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A USER | NTERFACE FOR A SYSTEM AND METHOD FOR HEAD Sl ZE
EQUALI ZATI ON I N 360 DEGREE PANORAM C | MAGES This is a
W@ oembiimeat i on-i n-part of Application No. 10/ 18BCE1S2006/008421

filed June 28, 2002 and entitled "REAL-TI ME W DE- ANGLE

| MAGE CORRECTI ON SYSTEM AND METHOD FOR COMPUTER | MAGE

VI EWNG'. TECHNI CAL FI ELD The present invention

relates in general to view ng i nages using a conputer,

and nore particularly to a user interface for a system

A W¥EsNTRRPACE RORA SYRTEINASD METHRIHER HEAD SIZE
ass SRBAZETISN K s STHECRIER SARGRANE A GES
I NVENTI ON W de- angl e caneras, typically having a field

of view greater than 60 degrees, often are used to
capture large scenes. A w de-angle inmage taken by a

e_g?%%l 2 ﬁﬁg%tﬁqarbﬁgga%qf]égp\ﬂgé . ng?@é8§§3§5 filed June 28,

2002%@ aﬁﬁﬂé@l‘REArzmME PNDERARGLIEINREE Cvmr@ebﬂ N SYSTEM
ections used to view w de-angl e 1 nages. I near

ANDdd PR IRRRFFOMELI TR II\/I.AQIE\JIE’MNQaptured by a
wi de-angle lens that is projected onto a flat piece of
film Linear perspective projection keeps straight
lines straight at the expense of naintaining shape.
Thi s causes perspectipeHNEALTAELP'S. The i mage woul d
appear correct and no etormed 11 the viewer of the
i mge placed their eye at the projection center.
HoTeay presfe\rm lm(;/eh?mh mglatésﬁinvg'eﬂ'@falrtglv@ewmggmagb:s Ihus$ng a
smal ler fie Q t he viewer expects snaller
comp g AickEog? PP !ar%&ua%“ HecsdbE msppiem andnmettod for
roal e bdTRiCHRN ﬁ@?&f‘@peg@s%ﬁﬁﬁéﬁ 5y Ol SligtaoRigamer
to allexiade distortion endgegredptidraptpderns assqcsamwbwmiefsuchmhages
on the imge

BACKGROUND OF THE INVENTION

Wide-angle cameras, typically having a field of view greater than 60
degrees, often are used to capture large scenes. A wide-angle image taken by a
wide-angle camera can be viewed using at least two types of projections. Linear
perspective and cylindrical projections are the most typical projections used to
view wide-angle images.

A linear perspective projection is an image captured by a wide-angle lens
that is projected onto a flat piece of film. Linear perspective projection keeps
straight lines straight at the expense of maintaining shape. This causes
perspective deformations. The image would appear correct and not deformed if
the viewer of the image placed their eye at the projection center. However, when
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pl ane make the user feel that the scene is not rigid,

as if the scene were swinm ng around the viewer,
w@20obiicebarly when viewi ng panoram c i mages. APCT/US2006/008421

cylindrical proj ecti on i s produced using a w de-angle

view@lnfﬁ%gyiﬁéy ' %tB d %éfgr flid SE @[év&‘ the |b§/ver %Qﬁects

Ica ro e |ons ar e mal n
smalterapereabas of image s;zeejaeort/elbassn"laﬂeadmounbnf daformatlon on the

imagieglpges B Jem OPRST AR B3 ItV CRISH: Bpaett irtpasaat the
edgedl e @i @Pﬂh@g%ﬁg%te@w&{aﬂg@@ i 'sfk%aénooéléﬂo%%\h%on the i jmage

distortion an rception lens are stil pr esent
plane maker memﬂemfeeltthat tdaylscaden& abt pgldj asifitba scane aere

. Strai nes. nore_t ecessa In additi.on the
iy B AP e VS is PRt periahg ST Uil PAiraiS BnobSine
illusion of turning one's head when view ng panoram c
i mages. Distortion and curvature problens in _
widleybndyical preigetipnisdredueasiusing & widstrange ogmera having

curvd FIRERR: o 1oty LHOUNE" oS Rold il Sy 51 7

Vi ew ng ces,

maintdiringngHapesthihdingad plojedtivnsi Mageldiion a\dyamemicalsprojucﬂ\on
smal l er than the, field-of-vi of the

itiBlANAPPRSISbRBETENG RSB EverdhaHon fig ey el prefecion
is a VbW |?r#brb§etth%§ 6@éistﬁeQ|EeFP?bbé9ét§§n°Hf§t%oﬁ%g %erceptlon

perception pro probl'em cause
problen&s/\ar@sw presant | parhgdar Wihe leylindrical prajedtionl mmés siraight

i3 g o B S8, S s, amost

com@léfé‘hﬁQHeﬁlﬁﬁ‘o@BﬁtJr@hg@Ne@ﬁéad WReni VBN aTEnorAmitIm 8gE .
e depth of an object in a scene is the ratio

bet ween the i mage sizes of simlar objects placed at

[ 510tk R abIEPREIERR i Ridd Fndfiboes are, cpused by @
field-dof-vieve I’f&é;ﬂnetcrf ongsrticllenidoe todimited Fewirgxsin® ba, corspuer
a scene contains two persons st andi ng next to each

monigeend pieRdarkvipeingdistancehi thg angle Abteadgy v tbmimeee
whel‘F eféwe% ffshﬁucﬁ ?ﬁ]a‘néhﬁ{a?a%é%i%gf vJeuPoﬁ;%Sf an %’actﬁgf ol V@Hauy

a regu approxi nately
pro;ected the scene to an image plane. This mismatch is the cause of many

distortion and perception problems.

A related problem caused by viewing wide-angle images with a smaller
field-of-view at viewing time is the misperception of depth. Wide-angle images
exaggerate the depth disparity between near and far objects. One important
visual cue of the depth of an object in a scene is the ratio between the image
sizes of similar objects placed at near and far locations (called the depth
foreshortening ratio). A smaller field-of-view results in a smaller foreshortening
ratio. For example, assume a scene contains two persons standing next to each

other with one person slightly further away from the camera than the other
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canera and the sanme scene is captured with a

w de-angl e field-of-view canera, the size of the
wokjea1261 n the scene will appear different. [PCT/US2006/008421

particular, with a regular field-of-view canera, the

pers§iit itflo SBENOT caWfRted bY kORIl tafiBxihaten WP AGGrec) fild-of-
viewrmanmra.aridomemne wc?:h\e tsﬂ@apiswréel vw:iglawﬂeedr@{@flerdi-@fwnew

,. th rther awa rom
camn e Sizi o 0% APIREES PYiaR SCRRS ShaPOEA iAo o bapaicylar,
with BSulsK AGREGRGEH, irisralivd 66128 FarthdIeay oM (¥ édiera wil

romthe canera appears mnmuc arth e away t
appaaeallglytly &Lrtheh @tway frorddhangmera tfmg‘eth@fothed pefsosic éhewever,

su o conf er enci scen on,a
with Wlﬁ’tee? Pf‘V%ng(ﬁeﬂg% p?TS&“J 35‘?'9(/ F‘&’@Vq\’(}ﬁ“ the
cam&@ngill @Ip,pelaﬁ n«whsmawéd tAAN &Hi@ﬁtﬁela ®efdst. dBeEadecyr s t he
act ual es. Therefore, the depth perceived by the

exaggeeated s|12§ SFENass g PeNsan faﬁléera@waxa omsﬁtawcarm@ appears

' [ 0,
muoR PRI AERE IS RS =008 BRIERA Bhep sgere
(sucls gsteevideo \dbd&renguhg steney Bviabédonar eormpatérinmonitatethe
cqnferencmg{ sterrsto capture andtran m t anlmag?ﬁ
bl

viewggh figidreinye 9anerah i Anc Sm%?éﬁ‘?a” hey %'ﬁé%fr"r'@"’roé
actquﬁ]fagbgbleH@r f&?é"etl’}érd rﬁ)'trfgéll%‘éﬁve g \ﬁ%@glstljﬁ%c%&gghthan

conf €rence t I mage exaggerates the
the astudlldepttoom Thi s causes the people in the m ddle of
the i mage (who are usually furthest away fromthe

canmera) to appear very small conpared to others in the

r QOAR GpplitRidMEherd HREE difbrRAUHEREREp tla_ﬂi'%?@olems manifest
di stortion and perception &ﬂr?bl ens typ| cal th w de

themsglyes ig imeidgoi sanierenaing e V\éd@mmdeaﬂanmoften are

used 1%%%08@%%@#%@%%38 ec%bg.!{e%gwdaté%rg%qggr &%\ge congammg

all p@*tlclgahfsgp@sén’t Bt & heduting robimp LOné RRESSIT, hl@tNe%E is that when
acquired froma single canera. Alternately

viewing the video conference the wide-angle image exaggera’tes the depth of the

room. This causes the people in the middle of the image (who are usually

furthest away from the camera) to appear very small compared to others in the

room due to the extreme foreshortening.

These distortion and perception problems typical with wide angle camera
images are even more apparent when viewing panoramic images covering a 360
degree field of view. A panoramic image can be generated by aligning and
“stitching” input images that are acquired from a single camera. Alternately, a
panoramic image can be created by using multiple cameras to acquire the input
images and stitching them together. For example, this is the case when multiple
cameras are used to generate a panoramic video. Essentially, the creation of a

panoramic video entails acquiring multiple videos depicting a full 360-degree
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panoram c image can be created by using nultiple
cameras to acquire the input images and stitching them

W ogetiizos7 For exanple, this is the case when PUIl/UBJ0€008421
cameras are used to generate a panoram c video.

VIewEﬁi’cﬁi@bu&thdlnb@eﬁéeai tamefd rig QHINIRY & rﬁbﬁ'lﬁ% &4thatdss

acquiring multiple videos depfcting a fu

dispagsyl Beybaek-tehaek fashions s som@dmeg aroployed focthesrapose of

contR By Y Ay SATEL B o BBES s o o

lmageertpd)lse p(xfel pesitions mgtﬁdﬁp@ﬁ)ruhﬂ?ma e“qsst bically 0ded Q@lsﬁtch the
i xel positions in the in i mages to

'magﬁ‘ﬁ%%e 65 i hsrandraride Ba’ﬁsr’%mdéedﬁia ¢@etequaladquctlonal
caméﬁ%@qwatv% ddnt Gdbd nHé‘@tﬂﬁsre'i;Bﬁ:ﬁﬁ gl : é/ﬂ%éd’goﬁ% The

hree hundred sixty degree omi i onal
camwawe typieallyydladed or theeceﬂntengofraetalmeiwmg thedne'etdfg)partlmpants

G TE B G Bk 5 LSSt o
headssikdd B8 tis BHAGrdrhie ntn%@s@ will Oﬂwmﬁﬁan%ﬁ% Qisted to the

rect angul ar shape, peop Sl zes on
camgyan draxa@mpiegies parson Méloysl’(Sefﬂéhel fargerhof thei table will appear

R TN T A

variations Irethet getoraiic PRAEGSEdRBt ok appedfifg vistiallP@nadindt is
h head-size variations in the panoram c | nmages do

d'ff'CH'g O [e5oRNEEIBSIRGRPIS Pthel Ty caA of HTa table or recaginize theirt
ogni ze the people at the far end of the table or
exprd<SSidifc!
recogni ze their expressions. Another problemwth

video conferencing enpl oy| ng panoram c i mages i s that
enerate a 3700x600

p%tﬁmall?m Lﬁﬁ? ﬁ%@%o SBRteroRs g §9WIQY'BA IPRNREVBIC images is
that slﬂﬁéé?rﬁﬁ—d%éﬁbn&'c%%é%@ sg‘élﬂay eg%‘ m byplﬁ‘%lgfga?n@f&r@@c

pi xel panorama to be di
image elnignpetrugers D@lenan\te H024xX768 m&eipdlsplayus tMingcH aMove oellyod

t bl e t head sjze
1024k 0 bR Biin e o¥ iRt hih s lekredRlomin or a
resolayer, ehe pedpke mtﬁw%rféhbl deﬁé tdbl&Bare not viewable without head

size normalization.

Accordingly, there exists a need for a system and a method for real-time
correction of images captured by a panoramic camera to alleviate distortion and
perception problems associated with such images. This system and method
should normalize head sizes in panoramic images and allow viewing of persons
in the images with standard resolution monitors. Additionally, this system and
method should be easy to set up and operate and should be computationally
efficient.
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correction of imges captured by a panoram c canera to
all eviate distortion and perception probl ens

waz®oeaizsted with such i mages. This system and PEL/O8106/008421
shoul d nornalize head sizes in panoram c inmges and

al 'ow view ng &ymfiARYOE THE'INVERSFONM th standard
resol ution mniﬁ%&y,—m system and
nmet hod shoul d be easy to set up and operate and shoul d

beTle Myehtibh pralides frfd GéateHdvbhETa HstEhFahdNihbhat

The invention provides for a user interface for a
proviges faifeadimaseqrerrtionaf disteutianeand peroeptipn inpgrfections in an

. . i . . . .
soprERRIASk 38 BTl A TSR nb FREELAH be
correotiah-systen pad anetiod, énmgﬁ/sqmraﬂ@tﬁico?/aﬁmag fumctivths, nlamely
t hod, . l.oys rametrj c warping, functions, nanely

Spaf%g'é{t\f%{ifﬁn;%%%m RO FBURKONSe 4 RGP AIRANrIMIS Image to

alaé kel i | di i [jzes
SquaE PeBpRATALAT e TRIR NGt RflidiciAg dReORL Ry RIS PLE S
funciierswes @ievassly dessibed rdpatenpapplivatiapseriabniimbes ¢ 0i 186,915

mea 825, 3063 8L aluch SO g
CORRECHD N GY SAARE MIVAEO IYIFER Ie) mPoreR ekACH &/IEWING”.

previ ous patent apg@i) cation used this technique only
Howeygr, the peviass rrigReapplieages used thisitechniges onbyrfor updo 180

: [ A ' [ li.ed: X] 360

degred Hns6es., Mo AEehih (e S sEeuid R AR o
approxiataiely36uddyras papetam iredyes v@tﬂ'rmﬁkr miiztoaatél|féat@1r?s

t hi ti ticipants' heads into account.
such| ¥ RENEp (AR IROTSNGA AR BIRRLISUEN 6k Gmee D BRGpants
head3GAtd A&tdurbClih @R %?eh‘r%‘?ﬂoﬁ@% BBt .a&éﬁcé’(ﬁﬁ{ e SVRPECaling

whi ch are usually generate y a w de-angl e canera
functinrawes used emeuptal180 depreaergasgvhicbrare aisually generated by a

...contrast, a 360 degree omj-directional rais
wide 03 B sy pler r e <rBhpLiheaPeRing fomn e dh patast, 2
360 cﬂiéglléé @ﬁl?—diﬂét@ﬁbnél«&élﬁérauﬁ%uéw pleRBB YA A cERRr aVie table.
scal i ng function
Therefore, upgper and lower curves used for computing the SVU scaling function
for the wide-angle images and the approximately 360 degree panoramic images

are different.

The real-time panoramic image correction system and method provides
head size normalization, making far away objects, such as heads, appear closer
and therefore larger. Close heads, which are big, are also made smaller. As a
result people on the far end of a table are larger and are viewable even on
1024x166 pixel displays. In one embodiment the system and method of the
invention, a user also selects the conference table shape and size and the real-
time panoramic image correction system modifies the pandramic image stitching
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for the wi de-angle images and the approxi mately 360
degree panoram c inmages are different. The real-tine
w@avenwysT i mage correction system and nmet hod PeDUSIIEE 008421
head size normalization, making far away obj ects, such
I t
able AV By ARBERG AUIZSE AEIRRIRS Bl g gt aspants
are noesallZedpidhe sante ﬂn’ne thastitshihgois cmrmm.liéé are | arger and
are vi ewabl e even on 1024x166 pi xel displays. In one
enbodi ment the system and nethod of the invention, a

an e Lﬂé&qnﬁ%a%et(eu)tMhé%életirﬁe%nba&h% iffagReecatruttidhze

real time panoram c image correction s%/stem
systenpand inathoti simplifiesahe tiseraddre systeanion @'ﬁ%ﬂdﬁ@r t Bherbdl ch

o BT 908 Ay s AR e TR snape

and tRé bhtdliMef nsreanziioadesied (B£10 tonta@%pca spelkeolindoes
real -tine panoram c j nmage correction system and net hod

can algambe implesnemnad @oea énsp{aa(ethgyélﬁemyﬁ dhe Pﬁaee?@rpaﬁmam&
lmag(#m?r% Hie §Pé%|§é’r%586wp H}ﬁfzea Jle%h 2 rém %Sﬁ{eehﬁg RHRipant,

e Sl ze él a e an anmount
pamdwairiwbme atos sﬂ@skmga, e(neb@ exﬂad:tedfmeﬁhe paepmhuenmage and

displaaspined SoRarate BNt ek SsIENN: 4 rtRetSd Rbphridiic image
can b%%@Fl@a LeWhifPektrd P&eféoérﬁﬁhﬁ 8 bipastef [rodicRr ke Ridkadt

participant, particularly one that is speaking, can be
confaamt toea Stahdard mzermqmm@med pianapmigrimagies pilyaw nrpize

basefl ARgBeAMOBE BB Al Brp sk SR Ee F SRR e be
placaRPAdroBs e tdp MdIBbLEM dTAKE coireceual puroramicinsdgen daits
size since corrected panoram c inages wll var

allowsithe corestecoor noraalized |ﬁ>lan@farﬂ@r'mgﬁztﬁth%ﬁﬁa'&?fﬁ!teéélcpveﬁé‘r
netw P05k SR 0 a8 FERERS AEEDES3bY r iyt

displayeizeeraneiciesdivtionsor mal i zed panoranic image to be
transmtted over a network at a standard size and
allows the inmage to adapt to any of the standard

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be further understood by reference to the
following description and attached drawings that illustrate aspects of the
invention. Other features and advantages will be apparent from the following
detailed description of the invention, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the principles of the present
invention.

FIG. 1 shows an image taken by a 360 degree panoramic camera in a
meeting room.
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di spl ay sizes and resol utions. BRI EF DESCRI PTI ON OF

THE DRAW NGS The present invention can be further
wanwensoend by reference to the foll owi ng descP¢puUsmNGe/008421

and attached drawings that illustrate aspects of the

invention. Other features and advantages w |l be

apparent fromthe followi ng detail ed description of

t RG. A/gmwathe insdgein G dngarrexted bywhe healktene panoramic

. acco i ng, dr awi hgs [ Ll lustrate, by way of

Ima %%Eﬁocif,a}gtﬁ%’gt%r‘ﬂﬁ‘&'ﬂ?@@%ﬁ@wv&@?@m i nvention. FIG
1 shows an i mage taken by a 360 degree panoramc
canera in a neeting roomFIG 2 shows the inmage in

FIFG. B slnws theedppsr ansklopgsicutiasgop theoBii scdlimgdunction
r ' d of the invention. FIG 3
(greéﬁ%ld\@g%jn@Jﬁ%é?ﬁgﬁye%ﬁ%&%ur ves for the SVU scaling

function (green curves) for the 180 degree imges.
FL‘_S 4 shows the upper and | ower curves for the SVU
scG- fgShawg theoupReyranshlowsr geeiesigr theneVikecaliag furction
\ £yl . I.S:a di agram
(gre“xf}?@g@térg)aﬁrrﬁlgétgﬁg ddéélrr}é%r g?ﬁ%l‘\/az?lging\%/@% " one enbodi nent of
the real -tinme panoram c image correction system of the

[ tJ.on. Bi bl ock di jllustratjng the
RSO0 e i R B L
embb@itderitioFehd PSRN PahdRAfAc FREHSE EbiraBtISY é?iﬁt&gﬂéf ﬁw@‘?n\éention.

i nventi on which enploys a conCat enat ed I ng an
warping table. FIG 6 is a block diagramillustrating

" o ERET S, 8% BRRR B RIG G8 acHRipY B of it
embdgitvirt ®f te td-tings paheidhtic 4AAGE abirebtiom didtenPdf thBenvention

. real-tinme panoramc i r_ra%,e correction system shown in
which employs a concatenated stitching and warping table.

FIG. 6 is a block diagram illustrating a computing apparatus suitable for

carrying out the invention.

FIG. 7 is a block diagram illustrating the details of the warp table
generation module of the real-time panoramic image correction system shown in
FIGs. 5A and 5B.

FIG. 8A is a general flow diagram illustrating the operation of the real-time
panoramic image correction system shown in FIG. 5A.

FIG. 8B is a general flow diagram illustrating the operation of the real-time
panoramic image correction system shown in FIG. 5B.
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FIG. 5A and 5B. FIG 8A is a general flow diagram
illustrating the operation of the real-tinme panoramc
WO pga12960T r ect i on system shown in FI G 5A FlI CBBS1086/608421
general flow diagramill ustrati ng the operation of the
r ] t
s SR R gaan HIBGR e o o TS G i
moddletshiong) fFIChd. vert i cal scal ing nodul e shown in FIG
7. FIG 10 illustrates the determ nation of the
war pi ng function by two sets of curves. FIG 11 is a
diFI. A0 iMeITRASS kiR Ué&rﬂ}%ﬂ%%ﬁﬁé WRitp ? fURBLdRBY Bwo sets of
edges onto cylindrical film (assumng the standard
Culv@anera orientation). FIG 12 is a flow di agram
illustrating the details of the horizontal scaling
nodul e shown in FIG 7. FIG 13 is a flow di agram

i IFIGstinds ardjagieen detradristrating tlﬁ@pl‘@éd:tmﬂéﬁhe%ﬁk%dge%rbnto
(]g g,ftl on m)duls shown in FIG 7 Fl G

cylind ARSRURg t @mwrd@mqra@r@mﬁﬂq%n and a
conceptual view of the division of the prelimnary

pi xel coordinates into three sections. FIG 15 depicts
a Fﬁ@ddéds adhvedta@damahmteahng thewgtailshefithe mosxbnial scaling

ar. ed around the perineter of the imge so
mod@ﬁg‘. owp 'Eg:r@o nme to a standard size for network

transm ssion or display. DETAILED DESCRI PTI ON OF THE

I NVENTION In the foll ow ng description of the
i AVEnilBana flost dieariam illustraling the detailsaafdbenpanizontg! distortion

Corre@L@W}gﬁ"e\gﬂb\%P ”f‘(gr'@ pa!rt thereof, and in which is

|IIus Fation a specific exanple
whereby the invention may be practiced. It is to be
u opd that ot her enbodinents may be utilized and
S{}Eécﬁﬂm@strates the vertical scaling function aynd a conceptual view of

the division of the preliminary pixel coordinates into three sections.
FIG. 15 depicts a padded corrected panoramic image wherein extra pixels

are added around the perimeter of the image so that it conforms to a standard
size for network transmission or display.

DETAILED DESCRIPTION OF THE INVENTION

In the following description of the invention, reference is made to the
accompanying drawings, which form a part thereof, and in which is shown by
way of illustration a specific example whereby the invention may be practiced. It
is to be understood that other embodiments may be utilized and structural
changes may be made without departing from the scope of the present invention.
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changes may be made wi thout departing fromthe scope

of the present invention.1l.0 General Overview FIG 1
Web@es12957 | mage taken by a 360 degree omi - di rBCT/US2984/008421

canera sitting in the mddle of a table in a neeting

1.0 '€8 ADverkfdGr a configuration is typical of what one
nrgﬁ?-u'sre—rw—rw deo conferencing application.

Referring to FIG 1, one can see that the person in

Thls 7 3E8HS R3 MARREREN bia S61E 808 FhPRiectRnBl eftgra
sitting{ iR&nhE ABA ofFei fab‘le ¥ a hdeting@oRE! B8 dameraidomfigaratioalis

ess visible and appears far away fromthe viewer thuys
typicahbf wtiat nge Mighteugsein @ MiskeogronfergncingAPRisaARM Bgﬁﬂ&ﬁg to

Fic. 5 BEEHATIOR o R, i AL s e

two pééﬁl@e THEPR@EoN Fenthis ksahatthé bitsl fm‘therlamafrfeomabe eandra.
e's images are very small. Therefore i

First feal, Hperson B4 5 Sy Foe S IHE AMCABRETS far ey Py the
weweﬁtt@%% éﬁ%é}nw%':tﬁé@@en%ﬁcg lo¥ Eéeﬁ R B iSdtiont €dcahd, the

inmage of FIG 1 corrected
image! slozlegs Ubaaliyelahlted dee nammt\amkdoamhgétl‘dwmtﬁan @ndgiust terthe
and net hod

imitedpsran snsarchIRB (B BEB A fan R g nele S3inegpe ore
very %'%Faﬁhé?ef&‘aeoip|sedessu%4’éjt§éé@§hz\é’fbé®lé1§heéd%@édsﬂ@ raxigeally

scontinuities he technique i's an extension of th
utilizeStie murabemaf gixels theinrg tisnsmdtad ardidisplayade ft!G. 2 shows the

maaSR0b1G2% e Lo YD B AEp S AR G et st

and rkEIRBECTI ON SYSTEM AND METHOD FOR COVPUTER | VAGE
VIEWNG'. In the previous patent application, a SVU
scaling function was used on 180 degree inages which

SRR AT S PR et isesias
techrilyj e t&é@@bl@bwmormdﬂﬁ@ péegreésaheadmrzas ivehilgsnatldrgatingiteape
d |sco|@3flbl2|gs$ %ﬂteetgcr?rfnqhg is an belx e'nsxTc;]necgfe tfh%rﬁluus%%an ?J]ndctllo%\/\%r
described in patent application serial number 10/186,915 filed June 28, 2002
and entitled “REAL-TIME WIDE-ANGLE IMAGE CORRECTION SYSTEM AND
METHOD FOR COMPUTER IMAGE VIEWING”. In the previous patent
application, a SVU scaling function was used on 180 degree images which are
usually generated by a wide-angle camera placed at one end of the meeting
room table. In contrast, as discussed above, a 360 degree camera is usually
placed in the center of the table. Therefore, upper and lower curves for
computing the SVU scaling function generated for the 360 degree panoramic
images are different from those used in the wide-angle (e.g., up to 180 degrees)
images. FIG. 3 shows the upper and lower source curves used to calculate the
SVU scaling function (green curves) for the 180 degree images. FIG. 4 shows

the upper and lower source curves used to calculate the SVU scaling function
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computing the SVU scaling function generated for the

360 degree panoram c inages are different fromthose
wae®d/ 112961 he wi de-angle (e.g., up to 180 degr erSy/US2006/008421

i mges. FIG 3 shows the upper and | ower source curves

(gree‘r‘lsﬁﬁvé? 1?)?"&%1%26 ?gg;b%ei%é calvieRghé g:i‘%ér'\ LQLBUKc%r&Wes and the

curves) for t gree images. 4 shows the
targetipperesaret) tomves), amgrean genarate hecBVUsoading flinationslire the

S l i f A f he 360
same gy &< it RENGPL bR e B TRhee HarnC b afigd: °°
curves (red curves), one can generate the SVU scaling

functions in the same way as what is described in the
afldreifele wavieUpktraantialss ¢eaending natret application, correction

o 5B B84 R,V BBSB SOl i frcions
calle?/ ISpesiathj Vayiageinifoemwaiu)regaling funatioss thdt mds&vatioadll y
ar

. ing Unifor SVU) scal i ng.functions iha eserve
scahms_beérspgeeav%an&ggﬁgﬁﬁr@@% RESPERIAN- rre ol pealing
functBrePiid §RAIIngFactbhs artk &6 f@ﬁoﬁnﬁ‘%fﬂc@f‘%éﬁﬂ SePhdidbntal

actors are-used to performvertical scaling and
scalihg onzbatpitel soatdimatesof theimages| Thisgrdiducesea potlinnihary warp

i rege. Thi rooduces. a prelimnary warp tabl,e which
table RER rman fhebf RS e S b Prafihalhomedtet frhbedd e
origindTR@ee! B ofdifates! gim@brdmhmérwaé&éwnﬁégfe i Sirtual image

prelimnary corrected image is a virtual image and is
and isdtot actuadlyiopnstretedu diawevanothe rielimingary sogrciachiarage
mainfglhs SEHER) (BN FBARMEP USRI Kitizohidl iRs8E Thld AbHnta
distofticst ierdor@ttecsby perfeahind iomgdrftar distogticn borection @ing the

di stortion correction usin e SVU scaling functions

th ) I .
SVU gealing funclions @pg alileast tuRdterant pealingdestoss. ThisProcessing
el B ERFIE I oy 08 A i e BE A BBl A
imagertbdhaarigpiak pixet coordinzdee i the distertedytamoradiqiarageanincsome

i mage., | p sone enbodinents of the invention wherein
embpifkits o LRVeRHIL NG ah 19pG° AL SUNBFAI CSRIRU® t he
pandf8iitl MSade s PRIt BSRbENRIREteMaidd Wit thé 's_iif%ih'irfglﬁtable

table to increase conputational efficiency. Using the
to insteape cabipstationat efficianeyatlésing the warp table, or concatenated
stitching and warp table, the corrected panoramic image is constructed in real

time from the original panoramic image.

FIG. 5A is a block diagram illustrating the general overview of one
embodiment of the real-time panoramic image correction system 500A of the
invention. In general, the system 500A obtains horizontal feature geometry 505
(e.g., meeting table geometry and a plane touching the top of people’s heads)
and a panoramic image 510 and inputs the horizontal feature geometry 505 and
the panoramic image pixel coordinates 520 corresponding to the coordinates of
each of the pixel within the panoramic image. The horizontal feature geometry
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stitching and warp table, the corrected panoramc
image is constructed in real tine fromthe original
w@awenwysT i mage. FIG 5A is a bl ock di agram PCT/US2006/008421
illustrating the general overview of one enbodi nent of
dIRaes G20 fet S36rf §Y1theDRA-time
O B e P e L
pandiamicinage cowactioresysiemdiG0A 508 4 eolectedsriongmicaimage 530
isth%%ﬁ ry and a plane touching the top of people's
S)" and a panoram c i mage 510 and inputs the
hori zontal feature geonetry 505 and the panoramc

[ e pixel coordinates 520 corresponding to the
cobiiPABREENISAMagETb GrmaK beA RiBoles ttpned Mg ésishan om a
i d r f
Sl GRS of Be i o Slloe 35 P STRIFa o0 WMp commers)
The bgordirate® af eacmpixedwnithanthe panagamicoimagye 500 asy sbined to

geneIEE ParRE i GragR EXE RSO Rts agt o BoeXamgs in a
rectﬂﬁéa&‘éﬁ@?&hﬁ%&él{ﬁ@ ph&l Eb@:’@n‘r’atéé '5bb #8ng ry?)oc%‘iloﬁébf each

a sequence of |nages (SUC froma vi deo canera
of thEﬂﬁ)@(QLQ) vithimtheeansraee imagee10 whuct’n typidadly sarespond to a

sore B o380 B u P ALORE | oGRER Bl BroPir BEAGY Fb BSime
panctamidiniejeecdredtiort Mdm@@bom pAsteRad @@ #ablaigenbiatibh

Iocatlons of each_of the pixels within the panoramc
modilgerftd, 8 warniabih 564 gndal 1epl-tigter inasnwating systee 8601

i mges that were stitched to obtain the panoramc

i mage. The real -tinme panoram c i mage correction nodul e

50 wag tatds generatipntrabligled@iteis aisiedrto rg@ﬁh@k&e&ﬁ@ wap table

550Warg t abl e, 550 and a reak ti.me :TE;B e war pi ng, system
BYHBY PRRMGHIGMaGS WatRing FURcligRs nd A IRaNDIMIGIMAIEPIKe
coor@ﬁﬁ%’s@ﬂ) éféﬁpr‘%@@séé‘% EreatdtHeSVash %q@ggbr IT‘ﬁe' d&&ifs of the

uncti ons panoram cC | mage pI X
Warpdabféo@mreaommdxﬂe Sﬁomeslmdussed beloat. eTheevamrtableaiﬂOe

cont§38 o BB eSSBS ER o B B AR T 1
correspond to a location in the corrected panoramic image 530. Thus, the warp
table 550 determines the new location in the corrected panoramic image 530 for
the panoramic image pixel coordinates 520.

Once the warp table 550 is generated a panoramic image 510 is received
as input to the real-time warping system 560. The real-time panoramic image
warping system 560 applies the warp table 550 to the panoramic image 510 to
create the corrected panoramic image 530. The real-time warping system 560
creates the corrected panoramic image 530 for each location in the corrected
panoramic image 530 by obtaining the RGB values for the panoramic image 510
located at the pixel coordinates contained in the warp table 550. The RGB

values at the panoramic pixel coordinates 520 are thus relocated in the corrected
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contai ns the panoram c i mage pi xel coordinates 520
arranged in such a way to correspond to a location in

w0 b@ea@osect ed panoram ¢ i mage 530. Thus, the BF/PS2006/008421
tabl e 550 deternmi nes the new |l ocation in the corrected

pandtahfé i 53@9%%3&;\& %cattleﬁ |§88ftég|%'|’ﬂeé“d L$TR Qh@‘v\?é‘ﬂr) table 550.

coordi nates 520. Once the warp s gener a
It shaulddreoneter dhahamecsloo space eced\neduses, |snphtast torten@mple,
YU\/r eal -time warping system 560. The real-tinme panoramc
I mage war pi ng system 560 applies the warp table 550 to
the panoram c inmage 510 to create the corrected
panorani c i mage 530. The real -time warping system 560

crleaanaherembodineentaf thainieatipe 50/Bgehea0 in flGedBhthe warp

table B Eod et el e AL R BB B s8R s 1o
pandraad eagd. Imibipembdlodirnent] arsat ef inpabinagesl5i D, énbestmfem
tabl e 550. The RGB, val ues at the panoram c pixel

into 8RgPagiRaNERAmYIEMIE imagRP 16Nt iedmags Rixel coordinates for

imadf4ry %‘ﬁfcﬁ%gl L ng’*ﬁ%e’ﬂ%5§?%ﬁﬂb§§§%tt‘%ﬂé f&‘sgéB The

real—tioteamndwamlcamyagmborresmmcmodulﬁ! 800t incheits 8 wetp dablef or
gendi3fiah Ml S, FrETDsabie R, aerporianaied StiebRoTu dpering
tabla\bb 4 (difCuszkitif @r@é}te? a@téﬂ |H%%@tléﬁ>4%)' hed alrRaRliMRlinddiR

panoramc i mge. In this enmbodinent, a set of input
warginggesfesn30.are stitched into an imagi nary panoranic

i mge 515 and the i mge pixel coordinates for

i magi nary stitched panoram c i mage 522 are input into

t NEhs yaire mtﬂ@aneWé’t&)rf @dbulel 57D @aRRida geridi@@cthe warp table
correction nodul e 500B includes a warp tabl e,

550 gélﬁsrparamﬁtriﬁolmg,e waopma fyrgtionsadihe panpranpic image pixel

coor?f?lré?c usseg?fhesﬁﬁé da?'[bga |m%c§ f o%?edfég%esg%% to,create
the warpl tablenE50. n’ﬁge dma.rsu ofghe yetrp mataé@en?éraimmpauwaﬁm are

disc %?a%lgbaetlév?/n ed\}\J/arep ta%?e 5§O %%ﬁ’?alrgsoth eggl{o?tar%lé m?ag\féa I|r:)|?<el
coordinates 522 arranged in such a way to correspond to a location in the
corrected panoramic image 530. Thus, the warp table 550 determines the new
location in the corrected panoramic image 530 for the panoramic image pixel

coordinates 522.

Once the warp table 550 is generated it is concatenated with the stitching
table used to stitch the set of input images 512 to create a concatenated warping
and stitching table 555. The set of input images 512 is received as input to the
real-time image warping system 560. The real-time panoramic image warping
system 560 applies the concatenated warping and stitching table 555 to the set
of input images 512 to create the corrected panoramic image 530. The real-time

image warping system 560 creates the corrected panoramic image 530 for each
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550 using parametric i mage warping functions. The
panoram c i mage pi xel coordi nates 522 of the imginary
weavenwysT | mage 515 are processed to create tPET/vs20p6/008421
tabl e 550. The details of the vvarp tabl e generati on
locatiBifli! the Prertcd ﬁéﬁ&‘éﬁﬁ@ %Qgé @490 t%“ ues (or

contal ns the panoram c i mage coor nates 52
YUVaor aﬂr@e@olcm space) tor Wasy sebofdopu‘els‘pages 512 lachtecatitbe pixel

coorlilgtes ediiSinendf HnBanedieh i wapia S Shtchits BHIL 568 odhe

RGBP#HIGES Bt the |@1 dridfamitepiRaNrinatd S BEE afd #ls relocated
coordi nates 522 ag%%ce thettev\%rp tabl e 550 i s generated

in the cofrectegneanasaaie tnage A3 klarisgiwhilei thg seibf npys kaages 512

. { o iy .
are IS T nRlafidl R et ORABR RIS PesRBldheter vagpino
and @tftchmgutablems 512 is received as input to the

real -tine image warping system 560. The real-time

panor am ¢ i mage war pi ng system 560 applies the

c I

selPo R brited QA Sk Btae fie SRR i 36itic and

requpas oniaimwumicoayEutaéién. The gesarationnef thewegeptaligimgans that all

that RYPIGHER (O ERAToIS RONRECORANGLATBIS Hiats oo is (rhply iy
warpyg &Hi&58018r ﬂﬁ%ﬂ@té@téé%&ﬁ ranﬁ@t’tcrﬁtﬁ? 4018) tocRkOr

space) for the set of input inages ocated at the

panquard¢ Incage 811 0ar sst obinpat m@gemﬂme’vmdmcan deadasie quickly.
war pi ng and stitching table 555. The RGB val ues at the
i magi nary panoram c pi xel coordi nates 522 are thus

2.0 r eERemiphstyi Opé Rt Eneiosneanor am ¢ i mage 530 during
while the set of I nput 1mages 512 are stitched. The
new | ocation is determ ned using the concatenated
e bl Achidte Bhhb&iBinbaR! Brkfion THRHREE0A % BOPESS N
occurs inre bec use t stric I's static an

presertinverionisrdevignexbitpop eratein. a Ebmpgeng: eatvirommeht.t Tike
d to create

foloi sFYSNATL BIBAPPPTPHEGE BT, SEnHTa) GppiPHERc a

suitable computing environment in which the invention may be implemented.

FIG. 6 is a block diagram illustrating a computing apparatus suitable for
carrying out the invention. Although not required, the invention will be described
in the general context of computer-executable instructions, such as program
modules, being executed by a computer. Generally, program modules include
routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types. Moreover, those
skilled in the art will appreciate that the invention may be practiced with a variety
of computer system configurations, including personal computers, server
computers, hand-held devices, multiprocessor systems, microprocessor-based or

programmable consumer electronics, network PCs, minicomputers, mainframe
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war pi ng tabl e 550 (or the concatenated warp and
stitching table) to the panoram c i nage 510 or set of

w0 peti1d9snges 512, which can be done quickly. PCDUS2006/008421
Exenpl ary Operating Environment The real -tinme

ram,G, i e r. p 3 e
com pg‘ﬁgrge %pd ‘i% ﬂﬁ? gﬁg né\?eéttfgﬁgﬂé% 5{3%%95 g%tleéd ngtrﬂ;utég
comrﬁ.@iﬁgtémn@nﬂféﬁté wm@@taSKEWefp@lrﬂonVVed @yweamieyrmesemg

intended to provide a brief, general descriptjon of
devicsgithabaie ltiegTaghenorBRFisAtions NAtVErk el FiFaiesn

n I I

comgltfig i ERRTEME b SR don fudj, e Rickicd BT local o
remotacomiputerastbrageemediacntiuding rkttooy gtorage degigesr ed, t he

invention will be described in the general context of

conput er - execut abl e i nstructi ons, such as program

Magfith ‘?éferé’i%é‘ﬁ) B B R len@lafosTR o ARMERRIntg the

progr am nodul es i ncl'ude rout| nes, prograns, objects,
invertiompoelides 2 generakpurposecen|Puéing devirg G r fropasticular, the

compfan e ebfaicldie kEPBIRing Bhltsd: R ridhoféch,

and &Bpstes @h@ 606Qhaﬁétﬁ|plé§/%ﬁdmym}mbﬁnm<ﬁ@1t§ atludingd tree
vari ety of n‘{)uter system configurations, includin

systqse meynary @%ﬁm P@r@rocngam&&%t & SYyFiamd ¥Rpeo may be
d

any G465 R bl OSSR Ra e 1B o RGROR e o anteye

contraller, eopexighesral bumiankraleabbpsiusing argrof & Wity lof bushe

arcnbaines P oot s el ERBH R ggo anc
randbT B R sBRERDR) @Aggme% bAgE iR/ dutiikad stdin eBANS 614,

conmuni cat 1 ons I'n a distributed’conputing
containingrtbehasic rqmmgs dnatrhedo ke transfer héowmamrelde‘ra\reemmlﬁments

w5 R STRsSR R RBEH BLE Sl gy s1o

The seimpghﬁg YeSietaun fupthel RIS had diBRr dridg &16i fon readlng from
i ncl udes a general-purpose conput i device 600. In
and yting so pdrard disk, cehpaewag a@gr@@c@b% diivg 6@ foryrgading from

or wiRFESS FaBoYabE RGnett F¥R 620! SRiBhY%ptR4t disk drive 622 for
reading from or writing to a removable optical disk 624 such as a CD-ROM or
other optical media. The hard disk drive 616, magnetic disk drive 628 and optical
disk drive 622 are connected to the system bus 606 by a hard disk drive interface
626, a magnetic disk drive interface 628 and an optical disk drive interface 630,
respectively. The drives and their associated computer-readable media provide
nonvolatile storage of computer readable instructions, data structures, program

modules and other data for the computing device 600.

Although the exemplary environment described herein employs a hard
disk, a removable magnetic disk 620 and a removable optical disk 624, it should

be appreciated by those skilled in the art that other types of computer readable
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and a system bus 606 that couples various system

conponents including the system nenory 604 to the
wEe@ers®sNg unit 602. The system bus 606 nmay bRCHI2006/008421

several types of bus structures including a nmenory bus

medR thee 6B ¥tate izt th&is apcdsyihle *bgrélborhbateraa%rﬁaé P&%neetic

bus using any of a variety of bus architectures

cassgites diashemeniory werdal sigited yideordiskanEesngulli Raryidges, random

accssS b AR BRIt igfion (RATE CanBiis b Fakateo
be ubed in the exeanplaey opefatingainviPoniehreen el ements within

t he conputing device 600, such as during start-up, is
stored in ROM 610. The conputing device 600 further

o PURBRrR Rt ol 1t dfed 57 Aol B Spdoner
disk 820 vept&ed diskr624 RIONG 10 onrRAM Gml’z,t igp@lc(:linggr an gpgrzaét Lé;%/stem
i i . d is iV
632, R (B SR SERRR T P M0 e SRSV RIEA BT G Gagiand
\ oot _
progfetd dake B38S Leusdr RMVEREWRY r@ e@ﬁﬁfﬁ@gﬁg% %ngplﬁﬁ)é@l%'hgn

.. disk drive 616, nagnetic ‘di .
into thegenapyting device 660dbripugbtiepbitdevides sucht asra keyb6ael ®40 and

2 pofHEHRYER R IN GedbEiA Paleriipea TuliFURS 2 iasd SmBtigtey

be comrsuted 'tdﬂieycoﬁﬁFeth@@ tiegite B00 d\0EN a8 DU iAp@Cdevices (not
e media provide nonvol atile stora

C t er -readab > not (r:;e of

Sho"%!ﬁﬁ&iwg'ﬂgr RENPIe nd Migiephene, joystick, gamecpad esatellite dish,
u her - f [
scanfgh 6% ISV 1= b gl ABichs/ o il CATRUIEA e
procesing Ubit @0Retheuyhearpbogigp ot imwrga;oé 644 theat :ﬁ@g@mﬁlég g% the t
tJd i sk 620 da.r v e optica IS o

sysief R B DHE redidre, Com et Ry ST AnagSprsHaloas A paAle
pr, g e gt 2 nbrgy s SN The il 620 61 Btr e
of dispigyneevicekissaler copnedted st theesystgmdausi806 diagan aiterackesuch

asa ?@ﬁﬁd""%‘f‘%’;@%hgﬁ@%ﬁ ?‘gg‘se('ﬁr&%/géjro S&(ﬁ@tmeg:&\ji%such
as perbonalloniswtdrs fypidafly WHARS ther PRAPALIA BUBILIdRNER Thot

shown), such as speakers and printers.

The computing device 600 may operate in a networked environment using
logical connections to one or more remote computers, such as a remote
computer 650. The remote computer 650 may be another personal computer, a
server, a router, a network PC, a peer device or other common network node,
and typically includes many or all of the elements described above relative to the
computing device 600, although only a memory storage device 652 has been
illustrated in FIG. 6. The logical connections depicted in FIG. 6 include a local
area network (LAN) 654 and a wide area network (WAN) 656. Such networking
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A nunber of program nodul es nay be stored on the hard
di sk, magnetic disk 620, optical disk 624, ROM 610 or
WRENG612¢7 | ncl udi ng an operating system 632, OPEI/U52006/008421

nore application prograns 634, other program nodul es
envirmﬁeﬁg%ré’% 8?\;5’@5@ P Bfficed) é&ﬂéfprfs@c\hld%f&ﬂﬁbut@a)‘\emrﬁs
. conmands an I nformation into the conputing device 600
intranety andythe Impernetievi ces such as a keyboard 640 and a

poi nting device 642. In addition, a camera 643 (such

as a video canera) may be connected to the conputing

dom&rusdires L heﬁﬁor@hb%nvirbﬁmendethemmdutmg ddvioa$00
i ncl udi n for exanp m cr ophone,

is corpmteds@t ellpeal nﬁt\yﬁrk @%Hﬁe\dgh é‘rnth@rH %“%%eﬁn%%%g%ﬁr{g%@%
Wherng u %%Wiﬁ rl@ﬁé%ﬂv SRHEAE Btk E&gﬂgﬂﬁn GREB0

rla port 'inte 4that IS
typiciguntiades a mbeemmmm biher GRGnsHat estaplisiing @onevoteigations

over e widararoa meinodes sa sush o bBaTEste THiosrERR0 Bftch
may t% nﬁérn BPeg%éﬂ'élS R ShrideE LR the Sy §{e$\"? bG8 @%C\hé(ﬂhé gefiflgort

via an I nterface, suc as a vide
mterfadaaner 116 Adhetorkegtenvimnment: proghayni m@@luleasiep@aﬁfé ielaHye to

the cBRLRng 8Bl R, Shaep i sdber el 4 Ehisg el g

memésﬁﬁbﬁé ge @bdc®BBDt af Wil @Qpﬁr@md tHat dieyy hev&RTomagctions
erate in a networked environnment using |ogical

shommoameaaqenmiaryt@ﬂdmtéﬂaﬁmem%ofr%&m 5 m@pmun@awsa@%
e _Cco renot e t 650 b
betwgﬁ% e?°@§ﬁ§€6§y£§§ﬁpgper a ser\sg?puae:out ermiz\ ©

network PC, a peer device or other commobn network

node, and typically incl 8des n:any or, al |, of. the
3.0 ¢|Rea e Ranoramig Imadse.Cppection Sysfem, 38t i ng
deV|ce 600 al though only a nenory storage device 652

has been illustrated in FIG 6. The | ogical
cdneatianthedepi-tredpanorenis intagenconeidion $ystem 50Qprovides

o B ) oo PR b s or
equaibdd fRShe & 5RER f pROPIISHHQTOHREN aWay Workthe camera. The
system 500 corrects for curvature and distortions in the vertical and the
horizontal directions. In addition, the system 500 corrects for perception

problems such as depth and swimming motions.

FIG. 7 is a block diagram illustrating the details of the warp table
generation module 540 shown in FIGs. 5A or 5B. In particular, the warp table
generation module 540 includes an input module 700 for inputting the panoramic
image pixel coordinates 520 or the pixel coordinates of the imaginary panoramic
image 522 and the horizontal feature geometry 505. These pixel coordinates
520, 522 represent a location of each pixel in the panoramic image 510 or the

imaginary panoramic image 515. The module 540 also includes a vertical
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intranets and the Internet. Wen used in a LAN

net wor ki ng environnent, the conputing device 600 is
weowereded to the | ocal network 654 through a Per/us20k6/008421

interface or adapter 658. \Wen used in a WAN

scaliRgtrMediE 73 0 e @émealtscamhg n%am@vnog,.s@w&@u@@ncﬁons to

typically includes a nodem 660 or other neans
process abch yartwgl seantingi af dhe pasomnaic image wixedl C@Dé@tna'@lsv(iﬁ(](or

i S AR 0k R Bsho T RSB el e

|mag@0fﬁxafll codriipatsy 520, T2 rel sUatsd imnCe vedidal d!lﬂecmdﬂlet@\@ﬁd‘(ﬁﬂually,
envi ronment, program modul es depicted rel ative to the

this cashbeihonghiefirssstseiohing the peaneiseic irpge B 10rf@y theeimaginary
pandhffEfutds 599 HATBYE Ik GRE! 15 R ol cbhsgir

part torexeggetdtad yleptidinahberanveamnic infagess Hb(drehé paginary
conmruni cat s link between the conputers may be used.

Panoja@IGmadg lr—’?rg) Panor ani ¢ | mage Correction System
Details. In general, the real-tinme panoran c imge
correction system 500 provides real -tine correction of
a Pahwvasriablée gegeraion, maddlei 54 Qoalso inailides adnoniabhiadascai'rng

{zes the head . sizes of people sittin r
moaffifd B Tihicra Bt RS urbb R andlos  PacelE g image
pixelG@doydihbted 5201 5P2sihané hefgohtal HiRectioR! tSifflar 8 thd Werical

hori zontal directions. In addition, the system 500

scaling sanaeptyally thisreasphe Bwtm% bf asristeaiehing® thecpamoramic image

510 SRR ool bl SR Mgt o o

additiarg dhe hﬁﬁﬁomhbmlln@ i§lpesforrndd imdibiBualynop @alchceriedal sthsline
rat| on nodul e 540 includes an input

rp tabl e
Suchﬁgaﬁ?%oefécﬁa ﬁh@&ﬁﬂqrﬂ@'q IRagemALY SRiNBagiRafEPHIRamic image
es 520 or the pixel coordinates of the
515&3@8?%@?9 panoram ¢ i mage 522 and the hori zont al
feature geonetry 505. These pi xel coordinates

The vertical scaling module 710 and the horizontal scaling module 720
create a preliminary warp table which maps the preliminary pixel coordinates to
the original pixel coordinates. This preliminary warp table could be used to
create a preliminary corrected image. In practice this is not done, and the
preliminary corrected image is a virtual image. The preliminary corrected image
has the properties that vertical lines are maintained as vertical but horizontal
lines are distorted.

In order to correct for this horizontal distortion, a horizontal distortion
module 730 also is included in the warp table generation module 540. The
horizontal distortion module 730 vertically scales the preliminary pixel
coordinates in the preliminary warp table by different amounts depending on

location. The output of the warp table generation module 540 is the warp table
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520, 522 represent a |location of each pixel in the
panoram c i mage 510 or the imagi nary panoram c i nage

w®B1®6/1T467 nodul e 540 al so i ncludes a verti cal SPEl/USIP06/008421
nodul e 710. The vertical scaling nodule 710 uses

550. mﬁ@wwpftaﬁrétmagrs;tﬁ@ .szép@cﬁﬁa.n@?é@.nwaétdgg%lcte%ggﬁé@ﬁq.ef

panoram cC | I xel coordi nat es
imageo?3@tntitecsrigihak penonmzqc umage pa@pamcbnataa@éoaﬂﬂhemtel

anor am c d| nat e
cooritet AP LR FGlerE sHERER Bieb8 cPon e BRE RIS PA) B4t hi s
condé@éhéftéd iUt stitdhiRg tatieé, fcﬂ*ééhh@ﬁ cohbste%ltéu 3k Sin rahae
(or the imaginary panoramc i mage 515) in t
St*tclveg ttafélsl agd capieoisedriel slitgheiagietar the analnﬁgarat@rlrrmesfrq)m a
aggerated depth in the panoranic image 510
seto?ﬂ{ﬁL{t i %gl nary panoram c i mage 515). The warp table
generation nodul e 540 al so includes a horizontal
scC Q m)ule 720 for é ri ¢ i mage war pi ng
4.0 ¢ Res ‘ £! page Loree bMethaddi nat es 520,
522 in the horlzontal direction. Simlar to the
vertical scaling, conceptually this can be thought of
asThg;teaittmm pghotameic irange aoirectiom gestbdd obtha pesent invention

uses atantatt rRage wlp e JCiiong Hash Py ShetRe ARG Urgorm
Scalp@rliae®ss, iordwi @uallir{gvfuﬂen&asc hAMﬁdslﬁgwsk/Lﬁminbrf@néﬁm may

t hat aspect ratio of the panoramc 1nmage 5
locallyniggerdy apgnfgr@mqahngﬂg@t@mgomgemrggaspeqt ratlpe the scaling

7 he tal scaling

oSSt O B B R AP0 R
rotatidme ameiemvmswlnmmw metionslivhahagewibgtgthopamid inddges.

pi xel coordinates. This prelimnary warp table coul d

be used to create a prelimnary corrected image. In

r [ ; : r

DL Pl 10T SRR e,

embaodinent tof the neegdinteapandranyic apage corettian mathdd ohthd reastime

t but h ont | ines are
panoag@%%gﬂealcgﬁgct?osn élyesrtel%c%OA S ow:? Enl EICQ gA ﬁ’anoramic image

pixel coordinates 520 from the panoramic image 510 and horizontal feature
geometry 505 are received as input (box 800). Next, the warp table 550 is
generated (box 810). This warp table 550 is used to determine a location of the
corrected panoramic image pixel coordinates 530.

As discussed in detail below, the generation of warp table 550 includes
vertical scaling, horizontal scaling, and horizontal distortion correction. Vertical
scaling corrects the panoramic image 510 for exaggerated depth. In order to
correct for exaggerated depth, the distant objects or people in the center of the
panoramic image 510 need to be enlarged relative to those objects or people
who are close to the camera.
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In order to correct for this horizontal distortion, a
hori zontal distortion nodule 730 also is included in
W b@omsnop? t abl e generati on nodul e 540. The horP@DUSZAD6/008421
di stortion nodule 730 vertically scales the
el L . . ! SR
PR SORORS Mot asiRRt FRAS e b fink flddd 57 Kolttifal
scalivgtigpalsogierfdrenasar Ppecificadly gpamnaatiio image waspBgOfunstioiee(such

a5 Sy ARE et 83 Pos Lo R0 uhiEo RplShatogongsnerae
a neWheide fagigaeh \RAeAI TR AlIRERE Ehd b RbrapMieithagat®®. SRRl the

t he pi xel coordi nates of the inmagi n.arﬁ stitched inage
SVUssealingrfigncligns mamtain yeriogélinemesverigabdhey inducee certain

amoht $fRcISHERE, ViR, IR 8 RS B8 SRR st

horimhtallrﬁaasr Svenek ofige cfdmmn éhggiﬂbnt@! 'Si”mml\?ést E@?ﬂﬁ?ﬁoﬂo@ bottom
Real - ti P e, Correction od. e )

of the §QRG%; %n@%gggﬁg eganopggs"'eaﬂn&m% teetitieh die digtortions

may PeSRAREabRVENt i ON uses paranetric image warping
functions named Spatially Varying Uniform Scaling
functions, or SVU scaling functions. Al though SVU

l i ti I ] enble.a uniform .
SR BB 5t BB SBE o Gl mage
correitiohiméthbadliRhel MclLRRRs Pefforinliy hoRamitId i StoPRSEcdRERion to
SVU scal ing functions avoid rotations and renove

correghihtpageiantic dmegarid® for baiizantaldistostiore Imgereral, thisis 8

LS r A di n,i| t i t.ne opger at,iaon
accolripifhEF BBl KRR of e 1 baLitaidG AR hlydany
scalingat eclarifeal ieddtion infthé banoemhic imbBe BA00ABH @sidIBEF a vertical

orrection system 500A shown in FIG 5A. Panoramc
scanfipng)y Afiterdbe VEsticalissating hesigoniabasaling, gaddiatizostal gigiertion
; j ; : cel
oo R 850 s A BT ok PRLB B Eeetea
pancgamér image $B0d %o diOpandraivec iaage 640) e 550 is used to
determ ne a |l ocation of the corrected panoram c i nage
pi xel coordi nates 530.

Once the warp table 550 has been generated, the panoramic image 510 is
received as input (box 820). The panoramic image 510 then is warped in real
time to create the corrected panoramic image 530. The warp table established
where a pixel in the panoramic image 510 is to be found for each position in the
corrected panoramic image 530 to produce a distortion-free panoramic image.

FIG. 8B is a general flow diagram illustrating the operation of one
embodiment of the real-time panoramic image correction method of the real-time
panoramic image correction system 500B shown in FIG. 5B, which operates in a
manner very similar to that described with respect to FIG. 8A. Image pixel
coordinates 522 from the imaginary panoramic image 515 and horizontal feature
geometry 505 are received as input (box 800). Next, the warp table 550 is
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As discussed in detail below, the generation of warp

tabl e 550 i ncludes vertical scaling, horizontal
w@eabilmys7 and hori zontal distortion correcti onPCT/US2006/008421

Vertical scaling corrects the panoram c i nage 510 for

genega)eftgg gﬁ&?ﬁzgh Idif?% maré D QE9€ {hetnoccﬁw%raﬁéﬂte& thet’ﬁ%qg Ip%?%

bjects or people t cente

550 toheftar® candatehaedevabingnard stitching teblea«b@aos*ral & seteof
to those Obj ects or people who are cl.ose to,
inpULJENAEPS UeRAGP BeNerale e TASHAROPEIAIanis 16F i3 Rput (box 820)

The "téHEtg '\/@gfﬁ e CaF‘{i}Ebﬁl Nheke SRkItASN 'u§e§|t§‘€jetermlne a

pertorne arametric | mage war pi
locatfonmnaftthe rmsrrestﬂdﬂpaxmrah*ec Byaye pixel ogordinedes 5B§)Wmieestlh@mdg

the spbpP BRLhTRGR (C2X Ebini TR TGOSt BERABE i BR o e Oltout
(boxggo)vw | e the SVU scaling functions maintain vertical

l'ines as vertical, they induce a certain anount of
vertical shear. Vi sually, this is perceived as

oS BY s VAR TRt b el BB 3modeR e BldcGpees
infuﬁﬁ‘@rdmaemwch as a table and a ceiling on a room for

whi ch the distortions may be noticeable. In order to
correct for this vertical shear, the real-tinme

4.4 Pap i‘?:'éq gcia\ e correction method further includes

) per%-rm-n-g—ﬁggi zontal distortion correction to correct
the panoranic inmage 510 for horizontal distortion. In
general , t is Is accqmplishe
o s e o diasdefimeanes be dege il senine

t+ cqhel it ﬂé@cﬁﬁ@ﬁ’y BUbGridage
modél‘éagH u? 0 g.]SFgﬁ o%gﬁaevrgfl?f)gﬁaél égg%nl Ine). After the

panqramm pixel mumages 560 ioz GaRaire secaivedyas dmrutHbok 26R).aNext,

parafiehS Il we R o e Sl B it o MERTE s 50

deteFrﬁm*eElQ;s‘ﬂﬁQﬁQfs@ﬂbﬁcumg%n'ﬂl&ah@m?@ctbm Mq:faml&l@lbf esoubde curves
been generated, the panoram c i mg

are ap@@élede(@oa§1|0h glang Wik asa%f)omgri@ét%(h@x a?#pb H%[&th@i@
sourb880ned M RRAAMDiAG Pctor, target curves are computed (box 930).

FIG. 10 illustrates the determination the warping function by two sets of
curves: (1) source curves; and (2) target curves. In one aspect of the invention,
the source curves are input by a user via a simple user interface. These source
curves provide the parameters for the parametric image warping function.
Through the user interface a user is asked to define two cubic curves. These two
source curves define common (real world) horizontal features, such as the tops
of people’s heads, and the edge of the table. As shown in FIG. 10, a top source
curve St and a bottom source curve S, are specified. It can be noted by
comparison of FIG. 10 to FIG. 4 that in order to compute the source and target

curves for the panorama four different parts of the upper and lower source curves
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time to create the corrected panoram c i mage 530. The
warp table established where a pixel in the panoramc

w0 pmge12940 is to be found for each position i nPETES2006/008421
correct ed panoranic inage 530 to produce a

st e OB e e B By o e 2R0R e
imagerrbodl ment of the real -t| me panorani c i mage correction

nmet hod of the real-tine panoram c inmage correction
system 500B shovvn in FIG 5B, which operates in a

milﬁél@éd‘éﬁ’rﬁ/anﬁl g‘n%trhp Sﬁe gSﬁﬁ:restg.gg?élf’itﬁQ¥ Egﬁ Rect to
A |xe coordi nates romthe
automa’a@allyadqtepmned drdne therhgez&ital featlirb geonmttyasudteas oe

O e O R TR O
headbalguppose the meetingabBrak ?Qct\é(héglﬁr hﬁré"?fe%nt ﬂl@% %ﬁﬂlf%%an

create a concatenated warpin
be ccgmsl)ted,af e kindws tipritabilerngeth medi IEDgtgreDetlm eankea height 7,
The

the f g at:i? g@ﬂoram C |rrag? is in rréz : X 820)
Qaare ReApITg: 4R the FRRR éha 'aﬂ?rens%s The faceis
lengtHS€4nd Qaffirs e ed“rﬁ l?a}'é?ﬁﬁcwg%n% tﬁgggﬁ%rv\%ef#: ea;ﬁt TogitAgle

panoram c | mage pi xel  coordi na
dimensions ean die pmprdédlbmt@ews(énmrrrag(h)staﬁét&)m OfF |®c1t1e|§ a diagram

am.c im ut (box 840). The details
demRYEHAG e piectiarapt e tablscasinscania e Ayinsres! e
(assrﬁhrﬁ?qﬁé %t?bridéré BRIP4 oﬁ%h?él 'ongeh{é"follﬁwﬁ'\ Vg,r t'h%aé%uatrons for
ing Is a ram i | [ust
the fQ%tP@rﬁlSspfdhe incer\,&che: aLlr\mcarbpngsenbdgr lthee Sdhmboﬂﬁrﬂanes on
e horizontal feature geonetry 505 and

the CﬂL{‘?&'PéM”&a ‘xel coordinates 520 or 522 are received as
|nput (b%SgOO) Next, paranetric inage warping

f wriehil m;?s S SV scalln thctlons) are
det er m ne usrgg? %57 EWS Wscalrng factors.
In particular, source curves a cified (box 910)
along wwth a warping factor (box 920). Using these

rsind

z=h(1- ) ela,7m~a
rcosé

z=h(1 7 ) Oe(r~a,m+a]
rsin@

z=h(+ ) Oelr+a2r-al

Similarly, the following are the equations for the four portions of the upper
source curves representing the plane touching the top of people's heads on the
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source curves and the warping factor, target curves

are conputed (box 930). FIG 10 illustrates the
waelewenmonat i on the warping function by two setBCD1S2006/008421

curves: (1) source curves; and (2) target curves. In

cylinq‘?ﬁ%b?ﬁ’%@g %rg ‘?e%r'%gﬂfs'tﬂﬁ edleutggcr:ec’% i a&é%rﬁ@fﬂq@étge plane

ofthesmrdtethémﬁ@@tﬁqgommc@entshaeam aneters for the
paranetric i mage warping function. Through the user

interface a user is asked to define two cubic curves.
These t rce curves define common (real world)
hom#zmngﬁgggatures such as the tops of people's
heads, and’the edyel o otlie=@Ea5P dwn in FIG 10,
a top source curve St and a bott 'stdrce curve Sb are
specified. It can be noted by conparison of FIG 10 to
FIG 4 that in order to conpute the source and target
curves for the panorama four different parts of the
upper and | ower source curvesnust be defined in order
to def|nelhpe source curves for the entire panoramc
|n&gdujkﬁﬁgead of manual | y ggstoprati ng the source
curves can be autonatlcally determ ned fromthe
hori zont al feature geonetry such as, for exanple, the
meeting table and a plane touching the top of neeting
parti ci paeds®), heads. Suppose the neeting table is

r T A hé+r__“'The green sodede -aumreg] can be conput ed
if one knoms the table width Wand length L , the
canera height h , the focus |length of the canera, and
the canera orientation q . The focus length r and
camera heigpt h are known once the camera is made. The
t atrkeh'dir ons can be ppeJizded 2ky-dhe user during
installatidon. FIG 11 is a diagram denonstrating the
projection of the table edges onto the cylindrica

film (assum ng the standard camera orientation). The
f ATheowarynafacten &, vdch Famalspdie efeseamdby t'}?a%%” determines

how Iérﬂl\@ﬁ th§9ﬁ41|a§8 d§ WaY;F@d r ?Ré Wa?m"lgrtgctoli]e LR S tRREALASS,

he~c Fica
where a = 0 is no warping and a = 1 is the maximum warping. Conceptually,

specifying a = 0 will leave the image untouched, and specifying a = 1 will pull
pixels on source curves to the lines between the end points. Typically, the ideal

warping factor lays approximately half way between 0 and 1.

Once the source curves and the warping factor are specified, the target
curves can be computed (box 930). Let y = Si(x) and y = Sy(x) be the equations
of the top and bottom source curves respectively. Two farget curves (where
points on the source curve will move to) are determined by the source curves
and a. Specifically, a top target curve T; and a bottom target curve Ty, are
defined. If an equation of the line is defined between the end points of Si(x) as y

= y(x), and the equation of line connecting the bottom source ends as y = yu(X),
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rcos z = /?(1) W<9e[- , ], = arccos(- . rsin ( L~
e[a, p-a] z hh(..l +rcos# ). Wq e [p-a, p+a] .

WO giea®967 = (I + __) q s [p+a, 2p- a ] Sinm | arPgr/usivec/o0s421
followi ng are the equations for the four portions of

t Nting t | ane
e b B o o P R O Rl T R ag Toto
= (1 HGe(x) Whayex). 7' represents the distance fromthe
canera to the plane of the top of the neeting
participants' heads . Wq e [-a,a],a =axccos( , ) w’)
+ - H = ol . - T
[ i Sodling facton )| @ends eBmblicd sipg tné SbUfbe Giils,and
the taeget sliseshiboxtesddn Ibpatticalansgiven day aentica schoimexal shown

i FI 0L B A58 et RS temeaua it Yo S0t cvemcans A the
intersctione viReX tHEAENYEY RUriés. FROSSA) Sakiing fuPBAGH ngé‘cgalé;‘A_P R

will |eave the 1 mage untouched, and“spe yin

AB.whHel pul I pixels on source curves to the |lines between
the end points. TyﬁJi,%ql f y, the ideal warping factor
| ays appr oxi nq.gglg“ﬁ f| way between 0 and 1. Once the

source curves and ﬂ‘p@ @/arpi ng factor are specified,
the target curves can be conputed (box 930). Let y =S
(x) and y = St >(x) be the equations

]*(x) = M
Si(x) =8, (x)

The ratio, r(x), is a main scaling factor for a vertical scan line located at
horizontal position x. The panoramic pixel coordinates 520 of the vertical
scanline then are scaled in the vertical direction using the main scaling factor,
r(x) (box 950).

4.2 Horizontal Scaling

In order to preserve the aspect ratio, the panoramic pixel coordinates 520
also are scaled in the horizontal direction. This horizontal scaling uses the same
main scaling factor, r(x). In other words, just as for the vertical scaling a vertical
scan line is also scaled horizontally by the main scaling factor, r(x), to preserve
aspect ratio.

FIG. 12 is a flow diagram illustrating the details of the horizontal scaling
module shown in FIG. 7. The vertically-scaled panoramic pixel coordinates are
received as input (box 1200). Using the main scaling factor, r(x), the vertically-

scaled panoramic pixel coordinates are scaled in the horizontal direction (box
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of the top and bottom source curves respectively. Two
target curves (where points on the source curve wll
worowe/1129%7 ar e det ermi ned by the source curves BETUS2006/008421
Specifically, a top target curve 7t and a bottom
ar rY.Ey: ' JE '
12100 e e BRI E Rk 0BT oBORA3 1R 420 digSosled.
the total widthaofah predimdomtdonrectdd inmage, vdnibpeximeas), t he bottom
source ends as y = yt>(x),then the equation of the top
target curve is Ti(X) = ( 1 - a)St(x) + ayt(x), and
7b(x) = ( 1 - a)Sb(x) + ayb(x). A main scaling factor,
r(x), then i#®' gonp & usi ng the source curves and the
target curves (box 940). In particular, given any
vertical scanline x as shown in FIG 10, let A B

denot g | | nt.ersecti | h C urves, and
wheft 8 et Wh 2 i BARRERT M R EIE e > e " Swu

scaling function will scale AB to AlBl1. Let The rati o,

r(x), is a min scaling factor for a vertical scan

| i Next acuelminary MeaTpAebieds 9paerated o 13- pHirpmtiminary
vanlebF oGRS AR SR SPORINEED: The ZedlE Al

coordiratengref et manoraig pikebso@thatesithat Have beehaleritzzlyiamgl

reserve the aspect ratjo, the nor am

norizgnigly S Faneepbaby aie T aBngapug! FOPTGHIAES oa b used
to cé]%’tﬂu%?ﬁ?p%lirﬁin{a?ﬁEbrl?éctteahh%gap"Iﬂﬂfé??cﬁ'arﬁﬁﬂkéﬂg, Wiedhd he

same main scaling factor, 7(x). In othér words, just

paneranfioimage 59 8r ket Cd)y')stexioite ds aewapasitien instberpreliminarg
aus .scaleq.hori ntally by the main scaling factor,

CO”???gﬁn?gepr5@%W9Eghspect ratio. FIG 12 is a flow
diagramillustrating the details of the horizontal
scal i ng nodufe=ghokf™in FIG 7. The vertically-scaled
panor am ¢ pi xel coordinates are received as input (box
1200). Using the main scaling factor, r(x), the
vertical | yscal'&d; (x)+7r(x)*(y—S,(x))

The above equation is the forward mapping equation for the SVU scaling
function. The SVU scaling function is not a perfect uniform scaling everywhere.
It is easy to prove that the only function that is a perfect uniform scaling

everywhere is a uniform global scaling function.

The SVU scaling function is similar to a projection onto a generalized
cylindrical surface. However, such a simple projection does not produce locally
uniform scaling. Local uniform scaling is desirable, and this lack of local uniform
scaling causes objects in the preliminary corrected image to appear to be
stretched.
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panor am c pi xel coordinates are scaled in the
hori zontal direction (box1210). Once the

WO 00bileabt y- scal ed panoram ¢ pi xel coordi nat esPGROSHENE008421
scaled, the total width of a prelimnary corrected

4.3 ”ﬁ@)?lzo%tapﬂféwﬁ? n \Borréctié )dx where wis the width
mage 510. Next, a

prel imnary warp table is generat ed (box 1220) The

Pr ©htaitiapdnd@itc ok @oeRIh@eE 520 flvVie Bt Yeaed M the
coordj nates. The prelimnary pixel coordinates are the

vertigaliceitedgsizeatal diectivmattae resiingharadimieany wasiot table isy
corr@c.@gd Wﬂtﬁ'&g}ﬁl ldYstéFt%' eq_|0 E%g\gﬁ 'y@hk’ﬁ? Pﬁect@;'l% 885y

I xel coordi nates can be

becamsel whnleHneypamaclbexbbssmgmagéhuérplﬁg)fun%ﬂun@l(sutih 4XaQvU
nor.am.c i mpge 510 yl) denote its new

scallp VReTIH THAIDIR VSRS I as Garical 6y diblga noridogtal Ines
To thi‘ﬁlngé thi& g{?gleﬁl(%ﬁﬁwlﬁb{@pgg‘ga +§ééﬁﬁﬁ i réak\%&f)a)nd-rr{%hpﬁarly

above equ on Is g equation for
scalai/at sach verjjcalsvani lonve. The SVU scallng function is not

a perfect uniformscaling everywhere. It is easy to

prove that the only function that is a perfect uniform

scRIG. B |§\éeﬂld<)v\ﬂﬁ§8¢ahﬁlllésﬁéﬁrfgoﬂh@ dHtaRabf tﬁ@fﬂdr&ental distortion

function. The scaling function is simlar
mOdb\eoﬁQ{bi%hQWﬂ tnEls.o7. gbh@@laﬁ)ﬁat dle oyadulel 730 alivides fl’:ﬁ:prellmmary

A e 1o Byl et B4 i S35 RoAp S e

sectldasm tlﬁJ{/@'tlcarwlrédmba do@@kdlﬁé td aGpleciiel Scaling &bl 19 that
prelTmnary corrected i mage to

S Obj ects in the
SeCt'SBpgi\e §5ing fagtpes 'Eﬁécbeadlé‘emﬁu e sexptianss angdrare usually
dn‘fer%?ﬁ ?&C&tll@é&t%@%ﬁﬁsnpamfam c pi xel coordinates 520

have been scaled 1 n the vertical and the horizontal
directions, the resulting prelimnary warp table is

Specifically, the horizontal distortion correction module 730 initially divides
the preliminary warp table into sections (box 1300). In one aspect of the
invention, the preliminary corrected image is conceptually divided as shown in
FIG. 14. FIG. 14 illustrates the vertical scaling function and a conceptual view of
the division of the preliminary corrected image into three sections. It should be
noted that in FIG. 14 y is the vertical direction. Referring to FIG. 14, a first
section 1400 is defined between the bottom source curve S, and the top source
curve S;. Other sections include section outside the source curves including a
second section 1410 below the source curves and a third section 920 above the

source curves.

The preliminary pixel coordinates located in the first section 1300 between
the source curves are scaled in the vertical (y) direction using the main scaling

factor, r(x) (box 1310). This scaling in the vertical direction is performed as
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corrected for horizontal distortion. Horizontal
distortion correction i s needed because, while the

w@arairedsT ¢ cl ass of i mage warpi ng functions (BCDOSAS6/608421
SvU scaling function) maintains vertical |ines as

sesof i 6l AT ROl i ondsatpie

outsu;?;éilgdlﬁ%ﬂlr_béwr\]tels (mﬁ_be@br&i s@r&tfdm YHC‘; acdthesthind dection 1320)
is a flow diagram

are SERBUNSS Hdhe MeTial dispeioh Jﬁ}a@ﬁg perg ' ngﬂb)ﬁm?ﬁﬁﬁ@m@mg a

secoﬁcﬁ‘arg%'ﬁgﬁﬁé dac?t@re%b%‘;?dl 739e‘¥e\5bﬁ§§w‘§!féhﬁé %étm R2§y/'shown

nat relimna {I’) elnto
in FIG et4 belosy ﬁmdnacrad;mlngdattose(x)l cNextnthem;e l@mary: Rixel

coordiniES Jeeale it Ol SBelihy PG iAo R fe e BPLRE, yHies

are s@ﬁb@ﬁﬁ heé Qéﬁicaﬂélreéifcb@h i ﬁg el donddinf bedImt fabr (Bdx 1330).
| east one section. Specifically, the horizontal

It shqwq;lberrtqm thadthe berizentaberaliegremnaing theasarpe dnvathesWers.
wsind i ORI deh T b MR SR 0B ke

maintdif&® irfocien te pidistairycshtinuitg betwesieaotiors, ElaBsitibAs

FIG 14 illustrates the vertical scaling functi,on
betweer sastignsale Wade byranphdngasrapething PaiRinsiee W kR f@‘ﬂ))

The &ﬂ @%ﬁgﬁg?iéﬁ’?&% E%‘o%ﬂ'ﬁé)}r 8 2661 2RStind fu f r%h@H'aﬁdké@noothly

I's the vertica I'rection
connBeu‘sethmdlsparaterdahngcfactarsf as the sarticaloscaling functionedrosses the
bet ween the bottom source curve Sb and the top source

SOUreq FW€8t . Ot her sections include section outside the
source curves including a second section 1410 bel ow
the source curves and a third section 920 above the
s Refegingito/lEs. TReanst &4 i eansigey the yerticeblineiphysbewn in FIG.

10. ASSBRER b BIEDTe 46T e BRI KA T TED sttt e
to bel the \f&!lcfal%@ahmgr@cftc&cét@my pdin) y Ohekis 13Hal lifdi # shoald bg
in the vertic direction is gerforned asdescrlbed

noted Hate(y)Tiselqnesdert ey THadenceed gt i restrolictR e Ve n
param‘f'eé?ﬁwté Qéb%ndary scaling factor, s, and the smoothing parameter, w.

The portion of the vertical scan line more than w/2 distance from the source
curves is scaled by the main scaling factor, rn(x), between the source curves and
by the secondary scaling factor, s, outside the source curves. The three constant
segments are glued together by two cubic splines in [S;— 0.5w, S; + 0.5w]. Each

cubic spine has ends with values s and n(x) and a slope of 0 at both ends.

The smoothing parameter w controls the continuity at the source curves.
For example, if the scene is discontinuous at the source curves, one can choose
a very small w without noticeable artifacts. In the special case when s = n(x), g(¥)
becomes a constant, which is what was assumed in deriving the new pixel

positions in the preliminary corrected image. Once the horizontal distortion
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out si de the source curves (the second section 1310 and

the third section 1320) are scaled less in the
waensiieab7 direction. This is performed by initPel/D§2006/008421

speci fying a secondary scaling factor (box 1320). The

[ dar. [ f ' '
conei e BaF pag ekl o nis Ry (005 1cua e
550 iPhrfrafeRpthdt B@ht%ﬁné edbestions aftthe paaecammrrsxélzbbmdlma@@ in

outsi de of the source curves ar egﬁca e

the corerated pRN@IarBISHIMEge PAHHOKHSPec SREAYSS el {@ fedrigsent
as ougo(%gfl?c#g?’rgée(%)al ’fhéf‘g% b tarie |§8§§dj c{g'&%ﬁsfrﬂ@tlﬂ@mezébﬁéﬂted

e sanme er words,” using the
panor®iio irhageé i539 ffamtthe panéve)lmcsmagbﬁmt he straightness of
vertical lines is maintained. In order to maintain

continuity between sections, transitions between

4.4 S@%We‘l‘.ﬁ%;f_fc?r ggﬁsrmmamdé we\ﬁng?ﬂm@' rRgpBRRANEL er W
(BoX ar anet er snoot hes t he
\éertl cal scal | ng function and smoothly connects the
s a
F SFBS i SepiSe 00t et e e PO ® ighBims BEbe AR .
mis ér@eﬁ%h 1$hisGe RhitRedidieusing bisyameiriceS\dt scaiah@\fwnatnn for
p

As shown in FIG 14 is the vert
viewisg pRhAtpMIGHEE0es. (The bettam @@ua?%g gt)r% Ig Bﬁed@'ffq{ééfiﬁe top

vertica
sourqcecl.{rv%a:'l'hr% a&dr@c?g[lsho?ﬂaég uépptgé g?e rﬁé\'lbsand have a
mmlnﬁiﬁ’ﬁqedﬁmamnnﬁ at tl’ri]'éleerﬁtenvzrtmal gifan) lines @oatpanamecertgpemfles
paraneters, the secondary scal cto
the heloBt BTG PTG BRI BGA Sarond REr BRI in T Wity 1886, o
as dlél&[stsbﬁaibo%‘éan line nore than w 2 distance fromthe
ource curves is scaled by the main scaling factor,

r{x) bet ween the source curves and by the secondary
45 scallno_fa }o . source curves. The
V-t I EETEHE S +Hetl t oget her by two
cubi c spllnes in [St - 0.5w, St + 0.5w]. Each cubic
spi ne has ends with values s and i\x) and a slo 9
atAsmentioned pravieusiibenwargingdiekleeeat ba/CQGﬁ@#e@ﬁEe Eh he

stltch(fr?gn ]falbrféJ Iutsgd ?o S .{E:% |ﬁ1QaLé gqnt%%é(%%noramlc image. For example, in
one embodiment, for a round meeting table, a cylindrical projection of the

meeting room is created by stitching the images captured from multiple cameras
together. The stitcher uses a stitching table that maps the camera images onto
the panoramic image. The stitching table is typically created at the factory by the
camera manufacturer during manufacturing calibration. The table contains the
following information for each pixel (x,y) in the panorama:

(x,y) — panorama pixel coordinate

(u1,v1) — image pixel coordinate for camera 1

(u2,v2) — image pixel coordinate for camera 2

cameral — main source camera

camera2 — second source camera if (x,y) is in an overlap region.
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For exanple, if the scene is discontinuous at the

source curves, one can choose a very small w w thout
woeibaeabt e artifacts. In the special case whePCBHUS2006/008421

r{x), g(y) beconmes a constant, which is what was

assuned in deriving the new pixel positions in the

prelimnary corrected image. Once the horizontal

Let SE, gi)t Rridte e stitehbt mblé @nﬂﬁ ia® p|xleaex Pedhatisp lsoeg)q{oamleem
pre i mna

war
ul,vig @ameaa%way Vidi f@ﬁpav% th%@l’t?'&feff@fa rﬁ’yFB‘?“QEH &0 FRHIBRANAE

one il SEREAMAA R g RGBS ABLgT s ooy
pixel (gPKor 366 Xinalpanovanmic irabbe (afteruw=di-size noamatlzat&?tn)nlgt

W) R et BB e BrinEaP BARBIUTE T hLB g
panopérﬁie%%ﬁe r@ﬂet T%@Y&t%e&mmﬁa&ea&ame diE BARd YOI Maeh

ens of m sperception. This is

T(x,ype rs(uwacy))oyTns. chat@yammbkt c&v@ewarquwt@ﬁ@tﬂroﬂahiwn
time.{ A UhpBy T SHBto0 i et 28 do OGS € infirse

pass through the i mage corners and have a m ni num (or
maxi mum) at the center vertical scan line. One

5.0 pdlserdnterfagecifies the height of the center points
and a second paraneter is the warping factor, a , as
di scussed above. 4.5. Concatenated Warping/ Stitching
Tabheenmbodirashi ofiftad rpaktime wanpramitamagepiartedtiabl systsn
be concat enat ednwdth the stitchin

proviges pasaalpace LY (o epiRC s ARe kg ecsstahidns the user.
The UPF%‘E} 4iBRAbI él‘i’él @ fgr %%BQCWBSHéIVIQunG*It@stai Display) for

I ca prOJeC 1on O neetlng roomils create
enteltn}g desitarhsettings,cas walies atépplaxyemth aspeater Widevewherais a

normalasd Peed is eratehaEn 1 Banfdtib fgve Ak Hidaketrin,
addut?dri ke UNGahaktiede & diypagdbi disslaginbate 2oricted a.cscanad by

hé canera nanufacturer duri ng manufacturi 19
panou:amudolmge@nthera@etcémmcm Wil varigvithide warping factor applied,

with extra pixels around the perimeter of the image. This allows transmission of
the corrected image over a network at a standard size without having to
renegotiate the network stack in order to send images of different sizes and

resolutions.

5.1 Control Panel.

The omni-directional camera used to capture the panoramic image may
have a control panel, such as an touch LCD screen, which is used for setup and
normal usage of the real-time panoramic image correction system of the
invention. In one embodiment, the table shape and size, camera position and

orientation and the head size normalization setting (0-100%) can be entered.
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follow ng information for each pixel (x,y) in the
panorama: (x,y) - panoranme pixel coordinate (ul ,vl) -

Wwo pawga1295xel coordinate for camera 1 (u2,v2) -PCTHEE06/008421
pi xel coordinate for canera 2 canerai - mmin source

5 . .
The 4B GYEPE AR w SRIDE Mo, M) e FETEY fhrsorpiythe dfadh
small@@&t‘é)’lgalgg % }gz 1105 zy)ar g hedtahgulaB(exgy )18k6 anmcamthermn thls

case e usriris @sked & sm@dguaﬁ? ar?cg%%t@ét&%e i ﬁ@’fﬁr @fﬁ{é?’g table
settunértﬁmfnd() )g%lﬂ)e% ?ﬁ C%FW 15159%9%9’@&“61910‘ t%lBlle‘é bE?HoSé“hBt

anoram c |1 mage (aft
normakadthe Iia%\mslzemforztbbseJtebleltmesV\(x y) denote the t abl e
entry which is the pixel coordinate on the cylindrical
panoram c image and let T denote the concatenated

tahl & ss@dgpf%v\év in G5 eﬁ(k?bdﬁen’t SHEME XnvBntion TtHeSomni-

c_onca enat e abl e can pre-conput ed at instal | atj on
directioms cartera positiomsnd drentptiomcpo e set viethegantepd pepgt The

oo R oS RbRD e e AR SALE oF BRGNS i s
LCD fyadade REAVIHEAsng-drtiesf thett@usléqp@ (Hd fext 3 sarafil tbythe Ihazble s

operation of the systemfor the user. The U
major axisedsyeneeiny. ridle @raentptipr ofthe.cargieHs p/&ﬂélmwrg@ﬁtdsmce if it

is mc&gﬁ% gﬁ Qaﬁ;ﬁ bgyc)anfé’c{t%lﬁlw fak89hdRshs %%g%% tGifferditt in size

"ay Wi Speaker "w ndow wherein a
insteA@ofrabuzled shead hescarrérsaasiiadaticrooan haryp’a/ndﬁedagreeﬁa@téout

w33 Cpod R s 5y Gl
camé)ra'%we‘?\'?é*b %‘FP& ;%» Qé' %ﬁ% b hapel dndvaik¥ andtdmAibe
act or appl | extra

I xel s around the
dlrecpenalmramomtm amdhgaentBiios cahlales be deteymised antaspatically.

the corrected image over a network at a standard size
wi t hout having to renegotiate the network stack in

Or el GthdrMorENA JrEesIRBoiméhitidf ehe Mvehtig®themad size
normalization percentage can be set via the LCD. This parameter may be set
with a slider that allows continuous settings from 0% normalized (cylindrical) o
100% normalized (rectangular). The main reason to not have the setting at 100%
is to make the normalization more robust to camera position and rotation
changes, and also to provide some perspective distortion that some users may
desire.

5.2 Speaker Window.

The Ul can include a display pane with a speaker window wherein a head
is extracted from the panoramic image by directly copying a sub-window from the
panoramic image. This sub-window is then displayed as a separate display

pane. The extracted head can be non-normalized or normalized. This feature is
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resolutions. 5.1 Control Panel. The ommi-directional
canera used to capture the panoram c i mage nay have a

weoeomwbnaspanel , such as an touch LCD screen, whiTS1086/008421
used for setup and nornel usage of the real-tine

or correc f ;
espe B FHEhERE PrRG" bt ST BLE Do cffereBE Ly febially”
whenRRS&Y bké’ [beafst At Ridr avafdornitae keatbrai By extractlng the
normal i zation setting (0-100% , can ﬁ_ ent er ed, %
enlar@%d)h@a@rﬂa@éem SPHICSRONS ﬁg%vwe isia spegiahy beneficial
( e default); small rectangular (e.
when tﬁég fégsélér{g}é&rect angular (e.g., 16x5"); and(ot%er (in
this case the user is asked to specify Iength and

gél‘;‘b S e as o - ‘

does not norrral ize the head si zes for those tabl e
types. As discussed above, in one enbodi ment of the

i hveddition, thendl mayiindide atfestvae fordisplayipesand Bansmiting a

t at { h
paddgpaprErpaEen (T4S ProRd PEBRITCIroREToHey sl st
plxeléijcﬁHdth@rdo?féc@éd %gétd/\#ntakeftf‘é?siaﬁaafcemebblaceeiaerpla)hag

ong-end of the table (i.e., the text is paralle
lmageﬁmﬂﬁaijﬁ@reﬁt mairo facieisswitbessarreated fo dilierent derst %%fn of
the t
exan]plj]%ﬁe}a}ge%&l-{ %seﬁ\f’;ago}(gagggéé %%acdt ”c?r?tHef ﬁ?gta"}qutm e bottom of the
imagéi 2gpexarmpleddffd padddd corrscted magewelhm/nemﬁh@ 1151 Jhise.

paddRg HARIANG 1A0RAIE S e DRLEONABIAN B SR Rt
resolﬁﬁo#?&deécq’i r—T(Ht ahR8fahi n%l 8Ntdid SRoHIbRis FOLTHED-

e carrera ape and size and omi directional
transedission gfesach |correatad:l panaamit mage:wrthautsr@nséotl@mng #iened

tomat i cal Fur t.h
netwprk2Aek 'aﬁ?»‘ml%éo seh Topggs bR A ey Bins othe
party%céﬁﬁn 0] Iwagetéé?i thERi fisplay e phaddsipaheradsit invatb véth or

I der ows continuous settings from 0%
WIthmxbrtlnmbalzeed (cylindrical) to

Another method to send head-size equalized or cylindrical panoramic
video over a fixed resolution video stream is to use anamorphic video (i.e., pixel
aspect ratios not equal to 1:1). For example, if a cylindrical panoramic image has
a resolution of 1056x144 with square pixels, but the head-size normalized
panoramic image is 1056x120 with square pixels, then the head-size normalized
video can be transmitted as 1056x144 with a pixel aspect ratio of
height:width=120:144 (the pixels are slightly shorter than wide). When the
receiver renders the video to a display, the image will be rendered as 1056x120.
The pixel aspect ratio is typically transmitted in the video stream, but can also be
transmitted outside of the video stream (e.g., a SIP INFO message).
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100% normal i zed (rectangular). The main reason to not
have the setting at 100%is to nmake the normalization

woreee/119bust t o canera position and rotation CPERYER)6/008421
and al so to provide sonme perspective distortion that

e SRR SRR o I R EaT heg beR resr Tnd ol R,

purpesas of ﬁluetmtnan taelddderscrrptldsm hmonﬂﬁt@wdem@%é)éxr@bds@lvéw to
W ndow from,.t ram c i nage. Thi
it AERIBRTP 254 hike ek Cpmayeclossd abksapanadiboatans aga
variqiRone.aré %s@?ﬂlé ﬂﬂig?ﬂ dt %’@' aS@vrb f?—:eacﬂfﬂg e f%#él‘fcfé\?\}ntﬂét the
e | a

normal i zed. This ature | sespec use
sCongepisthr inventinnde Hipited nat by deis de@feelrcmmrptlea oé thealnvgntion,

out BIEE O Rl el SR T TRBla & Jed head The per son' s

expressions are visible. This is especially benefici al
when they are speaking. 5.3 Padded Panoram c | nage and
Ananor phic Panorami c inmage. In addition, the U my
include a feature for displaying and transmtting a
padded panoram c i mage. This padded panoram c i mage

di spl ay adds extra pixels around the corrected inage
to make it a standard size, since displaying imges
wth different warp factors will be corrected to

di fferent sizes. For exanple, bars, such as black bars
can be added on the top and the bottom of the inage.
An exanpl e of a padded corrected inmage is shown in
FIG 15. This padded panoram c image all ows the system
mai ntain a constant size and resolution for each
corrected panorami c imge. This also allows for the
transm ssion of each corrected panoram c i mage w t hout
renegotiating the network stack in order to send

i mges of different sizes and resolutions. The party
receiving the image can then display the padded
panoram c i mage with or
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wi t hout the bars. Another nethod to send head-size
equal i zed or cylindrical panoram c video over a fixed

w0 e®ohw9son video streamis to use ananor phi ¢ RECTHES2006/008421
(i.e., pixel aspect ratios not equal to 1:1). For
exanple, if a cylindrical panoram c inmage has a
resol ution of 1056x144 with square pixels, but the
he&HAS! ISeChaiMED K:d panoramic i mage is 1056x120 with
square pixels, then the head-size normalized video can
be transmtted as 1056x144 with a pixel aspect ratio
of4 hei gRty ¥4 Hb Ok 2): iR eRdi euséy lection

1, QH{ah%Br]rﬁe\Pﬁ%?st\l/e%ﬂgﬁ&@Eﬁsﬁb@b|§pF&’y, usés i@\bér\‘%bee se

shorter e récei ver ‘renders t

L Vi a. displ ' e W - ;
corich 50458 Pl Gl 5 AT Al Ebe BRI Dorions of
éransm’tted in the video stream but can al so be
a 360 Agges RINRIABUE 41BLS FOPREINY deo stream (e.g., a SIP
| NFO massage? . The foregoing description of the .
i ieplaying anaihetisplay ecernitod @anelfor RatasNgRATameers required
illustration and description. It is not intended to be
to noemiatizes portmnseroftan360 diegreehganaramit invege; @rnche preci se
formdiscl osed. Many nodifications and variations are

PasfiE M@ tHephithétetd rddifredho wermekgpodionktofitise 360 degree
i ntended that the scope of the invention be limted

Mo | Si @ 3%%1566' ' of the invention, but

pa”iﬂg@hg%ﬁ} figdehd tiple appenrié@?jbﬁ@erlét 0. WHAT 1S CLAI NED
IS: 1. In a conputer system conprising a display, user
interface selection device and user interface data
entry vice, a process, for normalizin ortions, of a
360 deghiPass ST YBelo i PafamEtelt SHURHS on
the display a control panel for entering paraneters

nornadigaithe 460 slagseepangeanisimiaga SopTPrigesmMeidgpesition, camera
panoram c i nage; and entering the paraneters required

orieritatior hosizoata! featuiegsométry kadFEceitgge of panvabzation desired.
I mage via said displayed control panel. 2. The process
of claim1l wherein the paraneters required to

3. The process of claim 2 wherein the horizontal feature geometry
comprises at least one of:

meeting table geometry on which a camera corresponding to the camera
position and orientation is set; and

geometry of a plane corresponding to the top of people’s heads sitting

around the meeting table.
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normal i ze the 360 degree panorani c inmage conprise
canera position, canera orientation, horizontal

wo eabar®epeonet ry and percentage of normal i zat POFUS2006/008421
desired. 3. The process of claim2 wherein the

TR LB AT SR AP
conbBsk BT R B TRaBh bR e Sher
oroBGEBL Bl 5RET i 3 fridhiiont vk

geonetry conprises the size and shape of the neeting
tabl e and wherein the canera orientation is specified
relative to the neeting table geonetry. 5. The process

of 50 ai The prbesssi of Claem downhérein thanentici pandi BRI ame:éyea on
a Liquid Crystal Display. 6. The process of Caim1l

a Lighe Czystat DRsp@nt rol panel is accessible via a network
user Interface. 7. The process of Caim2 wherein the

percentage of normalization desired varies between 0%
and 100% 8. The process of Claim1l wherein the

posti O hep ramcmaenor lized elateto
he%d sriléé) eﬁsscﬂ‘@agnttvm@eg} Erqj Eﬁf‘@ igpgcessible via
ﬁm%%ured Fﬁé the canera. 9. The process of Caim3

ane &S§T {Mi8M8%%rer a position and orientation is
relative to the geonetry of the table. 10. The process
of Claiml wherein the conputer systemis enbedded in
a canera.l1ll. A graphical user interface for displaying
pof.t i oriEh@pracasarfGlaint 2iwikgeinciaBIydréémage of normalization

desired varies between 0% and 100%.

8. The process of Claim 1 wherein the portions of the panoramic
image normalized relate to head size of persons sitting around a table and

captured by the camera.

9. The process of Claim 3 wherein the camera position and orientation

is relative to the geometry of the table.

10.  The process of Claim 1 wherein the computer system is embedded

in a camera.
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a di splay pane for displaying an extracted portion of

an approxi mately 360 degree panoram c image. 12. The
w@e@phideat user interface of Caim 1l wherei n PEEUS2006/008421

extracted portion of the panoram c inage is the

non- nox mal i zed head .of leni ' i
oBhor deen fgaeUee] tBlia e R PeMafidirith 8p Benorgymic
. wherein the extracted portion of the panoram c inage
Image @oMPYNGal i zed head of a person depicted in the
panoram c i mage. 14. The user interface of claimll
wher ei a dispiayppare fori displpyngianextrestepprignefart or
di splaying and transmtting a scal ed i nage over a
approR@hatelk36® degraespangpraimic pnageess actions of : scaling an
i mage; adjusting the scaled image with extra pixels
5 around its perinmeter so that the scaled image fits a
speci fied size; and displaying the scaled inage with

gff%lr ?n ﬂgé @fﬁ?ﬁﬁgm%riiﬁt%r@@é ofeigm 1P whER@nRRE exEacied

er conprising the process action of

ctransmtting the adj.usted I ] i
portiopr<3das Dappraici ags 1t (ALY LG gt P2 Rfen depicted
. actions of: receiving the adjusted scal ed i mage;
in thechasiPragiihiNagdfe adj ust ed scal ed i mage. 18. The process
of claim 16, further conprising the process actions
of : receiving the adjusted scal ed i mage; displaying
the adjusted scal ed i nage wi thout the extra pixels
10 angund Theugeginterbes of tBim THewpereirethe eftradted pottin of the
wherein the extra pixels are
panoramic image is a normalized head of a person depicted in the panoramic

image.

14.  The user interface of claim 11 wherein the person is speaking.
15
15. A process for displaying and transmitting a scaled image over a
network, comprising the process actions of:
scaling an image;
adjusting the scaled image with extra pixels around its perimeter so that
20 the scaled image fits a specified size; and

displaying the scaled image with extra pixels around its perimeter.
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di spl ayed in black. 20. A process for displaying and
transmtting a scal ed i nage over a network, conprising

W b@6proeess actions of: scaling an inmage; setPCTYS100€008421
pi xel aspect ratio to account for the difference

Bk eTnbaoR N 15 LHbEF e RS bt copon of
resol ytion; and di s(gl ayi ng the scal ed i nage at the

transmffing g adiugieskissaled Megon.

17.  The process of claim 16, further comprising the process actions of:
5 receiving the adjusted scaled image;

displaying the adjusted scaled image.

18.  The process of claim 16, further comprising the process actions of:
receiving the adjusted scaled image;
10 displaying the adjusted scaled image without the extra pixels

around its perimeter.

19. The process of Claim 15 wherein the extra pixels are

displayed in black.

15
20. A process for displaying and transmitting a scaled image
over a network, comprising the process actions of:
scaling an image;
setting the pixel aspect ratio to account for the difference between
20 the standard resolution and and scaled resolution;

transmitting the image in the standard resolution; and

displaying the scaled image at the original scaled resolution.
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