a
stream over a wide area network as a substantially real-tinme video sequence
for providi igdigeogr@fthe gabgryplein dbatieds forde sulfsenef the dedniasyingliudes dadaot e

| ocation. According to a further aspect of the present invention, there is

al so prowi dggy dé@ling{RbiAghR! lobaRst RRkive 9 debgraphRPloesser ddfled isequence
in an i mage database;” and (b) generating at |east one indexing entry

associ at ed ‘Mﬂ%e'}!s%%ﬁh'e' Siesone frame of the conpressed video sequence, the
i ndexi ng entry” T ncluding a geographical footprint of the at |east one frane
of the conpressed vi deo sequegtﬁe derived fromthe data iﬁdi cative of the

geogr aphi ¢ | ocat P6RerdsE f g duEhern ppeeingt el BRFeRG PEPHRRy e SR9Shfes from

t he dat abase based on image content ]
data stream is a video data format including metadata.

According to a further aspect of the present invention, the source video
10 sequence is a real-time video sequence output by a video sensor, the method
further comprising transferring the composite data stream over a wide area
network as a substantially real-time video sequence for providing
geographically-anchored-video functionality at a remote location.
According to a further aspect of the present invention, there is also
15  provided: (a) storing at least part of the compressed video sequence in an image
database; and (b) generating at least one indexing entry associated with at least
one frame of the compressed video sequence, the indexing entry including a
geographical footprint of the at least one frame of the compressed video
sequence derived from the data indicative of the geographic locations of pixels,
20  thereby allowing retrieval of frames from the database based on image content
location.
According to a further aspect of the present invention, there is also

provided: (a) defining a set of rules for selective storage of video data in an



| ocation. According to a further aspect of the present invention, there is
al so provided: (a) defining a set of rules for selective storage of video
data i n amOreagel4dRtabase, the set of rul es including at PCeEaB21@NR263Ul €
relating to geographic |location of inmage content; (b) enploying the data

i ndi cative of the geographic |ocation of pixels to evaluate a result of
applying the at least one rule relating to geographic |ocation of inage

content to %s%&%b%%e@]evgaeef SERYERERdIRANGt (18dst d8RENGRNtelAing @aSt upon
the result, storing at | east part of the conpressed video sequence in the

i mge database. There i.s al.so _pravided.ac j . 0 f. ur. ct of the
pres 1(_'an]'E i nv@r‘??%%ﬁl}wé?%ﬂleqﬁ?gﬁ%F?Iétleetg .ﬂ%(e%?ﬁlgiﬁlgg ﬁ%eggﬁgr”g(%éés}g\%r(ﬁﬁggi ng an

i npu or receiving frames of a source video sequence froma video source,
the i mage prees8BdiE lpeiteyg KaHrelyle Haligiopy Beekd §(f]taﬁﬁlyff%8a%sat§9asﬁﬁfl‘éhi ng

i mge content of the frames to image data froma geographic database to
derive the gelegehpihgdo lgecgplinsoatiopiofemegaicomtint tattht sasprgssed vigko t he
frames; and (b) an encoder in data commrunication with the inage processor

and conf isgurseghidn@e; ddd) (cF QPRNESH at NRsS@ICEe YésdROsIGAAY ankastParcof hssy Vi deo
conpression technique to generate a conpressed video sequence; and (ii)

encode t he %8@%@8%&?%1%% g?ecﬁlgﬁ‘g&ﬁﬂgﬁfé%%%p%m%ew th data indicative of the

geographic 10 i"ONS 0 a osite data stream There is also

provi ded according to,a further, aspect, of the.present invention dat a
broduct conpri si nBere( 1) o duniied Raowingel fiofRHHET GoRtchi 9 g bresent

invention, a system comprising: (a) an image processor having an input for

receiving frames of a source video sequence from a video source, the image

10 processor being configured to process the frames by matching image content of

the frames to image data from a geographic database to derive the geographic

locations of pixels within at least part of the frames; and (b) an encoder in data

communication with the image processor and configured to: (i) compress the

source video sequence by a lossy video compression technique to generate a

15 compressed video sequence; and (ii) encode the compressed video sequence

together with data indicative of the geographic locations of pixels as a
composite data stream.

There is also provided according to a further aspect of the present

invention, a data product comprising: (a) a compressed video format containing

20 a compressed video sequence derived by compression of a source video

sequence by a lossy compression technique; and (b) data combined with the

video sequence as part of a composite data stream, the data being indicative of

geographic locations of pixels within at least part of frames of the compressed



a conpressed video sequence derived by conpression of a source video
sequence by a | ossy conpression technique; and (b) data conbined with the
vi deo seqwenoew/@ss2part of a conposite data stream the aaraBiad/ngpe3o

i ndi cative of geographic |ocations of pixels within at |east part of franes
of the conpressedvi deo sequence as derived by matchi ng i nage content of
frames of the source video |lo inmage data from a geographi c database. There

Is also pr Oviﬁe%%eatﬁ%gaegétsg%gﬁe? ;%yf%t&@gg iRFPEEmOl: diMPaLSERE sbieenti on, a

met hod conpri sing 0 g a conposite data stream

conprising: (i) a.conpressed video faormat, containing a conpressed video
sequence derY dﬂﬂ§m£%ﬁﬂFZ§§?Eﬁ@%Fmgngg%?@gevideo sgquencgpby a | ossy
conpression technique, and (ii) data indicative of geographic |ocations of
pi xel s within at Theests plaptprovided saveerdsiz the EBurist esB Qf?ﬁ’@opr@é‘%‘j’lﬁence as
derived by matching i mage content of frames of the source video to inmage
data from a igeagivaphimeitiad abageisingblhe ditgp| @y i(agetdieingoapompssitt datdeo
sequence to a user; (c) receiving fromthe user in input indicative of a

posi ti on swi tyl-Bmt By eistad-aypel C\Shﬂﬁ&ée@@ﬂieﬁdﬁ)rﬁﬁpk%ﬂﬂq%!aec&@ﬁr@s&ﬂ derive a

geographi cal |l ocation corresponding to the position within the displayed

nvent i on. 398 foBCnB e by RO BRI Gy ol IS RBRENP MR PO e

From a geograpiHe it HEHBEVEoRBbr i GHErBIGUG ASHECrBU [ORUOB o xels
within at |east part of the franes, and hence a geographical footprint of
at | east oneindls within at least part of frames of the compressed video sequence as
derived by matching image content of frames of the source video to image data
10 from a geographic database; (b) displaying the compressed video sequence to a
user; (¢) receiving from the user in input indicative of a position within the
displayed video; and (d) employing the data to derive a geographical location
corresponding to the position within the displayed video.
There is also provided according to a further aspect of the present
15  invention, a method comprising the steps of: (a) processing frames from a
source video sequence by matching image content of the frames to image data
from a geographic database to derive the geographic locations of pixels within
at least part of the frames, and hence a geographical footprint of at least one of
the frames; (b)compressing the source video sequence by a lossy video
20  compression technique to generate a compressed video sequence; (c) storing at
least part of the compressed video sequence in an image database; and

(d) generating at least one indexing entry associated with at least one frame of

the compressed video sequence, the indexing entry including the geographical



the frames; (b) conpressing the source video sequence by a | ossy video
conpression technique to generate a conpressed video sequence; (c) storing
at | east weanoioofi6i2he conpressed vi deo sequence in an i mege/1Bzeb#ssy, and
(d) generating at |east one indexing entry associated with at |east one
frame of the conpressed video sequence, the indexing entry including the
geogr aphi cal footprint of at |east one frane of the conpressed video

sequence, L esshy, aF LOWAD hetkiRY B AL LEABSCd LIl ReudRkahAgeppased on

X &
i mage conte ocat1 on. ere 1s also provided according to a further

aspect of th resent inventio a dat ahase, conpri.si ng: (.a),.a mai n dat abase
cont ai ni ng &ﬁB%HEdFrﬁvaghfﬁéﬁﬁﬁkgggyﬁi %agﬁe?@ﬁﬁEW65@gg8?%%%doﬁﬁm@bnpression
of source video sequences by a | ossy conpression technique; and (b) a

dat abase i ndex i benadisnejsatorovded asersdingdiox pniyribar aspest SbthatEssHi t h at

| east one franme of the conpressed video sequences, the indexing entry

i ncl udi ng aigengoaphdsabast @omprisink: Gf) aahaihestbasneoiftaiaimg oplutdigy obnpr essed
vi deo sequence derived by matching i mage content of frames of the source

vi deo seque ' gnRphi hase. sdires ebMedt! | oW ng
retri eva? 01Icag P&%%ésdr?‘?g%ﬂth uglgcgganbg%%%gas%gd}&gﬁlp?%g%e con?ent Iocgti on.

BRI EF DESCRI PTI ON QF THE, DRAW NGS The i.nvention_] ej cri;bed, by way

of exanpl e Sﬁ(ﬂ%?,ncﬁ t‘W raell%'sgn%%ngrgsstl%ne l<§31(\;(§hcné ueéinil}%drslg(gg{r1 aé\}\"/lﬂ%%g(? f\’/r\ﬂg}r?ei n: FIG

1 is a schematic overview of a system co_nstructiled and operative, according
Wr

to an enbodiREvdingfl {99st gneclidpting RUBR EPBINIGhIIGE lsathpeniaterf the
compressed video sequences, the indexing entry including a geographical

footprint of at least one frame of the compressed video sequence derived by

10  matching image content of frames of the source video sequence to image data

from a geographic database, thereby allowing retrieval of frames from the

database based on image content location.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
15  reference to the accompanying drawings, wherein:
FIG. 1 is a schematic overview of a system, constructed and operative
according to an embodiment of the present invention, and for implementing a
method according to the present invention;
FIG. 2 is a block diagram of an MPEG transport stream multiplexing
20 with metadata useful for implementing the present invention;
FIG. 3 is a block diagram of selectice VOD archiving according to an

aspect of the present invention; and



met hod according to the present invention; FIG 2 is a block diagramof an
MPEG transport streamnmultiplexing with netadata useful for inplenenting

t he presew0d20rwmmi2eon; FIG 3 is a block diagram of sel ecriiB®1v/E263x chi vi ng
according to an aspect of the present invention; andFIG 4 is a bl ock

di agram for video and franes retrieval froma VOD system according to a
further aspect of the present invention. DESCRI PTI ON OF THE PREFERRED
EVBODI VENTS The RIESPAL o &Nk QA A% el HRPaRls SAREH SiomaChonS

pat entable signitficance in i1ts own right, ich relate to transm ssion,

storage, retrieval and/or display of | es till.or vide
which is ti &858 a@%fe{a%ﬂiagj”ﬁﬁ f&%ﬂ%&tf’gﬁ‘.%% e%e?lfgl'tve%%ctv' of Ot ﬁiq?ﬁCSﬁf |) on

relates to a nethod, systemand corresponding data structure for encoding
i mages, preferably video sequences, with information sufficient to define

t he geogr aphj f i es. A second aspect of
t he present %ﬁs&%ﬁa%ggﬁ%@%m%@@@a iy Ad/ or sear chi ng system

and nmet hod which enabl es sel ective retrieval ofuinages of a desired

geogr aphi cal | oc@hé gireseBotifivaditioh higsea asmeist sofwadpectse edels of | passhtdhje r ef er ence
to FIG 1 which shows an overview of a system 10 for inplenenting an
enbodi meRt Qfok#enRE 83 8RR R, RRich ORI (D rah SRR Goh WRoRZBEFdiSeval N thi s

context, it I's inportant to distinguish between information relating to

camera posi tion and;infor MLl om & A%t B whRALEBEd ¥ gbdlSaphic

i

information.
A first aspect of the invention relates to a method, system and
corresponding data structure for encoding images, preferably video sequences,
10  with information sufficient to define the geographic coverage of the content of
the images. A second aspect of the present invention relates to an image storage
and/or searching system and method which enables selective retrieval of
images of a desired geographical location. Both of these aspects will be
described by reference to FIG. 1 which shows an overview of a system 10 for
15  implementing an embodiment of the present invention combining these two
aspects. In this context, it is important to distinguish between information
relating to camera position and information relating to the content of the
images. As pointed out above, tagging of images with the camera position can
give a general indication of where the images were taken, but is insufficient to
20 accurately and reliably identify the geographic coverage of the images.
According to preferred implementations of this aspect of the invention, the

information for encoding within the video sequence is derived from registration



i mges. As pointed out above, tagging of inmages with the camera position
can give a general indication of where the imges were taken, but is

i nsuf fi ciwototon4e2eurately and reliably identify the geegraphiieoieser age of
the images. According to preferred inplenentations of this aspect of the
invention, the information for encoding within the video sequence is
derived fromregistrationof the imges by a registration nodule 12,

directly O ofitfi dhabdl 87 IPElAIARTALME I BRIy (& ViABHLRIGnAIAEO0r aphi C
i mge dat abase 14, ereby giving an accurate and reliable indication of

t he actual geographi cal ,coverage of the.i . |4 ] reqistration
data ey be THRORERSE R0 Je TN A syl gt ShUBal I i R
corresponding to the existing functionality of on-sjte georegi stered video.
However, an aBrAsedaife#nd wiiablgangicalaiane! teackial &ﬁ(’%‘“&@]@éa& ‘Fﬂ‘@“@gr{% the
functionality available at a renote site by encodi ng geographi cal coverage
i nf or mat i on imagetTierreniltiy segistrappe siednsy bepraade togetbemwiib thmeidder 18, al |
as described in nore detail below. The inclusion of this geographical

cover age si nf9LNBEdl Yy §60aHhbdif tde Wkiieng TosuRAsky dleli®e ddoe Vi deo

sequence "portable”™ i'n the sense that the geographical information becones

availabl e tq, st%%lasxﬁgé{)?ﬁm{}e%%} %eéﬁrlbo(afiméljﬁ%f\fhggféséfﬁqﬁﬁéﬁ?igg%é QWist he
phic

reci pient necessarily requiring access to the geogra at abase
infrastructure, internedi ate.reference i nage r scenematchin rocessi ng
systens. FurseRér W@Pgﬁﬂﬁ %Yadlégleséhﬁeﬁggo@aﬁﬁ‘?ﬁ@h gHee B%pg@%%a‘e?fii ng high
conpression ratio | ossy conpression techniques, such as the various MPEG
st andar ds, fcovemet wdpknatioartegsther with aisomprepsecthyidenidaty stream at encoder

18, all as described in more detail below.

10 The inclusion of this geographical coverage information encoded within
the video sequence renders the video sequence “portable” in the sense that the
geographical information becomes available to a subsequent recipient of the
video sequence without the recipient necessarily requiring access to the
geographic database infrastructure, intermediate reference images or scene-

15  matching processing systems. Furthermore, the video sequence can then be
compressed using high compression ratio lossy compression techniques, such
as the various MPEG standards, for network transmission while maintaining
the functionality of a geo-registered video sequence. The video sequence can
then be used in many different ways, and in many different contexts, some of

20 which will be detailed below in the context of additional aspects of the present
invention. As a brief non-exclusive list, the video sequence encoded according
to this aspect of the present invention may be transmitted to one or more

remote viewing station (at remote player 20) where various interactive

10



the functionality of a geo-registered video sequence. The vi deo sequence
can then be used in many different ways, and in many different contexts,
sonme of wNDchiwvi4b3i22be detail ed bel ow in the context of a&duilB2oomes26zpspect s
of the present invention. As a brief non-exclusive list, the video sequence
encoded according to this aspect of the present invention nmay be
transmtted to one or nore renpte view ng station (at renote player 20)

where vari O!fﬁnétza&lsﬁgﬁ}%ae(ﬁpg; QSF%@%@J(;M&&E "gkatdn" dithth 4ROGHAREL Gah becation

within the inages ¢ ovi in a manner simlar tothe real-tine

on-site display f.mlitary syste described abqve,. tiopal.l.

subst anti al @ﬁﬁ“f’é% atrpme¥ S’r‘%ﬁ%){}? e T Pﬂ"sge cfgﬂ:g%y sgpi‘ﬁ‘kl?aéff

retrieval (the entire sequence, selected clips or individual framnes)

accor di ng t Gysiege dgicaivad ehove, eptenady suhyerfiadlydnyeal sime); f magybestoredput i nt o
any other systemfor further processing based on the geographical anchoring
of the i nmageénachitante 22fomiclieviak (bt eatiret qoereeosdeatad cliys ekindbedbaln t he

art, the information defining the geographic coverage of the content of the

i mages c3n BeipPUERREink o Malcb@tphidhf foRAEIH bsed WBeryT BRI itthey BBMAR 1S

preferably sufficient to determ ne geographic | ocation on a pixel -by-pixel

basis w thi he_ | ng. p r t i nf i may

i ncl ude par grrlrt:(e)t grrlgé nbgggfa S%’#%]ﬁs?%r @h%%n&gﬁ%ﬁgpnkﬁ%%degghﬂhgi g%@%ﬂgl?&ér oup of
pi xel s) to a geographjcal |ocation. Alternatively, geographical coverage of
an i mage rrafn%ém&@rféfdh%yn%es‘}?ﬁﬁm-nunber of geographically anchored points
(typically, pixels) for the image. Typically, four points are sufficient.
The transformati dw will dacHen toovme ordeaily oisledr i thgpatatheyinformation

defining the geographic coverage of the content of the images can be provided

10 in various different forms. The information is preferably sufficient to determine
geographic location on a pixel-by-pixel basis within the image. In one preferred
example, the information may include parameters of a transformation which
maps each pixel (or group of pixels) to a geographical location. Alternatively,
geographical coverage of an image may be defined by a small number of

15  geographically anchored points (typically, pixels) for the image. Typically, four
points are sufficient. The transformation or anchor point locations are typically

used together with information about the relief of the terrain (for example, a
digital terrain map (“DTM™) or a digital model of an urban landscape). This
relief information may be provided to the end user from a separate source

20 (geographic database). Alternatively, in some implementations, the relief
information may be included as metadata also embedded in the video sequence.
Optionally, the information for defining the geographic coverage of the

content of the images may be encoded for certain frames by definition relative

11



used together with information about the relief of the terrain (for
exanple, a digital terrain map ("DIM') or a digital nodel of an urban

| andscapewo 20tves2el i ef i nformati on may be provided to Phe/1Brdo/Res9 from a
separate source (geographic database). Alternatively, in sone

i npl ementations, the relief information may be included as netadata al so
enbedded in the video sequence. Optionally, the information for defining

the geographji gnﬁﬁyﬁﬁ%ﬂ@._lﬂfr kB8 E?B%t‘?&q 18l SRt BgRkiNEXcRAgeRGased for
$"Dy definition re

certain frane | at1veto anot her franme.” For exanpl'e, optical

flow or feature i ng technigues Jmay be u i ' one frame
to correspoﬁ?ﬁiuﬁ ‘;0%18815@? ogeﬁrgg}eb %FS%%%C%ﬁgegﬁ%ﬁg{ﬁse véésgl%nchored
by one of the above techniques. Mst preferably, each frame of the video
sequence i s viidvagdlemielves gaekpraphy e8¢ ohthepBPYHiGChHa%Snat i on (e. g.,
transformati on paraneters, specific geographic information and optionally
addi ti onal i nf or Midst geefalablyt, dable fudnde of dontvaded) seqatndeoiggrovided emgint at i ons
in which anchoring information is provided only for intermttent frames

al so fal k wigthiRshiba meﬁ%gfmfohﬁatwrﬁ%ggg b AMBALAtRA. pdrimbless, Ispédifie case,
t he geogr aphi cal Fy anchored franmes may be at fixed intervals, or may be

chosen accor ging {8 @RYmakAFLng LpHELIR addMiorBX MMBHAaiohAh. A eS| ap wi th

t he previousg AChore ra ral wa certain et{/ ~desired, the
'he i nt or versPHGD HHSEh HBESH ORI HOED et g GEPREaT TG 1 oat ur e
tracking performed at the 1P| ayback device. These tfe%hni ques. z‘i[geﬁ N
conput at i onainky faréhtarmifienyfrpinghalso fall within the scope of the present mventio
In the latter case, the geographically anchored frames may be at fixed intervals,
10 or may be chosen according to any other criteria, for example, when the
overlap with the previous anchored frame falls below a certain level. If so
desired, the use of such criteria may facilitate reconstruction of geographic data
for the intervening frames based on techniques such as optical flow or feature
tracking performed at the playback device. These techniques are
15  computationally relatively light.
As mentioned above, the information for defining the geographic
Jocation of the content of the images is preferably encoded within the data
structure of the video sequence itself. Clearly, a wide range of data structures
could be used for encoding the images (frames) of the video sequence together
20  with the additional information of the invention. According to one particularly
preferred but non-limiting example, a standard format of a type allowing

insertion of metadata is used. An example of such a format is MPEG2-TS or

MPEG4-TS with “private streams” (see FIG. 2).

12



As nentioned above,
the content of the inages is preferably encoded within the data structure
of the viweaosegoenace itself. Cearly, a wide range of ®aTABHO/OEIN €S
coul d be used for encoding the inmages (frames) of the video sequence
together with the additional information of the invention. According to one
particularly preferred but non-limting exanple, a standard format of a

Lype 3l Lowt g nachih ol ofd sfREAYG! onlibuine She A0 RAaEPLoaLe ABRIA for MRt 1

MPEG2- TS or

MPEAA- T

system for e ratin
i

t he present

Entihs

the information for defining the geographic |ocation of

wth "private streans” (seé FIG 2).A nethod and

B AR RSP 0 BRRORCRPLE Roh ol BEP T,

regi stration process to generate a transformati on mappi ng i mages to

geogr aphi calPeyforniEEo hed reeafiatian cRroress gios Serstial %y@”@ﬁ%ﬂ‘é 180 BEPPRAown i n
the art, and are described for exanple in the follow ng patent

publ i cat i onsmagds tl3@GpHiBITF18606@d MBrate 7ihkgss 7dchaswitets 2007¢10027591.
the system preferably includes additional processing nodul es,

wher e regui @dwnl BY (EOBMEhi Nite tRBcEIRII Y@ deddnapie - onef ﬁﬁﬁiﬂﬁ@%tﬁa&mf ormat i on

I n additi on,

into the data type and format required. Optionally, as w

e di scussed

pel ow. the SYBHEMCRY alfioLAeRs’ at g 73sameat e QubRYh7ALseNe deqggaphi cal

foot print of

sone or

i mages, and’a corféspondi ng’i ndex

sufficient Ldentif he i e, fqr storage i.n database index 24. The
source for tttﬁ%zgfl?ﬂé%z%ggugﬂc%@g%?‘bc sélﬁst‘?fﬁyp’f?éer'f‘éil 3‘?@‘??%35 il vi deo, or
may be prerecorded video from any source. ) )

processing modules, where required, for converting the derived frame-to-

reference transformation into the data type and format required. Optionally, as

10 will be discussed below, the system may also generate a separate output of the

geographical footprint of some or all of the images, and a corresponding index

sufficient to identify the image, for storage in database index 24. The source for

the video sequences processed may be real-time sampled video, or may be

prerecorded video from any source.

15

Turning now to a second aspect of the present invention, this relates to

an image storage and/or searching system and method which enables selective

retrieval of images of a desired geographical location. Here too, the method is

based upon identification of the geographical location of the image content. For

particularly concise and accurate geographical indexing of images, an index 24

20

is preferably assembled containing a geographical “footprint” for each indexed

image. In certain preferred implementations, the footprint is defined by a

polygon, typically a rectangle, trapezoid or trapezium, which corresponds

substantially to the geographical area covered by the image. In some cases,

13



Turning now to a second aspect of the present invention, this relates to an
i mage storage and/or searching system and net hod whi ch enabl es sel ective
retri evalwofoiomges of a desired geographi cal | ocation. PEEAB201@@5263%e

met hod i s based upon identification of the geographical |ocation of the

i mage content. For particularly concise and accurate geographi cal indexing
of images, an index 24 is preferably assenbl ed contai ning a geographical

"footprint” harcuRRhdr RESKRLahIRAaghd) pRAE AR Ph&feeh @6 thAENES] at i ons,
the footprint 1s défined by a polygon, typically a rectangle, trapezoid or

trapezium whi,c r t i a covered
bK t he imggi{qhﬁggé%ﬁg%gggﬁgg’%l%%?f%ﬁbjhg%?ﬁgﬁgﬁ@%&Fﬁgh?%d;gé? parts of
the inmage in the far-field, i.e,, Wwith low,spatial resolution, may be

excl uded 1 OPRPHEL JoFSHER PEYIci frbemRRURET B, GO §iriog dpBIbE BRL or r ed
enbodi nents, the definition of the footprint may be sinplified to a

st andar di zedepahplibed tf astapsdandiried rolygoot Engixemping sectan@lhiinset wathin| |

footprint, and corresponding to the central frame or otherw se defined

prinary regithd fif feomy@itagel edrrdshendin@@e theByentral itk wirnghawise defineddex of
imge footprints, it becones possible to send a query fromrenote player 20

to search i'};‘l’]ﬁﬁrﬁf‘eé&goﬁ%{e}%\é%ﬂtﬁé)ﬁﬂ p associ ated database, or fromany of
stor

ahplﬁrality 0 ge devices covered by the index, any or all images

ich include a ecific locatjon.of interest. wthjn.their footprint area
for viewing on r AnRIpE SUsky an A‘?\éeé‘x@nﬁageoff)%ﬁgh’ 1 Rregmgs Bﬂgs%éﬁand query
is illustrated schematically in FIG 4. In contrast to s%/sterrs nmentioned in
t he backgr odndernsbe ghen fappvemelsi Rlayes2d thasuah srdexderngd refrieve from an

associated database, or from any of a plurality of storage devices covered by

10 the index, any or all images which include a specific location of interest within
their footprint area for viewing on remote player 20. An example of such a
video-on-demand query is illustrated schematically in FIG. 4. In contrast to
systems mentioned in the background section above which are based on camera
location tagging, an image returned as matching the required location

15 according to this aspect of the invention is known to have the location of
interest within its footprint. This makes it possible to pinpoint images of a
certain location, building or other point of interest within a store of images so

large that it would otherwise be impractical to search by camera location alone.
Clearly, a search for images taken of a given location may be qualified

20 by various additional criteria. To this end, the index preferably also includes
various additional searchable data. For example, the index may advantageously
contain any one or more of the following types of data associated with the

image identifiers and footprint data: time and date on which the image was

14



| ocation tagging, an inmage returned as matching the required | ocation
according to this aspect of the invention is known to have the | ocation of
i nt er est wot2hion4b328 footprint. This nakes it possible tecCpilBpad/m263ages of
a certain location, building or other point of interest within a store of

i mges so large that it would otherwi se be inpractical to search by canera
| ocation alone. Cearly, a search for inages taken of a given |ocation may

be qualified;hy:) %}eﬁ%cﬁﬁﬁﬂ dlanadin&r i @hléwingoseaf&ﬁqgew wvidde floRdg X

preferably al so includes various additional searchabl’e data. For exanpl e,

of data asi e SR LR e hinue By PREC QAR BeF b BhliBY [ 1RE°

date on which the i mage_wastaken; canera_ |l ocation and/ or ot her df\ta

al | owi ng sed&tathi mpee odualite Wete rapdh BYPgi Ve dmaging creng psedr (8% £/pmele. t he front
or back of a building); inage resolution data; inmage quality data; and type
of imagi ng sherswl imsgd of Wviblekightolmget)her mal i nages or visible |ight

i mges). Footprint indexing is preferably done on a frame-by-franme basis,

or at legst for iFebgkint iHdRingf & PrEBraBlS B6ndouh adrihs-ByFhunte vadleQrsequence,
thereby allowi ng selective retrieval or selective view ng of rel evant

frames [1omuld i ifBrban dafhey | d8ALIRAARTRS 4 lvidlOUdhoRG, NALRHy hovever

t hat i ndexi ng of video sequences as a uni fa cope of
the present inventiogn and may be preferred.in certain. circunstances. \Were
a vi deo sequbiias SIFEHoYA o shifrtve viewing QUrplevaty ampdsdeiR s o
generate a conbination footprint which indicates the geographical area
covered by tanexéanded eideostquanee.dégfirad be neted Hawever that indexing of video

sequences as a unit also falls within the scope of the present invention and may
10 be preferred in certain circumstances. Where a video sequence is indexed as a
unit, it is typically preferable to generate a combination footprint which
indicates the geographical area covered by the entirety of the sequence, or an
approximation thereto.
Generation of the footprint data may be performed in any suitable
15  manner, as will be understood by one ordinarily skilled in the art. According to
a first option, the footprint data is generated directly by the image registration
system described above and provided as a separate output. Alternatively, a
separate indexing processor module may be used to derive the footprint
information from the frame content location encoded video stream described
20 above.
It will be noted that the footprint may also be a useful tool in
management of a large image database, allowing implementation of a range of

rules 26 for selective storage or prioritizing database content. For example, the

15



approxi mation thereto. Generation of the footprint data nmay be perforned in
any suitable manner, as will be understood by one ordinarily skilled in the
art. AccowoOing/t4652a first option, the footprint data isPgenBreo/estesh rectly
by the inmage registration system descri bed above and provided as a separate
output. Alternatively, a separate indexing processor nodule nay be used to
derive the footprint information fromthe frame content |ocation encoded

vi deo st rea%&gﬁﬁ s 080 b@BRYEssdd t(ymdle{enlﬂﬁlen%gfj flahRE 159&1& QQfcRnbfibn MY al so
be a useful I n managenent of | arge i nage dat abase, allow ng

i npl ement at i nof a 26 for_ sel ec rioritizing
dat abase coﬁ?&ﬂ?g tq:lﬂ”até‘%gn(ﬁlrggmflﬁgf 6‘?6)[?6?3 dtocsgkscﬁgel Oéeégg%hdh “Yet er mi ne
what frames include information relating to Iocatlons or regions of

i nterest andnho Awoeking \;@layoféﬂ%ﬁém@nléhther fopinghrgn bavised & ﬁbmti%a‘f%not her
exanple, the footprints can be used to elim nate excessive redundancy of
data, and opkiesbelrydirdlackyschdatafandnegionhlds &0 dopdrdfranhaswhesercontanér seded by
one or nore subsequently added franes. Since footprint information is

avai | abl ¢ fopsemel biRPRIedUSN oht! &S n§A@D aBséqich®y IREE frimas. hEEak Yy
speci fic manner, for "exanple, keeping all historical data for geographical

| Qoat i ons o Bl bty BREIO5H i SERE ERRR BRNERIBE iRy ﬁ%? i on
exanpl o of a&%&gﬁ%&%\eé&%ﬁﬁ%ﬁ% %Ze%é@pig' °”&n§5al§ Fdrisdpde B (he
present geographical locations of particularly high priority, some lesser degree of
coverage (e.g., most up-to-date information only, or highest resolution
10 information only, or earliest plus latest data) for regions of lesser interest. An
example of a selective archiving process according to an aspect of the present

invention is illustrated schematically in FIG. 3. Many other such variants will

be clear to one ordinarily skilled in the art.

15 It will be appreciated that the above descriptions are intended only to
serve as examples, and that many other embodiments are possible within the

scope of the present invention as defined in the appended claims.
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invention is illustrated schematically in FIG 3. Many other such variants
wll be clear to one ordinarily skilled in the art. It will be appreciated
t hat t he wbavw/dexeri ptions are intended only to serve &sTAR2PHES39 and
that many ot her enbodi ments are possible within the scope of the present
invention as defined in the appended clainms. WHAT IS CLAIMED I'S: 1. A net hod
conprising the steps of: (a) processing franes froma source video seqguence

by mat chi ng yaRger<cenhenizPis.said frames to image data from a geographic
dat abase to derive the geographic |ocations of pixels within at |east part

of said frames; (b) conpressing said source video sequence by a | ossy video

conpr essi on techgi questR.tHENEsApSsiAg ARERSFed video sequence; and (c)
encodi ng said conpressed video sequence together with data indicative of

S nogcographi ¢ [3°at iBlRafle BUAEL AP 2GR ORIb LR SL! SRy T

met hod of claim rein $al ata i ndicative of

| ocations includes paraneters of a fransformation for_.nmapping between inmage
content of said frameSRagRdosEny Oéeséti{gﬁlﬁf@%i‘aélp%eaéét? f@?mTﬁﬁge?qféf‘ H of claim

1, wherein said data indicative of said geographic |ocations includes at
| east part of an el evdatilmse raplerive the geographic locations of pixels within at

least part of said frames;

(b)  compressing said source video sequence by a lossy video
compression technique to generate a compressed video sequence;
and

(¢) encoding said compressed video sequence together with data
indicative of said geographic locations of pixels as a composite

data stream.

2. The method of claim 1, wherein said data indicative of said
geographic locations includes parameters of a transformation for mapping

between image content of said frames and said geographic database.

3. The method of claim 1, wherein said data indicative of said

geographic locations includes at least part of an elevation map.

4, The method of claim 1, wherein said data indicative of said

geographic locations for a subset of said frames includes data for defining

17



4. The nmethod of claim1l, wherein said data indicative of said geographic
| ocations for a subset of said franes includes data for defininggeographic
| ocat i onswoebari4¢®2t 0 geogr aphi ¢ | ocati ons defined i n orh&ns2006/02a39
frames. 5. The nethod of claim1, wherein said conposite data streamis a
video data formal including netadata. 6. The nethod of claim11, wherein
sai d source video sequence is a real-tinme video sequence output by a video

sensor, the ggs%mﬂagﬂkcflyéétéaﬁg rOQRRY {05 AGrdphRNBERISHs HABBA th 6RIFROSH 84 dat a
stream over a e area network as a substantially real-tine video sequence

for providi r}%rgeeogr aphi cal | yanchored- video functionality at a renote
| ocation. 7. & nmethod of claim1, further conprising: (a) storing at
| east part of said conpressed video sequence in an inmage dat abase; and (b)
generating at | east one indexing entry associated with at |east one frane

of said conpressed video s e . sai d. 1 ndexi. AV I

geogr aphi cal footpri n?ﬁ%fneﬁﬂ)g %fc??zghz,tw%ﬂ"gmf %%éc.[rl}go@g 1:J%’Q}%aéidl [E%(L)ﬁrjr%rnggssgd vi deo
sequence derived fromsaid data indicative of said geographic |ocations of
pi xel s, thervadsp data Brmaginelbdmesvairdg®. franes from sai d dat abase based on

i mge content |ocation. 8. The nmethod of claim11, further conprising:(a)
defining a set of rules for selective storage of video data in an inage

dat abase, said set of rules including at |east_one rule .
The method of claim I, wherein said source video sequence is a

real-time video sequence output by a video semsor, the method further
comprising transferring said composite data stream over a wide area network as
a substantially real-time video sequence for providing geographically-

anchored-video functionality at a remote location.

7. The method of claim 1, further comprising:

(a) storing at least part of said compressed video sequence in an
image database; and

(b)  generating at least one indexing entry associated with at least one
frame of said compressed video sequence, said indexing entry
including a geographical footprint of the at least one frame of
said compressed video sequence derived from said data indicative
of said geographic locations of pixels, thereby allowing retrieval

of frames from said database based on image content location.

8. The method of claim 1, further comprising;:

18



relating to geographic |ocation of imge content; (b) enploying said data
i ndi cative of said geographic |ocation of pixels to evaluate a result of
appl yi ng wei2dicats6i2east one rule relating to geographi c lPoOTAB200MZ2639 mMage
content to said conpressed video sequence; and (c) dependent at |east upon
said result, storing at |east part of said conpressed video sequence in
sai d i rage dat abase. 9. A systemconprising: (a) an inmage processor having

an input for recgiVvi NGB SeObf AulsLWICRIHIE RioyAHIENGRIcH @AM & ¥i deo
source, said inmage processor being configured to process said franes by

mat chi ng i mage cont ent 1;3 &ﬁ&%ﬁ%’; sSBE Qfl mei&ﬂ%éra\?\meﬁi gﬁggﬁﬁghi C

dat abase to derive the ¢geogra ocations of piIXx In at ast part
of said frames; and (bl?aian encoder ig data ¢communi cation with said i mage

processor and confi guicEINg 4o 2eqgraRty @Q@%ﬁﬁ%@&ﬁ?@@t;vi deo sequence by a
| ossy video conpression technique to generate a conpressed video sequence;
and(ii) encode séidd conplogingeshididato igbeptizncel saddechgraphict locatiama of ndi cat i ve
of said geographic |locations of pixels as a conposite data stream
pixels to evaluate a result of applying said at least one rule
relating to geographic location of image content to said
compressed video sequence; and

(¢)  dependent at least upon said result, storing at least part of said

compressed video sequence in said image database.

9. A system comprising:

(a) an image processor having an input for receiving frames of a
source video sequence from a video source, said image processor
being configured to process said frames by matching image
content of said frames to image data from a geographic database
to derive the geographic locations of pixels within at least part of
said frames; and

(b)  an encoder in data communication with said image processor and
configured to:

(i)  compress said source video sequence by a lossy video
compression technique to generate a compressed video

sequence; and

19



10. A data product conprising: (a) a conpressed video format containing a
conpressed vi deo sequence derived by conpression of a source video seguence
by a | osswocompte®si on techni que; and (b) data conbi nedPairtiR2anitesd deo
sequence as part of a conposite data stream said data being indicative of
geographic |l ocations of pixels wthin at |east part of frames of said
conpressed video sequence as derived by matching image content of franmes of

sai d source video to Ol?ﬁg%nﬂc&ieasafdmlﬁeﬂﬁﬂg’ﬁ@l@me@mﬂﬁé&@%rvsfiﬁh dafa Met hod
conprising the steps o (a) receiving a conposite data stream conpri si ng:

d d f
(i) a conpressed video for %Eat%ngﬁlslgg;eg @g&%ﬁ[ﬂ‘grgé V.1I>P| Aepequence

deri ved by conpression of a source v ce Sy conpression
technique, and (ii) data |nd|ca%?&§ ographlc Iocatlons of pixels
within at |east part of fCORPSSE:dala i npressed vi deo sequence as derived
by matching i mage content of franmes of said source video to image data from
a geographi c database; (b) displaying said conpressed video sequence to a
user; (c) rece|v3£g féon1the user in.nput indicative of a position within
the displ ayed vi SRR SPBPINGESai d dat a to derive a geographical

| ocati on

(a) a compressed video format containing a compressed video
sequence derived by compression of a source video sequence by
a lossy compression technique; and

(b) data combined with said video sequence as part of a composite
data stream, said data being indicative of geographic locations of
pixels within at least part of frames of said compressed video
sequence as derived by matching image content of frames of said

source video to image data from a geographic database.

11. A method comprising the steps of:
(a)  receiving a composite data stream comprising:

(i)  acompressed video format containing a compressed video
sequence derived by compression of a source video
sequence by a lossy compression technique, and

(ii)  data indicative of geographic locations of pixels within at
least part of frames of said compressed video sequence as
derived by matching image content of frames of said

source video to image data from a geographic database;

20



corresponding to said position within the displayed video. 12. A nethod
conprising the steps of: (a) processing franes froma source video seqguence
by mat chiwQ 201mages2eont ent of said franes to i mage data PComBz1gergsephi c
dat abase to derive the geographic |ocations of pixels within at |east part
of said frames, and hence a geographical footprint of at |east one of said
frames; (b) conpressing said source video sequence by a | ossy video

conpr essi on t echi)quedissiagegetidtcomprasapridss edjuendeto asagyence; (c) storing
at | east part of said conpressed video sequence in an i mage dat abase; and

(d) generating apl eagkeiong fdHeRd MQr BnbYt RARAGIAsRApWNitidh Rlthingpst one
frame of said conpressed vi'deo sequence, said indexing entry including said

geographi cal footpri l,east ;one frame of said conpressed video
sequence, thereby al IW%edtr‘@g?q 393 of frames from said database based on

i mage content location. 13, A database conprising:(a) a main, database
contai ning a pl uk® i t‘VnB‘PY@Bn'pﬁa&séﬁaw e %@au@ncﬁ?é’gﬁeé’hic%dlw 18%npr essi on
of source video sequences by a | ossy conpression technique; and (b) a

dat abase i ndex i ncl udiargpspendigpst sagheositiehewithig teadisplagsdvideat ed Wit h at
| east one franme of said conpressed video sequences, said

12. A method comprising the steps of:

(a) processing frames from a source video sequence by matching
image content of said frames to image data from a geographic
database to derive the geographic locations of pixels within at
least part of said frames, and hence a geographical footprint of at
least one of said frames;

(b) compressing said source video sequence by a lossy video
compression technique to generate a compressed video sequence;

(c)  storing at least part of said compressed video sequence in an
image database; and

(d)  generating at least one indexing entry associated with at least one
frame of said compressed video sequence, said indexing entry
including said geographical footprint of at least one frame of said
compressed video sequence, thereby allowing retrieval of frames

from said database based on image content location.

13. A database comprising:
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I ndexi ng entry including a geographical footprint of at |east one frame of
sai d conpressed video sequence derived by matching i nage content of franes
of said swOnew/Mbie0 sequence to i nage data from a geographBmides2akvase,
thereby allowing retrieval of frames from said database based on i mage
content | ocation.

(8) a main database containing a plurality of compressed video
sequences derived by compression of source video sequences by
a lossy compression technique; and

(b)  a database index including at least one indexing entry associated
with at least one frame of said compressed video sequences, said
indexing entry inciuding a geographical footprint of at least one
frame of said compressed video sequence derived by matching
image content of frames of said source video sequence to image
data from a geographic database, thereby allowing retrieval of

frames from said database based on image content location.
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