METHOD AND SYSTEM FOR PRODUCI NG SEAMLESS COWPGCSI TE
| MAGES HAVI NG NON- UNI FORM RESOLUTI ON FROM
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invention pertains to a nmethod and system for
produci ng seanl ess conposite i mages havi ng non-uni form
resolution froma nulti-inmger system BACKGROUND ART
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phot ography, nost conventional image analysis is based
upon single canmera views. It should be appreciated,
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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 higher resolution images), the-spatial resolution provided by digital video

systems lags far behind that offered by digital still cameras.

[0004] 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 lower 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



conventional ly enpl oyed i n personal conputer
(PO -imagi ng systens i s the high bandw dth necessary
woaomupeart sustai ned data novenent from nunmer 8aT/USRE@E014198
sources. The data is provided to a conmputer menory
and, eventually, to a display, atthe conventiona
supply rate of 30 franmes per second. Moreover, access
to hi ghbandwi dth nul ti pl e-stream vi deo has been
limted. OOOS]Ban%mﬁ th i ssues ise at the display
ther L DA PR 5D AT RFT SSPORL MOTERYT, apess (el | &
bRRFAGE Sl é-RbahP¥i8R ABssAlENiRE. di gi tal video severely
taxes current PC architectures. Real -tine display of
these data requires a judicious mx across periphera
bk n . 1PEl. < .
e R i
vatlsPhinis becaudsmoying Biede atnantsof digitdrvidsp sevsrabviekescunpridés

"h ki . | e .
T
pSfiphieet compEest iateecotexi (PEY), PEBK) aidempdirattd geplicd mirtdd GP)

vi dep streans a re used.to formthe conposite
bPWﬁ@@FlR“@dﬁ?éﬁ@gwggﬁpéﬁﬁ?ﬂﬁch to the creation of
conposite images involves finding points that
correspond_in the contri bu{i ng i rm%felg> _anq (o]0] SI i ng
[900G1dhe FrgatinenRd GPAPITtE E1ashHC S-SR ERPRERYO bf‘éf@%f&tﬁgves.
sOTHcS i { g%ﬁﬁ‘edj@&h‘é%ﬁn‘zﬁft@& dahRraSlidwidlrtd ThubGk @ ind@gese

are co ed fromarbitrary positions, such as in

dezived frasn siewapint associafadovideo sithams and i wsed fodPrryyBeicompgyite
-@ggé;rég%mﬁia 134@;@% 6 ﬁlg%refa{i&{‘aftcgﬁlggs(ﬂg s R4 irlvBRSESnding

ves. canera views share a center of
mpind§ thettdooagpondin theedntriteting apgbeandisomputierstehigywl i er e

in the,.over] appi i ma .t hej g heS: W,
bl B 230 0 bREER L B AR SO R
Wwikeeyinthges dre sbikeied fopradhigay ipositiosndueh as inthend ledd capbe.

st b ol lected.fro shared obser i O | ane, and
Thede. 18 Toten 17 CorRe T CosmasarRRg npabsre atont s BeiiEd
inf¥p&aBerhselves. MR EimdralvieWa thapd Sdater OO édtionOthe fdagures can
reasons, outl i ned _above, cqnventlon%%né stens tha

t.
Resptsaition Fpubes inthe orglaapae depgeberddhet ety il be
ValTR LR SRAb AL thOREnd VidWed PBlEYer Bvlhch ThdyQ¥dn™ WHHPEA pi@fection -

viewpoints. The limted nunber of viewpoints provides

aentets ithet feafurea pareti beyrollestad fesere ehapsd breayriion plapriadcbui r ed
Hpog?)%gd?%ﬁ%g o%l?‘b?odﬁb@&aﬁ% ¢bpobiRSilabds (8imagdl in that plane.

—
et

[0007] 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 iimited 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 overlap decreases the size of the view angle that can be
imaged as it prevents the imaging of non—dverlapping views that can cover a wider

measure of space.



conventional systens is further limted by their
reliance on the use of overlapping inage data to
wgeonmroaé«7 honogr aphi es. The requi rement that tReTASN0CO14198
i mages used to conmpose a conposite i mage overl ap
decreases the size of the view angle that can be
imaged as it prevents the imagi ng of non-overl appi ng
views that can cover a w der neasure of
space. DI SCLOSURE OF THE | NVENTI ON [ 0008] A net hod and
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incorporated in and forma part of this application,
illustrate enbodi nents of the present invention, and
together with the description, serve to explain the
principles of the invention. Unless noted, the
draw ngs referred to this description should be
under st ood as not being drawn to scale. [0010] Figure
1 is a diagramof an exenplary canera system having a
plurality of cameras with a plurality of focal |engths
according to one enbodi ment of the present invention.
[001 1] Figure 2 is a diagram of an exenplary
conf erence room bei ng recorded by the exenplary canera
systemin accordance with one enbodi nent of the
present invention. [0012] Figure 3 is a bl ock diagram
of an exenplary nulti-inmger systemin accordance with
one enbodi nent of the present invention. [001 3]
Figure 4 is a block diagram of an exenplary seanl ess
border inmage shaper in accordance wth one enbodi nent
of the present invention.




[001 4] Figure 5 is a flowhart of an exenplary nethod

for produci ng seanl ess conposite i mages havi ng
woaamsinef20r m resol ution froma mnulti-inmager SyBCEMS207/014198

accordance wi th one enbodi nent of the present

invention. [001 5] Figure 6 shows source inages

captured by a nulti-imger canera systemand |line

features that are used to relate the source inages
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defined by the appended clainms. Furthernore, in the
foll ow ng description of the present invention,

[OOME) Fidee S is a flowchart of an exemplary method for producing seamless

composite images having non-uniform resolution from a multi-imager system in

accordance with one embodiment of the present invention.

[0015] Figure 6 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.

[0016] Figure 7A illustrates the formation of a seamless composite image using line

based homographies according to one embodiment of the present invention.

[0017]Figure 7B illustrates the formation of a seamless composite image using line

based homographies according to one embodiment of the present invention.
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specific details are set forth in order to provide a

t hor ough under standi ng of the present invention. In
wobRbhmro16423t ances, wel | - known net hods, procedur B6T/US2007/014198

objects, and circuits have not been described in

detail as not to unnecessarily obscure aspects of the

present invention. [0023] Aspects of the present

i nvention may be practiced on a conmputer systemthat

i ncl udes, i eneral_, a .processor for pr.ocessin .
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read-only (non-volatile) nenory (ROM for storing

static information and instructions, a data storage
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conput er user, an optional user input device including
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Enbodi nents descri bed herein provide an autonated

net hod and system for_ prodyci ng, seanl ess conposite
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escri bed herein.could provide a | ower resolution
overvi ew of an entire scene while al so providing

hi gher resol ution areas "hot spots." Although two
resolutions (e.g., lower and higher) are described
herei n, any nunber of resolutions may be used within
the i magi ng system The use of two resolutions herein
is merely for purposes of brevity and clarity.[0025]
In general, resolution can be changed through either
enpl oying an imager with a different nunber of pixels
or using lenses of differing focal |engths. For
exanpl e, a conference roommay be conpletely viewed
via the | ower resolution inmagers. However, certain
spots within the conference room such as a drafting
board, or a location on the
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hi gher resolution imger with a simlar focal |length
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choke points, could be selected as hot spots. |n so
devwe such as a cursor control device (e.g., a mouse) for communicating user mput

information and command selections to the processor.

OVERVIEW

[0024] Embodiments described herein provide an automated method and system for
producing seamless composite images having non-umform resolution from a mu1t1-
imager system. As an example, embodiments descnbed herein.could prov1de a lower
resolution overview of an entire scene while also providing higher resolution areas “hot
spots.” Although two resolutions (e.g., lower and higher) are described herein, any
number of resolutions may be used within the imaging system. The use of two

resolutions herein is merely for purposes of brevity and clarity.



doing, the resulting video would provide overal
security as well as the ability to zoom n and provide
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events as they transition these areas. [0028] Thus, by
usi ng the present enbodi nents described herein, a
| arge area can be imaged with a plurality of [ower and
hi gher resolution imgers resulting in an overal
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spot or other higher or lower resolution portions of the image; the actual scene being

recorded does not change. Instead, the entire scene is recorded and the user navigates
within the recorded image. In so doing, the entire recérded scene is capable of being
viewed by a plurality of users without one user’s area of interest adversely affecting '
other users. In addition, the same user could view the same scene in a plurality of ways,

each focusing on the same or different events within the scene.

* [0027]Furthermore, because of the ability to initially select the hot spots during the |
imager installation process, embodiments described herein are well suited for use in
security environments. For example, the lower resolution scene could cover a large area
while known gathering areas, or choke points, could be selected as hot spots. In so

doing, the resulting video would provide overall security as well as the ability to zoom



resol ution imagers (including inmagers of different
focal length) nay be utilized. For exanple, canera
woeyeises4@0 may include 3, 7, or other nunber ®€T/US2007/014198
different resolution inmagers having different foca
| engt hs. The use of two differing resolution inmagers
is shown herein nerely for purposes of brevity and
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imager such as longer focal length unagers 110 accordmg to one embodiment of the

present invention.

[0030] Although camera system 100 includes a number of shorter focal length imagers
120 and longer focal length imagers 110, longer focal length imagers 110 may use

’ more or fewer imagers for each résolution. Moreover, although two different
resolution imagers (e.g., 110 and 120) are shown in Figure 1, any number of different
resolution imagers (including imagers of different focal length) may be utilized. For
example, camera system 100 may include 3, 7, or other number of different resolution
.imagers having different focal lengths. The use of two differing resolution imagers is
shown herein merely for purposes of brevity and clarity. In addition, although the

shorter focal length imagers 120 are shown on the inside and the longer focal length
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relationship of the imagers 110 and 120 is used to
repeatedly conpose the frame in real tine at m ni mal

woenisroaé42pr ocessi ng unit (CPU) cost. Further dPeTWS000/014198
of image conposition is provided herein. [0034] For
exanpl e, in operation, canera system 100 can be
situated so that objects that are desired to be inmaged
are located within its imging plane, e.g., plane of
focus POF, shared or co n observat i

ipagt 4P SR 83T i e duisifer B mrep AR Ry Eres trtin,

TROS G heetcER Figute Plsuhatly for pafpobd¥geiesity sndudafty.gur ed
to capture respective source images fromrespective
portlons of the shared observation plane. Inthe

irgxggegsrap BRIJIRNY 0 asE BIY 5 R RERAN e BurkREREs BER the

y c¢onbi ning the source I mages using a
respeoslawlewn@ntfv@é faimagers HAand 420.j Thesapiured §PUpHIMAge 4% ed
{ t
Bl 5o b B FR2EL i OGNS RSP ohie

Hﬁm (g syigba imdgde) mfssasmgages ecanthecompositsameges are created
ared to c vent on

ens_bec
SRR SONGSF RS PR B T G e SR e I eriOl
theregREtivE mhggeam tlcemahbo \/\fortehanplegagmg rﬁsfohpm oompwite trivee
cover a w der neas of .s thi.s reason. a
msy be sreeted uSiRe Sharer f%F@é erp ﬁg‘b%r glgéawerw"ﬁﬂ’@a to
aoBidi4a SheRAIN. FiBBarlyl) ahxghér\t@soﬂd’t\ﬁﬁ @&ﬁﬁ&ﬁs Bﬁdgk: aiay be created
resolution for the nunper i'mager s
using \qngerfocatlimeijmassrs §10 Igmaéleﬁhefsrﬁ%&lmn aﬁS@glaTe&@?e&Wl@an
be achieved with | ess .additional bandw dth. [0036] In
one enbodi ment, the line features that are used can be
[0032] BV elei one amblodivens of camare Sxstea|09rmay Haneg eammen plas
a@r%ﬁélﬁdqi%tne Oﬁ{rﬁﬁe%ﬂﬂee&%?a \R%\%Q “E?\Qhﬁ:ll? @as!&: R4 V1Elﬁlﬁtlenses of the-

€ necessity aving significant
mw@ri wilbilhige fofuseda abmt thesamerdigtaged. Htehowlh be tppseciated that the

e is.tor S
%.Pces FE@% %nser_s of ifiage sd]116%§<§ é%ﬂa’ﬁépé% e?fﬁﬁ?ﬂggtgeg‘lg to
aemﬂx&ihtd}ﬁarbrbﬁtatmmﬂaeﬁmk@nqﬂme dliat Gn®t d)ﬂth!gomlih sutheir gdmeral
continuity of the conposite inmage, the presence of
Wﬁ?&‘ﬁﬁﬁo%an be minimzed or elininated. Mreover,
because a series of source inmges that do not overlap
can cover a w der angle than_ the same nupper of

[9033) In sxproplaryembadimenty, thegelationship 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, longer focal length imagers 110 and shorter focal length imagers 120 are
configured Beforehand for a desired panorama-shaped image, and the known
relationship of the imagers 110 and 120 is used to repeatedly'compose the frame in
real time at minimal central processing unit (CPU) cost. Further discussion of image

composition is provided herein.

[0034] For example, in operation, camera system 100 can be situated so that objects
that are desired to be imaged are located within its imaging plane, e.g., plane of focus
POF, shared or common observation plane, etc., (see discussion made with reference
to Figure 2). In one embodiment, a plurality of imagers is coriﬁgured to capture

respective source images from respective portions of the shared observation plane. In
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i mages that do overlap, the nunber of imagers that are

necessary to cover space desired to be inmaged can be
woedisnee27 This feature of exenplary enbodi ment BCofuskdee/o14198

present invention mnimzes the nunber of inmagers that

Is required to construct a desired panoramc view. It

shoul d be appreciated that this nmaxi m zes both the

usef ul ness of acquired pixels and the efficiency of

‘ the | i i : l e
o et e kel S ils CFRR% “'Yaﬁéz%fgée@g i X#é“ﬁ"?‘?‘“fﬁ% -
@ @eiinagds wsing aeasdngding aeoieosnt thati g&ssho(neggphies/li)ag n
; ai ggelﬁng) gcan be e;grpl oyed to capture panoram c Vviews

h?%éﬁm““mnde angl ed and unbroken | ower resolution
vi ews) of video conferencing participants as wel | as

LONASH Rioulc 8 aPpres e R S ot e Qs gl oo S ey
cahdrf §ystérrp 16016 BigRiFe Aty ENaSed A RoRPAEA M6@oh RidBortdl Syttems

several l[owerreésolution nulti-vi evvp0| nt i mager s ar e
beqam ihdags not rslwmlnat!&e qveRapde ProskeRaoEwpoRte igaggic fhe larger

V%CI%IS Leearllo% P’l@ ?% aH&QmQQcHFJ c@ver'%twﬂ%é@ﬂ@ of §p%. For

serva m sever hi gher resol ution
thititehsoma pim;phty of lquagaemlgtlcalrlelag@mnﬁ@dls‘tcﬁo [Prasiyeeanoramas

ni f.i cant el
P e P PR ntRFh B i nuBE dr Bty B hitoriget,
(Badeguéntlypgroatey- spmatFregotqunaqan e dildgyedwitb flesa additmmab| ar y
bcoEﬂaéence room 200 bei ng recorded by the exenplary

"system 100 i s shown in accordance with one
enbodi ment of the present i nvention. In general,
‘exenpl ary conferenc m 200 inclu fere
BTG cnscHEerS Mg RGP RGP A B DI By aiend

aWoké selEraliRREssiaR8 darl proWiRs @rfestRA&CEs bebddniny mfa@é‘s&hat

l ength imagérs 120 are used to capture the entire

ebmntate@ thegrecespity ofchaviag sigriBicans oysrbpeine of the saygs Hpges from
VHICH 2 éogtgookl é R roieRa éée@ eREhR MaRheRionf erence

, e |nents escri bed herein are well suited
for use in. other | ocati ons such as bus stations,

R8Pl R o e N D

eairethe comtiniiity of the Emnpcp;ué Me,s:hoﬁremnea/mﬂweﬂapcban Ibar ity.

Mbr eov the e _of . th ar ea ca% by
RSP SR Dt S oo P st B soRire TGRS o
dv@ﬂa;ﬂ @i cO¥er b i@ dhglé thah #esamé AEAE oEsimilpilyfoymatted source
con

erence room 200 al sg. i ncl l&des areas of interest
imagges thes gpyoverlap, the number of imagers

at are necessary to cover Space
desired to be imaged can be reduced. This feature of exemplary émbodiments of the
present invention minimizes the number of imagers that is retluired to construct a ..
desired panoramic view. It should be appreciated that this maximizes both the
usefulness of acquired pixels and the efficiency of the image processing (capacity to

image a wider angle using fewer imagers).

[0038] In one embodiment, the creation of seamless comt)osite images (e.g., video
mesaicking) can be employed to capture panoramic views.(e.g., wide angled and
unbroken lower resolution views) of video conferencing participants as well as hot .
spot focused views (e.g., longer focal length and higher resolution views) for

presentation at remote sites. In such embodiments the observations from several lower
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As will be described herein, longer focal |ength
imagers 110 are used to capture the areas of interest
wa2008/0220D. Additionally, in one enbodi nent, tReTASE®3I/014198
of interest 220A-220D are al so captured by the shorter
focal length imgers 120. However, in another
enbodi nent, any or all of each or a portion of each of
the areas of interest 220A-220D may not be captured by
the shorter focal |ength inmagers 120. In other words,
resgllytipgugtiviewpaiat Braserisragembined do sipuigta the perfrmpros gt #
L e T B e SRRl ey
semergl lgheo rdselutien mitlsitiswawint doagsrsare fomlngdde peayidersignificant

iR bl e T B b B enip R BB Ol Bl

Figure 3, an exenplary multi-inmager system 300 is

in _acco nce.w t.h one _.enmbodi ment qof the pr nt
10D A9t er B S SRR 214 SgRor ARGy v St e
being @Y ed 196M0E eienlare Bhdia by3@lriongshdwhayBdcofdaside with e
i mages receiver 310, a |lower resolution | mages

erpRdENST PT o Preseny inyentiong {n genew. srspiay sgrfFregesfopm 200

inSidfes alddR RS lable B0 haity 5066 %Q@d@ﬁl&ﬁbdé?&tm &5 Will be
hi gher resol ution chain including a higher resolution
dqsa%gfésn fAedeibbeyein, shonter ferahlepgib imaasEol20@regised to capture the

edgtig%g(?g{ﬁg : gg{nfe}rﬁrge ?(ﬂ)l% $005 S00RGeH B8 9&?}#}5&@ ﬁndg@Ysgfescribed

) mul'ti-1mager  system 300 al so
hdreig lasial eenference mpws 8% emhedjmenfe descabedrhe@irpare ngll switeld dergise

: 3 inel : ti I
gk SR s Al B R4 $1008, B8R, oA sy other
resyrdstderm30Thease of 2 soniferenye sodm 200 Ieeheim isewerély deripuiresaytoli

[ 120 d | . f I th i 110 .and
o R0 e 8 e S50 SR R o e
is\lsbisdr@efindbinumd niaydelobidgalar aritteduilglkaper esol uti on

characteristics. A though only two resol ution chains
are descri bed herein, enbodi nents of the present

[00A0 P nPTarfEShfdBhde rSoth DEFallPindtudBilatdas biTBGRIt DOALBHD300
whi ch processes images with nore than two distinct

As wilbpefeserhed hyiin, [pagerdpcal lragth apassFidh 14 areasset i Gaptire the

arayééﬂmﬁ%gbmédph R8itiBnd1fy, MERE biib{ el HhP BRESotPhterest
brevity and clarity. Mreover, although the two

2204532013 tmgalse apitered by the shaston fosaldength imnagernil26i Howewer, in
o ARSI NS 3Pflcn b Borih & ah dithe BRI G e
220A-220D may not be captured by the shorter focal length imagers 120. In other
words, although in one embodiment, the longer focal length imagers 110 are directed
into the same area of interest as the shorter focal length imagers 120 they may also be
partially or cbmpletely directed into areas of interest not within the field of shorter

focal length imagers 120.

[0041] With reference now to Figure 3, an exemplary multi-imager system 300 is
shown in accordance with one embodiment of the present invention. In general, multi-
imager system 300 includés a lower resolution chain including a lower resolution
images receiver 310, a lower résolution images combiner 320 and a first resolution
layer generator 330. The multi-imager system 300 also includes a higher resolution

chain including a higher resolution images receiver 350, a higher resolution images
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herein are well suited to any or all of the conponents
Within nmulti-inmger system 300 being perfornmed by a

weiogleeadevi ce or a plurality of devices. For egamshk®;/014198
the | ower resol ution conbi ner 320 and hi gher
resol uti on conbi ner 360 may be perfornmed by the sane
conbi ner. [0043] The follow ng description details
only one chain of the two resolution chains. AIthough
the. t (or, nore) r i on ch a

<k Tt atergA chRon bt apipy 70" e B pisdovttem
lbaisa 1ﬂc$ud[B§ Oyoriiediterinrage gen‘eﬂitorﬁ% anslmﬁgexkyywl int300 aiagl

arit 0044]. I n nera the | ower resolution

ai g¥t@%@¥@8%b§¥59&@@§fég% the | ower resol ution

i mages fromthe short focal length imagers 120. The

| ower resolution conbi ner 320 receives the | ower

[P@é%!ﬂmnmonnﬁ@ Balti-fgagen feem SRR Fecpivesomaessdrom shegersfocal
hﬁé%érs 33 and UGS fcfcgfsl%gﬂﬁ MRS TH hxﬂ%rogla&‘ HRPRifES

source I mages that are acquired by shorter "foca
unemgti%ﬂo witehandudedmagas wpithdathclewer ressdirtion 2ad bighgraesolution
[ I n one
SRS oA Sl MGG msAL Gl FROB SR |7 o0
enttatlingbatsof ﬁ[etprcsentun‘reanm/aafe wal swifed ana muttgmagegsystmn 300

d

S RS Bheas N mes® RR BT B} EENtpng bR 1 of thg two

chairesolution gytem ddserield herefncia idrebysfoe parpbses bﬂﬁewh@»\md clarity.

%S%ﬁ%e%ék@ﬁﬁtﬁ%ﬁr&w op R thathsarrragy S Semuls
Wg@lsy@em 160, 318! {sGBsol OB RGSDs ST bR R hnd 1484 5Emb67dn€ﬂ&ﬁs

di ment,. once the_caonbi ner 320 produces a seanl.ess
lt.embfg med S}nﬁeélgt@ any gfel Mi}ﬁg‘jé’%’@l%?ﬁ‘?@é“ﬁlm Byirimyggsysian 300

Heﬁ% ﬂeﬁ@ﬂﬁé&t ng’féJ&ev% éf@blﬁrahbpdﬁév&%s %Hé)laﬁ“ le.' ﬂi@@cﬁﬁer
become the first resolution |ayer

ghe

resodion pp@hmprrﬁa”’@@@d bighesrresofubien §@eb;mr 316@ g@{y@s mﬁormas} by the

ayers are then passed to the conposite inage
f%%%g?§5291340 whi ch conbi nes the | ayers, using a
pIuraIity of various net hods descrlbed herein, to

S ] .

[Bbﬁn’%';l tf(ﬁ%wﬁ) (hets rtlg}r? getﬁil a%xi)bone thh Z eS mg\gcg reso pPﬁ%nnca ins.
Aldrodgh thb lteo (iﬁﬂno%éb&eiomtmm Clendis md;eﬂ) [recr]xératlbﬁ, thmddﬂmption of

S BRI PO hetriS profiied BT PP g B 5 glafly

| ower

[0044] In general, the lower resolution images receiver 310 receives the lower
resolution images from the short focal length imagers 120. The lower resolution
combiner 320 receives the lower resolution images from the lower resolution images
receiver 310. lower resolution combiner 320 combines the source images that are
acquired by shorter focal length imagers 120 to produce a seamless composite image
(e.g., virtual image, mosaic image etc.). In one embodiment, the composite image is
created in a manner that does not require ove;lap of an image region of the acquired
image. In one embodiméﬁt, this is accomplished by using line features to combine ﬂle
source images. The line features enable the lower resolution combiner 320 to identify
relationships that exist among the sourcé images that can be utilized to combine the

source images seamlessly.
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resolution imge of the entire conference room 200.

Wil e the second resolution layer 370 is a higher
woesslusd2on area of interest such as 220B. ThuBCTiUS2M®14198

enbodi nent, the borders of the area of interest 220B

are selected and blended with the overall first

resolution layer 330 to snooth the transition fromthe

first (lower) resolution |ayer 330 to the second

AR Sk S e 0 Bt vk ate
inagedithe 1m@gﬁc@ﬁmpﬂﬁyeﬂﬂ£ked 6n £hi GexBlution. am&&ﬁﬁtﬂé dowdrt h

AR SEBLToHE0 5 rHEGU AR apUP DUNIE iEheiTFS g amges

be&fmerme §eB&uﬁ‘é§dliﬁionSziﬁp§7(prhte e RRANRE éa&dlt@aﬁ%emp&s%
I mage shaper. 400 includes a plurality of

Hpﬁ%?g%'@%erafe@%%l?h egebines thedayesyBsipe e PN HeHOwsaRthasis s
dEJERE& hememy Bfovide LotpPssite ?ﬁ&?§ 3P In BhEeiBIaRhont %Hﬂbﬁt‘éd

they will Torman inage does not have a we

ingage ngafsh%bltﬂlllmh@@mwnﬂlIb@rdeh’alg@emﬁﬂ’rﬂ tolsele¢t@ng hlendithed
&ﬁﬁ%ﬁg [ In one enbodi nent, the m sshapen

b?ﬁgag&?s t he ﬁ?é@géfr?erred i mge, and as such, there

wi Il be no shaping of the conbined seam ess inmage.

another desire to
IOBAET S el A B0 ST EHREA, 1 Bt e it er B35 230001 g
resolubion tnmge ef thhenﬂlraagﬁbxyn@ub&n deo.oWhilothe sétapé regé’lﬁnod:l@yer

S SR T S AT STty e Aament th

bbRi¢SIof melateramf@herédn Q201 ae Seldetéll dnd bEAAVWRISthS ok &6l aRrel e,
wel |l suited to any

descrlb d herein ar
rSALER 555 B0 T Rk i 5t o F oo R 330
t&ﬂh@@&on&ﬂﬂ@féﬂ%%l&mﬁl@@@mor any other type of shape
220 t hat user may desire.[0049] Wth reference now
to Figure 5 a flowchart 500 of an exenplary nethod

[0047] RERAHGIHAW 5 ?pgmeeﬁ 3 b;ogﬁaagfahﬁoﬂa%sa&@g?g\gémess border

non-uni form resol utlon canera mis shown
iggeshanst #fhis shaxin ih 2egpedanedbwith ensremboflimentofithepresent

VMGt 'h?genegﬂrl, lglgga 4 Jr'4 88 des ngog)BH}gmg?rda &sé@%ﬂeﬁ@e

an exa Fench room gure
thmtuahgam dﬂthdrmrezmamg 1mged. &F opemmptbe irhagetsheper mﬁlmctlhdes a

. as erence room 2
el o Eh S e e Symbils D E Pt RotHsne
Howehernif thieiimhgeds |491 anirely symbiadd th&Owitbishie atlidge yietldoes
not have a well defined shape. Instead, the image will be rough edged and misshapen.

[0048] In one embodiment, the misshapen image is thé user preferred image, and as
such, there will be no shaping of the combined seamless image. However, in another
embodiment, the user may desire to define a shape 220 as the actual area to be imaged
and will ignore -the.imagery outside of the shape 220. For example, this may be used
to save pixels, reduce overall bandwidth or otherwise clean up an image layer.
Although the shape 220 is shown as a rectangle, embodiments described herein are
well suited to any shape 220 such as a standard shape, a non-standard shape, a

geometric shape, or any other type of shape 220 that a user may desire.
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[0050] Wth reference nowto 502 of Figure 5 and to

Figure 2, one enbodi nent acquires a plurality of | ower
woesemluéd2on source i mages. For exanpl e, the pl BCaUSRON7/014198

of | ower resolution source images is acquired froma

plurality of shorter focal |length inmagers 120 in the

canera system 100 wherein the plurality of shorter

focal length inagers 120 are a part of a pan tilt zoom

i_magi ng s ste t hat provide ane se] ecti on
DA R Bk f4 B g oy eus o7 phit GeBRBvanepibor
pRbdHCAL isbam]s cbﬂwte GRSRS Vi hohQiMEn tRBIOESH iGN aR@nera
i mges taken of a conference room 200. Included in the

sygoRe s shews [y pqeartanceayliconssbadimentef thegesortdnveption. In
csnﬁhafon?vék& thé ﬁleihb@ dl%éah@én l@%;qe gﬁaocme?er@wo]op@mqaﬁ

I nformation wt he 1 maged- ar ea
H%ire 2y megfing ovill b@umsl(md @f prevideifuether detedl. Howevguasestated herean,
tﬁe%%r Wrodh & 91% it BUEL 232k Bhk Ay SFTBARSS el bfen
reso an ov scene

thdeamdrzesystehelmmz&tbeldeployadtl on | ayer of an overall
scene may be the conference room scene 200. In
general, the first resolution |layer of the scene nay
[0050YWith fHferéritouow téI50D dfFyguk®ds pidxs Filtrel, vae aﬁbcﬁdﬁﬁér\t la€tires
and rovide clear identificat] on of the roo

HigBly QffovsE S5 RtehiaE e imags Fortraarplecthe B 2ihegf e

@&ﬁ&ﬁ%@&ﬁkyn@x ik deyuirB fradial giiryl @fﬂﬁ)ﬁgri@@élwﬁgﬂiﬁx 120
the table 230g I &Péy boaréiZSS& reco%lee f pérS%ﬁZ

ip yhe camer system lpﬂ evhprrekléhe plopbty) of shrutes fasalderashimagess 120 we 2
\J
B A 12 R DRl pftides BUAE scectSh it the
Gommgeite imggd.orm t he first resolution layer 330. In one
enbodi nent, the | ower resolution conbi ner 320 conbi nes
the plurality of source images to produce a seanl ess
[005tIFer txampiem the phirtlity of lowerugsolitig sovise hmges)ma}" bageages .

reaqi qns of the pl ljty ,of. rce i N
Bt Ramer ol dnf InbHaRl BB G RR gpidta 8 b e
desls 230 thehairs PP 6 itle didptay ohRIPSA ahdiinty Rrsoneatiinfoahation

def| ed shape such as shape 220 of Figure 4, the

dME&4%Hm t abl e 230, or the like. In yet another
enbodlnent the shaping can occur post production.

That is, t he s are initially recorded and then
[ORa21R HRrgng ROV E?é%é@f Figgra Yangrio ighe % PR pridgrat Pispisdhie

1Btver resolution images to form a first resolution layer of an overall scene. For

example, the first resolution layer of an overall scene may be the conference room scene
200. In general, the first resolution layer of the scene may be of high enough quality to
provide a scene overview and provide clear identification of the room, the number of
people therein, and the like, but may not necessarily provide the ability to read
documents on the table 236, display board 250, recognize a persons eye color, or the
like.

[0b53] One embodiment utilizes a lower resolution combiner 320 of Figure 3 for
blending the plurality oi; the lower resolution source images to form the first resolution
layer 330. In one embodiment, the lower resolution combiner 320 combines the
plurality of source images to produce a seamless composite image without requiring

overlap of image regions of the plurality of source images. In one embodiment, the
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nore |ayers. [0054] Wth reference now to 506 of
Figure 5 and to Figure 2, one enbodi nent acquires a

wohosaie£2y of hi gher resol ution source inmages. PCW/US2007/014198

general, the plurality of higher resolution source

i mages is acquired fromat |east one | onger foca
 ength imager 110 in the canera system 100 wherein the
| onger focal length imager is a part of a pan tilt
zoom ( PTZ) ten1that pr0V|

bleptliag 01 P\mhﬁ? ?fn tHeiowep EorpiTndmagRs dbd %%%%rmﬁ? PEFYiPUsly

defrke Ghdise @ﬁoh ds IBapR 200 af mgﬁe af thé b&ﬁ&énde@&ﬂh wmmosmmq:mce.
i mages be |naggs taken of a speci fied %L t.hi n
%mtﬁ@%@@bpéﬁwtz shaning can QeRYr eosf PoERGiteR That it fhe imoages

ki GRE Zy fe@&ﬁé&gdd%n' tHEGdeo (4 Ye p(?xtetdh@ %ﬁrvﬁ@&lﬂ)‘ edigd Bf &felor

220A- 220C on the conference tab area o

nmong By@st 220D on the display board 250 or any ot her

| ocation within the i naged area. [0056] Referring now
to 508 of Figure 5 and to Figure 2, one .enbodi nent
[005a8) Wiaithi rbferdnt ey tor DS off Bighwers dndagBiguted, bur emtwdgegmbmguires

r lution | ayer .of a partion,of th [ | epe. In
2SR i S S ARSI SQUESE STRAESH o LR b ey Ly Ay of Highe
rQhkib® Foudde ﬂirﬁ@esQQ/ﬁfqﬁiréd H6&R Bled¥Bdndlendeh focalrlexiush inager 110 in

i nterest 220A-2 en e second resol utj.on
ﬂl“‘a%?é}efao?YSt‘Flﬁéogc‘,” @mré@loggerg Leaﬂﬁ SRTHI daHof  §or %19200“1
zg)wmdgmg BestciPitlat risvies FroRbeROLIHRIRS theRokPesitt fhige.
drsplay board 250, recognize a person’'s eye
color or the |ike. [0057] For exanple, in the

[665%] 18 &{éce‘?nﬁogﬂgng%plﬁrgﬁty f ﬁx@ﬁer%sofb'u%‘ hurdeSaabdsti e

are own an even be mark on the conference
imegantakeh ofa a@@ﬁed argh ypthwos%feemoms@% TRerexagple; ingjuded in

Ao G A b SR LN A8 20 )0 v

tame me stea aﬂmm@tzmp orhthe display baprd 2 ¥fegesy athdr logpsion katbm the
wi ||, be recorded in high enough resolution for a |later
PPEHe% 0 read, view, or otherwise interact with the
attendees nedi a. [ 0058] However, in another enbodi ment,

as the security_enviro t.he ar of
RS QR Erisian 6 30BONEF o R HleE) Grecpeoriipnt bignds the
F?éﬂ%?fesmﬁ&iﬁma b&o %rﬁﬁasse@éndl redoRfiioR la%&Qﬁ-a%)%ﬁfan\Mf ke verall
beé marked on the table, drawn on th

sgenve AmpREeTtogiman dhy secendesehonlyeiRs éé’orq0ﬁ of 8!6&6?%, scene
rh{}ﬁoe%@ére%f of ifERE956A bbb, BY RULEE te4bdon8 FesHREiaH laydHap e

scene may be of high enough quality to provide the ability to read documents on the

r-v

‘ table 230, display board 250, recognize a person’s eye color, or the like.

[0057]For example, in the conference room 200, the areas of higher resolution are
known and may even be marked on the confereﬁce room table 230 or display screen
250. Thus, during a méeting, if a meeting attendee provides writing, images, and the
like within the defined areas of interest 220A-220D, the ‘writing, images and the like will
bé recorded in high enough resolution for a later viewer to read, view, of otherwise -

interact with the attendees media.

[0058] However, in another embodiment, such as the security environment, the areas of

interest 220A-220D may not be overtly defined. In other words, the areas of interest
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attendee, such as eye color, detailed face imagery,

and the |ike, which would be unknown to the attendee.
wonoosaicanot her enbodi ment, the areas of intereer/US2007/014198

220A- 220D may be well signed in a security environnment

to provide an anount of deterrence. That is, since an

attendee wll be inforned that their inmge has been
recorded in higher resolution, the attendee nay be
| ess mnlllng to performin _a-notorious nanner [0059

-etbbwilhRohbe mpiked 9B the dabilg, drawmn ondligowall: iop pthernigsipresrided to
B8nd BfenfideeHid@big) ﬁle%ééro? |1ﬁt$r¥st Qi i)] 189idB RARRF detail about the

resolution source Tmages to formthe second resol ution

attppdee, BIED 2 £y¢ coles wauwfanemagew@dnhfglﬂ@r whigh loldiben

l?xﬂ&mvﬂ gf thg’ Qthnﬁgé:'m‘x g&sanstﬂgr e%b%#f%en ¥h afrea§ 8?}' {n?e?esk inOD
produce sea

S§s CO
may| b welhsigimeden b aqruafy enmiagenmanew pmadecml dntwnmﬁdeahmtc;a @hat

source i n .o bl endi.n f the
i8S o pERRES it PR BRI B bt o in et

REcuticl) te Yittelrlbd mag bs RaPLilFHERE péforlin p@otdABustharmegur e

4. [0060] Wth reference nowto 510 of Figure 5, one
enbodi nent | ayers the plurality of the | ower

[0959] Otid bodIRAE HtilR8¢a hifRerhés8hiGbn E&ﬁlﬁhéﬂ%@ Ebrlbraaﬁg tHeO
produce at | east one conposite inmage hav

BT HEeE S0 QMK smescn iy fOp Ff%ecqnﬁ Tesplation layer 370.
BIe 4B finentthe BAME: k& ®lon cBB&n@ﬁGOQmeH@Qﬁ% pluSality of source
bl ended t ogef her usi ng met hods such as nosai ¢ and the
images tosdice? seagigsheqnenpsite imagn witheps cesyisimgioverlap|of i mmﬁ

e R O i R R
rsfsoltltml igegdsds @srcehapeddnto2@@eviduslyi dgtinesl shapessuph znvshaiw20 of
i s, because the imagery is the | owest recorded

$Si%uti on and probably i maged by the shortest foca
| ength i magers 120 the | ower resolution Iayer Wil |

rOV|de t.h est _scene the
EOBRE o retyhc o' Sk SIS 5ostE BEpoiagniarers Gapptioy of
theRGRr késkﬁnbﬁ@aageﬁfnﬁrtﬁﬁlﬁgleﬁ" eRfti@binRgesI0 prddaes 443kt oXBY
tranS|t|on to the second | ayer; a | ayer of higher

QUGPSR 13Re havinene-voHpmRTeselHEon. (n éthF%‘y%Tlds’dF opg fgwunent at

" $RB R tHeRetfof RAAde RABNEPDRthdr @BiAE hetHIBOKICE adthBsalicSand the
usually of a smaller.scene but in greater detail than

lilea tHoyfevermeach fevel ig nat neggpearily Iendep énte dhsiprevimiievel even

[0061] For example, when a user views the first layer of imagery a broad overview of
the conference room 200 of Figure 2 is provided. -That is, because the imagery is the
lowest recorded resolution and probably imaged by the shortest focal length imagers 120
the lower resolution layer will probably provide the largest scene with the least amount

of detail.

[0062] As the user zooms in on an image like the conference room table 230, the user
may transition to the second layer, a layer of higher resolution. In one embodiment, the

' layer of higher resolution from longer focal length imagers 110 is usually of a smaller
scene but in greater detail than that of the previous layer. As the user zooms in even
closer, such as, into a hot spot like 220B, the user may transition to yet another layer of

the composite image. At the hot spot 220B layer, an even higher resolution layer of an
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cl oser, such as, into a hot spot |ike 220B, the user

may transition to yet another |ayer of the conposite
wWOma®i643t t he hot spot 220B | ayer, an even hi go€&mus2007/014198

resol ution | ayer of aneven smaller scene inmaged from

an even |longer focal length imger is provided. Thus,

i n one enbodi nent, the conposite image that initially

appears as an inage of an overall conference room 200

is ac uaII red i mage any. nunher o

e R e Bar ot 8 S Iereorage eI RS T e hus,

nPQﬁé dnﬂﬁﬂn&fm &S didpositeARBH thMbRiBAKesppedty & dndmbfeof an overall
a ering of the inage and the digital navigation

feemoomﬂop & a&tuéay plyeed maage bayipgany BHbsteidevisanin
résBﬁmbmléh m59 fncR8 gﬁgiuﬁcan\e/p&ﬁoﬁm desgr zoons all the

way In on a hot spot and ews an i mage such as a
cover page of a docunent, enbodi ments described herein

tgﬁkﬁﬁg@%ﬁ dl?é toQﬂeol\A%ég{élg gf hl' W‘ﬁ&,ﬁa"é{g}& Imerq %%?nei\é%ggn thgx%fn it is

e cover ayer
alselpessﬁﬂ@toeﬂb%k@edts‘mithlm p:ierlayetse Far:éxaaipled mhenmhn tlselr pocaus all
el ectroni onal

Eorpat P ﬂ
R ‘Bé’néi‘ P9 a“cS‘p‘i"’r%srfm “5‘3% %Sp‘i *‘r"é’ﬁ‘ Pa&%& TR,
efdbodimesits ﬂeicﬁbéchl&]rélﬁytfercamwcé‘ providigOlynks titinoherimepe.t Por

IS Ca e o0 receirvin an 1N orati.n
PR e (PRt et ROtk Mot SHeCIARle LS Bt e i dgmal -
doB@fhk irl 4h IR troB Bdrher. mﬁmﬁhnse e, linkl6ulR Ipkvitlel al pinBEption, a

| ower. resol utjon |nag be acquired in color when
SRS ORtiARy apf dherlikes Thysedys tp fhedwepa&@fshnql%m@s POIPRRite pagery

iPEdphBik bt aécatmg hﬂhﬁ&ox{)&mgtgu S dafFBE ST Mnd i@ GiHinM 1B

i n nmonochrone, e.g., and white, form ng an
im@gn-ti onal resol ution layer. Such that the color from
the first resolution layer is blended with the
monochrone of the additional resolution |ayer to
[0064]imydt iagrnherr embodilgni, e pbwaliy of lnuglsssczimtioa imeghs cregl be
ag(i‘ 1%Wnb%ol'for 3’0 t‘?l' ? ?resctﬁgtl lgyﬁg{ d%%o%;tﬁe'xg glm&?é'
hp)gheeiesolhﬁnmmgcs dmw hecmdmmed mgmbﬂmhmmdeoé g, blaclt ardtviite,

framthe, | ower sol e. W th he h| her
ok i SR RLEe T s fwh Faribe bajo Saprolionfpver
iBleded!| wmgﬁe ﬁaﬁbchﬁnﬂe&ﬂfkﬂezaﬂdlt@ﬁal Sdsghitibn E@él'tto bbthiahights ON
savi ngs, in a manner that exploits the variations

r?%ﬁ’l‘%‘@ﬁ &9 m lmassrs £ Teyred papswidtn That fewice thehighsnecsolatinn

15}11’:? 2T BRAES &19@&3];5 1hﬁrxﬁ£tﬂm§'§'f%é§éd¥ﬁ:? brxelatHdv&“e@& bPne
% portion of t he second resol ution | ayer

combining the color information from the lower resolution image with the higher

resolution black and white image, a higher resolution color image can be realized at

significant information savings, and in a manner that exploits the variations in sensitivity

of human vision between luminance and chrominance. .

[0065] Ini one embodiment, at least one edge portion of the second resolution layer 370
may be blended with a portion of the first resolution layer 330 to smooth the transition
from the first layer 330 to the second layer 370. Moreover, the edge portion blending
may occur without requiring blending of any other portions of the second resolution
layer 370 with the portion of the first resolution layer 330. For example, 5 pixels of the
second resolution layer 370 border may be blended with the first resolution layer '330 to

smoofh the transitional section. Although 5 pixels are described herein, the border
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may be blended with a portion of the first resol ution

| ayer 330 to snooth the transition fromthe first
woOaymro1320 to the second | ayer 370. Moreover, POEUSKPS/014198

portion bl ending may occur wi thout requiring bl ending

of any other portions of the second resolution | ayer

370 with the portion of the first resolution |ayer

330. For exanple, 5 pixels of the second resol ution

| ayer 370 border may be blended with the first
soi@siihglinbpbe mayear {330 than Sgrixedd. IThe lnee ¢fr episdls bayeiafis merely for

sectiqéﬂﬁﬁ%}hau h 5 pixels are described herein, the
PHBYS RSO HNG*Hey be nore or fewer than 5 pixels.

The use of 5 pixels hereinis nerely for purposes of

revity.and clarity. 066] Additional .kl endin
Iog’églé@ﬁhqnay@ﬁ%d?%lgﬁ%eggayﬁ@]wﬁ%@é@rftvad 2 ﬁ?S'aIegcai%r
trdsBR ok bier -k {BA ixﬁugg 14408 TRA Mal FEROR HoSSdigSrity HtweeR Yhe
y

result fromdisparit etween the pluralities of
plurpditjes of insegens wish ag, but neblimitedio; kighting, shadagiss angly, resolution,

3 angle, resolution, focal length, etc. THE USE
f%gi]l %%QE?EEATURES [0067] Figure 6 shows source images

captured by a nulti-inmger canera systemand |ine

features that ar%gﬁﬁgggkgwgﬁ§¥%%#@§E§ource i mages

according to one e present invention.
[CO6T1Figure 6showssoame images vggwed B4 riuBRib@gercalrietr systemand

.pl ane 603 and | feat s B605A- 605D, Fi 6 ..
1 fiGrer dn 8 Pred g e tpiEe Pl Reddos I Stginepot
the, sa_it?ﬂweﬁﬁ@d Fighte® sholvs boatd inagdsl6804-680G, alibratiseplaet03
i dent r ti onshi ps t ween-source..i es
Sotstes SAPORET Bifier SR e S GLR e e PO AUD
whthRELHrbEEed REDEBRKYN pline 663 208 dseliito {dehtify eclpRstishipEbetween
source | rralgi;es 601A- 60101141%068] It wll be obvious to

seUers@2g%i 0T PO G- Thirelatenshipg areprdhie EPRPrHe R ERSPoKC
hOMBREny A1, $9GRA H3 8 Srel fafive Miie Rf1g0P6@IAGBI AN certain

relations of independence that nust be satisfied in
order for the honography estimtion process to be

. . _ ' , > : "
5 ik Bl FrOSTRY Rl BERE TR S Bl P of uc
lipesrtbatammat be ebagrvetbandivertan refdtiong ofdodepemdence thitmiystibg satisfied
.nu f.lowesol ution i nager.s 40, 110, 120 in

TP ffre{ ! % porp?]grgxang ¥ Stgelﬁ%qboé‘ iPRENES © béﬁalﬂlo nogr aphy H
relating two source images | and | ' (for instance
[g(%glo‘lnaer)](gmgg}y@mﬁlgdmen?s?{lsrir?gs %r}ga{arll%s 605A-605D,'high-resolution

wide-angled panorama views can be constructed from a minimum number of low-

resolution imagers (e.g., 110, 120 in Figure 1). In such embodiments, an homography H
relating two source images I and I’ (for instance 601A and 601B) with corresponding

points X and X’ and lines 1 and I’ is given by the equations:

‘ 'x’=Hx
I’=HY

[0070] Referring again to Figure 6, since in one embodiment lines (e.g., line features
605A-605D) can be employed that are visible in and extend across several source
images (e.g., 601A-601C), correspondences among source images 601A-601C can be

identified without significant source image overlap. Since overlap is only needed for
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points x and x' and lines land 1' is given by the
equations: x'=Hx |'=H [0070] Referring again to
woi2gusroec€87 since in one enbodi nent |ines (e.g. PCriuse007/014198
features 605A-605D) can be enployed that are visible
in and extend across several source inages (e.qg.,
601A- 601C), correspondences anobng source i nages
601A- 601C can be identified w thout significant source
i mage overlap. Since overlap is only needed
cprffraishiof the msyltmg cerheosite gudge, thynesd igrowktlap damhgeyinitived (to

BT ind L ploFBndeP B, 100 B350t Py B BiRedg
dbmred@mdrammtvmv desiucebl Iqosmh) embodiments thei tseﬁuhxdssorﬁ‘dcqmmd
the usefuéness ?quired pi xels is

R R PR pr s e g R RR sl iBF e ef 11 ol ent.

m zed
[0071] It should be appreciated that the size of the

ARG b s G A ety TSR B e
chin&@ s?ﬁ@h@d‘ 10088 Biga ) @fnploy g tREIHA08I@dseibed iBe feature image .

si gni fi cant i ncreased as_comnmpared to conventi onal
ceyppsiting meth i agraficantly ingrrased apepmpase fp cerveniiongl der
sySerRé BdbEe uﬁﬁ%@'ﬁv&% iS QoML id JFBISS groarﬁk% sleﬁﬁlgﬁrco?ﬁbgéﬂe
angle allows the | rrag)ev g of panoranma t cover
ippgRsr Thedarger aew Angipaltowvs tromaging of pangrons thaycavepi wyﬁern g
r

rhedfirp Bf etk FGEl Gth B Rl He neR it e nleriaoloBh
plurality flpwer WMIMagepacand:Ie usesisto prrtdcenpahorami ﬁxatﬂnmt)e r
L S TR L
mthrbpmhiesdharMWaﬂbdqach[e@&V@itﬂl lessduditiodallbandagtheci at ed
that lines are simlar to points in that collinear
lines are like lines of coincident points, parall el .
[00729% showd be kprédianabihatflineOdrt iRLIAF tolPoink i8 thad Béllidear lines are

of four observgﬁlons in eneral p03|t|on are

lﬁsﬁa%soorpf@nflé?r}wgw%m lings e like n@ﬁ fieollinesy pamts, ad a

hihRARPBT folFoBerPiRhE i @qeﬂmbmtnee&a RY fora R hSﬁBgrQ;ﬁly
used in order to inprove precision and stabilit

ﬂegr@qs@f @2?‘1@ inja pisteried PmBediment: marfy merasarp u.sad in

&# s | n t fe a{ﬁg@ g?(l)vg%\élgp{e %gﬁn@éﬁes%atﬁ? E‘E’E’O‘Q 8Pt
bﬂ@ﬂ@g'ﬂ‘mm@ev@ exidded advtaytagevbrenpainimee t wilitinns in thdte

1681 %ation 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 ﬁsing the

lines, and their use enables preservation of straightness over the full composite.

LINE BASED HOMOGRAPHIES
[0073] Figures 7A-7D illustrate the formation of a seamless composite image, such as
first resolution layer 330 and second resolution layer 370 using line based homographies
according to one embodiment of the present invention. Figure 7B-shows source images
701, 703 'and 705 that contribute to the desired seamless composite image (e.g., mosaic)
shown in Figure 7D and the line features 711 (shown in Figure 7A as line features
711A-711C) that relate the perspectives of source images 701, 703 and 705 from which
homographieé of source images 701, 703 and 705 are computed. Figure 7C shows a
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nunber of observations of lines and points, better
estimates can be generated using the lines, and their
woazesanefal es preservati on of strai ght ness over pciastoozioi4198
conposite. LI NE BASED HOMOGRAPHI ES [ 0073] Fi gures 7A-TD
illustrate the formation of a seanl ess conposite
i mge, such as first resolution |ayer 330 and second
resol ution layer 370 using |ine based honographies
according to. one enbodi t of resent: i nveption
VIR tRe SARORIREIAER WY it e mﬂ%*fnd Hrepamgorasd thsae
g%wﬁﬁﬂm@m@73p t he desired sean1ess conposite i mge
(e.g., nosaic) shown in Figure 7D and the |ine
features 711 (shown in Figure 7A as |ine features 7

ﬂo&@nﬂoﬁﬁ{enf ﬁbﬁ%aﬁlﬁ% cQ@Bé bPYn i rateﬁ%? Bhﬁéﬁﬁﬁlme

|rra es /0 from wh homdgr aphi es of

feppressibaty ane@@@tabmby apoBagan arr%o@emlesuemmmwﬂme@me tpC

F?%l 9%@@:?& reg g}r%gm J& [%%s?gms Q)Oééllm @]ﬂ{e%ﬁmms

“ufiBy a 14a8t0iddgred fitteppnd Mhmshurmm lmerfeatm@,s mrﬂhcmmgtmhy kadver. The

ener .ne features that .are
PR PhE e e ireetl e 10 P0in 1ie | ERARG Ry & B dfia o
ﬂFM tedhspaat ervefse Ief the scgu@ﬂdtteﬁ)lmed By tré&ihp &et}io_ﬂ@géx}&eud i ne
eatures for lens distortion ting |line
TPRISERREL of sppyfing ﬂSéégvefg&@arnégndrﬁf Vt“égrfl"’ %‘Eyvlsﬁassi ng
. lﬁ)ﬂﬁgiapﬁbeﬁéee&ﬁlﬂtﬁ&ﬁabb%) aAi?&ﬁﬂi’Qy Qﬂé"l‘ine&ﬁ‘sédﬂfomoﬁh@hy can be
honogr ap| romone inm .g., 110, 120 in Figure
?nﬁwﬁﬁﬁéﬁﬂﬁﬁmﬁﬂﬁeB@mH@%FWQ& as the transpose inverse

of the solution determ ned by treating the honbgeneous
Presentatlon of .each line as if it were a point and

(98731t sgoyld pe ﬁme%frdw%aw gee fmh?égmp leps aeeatianpngiipainance
gtg c\él?%%ﬁ'gﬁ%{t{‘%% ﬁaﬂe %or onT Lﬂjﬁ%%f In eﬁ 62%%{?%{&%255}% Oggcfless.’

and tcsmbtcfoblensacpﬁtpmnaﬂlew@ prabodimemsithe emtmdncreorrecti@rﬁs part -
o HlcE: %Em@ﬂxga&% the' B304 ﬁn&'&? esS QArPeE?c?n%J nibkE ﬁ%”c%ste

hg 1 mages i n Peenent on col or
ﬂhmmghmﬂmnﬁnmﬂnﬂnta correct for | ens dlstortlons. In
such enbodi nents the geonetric correction is part of
the re-sanpling, and the col or and brightness

[0078]26 biacQshshodRikeat, hBAnE M hOMberRfaésAnE rélhte ahd ﬂna@@rrt@ another
correct [0076]. I n_one enbodi ment, having the

Hawn Gredpmpearhissio be shained tegsther foclsterming the frnsforms that biing

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 may be constructed that encompasses them all.

[0077]In one embodiment, a re-sampling mechanism (e. g.; lookup table etc.) that
contains pre-computed values that are used to compose a composite image from its
contributing components is constructed after an output size within the dataset
cerresponding to a constructed frame is determined. The table can carry bilinear
interpolation indices and weights that are used to compose each destination pixel. These .
indices map pixels that make up the resultant composite image through each imager
homography and reposition the mappéd point to account for any observed lens-induced
curvatures. In one embodiment, the vast majority of pixels can be seen by only one

imager. In cases where several imagers see a pixel, the contributions of the pixels can be
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all ows the honographies to be chai ned together to

determ ne the transforns that bring any invol ved
womagaed2nt o a gl obal frane of reference. | nitpariug2007/014198
the gl obal frame nay be chosen as one of the inmager
frames (for instance the center imager). Subsequently,

a derived global franme may be constructed that
enconpasses themall. [0077] In one enbodi nent, a

re-sanpling nmechani sm(e.g., |ookup table etc.) that
blendeda Imenepmbodiorepts thednaiad enasloyddas lirereintegmiatioo (givposfe

ofer B ARERinA el Mo P obthoHIRRENY, ' ©
raspeativs poapdisrage dompated by stistancd fom filiah panréesmelgd’ e boundag).

The table can carry bilinear interpolation indices and
wei ghts that are used to conpose each destination

pi XelCPU'BASEDI PRODIESTIURP OFi SEAMLESHCONBPIOSI VR IMAGES
resrpﬁl,tant conposite mag;ﬁathro,ugh each | natge.r .
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piratlelized CRUi poecegsingfs employéd. &vibe Figoredt emtrbdineentyi syrechrondaed .
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SEAM_ES | TE | MA 0078] Figure sho an
PP SO ST Do FRopie st A Urgegesany)
809 deis dalivkredhie b displax 8Vi ﬂheanﬂg@ssw l@ﬂ’oﬁtge ohitsyied anfl a

mul ti-i canera systemthat enpl oys CPU processing
%E‘HFB?%ng@'one embodi ment of the present invention.
Figure 8 illustrates a beneficial bandw dth and

co%ut ation distribution schene where parallelized CPU
[P0 T bsmpying Jazgeaymouaty of digital vigea ST gureat BC erpbisesturayare

sSRGDR0, Redl dyPAIGHR 5 its B0 ool S B4iE10 B0 aefos pripherl
compenegeintenjonsec8 Py PEI-X, bersle8OR! graphips po?GAGB), end other such

| Lgital wi ' ,
bR SR ofer ot ol antd Wi oy [ Ranawiany
challenglisnby dne Emhedimsstawith t@Q@baadwliditsisaied inneind,d disiributed
pg#aggllﬁgg grs%%séllntglg : F]'gglcl:(!,hua% Fi‘ss iIhFJ\)s'.Dt‘t"\a{Ite%ltig [" faggree c%tbg ergrlpilbl}'éoa %Qtdls

enabled both by the multi-imager system performance exhibited by exemplary

embodiments of the present invention and by the advanced graphics processing units

(GPUs) that are available for modern PCs (see discussion below).

[0080] In one embodiment, the compositing of images can be p"érformed byaPC
processor that uses a re-sampling mechanism (e.g., lookup-table etc). As discussed
above, computation can be parallelized to exploit muitiple processors. In this
embodiment, re-mapping can be designed to scale based on numbers of camera pixels

and size of display.

GPU BASED PRODUCTION OF SEAMLESS COMPOSITE IMAGES
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[0079] In noving | arge anounts of digital video 807
current PC architectures are severely taxed. Real -tine
wdizeploays20f these data re' quires a judi ci ous NMPERTASLMID14198
peri pheral conponent interconnect (PCl), PCl-X,
accel erated graphics port (AGP), and other such buses
di stributed over nultiple display cards, which present
signi ficant bandw dth chall enges. In one enbodi nent,
W th these bandw dth issues in mnd, a distributed
[pe8 HFigurd %élustmte@@emlifvgticmfmh@a etselgmtion agoording tp gpe d
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er s S or mance exni

sy 0d tiyat ardgedcrmech by S}mbhrbhleeqline\gmta datatms9DBhreolend by

e R SBnR e RE OB aaeleb of Ry Babni ©
HafiW3ed 909. Pigaredniioshiates Bh embditmen Iwih@fei dopgsithig dndibiEadingan

be perforned by a PC processor t ling
apeEHE V(¢ Fosaqkigianp=hes féfe@ﬁ qrme el gaghts
1RRAYE: 9RO Prbdeany CPU RiforRefirtdid dpeRBohso0sXpl oi t
nmul ti pl e processorS. In this enbodi nent, re-napping
can be designed to scal e based on nunbers of canera

@&ﬂ%@%@“@@@ﬁ%ﬁs 008 %H II—-)I rﬁché; il ust%er legs%eciafr?r
usp iyl paeraime uidingrln Bhs @ebmmt pradlspdﬁv aicatst tsky recmh@g
‘%PRPSK H%E&?é%éd gs@?atlg E}rﬁg‘gt%%% g%g td'tﬂ&ﬁegrh&g O?eg cmvﬁeated as

represe 0 streans that are
dymamicataoked n Sty:h cembodlmzmd, thmtg@rlmageaqumeay barsbegd@/nloaded
nversi.on o tions g

(b GRS PR A pR SR g P ARRRHE BB Y
perforifidd Bt ths AGP geaphid manamhre\me (eg. QGPM dstdiviarey Bedubsequent
bl endi n tions 905 (e.g., nosaicking operations)

Yleo 15 8 %B\Eﬁé‘ﬂt% 9‘3{’Hﬁ% AGP graphl cs hardware 909 and
preceded by CPU col or conversion operations 905.
#WOSZ] In_the Figure 9 enbodi nent, the use of ragglcs

B33 therfigwa A epaodimprtoP | mosrickiags cam beperformpgconsiderably

{(ﬂén{‘epul‘ &osﬂ&geﬂmgéﬁ@moduﬁ&ts e TPUAYta G d81bE S6lely one

re-sanpling vectors can be treated as static
¢frm§3e crveTing e camgrarvideodtoneent fagnay faraethen And thep passing e

'?(‘?[He a%)r f&g gz{rﬁslg eaJ}J(}g et ¢ P@a@g%%ée@{%‘%sorqm cah B¢ fefuced

geo y can apl ng the source
. ewa @Eﬁl)er bypdrionning colnpesimplingjinaheiGBU exthiéribpnmpayestingindeo

1In90 IQ&B ‘before sending it to the graphics board. In this embodiment, bus bandwidth

load can also be reduced which is an important consideration when cameras and displays

share resources with other activities.

[0084] Another advantage of the GPU approach to “mosaicking” is that the cost of
producing the composite image is independent of its size. By contrast, ﬁigh costs are
incurred for large i images when CPU-based compositing is employed. In one
embodiment, if the v1deo stream is sent to a handheld device or ramped up for avery

large display surface, the different scalings can be handled transparently in the graphics

card.

[00’85]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
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performed by the AGP graphics hardware 909 (e.g., GPU
hardware). The subsequent video is streaned to the
wdizepsloays27[ 0083] I n the Figure 9 enbodi nent, GPUI/US2007/014198
"nosai cki ng" can be performed considerably faster than
CPU "nosai cking." In such enbodi nents, the CPU s task
can be solely one of color converting the canera video
fron1one format to another, and then passing the
ery to the graphics card. In another enbodi ment
C@rneu toselase of ava graphieseproqeshingdgmade At shovld fhe pppsgeiated that
t han
R S R B
graphlcs board In this enbodlnent bus bandmndth | oad
£
[m; s, a’%ﬂ? g lf'secﬁfq}ée resregtS a3 01(1j Prg).g%g % a%tﬂmFtsd method and
syses for p&ﬂumg keanﬂdsemrqmslta/m;ﬂgeﬂlav{n@ @8d-uniferoi dasilution from a

advant age of U appr.oac "msai ckin is t
RS Y, FORHECTR Y G BB P P Py g imies Riving
nbivdgReMALHutidh that & sBbfiwere nBYg4bM) IEndimdhitOllsoR6¥ige BVileo

|ncu ed for’ Iar e i mges mﬁen CPU—based composi ting

maypt Yywed a plyral Reotarays andaliowing arusetie 1oqug ep Giireahtirss
e&@ﬂi’ayttﬁ’e ARGl MRYE, Bcalsd OP@E dHRrdr® Fes@uM &, Yhe user is
| arge_di spl ay surface, the different scalings can be
alsa proavidgd ehergpwiuion i |1ryageny thafevil eHewp serdaredd PHSOS VN
irR}Rs, %H@%bl%gg view rBRRioR aREOGRSR v iadeCPUS)
of“a PC can be use or the re- sanp ing to provide
better scaling. In this enbodinent, a

e L e S R S

1mmmfhagbwnlﬂembpd mqmaﬂ:u)agemmlxbmts,l #tahalld baappreptemiythat

oriented appli.c 008 Thys,. enbodi t he
o SRR OB B A s U SR R ot
raueitcsmrﬁmacﬂbmdig&bﬂ@f&&ﬁﬁ@&Sinﬁpmosu te i mages haV| ng
non-uni formresolution froma multi-inmager system
Enbodi nents further provide seam ess conposite inages
havi ng non-uniformresolution that is software

navi gabl e. Enbodi nents al so provide a video that may
be viewed a plurality of ways and allow ng a user to
focus on different areas each way the video is viewed.
Mor eover, because of the different resolution, the
user is also provided higher resolution inmagery that
will allow a user to read papers, view
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I mages, and ot herw se vi ew higher resolution areas
within the overall inmage. [0087] Enbodi nents of the
wonremsané42rnvent i on are thus described. Wil e tReT/US2007/014198
presentinvention has been described in particul ar
enbodi nents, it should be appreciated that the present
i nvention should not be construed as limted by such
enbodi ments, but rather construed according to the
followi ng clainms. CLAIMS W claim 1. A conputer
CLAfVMBnent ed net hod for produci ng seam ess conposite
i mge (380 s having non-uniformresolution froma
mul ti-imager (100), conprising: acquiring a plurality
wefcldimwer resol ution source i mages (310) ; bl ending
said | ower resolution inmages (310) to forma first
resolution |layer (330) of an overall scene; acquiring

12 Pl Aleadpityr itfleficfize nctRa Fbrif-bR0ing Qetiless cbfGR e (rde) |
bl endi ng sai d_hi gher resol ution i mages 5350 to forma

(3B daving sawigifqrgmesolyion fregxmruleflmag%&}‘%‘} SAMBFisiag; g
Over@qhmﬁ%s ﬁmalaysiflb@yﬁ&oﬁmmﬁ@b&c@#n&ag@é @i0j;of said

| ower ‘resol ution I mages (310) d sard hi gher
r es oblendingrsaidiayerae(obBOn imegep (ii&h defoam a|fisgsesoltien layer

ngﬂgﬁakkgakg%gg (380) having non uniformresolution.

of Aaiml further conprising: acquiring

sai daqqhmnghlphtjalmf of logher reselstidntonws i mmgﬂ 30); nmages (3
10) u alit f shor t a
( 1208161?({?‘1%8&? c}n#{ﬁ' feSXIH r’i%{]g I rageis (a%@qfo ko %oald rre%ﬁ%%m? layer
(Frous e pdrg{onﬁfsmﬂ@hﬁall s@agland i on sour ce | mages ( 350)
fro Iea r focal |length i er,(110),.in

s claping e plgay pR gl ows S Ruonathgrs (D aha baid ibner
refsulhﬁ&eﬁnag@dmsm)&b duc i Bstiong cahhyisitédmagP 380§ Baviriginiohn
said second resolution |ayer (370), wherein said
W%QHWQﬁOQﬂW%ctS are selectable to provide additional

i magery interaction options. 4. The nethod of Caim1l

further cqur|S|n
The method of Claim 1 further comprising;

acquiring said plurahty of lower résolution source images (310) froma
plurality of short focal length imagers (120) in said multi-imager (100); and
acquiring said plurality of higher resolution source images (350) from at least

one longer focal length imager (110) in said multi-imager (100).

3. The method of Claim 1 further comprising:
embedding digital objects within said second resolution layer (370), wherein

said digital objects are selectable to provide additional imagery interaction options.

4. The method of Claim 1 further comprising:

utilizing a combiner (320) for blending said plurality of said lower resolution |
source images (310) ; and

utilizing said combiner (320) for blending said plurality of higher resolution
source images (350);

wherein said combiner (320) combines said plurality of source images to
produce a seamless composite image (380) without requiring overlap of image regions

of said plurality of source images.
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utilizing a conbiner (320) for blending said plurality
of said | ower resolution source inmges (310) ; and
waRodsioaéag sai d conbi ner (320) for bl endi ng saPdT/US2007/014198

plurality of higher resolution source imges (350);
wherei n said conbiner (320) conbines said plurality of
source images to produce a seaml ess conposite inmge

(380) without requiring overlap of imge regions of

said plurality of source imges.5. The nethod of C aim

1 further conprising: blending at | east one edge

port i 7o e dtpon layer (370) with a
S'port#%;n]m%;ocggf: na fg?ﬂ%«:?g@h%%n |l ayer (330) wi thout
r equblending 4 leasicine gdgef postiduef saifl agcondeeselntiondayar (Hifpwikige

rtion. al d segon J Ut | ] - & '
pBEPhof ol R (DB il B Blendid Yoty din e
atliesgst 6 ddgel p@tiofbPeaid skedndirésohtion tuyrr (320)rvth satipoitianrog said
sai d ﬁyuralitg f lower resolution imges (310) in
g resplutionlgygrd %ﬁ'said plurality of higher resol ution
i mges (350) in nonochrone; and bl ending said col or
fromsaid first resalution layer (330) with said
6nonodhy Bekodef Glainy 1 futhshepmpEsBEut i on | ayer (370) to

obt aj, Qb ' {ni'ﬁﬁ%@ 318 iRcogguced
ban d\%\ﬁ&gﬂn@@%ﬁﬁ p!rlﬁilﬁyngﬂﬁg’gr %%H]% ?ail.m \?\h?? ei n said

pl ur atquiringshidiptuglisy of higker sesplatien istages (340) ip mopoghaRps; and
(PTZ),.i e . E tion

Wi t hli)lr?ns ag %Q%g%%%%%&?%tg%@%%qaeg fﬁg? vrvruﬁ{?tls a?gl mager
n{chOEhromy sf i fecondpesiition tayes@70)i te obtaindnghestesdutiopeeglor
.%380)F hgv%?% qgﬂaﬂniforn1resolution, conprising: a
PR AT T IS S P OWer 1 esol ution imagers for acquiring a
plurality of | ower resolution source imges (310) ; a

Tpenene agod of Glisk T e iR Ertea e g gt i
Zb6 AP B2) ithafih b Ehdni thadfroviadsdraninelecticasmtiii saidcdnimeies
image (380).

8. A multi-imager (100) system for producing seamless composite image (380)s
having non-uniform resolution, comprising:

a plurality of lower resolution imagers for acquiring a plurality of lower
resolution source images (310) ;

a lower resolution composite image (380) generator for generating a lower.
resolution composite image (380) from said plurality of said lower resolution images
(310);

- at least one higher resolution imager for acquiring a plurality of higher
resolution source images (350); - .

a higher resolution composite image (380) generator for generating.a higher
resolution composite image (380) from said plurality of said higher resolution images
(350); and |

a composite image (380) generator for layering said lower resolution composite
image (380)s and said higher resolution images (350) to produce a layered composite

image (380) having a plurality of resolutions therein.
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(310) ; at |east one higher resolution imger for
acquiring a plurality of higher resolution source
wOmraas642350) ; a higher resolution conposite | PaGAS2007/014198
(380) generator for generating a higher resolution
conposite image (380) fromsaid plurality of said
hi gher resol ution i mages (350); and a conposite inmge
(380) generator for |ayering said |ower resol ution
conposite image (380 s and said hi gher resolution
9. magle nidsdnages (WOdehstem of Glaipet BFhISEAPPSFEE | mage
(380) . havi YA b : k Oy The
ral ¢4 Ry A7 stpiob i Rlmlcr 126} @ BdERk )
sysipfor sdqniging aaidiplurality oflower ménbutionfsowes inagpyBRON rader s
(120) ,in said mul ti-i er . Sy st . hLJ
sai oftpTastoRr ?o(r‘ﬁero cal &K}rgrﬁ‘qf‘n'é‘%%lj(ﬁt% bnn%gdolﬁ%el&%%egggﬁs% E}g{lé%s
for a@étﬁix?said%&hli@ﬂﬁhigﬁﬁ@é’dbhﬁi@ﬁ sdurdesingpds (Biger ( 110)
in said multi-imager (100) systemfor acquiring said

plurality of higher resolution source imges (350).
160.  ThemiMLibohpdr TRRG systehDO) Ciaiise amher cobipaisig8 f urt her
conprising: a_ |lower resolution Qonb|n§LTégzog gor. .
conbé lwegreselntion eovbiner E26) or PERLIRE F BPolupon 51a8s,
(‘;1'02%5 RS toR Yz?%r @30DF aR bvi1 QUBIAY LongRBIK BfRSe
conposite 1 mage (380), wherein said conbining

S, .
(389, fvdreraimisais¢ omepining i petformediusipe s7id plywdity pldewerygsolion |

N i i 40 T ai
T T
lowagesslutidd Dlages (310) .

X
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