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BACKGROUND 5 [0001] Traffic camera feeds deliver video i mges to
user s ovewotzh@/lnteer net. Such feeds are becom ng bot h alpamdameacsasdod am | i ar
to Internet users. [0002] In one inplenentation, a user is presented with
an array of available 10 canera feeds for a geographic region of interest.
Each feed may be represented as a thunbnail inage so that nultiple feeds

can be seen at the sane tijne. easier view ng, .t ser can sel ect and
enlarge a thunbnail i &@d@dé% q"&“ﬁ%ﬁ %E&%%'\éﬁgﬁﬁ tion, arelatively
conventional map (e.g., a 15 street map) is displayed, in which the streets
and hi ghways are represented as lBI&%ﬁ(G% NP al so includes icons that
show the | ocations of traffic caneras. e user can click on one of the

iconssto select a traffic camera and display its feed. 20[ 0004] The formats
descri bed abov useful to l.imted extent, but they al so have
shor t coni ngs tfigd* lﬁl;re&@_rﬁam%i fge%ﬂ?_}'\fﬁft\{é%‘? KNAgeSIR YRsr Qv%ﬁﬁ IpigInetor
exanpl e dcilMdl%rebEbbiid bo®landaRt8ha tamiiAES Figidi beeh direction a
canmera is tacing or which street the canera is recording. Conpounding this
problem the orientation of the canmera may change dynam cally over the
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nunber of traffic caneras 1ncreases. For exanple, in sone cities, streets
are noni tasr 2thusbmngjl iNrgesse that anultpledeads can semasrat the sanfepivns] Feseds from

onto a miridaleg I B RS E HIRERAS PR, o oo
2009/ 117197PCT/ US2009/ 034194
[0003] In another implementation, a relatively conventional map (e.g., a
15  street map) is displayed, in which the streets and highways are represented as
lines. The map also includes icons that show the locations of traffic cameras.
The user can click on one of the icons to select a traffic camera and display its
feed.

20 [0004] The formats described above 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,

25 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.

30 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.



[ 0006] This summary is provided to introduce a selection of concepts in a
sinplified formthat are further described belowin the Detail ed

Descri pt iw0.2000mi12193ummary i s not intended to identify kegTiiSatonasoor
essential features of the clainmed subject matter, nor is it intended to be

L2 2 b B0 Rl B RASE s AL o e
i ncor por afidifiey fIreh that Brefupiiet debcridiBbeIBRGH the Bdt&ilbd DESHRIOAL €This

enbodi ments and, together with the description, 10serve to explain the
princi pl esnghanhis ratiiendeta identify key Ba08Es Pr ggsential ifeatardsi @/dkedi agr am of

1T ust r a8 Ripigetraeis, o 1t It oW bEd o TBoie hagb¥PhBed) Fiqure o
i || ustr at@simedosubjdstangt@verl aid onto a virtual gl obe nap.

[0011] Figures 4A, 4B and 4C illustrate the extraction of certain objects
20 froma video feed. [0012] Figure 5is a flowhart of one

enbodi nent of a et hod_é@gﬂ%g%élﬁm@ya?giﬁ%%ﬁ%mmgﬁ 0013] Figure 6 is a
|

fl omchart of one enbodimnen a netho rating a video canmera. WO
2009/ 117197PCT00S2004 88bh¥dariyiigi\dtdvion @ESURCR Bréhcorporated in and form a

part of this specification, illustrate embodiments and, together with the description,

10  serve to explain the principles of the embodiments:

[0008] Figure 1 is a block diagram of one embodiment of a video

visualization system.
15 [0009] Figure 2 illustrates a video feed overlaid onto a virtual globe map.
[0010] Figure 3 illustrates a billboard overlaid onto a virtual globe map.

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

20 from a video feed.

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

visualizing a video feed.

25 [0013] Figure 6 is a flowchart of one embodiment of a method for

calibrating a video camera.



[ 0014] Sone portions of the detail ed descriptions which follow are
presented in terns of procedures, |ogic blocks, processing and ot her

synbol i c wepp@santdat i ons of operations on data bits w t RCH/GS2e00pLDEr
menory. These 5descriptions and representations are the neans used by those

skilled in the data processing Ll vely convey the
substance of their work to ot heﬁ@hﬁ%@ﬁﬁﬁ@ . In the present
appl i cation, gopifOSSHEPortiGH &f Ak Yekaildd RERFiBtioNs whith folib®.arks concei ved
to be a self-consi'stent sequence of steps or instructions leading to a

desi red rpresented i téermsepisoracedinessiogicbjocks, myopesaing and wirdrmymhalions 100f
physi cal quantiti.es. ual | altgou h, not, .necessar, | t hes uantities
Pake ¢ ne "ROrmEOIoERs A PRIt T g s SR SRR erbb e Tt or ed,
t r ansher rsbcrighioid aed reresdatatigns ansithet Mears sieedwyi tRus@bRifled ih theCquraut er
system [0015] It should be borne in mnd, however, that all of these and

simlar 1WPeesRinGPES {@ Mnst géfeplivaly sanveyt et sbstneaprthair svask y@ ptars
guantities; rel veni - e |.ed i ties.
nioss s iRt dng oA e PRKER opBlicat RS s raBRUrE Holf HBER LAy, o

di scussi ahs likefisiconapivedto deetls¢ifadnsibientigbouéndehef gieps oninsapptioreat i on,
di scussigns utilizing the terps such as " accessi_n&%;)h;giggleri nposi ng, "

"r ender i 1§20ING 4P ifisigdresyil.o | BeStoRs aretbgpe EeqHiTing PhysisglenpapHfRions
20" si fgul affipgsical Gaadieat ia)ly, StRRIPHG hecess&AF] thbBY quahtifidtetdikbkRe T ef er

to the actlo% and processes c?# a conputer system~ or si r%u?ar el ectronic
conput i ndodwwif esctrided or meayg netic sigrsalandpabland bemgsstdedd trapgfersseht ed as

physi cal (el ectronic antities within the conputer systenlis registers and
oot | o5 CHRSBHHT RS, ShstotiERs B 3T BL R REE A atnt 1§ os

W thin the conputer system nenories or 25registers or other such

I nformati on storage, transm ssion or display devices. d[0016]

Enbodi ment s dd801dbeheidd dierbarag imeniad swaweet, ihat aheof fwserand sivileext of
CompuLer RS ULEN) o ARBOUE AU v R AR B BRI B ©
convenient labels applied to these quantities. Unless specifically stated otherwise
as apparent from the following discussions, it is appreciated that throughout the
present application, discussions utilizing the terms such as “accessing,”
“superimposing,” “rendering,” “aligning,” “projecting,” “correlating,” “overlaying,”
20  “simulating,” “calibrating,” “displaying,” “receiving” or the like, refer to the action
and processes of a computer system, or similar electronic computing device, that
manipulates and transforms data represented as physical (electronic) quantities
within the computer system’s registers and memories into other data similarly
represented as physical quantities within the computer system memories or
25 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

30 orother 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.



30 or other devices. Generally, program nodul es include routines, prograns,
obj ects, conponents, data structures, etc., that performparticul ar tasks
or i npl ereotogantiscul ar abstract data types. The functi ecaltiseeosms41vhe
program nodul es may be conbined or distributed as desired in various

enbodi nent s. 0017] y_of lLe, and not linmtation

conput or - usabl BONER LR SRS 2ol BB, FlgeU ReiSA Dl SRR cat i on
medi a. Coimphbride édrﬁb@l@? sf&Q%;@ nMdthh le\ﬁésco\‘ﬁ}héﬁﬂcbﬁo@ﬁfbd@n%h%dtérestol‘éij@vam e
and non-renovabl e nedi a i enmented in any nethod or technol ogy for storage

of i nf or maediaringudées aelaﬁmm:nemvolatdaatﬂreovaﬂe andtnoon@mcdabée gredigt ur es,

P ot aa (B rERnEh i e EaeRofer TERRISSy Rraidtdte P ifubfforeg a8 1S M
el ect i catidmfplﬁéas@d@aw@rr@%@mId%té?%étﬁ@%?@h@dgrafﬂ ARJIUMRGH otherF dataher

menory technol ogy, conpact disk &l ROM ital versatile disks

(DVDs) orCompeier sirpaaimediairgedesmiy i net |tf&'§%ﬂei°c &NdaMs AggASY MeMQiye,
h h

rodt am ¢ HEY M T8 85 ey PR O REelroaly SHARRI o fmabie FOMP 075,

Communi c qEERRORY) fastameetdrgdy otteermméeiory ttiablogyl osmpect disk ROMICD-
structures Moro&_ﬁgm nodul es or ot her data i n.a nodul ated data si aI such

15 as a da?P Vergatilgdins PBRAnaLeMiGd siarase TAgNeHea
| nf orfFRt IRBaeld t4Bky niHeflefic dERSORIGR oA MaBfefie bRy sl @agb.l ngmﬁ si gnal

t hat has I'ts charac erlstlcs S or cha manner
as to enmjtier nnleﬁmnnrﬂuatmanlbe tused & spoed theByesiaed |nformwnrpl e, and not
limtation, comunication nedia includes wired nedia such as a wired
network or direct-wired connection, 20and w rel ess nedia such as acousti c,

radi o frequen ﬁO(iﬁ@@mMﬁrf et rﬁ@é‘lacﬁa?ﬁém%ﬂyﬁb@ﬁ@uf@%ﬁda@@ﬂﬁétﬂ%tidms of

any of the above shoul d al so be included wthin the scope of
conput er daéaaérbp@rﬁ%cnragrmmulwobomengatmln@muumad §GH£SIQﬂBb%twfher ei n,

one g, Mo AR R e B PO SR H RS i iy oo
sense, a gdlides medrl. stise &frma‘modulated data signal” means a signal that has one or

more of its characteristics set or changed in such a manner as to encode

information in the signal. By way of example, and not limitation, communication

media includes wired media such as a wired network or direct-wired connection,

20 and wireless media such as acoustic, radio frequency (RF), infrared and other
wireless media. Combinations of any of the above should also be included within
the scope of computer-readable media.

[0019] According to embodiments described herein, one or more camera
25 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.
30
[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



succession of still images. Therefore, although the discussion bel ow
focuses prinmarily on video feeds, that discussion can be readily extended
to i ncl udwocamed79nat i nvol ve one or nore still inmages. PBO/US2009/03410020] The
map can be a two-di mensional (2D) or three-dinensional (3D) map referred to

her ei "virtual glohe” or "virtual world map" or. nost generally,
Vi rtuar apudl bR e Uroaleath 7 nhblcsln 1Raseslen HFLE Soblh 55 °
roads andnbyid 4iamsofisreRbliersr rRptddehtati?PéitheEarth) FHATH! e®D mdel

2009/ 117197PCT/ US2009/ 034194 a virtual globe map is Virtual Earth 3DTM by
M cr osof tassesses Jergatalapout thernaiatal tgredie and@nysman3nadefeatares. fbdel or

representatign, of the Earth. That is, the 3D.nmdel S D _dat a about
the nat ot s 4Gk ikomin A adglal s AR Kop POERF® Sidud aG: ney
i ncor por ajagm #sd bl grabiuedEiorisntdlieraBaleFMoturis sLgRlasrBpmsHRNb@ildity be
produced for smaller scale structures such as roons and building 1 nteriors.

[0021] AlRies@Eh di spl ay screens are two-di mensional surfaces, a map
rendered in 3D allows a viewer to change viewi ng angle and position with
limted 10distortion. The di scussion bel ow focuses primarily on 3D maps. A

2D renderi ng i[6021Muithoughstisplagiscraesisaire ewofdimeBBionansiefades, aandpso t he
di scussion can be readily extended to 2D naps. 0022% The, di scussi on bel ow

uses traffENECIESIBED RS aadeweio Ghangganpv ey artgle agd pasitionpitybyded bed,
traf fi.c CCﬁ?E% efsls [ " hr £ he
rmver;gnt o} I(::tg)rnfs' anddﬁﬁgs%}?ﬂg%&ﬁgfﬁuggglpﬁzeéﬁ%ggi%ﬁa@%g?kﬁb%ni@ t he
virtual napimplywespecialendtedcerohs SOiesceringdaheéseitine dissussibnanibari t ed and

may be used  in l.i cati.nns ot her than nonitoring traffic. For exanple, the
di scussi SRABLY 8&%9&%5@%5@@8% extended to visualizing the novenent of

pedestrians al ong 20pavenents or w thin buildings, or the novenent of
obj ects and peogl e on the production floor of a factory.
[0022] The discussion below uses traffic camera feeds as a prime example

15 — as will be described, traffic camera feeds can be integrated into a virtual map so
that the movement of cars and the like are visualized against the backdrop of the
virtual map. However, embodiments described herein are not so limited and may
be used in applications other than monitoring traffic. For example, the discussion
below can be readily extended to visualizing the movement of pedestrians along

20 pavements or within buildings, 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

25 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

30 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



[0023] Visualizing a canera feed on a virtual map entails aligning the feed
with the features of the map. For exanple, to visualize a feed froma
traffic 280anevya7vn a map, the traffic is aligned wth Phe/useadosaygout of
the map. Visualizing a canmera feed on a virtual map provides context about

where th intj d_what W
Mt pl o 4 BaNe Gaekoa] e (ARLSAEFS TTSUR! Neboei T eua<oL5h SaFERThENS | gned

in tine. tReedmentidiéh bf‘ﬂ)afdﬂ\%@ﬁoétﬂ/eénsdaﬂﬂirﬁs\(é 8o dcRug up. user to nore
qui ckly conprehend the coverage 30 provided by each canera feed. A user can

al so conprehend the rel ati onshl ps bet ween canera feeds, allow ng the user
to infer caus .effets t i nterpol ate i nfar i on. for areas not
covered by neﬁ@ﬂ% -%’re We? eﬁ?g@%ﬂﬁ?ﬁe emb%*HBeﬁg a'dgﬂows atraffic
acci dent \ag\shlizatich gpten mﬂfﬁffa&:ﬁleﬁ/bg\tﬁe HEHb¥H 0 Bpddts Df ed 615i8RV PP 344 94 a

traffic backup, then the user can infer that the backup is due to the

acci dent, %ﬁ@P'@W&DtQ%éS SOMPUEaT- %Cﬂma9”l@@ﬂ@@@rﬁt@@¢elﬂ%09@pwe§o backed
up. [002 aEb&%rrﬁ a bl ock diagram of one enbodi ment of a video 5

vi sual i zatron sys 2M 100 that achieves the above. Aspects of the system 100
can be inplenented as conputer-executabl e conponents stored in a
conmput er -readabl e _nmedi um [0025] In the exanple of Figure 1, the system 100

i ncl udes a vi d882 %]dBttﬁ‘?' exappabbigert 11te sysiemdon 'Pﬁ'ﬂg?%@ ‘ﬁ%?ﬁ)BﬁFéter 120, a
virty A8, § WY FHgi r;lg?’ BHeAt ¥ Gieé)w\"tbépﬁ‘llagzrﬁ{)diéﬂh onmponent

140. Ie these conponents are sente as separ at ts, they may
not be |mmmma39$asmaW|demvgeahzaabn admepanestt dd01 W hipe thasaes

functionality about to be d ri bed, nd t hat functionali .can be
tomt | SenPa RS o Grtgr et reterRar oA Shehts. HiShman nat b RlkrEentea
el ement s, 308 ch. Slhrgﬂr%réiemé:@s‘?émcm%%fde%%h%r%|tﬂb§édt't8%%§é¥l9éd

mul ti pl e devi ces/ conput er syst ens. [ 0026] vi deo capture conponent
110 receianskthahfunstionaliy eenaef e@@rmwltshedmelrtg a rsmgée urngonaletemest phot

ancod (dOHGPEEERCfond B ofiZRRbR Ay RS tls SlnLar bRl gl ™"

capture Qg,rgp(mmn@em.dmycd@@pwtgp{; mised on each of the video caneras.
[0027] In the exanple of Figure 1, the vi deo i magi ng conponent 120

25recei ves and processes (e.g., decodes) the feed fromthe video capture
[0026] The video capture component 110 receives and processes a feed

from one or more video cameras (not shown). For example, the video capture

20 component 110 may digitize and/or encode (compress) video images captured by
the video 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
25 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.

30 [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



conponent 110. The vi deo imagi ng conponent 120 can perform ot her types of
processing; refer to the discussion below, such as the discussion of

Fi gures Mwo2@9/fiorw7exanpl es of sone of the other types eCTaseowessipg t hat
may be perforned. 30[0028] Continuing with reference to Figure 1, the

i rtual del t 130, t 2D 3D vjrtual . Th
LS TR B DS PR 130, SERELEL 2 BB B et
componentyeddfarfiittohRfiolrédd(almEB INRk: WercRoTROMEBS vARAIZGr ender s the

result. Cenerally Speaking, the video visualization conponent 140

i nt egr at eNMPRNENEddd dutpaAndmastes frames o\eideo0siold Ay @eTVadsPons 884194
caner as V\A; 2 2D or 3D map that is based on the virtual map and renders
the result"ant r‘Pﬂrt)egrat ed feed(s)/map. In other words, the video

vi sualsi zati on conponent 140 cuts-and-pastes franes of video into a map
derived froma 3D virtual map. 5 [0029] To properly visualize each feed on
a map, each cdfRB?9 T%p@ﬂe@blé/dﬁqﬂ“?ﬂ egrb farphOnN R Marefactt aaMeea i alighed to t he

T by alg0iRSbaa SRl chi be AR 6 B Mk b PGP RRHLAG iRt T es T

t he map. FOr exa I C ca e€s Vvehicles

novi ng orvided feediwalih cbneaﬂ)orgﬂng Feeattireafifitioe craa“pﬁrléorlé)(eanplet heraffipcarbea
roadway inh the videq i s nap éed to and al ;ﬁgned with the correspondin

roadway ifRed BENREDY itelHE@S, UeEIep MPHRI P E9acvae iR 81igr e Haﬁ'ﬁé*?\m‘?f o are
al so 4gro dt}ﬁel%é B@e%gd% H‘?éjvu%é_@ﬂwg) J7g cor{‘ﬂ%@b wilH @gnent of a

canera an map can be manua aut omati c, rnation of both. Fully
manual aloogmspnndlngvrotadwaysrpété gipn Cagegeepindhayepaled containedan iheleo and

t he map. e nore points ecifie er, the alignment. The

cor r esortinR Bl ABIREP EbhBEERE PO GBSt  on  hai maps e
frames of a video onto the correct portion of the map. Fully automatic

al i gnnment can be inplenented by matching features in the video to features
in the 20map a{ﬁa3®]%mrmer§mf@gcam©@ean®ma@rw b¢ ol Auomsligin of

manua1l an%n%jagtr@r% 01Cbgt|hI qpuﬁnr%aﬁuéi harlllb it fHlves specifying corresponding
points in the video and the map. The more points specified, the better the

alignment. The correspondence enables computation of a warping function that
maps the frames of a video onto the correct portion of the map. Fully automatic
alignment can be implemented by matching features in the video to features in the

20 map and then aligning those features.

[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

25 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

30 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



be used to realize the advantages of both types of techniques while

avoi di ng sone of their shortcom ngs. First, correspondi ng points can be

manual | y wpeodilery725t o cal i brate the internal paranet ePSTAfS2000030841€r

(e.g., focal length, principal point, and skew) and the initial position

d ori entation of ! . d, f t deg
Comput ed 121 RGPD At Ry Lo N AR SRR eph B URCHRPY SRR | cal 1y

realign tmﬁng@;mé@eﬁﬁorﬁleeded Additional information is provided in
conjunction with Figure 6. A conbination of manual and autonatic 30
t echni ques avoi ds sone of the tedi ousness and human error associated with a

fully manual |y hnd que... | nst ead nual aC|ons are limted tq the
hi ] alal gniehea el ARG e e B BhT may B FonifiBr .
combi Bat iipRenEbniIBCONDSBERB el ¢F etled® sTUHEad PRURINGL NRtheacdrietaymavéd e C
techni que. For exanple, if a particular feature in a video is bei ng relied

upon for Caqr@ﬁﬁ@ﬁ@nceabetwempm@t&tlnrﬂée viggozasbinithe ToaPrBY RZE09L034194 i s

m ssi ng frﬁgmélr}e%d%g?t@g&érﬁm%_e%ﬁ%rr%wgﬂytI %eyg)bgﬁjpg'ay%r%aﬂ@dll& 1

wi t hout human I’n I Nl nAen a camne

caner a magalgneastheritiohed abomeenti onal |y or because of effects such as the
wind. If the canera noves, the correspondence between points in the video
and in the map may again be manual |y specified to conpensate.

Al ter 'Bat ' ‘[’ggg 4?6%@9!‘3?@@2 |e3RaRS a'?}Pfgﬁ’é‘@é gén‘,g' K/)ﬁ(eg)‘??r{ah%‘ﬁ% %§enaatdn@§§ 0

above 10 IlTustrate , video) frane
over | ai d region 220 ea wintu2? Qlobe raapQDOuaAItkgalugbe)b]mns 204., thetvbbm:g&s tieesct s

: hi cl d d illustrated
(5 oo IEUEERLNS Gioc iS5 U P B o B LR, & o
real i sti Gahtiycd @%@érdbﬁ’ecté @r@ﬁfdr‘é'reélfs%él'l;ﬁn%ndbﬂ?d qwﬁéétbﬁl ciué@ tMé deo
determ nes the quality of t eotgects W'th frame whi |l e the

obj ect s duaditef theeideadetepninesr egw@btya@fltl;ze@fOJQﬂh@tNdbtratbmffﬁrqa@HDt y, as in
virt u%l Eah e th%D-%Néctfs%ruts%@ﬂPe frame 210 are generally of photographic quality, as in
Virtual Earth 3D™, for example.

[0034] Utilizing a video visualization system such as system 100 (Figure 1),

the frame 210 is captured by a camera (e.g., a traffic camera) and integrated into

20 the map 200. Frame 210 represents an image of the area that is within the
camera’s field of vision at a particular point in time. As shown in the example of
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

25 220. 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,
30  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.



[0034] Utilizing a video visualization systemsuch as system 100 (Figure
1), the frame 210 is captured by a canera (e.g., a traffic canera) and

i nt egr at ewloi2nt911207t he map 200. Franme 210 represents anPCEAFR000f0341be ar ea
that is within the canera's field of vision at a particular point in tine.

As sh int f Fi. 2, the f 210 | tiall nmbedded
Cover i aid o SpERTHIRLEaGore rifliers are i Smets covetioie GsgdRE e o
pasted i nd@atdneo i 588 %ﬁQhQHiéﬂlﬁ/éﬂ%rﬁgﬁofW H%ptmsrtgééfgi’rﬁﬁw%rs Rfmt he map

200 is used to fi in the areas "around the region 2 20. As nentioned
above, tHbosanemerasdan he simparhooveriaid botacediréspaneing egions oidhelmép.ane i s

B obess, VRl B KorRas Sophe SRR e i e taP 2l flob BisYreseciva 1 ar -
fashi gn sigdod et praper ¢ pRicedidppery beichrceneih thé ridmbispray. f or exanpl e,

30within the region 220. In essence, dynamc information (the video feed)
is integrated within the static image that constitutes the map 200. The

notual trafti dOgEnRtdte Ui aghs 365 vadista riRGE BRHRa Bt posliBhoGag ™ ©
Fur t her ntthe cahfert lvaneearegaliiated (reakigmae) pas eertibhag abloee g Gagrsegbesthar ea
enconpassed gé t he disp portion of the map 200, then frames fromthose

. )| ayed : he. :
cameras d@neBE WouH IbﬁrW'?J%‘@ﬁglaé?‘(F'@%eBt Beint E5{h6HRR #0089 SRt 1Be VIdRe nap.
Each @f t I A & : i
respe@ti v@%@?g?ﬁﬁ gﬁ%%@ﬁ%@% 9%%2%2’8“&1%”%%8& ;l%or p@%ﬁé’@ﬂ{v&h{ewfaé? he map
di spl ay. features pDlh@haghdulothedriveorgesinei regionf 22(hig assoeiated tvith gepdntiontar t s
initial position, the camera can be recali.br d (realigned ment i oned
above.  CHRMRIAON NS CEmEEH RV aRulaniee frafh PRDou UF AsEPE Flaveiiiopor nt Cf
the map 2QQ4chso that the video 10captured by the repositioned canmera woul d

still be properly aligned with the other features of the map. In other
words, the region 220 is associated with a particular canera; if the canera

is nmoyed, the egion. 220 woul d al so be noved.. h. .15 0038] Canera
feedsboan be. PRSI FER fref e YRl et R Al R o LB R Ao her
way to Vigdselibg€. Anoeigiviay RedsidiZet EaMERT fddieis b d@fddrIhaNidty aabrd
texture on a "billboard" that is superinposed onto a virtual Ogl obe map.

Fi gure 3 animg&ad texseHnon (hilleeard” Hed ioswrerineosas ente awipiuab@obadnal.scussed
above,  gigure 3 illustrates a billboard 310 overlaid onto a map 300. As discussed above,

objects are illustrated in cartoon-like fashion in Figure 3, but in actual practice

20 those objects are more realistically rendered.

[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
25 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.
30
[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

9



objects are illustrated in cartoon-like fashion in Figure 3, but in actual
practice 20those objects are nore realistically rendered. [ 0039] The
bi I | boar dwB200917p7anar and rectangul ar (al though it appears2109/0b094

non rect angul ar when viewed in perspective) and ali gned to the features

n Che 2908 SREF O Sy e (Ban e b RIOY ngoBo G5 e o 1S DFMbCT™Ps. t hat

traffic, konitamtampsy m@ﬁ&ﬁ@é%uﬁ%rﬁ@‘fﬁe@% by é|2b%&h§ﬂ9dva?ﬁa%é‘ the
exanpl e of Figure 2,” alignment of the billboard 310 with the map 300 is

rel ativeltg tee uaE@rﬁtafleWsdhataﬁdhe llemerawbanges girestiate thewideodeedcanr at e
representﬁillb[oenwof XA ttual traffic conditions. 30 [0040] An
| Svaisfov e usdgh

alternati Qi gital elevation map (DEM that

i ncluges a road |layout, to provide a 3D effect that otherw se may not be
apparent with the use of a billboard. In a sense, a canera can be thought
of as a slide [BP4]letiaieedizam & vpee camera indydeseiaforrratignebat may et dle DEM

reat! 9 hifchigst ol d el UG Mot diamnt e Bay BHRILEIARIS the.

follow ng t contours o resu d|s e simlar

to that sdrmamnmentisgrroandingAn@isdeayadvemtagevéisionty Meefedainllﬁé/l Is that,
if the canera chan%ps direction, the video feed can still be visualized

with | i miVoliMeios{giiG e thesroadway. T%@qq']esw@Sf BePaGkerR YA FaieBe caner a
| nel uges reRIcemtdrithd DRleo/TBYd 38 ikt roMElAfbiE oMY B3 tbftichelifis. BR

exanple, a fic canera nay capture the envi ronnent
sur roundiway to ammxdn\eiysmmhesnsao extaetronlg thnﬂwobjecterleﬂ;m@dlden thatkareol une of

traffi th d this, the b d be 10 d
1 om e [DPHBE: F8CH LS-(RAMeq Bt Vakialor Bath gt M Beryare MOTBHRIRS. One. vy
Lo accompiesla ddHow brirhe. THERAGACIPLUKENTRIRMI AL id SLBARI fiBm fRat are

novi ng. To do this, the nedian value for each pixel in the video is
det er m nmrm@ondlngemxeid/abie i each fTaee, of dae Miagerto pireeucerad iatphayaiatie i s

subtr fromth rrespondin i xel value in each frame of the video to
produ gﬁata?ms ltyftﬁe n?oﬁﬁ)g gbje%tsp'

[0042] Figures 4A, 4B and 4C illustrate the extraction of certain objects
from a video feed. As in the examples above, objects are illustrated in cartoon-
like fashion, but in actual practice those objects can be more realistically

20 rendered. Figure 4A illustrates a median image 400. Figure 4B shows a typical
frame 410. Figure 4C shows one frame of 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.

25

[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

30 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

10



15t hat shows only the noving objects. [0042] Figures 4A, 4B and 4C
Illustrate the extraction of certain objects froma video feed. As in the
exanpl es wbav@/110197ects are illustrated in cartoon-|ikePCadiseam/,03404 in

actual practice those objects can be nore real istically 20r ender ed. Figure

4A i |1 t { Fi h | 410.
o ur e aiGTCamat Ponn iR A H shufael Ehidoass beitlerd ahiRB i ( o

i mage 42QnGaB8ehEENhEYehitRY ihNTREHRShRRMed dlépﬁléy'afbogréh?éplﬁ@é’d QithDEM i n a
manner simlar to that described above. The resultant display would be

similar tsyntheiic rehmenltgthnusgﬁrv@hzzles@5Mp0®a;3q>cmaim theplocatiohesd saredef used

to extract b' s fr Vi deo fe For, e cl fie be
trai ned. (SR I POASCERI a5 e RERE FRkiaS Pt v v e ol R o

cl assisf i &fari@Yo COMPRES theCHTaHIBrabf @aeH ob‘J@ﬁW@sUé YmebL(Dnlytthékﬁ)@lt%'n'd?V\B
nonnovi ng objects (e.g., cars stopped in traffic) to be recognized and 30

ext r act eceaNRpiectnaess tpé@dser[tcﬁmm heavideq irAgingreansretnt Jgortebe videst
descr i bedd 385 PBhAENAR £ A6LRK PR Gkind bhAudRuhalrAsheqe.

si mul ati on I NS ren act uar i mages

of vehi clresultariiisplay wbblobbé eedula&odle@tcshdmdby Riguw©2 or Flgure 3, but now
2009/ 117197PCT/ US2009/ 034194 conj unction with Figures 4A-4C a sinul ated
vehi cl e dHR ODECS wihkyog r@ﬁ'on”r%? bthe illkeasrd 10 Woud Reshars B CAHOPRE

al phanymatj.ed F’@d‘et'c representations of
vehi ?I-Oes lk%b?@@@e@%ﬁ%ﬁ?\%@dt he ogg?\le%hrban speed of each of the objects
In the al pha-matted di splay 420 can be tracked fromfrarre to 5 frane to
conput e the pqgsjtign of .each ohject versus tinme. Onl osition of each
ob] ot needs’ 1B0pa Bk RG BRLCHR EBIRITa AT Eumpbite I 4500 AR deo
vi sual i zay; %s%@%ﬂ%ﬂbeﬂ@otﬁ@k %H’/&wtébes r ¢P|écf#dw|r@3&(%dﬁt$bjé&%éwt S.

The resultant di splay would be simlar to that shown Figure 2 or Figure
3, but noiersusetine]alows thﬁtmsﬁlomm th@@bmtzzbe@xtrahelam iharead @®igidaoul d

per ha1|%s t{ﬁe(ﬁ%[ot 8P\ﬂél0%0()|f 'trlm(ee Car%lera Oﬂ%h e Fen%%tn%bloef‘(?hés ioB}Jelc?st |'sosrt'§nocaa}‘8iz%8 used.

(simulated), and therefore it is independent of the camera resolution, lighting
conditions, the distance of the object from the camera, and other influences. In
addition, the visualization of the camera feed is more tolerant of noise resulting
from misalignment of the camera.

20

[0046] The maps, including video feed(s), may be part of a larger display.

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

25 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.

30 [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

11



[0045] In addition to reducing bandw dth requirenents, the use of sinulated
obj ects has a nunber of other advantages. The tracking of each object's
posi ti on wenewsgl1ridvre all ows the position of the object ProThS2emt084apol at ed
to areas outside 15the field of vision of the canera. Al so, the rendering

of the objects i tan i zed (sinulat and therefore it Ls.independent
of the calirkersSERIATGRO0 A el meytarmine « 1o SlEReie To Lowneats PP RBYaD; oot
from t he gL beAPEHAHRS inl dH brdRPeRferehtthaf Préédited ! Fartheftatd, #ad 1 on of
the canera feed is nore tolerant of noise resulting fromm salignnment of

t he canerfaatupes of the varjods4shbatimemnipdesdrineduel g ldwhartsexi) 8)q o6adcabe part

of a larger display. For exanple, the map/feed visuallzatio may be
acconpaniEu s BERE oriin oo TR By iro Eath Rt SR abdlimePiangs” hat
provi ge FdhaeRE00 MPE0BCaRbeSHlerdgntidedd 8binpaterigx@tiiiab|s NTraticss

weat her conditions, links to other Web sites, and the 25like. Furthernore,

such i nf GteRgdi B eRIYPBIErsepdallenirdtdMont o the map. Al so, such information
can be added to the video feed before it is superinposed onto the map. In
general , additional information may be presented in the display areas

bor dering the [0e48loNithiréferendefirstpFigusebf in HOEI00687Z)] a Bsguiserésersted

fl owchart 500 sunmmar.i zi ng one enbadi nent of a nethod for visualizing a

vi deo f ecMith & ey & avg'lgblfa|C@«mfarfee%olrb¢loehé0én%dasf%ﬁ@'%ﬁs AN&ef hod f or
cal i bpati i o] I I hOAEEN S SRSk ps are
di sclblc())sedﬂ ?%@?ﬁrﬁtggﬁ% gv\?% a?féqsé'Slégb lé%%%ggbthgg%é%&%%jeps A exeer%r%?%r%b.e That is,
vari ous otbheivedthgpioraxamgié aheviteombistdeative gemprienté d40 of Higurd®. In

2009/ 117197P 009/034194 f1. harts 5 600 be . f . Th
steps | n Rk POGBRAIISD WOAIZRUOB GO RSB0 | A0St RRESEHS AV BRElaRad 11 er on
than presgaéied0fHeISRRIGIEY GidebliBed$afdIE@Serfthpbdtdl ¥Rto! tREViIrRiHP PFHATBR S .
descri bed by the flowharts 500 and 600 can be used al one or in conbination

wi t h eachhetesults are dislayedolore specifinallys dependingrarstheosessdebBmiooan be

i mpl enent ed. as uter - execut able jnstr Lons .stor '

compber S-S mBE Tl o Wh B! A LeERanTE BPEF S AT AR e 5. i bl ock
502, a usgickgFoudide seadigenalitformation isyrovfdedviaithebiseussioRicl Figeds 2, Bn bl ock
504, the user selects one or 10 nore of the canera feeds. In block 506, the

sel ect ed déetR-44r.c@abyeessed and recei ved by, for exanple, the video
vi sual i zati on conmponent 140 of Figure 1. In block 508, the video
vi sual i zati on conponent 140 al so accesses a virtual map. In block 510, the
sel ect ed vi ded004@jdyithrefesemss nopas EQurets) in bockieORu e widpo deet from thesul ts
are displ aayed. Mor e sH)eci_fi cal I%, desrbendi ng, on the user's selections,
20 = cdmera is manually aligned with the geometry of the map. Internal parameters
of the camera (such as its focal length, principal point, and skew) as well as other
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)
25 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
30 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

12



15 one or nore feeds can be visualized sinultaneously against a 2D or 3D

background. Additional information is provided in the discussion of Figures
2, 3 and wWo24@/11a90ve. [ 0049] Wth reference now to Fi gece/usommn3daabock 602,
the video feed fromthe 20 canmera is manually aligned with the 3D geonetry

e T TS BEEATY S, Pl FRCEA el B 28 14 Ful TGl ™

canera’ s Gt #1d delMa) iRife ARICHYBMGHIng B tréfRMIRlctor ahd R roblVecipCasarily
the end user, but perhaps a user such as a systemadm nistrator) can

i nt er act ithelcpmexdinbe\dse the peopoeital tranjfoan dfiiag ea(nerg position thatewyill Zéighr om

nctual (nDarBad PR SERET G BRZBRARAFS b AL e i adBE R In (e
3D map nuflighed MABERE roadRE9GK tHéhapcal i bration and | ow | evel vision

techni ques are used to 30 automatically update the canera' s paraneters,
whi ch may change due to, for exanple, wind effects or schedul ed rotation of

h . ffJ f ki i S '
used 1o dot er APREIRIE GEAPE PR AT R s el o FEBlecl P DTl E” =@

vector") mrbduee ampanbearhaed a rAagdaaly dbredhishtthetdie Frawmpvensidetiatas net adat a
that identifies, for exanple, the direction of the roadréa "road WO
2009/ 117 ByYpieRieuIwoeanere oan be cabbrafedwithJespre 9 oaediana et egheh. The

canerg fapde CAQ tf??_ciametré %ﬂaYes?gﬁ@Bﬁg u‘NkﬂBwhh@ its PSANBY anBid. "By BBRRYing

aligning the traffic vector and the road vector. t he“canera noves] the
i ncr enentthé optiealsfayy (traffic vaetochmamaingags, thedirédtann of the radd gnthtehiemagead and

traffic vectqrs,can . be co te 0 that the, traffic flowin the feed is
Sai | gned AN AISS RE SRSSARO ihe, dliectigp.of the foad b mage BRasRPRss ihFsamer a
may rot att?afﬁ@v@@t_@l‘)‘?ﬂﬁ/h@ﬁ%é’ 3roBdNVHRS ddta 23 B@Ij@&e@ oﬁ&f‘ﬂ’feaiﬁ?ag‘éf, tife I oadway
for which there is 3D road vector data avail able. The canera can be

cal i br at gdisaligmmeskplbe aredistes foadiectar andgihecopticet lomw — due tohidecaner a

rotates, the one. unkn .is its rotati-gn angl e. ut i.n h tical

{1 ow 8 1 st G O ion- [ dkybleRh ot SRR RealtareRa sk PATPRY. | nage
can al so d?%tfﬂ@éﬁrsmiﬁlﬁdtdrwfélighéﬂﬁ?é Bfﬁdi@tédtrbﬁd veedr aRdithe mamRaeed Bpties ponds
to the traffic vector). en the 3D road vector data is {)ro ected onto the

i mage, t Hiowsaatheshhedetasminad Whem @ caterahas Rdeiaym BogitiomBUbRRKRANN f | ow -
d to the. . . j: - ot.at i - -
rotat i on iegaysE HE T AREEN iRy Y amuPy BECARER ot PR Along e 7 0o

vect or argtetiictedmasiwentorapid the! mehswuvedasptichefiow €ad diecuisediedautifraticallycanmer a
has a known position, but unknown orientation, this technique of finding the
amourf® of INCHREIEMIIER PENAIRRY al i gns the predicted road vector and the

nmeasured optical flow can be used to automatically

[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

25 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
30 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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20find the camera's orientation. [0052] Canera calibration is facilitated
if, for exanple, there are nore than two roadways in the inmage,

parti cul awbyoe¥11rtse r oadways forma junction. Al so, |anac@rissooobarst han
roadways can be utilized to performthe calibration. In 25 general, a known
3D geonetry is corresponded to known 2D features (e.g., the optical fl ow of
traffic in an image) to automatically update (realign) a canera' s position.
[0053] In sumppy4] Iﬁ‘%ﬁ@%rﬁe@@iﬁg%&ﬁ%‘étléﬁeer’ﬁ%éllﬁferﬁé ﬁbl@é'bé@ﬁ dR¥crAfed
superinposi ng images based on"the feeds onto a 2D or 3D map that, in turn,

i s based with eefg@ngerto mmlrnefaps sgeaﬁeqlemrsltpat My Vaee frem impiementasion to

geogr aphi.c_caont e i ng asi r . a u to. u and whi.ch

O et o Rhiop a FLRenets e 3hf exefisivh HiRaIs QRIS B EMGT ) ey
are recorghgig. mt@hﬂ@@\b@rthe@p@ﬁ@ént%%e@é@mﬁbﬁt@h' 16 thedet of aldné featrisdd | on of
one canera feed to anot her. [0054] In the foregoing speC|f|cat|on

enbodi nerdtam ﬁ@ﬁ@ﬂ@@@ﬁ'%%?h%&?%'q formein eyl SUER ClaME IS, Q"}f@-dﬂ'ﬁ‘g @det ai | s
t hat t I d
(nat Y SRkl YR BTGl R R Bpe R parfhe po1 e, o

appl i cantadvanteye, loe attrietet thahis nct expeessyt regited imarataitrhstiould siogt theom t hi s
application, in the specific formin which such clainms issue, including any

SUbsequerieopgiat sUEN STMPBAEY, W Aerrraiais ine eperiifation,ARMErWINgs &5 ur e,
advanjyage, uérreggléc;éobw@ fipgkative &%eﬁhaﬁ%s%%mcwé'sbﬁge' n aclaim should

limt the sco suc almin any way cordi ng t he specification
and drawi ngs are 10to be regarded in an illustrative rather than a

restrictive sense. CLAIM
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What is clainmed is: 1. A conputer-readabl e storage nmedi umthat does not
consist of a signal, 5 said conputer-readabl e storage nmedi um storing
conput er - execut abl e i nstructions that, when executed, cause a computing
device to performa nethod for visualizing canera feeds, said nethod

conpri si ng: di spl ayi ng i nfor rrat('t}gﬂM‘{at identifies a plurality of
avai |l abl e canera feeds; receiving a election identifying a first

sel ect ed caneyghdtsdlanfiddds:10 second sel ected canera feed; accessi ng
said first selected canera feed and said second sel ected canera feed from
said plurality of available canera feeds; accessing data for rendering a

map display o L= di [ [ Lt ; i at | i d.first
ol ect od oaned s EHIPURHH RN CERad? bladRirp I ackaTAREngIt B ST,

cor r es posdidgpmmptenreadaie ¢ metiurfl steinglcombater@ixesaiable instructions

mul ti-di T}EaESI onal virtual map based on sai d dat a; sugerl nposi ng one
or nore halnwhenexegiteds cause 3 sprputing devicedomestormametBodfornpre frames of

said sec id..correspondi ng 20 regi ons

i ncl udedgegﬁa@#@%%g%r%?és%q%fgc@?ﬂsegfg@fo%@ﬁ?ﬁgﬁghensi onal virtual map, wherein

sai d one or ndispldyirgriedoraiation thaf idestifiesch piuralityafravaiathle wanserd feeds| one or

nore franes of sai.d second sel.ected ,ct;ﬁ,rrera_fesé are aligned with respect to

time; and rentRGGVIGA ILSET S8 C&lpﬁﬁf@lﬂ g adirat FFtﬁddﬁ‘F%%ﬁfGﬁ‘ala“ i tual map

wi thygai ge&ﬁ?d)é@e%drﬂ%{rﬁer%rféaﬁs of said first selected canera feed and said
e

one or nor ranes of sal d second sel ected canmera feed being overlaid on
sai d correspoadcessingsaid fsstselected camera feechdrd said sstondrsglectedpl ay of said

O ISRk ot said IR ok B0e B et ey or d corresponding
I Ir ;\S;Eal ?ﬁgeg;egcﬁﬁmﬁéﬁ%r FEHBTing P mApiSHEY of ¥irde-dirRAsRnal fiftual es
map;

15 associating said first selected camera feed and said second selected
camera feed with corresponding regions included in said map display of said
multi-dimensional virtual map based on said data;

superimposing one or more frames of said first selected camera feed and
one or more frames of said second selected camera feed onto said corresponding

20 regions included in said map display of said multi-dimensional virtual map,
wherein said one or more frames of said first selected camera feed and said one
or more frames of said second selected camera feed are aligned with respect to
time; and

rendering said map display of said multi-dimensional virtual map with said

25 one or more frames of said first selected camera feed and said one or more
frames of said second selected camera feed being overlaid on said corresponding
regions and with a remainder of said map display of said multi-dimensional virtual
map being displayed around said corresponding regions.

2. The computer-readable storage medium of claim 1 wherein:

30 said first selected camera feed comprises a dynamic video feed of vehicles

traveling on a roadway,
said map display of said muilti-dimensional virtual map includes an image of
said roadway, and

15



said map display of said nulti-dinmensional virtual map includes an i mage of
sai d roadway, and said nethod further conprises aligning said
dynam c video feed with said i mage of said roadway. 3. The
conput er -r eadabl e storage nmedium of claim 1l wherein said nethod further

S| e o BARBRRRAEe PoRR aaEBRiEG 3R riinc i iR 1o
conput eri,ﬁgé\él@pggid%gagggt medi um of claim 1 wherein said method further
conpri ses: rendefing said one or nore franmes of said first selected

carmera feed a$.Zheromputemreadablestorageomediuim of blaimd wharein saidupethodposed

onto sai isplay. of said multi-dinmensional virtual map. 5. The
comput erﬂf'ﬂgﬁ‘w rage nedi um of claim1 wherein: sai d

nul tisdi mensi %@kin?ilééatﬁin ARPsPEEP6f Sid vahidledl fordorspeaiostiongedf salEM) . and
15said nethod further conprises projecting said one or nore frames of said

first sevebicles withespecbtastime. DEM 6. The conputer-readabl e storage

backar ounds 1 Ao e 40Tesl-3AdHplEESP e eblLrt of B S FRerain spig meed e
feed so frtHer@ohprisesi ng obj ects are overlaid onto said map display of said

mul ti-di mensional virtual map. 7. The conputer-readabl e storage
medi um of cl afeRderipgsaid aneor oretframes of said firstsalected camera feed ag @hi aci ng

2513 . TR R Bh 3 SIS tpeReSoLA RS o B DAL .
of said ohjlidimensionalivirtwaienap. nore franes of said first selected canera
feed. 5. The computer-readable storage medium of claim 1 wherein:
said multi-dimensional virtual map comprises a digital elevation map
(DEM), and
15 said method further comprises projecting said one or more frames of said
first selected feed onto said DEM.
6. The computer-readable storage medium of claim 1 wherein said method
further comprises:
removing backgrounds from said one or more frames of said first selected
20 camera feed so that only moving objects are overlaid onto said map display of
said multi-dimensional virtual map.
7. The computer-readable storage medium of claim 1 wherein said method
further comprises:
replacing actual images of objects in said one or more frames of said first
25 selected camera feed with simulations used in place of said actual images of said
objects in said one or more frames of said first selected camera feed.
8. The computer-readable storage medium of claim 1 wherein said method
further comprises:
correlating metadata associated with said map display of said multi-
30 dimensional virtual map and information based on said first selected camera feed
to calibrate a camera-associated with said first selected camera feed.

9. A computer system comprising:
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8. The conputer-readabl e storage nediumof claim1 wherein said nethod
further conprises: correlating netadata associated with said map di spl ay of
said nmulti- 30 dinmensional virtual map and i nformation based on said first
sel ected canera feed to calibrate a canera-associated with said first

Thtert ace opePaisel itarags opprable for ARARAS KRR R idedes a MutdiRL, .,
of avai | abhgaiRbietamerE ffedeBhd F ré&ifihy iaGset sefevtioﬁ%mtfyiﬂg_d fteptifying a

first selected canera feed and a second sel ected canera fee and nenory
storing Seleptadcarageieedmans a sapendaelectedganenadeedaand r t ual map nodel

U rbuar map - metGry'sor PRTBIE R IRME bSMRteBisdBalllng: o7 Mocel ving sai d
firstssel ect ed godrtealonbp erodel Cofrfidhent 6perhbieifo? Generatinges mdpedidplagruf a

vi sual i zati on nodel conponent coupled to said virtual map nodel conponent
and sai dayndifidimengiongl YiduabMaBrient , wherei n said virtual i zati on nodel

conponent is ORAGAR) ﬁn&@égtcgg\ponent oﬁ%@agﬁdé?d}q'eﬁé’i.\/fﬁgféafiéhrs‘i%#%i{tﬁd; canera

feed and said second sé caner a romsSal @ video i

conponentamera feed andisaidsecogd delectéd cameral fsed) @anda visvaljizatioahagelof sai d
ma onent,

N TR R R RS WY TR LT T PO
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accessing said first selected camera feed and said second selected
camera feed from said video imaging component,
accessing data for rendering said map display of said multi-dimensional
virtual map from said virtual map model component,
15 associating said first selected camera feed and said second selected
camera feed with corresponding regions included in said map display of said
multi-dimensional virtual map based on said data,
superimposing one or more frames of said first selected camera feed
and one or more frames of said second selected camera feed onto said
20 corresponding regions included in said map display of said multi-dimensional
virtual map generated from said virtual map model, wherein said one or more
frames of said first selected camera feed and said one or more frames of said
second selected camera feed are aligned with respect to time, and
rendering said map display of said multi-dimensional virtual map with
25 said one or more frames of said first selected camera feed and said one or more
frames of said second selected camera feed being overlaid on said corresponding
regions and with a remainder of said map display of said multi-dimensional virtual

map being displayed around said corresponding regions.

30 10. The computer system of Claim 9 wherein:
said first selected camera feed comprises a dynamic video feed of vehicles
traveling on a roadway,
said map display of said multi-dimensional virtual map includes an image of
said roadway, and
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superinposing one or nore frames of said first selected canera feed and one
or nore franes of said second selected canera feed onto said 20
correspondi ng regions included in said map display of said

mul ti-di mensional virtual map generated fromsaid virtual map nodel

[ [ f f id fi I . d said
one. or more. f PARGSAZafipn PR cAmedReft s pritale 57 AitiAd BELrRBIo L,
respect {plebiféid mﬁggmggé o saill rdativaydi spl ay of said multi-di mensional

virtual map with 25 said one or nore franes of said first selected canera
feed and said one or nore franes of said second sel ected canera feed being

G Sl ay of " sand e SPAER s ek et O A Wik el ToEA B AIE Sndid SPAIA o0
cor r es popghislesrareitritked 36 Omplte positions ef saidsiehivled withaespett b tinmg. n:

said first selected canmera feed conprises a dynam c video feed of vehicles
traveling on a roadway, said map display of said nulti-dinensional

virtual nmap ingsl S i ol ‘ i

vi sual i zat i onq?rbﬁg\% %%ﬂn%%%gg?sﬁgé" @ﬁ%@é’ﬁ@*igiré'%?.Q@n‘?“r?g“s’é‘."c’:é ﬁ?ﬂ‘e?r%‘g vi deo

f eed wi t baigdfirst selagted dantsradeed atbvrondered as an anifhbted texturengnia dillboasd em of
Claim10 erein:  locatjon and speed of said,5 vehicl es_arﬁ t'{atiked to
conput o MRS PupATTaPOsed antocsaid riap displayral saicmultidimensional virtial map.the
conpyger systemof Claim9 wherein said one or nore frames of said first
selected canera feed are rendered as an animated texture on a bill board
t.haz [ Is super 'rlgpd'i\ecbmnplateigyst$gam‘ lairp!taawherfeil:;ai d ][ml ti-di gecvﬁl onal

virtual map. , - : e conputer system Q ai erein:

oa -l 01 i AAAmBtmensianal Vel SR rieies alteLelelpidR M, mmp (DEm
and (DEM), afidti d one or nore frames of said first selected canera feed
are projecte '1.5 onto said corresponding region in said DEM 14. The
conput er syst saidaineddbrmore® framesafrsaidhfits selectes] cameracfesdateiprojected d one or

nore,fra f..said fi sel.ected cC feed so that only noving objects
are 3)%/er gﬁfodé)%ﬂtc "’gaP‘hﬁﬁﬁ% r%'gﬂl'ﬁﬁaﬁfﬁg&ﬁd mul ti-di mensi onal virtual

14. The computer system of Claim 9 wherein backgrounds are removed
from said one or more frames of said first selected camera feed so that only
moving objects are overlaid onto said map display of said multi-dimensional virtual

20 map.

15. The computer system of Claim 9 wherein actual images of objects in
said one or more frames of said first selected camera feed are replaced with
simulations used in place of said actual images of said objects in said one or more

25 frames of said first selected camera feed.

16. The computer system of Claim 9 wherein said computer-executable
components further include:
a calibration model component operable for calibrating a camera
30 associated with said first selected camera feed using metadata associated with
said map display of said multi-dimensional virtual map and information based on
said first selected camera feed.
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20 map. 15. The conputer systemof Caim9 wherein actual inages of
objects in said one or nore franes of said first selected canera feed are
replaced with simulations used in place of said actual imges of said

objects in said one or nore 25 franes of said first selected canera feed.

16. The conputser ,s f. aim9 wh ,n I d.conput er - ex t able
conponent s fuﬁ héX&h@%ﬁgm%kn&%rptpgggﬁhﬁﬂ %&%é‘%"@ﬁﬂﬁ&hﬁ?ﬁ‘agﬁagﬁ for

cal i brat hidgthed eempriging® associated with said first selected camera feed
usi ng nmet adata associated with said map display of said nulti-dinmensional
virtual map adigpiaying kyta sampstieg deMiceainformation that identiiesa plyralityafd .

17. A co = | d nmet hod of visualizing canera feeds, said nethod
conpri si ﬁgaﬁa%lebgm&?sp ayrng, by a conputing device, information that

identsfies a pageivihg,tby sdiddompLaipgedevices aauder sdtactiohddentifying a finst sai d
conputing device, a user selection identifying a first selected canera feed
and a sefelggtessamerafegd and-a seeend selesiediGamenfesd; d conputing devi ce,

I e T R e T

said plurality o accessing, by said computing
devi ce, saidasedcondrselebted ogmerarfgediroml said plurality @available canwrafeedsyi r t ual

map; associ ating, by,said conputjng . devjce, sajd first selected
canera feed aﬁac%sﬁ"w'gé’&#@cg@ FSG’%&@EPQ@*@&@WE’W%W%%‘@V 3 egi ons
i ncl ygledyyni-afhéndiBRalditiidapf sai d mul ti-di mensional virtual map based on

sai d data; superinposing, by said conputing device, one or nore franes of
said first 15associating] bysaid eompatingdévicecsaid firstr seléctadeamera feediandcond

S o T B B e MR B SAn 0ot Bl 2 P
frames Ofnaiﬁaié?rbywtsamhﬁﬁm%é‘r%ﬁa{a?vfr&m &stdlon88idatgPr € frames of
sai d second sel eCted canera feed are aligned with respect to tinme; and
superimposing, by said computing device, one or more frames of said first
15 selected camera feed and one or more frames of said second selected camera
feed onto said corresponding regions included in said map display of said multi-
dimensional virtual map, wherein said one or more frames of said first selected
camera feed and said one or more frames of said second selected camera feed
are aligned with respect to time; and
20 rendering, by said computing device, said map display of said multi-
dimensional virtual map with said one or more frames of said first selected camera
feed and said one or more frames of said second selected camera feed being
overlaid on said corresponding regions and with a remainder of said map display
of said muiti-dimensional virtual map being displayed around said corresponding

25 regions.

18. The method of Claim 17 wherein:
said first selected camera feed comprises a dynamic video feed of vehicles
traveling on a roadway,
30 said map display of said multi-dimensional virtual map includes an image of
said roadway, and
said method further comprises aligning said dynamic video feed with said
image of said roadway.
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20rendering, by said conputing device, said map display of said nulti-

di nensional virtual map with said one or nore frames of said first selected
canera feed and said one or nore franes of said second sel ected canera feed
bei ng overlaid on said correspondi ng regi ons and with a remai nder of said

map di splay of V|rtual bei ng di spl ayed ar ound
sai d cor respoﬂgr ﬂtgﬁ b?gﬁ’tﬁa'm ?g?ur& od of Claim 17 wherein:

said first selpekin By"%ﬁfd%&rﬁﬁ\%r@@&hbéEI§cﬁldﬂV£ﬁ’dThﬁeé’d BeSai sRAIcMs teehi cl es

travel ing on a roadway, 30said map display of said multi-dimensional

vi rtual namnumposﬂen&nf smdg@hmeSMtU respentdy fimend sai d met hod
further conprises aligning said dynamc video feed with said inage of said
roadway. 19.. The nethod of O aim18 further conprising: t racki ng,

by sagd COWPUQOng'héelY\bﬂﬁ)d bOCRIM A7 faftfeF86Rprisingsai d vehicles to conpute
positions of said vehicles wth respect to tine. 520. The nethod of C aim

17 further corpfelating: by said coraputingdevieg, metadataiassagiated wjthisaid feap

rap. and SRR o e ril-ainBh iR S aY ol (Gialbh oL B AR, 11 i 07

canmer a aselectetl €amerd feedabtalibraté ascngsracsssosiztedwithaadid fifst selected
camera feed.
10
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