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OBLI QUE GECLOCATI ON AND MEASUREMENT SYSTEM

CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional
Patent Application Serial No. 60/425,275, filed
Novenber 8, 2002. TECHNI CAL FIELD 5 The present
invention relates to photogrametry. More
particularly, the present invention relates to a

nmet hod and apparatus for capturing oblique i nages and

obj ect DT B AN A R RB P S (e

Phot ogrammetry is the science of maki ng nmeasurenents
of and between objects depicted wthin photographs,

CROSﬁE§%E$§m6%@Wqﬁangggl lo%/ t er restrial

feature n erl a erefrom
Ao %*H@.fbﬁgﬁﬂaft e evaioeLEaes: it seral
and si zes_ of ects _within the images.
No. Gﬁfﬂ?t%?rghm%’tm?’e%@b €8%-nvol ve coupling the
phot ographs 15 with other data, such as data
representative of |atitude and |ongitude. In effect,
the inmage is overlaid and conforned to a particul ar
TECHPpHEALIFIELSr di nat e system  Convent i onal
phot ogrammetry i nvol ves the capture and/or acquisition
ofT herprésad mveniioragpddes Thehatogrgeweatpt Uvlomgpatiuilanly, teupiesent
as a camera or sensor, is orthogonal inmages. The
invenition gelatait armethod end eppasaichfoasaptudagreblaguer ineges and fors
carried by a vehicle or platform such as an airpl ane
measuringdtebbjetis, andntsthisceal teweat tha objetits depiolaatthbhit. 1S
directly below and/or vertically downward from t hat
platform The point or pixel in the inmge that
corresponds to the nadir point is the only point/pixel

BAcKkB#ouRpt ruly 5 orthogonal to the image-capturing
device. Al other points or pixels in the imge are

‘%‘h‘é?dedré(r}isﬂ%lt#%ﬁers%ie?ﬁ:b‘b? rﬁa‘k:q‘gr}ﬁ%éém&ﬂeﬁ%%‘érnh%tween objects

devic S Or

depicted within photographs, especially aerial photographs. Generally,
photogrammeiry 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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increasingly distant fromthe nadir point they becone
increasingly oblique relative to the inage-capturing
devi ce and the ground sanple distance (i.e., the
surface area corresponding to or covered by each

pi xel ) also increases. Such obliqueness in an 10

ort hogonal inmage causes features in the inmge to be

di storted, especially images relatively distant from
the nadir point. Such distortion is renoved, or

orthoa L ke 6t e SpP ROBIESIER: B abdBoray sensor, i
oo ISR LB e SRRl LAY d L1 8

_orthometric grid or 15 coordi nate system The process

point thef ispitacdly pelew andifivesirady dawawaghfrehdlal RigEa: nfhy point or
pi xel s have the same ground sanpl e distance and are

pixel indhe émegsithabcerrspaods i themadir paint is iei anly epindpixel that is truly
ortho-rectified i rage can be |located using an X, Y

orthogaeb kalinedmags gsplannadayice s dlilatingy pwints pepikela de thedimageiage
known, the length and width of terrestrial features as

actualiywebligueaslatine tar tbk dnbge-cdpiiiag cdevivet e dme poiotseorfrixeisibesome
can be cal cul ated. 20 Al though the process of

increasirighh distast frof thaniadin pomhrenstsdoemd incraasiagly @blifos relative to the
oblique distortions in an orthogonal imge, it

image-tcaptuany dedcobmethelndasd sabbe: distahos iieqnise amdday arda
i naccuracies in the ortho-rectified orthogonal inmage.

correspRidari © dteplatedyicach pbbld-dacincfdaeds. suthogrn@hesdingrs
may be difficult to recognize and/or identify since

orthog R im QRS 84068E Seatied i e MTdYeStb YERIsthbBed, i RpPbialPiphR1ES |
particularly terrestrial features, fromabove. To an

lati LB 8dmaRs gRNEbo@R Ortho-rectified image has a
realVélry]urribelrn of di stor|t Pons. Roads that 5 are actually

bRHGPREEMobM R d ﬁ!b‘é el 4618 tHEPY o BRREGH orfrfd-
?lhfﬂ? ’ ur@ﬁer , 8rt 0- Pe t |n #ﬂeeg (? rrages crgnt aln

- . i.al ' ' . i .
eI 8o S, PRI SRS O, 08 bobotfl e o
. of or; or.,orthorrect fifi onad
rang < uBbERGRE BB CorRebhR BRI ey o ERRER o

.anal ysts om have e . .

coordinate sys em. he 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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under gone years of specialized training and experience
in order to identify objects and 10 terrestria
features in such i mages. Thus, although orthogonal and
ortho-rectified i mages are useful in photogrammetry,
they lack information as to the height of features
depicted therein and require highly-trained anal ysts
to interpret detail fromwhat the inmages depict.

ol ique images are inmages that are captured with the

oo T PP O AR OheS B AR
o i TSRS L S .

terrestri aI fea,turg such, as houses bui | di ngs and/ or

are noygfeHeteMed Oa\ée"WQQP g6tsy H@rttcglgﬂgtqrf?@;r@bfeaturﬁﬁ Om@@wwrg'fo
an oblique image is nore natural and intuitive th

an untrginegl aigerves aprarthegenitlied dmage fAs aruerler ot distarkiens. Eﬂ@ﬂs that
even casual observers are able to recognize 20 and

are actalestpight appesesyrvedpnd buildingssmay @ppearde titbfugher, ortho-
depicted in oblique imges. Each pixel in the

rectifiefl inageocordaiofsubataotidliyneeinfaregtion es kethpdeight vbtearestrial
relatively small area of the 3 surface or object

featurede dihetie@rfretation apdcinafysised vohndoml retl/ohaghareddifed vel y
small ground sanple distance) whereas each pixel in

orthogdrng imagdgisaysicaiiyperfesped tig highhatraintdbinatgdty whoat bavear ea
of the surface or object depicted (i.e., each

underdone ke aaustdpeittedifEniag babakpyidnte ih arde tgidently chieqs and
di stance). olique inmages capture a generally

terrestﬁétmaﬁésdﬁlsuaﬁﬁﬁa%b’ 5 view of the subject surface or
object, with the toreground of the trapezoid havi ng a

?H%ta@fﬂbhéﬁ bithSdBHat 8Rd SRROLIASLLSIBIRh &Y &b @Béﬁ:l W-e, a

hi gher resolution) than the background of the

photog?érﬁ%ér?gﬁle%%k' lﬂi‘éﬁnéﬁﬂ?ﬁgé‘ssto%@ h%%ﬂ?b]dl%éﬁl%é éi’e &e@fthere[n and

0 use I n photogrametry. The venti ona

requ,regm@@grounegaﬁagyﬁ% @qg%%gya&wg@w ﬁéﬁﬁéj rﬁéqe%%wd and
OBlGGH MhddCarb SO RVt aBelrs vd.mﬁeem%e-caapmmg 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 fealures, such as houses, buildings and/or mountains, as well as the
tops thereof. Thus, viewing an obligue 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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systemdramatically distorts the oblique inmage and
thereby renders identification of objects and the
taki ng of neasurenents of objects depicted therein a

| abori ous and inaccurate task. Correcting for terrain
di spl acenment within an oblique i mage by using an

el evati on nodel further distorts the i mages thereby
increasing the difficulty with 15 which neasurenents
can be nade and reducing the accuracy of any such

suﬁac%@ébﬁé&%ﬁ%&ad gtéu Ssach fféijégtiﬁ{ﬁdcfﬁl(ét BUE 4 rg%Weﬁy 321l ground

consi no use

rete .
sampl%%ﬁ%ag%éﬁv”ﬁ?%eé&@@ﬁ&s hiaS PRt eidie &gﬁ“fsp(’f“gsafbu? flatively
depicted therein 0, Th ore, ed in the.
large <54 o8 SuHAEH oA UehpTrEl & st sheBulf Wﬁﬂt@w ffﬂafeve*v
enab] e o-l ocatio nd accurate nmeasurements wit
large %%tmdqi?@% chsfaredBoffie.Bireits tomare poeneRILY AL Brea or
art is a nmethod and apparatus for photogrametry that
view obthgsuBiechelirfrce Q5 0BIRsH Wiy tha dprgatauing o thelrapezpid havinghe s
of objects wthin an jmage. 5 Furthernore, what is
substaptialtyesnalier grasingrsemple disiasce dice. aa hidhep Easelution} en the
photogrammetry that utilizes nore intuitive and
backgrnandmgtheutmégrd SUMVARY OF THE | NVENTI ON The present
i nvention provides a nmethod and apparatus for
EXgitiue inmeges a0 cdhsigémylitage ddiidleraitiongerie abatograanmstrpf The
obj ects and di stances between objects depicted within
conventlonabamproacigefSorciritethp vas euly-sixed fioegrouad mpditeekgrolind pixels
one formthereof, a conmputerized system for
of an atiliqud myagegintoge ahiturat singto thokbyatdrp gherkemy ente Btofdindte
captured oblique inmages. The
system dramatically distorts the oblique image and thereby renders identification of

objects and the taking 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 gec-location and accurate measurements within oblique

1
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systemincludes a data file accessible by the conputer
system The data file includes a 15 plurality of inmage
files corresponding to a plurality of captured oblique
i mages, and positional data corresponding to the
i mages. | nmage display and anal ysis software is
executed by the systemfor reading the data file and
di splaying at |east a portion of the captured oblique
i mges. The software retrieves the positional data for
ne or nore user-selected points on the displayed
‘'mage, and cal cul ates a separation distance 20 between

two or_.nore selected points he ,separati on
Htect ot hradsb i the arden Mabed BRdBPBTER 8T or i ne
vari ous ra ers including linear distance between, .
photogiamaly el BRI DE TIPSO ASIaRts RNEUERVGMENS ahehiects
... height difference between selected points. BRI EF
within BEép2g9°TI ON OF THE DRAW NGS 5 The above- menti oned and
ot her features and advantages of this invention, and
Frehammtier woat ianeaded inghe ietis avnethod end meparepsrfent and
be nore conpletely understood by reference to the
photogramimeiiy nigatddiizes porointuitivecans ratbradlinnages. of t he
i nvention when read in conjunction with the
acconpanyi ng drawi ngs, wherein: FIG 1 illustrates one
enbodi ment of a platformor vehicle carrying an inage-
SUMMKRY OFt THE B¢vVEMIt@M of the present invention, and
shows exenpl ary orthogonal and oblique inages taken

t her efpyie pfdsent idvestich stodigeaBRSthed &h@‘é[pgé{aﬁdsqor capturing,
i mge-capturing systemof FIG 1; FIG is a block

displayih@@indMalind RRabiRARESBE SUjLAE 2R TR Res DERIEIA Hje&b -
2; FIG 4 is a representation of an exenplary out put

depict&BhRnhihich8a int i mage-capturing 15 systemof Fig. 1;
P FI G l5 isqa [blag%? di agram of one enbodi nent of an

B IFent RvBNtidH Gomprises, in one form thereof, a computerized system for

image

displaying, geolocating, and taking measurements from captured obligue 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 obligue 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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measur enent conputer system of the present invention
for displaying and taking neasurenents of and between
obj ects depicted in the inages captured by the image-
capturing systemof Fig. 1; 20 FIG 6 depicts an
exenpl ary image di splayed on the systemof Fig. 5, and
illustrates one enbodi nent of the nethod of the
present invention for the neasurenent 6 of and

bet ween obj ects depicted in such an inmage; FIGS. 7 and

. it . . ¢ .
encogsrod AR 1808 ofARGH O aha Reigfy TPl i E@PLYELAY
pointslo illustrate a second enbodi nent of a method for
‘capturing oblique 5 imges of the present invention.
Correspondi ng reference characters indicate
correspondi ng parts throughout the several views. The
exenplifications set qut herein illustrate one
BR[EFpPﬁgEW%BO@lﬁngH%HRAWfN@ﬁe i nvention, in one form
and such exenplifications are not to be construed as
ITihgi abioMgrmarsiosed pad etharfieatiies andiasivaniagas pf thi;inwentiopgand
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring now
the marmer heatthisiog tiysm, Wil depameiapparent gnd be Rigre compdetely
enbodi nent of an apparatus for capturing and
undersiead by edferegco bl theuelidwing dssaitivh ef pne seriodimerd ol Heninvention
shown. Apparatus 10 includes a platformor vehicle 20
when teladtin camjunai®niwitigibe capbmpamgng dGwinus, gberasat i ng
system 30. Platform 20, such as, for exanple, an
FIGPI dinetratepane cpibddiment df aqittorms@twehidlé Barrgiig afiiage-
ot her suitable vehicle, carries image-capturing system

capturi$@ ?\é@m &f e PHeddnn Rl cAli®f a8l shans cREMPRRY BFfthd@IrR and
predeterm ned altitudes above surface 31, such as, for
obliqu€¥AdIsSaken 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
measuremeant 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

ilustrates one embodiment of the method of the present invention for the measurement
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the earth's surface or any other surface of interest.
As such, platform 20 is capable of 20 controlled
novenent or flight, either manned or unmanned, al ong a
predefined flight path or course through, for

exanple, the earth's atnosphere or outer space. |nage-
7 capturing platform 20 includes a system for
generating and regul ati ng power (not shown) that

i ncl udes, for exanple, one or nore generators, fue

of and3RSen 5%%-&3'&%“3%%@@%(”%‘?@@} teries, for powering

i mage-capturin ge-capturing and

I [ in Fig..2,
iS5, Dt e te S ShiboRRndf 2t P3G I8 gl oblaue
: I I [t 1 oni. system (GPS) receiver 34, an
lmage?ﬁgﬁ%ipggg%atw\%ﬁb{;%n unit (INU) 36, clock 38, gyroscope
c A2 and altineter 44, each of which are )
Flogr 2aRAaR/ 5 » SehenEohpdiionnt s simdior Sombena oblique
. 46, .1 mage- capt ur.i ng devi ces 32a and 32b, such as, for
'mage%QBI?ﬁIFg,gsec’gﬁg@mf?%nal caneras, digital caneras,
gjﬁgi tal sensors, charge-coupled devices, or other
keSBPRAING fefpionga chalmctars Hyicis rereesponding papisihieughout the
capturing i mages phot ographi cal I'é or electronically.
severyl Mighs. dagtaxemmliiepsions sst adeneia iRizbateane watamedambodiment
determ nabl e characteristics including focal |ength,
of the waRtinn, 1 ore fand, arpeuth exarmplificatintisaire antitocdteheonstrued as
. distortion terms, principal point offset, pixel pitch,
limitinghthe seppgafihstinvantiagdn eapmaninag  devi ces 32a and 32b
acquire images and issue i mage data signals (IDS) 48a

and 48b, 15 respectively, corresponding to the
particul ar i mages or phot ographs taken and which are

DESCRIRTION OF THRBREFERRED EMPODMIERTSSYSstem 46, as wil |
be nore particularly described hereinafter. As best

Feing Rowitd theldralWiRBC af@BEHCLIBEY gﬁﬁiiggg,sorgéﬁ%ng?@n%%{)of an

have respective central axes Al

empardBVk oo LA LANELEh U ke By A
shown! ApbaRitih o RlcRRRs 2 ptklSiht BAMd e 30K cArrded 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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virtually any oblique angle, but is preferably from
approximately 20 (twenty degrees) to 8 approximtely
600 (sixty degrees) and is nost preferably from
approximately 40 (forty degrees) to approximately 50
(fifty degrees). GPS receiver 34 receives gl oba
positioning systemsignals 52 that are transmtted by
one or nore gl obal positioning systemsatellites 54.
The GPS signals 5 52, in known fashion, enable the

L e
eGSR Ty PR

i ndicative of t.he [eci Se | ocati on of
and/Ofﬁ?Q%?%% % %OW%rf%t’F\?ge"Cép%‘ﬂPﬁ G ocat on
nals/data SS cor % to each image captured
?}9 g gl org GrRURE BG40, 65 Diat Seind e s
st or.ed e-capturing conputer system46. |NU
image %Pfiu&n% d@&’ﬁ@% AER aﬁ%ﬁ% resloPal PasdipnggtsysienutBrS) freeives 34,
coupled to and detects changes in the velocity,
an ’“e*’t'ﬁ'c'?ﬁwﬂq{@ntq%tr{wlé)t?r% GiICk 3fdgyreseanedthicomehss #2 ynd gitimeter
e- capturing devices 32a and 32b and/or platform
44, eacﬂno wiich 26e nsergernapéadovith imadegeriiteringatanpler systiéro d6i ve
of such velocities and/ or changes therein to
imagrecapipting daygcendriard 3215 siybtasniodxamplec borsientiesal
vel ocity signal s/data 58 corresponding to each i nmage
camergsapligitaedambrasi diggal-seaporay cheggelevipies dédeesind oB Ry saitable
recei ved and stored by inmage-capturing conputer
image-sgstueng 46viceh,ark c3faiie epsamuiiginiapes hov greataHe went
(time of validity) that is used to synchronize events
electronictiy. ninagrgeaptamig ddvitgs®2e GrRIBIERE iawht R iihable
Cl ock 38 20 provides tine data/clock signal 62 that is

charactdhidti€aincN@irf fobf8eritie epSort $ip@ ahdd Q&peﬁ;‘f‘ rétﬁa%lél%ndtcﬁl’?&“

by i mage-capturing devices 32a and 32b. Tinme data 6
distortib® terhis0 pRhAYAIGRSht bfséN Fixebitch, and alignment. Image~capturmg
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 Ay and Ay, 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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stored by image-capturing conputer system 46.
Alternatively, clock 38 is integral with

i mage- capturing conputer system 46, such as, for
exanpl e, a clock software program Gyroscope 40 is a
conventional gyroscope as commonly found on airplanes
and/ or within commercial navigation systens for

ai rplanes. Gyroscope 40 provides 5 signals including
pitch signal 64, roll signal 66 and yam15|gna

£ 1
appm%‘% 80 DR B B ) BBy MorB 52»%5@%%6@ forty
si gnal..68.corres ndlng to each i mage
degre%s S‘? é?@’&xlﬁ@ﬁ@g@ ifgg'tc[ﬁgir%%?devi ces 32a and 32b are
|ved and stare e-capturing c r stem
ot T ) POP%PN@Q%W ganﬁgﬁéiw.% al
tronl C conpass, . i ngdj cates headi n
transnmt%cf PEPIe SO R poro o RsteR SERIE s ke GRSsignals
i ndi cative of the heading of platform 20.
52, in kwybfaé . enate dumprigeisp laopdios of @%tfpé”ﬁ@ﬂ\f@gt"f%ﬁ’cﬁwface 31to
stores the heading signals/data 72 that correspond to
be detggaiRed nfediS taspiver g‘&l dgodesifaige signaiauba agd iseveclosatima
and 32b. Altinmeter 44 indicates the altitude of
signalg/tiatefasy, that@re dppénsientat l4astiin pad sipahtGRI dignals$2 and which are
signal /data 74, and inage-capturing conmputer system 46
indicativeosfithe premisk lstativasof phdforml 20 retadiee 40 surdddedstt. d.ctatiomat
correspond to each inmage captured by inage-capturing
signalsldatad@scaB2sspanding 2beacksintagetcaphoed by imageca@uring devices 32a
i mage- capturing conputer system 46, such as, for

and 3Zxampkesived andgndd PynimageaRipirirRecaondbr Setamiusr
i ncludes nenory 82, input devices 20 84a and 84b,

dNBE6aY adinvesticial indRikl haNgdticanshittboid lco(iple@ro BAd Hstects

88. | nmge-capturing conmputer system 46 executes inage

chang@8fh tﬂ@tvélo%ﬁ%ghé[u&lﬁ %@ﬁélmr%z 8R4 roBtiGHaI 'véioéaiﬁb?ﬁ‘nég%a 10
menory 82 nory 2 al so stores data used "and

capturfrdl et &2 aihd IRAGIRH é’tfdr 0.CRPYE ?srs &y §él§&hﬂ§gnals/data
during the operation t ereo and 1 ncl u
58 indRX AP EsuchQRlocities andfor 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-capfurir;g
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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vol atil e read-only nenory, random access nenory, hard
di sk nenory, renovable nenory cards and/or other
suitabl e menory storage devices and/or nedia. Input 5
devi ces 84a and 84b, such as, for exanple, a nouse,
keyboard, joystick, or other such input devices,
enabl e the input of data and interaction of a user
with software being executed by inmage-capturing
comput er system 46. Display device 86, such as, for

stored@%ﬁﬁb@ca?tdfrihg Woth &Eéf%%@ﬂenﬂ#@ p}\ﬁ‘é(rngflve%ﬁacli%Q%Srl?Yntégﬂlaﬁwlth

di'spl ays mat i o user o

e RERIP € o BE Ak 1o W8P SraP Bl s ggprem
f
%%&Wg“@% At et aftitocde 2ol diden Brtthes
and/or: %ﬁc@rﬁ&%ﬁ#rglﬁﬂavﬁj@% ﬁg%{all%lg g't%m onnec@r@scope 40 provides

cul ar at a nals 48, |ocation signals
S*gnaig@c i e ol Bl SBared e vl siose bR Sispepectively
N : aw signals 64, 66 and 68, 15 respectively,
'ndlcatry@efa‘i%h yARHA ygy %w@@rm.&%dﬁ@.wi 644708 slgnpRGan@ yaw
via | /O ports 88 and stored within nenory 82 of
signal SwgeseRpding Wgeét%'ﬁ'ﬁi‘aﬁ@ capliEacklhl wegetaaplsiag devices 32a and
i mage- capturing conputer system 46 executes image and
32b arggeceivachnd staged Rvimagereapgoingwioinyivten systpemdbal |
controls the readi ng, mani pulation, and storing of the
Ssoveasg e pudieds dat exasipaad mnvﬂbﬁ@qi afdcironicapmpass,madjeates
and data acquiring software 90 20 reads i mage data
the hegiligp af plaffdam 20d CBhpasd 2staresshdadam signdiidataEhieyis82.
Each of the |location signals 56, velocity signals 58,

indicativierof tidmheading biiplatizrm POt dhage-chptusans cyraputer gy 46ldceives
64, 66 and 68, respectively, heading signal 72 and

and sterlekitheldleading bighaléfidtd At th-a RbRESHInd tB&ach @Rshd taSred by
exi sting at the instant an image is acquired or

;magefcapmtmhg@ebygeggﬁggmgaggbur| ng devices 32a and 32b and
whi ch correspond to the particular inmage data signals

Aiinetdn g4 il diePiRSARLIS ;SlQﬁor%@Q@ URGEhAEPELRs @ Laltitude

recei ved by 1 mage-capturing comnputer
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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5 system 46 via I/ O ports 88. |nmage-capturing conputer
system 46 executing i mage and data acquiring software
90 issues inmage-capture signal 92 to inage-capturing
devices 32a and 32b to thereby cause those devices to
acquire or capture an inmage at predeterm ned

| ocati ons and/or at predeterm ned intervals which are
dependent at least in part upon the velocity of
platform 20. 10 Inmage and data acquiring software 90

memolF ety B BRaRYs 3R SR el ?ﬂ‘i‘“é%%"gﬁ&uzng
comp i 26 Hrhd o R RB ol BRGRS FBT e, A

itch, and %avv, and the |o

Jroll, | on, of
votati fregzorty biefhiarhd 2ad i s e’ 531 ficSrarpey, movanle
f .e.,. | i tud d latitude, f
memoitarES aptplis” By aHETER Po IR et ernadd i

. 32b is known. Platform 20 is piloted or otherw se
deviceg{4dend: 440 S ah PHAFEIRGH PRy ksxbaardnigystighagsetler such
_ over a particular area of surface 31, such as, for
input deyigep| enable hedraitioh datananchintsractionef suydes vithgottwaee being

earth or of another planet. Preferably, the
execufegdlydmeaptoapiuiigy sarwulst sypieat 4% r Risplryidevise &6, gheh as, for
angles to at | east one of the boundaries of the area
exampb¢, 4 linuid eystal dipFher nathbee rayf tube nlisplpyainfamation taind/ user of
I mage- capturing devices 32a, 32b pass over the area
imageafptuting rcestpuies sgtetpendt® nl/Oatorts &8s suchmag dott exgpurie tdeeial and
size of the area and the 12 anount of detail desired

parallel datshiapategrtdusigpluti pusig penabild thepapdti andl @routiedtaif dateod dnldefrom
I mage- capturing path of platform 20 are descri bed

imageroapuripgrconputarshytehed®i nafter. As platform 20 passes
over the area of interest a nunber of oblique inmges

Heh of &R ARQ-dBscHIBRDGaBARGriAld B GoHRYItEE So PrRycd bR,
As will be understood by those of 5 ordinary skill 7in

compt&esydfdm 46 MRERS paftRuEAP! iHzRE data ﬁgﬁé{é uedioR¥tion signals 56,

i mge- capturing devices 32a and 3Z2b at predeterm ned
velocity E?ggw%lscﬁ?ttiH{eedétQ%%hﬁﬁéﬁ Pk GBIl 8RE yARREIRNE4, 36 ArkPEd,
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 particularly, image and data acquiring software 80

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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part upon the velocity of platform 20. |nage data
signals 48a and 48b corresponding to each i nage
acquired are received by and stored within nenory 82
of image-capturing conputer system46 via 10 1/0O
ports 88. Simlarly, the data signals (i.e., image
data signals 48, location signals 56, velocity signals
58, tinme data signal 62, pitch, roll and yaw signals
64, 66 and 68 respectively, heading signal 72 and

64, 66 aalnH 58“ qfs %&1 ﬁgfggr}%? po gﬂ& %ﬁllt] o% ﬁ@?ﬁ% @%@éﬂlgspesent the

I mage ar rec ore

con B REA ARR Bog BESTE0 d BPl

el e 15.t.0 surfac at t.h recis nonen
devieo 329 Piiage g i ﬁ?f@%sriog% B B bt e i S 462
and 48§Srd aSSOCI qtfﬁ%mgggs?@r{rgergg%ndl A in%%etégp(tegm;gnc%%puter

ng ‘ Z(ggturl ng devices 32a and 32b relative to the
systemp4f Vig 10 PPES B&n B9 CapiErpng apmppisT RYStamMJI6 eecHiiybingge and

i mmge 102. Thus, the exact geo-location of the nadir
data agiifing seftrare PP fsyes dnageragelurnsighy 92daiimagegapiuriog devices
| ocation signals 56, velocity signals 58, tine data

52a angii gkl therebprase, theet Hevines cemeasiirg wakaptugsan B6agenat 68,
respectively, heading signal 72 and altitude signal

predetguninegh tosatidns aralddnat ptedgieiminedirdérvals witgoaal ddpeadent k0 Reast
is known, the geo-location of any other pixel or point

in partwpbhithe velagly ocf@Rtiosn@& er m nabl e i n known manner. Wen
i mage- capturing devices 32a and 32b are capturing
thbgeaed damgesguiriag cbftwvase obbbcpiesiasagessdidanantbrddte
(Fig. 1), the location of inmage-capturing devices 32a

aforerenéonedaignale withinvaeinonsee faeieassdcib®s thetib@r dighals with the
i ndi cated by | ocation signals 56, velocity signals 58,

corresmamgdmia@essum 48RanPuBBhThi® the ammdéaalnéﬂztgﬂ@& M t@ﬁms of
66 and 68, respectively, headlng signal 72, altitude

roll, pitsh S yalf 2R Ghd B@aﬂfd}%\ﬂ Lc%pﬂjnng%lvlcﬁétsbg nd.32b r&%ﬁve to

primary axes A and | nmage- Capt uri ng eV| ces
surfac@Bé, |?ez.,hon§|ﬁ:%@%%'lé(tﬁhé(e, 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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It should be particularly noted that a calibration
process enables image and data 10 acquiring software
90 to incorporate correction factors and/or correct
for any error inherent in or due to inage-capturing
devi ce 32, such as, for exanple, error due to
calibrated focal |ength, sensor size, radia

di stortion, principal point offset, and alignnent.

| mage and data acquiring software 90 creates and

amour PN BRI ot 2R st T SR T e
oapturfif it b OISR RT B Bl BB B ™ ©
YRR B BT e e ool s v
comordh 9 oo S B o SR DA o ens o Wboseor
o e and data files 120. As best shown in 20 Fig. 4,
Ord*"alafﬁg'uﬂ the@ddMAEBS 45 cARtied o Aol Y Inaae-ganturing devicss

captured image files I'l, 12, . In corresponding to
32a an@%hﬁtéwe@ﬂiﬁmu@d infrgseeaptaiednienalpukich msndepenteat ePBast in
CPD2 14 CPD, corresponding thereto. Image files

part uppn tha yelocity of platforgf2Q.he i nage and data file 120 are
stored in virtually any conputer-readabl e imge or
gragmhiate signads 48 amd 4813 aeiiespendingrio erdmithage d@EGed are
TIFF, dF, BWMP, or PDF file formats, and are

receivesk lnsand sfoerdewitia nwindry td2eof posyd-captatingl b rapGePéystemm 46 via

CpD2, ... , Cpl), which is also stored as
IO portodubenilarigaltiallat sighals (iA. | ieTatetdatebignals A8S icckfdkignals 56,
data CPD1, CPD2,..., CPDn is enbedded within the

velocitg sighals S8N tinaglatasigealfio, efch, 1dl ad@yaw signalslé4, 68 dnamm
manner. | nage data files 120 are then processed,

respecidifl@fealing digrRye2 aRd dtrtide SigAKI 74) B8rr e on¥tig8o YdcAcaPiired
post-processing, to correct for errors, such as, for

image 8%2@RERed 8hA GfctedWRhiInéhbad2 Bﬁﬁﬁgg-@épsﬁ@g :%F’Pﬂ?n rtsl){gtem

other errors known to one of 10 ordi na

46 via ROportsHY. eftusChhe 1bERBA ARhagd-thRSridLle RS2 £80Y 3B elative
use to display
to surface 32 at the precise moment each image is captured is recorded within memory
82 and assoclated 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 orthogonal 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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and make nmeasurenents of and between the objects
depicted wthin the captured inmages, including
nmeasurenents of the heights of such objects. Referring
nowto Fig. 5, image display and neasurenent conputer
system 130, such as, for exanple, a conventiona
deskt op personal conputer or a nobile conputer 15
terminal in a police car, includes nenory 132, i nput
devi ces 134a and 134b, display device 136, and network

point AEQREELLAR ihalle OZRPRSAR  LAMJARBbPEGT FHLE R3Sk poin

within iﬂbﬁgeh%?%?%?efﬁ’ﬁ?b?o*”iinov% Faieront Lm ?%n%rsi Tendom”
DITag P %{nﬁ VRgP oB8 ABd s <SRRG PRI B Adessstch

2s obifgs regastee apd MBS, 16 Jie lcalion By aaeatbimgdrvlces 2a

UCh.In ut devi ces,  enable the input of data and 15

and 33brf?l§‘1t"é%g sfase 3 igsimilagy indicatad @y@@ﬁpaylgaﬁ@ Sn yelpsits
software 140 bei ng executed by image di splay and

signalsith dimecivtia sianehPtilch sipl rachyaBsigBils B4.486 ard P8aesmstively,
such as, for exanple, a liquid crystal display or

headm@@uqméjé&r%lgvtuw signadi spndithe knovay anglé ohdedinatien tebthe mimary
i mge di splay and neasurenment conputer system 130.

axes ANende:lof goageecaptonng @8vigescitmand 82, megreedtivalpl ay and
measur enent conputer system 130 to a network (not

#hetonld, bespeaticudsrly ficted éhatmpdatipratioh predesacaablre tmagk and data
w de-area network, the Internet and/or the Wrld Wde

acquiridé BoftivairelEeto iatpo@tetdration ®ctide driddor ddrret@Beny error
di splay and neasurement conputer system 130 executing

inherehtTAGE ddé SPIntgeAttbt @R dsice F0TLYRES, A ABXARSIBSSRS Ao
or nore 10 output inmage and data files 120 that have

calibraRREBcsIgakhth NMchsPRSRE, )faéha?d:st%\ﬂtﬁi?} @ﬁmﬁﬂ é)oﬁ%%ﬁﬁéﬁ an¥i @
networ k connection 138, a floppy d rive, renovable

alignmBR{Tory card or  other swtabl e nmeans. One or nore of
the captured images 11, 12, ... , 1" of output

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
sighal 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 [4, |5, .

, I corresponding {o captured obligue images, and the positional data Cepy, Cepa, . . .
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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

i mge di splay and anal ysis software 140. At
approximately the same 15 tinme, one or nore ‘data
portions CPDl1, CPD2, ... , CPDn corresponding to

di spl ayed oblique imge 142 are read into a

readi |l y-accessi ble portion of nmenory 132. It should be
particularly noted that displayed oblique imge 142 is

’CPD”%%%@%@%Q@&%Z‘#&Ni ally as captured, i.e., displayed

warped or fitted to any coordinate
stem naor ,i s displ.ayed i nage 2.0r1ho-rectifi ed.
RIPRE FleBHla e war plnit 150 MAOS TGy figatzd s starsd in Virtually any
coor di nﬁt e sgst emin, or_tfler t o enabl e neasurenent _of
compg-reapiadie fupde cedraphissdiihiommah geCly P gPaG NI alfdF G TIET
software 140, in general, determnes the 16
GIF, Bj-ar &4 filg hermeats sedeareciossrivtaranend yiththerpasiiional dta Crov,
“on the f| K by referencing data portions CPDI1,
Cep2, GRDEFon Which isCRiBR sifred @b samplitesrgeadaile daliea Alternstivalgp
and cal culating the position and/or geo-location of
positianabdaia Cebe €ired .pi. x Els, issmbgdded withintbe eopespomdirigimage files
equations as is nore particularly described
11, 12, .her Biimbhdven memnGenknagdd gata &lassi@0 b tidkrsploayssaddeither by
nmeasur enent conputer system 130 takes neasurenents of

imageaind daed veRirrpsEtvse depireledst-prodesfh@ e doebtifeiugrors, such
I mage 142 by selecting one of several avail able

as, folB@RIYId, REoFDIES tPRg SN dwiibibis ArtPaBefEse: RMoRA one of
anal ysis software 140. The user selects the desired

ordinaPESGILINIRE Bit. MAPedHer 3Ra9S8 Haltiiles 7100 afX ﬁa’éﬂk or (B8 disphay
of pull-down nenus or toolbars M or via keyboard

and m%R dSremidhtd Bf*al‘ff? BStWekR ghﬁﬁﬁﬁitgﬁfleﬁ}ﬂté@\gitm%{ gj}éT@&)Giured

I spl ay and anal ysi s software cl ude,

image@xiﬁ&‘gbiﬁ el B A0S SRS IRAL of DR S5edasur ement of
the di's

ance between two O nore sel'écted points, an

B8R0y 30 S0 TR AT Dbl aggom o0,
suon 8RB 5P RSP Rl SHBBAERERY P o Bl
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 ima%;e 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
storage devices andfor 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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15 el evati on node that enabl es the neasurenent of the
change in elevation of one selected point relative to
one or nore other selected points. After selecting the
desired neasurenent node, the user of inmage display
and analysis software 140 selects with one of input
devi ces 134a, 134b a starting point or starting pixel
152 and an endi ng point or pixel 154 on displ ayed

i mage 142, and i mage 20 di splay and anal ysis software

: t | I kSpl he quant.it
interadiofl o HREPIG Boado BRMEY AbER0RR LS a beBeReBRleh by
) startin i xel 152 and endin ixel .17 154, W th
image oy At BeESupmRnt A MpERRE YRy SyHipy, dovioe 156, such as,
eo- |l ocat.ion of th oi n correspondi t heret o on
for exdlfiplpe fuid SstR! sl iraatnay S PG Eeanispld Itaunalioal g drguser
. software 140 whi ch executes one or _nore projection
of Imagg qisplay r%’dd@??%”?'ﬁ’énﬂ(ﬁr&p%%rr fyistsng 180 cpisiworgsppnection 138
CPDn of output image and data files 120 that
connegigrinagp gisglay@ndneeagismepisomputensystase lag telanstwgrisdnot
The | ongi tude and | atitude of the point on surface 31
showrgosuch ssotedienampls, pilsesi-arseneiwerk; wide-arespichyer, the Intesnss
di spl ay and anal ysis software 140 on display 136,
and/orsthe Weark] Whide Wesbanpl e, by superi nposi ng the | ongitude
and latitude on displayed i mage 142 adjacent the
delueetad nptarnnd powdd Fiy. 6] imaueptispaasg heeasbemnetd computer
el sewhere on di splay 136. The sane process is repeated
systerb 1 30 kreaidiay ihage tilbpleyalndcinabsis sftwahe 160 dcqissel bpeiohmore
154, and by inmage display and anal ysis software 140
outputfidagt Bed daed fieevad tiwnthadé spbmpeaafintohachengi 321dacikBg, for
| atitude i nformati on. The cal cul ation of the distance

examplg e aawakHasdrinedtiem d38NdiidHy Rk rieD reridwbldmemotpdard or
respectively, is acconplished by determ ning the

other S8@bleAREAALIORE oL ARPe §ﬁﬂh6%ﬁ§@ré&inﬁé§| 1,422, . 184 08B ut
he fly". The data portions CpDl, D2, ... , CPDn ot

t
mago e 84RO R Mher i ol 80 MR e
the control of image display and analysis software 140. At approximately the same
time, one or more data portions Cppy, Cepy, . . ., Ceop 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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of the point on surface 31 corresponding to each

sel ected pixel are then determined. The difference
bet ween the geo-locations corresponding to the

sel ected pixels determ nes the distance between the
pi xel s. 20 As an exanple of how the geo-location of a
gi ven point or pixel wthin displayed oblique inmge
142 is determned, we will assune that displayed inmage
142 18 corresponds to orthogonal imge 104a (Fig. 1).

o-eELp g8 A, (B8P0 1 . BB
portiorsTRE 5% £ ReBuardufednile s Rglles sefehn cabupliehe

 froma point 108 _thereo hat, is directly below
posito ale? oBRICkaRG SGUTRESOBSIEY b usere TN gresiion
.near border or edge 108 of oblique inmage 104a. An
equationg '§i”6‘?fed¥artﬁ%uf (dpsgiibed h‘?i?"‘iaﬂ%r sects with center
E%WAﬁgle 0 is the angle forned between [ine 106 the
erllyom UsRr of displanantkmeagurement somputer pysteind 30rakes
referenced) is fornmed having vertices at
measurgragts oA phd PR eackieas depicteddi dispbyed abliquseintage 182 by
and having sides 106, the extension of primary axis
selecting opgaf sevMeral cabilgdastesdyiring meded pravitedeeithiponade dif@ay and
and 10 i mage-capturing device 32a. Ground plane Gis a
analysisiowarg 14(.| Thdoséraettchd thefdestred mezsareshaftinigicdsoaitdssing,
pl ane (and which typically will have an el evation
for exatripde, a sdrics o pull-dewaneerageorabeliaisi Mrorafia kéoat®EsAmAhds.
and therefore the above-described triangle includes a

The meaghing angles fhevideby irvhgiedishiag ahd Anandissofwhld Nd Eﬁ?lgde, for

Since angle 0 and the altitude of image-capturing
exampie gidistadid hibd€ that bhables REdsurfim&t @ tHelBibtaRES bKRRMA two or

the hypotenuse (i.e., the length of the extension o

more sBIlCtBR Poirds] £n Aveh rAGEE HRIBHAIBY rREEG ent B fle 4555 ri ght

triangle are calculated by sinple geonetry. Further,

encomgéé‘ﬁéjﬁ Bﬁ%v@@%&la@%ﬁiéﬂdqme ogh?&n%gg%ﬂﬁé,% !inﬂgfrl]t dﬂ‘%é {i‘%t

2a is known at the tine t corresp

enable8 hiRlsBHeRtkrt BRER Helght¥Wiween two or more selected points, and an
elevétion 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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captured, the latitude and | ongitude of point 108 are
al so known. Knowi ng the Iength of 20 side 106,
cal cul ated as descri bed above, enabl es the exact
geo- | ocation of pixel 154 <corresponding to center C
of oblique imge 104a to be determ ned by inmage
display 19 and analysis software 140. Once the
geo-1l ocation of the point corresponding to pixel 154
is known, the geo-location of any other pixel in

154, displayed oblique image 142 is determni nable using the
known canera characteristics, such as, for exanple,

UG e R8s E03R BRR R Bt B e B
corealRlRS gk bt eea TR AR SR IR e

ca | at ed by i mage di splay and analysis  software 140
softwafzel G Biofie1etigor RS ar PR BRI Ra BBt the Gata poriions
(g:l%o-l oca?ignons of the selected pixels using known
Crp1, gorit  OTQyEppt #5209 gpd Qﬁ%@%?zq et caresporgratita
~and/or the vanishing point formula, dependent upon
particutay émage benedlisalavedr ﬂ%@ legivide pnd latjude akthe @einttonafurface 31
obj ects depicted or appearing in displayed i mage 142
correspadishiguxeld 58\are thesdisplayad ky imagsi display apt acaldsis eottware
the procedure described above for neasuring distances
140 onshspler h36.cusbtasdiopiexamnple, by supsranpsing thedongiage emd latitude
wi dt hs and hei ghts of objects, such as, for exanple,
on disphayeddimage, 142 adignt theaddsctach doiat/pikel alr liry papyp alidpgay box
geographi c or man-nade structure, appearing within
elsewhdresph djspthyi 186 €l Hidsanae probbssRaspestdd by tiselissrttbngetddfection
appropri ate/ desired neasurenent node and sel ecting
of the ericapikelmintndeand by irphgetisplal ing hadkdisRefrard 140k
noted that in the distance neasuring node of image
retrievefl la®il drpIANEF 1ABANGRUGe BAA 1aMIR iAfPmbiiéh di st ance bet ween
the starting and ending points/pixels 152, 154,
ﬁ [ » .
ga? E@@ma\ash W tHeSdIQfﬁﬁ(% ptRBh &t and érﬁdlﬁgb}a ?ﬁﬁsgﬁ)égggﬁz,

, such as, 20 for exanple, a™straig

154, reBpedively, R LRI by AUBIYIRR GRS gSEIRSELPBr 8ch selected
pixel 152, 154 “on the fly". The data portions Cepy, Cena, . . . , Ceps 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
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i nternmedi ate points/pixels and one or nore
"straight-line" segnents interconnected 20 therewth.
It should al so be particularly noted that the distance
measuri ng node of image di splay and anal ysis software
140 determ nes the di stance between sel ected pixels
according to a "walk the earth”" nethod. The "wal k the
earth nethod" creates a series 5 of interconnected
line segnents, represented collectively by paths P1

coresfffilfio r@??@ﬁbéﬁga@%éﬁﬁaﬁn G BRSPS LB B
softwafl i&??e@?téd’_":{ﬁ}gﬁ%&’%&ﬂ %f’naéa‘ifiéllgéeggé si%'bc&g%(ﬂg 1)of
obliqueﬁglp%qq’q@fae%s gh%m{fg (b b8 stends Anmadionvagtal BiangiG

surface 31, and therefore paths P1 and P2 al so 10

from aaoagéw thenepphatiedirasily Seleveimagersapdeingidevisp Jasalouhe agnter
the distance along the terrain sinulated by the

C of thegpae Ppetes @r gedr ﬁ&% i ciigue image WAl Anexteasionof pEttaoylaxis
provides for a nore accurate and useful measurenent

A¢ integfectshwitil centanCe Angtend dntheaingia &dmedibetwedriine 106nthe
conventi onal approach, which warps the inmage onto a

extensfdnef peianarh agis Ayv dihagen triahgleahborefgleaced) sy Bineod dading vertices
neasures the di stance between sel ected points al ong

at imagdreardtbrifig devieased pointf0a e damteub sinaravig! SiddoToY, 8%
variations in terrain between the points. For

extensadTirignarg agie N fagtverticar Raheddinsol 10 ﬁémae@Pgiﬁﬂﬁ O@ghd
f or paving a roadvvay over uneven or erraln can

image-28bRFiAY AevicBg2appr oxi nat e anount or area of r oadway
i nvol ved using i mage display and anal ysis software 140

SHd landrd f 4 AbsRFBNY ho BBARHI TR hoEloRt 68N HEfe

thereby. The contractor can obtain the ap

(and wﬂféﬂl{gﬁlcﬁ vall ﬂ@vc?fan E%@%‘Emthgf e sh8yaak §%Y$fﬁ§$ri of @e

aV|n surveying cre

terraln} And l?ﬁ&'efbré lﬂ'?e %&%%e%gﬁ@édstngﬁ&%sﬁauges a rzght angle between

side/line 110 and sidefline 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 A;) 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 obliqgue image 104a to be determined by image display
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In contrast to the "walk the earth” nmethod provi ded by
the present invention, the "flat earth" or average

el evation di stance cal cul ati ng approaches i ncl ude

i nherent inaccuraci es when neasuring di stances

bet ween points and/or objects disposed on uneven
terrain and when neasuring the sizes and/or hei ghts of
objects simlarly 5 di sposed. Even a nodest sl ope or
grade in the surface being captured results in a

difference in the elevation of t nadir point . .
and anglypis SOGHST | 40 BTaf 15 Gy SBetkn S{16e RO Poeirbaring o pixe
. thereon. Thus, .referring again to Fig. . the triangle
164 Is kgt b geq-1anatiap 6t Ak aNo Stk e owayEd shlis nage E5ts
and the vertical (dashed) line 110 between point 108
determiiagle ysiag iy ¢aiperashpactesisicsnsyich 6. lBeexamplgniocal
triangle. If such is the case, any 10 geonetric
length, sgneer saq v agrast fmtiegradivl end rqtmfgivf%O itien Rrms, efcght
triangle would contain errors, and such cal cul ations
Woe Histreermtweetthedwams mxe meints ngrreiponding v émo ar more
relatively slight gradient or slope between the
selectgoqiixals wahini dispaysstimagori 48xanplbelatadf bysimaljacéspbly atcopmaysis
upward between nadir point N and center C at the near
softwae 1400by deterdigmnglif8 diferalde tpiweemitgegctibchtivas of deoadlected
line 110 intersects 15 surface 31 before the point at

pixels WdheE EUTAigbith@rss eath a4) fuoedatinsie atie Gausa fdraudd asd/onthe-
sloping surface 31. If center Cis fifteen feet higher

vanishihf aint &sthiul P Aapendb@ngonithd s@ectda Ghdadatihg modag Me?
equal to 40 (forty degrees), the calculated | ocation

measuRim&R 1Y 8bjcts dEPidted Bragddaripy iR BRPRYEIRRhEIY 147 isCohaakted by

wi t hout correction for the change in el evation

a subsRREMREIMISEpBEbALE 1o #& ABcERREHRLEM R FRVE $GInERN R

I'n order to conpensate at |least in part for changes
e O T e
oblects e BRaRCe R RUBRES U Sb oS A g ey piea
geograipm%%“? n}aﬁ%m%'ag s?f&cﬁ%,fa%%gaﬁﬁlg &Rhiﬁ d?gp‘féy%alil%%gtl 39 are
measured by selecting the appropriate/desired measurement mode and selecting
starting and ending pierAs.

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, 164, 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” segmenits interconnected
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tessellated or faceted ground plane generally
designated 160 in Fig. 6. Tessellated ground pl ane
160 includes a plurality of individual facets 162a,
162b, 162c, etc., each of 5 which are interconnected
to each other and are defined by four vertices (not
referenced, but shown as points) having respective
el evations. Adjacent pairs of facets 162a, 162b,
162c, etc., share two vertices. Each facet 162a, 162b
“% 2c, etc., has a respective pitch and sl ope.
there ssellated ground plane 160 is created based upon
varlo data and resources, such as, for exanp
?ﬁ’ %PW‘&H@”WH%MW@|d!S$<’F“0fbmF’a§‘ff €19 "ﬁ?%ﬂf igage
su ve data, and various other sources. Generally, the
displayyapd ﬁ%wﬁ spftwared 40siekermines the disdancepeiwesp |Sage§wd| heale
142 is calculated by determ ning which of facets
accordirgpig, a ‘vebthelsridy mateod. Ein mealipthedearth mitiod” pisiatas aseries
interest. Thus, the Iocatlon of the point of interest
of intefconoedted line seprhentedrepresehted aohestivetydryl sathe £7 andeP2, that
el evation, pitch and sl ope, of facets 162a, 162b,
extendlitweertie: selecdd pixebipdifiaant) adédh ligpeporeor doaforor to the planar
aver age-el evati on ground plane. Error is introduced
faces ofrd yeries of rdefcannaded fwetsopapdaplys Rhsslittéhgoudd phh@. The
the location of the point of interest thereon deviate
tessellbfedrgrbtved plapsads Wil bkancreQfarfidi@arfyaietriBéR BerekRbr, clfB3s,
etc, within which the point of interest lies. That

followsEHi 1@Ereiafies tAE WsHAh ©f Silfapeah, an@ihdrBRRE phtise? POAAPD @lkoOf
the elevation of the poi nt of interest within a

cfoselyP@ﬂéW% RErafl\&F Rifaba el Bylhdduih§ e dkbite a‘i’drf_; the £4rain

and using that interpolated elevation in the cation

s:rnula&ﬁif Mh@ttéél%bé’t%gfzq?ﬁﬁﬁﬂplgﬁe 'tﬁ@gf? Ik e BL Y ABfo gﬁée\ﬁcgégo?r a

twar e se tessel ated ground p

more éﬁg%ﬁe gfa& BE@M ﬁ@gs@r@meﬁbﬁh q stt%ﬂ?creeoé]t\?yg? CORLRYofhts than

r acin or |
o oA 15 A P e,
ctevat S BT RS RH ng Be Bhaioh138 M e
flat ea&h or plane and substantially ignores variations in terrain between the points.
For exampie, 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 fo the site to obtain the measurements necessary.
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5is intersected by the ray, but also where within the
facet the intersection occurs. By use of bi-linear
interpolation, a fairly precise ground | ocation can be
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
are then used to project backwards through a nodel of

EohPRPE AP Ry ORISR0 Bl ATAER o
R e R e A

ocati on of

: f d/. | cul -1 ocati ¢
nacoufiizen Pidr PR b aptes BERRPaits pid profibessipoaetar

ound plapne 160 tq at |east a portion 166, such as,
”“eve‘?g%"ai%a&(yﬁﬁm geaguping fhe gizessapd/gicheights of pbigats dngilasky
. noted that only a small portion of tessellated round
d'SPOSEé) a%@e’iéﬁf‘%t %"ae‘épé gnastedn thessyyfacedming eapturediraslisdn a
, is shown along the profile of portion 166 of surface
differenge inABe gleyaligsefdhapadis poi eslatble thabbiady a6 athet eoint of
) 162c, etc., are defined by four vertices, each of
intereshitfieseprh aliuisy sigrabg iageinsiodiiat 1, dmsfriaagle foaméd by ling 1es, the

facets have respective pitches and sl opes. The

~ extensigpedfiphimanpags tir and difie peitingl (dshedi 6me 200 bbiveen point 108 and

pl ane/ surface of the facet 162a, 162b, 162c, etc.,
image-waptaring davich3pomaly ribbe(zorgtittranghy. of eaéh BNhe bhes ahg
determ ned as descri bed above. 24 Tessell ated ground

geomefricaredcUul&Dns aspuraihgriail tiasgiead Bd aQighs rdmgld\wo W@ eI Srors,
of image display and nmeasurenent conputer system 130

and sugh dakcoagensiivoyl B¢ radgcatn@l apprSximafdiaicioldRn RISl
tessel |l ated ground plane 1 takes the formof a

slight grgdiat orelape HehiBd i dnts dPirRer@tt, | 00k-up table 168
stored wwthin nmenory 132 of and/or accessible to 5

FOPGRINIS Rt ARG INBESY v eg b‘éngf ﬁéqigg&ﬁmﬁégen@e at

computing resources req to cal cu e the

the nez%z%?fggﬁﬁlseoﬁta ¥l of BfqYE Ao Lheh W8I AR rctd
surface 31 before the point at which such intersection would occur on a leve| 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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ground plane do not necessarily have to reside within
i mge di splay and neasurenent conputer system 130.
Thus, image di splay and nmeasurenment conputer system
130 is conpatible for use with and executable by a
conventional personal conputer wthout 10 requiring
addi tional conputing resources. Cal cul ating
tessel | ated ground plane 160 outside of inage display
and neasurenent conputer system 130 enables virtually

etwod SuigFieStth! ilsrld2, S 4ishRY EnE HnEE sofiudre i ggferences,
as ne@%%%fﬁ%ﬁ%%&@ PlaVad e LA LOR SRR gigé?éﬁaplcwgted

% hout significantly increasing
fesse"éfﬁd&ﬂfa?ff &h quw?@ Planeggniasairiesigratest T&hIndTg- . nsessellated
ignificantly increasing the resources required by

around BAGE 16 Jielesian ek esiduel ToRtp doas. b, dea 3, cach of
and/ or image di splay and anal ysis software 140.

which ayesipfesgonnestedrie eah ethentand sip delreddysioanvartices ot
therefore be a relatively basic and unconpli cated

referenaealp buieshoswysasemintgDhavieg séspecivie dlacdivss.1 BamcembRMirs of facets
162c, etc., are uniformin size throughout a

162a, paal, 168k aetcdisbgedye dertivege ER4R faded 62x ad@be 1624, etc., has a
di spl ayed i mage 142 corresponds to an 25 area that is

respectipp pilshi aBd elope.7 F8sdatiatedigrdend plahbe 60 6s egataishday upon
approxi mately 900 feet deep, the image can be broken

various dbfa dracretsurtbgtsuah asafopegxinpRl BhyglPhralmnps! &tlfer digital
thus vyielding about 15 facets in width and 18 facets

raster raptRR! Survéy ERBNad Valdus dther stiursof facets 162a,
162b, 162c, etc., are uniformin terns of the nunber

HertA§! ﬁle(‘gé@tléédl%ﬁ df RS Shtbf nﬁe#es‘?on d%ﬁ%@e& %%e ?@2 fhe

sane nunber of pi xel s wi de and the sane fHunb

calouldbd 8) Sclfiing WAER P rdcdtd 162 %Elgr%‘éedetef cghég;!)&mg e
i mage 142, where the pixel dénsity is greéeat

o LA, P L 1 eé%é%%*%éfo BobHe

charac'tec‘risltlco,gﬁ.%t.,'efe%a%ﬁ, d[ttch a%dds?gﬁer, %P !‘a%e{sq 612at($ 6.’5‘[1)), 162¢, 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 reducible through a bilinear interpolation of the
elevation of the point of interest within a particular one of facets 162a, 162b, 162¢, etc.,
and using that interpolated elevation in the location calculation performed by image

display and analysis software 140.
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measurenents in the foreground of a displayed i mage
where pi xel density is greatest, 10 creating facets
that are uniformin terns of the nunber of pixels they
contain has the advantage of providing nore accurate
measurenents in the foreground of displayed inmage 142
relative to facets that are dinensionally uniform

Anot her advant age of using pixels as a basis for
defining the dinmensions of facets 162a, 162b 162c,

?ta%a%%ﬁ%& 8y gﬁgﬁw&'{ 8% l*é’("d; RG] s s Yo
emploxfsws %@If&aﬁ%ﬂéé o 1 ﬁ%a&ﬁ%ﬁe%ee “%r%{ags :S’étgén

_ anal ysis software 140 | ooks up
from t*@dwaeﬁ éapﬁ%'ae deyie é@a&n&?ﬁéowdﬁ gt a4 eBd tﬁﬁ%@ted grnd
el evation of the selected pixel is calculated as

plane iGs clesdlgoribmdetersiaes Reiorty whilehi b facels 1048 6abi 13, efc-,
the |l ocation calculation. 20 Generally, the nmethod of

is intersegiedi by H 6yl bujaisa whepeswithin ihiecfageidbe mteisaction oasnirs. By use
di vi des an area of interest, such as, for exanple, a

of bi-linsaw irtgrpolation, & tityoprecied quﬂ@lrlatait';on @ henddtemnined.z Bor the
such as, for exanple, sectors that are approxi mately

reverse pwjadjoartessellated grouad pkane TIBIOGs usedtnfind the fgamird ¢latagion
the creation of a flight plan to capture oblique

value fonthgesputgomerd logatiovietiso usind bbfinddnintarpemtioh. Tht ef@stion and
and to organi ze and nane the sectors and/or inmages

locatioh laes #eh Used tepryjedt bhekvearde throligh agrod of tretimaguakp{ifing:
process known i-n the art as 5 "sectorization").

device BRa i 3ebtb ceaare vHiclRbytheeRaNapihie depiiyeafimbpé auest ,
such as a county, rarely falls on even square mle

corresébﬁéﬁfi@'thee@veﬁ Reafi®i.hod of capturing oblique images of
the present invention provides nore sectors than there

ke sgﬁ.em@ngn e{r%saé éh ekdMepia! fﬁ@ag‘éfdziﬂéféﬁtﬁﬁnalyé’l@%m)é 140

more depends largely on the |engt e count

pecrl S8 0uNEL R B8 B B0, P bageRAc R
and/orgi#ﬁ\g%éé@ﬁattea gtrm plgh% FT‘%O ?(; apl%gtea[ pofﬁgn 156 aSu%R%t Yor©'

r-area of er es
example, a hill, of surface 31. It should be noted that only a smal! portion of tessellated

ground plane 160 and facets 162a, 162b, 162¢, etc., thereof is shown along the profile
of portion 166 of surface 31. As discussed above, each of facets 162a, 162b, 162c,
efc., 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, 162¢, efc., within which point 164 (or its

projection} lies is determined as described above.
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roughly 20 mles by 35 mles, or 700 square mles, the
area will be divided into approximately from 740 to
780 sectors. The nmethod of capturing oblique i mages of
the present invention, in general, captures the
oblique inmages fromat |east two conpass directions,
and provides full 15 coverage of the area of interest
fromat |east those two conpass directions. Referring
now to Figs. 7 and 8, a first enbodi nrent of a nethod

' i N h esent inventiaon
TSSSHBRKHG Lo B D 1 PRASRYY copy 88 R Bl coeibine
; t ving only one.i -capturing device. )
mage Rftp Ry SRl iR s B e kel SRt R 2 Clupa0e Aibplayiand analysis
' - r.ing,devi ces nb d. 20 The
softwalq PAE RABbleRgp et Eindilns 46t Siisehe mmeotsmmaiasively
imol [ @E durli nﬁg eaclg gass over area 200. The
simp eiq’éﬁfg Ple 3t 1aPKHY teklei168 stoged withinusemanabief andéorasicaessible to
. [ an n§l7 angl e over area 200 to capture oblique
Image aﬁﬁ%é@ HBPRBIremMapkerRder systana 8P s diieicamputing resources
. back-and-forth pattern, simlar to the way a lawn is
requireddqesalculge thedoratinge-of all the yrjticatesfithe nmamg farets bia typical
|atformto ensure doubl e coverage of area 200. More
QFOUﬂﬂgdame doinat ngcesapdly hae td resideavithins eoadsydisptag end atdagLingnent
device 32 and/or 5 platform20 following a first path
compuizp 3ystom: 1Kl ebyuss ipage display iaqd enéammigesenticoppiitdraystem 130 is
202a, 202b, and 202c of area 200. Area 200 is then
compatibla ferusedvily andragesutaie i agondevional B&seid compRlcifidbm
20 followi ng a second path 204 that is parallel and
requirirgpaxiriiibnabpampufingorssoands. n an opposite direction to,
i.e., 180 (one-hundred and eighty degrees) from
CakaktingtdssaMied gournignaRy 1608iEIe Phhh@8ishBBIRs Of
portions 204a, 204b, 204c of 10 area 200. By conparing
measufen@ht cdmpltbrSysten 130 60flked Natail 6%\'/69 Bt 8&5@ (dhg- 8

of area 200 1s covered by inmages a-c captured from

o 4 SRS 0t A9 Sy 8y B SScr yor
correspRAHTBES bh¥R of AReRUdd,, ﬁ@?omﬁ%l &tc., 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, 162¢, etc., are uniform in size throughout a

particular disptayed image 142. For example, if displayed image 142 corresponds to an
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portion of area 200 is 100% (one-hundred percent)
doubl e covered. The above- described pattern of
traversing or passing over area 200 al ong opposi ng
paths that are 15 parallel to paths 202 and 204 is
repeated until the entirety of area 200 is conpletely
covered by at |east one oblique image captured from
paths that are parallel to, spaced apart from each
ot her as dictated by the size of area 200, and in the
same directi 02 _and 204, to there
area g8 SROIMNTEeer Ruel A edpUerodieny ShaormtrY RgQdeet
erspectives/ direct.i O If desired, and fo
deep, t % jaaRecerrties hrakenditg dcsbef 2t AARRTBYY vE sHfereTeBnt1us
posing and parallel third and fourth paths 206 and

yieldingaBig 1BJpee I aicyh andaE et InZiEpifer PUFARRIANT B2 fesets
202 and 204 as shown in Figs. 9 and 10. Area 200 is

162a, 10R6r E625; etc. targuifera inigrmaatdieoaimieny pikels eantagned therein,
and/or platform20 followng third path 206 to

i.e., eactafacat i tob bameaumieg of piséisyade aod shee@ag nR0bBr ahpixas@eep.
of area 200, and is then traversed along fourth path

Facet£i&he feaegrosng af dishlalyed spaeetitlapdiere theopixelaiedsibpip gseatest,
to third 5 path 206 to capture oblique i mages of

would therdferens: deBasiodABbsrasidr BRcfaodtsan dwe RAKgrolindf displayed
pattern of traversing or passing over area 200 al ong

image PPPABERGpIREdeRsithiatiowss. Barcalll ieldekPablpas bke2Bdstand 208
is simlarly repeated until the entirety of area 200

measutend AR BEFhiegralMaaIT ediishiaydid ihRastwiane phel dehity igeatest,
captured frompaths that are parallel to, spaced

creatm?%etts fhaP BrcanifinSlidte@ s tHBuRibéeoiaiixdd Bry29RtairPRss iHe
he sanme direction as paths 206 10 and 208 to thereby

advantgg@o M‘Bglﬁg‘% REFLCERr A0 HR-8U AV s B @ f%@rcfdn@'ﬁfﬁl%%%@ed

ections/perspectives. As described above,

image Hlﬂ?gﬁat%r’tfﬂfé&gs AeYLRS zﬁ%n@xﬁqélgfurmo%tnf orm 20, traverses

passes over area along a predetern ned path.

BRSSO
facets %fa el%ﬁg Pé?r ec | ys 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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15 over area 200 but rather may pass or traverse an
area adj acent, proximate to, or even sonewhat renoved
from area 200 in order to ensure that the portion of
area 200 that 1is being inmaged falls within the

i mage-capture field of the inmage-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. 20 The present invention i's

bl turi t. various
uniforffi 3 S? "8% s PP, i bl aﬂ%@é*m«’a&ew%@qv@@@ﬂe i
ter refe 0 a conmuni t
area. {1050F WBhg o ﬂ%&l R Saalitn St B6uhSen de Contbire GRHpMBACes
gpr OXi teg% t wo-f eet 5{) I xel . For orthogonal
Coveﬂe "en%ab 9tdbe praaelgaterestrncie SugRnisa A Baredhe Recors and/or
emai ns. substantially constant throughout the inmage.
'mageéﬂﬂérfs@féﬁaﬁa%dﬁfﬁjﬁn% @0ee anrirjuevaifprasapt e iitbe art as
sufficient overlap to provide stereo pair coverage.
“sectopigatiopb) iRpraUse Heredgestof anpgepgriaphigessa ohisteregusush as a
sanpl e di stance varies from for exanple,
countya panebyialitare B yerosudre atilegmungasies, thmmﬁmdfafroeghmug@bhrﬁue
the image to approximately two- feet per pixel in the
imagesriofl thgr praseht ddventien pneviplss raod dectarp firanxthemt ak\square miles in
four-feet per pixel in the background of the i mage.
the ar&bbf igtecest entmamiriayy Inesreldebangelrgaheon dnt lengtdh ofitidicounty
sufficient overlap such that each area of interest is

bordefsygsiwell ayhaovraight dyjagyed Biagtard. WDypl€hli9bydLitim éxpeeeshe extra
from each conpass direction captured. Approxi mately

sectortfene\@p) iwp e theWikks bhbdrede| Sd MBEGeENH & BRINAELE iRRFest is
sector. A second level of detail, hereinafter referred

roughlly 20afiled B1E3DNES, R Tdol Ruble miiss, ti‘?é gRbivif BB IWISMmA®

detail ed than the conmuni ty-level imges.

approXiRLEPRBIN00R-h 986lsectgiges have a ground sanpl e
di stance of, for exanple, approximately six-inches per

Fheth@be of Qéptﬁfﬁé‘ggﬁ%[‘a'r{m%é%%%g% rL w%h ;M;fi’r?génerai

t he ar oun ceremaln

captur‘éQ tivd %ﬂ{que %Eé@éjﬁorﬂ% WReEROS |!)§s &} wecﬂ&gse%ng HSvidhs ful ‘

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 ane 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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di stance of, for exanple, from approximtely
four-inches per pixel in the foreground of the inmage
to approximately six-inches per pixel in the
m d-ground of the inmage, and to approximtely
ten-inches per pixel in the background of the inmage.
bl i que 20 nei ghbor hood- 1| evel inages are captured with
sufficient overlap such that each area of interest is
typically covered by at |east two oblique inages from
each co s direction . 3 tured, and such that.
angle Qih BRI LR RGP I ER i SRt § dreBabio3 BRraiRin g
each , other. . roxj mately one hundred (100) oblique
back-afddarth Ratjae: rBBCG e el TarnderPbEd. by theigbaragding
. par%%cularlﬁ not ed t hat capturing obl i que community
device grd/05 e, RRERKS Fherrire douplecrygage of 819440 f our conpass
di recti ons ensures that every point in_ 5 the inmage
More pagisdiarlyi area RO folravarerthly Bradeci@styinsoievieh3dangler
| east one of the captured oblique inmges, where
platioryraduipdowiaaa fustarath 35& o therelipapturawbliquaigeagestafivortions
greatest. In the enbodi nent shown, inmage-capturing and
202a, (62, lhod 2020 9f axest2O0 F0eh 2OD igiben rmvessed hydpagesanyings
and altineter. However, it is to be understood that
device BRaardimgeatimap2uicllogingreadseyead Ipata0iipat isgtazatiad find spaced
present invention can be alternately 10 confi gured,
apart foug, lanalsin aharppezisairestionh do,det,i N88° ardhioundred end @ighty degrees)
altitude, pitch, roll and yaw, and conpass headi ng
from, fitst@att he2 ey tMdnsi anigls irfagas oftpoeticriky204endesi, Pd4c of
one or nore of the gyroscope, conpass and altineter -

area 200NBg@BADEMNg Fiysf Rehd 8l A i SsereRBos porBhH 207qPR. 8% of area 200
i mage- capturing devices are at an equal angle o

is coveR&f bl RhdynrRlatdptEretiGroin BAF 4t ZRBERIN &Y ISpediQeMRS by
it is to be understood that the 15 declination angl'es

smagesg%o4eltls csaweé;d £ESRIELIBEd SRUbLERS R R HNAY Bs %eoﬁgz%e middle

ual . I'n the enbodi nent shown, "I mage-capturin

portiongcgﬁﬂéé 260 ﬁg@ﬂ&@ﬁﬁﬂcﬁéd E&%ﬁg rd%g?iﬁg]%g@rie%‘? Gt ditle-

war e sues a Co mage- capture

cosceBBlr B B0 S Mo £504 0 o G b e
parallel to paths 202 and 204 is repeated until the entirety of area 200 is co;npleteiy
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 paraliel third and fourth paths 206 and 208, respectively, that are
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i mage. However, it is to be understood that the
present invention can be alternately 20 configured to
separately cause the i mage-capturing devices to
capture inmages at different instants and/or at
different intervals. 31 In the enbodi mrent shown, the
met hod of the present invention captures oblique

i mages to provide doubl e coverage of an area of

i nterest from paths/perspectives that are

perpendiEiat RiRaPL 2Y2 AT 204 8 shBuBRE Bic 83h0 1b; e gB8 % perefore
taverscg} bY luags SBitg cayiod T i h plElRTR 20ER Oa@f?é‘{wtr{b%tﬁ%g 5
capture%?wrﬁgg Sheas s rorRnsanga. D85 gad 555s $arkh ah, and is then

substanti a |y perpendicular relative to each oth
traverseghplong feigtippats 2R thatveAicdal, RBRCASHIR e BrATERPRRS T to third

having a preferred design, the invention can be

path 206de cAstures Bliquedmagps Al poTtipes 2pPa,iA08hradL08pof area i This
di scl osure. This 10 disclosure is therefore intended

patterntof traversimgas aasipg evrl arah @80 sleny epnesigrpathauthet aegrparaliel to
el enments di scl osed herein. Further, this disclosure is

paths 2068taed 2@ is sintlady ngrestechuntil tvaeniibtyorisreaied is completely
adaptations of the present invention that use the

covered by et Blasponaahligle $magk saptaseirdrapaihs. thifare paealle! tohsgaced
di sclosure is intended to enconpass any departures

apart frbrrome dibeiteliby tetsizedftaeea d08 chrasipdhd bame chaetion adpaths R66
known or customary practice in 15 the pertinent art

and 208 slthafésiordcahilinated péehhd@olbidtdvereied PED RBPENOSS
claims. 32 WHAT IS CLAIMED I'S: 1. A conputerized

directioh¥/pefiPet@esdi spl ayi ng, geol ocating, and neking
nmeasur enent s based upon captured oblique inages,

%ﬁg%dr%'eﬂ Gbofe, GRERECEFryiRY Het e (GH3 /AN ARIME0TRE0E K es 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 fo, 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 difectly over area 200 but yet
capiures oblique images thereof.

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

resolution or ground sample distances. A first level of detail, hereinafter referred fo as a
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an i mage and data file (120) accessible by said system
(130) and including a plurality of inmage files
corresponding to a plurality of captured oblique

i mges, said inmage and data file (120) further

i ncluding positional data corresponding to said
plurality of inmage files; and inmage display and

anal ysis software (140) executed by said system (130)
for reading said inmage and data file (120) and

commoyBL Bt BB o DS g o

I que

or 8 B, S L S s
substanfjgly PBiARt BGHeh R e g SThaper AL ahaR byb dmoet are

ysis. software (140) calculatin ion

anal a separ at
captured) with SHEIC I OYRIERP 1BrRFOYIS St BRIl CORERUE t el PBIHE s
w thin said displayed oblique inmage; characterized by
communitygewel imagesitae gruadsemple gﬁteé@@r\r figgyram; K8 S&pMRtGd
ground pl ane (150%, said ground plane data file
approxipatsly enerfpal Reapixe! 8 eiforeaigendipkiprdpage i apripyigmasely two-
software(140), said ground plane data file o
feet permimt esthatmidegraundcebtbe limeaegel apddarmpppiximatetiatr-igebper pixel in
approximates at |least a portion of the terrain
the backtppinnd etithaiimage. Skilidue apmnonusdy-tiyel images gy eantursg with
tessellated ground plane further conprising a
sufficientloveadp syctothat ebdr areand vitew st isdgessilysavelet dysd lidamst bao
ground plane further conprising a plurality of
oblique imagdcloanesichdofrmaet dirédibRaapibat, Apedgimately 1gn oblimie
of said plurality of facets having a respective pitch
commuABidiesbiapRges atdlcgpioageplsaser. data file conprising a
plurality of vertices, each of said plurality of
A/ 8&4dreasvAIBY HBGI, KRePagbl eeerRldetalsi DRSigRiBIhO&T isten g
corners of said plurality of interconnected facets (I

significéjél?ir?%régj%?%;ﬂleﬁ(Et@& the commbifii-RleiSRaged! Néi@hbélﬁg@tﬁutevel

ared by each of "said inferconnecte
mages 55T RS O, 9 A P Sy s i
pixel. For orthogonal neighborhood-level images, the ground sample distance remains
substantially constant. ‘Obﬁque neighborhood-leve! 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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of facets corresponds to a selected point on said

di spl ayed oblique i nage, and cal culating an el evation
of said selected point dependent at |east in part upon
the el evation of the vertices of the facet
corresponding to the selected point, said inmge

di splay and analysis software (140) using said
cal cul ated el evation for cal culating said separation
di stance between said selected point and one or nore

oS o L G o
ova SRR PR TS A R o 5 R
lotie B F P T S

. % by .cal cul ati ng the separ ation di stance between
neighbplgy sr!e%éﬂea%eéa e & T ceppass dirgctionseensysasdhpiosveaneoint in
of the clains to 3, wherein said tessellated ground
the !maﬂea\wél apRew)in "tige Bmg&mun% eslewen poidiansi at feast ene eithe captured
di spl ayed oblique imge. 5. The system of one of the
obliqueimngaes, Where gouwhedraple disiants imiayessdiang limpoadetal iragrestest.
software (140) includes user-sel ectable nmeasuring
inihe sreincsentidhownhintaggcapturingeast gembcafingsydterd @@rinciudes
nmenus, tool bars and keyboard conmands. 6. The system
a gyrosgopen@nafasstendadigme®r.] Hoawdver)\iteteba usdelstafd thal thle image-
i mages were captured by an i nmage-capturing device

capturig 2ad gaaiycating sastenesiine present imagstionaginlise aigernstesnt s,
said positional data of said inage and data file

configured, sudh g, fot erBmPiR] B derveemerdricakuldie altkut, phcre@dhand yaw,
i mage- capturing event; |ocation data repr esent i ng the

and cohfp@igé headiag frbhﬁthle@’agaﬁému ISigHai @t Chetetdendd il e or

each i mage-capturing event; orientation data

more dgﬁ@@ﬁ%g@gcdrhﬁa&réuﬁ”él%éfé? uBheddiBahyTaEGaGaPt Uring
evice (32a, 32b) at each i nmmge-capturing event;

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 fo separately cause the image-capturing devices to capture images at

different instants and/or at different intervals.
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correction data representing correction factors for
the i mage-capturing device (32a, 32b); and el evation
data representing an average el evation of the surface
captured by the inage-capturing device (32a, 32b). 7.
The system of claim®6, wherein said |ocation data

i ncludes latitude, longitude, and altitude of the

i mage- capturing apparatus (32a, 32b) at each inage-
capturing event. 8. The systemof claim6 or 7,

@“ﬂgé Wﬁ@iﬁﬁlt% ogh Beiritnad e et edion E@F%Qb"que
32 - i
imagesgadlofca e Govage ng%%'[ A afitfvef?nizrpm e

device (32a, 32b) is a canera ? sai d correction dat%
are sulstantialieapnasite é%@ﬁ%ﬁ@eéfl e CAr oneewched ged sgihtisiisarecs
aspect ratio, principal point offset, distortion, and
relativeripseerh pthegh Howeger, tHe tashe tadersiood featghe mathad ef the peesest
9, conprising: an input device (134a, 134b) for
inventigretasche alipraatelyaearnifigyrasoomrovidridenble severeg@fromn  t he
di spl ayed oblique i mage; and said i mage di splay and
paths/penslegives thaf araayeme(diyGndfassubganiisdlyipegpdndionlas sigldtidatoasach
file positional data corresponding to said starting
other. point and said end point; for referencing said ground
pl ane data file corresponding to said tessellated
Wiy sk pleaast invatition s Haleurdaktthedods haded 8 prefercdd odsign,
said facets having a respective pitch and sl ope, said
the invé@RSelahaleadrthgr Muddicp ahe bk epeit ¥ndetald oighsa dilosairdl This
of said displayed oblique inage; for connecting 34

disclosBrd i tifdrafotd MerdRY BRhcBRPBESay sduildiasts 36 gpitsturéahad
line segnments conformng to said pitch and sl ope of

elemerﬁ@ﬂ%ciﬁ@&?héreﬁtp tinesabthid @heMre & ifltdrRiet 3b BhodtishesQiny

calculating the I'inear distance along said |ine

Vanatlo?\ggi?éﬁig%t Iérn %’cféﬁ’é@tﬁ:[ﬁ sHitRe BlcRBR RGABH 8RLRANEbENHEHERYles

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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account said pitch and slope of said facets. 11. The

system of one of the clains 1 to 10, wherein said

i mage di splay and analysis software (140)

superi nposes said tessellated ground pl ane upon said

di spl ayed oblique imge. 12. The system of claim 10 or

11, conprising: said input device (I 34a, 134b) for

sel ecting one or nore internediate points on said
WHAIISdyedIMED kpie i mage; and said i mage di splay and

anal ysis software (140) for retrieving fromsaid data
L. fil & coppsictivaimybteddbudispryisg menidiaiget sdgnildnpne or
meamrandntd Esekdioatceptped wbEqud iorageonmepitdimy adj acent

intermedi ate points to each other, and connecting said

st a tomgutangstend | P ihatiag bonengdy ARt | nt er nedi at e

points, with line segnents, said |ine segnents

Conéxpfnﬁage Gnd Qaid ﬁl&u@lat;@é@s@rédoyssla%st@ﬁq ($30)Gindl aAldnd P
pluk? §B¥naly fgéhh&%&@sbgmﬁsg 1Al Ruraft ﬁcgﬁtf&alogﬂa@ infiged B8d
imdeSnd A5G g@g)nigﬂl 1 élQ&n%éQﬁ%ﬂﬁ?d SLNRSHomIN o s%ud tpiuerahty

0, poi nt's e systen1 one o
fIE%e%k% o 12 mhereln said plurality of facets

162a, orresppnd t

(f G5deg chpplyad o 5 05 %gﬁg %Pb o g@rzi;@if%r
rea Wg spifl IAge afadile (120) gugd di g gaé p%rtg pred
oblfqyedingees £ 2 41spipEsho bh\%e 1maf= sapchipnse displa@ad app tW”””C
(14Q) ﬁﬁ@ﬂata*fg the serlgcaiions af wwréwlayﬁeptmql%[a éﬂthirh'sagiéhspi@cd
oblitve inpes kagebit lesneinprrtihen gdidpomtiqnabdaty said diped My ¥W
anaimnoftd@m (d 80)daBakting 3 4¢pardtion degdoee b¢twgerofméf oo omprose
seleatedeponstd watha ol dispdayed obhdus idiaggl ayed obl i que i mage;

andchdrivgerad by i mage di spl ay and anal ysis soft ware

(140) for retrieving the positional data

COr § @RAN Piangdite fifakestebantias ARk dRedunt Plane (160), said ground
plane data file providing data to said image display and analysis software(140), said
ground plane data file representing a tessellated ground plane that closely approximates at
least a portion of the terrain depicted within said captured oblique images, said tessellated
ground plane further comprising a plurality of interconnected images, said tesscllated
ground plane further comprising a plurality of interconnected facets (162a, 162b, 162c,
...), each of said plurality of facets having a respective pitch and slope, said ground plane
data file comprising a plurality of vertices, each of said plurality of vertices having
respective clevations and defining corners of said plurality of interconnected facets (162a,
162b, 162¢, ...}, two of said plurality of vertices shared by each of said interconnected
facets; and

said image display and analysis software (140) identifying which of said plurality
of facets corresponds to a selected point on said displayed oblique image, and calculating
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 {140) using said calculated elevation for calculating said separation distance
between said selected point and one or more further selected points.

2. The system of claim 1 wherein said image display and analysis software
(140) calculating said geo-locations only as needed.

3. The system of claim | or 2, wherein said image display and analysis

software (140) calculates a height of an object within said displayed oblique image by
calculating the separation distance between two or more selected points.
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16. The system of one of the clains Ito 15, wherein
sai d separation distance conprises a distance between
two or nore selected points, a height difference
between two or nore selected points, a difference in
el evation of two or nore selected points, and an area
enconpassed by at |l east three points. 17. The system
of one of the clains 1 to 16, conprising: an
i mage- capturing device (32a, 32b), said
4. i mabe wysipurfiong ofidw ickeng BRa3, WBRiin saidesietlatagd subinilque
plahen@ g@sis atperimggesdogpduanidy te vadtisplapal dbliqmeigeigeapt uri ng
device (32a, 32b) issuing imge- data signals
5. corTiesperai dtent of haptaned td ABgesdin adid inastdisphs gao-
analREaLAErcde¥0)GRc R4 udd)sclcBRBR ridabdiimdRasicee through at
lead Rz bOGALIAG F8NICRolbats and keyltfhid échfitdrdg, @ 35
correspondi ng at | east one geo-locating signal, each

6. Sal Fh@s?rséeﬁacﬁton? BEPLRIhOFE b NPheilifBah of BEH Dages were |
cap&ur}(ejdlgéa i YfaoRlca tﬁ@ﬁ%déﬂce&?? 39 % 9E RspRE A fn‘?z%ﬁ ggptﬁﬁﬁegd

I{}H%Eﬁca lﬁ’f,éﬂ € }éice % dd SR JUEL NG each Tmag
“VeEEp Fﬁ%“%@ 4 OLRE "B EBputeY "SYStem T 46) recei ving

and stqring said i e-data signals and said at | east

onemﬁég¥96 ?FWﬁﬁgggﬁQPP?ﬁﬁ@‘T%ﬁﬁgﬁﬁﬁwgﬁgﬁﬁ;acquiring

software (90) reading said i mage-data signals and said

at logation deriercysesnfing Hieilorglign @Fﬁ%ﬁ Imager@PWHRe deiriee (38)32b) at
cach smags-eapitSeaet: sai d i mage-data signal with a

corresponding said at | east one geo-locating signa

f or oratdtion nageemamning thg oriemetiin of 18 inlge-caywtimgulayice (32a,
321 laaéarh Itagoateprieing csaitd at | east one geo-1locating

device and said at |east one geo-l|ocating signa

I esefkliveliyta ERRRENDE catredtRAThctON Eorafic @nagb-eeitufidBlevice
(320 S9h: NG d bRy BRIt R ERGRIRE Uh la Rt gt S ofHS 18 Mck dtured
by iHeTRagal HruritlodRdlce (1R gati ve of a tinme of each said

I mage- capturing event; a’global -positioning system

7. (OPR)c LRRS] ¥&fail ¥ wHERGELVI 119213 08 i8OS 1/ ke,

longitude, and altitude of the image-capturing apparatus (32a, 32b} at each image-
capturing event.

8. The system of claim 6 or 7, wherein said orientation data includes roll,
pitch, yaw and heading of said image-capturing device (32a, 32b) at each image-
capturing event,

9, The system of one of the claims 6 to 8, wherein said image-capturing
device (32a, 32b) is a camera and said correction data includes at least one of focal
length, sensor size, aspect ratio, principal point offset, distortion, and pixel pitch.

10.  The system of one of the claims 6 to 9, comprising:

an input device (134a, 134b) for selecting a starting point and an end point on
the displayed oblique tmage; and

said image display and analysis software (140) for retrieving from said data file
positional data corresponding to said starting point and said end point; for referencing
said ground plane data file corresponding to said tessellated ground plane having a
plurality of facets, each of said facets having a respective pitch and slope, said tessellated
ground plane closely matching a terrain of said displayed oblique image; for connecting
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i ssuing to said inmage-capturing conputer system (46)

| ocati on data signals indicative of a |ongitude and

| atitude of said inmage-capturing device (32a, 32b) at

each said image- capturing event; an inerti al

navi gation unit (36) issuing to said inmge-capturing

conputer system (46) velocity data signals indicative

of a velocity of said inmage-capturing device (32a, ,
saiBipfingandershposuts oith dng segeppisusdid hneseanents goRfprpiges dpeaid
pitch4@) slops uf saixd fagets &i Herchpbpdlowapidireirniy; adifputaequlatipg tlamhinear
disthdd)al@ngpiatdclime ssgrgeras betmeanadald sargnahnd enddomtythareby tpkalg into
acch@Bp&ditviehyd i ndi cative of a pitch, roll and yaw of
S10§€aéfc§aiidqm,capturi ng device (32a, 32b) at each said

| mge-capturing event; a conpass (42) issuing to said
11.] MROg SARMHWTIAE oEERINAY | &Y 8 OMekeAtBaidiR@dt ABpladaha
anaﬂsﬁ%@hvctiafert‘#h@%ﬁbéégnﬁsesas PaedibngePhroifd flane upon said

. e g ce (32a, 32b) at each said
d‘sﬁl"ﬁz%e"fb@g%{%ﬁgﬁg event; and an altinmeter (44) issuing

to .sai d | mages; capt.uri conmput er system (46) altitude
12. 4at ihesﬁyélﬁgjl (geollaﬁlaﬁ?ao ii\ﬁ)’gwg]fpggwg‘al titude of said

i mage- capt uring. devj.c 323, .32b) at each sai. .
| el GBI R EoekiD) b SR She Pembarnerirs poighs on
said gisplayack AhdiFuE BIASET ¥ing correction data indicative of
characteristics of said inmage-capturing device (32a,
32bjaid meiza displpyfaod analysissngare (& dhsfer regioying frape paifl data file
positisiabatatd onresporidirg tpatid poé et merfefistermeivde peipighive penncetaisd
adjhaeagiatcamadiadabntaogailr ¢thy, sofdonascding 80§ stattingiand ped panig to
adj@qnt @Gimediadabmtd, ovithome egimanapsaid dde sayage's coRDrmifigeo said
pit&VEiempebf ane fettsthtieebatoi®wlsaid @rrdi8; afdubt teulating the
dis@EPAIbiS) R Rk Ruihput belatén fil e created by said image
sai@RdrifidthAd 8sdpdingng sof tware (90), said output data
file "36 including a plurality of image files and
13P0sThd gRak, R of AT ERRODE MY HRrERER Plurad®y OF facets
(zsﬁ'a,%ﬁ ) 1@,’0, 9..) e'a&?&y?‘regﬁong% equal areas of said displayed oblique image.

14.  The system of one of the claims 1 to 13, wherein said plurality of facets
(162a, 162b, 162¢, ...) each includes an equal number of pixels of said displayed oblique
image.

15.  The system of one of the claims | to 14, comprising an input device (1344,

134b) for selecting one or more intermediate points on said displayed oblique image; and
the said image display and analysis soft ware (140) for retrieving the positional data
corresponding to said intermediate points.

16.  The system of one of the claims I to 15, wherein said separation distance
comprises a distance between two or more selected points, a height difference between
two or more selected points, a difference in elevation of two or more selected points, and
an area encompassed by at least three points.

17.  The system of one of the claims | to 16, comprising:
an image-capturing device (32a, 32b), said image-capturing device (32a, 32b)
capturing oblique images at image-capturing events, said image capturing device (32a,

32b) issuing image- data signals corresponding to captured images; at least one geo-
locating device (34 44), each said at least one geo-locating device (34, ..., 44) issuing a
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21. The system of one of the clainms 17 to 20, further

conprising a platform (20) carrying said

i mage- capturing device (32a, 32b) a predetermn ned

di stance above a surface of interest. 22. The system

of claim 21 wherein said i mage-capturing device (32a,

32b) captures oblique images of an area of interest

as said oblique i mges by: subdividing the area (200)
cormfpdndingraeBhstiont ge@]qubiingadigitay, coth swtatdeast ¢iRQRa Joc2@Rbsignal
beiROiddkatiguit thasign pait df phad-fooation(B)idamegmgcaptiring sitvipat3a,
32b) A0 daoh ih&reehytutiag gaint;oneé or nore target sectors

with said i mage-capturing device (32a, 32b); capturing

W t:f'co%?du@er s PRAR (FAREiNPardaVdr i@ saiddmag3dR) sighds Aid said at

kmﬁ%ﬁﬁg bﬂHlsgﬁﬂP9ﬁ§ to there by cover an entirety of
each~sai d t et ‘sector in oblique inages captured

“f romgc zaaéaaa fas ag tiy %'rg?gg%ﬁmn lélgatfig %93 s
a geo- Cé'll na S8, 3.1 1 age-data
mgﬁﬁ% Cesfaﬁmn%%fm%ﬁ By 0 ﬁ%&eo SBR MaTiE HEgad peRy ppaine

VBl cover an entirety of each said target sector in
obllque i mges captured froma second perspective;
18. e pBhay syRgMsAicking i dvhgcianaid @b seting geasies %ﬂ BHiG 2ht hs
saids attqusamq sgptlgcapag sighal|respectiaygly cosppaise at Eafffaerte ¢t om sai d
first and second paths (202, 204) and capturing one or
nor eclodb3Bpissringrages! irage-hateiyg wowater aystant46 Emg deta
siggAcihdioitiwaifd tphasfalath yaidinamechpiwsng avapbl | que i mages
captured fromeach of said first and second
per s peBiliposisioniap dystas CDRE Ngeepas (34) earlvislaGRS sipgilcaid ve
issﬁg%{% SRAMa0& Bdpt @i Qonsated sidiRg €403 datibn fga sigdeNd Beicative of a

lon and ZRikuRlof 848 fmh g&a&@r&ﬁg Ui 28VEMY at cdch saTchEnag,e—
cap? 1. qﬂ&gf claim 22, wherein said second path (204)

tantially

an ineriial navigation unit {36) issuing to said image-capturing computer system
(46) velocity data signals indicative of a velocity of said image-capturing device (32a,
32b) at each said image-capturing event,

a gyroscope (40) issuing to said image-capturing computer system (40) a pitch
signal, a roll signal, and a yaw signal respectively indicative of a pitch, roll and yaw of
said image capturing device (32a, 32b) at cach said image-capturing event,

a compass (42) issuing to said image-capturing computer system (46) heading
data signals indicative of a heading of said image-capturing device (32a, 32b) at each said
image-capturing event; and

an altimeter (44) issuing to said image-capturing computer system (46) altitude
data signals indicative of an altitude of said image-capturing device (32a, 32b) at each
said image-capturing event.

19.  The system of claim 17 or 18, further comprising correction data

indicative of characteristics of said image-capturing device (32a, 32b) including focal
length, sensor size, radial distortion, principal point offset and alignment, said image and
data acquiring software (90) utilizing said correction data to correct captured images.

20.  The system of one of the claims 17 to 19, further comprising an output
data file created by said image and data acquiring software (90), said output data file
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parallel relative to and 180 (one-hundred and ei ghty
degrees) fromsaid first path (202). 24. The system
of claim 23, wherein said second path (204) is also
spaced apart fromsaid first path (202). 25. The
system of one of the clains 22 to 24, wherein said
platform (20) is guided along a third path (206) to
thereby target one or nore target sectors with said
includinge: Wanptityrdfmyagkeiiies end BRaiond 2k, cosasndnding telegshoh said
plut206)f eizadilesubst antial |y perpendicular to said first
and second paths (202, 204). 37 said inmge-capturing
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oY said plurality of sectors in oblique i nages
captured fromsaid third perspective. 26. The system
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targgdt @ﬂ@orawmd)@ﬁltdhmpzaet pap0@)devige (Xer B9y, t arget one or

nore target sectors with said i nage-capturing device
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Saﬁgp ure an entirety of each said target sector in
obl'i que images captured froma

capturing with said image-capturing device (32a, 32b) one or more oblique
images to there by cover an entirety of each said target sector in oblique images captured
from a second perspective;

repeating said guiding and capturing steps along paths substantially parallel to and
spaced apart from said first and second paths (202,204) and capturing one or more
oblique images to thereby cover an entirety of each of said plurality of sectors in oblique
images captured from cach of said first and second perspectives; and

recording positional data indicative of a geo-location of said image-capturing
device (32a, 32b) at each image-capturing event.

23.  The system of claim 22, wherein said second path (204) is substantially
parallel relative to and 180° (one-hundred and eighty degrees) from said first path (202).

24.  The system of claim 23, wherein said second path (204) is also spaced
apart from said first path (202).

25.  The system of one of the claims 22 to 24, wherein said platform (20) is

guided along a third path (206} to thereby target one or more target sectors with said
image-capturing device (32a, 32b), said third path (206) being substantially perpendicular
to said first and second paths (202, 204).
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fourth perspective; and said guiding and capturing

steps are repeated al ong paths substantially paralle

to and spaced apart fromsaid fourth path (208) and

capturing one or nore oblique inages to thereby cover

an entirety of each of said plurality of sectors in

obl i que images captured fromsaid fourth perspective.

27. The system of claim 26, wherein said fourth path

( 209d imagaicapurinmdsaire (AhPLDXGBIH S Q1NE OF MPFePBhiginimages to
the(cRP €3ptuig@n entirety of each said target sector in oblique images captured from a
third perspective; wherein

said platform (20) is guided and said image-capturing device (32a, 32b) captures

said oblique images along paths substantially parallel to and spaced apart from said third
path (306); and

said image-capturing device (32a, 32b) captures one or more oblique images to
thereby cover an entirety of cach of said plurality of sectors in oblique images captured
from said third perspective.

26.  The system of claim 25, wherein

said platform (20) is guided along a fourth path (208) to thereby target one or
more target sectors with said image-capturing device (32a, 32b), said fourth path (208)
being substantially parallel with said third path (206) and 180° (one-hundred and eighty
degrees) from said third path (206);

said image-capturing device (32a, 32b) captures one or more oblique images to
thereby capture an entirety of each said target sector in oblique images captured from a
fourth perspective; and

said guiding and capturing steps are repeated along paths substantially parallel to
and spaced apart from said fourth path (208) 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.

27.  The system of claim 26, wherein said fourth path (208) is also spaced
apart from said third path (206).
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