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REQ STRATI ON OF STREET- LEVEL | MAGERY TO 3D BUI LDI NG
MODELS BACKGROUND [ 0001] In many cases, the precise

wo cwatissmes of a vehicle can be determ ned usi NgP@T/US2009/044673
conbi nati on of a global positioning system (GPS)

REFSIEC LN O sHRERETEe I AEGERYAD fn i mopeLs

systens may be registered to a | ocation using the

positioni ng nmeasurenents provided by the GPS and | MJ.

[ 0002] However, signal distortions in urban canyons,

nmechani cal tol erances, BBEKGROUNDay cause the

reported | ocation of one or nore imge sensors to be
[00D1f T emaninyf ¢2088, tH@q)r@aiidJabado@mtaiv@mcw‘ cahe deRAdied ubingA

unpredi ctabl e manner, [0003] An exanple of such a
comprHerpf 4 glopal) n%mpatn@éwtﬁmiﬁas) eceivRhandstoiertigl meqsgrement

S

un? éfMU? ﬁllw&tgggiagp t%;guc%%sﬂl @%Eolégé)l((?ﬂs : ng'rﬂgtarﬂ%eﬁejealteglstered
to d lcrmmn wiiad the @B&ltlmmdg Imcagurofeciith @resadeel Hyuht GiPSgindAME.an

be seen, the |l ack of accurate registration of the
[000ZROCHEREEsibine distdionsin uRangRAER Pk ehah Rb PlodRGR cQfwear, ctc.

t he 3D nodel causes m sal i gnment between the i nmages 50
mayfguicHbe rpQERd Bratig pRer PoUo Aags sssoreip kerdiffpisahgem the
actlZ o B aﬁtehé)cﬂ ifhn LARIAARM Rhgh, T esol uti on

eve

scanning to a geés to 3D building

10qRE%] Rne¥eriiR e Tl 4 Al E’»@L{Skfﬁt%eé% Fiech EherPRagart an

res@RGf bl bltéthGo rmgllebuquﬁﬁglfrﬁa cBytaneref ?ﬁdﬁfbglﬁplnb @af) 5@iwith an
adjustment (e.g. rrera ocation) for the set of

cxisigythsca Hepnyarnl lﬁ%D)s@pd@fSamf hq Japediuilgiad Asmgpibgsgen, the lack
of Q&c%%t@feélsg@g’gg 8% @r gﬁﬁh?er eef@qgcr:dggﬁgc?ﬁlea% 8%1%199% ?&etfe(ﬂge of the 3D

oSl
mddllek/cmuse:stmis@lﬁgnﬂradnabémeeﬁ e ialapgritenid the owdsisS2. [ 0005]
The images are aligned with 3D nodel s of buil dings
that may be generated using another technique, such as
ai rborne laser ranging (LIDAR). The street-level (i.e

| ess than 20 feet above g igﬁp@m{n&ges may be

suppl enent ed by st reet-l R data for building

t dent i f i 6
[0@[%?92 eSV%\}glPaHIE I l?f? 1}58 apC{%“g’é%%lSH Of Hnae%?gﬁpgé%gq‘o‘iﬁﬁ?lﬂ‘il%scannmg
to SigegreaNvslilabaas 3G iR MoldleBy @is@érﬁzﬁicﬁﬂy @dj@stﬁfgtthe origin

the 3D nodels. A cost, or figure of nerit,
poigépethatmashésendrn heemalich patesn Hest imses an%bul&wg medepecurs.

o B O DR SR LB PLRRS l vr
carBbt smideilctorieligned. 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
another technique, such as airborne laser ranging (LIDAR). The street-level (i.e. 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

generated based on the distance between the extracted image edges and skylines, the
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canera location is then iteratively displaced about

its calculated |ocation and the cost recal cul ated. The
WO owWe4a5808Hst, corresponding to the best match PET/MEENI/044673

extracted features and nodel ed features is then

sel ected and, the correspondi ng canera l.ocatio be
streg vy gﬁﬁéﬂ%?ﬁ&&%%@@%ﬂﬁ@ﬂ@ﬁ F%%F%%dlpﬁéﬁé%m% 9%9@?”_3?36%@- The
carfteraU8ca@bn i MREE feraRGdIY disPRobdRERS it EALYMRE Ahtisn SALBS cost
e.g. both sides of a street. As the source location is
recd|cg piteac elche lowest costestrrespandaid todhs best oatchl Uetwesngsixtieetedi features
I mages .r.epresents the re .accurate absol ute position
an BRERL FHRER S T 5o T B e RS R 1B oo
stoRd. e pRRLRPAR i&@@iat@ irh%'ﬁon@ﬁloh h$ud 8CigBRCluding images
BRI EF DESCRI PTI ON OF THE W NGS [0007] Fig. 1is a
fropy prnosidg $ided, Pgsbothsidshobd strgee e ghiel sourse logasion isedisplaced, the

14 100} 55530 PALAETRS 00905 T9AS ARGl ot
positibg furelnd cavdera. NBige2 dndtrawe eligrohddnd ofilinagersdsmd B Dofodel 56 as a
accurate origin information; [0009] Fig. 3 is a block
resylt 94 fapicshnigiqyener al  pur pose conputing devi ce suitabl e
for use in imge registration; [0010] Fig. 4 is a
bl ock diagramillustrating skyline identification at
one point in an imge run; [0011] Fig. 5 is a block
di agram i | | usBRHiH B SERYPTIGN OFEhHE fRAWIDGSat anot her
point in an inmage run; [0012] Fig. 6 is an
[0007] UStiat isprdr astkinhidtRgioh @€ el rbdutadfiifddbricBt @igin location
_ street-level image; [0013] Fig. 7 is a block diagram
infprmagonrogtimage and gofellabeamP@h adj ust ment usi ng skyl i ne
data; [0014] Fig. 8 is an illustration of skyline
[006&1 c hirigg? isranallsstragien of egimdntrafenage@dd Bjodrl data @ 4 wsalt of

block.diaﬁfan1LILustrating LI DAR facade and buil di ng
ACAGYE O EATYME% Y on: and [0016] Fig. 10 is a flow

chart_of a method of image origin adjustnent for i, e
[0008y; s¥igat isc%t?l@%rg}ld%f@@ @ﬁﬁnﬁr@wm’f%@muﬂﬂg@ﬁﬂ% AR for use
inﬁﬁieq&%ggnkﬁgt sets forth a detail ed description of

nurrer ous

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

image run;

[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,
[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.
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di fferent enbodi nents, it should be understood that
the |l egal scope of the description is defined by the
wowrdasseBd t he clainms set forth at the end of tPCBHUS2009/044673
di scl osure. The detailed description is to be
construed as exenpg@ﬁiéiﬂﬁﬁgﬁﬁg_ﬂﬁﬁigﬂﬁt descri be
every possible enb i ¢ i ng every
ossi bl e enbodi nent woul d be inpractical, if not

[0 lﬂiaosé [though the fblopiiag trt sinfarth pelctwisd deseiintian ebinmacrpes

[ i .
it G SARUE ot % GGt A SU0pl B e ACE 0 s g degeription is
defoaddent the Wmdsf‘of\mhmtldlnﬁ det forthadt khannidifithit Hscloswpe TaE dethged

cl ai.ns, 018] It shoul d al so, be upderstpod.t hat
desghipHQR isd 3 ﬁﬁl%t@e@ﬁb?%lw&@%y Hdfiogn np egcrﬂ%&eaﬁfy possible
em"é@ﬂﬂﬁen% B8 SERLERAE cvé§ pHS e BRBLSHithent RBuld®eMnpractita, if not
hereby defined to neah..." or a simlar sentence,

impdrerbée. i Sumerous tléarhative dnibwidimerttecavidihé ngplomemmétusngrmqller

cuffir i GiSBY 57 Bt Loy R PR ALRE AR i e Fhich

wdumwpfaﬁtvﬁqllﬁalekseoﬁd dAth€daints. scope based on any
statenment made in any section of this patent (other

[06187N 1t BRo1@EY 88 En@lrsthHEtHal, 3R a tef ik r@%%f{ghﬁintsea At this patent

any termrecited 1n the clains at the e
usipgthersenicgce ‘Shensed dictom, ithe tehn s pat ehis herebp dofumadeto mean...” or a

t ent t.h . th is d
S 8 RN i B BB Sty or
imaichtioh, Be%oﬁ’d)fts blﬁfm&nﬁl@%eaﬁlﬂ@ afid &cWté@{ AR not be interpreted

imted, by inplication or otherwi se, to that single
to hfehmtn@ n @pngbalsyd opphesigteacol wrde @l @mmthnsﬁdl@lﬁ ipatgat (other

than%ﬁe { 1 0? t%ngl 1msgeﬁnﬁle & e%t ﬁla OI?th | éenc eé oﬁg tciatni;]ls at the

reci IS n

end 606 phf[ena EBYre&'Jr@ldITd) &l thixgatenbén 4 MR cohddemasiada Qﬁgl"e ffeaning,
application of 35 U S.C. 112, sixth paragraph. [0019]
thagrcdpngfron sakse Phelantyiopdy $Qarde ingheanfesy thiteadeingndot 1St1h)é intended

thal g%%%&%%ﬂﬁ 'bl{? ‘h'rrﬁieﬁsbﬁ{]ngqlﬁﬁﬁén bRh &t fkn stuﬁlgeé’ Fnchfing.

twar e ans or ructi ons an |nte rat
Firally cwriless a(dle(im) clenah iadefajpp by (ratliluttg’lths pecd f* meaﬂsCSind htfuricsion

wilfg BB 5r el Grip b rurco et MRy BRGR OLHO! L clement

be 'ﬁﬁ&ﬁi@&?&s@&' on {RVapPH&MRhOf 33\ ak lcall 1821 §ikm pafdgrdpant
nol ogy, and econom c conS|derat|ons when gui ded

[0(@369] they 8#?8{3&‘1%3\6 ?ng ncH&ﬁa‘P%f §r‘f}l ﬁﬁﬁ %&%ﬁt‘?ve”prmc Ples are best

rea ener
1mplﬂﬁieht¢dtwmm ianelftyiro @mgmmandmlst(ﬁsctmt hndvinndgratd circuits (ICs)

su X er | nt gtéi)?ocgflilc @egﬁ%oelgiggqte t he Lq%:o?(ﬁga?r%rﬁgll ggt%v\{thts%a/mdmg
poRIBIPG Hlfﬁﬁn@é]ﬁ)rﬁﬁﬂ%ﬁ{ysdés&n%ﬁféEgﬁl@ﬁ@até@b§ hs: @{aﬁﬁﬁ@tavallable

|nvent|on further discussion of such software and
timleCgyrrantt teahlyqlogv], lahd beoroinmt tewsidonatione, 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
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.
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essentials with respect to the principles and concepts

of the preferred enbodi nents.[0020] Wth reference to
wWOo2@9/1808aNn exenpl ary system for inplenenting PEEUS2009/044673

cl ai med net hod and apparatus includes a gener aI

po ting_deyice in e formof a co
106205 ?ﬁ FelERes (R WX&@Q%@&%&&W o dmlegncpe e claimed
mettl?cﬁirhﬁh'dcaﬁ Jtrﬁtu@ Mduk atgeﬁerﬁpﬁm%s%rco%gagg?é’géig@é' 1% tHSRAmLS a

lustrate the exenplary enbodi ne '
compmpo hEht Gorporzotsphoen il d@hadgutline higdw} tdghmicalkyeparbef the

comaifet §1ty HE b P RTRPieahs sy BT B 3. Tomponents

of DYHIREN 118aBaE e Ride A arhot liRifel @l R6&sdcdA 2024 SRtdeMGory
as a Sout hbri dge chi p. The s qJ%nstem menory 130 and a

13@repbinesy/ grptesarfaco 02 heglsolenavgugs aljorthbridge chip, and an /O
1ntgr‘%&%r1&é ge{lgc? pﬁ%%& ésna} §5Jtﬁocr§dg% %gﬁé) Al" }{-50 gkt%: r@%‘?&gﬂgoa&hg G graphics

raphic’ o I Ce na
prcp;emﬂ@(bmagt 99 co@lﬂ&ﬂtb] thé\n&ﬁfolrﬁgra@fncs yaérgracl1as s @smomiyor 191 or
coupl e, vari ous system conponents including a high
othep gwphis et ipiec Moy beee%%tqth%gepbeégs%ﬁssww 't he
nem)ré/gr aphics interface 121 and the I/O interface

[0023) A spresrafsgstem bysses npy dgepkﬂeeﬁomwsmhmnwogmp cduding a
h
hlg(gl&s@g&{ & eéﬁ:' lﬁujshﬁgg)eéxr/e(e)egzpsfez ér%&s{sﬁ@@l E) %@9&%@ nln‘%eﬁfélce 121

andeHRarQ {rgerdgiai1e s, 4 fiberdidcirus124 batebeh hll@e @E@PRI/@aphics interface 121
(grocessor 190. The P/stem bus 123 may be an
an

f
@ww&r«‘mt%aerydﬁob ardefawfi@sanhmpa@ﬁeﬁgng é@gﬁhwolf%

bet?%%c :m?rﬂglxgré %]r%hléét ﬁﬁetr Eé A arﬁf“’tﬁg gﬁaﬁfﬁﬁk %fo%k%ﬁrogzz(? The system

bu 2¥ maﬁ?ba amebf saverdal typeﬁ cmfr‘t&ls (sivizéprels mmchaﬁnig ByhaayoefdxhiBple, and

(El SA) bus stem tectu es e ve ot h S )
notalereﬁ?t%%ﬁltf@éﬁw FUESSi 1RO gi%h%d ¢ drefitecrs @EA%HS Micro
ChaeRe nathidchud 1WAY ‘Bh§arRﬁEﬁl%ﬁl@ed ﬁ@[ ElSAP'Bh? : AS QER@NE R itectures

such as Intel and AMD support t he nte

evlve itha dus arhit¢daigs antjclnlh ectiyag bt uagtkip often ggnerally follow this

hi.t ect t 00 ut
o EATRRe chBRENE yiRetiybontcublvepsT Bitagly 518
ArbEtbcture @PNVWHE thd BAskRARpIBI ckidlrtlRe, ctvedy | abl e
nmedi a that can be accessed by corrputer 10 and

[0022¢! uﬁl?@cd?l%lﬁ‘ervlqb@%lbeﬁlyaiﬁgluﬂ&nav@elrﬁw dEcoifit& readable media.
renovabl e and non-tenovabl e nedi a. ‘By way of exanpl e,

Coarpatan o¢adableinicalid mm,becanmum@’oler wadialthae caelbé accasegd by computer
onpr i C ut ra i a nd co ni cati on

11 @A eT e BR dp RS Sl el eV s mogable

rne@[hd Bgowupbﬁ&amle edayehRattid chlaputt CRBYMN RcdB G comprise
i npl enented i n any method or f echnol ogy for storage o

COMARIGF FaKiZe meéwcqmdasnmﬁmﬁmén meéa?d dborepytersiterage medig includes
%O o?atﬁé Latf I%OLIlerS?a’tlléo V%Ele”%‘&% T 1%5}/2%1@ Elredgart‘n%lemented In any
nput er ora ncil udes, ut IS

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-
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.



10

15

20

25

30

not limted to, RAM ROM EEPROM flash nenory or

ot her nenory technol ogy, CDROV digital versatile
wole@kA550B3/D) or ot her optical disk storage, naRPOBEUSN09/044673

cassettes, magnetic tape, magnetic di sk storage or

00 T B Bt bGEiRees e e T o G oltit
andBt ﬁ&hv%ﬁaﬁl%@ﬁ%ﬁﬁ&cﬁﬁs FRIRYLehehd - (RIS 3 TR l%}i&&n‘% Bcess

menory 130 includes conputer storage nedia in the form
menfory R AM)I 182a At ey steromaVial3il Ireaynmmtﬂny pevehertsystemdlata 143,

sl oS EPRY ob b s BE T ARBRPL TR S8 pRemtahel B

infRgbaphtsdsteBU@IORS niag@iol Felskdr8d AN sRBNROSE I 3T i RAM 132 typically
i nformation. In sone enbodi ments, a basic input/output

confgins e @RI/OBprogeam aloduleh ghas prsrimunddiptely seeassi agd/or presently
beifiz 'Xk&%?edt&ﬁpd Lé%éeq%‘iﬁbaﬁé‘;s S%%{Efaéxg&gfegg?&ﬁoqq{nﬁ%%ﬁdﬁ' ey

are | acc 0 a resen
illBauteg opgetigl gdtcanl :«my applivadss progiladik 138y omeypmgraexaﬂﬁhles 136,
and not I|n1tat|on Fig. 3 illustrates operating

and proggm dafa 1 appllcatlon prograns 135, other program
nmodul es 136, and program data 137. [0024] The 1/0O

(00244 erTl@a:IéOmtzrfm Zoopy eolmtﬁetheyzaf b2 wghwn@lmbar of other

bu&%m 19f7 Pg thké)l%J ?ouife dﬁl 29 e glg l%igé exX hr%ta % cs ?0 fhe
varier erna evi ces

copifatl Hr Als(analﬁpeﬁﬁphe@l 1n}ttefalc6 t@frl;tbus M@tﬁlﬁﬁ(‘:@ln(eaﬂb)a Hasne
126 may connect to a basic |nput/out€ut system (

e/ RBIPYT HIBLEHPS) Moy hdS pepriringdbr roUHRgs th@lhﬁlnf@ transfer
mfﬁ%ﬂﬁ)ﬁ&rehw&ﬁeﬁ Qi E)ﬂte?[lgo&g,gfﬁi\m&mgrgmqeﬂ@ut er

suc uring start-

[Odlgﬁgt / %8#6[% 1i§peu(f oug)ug' gh qugﬁe b%su%gd 00%101 %oc § nur%ggr q(f legacy’

SUC

perlﬁﬁ‘xal&%)d&lﬁ@&f ﬂbﬂpmuﬁ& ﬂS@Zke}&ﬂdrdnhblﬁHeGI&,leﬁﬁl prﬁﬁerewamzd &amples.
The s P I/O chip 160 may be connected to the I/0O
The gyreyr 4L ehin 260 Way weaom@@m theslfe intgiface 128w igh bl such as

a léxhgg c&fﬂ‘? /% bg:g,:"ig ?@g%ﬁibgﬁﬂez%ﬁ MaL R %H@P@%m’fﬁe fie ﬁfper 1/0

super are w aval | Int
ch@dMﬁewawahbmamﬂeMpMameco@mﬁﬂﬁhhhmkmmewenbod|nent bus
128 may be a Peripheral Conponent |nterconnect (PCl)

[00263, Bron2 cviboldhdn®buk Nes ealy, berﬁBB/eri/@aeﬂas €0mbon@® Miecbnnect (PCI)
hi gher speed perlpherals tothe I/O |nter ace 122. A
buper apyagatiptheiceh Hb’é’ Dertsethtoarpnacqishansived pepherals to the /0

thhons P

L

busaicludh eheaﬂ’eriﬁthﬁﬂab@emlpomm ditcieomect- Expricxd (Mdi:) ap@@ie PAripheral
he f I f

Co?n%%?leeﬁc’c Intterceonneocrt Xten \e/cli r(1I(’:’CIaX) glrlslsgs enttosnrler aving a serial interface

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
hard disk drive 140 that reads from or writes to non-removable, nonvolatile magnetic

media.
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and the latter being a backward conpati bl e parall el
interface. In other enbodi nents, bus 128 may be an

w@oooanssess t echnol ogy attachment (ATA) bus, in PEEUSONIL4673
of a serial ATA bus (SATA) or parallel ATA (PATA).

W@Sﬁ%ﬁ%&%@ tﬁg{va %galqﬁl F%'ﬁ S%%e'ﬂﬂwi@ﬁ&s %}%0&5 ApirEpwire

(IE&?Eofﬁ,Qrﬁe d?@)/@VI@MrM@YS@ﬁa? )6@@@1{11%&%8'@/ thefl(@-bu3 128 directly or
| ustf'ates a hard disk drive 140 that reads from or

thrwuglt zaslntemfane h3@. emsmageemem@ rh%havlcbepln‘tgmeughanterface 150. Other

8
rerf bR o N yO Tk St s it Fadfie canpe used in
the@eﬁi\é[&rﬁ bpé&@tlﬂé&wﬁ@ﬁmgﬁt 1ﬁ@lﬂﬂ@ Gulsretndt liMgedfd, nhdfictic?Bpe

di rectl through an interface 150. A storage medi a
caspeitesags P Fardsr dgyHl verratilerdigks. digtal \addeetppe, solid state RAM,

aﬂﬂfﬁ3¥%aﬁﬁ/%%ﬂh%ﬁ yable, vol atil e/ nonvol atile conputer

ora can be used |n t he exenplary

t
() e T I ARG o e A RN RSB S
prdﬁ@dess%ﬂa%@oﬁé terGbgiabrl méthféﬁ@nst e stra@lied, bgwaﬁl r%&v(hes and
solid state and the |ike. oozggiThe r|ves and

othechdate ferdbo eompeter Ué)deOtF& 3sfarcagepieeird difkglelys 440 is illustrated
as ?tgf) i(% u%e?rgt(i) .%stgﬁl 4’; ?&blgctatl&? éﬁ%lé}’a%{s fﬁag{ﬂ@ fogram, %18dules 146,

ur e rogram nod

an@piograntldita 169r Nbfb&hmhwetcempbﬂ&ts &a’m drihgr bSthe fsare as or different
exanpl e, hard disk drive 140 is illustrated as storin
frogpecattinggysiya bt applicatigioppeaimsda S pethe ripgramymodiges k3o, and

c%;i:laqg 13 1Redy %?ﬁtl‘]lé@ sté}ﬂq 48 r%g%@%ﬁ%@gé 4ggfgt§ertp?@§’ram

ese conpon el t her
madiufek é 46 rindfprapuopiatatd7rge givsh diffcld@4 nuaybptsibesd toaHustrate that, at a

.pr ogr a 135, .ot her program nodul es 136,
mifigpun Fey TP RGP G S RaRPIAY HppiIrERind s.vbfo Haion into the
corhfitter 96 PESuJH IRBEANIBIUCESs 2 Hous@RE HOLROT @NBrdRi R n%? device
are given different nunbers here to illustrate that

combinatipn. nﬂthﬂnlnplh dyviaese(ndf shomme mayamiuw mmrwlﬁwmemaystlck game
nds and j nforngtion jnto ut er
pof R Bl Aot b, chhese ol AP FERRY HEpa3h gpmmected
to Qe pRscekdRULO %&mﬁﬁo&mmllﬁ’t@rfa@mﬁgesl fiRHtas BRVSPAES6, the LPC
I ncl ude a m crophone, joystick, gane

1%23&@%’&” 15, el atharhussss anfiche us w@mq Rebodmers caRl dovices
rnagrtb% cou r lflq_l_lé%gl;{%% %stcs e}ﬁﬁargfi'i Qrtf%cggllrk%% ntdQEe ke glot

roces ough one of face
depivied), ata thBeuBPIl/Oldtp 16(e LPC 127, or the PCI 128 but
ot her busses may be used. In sonme enbodi nents, other

[003BY i CESe FRYpuR& 190URdyeshet Qe RAY MdtivekeR @Y iSonrhd igihgtbgical
interfaces, gane ports, and the |ike (not
connections to one or more remote computers, 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
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.



10

15

20

25

30

depicted), via the super 1/0O chip 160. [0030] The

conputer 110 nay operate in a networked environnent
waigimgsd08y)i cal connections to one or nore rendPET/US2009/044673

conmputers, such as a renote conputer 180 via a netmork

interface controller SNIC 170, The renote coqp

hié@ﬂ%ﬁyowautgrﬁ) DBk 4150 CONpHE? Weh SAFRAUPPOTing GlifaFtvegossions

Wlme[];lgvggrg RS 1@ peer device or other conmon network
node, and typically includes many or all of the

[0@'&2 ”Efﬁts%n{%ee%%o'dﬁﬁ&téw et&zg}kaih{e\{ c ﬁl %ﬁg%%ﬁfgﬁlaﬁ?ﬁot%glcted)

| ogi cal connecti’on between e
whee abtreadbanpednacctiodds degrivailgdde DﬂlS Fioguscd. fitayill becdppdeiacd that the
| ocal area network (LAN), a w de area petwork (WAN),
netgrork sprHIccion sheagn is PREMRIH) a1 O st sty %&?&ﬁ@nn@ac h

coRBRAREKLNG i R BEN QNTRE ESmAliSrs GRIPRNRLAce i n offices,
enterprlse wi de comput er networks, intranets, and t he

[ods'ii)e AL -4Tf ﬁldsﬁ%th%wclﬂ{lggh% ca8e ﬁﬁé/ A &Lin" Wé-’bi} ﬁ&?ﬁb rflodel of

ver supporting eractive sessions
thecgarrmsbere td T€&ind tBO 3ddurdcy of aremerddodhitivarnt geodriythinetrmar k one

i nterface.my use a nbdem (not depi ct
em@PMéﬂ@l%%W&@?%ﬁq%aﬁbﬁtﬂ%ﬂﬁaﬁ%&ﬂrﬁaﬁxq eydfehtdeigetion and

raﬂsg%% Lllb @2 gﬁl_gﬁl%ﬁi ﬁﬁfﬁe Ej‘ﬁﬂﬁné RBuMed YRJ #sca 9y @%ﬁﬁﬂe%ometry data

[ary anhd nmeans of establi's a
forcmgnmgmphatragns, Juchks frevrhee arckhEran ﬂmeHBAthhga ﬂeeméled:nsmnal

003 Fi s 8 rate hom1| can
RS e i b TGRS R Setsr TR SR At uft i ling opdsr of 10
cektBhdtas, mﬁleas%hl ﬁ@gébg@fph@e e @%dl%@tda%bl&e&ﬁl@w Bﬂﬁﬂﬁng life

terms. In one enbodinment utilizing this technique

intp pee¢nsinoty tsqairmdnt cdlorandxextprealatd bapided éa e Bonodais Street-
i.n LI DAR uj rpl,ane t.ed.an
levef‘ nlg)t?% éhs Ctaﬁ Ipéovécgeo llr%g{&?s&egrr?éﬁs?b bﬁ‘t e sehooavrn algﬁ::‘l% 1w ; eéllelcl) ﬁne

ph6t’dg1|'zhpﬁﬁ dat isl hbmlgaécepropanp mlﬂhhhésslblnﬁwal dataintdlHg®R jumble may
di mensi onal nodel s of the region |nclud|ngth|Id|n gs

resifty Sgeetdrase eI R Kakican pker 8¢ sonrechecagpy ef thshetygraphic data
W1V§J|B§L]Jagf%%ﬁéob Wi he E%at . ng(%fg? ? gﬂfd}]@%i‘igﬂﬁh ok ‘aéIAtﬂﬁéterabut

res urce, scene
lo daﬁqm of the thiatracatiorespandtd geopapbictabaligesa ddedtd by theh33D 3hddel

Streetl evel hoto S can rov de the
magr& fZ‘aV FRPTIs3 2 B! 0%%108% a\&ﬁﬂ} Pifor-qCEng photggraphic data on a 3D
moqepspagmmmgcmgﬁ;@s 3 nfé%trs Al n@%}g dhRIsBRRE hd’caﬁbﬁ thatfgadRan

nodel, an unintelligible junb may resul
GM$Wnammnb&mamﬂﬂﬁMWb&%$alcan pl ace the source | ocati on

of the photographic data with respect to the object of
[0033¢ p’h@hd):ljbﬂph]e g@ggaphic louatioai ingdcumicy bf the@amera, the rnore accurate

. ce ter | ocation of the carrerav\ntemy
ale@a g%ﬂre&t L35) LAIRAR 488 sy b By Me et lde hee the clmera
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
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
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may be off by as nmuch as a neter or nore. \Wen

proj ecting photographic data on a 3D nodel of a
wheibdssegs hundreds of nmeters in height, this sSPUF/US2009/044673

| ocation inaccuracy can easily result in the m smatch

of Fi 033 ss t eographic.l ocation
alqnﬁé%f‘ct%r%fc Ct‘ttPél %tﬂﬂ?earena 9@5? fack 410,
sh(ﬁﬂsdrcﬁtters&ﬁatlxlces‘kﬂmés|4@6\F‘)4 F@aﬁﬁd ®y otttﬁc ¥8®dHnEOfrom the perspective of

mat hemat i cal | y’ change’ thé camera | ocati on coordi hates
theufimsi locatiom 413ages and street-level LIDAR data best fit

the 3D nodels of the sane scene. Once two points al ong
[0085F unO¢ einbadjment ms b sleydina rdetccﬁmaalgbﬂtﬁnebuied ofi ah bptimal path

run, are correctl ted from ot her
alaorfﬂgr @a%n 0 BRg ﬁél Sugggt o el oradienfagguityde and
dirbQfRt & FBead Mé’s@fﬂcgtgotp&ig% §nd V0™ IEdngt ifforn$tidn. For

bl'lock diagram’illustrating skyline identification at

cxztmpic,poq:mbmmmmf edegend vamishhgspaiaahayl @R agredeentage of the sky

re sentative,.buildings 4 e sho
clasGRF ERERS Pl g toniond 92 cPtderef prred s v an i R Agother
sky HncWRtdc AL ttrdbutéMa @t&aruaﬁrtri é&tlﬁﬁ&fdlékyﬁtg: bd¥BP6n Sdbithg building

along the track 41 | mages naé be captured at

mqglglsi e is, thaBPrpeddd atlseiﬁglay be usadetelhelpadatearpriessibaslatlingan the image
datfirst | ocation 412, near the begi nning of the track
310 shows representative skylines 416, 418, and 420

058 Ty ¢ A 66T e FaT AR 1 aBE bl gy {07 200, a0t
resg@étﬁi%fy‘ @e%@éd fabiaRA @gteﬁﬁlnﬁ{g BPEb TR lol%t‘id'h Al @ardrihm

nown'in the art. The algorithmis dependent on edges,
comareﬁoen’rlthrﬁgﬁl)tm@l@eland direction, as well as sky
classification edges and vanrshrng poi nt i nformation.
[008GF eXlanghdpestioa of thebliinsbdridoxcafd ledgenadil wahd Bhiresgeqioichyt as

may. . use a rcenta sky classified xel s _an
s B e RS Rion o TP sl T B g Dl Cptai h track
4109 4t estlt'fﬁt%t iRehires UivhdmRnaliedpa&d ﬂh@tnmé’st b& hiBk & 18R cHGBteiepending

apriori estimated skyline based on existing bU|Id|ng

on iitstfetere of Hetenvgonmery fRDURb desteptionsaldf M pcmagysed t o

hel p determ ne the skyline in the inmage data. . [0036]
[00B8¢ skigl $ b WlatladidgBm dli8ratmgdkd2® idxitifaatiedatfanothichpoint in an
. buildin 404,. 406, 408 res ectlve y . be
B HP. RBAY QBT HTOTHAT B ol BRE FoHodstpgre byidines

504, %605’&13%8' 3O hoklr. hA tfagk 31 IRAR!the | Hm iﬂ‘b%réi@@h%ldn@fihe
of the first and second Iocations 41

strr:@splélc tragsh jaken gt intaveads dlohgdterteack $ lt),hacludlne r@ra@ntatlve first

loctaﬁ%n %irf @e(a(r)fthctbhc%m%%]gr and o rcp}cscntatlvc%gco%td ltopa%on %94 Weat the end of

the track 510. In some embodiments, other images along the run may be used when

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
correction factor for the geographic location of the camera from which the original street-

level image was obtained.
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410 is an estimate in three di nensional space that may
be nore or | ess accurate, depending on the nature of

wo b@9assp8s onnent for GPS reception and | MJ acCRCHUS2009/044673
[0038] Fig. 5 is a block diagramillustrating skyl [ ne

(0T hb R eahicsmomer HOBRg e eeeaby B 184 itk avsociated
skﬁgl% qullg d@ﬂébﬂeg sREheT is HHH%n W th%%l%r 1#heS h@l%lacﬁ 1nk 30K

shows the i'mage run progression along the street,
repm&ehtsnlnmgeﬁﬁctedlséyﬂlm ofith¢ govadds! Hitenepndre Wtereaztﬂtuaﬂmtt its reported
igcl uding representative first |ocation 512 near the
‘nning and a representative second | ocation 514,

W@Eﬁ;r%ﬁ%gl@f% @%%%?I{ﬁétl\fehwség@ 7@2 v?}glbngd%ﬁncggg skn?lne edge 704. A
rarfp@loGty \@fn'cﬂ 9n Hrﬁg%&cg%ﬁkefﬂl&y &Cﬂoé‘eﬁ&d Bqa%treée‘ﬁ[bdq;y &B€ 706. The cube

carer a. shown,” skyl I ne ection"nay be used
706 madéle@mner@é omhhe blkeytiomef tbd 6am&Ga 8 r@QmedbyehmﬁPS and IMU
espective building 504, 506, 508 fromthe
eq@??lglétt-l evel perspective of the second | ocation 514.
04 hi.s i nfornmati on y. t hen be conbi ne ith 3D
lﬂfk‘gb ka é%pact%lra%l@e? ATPIECSd Syl se b Oflgté @Pg?lg@tat%v be
coﬂ?%ﬂ aphic (ﬂe{e@féatskgﬂlecﬂ‘f tﬁ@ﬁna% 'T?Bf"e)l‘ r§t£br5]{%§tlon 708 may be

Iginal streetle I mage S obt a|
lodaddrost p éat leftevaier phade 622 stepnd plronﬂ}tlsav ) aiay be rnade w1th a

bui | di ngs [r a ated sk ne. The
cardidopOR of Rpah Gl 67 R ety i 0 S b dorom
right @Rn&F tHLRILES BNGFerdthtd, PARdre td@HosiKlck RS x0f x BRRatAParound the
nodel if the camera were actually at its reported

mdagged logation] ®ay by madg The élﬁtamse betwepr B entraatédand prOJected
skytﬂ'rlllels glan %e cglzcthed as%h H bf gbs%h%l ' 4il&n& 1%e (()i y dlrnen 108 in

I mage SOUTCG nma oca e

1ma§dwo©&ﬁﬂataﬁ(abs(x¢ixb¢+Z&6y1 -¥he. Hime7&ﬁ3dli&ylerb§ tﬁcemmh@ed; beyond
on the location of the canera as recorded by GPS
logﬁg(el[s,\ygﬁyeléﬂhbﬁ entiderpdyegroyy forefal sglyéi‘gtqcﬁ:dmags o{}the skyline. The

e REIOG o YE AR BEPES BRI R FrllRl B projectcd

skyflimsrpiag be aetbcted tngstojedcini thiz eiﬁlﬁplmprojmtlbm@ 80 sphrdseatmnttae best
pleft r of cube 706, a seco ectl on 710
maﬁ%y %awﬁg@ﬁﬁtﬁ ISCEERE R aqCYalg figRe ﬂxe rﬁ Prisbgh &acly pgrforming

theobdHoh®p Qfaﬁbﬁ gslhg Rath ForTRYnP & BoG M&%ﬁl HP AL E BBt the
cor ner O the cu In operatlon canera | ocations

entiredrrack iBone @loul@iomat ri x around the measured | ocation
may be made. The di stance between the extracted and
[0034D] eEiedl depicts a street-level image 802 illustrating a plurality of projected

skylines 804 representing different camera locations for generating the projected skylines

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
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
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skylines may be cal cul ated as the e sum of absolute
di stance in x and y dinensions in imge coordinates
W@ adv9(15808x2) +abs(yl-y2)). In sonme enbodi ment SPCT/H82009/044673
di stances beyond 100 pi xels may not be considered to
account for falsely detected parts of the skyline.. The
thagdgfested SR SRAR I Y eer SO poTRRipE o
soRBEMRRAESS LRIA AL QirkGh &tagéy! | nes may be
sel ected and stored, in this exanple, projection 710
0P SCaPbRATe: DIEAR MERE Yor FEREH 3Gyt Mgt nd i obtain 3D
mgaelsfodiont ngmbieendadydiuildimgep Evatacbbuildinpghdatiddifig drvades which
al ong the given track can be used to re-orient th
areetlﬂflgn dhe g srement 3P CeGtTH it w@hm&ygﬁ g.onsaeiere(?- The start
an@§Bp pbSitiEn S tBELddeS¥Each TRARe BRZodal Lol HfteR) system are
plurality of projected skylines 804 representing
comiptitce besetl cndhed buddiagingtk]. flhe stermdastapriggéresvents corresponding

ected, skyli. 80 0045] ,Fig..9.illustrat
to B UERL Bt PSP STRERR Batfaratts bl Disrih bRy R g g Eputed.
Bab&@¥ orl tKBABfOMREGHN 1hg facdd O WéptH ifldeh §Q Z”ur[r%én{&t ﬁl@?'bél oBeirea.
i mge data from canera | ocation 904. Edge data 906 and

[0REP Wsté@ﬁlg(gﬁgﬁj BRI St RY g!?s%ed RCLLHPAR Abpth RR R BFB module.

time the image data is captured. As wth detected and
Thpdoptes vEtic drylinaneplangsovand edgessed Dacko TPheadvanihad apdpme which is
dept h,916 i.nformation can be.co red .t roj.ected .
clogio i drceit abs i SR Fromou g aa s<reshins BE By
cobutelle building 902. LIDAR depth data nay be nore
robustthan detected skyline informati on and nay be
igY €NTRDEiErNBEIDE thi 8B ARODREDEGE 8hd thE QUERS buildi I-
m‘?‘r?!or rrlggt3 elhoﬁyg?gggt teg\"it 0 a%g{aﬁghrrer%t I%%c ast [ %Rul (P%%ﬁlgfie
fac@d¢ duabaltdepth isfondiddaRl detas Withiroz givegitolemne. riins segivend fo as the

ool Gienge . oR Calbt Tovudy- TRE Gt Y Fopuliias focade-

LIBRIRCALp&H Basb@@isparitidlSor tHE o508 BRSHdsRB Bull@iu e flai&euRbeRding the
and width nay be considered. The start and stop

rupssginenbis shok D4R depthdrset figue pf igohde (in | ocal
coordi nate systen) system are conputed based on the 3D
[0049] | dCalgulrpoiedf LITHER sdgastmardscshagm by dlggmmgedfe htdding models

or.respondi ng.to the edges, and th r oj,ect.j.ons, of .t he
forf SRR e Dot o g B U R gdde Fray be
coﬁButteHJ iu§in§g ﬂ{&éﬁﬁlﬂgogbohﬁﬁyfnmﬂﬁl 18e0tcBordiran §y|§f%n{. UThe start and
segnent may be obtained. [0047] The start and sto

stoprogigens ehtbabyilding aphihs ddzgen crenty MR splershitg @eth@bmifcbng are
COm)dtule. The depths of the dom nant planes found are
%B%S%d back. The dom nant plane which is closest to
interest (in the cen

[Oigéf e]::f]g%g gtre}%fapﬂ ém@itg%%ﬁri §,nts along witthrtl% Eid%l? Qgi?)(leiftsor right
broadside) 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
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 -
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conmput ed. [0048] The difference of the LIDAR based

depth and the existing building nodel facade based
waelebhs8083 considered if it is wwthin a given tPCEUSI008044673

This is referred to as the building facade-LI DAR depth

base i spar.it he .a e 0 e bui ] di n .
nurfﬂﬁ&%%éﬁj%ﬁ mm%%&azlﬁ sl gq%ifsrq%tfj%g %&@S%@S@%ﬁﬁ%@ of merit.
Thi%ﬁ%&%bﬁ@m%‘té éHsFSasEé%ﬁ@?eSas%ﬁMhﬂﬁe hﬁﬁ%erﬂ%ﬁ‘negﬁmétly

Is the LI DAR depth-based figure of nerit
Vemaalc Ulhag isoersofiablld Emmgk derassatetyonaltgmcddygisad byarodxeaiptirng

D_bui | di nodel s for buildings in the vicinity of a
gaé? ’Wnén? e‘segment For each building the edges may

0888 o harvey S Bk ARttt e BB sl e
se%ﬁedtsdﬂ sREnGided QseLmAma%% saége]%ést C&rffgw&méﬁkg@h glxtgnﬁ.

di ng are conputed These start and s

100534 0P, BX B TP o ichh (e L8 Yoc ™ty Mg o source

locatigre ofliedage tdhtan Atbdadkel.00Alagwrst, digphecsicaievabic dftthe bairécdliongion

in the LIDAR d pth i he_provi ded. The LI DAR
magdsdoafistle &Y PGk D) St BERSTY e skagtieiiplacmapibetween a
skﬁfn%%&gaétg@ Bt d éi”uﬁ% 1{5‘1{3?@ a4l slz}}h'%g %aﬁ:ﬂﬁteﬁ% g%@ﬁ&%bﬂ&ng 3D

he side of the building. The centro
rnddhle A hDARedetseutce dmg@tgesayabeeispd @reickyb]mb bhaok of metlhealculatlon for

U|Id|n corn | ook es. Simlarly the points
cach hopry hpee diy “ngéh?%géng camera, corresponds to

103  cAPEaei % & s e QRN R 6AFR 1 Bidbiigney be
cal@ﬁ’lg@d rc%n@ﬁﬁh?ﬁlteiquﬁ@Hata Iﬂ@Sﬁ'rﬁ&{%\l glige in the

col umm t hese prOJectlons (1n pixels) is

[0%?2'&?518&&@68 ﬁ%gs% Fe | @AR%&u{)e'rs]g?ﬁ%rl{)fn g%E calculated In

i's an appfOX| ase € ass
on¢ Babodihent, megigurésasfandrit apesifpbt ddded el amwather eﬂﬂbb&mh@t one
reasonable enough for resolutions t |caII used in an
figuseenfnettyfog é&%@athw%@m gay popst eﬁlﬁn%r\? ayjly 16fts associated

daﬁa'??écﬁlsﬁfefgdecB%@?&?eﬁéUurﬁé' the buildings surrounding

he run segnments is considered as LIDAR edge based

[O(fégi ’ A%lofsﬁ Qﬁoe C}l%fr(ejggtr éftbl%ﬁgleét THoR! I‘I)l(a%J bc'e) COH{&)%QG%IE'[LC ér&l&)&s(l)y stored

cts a ermnirng a
mikiaiuse vilae, iBaisoUf de deochguroof alerit valgeisdadver tht%’( thelpp&Kous
1002 a flrst di s Iacenent val ue of the source |ocation
MiFEEI e XPORPBAIaYARIBIV SR YR ane tpibieke 08¢ Hele pey digure of

meH ¥ éqﬂgl dics @éﬁ‘t‘e? AR OEIRES thifimum, execution may follow the ‘no’

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

1002.

[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

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

-11 -
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skyline extracted froma source imge and a skyline

cal cul ated froma correspondi ng 3D nodel. A nunber of
wa@ompassosirages nmay be used for skyline figure BET/IB2009/044673

cal cul ation for each source inage displacenent being

W‘Lﬁ%EtA%Fléf‘d%Pgl?&% u@%%% gfg%.éeg% ?%’f@i gg{ngdiﬁf d Eﬁlﬁ%g}gs {6nds a new
1%98%51&&&& 118 ithd AR HRE R 1R Mo %ﬂmégﬁ'&nsd JthR us<£ 0P%e ]tec'ﬁhlques

| ock 1008, the skyline and LI figures of merit
de&@elbcféhbnﬂeaﬂew autamasiop of Nﬁl@dwn‘elndtbe at ez gkiigg tasks OBfma@ftO{model

re sinpl In an r enpodi e fi gur.e of
it FoPPite BRARH o8 0 PR G Moy e ks B
appleaubh Yevelopetss g@nsiQctat et ht Sc&RS MAaredishtogrge scale
p%bre accurgie g[0056] At 6%%??:1010 Q?Le resul t ofg
geefirapiic modelingay be conpared to a previously stored

m ni numval ue, if any. If the new figure of nerit
[0064] ueAltlsoungeft fdrtgmng ﬂ@et wtm'ﬂb usletriled deseripgsee ofminogrous

) f ol t he nch .t,o bl gck 1012. .If the
aiffitp et da ofabf it el AAROWE B i uPR R islvebficof the
m\%ﬁﬁéﬂfﬁtdeﬂh&i e v@f@wﬂ th@ BlaiY sdt Bbr oW thdrénd mhls%ﬁ@ﬁﬂ NThe

if nore displacenment values are to be teste
det@»l@tdﬁsp@wcrmly tQ: eonstisedaas xcoplerd 00ly. anp(dosvf}ot idescribe every
po%s?:bey 8%1%0?1%1\?\6/%{/ é A/ 688(51 g‘euc%iléseo esér?oﬁlg eve p As%(sf%%rgiggd&ment

woakd beintprasichhéf Idit &ﬁ}b@@@l& ﬂﬁurﬂﬁbﬂﬁaltdﬂﬁdtlvfe %ﬁtﬂoﬂﬁ}ﬁbnitmcdlﬂtebe
new | ow value. If nore displacenent values need to
implegienied. wkecsithen purrray teebrrlpsyer tehnelasyideyelgped qf@ﬁmslsq ﬁhng date

of %fhse%ﬁté{t nglcﬁ ‘3\/[0%1 ARl @IS T Q@gﬁh&qﬁ@c%ﬁﬁg @e‘ﬁn%ﬁﬁﬁe invention.

acenment ue aSSOCIate owest
[0(%@ I.n:’{"hus R gleogc c%g IESI arrrlgoréurélg onsr ) ‘t‘):j dr%gde[ ISQEG 8eﬁml ues and

stridtiydes! dé@ﬁbécemﬁﬂlastmw Hl@yiﬁlwmfouf @@Jaﬁﬁf@ ﬁ&nfﬂfé dpifxg@E ¥cope of
and geol ocation ap E i cations. The use of th

the ie¥eAT GveRialle SEGCPEBRE BHb UL lpeowdﬁtﬁt%ﬁi&h@tdhe BrthRes and
op i o BB PARRAS MK ol T a0 BT up P AL of the
inveaseral users, bu5|ness appl i cation devel opers, ganers,
etc., can enjoy the accuracy and realismof |arge
scal e geographi c nodeling. [0060] Although the
foregoing text sets forth a detail ed description of
numer ous di fferent enbodi nents of the invention, it
shoul d be understood that the scope of the

-12 -
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invention is defined by the words of the clains set

forth at the end of this patent. The detail ed
wale®o15383 on is to be construed as exenpl ary oPCHUS20A9/044673

does not describe every possibly enbodi nent of the

i nventi on because describing every possi bl e enbodi nent

woul d be inpractical, if not inpossible. Nunerous

alternative enbodi nents coul d be inpl enented, using

ei ther current technol ogy {drAMEhnol ogy devel oped

after the filing date of this patent, which would

still faWeepthin the scope of the clains defining the

invention. [0061] Thus, many nodifications and

vhr i at A orshategf dearcetipepasiiontiata eootmisigiges and

strygtur.es | nd i.l L ustrated herein wthout

depggééﬁgg??@%@%%@ﬁggﬁngnéﬁ ’scope of the present

I nvdeteiraiingACBdih n@0Y) ddtiil shobilitiife(50avartaé angket hat

t he net hods and. apparatus_descri bed herein_ar

i |1 g8gcaing gbudding (a0 nagde! pyresppiding fthe beiﬁdipgés%é dpfeil from a

thr@f dihSsionyigatd.on. CLAIMS W claim 1. A nethod of
correcting position data conprising: assigning a

soupogedtingatrhadel tletad firoinreng duildiap €50d) miatig] entb tihd ldiikigng (504)
<éﬁ?§) thail‘of a building (504) in the inmge;

de t Q@feﬁﬂm%%building (504) nodel corresponding to the
bui !a@jhﬁ‘t_%g( 04durdeiRhbiod LRMuR Blfﬂlrdﬁfg (‘éb@?d&%dipﬁﬂ' thé ffdldel detail
projecting a nodel detail fromthe building (504)

mapahdelthioatlont kelugsui | di ng (504) detail fromthe inage;
adj ust i t he..squrce | ocation until_.the buj.ldjn 50 .
det Sttt ERirsr o RN et B o antlipg (pE ot feation.
unifiethé Buil dif€ P30 A6taRAn@ ictidRY ds@il ivsecH WiRkihitlimasudliel ng
fromadjusting the source location until the building

(504) detail and the npdel detail match within the
13-mi t Vg method of qlpen hfupber @MEisdigm 1, furt her

PP B ARt o AROH B B Py, i (8 e (s04)
matet. hod of claim 1, wherein determ ning the building
(504) detail in the i mage conpri ses:

3. The method of claim 1, wherein determining the building (504) detail in the
image comprises:

measuring a distance to a facade of the building (504) from the source location.

4. The method of claim 1, wherein determining the building (504) detail in the
image comprises:
evaluating edges and gradient magnitude;
evaluating pixels on a line associated with a vanishing point; and

estimating the building (504) detail from the building (504) model.

5. The method of claim 1, further comprising selecting a plurality of images
corresponding to buildings (404) from a run segment and from opposing sides

of the run segment.
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measuring a distance to a facade of the building (504)
fromthe source location. 4. The nethod of claim1,

wob@vassesslet er m ni ng the buil ding (504) detai | PCTUB1DE9/044673
i mage conprises: eval uating edges and gradi ent

i tude, I j i xel .a line. ' i th
2 vani i HETBG P e i Sl BES SRt ig e RaUInE ArfHgng G depth
det ai | 4hd B BlIRIRUISHE 1G1i0SQ4) l(zglg? Shen %rogléféir%nfmdmﬁef Rbdel

claim1, further conprising se ing a plurality o
i magesdetol.r espondi ng to buildings (404) froma run
segnment and from opposi ng sides of the run segnent. 6.

The hod of claim5, furt conpr j,si.ng ,conbi i Ng -
ot o haeeBhe SEALM Db U R BRTRE IR GR TR Ry
dat a (cbhépriseh@erilifing atphetbgtaph) bulilieng 808 skeih@(d16).7.
The nmethod of claim 1, wherein determ ning the

bui | di ng (504% detail conprises determ ning a .
phot ogHEReRoBaf tlainkd, Veaay defsyminieg ths pyylding (Sehgletail

met ho ' : rei -1k icb thiyng
(504) SarRF R dtin 3 bR R D e 0 R
bui l di ng (504) edge (912). 9. The nethod of claim1,
wher ei hhamsttbpdiohelagn 1 hehdreinl ddteniginig®the baddiagl(504) detail

conpri ses _determ nin I kyl i 516). 10. The
HEPEOHXQHKQF%&ﬁ@TPth@ﬁébﬁﬁgg%iwﬁ{%ﬂﬁg(the)buiIding
(504) detail conprises determ ning a LIDAR buil ding

(F04) Eitgacth8d 3) claibd 1, Wwhacielchoshimhg tHeduMithg (SOHIdRtaM
adj usting the source |ocation conprises: adﬁusting a

start @imiscsdpiprauning@ddPAR byikding (Ydaedeed8itk t hree

di mensi onal range using a plurality of inmges to

pfoj € j f I Al : -

CEFY cansaRet Br Lty F1y PR aRHR R BB Gation pamprisy

eac hdjustigpea stdi2 poit seiréroldcafonalviegastag poimagleceldingensiona range

bui I di ng (504) nodel .conprising:.. capturi.ng street .
usipgg2furpdye BEFSdY REPIYGS 8 irRliy & s ,talg%s%ﬁt%m@esaondmg
plFRUY GELLIREARE (F2) USafl{iRoR L8P Imd£02) - | evel Dbui | di ng

(504) information; determ ning a building (504)

sﬁgline (516), building (504) edge (912), and a

bl | di Agngt f ol igoimgemdepdHa (0a byilding (394) srodeleomprising:

( 40%211)_t{1r%\1/ge étlre%lfJ MO%-Fegief bSquh)mé (%E)Q{ ig?otrirnglﬂé)n;

assigning a source location to the street (402)-level building (504) information;

determining a building (504) skyline (516), building (504) edge (912), and a
building (504) facade depth (910) in the street (402)-level building (504) information;

extracting model information corresponding to a location associated with the street
(402)-level building (504) information from aerial data;

applying a figure of merit function to corresponding elements of the street (402)-
level building (504) information and the aerial data;

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

modifying the source location by applying the displacement factor to the source
location; and

aligning the image data to the building (504) model using the source location

modified by the displacement factor.

-14 -



10

15

20

25

30

extracting nodel information corresponding to a

| ocati on associated with the street (402)-1evel
whoiokdssegs (504) information fromaerial data; PEPUSINY44673

a figure of nerit function to correspondi ng el enents

of. the_street 02)- level buildin 04) informati.on
2R 1 hErcrihgd gggﬁ?ﬂ I%awl&ﬁ?latapwgl qaé ggv Ot Nygtiph
based &%@ﬁgﬁmhmdgsa QfectruooyiRut sk9find ts%? hirafal data
merit function; ‘nodifying the sourcCe | ocation by

appl yishylinheS 16).spl acenent factor to the source

| ocation; and aligning the image data to the buil ding
(504) del ., usi t he,source | ocation.nodi f.i ed. he
Pl o aF a2 S HEER auBRly BF G i Bl:BF

wher ei gonapRbyalalyAitiea §ti@u{2pfevoefatidcfandahiagRal data facade.
conprises analyzing a street (402)-1evel skyline (516)
and an aerial data skyline (516). 14. The nethod of
claim12, wherein applying the figure of nerit

funct i [ : | yizd - -
R
cl ai m dyprishermilyrimppityien@ 02 hréevel lguldengp0deedge (912) and an aerial

function cappri apal yzing a street (402)-1evel
bui | di%&ﬁ‘égﬁ?gé@éée%éﬁ)md an aerial data building
(504) edge (912). 16. A conputer-readable storage

MEgli UM 34BNt Radkd il c GRMIYERETEX € CAT) 2Rl B g icBMbLE Lk QRfable
for executing a nmethod conprising: capturing street
( 402) -Ingtpustiopyfor gkergtipng @ Methask eompratsingn i ncl udi ng

o g?ét‘éé‘}éﬁo %&e{eﬁ %ﬁgﬂeig E?%w%% (%P‘éﬂ%fd]’%ﬁlhﬁlg Iin%bu%?r%jfeet (402)-scenc

imhgtf dutayat i on; determining a building (504) skyline
(516), huilding (504) edge (912), and a buil ding 5042
f acALNEHRDH? POYGRLOFatidh to e Hreek@02)-legoh building (SBN Intarmgtion;
SN ") : N
oSk B G841 541009 Bl 004 ) 9Tiha o
buiding €3l Gicbatké ddpth (5 03 trr the strét02)2)H et buibding: ¢ 04y ir(fEOtion;

i nformati on; | yi a figure of nmerit funcfion to .
cor FESHERE iakgﬁﬁﬁg&é@ggwﬁ T derip bt g%@p@nil%w a location
asBbialcddiviigh e Qhdeti( 0N BRY 'bﬁﬁ‘diﬁ%1 gsduhenrBihdidhng (504)
nodel based on the aerial darla;
applying a figure of merit function to corresponding elements of the street (402)-
level building (504) information and the building (504) model based on the aerial data;
determining a displacement factor based on an analysis of an output of the figure
of merit function,;
modifying the source location by applying the displacement factor to the source
location; and

aligning the street (402)-scene image data to the building (504) model using the

source location modified by the displacement factor.

17.  The computer-readable storage medium of claim 16, wherein applying the
figure of merit function comprises comparing street (402)-level building (504)
skyline (516), edge (912), and facade information with corresponding aerial

data building (504) skyline (516), edge (912), and facade information.
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determining a di splacenent factor based on an analysis
of an output of the figure of nerit function;

wor@pfiysosy t he source | ocation by applying thePCT/US2009/044673
di spl acenment factor to the source |ocation; and

g{ﬁ |gg: fﬁlge c{oglg)&t)%etr%g ‘ 40 %eslglggl% | qr?a cgegnyd]g}e gxfh}a%:ﬁ{ Igapturlng street
nodi f i (@@2)@&@1%11@&%{5@quﬁlaﬁ(ﬁﬁéd?ﬁpnség capTﬁl?ng stv\ﬁqeet (402) level

conput er -t eadabl e storage nmediumof claim1l
applyngwnmaﬁﬂﬂbmﬁgn@ﬁomﬁnﬂmﬂfuﬁwnﬁ@mnc@dﬁelkes
conparing street (402)-1evel building (504) skyline

cor r oS pgg 5 rP(u?er- ad % egsa(irggegm%ﬁh Irnnog C %]614%!1 gv\l%fem capturing street
(516), (46@)3&Vé19[)113)img5(8M)flﬁm(ii@tldtﬂédi’ﬁﬂﬁste@, edptirthg ak m@st one ofa
conput er -r eadabl e storage nedi um of claim 16, wher

capt urtipgdigicpeignal @h@tzgramh@eqi theg digcngiopaldaser ranging (LIDAR)

i nfornption conprises capturing street (402)-Ievel

buil ding (504) information for both sides of a street
(402). 19. The conputer-readabl e storage nedi um of

cai m T comyeraimadzbfet toreggmsdinesdf 40206, e applying a figure
bui | di é5%4%:1nfornat|on conpri ses .capt ur

| east R0 8P TRERSIERR FCB1BSY F@pwesh@g%ﬁegé building
di men SGSQm)allnfdrﬁféﬁ{)n D@k 'Bglléhhg ) nelfeAbasé®on Tﬂ’beaerlal data

conmput er -r eadabl e storage medi umof claim16, wherein
app! yi eegnraists guphengh figord of meritduaiontte comesperdiog diemgnts of the

ot o e o3RS lnel GPAL B0 BLbR B oce

aeri albaded en gRMRFiAISRE PR Ipirdley df Idcgtio® Hbngdtidet (402)-scene
function to correspondi ng el enents of the street

( 402) -4nehlrcahy porabingg(tbo Bspeaiine figrros o mgré farigach of the plurality
bui | di @ﬁ% nodel based on the aerial data for a
plurallty of Tocations along a street (402)-scene and
linearly conbining the respective figures of nmerit for
each of the plurality of |ocations.
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