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Attorney Docket: 2686/ 112WD Form ng A Single | nmge
From Over | appi ng I nages Field of the Invention [0001]

wohesioss®snt i on generally relates to i nage proceesiusgnos/005689

and, nore particularly, the invention relates to
formng a single image fromnultiple imges.
Background Art [0002] Photogranmmetry seeks to obtain
reliabl e neasurenents or information from photographs,
i mages, or other sensing systens. This field is
currently being challenged to transition to currently
avai | abl e digital dﬁ@ﬂﬁﬁﬁﬁﬁkﬁ¥ﬁﬁﬁgéggging t echnol ogy
with fewer FpimaingiAs%inglsdmpgadiiom Oveslanping huagessst or
hardware, and inproved software algorithnms. Cenerally,
aerial/satellite photographs, survey points of the
ground, and ot her i nf dnetdpf theInyestian r st transf or med

' Laital el evati p . ;

AT %l SR AR ALl e s, e
ihheriof reldtésap fpmicessede nmgp frodundtiple tthagasect i fi ed
photo image files called "orthos". [0003] Inages of

| ar ge geographi cal regions comonly are produced from
mul tiple aerially shot [Hackaouwd Arht egrated into a

hbE Pty srde <SRBT B PO Bagion fom

PRRERI M, hhgek Qorivbhel Beaisi Byatenpi Thisifield of carendy beiag thallenged to
region. It thus is igporta t to ensure.that
g

, the . .
ERSHOR I cusRhe aY ekl CROTRPEYC e t.e?%mgpﬂgsrwd%lrfewef file
Qe Cdndmeenk iy Bmabtichk ShiterdRid®/ats, Attinipeoved sdfteart lRgorithines.
two i mages merge snoothly. Wen th ner ge, s OBhLXf f
GRS RGN, T T L
b Bt G ReS il Sato HRAAA e vhits o dd1sakl1d TEIEIST @keknOWn 8s a digital
single re |on”tyggcall have overlgfﬁlng reglgns WLtQ
iermindiese BTG whishiers thepgagher Reacsiser R@IEGduce Sriffastifptpboto

@%1e%&%@ da-6sn@b. two adj acent inmges, for exanple,
over[apping regions commonly first are roughly

al igned. After they are aligned, a seamline is drawn
oBGEES dr Tarég]geo@agﬁlxﬁ r%tionts RBhmoRY 2 pibahe8 o Rlutiple
aerially shot pictures integrated into a single picture. For example, many overlapping,
individual pictures may be integrated into a single mosaic that forms the final picture of a
relevant region. It thus is important to ensure that the boundary between two contiguous
pictures in a larger picture is accurately determined to ensure that the two images merge

smoothly. When they merge smoothly, the overall image should have the appearance ofa

single picture.

[0004] Individual images taken of a single region typically have overlapping regions with

immediately adjacent images. Accordingly, to determine the boundaries of two adjacent
images, for example, the overlapping regions commonly first are roughly aligned. After
they are aligned, a seam line is drawn somewhere in the middle of that region (on each of
the adjacent pictures) to represent the boundary. This process is prone to error, however,

due to its imprecise processes.
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the adjacent pictures) to represent the boundary. This
process is prone to error, however, due to its

wOonps@ssse processes. [ 0005] An exanpl e of a cuPCEmIS2005/005689

commerci al photogramretry product is |InageStation
O thoPro by Z/1 1maging of Intergraph Corporation,
which is an ortho production tool that addresses the
conpl ete ortho production wor kfl ow. Figure 1 shows the
rf y - -
%bg}m neggamg ? 61 ﬁﬁrg?rft cgﬂlm CMP gﬁge@%?%;?ﬁt oglg)eil&(fst ImaﬁeStatlon
O&haPrb d’)y y#: | Igiagmg of h]b:rgmph thrpmayon, rdtiahde arpbmﬂtqudmh@ tool that
vat i and oref en r 0. S
SR ?%Pﬂ ge ARSI ?‘hc"’ﬁr ! sﬂ8\§§ g Ugel"
Tﬂ’tﬁrfacé b @athoPoThd ‘Psjkdt Planaing? Hlﬂtcﬁll’aﬁoweéﬂ ot)eratot tmeselect the

operator to _us n exter util convert the

4t £ 2o 2% VoD T LT PRPPEEPE %%ﬁ&%qw&%f’d%{mns o
Fgerbhed BERA in Tatldub BbrezoglaPMdtviental danes, p@@ébtbﬁs and ﬁﬁtse @his
all in different coordinate systens, and Erlt ze

FepstipretigrAlishaorts teotepha therBemin Sxiieian gk gﬁa gibste Convert

Weiigiht Bfa HBe Qéﬂréc[‘&tﬁcﬁ%oﬁﬁﬁat&yﬁt@ﬁt iFuttBéinofy) Hﬂ[t@l‘eﬁﬁé&atlon files
This avoi ds the need for the operator. to ner

f:zm l@seel@@tﬁ@raa 11@3?1@1‘%911? wordipatesysiens, anfpeiop e he e%?inated

S& agfcﬁ aﬁ@aﬁly' ABSL vHRth b DAL BBk thetcl'ﬂﬁoiil&%'flﬁﬁﬂ)n process This
Iverabl e ortho area(s), and the size of aiplxe

gvco@mthe wevd ey theroneratmrta fstas AN filag hefasm o - seliceRen. The
t@'{ 9#1 a‘s sél t%qulagés OQEI‘HGI‘QQ ecﬁ@&é%fre@ aﬁfv@faﬁﬁ%ﬁﬁo @ka(s), and

progress f he job in productlon
meslze@f ] pmpleolgrq‘umd anitsofhe “Pﬁmfg@es” buqrpru@llowsﬂhﬂpperamﬁdo turn on

g Sk 2 Ll SR, B SRS lion. T
i“ﬁt‘thdSrécathatmmt j IDqdeet EEsie Agthof, andEMpsaic rbustore;mllpw for automated
SeTP Rt atios R BRaChieR” fe HENFERE Sty ih BB 0RR A REssing

orma process
@pﬂie Qfisr s@éptle Eom }Hét@] #ahesPbaruns Bgre enbblt:d bﬁ (memtcamyuld choose the

processi 0006] In_or, duct
BERRIAL DR Bt Bocs BB rT1ony BN RER b Saroer STELRer T
PrREQmEDSgiaAN Ccreate bottlenecks in the productlon

wor kf | ow. For exanple, OthoPro requires the operator
to continuously check the progress of the current step

t[GDO%Fﬁl dr{ho 'prOdh@UcﬁHﬂ@érﬁhﬁs@EEQOﬁhéP}S 1Bf¢kivS h@RarCBrabe
started. In theory, each step could be automated to

mtarrsevetprf@ewéwanﬁe@& Hoiepedkeringhe RERRGipnrEkiigye ot Gample,
\@ﬁ{htoPlfonglﬁlgErHJe%Eéﬁfér Q)fcohhxﬂfously check the progress of the current step to
see if it is complete before the next step can be started. In theory, each step could be
automated to start the next step instead of making the operator wait for completion of that
step before pushing the button to start the processing of the next step. Then, when
processing starts there would be no need to stop until the job is complete. The main issue
that prevents the workflow from being automated from beginning images to desired ortho
area(s) of interest is the need to acceptably define the seam needed to mosaic the adjacent

orthos together. A great deal of operator time can be needed to draw seam lines.

[0007] The need for seam lines arises from limitations associated with file format/size and

data collection techniques, which cause images to be separated into partially overlapping

-
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step before pushing the button to start the processing
of the next step. Then, when processing starts there

woawsthsgsino need to stop until the job is conpCems2005/005689

The main issue that prevents the workflow from bei ng
aut omat ed from begi nning i mages to desired ortho
area(s) of interest is the need to acceptably define
t he seam needed to nosaic the adjacent orthos

gset’ﬂl% upion o@ h%get ov%ﬁ?ﬂgg%x&?ﬁ&ﬂ}s UWe El#lgirg géqar o RE QFO(End

57 draw sean1 I nes need I nes
aaférselso hy than“prioject ata” o Mbe g Gad atoddcwne tor friokegarea(s) of interest
e and data co

or nat./ si on te ues
E%ggm{hw & RIOjedt giea csaéleb rpé?cfua{ areas . g LSS % Te’s tﬂ@ae%ned product
f@ﬁé@ Eérﬂl&pﬂoﬂlgﬁw&liﬁﬁ a sihble itage) but@kteh ﬁe&bsimdqrécﬁpmrmnmt bas

ornms one single |ar area pon th rou referred t
sSFisd oy Op BEion g GG QOSSN SO i s e
Rt B Odastd Bbmiath@baRSF tHe@uigthaMl Mhhésaldiethelsih@g imagesa
cal l ed "product areas". In sone cases, the desired
esdstalong wamdiags be found within a S|ngle i mage, but

often the desired product area nust be extracted from
the union of a conbination of nore than one of these

H0O8] ¥prinus glearidans prasesly exist idterpiae axberce § i OF g fpeg data
RSk L1oFbrnt Q?eaﬂlr Iilg' RisBalodtithRS R fird Be Bgeﬁaﬂopﬂorﬂo@glme-

i mages toget her along seam|ines. [000 Vari ous
apegomingigebrualierrheek teghsyire thy thrse érlemnﬁet \me%orts dhessi the data

gcfln; zﬂlér?%’]at 2EmIade Ay, qgﬁ}r}] ﬂmﬁé)thg Qﬂj%e"ﬁt R2Mohld¥ppealBidetectable.

s reqg urre t oera or to oatlmsconsumng
\Rleslualbalb'uthle |s¢ayn wHkaily beourein@etabale ifithe adisventedaterhas symigehor

e gﬁlcb%ngess al%a%i%agh Elgg oidtﬁ% ahl%:jé&gc al ong a seam

ent data should
appear undetectable Reallstlcally the seamw |l only

tectable if 'the cent .

RS ERaAdaBrieg:n B AEF O R Brt Rl Rlicn Modet
EDED%] b&ﬁmyh pleoithma vinabiiredictsBamiiomeeicdabocing nkpoasible cloud

ased the D gital FElevatian de] s , b h

AP TRIEE B oo b e PR FRTPG oS DENE ] must be
andteR AEFbOhSneired € ©ELRIze it BatiRiltingCoffeajnee fcﬁln&\fhlbh@ kHam
the using the orthos. Furthernore, DEM'flIes 5
i RISTROTE oToa BT A ADE Bl GGt HHEY AR 980 usin these
nghghggs or features found al ong seam | i nes.

Therefore, visual inspection and nmanual editing is not
al ways avoi ded using these al gorithns.

[0010] OrthoPro provides an automated method to create seam lines, and also provides an
option for the operator to edit, save, and import seam lines. But when images overlap
more than fifty percent, it becomes confusing where to draw the seam lines. The
“Generate Seamlines” button in Fig. 1 avoids such confusion and creates seam lines so
that the camera position of the image is more perpendicular to the ground it covers than
any other available image camera position. In other words, any poiﬁt inside the seam lines
generated is closer to the position of the camera of that image than any other image; it
creates seam lines relative to the most “nadir” camera position. Such a partitioning is
generally referred to as Voronoi diagram. This approach helps to increase visibility of the

ground and avoids hidden areas due to anything tall obstructing the view of the camera.
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[0010] OrthoPro provides an automated nethod to create
seam | ines, and al so provides an option for the

wopersasgrsit o edit, save, and inport seam | i nesPCBmIS2005/005689

when i mages overlap nore than fifty percent, it
becomes confusing where to draw the seam|lines. The
"CGenerate Seanlines" button in Fig. 1 avoids such
confusion and creates seamlines so that the canera

povai | BeNthRfauiobAtd AREUSd IsSolrRc oWRENUE Blgbdthmt @eé Mehimize
round it covers than any ot her avail abl e i nage canera

islden prsps, itideesoiop ereatpsphgentiadlyyndeipeipble sramdines. jad g gperator

uklﬂi‘ﬂ? ?@é'dqg %@uétsfheCJu%%'hcilBl Jeh&aR@3dahl Bit. Afn dfRRitor manually

cane that i mage than any other inmge; it creates

sdianitlgi thessamdingmiay dind ghat b lckpbsurvayeinis negp the seem line and less
tel’fg& DE%gg Qﬂlacagg% \%{h t(){’&'ﬂigglg% &secg Ev%l 2! Qfoﬁrﬁlfsﬁ{f{ éﬁtl(lé)to
oron0| I agram 1S a pS tO I ncrease

\wcsh dahdri ilryactoiﬁtlmlhlanlgmgun@l tramldarawﬁh mpemt thdbimcamesmpergpgetive is

ﬁgln cgt%i%g %'it%al | l%eqb Selt céolfllgl{l L0 gna% hgrtﬁ/c; gfltwtsh%hef‘ operator typically

mﬁrsf shife bacWalnH éorthttetvedeq orthdishmmgie snmlnﬁy iseanz Bndsivd thénthe overlap

ar ea t e.subst undet e

e o RS e SR ORI TR T o SR f e Seam

diglp ) SAfrdrhiee @udaleddessab bomPend st @dracamyl dol’hsnsuAl’quahty check

oper at or. manual | y adj ustln the eaml
o8 B tacrisdh oo el B A it P S L Y s was not

la@&matchdb nResit potesPlEMSt bairkperfoatkse ’lth\imopétaﬁfrhﬂéhmﬂégnanual seam
orthos to have a_ground shift relatjve to each other.

ge siEing prshihe pighal Apaliyy Sisek ol e MOsG IS WP MG HEERing o

the canera perspective is also a problemw thout the

time consumng true ortho capabilities. The operator

typically nust shift back and forth between orthos

trying to nodify seamy|jigs oMdeihitntibg overlap region

between the orthos so that there s mninmal difference

dP01gd &lsingletienage istfhimed deom inpliple. imagaserhi¢hrpartiably iverlap to define a
I .

Qoa | ??vé@a EQ.BI‘I! %Bﬁgac%lg e%? g‘ﬁgﬁge 5 Sai (}—\gbncglg%{%ﬁ Ual;veen the first

timagesintdi tonseadraligagdie astemmldallm ealculiited hased empnokbéssesl piveed values in
t adequ t he 0

T <R Sl e R S g e Ry R T o e

tHoendarstoabrmg bl aihgle ymageeck of the nosaic is very tine

consum ng. Summary of the Invention [0012] A single

image is formed fromnultiple i mages which partially

qUen3l] apfuk erckibotligneats p@ltﬂﬂimtln Q\i Bblluﬁlﬁryr i8¢ ude ,mlﬂlﬁdzm@a: tifference

fQGFvgel%n E]na%gnsgy vetll{ng o? p&ef( djacent to tlcl)e chu%gla/ry blehe plxeli] 1ntens1ty values

may be used as weights which represent short line segments in a shortest path algorithm.

Embodiments may further reduce a digital seam associated with the boundary by

eliminating redundant segment vertices.

[0014] The boundary calculations may be based on a Voronoi diagram of the first and
second images with respect to a camera center point of each image. The first and second
images may be ortho-rectified images, aerial images, and/or satellite images of a

geographic region.
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i mage and the second inmage is automatically cal cul ated

based on processed pi xel values in the common overl ap
woegismss2sThen the first and second i nage may beCT/US2005/005689

i ntegrated along the boundary to forma single inage.

[0013] In further enbodi ments, cal culating a boundary

includes mnimzing a difference between intensity

val ues of pixels adjacent to the boundary. The pixe

i[0018D BinbY¥di@htd @80 fRYR Bn 4385 A s8R 84S k& dhy of the above
represent short |line segnents in a shortest path

aneilends  anehcoEpE RO FyAte R dpigd oyperfpat 2y theebgvegmethodst

seam associ ated with the boundary by elimnating

redundant segnment vertices. [0014] The boundary

cal cul ati ons may b&rishBestriptiomofithe Bragiingsi agr am of t he

fri S [ ' e . r -

ISR, CRERP b NIRA PRty TR Lol ! foduction

ipneiyes may be ortho-rectified i mages, aerial images,

and/ or satellite inmages of a geographic

regi on. [ 0015] Enbodi nent sal so i ncl ude an i nmagi ng

J0617¢ Fdam shdwt muitipde aurylamiing inegedoohieh met llksconditd into a

conput er softwareadapted to performany of the above
od¥e%Bri ef Description of theDraw ngs [0016] Fi gure

1 showsthe Main User Interface of onecommercial ortho

fio roduct. [0017]Figure 2 showsnultiple.
OB B s bt AR AT BEnE K ABtH e e dipeng e
ippgs-inlef@dB] Figure 3 shows a pixel weight grid
according to one specific enbodi nent of the present
i nvention. [0019] Figure 4 shows potential shortest
F[@(m% Ol A/ 86WO PSRt %&kﬁ?afh%rﬁ%gt%%@dd‘rdiﬁ & hedprant
of the present invention. [0020] Figure 5 s%oms
resdhedimeghofdhe pragorigasntiover t ex poi nts according to one
speci fic enbodi nent of the present invention. Detail ed

Descri ption of Specific Enbodi nents
[0020] Figure 5 shows reduction of redundant vertex points according to one specific

embodiment of the present invention.

Detailed Description of Specific Embodiments

[0021] Various embodiments of the present invention are directed to techniques for
automatically processing imagé pixel data to form a substantially contiguous boundary
between a pair of overlapping images. For example, the difference values between
corresponding pixel values within overlapping regions of both images may be analyzed to
form the boundary. After the boundary is determined, the two images may be integrated
together along the boundary to form a substantially unitary single image. Various
embodiments of the invention create substantially undetectable seam lines and minimize
hidden areas in ortho-image mosaics. This avoids the need for the operator to manually
draw, edit, or quality check seam lines since the operator is assured that no better seam
line can be created. Details of illustrative embodiments are discussed below. Of course, it
should be noted that specific details mentioned below are not necessarily limiting of all

embodiments. Many of the discussed embodiments thus are exemplary.
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[0021] Various enbodi nents of the present invention
are directed to techniques for automatically

wonros@ssisng | mage pi xel data to form a subst anPCalusg005/005689

conti guous boundary between a pair of overl apping

I mages. For exanple, the difference val ues between
correspondi ng pi xel values w thin overl appi ng regi ons

of both inmages may be anal yzed to formthe boundary.

%622‘] Tho Seal st the AGactRicRthBl HRdId dpPsir LM td IS Snd T requires
be integrated together along the boundary to form a

shtsediapant a1thas hays minial o grgfval ichanges alenghoghysides of the seam edge.
e@%ﬁﬂé %ﬂ%cﬁm@ﬁts BﬂﬁT Pﬁé’eﬁf‘ﬁl'v%’rﬂmﬁ LEAhE aff P@E@B&{Veéd the adjacent

etectable seamlTnes and mnimze den areas in

arthhpixehintrasittowdics as waikhts digitalil i prebating slebre lgne segraents in a

Q

ARG Bl bBofFRRE ot Mekie Bl e R blko (U En R BB

sdgaceitiortbo Gikes. be created. Details of illustrative

enbodi nents are di scussed below. O course, it should

be noted that specific details nentioned bel ow are not
66233 Tae ol etlab rddidni af gheaddjaatit oethd itk iveraidsandvnpixelf inttheoverlap

L e e

LhetaiaRicil Bl dpustsawt@rel tBipRice @i Yedn€ Bnds hatweadl iha@ﬁj’abenﬂ) bt Based

have m ni or, gradual c es abong bot h S|§§ﬁ E

1P 05T RGeSt CRARTSGERsOuRih oIS TEHE SngTare FeBrpiekigitally as very

| YR ﬁké&ﬁa%lﬁ@dé bt M@&@ﬁ@z&ecb@tca@ametth@reﬂ%ca&&laﬁon across the

ortho pixel intensity values_ as weights dl%lta
t

rpHEsEROPn Fhe figial seqmlines semiurber heriodicahby é%@atgatrwundant
ale Gl tvBMct O 108 AEHBAE id %e@hﬁﬁ%'p@ﬁnﬁ%at&%dlfﬂﬁﬁ and plotting

contrast difference between adjacent ortho f

[ibo2Bse THE iopeahpsipe elmbef the hlt“h dush ket pates wilh §nd the gath of

' 18asf Fe@ﬁlt ﬂ&ddowﬁglaé)ﬁlﬁ eélﬁoo'd?nénﬁ%f Weed'rééﬁt 15%91'&9{1‘ fifldl ?ne best possible
anal yzeg to fin e differences between the ort

Team dilng) tr Gomnhent adjeagntzarthosrieeetber th joraing singleprge aulitbnosalc of
Qh AGE the seam | ines between the adjacent orthos based
upon ‘where the | east changes are found. The seam i nes
are represented dlgltally as very short fixed

PP Gy Rt LI B B RE G bR bt i of
i 1gkdl atlatheaontei ghemd Cémdﬁlmlra tsyeeem bEhaneduticled pbints called “grld posts”
elim und nt se nent vertices., The a

i'§ Ci]]%‘ﬂ%%ﬁéwﬂ‘tgf?‘f’%éoﬁr BAeRG \RBP%P“&S%C“ Oiihq ?Vegﬁlgpeglons using the
pgrmtstiﬂeng spatcs the @it pBstalafait] Pixel écﬁ;aﬁhwes atr&ﬁa@ﬁbmqm afjactii®rtho-

hi | | | i ke the water t at h
rectlfled f1llles at the ground coordinates o tLe gnci posts. q‘%ege): ptixel coordinates are

subtracted from their corresponding adjacent ortho pixel coordinates as described in detail
below. An adjacency list data structure is used to store the results of the analyzed data

thereby minimizing system memory requirements.

[0025] Initial seams are created according to a Voronoi diagram from the ortho-image
with the closest camera position. The camera position for each image is used to calculate
which image is closer to perpendicular relative to any given ground position within the
product area. If the camera position is not readily available, the center of the footprint of

each ortho can serve as a good approximation for the camera positions. Given these

-6-
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| east resistance down the hill, enbodi nents of the
present invention find the best possible seamline to

woams@ss2sad] acent orthos together to form one BCTIISE005/005689

| arge quilt/nosaic of orthos. [0024] An arbitrarily
defined magnitude for the grid size is chosen based
upon the size of a pixel relative to the ground
coordinate system Then a grid of points called "grid

& points, h8VeHnd! &blgrhM cak eélmcmaﬁdhlaaﬁﬁﬁeseﬁ\%alaq initial and
t adjacent ort ho overlap regi ons using si ze

APPIORiEAE LHEoY ] e pragt ineaselem flprrsoélvlclt% rar ?fargeélg%rrtém refines
rtﬁ@s@axgrlﬁ@ ﬁ“gbe %QE{?C?%H is a(iapﬁsgrﬁ;t thé ’ngd)nfn' difRafto &Jﬁﬁol the order

ground coor tes'o e gri osts. These pi xel
ob thedvavateey theradjasenisy tisle tTélds sretsmmapﬂmanort@raﬁéermﬁhnﬁtm gplculation

3@{ \?Jﬁtch?(gs% Q. Aﬂﬁ&@g h SR ﬁé §BrcA5 : A58 ﬁﬁésbggogsme while

aoenoy I st a structu I's used
teeeaitgthe phthef mésubinshaigetab®ssatha bytizecvedag-a t her eby
m nimzing systemnenory requirenents. [0025] Initial
seans are created according to a Voronoi diagramfrom
t[hezap Atwaglitetgrephvihbitest bt algositat posiiomy the ikl béannlineF lnéthin the

e e T SrBeer P SolRPRGT wHREr i< ol i T gpors

Qiath&ﬁlcgraﬁbhﬂ dOROids©Bf the hdjhdentyikst B0 Gtiek whitle fixels bretadfacent
Hﬁﬁ osition is not rea |I§,avallable t he_ cente

sk GoRtecEpn LA IPeTh dhe BEnimLm eight Pathggioss the

ARESNE bhaHab ridnak tHeh BeteiBs® POSi tions. G ven
t heseground points, the Voronoi diagram can be

cal cul ated whi ch nakes an excellent initial and

qw Figgﬁ:tﬁsh%@k Bt é)&ﬂlpieooftf&?r A trhddes, Y, B cemnd 5, Gich overlap
e rest of the algorit n1ref|nes t he sean1I|ne

Th éleaeqpa@@ﬁ ehaded gions lﬁqséJare\aelalstu celrdatimsy fond BiveR avgFlam
lr%%?ﬁf rt‘liler %}ouﬂdl?:%oﬁfnq{%g Fun tHoeo\l'e?l%g ke%g)n%e &Jﬁgfoﬁqécﬁﬁwyel

s sets up application of shortest path
m@bmﬂiﬂam aof thetpixshinggnisity vdherssibthe helcmietsql (%p# Pixelsoerdingies are
r p [
t acf flpo hﬁ% gH%pm?dr?ﬁ% hlroqg‘xsé legr g‘zlgh %e “%grgtblﬁg”e%{} gr%}peﬂlgutatlons
[T (ﬁib@q orfhormiaghpied igessites sfdnmatlelxtnd peet sumaled @nd themesult is a weight
|g|tns the initial seamlines within the overl ap
%ﬁ? OndC TR adj acency |ist holds the pixel weights
used as inputs into the shortest path cal cul ation. One

ORGSR b b SRl 8
ehiedl sqdﬁi’@ This Iﬂd:giﬂﬂ'ﬁdﬁﬁmghb ap antlh? iiReded $/4ll bdyeferred to as the “overlap
intersection.” The grid posts of the overlap intersection must account for all the adjacent
ortho-images in its weighted solution, not just two images. Therefore, the shortest path
calculation for the overlap intersection may be processed separately from the other ortho-
image overlap regions. The weight grid for this area is computed as:
abs(A-B)+abs(A-C)+abs(A-D)+abs(B-C)+abs(B-D)+abs(C-D)

where abs stands for the absolute value of the difference in the pixel intensity values.

[0029] Figure 3 shows a pixel weighted grid 31 representing the ABCD overlap
intersection 30. An artificial grid post 32 with zero weight is generated to represent each

intersecting ortho-image in the overlap intersection 30. These are shown in Fig. 3 as grid
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adj acent overlap region is then determ ned. [0027]
Figure 2 shows an exanple of four separate inmages, A,

we2005/08823101 D, which overlap in the respective soaasen05/005689

regions. For the weight grid calculation for a given
overlap region, the ground coordinates within the
overlap region are transfornmed into pixel coordinates,
and the pixel intensity values at the cal cul ated (x,

YposRIAX B, CCMI 19 kd}adsEfind i Barcdve QN e tiBh ‘b@ﬁl@p e Bificial
ortho-inmage file. The differences betweén the

pEidResats ipRsedgs aﬁﬁé’@ SNEY/PHbRIMGipihg afiacener Hafite prser/exit the

RS BT BTG AN B e e
t the aitifigigbgid ppsHhZyin i @B@m@@mﬁlﬂwr@ogrdn@pw/nm beint to the
SJB%{ gtseﬁ%gll‘lfi&{) Bﬁnun;r Q/E%htreg 9{1@ Zroﬁlg‘gg&r) ]B g%galah:ltei O then the

ere erred
| mtmm&e cteighted pafifeong Citd DJS) sdleulgéd. tfhﬁ’erah&emirétpum weight (shortest)

l}]ee{c‘?’c%%_gqg dqug’%x}ng&(f‘ﬁ)euarr]{] ificia plxe’ l}as E%en e?-r%ﬁ%é,tth? %ﬁcml pixels
[ Wﬂlgieshscai’ded eTlerfast shdil&ssﬂsmﬂ pleﬁtcom&b{&dmbabhlaﬂtﬂcﬁm pﬁ(eirwﬂl be the
the overl a |ntersect rocesse arate
R R P e Sh e b T R ALY ST dme SR T glrep
gihteeketn 30hi s area is conputed as:
abs( A- B) +tabs( A- C) +tabs( A- D) +abs( B- C) +abs( B- D) +abs( C- D)
where abs stands for the absol ute val ue of the

diob308 BREKEEN the EoR&oRieXEcripAbEstHoWo Yiah ke Sverlxp @réection areas,
Flgure 3 shows a pixel weighted grid 31 representing

tpadnsh thehasic 4o 28 oL BAPTEFOTS S Simplara Frervaiha ferig Falgplation is

P@S Lanias Wefole, BRI RerdBicWaly thd 09@8—% &fled @ ffnﬁﬁﬁ@@ﬁ@ﬁt difference.
each i ntersecting ortho-image in e overl ap

i Farexapede.joptho-3magey heand Boiniersspiona CPIﬁmPP §Vverapgegion. The weight
ggdddfepﬁk Bvdila %go& is @&Hp@ J SRHER Ieg 1?% EdoGIn pré ESRREL MR

overl ap regqi or der. |s art grid post 32 7s
uds frgman wagdpentemqtlpn @i Uttlhpfai antl aytifickal grid pestapljiete amoged

! Arls%\NhEL% viih ?Jadﬁ?g e adﬂa%\e/ llﬂpt ag%dr ]ailu%% dg{eln%n?%gt

t's respe be connec
t mmﬁlhum awetght (shoraist) gpauhsi aqm&stthe&ﬁzerlap mtaeseainiq)rmran dYe feisdts will give
2% Tde ; Irflgl% gcro rsech%)‘hef {ﬁ\é )%% Jnotup tgl B}IﬁrL %P1tn% %{t getél?er §v1th minimal
cahaaHt difeeckncaand t hen the m ni num wei ght ed path fromC
to Dis calculated. After the m ni mrum wei ght
(shortest) path across the grid to connect the
aj003 1] Bingl thpdhoab s pirA slgbatim sied 1B Bdaftiehes ih@ighdl ttbrd. CThalseam

pllin)éeverstices are created dense in an effort to calculate the correct direction; i.e., the path of
least intensity difference. These short vectors will have a possibility of only eight
directions and have a constant magnitude equivalent to the size of one grid spacing as
shown in Figure 4. The vertex seam line can move one grid post in any direction, but each
segment’s magnitude is limited by the grid spacing. This connectivity is set up in the
adjacency list. The shortest path algorithm will calculate the direction, but not the

magnitude of the vectors.

[0032] Once the optimal seam line is determined, redundant vertex points may be removed

to reduce processing time. In one specific embodiment, this process may be based on an
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will be discarded. The first shortest path pixel
connected to each artificial pixel wll be the

woams@ssison poi nt between the overl ap regi on aRdTiUS2005/005689

corresponding area in the overlap intersection 30.

[ 0030] Based on the foregoing description of howto
handl e overlap intersection areas, handling of the
basic two inage overlap regions is simlar. The wei ght
gl%oﬁttﬁrabﬁdlﬁlﬁ}qcioﬂt@aﬂls‘én ts,fmI 1% rpseln&f&hdt gztlptﬁeme hmh%at RBde af @id
only two ortho-image files to find the wei ght
Siipdtishanybe rEgpvedy %ﬁrptxemptﬁ P e hERfe oKD dhfe e 54 will be

irEfuBESRGhe deBmAint SHOVRINInYRRd S, BEWopihg trﬁb@gmﬁé gslahl lﬁl%|vgrtex
for the over|lap region is conputed as abs(A-B)

Any
[eRBiHopBS RdhpRIPEENSHINF @Y ORHYSPAR® 1A detpripe i thpy contam the same
| ESIREHE vORxah Bretbhtt ZRBe ﬁ[i‘igkl? '&&h&leﬁ Ioflingthd &1&%&& a larger

points are used el sewhere when'l oading the adj acency
Impagpitudehi s al gorithmwi |l then determ ne the m ni num

wei ght (shortest) paths across the overl ap

intersection area. The results wll give a seamline
400393 $he fienl ooselt s an@giatnd prasjess thattséves opeatbaippé. nigmbodiments of

Qfé)%??%%n{}gge%%hﬁ aWe ure ggl ?ioobr?e%terg@%atn% to S o%ﬂﬁﬁg)m the orthos

[togedsr bn ardzﬂyy,mgahe fvmelsrmtlﬁn&hesmﬂap reg@nv seatmm«s g«mefated that avoid
glu{litg ng Iijegﬂ cli]?u% coxr/]er? zﬁlgeafﬁ%? hltl t : %irc?uglsi ?hat ﬁ%secll#mhgt%d CRL4 §F operator time is
d;a\feﬂetnea ﬁﬂnuaﬂh&iﬁaﬁmﬁé‘lﬂbta@@ﬁﬁﬂfnﬁs audfdr qhﬂﬂﬁtckﬁ:ckmg seams no longer
ssibility of only eight directions and have a
flant magni t ude equi valent to the size of one grid
spaC|ng as shown in Figure 4. The vertex seam|ine can

ve on rid in any direction, but each
3@ QC%FHE@"H iO? ha énviewtiqr St RefmplPrieRed & 31ty COBYERfipRsl computer
wgsaxﬁﬁﬁtgqmgluxget Yol é(a%@!e HRfdritd RS0 dfeAS 813G Ye kSt ment&tein a
shortest path al gorit hmw | calculate the direction

tuecesiel RIpEaREiE ARpascor g HE V@ an sbisct qrionisg prograaning language
QR @l 1§ e?;mnlnht'i‘\% e'n?bogﬁﬁeﬁfsmf BRAnveh@SHRGAR 1ntf)?errﬁe%t%d as pre-

points nag be renoved to reduce processing tine.
oregrapaed hjrdwapblsdiensmther rélated pamenvaens, pags aa@nﬂa@éldn oh

?%ﬁh&?%h@ﬁ@h&&ﬁ%hﬁﬁﬁmﬁ nparison such that points that

ine Wt ange in grid direction nmay be
renoved. For exanple, the seam|ine shown in Figure 5A

@H%g%‘ubé‘g q}%ﬁt@ gaﬁ lge 1@?@&6@%@@ :a Egmédgé)r}%g?(glrﬁn 5iro%H&%or5u%e with a
computer system. Such 1mplementat10n may include a series of computer instructions
fixed either on a tangible medium, such as a computer readable medium (e.g., a diskette,
CD-ROM, ROM,, or fixed disk) or transmittable to a computer system, via a modem or
other interface device, such as a communications adapter connected to a network over a
medium. The medium may be either a tangible medium (e.g., optical or analog
communications lines) or a medium implemented with wireless techniques (e.g.,
microwave, infrared or other transmission techniques). The series of computer
instructions embodies all or part of the functionality previously described herein with
respect to the system. Those skilled in the art should appreciate that such computer

instructions can be written in a number of programming languages for use with many

computer architectures or operating systems. Furthermore, such instructions may be
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poi nts | ooking at the previous and next vertex points

to determne if they contain the sane direction, the
woents@ss2sn t he center can be quickly renoved gPeTmg2008805689

prior vertex a |larger nmagnitude. [0033] The fina

result is an automated process that saves operator

time. Enbodi nents of the present invention nmake sure

that there is no better location to snoothly join the

Qfdrdi08 ah P ARG deRite 2081 ¥ZdeRitohMR iRl MEdtiWiohida of &ier memory
overl|l ap region. Seans are generated that avoid

istavires wrfl Peabe rarsiligd sgverny cnumueHsnsdrchnplogyysetig optical,
tif¥Rdred) ?Iﬁcrsa%g 6Coth A n ORSLGH Rfnrdol IR ! & iSApEdeSihRiGhch a
manual'ly draw ng nosaic seam |1 nes an /'or
goabiteyproprenkiredyctmanbe distribendaya weetdde mpdio®4yith accompanying

E)%@giogglg&ls n(i)cf dotcnlﬁ Atm/o%%.i 0 QhrH&XNrQ eh qgilt\gﬂg)'? &%%ah&l WY a
onvent i onal conpu?er proﬁfann1ng anguage.” For
exappkesysipmeigr, oe dysemBOMeniisd k), loe dismbhedioeceiver ar

B S ST TE RS ARRPE o b yen, o

Abtree, aie vabeditnents okthé svedticneayl te\impleinenitedaya E@nbination of both

i npl enented as pre progra d rdwar e el enents t her
SRTAFR o ORI Er R B LU o F OO B ont of he
an@dnsef irvanhsleponpbaentitly 100abd, dceibey 38 Se ¢ag, D&mputer

i npl enent ed._as a conputer program product for use with

PSP BIYC,yst em Such i npl enentation may include a
series of conputer instructions fixed either on a

tangi bl e nedi um such as a conputer readabl e nedi um )
([%‘?33.] Altgoyghypeeysexerpplaryambofmmisei thejigwation gy begn disclosed, it

tshéé B2 AfpaRhneroliRosd sIENPM R arbiatvaibusdhangds ARPGRAIAEations can be
other interface device, such as a conmuni cati ons

depalp t'dichoH meligwgoms of theadviptageneidbe nversion wthoqtideparting from
RO ORYorR%: iGldi8s. @ tangi bl e medium (e.g., optica

or anal og communi cations |ines) or a nedium

i npl emented with wireless techniques (e.g., mcrowave,
infrared or other transm ssion techniques). The series

of conputer instructions enbodies all or part of the
functionality previously described herein with respect

to the system Those skilled in the art shoul d

appreci ate that such conputer
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instructions can be witten in a nunber of progranm ng
| anguages for use with many conputer architectures or
wopersass2sy systens. Furthernore, such instruct PONAISEMF/005689
bestored in any nenory devi ce, such as sem conductor,
magnetic, optical or other nmenory devices, and may be
transm tted using any conmmuni cations technol ogy, such
as optical, infrared, m crowave, or other transm ssion
t@ﬁ,ﬂnsoélgg{egg, is expected that such a conputer
pr ogram pro uct may be distributed as a renovabl e
medi um wi t h acconpanying printed or electronic
GOCHITRI AL df%hr{lﬁg Jsingl® hhd dekrot 2PIRSHeSHhHAEE She method
prel oaded with n%uter system (e."g., on system
cempiixiagt di sk), or di stri buted fron1a server or
el e - .,
i o P Sy R B ARG LD SR fo 1t cohlifn
enbodi nenedampifegiohgeeacimingage ﬂl@nngmylutyéty cvfmim mitedatislln
conbi nat j b soft .
product ) g:ﬁl 1 %H%\r é%nrdgry rﬁfiefl tl{eefﬁg(rlm% an | r?’esﬁ Osndg ?ehbased on
i nventi qmmssedlpmel eerlmmedleasmmh iovelap rdswm]md e, or

entirel C r rod :
CoosisEraling fls Y 94 s e e APR A Sonlt AL SPels e

i nventi on have been disclosed, it should be apparent

t i . i . .

2 IS SRS 0 D8 sl 5 LA ARIRR e
tdierembe datvage sitaiity vrdudsf pixtls odjagent toabe baegayt i ng from

the true scope of the invention. Wiat is clained is: 1.

A nethod of forming a single inage froma pluralit

i Fradarcthadrscording deicleignpriheraigthe peel iatepsitysalvespigas “@lghts

sagand fegalg%om&%%e%ﬁénﬁ 1ﬂlals}{or93\§ altlﬁﬁ%” il Hefine a

comon  overl ap regi each a plurality
of pixels, autonatlcally calculatlng a boundary

bet W‘?ﬁé’ﬂhéd’h%cérﬂfn%tto élgﬁgﬁ fﬁ‘[‘ﬂ%t%&ﬁp nd i mage based on
processed pi xel values in the comon overlap region;

andredpingyp gigitfgeamn asspeipted with thedwrediey brheliganating rli@dupﬁ@t
boundar et Qe Qehca. S ngl e image. 2. A nethod according
to claim wherein cal cul ating a boundary incl udes
n1n|n12|ng a difference between intensity val ues of

. X &l fetRél R660ngtOclhine 1, RAHERGREN ulating a boundary is based on a Voronoi

diagram of the first and second images with respect to a camera center point of each

image.

6. A method according to claim 1, wherein the first and second images are ortho-rectified

images.

7. A method according to claim 1, wherein the first and second images are aerial images

of a geographic region.

8. A method according to claim 1, wherein the first and second images are satellite

images of a geographic region.

9. An imaging system adapted to use the method according to any of claims 1-8.
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3. A nethod according to claim2, wherein the pixe
intensity values are used as wei ghts which represent
wehawrstosgasne segnents in a shortest path al gori PomuUS40058005689
met hod according to claim3, further conprising:
reducing a digital seam associated with the boundary
by elim nating redundant segnent vertices. 5. A nethod
according to claim1, wherein calculating a boundary
is based on a Voronoi diagramof the first and second
et R S L
first and second i mages are ortho-rectified i mages. 7.
A net hod according to claiml1l, wherein the first and
second i mages are aerial inmages of a geographic
region. 8. A nethod according to claim1l, wherein the
first and second i mages are satellite inages of a
geographic region. 9. An imagi ng system adapted to use
the nethod according to any of clains 1-8.0. Conputer
software adapted to performthe nethod according to
any of clainms 1-i
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