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VI SUALI ZI NG CAMERA FEEDS ON A MAP BACKGROUND [ 0001]

Traffic canmera feeds deliver video i mages to users
woe@9/11he7 I nternet. Such feeds are becom ng boP¢T/US2009/034194

abundant and famliar to Internet users. [0002] In one

i npl enentation, a user is presented with an array of

avai | abl e canera feeds for a geographic regi on of

| mage g0’ t hat SURLIARG FAMSRRIEEESCON R ae ne "o

time. For easier view ng, the user can sel ect and

enl arge a thunbnail i g n anot her

i npl enentation, a relati vel(y conventional map (e.g., a
street map) is displ ayed in which the streets and

hi s |lines.. The al so
oSBT o fies Tee e MBI ImEaesgp USPiS pver the Internet,
s&ﬁrfséa’ssaremg?dmﬁ@ o) a%hh&gntoéhcpfé‘?mﬂér fohBtdrR8NFsdrs.

select a traffic canera and display its teed. | 0004]
The formats descrl bed above are useful to alimted
ut th shor.tcom n

Eheld002) ops EteMs e, BrryS PRt Wi &R B available

cahier&®edeiofaf ddographit ‘Pégl@n\dfw@fes‘t OEWBHg&&d ﬁ‘l%f{i' b@féﬂ?esented
direction a canera is faci ng or which street th

asalipmpriad imegersel thgt modiate tertlsrepn be sepn @btf@ﬁamﬁélme For

AR e b e
cameras may be captured at different times, making it

difficult for a viewer to assiml ate the |nforrmt| on
f r ot QA N 8nothee imalementatis & reldlyebheonensrpalipre (€.9., a

strgéf;@%roz’% Jli Eﬁlagé‘&biﬁrwr%h 'iﬁ@%fré&ts%@ﬁwh?%or eﬁesé:r%d as

ties reets are”non
linesrolibamaizp afsodactedas icoOBSMVERShdvD s loceBenisof traffit cameras.

caneras ar.e better syal i zed S osin
TG 466 SO ks O G0 ghE dH0nS g, el BHiTC A LIRsE S0P CIspiay its
feddlr ee- di nensi onal virtual map.[0006] This summary is
provided to introduce a selection of concepts in a

sinmplified formthat are further described below in

the [(11-6‘(}4{]1 LHh%ijorDrﬁg’t%rde%crlged a-tgg've are useful to a limited extent, but they

also have shortcomings that prevent their full potential from being realized. For
example, it may be difficult for a viewer to understand which direction a camera is
facing or which street the camera is recording. Compounding this problem, the
orientation of the camera may change dynamically over the course of a day. Also,
feeds from different cameras may be captured at different times, making it difficult
for a viewer to assimilate the information from each of the feeds. These problems
become more acute as the number of traffic cameras increases. For example, in

some cities, streets are monitored using thousands of cameras.

SUMMARY
[0005] Feeds from cameras are better visualized by superimposing images
based on the feeds onto a map based on a two- or three-dimensional virtual map.
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summary is not intended to identify key features or
essential features of the clainmed subject matter, nor

WO g00pt11719t ended to be used to limt the scope BET/UR09/034194
cl ai med subject matter. BRI EF DESCRI PTI ON OF THE

eI ThEe i s R R edU e S8Rudh of Baftdhts in a

swhbllﬂé‘éjtfbﬁﬁ%@t'ﬁ%@%ﬂﬁ@rtéeé%!ﬁi@')edtbe@&kf}?fhe’\DbfélleEDescrlﬁtlon This
description, serve to explain the principles of

suBmRTYi iSrBat HterdEns)] ldmn@‘Weeratyres oI essentinhpasuresfof die

ol BB e, dord8 R Mo B P Bl R g e of e
claitned wabjegh elgteiap. [001 0] Figure 3 illustrates a
bi |l board overlaid onto a virtual globe map. [001 1]

Figures 4A, 4B and 4C illustrate the extraction of

certain obl eBREETSmenp oy el SRAgIGsove © 1

vi s{@0072The e&:cmwdmﬁr@ed*av\{rﬁgsl wHichraguineofparatea in and form a

fl o hart mbodi ment of a met ho
PapAfithis SPeA| 'Cﬁt'Qﬁ d@b?tr@é%ﬁg?qg@ﬁﬁﬂi?@ﬁ‘ogé@ﬁﬁﬁwmtfﬂ%é?%ﬁtr'ptlon,
seﬁ%rl? BPidih WS ﬂﬁc.yég cﬁ%eeh% 8Rfs: Ptions which

ow are pr sen In terms procedures, |ogic
bl ocks, processing and ot her synbollc representations

d t t.h ] :
e ST EEIR 5 B Sl FoRSTRIGTon T RieR <
visuagsghtion dyaasa. skill ed in the data processing arts to

nost effectively convey the substance of their work to
others skilled in the art. In the present application,

o on BT e P2 Muelp? o BihSvertii bl Uiy e gpar.

instructions |leading to a desired result. The steps
are those requiring physical nmanipul ati ons of phys

quafQ ] Eigureid ilustjates e bithaaid myeraisede & yirtyal QIQEsérlap

gquantities take the

[0011] Figures 4A, 4B and 4C illustrate the extraction of certain objects

from a video feed.

[0012] Figure 5 is a flowchart of one embodiment of a method for

visualizing a video feed.

[0013] Figure 6 is a flowchart of one embodiment of a method for

calibrating a video camera.
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formof electrical or magnetic signals capabl e of

bei ng stored, transferred, conbined, conpared, and
woerlenwiige nmani pul ated in a conputer system [BOWUS3009/034194

shoul d be borne in mnd, however, that all of these

o L APPSR
Conye43 Sorhep6HpNIRAHE delofled IRSErISHAR! WhichToll W bRSS

specifically stated otherwi se as apparent fromthe .
preéssinteshvimigras «f psesashees, |Ioglcé>l@cm@s pracessingtant other symbolic

rer BRSNS of A5 @HRRS o) ARELIS ik ia Ry, These

desSé&rifidnsTENeSighgesentatiiiicarertse medrts @ﬁédﬂy those skilled in the data
projecti n% ‘correl ating ‘over |
mos

prodgsaNGAT P Mostalfedivaly safivey-tae SHDaNAR of thaipwerk forpghers
skﬂédtirbfhé étjfesq e Srres[aﬂt ch%%h ?Jb‘édBFé’qg;@%%?o&J pfocess, or

er-s I'cC Co
thedbke GSECOmdea‘T(edTEﬂID@ lal wfeaormrsiemtr%mfencemf &t or instructions

reresented hysjcal (electronic uantities wthin
7o) @?@?gﬁ?/g{léri@e P& ﬁﬁ%ﬁ@%ﬁm@%ﬂ’m@%'q t%a”'pu'at'ons
of gﬁ%éal%tlﬁé@ LRuh ra@tﬁb@%ﬁﬂb?ﬂe@éss%‘?%'tﬁ@ée uantities take the

uantit W|th|nt conput er system nrorle or
formegt sleetrcabor miageetic sighalsndagpatne obipeisy stargd, transferred,

transm ssion or_djspl ay. devi ces 01 6 nts
ool sRRRRERE: ' chaPeRtish beiEaard K 2 Aol YR:

context of conputer-executabl e instructions residing

on sone form of conputerusable nmedium such as program

nod 0] lteshowist bd beyneinemind, oweveoripat @l ef thesetendrsimilar

e e Bt wibl R AR D s B bR AN e merely

cohb@iuer@telébelerﬁp@méa it6 thede §@itBiesr Urf@é§$mtﬁﬂdaﬂ§/tsltaiéb dtherwise
abstract dat a pes. The functionality of the

asabparey fiany trﬂ%f@QWﬂﬁg@k§C@$S'gn%t'? ispPeRCiateddbat &@Ughpm the
pr%@rr{t %E?ll@d&ﬂ%@%ﬂ%&ohg%g thg ﬁ¥e Y@%s@ucﬁmcﬁesﬁﬂg not

I on, conputer-usa

smmmmﬂcmmgs,f treagerumlggdfaugalmg Cqmrmentmga,t’ rcmremmhga “overlaying,”
dia inc|udes vo]atjle, a

ut er
S'%J lﬂgat |C? ?8%”@6%/5}9@ ReeRIYiBoRahe ‘ﬁ?e&‘?fﬁr to the action
anEFREIRALEY o NP OF o REALARAIE et SR agR R, il
mafapuatesrand tarsforms dgtaarapreskrited asmhysivat (eetteanic) quantities
Wi Sl S 2t 205 M8, LBE M0FRieRSed ftd'Stner dBd Sfhitarty
represented as physical quantities within the computer system memories or

registers or other such information storage, transmission or display devices.

[0016] Embodiments described herein may be discussed in the general
context of computer-executable instructions residing on some form of computer-
usable medium, such as program modules, executed by one or more computers
or other devices. Generally, program modules include routines, programs,
objects, components, data structures, etc., that perform particular tasks or
implement particular abstract data types. The functionality of the program
modules may be combined or distributed as desired in various embodiments.
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(RAM, read only nmenory (ROV), electrically erasable
progranmabl e ROM (EEPROVM), flash nenory or ot her
woreieny7ipechnol ogy, conpact di sk ROM (CDROM), RECTHUSZNN9/034194
versatil e disks (DVDs) or other optical storage,
gneti c

t t di s .
ot SR 85 BRN et Sxarpfr ARG oy hilgtiad iRl e isae media may
coﬁidﬂ@é CHREBUER étB?élgéél]ﬁ’h%dtbeah@ BEmnfLrfit R higid e@bt“n@dter storage

i nformati on. Commruni cati on nedia can enbod
meshiannaludes latdb landi ntvolaite, gamovaatesanrd nogiremeyable media

el TR A euf e B QR b sBr i o PiilpeiBhbucn as

coffptiberieatbBleAns thGdtiones dataystruthieBRproghatiehbuGies dmﬂh@ data.

The term "nodul ated data signal"” neans a signal that
Computghstosrgerplesiainciudese hdk 'édfpél“rfét@ﬂct@ ndop} agsRfsgBEEMOrY

(RA Jh&% @WH}%QP@%@%?Q&%S 'I)Pér%rSEBFé @%pké}nh%%le ROM

(EEBR:@M) dlaishcnﬂemieoy ar othet udrsony teelthategy, a:mup:fjctaﬁslell?om (CD-
eqg network or. direct- reg connection ana wrel ess
RC\P&&'dg{g'&ﬁié’ﬁr%%"%é@g?st(sybsy%Pgﬁroé’&'ﬁé'rﬁwmﬁ‘agW?F'Péiaéaettes

t
0 g Sf e S BV o Qo GRyedt or any
otlmrmpediem thahdabibe usedi ta.sthrethe Aesiked amfdrmgtlom

enbodi nents descri bed herein, one or nbre canera
feeds, such as traffic canera feeds, can be visualized

in ?O@I'Swjo?nrﬁﬁﬁlc‘éh@ﬁ\’méé%f%ﬁ (&ﬁﬁput’éﬂré'é’@atﬁé iddtructions,
or video inmmges. In a sense, a video consists of a

datusteesigiasn PeIgrem nnpdme@gufs)therrr@atéﬂ@ﬁdnoawat&m@aiatmal such

as 4 T @l 3 el risReR B iR D88 i(aumaton
defesroInédiat Thevelienueifed dotesi hal Imems;gn[aoﬂ%@has one or
The map can be a two-di nensi ona 2D) or

mQrﬁ@@S&hﬁé@fg@%ﬁ&S 5(e:§9)’ chapoedinesy fRMNMEF @srio ggcgde

mfo?ét]éetﬁdfﬂn t%%g?gehal O'By \A‘féﬂ% f)f‘@J(arﬂﬁl%!Ag\r}HﬁBa grl% tapgﬁ’séomrgumc?tlon

meohl@ :lnuﬂmgmrre@medlaauum es,a wlmec?! naswvordagtlimettwired connection,

ul.l di ngs, as nafura eat ur es

ang Widles™ GlesosubPs 2ooRStcu i HoaHeney (Rf | grared and offer

W|Mlé7§s°rﬁ€8fa( r@ombfha%ﬂ@"o%n%%f e dbSle NG aSPpé ﬁ}]c'md%la within
software nodel or representation of the Earth. at

the scopehef GInputgeireadable media.

[0019] According to embodiments described herein, one or more camera
feeds, such as traffic camera feeds, can be visualized in a single map view.
Camera feeds can include still or video images. In a sense, a video consists of a
succession of still images. Therefore, although the discussion below focuses
primarily on video feeds, that discussion can be readily extended to include cases

that involve one or more still images.

[0020] The map can be a two-dimensional (2D) or three-dimensional (3D)
map referred to herein as a “virtual globe” or “virtual world map” or, most
generally, as a “virtual map.” A virtual globe map may include man-made
features, such as roads and buildings, as well as natural features. An example of

4
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possesses 3D data about the natural terrain and any

man- made features. A virtual gl obe map nmay incorporate
wa2avgital el evation map (DEM. Virtual naps CRCI/HE209/034194

be produced for smaller scale structures such as roomns

d_bui | di interi Al th i spl .
a el it s s alre By Mt BT, (. giia urual globe
mdglisHE3B! doMWara bR réSreSBRREBN \Of @Y BEtANItHRt A)¢he 3D model
position with limted distortion. The di scussi on bel ow

poseeasess3pdntaaabhoyt toe natirakies aimandany mign-nage feadirgpl Y

vifhed BEBeTsab i eSreiath § Nl ELRRYAR 26 P} Fispisbmaes
can isdibé prsdiced foesmwligsssalé salitiutes 8EH 8s FESHS add Rilding
prime exanple - as will be described, traffic canera

inte@@Es can be integrated into a virtual map so that the
novenent of cars and the |ike are visualized agai nst
t he backdrop of the virtual nmap. However, enbodi nents
des {00¢Altheugh dispiay sartens aké twé-eimamsionalysupiaces cal map

appl i catjpons ot her than nitoring traffic. For. o
re&ﬁgu%,gbﬁﬂmﬁ 3ypusrdn c @F%VVL%‘M%%@”Q_ @79 poifipr MilBdimited
. " S I A d . o .
AU T8 SRR OB e RS SE8aph PAED rencerng

is sibjpdye aspanidl pstarice o 8BReepdering,tanehsd theodisofission can be

factory. 0 Vi sualizing a camera feed on a virtual
req]cﬁlly eéﬁ%/%q%cgto?é)m% the feed with the features of the
map. For exanple, to visualize a feed froma traffic

canera on a map, the traffic is aligned with the road
| ay A22pfThertiseussionbelow useisritaflic camera feasisiasoa paime example

vir I L proyi des wher ra |
- S PR S b Bt be ISP g6 el fha so
thdatuhé nidveriefds carsand Ma hikanaeuabyalibesu]dirtdne blekdrop of the
feeds can also be aligned in tinme. Presenting the
virlugb man. ntHawsy erg eakadinients) Qﬁ/%r'ﬁed@&r eif @ramok S lindiedyand may
r: . . e .

oo R 2R oa s e AR MORORRE P TEP eRATRIE (€ beussion
beloaneaa bbeeddily extendedp visaalikey tHeomovearent afipedestridns along
pa%rfn%(r:m%ssoravr\]/i?hitn%uildings, or the movement of objects and people on the

production floor of a factory.

[0023] Visualizing a camera feed on a virtual map entails aligning the feed
with the features of the map. For example, to visualize a feed from a traffic
camera on a map, the traffic is aligned with the road layout of the map.
Visualizing a camera feed on a virtual map provides context about where the
camera is pointing and what road the camera is covering. When multiple feeds
are simultaneously visualized, the feeds can also be aligned in time. Presenting
the feeds in a single view allows a user to more quickly comprehend the coverage
provided by each camera feed. A user can also comprehend the relationships
between camera feeds, allowing the user to infer causes and effects and to
interpolate information for areas not covered by neighboring cameras. For

example, if one camera shows a traffic accident and a neighboring camera shows
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interpolate information for areas not covered by

nei ghbori ng caneras. For exanple, if one canera shows
w@2aeatfipt acci dent and a nei ghboring canera sPOIES2009/034194

traffic backup, then the user can infer that the

o P ok g S e, G N Shat PR e iy O G iR Sccidént, and
théf'tl@é“sﬁ‘et’bh‘&‘réa@%ﬁ?‘beﬂhé&ﬁ agmefadReISTBackdERnp. of a
i deo visualization system 100 that achi eves the

above Aspects of the system 100 can be inplenented as

coniin FIRE S 8% B R AR S0 Here fitebthehigr & vigeo
visbazitnlsystdra 1D0sthammdiibvedteiairser Assiis eafieusy®tem 100 can
be\}r?gi)onent 110, a video imm nmponent 120, a

%@nw&@&ﬁm@putﬁgees@ﬁbﬁa%@rﬁormwerﬁﬁ@tq;ed.Ird@cpomputer-
reé’da%l‘ Hezo%rlnon conmponent 140. While these conponents
are repreSented as separate el enents, they may not be
i npl enented as such. In general, the system 100

DTt B haa R shlr TEb wd@aégldte%aéapture
f
cofRfhPIR, £1BEBHnaBincBrhbhény 190C5! AR B4 FRiching N

a single device or uter system or
compionept £3¢ericce videomsuy@Bizaigs componp00240). Whalamdee

cof PBE B 8 SRR e SEaTa S T RO e 20 Ra}0S Mplemented

as @&éﬁphﬁ gehél%l MheeYsErRY B0PreAaes 'ﬂﬂf&tloﬂaé@ty%\bu@ td]bé 'dé@crlbed
nd/ or encode (conpress) video images captured b

andutﬂ@td‘uoatrmaé@ can bew@@oawbsm@ctualogmwegle funotiong) %ﬂent or

e ETRATE! BB, & 3 S oG 38006}@5’39“&%'[ Qg sgptriouted

ovéZRultRie e gisesrdnplesesistsmée. g., decodes) the feed
fromthe video capture corrponent 110. The video

i mgi ng conponent 120 can perform other types of

pro 119e @%_c?&#tﬂré gﬁnﬁg@sﬁﬂ djrréck%w%%"‘élnos#‘t‘bt&e%eg ??eed

di sCUSST on of exanpl es of sone
frotrhene bh erore wissH oémprasc(ems 'shgwnhaFommerbplepﬂTe‘ mde@dapture
0028 tin n th reference to Fi
?ﬁ@g%qyg(lyg |;%V|@nd/or encode (compresls V|deeo |mages captured by
the V|deo cameras. A video capture component 110 may be implemented on

each of the video cameras.

[0027] In the example of Figure 1, the video imaging component 120
receives and processes (e.g., decodes) the feed from the video capture
component 110. The video imaging component 120 can perform other types of
processing; refer to the discussion below, such as the discussion of Figures 4A-

4C. for examples of some of the other types of processing that may be performed.

[0028] Continuing with reference to Figure 1, the virtual map modeling
component 130 generates a 2D or 3D virtual map. The video visualization
component 140 combines the output of the video imaging component 120 and the
virtual map modeling component 130 and renders the result. Generally speaking,
the video visualization component 140 integrates the feeds from one or more

6
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conmponent 130 generates a 2D or 3D virtual map. The

vi deo vi sualization conmponent 140 conbi nes the out put
w@Roowhe71yl deo i magi ng conponent 120 and t he vi PET/HB200%(B4194

nodel i ng conponent 130 and renders the result.

caiiRgEs Aita g 2P EE A aiaPBaL SIBROdT G Vinur dBaReRag SRR the
resultaht ﬁftegéi@téﬁifeeﬁ Imbg, Refftr HbriSankiv; de@blsﬁﬁl&a@iﬁﬁ
renders resul tant integrated feed(s)/m I n other

compopent 142 cuiscend-pastealiiaraes ofvideaisaenmapaterived from a 3D
Virﬁéﬁ)?ﬂ-a}nd-past es frames of video into a map derived
"3D virtual map. [0029] To properly visualize
each feed on a map, each canera is aligned with the
canera can be aligned to the map by aligning
f ea{QQ?egé Torprpperly vigealizeeactniass %ﬁﬁ@%@&ﬁﬁh@m@@t igedigned

wf&é’ché ;FmR ce’:r’r‘?é e&%ﬂ@ Shgﬁec} foatfhfe'rﬁaﬁ %'{/reillgg g ef@)e’gureso in its

|nclu es ve es’ novi ng
videloi fged tv\hm ¢crraé§pomda@feemragd1 tHeemnfpp Fdrlexampelvairatfic camera

feqch 39BN NI IRURNIEISS MW IBOR B OEHAY A AN e teaflc camera
any Qll?é S 150 FWRHinl the ited/ is%&g@é& tcf‘bﬁ&’ SFé %FW&M the

pl aced and orient'ed W thin the I gnment
couesporuhmgreedamy matpecraap bé)ormaaqaentlwthemahlckes contained in the
. conbi nati on of Ful |y _nanual i gnnment i nvol ves
ViR Srostry e O RESV N thEMHRleo and t he
map. The nore points specifi ed the better the
al i gnnent. The correspondence enabl es conputation of a
%DQ?@] Aligemenhof agemespandisap cande mankal pdsnain, or a

COQ'B‘%%??@%%“DEOA*E FLl sl APy ol S PR Parepponaing

potrft@un/nh@e\ndé@aﬁ@ahelm | Thé horepires dpkbieiad; atlhegmtte@ the
those features. [0031] A conbination of nmanual

and
alignenht The sprrgmence&nﬁbéﬁseeoreaﬁta@en @ @avarping:idnctien that

RS ARARESEE o3 Y E00cElpd SRS Ry atomatic
alignmerteamde mpleonarited bymbiehimgnfeaturgs sp e vided to features in the

calibrate the Hhternal araneters of the canmera (e.g.,
MaR,eRg thehahaning Masei1Balu®i nt, and skew) and the

initial position and ori entatl on of the canera.

Second,

[0031] A combination of manual and automatic alignment techniques can

be used to realize the advantages of both types of techniques while avoiding
some of their shortcomings. First, corresponding points can be manually specified
to calibrate the internal parameters of the camera (e.g., focal length, principal
point, and skew) and the initial position and orientation of the camera. Second,
features in the video can be computed using low-level vision techniques and then
used to automatically realign the camera as needed. Additional information is
provided in conjunction with Figure 6. A combination of manual and automatic
techniques avoids some of the tediousness and human error associated with a
fully manually technique; instead, manual actions are limited to the initial
alignment as subsequent alignments are performed automatically. A combination
of techniques is also more robust than a fully automatic technique. For example,
if a particular feature in a video is being relied upon for alignment, but that feature

7
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features in the video can be conputed using | ow I evel
vi sion techni ques and then used to automatically

WO gabilgn9t he canmera as needed. Additional i nfoPEEUB2909/034194
is provided i n conjunction with Figure 6. A

nbi nat tech
s GRS For BertbaP hendad S araio e g wau Eeu(ieR wiou
hutdninterfemtion. manual 1y techni que; instead, manual
actions are limted to the initial alignmsnt as

subsequent al i gnrrents are perfornmed automatically. A

C TG O SR - R8T ey Mot i

int@atidritiyRibelcaasalbeefieetd svicHes the viaed N theldagterd PRGVdsDthe
alignment, but that featureis m ssing fromthe map,

corm&mde&%h@wgen Poinds inyHigevideqsaddn theeap may|again be
m%’iutang néepllﬁg?@o cBFnﬁgY]ngé oﬂlterhgf?\?’é} tﬁ‘fatc%'?nérg'cla'naée ?%tomatlcally

the C

reallghedtascmehthnedab@wmuse of effects such as the w nd.
If the canera noves, the correspondence between points
in the video and in the map may agai n be manual ly

de dﬂﬁg W&Fﬁ@& @n |§4a§%r(r€}ei{ﬁ Vigby) frahe ?I%ﬁ?% ik Bnto a

real 1 gne I oned above
rediog 26 of a wtualtglabesanO(hn@ﬁh()egrgobjea:tsd(@og theavmlelemtrees
of .a vi

ouffih cligoanpxl e Bugetéfi Soufodyiks onida B FiglRY 3 Riotual
pre‘flﬂi‘éertﬁégé’\@ i)ecf»!;r &rel hbrS A5 8ehIlyTeA@ER0 rln'ddﬁ?elfp@éé’[lc‘énthe

gure , In actual practicCe those objects are nore
quahatwqf he viglepydatemmaiaes dhe aualidy ofithe phjgets wighinithe frame 210,

wrihé bbietts hilfidd B8 21 B AE ehtfafifisrinlo@aphouaty, asin

memeﬂa}m sbev fioasrarApk) are general 'y of photographic
quality, as in Vi rtual Earth 3D(tm, for exanple.

[0034] Utilizing a video visuali zat| on system such as

SySL(%g4iQ?I|I£ ﬁb%uvﬁ?a/% Iacg%gfnr{a rﬁ%e%%?% n it n(tﬁfgure 1),

the frameed CEQCbapfﬁuredﬂoyZa tameep l(@gera tsafan damfga) afd nrhegrated into
areaidha i S Wlt in the canera's f% d of vision, at

the) P aF s ﬁﬂ MAPRESRALS 2% INgAT e aRa taakifpy @'%Fhe

ca e%"%efle?d of \ﬂ@loﬁra'%%epa%’tlélgg; Eoﬁ%ﬁ?f}hba'As\’sWﬂﬂ% example of

overl aid or superinpose Into

Figure 2, the frame 210 is essentially embedded (overlaid or superimposed) into

the map 200. That is, the frame 210 is pasted into the region 220 of the map 200,

while the remainder of the map 200 is used to fill in the areas around the region

220. As mentioned above, the camera and the map 200 can be calibrated so that

each frame is properly placed and properly oriented within the map display.

[0035] Successive (video) frames can be overlaid onto the map 200 in a
similar fashion such that a viewer would see the movement of traffic, for example,
within the region 220. In essence, dynamic information (the video feed) is
integrated within the static image that constitutes the map 200. The viewer is
thereby provided with an accurate representation of, for example, actual traffic

conditions.
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the map 200. That is, the frame 2 10 is pasted into
the region 220 of the map 200, while the remai nder of

WO b@rep9200 is used to fill in the areas arouPdI/UR®09/034194
regi on 220. As nentioned above, the canmera and the map

200 br at t hat h f '

o1 ol R Rnaiy e RCae R PR Famp RS sy BiodB baraphic
aré&@ﬁéim@ﬁ%@ 975 &Mbl@@@&i prﬁﬂiﬁeéf #BMMAE 200l fFarRBs fom

the map 200 in a simlar hi on such that a viewer
thageutameras aandoersinalaslytoveriaid anftoiaorrefsppndingrrpgionswif ting map.

t he.r.egi 0 e 1 C ] r ' th .
el sl can PRI R IIRE il 20 sPahe gk "fasetive
videoBHire pabssriyt e ce@rnd PPopdieoniértsl wiittn tHemebydisplay.

provided with an accurate representation of, for

exarrpl e, actual traffic conditions. [0036] Furt her nor e,

r L.t e 0

ar o OB SO e rE SR P i PEAdH AR Siion

the’ZG@metahean beaewlitfrawm (tdsaj@aed;zrwmenu@med)abswem Cenbaquently,

ts G¥4 WaUKLABY BuSREH SES Dler SRR ihih Mt e ABrEC Gt Gip video
ca%ﬂ?ﬁéd by%é réoSRRSHed ceqh ér%ﬁﬁéul?rgﬁlllg{e%gbbfy? @r‘? witRdhe other

roper oriented wt
fecdhiasl af theenam)slrt other worde)the aegion 22048 gesdciatad with a particular

capsa BRI eE S b Gt LR DERL STk eg od gved to
mdteged woul d be visualized at a di fferent point in the

map 200, so that the video captured by the
reposi ti oned canera woul d still be properly al i gned

the (G GASE 188% Ka8 bediai GelF el iratEhs POl hat st
debéribdte ApoREAway tWRGIizE Beganére feegiiPtd 2end ¢vidabse an
be noved to match. [0038] Camera feeds can be

animated texteEe PR awy@oard fteﬁbﬁtsmeamﬁqsgﬁ qnie @ \drdea! [glereimap.
e Pltls IR IO BRI 4 P | B3 RHRtag poove

objestsangeitlustpated dn gattoorliké faskidn gl Bigerar8pbuthn gictueal Practice
ill%?strates a bill Poar 310 ovgrl aid onto a map 300.

thogs QRIseig¥e NAFIFa!ISUDs L EeRAlPe. i | | ustrated in
cartoon-li ke fashion in Figure 3, but in actual
practice

[0039] The billboard 310 is planar and rectangular (although it appears to
be non-rectangular when viewed in perspective) and aligned to the features (e.g.,
the roadway) of map 300 in the manner described above. Each texture in the
animation plays a frame from the video so that the effect is that traffic, for
example, appears to move along the billboard 310. As in the example of Figure 2,
alignment of the billboard 310 with the map 300 is relatively straightforward, and
the viewer is provided with an accurate representation of, for example, actual

traffic conditions.

[0040] An alternative to the above is to use a digital elevation map (DEM)
that includes a road layout, to provide a 3D effect that otherwise may not be
apparent with the use of a billboard. In a sense, a camera can be thought of as a
slide projector that projects its “slides” (frames) onto the DEM, creating the effect
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those objects are nore realistically rendered. [0039]
The billboard 310 is planar and rectangul ar (al t hough

WO 200appaars to be non-rectangul ar when vi ewed PEI/US2009/034194
perspective) and aligned to the features (e.g., the

d bed ab .
i EEI TR e TR [9E- STiarB O DS T PPRGES PEHEREM. The
re%lt@ﬂ@d%@léyhﬁéulbﬂfe éﬂfrﬁl@ﬂo that %Hé@vntﬂ |§Uﬁ‘e 2f Wnoﬁi@fﬁﬂv%ntage
appears to nove along the bill boar in the

to H)eamﬂ ef @ DEM gsithat 2f the cajnma:haﬁgetsnbremtlohbtb@r\ddeqteed can
vely strai ghtforward, and
Sth\h ul’él\l\égge\gtﬁgml\ﬁdd@ cafél?’f an accurate represent at i on

of, for exanple, actual traffic conditions. [0040] An
alternative to the above is to use a qli%ital_ el evati on
map [Q@EWherfaed e ayideocapadd ingluges in WBF'@NFW& naa\spe of
- r
imGEhGFrA 38 SO Wk B0 e RERRL 8 LA Bl of he
enasoramehi slarqungirg baoatiway wived) &ciesvartisohlylinessted in the

frangs) onto the M eatjng the effectthat ob'ects
VOE&W‘Q ggtr%ﬁ'&é’é‘ t(‘@ reaé)E ?Vaﬁ{oi Qf;drﬁg%tm%lth%ﬂaﬁ foygd can be
rerﬁB{?é fofn Bfe Vi \L sd Hﬁatr%?*ékéﬁgﬁe @Rﬁp rﬁ)’trmwr&ngﬁs One

S|m ar to own by Figure er advant age
waydotameormndasbﬂhla |sDE1\£xtsa<1t Imty thioe taigeat s irethe \athem tjext are

il 5o A toisome Bleciroesite 16teadriaier R e ¥ ta et
ovERERAoH ¥ e STheR Céaﬁ‘iﬂtdé?fblié] &ﬁed\'BM vBﬁJeofs JubfiatRd from the
interest to a user. For exanple fic camera may

cogappending el valuefin each diame @ﬁﬂ?@n\tldSQl tcv pradiicegnaalpha matte

Y. wh Vi only interested in the vol une
thag%%g‘}')@qu%ﬁgenﬁowg%r‘“@gsééy To address this, the
background can be rermved fromthe vi deo feed so t hat,
exampl e, raffic remains.

accmﬁﬂa] §F9l{rﬂ$ §A| é&@%ﬁ@r"&t&tr%ﬁmﬁ @H&fé'oﬁiﬂfec@l@'ﬁ abjects
frohh? ViddeRebn s Rthe '5% 3_80\8% JH%&% gi’@ ﬁlugﬁgfg?ﬂn cartoon-

or eac o] xel e Vi erm ne
hk@ﬁs;rnmh dfut tin aetuarrpmctlcemmjectsmln tvee dhioag re/alsnealiys

e SR Tosee e heo b Rl B S pca
frafftOuP0 ORIgUre RE MU BnE MRS 8f an alpha-matted image 420. The
alpha-matted image 420 can then be superimposed onto a virtual globe map or
DEM in a manner similar to that described above. The resultant display would be
similar to that shown by Figure 2.

[0043] Other approaches can be used to extract objects from a video feed.
For example, a classifier can be trained to recognize cars and other types of
traffic. The use of a classifier may increase computational complexity, but it also
allows nonmoving objects (e.g., cars stopped in traffic) to be recognized and
extracted from a video feed.

[0044] An extension to the approach just described is to replace an
extracted object with an abstraction or simulation of that object. For example,
instead of rendering actual images of vehicles from a traffic feed as described in
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[0042] Figures 4A, 4B and 4C illustrate the extraction

of certain objects froma video feed. As in the
we@x@aplae’ above, objects are illustrated in caP@DURI00KE34194

fashion, but in actual practice those objects can be

cofiRaEd Mih o §8s Yefure mratrd fehEie' Gt be el i o the map.
In esEi e Goimbiogsn eReabohdiagtd Ao Phe BRY efladddgin

420. The al pha-matted i mage 420 can 't hen .
syrihptie repeseantabans oavehiclegalMeleineaifioallyrtheineationzand speed of

eafff 3Ffls St uhS el pREE ey 220wy ol Hame o
frapfdb3dorhblitertha pishivphd eaehrbbisctugesls tmeX Mg thepbsidds of
froma video feed. For exanple, a classifier can be

ecagh SPIREH Neads &2 Bg FEPETRRY heatideimrging geEYOSENt 139 10 the video
ot 2 . .
visTBBaR QBRSO (R B, JUREERSG AR B0l paRlents. The

OWS nornovi ng o
requdtat disprryswetldigzesinilar to #fdt shopwhdyoleiguec? oniFigae @) thut now

extracted froma vi feed. [0044 extension to
thq AljegisHW BB NS (RII0R ??&q_ra% bi"&voeai ]%@F BRMERS e paripon-
|ik§,%\|%§;gwrﬁ8re6&bt9 ERlIA®hLEa b&‘&%g&! on of that

ect.” For exanple, instead of rendering actual
i mges of vehicles froma traffic feed as descri bed

can 51 58k 0 Ed G Bttt cdubteBorth et Fistimulated
objettd R&s _@'rﬁjh%é‘%ﬂo@ﬁerdécﬁ}%ln@é’%e‘bz.oﬂ?é fatRg 3f edcMioblect’s position

synthetic representations of vehicles. re .
veryedine elowy the pesitior &f thenobiaet topeeextsipalated tofareagoutside

P Rinkh b el AR e e B Ebifs df S Eroizea
(sipRil#ed), \eetisHerdibmEt istntgpéiteri@s tid eamefa rswlutdp), Bghting
needs to be sent fromthe video i nagi ng conponent 120

Coﬂ@itipﬂ‘_é toe d’éﬁaﬂ?% Qfamez%ﬁj?@trf rB e femera.and eihgh ,ir@‘l.ugwc,es. In
oG B B R i3 ol

frofy misdlignovertt loé trebgaoesa.wi t hin t he regi on 220 or the

billboard 3 10 woul d perhaps be cartoonlike, although
nore detailed sinulations can be used. [0045] In

g?%?dﬂ?gbg dﬁ&&é‘,%&&diﬁ@%@cﬁd@d“(@gFﬂdfé@ﬁéﬁ’offahﬁrglé?%isplay.
For example, the map/feed visualizations may be accompanied by text, including
symbols, numbers and other images, that provide additional information such as
statistics, traffic summaries, weather conditions, links to other Web sites, and the
like. Furthermore, such information may be superimposed onto the map. Also,
such information can be added to the video feed before it is superimposed onto
the map. In general, additional information may be presented in the display areas
bordering the map or within the map itself.

[0047] Figure 5 is a flowchart 500 summarizing one embodiment of a
method for visualizing a video feed. Figure 6 is a flowchart 600 of one
embodiment of a method for calibrating a video camera to a virtual map. Although
specific steps are disclosed in the flowcharts 500 and 600, such steps are
exemplary. That is, various other steps or variations of the steps recited in the
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obj ects has a nunber of other advantages. The tracking
of each object's position versus tine allows the
w@omptia? of the object to be extrapol ated to BEBHS2009/034194
outside the field of vision of the camera. Al so, the
ect S dar di zed (s

si d
flolyEhes 5P D S Ao b piebipiRadn oot T taiaverarE Boo and

600% Idé rr‘nbghrﬁ 'aﬂ%r@@m’ﬂffbfé?ﬂ%haﬁ Bﬁés‘é'nﬁéoﬂnF@rt@érrﬁdié the
ject fromthe canera, and other 1nfluences.

feaatumswfdhe vaheuy emdurnaniismsaﬂbe@h@ydb&ﬂowmaﬁa 5i09 ansr @00 can

ve ke 0he BbibRodRisaRR i e ARG TongeBeh ot i
flowehaas 500fand 40U €&1 bdiimpleryentEQ aseoomnmiter- eké@tﬁbl@hﬁ@tﬂgbtlons
visualizations may be acconpani ed by text, including

StgGaiHRLOMMMREiandakle BERBIMI mages, that provide
additional information such as statistics, traffic
summari es, weather conditions, links to other Wb
si t 04 hvith kefetanice firstuotHiguneos,dn biaok602) facusertis presemyed

B BT B hs L N B o PR e o
mcfrléRﬁfthéTEQﬁ%Pa %En%etlh%w@@soé fih@%@%fc?écjj fe%@@'atré QRabssed and

I nformation presented int l'ay areas
redsiveteby rfgr emp’m thoa vWeomlsuailhetlwmponnpseemt 14M@ourigure 1. In

SISy B SRR o5 BT LB ST . 1
bI&k@@"@lﬁ@ééle@@@ \ﬂﬁe@f@ao%mcﬁdﬂ%ﬁffnmfseé d?‘ﬁé ﬂ@vﬁ‘tﬂ"al maﬁ and

cal i ratlng a video canera to a virtual
theskastilts iace sitsppryesh: d\ﬂdres%wemfmllb/ndemdlm@mﬁ e U§e5@@e@ﬁtjons

on R snSis sty PA B s G S seluanln duaiffla 20 So
batkgrbLadc AarditiorzD thfermeatftOis grovided pe tHeodigedssidhef Figekss 2, 3

in the flowharts 500 and 600 may be performed in an
angdAdeftCdPPP¥®-ent t han presented. Furthernore, the
features of the various enbodi nents described by the
flowcharts 500 and 600 can be used alone or in
;:anot?eﬁ] Vdith m'fenfengecﬁow)tdwlélggré 8, murtﬂoem’eOZIi ttnem]ded feeed from the
owcharts 500 and, 600 can_be i
CagEhd i W”@ﬁ@éa'ﬂ%&ﬁdewlﬂﬁ%*ﬂ‘? éPtg‘%ﬂﬁ“%ngt{SX gf t—’ﬂ? mﬁpa Internal parameters

ofﬂ%“@é’rﬁ@nra (S%H%Q' 1”6% II IHHgtr{ gﬂ %GM&SIH’[ IBled@IA&s WER bs other
to Figure 5, in IS presente

parameters (such as the camera s orientation) are determined. For example, a

user (not necessarily the end user, but perhaps a user such as a system

administrator) can interactively calibrate (“geoposition”) an image (e.g., a frame)

from the feed to a known 3D geometry associated with the map. In essence, the

actual (real world) location of the camera is mapped to a location in the 3D map

model.

[0050] In block 604, calibration and low-level vision techniques are used to
automatically update the camera’s parameters, which may change due to, for
example, wind effects or scheduled rotation of the camera. For a traffic camera
feed, the low-level vision techniques are used to determine the general direction
of traffic flow (a “traffic vector”) shown in the feed. Associated with the 3D map
model is metadata that identifies, for example, the direction of the road (a “road
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with an array of available canera feeds. In block 504,
the user selects one or nore of the camera feeds. In
whh@ek1B06, the selected feeds are accessed anBiCT/US2009/034194
received by, for exanple, the video visualization
nent 140 of ure 1. ck 5Q8, ,the vi.deo .
ve L SR pr RO Ry R FemEie, An8seiiadesd cat 4 gl aligned
witfBRe rb8dWhPiktne riIaQP Hyrbilgﬁﬁ’{geﬁbecﬁafﬁd: ds@toF ﬁﬁgi’thé"’r@ad vector. As

superinposed onto thé virtual map and the results are
thelcapers Bvenbihe ispremdntaldransione pétid eqmera positiars trat will align

e et A B PR R, CTRPBietS e B SR S in the feea i
aligist witanieé roadveaymt thermas. provided in the discussion
of Figures 2, 3 and 4A-4C, above. [0049] Wth

reference nowto Figure 6, in block 602, the video

R O i R At BBAe s o

geo nt er nal “par amet er
prdduceha pancbrtam{;] ofalroddwmay for vmzuchnmhqrahs Blr?l road mtbrﬁaeav)

a as ot her arreters uc as the capgera's )
aV%iﬁt&%t j@?cﬁ?j“%[?eca@ %P@n‘itﬁé@d‘ﬁgﬁ %0”%?5%at(@18tve”

turdéecﬁﬁ?é Lield\RotsRe. gh%eéne RHkn tgaps% o%aﬂétﬁafén@ecwéorﬁputmg

syst em adm ni strat or an I nteracti ve ate
the bpleaad deim (traffic) veaton) mage ifhageg, theadﬁecﬂne)oﬂtrnenmadm thedmage

cap st elartngd! G cbelip REfrupard Ltk beed Chesonds to the
traﬁﬁﬁﬁic?oﬁl)s VIREPed 30 réadi Qéé‘tb‘r Qptd 1B drB}éc@ Bﬁ‘t@ tABG@kge, the
[0050] I'n block 604, calibration and | ow|evel visron

misalignieies the @rez@b@tadtroad\ueet@aandéhe pptipalfiov +ieeie to the

a8 RaReffo@NED Fus netdied. . TBY AHaM G Lhei8 rptefhn that best,

or aRRisBsatigtactarily! aférhs?th@md RtéErhd Vdigol avd trevigleasured optical
vi sion techni ques are used to determ ne the general

floyi Q‘%bmpﬁl‘beo‘#etﬁfrﬁmpﬂc Whewagameieands @ kpewndiostiosreiirinknown
orlbﬂiiatt gat a?f%cpﬁﬁ@%%f&fﬁjgmgfhgbrrﬁgggﬁc@ dé’?rﬁ’%rﬁt}ggtlrogstpat aligns the

predlcteheoadadci(w ahddhd vesdsuréd obticaldloabsan bediskby td lretomatically
ae»ée . The canera feed can be |n|t|aIIy aligned with

fin P%@@v\%@ qrigntali@Nmap by aligning the traffic vector
and the road vector. As the camera noves, the

i ncrenental transform of the canera positi on that wll
al i {0052] Camera calibration is facilitated if, for example, there are more than

two roadways in the image, particularly if the roadways form a junction. Also,
landmarks other than roadways can be utilized to perform the calibration. In
general, a known 3D geometry is corresponded to known 2D features (e.g., the
optical flow of traffic in an image) to automatically update (realign) a camera’s

position.

[0053] In summary, feeds from cameras are better visualized by
superimposing images based on the feeds onto a 2D or 3D map that, in turn, is
based on a 3D virtual map. Consequently, the feeds retain their geographic
context, making it easier for a user to understand which directions the cameras
are pointing and which objects (e.g., streets) they are recording. Moreover, a user
can more quickly understand the relation of one camera feed to another.
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the road and traffic vectors can be conputed, so that

the traffic flowin the feed is aligned with the
wo odwenm9i n the map. [0051] For exanpl e, the cROEDS200¥H§34194

rotate 10 degrees every 10 m nutes to produce a

panorama of a roadway for which there is 3D road

vector data avail able. The canera can be cali brated

t foos23 RetHe ﬂ)@eg%tﬂﬁg fsbéﬁﬁczﬁt‘iorﬁ 3 RImehtehaviSbédie described

canera rotates he” one unknown is its rotation angle.

witByretayapce tmgumﬁeomswmﬂlc details thatanay vanydaro nmpieﬁn@matlon to

b @R Ealdi  h0S e SAler e PERUSTE sidlor B gt PREFARR sl fion
an@og resmduttiBy tiie dpglidahatd bé tve fivehlion Vb efe Ebteoﬁcﬂlalhfsat%at issue
vector data is projected onto the inmage, th

from dus ﬁ@lﬁ'l‘ﬁ?ﬂi‘?nom thﬁép@p@@.f@rtrw WEHD @@'%@Wﬁe‘n(’md'ng any
d
soBRHARE st Wer b, ARSI LAD S A0 LL R0, |

adaintagesbr siaibugé dlcdtas |nbyex;a1esglnysretlltm mr@dlaammoumamut the

vector and t he neasured tica f|OM/Ca t hen
SCQleR Qfﬁﬁ’ab a'%ﬁ”)ﬁ“@é(nﬁ %@gg( H@t‘Pf‘@rﬁ‘%@I@W'”gs are

to HEK8 éﬂ'@le?rlh SRtifidtRAive rBiner 1SS DA1 ?é’tﬁcﬁ\fe éfdi ng the
anou camera rotation that i gns the predicted
road vector and the neasured optical flow can be used
to automatically find the canera's orientation. [0052]
Canera calibration is facilitated if, for exanple,
there are nore than two roadways in the inmage,
particularly if the roadways forma junction. Al so,
| andmar ks ot her than roadways can be utilized to
performthe calibration. In general, a known 3D
geonetry is corresponded to known 2D features (e.qg.,
the optical flow of traffic in an inage) to
automatically update (realign) a camera' s position.
[0053] In summary, feeds from caneras are better
vi sual i zed by superinposing i mages based on the feeds
onto a 2D or 3D map that, in turn, is based on a 3D
virtual nmap. Consequently, the feeds retain their
geographic context, nmaking it easier for a user to
under stand which directions the caneras
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are pointing and which objects (e.g., streets) they

are recordi ng. Mdreover, a user can nore quickly
wapwenstand the rel ati on of one canera feed toPCT/US2009/034194

anot her.[0054] In the foregoing specification,

enbodi nents have been desQimgﬁﬂ%gﬁth reference to

numer ous specific details y vary from

I nplemans aldipBdti@ | npl ement ation. Thus, the sole and
excl usive indicator of what is the invention, and is

i ntended by the applicant to be the invention, is the

set ,of [ t I.SS fro i I cat.i ] e

pedi th EORMTer R BbAb MG e R PR BB R e bt
compynerhidsesiemgingor recti on. Hence, no linmtation,

el ement, property, feature, advantage, or attribute

t ha@ V'@U@idﬂa@ﬁm@ﬂ%ﬁ)ieci ted in a claimshould linit

t he .6 : I b} or di

spod fedags Yele @ (TR0 LodleHR safaRLEA A3 odehina
opefdbls forajaneeatirag frat inhdiges bagezsdm adirstwddse fssad dcaividd from a

. VWiat is claimed is: 1. A conputer-readable nmedium (
f'rsf@éfner@v@rr‘fg conput er - execut abl e components conpri si ng:

a vigrLdad R ; [ %)erﬂ i
(12 )\h%{géd% ed to sfl;u(fJIA'O\I/)i?ére%lb)!e\elraj téa%wm\nlldg%ggnn oggrég IdeSald
videorimggesrgenienafof i wisdreimsaje v irhsiedtiammedel rssoparadiedor
feed recejved froma first canera; and a vjsyaljzation
ovEand SSRGYSLmAseRon % e e atar T SaiskierCal A3baRbpe.
vi deo i mages generator, wherein said virtualization
nodel is operable for overlaying said first inmges
ont &- alheagorgpuier-4eadplile srediamdoiGlainudl whengimaaidfirstvideo feed

: . - I ' of i_m i i
cofPfisfS TRUGES pLEGHEERTrVBAY Phet o Qi WRGET o5 Ml
cofnpfiges iandmaIge 0 dshd BaRNdadhel eivhefsih @altbdsG8IRkibA @Sodel is

an i mge of at |east said roadway, wherein said
opgrahle farAaid tRagesdel vehicleparthiiaid frorge of gaidfagdways
vehicles with said i mtage of said roadway. 3 . The
conput er-readabl e nediumof Claim1l wherein said video
i ma@esThgec@nplier-résddble nhedivmpsr@llne 1fwhergénsaidtvidep images

sec?nd [ es based on a se%
generator is further operable for genera

ond ,

ing second images based on a second
video feed received from a second camera, wherein said visualization model is
further operable for overlaying said second images onto said map, wherein said

first images and said second images are aligned in time.

4. The computer-readable medium of Claim 1 wherein said first images are
rendered as an animated texture on a billboard that is superimposed onto said

map.

5. The computer-readable medium of Claim 1 wherein said map comprises
a digital elevation map (DEM) and wherein said first video feed is projected onto
said DEM.

6. The computer-readable medium of Claim 1 wherein only moving objects
from said first video feed are overlaid onto said map.
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video feed received froma second canera, wherein said
visualization nodel is further operable for overlaying
w@a00d/1s8edNnd | nages onto said map, wherein sai BCTUSRNI/034194
i mages and said second inmages are aligned in tine. 4 .
The conputer-readabl e nmediumof Claim1l wherein said
first images are rendered as an aninmated texture on a

bi | Vboﬁféjcérﬁébte'r$e§&ﬁtﬁé iR RLfANaM Jalke@RPsaid firstiffiges
conmput er -readabl e nmedium of Claim 1l wherein said nap

coppigeisypsladiods gf ohjects ievaaid Grst vigeo(fBEN) Said simblatiens used in

PR A PP E B aBRO R L of G ai m 1 wherei n only

novi ng Obj ects from said first video feed are overlaid
ontg said map The conput er-readabl e nmedi um of
d aﬁmTﬁW@P‘i@rﬁ@@@ﬁm@ m&dlum&lamﬁﬁwh@@@swﬁl@mmﬂgr-
e r e [
o 8Ly BBlSEad A uld S dop i dioR bl Pl
Caﬂﬂfretln@EBldfﬂ“St- caadabhangenietadata‘ asdagiated \Amﬂrnesraﬂad magaand
ut er execut abl e conponents further conprise a
'nferénng npessd apgald fHEEY'QEPS%%r calibrating said first
canmera using nmetadata associated with said map and
i nformati on based on said first video feed. 9 . In a
conputlera eyspeter bpstenghavigy agraphicalisser interaceac@uding a

| udi di : d tion d
st Bty SRR B0 7o BRBEH e s o
saRiOMBiHoY diimprisiRg) di splayi ng information that
identifies a pl ural i té@gf vi deo canera feeds

conﬁ@%hd@olaylﬂgﬂ@fprma thed idbentifies edplurality af Yidegcamera feeds

coERGFET S By oab 3EA T R4 elheg Y pDllocauon
and (364 r@a:eudlrgm ayleBton idetifjingpegisl hesade® ﬁafn?e'réi féddd; 3ind
vi deo canera feed, wherein said flrst i mages ar

S_l.lpéﬂmﬂﬁféay'ag f'éstvmagéélbaﬁﬁﬁ ONhgid @Fﬁidﬂﬁﬁ%@@ge%fe@d wherein
sald first inh Qe 4@ Superimposed on a virtual map that encompasses said first

location.

10. The method of Claim 9 wherein said first video camera feed comprises
images of vehicles traveling on a roadway and wherein said virtual map comprises
an image of said roadway, wherein said method further comprises aligning said
images of vehicles with said image of said roadway.

11. The method of Claim 9 further comprising:

receiving a selection identifying a second video camera feed from a second
video camera at a second location; and

displaying second images based on said second video camera feed,
wherein said second images are superimposed on said virtual map, wherein said

first images and said second images are aligned with respect to time.

12. The method of Claim 9 further comprising displaying text-based
information concurrent with said displaying of said first images.

16



10

10 . The nethod of A aim9 wherein said first video

canera feed conprises i mages of vehicles traveling on
w@209atmay and wherein said virtual map conpriBEBUSI909/034194

i mage of said roadway, wherein said nethod further

conprises aligning said inmges of vehicles with said

i mge of said roadway. 11. The nethod of Claim?9

f ur e eomBt o Mlafrﬁ@e\wMéféﬁh §a|§l%§|§"d'|§ﬁl‘ay asibtised Adigital

a second vi deo canera froma second Video canera
eleyatian m@@@ENb@adu\mﬁreah@aldm@hagl ifeigh ereensniorisasepyeecting said
, e aj cond video canera feed, wherein said
flrsgi%%ﬂaﬁﬁniadég)@ﬁe superi nposed on said virtual map,

wherein said first imges and said second i nages are

allﬂned with respect to tinme. 12 . The nethod of Caim
At Hde @@Fﬁﬂq %f @lglraﬁsfyrta?r ﬁ@mpélﬁlﬁgU&@@ﬁ”ngwpﬁllyrl‘ﬁwlaﬁ

bR HahigHa Mo e ag bR A B PR BYiher ci m sai o map

di spl ay conprises a d| gital elevation map (DEM and

wher ei n_sai d net hod further ri ses, ojecting said

firde- ?ré‘t.ﬁdmém%?' %&@"’D@M"h%@' gg'g firgt H%@éoqorﬁpr &8 gmulations
of bHfe gt?s?u sga;PdTFFét St s'é?d‘glﬁ’f Ié‘t%r%'héécfﬂ;}ilﬁéé SPJa&Eéﬁ%é{Lﬁ%'%of

sai eed onto said map dis

saiof olffecistakembg saidfirsacaiméra.st i nage conpri ses
simul ations of objects in said first feed, said
simul ations used in place of actual pictures of said
obj ects taken by said first canera.
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