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METHODS AND SYSTEMS FOR PRODUCI NG SEAMLESS COVPGOSI TE
I MAGES W THOUT REQUI RI NG OVERLAP OF SOURCE | MAGES

WO EO6Rs22¢ FI ELD Enbodi ments of the present i nRENUSINS/039343
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resol ution ovid digital video systenB
Iags far behind that offered by digital still camer
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stereo and novi ng

the creation of composite images. The greater the resolution and number of
viewpoints provided the greater the spatial resolution of the resultant composite
image. While digital still cameras are reaching mega-pixel dimensions at
nominal cost (e.g., providing increasingly high resolution images), the spatial
resolution provided by digital video systems lags far behind that offered by

digital still cameras.

Although multi-viewpoint camera systems have been in existence since
the dawn of photography, most conventional image analysis is based upon
single camera views. It should be appreciated, that although stereo and moving
video cameras can provide more viewpoints, the actual utilization of
simultaneous acquisition from a large number of perspectives remains rare as
it relates to such imaging systems. A principal reason for the low resolution and
limited number of viewpoints that are conventionally employed in personal
computer (PC) imaging systems is the high bandwidth necessary to support
sustained data movement from numerous video sources. The data is provided

to a computer memory and, eventually, to a display, at the conventional supply
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anywhere in the overlapping images and their homographies will be valid
throughout the scene viewed. However, when they don’t share a projection
center, the features must be collected from a shared observation plane and the
homography may only produce seamless composite images for imagery in that
plane.

For the reasons outlined above, conventional systems that composite
images are relegated to low-resolution implementations that employ a limited
number of viewpoints. The limited number of viewpoints provides a limited
capacity to produce panoramas from acquired images that have high spatial
resolution. The performance of conventional systems is further limited by their
reliance on the use of overlapping image data to generate homographies. The

requirement that the source images used to compose a composite image



t hroughout the scene viewed. However, when they don't
share a projection center, the features nust be
wa@oelosesizesl from a shared observation pl ane andP€hES2005/039343
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PaPRethaBear SR PR aboRifie Rl AT 3Ra CATRO Wrkbpl SRS revents
ahOeagifg BY ABhicvApBIgh\Eems thuticanames btwidenagrsues of space.
rel egated to | owresol ution inplenentations that
enploy a |imted nunber of viewpoints. The limted
nunber of viewpoints provides a limted capacity to
produce panoramas from acquired i nages that have high
spatial resolution. The performance of conventiona
systens is further limted by their reliance on the
use of overlapping inage data to generate

honogr aphi es. The requi renent that the source imges
used to conmpose a conposite i mageoverl ap decreases the
size of the view angle that can be inaged as it
prevents the inmaging of non-overl apping views that can
cover a w der neasure of space. Dl SCLOSURE OF THE

I NVENTI ON A et hod for produci ng seam ess conposite

i mages W thout requiring overlap of source inages is
di sclosed. A plurality of source inages are acquired
and conbined to produce a seam ess conposite inage.
The conbining of the plurality of source images to
produce a seanl ess conposite image i s perforned
wi thout requiring overlap of inmage regions of the
plurality of source inmages. BRI EF DESCRI PTI ON OF THE
DRAW NGS The acconpanyi ng drawi ngs, which are
incorporated in and forma part of this specification,
illustrate enbodi nents of the invention and, together
wWith the description, serve to explain the principles
of the invention: Figure 1A shows a canera systemthat
produces seaml ess conposite images w thout requiring
overlap of the source inmages that constitute each
conposite i mage according to one enbodi nent of the
present invention. Figure 1B shows a bl ock di agram of
a canmera systemthat produces



seanl ess conposite images w thout requiring overlap of
the source imges that constitute each conposite inage
waewonsti2eg) t o one enbodi nent of the present i NRENUSING/039343

Ligure 1C j1Lustrates . I magi ng of seated conferees
I3 |¥§$éé@$@guﬁﬁéjh§§gi@%€$nfgregcing session using a
camerg {ﬁér{ﬁé& B SHodBEREWEntlesE 85INDSits fTagsd ivithbuBgesiring

wi t hou equi ring overlap of acquired i mages accordi ng
dverapefascbom imagesos disdogat Sepluralily ehepwive iIMmagesarep
Is ato er specti.ve view of I hOur e
adind e GRnp Bt R B B EinedHiuody, T
ihfigPEMhe pliralifyeof sHgta Inayete mbdasser seasniese composite
g@é@bﬁ!ng P%‘%ﬂé Qﬁ%odiqent f# théﬂgresent,inve &Joq. .
imaperie peEformed yvithaud seqiing oyeraR AT l%@%rﬁﬂ'%oF e plurality of
fornmed fromthe planes of focus of a plurality of
FHEGRIB2Y9% ™t are enpl oyed by multi-imager canera
system according to one enbodi nent of the present
invention. Figure 2 is a top perspective view of
conferees shown in a nore circular confuration that
that of Figure 1C and illustrates the positioning of
conference participants in a deeper inmaging plane of
the canera system according to one enbodi nent of the
present invention. Figure 3 shows source inages
captured by a nulti-inmger canera systemand |ine
features that are used to relate the source inages
according to one enbodi nent of the present invention.
Figure 4A illustrates the formation of a seanl ess
conposi te image usingline based honographies
accordi ngt o one enbodi nent of the present invention.
Figure 4B illustrates the formati on of a seanl ess
conposite imge using |ine based honographies
according to one enbodi nent of the present invention.
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Figure 4Cillustrates the formation of a seanl ess
conposite imge using |ine based honographies

waewonsti2eg) t o one enbodi nent of the present i NRENUSING/039343

Figures 4D illustrates the formation of a seanless
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according to one enbodi nent of the present invention.
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.accel er.ation ' ' .
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cenepssiiednfagenaatording torenB&mbediment of thegpresent wyention.
conposite images w thout using overlap of source

i mages according to one enbodi nent of the present
i nverffigore 1BFishows sBbisblowiagraim afv hamerasystem tiaéproduces

FLNL ot RDEL oy CRLLBIR D MBS s
that eonsiifiel egehatorepesitcdmagsyrecosdivetaiong arsbegiment of the

ol iFB&tic. the present invention. The draw ngs
FSr?rgserred to&{n this description should not be

under stood as being drawn to scal e except if

speciFigos 1@ ilhstateBESTMdgdy 5 deRRvNNEees/Pattidipating in a
I NVENTI ON Reference w |l now be made ip detail. to

\JdFP GOBTGIRRIRg FEPTIAN YIS CAMAER SYBIEM I ARpfieing feamless

hGbsif PndddsUsitidli 88qhifing b9eAss SFBARYIaYindAgY Adfording to
%?e lﬁw'e alidnventrlg on vvlqlill %e desgri beg in congjs)élggncti on J
ond ambodirverindfdie peesent imtentionl be under st ood t hat
they are not intended to limt the invention to these
Figure 1D is a top perspective view of conferees shown in Figure 1B and
illustrates the positioning of conference participants in the imaging plane of

camera system according to one embodiment of the present invention.

Figure 1E illustrates how a common image plane is formed from the
planes of focus of a plurality of imagers that are employed by multi-imager

camera system according to one embodiment of the present invention.

Figure 2 is a top perspective view of conferees shown in a more circular
confuration that that of Figure 1C and illustrates the positioning of conference
participants in a deeper imaging plane of the camera system according to one

embodiment of the present invention.

Figure 3 shows source images captured by a multi-imager camera
system and line features that are used to relate the source images according to
one embodiment of the present invention.

Figure 4A illustrates the formation of a seamless composite image using
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enbodi nents. On the contrary, the invention is
i ntended to cover alternatives, nodifications and

weowicwsizesnit s, which may be included w thin thePGPURLN5/039343
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tenhbssent invention, numerous specific details are
set forth in order to provide a thorough understandi ng
of the present invention. In other instances,
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of v cul RUMR AFEN IS s he HEMRD o1 R R toniiRie imgoe using
e 86888 AbMAgrapsies R cosites iccomé eidrhesest the present

i nvention. For purposes of the follow ng di scussion
fryentieR.m " conposite i mage" is intended to refer to an
image that is formed fromtwo or nore acquired or

captured i mages. Mreover, the term "nosaicking" is

i nt endiflire a0 #listrates thd forpiatioRsst DEe R dvinsEAtel iBRYe using
conposite images. The term "source inmage" is intende
{@e”B@sw hopadiaplies Acsaiditg tohore eBasineat ehihgeresent

The term "imager" is intended to refer to a
conponent of a canera systemthat captures inages. The
term "honography" is intended to refer to a

mat heppt i cal _opj ect. that rel ates .t he perspectives of

sour cE'9UEY 1Y 'Hb*‘ﬁ‘r%ﬁ% Tmm%ﬁtqf & $rA/Bless ﬁ@@?@éﬁ?é@age
e g et 8 2 ER, o OHch of FRfcent
gwantiess| y. SYSTEM FOR PRODUCI NG SEAMLESS COWPCSI TE

| MAGES ACCORDI NG TO ONE EMBODI MENT OF THE PRESENT

| NVENTI ON Fi gure 1A shows a canera system 100 t hat

pr oduERfyrs SadH WS ak @RBRDIdrS diamg ] ?émqﬂusrtr%%'gﬁh@ fow of

overlap of the source irfages that cofistitute ea
videpsiita whetia gix vdeo irdagerstare @meployed i awmiltidfmageecamera

resent invention. A block diagr. A of camera .
BySe Enheb MO B rassing Sl (Gr] AestsssB8me2ording to
8RB @fbBRINnent BEtHEOpiRBSHE iAveRRaes are formed by
conbi ning a
Figure 6 illustrates an application of graphics acceleration according to
one embodiment of the present invention.

Figure 7 shows a flowchart of the steps performed in a method of
producing seamless composite images without using overlap of source images
according to one embodiment of the present invention.

Figure 8 shows a flowchart of the steps performed in a method for
calibrating a plurality of imagers to produce a seamless composite image
without using overlap of source images according to one embodiment of the

present invention.

The drawings referred to in this description should not be understood as
being drawn to scale except if specifically noted.
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plurality of source images that are captured using a
plurality of imagers according to one enbodi nent of

w0 b@ofpsesent i nvention. In the Figure lAenbodi PENUS2005/039343
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imager’ is inten to refer to 3 component of a camera system that captures
images. The term “homography” is intended to refer to a mathematical object
that relates the perspectives of source images. In one embodiment, these
homographies are determined by constraints shared by source images and are

utilized to combine those source images seamlessly.

SYSTEM FOR PRODUCING SEAMLESS COMPOSITE IMAGES
ACCORDING TO ONE EMBODIMENT OF THE PRESENT INVENTION

Figure 1A shows a camera system 100 that produces seamless
composite images without requiring overlap of the source images that
constitute each composite image according to one embodiment of the present
invention. A block diagram 100A of camera system 100 is shown in Figure 1B.
In the present embodiment, the composite images are formed by combining a
plurality of source images that are captured using a plurality of imagers

according to one embodiment of the present invention. In the Figure 1A
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desi red panor anma-shaped i nage, and the known
relationship of the inmagers 101-105 is used to

Wo epeasedd y conpose the frame in real tine at PCTUREI5/039343
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(e.g., virtual inage, nosaic image etc.). In one
enbodi nment, the conposite inage is created in anmanner

falgghl 'g%s Pﬂcgg%{ ?ﬁﬁ'c%ﬁt&gﬁ‘%ggg@ ve%up%@aﬂﬁaé&gﬁg& 6 rkBfective

ment

@@mmhﬂssd”f&ﬂe intagsisnD 1-1 08, Tieatapiesed sovrestimagetze combined
source |ma<r:1 (see discussion made with reference to
é;

o fureseam qmﬁ@'ﬁeéﬁt%eééee%a\ﬂﬂéa‘t'ﬁ@%nm%@fc imgges etc.).
H9e éjo%ﬂ%é {e | ts' aﬂ'@sd? | Zeg&?ﬁog ESURk | Qtﬁé‘teco?%érp%ﬁd to

I mages Utl conbi n e source

ir@@;ﬁﬁwe&@@be@@md that pes gbhenated bytiareppective itﬁ@ge:rsnl 01-
be situated so that objects that ared sired to b
i198g d he fosnasigidgors thatarercreaiequts ﬁm%ﬁf&ureéi ignages can
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I'scussi on nma erence
Figure 1C). In one- enbodl ment, a pl urallty of |rragers
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|l e al he i ' f
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|[%ll’cozyo'o‘fir(? ?PTEP ﬂ'?aequ§ g%t%m #l=t ﬂ‘&fldes frame selection within the

composite image.

In exemplary embodiments, the relationship of captured (e.g., acquired)
images can be fixed before capture. When the relationship of captured images
is fixed before capture, dynamic registration can be replaced by once only
analysis. In one embodiment, imagers 101-105 are configured beforehand for a
desired panorama-shaped image, and the known relationship of the imagers
101-105 is used to repeatedly compose the frame in real time at minimal

central processing unit (CPU) cost.

Combiner 107 combines the source images that are acquired by
imagers 101-105 to produce a seamless composite image (e.g., virtual image,

mosaic image etc.). In one embodiment, the composite image is created in a
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spatial resolution can be achieved with |ess
addi tional bandw dth. In one enbodi nent, the line
wo e@b05R38 t hat are used can be visible in (andPCTUSINE039343
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éd[ﬁf@é imbf8es ifRmase afilizededcomisiag tHi)@ sommuennmgés seamlessly.
Mor eover, because a series of source imges that do

not overlap can cover a w der angle than the sane
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feature of exenplary enbodi nents of the presen
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e Pl RC L B IR R ORRINE of fifberp e

voisfiguree 36 capture qespee;ﬁv@ ispatce lmagesrfeomfrésmcéiwe)paﬁﬁons of the
t he 1 mage process

a@arﬁg TRRREVARRIERS) In A RaRe ATk Hshigrs BpmpRsite
n&{?ﬁ?e%?m%e rﬁﬁnir{?{g%%o(ﬁc@lmadésdﬁﬁnﬁ%s@sﬁﬁiﬁﬁg

one to capt panoram c views (e.qg.,
mwlhadlsaml tl'lamtblhmsahomogvma)hleﬂ basetbon d:loeffeafemﬁ ng
participants for presentation at renpte sites. In such
enbodi nents the observations from several

mul T R 6 agﬁ?@%téd st m@@pzéw@ﬂthteq/.éwramlgeé fhatt ban be

perfornmance o costlier nega-pixel video
magedcby Tamers stys‘temc 400 lise sigpificanty trmeasﬁcba% eampaged to

anor g;na \S/I &%@Hﬁgﬂtgcg esp%qtreb/ (%i %&8\6&%’ o prgduce

%?gfg%(%:lﬁﬁ grhﬁge§eﬁ$é RIAgISIiEE aghramies HeSineanidg of bahoramas that
cover a wider measure of space. For this reason a plurality of lower resolution
imagers can be used to produce panoramas that have increased spatial
resolution for the number of imagers that are provided. Consequently, greater

spatial resolution can be achieved with less additional bandwidth.

In one embodiment, the line features that are used can be visible in (and
in some cases extend across) several images and can provide
correspondences between the images that eliminates the necessity of having
significant overlapping of the source images from which a composite image is

formed (see discussions made herein).

In one embodiment, because the presence of overlap can be limited to
operations that ensure the continuity of the composite image, the presence of
overlap can be minimized. Moreover, because a series of source images that

do not overlap can cover a wider angle than the same number of similarly
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seanl ess conposite images w thout requiring overlap of
acquired inmages. In Figure 1C canera systens 100 and

wa l@case2pl aced where seated conferees 121, 12BCEHNS2002639343

RifhlRdfioirhab Berbito VERGNhAABRr ofintagqre titare
nacessang ys tevar sE@eatesireddo de imaged et baretlided. Fhiufeature of
R e S R
gfgagéﬁ%rméﬁweaeﬁé& kPBORSrRt a%@&r@?%{@m ViEWPREhSuld be

r-i1magi ng in the i1 magi ng pl ane camera system
appreciaied tlkatehisoexienizes badgihrgigefunesd ofacquirast pisels and the

efiferiyistIe Bbbg brécensig (RAER DR Wi 278 B fewer
[@@@@ggnts the common i mage pl ane of the inmagers that

are enployed in canera system 100. |In one enbodi nment
the focal distances of the | enses of the imagers are

commolt pha egsinehd AEERABRY SeRBE: FlBbsiE ifrass fe.
Videw rﬁbééﬁ@kihggcaﬁib@lﬁrg lblred td baptupd panbitie \ﬁ@/@&?ga wide

I mage pl ane ., 127) is formed fromthe POFs o ]
pngied| and uphroken yigws ) & Vvideo auferenci® padicivests for presentation

&l Bfhfiertlps' Epudt EnboBhenging BeBlionh HEF o idtaEhars-
(ViRpbintRfiagepndreP€ddbined tbimulatg eiespéfieimaice e hmoccostlier
in camera system 100 g‘;ow de a conmpn wragg_\%gl ane 127.

reeaRepixebYidec saaRsa. Tloe resuligiaibe iefpraate desirefis
?&ﬁb%i&%\k%hﬂﬁéi“ oned so that conferees are |ocated
n co ge

mon 1 nage pl ane 127. Figure 2 shows the
conferees situated around a table. Their position
m ght _appear. to e the honography (nvalid, since ., .
t hey E_asﬁﬁ%ﬁq f"es{%éérthﬁéra@gﬁgpﬁfa@@}/ed ?W%Jﬁre%%w'anpaeﬂg ina
e R A A A
seamigssptomposite ineagesnwithautséquiring everlap obbcgtiesd images. In
Ig@%{;g:&gh@@@ g{gﬁ eg‘%cﬁﬁgg%cz I:l% Satrg rglalc%% v%gre seated conferees

121, 123 and 125 are located within their imaging planes, e.g., plane of focus

1),

(POF), (see reference 127 in Figure 1D) of camera systems 100 and 110 as is
illustrated in Figure 1D. Figure 1D is a top perspective view of conferees 121,
123 and 125 shown in Figure 1C and illustrates an exemplary positioning of
conference participants for ’imaging in the imaging plane 127 of camera system
100. In one embodiment, imaging plane 127 is formed from a combination of
the image planes of the imagers that are a part of camera system 100 and thus
represents the common image plane of the imagers that are employed in
camera system 100. In one embodiment the focal distances of the lenses of
the imagers are set independently to accommodate an orientation of the
common plane that is not orthogonal to their general view direction.

Figure 1E illustrates how a common image plane (e.g., 127) is formed
from the POFs of a plurality of imagers (e.g., 101, 103 and 105 in Figure 1A)

that are a part of the multi-imager camera system 100. Referring to Figure 1E,
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THE USE OF LI NE FEATURES Fi gure 3 shows source inmages
captured by a nulti-inmger canera systemand |line
wo e@b0sR38 t hat are used to rel ate the source i PEDES2005/039343
esent i,nvention

di t nbodi .
o Jage PRRS RIS Ad e AIELRO5E) A B EERy MRt sisloyed i

line . _
B B 0 D o A S0 i, 2bove

for Enaging putEssasntie camets aystem HQiseo@ipnaddsuthed copferees

identify . rel ati onshi ps pet source i nages
%@iﬁ@%@é@ CW?%I"%@&%HEW% are used to generate a

respective honography Hl, H2 and H3 for respective
source imges 301A-301C. It will be obvious to_those
ski | | Eiduien2 shewarthe chafereae pituated arewnd aitablgunijiair pesition

h i ) . ' i
S0 e Bk TE bR aPARE UEHHEGF I 0 B poar
B18e NORREF 30baraB8h iisTRidiied é@@@(‘@ie})ﬁh befocak). dNelartheless, this

exenpl ary enbodi nents, using line features 305A- 305D,
anrgrgarsentuvill e atepptably |h§ad%ﬂrw eehUNeQERAPEYNIT e centers of

SEARSAPY Y T Ol R, BB sféh et BRELERFy noar
eadhpeinepnt s, an honography H rel ati nQ two source

i mges | and I" (for instance 301A and 301B) with
corresponding points x and x' and lines | and |I' is

j YAt h i ‘e X' =Hxl " =H 1l Referring again
?gégpagr%ﬁéwgﬁ%-rpﬁ%gne enbodi nent |ines (e. g , gI i ne
f eat( UFigaIré38 shodRddurcaimbhge e omptayextiby hanultirimages camera
in (and in sone cases, extend l. .
iSay bl WA 150s 65 0 R3ehifnd 853-BongHeSromia
LB ibatfihentOliie R8s ihdsidn FRglrsial itbils soarRkilmaaes
source 1nage overlap. Since overlap is only needed for
80TAI3IC, calibratiba plarsiBO8 mpddinefesiures BABAS0aThd igwed3

ﬁﬁétré’t‘é%rtké‘ %sg%? Iigg fggltﬂireng é&gA-(StO%DZV%%% aargdprgjj?e%ted into
calibration plane 303 and used to identify relationships between source images
301A-301C. The relationships are used to generate a respective homography
H1, H2 and H3 for respective source images 301A-301C.

It will be obvious to those skilled in the art that there is a certain number
of such lines that must be observed and certain relations of independence that

must be satisfied in order for the homography estimation process to be valid.

In exemplary embodiments, using line features 305A-305D, high-
resolution wide-angled panorama views can.be constructed from a minimum
number of low-resolution imagers (e.g., 101-105 in Figure 1). In such
embodiments, an homography H relating two source images | and I’ (for
instance 301A and 301B) with corresponding points x and X' and lines  and I is

given by the equations:

x'=Hx

11
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nunber of imagers (e.g., 101-105 in Figure 1) needed
to construct a desired panoramc view is reduced. In

wa@ o/ osodi nents, the useful ness of acquired PCRESH05/639343

maxi m zed whil e processing is,japde nore efficient. It
shoul d be appreciated that the size of the view angle
that can be imaged by a canera system(e.g., 100 in
Figure 1) enpl oying_the above described |ine
mageR@fﬁfﬂOglanaﬁg’(%@QHfﬁj@J %@9eﬂ%0§¢@mtfqdé@ﬁﬂ¥{£1‘ (Lég line

(RGBT a5 LEaE B dfiobay B 48315 30 S PGB ases

éift.@ﬁ‘d%ﬁ;t?%@é)rﬁé@erdl eoummageﬁ(e d. aﬁ@%—%1®/)/ mrgdzspondences

al | ows_the i maging anor

ﬁﬁmrss)twee gpag%s 31%}405051 bhed ntg‘%%gwg{%ﬁ. " 'fq?é"f source
(%B rélhséo{?&ﬁé;&%g&ﬂg%e aeH'fo'rr it fof IIHEME‘ésul’ung

res ¥ sed

iagers c to produce panoramas
tbmipobite imagertheseddsipabvetiap esobetmimimized (tdhzeno)abdrthe

SHaacE B IBagm gy 11 105 BEIGEEA) NWeRC S bofifiE:d desired

ﬁQHbHrﬁe%vP @%WU%B In! SuchGHb8diRseris) pth@‘i]s@ﬁ‘lﬂﬁeé@éf acquired
I'nés are sim | points in that collinear [ines

pixeld iskaaximizs whlleoromassmg ispoade morpaffidientl |ines

are like lines of collinear points, and a m ni nrum of
four observations in general position are needed to

form mr@%weé apPredthted tRAINe SIRIbPRR \ﬂéwfefn@%jmﬁt ChA b

preferred enbodi nent, many nore can be used 1 n order
imagegby\ecamers systemed). s10@in Figyye 1Hemplaying theeabove

S Y S e A

'irﬂ:réé‘é’éd hé"ééhpé?éd fcoventiohBEsysteBbecaabs frha é/bwérlap is not
specifically, when presented with the sanme nunber of

meraﬂbmu Qfdgr t@r proddes seamless eraposita tr@ag%sstT hedarger vigw

EPB @@"Zs %{)ﬂ%@&?ﬁ%ﬁ%%& on a sean'“‘{#éeg)f Space.

Fores 'ré@sdﬁmg&amploylng the herein described methodology, a plurality of
lower resolution imagers can be used to produce panoramas that have
increased spatial resolution for the number of imagers that are provided.
Consequently, greater spatial resolution can be achieved with less additional
bandwidth.

It should be appreciated that lines are similar to points in that collinear
lines are like lines of coincident points, parallel lines are like lines of collinear
points, and a minimum of four observations in general position are needed to
form an homography with eight degrees of freedom (in a preferred
embodiment, many more can be used in order to improve precision and
stability). However, the extended spatial support of line based solutions
presents an added advantage over point-based solutions in that localization of
a line is more robust. More specifically, when presented with the same number
of observations of lines and points, better estimates can be generated using

the lines.
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using line based honographi es according to one
enbodi nent of the present invention. Figure 4B shows

wa@omsoss2esrages 401 , 403 and 405 that contri buP€r/US20051639343

desi red seamnl ess conposite imge (e.g., nosaic) shown
in Figure 4D and the line features 4 11 (shown in

FinE s <ED asoMioEeRheMIESES 4 11A-41 10) that relate
the perspectives of source inmages 401 , 403 and 405

from lﬂgucqes ﬂanﬁ@nlwtraéestr@ffosma ieR of ARefednass compositairdage

{SRadR AT op BBl atarding s el BodindrbSs theprosent

ménﬂ@ﬁ ﬂgarea-nl shosduicd Ingaties 48) , 4031a801@05 that contribute to
enbodi ment, honogr aphi es can be generated by

(
weetadn@eamwésmmnﬂsge imAage (e MesaE) abwn by F)mre 4D and

R B0 ATEEA PRSI0 PR 6 KepRLEFISSI U8y tha
ﬁbletfeomtelmspéaivveesﬁlsaatommdgeemme #03r @l 485 fromawhiphst
squares fitter, and (4) pass the line features to a

RermagraRigs SEpowice ImAgeRdRdgfas AIOQAs oM RMGSr Figure 4C
gfs?m?% a Q4 of e chMposi 'irﬁaée Fﬁtﬂoﬂpﬁf&{ﬂlﬁg lgc@rﬁtb%deﬂrﬂgﬁﬁ%s 407

€ transpose I nverse o € SO erm ne

endaﬂemgetslh@mmm@gm@o:tB) representation of each line
as if it were a point and solving for the point-w se
honogr aphy (see equation above). It should be

appr ef gh&ent c}ﬂﬂ)‘lmbﬂt &qrgngﬁubg%h B én&n‘tégécg[r%#/:in(g%?d]gcting

| um nance and col or a nts are
Imm@aiu resttbahgreeealentabdm by ahdmaged arayi(gbe disssssiandanade with

Eib iR o HiguiEnd (O Farecaf ihe il Festesiar i S dstosil, (3
bgﬁmﬁﬁhg‘ij’hné“Fé’atQFéaﬁtﬁ‘énﬁ@%ﬁleéﬁ@q%@?éé)ﬂﬁeﬂ%@ (1421 Eaﬁﬂé &Y line
hot o rical more correct. Alternafel [ihe
MQ@sﬁora)gompbwmrﬁctb\eﬁrdEhe hemegtaghy é'om oné iagemne.g., 101-
tes | n one embodi,nen

h t.h
1BRES Fiskie d% RRotnel caR DR eE ina BterRedfVerse o5 e
EbletibR MREARRES Dy tredifig Qﬁ’é‘hﬂﬁﬁbg‘eﬂ@@hﬁ%pr‘e@entation of each line

as if it were a point and solving for the point-wise homography (see equation

above).

It should be appreciated that in one embodiment lens correction and
luminance and color adjustments are made to bring images into agreement on
color and, brightness, and to correct for lens distortions. In such embodiments
the geometric correction is part of the re-sampling, and the color and

brightness corrections make the content photometrically more correct.

Alternately, the line based homography can be determined directly from
the linear estimates. In one embodiment, having the homographies that relate
one imager to another, allow the homographies to be chained together to
determine the transforms that bring any involved imager into a global frame of
reference. Initially, the global frame may be chosen as one of the imager

frames (for instance the center imager). Subsequently, a derived global frame
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determ ne the transforns that bring any invol ved
imager into a global frane of reference. Initially,

wo b@ogb2al franme may be chosen as one of the POEYS2005/039343

e v S AR SR Bt b Cha

enconpasses themall. In one enbodi nent, a re-sanpling
mechani sm (e. g., |ookup table etc.) that contains
pr e- ctmpoe embaslimest, tehea-sanpling B chantsetR ge leokup table etc.)

BEATeBPlAe BPERSuPLAR st fiarg e le FORRREN Solnpostte
fiRaG& FpANEs BOntributing @bﬁtﬂdmehtﬂilsfdoaﬁﬁuc&dcmctaran oetput size
The table can carry b| | i near i nterpol ?tl on, i ndi ces and

mﬂwghﬂ@ datasetzaraspending i Ucketh frage isigtpapined. The
PéBi&' ?@eolfl r%t%rﬂagtlé)ré E]%'Kﬁa WEE#{FS HPat%'?@ used to

resul ant osite 1 nhage roug eac

bomearﬁachami;tmaﬂo:s pixehMHdse indipps tngyw ple|SI thaamakerLtp the
for anﬁﬁobserved Iens i nduced QurvatEres

semdi@nheamposiie image thrpughieaghdmagek P@Osaapqwea%wwon

ls
A% MePREA TR aqeBuERE BriefserRBnS ind JEHICE Ty g In one
embouiment) dloke vasit majdmby ufepnxels cambegeen by dnlyneae imager. In
inter Iatl on ons of over are determ ped, .and
CRESHIRET® SEYaIhL ETRAETs meebRkeh iR PTBHUSTS oL GerPiRgS an be
bRl iy Sné%&t?cﬁm%h? tﬁ@'ﬁh’éth@@ngﬁ %&Eﬁﬁ%rﬁﬁt@fﬁd’lé‘tﬁh

source image' s boundary)
prROSTof@VeOR pSEAMaESinaN/FDS! e pixelCESghtscTRbeNGnTrduting

ONE, EMBOD] MENT CPU BASED PRODUCT M_E
BORIRESTEDY (RRRSSHHP JDRESE SRGRICH R PGS frm el gource
%ggégrﬁddnldgﬁt)r ating the flow of video data where six

video i magers are enployed in a nulti-inmger canera
system t hat enpl oys CPU processi ng according to one

il acan e

is enployed. In th
CPU BASED PRODUCTION OF SEAMLESS COMPOSITE IMAGES

Figure 5 shows an exemplary dataflow diagram illustrating the flow of
video data where six video imagers are employed in a multi-imager camera
system that employs CPU processing according to one embodiment of the
present invention. Figure 5 illustrates a beneficial bandwidth and computation
distribution scheme where parallelized CPU processing is employed. in the

Figure 5 embodiment, synchronized imagers 501A-501F generate parallel

streams of video data that are delivered to RAM storage units 505 via a bus
503 (e.g., PCl etc.). Subsequently, the digital video 507 receives parallelized
color conversion 508 and compositing and blending (if necessary) 509 and is
delivered to a display 511 that includes RAM storage units 511A and graphics
board 511B.
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Figure 5 enbodi nent, synchroni zed i magers 501A-501 F
generate parallel streams of video data that are
waledoowenesl to RAM storage units 505 via a bus BOBUS2005/039343

e S RS S ST, St o s
%%rgz%yéw ke Re2ll-BRTY @.gphyfofmﬁ@@ datayeqafi@s arjddicious mix

I|veredtoad|spla€/ that i ncl udes RAM st or age
amoss psrlpll@rabﬂ@mgpa@ Iat,er[@@m%cté%j)sﬁq “RANhace @r@ge

GRRNES e AELb e UEEB obd AHoid BBl NrBG! W

pregeht ﬁgnmcamobahdwatmhelmws sinpete imbodimentypithehese
i nt er connect X, and accel er at ed glra phi

ipdeIdﬁGS‘ﬁU%Q‘e@"td ﬁpwﬁtslw&ﬂ BowHelA PIACESENG ST byme such as

e il R ) s
r systling petfbrhanceaxiaiblied by ekepiptessambodiswmnisef the

suc as is illustrated F b
piesent EveRtien aad Byihe 'vgngéq%rqnh'%é‘@ﬁegygem%?gPUs) that

B LR R R £RS [BecriSemy diments of the

Invention ance raphi cs
processing units (GPUs) that are avai |l abl e for nodern

Conpo enegmhoIage 41 ahThesHaBrs Hageh yag Bsermed by a
Fooﬁ@%égé rttHQf ué%%eé ré- sgﬁ\ﬁlﬁgﬁhécﬂ%ﬁiﬁﬁflé@ SiBbk&p-fable etc). As

d above utati on can
tizcpased abcbvez edmputatign can bmparaliﬂhzegrt@@gg irrgultiple

s o T bR G ol R G G pases
ﬁ%ﬁﬁ%@&%@mﬂb%&n@mww TE | MAGES

lgure 6 illustrates an application of graphics
accel eration according to one enbodi nent of the

Rl B D FRODRETI COPPES AR iR TEAGES,

by sypire® |ﬁl§3§irdt8§gﬂrag)(§)h@a@@’( of §rephffsSacoetdration according to
conver St on operati ons osi ti ng/ bl endi n

opemb@me@wf the present mventlon Figure 6 shows blo ?(s that represent

the video streams 601, that are generated by synchronized imagers, a data bus
603, color conversion operations 605, compositing/blending operations 607
and AGP graphics hardware 609. Figure 6 illustrates an embodiment where
compositing and blending operations 605 (e.g., mosaicking operations) are
performed by the AGP graphics hardware 609 and preceded by CPU color

conversion operations 605.

In.the Figure 6 embodiment, the use of graphics processing can be
exploited for use in panorama building. In this embodiment, for display oriented
tasks, re-sampling vectors can be treated as static image geometry and the
streaming video can be treated as dynamic textures. In such embodiments, the
static image geometry can be downloaded (reshaping the source images),
allowing compositing and blending operations to be performed by the AGP

graphics hardware 609 (e.g., GPU hardware). The subsequent video is
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and AGP graphics hardware 609. Figure 6 illustrates an
enbodi nent where conpositing and bl endi ng operati ons
W®OW6/(852¢8 , nosai cki ng operations) are perfor nedr/bg20051@39343
JAGP g qs h ware 609 and preceded by CPU col or
@W‘g%b é&‘yés{égi ons 605. In the Figure 6 enbodi nent,
the use of graphics processing can be exploited for

use in panorama building. In this enmbodinent, for
di spl laytheﬁlm@em@memte@#mmpﬁgw&@et 678 beaerfsmed

CArmeisTenl st 1 G ARG 1 3ch SRedifgfi e opU's

t%gp‘égh BRéSelyldiRe Stadlbcedrivegihgihensdmeracdded &om one format to
downl oaded (reshapi the source inmages), allow n
ﬁgaﬁby

wm’rbes landdbearmsamgdge hgagperigtthe rggapta_;cg gafsh /p gn
GmBodmel iR arSeBh B il roffydb ST W7 et orming

edls play:

Ecblgwe;-s&ngn@@m erPuGathernbaaucohvmhgomedomtqoaGB) barﬁm‘e
consi aer a

st fsatl oranhicrbarch K aMBSETSEMa By GRACHAN pag can
%I%g;f% edﬂgﬁék}&h&?@rﬁ‘lrﬂb tfcbﬂg?d%‘?&lcfrp\ﬁ/ﬁéﬁ chfheras and

en passi ng e Imagery to the graphics
Gidpihys Ishapd pddorircesitid iothentactilitiepr ocessor | oad can be
reduced even further by perform ng color re-sanpling
in the GPU rather than converting video into RGB

bef or ﬁnﬁﬁ'{é‘# %gahﬁgﬁgaﬁtﬁg @@%@b?&a&ﬂ@ thodaickiny™ss that the cost

enbod th | oad can al so be reduced
mﬁpr@ducmgahelommasatetlmagass ifetegpeindeniwibits sizeeBy soatiast, high

%%51@25@3%2&6 o ies RgeEiongse Cadad forhbEiting s gployed.

IPohd 8 dﬁ tlf Ak vﬁtlé?ﬂé’t?ééfﬁ i$ BenC@REhRelH TRYRel 6 ramped
I'ndependent o ‘its size. By contrast, high costs are

updoir a e/dryf largé displayi swutpee, tieedifferantissglingsceambsihandled
is e I n_one. enbodi nent, if the video streamis
gr@n§g$ ﬁyl'{hm?n%rlaﬁﬁlfé\ﬁaé or ranped up for a very ,
Large di splay surface, the different scalings can be
andl ed

In one embodiment, the graphics processing units (GPUs) of a PC can
be used for the re-sampling to provide better scaling. In this embodiment, a
beneficial computational use of available graphics processing is made. It
should be appreciated that the use of graphics processing can be useful in

display oriented applications.
Figure 7 shows a flowchart of the steps performed in a method of
producing seamless composite images without using overlap of source images

according to one embodiment of the present invention.

At step 701, a plurality of source images are acquired (e.g., captured,

imaged etc.).

At step 703, the plurality of source images are combined fo produce a

seamless composite image. In one embodiment, the combining of the plurality
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transparently in the graphics card. In one enbodi nent,
the graphics processing units (GPUs) of a PC can be

was@d/os2es t he re-sanpling to provide better sceCT/N§2005/089343

g{,i%@c’qr%‘ '@Bgﬁngﬁl pgim&eegag f%%%‘ﬁelé S|C§%%3 'ﬁéﬂsehlg ﬁ%gggmed without
AR SVhp BRiimddecregimsalf 186 paality dfisouess imgazan be

in display oriented applications. Figure 7
shows a flowchart of the steps performed in a method

over | S5 oheEhe BREHEIRRA PRI S pldRE ettt Abcrioed

thtrbrRrenes RNFigury Erihé elze cﬁtths tvigw aAgle, that pzhnu belmnegedﬁs
source inmages are acquired, (e.g., capture

sigaificaniy lrmregsemes compaprd ioFenvengpna #&3@%8%#@

GHBLA O PR T AT SR e POy

 The Iargéfuﬂt@/v angkealevesthednaging ef pamgeanias that cover a
per or med wi t hout reqw ring overl ap of | e regions.
widarHeeasureAfispposs Febliiceasra Ferlu 318y ohioWes rpeelution imagers

1
QR b%ﬁts%gietg énﬂ@ %’ aﬁgﬂrﬁé(é t hGe | Wr@ﬁg&h Qgé(tlaol {e?%llétlon for

escr rence |gure 7 the si
tHenumbgl of Mﬁagersahattmelemgegded sCenggruantiyngteater spatial
|ncreased a ared to conv tlo I ens because
feRo lr'ﬁﬁrh%?i‘fb eﬁl"{’jh} lesg a&l @nﬁgsa?é\&@%n i mage

overlap to produce conposite images. The |arger view
angl e allows the inaging of panoramas that cover a

wi der Figpas & shavi's aflawechaft@f thé smpsewfmrrteqomm aethgd tor
can bpe use

salleanG & RHE Rhat ERHHRES 16 BeEe A FearhRsS R e impoe
Wi ol FRRArIR] oVéWéiﬁéﬁsdd?éé ifaGes BBESHIRTY to%éﬁx%@ﬂtrﬁé’nt of the

greater spatial resolution can be achieved with | ess
pdelant im&ntibandwi dt h. Figure 8 shows a flowchart of
the steps performed in a method for calibrating a
plurality of imagers to produce a seanl ess conposite

| mage At step 801, line features are identified that are observed in (and

perhaps extend across) each imager frame of said plurality of imagers.

At step 803, homographies are calculated using the line features that
relate each imager frame of the plurality of imagers to at least one other imager

frame of the plurality of imagers.

At step 805, a lookup table is constructed that is used to map pixels that
constitute the composite image through the correction of lens distortions and

the use of homographies.

In exemplary embodiments data can be composited, for example, in
both VGA and extended graphics array (XGA) format into linear mosaics in real
time. In one embodiment, at distances of about ten feet from cameras to
conference participants, satisfactory planar homographies can be computed. In

an alternate embodiment, satisfactory planar homographies can be computed
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wi t hout requiring overlap of source inmages according
to one enbodi nent of the present invention. At step
w@0me/0532ee features are identified that are oPCHUSEAS/039343
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imager frame of the plurality of imagers to at
uresdiceable. do lreiealined embodimenipimeges pre/pduced gty three-imager

t. L] uAt t' t i € N
R St R BR S et 9 i L8 o BREes fany
&Qﬁ@%é&célﬂé%ﬁtﬁdﬂfc@bi’@fsigﬂﬂﬁca)ﬁlyrmoté.pn of lens
distortions and the use of honographies. In exenplary

enbodi nents data can be conposited, for exanple, in

bot h t i . X f ot i

1 nodrmigOe s o e AL IVERLBR T, oXpth & AUMRIehBbRt

itiimnarhitetiadoihe tembirestionfofdrigic-semdwiith acquisttionewite
ants, satisfactory aphi e

SatrulesIoonheral epTAIAO REYOEH RUFXETR Do RBpGIgentS of the

FERR-URRYY ARROESF0 oS SRR e o BAGRE opt
anpersctronine did tsigificant &G prdadessingi b anapnihosiment other
cali bration plane, . earI%/ unnoticeabl e. | n%(g. re{al i 2591
@'ﬁﬂlﬁﬂt%ﬁmulﬂ'ﬁ'@ﬁ@' REOBPSNE BlCth§S EH_}Se%er ggowardthe
"5?98? ﬁ%d@gn ‘Bﬁbeergﬂg&%rﬁ,oﬁ'ﬁﬁfo@ﬁér%é%éﬁé ddXiG® chh AiBldde an
roadcast-quality digital video camera that costs )
spitpr 6f prcebsingmt ¢he Bebdpcarebe snufloydrbap aeveans of increasing
i nvention may explpit a.nulti-vi ewpoint.,| ' .
e Sin a5, B i EURERCH B it
gfb%séih | Wb 165ahpdR e mMuRRVieRpoim digapuf thid present
rovi ded by exenplary enbodi nents of the present
embediment. enabl e vi deo stream ng and shapi ng free of
expensi ve optics and el ectronics, and significant PC
processi ng. I n one enbodi nent, other elenents of

mul ti-viewpoi nt processing such as |l ens correction
toward the
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canera heads (in one enbodi nent, a nodul ar canera
desi gn can include an option of processing at the
wheadpsas be enpl oyed as a neans of i ncreasi nBCT/US2005/039343
performance scalability. In addition further advances
in GPU distributed processing can serve to support the
mul ti-viewpoi nt display of the present
enbodi nent. CLAIMS What is clained is: 1. A nethod for
cupipduci ng seam ess conposite i mages w t hout requiring
over|l ap of source inmages, conprising: (701) acquiring
Whatds gleiimed {s:of source i mages; and (703) conbining said
p| ur i .2 : -
1- ot SRUUER BB Aol B Bauing,
oveflap olisaece imagss, comprieihgce a seanl ess conposite i mage

f d usi id plurality of i
it RO SN R SesDBl SrapubeS e Pad ohe of oo ¢
pl ugZd3) tnDinie® BaRpluERELS  sodrcelifftageRttd pfodice@ séamibss

wherein said conbining said plurality of source inmages
compogiee frea®d using |ine features determned from said

conb RS oS LR b QL radlihoacel 4
searllessi congusiie thage isspertdrared sty baiflpl@ atityeof saptosrimagkes

sai d images. 4. The net hod of aim 2 wherein said use
wiffpuf repligverian of Enddi Brrum et PhEato Rl Spites indges

honography that relates one imager in a plurality of

irragi_ers to another. 5. The nethod of Claim4 wherein a
2. ser iTBe nagthagd pbGlalmpnt wherein gaidcompining saidaplurabity efasayrce

BB I B B8 8e e  R hae
re-sanpling mechanismis used to nmap pixels that
3. CONFhLL UL 3 B AP RRb e STRYS g 19 Pe forPon images

that have a relationship that is determined before the capture of said images.

4. The method of Claim 2 wherein said use of line features is through
determination of an homography that relates one imager in a plurality of imagers

to another.

5. The method of Claim 4 wherein a series of homographies is used to place

all of said imagers in a reference plane that is common to all of said imagers.

6. The method of Claim 1 wherein a re-sampling mechanism is used to map
pixels that constitute said composite images through a lens distortion correction

and a homography for each of said plurality of imagers.
7. The method of Claim 2 wherein said line features are lines that are visible

in at least two said source images and wherein objects from which said source

images are derived are positioned within a common plane.
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and a honography for each of said plurality of
imagers. 7. The nethod of Caim2 wherein said |line
wo e@bsee8 are |ines that are visible in at | eaBCT/UBI05/039343
said source i mages and wherein objects fromwhich said
source images are derived are positioned within a
comon plane. 8. The nethod of Caim1 wherein at | east
a portion of said conmbining is performed using a
graphics processing unit (GPU). 9. The nethod of claim
7 wherein the focal distances of the | enses of said
8. pl uf aleinngthoﬂ of flajer £ wheeeis at leagtie periwerafisaid eombining is

rientati ommn pl ane that is
e e PR aetls s TR i R E R G r ebt fon. ' 10,
The nmethod of Caim1l wherein sai d pl ural ity of
ers are a_part of a pan tilt zoom (

magi n .
9. syst% b pethed of SWYHgsWh‘P@lPeth%cP%i“tq'%ﬁ”%St ‘sz E‘e 8 sgs of said
plUFAH @3 irh8gérdBHE set independently to accommodate an orientation of the

common plane that is not orthogonal to their general view direction.
10. The method of Claim 1 wherein said plurality of imagers are a part of a

pan tilt zoom (PTZ) imaging system that provides frame selection within said
composite image.
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