WO 2009/ 158083PCT/ US2009/ 044673 REG STRATI ON OF STREET- LEVEL | MAGERY TO 3D
BUI LDI NG MODELS BACKGROUND [ 0001] In many cases, the precise |location of a
vehi cl e owo 20®/dedssr mi ned using a 5 conbi nati on of a gl ebalusp@sioticoni ng
system (GPS) receiver and an inertial nmeasurenent unit (I MJ). |Inmages taken
froma vehicle using such |ocation systens may be reqgistered to a |ocation
usi ng t he FEESISTIATIINR@ESTREERUEYELIMAGERY (11 3B AN GO0 1
However, signal distortions in urban canyons, nechanical tol erances, wear,
etc. may cause the reported |ocation of one or nore image sensors to be
different fromthe 10actual |ocation of the sensor in an unpredictable
manner [0003] An exanpl e of such BAGKGROEMNDDSs illustrated in Fig. 1, that
shows a prior art result of an attenpt to align building inmge data (e.g.
phot ogr agooe1]dat@mah ciet, ihepreeixé Bichtich éf RBidlé BB @AdhmitedRsingadel 52 of
the sane building. As can be seen, the | ack of accurate registration of the
i mage Ssouoedinasiennr aslabsl poseioninivaisht CGROregeaves endan inseiadmeasiramenil causes
m sal i gn

yat em an e T ey BARS, RRAD R SR op Sy A e AR ki ng
t o al i gn tstarleetioh aviap thamgaDning ﬁ&sbtﬂﬂedtsﬁgom&iabﬁthb}(}wsﬁcblm ically

adj usting the origin 20 point of the inmage data until a best match between
the i magqoeen| beiokdBgsidRselistOions h urBn Q8KHM, McBadibk® tEaBéd, wedrugt ment
(e.g. a camera location) for the set of images they can be satlsfactorlly
al i gned. TR ¢ase thadennried yoqrign BEORT uners dmakRsF ISR (e ke difsrenhdoanthe or
opposiyt e @ iPReflorfySht S5her LR AAR AL Il ver sty of ata for the

allgnnent process. e 1 nages are a nhed with 3D nodel s of

103 A Tt RSTELAL 0,50, RO LTS SR o o
gr ound) lr@ﬁﬁlﬁsfameﬁ tﬁwlgh%ﬁﬁaﬁl (ﬂmbge &t Qed. a)h@té%{aphic%ﬁ)@etvﬂtﬂé}f bui | di ng

feature identification 006% es and street-level LIDAR are
process ecﬁXESéméxhrﬁgdtrnq@@ion@h (Ah) awge 2a¢t?fhe sames Ryl dinge sAmIbbf: wfe thhlagk

proj ect edqf%ggu Qt%tr%gpfat%g o?ﬁl%ek}%ﬁe 'sAbu(f Sltob%t?r f 'tlgeu%e%g h{EErrefeErencE%if ﬁl%g;%ler at ed

based on |st etmeen é ex f ac es and’'s I nes, the
15  model causes misalignment between the images 50 and the model 52.

SUMMARY

[0004] A system and method use a combination of image and high resolution scanning
to align street-level images to 3D building models by systematically adjusting the origin
20  point of the image data until a best match between the image and building model occurs.
By performing the origin adjustment (e.g. a camera location) for the set of images they
can be satisfactorily aligned. Further accuracy may be provided when images are chosen

for opposite sides of a street, providing greater diversity of data for the alignment process.

[0005] The images are aligned with 3D models of buildings that may be generated using
25  another technique, such as airborne laser ranging (LIDAR). The street-level (i.c. less than
20 feet above ground) images may be supplemented by street-level LIDAR data for

building feature identification.

[0006] The images and street-level LIDAR are processed to extract building edges and
skylines which are then projected against the 3D models. A cost, or figure of merit, is

30  generated based on the distance between the extracted image edges and skylines, the



WO 2009/ 158083PCT/ US2009/ 044673 street-|evel edges and facade depths, and
the correspondi ng features of the 3D nodel. The canera | ocation is then
iterati vevg digpb@sed about its cal cul ated | ocati on andPChaSe@oto44673

recal cul ated. The | owest cost, corresponding to the best match between

extracted features and deI ed eatyres is then selected and th
cor r esporitfitHg XA reRe ang daerlp e Y 4B t@ww&wnd%eﬁﬁee@g@e%mﬁ% rate
i mages from.al BRLidR i H{én%rdtl%lg'%ﬁ ﬁil&%h 'dQéLRQts'cHRGE%dﬁB@a%HQH@?detc%stS' des,

e.g. both sides of a street. e source location is displaced, the

| onest owecadulatedsThd lowest dost;omw@en@dg tMgesstnmmleb@WB@l ¢>¢1ect¢d|f®tm@eur ate

absol ute Sit gr _the. ca rates al i gnnent i mage 54
and ap morarmesscdies Bipet e widioe Frrtndiingt Eg o ARSERIE N O Tre
DRAW NGS {100 71hd SrocdssinSaydn®rh&tatcafdagd frédtalopl aQﬂnQﬂhrh s iRSutlihg Qﬁages
incorrect origin location information on i mage and nodel alignnent;

10008] Fifgpm pppesitasides.|aus bett sidns obp sal:q%tgn\mtm sayeq Ingajiondndispieerd, thtat 2 as a
result Ofl ?&%%gtraﬁtcgst%rl gﬂ onsﬂifeP rdr{H{[al anfeplfeg quQ 'Jh]@ 'r:Illoqe ag'curas[e gbs%lhﬁg k diagram
of a genera purpose conputi ng devi ¢8 a use’in’ina

registr atpo@iﬂl,on[f@@thel:arﬁb@ Fég. |2allasnbkesmlﬁgﬁjme;groa?nﬂnagd Srsindes D ﬁg)dSKS(J asne
identification at one point in an imge run; 20[0011] Fig. 5 is a block

di agr am iTP$ulisq rﬂélls't%n%lpé?l ine identification at another point in an inmage

run; 100121Fig. 6 is an illustration of skyline identification in a
street- | evel i mage; 100131Fig. 7 is a block diagramillustrating origin
| ocati on adjustnent using skyline data; 25[0014]Fig. 8 is an illustration

of skyline matching i n BRIEF &HRSTCRIPEFIONRIGEHE DRAWINGS

[0007] Fig. 1 is a prior art illustration of the result of incorrect origin location

information on image and model alignment;

[0008] Fig. 2 is an illustration of alignment of image and model data as a result of

15  accurate origin information;

[0009] Fig. 3 is a block diagram of a general purpose computing device suitable for use

in image registration;

[0010] Fig. 4 is a block diagram illustrating skyline identification at one point in an

image run;

20 [0011] Fig. 5 is a block diagram illustrating skyline identification at another point in an

image run;
[0012] Fig. 6 is an illustration of skyline identification in a street-level image;

[0013] Fig. 7 is a block diagram illustrating origin location adjustment using skyline

data,
25 [0014] Fig. 8 is an illustration of skyline matching in a street-level image;

[0015] Fig. 9 is a block diagram illustrating LIDAR facade and building edge

identification; and

[0016] Fig. 10 is a flow chart of a method of image origin adjustment for image

registration.

30



[0015] Fig. 9 is a block diagramillustrating LIDAR facade and buil di ng
edge identification; and [0016] Fig. 10 is a flow chart of a nethod of

i mge origin adjustnment for inage registration. DETAI LED DESCRI PTI ON
[0017] Although the following text sets forth a detail ed description of
numer ous different enbodinenggglgiggg rstood that the | ega
scope of the descriptionis f of the clains set forth at

the end of is disclosure. The detai|ed 5 description is to be construed
as exenp (H]rlw on“P&l‘%&i_t OHtE gL flggﬁg@gpﬁeéggsgpml@ %ﬁ‘%’_&‘ir?ﬂé%t si nce
descr i bi BrffHRBARTAR] & RENALE TlMrstBU Ll BR 1EAPLARk I HoddsdrigiBhis

i npossi bl e. Nunmerous alternative enbodi nents could be I nplenented, using
ei t her cdefirmdtbyttbe moadsadyhaoclainescanforihgy thdeendlof fesldizélbsuret e flethiledy dat e of
this patent,. which uld still fall within the scope qf the claj

0] o0k6] drctitighedo B Spied reBinisy op tand dify BESRSefhe v rosipFess! y
def i ned hﬁbamhﬁnpﬁﬁ&mes&%igge\?e@ RO EmbHfeREFONY ﬁémpﬁ%ﬁ&mﬁsﬂ n" and
finishes with, "is hereby defined to nmean..." or a simlar_ sentence that
def i nes tmpossible. dfumenous aliesudtive embodimentsegonld ke implemensed, usimgleithent t he

meaning of that term ejther expressl r J. i,catjon. _beyond its plain
or - or o eyl of Gt BRies B RRBrL G R SR EPL P i P fed
i n scopewpakiedilonll JamkinythesedRoT ke dTagles. i N any section of this patent (other
than the | anguage of the clains). To the extent that any termrecited in

the g4 ai (0018} tlpehdRMaleb be Bhderfed Lkt iuﬁlegse%] f%%‘rhﬁ‘ge)gﬂeé-slgf delfinsd H%?srﬁatén'ﬂ a

manner consistent with a single neaning, that is done’for sake of clarity
only so asing e serdence dhet bsgins HAs neegldergin’aand finishes with, “isthiemsby adfingdbto such

claimtermby,limite by inmpli i on or otherw se, to that.single neaning.
i nal 1y AR s oF ST RS SPUAS dhie Araary s . R fsdodielt Broane:
and a f ungfit tRO méahine UF thabRriS&itHeRbxRREssBIOF BLifiplibAtich, béjondStsPRin bt ended
that the scope of any claimelenent be’interpreted based on the application

of 35 U. srdmary meaning] spdisuphatesmyshpitld npobelioferprgied tobe fisted iy eqope based on

functional. n . Qf _the. inventive princhples are best..inplenented
ity R PR Ry Wioh B ARG pafE O LR i BlGeat Bl TRARE - (1 o)
25 such s tiggdtért didt afly ®PRGedited ih €& cldiinsiabthR)epa of tds pAait iorferfdd tolisli nary
skill, notw thstandi ng possibly significant effort and many design choices
not i vat ethippatertan a @anker @nsisigat Wb R singlemeandig, thagis d(@éﬁWbﬂ%Qﬁ clay economi ¢
consi der gl I 0 Walel] | . herein
Wit be PaydBRs RSERIORE Bt 2 FACHE R RoB Rl AR Rt BPLRES

pr ogr ansbypidplidasiomot bthaiwiseyed thakgagle meahmpl GinallJhatledsaradaim dlerhére is nt er est

of brevi 30 .and .m ni.m zation of any risk of obscuring. the principles and

concédt sBgfﬁ’egé’édPHHﬂ%@Ct"&orfihB‘Gﬁ?seéé‘ﬁta_f}‘?ﬁ;’éﬁt"ﬁgﬁ}“ ﬁ'ﬁrr?%%_# 0&@&3@&1 fof such
sof t war ;3o idt&riled tat #¥scopd bt an?%laifnrelélﬁ&t e iﬁt%?r&é@%w 8h shelipblicdiRapect to
the principles and concepts of the preferred enbodi nents.

of 35 U.S.C. § 112, sixth paragraph.

[0019] Much of the inventive functionality and many of the inventive principles are best
implemented with or in software programs or instructions and integrated circuits (ICs)

25  such as application specific ICs. It is expected that one of ordinary skill, notwithstanding
possibly significant effort and many design choices motivated by, for example, available
time, current technology, and economic considerations, when guided by the concepts and
principles disclosed herein will be readily capable of generating such software instructions
and programs and ICs with minimal experimentation. Therefore, in the interest of brevity

30  and minimization of any risk of obscuring the principles and concepts in accordance to the
present invention, further discussion of such software and ICs, if any, will be limited to the

essentials with respect to the principles and concepts of the preferred embodiments.



WD 2009/ 158083PCT/ US2009/ 044673 [0020] Wth reference to Fig. 3, an
exenpl ary system for inplenenting the clainmed nethod and apparatus i ncl udes
a gener alwpuoposgossonput i ng device in the formof a conparars2044673
Conmponents shown in dashed outline arc not technically part of the conputer
110, but us to_illustrate the exenplary enbodi nent of Fig. 3.
cOnponent@ﬁifo ?@%{#@Pﬂ%f@ Fithy: hEICaT bR RS HEITinedke ¢laime

processorydigli af f@bﬁfa% BB Ya de?lral ?u%%_&@éd{ﬁlﬁﬁiﬁg hibgse imhedacerd 21, also
known as a Northbridge chip, and an 1/O interface 122, also known as a

Sout hbr i dgexpuhir g 10 Thiempystngsshopmonylad®0 catlthcargnetpéihosally peeeofthe 190 may be

o aphi o GoPpUrrdt it s Bl b et S rRET P B i d sk Ao ens
10[ 0031] okcaBipLRS 1 00 may $HRNAD USRS ndBI BB £pNREISOUB (B Y ST

&h%&%ﬂﬁgents
including a high speed system bus 123 between the processor 120, the
menor y/ gri@fhi ewmony/eraphise interfacgrid 1t hlso knovi as @ Nostberidgechip apd ent/Osi de bus

124 betwe e [ qr ' hnterfac h ne. . 130,
e R TR M e
menor y/ grpppddsas 100 e firceupdd taihd nidiorgreagphi @SnterfdceBSI0rA diditorl TE &yst em
15bus 123 may be_any of several types of bus structures including, by way
of exanplahergrphieutpytdcyige gy besioupled fe thiciayhimsdsoqesr dd@ | ndustry

St andar d A«chitectqreqélSA) bus, Mcro Channel Architecture (MCA) bus and
Enhanided [P8N]( EASRyichoissysie byssesandsaswinia weous sxsteany epmponcoistiaeluging a

archi tectyur.es._ and chi S be used bu ften generall.y foll.ow is
o tor e PSRl e lh By S E SR RS Pl 2R B ReABRTEAME PSR 1up

20Ar chi t eptuiel/QldttArcaln?, b ientdide bty Busiew tdnthahhidregtaphies intespecivel y.
[ 0022] The conputer 110 tﬁggcally includes a variety of conputer readable
nmedi a. Cowpibeyysikcanaspoy hlipad anhpdvsacedgraphies pragissingeay) buatZan be

q . it . di a,
Femovabl Aok AR el ARt Wiaxid31 Al hokRiis toPRter 190 Th P o
conputser tueddalay redy af sayrad oypes o buLdructmpuhadudspoiyagey abekampds)dnd

communi cation.nedi a. Conputer sto di g includes. both volatile. and
nonvol at 198, M @HoR éﬁ%argﬁlaeéﬂaﬂ& lﬁl@ffa{gg il Stimderd AT HTE A DdmMItER hod or
technol ogyh Rk BlcRita9G Ph1C AN RE TRY ERRartEE S RFE L e seadabl@itectures

instructions, data structures, program nodules or other data. Conputer
st or age rwdlva, othel mdeschithcturds snd obiplsetyimaydbet wed R fteR@vherEEPROGw thisash

menory or_ogt her, menory technol o 0 iqgital,ver i.l e di sks (DVD)
or ot her TafETe o7 G GRY i SRR el S At sroft At pe. magnet i
di sk st or 8@RitQture(11e4) ARANE HyperdaiRBeM dRMite@Sre, REpaAYelQt her nmedi um whi ch
can be used to store the desired information and ich can accessed by

comput er pgfh) Y. 2AAR4LPB Bﬂfl%ﬁﬂ%é Q%@&fof&% JterTf8daBYShEsL Temory 130

i ncl udes conputer storage nmedia in the formot volatile and/or nonvolatile
menory s uocimasgenreadhbbniydimeambyaryROR)alil8 incdindhatamad bmaecsesidyrmmpuyer ( RAM

denti yi T AR PR TG RO AR o o UM SO B Dl bag ¢

media. By way of example, and not limitation, computer readable media may comprise

25  computer storage media and communication media. Computer storage media includes
both volatile and nonvolatile, removable and non-removable media implemented in any
method or technology for storage of information such as computer readable instructions,
data structures, program modules or other data. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-

30 ROM, digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information and which can accessed by

computer 110.



5 i nput/output system (BIOS) may al so be stored in system ROM 131. RAM 132
typically contains data and/ or program nodul es that are i mredi ately

accessi blwotoo%nssiser presently bei ng operated on by proeesaseodddec7By way
of exanple, and not limtation, Fig. 3 illustrates operating system 134,
applicati rograns 135, oth program nodul es 136, and program dat.a 137.
To{ 0024] (BT 7 Bhf v aisgror 35 neidn pIEP iR Qs BiFfiue ﬂ%zfggw? Kolatilunber
of ot her BY&RS&8nvoAfile AR duchdB rtdinlf ARRISy BRABH)181 Un@FanldBhelcpal and
external devices to the conputer 110. ‘A serial peripheral interface (SPI)
bus 126 magmenyr(RédM) t32. allizarybtemi RNt 1 Dlumpyitorgyistperm{rBhCS)stemedase y43,33

contai ning the. basic roytine hat .help to transfer .information between

ol erent s W i SR RA eps ety inorfiaiehn ghophie st ha bRt A s uper

i nput /soutigpitt/cekiud sysedn (BIODEHEAE bOst6RANE §¥stdr® ROMUBDER AN 13b BEARGT

peri pher aﬁpék% ‘Slt}jch as flo%ppg;? d?iik 152, keybo%r.d/ nmouse 162, and print gr 196,
as exanplaestainpiatasandéyr progmmhngsul@chataye emedanbcaceesstble toradfor prasentbt f ace
122 with,a.bus c wpin c { . 1.N. SO nbodi nent s.
Var i ous BBl oBh Pl el L e B st b BB b Tl e T ne
comer ci dlludrtdsaipptatiag sys2éh 082 Glpplicutionrarhadi 3% miher Prsgrdm Snddaleshigea

Peri pheral Conponent |nterconnect (PCl) bus, or a variation thereof, nay be
used to cHAmMEREraRidgHer3’speed peripherals to the I/Ointerface 122. A PC
bus may al so be known as a Mezzani ne bus. Variations of the PCT bus include

the Péri 824l Thapbhatrrfarni s} menmewn!c bepyeism fupd23 Myithaneinbes opethicpher al
Conponent, |0t G856 ea%tci(jl-2§ i endsd, (Bl SriRuRgERy & d QLIRL, Hgyl ng a
serial intérface an he [Fath ef Yber Xg 4 pdeikara conpa‘fl%ﬁe par al | el

i nt er f aceonipatedtiher /o5l beeitesal ilteiSackZBPIVays D26 &y @diiadee &ch bahnol ogy
attachnment (ATA) bus, in the formof a serial ATA bus (SATA) or parall el
ATA ( PATARDutfoptnt pystie (BEpueerory 1193 waytagringbthe hasig guitigendat help to transfer

bl - I i tin : dia. B
oy o oy f GIRUARRo NG i AATMRL ANy Sk QUBHEGT ol OBRIZ TR B
f i t - | lati| L dia, ) ,
h000) 10T, BRsBEnrbITRRE R chin BRI st SRR SaieRror Wecyer sal
serial bygriphlSB), RAQE ﬂo%;ﬁﬁdisli'ﬂﬂi:w'eylﬁbaéd/ﬁﬁﬁselﬁ&ér)md pinteDl JBYRY ehtanyes1 56 may
us

be connected to the PCl 128 directly or through an interface 150. A
st or age nEWis#PaH/O ghip 1oQumyeke eompesierhtoi the EPriatesfagsh22 withabus 127, such as

r enovabl = 0 ile i . g k& t hat
can bo uedg VR ETEREE) bl Lo LAl SRR i E A IR o
limted tahjp hlgaretwidely apelabrsia dlid @symédcas marfemage. cards, digital versatile
di sks, digital video tape, solid state RAM solid state ROM and the |ike.

[ 0029 ThHeozb]i vesomdhbdieinEntabsoisahtbeo PpiiRFal Eloddpd@ent Te@di@ndés (REBed
above, provide storage of conputer readable instructions, data structures,
pr ogr am rdguUeTesvagigton thoreofHasy brapsgd o eonnget ghasspead petipherpls teethg QR or

exanpl e, ;fard.dj sk &“P-b\f%usl%g bR bk kHSHh 8 E%&Eaﬁﬁfﬁﬁsﬂgv%&%ﬂé b\ pYgt em
144, application prograns %, Ot Rer program nodul es 146, and program data
147. Not evuts h@tludehtas Begahepd nippne@inerdonecctixpidie (REIRE) asl the PeliifHeedlent from

operating. system 134, applicati rograms 135, ot her program nodul es 136,
and pr og%%ﬂﬂ‘EPé]FBt Iilsef@on@s%tr—aﬁ>ftﬁ@doe§>£§f3%%> %w,es,ég%fqr@af tg%mngo% SYIRAHLCTI®S ot her

Progra8m  and the latter being a backward compatible parallel interface. In other embodiments, bus
128 may be an advanced technology attachment (ATA) bus, in the form of a serial ATA
bus (SATA) or parallel ATA (PATA).

[0027] The computer 110 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, Fig. 3 illustrates a
30 hard disk drive 140 that reads from or writes to non-removable, nonvolatile magnetic

media.



15nodul es 146, and program data 147 are given different nunbers here to
illustrate that, at a mninmum they arc different copies. A user may enter
comuands woaoimisgrsaat i on i nto the conputer 20 through i rpwtUuSd@wioess3 such as
a nouse/ keyboard 162 or other input device conbination. Qher input devices

(not shown ncl ude a m crophone, joysti pad, lite dish,
scanner , IB&Z heRleFllQégbOIeTH@Qb" aatanrélrver%rigﬁﬁﬂa@g% @ﬁ@ér@nermléﬁi ﬁw&@ct ed

20t 0 t he (PEEESISH! orl@B/IVPQKER lgé%agfbetclaﬁnécjtéa bMEPEPGR 1PRI{REly SUCh as the
SP1 126, the LPC"127, or the PCi but ot her busses may be used. In sone

enbodrnenmwugbamanmﬂﬁvdéésAmﬂmagencduﬂﬁédnﬁnxpakanmghgmnnﬂﬁmeﬂﬁ@rémmm

i nterfaces d the |ike t depj ct ed he /O chip
160- " 1009000 eBRiR D oo Ry s EalaE o PR Bl et bhite-d tRahed st ng

| ogi cal 2he & é&tyldpeﬁtlhg eRforPhenfTHctde SHR e ﬂdmiﬁﬁ{e@rt&m%gi\%ﬂc ea renote
conput er 180 Vi a network interface controller (NLC) 17 The renote

conput er cawttn@aﬁaﬁiemampar erodra digtiehparsasile digkss érgrfék Vldao tapetsotid sataRANbr k PC,
a peer de 0 n net work node, and typically includes nany or
all of th\éh?ﬁta‘?e @Rggé%%}b "above relative to the conputer 110. The

| | t bet the NIC 170 and th t 30180
dod ored TPREET RS o i nEs Aot A mBR B e SR R d 4By o ar e
net wor kK (pA\lle st@ragear BompPitbr RBYabM fn@mhdﬁ%hbl Qﬁta%ﬁ@furé&ebfﬁ%fd@ mogHlef and

net wor ki ng environnments are conmonpl ace in offices, enterprise-w de

conpultler aikarweraier therppmantsr 4 10.alndFighs fomexempéa, hard\,(s!l}k drive 140 is 111ustrated

2009/158083FCT/U82099/04467§ J enpte co na aIs sent a
as Storin At 4

ng Syst a flcatlon programs :1%’ 0%118 CT pro H4§

web server “sup or |ng PhLer acti VB €eSsPome W t e Qompu er 0031] In
sone enbagld Pesram datael 476 NGE that theed dcrgonBRty clis Eitlier O BRIVatiRek od@fffceéed) when
a broadband connection is not available or is not used. It wll be

appr eci atfEun operetingeysteat b kpelinsHear Pragish bl ofhst Bsogrsn glodulspd3otdr neans

of establ Kk u e used.

[ 0032] Flgéghﬁg§@1|ius¥ﬁatg{ Qé?%%ﬂ% @ﬁta ca g@“ﬁﬂ?@r%@éﬁggg%ﬁpvuew of a
3D nodel mdduldsel %amr&i [sogrne daa i €f ane%ntdne;hﬁ“exenltrramyoemsf hae caittasteatt dmatat on i n
geographic.terns. In o enbodi nent ut|I|Z|n this ni que, reci sion
scanner, @rm@%aﬁli‘ﬁ}’ ércq ‘{]Fﬁrﬁfn WeLEctT BN Ry eﬁ? ‘arﬁﬁﬁaﬂéf e 11}?5%@‘ ‘thio t may
be airpl apg ?EEFETIS Qb%oﬁ%lgmﬂﬁﬁ&jevﬁ&s Gt ééraem&?s‘éfﬁ% le’ar&'%Laolf &heﬁnﬁﬁ%’&ﬁ@h' c

regi on, suc an urban area. Fromthis LIDAR data, three di nensional
nodel s ofcotfhenatiegi ddthenioputdienpeb Giokt diavgs mwngladeaauedphmtehjoasm g@mes on

t he order_ qf centineters. il e ch a hi ¢ _nodel rOV|d

Vol uabl o TPguliTe T SRRy F PS: TG an oBREall el Areo HREDIRSIS: and
t ext une dak@ RecassiedotRolpe oRiyMad mmte%rawsﬁsseslﬁu&lvalthéosplt oW, ékhspcan
provide the desired realism but, as shown in Flg. 1, when thabfhotographlc

data is NG el thgREd 1p%.dwepthgr bitsses miebamedo diesomapmbedimeats] otheleaidennbl e
may resul Stre ta . can h |on of the
phot ogr aphi ™ beda%ug edqgﬁg%gglppeﬁﬁ 1?1% %ﬁi kit fjﬁcee%t nrt‘l ﬁ% p‘h&%&%% (e.g. a

bui | di ng)depictdal),viote sapatliOrehipricobut Iocatlon of the canera with respect to
geographic coordi nates, as used by the 3D nodel 20 may be off by as nuch as

a meter Stgr eThW&ﬂplﬁ’c&Pl BrhbPepetif g hafivrkedaivaorfed 1BAgTBgiehl of a
bui | di ng h reds of nmeters in height, this source |ocation inaccuracy can

easi |3 r OHNNECtions tor@Cor Speae EHNQiE cqnjngutelﬁ, such as a remote computer 180 via a

network interface controller (NIC) 170, . The remote computer 180 may be a personal
computer, a server, a router, a network PC, a peer device or other common network node,
and typically includes many or all of the elements described above relative to the
computer 110. The logical connection between the NIC 170 and the remote computer

30 180 depicted in Fig. 3 may include a local area network (LAN), a wide area network
(WAN), or both, but may also include other networks. Such networking environments are

commonplace in offices, enterprise-wide computer networks, intranets, and the Internet.



[ 0033] To address the geographic |ocation inaccuracy of the canera, the
nore accurate airborne and street-level LIDAR data nay be used to

mat hemat iwal2bgy/isksage t he canera 25 | ocati on coor di nat e®Cunsze090ME73 Nnages
and street-level LIDAR data best fit the 3D nodels of the sane scene. Once
two points along a run of inmages, particularly near the .ends of the run,
arc cor r et MPECmEYIer i 4B gry aisfo(fﬁ'g@ﬁ%ﬁ V‘feﬁtsé RPN CHEUY QPESHARS use
1MJ dat a i AeCHRAheLY14.0cate the intervening points. [0034] Fig. 4 is a
bl ock diagramillustrating skyline identification at one point in an 30

i mge ru st 4 t il di 4 408 are
shoan 1 egS5ln: HE S ARARRCAEEAENSRL In G b N3 e (PP o e
run pat h wisad broadiapt vonmegtiomaget awedilablaloo ngndt ecd. riackll B4 Bppreeiage shamehye be
captured at periodic intervals 2009/ 158083P /Q550g9/044673 al ong the
trackS ATCERYTESORRSEHPy shawn SexpgpRty o o1 mepns of eHeblisBeini ng of the track

410, ShovusnifRERBAL Rk Yawaky It 8ok mdl Be yand 420 of the bui ldings from

t he perspective of the first location 41 10035] One enbodi nent uses a

skyl i ne ti a i EHR? n i: [l t in the
art. Thquﬁg ri?&%i%gqg%%%%gen ﬁ%%£2@%@§3@%#§%h%ﬁ?&ﬁ%ﬁ%ﬁ?ﬁ&éggﬁﬁaﬁﬁgection
as wel | abe sdtye gleasti ieficathcancedgest asathevalvicstivnmig geographic mdrasmid ban. For
exanpl e, a conbi nation of edge and vanishing point nmay use er.cent age of
the sky ﬁﬂ&@éim%amia?lsaéﬂ@s %ﬁ‘ig]ﬂlﬁée’lai THECIHigN RGARECT FY eé@ﬁ@#@d’é%@@%ﬁ&@} andy "t he
vani s n §a)2d | i tr) j.ori

et it o e e B e o T e BB Gl
nodel it det & gempyarihec egeat, swhhaelap udenhersd. deomtikis $ KPARNdata, ihich dimemagaadat a.

100361 Th | data 41 18,.. d 420 t d for. the buil di 404,-
206. 308 alYen P witttaduding Woluindl Bed elusakh B Srinariat OF e it 28
| ocati on c%ﬁtilﬁ'?tﬁfés. ?f\’hﬂ@@c‘ﬁ%ﬁ%@éérmﬁ WolBI frBeidd: tRE e rebedPODfatHing life

C
depi ction of irst and second |ocations 412 and 414, respectively, as
cubes i | linWta weesmahsaquirhghag gelot andicatirodatobe addeddo thecl) ofodelse Straeige at
that point in the track 410 s an estimate.in thyee dipensional, space that
mmy 08 nore BposEebhEEh pariat BedlaRat it thed bl B BB PhdB0f T onnent
for GPS rgeepiiphic @ndlislivthidaed pasperly MabB3HE BDImodel] 4 wnikxbigholéljudtilemay
iIIustratin? skyline identification at another point in an 20 inmage run,
such as tR8Il raiget-basad SABMR date eEnglace thnsousgsolpeation of thephotemyaplagdataui | di ngs

504, 506, : . 0 . . i
ol ong t he" Bl et e SR PRt SIS S TP Clin BRSO
i ncl udi ndocaziph s drt @ticvewfth t&pedt oe atdgpaphdd ondiastes, hae ubeighynthe 3D raodkl a

representative cond | pocation 514, near the end of the track 510, In sone
embodi®merit®y, bty o FraigR&s &gt of H@r?-uﬁ’hﬁﬁpr%%c%g@aowg@%% @t 4Pi ng t he

best-fit Agidgta Bﬁﬁdiﬁé R RLds PG auES Reight, this source location inaccuracy can

casily result in the mismatch of Fig. 1.

[0033] To address the geographic location inaccuracy of the camera, the more accurate
airborne and street-level LIDAR data may be used to mathematically change the camera
25  location coordinates until the images and street-level LIDAR data best fit the 3D models
of the same scene. Once two points along a run of images, particularly near the ends of
the run, are correctly located, images from other intervals along the run can use IMU data

to accurately locate the intervening points.

[0034] Fig. 4 is a block diagram illustrating skyline identification at one point in an
30  image run. A street 402 and representative buildings 404, 406, and 408 are shown
representing a typical street environment. A track 410 illustrates a run path used in

capturing image data along the track 410. Images may be captured at periodic intervals



10039] As shown, skyline detection nmay be used to determ ne the skyline
516, 518, 520 of each respective building 504, 506, 508 fromthe

street - | ewel2operssact i ve of the second | ocation 514. 100¢0AST00H44673
information may then be conmbined with 3D nodel data to determ ne a

2oconT AT LRELST LB SRl RSN oSSR RuLAT  of
2009/ 158%&%3}%&@%9@8'6% A3 400414, 25920 81 iR ‘tﬁl&lﬁ%%@%fﬂ fRY ?Ersb&%g@ 002

depicting several buildings and their associate yl'ine. The detected

skyl i ne 6Defiiss lechbomdld.t h the white line. The black Iine 606 represents the
projected skyline of the 3D nodel if the canera were actually at its
reported [002Ht i Ome chDodidjenFug:s akkglimndetective pigesidin dbded@nkanidpdimgpatB2 with a
detect ed skyl|jne edge 704. A range. over whi ch an image source mnay, be

| ocat éd iaigqrg’bmg@@ﬁméla theyarte ube argithm e depenecnt 98 cesp Bedcahmaguidsand he

| ocation Bf.LHE a6 YIRTR B9 clﬁ?s%a%@llq e@des E@ v%i%)iﬁ@ goiln{\/li‘hf%ﬂﬁﬁtmﬁe Mor 100431 As

depicted 1n Fig. 7, projected skylines base D nodel data nay be
10conpar edamplet heowbinetored slgylandeamfhingpointmege usdoperexraags! of thasklyi r st

projection 708 may.be located frama top left corner of.cube 706, .a second
pr oj ect i oérka5§b?§d R adE ftee el refio@é?lit%heo‘fanf%ﬁlgrﬁoam oy
third prokegid @eclibd altB¥utbendiBAe ah bR cARRHEMKYIiBO ba@loRRkisAhg blidiggbe. 1 n
operation, canera |locations over a 3 x 3 x 3 matrix around the neasured

| ocat ioon medelhéhatisdthe Sthaodelgtsal araydstused to hale detgimine thedskahae iprth¢ weagsd
155ky|inqﬁupay be calculated as the e sumof absolute distance in x and y
di rensions I i mage coordi nates (abs(xl-x2) +abs(y | -y2)). In sone

ccount  AR38la) 3o seEraare Ty At ang 2T RirToies Dyiid gt ST Ealr o™ ocat f on
associ at gspatfivbly, My ChORRs lateral ikdh ReMRaRg BRIBGIEloANEn R Pirest@d Skyl i nes

may be sel ected and 'stored, in this exanple, projection O represents the
best 20 retwaris@ecilide IVwodelt a i s extrenely accurate along the run of a
gi ven track, performng the | ocation operation using data from along the
gi venist r 46083 Han The dysietibrt af the fioit aedsecohelogationset 12 mad K14, mespreticdy,eul at i on.

0044] Fi g. , 8, ., depi. ct street-level.jmge 802 illustrating a. plurality of
Lo of okt e bt GRS BalngbiF lishEuEen gl Sape piiea dik PripRilhE Y oF
gener at i ngotiHgn BRARS e reSklithbEshal 9804 that may be more or less accurate, depending

on the nature of the environment for GPS reception and IMU accuracy.

[0038] Fig. 5 is a block diagram illustrating skyline identification at another point in an

20  image run, such as the image run shown in Fig. 4. As above, a street 502 and buildings
504, 506, and 508 are shown. A track 510 shows the image run progression along the
street, with images taken at intervals along the track 510, including representative first
location 512 near the beginning and a representative second location 514, near the end of
the track 510. In some embodiments, other images along the run may be used when

25  calculating the best-fit actual position of the camera.

[0039] As shown, skyline detection may be used to determine the skyline 516, 518, 520
of each respective building 504, 506, 508 from the street-level perspective of the second

location 514.

[0040] This information may then be combined with 3D model data to determine a
30  correction factor for the geographic location of the camera from which the original street-

level image was obtained.



[0045] Fig. 9 illustrates use of street-level LIDAR data to suppl enent
skyline data for inmage matching. A building 902 may be captured in i mge
data fromvoaneriasisecati on 904. Edge data 906 and 908, amdTfimeadmsdepth 910
may be recorded at the sanme tinme the imge data is captured. As with

det ect ed proj ect.ed skylines above, edge 912, 914 and 30 f.acade depth
9161 nf orl i Hon e ib SRR LIAES 6!95(51;6@6 l%sega@é%%%wciaﬂr RRERARE ! on
ext r act edy{ram e 3R dEpdiclcy Bfic §dis RbbL- Al BO0Rhitk iRARTleRt ik Hat @gmay be nore
r obust 2009/158083PCTYU32009/044673 than detected skyline information
and may beprgsengnthapragcaied giylinahethe 3O b il nigthalchmeurare sctualtyostnetrepmtedel at ed
to actual caner a | ocation. [0046] Calculation of LIDAR depth, for a given a
run segmeRf®™HRay first obtain 3D nodels of one or nore nearby buil dings.

For each ilding, the building facades which bare facing.the run segnent
and have l8§47@]e Eteed SQ%S PR HRULEHE T Vil 2 deigetcg s Plincadae PHp A

posi ti ong,f, (I wEHBER e Rled AEAHEIChAYHORRcsGAN! B BRKI0BY She oy St em

arc conpute ased on the 3D building no he start and stop trigger
event s cdl0bespobrmdéentgrecoorn the lewiges of tiadamhe gsrejoeddd ynthe 6fPStdnd IVHEade edges
onto the run segnent are conputed. Based on this information the facade
depth fr st ™un segment may be obtai ned. 10100471 The start and stop

trigger events are passed to_a LI DAR depth detection nodule. The depths of
1 c%t%%

t he donmi A3%d31pl andspictsdin Fig & pristsd sulines beprd Aotk mede YRRich is

cl osegt t fria¢ade 1 I L ks and
Che dspa T B B o g oh SR B e 78 PR B8
t he exi stloergedofidringi tng lafocheher of Shiac e abbemad pdapttion A Oconshaeaddwith ai t i s

within a given taoleragnce. .This i.s referred t s the building. facade- LIDAR
dept h basetregt g i, apd e el Siaisenond 1 5oy B aghde ORIEPIBR dept h

based di st%':m bdinBSof tAE chdee 18 BPérﬁﬁoﬂQ lcamdsi 8eutHs beirn® { 3GadesusuRs gt ng the
run segnent is the LIDAR depth-based figure of nmerit. [0049] Cal cul ation of

LI DAR edgesaswigy ledagion bwgibe nigdeoihaidritange BSweai i axgrastod endppicead bui | di ngs
int vicinity of, a giyven,a run se t .. Far each building the edges may
be computSuimg bR R § O3 SRATRD G FRE MR LuBRer G B2, o

The st ar timapé csdr@maRe sdts(xans)ahabi(he-yoyi ldkdge anbodit@nts! ihg datane¥Ebdydnd
corresponding to the building arc conputed. LOOSO] These start and stop
trigger e\Omixclamangoilagonsiderediteagcoyns for falsety desected paats of the skyline. The

projection location associated with the closest match between detected and projected
skylines may be selected and stored, in this example, projection 710 represents the best

20  match. Because IMU data is extremely accurate along the run of a given track, performing
the location operation using data from along the given track can be used to re-orient the

entire track in one calculation.

[0044] Fig. 8, depicts a street-level image 802 illustrating a plurality of projected
skylines 804 representing different camera locations for generating the projected skylines

25 804.

[0045] Fig. 9 illustrates use of street-level LIDAR data to supplement skyline data for
image matching. A building 902 may be captured in image data from camera location
904. Edge data 906 and 908, and facade depth 910 may be recorded at the same time the
image data is captured. As with detected and projected skylines above, edge 912, 914 and
30 facade depth 916 information can be compared to projected edge and facade information

extracted from a 3D model of the building 902. LIDAR depth data may be more robust



25broadsi de) are individually passed to a LI DAR edge detection nodule. Al so
, the side of the building in the LIDAR depth i nage may be provi ded. The

LI DAR edgwodetwisgisen nodul e detects the dom nant pl ane acowsdoveschsii | di ng
edge and finds the edge depending on the side of the building. [0051] The
centroids, of the |IDAR detected edges are projected back to. the b i1ding
30cor ner -hYb§tes Gt TherjBe InfaimATIOR ANg Map bCsY FBOTC T Y Mt @C%lh@ll%t ht as a

camera, Ggpf, %§&?M§at1%ﬁr@h'ﬂeh% %uﬁ%ﬁﬁ@fal@ﬁﬁloh' on in Local coordinate system
) corresponding to building edges fromthe existing nodel arc projected

back. Thaofidi eaRG:bRat ISR, 1YQ 2090 ISROBGERTIISA0N 44043 number

of these prolectlons I'n pixels r etge

figure ofmoduld &f onEhirmdreneaﬁbﬁbmtcbxgsnﬂ'toe cadshuildage thednilting facsunphichn t hat
the image frame is perfectly vertical Thla reasonable enough for
resol gt i 6% facs tearynscgagp ?Ii*fi %ﬁeé%éﬁﬁtearap g\@@ttataat begonpidersie N $952]  An

aver age %‘fndtsg% . ﬁfoﬁﬁ SHﬁB%& ﬂtfac%aetlrpl‘ébél%ﬁﬂﬁnaﬁéf"%s%?&g%g%‘tgmtﬂ@ run

segnents 1S ered as L sed cost merit, (in
pi xel s). do@pu8ld tasel orliBe d@dmmtdmgamnmlhﬂmb 100 @ncbsttoldetgerrfemntsg:oarespmtih@c enent

val ue for sour ce | gcation.of At bl ock 1002 fir

i st acere B Sl ang et REit ct TatatR shem SR n s e Ae gk Ho04, a
figure ofpdyed bh tﬁl@fnf&l&)ﬁltlbﬂ%edﬂa%ﬂe%ﬁﬂﬁet%mtﬁf‘é‘ﬂﬁﬁ% Bgrient Pna3i3el doRgn&Kt r act ed
froma source i mage and a skyl |ne cal cul at ed from a correspondi ng 3D nodel .

A nunBer 8h4HOUTHE slaBIE Sto Qatfe s Yd b ED fh @tedi®h nhodule
t oFigef YORCaidasie kARG BB

cal cu atlon for each sourc enent ste 005 At
bl ock 100Be (kepfhls @lithe dviminagrt mianbmfouhd @N?paeshgldoaah dThetdadmadtaplanerm iches

cal cul ate the LI DAR data .an 0055] At bl ock
1005, ¢ ne ey A e D B GuPe Soufoifarse) Tay okt e BEPEE0 . one
enbodi mendompufQl. figures of merit are sinply added. In anot her enbodi nent,
one figure of nerit, for exanple, LIDAR data, may be weighted nore heavily

1T its as[ﬁ@ g4)at ?‘ﬂegﬁg ﬂCcE of SEI%H@gasfeB dBEthHRE B AGG U tb‘?uldl g%cﬁi]el At bl ock

1010, the re uIt 0 1008 may be conpare toapewouly stored
20m nisrmunfasedk ussed fepaimys. coh$iderded ifniew Witlgu reiah tokerante. vﬁlhustes iefertedwe ns thean t he

previ ous m. i e j Qn foll ow t ck ,1012. If
Phe. now riyding tecRdARAR &ohutied isviitg Mseloen il e e liimentcisitni mum
executi on mmRYR HQhth BWckiGspafifes fBF ﬁﬁ%‘ﬂtm@%adsﬁde”ﬂ%‘il@lr@ RIS QIRNhdMBIMes are
to be tested, execution may continue at bl ock

run segrnent is the LIDAR depth-based figure of merit.

[0049] Calculation of LIDAR edges may also begin by obtaining 3D building models

20  for buildings in the vicinity of a given a run segment. For each building the edges may be
computed using the building geometry model in local coordinate system. The start and
stop positions of the building and the trigger events corresponding to the building are

computed.

[0050] These start and stop trigger events along with the Lidar unit (left or right

25  Dbroadside) are individually passed to a LIDAR edge detection module. Also , the side of
the building in the LIDAR depth image may be provided. The LIDAR edge detection
module detects the dominant plane around the building edge and finds the edge depending
on the side of the building.

[0051] The centroids of the LIDAR detected edges are projected back to the building
30 corner-looking images. Similarly the points (using the same height as a camera,
corresponds to building corner position in Local coordinate system ) corresponding to

building edges from the existing model are projected back. The difference in the column

-10 -



25[ 0057]1f the '"yes' branch from block 1010 is taken, at block 1012, the
new | ow value for figure of nerit may be stored, as well as the

di spl acerwot2omalsss3t hat resulted in the new | ow val ue. PCTraS2@IMIPS acenent
val ues need to be tested, execution may continue at block 1002. [ 0058]

Wh 1 displ t val . h b, tested, the displ t | u,
20355 oci ABURHDL RORHECICOURSTT RGP bSGPIGRTY (s SR bs Ber Por BB eLT  un
dat 2. Vi@iZ0R%1980IRATLASR0Y AHAOTRu ST aT 1R (AR bk opcvgpct ual

i mges for facades of nodel ed buildings ends a new Tevel realismto 3D
i mgery amrdigéolls &t icaswnalplplchaughi fonssolihensuypically tdvd it ex hxingpley descri bed
above all ow aut omatign of what would be a staggering task of i mge-to-nbde
mat chi ng 8 CW&Fﬂgogﬂﬁunt of geolocation data. As a result, casual users,

busi ness i cati on deyel opers, garner et¢c., can enjoy the accuracy and

real | m dBORE, g Ist/aTege gbisra f?nﬁ‘_éﬁo‘gf e brgBEL SErUEEH e RE f or egoi ng

text set §eLaehlidolslilelad1 #BAR ddRE bORIRbsIBLAE ST Hlcfil #fGRke1§TDOdI Ment s of
oul

t he mvent%on, it s e understood that the scope of the invention is

det i ned goddle VAT 5 6hichnShal TRER U@k g) dhBFeShiihuk e, RGN The

t odet ai | tronis e construe ary only "an es not
descri be lesgioy of rasgddaya. eArbladekrBO02 ofirst dieplaconedmt valoe bftaysercd&satiobi ng
every possi bl e enbod) r@nt woul d _be i r}practi C i ot inpossible. Numerous

|, if.
al t er nat i dadidet ¥odolli0g: HELs o Ssh fu ylg%e; Hgp'afonmat epereht
techngl ogyy e éﬁabfea'fma | ﬁéﬁﬁ%‘é aﬂfita%f(yl'ﬂ%ecatdu!dtéwfr&ﬁtaecfoﬁfesﬁotﬂ'dtﬁlﬁ% ent,

whi ch V\DU|§S'[I fall wt scope of the clains defining e

i nvent i ormodkh| 806ihjbeThlisurcramaganaiy be atdddnsskyhide vignicatfinoarg cateylaben frade i n
t he techni gues and struciures escribed and illustrated herein wthout
depart i ng?Ft SHTTHEaE5dSPlacshen PEBIsdH¢d t he present invention. Accordingly,

it should be understood that the nmethods_and apparatus described herein arc

illust rat[f)@%‘”pnlA}béﬂ‘PH 19P% anfagure phingsitigr Wﬁ&%eéﬁ%&éa@ﬁ datt%@ab’_rl?@_enti on. 20
CLAI MB VW&ol 8188 byleorib iRk RRIL AR Abfa8hl 3PmBES Idhi.0n data conprising acts

of :
15 [0055] At block 1008, the skyline and LIDAR figures of merit may be calculated. In

one embodiment, the figures of merit are simply added. In another embodiment, one
figure of merit, for example, LIDAR data, may be weighted more heavily if its associated

data is considered to be more accurate.

[0056] At block 1010, the result of block 1008 may be compared to a previously stored
20  minimum value, if any. If the new figure of merit value is lower than the previous

minimum, execution may follow the ‘yes’ branch to block 1012. If the new figure of

merit is equal to or greater than the current minimum, execution may follow the ‘no’

branch, and if more displacement values are to be tested, execution may continue at block

1002.

25  [0057] Ifthe ‘yes’ branch from block 1010 is taken, at block 1012, the new low value
for figure of merit may be stored, as well as the displacement value that resulted in the

new low value. If more displacement values need to be tested, execution may continue at

block 1002.

[0058] When all displacement values have been tested, the displacement value

30  associated with the lowest figure of merit may be used to correct run data.

-11 -



5assigning a source location to an inmage; determining a skyline detail of a
building in the imge; extracting a building nodel corresponding to

t he skyl iwe 2d@vi=8ds3f rom a t hree di mensi onal scan; PCT/US2(00445C3 | Ng a
nodel skyline detail fromthe building nodel onto the skyline detail 10
fromthe | e; ....adjusting the source |ocation to.ali t he skyline
det ai | 2 VEYc _EFBaébﬂlgk%%ﬁéctaglﬂaxage% ar Gicadss o 6‘1%[166&“83@&%%@95 PRV he i mage
wi th cornespepeialem ) §RBRhgefanl ?@olgpﬂf%h APhlidiBn@ ThdTsk of dlcUBehniiRs

adj usting the source locatron further conprises; ' adjusting a
start poidescribgdaboonalbverutamsticr of ylmit moulhbeestdggremgitoliall imagrge-medaf i ned
by a three-di.nensi.onal cube;. an . using,,a plurality of inages to
orof ect | dMPBRTY PR PmiRgRG HEPs B oAST EO Bty Tl Ty of

bui | disng tiitlod delQBPE@RGAMCFRER,, cUNBHjBy BRCR cliBSPRE ieNBnPbPlaBtdcAB | s based
on a given canera location in different” cells of a matrix dividing the
cube, thegcag@phisaeodstingeen the extracted skyline detail and projected nodel
skyline is 20 cal cul ated as a sum of absolute distances in two di nensions

i n i mage [00aldi Adthesglothe dariegaiog éxkt sity farthea dieaibidl deserchtionoff eumesbusnde

skyline, the adjustin erforns t.he .matchin Si the di stances as a
rensure ARt dadin et LR alioE i B BB S PP R bR oo

adj ust i ndn{digiof WUGRICH B¢ Ad WHuds bP QY AMR&oRh 6PthE 8R4 bPhif Beder Ther the
source location, for refining accuracy of 259eogrgfh|c position and

r e- orioentdetrgled dessniptipe isttp e kordtrugd peiexquanléry eoksparidsdasg net ¢siserilel dvieyy of i mage

capture Ioca%fon - and . utLIi%iQ%4a frogessor ta execute ins%ructions
. pogsibly enijodiment 1pf the inyention becatse deseri g eyery posst 1g gmbgdimcn
stored i Mo ry to péertrormat least one 0 ac of ~assigni ng,

det er m nivaguld 8% impr@attidad,if pstamPesitig, Nasictisils iafgna@ve draiscdidemg coldd bdhe net hod
of claim1, further conprising: 30using the adjusted source |ocation when

appl yi ng EREMIRRJe UtiBE eer SUITPRiteRAnAERIOr teghnothgy deiclpd sftcicthafiting datgher ei n
det er mi ni figp{ Bgteﬁtlf WnidRewslRE it edifw i thd"®9Fe GPIRCla3fS defining the invention.

15 [0061] Thus, many modifications and variations may be made in the techniques and
structures described and illustrated herein without departing from the spirit and scope of
the present invention. Accordingly, it should be understood that the methods and
apparatus described herein are illustrative only and are not limiting upon the scope of the

invention.

20
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measuring a distance to a facade of the building fromthe source |ocation.
4. The method of claim1l, wherein determning the skyline detail in the

i mge conprises: evaluating edges and gradi ent nagnitude; 5eval uating

pi xels on a line associated with a vani shing point; and estimating the
skyline detail fromthe building nodel. 5. The nethod of claim11, further
conpri sing conbining building depth data and the skyline detail when
projecting the nodel detail. 6. The nethod of claim1, wherein determning
t he skyline detail conprises todeteﬁgﬁﬂﬁﬁg a phot ographi c buil ding skyli ne.
7. The nmethod of claiml, wherein determ ning the skyline detail conprises
determ ning a photB&?@B%Wc buil ding edge. 8. The nethod of claim1, wherein
determ ning the skyline detail conprises determning a LIDAR skyline.

159. The nethod ob nigthpdefrormgeiinedgasitpadataROmmisingstsafy| i ne detai | conpri ses

determning a,LtDA ?&Lﬁgéﬁgtﬁﬁggan%ga .method of aligning imge data to a
bui | di ng modef’ I S ng acts of R Uring street level building inmage
dat a i nf or mat deteimining a skylias détgih bfig baildinglircthe iraagd, i on to the street-| evel
buil ding i mage data information; 20determ ning a buildigg skyl i ne, building
edge, and a bExirasting ayidiag napdsl eprrespendingstiortheskyling detal) dramia Hyes nege dat a
i nf or mat R sional scafeXt racting nmodel information corresponding to a |ocation
associ ated W th the 'street-| evel buil ding i mage data information from
aerial data; projecting ageodet skyiling dataflifopum thedfuildimgimodelinutoitbnskylisedetalt t he
di st ance bethen t he buil di ng
10~ from the image;
adjusting the source location to align the skyline detail and the model skyline detail
in order to match elements in the image with corresponding elements of the model within
a limit value, the adjusting the source location further comprises;
adjusting a start point location over a start point three-dimensional range
15  defined by a three-dimensional cube; and
using a plurality of images to project a plurality of model details onto a
corresponding plurality of building details from each image, where each respective
projection is based on a given camera location in different cells of a matrix dividing the
cube, the distance between the extracted skyline detail and projected model skyline is
20  calculated as a sum of absolute distances in two dimensions in image coordinates of
extracted skyline detail and projected model skyline, the adjusting performs the matching
by using the distances as a measure;
recording an adjusted source location resulting from adjusting the source location,
to determine a correction factor for the source location, for refining accuracy of
25  geographic position and re-orienting an entire track of a run path comprising a plurality of
image capture locations; and
utilizing a processor to execute instructions stored in memory to perform at least

one of the acts of assigning, determining, extracting, projecting, adjusting, or recording.

2. The method of claim 1, further comprising:

30 using the adjusted source location when applying the image to the building model.

3. The method of claim 1, wherein determining the skyline detail in the image

comprises:
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25skyl i ne, buil ding edge, and building facade depth and correspondi ng

el enents of the nodel information; applying the figure of nerit
function to the corresponding elenments of the street-level building inmage
data information and the aerial data for a plurality of |ocations along a

street-scene and |inearly caonbi.ni e.r ective figures of merit for
each of the pMiPATINE? %?tx?“t‘}éﬁflif?ﬁ‘?gg(’h eb“ﬁaﬁggiﬂnéﬁeﬁagrﬁe “@BP%cenment factor
based on an anal ysis of an output of the figure of nerit function;

Smodi fyi ng 4. he sHyBiehb®6RElhidh 1 Dyhdriardeiemiflig tpRkylimtGetdiintRemapel at i ng
t he di spl acenent factor to the source |ocation; aligning the
street-| evel buidoM§es nage data information to the buil ding nodel using

t he source Iog%lﬁﬁﬂlgrggg%;Aén?%%)%{eﬁtnﬁasgghﬁ@.acemant factor; and

utilizing a processor e instructions stored in nenory to perform
at | east 10onevaiating®ixsls 6n aline apbeiaied Qvithas edngshiniopointetust M ni ng,
extracting, generating, applyi n%, cal cul ation, nodifying or aligning. 11.
The net hod of e@;naqtmg}_g? Sk&ﬂ%@?éﬂﬁl diopt (rebyilding madglir e of nerit function
conprises analyzing a street-level skyline and an aerial data skyline. 12.

The method of clfjdhdiod YHQaid 1 ﬁﬂﬂ{;rya'fog@ﬂ g chgﬁsgﬁ %Bﬁildiﬁé 'géaptﬁ G ah@n

15conpri ses analyzing a street-leve ade "an eri al ta facade. 13.

The net hod of clthe skyline detadvdien pagipétinigribe triodelfdegaik. e of nerit function
conprises analyzing a street-level building edge and an aerial data

bui | di ng edge. . A t conpri si.n conput er - rreadabl.e menory havin
conput e?- %exe(]:ﬁledﬂ?@g?ﬂg&?% ’i%l?ﬂwflgilﬁ%é‘?@é fhg gkt cfel:ﬁa&lgcogm?: si ng agts
of : g@pturing Stde@&hidiﬁgfﬁbh&@kﬁa?hi@g)uilafngrsﬁﬂiﬂeon i ncl udi ng street-scene

i mge data; assigning a source [ocation to the street-1level building

i nformati on; . . i . .
7. The method of claim 1, wherein determining the skyline detail comprises

determining a photographic building edge.

8. The method of claim 1, wherein determining the skyline detail comprises

determining a LIDAR skyline.

15 9. The method of claim 1, wherein determining the skyline detail comprises

determining a LIDAR building edge.

10. A method of aligning image data to a building model comprising acts of:
capturing street level building image data information;
assigning a source location to the street-level building image data information;
20 determining a building skyline, building edge, and a building facade depth in the
street-level building image data information;
extracting model information corresponding to a location associated with the
street-level building image data information from aerial data;
generating a figure of merit function based on the distance between the building
25  skyline, building edge, and building facade depth and corresponding elements of the
model information;
applying the figure of merit function to the corresponding elements of the street-

level building image data information and the aerial data for a plurality of locations along
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determ ning a building skyline, building edge, and a buil ding facade depth
in the street-level building information; 25extracting a building nodel
fromaerial data corresponding to a | ocation associated with the
street-level building information; generating a figure of merit function

based on_a c arisqn. of . the huilding skyline, bujldi. edge nd bui |l di ng
f acade d@ﬁ?ﬁe?'gﬁ e@&ﬁ?’é’&f&nﬁq%@n@ﬁ%@%ﬁ@%?e Eﬁ‘éfeﬁ,ﬂfﬁnﬁ{lﬂg’r ﬁ%‘g’eqf;tﬁ%Oappl yi ng
the figupRrglfty 6Eldchtiddgnction to the corresponding el enents of the street-
| evel burlding information and the building nodel based on the aerial data
for a plural i eslculafing pdispiaesmecnd fastyy baset erean ansdysiseofandutnus ebtbefigsenefi ni ng

resul ti nglerﬁ?%%%ril,ve figures of nerit for each of the plurality of
| ocat i ons; determ ning a displacenent factor based on an anal ysis of

an ougput of wRiflinguhesdirca®EdtionfbyitratBiely AppBehd Md@cilbelatigtithee | ocation
by iteratively applying the displacenent factor to the source |ocation to

refine adisplagemensifagtoreto dbagsasiece) loeasionon; aligning the street-scene

i mge data to_{ il di US. t i i fied by the
i pi acomont _Piiing et 86h1ati3 i d s HMRERN A5 Bl fhdde?

conput er using chetsabtoe lodasibn ueidifisdsbyahe dsphtademifidloratind Ol east one of the acts

of capturing, assigning, determ ning, extractipng, generating, applying,
nmodi f yi ng, or ugﬁpgg,pﬁgqcegsg_r LoTFRECRlS A TUEHONSSEI S INEMERBAT 9 PSHgEP aﬁml%,

ot oot ) SREPYRERrYOP eIk GO a e R ubi TR PROATB L PERIRETRRIIE

cor r esponalculgtiae malifydefar abgnindi ng skyl i ne, edge, and facade information.

11.  The method of claim 10, wherein applying the figure of merit function

comprises analyzing a street-level skyline and an aerial data skyline.

12.  The method of claim 10, wherein applying the figure of merit function

15 comprises analyzing a street-level facade and an aerial data facade.

13.  The method of claim 10, wherein applying the figure of merit function
comprises analyzing a street-level building edge and an aerial data building

edge.

14, A system comprising a computer-readable memory having computer-
20 executable instructions for executing a method comprising acts of:
capturing street-level building information including street-scene image data;
assigning a source location to the street-level building information;
determining a building skyline, building edge, and a building facade depth in the
street-level building information;
25 extracting a building model from aerial data corresponding to a location associated
with the street-level building information;
generating a figure of merit function based on a comparison of the building
skyline, building edge, and building facade depth and corresponding elements of the
building model;
30 applying the figure of merit function to the corresponding elements of the street-

level building information and the building model based on the aerial data for a plurality
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16. The conputer-readable nenory of claim 14, wherein capturing
street-level building informati on conprises capturing street-Ilevel building
information for both sides of a street. 2017. The conputer-readabl e nmenory
of claim 14, wher ein capturing street-1evel building information conprises
capturin

di mensi oﬁgf c?té(gléla qn%nﬁgﬁtﬁat-icﬁ?%%ﬁlu&g{ ilcgrgtgml ghr%tsﬁgr 3 e@péa}:':cll%e tf%ureg of

merit for each of the plurality of locations;

determining a displacement factor based on an analysis of an output of the figure
of merit function;

5 modifying the source location by iteratively applying the displacement factor to the

source location to refine accuracy of the source location;

aligning the street-scene image data to the building model using the source location
modified by the displacement factor; and

a processor that executes the computer-executable instructions associated with at

10 least one of the acts of capturing, assigning, determining, extracting, generating, applying,

modifying, or aligning.

15. The computer-readable memory of claim 14, wherein applying the figure of
merit function comprises comparing street-level building skyline, edge, and
15 facade information with corresponding aerial data building skyline, edge, and

facade information.

16.  The computer-readable memory of claim 14, wherein capturing street-level
building information comprises capturing street-level building information for

both sides of a street.

20 17.  The computer-readable memory of claim 14, wherein capturing street-level
building information comprises capturing at least one of a two-dimensional

photograph and three dimensional laser ranging (LIDAR) data.

25
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