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AND MEASUREMENT SYSTEM CROSS- REFERENCE TO RELATED
WERPWOGETE ONS This application clains the beneP¢T/UST003/035528

U S. Provisional Patent Application Serial No.

60/ 425, 275, filed Novenber 8, 2002. TECHN CAL FI ELD 5

The present invention relates to photogrammetry. More

particularly, the present invention relates to a

For " EIQUR BHGLOTATON AR MERS GREMERT STEfFv "

obj ects depicted therein. BACKGROUND 10

Phot ogrammetry is the science of maki ng nmeasurenents

of and between objects depicted wthin photographs,
CROSSSREEERENCEJIO RELATED ARPLICATIONS al | v,

phot ogrametry i nvol ves taking i mages of terrestrial

TeR! s siRadod cii \the edafitof W 192 FebyisidhabPaterAppli€4tion Serial
exanpl e, data indicating relative di stances between

No. 607k, 575 fe@NovBRibRF BS 20b21I n the | mages.
Phot' ogr'ammetry may af so i nvol ve coupling the
phot ographs 15 with other data, such as data
representative of |atitude and |ongitude. In effect,

[ is overlaid and conforned to a particul ar
TECHbﬁéﬁLﬁ%r di nate system Conventi onal
hot ogrammetry invol ves the capture and/ or acquisition
%hecnfea@@;onwnﬂom@lﬁes ThehotegeamowmtyurVor picalarly sthefpresent
as a canmera or sensor, is WO 2004/044692
inventi®@CTélaBE200H G'Iﬁimandlalpbagamalfon capgering dbiyue images and for
i mage-capturing device, such as a camera or sensor, isS

measufingth€ Bbfe t@af«r@his@ér@cé@rbé}h@mh%b}w@déélcﬁéa Pek@hane
or sat el and is ained at a nad

o]

BACKGROUND

Photogrammetry is the science of making measurements of and between objects
depicted within photographs, especially aerial photographs. Generally,
photogrammetry involves taking images of terrestrial features and deriving data
therefrom, such as, for example, data indicating relative distances between and sizes of
objects within the images. Photogrammetry may also involve coupling the photographs
with other data, such as data representative of latitude and longitude. In effect, the
image is overlaid and conformed to a particular spatial coordinate system.

Conventional photogrammetry involves the capture and/or acquisition of

orthogonal images. The image-capturing device, such as a camera or sensor, is
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point that is directly bel ow and/or vertically
downward fromthat platform The point or pixel in
WO b@4iommsge t hat corresponds to the nadir poi nt PCBUS1063/035528
only point/pixel that is truly 5 orthogonal to the
i mage-capturing device. Al other points or pixels in
the image are actually oblique relative to the
i mage- capturing device. As the points or pixels becone
increasingly distant fromthe nadir point they becone
oﬂhogommdm@sgﬁngﬁh@ iPROrAPtYENGhEeviee t BIGHHRS a CAHRER O4 SE0P0M IS
devi ce and the ground sanple distance (i.e., the
carried lyua ivabicleaoreplatform esymimal ag dirplane arseatelétt, bpddaaimed at a nadir
pi xel ) also increases. Such obliqueness in an 10

point thal'ié BReemabelbWedrl/GevtsriSalfyeddwiiard forhhtRat Pragerrh O TR point or
distorted, especially imges relatively distant from

pixel in ﬂg%ﬁg@%@i tﬁaﬂo&#ro rs’poéggiﬂﬁ gﬁ% hasir inghtijsstol{eftﬁgy BBintRixel that is truly

sat ed rocess o
ornogot 5 b SRRl R oches S5ERER pHRTRSE eI grage are
actually GBS \g N8 TRORS AP SANGS s ASBRPOTIS op PBielssecome

of ortho-rectification creates an i mage wherein all
increasipgly giisfantiemithe nediveaintdbeay beaomiedneressmgleobiingieaetative to the

oriented to the north. Thus, any point on an
image-captuniogrdavidef aretlthengroand aanfise Idistanes (i s, thg stinfake area

coordi nate systemand, so long as the inage scale is

correspdtititiglto bhEoVR8 LY citel p’ik@lz Bisefinérebsest Bush obfglieriédss iAsn
well  as the relative di stance between those features

orthogor‘félr?mgﬁe%%ltulggé fresi the ﬁrﬂgg?'fb BE%iQEgég,féesﬁcgarlly images

ortho=rec Icatlron conpensates to a
. oRll i di,stortions.in an orthogonal image, it

rela’uveIY ﬁ{sﬁ%ﬁﬁ'&o&, ﬂ?ﬁ H%?"Bﬂ&‘ési rabl e distortions and/or 2 WD

2004/ 044692 PCT/ US2003/ 035528 inaccuracies in the

Syeh péstodion;is remowed .y FarARensaiRb fordpy tha Bragess of edthen

ortho-rectified
rectification which, in essence, removes the obliqueness from the orthogonal image by
fitting or warping each pixel of an orthogonal image onto an orthometric grid or
coordinate system. The process of ortho-rectification creates an image wherein all
pixels have the same ground sample distance and are oriented to the north. Thus, any
point on an ortho-rectified image can be located using an X, Y coordinate system and,
so long as the image scale is known, the length and width of terrestrial features as well
as the relative distance between those features can be calculated.

Although the process of ortho-rectification compensates to a degree for oblique

distortions in an orthogonal image, it introduces other undesirable distortions and/or
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ort hogonal inmages may be difficult to recognize and/ or
identify since nost observers are not accustoned to
WO 2@wiongInbj ects, particularly terrestrial feaPCr/@82003/035528

from above. To an untrained observer an

ortho-rectified i mage has a nunber of distortions.

Roads that 5 are actually strai ght appear curved and

bui | di ngs may appear to tilt. Further, ortho-

rectjfied i mages contain substanti al Iy no i nformation
inaccurggles i thpeorther- gqq;{lﬂ@ﬁ ofthpgeanalimage. Qbjecls«lepictad in ortho-rectified

interpretation and anal ysis of orthogonal and/ or
orthogonaltimages cndy be elifficdt tohrmgogaizei analgersidestifyyygrasainbygt observers

performed by highly-trained anal ysts whom have

are not ACELRLEABE ty YRINEING bbRRES; ipalrticLAsH feridatritd féutdreX Iﬂ%'hr'l 8p6%e. To
in order to |dent|fy objects and 10 terrestrial

an untraflrﬁ%%véf‘ oL rBBERSY int: ?sa%atrhu%%“r A'didtgarnal F@JEHS that

orectl I mages are h]?t]?ramTet
f he h
actuéﬂi‘ét,r?%ﬁ#@ﬁ@?% 4 f%%@gnﬁiauﬁwbﬁraﬁ%ﬁ °nor¢gt3‘”"* 1575 pgho-
O interpret detail rom\?/nat t he i mages
fect'f'eddisnagaaQOBt?argégb%t@et'@IIva@w PRatioR @s i %ahwttﬁrreﬁ@al

i mage-capturing device 15 ainmed or pointed generally
features; ol hehinteyipartation and aneWsisaeiorthagarahengloartbomectidied
carries the inmage-capturing device. Cblique inages,

orthogonailimegesiis typiraiigiperfoarged bydhighlydsaindd anslygiesviadm have
terrestrial features, such as houses, buildings and/or

undergofieldans B spésiafeld tra’ﬂﬁmb%d é)@fb“netnlééf‘ﬁgfder-ﬂﬂ iGentlf %6!51&% and
an oblique image is nore natural and intuitive t

[ Qnal or ortho-rectified inage, and
terrestridli B4R i df"{hé?‘[)h%e

even cas rs are able to recognize 20 and

ThObr aieflont bisERaL e af B PRt metes areerd
foreqround of an oblique i mage corresponds
photograrematiy &18y i3pkinfoaRalon,?s ihihe heighs Qfdgaﬁtmaaégglcted therein and

- PCT/ USZOOS/ 035528
require highly-trained analysts to interpret detail from what the images depict.

Oblique images are images that are captured with the image-capturing device
aimed or pointed generally to the side of and downward from the platform that carries
the image-capturing device. Oblique images, unlike orthogonal images, display the
sides of terrestrial features, such as houses, buildings and/or mountains, as well as the
tops thereof. Thus, viewing an oblique image is more natural and intuitive than viewing
an orthogonal or ortho-rectified image, and even casual observers are able to recognize
and interpret terrestrial features and other objects depicted in oblique images. Each

pixel in the foreground of an oblique image corresponds to a relatively small area of the
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surface or object depicted (i.e., each foreground

pi xel has a relatively small ground sanple distance)
wobedpasIrach pixel in the background correspoPdBUS®0OH035528

relatively large area of the surface or object

depicted (i.e., each background pixel has a relatively

| arge ground sanpl e distance). Oblique inmages capture

a generally trapezoidal area or 5 view of the subj ect

surface or, ob with the foreground of th
surface Of gpios gﬂapﬁgﬁfi @& a?aCQJBEﬁgiﬁtmde@l basel r@latlgelybﬁmall ground
sanpl e distance (i.e., a higher resolution) than the
sample gistkpeg wheress eaeh pr@bmzmeobaakgromdecorrmpmdarte a relatively
considered to be of little or no use in

large arphof tigy sumisder ot obljbet depsdetedrit.é 9@ath @Q@k%@@hd ixdi (Pfa@ldTﬂalatlvely
t he variously- S|zed foreground and ba round pi xel s

large gré%&&ar@uﬁlé’@ﬂsta‘ﬂ%@) | ORYGUE TTheg8s BabIRAE T eg%n%‘r?%llhgt I@b‘;o?d%f area or

warp the inmage onto a coor |nate syst

l.i e
view of fleSHidct siRg By %Pﬂf%@??@@ﬂ oqrREhi 3 Pr%ﬁe?md having
surements of objects d ted rein ori ous
Substanﬁe [ smliarpybe saile distris.tifng %@ﬁenﬁqo tign) thar the
di spl acemrent wi thin an oblique image by using an
baCMﬂUHP@@%ﬂ“bHaﬁéﬁéﬂ further distorts the images thereby
increasing the difficulty with 15 which neasurenents

Qhdique émageds agmdonsidersidrig hiehef litle or aoyusefin pmptagrammetry. The
measurenents. Thus, al though oblique images are

conventiomas apsroadh a5 fcb}elnglh@fvdnbhkly%lz&d fdﬂegi‘é)@mdfhnd background pixels
photogrammetry, they are easily interpreted and

of an obﬁ@@é #hagé Hie I ®ifPih Qﬁﬁi&tﬁé?éb)hwv\gﬁ‘fhéjlmarée (g@ﬁoct)rdinate

depi cted therein. erefore
o By T b ORR L B TR o
objects and *h% t%kmg of measurements of objects depicted therein a laborious and
inaccurate task. Correcting for terrain displacement within an oblique image by using
an elevation model further distorts the images thereby increasing the difficulty with
which measurements can be made and reducing the accuracy of any such
measurements.

Thus, although oblique images are considered as being of little or no use in
photogrammetry, they are easily interpreted and contain information as to the height of
features depicted therein.

Therefore, what is needed in the art is a method and apparatus for

photogrammetry that enable geo-location and accurate measurements within oblique

}



10

15

20

WO 2004/ 044692 PCT/ US2003/ 035528 i mages. Mbreover,
what is needed in the art is a nethod and apparat us
wo or04/0pts0t ogr ammet ry t hat enabl e t he neasur enreP€T/082003/035528
hei ghts and rel ative heights of objects wthin an
image. 5 Furthernore, what is needed in the art is a
nmet hod and apparatus for photogrammetry that utilizes
nore intuitive and natural imges. SUMVARY OF THE
| NVENTI ON The present invention provides a nethod and
images.qpparatus for capturing, 10 displaying, and making
nmeasurenents of objects and di stances between objects
Meporver tvhat ihneeddd ingthe drhisgemetAttbapd eppatatusyent i on
conprises, in one formthereof, a conputerized system
photogrmimetel #pt avibbie, theenéaaabhiegt oﬁﬂélghﬁ!i(arﬁw réTBeva! hSl@ﬁf@t §f objects
from captured oblique i mages. The system i ncl udés
within aﬁ%g Eile accessible by the computer system The data
Ie I ncludes a 15 plurallty of i mge files

F%ﬁ@ge BRI 1t RePrRL I therdit oo riedfanil hparais for

e displa and anal ysis software is
photogr@q@%q}%@ B&'ﬁ Wa5s @5@% %‘ﬁﬁ”?‘\‘ﬁ‘ af‘@zﬁ’éﬂf@ limagesata file and
di splaying at | east a portion of the captured oblique
i mges. The software retrieves the positional data for
one or nore user-selected points on the displayed

SUMMARMYQF THEANMVENTVIGIes a separation distance 20 between
any two or nore selected points. The separation

) ERSEBANAR, byt pEUAAP EPaABICR L e
displaylr?é,%osmakmg measurements of objects and distances between objects
depicted within oblique images.

The present invention comprises, in one form thereof, a computerized system for
displaying, geolocating, and taking measurements from captured oblique images. The
system includes a data file accessible by the computer system. The data file includes a
plurality of image files corresponding to a plurality of captured oblique images, and
positional data corresponding to the images. Image display and analysis software is
executed by the system for reading the data file and displaying at least a portion of the
captured oblique images. The software retrieves the positional data for one or more
user-selected points on the displayed image, and calculates a separation distance

between any two or more selected points. The separation distance calculation is user-

selectable to determine various parameters including linear distance between, area
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WD 2004/ 044692 PCT/ US2003/ 035528 enconpassed wi thin,
relative elevation of, and hei ght difference between
w@edogoteg2 poi nts. BRI EF DESCRI PTI ON OF THE DRAW/NSH05035528
The above-nenti oned and ot her features and advant ages
of this invention, and the manner of attaining them
w || becone apparent and be nore conpletely
understood by reference to the foll owi ng description
of one_ enbodi nent of the invention when read in
encompagpeq, W@ﬁlfb relative efayatiae obrandheiaht diffargnegshetweendselected
FIG 1 illustrates one enbodi nent of a platform or
points. vehicle carrying an i mage- 10 capturing system of the
present invention, and shows exenplary orthogonal and
oblique images taken thereby; FIG 2 is a diagrammtic
view of the image-capturing systemof FIG 1; FIG 3

BRIEF bEs@ﬁib?{égft%ﬁ%?@%Wjﬁeb”ﬁge' capturing comput er

system o I'S a representation of an

xenpl ary output datg file of the inage-ca rin 5

TR AvEateRliofied ahphrerdefiufes a1 ek vatiagrair grs dention, and
enbodi nent of an ipmage display and neasurenent

the managrptiadainingsthem. orill Preomecannarentranshbe sroregiompletely

di spl ayi ng and taking neasurenents of and between

understody] gy: refedepiectodieifallaviiagidesgesticraplt ome dnibpdirent ofitbe-invention
capturing systemof Fig. 1; 20 FIG 6 depicts an

when reedémgbajuyctiomgsthdhs piceyepanpingtBaaiise Wheteifi 9. 5, and

i llustrates one enbodi nent of the nethod of the

FRG €% ARistrafiecdtid BhbodimERtoMEBRUbETRMvenRle carrying an image-
capturing system of the present invention, and shows exemplary orthogonal and
oblique images taken thereby;

FIG. 2 is a diagrammatic view of the image-capturing system of FIG. 1;

FIG. 3 is a block diagram of the image-capturing computer system of Fig. 2;

FIG. 4 is a representation of an exemplary output data file of the image-capturing
system of Fig. 1;

FIG. 5 is a block diagram of one embodiment of an image display and
measurement computer system of the present invention for displaying and taking
measurements of and between objects depicted in the images captured by the image-
capturing system of Fig. 1;

FIG. 6 depicts an exemplary image displayed on the system of Fig. 5, and

illustrates one embodiment of the method of the present invention for the measurement
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WO 2004/ 044692 PCT/ US2003/ 035528 of and between
obj ects depicted in such an imge; FIGS. 7 and 8

WO biuss4at e one enbodi nent of a nethod for capPCr/URZYP03/035528
oblique inmages of the present invention; FIGS. 9 and
10 illustrate a second enbodi nent of a method for
capturing oblique 5 imges of the present invention.
Correspondi ng reference characters indicate ‘

I ndr n . throughout the several views. The
of and b ﬁ%ﬁ% 1SCk% BSE§’ %Elln fR29€:i | | ustrate one
referred enbodi nrent of the invention, in one form
F§ﬁ§ {id @lbishrte praenhedimeat ofca meathod farcsepturireglobliue
limting the scope of the invention in any manner. 10
images DEtheRpeSEaNNEEN{idiE PREFERRED EMBODI MENTS Ref erring now
to the drawi ngs, and particularly to Fig. 1, one

FeBBodiamen 0 dlustite ARG éﬁmb%@fméﬁ%f”e( M8h S fbr capturrng obquue
geol ocating oblique i mages of the present 1nvent

My 0 includes a platformor vehi cIe 20
mageséhat cr§§§| e@%ﬁ%@ capt uri ng 15 and geol ocatl ng ’

atfor as, for exa
CZ’.“%LS pahdioBldehGs Théreiss fRidtte colfespontlbo i rgughout the
uitabl e vehicle, carries inmage-capturing system
several ’élﬁwév ﬁ*%@ﬁ@ewfqa#@as sebauldierelyiiusiratermnedprefierred embodiment
redeterm ned altitudes above surface 31, such as, for
of the mgeraﬁrgﬂ én onerf@rr@aammsgcrsexéraphfrcratroaa;arehbéto el cbastar@d as
interest. As such, platform 20 is capable of 20

limiting therstcopk|ad dherinwemtioh imany mayiter. ei t her nmanned or
unmanned, along a predefined flight path or course
t hrough, for exanple, the earth's atnosphere or outer

space. | mage-
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and particularly to Fig. 1, one embodiment of an
apparatus for capturing and geolocating oblique images of the present invention is
shown. Apparatus 10 includes a platform or vehicle 20 that carries image-capturing
and geolocating system 30.

Platform 20, such as, for example, an airplane, space shuttle, rocket, satellite, or
any other suitable vehicle, carries image-capturing system 30 over a predefined area of
and at one or more predetermined altitudes above surface 31, such as, for example,
the earth’s surface or any other surface of interest. As such, platform 20 is capable of
controlled movement or flight, either manned or unmanned, along a predefined flight

path or course through, for example, the earth’s atmosphere or outer space. Image-
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7 WD 2004/ 044692 PCT/ US2003/ 035528 capturing platform
20 includes a system for generating and regul ating
w@owen44epnt shown) that includes, for exanpl ePCDNS2008/035528
nore generators, fuel cells, solar panels, and/or
batteries, for powering inmage-capturing system 30.
| mage- capturing and geo-locating system 30, as best
shown in Fig. 2, includes 5 inmage capt url(ggs;jew ces
32 nd , .a gl obal itioning system
Capt””'\ge@@&‘?/é‘f' %E’!m'ug%s ?r?é'ﬁtq'ﬁ?orr%ﬁnegﬁfgngagn@ figgulatingpower (not
cl ock 38, gyroscope 40, conpass 42 and altineter 44,
shown) Mm@wd@mgf@hemmplmpee@mmmetgmmemmts ifoeleelisagdlar pagels,
conmputer system 46. |mage-capturing devices 32a and
and/or (#2ieries Lo pasverihgrimengarg@ipturinepsysterni smal  caner as,

digital caneras, digital sensors, charge-coupl ed

Itﬁggéfe%@turﬁfg Shdp Qéo%ﬁa‘tﬁi@ s‘gstem 3'0”39 ‘Be%‘f‘QMWh WFig. 2, includes

devi ces, are capab tur |
ma
e REHRG LAY o8 ségsggbaoﬁzo&m%swxaagﬁy%fmz&% Bloter s,
an memsﬂﬁévj‘éétio&i Sl TR)) e ek 35 @5 0P 461 S0BTRARSI 12 erhglimetor
rinci pal point offset ﬁl xel pitch, and alignnment.
44, eaC*?ﬁB\gBLC@aa‘fﬁumeﬁ@onrwwctwﬁ IPagesarsingeaupyter sysiges46.

and i ssue inmage data signals (IDS) 48a and 48b, 15

Imaggeapturirigyjevices 82pandiday, such bs, fpaekamiplediconvagtishal
or photographs taken and which are stored in

cameras, digital capteras igitalngenters, &Mél‘g‘éﬂ&d\ﬁ)le@ae%bé &%tﬂ@i‘ Suitable
particularly described hereinafter. As best shown in

image-chp@liring: dév‘it%eaF@Eéb‘ébIQ%f egﬂfuﬁﬁ @e@ flo ﬁ%glly
A g d ar e to

respect ive central axes

L T I

[ ngle ? is
chs:urelczteoras?lgée in%ludtl)ﬁé: lféca?‘ie'n%?h aseg?'\sor size and aspect ratio, radial and other

distortion terms, principal point offset, pixel pitch, and alignment. Image-capturing
devices 32a and 32b acquire images and issue image data signals (IDS) 48a and48b,
respectively, corresponding to the particular images or photographs taken and which
are stored in image-capturing computer system 46, as will be more particularly
described hereinafter.

As best shown in Fig. 1, image-capturing devices 32a and 32b have respective
central axes As and A, and are mounted to platform 20 such that axes A; and A, are
each at an angle of declination ? relative to a horizontal plane P. Declination angle ? is

virtually any oblique angle, but is preferably from approximately 20° (twenty degrees) to
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virtually any oblique angle, but is preferably from
approximately 20 (twenty degrees) to 8 WD 2004/ 044692
wWEIMOSEID3/ 035528 approxi mately 600 (sixty degr/Esm)N3/035528
and is nost preferably fromapproximately 40 (forty
degrees) to approximtely 50 (fifty degrees). GPS
recei ver 34 receives global positioning systemsignals
52 that are transmtted by one or nore gl obal
% 8|ngsstemsatellltes 54. The GPS signals 5
approxn%ﬂ e'YF? k (AR dogterRndds P Rraterably frose appraximatelnA0° (forty
platform 20 relative to surface 31 to be determ ned.
degreemapam:metelxwoaé‘(fmr@p@ signals 52 and issues
| ocation signals/data 56, that are dependent at | east
GRS pecdivern® réddivesi @obalpdsiioni wite sigalsigrdhethie/e

of the precise location of platform20 relative to

transmitsed B?@)ﬁei’o"r mb@@hbglr% osHidHY SY&lahPs8llj 5@5?98%5§ fgﬁlals

each” i mage captured by i mage- capturlng evices

B e i

t unit t S, CO Iedto and detects
be deteffifikf S rerveR ?%eﬁ@gﬂea GER RioRgstand lerien lacating
rotational velocity, i mage- capturing devices 32a
signals/daig &R ih fah@rﬁcﬁqunéeﬂbawea@t mmrt geen SRfesignelsdz agd which are

signal s/data 58 indicative of such velocities and/or
indicativerefribe pretise daativn of pladforce? relating wosgrfdoer 31.5Lsystioam
46, which stores velocity signal s/data 58

signals/gatars6 eomesstthdiy RAGACH Mdife 6ARUFEESY irfdge- captunng devices 32a
i mage- capturing devi ces 32a and 32b are recel ved and

and 32bsér‘érr%€ei’%d'a'm9§io|“e%ipéﬂrﬁ as@p}g%%{,nﬁxﬁéﬁ@ ? zﬁ ock

keeps a precise tine dity)

BB PG SR g
changes in the velocity, including translational and rotational velocity, of image-
capturing devices 32a and 32b and/or platform 20. INU 36 issues velocity signals/data
58 indicative of such velocities and/or changes therein to image-capturing computer
system 46, which stores velocity signals/data 58 corresponding to each image captured
by image-capturing devices 32a and 32b are received and stored by image-capturiﬁg
computer system 46.

Clock 38 keeps a precise time measurement (time of validity) that is used to
synchronize events within image-capturing and geo-locating system 30. Clock 38
provides time data/clock signal 62 that is indicative of the precise time that an image is

taken by image-capturing devices 32a and 32b. Time data 62 is also provided to and
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20 provides time data/clock signal 62 that is
indicative of the precise tine that an image is taken
whookomge2 capt uri ng devi ces 32a and 32b. Ti nme PEI/ASHA3/035528

is also provided to and 9 WD 2004/ 044692

PCT/ US2003/ 035528 stored by inmage-capturing conputer

system 46. Alternatively, clock 38 is integral with

i mage- capturing conputer system 46, such as, for

exanpl e ¢l ock software program roscope 40 is a .
stored £ AR SRRUNG 6P BRLkSSSYSET Gl oy athaka crkidd s Rinsal with
] and/or within conmercial navigation systens for
image-captingneampder systepreda.csuyshoad, g@rsexamblgn alcdbockrssiftreiregorogram.

pitch signal 64, roll signal 66 and yaw signal 68,

Gytrostoper 40 isea gentveéntieingl gyrodcopd a¥eonimonlydbund ehlai es

yaw of platform 20. Pitch signal 64, roll signal 6

and/or vitHin Yammé&rciH) abvR@tis R | SERY Y %ﬁp%e@?@&%ﬁ@%ﬁkﬁ% ngovid es

captured by mage-capturing devices 32a an

. i . . . - [L . tem .
signals fERRINE AN SoDbREE dpl BT B8 FAHY LoRaPRERMAED afd FocHBctively
e el ect.roni 6 coppass, jndic Sn.. 10 the adi ng of
indicat) GRS AREBAT D pler el Rt stanah 8 ToHorpAL anst vaw
. %hat is indicative of the heading of platform 20.
signal 68 ciyespandingita §ash page capiised bysBagecaptusiag davices 32a and
stores the heading signals/data 72 that correspond to
32b are geegivedragd sterethydthage-captartieg camputerraystien id6es 32a
and 32b. Altinmeter 44 indicates the altitude of

Quinapdssr 42, XichAld, foreh@impld, 4 sshesntRinal lédeonitompass, indicates
signal /data 74, and inage-capturing conmputer system 46

the headifg ¥f pYREFARF2G! CoRshdsBer? Bbléd Hégdi§9%élﬂ%i§7i’ dhdthat

correspond to each inmage captured b Bge- capturing
ricat EEHUEE DSR2, W53be PPl spom 40 recoves
and stores the heading signals/data 72 that correspond to each image captured by
image-capturing devices 32a and 32b.

Altimeter 44 indicates the altitude of platform 20. Altimeter 44 issues altitude
signal/data 74, and image-capturing computer system 46 receives and stores the
altitude signal/data 74 that correspond to each image captured by image-capturing
devices 32a and 32b.

As best shown in Fig. 3, image-capturing computer system 46, such as, for
example, a conventional laptop personal computer, includes memory 82, input devices
84a and 84b, display device 86, and input and output (I/O) ports 88. Image-capturing

computer system 46 executes image and data acquiring software 90, which is stored in
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exanpl e, a conventional |aptop personal conputer,

i ncl udes nenory 82, input devices 20 84a and 84b,
wale@plassozievi ce 86, and input and output (I/O PEDUSH03/035528

88. I nmmge-capturing conputer system 46 executes inage

and data acquiring software 90, which is stored in 10

WO 2004/ 044692 PCT/ US2003/ 035528 nenory 82. Menory 82

al so stores data used and/or cal cul ated by

[ -capturin conmput er system 46 during the )
memoryo%%?E{H%ﬁvt&?ealg%ﬁtorggalaﬁw%égsi/orr@alc@@etﬁg|baf,magﬁ=capturmg

vol atile read-only nenory, random access nenory, hard
computeri syisters Mér guringetine\apsiratiomthereyf, aad dsclades, dor exdraple, non-

suitabl e nmenory storage devices and/or nedia. Input 5

volatile iad-ordlg négraopn dardidm asuess ARMArg! haxidipk ferfofyDHstRovable
keyboard, joystick, or other such input devices,

memoryedils antifift diRduiblddedn gaér%bé_ro%%de%rbrﬁfloﬂn%g%ﬁ Input

with software being execu y inmage-capturi

. 4 ] y.device such for
dovices SYEPUEBARTE I Dpea S s BhotE iy P pper svor
mput el B, B4 L o oo o i S Boing
exanpl e, serial and 10 parallel data input and out put
executed dutimagercantyringeompptar sypiensA6o Rippiey clevisst 8, suchas, for
from image-capturing conputer system 46. Each of the

exampleagoliqpid exysial wigplalnoncathgdalrsy tube; dispdayseidfdrmation to the user of
i mage-capturing conputer system 46. More

image-cppturingWomiputer byagR 461t HOPASS, <tizh AN Eat &xinSleds&ia and
56, velocity signals 58, tine data si gnal 62, pitch,

parallel ﬁ@ﬂa‘ inﬁﬂﬁar_}/@%flﬁug géhﬁ,d%blé%@%u@%ndﬂo?_y}?@?‘?ﬁﬁa‘(ﬂd’ and from

eadi ng signal 72 a t1tude signal e recelive

mage-<HprbGBARIE, Bl 4fn? 3t ored vt n remory 62 o

Elalgﬁg)?gg% Sw{/éﬁagsgr%rg%u aetra sslgslﬁc’atlé:3 {2 éc?nn%)é% %oei%;g@ggptﬂﬂgg
computer system 46. More particularly, image data signals 48, location signals 56,
velocity signals 58, time data signal 62, pitch, roll and yaw signals 64, 66 and 68,
respectively, heading signal 72 and altitude signal 74 are received via I/O ports 88 by
and stored within memory 82 of image-capturing computer system 46.

In use, image-capturing computer system 46 executes image and data acquiring
software 90, which, in general, controls the reading, manipulation, and storing of the
above-described data signals. More particularl?, image and data acquiring software 90

reads image data signals 48a and 48b and stores them within memory 82. Each of the

location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals
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software 90, which, in general, controls the reading,
mani pul ation, and storing of the above-described data
WG k@gnals92 More particularly, image and data acPui/DB20093/035528
software 90 20 reads i mage data signals 48a and 48b
and stores themw thin nmenory 82. Each of the
| ocation signals 56, velocity signals 58, tine data
signal 62, pitch, roll and yaw signals é16\é\o
2004/ 044692 PCT/ US2003/ 035528 64, 66 an
64, 66 andif desRedtiyelbgaring signal12 and altituda signalded Hagreprezant the
that represent the conditions existing at the instant
conditiogn exigtige at shexngtantem ioragesiptasquiled pr icaptyeed bytimagegapturing
devi ces 32a and 32b and which correspond to the
devices(32at arcliB2b andwgtcllabaespeithtostréSsartiaular tidye data signals 48a
representing the captured i mages are received by

and 480 FEpBEsEARGUhE REPRAED Hh8Hes afy @Mty infadd-Bpelihg Bfiputer
7 Sip

| mage- capturing conputef system 46 eXecuting 1 nagt |
[ fd [ es. | -capture signa
system 43V OS89 a0 Th Gt Po BMElgt SIS P EiodBRoe and
cause those 8vices.to acquire or capture an inage at
data aciTHRE saiiEk. 86 Sstes mRgSiapue Sand) CBde meaprapiIing devices
intervals which are dependent at |east in part upon
32a and; 3gb {pstheeehy catseihase seiices to Bgquiie ge capiirelandmage at
acquiring software 90 decodes as necessary and stores

predeteriaedacatiomsranidéoreat pedetenmingd inteTvats whigh 8% depehdent at least
associ ates the data signals with the corresponding

in part upoagdhe veeity of AB%ornoi8b. Thus, the altitude,
orientation in terns of roll, pitch, and yaw, and the

Ihagatahat =04 abH@iﬁlﬁg%@P{Wé?é 88 éféf%\t’)P%E%.s e@g%‘y% stores the

refative to surface 31, I.e. ongrtude a ude,
aforemepYnéct Sohsld PR TSR EAEP 2 sod FRSEFER e oplhgpal Withe
correspc?ntcplr% Y¥'{1§’§e glléing%d4§ah5r?g %%b?nl'hiug?%ee_ gl?i l}d%r, ioﬂ%n%?im ilEl tc]éartrns of
roll, pitch, and yaw, and the location of image-capturing devices 32a and 32b relative to
surface 31, i.e., longitude and latitude, for every image captured by image-capturing
devices 32a and 32b is known.

Platform 20 is piloted or otherwise guided through an image-capturing path that
passes over a particular area of surface 31, such as, for example, a predefined area of
the surface of the earth or of another planet. Preferably, the image-capturing path of
platform 20 is at right angles to at least one of the boundaries of the area of interest.
The number of times platform 20 and/or image-capturing devices 32a, 32b pass over

the area of interest is dependent at least in part upon the size of the area and the
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passes over a particular area of surface 31, such as,
for exanple, a predefined area of the surface of the
weaooilo4p2 of anot her planet. Preferably, the PCT/US2003/035528
i mage-capturing path of platform20 is at right
angles to at | east one of the boundaries of the area
of interest. 20 The nunber of tinmes platform 20 and/or
i mage- capturing devi ces 32a, 32b pass over the area
of, i?t rest i.s dependent at |eagt in part upon the
amount f dgtaif dqSigd R 42 KRRISR iaoet b prdinurdetails of the image-
_PCT/ US2003/ 035528 anount of detail desired in the
capturingpath oé @latieage) amnhdeseiibedoubes paidicalarly hefreinbfter. mage-
capturing path of platform 20 are descri bed nore
Asaplatfouh 20Ipases everttieedreaAst imepddter murdBe PasSISIRURVRTages are
the area of interest a nunber of oblique inmges are

t . g . !
cap ure%vI ;@Pllml‘agd dApturiRode ieds 894 BAJEDY, g@%\r/vglz@e ﬂﬂge%ﬁﬁd ﬁzthose of

be understood by those o Inary s
di r ' ired b , ,
ordinary ok & the eSS afk CARULEE: Ra 5l it Modieoriinaetpvices
j capture.intervals ich are dependent at | east _
32a and SP0 8 GRAISSFrinaiL gk Srb e intSvalsr Ghich 266 deRrpeCrkatdeast in
signal s 48a _and 48b corresponding to each i nmage
part upogtheivielopity of platiase 2&d by and stored within nenory 82
of image-capturing conputer system46 via 10 "' 1/0O
Irpage daBssiganlsi4sa aryd 48heodasposdigg b eath irmageiatggited are
data signals 48, location signals 56, velocity signals

receivedsiBy ahd seordd twithin g’félho@%Z@hhﬂé%e—é tlirigg dodUtS SRBM 46 via
64, 66 and 68, respectively, eaﬂ?ngﬁgi nal 72@;nd

/0 port$B8) SitARary, @Iﬁ@ba’?a”%igﬁ@l%r(ﬁél?gﬂggmé‘t@ﬁlfé;siggﬁo rflﬁagéé%@ﬂ signals 56,

i mge are received and stor _
velocity GERER St 428 SERRTL RIS ol Rt Yol sBanvl oA B S e
rospoct kb ¥Eedt R 0SBl e B AT S50 captured
image are received and stored within memory 82 of image-capturing computer system
46 via I/O ports 88. Thus, the location of image-capturing device 32a and 32b relative
to surface 32 at the precise moment each image is captured is recorded within memory
82 and associated with the corresponding captured image.

As best shown in Fig. 1, the location of image-capturing devices 32a and 32b
relative to the earth corresponds to the nadir point N of orthogonall image 102. Thus,
the exact geo-location of the nadir point N of orthogonal image 102 is indicated by
location signals 56, velocity signals 58, time data signal 62, pitch, roll and yaw signals

64, 66 and 68, respectively, heading signal 72 and altitude signal 74. Once the nadir
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82 and associated with the correspondi ng captured
i mge. As best shown in Fig. 1, the location of
WO pagm44s9pt uri ng devi ces 32a and 32b rel ati veP€DUB1903/035528
earth corresponds to the nadir point N of orthogonal
i mage 102. Thus, the exact geo-location of the nadir
poi nt N of orthogonal image 102 is indicated by 20
| ocation signals 56, velocity signals 58, tine dafja68
: sj gna itch, roll and yaw sjignals 64, 66 an

point N Pt&ﬁ%%@?’\?él"ﬁagﬁégau%ngwanm)é G50- &)ﬁatlam of eoyethergrige! or point
74. Once the nadir 13 WD 2004/ 044692

within inpege (82 F0detesBBR®le jpokmawmneinner.t hogonal i mage 102 is
known, the geo-location of any other pixel or point
Whéﬂnlmagemgptuma devicte! 3Zhn@BDB dre ckpibhgradlidee-imdies, such
i mage- capturing devices 32a and 32b are capturing

as obnqgéhmag@s HOBERRd FOMHFigS1)Ofld I88§tldr{789i‘ﬁ§ar§é)g SotBAA ﬁ%%ges 32a

, the location of I nage-capturi evi ce
Iar .
and 32@%2*‘2@3@%“&%?‘&‘8&? i orﬁ"%r?%héfc%t%%bvvo aaemma?f@ﬁ& ey
| 62 tch, I aw_si gnal s
sonas b4 T4 S 3 gl s v
gnal_ 74 and the known angl e of declination ? of the
headmgp‘-i@rﬁlr?? afiitede aignaht Apddhe kneys-angie of deg/inadion Seaf thagprimary
and 32b, respectively. It should be particularly noted

axes A; et Apofdalagercaritoning deviess 38a ainide32b, megpectivdlydat a 10
acquiring software 90 to incorporate correction

Itf sholuter Be paetioularOfidted thatos caibtafsr Qfocésﬁ@{a‘bTHs infag® and data
due to i mage-capturing device 32, such as,

acquirin§%8fRkafe 96 rt? ‘Prfcf;o‘?l?@raﬁé’ cofr@ttidH %E?djr TG éo‘? 'i 'szr aﬁg/q%%r

Size, radi reion, pr|n0|pa poi nt

inherentdh’ | FHTRAL: @Eggﬁggﬂﬂ}gdﬁé gggéﬁl n P|f’ te>\é\§mple error due to

creates a

calibrated focal length, sensor size, radial distortion, principal point offset, and
alignment.

Image and data acquiring software 90 creates and stores in memory 82 one or
more output image and data files 120. More particularly, image and data acquiring
software 90 converts image data signals 48a, 48b and the orientation data signals (i.e.,
image data signals 48, location signals 56, velocity signals 58, time data signal 62,
pitch, roll and yaw signals 64, 66 and 68, respectively, heading signal 72 and altitude
signal 74) into computer-readable output image and data files 120. As best shown in
Fig. 4, output image and data file 120 contains a plurality of captured image files I4, I, .

» In corresponding to captured oblique images, and the positional data Cpps, Cppy, . . .
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particularly, inmage and data acquiring software 90
W@ o14692 | neage data signals 48a, 48b and t he PCT/US2003/035528
orientation data signals (i.e., inmage data signals
48, | ocation signals 56, velocity signals 58, tine
data signal 62, pitch, roll and yaw signals 64, 66
and 68, respectively, heading signal 72 and altitude
signal 74). .into conputer-readabl e out put inmage and
» Cron cguEgPanding thesgto. os best shown in 20 Fig. 4, output
image and data file 120 contains a plurality of
lmagedilesdlsi bmge. fli béthd imag2and datanfile dr20eamecstdieaigintvirtually any
captured oblique inmages, and the positional data CPD
computéiPigadable imalge MMYr2PRsaild EStidt SudnRd ¥8f 83573k, JOBY, TIFF,
correspondi ng thereto. Image files 11, 12, ... , |I" of

GIF, BMP€r PO $il2fofmaed %{ﬂg}‘l A &893-%@reﬂc%g%tﬂ ﬂ}e:’si)(géi@alrlrétata Crp1,

any conputer-rea e image or graphics

5 Cron . ZUR8 Tyl TR o o o Bl o e

" itional data CPDI, 5 CPD2, . . . , CPDf which is ]
pOS't'Ongf)@%ta rovBiPaes - conparndp enasidedavithin she pprrespendingimage files
positional data CPD9, CPD2, . . . , CPDf is enbedded

I, 12, . . wi taHin knewe roanness doratiendatarfiese 120 bes than grocedfed, either by
" in known manner. Inmage data files 120 are then

image apdatzta aeduiriag tsoftivapy 90i dragepcEtbrecdssiras; ddicbiraet for errors, such
software 90 or by post-processing, to correct for

as, for XaYIS, erfots Muedd flidIA pAK d8R1a8ons %\[28 [h&METER I{deyﬁg‘% one of

path devi ations and ot her errors known to one o

10 ordinanfSil A4 7 {heleBbau B B A A R TaEido oy
and maf R PRI R 8 DS SR8 coptae
. the heights of such objects. Referring nowto Fig. 5,
images,jipglydinginpasiyemeantsohit e keighis of swehtobjectyst em 130,
Referring now to Fig. 5, image display and measurement computer system 130,
such as, for example, a conventional desktop personal computer or a mobile computer
15  terminal in a police car, includes memory 132, input devices 134a and 134b, display
device 136, and network connection 138. Image-capturing computer system 130
executes image display and analysis software 140, which is stored in memory 132.
Memory 132 includes, for example, non-volatile read-only memory, random access
memory, hard disk memory, removable memory cards and/or other suitable memory

20  storage devices and/or media. Input devices 134a and 134b, such as, for example, a

mouse, keyboard, joystick, or other such input devices, enable the input of data and
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such as, for exanple, a conventional desktop persona
conputer or a nobile conputer 15 termnal in a police
W@ 2004/0i4882 udes nenory 132, input devices 134a BOTUSBAE)35528
di spl ay device 136, and network connection 138.
| mage-capturing conputer system 130 executes inmage
di spl ay and anal ysis software 140, which is stored in
menory 132. Menory 132 includes, for exanple,
. non-vol atile read-only nenpory, random access nenory,
interactioR,of atiser VHlEE3e FIERAYAAAIYES SoRwRs 149 being exanited by
sui tabl e nmenory 20 storage devices and/or nedia. |nput
image digplayard mersuwenienBdbmpstatisysiem 130. Eispipy devise 18Bysach as,
keyboard, joystick, or other such input devices,
for exaraplebh diqlidecry stattiispfaydsitcatisodt ralud®, diepray84ieRAation to the user
PCT/ US2003/ 035528 interaction of a user with inmage

of imagé H%@l@faﬁ‘%%@hégﬁbﬁt SShpURF Sydiath li’@(b.”ﬂle%?@éﬂ%%won 138

i mage "di splay a nmeasur enent " conput er sys |
N : [ r._ex I a_liqgui
conneots)PBo@iciidy Bfig b a%i%%%aﬁ&?wﬁf’%gs%ﬁfg§P§9§ Aétiofk (not
i nformation to the user of jmage djsplay an
shown) e8 e R XEORIB LR AFCELERa R TR, WSEnBoR nSOVRES e internet
138 5 connects image di splay and nmeasur enment conputer
and/or thg YV erid YéidetWeh. network (not shown), such as, for
exanpl e, a local -area network, w de-area network, the

In nseyraret refamihgarow ke Figh 6l indieldispdy. andmeseuranent computer
referring nowto Fig. 6, inmage display and neasurenent

system ¢mué@ﬁtingsmg§m%§@g@fﬂcéﬁdlﬁgs soR@ardl 50 baYesdtd one or more
anal ysis software 140 accesses one or nore 10 out put

output imBBE anahtd fled Lidag’%t %%99 Haah ngéf %tB‘?ﬁero\f\g?Eé Nh as, for

menory 132, suc exanp vi a net

examl SREIR e L8 1EAROSEhEFe, FFERLRR: dfE8 b o
other suﬁgglte%ggné. %Sorl n11bre1c?3f th'e'c'ap’turlelcli ir%fag%gtlg lf; ..., I, of output
image and data files 120 is thereafter displayed as displayed oblique image 142 under
the control of imagé display and analysis software 140. At approximately the same
time, one or more data portions Cppy, Cepy, . - . , Cppn corresponding to displayed
oblique image 142 are read into a readily-accessible portion of memory 132.

It should be particularly noted that displayed oblique image 142 is displayed
substantially as captured, i.e., displayed image 142 is not warped or fitted to any
coordinate system nor is displayed image 142 ortho-rectified. Rather than warping

displayed image 142 to a coordinate system in order to enable measurement of objects

depicted therein, image display and analysis software 140, in general, determines the
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i mage and data files 120 is thereafter displayed as
di spl ayed oblique i nage 142 under the control of
w0 pego4pspl ay and anal ysis software 140. At PCT/US2003/035528
approximately the same 15 tine, one or nore data
portions CPD1, CPD2, ... , CPO' corresponding to
di spl ayed oblique imge 142 are read into a
readi |l y-accessi ble portion of nmenory 132. It should be

articularly noted that displayed obligue inmage 142 is
geo-locgi} %’“y%eiectétalweiﬁpnm asneadedhor (er the ﬁy”e.by reflesgnciyedata
. 1lmage 142 is not warped or fitted to any coordinate
portionssGenrefrpnr - i s Cabspl eytput imaggeand date filbs 126cirid t#ldulating the
Rat her than warping 20 displayed i mage 142 to a

positioncarai/ali ged-cajioh efthaseosalettot e bbRgBRSS B8RS braféction
objects depicted therein, inage display and anal ysis

equatios®hs Wprd Qrtidu!hrg"dé’écﬁb d¥ei&hafges the 16 WO
2004/ 044692 PCT/ US2003/ O%SSZSQHgE%?I ocati ons of

' : of "on the fly"
FRLENRS B R o pERERnoREenBButel Systelpinbipies
t dmapge and data files 120 and cal cul ating the
meas”r%ﬁ&ﬁté. %‘Jr?'ﬁﬁﬁ?%‘fee@e‘gﬂ%téé’lﬁp&ﬁe%fn displayed abligue impos d@2 by
._using _one or nore projection equations as is nore
selecting, opeiof sexera) ayaliahle mepsvEngimedesproviiagewithialiinagealisplay and
user of display and neasurenent conputer system 130

analysistsgiveare s Thareserssadéctatins esivekmealshirahentdeBis bythdcassing,
di spl ayed oblique imge 142 by selecting one of

for exanyse.ca abriey of palbiewnBasHlid OBtOTMSERS MP! SYWis RE t}!}@érﬂid&mmands.
i mage di splay and analysis software 140. ¥' e user

The me&&Ir@iholiBS pHRFdEL Py %%ﬁé’ gﬁﬁﬁv daﬁ@gﬁa%issasyﬁf%%H%Qrigclude, for

for éxanple, a series own ne [
cxamoide RS04 LB e T S 23 o o
more el S B i P ot e ke
encompassed by several selected and interconnected points, a height mode that
enables measurement of the height between two or more selected points, and an
elevr;ltion mode that enables the measurement of the change in elevation of one
selected point relative to one or more other selected points.

After selecting the desired measurement mode, the user of image display and

analysis software 140 selects with one of input devices 134a, 134b a starting point or
starting pixel 152 and an ending point or pixel 154 on displayed image 142, and image

display and analysis software 140 automatically calculates and displays the quantity

sought, such as, for example, the distance between starting pixel 152 and ending pixel
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nore sel ected points, an area node that enables
nmeasurenent of the area enconpassed by severa
w@edogotee2 and i nt erconnect ed points, a hei ght POTES1003035528
enabl es neasurenent of the height between two or nore
sel ected points, and an 15 el evati on node that enabl es
t he nmeasurenent of the change in elevation of one
sel ected point relative to one or nore other selected
poi nts. After selecting the desired nmeasurenment node,
the user of inmage display and analysis software 140
selects with one of input devices 134a, 134b a
When theyseroselects stariina peintipixs 160, theogemibcatior ofthegpoint
poi nt or pixel 154 on displayed i mage 142, and i mage
corresp@@ding $ptrajo encuefaat Bdiis calkoliated ey Ihags Wiy baAdlanglysis
cal cul ates and di splays the quantity sought, such as,

sofvard 30 sscthe ol 1 31 e o5 UGS BEporions

oon i ORISR S L PRI R
paricu e 85 et LB BRI oo surtce

roj ection equations using the data portions 5 I,
correspc%;sﬁfzg %o_ pixel 1§2 @F@;hqg\cdigglggg@ byﬁ@@geaﬁ@plaﬁaad fanlagglpslaﬁtware
that correspond to the particular inmage being
140 on displpy 4y6d sudimas| fon gkanmpte, dydsuparinposingthet bagihmdeand tatitude
surface 31 corresponding to pixel 152 are then

on displalyexhinaggel 142 adjarent thesstledted pdird/ikel Drn pOHIMAdISpIayHdx

on display 136, such as, for exanple, by superinpoSing

elsewhetdenldisiaay Yde. ame dahéd bHﬂfes]s%‘ r 'esag%é‘llﬁg‘ihé TegErot H5e Pgl;/action

adj acent the sel ected point/pix pop-up disp

of the erﬁﬁégigéf)%ﬁhg?w Carfd Bg }rﬁégéf h%@é@%%ﬁ?’gﬁ&% fars 120 fé)l'S the

y t’he us

154.

retrieval and display of the longitude and latitude information.

The calculation of the distance between starting and ending points/pixels 152,
154, respectively, is accomplished by determining the geo-location of each selected
pixel 152, 154 “on the fly". The data portions Cpps, Cpepy, . . . , Cppp, OF output image and
data file 120 corresponding to the displayed image are retrieved, and the geo-location
of the point on surface 31 corresponding to each selected pixel are then determined.
The difference between the geo-locations corresponding to the selected pixels
determines the distance between the pixels.

As an example of how the geo-location of a given point or pixel within displayed

oblique image 142 is determined, we will assume that displayed image 142

18



10

15

20

of the end pixel/point 154, and by image display and
anal ysis software 140 for the retrieval and displ ay
wo@bootloetsbongi t ude and | atitude information. ThRCT/US2003/035528

cal cul ation of the distance between starting and
endi ng poi nts/pixels 152, 154, respectively, is
acconpl i shed by deternining t he geo-location of each
sel ected 15 pixel 152, 154 "on the fly". The data

out I mge and

Co"eSpg'&‘?% "S”é‘%oz'ba'HB?Q%ﬁBéﬁ&FWgCEoThﬁé'SQW Inagasdisptayeant analysis
retrieved, and the geo-location of the point on
software 4P selects pixet 164 wibwali, fier simplieity) coetespords fri aetenOxFig. 1) of

then determ ned. The difference between the

oblique gragé d04ai drssshmow esPignd] Ire 106 bh@naelmgﬁﬁo@zdmémane G
determ nes the di stance between the pixels. 20 As

from a pOIRMUEtheFedPMd: | hsedggcgly' &gﬁfv n?i%g@f agt%&‘e\ﬁé’é gﬁa% the center

pi xel within displa I que’l

oo DB PSS A

ogpnal 4 .. The user [
Ar '”"erscﬁ i ngﬁ fgag?yng&g égﬁ ﬁﬁ@@ forped éneé/&@@ﬂ bn&égfi 1l
which, for sinplicity, corresponds to center C (Fig.
extension) ofprimapy e d+i Mage, a trnglaénatefarenced)iis fored haning vertices
106 extends al ong horizontal plane G froma point 108

at image-heptewingtdevice 32ajipoiut 108 dred oentera@y emdadrivig sideda0BCthe
32a to the center 5 C of the near border or edge 108

extenSIdhf of BHrhayeatisAg @nd Qdaticafd 3HAN §hen 1 @fbéf\yvﬁgﬁ g}]‘)grﬁ)él'o% and

A, |ntersects with center C. Angle O

Ilne 106 the extension of primary axis
image- CEBMF@Q angl e (not referenced) is forned having

Giéﬁé%ﬁ%ee @tﬁ'a”a TRE Gl B B Rt e
(and whEb tgglrc%@g\)/(vhﬁ@pve gl? gle\\//g{ut)rll Sc:hael’c reﬁggjcg ?ﬁg al/érg%elellgvaqﬁ)tnmcﬁ’etﬂe
terrain), and therefore the above-described triangle includes a right angle between
side/line 110 and side/line 106. Since angle @ and the altitude of image-capturing
device 32 (i.e., the length of side 110) are known, the hypotenuse (i.e., the length of the
extension of primary axis As) and remaining other side of the right triangle are
calculated by simple geometry. Further, since the exact position of image-capturing
device 32a is known at the time the image corresponding to displayed image 142 was
captured, the latitude and longitude of point 108 are also known. Knowing the length of

side 106, calculated as described above, enables the exact geo-location of pixel 154

corresponding to center C of oblique image 104a to be determined by image display

19



10

15

20

10 i mage-capturing device 32a. Gound plane Gis a
substantially horizontal, flat or non-sloping ground
w@bk@am446pand which typically will have an el evBtT/082003/035528
that reflects the average elevation of the terrain),
and therefore the above-described triangle includes a
ri ght angle between side/line 110 and side/line 106.
Si nce angl e O and the altitude of inmage-capturing 15
device 32 (i. the length of side 110) are known,
and anajygis ﬁ%@@@n&% “Pnce the gRe-locatipnrofdhe pipint coxtesnendingde pixel
primary axis A, ) and remai ning other side of the right
154 is knowanthesyen-pcatiah cfibay ethdrypixs i dispia@adaibliue Fwmagbed? is
since the exact position of image-capturing device

determifdsle iging@ekriiwrl EEméiaEhdrhieteiBBEE stieh RS RAEangpIé! ofocal
di spl ayed i mage 142 was captured, the l|atitude and

fength, %92%% e SR g Tadeat Sl Bk Cy
cﬁ%téﬁss% BB hedior 68l Ol oS Shanginautsitwa o mere

ete ed by inmage displa 19 WO 2004/ 044692
Se'ectemﬁiéﬁﬂgu@ 3 X %?%Fﬁ@igm%mgﬁwsp@@dwlws
geo- | ocation of the poi nt corresponding to pixel 154
softwarg $4Q hywietenmisingdbe ldifterenom betweary thet ge-lgsiakiens bfthe selected

di spl ayed oblique imge 142 is determ nable using the

pixels usingwnovarsgarithhey; satte as sfor exanmplks thaGadssforxakparei/or the
focal length, sensor size and aspect ratio, radial

vamshm@rlfblﬁltiﬁﬁhuﬁi epehdERt JpRinthe Ridcted nTéH%Lﬁh@trﬁBG@ The

bet ween the two or nore poi nts correspon I'ng to two or

measurém ?fsc?éég&%%pﬂftéﬁb i E’B%QH&%H’I di Qél%?{/gg 1615883%4%& cbﬁ%ﬁed by

I 'mage ySi's
a Substagfﬁ'éﬂf TR Brackel TS 1 s PicREe 3?%%&%%% foRigasuring
dlstance§,hgtwleteg %\ec?gg Bux%f’s Igc?rrex%)ér?&g the Ierqgthcs;a\lfjv?ds‘ihé and hlelghts of
objects, such as, for example, buildings, rivers, roads, and virtually any other
geographic or man-made structure, appearing within displayed image 142 are
measured by selecting the appropriate/desired measurement mode and selecting
starting and ending pixel}s.

It should be particularly noted that in the distance measuring mode of image

display and analysis software 140 the distance between the starting and ending
points/pixels 152, 154, respectively, is determinable along virtually any path, such as,

for example, a “straight-line” path P7 or a path P2 that involves the selection of

intermediate points/pixels and one or more “straight-line” segments interconnected
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vani shing point fornula, dependent upon the sel ected
nmeasuri ng node. The 10 neasurenent of objects depicted
w@eotappesar i ng i n di splayed i mage 142 i s conducP@riUb3n03/635528

substantially simlar procedure to the procedure

descri bed above for neasuring distances between

sel ected pixels. For exanple, the Iengths, w dths and

hei ghts of objects, such as, for exanple, buildings,

rivers, roads, and virtually any other geographic or
therewithan- made structure, appearing wthin displayed i mage

142 are 15 nmeasured by selecting the

lteghoudp aisathey pirdiculady mededithatting distaiecandaseding iode of image

starting and ending pixels. It should be particularly

display &ed eflalyBRtsdftivar 4 401 Fetankife SBIRS HistatbaBétderh ddi ngxels
di splay and anal ysis software 140 the di stance

accordlﬂd“f?) §t‘\ﬂélk'tﬁ8 eﬁlﬁg” ho. TR "‘%g{ R r%@ﬁ?qd;'%g%@tes a series

respective eterm na ong virtu

S for exa rai lipne" t
of 'mefCﬁ%*‘%?tGQLfﬁsﬁgﬁzerﬁﬁar@prﬁﬁ? F Solhevel bevcp?%ﬁ ifénd B, that
i nternmedi ate pojnts/pixels and one or nor
extend beéwneﬁném Sﬁleﬁged RigglstniRisiandevbishhiedinsn orzmnfwm to the planar
2004/ 044692 PCT/ US2003/ 035528 therewith. It should
faces of @ serigscofntarcannentéd favetethat kafine leedsaltated gromabplaneg The
node of inage display and anal ysis software 140

tessellaigetgroond ptarishes tits banneregantieatarls deseiisst Rbrshatter, closely
according to a "walk the earth” rrethod The "wal k' t

follows (ﬁﬂ’ébfbd‘ﬂ@é Mdiereieat éiﬁ'fa'fbe,s@‘f ' ?éfok{f/)ﬁgh%qﬁf‘ gﬁﬁ ?g.? also

line segnents, represented’ c ective y pat

cosel B b o SRUERT S ERab U S lem aong et
smulatq% anﬁ‘@etp éleazeé) g%@aeéllggg €0 m@h(ﬁjconn%q%?gthggcp%\sndes fora
more accurate and useful measurement of the distance between selected points than
the conventional approach, which warps the image onto a flat earth or average
elevation plane system and measures the distance between selected points along the
flat earth or plane and substantially ignores variations in terrain between the points.
For example, a contractor preparing to bid on a contract for paving a roadway
over uneven or hilly terrain can determine the approximate amount or area of roadway
involved using image display and analysis software 140 and the “walk the earth”
measurement method provided thereby. The contractor can obtain the approximate
amount or area of roadway from his or her own office without having to send a

surveying crew to the site to obtain the measurements necessary.
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tessellated ground plane, as will be nore particularly
descri bed hereinafter, closely follows or recreates

wo b@4erspni n of surface 31, and therefore pat hBCPUSZN8035528
P2 also 10 closely follow the terrain of surface 31.
By neasuring the distance along the terrain sinulated
by the tessell ated ground plane, the "walk the earth”
nmet hod provides for a nore accurate and usef ul

neasur e Qf the distance between selected points
IFRARIEFHIG (o velkihe Farta ibas RIOVES y e pseddné mveaon, the
. onto a flat earth or average el evation plane system
flat earliy @ravesgeelevationidistanvecalenlaiemappioaches inmidd mherent
_ along the 15 flat earth or plane and substantially
Inaccurageswhen\raeasltringndisiances beaweerb poweeand/ e oBRIcH dispo§&d on
exanpl e, a contractor preparing to bid on a contract

uneven t@fainaidghén FALURMg INE 548 %%r%@&tk'&f o%fé&éém)%?ﬁ

determ ne the approxinmate anmount or ea of “roa
_ _ : : i ' ft 140
dsposell Aok SRR BSE o0 b ORI BrRH Bl S
differené%tﬁl?y%?\-/r fogg&%é%%tgﬁc%fm nr,e 'tv%:tg vh{'u%@%?{y%hg? ;Jq?i@égf

. m?thout _Ihavi n? to send a _surveying crewto the site
Interest {RErgpR-a THUE HEToRIRG Adaif:In Bignd cisstiapgleXormed by line 106, the
2004/ 044692 PCT/ US2003/ 035528 In contrast to the

| extensiongfi pimaey axis Ahanddhé vartisab(dasbedpline Hé0 hretwesn point 108 and

invention, the "flat earth” or average el evation

image-cdptiriagaievicel 324 afdynbtaens AgRNERNGRS | Me6ch FBkeRse, any
i naccur aci es when neasuri ng di st ances bet ween pol nts

geometn@@kél@lﬁIaﬁ@ﬂm@éé@rﬁin‘@ﬁﬁé?ﬁiiaggIehtg{lgﬁgggighffﬁqﬁidk ?@ﬂld"@(ﬁﬂain errors,

nmeasuring the sizés and obj7ec

o uc ke BB BY B0 58I 8 S5

evat i gg of the nad{srofploi nt relative to virtually

slight gr%ﬁgn\g(lerhgpp% hyegyt the poin nterest.

For example, if surface 31 slopes upward between nadir point N and center C at
the near or bottom edge 108 of oblique image 104 then second line 110 intersects
surface 31 before the point at which such intersection would occur on a level or non-
sloping surface 31. If center C is fifteen feet higher than nadir point N and with a
declination angle ? equal to 40° (forty degrees), the calculated location of center C
would be off by approximately 17.8 feet without correction for the change in elevation
between the points.

As generally discussed above, in order to compensate at least in part for

changes in elevation and the resultant inaccuracies in the measurement of and
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interest thereon. Thus, referring again to Fig. 1, the
triangle forned by line 106, the extension of primary
w@ziog/oMe9and the vertical (dashed) |line 110 beP@EER2003/035528

point 108 and image-capturing device 32a may not be a
right triangle. If such is the case, any 10 geonetric
cal cul ations assuming that triangle to be a right
triangle would contain errors, and such cal cul ations
woul d be reduced to approximations due to even a

between gpjacts, within imagent42;imavestispiay end pealysisweaftwarkes! 40 references,
points of interest. For exanple, if surface 31 sl opes

as necegpagy; golnts within diapliayed nage N42rahdcemsarfaée 31 to tahsren@aculated
or bottom edge 108 of oblique inmage 104 then second

tessellatddher fhl;@téd‘gr@tlﬁéCd]énééeﬁéﬂail?@@si%ﬂaa@f WEirf F@. BOITss@fiated
whi ch such 1 ntersection would occur on a | evel or non-

[ ! ' i e i gher
ground plaR! 1D (RGBS Pijralty, of fighiud facers Aé??oﬂzéﬁéfﬁé%% each of
: 4 forty, degrees t he. cal cul ate ocati on

which afifercblinddlett i i B arel dKirE il yoreos hebr
. . h . I ‘i

reforendiict, BB ANOWE S5 HaHLE) hoYnadegRarv eIl ovalioDE. Akt o of faces
in order to conpensate at least in part for changes

1623, 162b.¢1@Recaelwnshare twheverticas. tEath facet ¢62ac162b,i162thetc., has a
nmeasurenent of and 22 WD 2004/ 044692

respectiPEDittB200 H QXL 5T8ssdilatedgroumi pians 16048 credté@asdd dpon
I mage di splay and anal ysis software 140 references,

various aatawmﬁe"s@w@ese)@uah%swdrfa;:xanﬂﬁlé,ﬁbawﬁgdhi@a@gn#.?faﬁ%r ibital

surface 31 to a pre-calculated tesSellate acete

raster R sBhRYUAS SR b eshaPabaled 60 10 FI Q. 6.

erlate ground plane rncludes a plurality of

QAR o3 b e RSk o M ot P
calculatgcy b];/%uecter\r/n%itnig%r%clg r<1)(1‘)tfacets 162a, 162b, 162c, etc., correspond to that
point of interest. Thus, the location of the point of interest is calculated based on the
characteristics, i.e., elevation, pitch and slope, of facets 162a, 162b, 162c¢, etc., rather
than based upon a flat or average-elevation ground plane. Error is introduced only in
so far as the topography of surface 31 and the location of the point of interest thereon
deviate from the planar surface of the facet 162a, 162b, 162c, etc, within which the
point of interest lies. That error is vreducible through a bilinear interpolation of the
elevation of the point of interest within a particular one of facets 162a, 162b, 162c, etc.,

and using that interpolated elevation in the location calculation performed by image

display and analysis software 140.
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referenced, but shown as points) having respective
el evations. Adjacent pairs of facets 162a, 162b,

wQa e/ 44p. , share two vertices. Each facet 16Per/USBBB(35528
162c, etc., has a respective pitch and sl ope.
Tessel l ated ground plane 160 is created based upon
various data and resources, such as, for exanple,

t opographi cal maps, and/or digital 10 raster graphics,
survey data, and various other sources. Cenerally, the
Tgaese f@é&@llaéﬂd groundhplane 160, imaee displaynand epalygisdsaftwage 140
142 is cal cul ated by determ ning which of facets
employsl 8 2agdifléP tgy-tt&eing addarithmctorfinelsherintersedtivatof the ray piected

interest. Thus, the |ocation of the point of interest

from thd ignad-captating dBRRBBRN ot BB toWERESSLEEES B Chd ‘des@ellated ground
el evation, pitch and sl ope, of facets 162a,

plane 1682%he %iggqrrth%adé?éfmlﬁgstr%?epgﬂﬁﬁggw?éb&s f b?%,r ‘gé J62c, etc,

aver age- evation groun rror 1s iI1n

far 0 r of,, surface 31 and
s '“tefsgﬁ‘sg bef}g?%%}ﬁ’ it %%Wl&srwﬂﬁ% PR oS fiterHion algim By use
(? | anar surface of the facet 162a, 162b, 162c,

of bi- Ilneé:}rdntem AN, \antainfy @r}e@lse@pde Hcatiogngandhe petesmingeh For the
error is reducible through a bilinear interpolation of

reverse praiectisine {egseliatasf gronad piane 160 is usedt tesfindvihiengnouad elevation
particul ar one of facets 162a, 162b, 162c, etc., 20

value fomtit: impuhgroundtiocatiosr pied asid isillieeat irﬂerdoltattdhe T slevation and
cal cul ation perforned by inmage display and anal ysis

location $@é e @séd“ffb p%&‘@a@%f% HD %@%@ﬁ@%ﬁé‘aﬂnﬁa—tﬁring‘

use tessellated ground pl ane |rrage di sp
dovoo FELXSH IS il STIFYa0R I oL

fromthe image-capturing device 32a or 32b
correspc?rbq%atlo(c}begu\ﬁnalgga@q ‘and tessellated ground plane 160.
The al gorlthm det erm nes not only which of facets
Mpge particsdayly, epgdas an example, image display and analysis software 140

performs and/or calculates the geo-location of point 164 by superimposing

and/or fitting tessellated ground plane 160 to at least a portion 166, such as, for
example, a hill, of surface 31. It should be noted that only a small portion of tessellated
ground plane 160 and facets 162a, 162b, 162c, etc., thereof is shown along the profile
of portion 166 of surface 31. As discussed above, each of facets 162a, 162b, 162c,
etc., are defined by four vertices, each of which have respective elevations, and each of
the facets have respective pitches and slopes. The specific position of point 164 upon
the plane/surface of the facet 162a, 162b, 162c, etc., within which point 164 (or its

projection) lies is determined as described above.
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5is intersected by the ray, but also where within the
facet the intersection occurs. By use of bi-linear

w0 ndogfopwbat i on, a fairly precise ground | ocatiPCT/TsW0bE35528
determined. For the reverse projection, tessellated
ground plane 160 is used to find the ground el evation
value for the input ground |ocation also using

bi-linear interpolation. The elevation and | ocation
of

ed t roject backwards through a node
THsSel el IR bl AER udfiiabY sicaredsmisie taepperation of
. &?ﬂ ch of the pixels within displayed i nage 142
Image qizpiayapd mrasUsemest grmentar syatena 30 Mndeinmzaet displagang, analysis
and as an exanple, inmage display and anal ysis software
softwarg 440. |Rather, tesssileifenr groahd piaree$60 hekegethe fofAoF ateRtivaly
poi nt 164 by superinposing and/or fitting tessell ated

simple data tatsle pir dosk-46 atle 1@ ét@l%‘atw%iﬁ%é@%ﬂ/ fr?f gﬁ%ﬁﬁ@;r%@cessible to

for 15 exanple, a hill, of surface g
. ' t | | at ed
eoe LA e nenf T buRPCl g o) SRS M gt
required f Gl & 10cd sl he vaRioeRiaithe harmptacotseatis prcal

62c,, etc., are defined by four vertices, each of
ground é]ﬁpg ﬁoméwepg%%rgyi ¥e 49 es&ide within immapecdishlayfand measurement
facets have respective pitches and sl opes. The
comput%rpsg(gtqm d3Boslihuseimage gisptay deimgasorétfient@mputer system 130 is
| ane/ surface of the facet 162a, 162b, 162c, etc.,

compatitfietfar usewiitbrarnebexecutéide byra tomverBiobPSéis8AA ddiSute without
deternm ned as descri bed above. 24 WD 2004/ 044692

requirindPeaditisiZA B thSresdares! | at ed ground plane 160 is
preferably created outside the operation of inmage

e b e S T A
measur%rﬁ%@ﬁo{@@gr SR 2 BnSnaS it Ssénglqeevefl%rf r<Tj1etoz;¢il  be
incorporated into tessellated ground plane 160, i.e., the size and/or area covered by or
corresponding to each of facets 162a, 162b, 162c, etc., can be as large or as small as
desired, without significantly increasing the calculation time, slowing the operation of,
nor significantly increasing the resources required by image display and measurement
computer system 130 and/or image display and analysis software 140. Display and
measurement computer system 130 can therefore be a relatively basic and

uncomplicated computer system.

The size of facets 162a, 162b, 162c, etc., are uniform in size throughout a

particular displayed image 142. For example, if displayed image 142 corresponds to an
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sinple data table or | ook-up table 168 stored within
menory 132 of and/or accessible to 5 image di splay and
wore@gossspent conputer system 130. The conputi nBCT/US2003/035528

resources required to calculate the |ocations of all
the vertices of the many facets of a typical ground
pl ane do not necessarily have to reside within inage
di spl ay and neasurenent conputer system 130. Thus,
i mage di splay and measurement conputer system 130 is

area that BrARRIPBIEA!RbI 7 Aikiechitdp BviBedREaioun by Bppiximately 900 feet
conventi onal personal conputer without 10 requiring

deep, thadthiage maal bebrgkeniinty faestsithatsre Aaproxinedtelyb0 square feet, thus
tessel l ated ground plane 160 outside of inmage display

yielding ab8ut T8 ffoetS PRIdS 8RR UBSfkacatsSh IBplB O ARBATIIOSIYY tHe 124 b¥ facets
any | evel of detail to be |ncorporat ed into

162a, 1655 9802k abRd %Wnﬂ'nﬁi@m?s(s mbérf@fhrﬁkéglpeﬁ ﬁgd therein,

aréa coveré or correspon g o eac
. 162c, etc e or .
L., each &4 if ﬁédsawmamersqu?? o A 1 fame erw”gf] px deep.

¥Iat|on tipme, slowing the operation of nor

Facets i i Te eI Of Hisp BUH G ABRA 420 BD6re L pixglderafuty oreatest,

i mage di splay and nmeasurenment conputer system 130
would therefoes be dirgensipppllasmatier thanifgests is tie backgrawad of displayed

Di splay and neasurenent conputer system 130 can
image 142 evhefe pixebdensityeisdbwest. ySihasitds aedirabladongie pised

conmput er system 20 The size of facets 162a, 162b,

measurekRets 1ﬁ'ﬂ¢e forégﬁ)u#\@l' &Y AisplysH Iﬁaga faviers] Q)%Eel Jensity is greatest,
particul ar di Splayed i nage 14 exanple, iIf

creating g%%e% m%%d%%/nﬁié 6%@5%@5@53{&& 2 x%é.tl%?/ contain has the
aavanta§ B B0 moré et e Mk pement mﬁaggr 206 ¥t diealaved

i nto facets that are approxi mately 50 square feet,
image 144 Rrlative to facets that are dimensionally uniform.

Another advantage of using pixels as a basis for defining the dimensions of
facets 162a, 162b, 162c, etc., is that the location calculation (pixel location to ground
location) is relatively simple. A user operates image display and measurement
computer system 130 to select a pixel within a given facet, image display and analysis
software 140 looks up the data for the facet corresponding to the selected pixel, the
elevation of the selected pixel is calculated as discussed above, and that elevation is
used within the location calculation.

Generally, the method of capturing oblique images of the present invention

divides an area of interest, such as, for example, a county, into sectors of generally
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yi el di ng about 15 facets in width and 18 facets in
depth. Alternatively, the size of facets 162a, 162b,
wQa e/ 44pr. , are uniformin terns of the nunbePCDS2003/035528
pi xel s contained therein, 5 i.e., each facet is the
same nunber of pixels wde and the sanme nunber of
pi xel s deep. Facets in the foreground of displayed
i mge 142, where the pixel density is greatest, would
. therefore be dinensionally snmaller than facets in the
uniformsizg, g°’|“66 R§: T esileyeastonstaglearesappheimatelyxarie siprase nyile in
is lowest. Since it is desirable to take nost
area. Thisaisloaedntfacilitate the treatign ofindlight panl ks phpiyesi obliggsimages
where pixel density is greatest, 10 creating facets
covering bagryaneh ohtHedamal df iherédt, ahd tdergntRean®haRic®bSSdchst¥ and/or
contain has the advantage of providing nore accurate

images WRAHf RIFRALS {éféréﬁh%, fsﬁfrggé %HQ.%ﬂfevgi a#)tf?);(/:‘ég% Ikb&%ﬂ 6n #Hart as

relative to ' facets that are di nensio orm

« : AT tage of usin I xels.as a basis for

sectoriZARF" BECHRN A ecBios 1% B dRokEati® Sesho tisrest push s 2
etc s that the | ocation calculation (pixel |ocation

county, fgy e&’r%‘hﬁ&“ SMeN SR BHIP haundarigsi thel pethodmicapturingeblique

. operates inmage display and neasurenent conputer system

Images QEWQ Rresentigventiqn Resvidgistmre segfprecthandbere, arersagmre miles in
di splay and anal ysis software 140 | ooks up the data

the ared ofrinterest-abew many espenidpegds targbly rethedeagthiiitak colhgy
el evation of the selected pixel is calculated as

borders @issgelbae Howmlg?htélﬂq.aéééﬂ th%geé/ré.t T9Ridafly, Wé’ar‘("bﬁ%@cﬁ ope extra

the | ocation cul ation. Generally; the met

sector f(gr?éVeW WA 1&g H‘ﬁ%és.”cﬂ“%?d@rf. &0 :ﬁ&g@r"ﬁ?;or ioﬂ\’eer'H#SS EJf inferest is

Ivides an area of Interest, Suc or exd

ouony B1Gk pl S5BEC P S BTS1Eh e 00 1 BEOPRARR .
approximigtaly rém 40 167780 3B MU ey one square mile in

The method of capturing oblique images of the present invention, in general,
captures the oblique images from at least two compass directions, and provides full
coverage of the area of interest from at least those two compass directions. Referring
now to Figs. 7 and 8, a first embodiment of a method for capturing oblique images of
the present invention is shown. For sake of clarity, Fig. 7 and 8 is based on a system
having only one image-capturing device. However, it is to be understood that two or
more image-capturing devices can be used.

The image-capturing device captures one or more oblique images during each

pass over area 200. The image-capturing device, as discussed above, is aimed at an
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area. This is done to facilitate the creation of a
flight plan to capture oblique i nages covering every
WO ph/0ofe9t he area of interest, and to organi zePenuSIasesss28

the sectors and/or 1images thereof for easy reference,
storage and retrieval (a process known in the art as 5
"sectorization"). Because the edges of any geographic
area of interest, such as a county, rarely falls on
even s uare m | e boundaries, the method of capturin

angle ovgpsjarem €00itaggptireobligue fnagesthereole riedr? g8} i\trayessatbines
sectors than there are square mles in the area of

back-ani+fogh gattern, rsimilasioytheovay ailmamﬁsmbwege by theminhége-camging
of the county borders as"well as how straight or

device andggrete todtforad ® er3Upe dalble coritagabf 8xREBG0.0Ne extra
10 sector for every two to three mles of border. So

Mgr@ﬁgcsyu%rgy, %{r?gbbsns ﬂ%g%rsgﬁu X]ﬁfd:%%séarfﬁn geeﬁaa'e» Jor

area w

i ded i | 40 to
platform % RS o a0 8 é'i%ﬁﬁv%ﬁa{%s offius f'ﬂ%%%%oB?o’F'HBS
es t|o i n_gener al aptures the oblique
2022, 2045 500 30Enothrencns: AES Tlhisiben HAvEIRdN mAgRICAMYing
provides full 15 coverage of the area of interest from
device 3gtandiexplatipas intlowingrasecaend pathi 2Hkthakist panallelpnchepaced
to Figs. 7 and 8, a first enbodi nent of a nethod for
apart froma,nd inngn oppositeedireutigatopife., 18@° (@reskumdred \andit éightyi degrees)
shown. For sake of clarity, Fig. 7 and 8 is based on a

from, frrﬁxﬁtﬁQDZhﬂ)/ih@@eWéé’ptgfteobllm@qn%@sLﬂf'dﬂﬁtl&%’?@@a 204b, 204c of
However , is to be understood that two or nore

area 200. nt ?@H rd lf‘igs g?‘éh@%s itGEQebf tHéteéjpo&%n% ..8(? of area 200

evi ce captures one or nore

s cover+¢:§gzr%e§§% o TR

n 2004/ 044692 PCT/ US2003/ 035528
images 5‘64a—c capture from a second direction or perspective. As such, the middle

portion of area 200 is 100% (one-hundred percent) double covered. The above-
described pattern of traversing or passing over area 200 along opposing paths that are
parallel to paths 202 and 204 is repeated until the entirety of area 200 is co/mpletely
covered by at least one oblique image captured from paths that are parallel to, spaced
apart from each other as dictated by the size of area 200, and in the same direction as
paths 202 and 204 to thereby one-hundred percent double cover area 200 from those
perspectives/directions.

If desired, and for enhanced detail, area 200 is covered by two additional

opposing and parallel third and fourth paths 206 and 208, respectively, that are
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angl e over area 200 to capture oblique inmages thereof.
Area 200 is traversed in a back-and-forth pattern,
wG@Relare9t o the way a | awn is nowed, by the  PCT/US2003/035528

i mage-carrying device and/or the platformto ensure

doubl e coverage of area 200. Mdre particularly, area

200 is traversed by image-carrying device 32 and/or 5

platform 20 following a first path 202 to thereby

capture oblique inmages of portions 202a, 202b, and
perpendiggizk o Paliea02800 28t ShIND & F98r0 enavish-shtpa300 is therefore

i mge-carrying device 32 and/or platform 20 foll ow ng
traversed by dmage-qaaningdeavice 32 arsl/qraplatiomh 26rfdllaypiagdhird apty 206 to

from and in an opposite direction to, i.e., 180

capture ¢llfvgrehintedieschf podti@isg?06a, GOBbess) 206¢ ohardal 263, gpaltib then

202, to thereby capture oblique inmages of portions

traverse%%cﬂg; f%igfthgpa%ﬁ)ﬁ%% 49 p%rrﬁlﬁel,z%ce%a L gﬁ’ ggéld ?P%grsié% to third

, i's seen t%at a portion
0., e SreC ' : 5 r 0 fi .
peth 206 TS HERE Dy ek IROERAAIE SR EF A0SO Ak SH. o
d f d di t] tive. As
pater o e oF e S S A D s B RSBt ark el o
%one-hundre_d_percent) doubl e covered. The above-
paths 20§ 20k is pirtiledy rergated anbl diergntisetynfasea g08ve completely
200 al ong opposing paths that are 15 parallel to paths

covered Pgat dgabt 204 abdique freage daphured ftone patits that sreoparailelto28paced
is conpletely covered by at |east one oblique inmage

apart froregs dictstelimythpaiftsoft drab 2008 apdriathekaine, difRfieAts paths 206
apart from each other as dictated by the size of area

and 208 29 ¢therhy oh@-ﬁd?ﬁﬁé@g?g%ni @8%@%@%{] gfé’éé 560 %t fyie204

to thereby one-hun per cent cover area 200

N perspectives/directions. 20 |f desired,
d'recuonfas\fr?%?%é)grb%ggﬁanced detail, area 200 is covered by two

A% gg}qériibog?glagql\?p? %352—%@2&‘]' 3(%,\2(}:%, 5'2 é&gr%lgt?grgfg 20 r ttrgverses or
passes over area 200 along a predetermined path. However, it is to be understood that
image-carrying device and/or platform 20 do not necessarily pass or traverse directly
over area 200 but rather may pass or traverse an area adjacent, proximate to, or even
somewhat removed from, area 200 in order to ensure that the portion of area 200 that
is being imaged falls within the image-capture field of the image-capturing device. Path
202, as shown in Fig. 7, is such a path that does not pass directly over area 200 but yet
captures oblique images thereof.

The present invention is capable of capturing images at various levels of

resolution or ground sample distances. A first level of detail, hereinafter referred to as a
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WO 2004/ 044692 PCT/ US2003/ 035528 perpendicul ar to

pat hs 202 and 204 as shown in Figs. 9 and 10. Area 200
WO sootloereef ore traversed by i nmage-carryi ng devPCEUSR03/035528

and/or platform20 following third path 206 to

capture oblique i mages of portions 206a, 206b and 206c

of area 200, and is then traversed along fourth path

208 that is parallel, spaced apart from and opposite

to thjrd 5 path 206 to capture_qblique inmages of
communigpleeh hgs ZuRUNd SERRIR diFeRce B, Tal ek, appieyimately two-foet
~ pattern of traversing or passing over area 200 al ong _
per pixel.o prgrthggqmlmmmamtsaleyebm@ge%%he grounsgt ssnplesligtatgce ogmains
is simlarly repeated until the entirety of area 200
substantiafly congthat #irgughoat ¢ne tihbye.aOrlhegshalocomuiinitgdevel irmgges are
captured from paths that are parallel to, spaced

captured MAH suffitieAt everfp-ioadBdidlystéRR Sdiz€ovdiragé eFof@Bliq@nd in
the same direction as paths 206 10 and 208 to thereby

nes f e

communfiifeyel PSS, B GRTCORUNbE GiuRte FpR8s Rl 1oreamps
L e-carrying .devi 2 and/ o atform 20, traverse

approxinisfel) Gng daet boerikel ndfo dereBrung o hRuiBoR R areto B fro-

However, it is to be understood that i rrag?e-carryi ng . ..
feet per pixsfiia éheyid-groychet thermaged and &e apptxdaaialy {oysfeat per pixel in

traverse directly 15 over area 200 but rather may pass
the backgnound i éng image.aOblique jcaoumunitypleygi imagestare aapturedwith

somewhat renoved from area 200 in order to ensure
sufficienttdwairlablstichahal eachofrear sfdni20ssttid fipicdlly doseregl byrapedst two

falls within the i mage-capture field of the

oblique itnABES fOAPELER BSm%@‘éé @ftechis Baptdhed. ABpfnatelytdn dbliqle
is such a path that does not pass directly over area

communﬁ)-ges\%mmé@és ar%aégr#f{lg%%cﬁ’é}' .q%'t’c?r.i mages thereof. 20 The

ventio apabl’e of capturing inmages at

S B PUED o rerh 0B el B A BSRRERG tvel
significar{tﬁ/fneulr)|[eec(j]|e’ttaﬁec"i1 ?ha%r the community-level images. Neighborhood-level
images have a ground sample distance of, for example, approximately six-inches per
pixel. For orthogonal neighborhood-level images, the ground sample distance remains
substantially constant. ‘Oblique neighborhood-level images have a ground sample
distance of, for example, from approximately four-inches per pixel in the foreground of
the image to approximately six-inches per pixel in the mid-ground of the image, and to
approximately ten-inches per pixel in the background of the image. Oblique

neighborhood-level images are captured with sufficient overlap such that each area of

interest is typically covered by at least two oblique images from each compass direction
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29 WD 2004/ 044692 PCT/ US2003/ 035528 conmunity | evel
has a ground sanpl e distance of, for exanple,
wapproxioont el y two-feet per pixel. For orthogPeEUS2003/035528

communi ty-1 evel imges, the ground sanpl e distance

remai ns substantially constant throughout the image.

Orthogonal community-level inages are captured with

sufficient overlap to provide stereo pair coverage.

obl ique, 5 communi ty-1 evel jmages, the ground

captured, Znd Rlict 185t ApE0w B9 Poibrss ATep U ERisIa] 00% overlap with each

approxi matel y one-foot per pixel in the foreground of
other. Pméowaseéy poedpindosd (HBIopligue argamages ams oaptuied péresector.

m d-ground of the inmage, and to approximtely

Itfshouidf kepagieulaplyxaited thattdapturigkasivuectorimuhRy bRBES-
bl i que community-level inages are captured wth

neighbofridlod-ievéiNina@es ftoik afl Y&ty é(ﬁﬁbaé%aéﬁ’ecﬁfo‘ﬁ@ sukdY Wa?%(/er‘yspomt in

typically covered by at |east two bl I que 1 nmag

v e PRt B 5 A e
oo S e itk LT

tail ed than the community-1evel inages.
I PBRRdiBENE BROWN. IMmaggeaptiEle aadg;ammamrpy@em 30 includes
di stance of, for exanple, approxinmately six-inches per
a gyroscmsepmmpaS%nd altinneigon éﬂome&ejhbdﬂtmdwmhémesltocbdmmshe image-
the ground sanpl e distance remains substantially

capturing and igeotiocalirlg systemeifghb préserd ihedioni oaRARS afiavatdly
ground sanple distance of, for exanple, from

configur&® IRk a8 TSH sk anfME ; Ioddifz /on"!:é‘i@ub'{é1 filfid :fﬁt@ﬂrl%ﬂ%‘ii)d yaw,

of thelrrageto approxwra yS|X|nc es pé pl’xel

and comsaags ﬁbgﬂlﬂng}ﬂ thd dP% ahfﬁﬂ@ %Qﬁ%a}d%ﬁﬁﬁg >§,|H_g%t &l one or

en- | per prxel In-t :
more of G aEech. BEIRE ACHi R EEsag o v od O

In the embodiment shown, image-capturing devices are at an equal angle of
declination relative to a horizontal plane. However, it is to be understood that the
declination angles of the image-capturing devices do not have to be equal.

In the embodiment shown, image-capturing computer system executes image
and data acquiring software that issues a common or single image-capture signal to the
image-capturing devices to thereby cause those devices to acquire or capture an
image. However, it is to be understood that the present invention can be alternately
configured to separately cause the image-capturing devices to capture images at

different instants and/or at different intervals.
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interest is typically covered by at |east two oblique
i mges fromeach conpass direction 30 WO 2004/ 044692
wWEOHOEGOD3/ 035528 captured, and such that oppOFURIN03/035528
conpass directions provide 100% overlap with each
ot her. Approxi mately one hundred (100) oblique area
i mges are captured per sector. It should be
particularly noted that capturing oblique conmunity
and/ or nei ghbor hood- | evel es fromall four conpass
Indhe enpbedimesh shews, m%neﬁm@rqﬁ%b@.nﬁ@sw inentiea qamg@s oblique
w Il appear in the foreground or |ower portion of at
images tbguevidemloubfe coneragevliradreabf inierest fragepathefperspectives that
ground sanpl e distance is | owest and i nage detail is
are subsgdretrlig obposbite td1gastirbiéredt 180roWhe-hurRdred Gat slghtydences)

geo-| ocating system 30 | ncl udes a gyr oscope, conpass

relative ter&écﬁ'athmet BbwelOVaME o Bbtun'd§ $tQod rAtHE nsdRBd otfhﬂé present

e | mage- capturing and geo- ocat| ng system of

'“Ve”t'Ofﬁé%ﬁ BE atefhistel HhbaR 1 Mol FERRY spergBl i
paths/pefRativ g thabars dinerly Rl & %rﬂlaﬂy berbsicdan@ ety to each

one or nore of the gyroscope, conpass and altineter
other. unnecessary. In fact, In the embodi ment shown,
i mage- capturing devices are at an equal angle of
Whilelthe aresant irtextiondhasbeerdescaibetias pdving a prefeercel design,
it is to be understood that the 15 declination angles

the inveritfort & b&MAEheraAbYIficd WithRY tHELSpifPamPEchiRY 6f this Bieclosure. This
equal . In the enbodi nrent shown, i rrage capturing

disclosu:‘éoigﬁHél%'for%yﬁfe‘?@eﬁ)iS bR ga'gg%‘?\g éi‘i; 12 t6 fe! bfrb&gres and
SO rSing

tware that 1ssues a c € I mage-cap

clements iEBse e i HET, GREUHGOPH B tuiehdo fsﬁgoms?éaaanv

However, it is to l%e under st ood t hat the present
variations ys6%, 05 AdaRiatioas of the RERSeny invention that use the general principles

disclosed herein. Moreover, this disclosure is intended to encompass any departures
from the subject matter disclosed that come within the known or customary practice in

the pertinent art and which fall within the limits of the appended claims.
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20 configured to separately cause the inmage-capturing
devices to capture imges at different instants
waraondear di fferent intervals. 31 WO 2004/ 044BORUS2003/035528
PCT/ US2003/ 035528 In the enbodi nrent shown, the nethod
of the present invention captures oblique inmges to
provi de doubl e coverage of an area of interest from
paths/perspectives that are substantially opposite to
ach other, i.e., 1800 (one-hundred and ei ghty
WHAT |SJI§§-NM§P IS:el ative to each other. However, it is to be
understood that the nmethod of the present 5 invention
can be alternately configured to provide doubl e
coverage from pat hs/ perspectives that are generally
1.aAy8tens r&%@ﬁ&m@ inadey aehgéslbationalat icofresporading thereto,
othér. Wiile the present invention has been described

havi ng a preferred design, the invention can be
Compns"?q}rther nodi fi ed within the spirit and scope of this

di scl osure. . S f t

ar} G S0 deY o P AT B9E: é%piu#ﬂ?@%??%g Abfar e
el ements di sclosed herejn. Further, this .disclosur ed|%

images gt imagesariyingRGRiRsSaId K)ags, §apINFINg fleVicedssuing fmage-data
adaptati ons of the present invention that use the
5 signals cgeraep@mdlpgrtcn@aptteed irg@ges:osed herein. Moreover, this

di scl osure is intended to enconpass any departures

atflegst drieegsartijoating newicer edcls shidsadeastatnecgerelotating device
known or customary practice in 15 the pertinent art

issuing aaéB}réM?Jlo‘hHrrf t'le&!;ttd}i@%édlﬁ)da*n tsigrifl, ddvh saipen et one geo-
clains. 32 2004/ 044692 PCTJ US2003/ 035528 WHAT |'S

locating Qbﬁbu'\f?é?nb Thdicative at least in part of a geo-location of said image-capturing
device during each image capturing event; and

10 a computer system receiving and storing said image-data signals and said at
least one geo-locating signal; and

image and data acquiring software reading said image-data signals and said at

least one geo-locating signal, said software associating each said image-data signal

with a corresponding said at least one geo-locating signal for each image-capturing

15 event.

2. The system of claim 1, wherein said at least one geo-locating device and said
at least one geo-locating signal respectively comprise at least one of:

a clock issuing to said image-capturing computer system time data signals
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1. A systemfor capturing images and geo-location data
correspondi ng thereto, conprising: an inage-capturing
walenioete9sai d | nage- capturi ng devi ce capt uri ngPObUSZT®035528
i mages at inmage-capturing events, said inage capturing
device issuing inmage-data 5 signals corresponding to
captured i nages; at |east one geo-|ocating device,
each said at | east one geo-locating device issuing a
.. correspondi ng at | east one geo-|ocating signal, each
indicative &f @ tipe P& gath sals igEge-¢aRUENG §VeMtgnal ~bei ng
indicative at least in part of a geo-location of said
a ighat-poaitionirigsy stere (GRS )deceingr emeivingr&dRS sigpalsranshissuing to
event; and 10 a conputer systemreceiving and storing
said imagélééptmm?c&ﬂb_ate%is?@t@mIo@adoﬁ diath signalsdagicativeeof a longitude
geo-l ocating signal; and i mage and data acquiring
. u . | .
and latit (Z% é?@él@ |ﬁ1%§%_z‘[ég7tl§rﬂfidjdé\ﬂ@€9§t I@é&ﬁsénggéfgt% \Aﬁﬁgu% dvétit;

one g cating signal, sal
patir h_.sal i - ' I '
R e OGP 1 SRS (R Th8 g saptirie ompyter system
velocity g S0als RUFEING S UeIatty SESRd gReogsar g docaet pagh said
and said at |east one geo-|ocating signal

image-capisippgteivest;y conprise at | east one of: a clock issuing
to said i mage-capturing conputer systemtinme data

agygostiope i8Nt 68id/itvage S A RTTIdISADPBIcI3YS2En a pitch signal, a
indicative of a tine of each said inmage-capturing

roll sign&Y 8Ad a yavdsighabPalspeesidly Ridididive)stteepitdhGrsl) anid 9aiv\irsaid image
recei ving S signhals and issuing to
capturing device at each said image-capturing event;

a compass issuing to said image-capturing computer system heading data |
signals indicative of a heading of said image-capturing device at each said image-
capturing event; and

an altimeter issuing to said image-capturing computer system altitude data

signals indicative of an altitude of said image-capturing device at each said image-

capturing event.

3. The system of claim 1, wherein said at least one geo-locating device and said
at least one geo-locating sig'nal respectively comprise:
a clock issuing to said image-capturing computer system time data signals

indicative of a time of each said image-capturing event;
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sai d i mage-capturing conputer system |l ocation data
signals indicative of a longitude and latitude of
W@ anod/oiigsagye- capt uri ng device at each said PCT/US2003/035528
i mage-capturing event; an inertial navigation unit
(INU) issuing to said inmage-capturing conputer system
velocity data signals indicative of a velocity of said
i mage- capturing device at each said 10
I mage-capturing event: a gyroscope issuing to said
a ighadgd-peaiioningrey staimiGPS)) regeiveniesepind&PS gigaals and issuing to
roll signal, and a yaw signal respectively indicative
said imagé-cappuringhcomplier spstepralocafios dath signgle indiaptive ohg longitude
devi ce at each said i mage-capturing event; a conpass
and latith &S bf %dtir‘haééidégtdfﬁ@ed@\ﬁéé Hf £86h SSANKTagE-PIATY event;
headi ng data 15 signals indicative of a headi ng of
S ) . . ¢ ) L )
o fifs TRARGRR I MUT ReLR Rledd gl cpt e Samputer system
.. I, mage-capt uf.i C uter. systemaltitude data .sigpal ,
velocity figfa: gty dndieativg b Yoty ¢F said iapsigalutig, dhvicedl Sach said
) devi ce at each said inmage- capturing event. 3. The
image-capigfiBen®yeNEl ai m 1, wherein said at |east one
geo-l ocating device and said at |east one
a gymdcopatissuing taysaitl imagpesapturing/caroppier system alpiich signal, a
issuing to said image-capturing conmputer systemtine
roll signalpaiad aiyemasignal redpectiveleindicative ioffea gifche eslharsdiyalw of said image
i mage- capturing event; 34 WO 2004/ 044692
capturiné’gé(/iég?é?@cﬂ%@ﬁ?ﬁna%;%aﬁﬂuﬂh@'ev@ﬁﬁ' tioning system (GPS)

receiver receiving signals and issuing to said
a:cwgggﬁ%edf@ Rgséﬁg E@%@ggﬁ&ﬁﬁ%&ﬂﬁﬁﬂ&%@% ReShPgHata
signals indicative of a heading of said image-capturing device at each said image-
capturing event; and
an altimeter issuing to said image-capturing computer system altitude data

signals indicative of an altitude of said image-capturing device at each said image-

capturing event.

4. The system of claim 1, further comprising correction data indicative of
characteristics of said image-capturing device including focal length, sensor size, radial
distortion, principal point offset and alignment, said image and data acquiring software

utilizing said correction data to correct captured images.
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and | atitude of said inmage-capturing device at each
sai d i mage-capturing event; an inertial navigation
wairio/0§46bt)) i ssuing to said i mage-capturing coPQLIUS2003/035528
system velocity data signals indicative of a velocity
of said image-capturing device at each said 10
I mage-capturing event; a gyroscope issuing to said
i mage-capturing conputer systema pitch signal, a
roll nal , and a yaw signal respectively i ndi cative
S5offhg ﬁwﬁ%@h of glgim TafartienFasmpEsing an padeut Q@éﬁtﬂlﬁ cliggted by said
devi ce at each said i mage-capturing event; a conpass
image and satenacquirirgasoftvaey sachputput d@tad'derinmwﬁngwsplerality of image
headi ng data 15 signals indicative of a heading of
files andSgusitionahgstecedttespondirifiol sschpéf sxad plurality of irgge files.
capturing event; and an altinmeter issuing to said
i mage-capturing conputer systemaltitude data signals
i ndi cative of an altitude of said inage-capturing

6 oy e R B PR EprbBRh A PRyBEERrnthe i pgoe-

_indicative o eristics of said | e-capturing
capturing|ggiice 3 Precs rﬂgﬂ@%@hﬁ‘anwwe 2 8Hdare of usrestar al
di stortion, principal point offset and alignnent, said
i mge and data acquiring software wutilizing said
correction data to correct captured i mages. 35 WD
7 200c8rigdiesize Py sioBR It A €R8EAG, genloddtmgs patienakihgcl ai m
1, further conprising an output data file created by

measurehiéritsibaRee L@)@ﬁ cEptdredcsbliqughages  vnerisingl d out put
data file including a plurality of image files and

t h of d
<SP R a9 (o sl of =2

an image and data file accessible by said system and including a plurality of
image files corresponding to a plurality of captured oblique images, said image and
data file further including positional data corresponding to said plurality of image files;

image display and analysis software executed by said system for reading said
image and data file and displaying at least a portion of the captured oblique images as
a displayed image, said software retrieving said positional data of one or more selected
points within said displayed image, said software calculating a separation distance

between any two or more selected points within said displayed image.

8. The system of claim 7, further comprising a ground plane data file

representing a tessellated ground plane, said ground plane data file accessible by said
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6. The systemof claim1, further conprising a
platformcarrying said i nage- capturing device a
w@e@detspi ned di stance above a surface of i ntePCEEE2003035528
A conputerized system for displaying, geolocating, and
maki ng neasurenents based upon captured oblique
I mages, conprising: a conputer system having a nenory;
an i mge and data file accessible by said system and
including a plurality of 5 inmage files correspondi ng
computer systep), neid grounsk plaag datafiledpprepestingnadesselisied grcmgieplane
and data file further including positional data
that closelyrapgapxinditeg at easabgaoplian af theytenrhin deyjeteld widsin saithgaptured
di spl ay and anal ysis software executed by said system
oblique iffigeseadi ng said image and data file and displaying
at% east a portion of the captured oblique inages as
a di splayed i mage, said software retrieving said
positional data of one or nore selected 10 points

hi n di spl d sai oftvvar al c | g

0 Thg el 5 Sl B e roBerHi LiRalg Ry UPSIPE? fifh

sel ect ed p0| nts within said displayed |rra
comprises, g pliralily of intergonnectad fasetss @ﬁ’rﬁg 0§ iSﬁgi @Jugﬁ @aﬂefq@%ﬁnféavmg a

data file representing a tessellated ground pl ane,
respectigapifchyandistbpel. ane data file accessible by said 36 WO

2004/ 044692 PCT/ US2003/ 035528 conputer system said

ground plane data file representing a tessell ated

ground plane that closely approxi mates at |east a

1@0"|'Bb‘§§/sﬂ=,fm R eIiAId, WHErdPR A BFbUMd ﬂﬂ'aﬁe%@té‘ fikPE8rHpRsks a

oblique i mages. 9. The systém of claim8, wherein

plurality 8?(/&’0%:5%5 4ha5fes%n(9 @g}rr:ﬁlﬁé{x% g@ﬁlcfeg rhtalleﬁ'feqa e%BgPtF \}esglgvgtlons and

acets
pl of facets_hav

defining corners o% gald plura(fl?y of m?erccr)]r%ected facets, two of said plurality of

vertices shared by each of said interconnected facets.

11. The system of claim 10, wherein said image display and analysis software
identifies which of said plurality of facets corresponds to a selected point on said
displayed image, and calculates an elevation of said selected point dependent at least
in part upon the elevation of the vertices of the facet corresponding to the selected
point, said image display and analysis software using said calculated elevation for
calculating said separation distance between said selected point and one or more

further selected points.
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respective pitch and slope. 10. The systemof claim?9,
wherein said ground plane data file conprises a
w@bamaldedy of vertices, each of said pluralityPoOf/US2003/035528
vertices having respective el evations and defining
corners of said plurality of interconnected facets,
two of said plurality of vertices shared by each of
said interconnected facets. 11. The system of claim
10, wherein said image display and anal ysis software
12.d&heisysiesn ahcleimdi, sdieteipisaichiimage disptaycandsanalysis software
corresponds to a selected point on said displayed
calculatgsnmpeighfoflan abjadt atithin said elisplayedimade bpicdicaitingtthd
poi nt dependent at least in part upon the el evation
separatiéh dFs%déetBét\AFe%ﬁ o 6rrlﬁofea§eﬁéct6@rdoﬁﬁt§0nd' ng to the
sel ected 5 point, said image display and analysis
software using said cal cul ated el evation for
cal cul ating said separation distance between said

136 TRE ST abrisan b Whesgn e fassslibier@rate Bras s age of

syst em of cI aim11l, wherein said inmage display and
superimpgRad,pan gad fikig said cigriayed WRage.hei ght of an obj ect
wi thin said displayed i mage by cal cul ating the
separation di stance between two or nore sel ected
points. 13. The systemof claim8, wherein said

14 e7neldysterdl of cRINT , pHRR€Ini hid Ragé displiieandransigsiswoftvare
and fit to said di spl ayed i mage. 14. The system of

mcludesQJs%‘r%l?a-ctéMl@h?é UFRgo &I cc%s%gilé!’hlﬁﬂgh%??ééé‘f bfe of pull-down

software 1 ncl es user-se ecta [ e nmeaSuri ng nodes

mens, BEEERE AR SRR B e ° PO T

15. The system of claim 7, wherein each of said images were captured by an
image-capturing device and at respective image capturing events, said positional data
of said image and data file including:

time data representing the time of each image-capturing event;

location data representing the location of the image-capturing device at each
image-capturing event;

orientation data representing the orientation of the image-capturing device at
each image-capturing event;

correction data representing correction factors for the image-capturing device;

and

38



15. The systemof claim 7, wherein each of said images
were captured by an image-capturing device and at
WO e®poetcdye | nage capturing events, said positPONEE2003/035528
data of said image and data file including: tine data
representing the time of each inmage-capturing event; 5
| ocati on data representing the |ocation of the
i mage- capturing device at each inage-capturing event
orientation data representing the orientation of th
elpvatinn daist r@preayrweg.%ba\@rag%alﬁvanﬁa@éﬂ@%w&a%@a@vm by the
correction data representing correction factors for
image-captaringageiceapt uri ng device; 10 and 38 WO 2004/ 044692
PCT/ US2003/ 035528 el evation data representing an
average el evation of the surface captured by the
i mge-capturing device. 16. The system of claim 15,

1%?5‘3'5{‘!8% gféﬁf\:%ogvg@élf\ 4o |dedaisn [datd fn‘d:ﬂ.ﬁies latitude,

e |nage cap uring

e HfcgLpnng sven

i ncludes roll, pitch, yaw and headl ng of said
i mge-capturing device at each image-capturing event.
18. The data set of claim 15, wherein said
17 nilpe-syspernof olpinels, sdarsinzsait ateatatign dlataingludes roll, pitch,
correction data includes at |east one of focal |ength,
yaw andSesiig of g8id imsgedaptuinigodevips Bheach image-capifihgevent.
di stortion, and pixel pitch. 19. A conputerized nethod
for taking neasurenents within a displayed oblique

18. The data set of claim 15, wherein said image-capturing device is a camera
and said correction data includes at least one of focal length, sensor size, aspect ratio,

principle point offset, distortion, and pixel pitch.

19. A computerized method for taking measurements within a displayed oblique
image, comprising:

selecting with an input device a starting point and an end point on the displayed
image;

retrieving from a data file positional data corresponding to said starting point and
said end point;

referencing a ground plane data file corresponding to a tessellated ground piane

having a plurality of facets, each of said facets having a respective pitch and slope, said
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I mage, conprising: selecting wth an input device a
starting point and an end point on the displayed
WO pwg®i4692 retrieving froma data file positi onetT/U81083/035528
corresponding to said starting point and said end
point; referencing a ground plane data file
corresponding to a tessellated ground plane having a
plurality of facets, each of said facets having a
respective pitch and slope, said 39 WO 2004/ 044692
tessella,t@sl-gmp gsiosgly matehing adedaigralsaid displayediakdiqlg image;
matching a terrain of said displayed oblique inmage; 10
eoneetng agidssiaxdingtandt endypaints withl lineiseymenits,sdid ke segments
segnents, said |line segnments conformng to said pitch
conformzing ts kaidepitth syl Qobé@e_géidt@céféetb('?tﬁérefbg!fbﬂth%éIodﬁerrain; and
terrain; and calculating the |linear distance along
n : .
et PP TP DicTarR® 0] <3 b bR pief Hid starting
’ i cets .. The hod, of claim 19,
and end OIS flor S AIUREEI ap@ing FBGHATH Stk Soes usplt Fisps e
upon sai d displayed oblique i mage. 21. The met hod of
claim19, conprising the further steps of: selecting
Wi th an input device one or nore internediate points
28n thrematked afelaim i1Raybereinisapickigsagldted graumdiplatds
file positional data corresponding to said one or nore
superimposed epoadiaid displziyeti cibligond imageect i ng adj acent
i ntermedi ate points to each other, and connecting said

21. The method of claim 19, comprising the further steps of:

selecting with an input device one or more intermediate points on the displayed
image;

retrieving from said data file positional data corresponding to said one or more
intermediate points; and

connecting adjacent intermediate points to each other, and connecting said
starting and end points to adjacent intermediate points, with line segments, said line
segments conforming to said pitch and slope of said facets to thereby follow said
terrain; and

calculating the distance along said line segments between said starting and end

points.
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starting and end points to adjacent internediate
points, with |line segnents, said line segnents
wa@ eovfosasdng to said pitch and sl ope of said farer/5S1003/035528

thereby follow said terrain; and 10 cal cul ating the
di stance along said |ine segnents between said
starting and end points. 40 WO 2004/ 044692
PCT/ US2003/ 035528 22. The net hod of claim 19, wherein
said plurality of facets each correspond to equa
% o hide pretbed af alaip| 18y wdheseinisqitk pluralijy of ER:etThachmesirespond to
of claim19, wherein said plurality of facets each

equal afeas ofcsid displaagdalbliquetimagef pi xel s of said di spl ayed
obl i que image. 24. A conputerized nethod for taking
measurenents from an oblique i mage displayed on a
conputer system at |east one input device connected

; : ile .
20 B MeRABp Ut Blim 15 Wi el BRI E LT el gactuinelpdes an
| Encl pding. tured i,nages and positional data

equal ngﬁpgggégﬁ(gﬁn %Hiagp&yegé?bgﬂ%ged%‘ﬁﬁﬁt eri zed met hod

conprising: placing the conmputer systeminto a desired

one of a plurality of nmeasurenent nodes, the desired

measur enent node configured for calculating a desired

24e o5 grEPRIRZEdanetodrgr takinginteasgrerents from tameoblique image

di spl ayed image; 10 retrieving the positional data
displayerbom espomplitagsystesaiatilesistohé Mpudetice corleefdd ©% A8 computer

end point on the displayed i mage;
system, an image data file accessible by said computer system, said image data file
including captured images and positional data corresponding thereto, said

5  computerized method comprising:

placing the computer system into a desired one of a plurality of measurement
modes, the desired measurement mode configured for calculating a desired
measurement;

selecting a starting point on the displayed image;

10 retrieving the positional data corresponding to said starting point;

selecting an end point on the displayed image;

retrieving the positional data corresponding to said end point; and

calculating the desired measurement dependent at least in part upon said

positional data of said starting and end points.
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retrieving the positional data corresponding to said
end point; and calculating the desired neasurenent
walependwsnt at | east in part upon said positiopPel/USED3035528
of said starting and end points. 41 WD 2004/ 044692
PCT/ US2003/ 035528 25. The net hod of cl ai m 24,
conprising the further steps of: selecting one or nore
i nternmedi ate points on said displayed i mage; and
retrieving the positional data corresponding to said
25+t Eheretgthedobelpith 24, gemprisingribe Hedhes stepaiofn 24,
wherein said plurality of neasurenent nodes conprise
selatiting ameeonTeaauinteTgnetiate poihtswresaio gisplaljet iamege; and
between two or nore selected points, a height
revieving the poetioneptiatdl cdrrdipordiyf BhaidlidtéPhedsk Hshieen
two or nore selected points, a relative elevation
nmeasur enent node calculating the 5 difference in
el evation of two or nore selected points, and an area

. l cul at.i ng. f he grea.enconpassed b
2% T, 5% 8BSim 22, Siaein R piefepr Biasstarmgnt modes
. obli,que i mages of an area of interest with an inmage-
Comp”séaﬂaij% Ne§ ra%%wgcmoﬂreec@lwatma sistaneg betwaendwa efumore
i mmge captured at a respective image-capturing event,
selected ppiftsnat hrightvoepsurnig modeutaltulatiigng hefightatiféerente between two
interest into a plurality of sectors; 5 guiding the

or moredeiadied pomts ryrelatier sibvalidrimicastifeehefymbas gaicuiitigthe
nore target sectors with the inmage-capturing device;

5 differen€@pi dlevatbribt fivd SemoP@g8retRf pBihRRI aH8 UrCareaNRe éur@ﬁLéﬁt mode
oblique inmages to thereby cover an entirety of eac

calculatffnlﬁirtg?ta"f‘ézg‘éhc&r‘ﬁﬁ%%ed By 8Pl thrkaPYfits capt ured froma

27. A method of capturing oblique images of an area of interest with an image-
capturing device carried by a platform, each oblique image captured at a respective
image-capturing event, said method comprising:

subdividing‘ the area of interest into a plurality of sectors;

5 guiding the platform along a first path to thereby target one or more target
sectors with the image-capturing device;

capturing with the image-capturing device one or more oblique images to thereby
cover an entirety of each said target sector in oblique images captured from a first
perspective;

10 guiding the platform along a second path to thereby target said target sectors;
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perspective; 10 guiding the platformal ong a second
path to thereby target said target sectors; 42 WO

WQo4/00464592 PCT/ US2003/ 035528 capturing w t hPrees2003/035528
I mage- capturing device one or nore oblique inmages to
thereby cover an entirety of each said target sector
in oblique inages captured froma second perspective;
repeati ng said guiding and capturing steps al ong paths
substantially parallel to 15 and spaced apart fr

capiuiing withithanmagesantirng dviemane apsmre@hane Ir@ag%ﬁ%thereby
oblique inages to thereby cover an entirety of each

cover anoéntafycbfachaddid yargét sectooinwohliquelinages captuyed from a second

captured fromeach of said first and second

perspecﬁﬁar spectives; and recording positional data indicative
a geo- Iocatl on of said inmage-capturing device at

O OBy 000 N Sl ot
L e T

wherei n said second path js al so s ced

images odharaty @vepanentEely of wachef gl R fphsSaors in'obllque images

conprising the further steps of: gui damg the platform
capturechfromgezcit of sald fiastrandosadeadeigyspesttyes; nor e

target sectors with the inage-capturing devi ce, said
réddirdifig pashiopeal dgtasinbichtivg bhé lggo-lpeatipandi saill dnage-captuting
first and second paths; 5 capturing with the

device ait%%gﬁg)rﬁéﬁé%bﬂﬂidaeé’\}é?ﬁ. one or nore oblique imges to
er eby

28. The method of claim 27, wherein said second path is substantially parallel

relative to and 180° (one-hundred and eighty degrees) from said first path;

29. The method of claim 28, wherein said second path is also spaced apart from

said first path.

30. The method of claim 27, comprising the further steps of:

guiding the platform along a third path to thereby target one or more target
sectors with the image-capturing device, said third path being substantially
perpendicular to said first and second paths;

capturing with the image-capturing device one or more oblique images to thereby
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43 WD 2004/ 044692 PCT/ US2003/ 035528 capture an
entirety of each said target sector in oblique inmages
weapiotez froma third perspective; and repeapPCTySmas/aBs528
gui ding and capturing steps along paths substantially
paral lel to and spaced apart fromsaid third path and
capturing one or nore oblique inages to 10 thereby
cover an entirety of each of said plurality of sectors
in oblique imges captured fromsaid third i
capture gjeeBiety Pleacts3aid taedahserion inPblqus iIMmages captpiedsfromg a third
the further steps of: guiding the platformalong a
perspectivepentl path to thereby target one or nore target
sectors with the image-capturing device, said fourth
repabtind eaidoydingt et captlsing stepks|atdng paths sidistharitiily garallel to
path and 1800 (one-hundred and ei ghty degrees) from :
and spac;egiwgpér’f‘ Froth BabRhird p%grr’éh’d] cAgtuing D 6r iBRIBDERRS iMiddes to

ce one or nore Ique 1mages to thereby "capture
[ 0] - I
tereby AYeF B0 R ¥ SRR ol by SEGHRL ] Bkl HBes capturec
.repeating said guiding and capturing steps al ong paths
from Sa‘gﬁﬁﬁ%‘ﬁﬁgﬁﬂ“ﬁ?-par allel to and spaced apart from said
fourth path and capturing one or nore oblique inmages
to 10 thereby cover an entirety of each of said
plurality of sectors in oblique inages captured from
3tatte foethbl of elaime?,icomprising fitesfuntbehetbpsfofc| ai m 31,
wherein said fourth path is also spaced apart from
gWiding theipiatfdrat Blond fourth path to thereby target one or more target
sectors with the image-capturing device, said fourth path being substantially parallel
with said third path and 180° (one-hundred and eighty degrees) from said third path;
capturing with the image-capturing device one or more oblique images to thereby
capture an entirety of each said target sector in oblique images captured from a fourth
perspective; and
repeating said guiding and capturing steps along paths substantially parallel to
and spaced apart from said fourth path and capturing one or more oblique images to

thereby cover an entirety of each of said plurality of sectors in oblique images captured

from said fourth perspective.

32. The method of claim 31, wherein said fourth path is also spaced apart from

said third path.
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