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Title: A USER INTERFACE FOR A SYSTEM AND METHOD FOR HEAD
SIZE EQUALIZATION IN 360 DEGREE PANORAMIC IMAGES [err]
WORHHGAERIW user interface (IH) a real-time panoramic image @§iF&gmHM6/008421

systemm (Figure 5A) and method that simplifies the use of the system for
the user. The Ul includes a control panel that allows a user to enter
meeting table size and shape, camera po- sition and orientation, and the
amount of normaliza tion desired (e.g. o to 100%). A window can also be
implemented on a display that displays the corrected panoramic image

A USERNFERFACEIRORIAIGY SEEMaANDAMETHQDFHFRRMEAD SIZE

eI IN A SRR B AN ORI nARER

amount of warping applied, can be displayed and transmitted with extra
pixels around its perimeter in order to allow the corrected or normal- ized
panoramic image to adapt to any of the standard display size and

reqejidigns %mmwmim.%wefk%@mm 1W%8@456/ﬂ1%%9ﬁ]nﬁ 28

PCT/US211116/11118421 5 A USER INTERFACE FOR A SYSTEM A
2002vpedisotlebiR Rk IMERVHBUANGLE VM GERLOBRERHON SYSTEM

ANDRARRRATY KO MAB P DS i ieeBEnytigmes part of Application No.
10/186,915 filed June 28,

TECHNICAL FIELD

The present invention relates in general to viewing images using a
computer, and more particularly to a user interface for a system and a method for
real-time correction of panoramic images captured by an omni-directional camera

to alleviate distortion and perception problems associated with such images.

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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10 2002 and entitled "REAL-TIME WIDE-ANGLE IMAGE CORRECTION
SYSTEM AND METHOD FOR COMPUTER IMAGE VIEWING".
WOrReHNIAL FIELD 15 The present invention relates in gend¥@lfBS2006/008421

viewing images using a computer, and more particularly to a user
viewin@eﬂfm:wi@eamglﬁémw&vﬁtmatbnmner ﬁiew-b'fnﬂewrﬂeaetimwérpamnamic
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wide-angle lens 30 that is projected onto a flat piece of film. Linear

b e L T T
cu rvwbt_ullm amcbarrotatm slitdarnst. defdmakidal phejetdnns armleaﬁm@ placed
i B T e U i
mitigﬂé@aﬂviewnﬁmbswmmmoﬁmlI&\Aamﬁmwmmérm mojmtion

|
s o J00RR i ATRLAL A6 ReNoR A mRe RSB SHE Aegon
probieas expeditprranjednpeiticalas, dmm@nbwmmﬂwm@gecsrpmetralg ht
lines N FRHTRIE g‘éé@?t ﬁﬁeam'stl?é’tc;}mfﬂderﬁc%! éﬁtﬁé&%}? rfl6ves, almost

swimming aroun viewer, particularl g panoramic
compigdeiys tha dlupianc urolesionds herld vdtenswMang ferergie camages.
having curved film and a rotating slit lens. Cylindrical projections are better

at
Distortion and curvature problems in wide-angle images are caused by a

field-of-view mismatch. [n particular, due to limited viewing size on computer
monitors and standard viewing distances, the angle subtended by the image
when viewed is much smaller than the field-of-view of the camera that originally
projected 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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10 maintaining shape than linear projections. In addition, a cylindrical
projection mitigates any apparent swimming motion. Even though the
WeNpEtidbprojection is a viewing improvement over the linedGka]821or)08421
distortion and perception problems are still present. In particular, the
persoylinftivalsuapecisocapinved biyagbyuiaesapproxinaatelyoeSshsyrée) field-of-
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camexa( the siterefittablsjscts inidecsswinemaly ap pearcdifferdrity i particular,

.., field-of-view, mismatch. In partiqular, due ta. limited viewing size on .
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appelay dhighthafet@mndeawfeomdhs oambraritzdietheaother peldaf-vidovaitbe
projected the neto and lane..This
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muclinf@dinginawéayuth and e fraad vl spthV\dfemabiidet-anglsdenags tfarddéep scene
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viewes'sufislihef-sinatlanfoessialidsimy G0 sarler dhaxdhepfieldsfuvimacddbae
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i i PR A S A By
the aettaldspD6/008421 person. If the scene is captured by a regular
(approximately 60 degree) field-of- view camera and the same scene is

captured with a wide-angle field-of-view camera, the size of the objects in
th&secarplifiatippashaifdhase kisiartionlandeicepdipu i ableros vianifest

thenfSANEL st ﬂﬁéﬁ?%&ﬂf@?@h&*{’@%{/&@ﬁ@? %H@é\wﬁi@ B4HRERaE BFs%ﬁt'é{re
further away from the camera than the other persoi. However, with the
usedyiiteide R RonéIasTomansalaes fereapirsp ANdrirRn Sk @i dnage containing
all p&AEBE I ARRGAT MY FHLTAYSOHIRN BIELHISh RS HLWRRRAUTE bR en
viewing the video conference the wide-angle image exaggerates 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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exaggerated size difference, the person farther away from the camera
appears much farther away than he really is. When a wide-angle image of
W 298e&p13%ehe 10 (such as a video conferencing scene) is vieREH BFReP6/008421
computer monitor, the viewer's field-of-view, in general, is much smaller
viewtah ithsUTERUline ®CeMBe AncamEiadige SoNsistinoref melltipcameras
dispF$Ea8IY abav ke Hawe s My hda ettjim@stg%ﬁ%g%%i%ﬁ)%‘elﬁ%%%e of
pr Ife

application where these distortion and perceptio roblems mani
captwﬁmmﬁ%wﬁpﬁdéb%ﬁmma@wbi@mamwmhgﬂesamastpﬁénput
i M reng t h | €
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Imaggseeethes indhamanorrMmhg theee hemdiadarixic degearidmangiesictiagal
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middle of the image (who are usually furthest away from the cameta) to

camefigiiedyRics)yrhlaceshinthecantsnefsitalle wibriheunesting partoirants
smingaaeanﬁaqnmabﬁe.earatﬁ'@m@m@q%m@rﬁsetmefahgémyng%mgbw@s

angle camera 25 images are even more apparent when viewi

headp%iﬁ%?a?ﬁ‘iéhﬁwﬁ@@@%@iiﬁ@%%%wiUzlégF&@ﬁé@éﬁﬂ&ﬁﬂ foplastistanices to the
camérRCRSinBmBRISHGSE oA RIGIRNG (N ROlTBP Y IHABRA NP BF R

acquired from a single camera. Alternateléé a panoramic image can De
Much RARIF I ASITERGHRIE Liineis dpsehimthmeantrie inBiges herr-size
variaGiBiehingrieesateesthry i a8 AORIS: bk iéﬁﬁéaﬁg%%m LIPAD it is

..._cameras are used to generate a panoramic video. Essentially, the creation
d'ff'CBEéP FSFRnfAR thaaseniairt the faiqpehoflibr ialkerdesedanize fogir
expré¥diotiegree 3 WO 2006/112967 PCT/US2006/008421 view of the

surrounding scene. A camera rig, consisting of multiple cameras
disposed in a back-to-back fashion, is sometimes employed for the

PUAROttep biestsin Vit ORfo donte R FEIG B9 FIGVY SR ShariiNelges is
ositions in ?g&iggut images to the pixel pasitions in the panoramic image

that qeme AR WSRHR 39 ASBEDRIE R HIGKGAR pirimAnLrase
imagépbdtecosikiys 8 ey bty ONVeIB2ARTE8 pixel displays which allow only a

1024x166 pixel panorama to be displayed. With this huge reduction in
resolution, the people on the far end of the tables are 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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cameras have been used for meeting recording and video conferencing.
The camera is typically placed in the center of a table with the meeting
W 08eidaes sitting around the table. If the meeting table has BOEEM00/4B421
shape, people's head sizes on the panoramic images will vary depending
on their distances tSUNMMARY O TiFE ENYBENTEION person who sits at
the far end of the table will appear much smaller than the person who sits

o I RS o L LTS i A VR SEL B s Tt
providesier actidife eodrettive whiistoterognit @ dhedpiopiessfsctidns in an
ith vid f i loyi ramic images is
S ch s St i L
corrammgesmemmmmﬂmdydmpbyﬁwaﬁ&mwdmm@/hmwd:ﬁidgalItc_mnww
' displayed. With this huge reduction in
spatfyf FeiAa BRSO el SRR Tetmarh ARl hoce to
equaliaepeamed sz Isizasalidrkonotiotamdinghyg tecordiistitya Tiee®idua
real-ti i fi tured
oo e B R e e P lo T i o 015
filed dupeckied00RrendthritiiegbREAL-TYSIEMEDE AdEREIMAER ormalize

CoRSES et SRTEIIRRITIOTH I Pl B FLRRRSE By

on Monitors. , this system an
Howevemhdaesherripbe patgnicapslioptinmduseer s dadrstiquielasdy for up to 180

i officient. 129, / /008421
s T R L
apprintenried/f8Pa dpgran patataTiodagep whittetakingeuiroated frettioesof
such SR hBR GRUIRR AP RAIES IR TRk hing the meeting participants’

heads into account. In the aforementioned patent application, the SVU scaling

function was used on up to 180 degree images which are usually generated by a
wide-angle camera placed at one end of the meeting room table. In contrast, a
360 degree omni-directional camera is usually placed in the center of the table.
Therefore, upper 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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5 approximately 360 degree panoramic image. This real-time panoramic
image correction system and method, employs parametric warping
wWaogetdhlosnamely Spatially Varying Uniform (SVU) scaling futctidisd0q6/008421
warp a panoramic image to equalize people's head sizes while not
table totradtehing disumsting b EHso Shal thenbtied siaspofvirretingeattivpaims
atent applicgtion serial number 86, filed,June 28, 2002 and
are QAR ER %ﬁ@%ﬁ%ﬁ&%ﬁ/&%&ﬁ%& CTION SYSTEM
AND METHOD FOR COMPUTER IMAGE VIEWING". However, the
previo atent licatio this: ' gree
e SR T R Ol E S TSRS el
systeapprukimetiedyl 200 plfpe thparse arhtbdnsygtannisidhekiisg hofieridl
. eatures 15 su eating. tabl . olal
Il A e e e opove
and thp@ioation aheddvislizatitngdésitetoie\gad tedd o lpAospeaitrigreadow
[ s whij Il . '
can o e o S Sl TR gt e s
imagemin-thie sheskecarrdavs theiawyprizsdihead 8@;11&,-6 @ﬁ@l@é"’ﬂﬁtﬂ)@.rggpamy
particpl]aquf%%o{rff#% @ggéﬂyﬁ rEHR'E8 H?(ﬁ%ﬁ’éc?‘f’r‘m@ RordHiSHAHE and

unction e wide-angle images and the approximately 360 degree

displayecbinraissprigés vinsiavferéetd itiorrily r dae mogsiadpane mmpigdmage
L e

ar a objects, such as heads, appear closer and therefore larger.
confapinde AstaBdwiicizaaingg erE erEChRANOSATARIMAGES YabRPEEHR 8N
basell BiIAhE MM RARARIARLAUDBIRA AL AN BREAEACRiNEDe

isplays. In one embodiment the system and method of the 30 invention,

placeg mmﬁﬁj@ém@ﬂ%@@éﬁf@@hﬁt@t@@l@%@m%m@m% rddliStime
allowRINS BBHE LRAVE SRR SYRIROH N fiea deetd Heofmirimag dver a

stitching 5 WO 2006/112967 PCT/US2006/008421 table to match the
netwerk &l standays sizerachaliens ke inagedpeparidpany efthe standard

displAPYRAZEH R 4a8I5aBI ime the stitching is computed.

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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The User Interface (Ul) of the real-time panoramic image correction 5
system and method simplifies the use of the system for the user. The Ul
W% Tontrol panel that allows a user to enter meeting t381&/EA0 Q{98421
shape and the amount of normalization desired (e.g. 0 to 100%). A
speaker window can also be implemented on a display that displays the
COfpct IC 1 [ indgw, the normalized head
oS, Bees RO 16T SRR e A TE Rl
imagexaeicesiitsystemandandthodaofdian ihdsfimyed in a separate window.
Additionally, the corrected panoramic image can be displayed with extra
pixels around its perimeter in order to make it conform to a standard size

sirﬁ@c@rﬁmw paacrepsicandipeaniiuresfosite Badésealitgsfanaiont
(greé}f BBW&@}Z@QQH@QE@& @%&@g@, a black bar may be 15 placed

across the top and bottorh o orrected panoramic image. This allows
the corrected or normalized panoramic image to be transmitted over a

neplerk AR FaRNaLHER ANd Bl iQ%‘? QISRP

standard display s?z‘g@an resolutlog;g@% B @fkgo SC%?%ﬁﬁ%@rgﬁon

(greenHRYRRVANGS 612 grases paneraic darapesurther understood by
reference to the following description and attached drawings that illustrate

aspects of the 25 invention. Other features and advantages will be
apptreRf¥risra tlegkidagngmidistertingstepaonaspireveiviawaf aaken in

embSAMEMUGNHE SRS YBRGAANE | é’%\é’%?ré@i’i‘&ﬂ g%ﬁgﬁ{%f%éf"lﬂ¥8§tion.

example, the principles of the present nvention. 30 FIG. 1 shows an
image taken by a 360 degree panoramic camera in a meeting room. 6

W) 0581 1296415k Hid gt MOCH ARAg ThE o ARPI S URIBRAS Brbtfze !
corrected b[%éhe real-time panoramic image correction system and

emb ifRAriMve, panoramic image correction system of the invention

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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5 FIG. 3 shows the upper and lower curves for the SVU scaling function
(green curves) for the 180 degree images. FIG. 4 shows the upper and
WORMGB3P9Es for the SVU scaling function (green curves) for Réd/3§006/008421
degree panoramic images. 10 FIG. 5A is a block diagram illustrating the
gdniésaPosenfiow diamaneriﬂbeﬁhﬁegﬁbétﬂeteélal@ﬁﬂwamnbimhkchﬂage

mod olgesiaifely ?ygt@n ?f the invention. FIG. 5B is a block diagram illustrating
e general overview of another 15 embodiment of the real-time

panoramlc image correction system of the invention which employs a

copRaapRiRi FuRNAARE Y c%) %(?V%Gr tl,l%ccli idiagt ﬁg/ot Sgts of

illustrating a computing appara us su rry gou
Curvg®y 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. 25 FIG. 8A is a general flow diagram
illidfratigishe diseran wemasstisatitenirepprajestion infdbe tableadyes onto

cy).néb{ég?m,ﬁh@ygdﬁ] H&tl@b‘s@%ﬁg 83 &%nglr%mgwo%agram illustrating

the operation of thereal-time panoramic image correction system shown
in FIG. 5B. 30 7 WO 2006/112967 PCT/US2006/008421 FIG. 9 is a flow

d'F@@W‘Z”‘éS&rﬂBW& Agtaiin et qﬂ@@'&&ﬁé%ﬂ@ﬂt&%ﬁ%&%u{ ng

FIG. 7. FIG. 10 illustraies the determ ation of the warping function'b
modugishawn i GG FIG. 11is a diagram demonstrating the projection of the
table edges onto cylindrical film (assuming the standard camera

orientation).
FIG. 13 is a flow diagram illustrating the details of the horizontal distortion

correction module shown in FIG. 7.

FIG. 14 illustrates the vertical scaling function and 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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10 FIG. 12 is a flow diagram illustrating the details of the horizontal scaling
module shown in FIG. 7. FIG. 13 is a flow diagram illustrating the details
WLpeHdMNZontal distortion correction module shown in FIG. PCIAUSPO)64048421

illustrates the vertical scaling function and a conceptual view of the

1.0 deEevalfChepriiminary pixel coordinates into three sections. FIG. 15
depicts a padded corrected panoramic image wherein extra pixels 20 are
added around the perimeter of the image so that it conforms to a standard
skkSiot Bhowarlatrimsgestite o byisphSR OEree FDNDEITRIPa| ORNtF2

o FHE INVENTIO folloyvi ripfi ' ' ion i
sting et TR 2t 5kl e e R B YePiRration i
typicalheiredfatoddmightivie shawidso seryferangingapnlicafierififefempito

FIG. %grrr‘?%roéat: ﬁhse{a‘@\’ﬁé‘%iﬁ{%ﬁ;’sgﬁ ﬂﬁ%ﬂﬁg%dgéér@rﬂ%éwgﬁ{é%?gﬁgﬁttgg‘éfher

ments may be ed and structural 30 changes may be made
two pedipleut Hepaehsgrfon this isthrt betrisphedbat myaltiem geepmera.
First G fheé 3@&381? WV@@%Q(?/ QR4AL <2 - Oisanneial Qupinpy il awa§ RN the
anirhage'taken by a egree omni-directional camera sitting in the
viewemititeaffectagétin expedengasiireat tiReAnEta ¢DiRIBRIBRGSNY tfifcal
imag%%ggﬁg ?B‘Eléﬂf R 188 i R ST IR I RAMIRREABN R&frdng 19 the

, one can see that the person in white appears much smaller than

limitetheaseesr spaspedfanyTRanemiterioelS AenupREIiERERRL RIBFAFSHA™
very $EfA G FR! PlPlcIRBRITOEHUARIE F2OpIeR lesgd/sbas eithaximally

appears tar away from the viewer thus affecting the experience of real

utilizaithe oomhrira aivalsdeibgdransithd Rt Mgy Rdal) fmkah e tge
imag8 ISP PREGMALR DLRIPth& ReLue o SRR obaMRAFRIGE RSRBERONStem

transmitted pixels are wasted if people's images are
and method.

The real-time panoramic image correction system and method employs a
technique to equalize or normalize people’s head sizes while not creating image
discontinuities. The technique is an extension of the SVU scaling function as
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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very small. Therefore it is desirable to equalize people's head sizes to

maximally utilize the number of pixels being transmitted and displayed.
WEHSA N6 s the image of FIG. 1 corrected using the real-tirRe HRMEANS421

image correction system 15 and method. The real-time panoramic image

(greecottavtisi fsyﬂwﬁ@@ddmmaoﬁimmmaemcseq_mimm§ and the
rarge B RS MR AL RRe Coh UANE Y D e el b e

samemsytast wpplitatiesedvied i theaa o288 tivsditepalentarglizationand
entitled "REAL-TIME WIDE-ANGLE IMAGE CORRECTION SYSTEM
AND METHOD FOR COMPUTER IMAGE VIEWING". In the previous

padket iniptireoinus BViestianey fopgtiidingsnadedt apcatiogrewrection
of thé?%ﬂ%? E'ﬂf?éngeqé%% eﬂ)‘é&e{%m ch?a%d@rga%‘?ngfﬂﬁ%%ﬂﬁgﬂ%ﬁons
0 of the ISCuUssed apove, a

een eeting 25 room table. In contrast, as

callegSipatiglye/eaviegd sifamal(p \fibcealinghbioshensdhairgsrrveHeastore,
' ; r : i . .
scahﬁ% g rraé’ée@cd #@)ﬁ&t% %V@ﬁr@& Y @ég?ﬂgﬁg‘ﬁéy H6AINMGHY SO s caling

e 360 aegree panoramic Images are different from those
functignsdandrecaline-fagiy &g Usstota gedegreveitinabsralinaend bﬁmntal
scalir?@eomm%r GIRE) I EBEIRMES SUhE YRS o ARIGHRARS 3 RYIMiRERWarp

unction (green curves) for the 180 degree images. FIG. 4 shows the

tableywpiehananstee sixgtiocatians ¢idbadlinirastrersateddamagerindhen
origirgaggé%%b%ﬂé%% R&iE HrefmiddR/ thiidéd ivsgenN<VrRldPbBEe

i
. degree Image. leen the green source CL_II’V_eS and the tar .et curves
and iga@icasieallysipneiHgederbdRwares\DeSRESHG NavRESRtaTIRaER

mainf¥HYsAre e iR dasssiadighhs R e B1eN Hened malsinearPliRaIRBri2dHIs

_inthe previously mentioned co-pending patent application, correction of
distogtgrpisrepsinriambyParieERingea horratakdsoniansrerelipn ki the
svuTsesigsuRalisHsSRRd SR MNE Hifdeemt b Feadiedunglietéeatsing

preserve local scaling perspectives and correct for depth misperception.

yieldy genaR tablfind Teathi2RIRIBaRmMBORIERAS K @ GOEtPRIGsERBRRramIC
imag¥aidieRt KRy BRI dbEnalabtes in the distorted panoramic image. In some

embodiments of the invention wherein images are stitched to create the
panoramic image the warping table can be concatenated with the stitching table
to increase computational efficiency. Using 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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10 scaling on the pixel coordinates of the image. This produces a
preliminary warp table which maps the pixel locations of the preliminary

W@ aediBd4mage to the original pixel coordinates. This prelimP$aiy’S2006/008421
corrected image is a virtual image and is not actually constructed.

505 aisheaeeraneipisiagndrixelsreanetinaiag S A arranecratied iy duecrsal-time
pano?gﬁi-@mé'égiﬁ RBHZAR NS0 A i A Y 1RBREL by %5“%%%@% 530

corrected Dy performing a’ horizontal distortion correction using t

is theg@tRgtfunctions and at least two different scaling factors. This processing
yields a warp table. The warp table maps positions in a corrected
panoramic image to the original pixel coordinates in the distorted

pahdFcpaRarAgYe. iMagme! kmeydmartinetaistiionedinagmésurnianes a
still cﬂﬁétgf%?%g?t%?étgéﬁﬁé%g%?%%i&éf(&%@@W@Qi&%@%ﬁ%gﬁéy

concatenated with the stitching table “to increase computational e

The eagrginftenahaaeip etwititchasanaimmiegrnagsald aisiektrned to
gené;aféems(E)aaapémq&m%aegkﬁa%éfamsfé@599! ﬁﬂaﬁémg]ﬂg, fyiginal

panoramic image. 25 Fl A is a block diagram illustratin general

rectiiRaeAPEtiBAte ERINEHNTRE! aaordinatasedsdaiamia) ioBFretw@ch
of thEYSIRNI HPMAHED dRYRIRDITAGE RGBS YRIRBIROMAHRRIRS to a

. horizontal feature geometry 505 (e.g., meeting fable geometry and a .
serieg| 2hdMagesitiahves ﬁl‘tﬁ)ééﬁl B RAROFARYFIMRDIP afeesERl-time
pancRafiBMEdE e 6RE2aBRhBALIELSIRAMRENAES R 0fhAD BIP§RARIHEN

image pixel coordinates 520 corresponding to the coordinates of each of

modiR dAIANRMR 1P SarePaRnE AMagkimeiMsarnRIR estRBragRy 10
WO 2006/112967 PCT/US2006/008421 505 and panoramic image pixels
cogrdinates 520 are processed by the real-time panoramic image

coMRMAR faRIm Sriptalipnanest iz edusisiashie aenpsatadhs wasp table
550 @sitiypdrdetheaiaguciarpasy FhAdneNs e eipalsorHipRe frimppopikeych

s from g_still camera) or Eart of a sequence of Images (such as from a

coorgiiRigs Anlale Pre iQeEese R pae {RhimIRR pARsdririneide
warpbBlargendnifien idodule 540 are discussed below. The warp table 550

contains the panoramic image pixel coordinates 520 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 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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generate the panoramic image pixel coordinates 520. For example, in a
rectilinear coordinate frame the pixel coordinates 520 are (X,y) locations of
W@/10¥Hthe pixels within the panoramic image 510 which ®0i/ag006/008421
correspond to a series of images that were stitched to obtain the
pangantcamadenage. Tiherpeltiloeatiomiraeierimagd osingcthun waoditble 550.

s S e R IR A i npe

YUVmodule 540 is used to generate the warp table 550 using parametric
image warping functions. The panoramic image pixel coordinates 520 are
processed to create the warp table 550. The details of the warp table

geleravthemenbedinteatetitbeussettiaiod OBhehawn tabld G56B, the warp
tabl"RMEY %é*ﬂ@n%?é‘&’%fg{%@%fcﬂtﬁrg'ihfé‘@ﬁé%%%%??o@tﬂé{ RISHP Ruch a

way to 20 correspond to a locatio e corrected panoramic image 530.
panoranic theagarplndbie ssbadimenihesseiofidmw lddamrgen 3e carecstitehed

o SR BS TR R e e i e
imagisagy stitehed prNeranie deepibdlkasdnmebnioibasystene pR0Brantie

realTIROBHAAINE RIS CHRLARBISH IR FRURAIR AR R RRRgEC

image 510 to create the corrected panoramic image 530. The real-time

gen%ﬁpm@%@ﬁiﬁ@oam@mé 88HeRteansaRNAINR SIS OIEIRINY
tabld A5 0idB I 8EPIFEGHEtRONAAMIFIBNa9R 256) by pPI RGN RERe

values for the panoramic image 510 30 located at the pixel coordinates
warpiaa Systemno®e warp table 550. The RGB values at the panoramic pixel
coordinates 520 are thus relocated in the corrected 11 WO 2006/112967
PCT/US2006/008421 panoramic image 530. The new location is
defdignvid iag arnarativrmOdY’ HQipUREEdH orRENMe dhe watr table

550 BBRPIHEIAORI TIPSR AR BINSPIREINE ThE Yandraamethage pixel

embodiment of the invention 500B, shown in FIG. 5B, the warp table is
coorgiafenateaiig IRESMBAIMARMIRNISIANRISHRIP BERRiecaRsed to create

the warp table 550. The details of the warp table generation module 540 are
discussed below. The warp table 550 contains the panoramic image pixel
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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panoramic image. In this embodiment, a set of input images 512, are
stitched into an imaginary panoramic image 515 and the image pixel
W@ ateliiaes for imaginary stitched panoramic image 522 areRGFEIA00pRB421

system 500B. The 10 real-time panoramic image correction module 500B
locatindlinléseaoengrtat | pageranstid magsl 6B03A0obtriaipg dbéee RGH walues (or

c t itchi ing ; 555 (di ed.in gr il
YU R A e R S e R e
coordhihddagec@ntaiordriodbie corcaienatetovgningtentstitahing iéd 16 5B asitye

RGEVERL rS];étﬂgt@;}g%ﬁm%%%?Hﬂﬂéﬁ@ BBBPJM%EQQeaPMus relocated

S aginary panoramic image are processed to
in thereeedied warnprabicss@IEh2ddhiringf wdlevihe seblef dapetimages 512
06Ul ' .bel j .
ore o St o S e A e Rl Vorping
and stiiebipgptabte 836cation 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. 25 Once the
wakpaahs[BB9 [ oeers areclitsdreieriiotekerauseteesstitehey isastatic and
HEShimAtilEh W astatinpuTmagenaladn SraRte RA15RIB S s that all
requyvarg}ig and stitching té.%h?e 555. g%e set of .inputélemaggs _512r|}§rece$ive3 2
that issrefpiitad treraaipdhfe caragetompsngreysiemage. Sdtkbisdal zipndy the

wargiig B5R1E'S 48R WA BRY BYREREY P BRI SR Rhalsthwarping
and stitching table 555 to the set 30 of input Iimages 512 to create the

panaigrie inssndt AraicSatafdreso. iImagesh-tdnwhieh ganBemHR)sydtbekly.
560 creates the corrected panoramic image 530 for each 12 WO
2006/112967 PCT/US2006/008421 location in the corrected panoramic
imE4empne RETAHHIEhE QRENEBS (or YUV, or other color space) for

the set of input images 512 located at the pixel coordinates contained in

the concatenated warping and stitching table 555. The RGB values at the
im%%ﬁ?ﬁ"p@ﬁ@rﬁﬁﬂ@'@%%ﬁﬁ@ﬁﬁfﬁ@??%ﬁé’ $RIY RO RIPO0B of the

present invention is designed to operate in a computing environment. The

following discussion is intended to provide a brief, general description of 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

13



10

15

20

25

30

5 in the corrected panoramic image 530 during while the set of input

images 512 are stitched. The new location is determined using the
WQRaHatEIafed warping and stitching table 555. The warping Fieb@$3006/008421

occurs in real-time because the stitcher is static and 10 requires minimum

complﬁﬁl’éutéﬁ@mé' Mwﬁmﬁ&m ol dhenvesr alablﬁemm&ﬁmtraﬂismmtjsad

ed to create the orre ted panoramic image 530 is.to a th

com NG RS P G A AR R T ST RGPS5 06

devudé@rt?d&imlfélnm@@ 5ﬂﬂ>og ISQI oémmunma@@ssﬂiawmmhmm distdouted
ickly. 15 2.0 Ex Oper Enviro t

com g SR P B a S BA S s BrAS Pl ipgal and

remoiuevemmuterd@wmwrttedlasmajm@cnemomgteragerdmm§he

following discussion is intended to provide a brief, general description of a
20 suitable computing environment in which the invention may be

impligmesferendd @ 616 aohlacledeEgpanilbystatmipaiogiguendjrapaatus
uitable for car t the invention. Itho h no uire
inver i EGH  Go B AGE Ro o GR T Re e P O Bt the
compuatngczﬂlemsesﬁiﬁﬂ e ks dhe 2Foveskiles, tmmlﬁ@éxaQMW‘aammplﬁ@ﬂ,
and %Gg%n rSa b 0§6§ odule mclude rosg%&% 8599{58&51 gq}?cﬁff‘dlng the

struct%rgs ec rmorm particula asks or

systemMwmmyrﬁ@ﬂcmahamaessia@wpi@:a/loTém&ysthmbusI@%Mbe
will i i
any G5 ARREEIGBaL L A FRUSR A RRASIER] IO & YRURNAPT

computer stem contigurations, Inciu omputers ser
contmd:lmplat@enphemmmd:eépnajIbpeouen;@asysmémyariety of bus

e B R e P AR eenAp 10
randmmse%memzméw@J@Mmmmwmuhsmn (B9 AR ¥e

cont& Fﬁﬁoar trﬂBH{ﬁ%SWHQg%S'?EQW qﬁﬁéﬁ%&‘?ﬁtthmﬁ% elements

y remote processin evicest

wnthmdh&mﬂmmm devwiverB0D, suibtasdudngostptiting @m‘yﬁ@cﬁﬂm@hROM 610.
The BEAMARhE'ALUIES BYY RrRraRALROSRAr5aiaRYrive 616 for reading from

and writing to a hard disk, not shown, a magnetic disk drive 618 for reading from
or writing to a removable magnetic disk 620, and an optical 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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5 remote computer storage media including memory storage devices.

With reference to FIG. 6, an exemplary system for implementing the
WoRptidPeicludes a general-purpose computing device 600. REHASRMNEAP8421

the computing device 600 includes the processing unit 602, a system

mediadhatigasoaiore datadhgisearpessive thae aaupgentoch ssteagnetic
' f S 80 r ' it 602,
cass%ﬁ%%%%ﬁ?ﬂ%s 60 n%gs bsgl @%&%ﬁﬁ;&% @g%lﬂsgéﬁﬁéﬁ%z%m%%n

accepE MY HSH dMON Du seadhesiiorersenes (B OMsdriahd ielise amay also
be ug&ﬁlrpﬂw%%%@fﬁg?éiﬁ{%%wénﬁ{gﬂEeCtheS- The system memory

includes read only memory (ROM) 610 and 15 random access memory
(RAM) 612. A basic input/output system (BIOS) 614, containing the basic

rowfi A [ | ihin :
e O T Rl g Tometi

disk 5@, QutipatifisiiSate ROV EIRLTRANMES & Haetidisk @ emsratiog system
632, I6RsiBgrorR slivatitng Srogand Bisk, 61‘?1‘6?"@8@ Sﬂglfgﬁ‘g%%‘ée

618 for reading from 20 or writing to a removable Thagnetic and

Progiamgata fRsk driveiApebshendihganrniz eame andsandiaioensiioml
into tiSlcERbEHRY ae AN QigRtifiRRIRAL SRR TIe DRI Sk 8% and

616, magnetic disk drive 628 and optical disk drive 622 are connected to

a poipfing deVige, G4 60dnaddition asemera faerfasshersayidegramaairkmay
be calfivectei@ taeroasrapdtmy Qe disl d5\RINeLi8a5P b REIGARES Y-

The drives and their associated computer-readable media provide

showiH A0 61UHIBSERs G M Een SLITICreRRERR: iRvsliRicaMepadusatalits dish,
scanpErgERthaikéulerhard other diiatfaetisarpuiiam ¢8Yre 488 6 ltheugh

the.exem nvironment described herein employs a hard 30 disk, a

|
processing Al GO2 INIRUGN R G55aRPY faisroasIBAbinal BigoBpiedieribeld

systers BRPBURBAtaNAse chlastiadns FtHEREMRIdYReSRICRER Ysfallel
readable 14 WO 2006/112967 PCT/US2006/008421 media that can

Port, & SRMA RN 42 AULCSAISEA BYmEIRR) sUP B nEgREAS (Rissthrrdype
of didsiah derieelisalgs, chaitRlctsteR dirksyBRMMIIL GOl d—EsH MiE9ae, such

as a video adapter 648. In addition to the monitor 646, computing devices such
as personal computers typically include other peripheral output devices (not
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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access memories (RAMs), read-only memories (ROMs), and the like, may
also be used in the exemplary operating environment. 5 A number of

W R8trdidYibdules may be stored on the hard disk, magnetic B§SKE2006/008421
optical disk 624, ROM 610 or RAM 612, including an operating system

envird@itAenteare monenapiitatminwiigesne rdem irparigR §RRPHISH IRYVEHE,

, and_prpgra 38. A user (not shown) may enter command d
intran aRoo Qfal" f : : y ands an
r ﬁ?‘%rmat%ﬁrr ?n% he computing device 600 through input devices such

as a keyboard 640 and a pointing device 642. In addition, a camera 643

WA L8 R EAE RaaH e enanarife the Earputing device 600

as well as other input devices own) including, for example, a

is commanteshtethgdgsatrahek 6, bansiale aiRAWSEk NG Toper R AEARIRESSS:
othernput { £ RsStech M 355@' éal
Wher}fﬂr%%%ﬂ?;é s\gﬁglﬁ%ﬁﬁﬁ%}g@ﬁ4 that isrt(’c):gff)led to%ﬁg syste’zérﬁlggngOﬁ,

typicaiytintiydss commasiesd B§Leiarthaemaans Ricesiabispingieopon@ioRs
over %ré/l\%@ Hriversah ek dsd S (MR RS thRamamiEer GHe (HroRibeT 6602 viich

display device) Is also connected to the system bus 606 via an interface,
may ladhtenal oliedeinabtis cannactaddiadheSYSEEMAMID P8RV iadhn aRRg! Port

interfdEXI692 SYGL T ATRREPERLFBMARII DRaRicA AU AlBBIdieHIPERe to

output devices (not shown), such as speakers and printers. The
the compptitaglewinedB00onaptianatbsreahairs ke SErofdAHEN YR
mem?@'%r‘éﬁm&w@é@?“ﬁ WM RN IR eRS REERGIR BdRMitons

computer 650. The remote computer 650 may be another,per,sone‘l

showeonTp @xeEPlgeyaR ol eARs AIBRIPRISHINGR GRIEB\SHCREERS Ik

betwSBAHEHRIMAE S Rslsy BEddeaically 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

3.0 CQRESEHMRE ﬁ%ﬂs@ﬂ&ﬁ%géw&ﬁm@@@@mawwerk (LAN) 654
and a wideé area networ 6. Such networking 15 WO
2006/112967 PCT/US2006/008421

In general, the real-time panoramic image correction system 500 provides

real-time correction of a panoramic image 510, and in particular normalizes or
equalizes the head sizes of people sitting further away from the 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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environments are commonplace in offices, enterprise-wide computer

networks, intranets and the Internet. When used in a LAN networking
W@RaWHAIeNt, the computing device 600 5 is connected to th@{J¢EP2006/008421

network 654 through a network interface or adapter 658. When used in a

scalinganasktact kihg B iventicehsaaingompiiegddvises seanginigdimctions to
e T A G T S el
pixehgafdinfigoefitherapoinaiepaioraminiosusr 182 ashsteat thesrEowamNic
imag@%&‘éﬁi%g%r&é@t?g@?%ﬁ rdBAIEMNATKEA AN ANDE P YR ptually,

modules depicted relative to the computing device 600, or portions

this eRareefiiatgiectrrcstictpinghibe parsryciorage 80icerdbe. imaginary
pandi§ rﬁl%%ﬁ‘éiﬁéegﬁg?gmﬁﬁ%\f’fﬂfgl RSP RO Fs%%we@é}’ré@g in

other means of est S Ing a commumc_atlons lin etwee_n >
part feireyaggerriay septein te porRsamicinpaadtPnienthejoasinecyion

pano?yﬁﬂ%“ﬂ‘ﬁ%"g@i@ 4y general, the real-time panoramic image correction

system 500 provides real-time correction of a panoramic image 510, and
in particular normalizes or 20 equalizes the head sizes of people sifting

furthey RaRvEIoR Jon SamsHmbRIRYSIRMARBARUSSESHAFHEYAILI . Mg

distortions in the vertical and the horizontal directions. In addition, the
Modylpster BU0HSHHEER ARYERBPASR WrokleaBiBatipnsstagaplatioe image
pixel WWSAHNALE BN S 25 ik Re hisreSieskdtiastiam I8iatiring the detats of
the warp table generation module 540 shown in FIGs. 5A or 5B. In

scaligg ranserivalviisaae kehaugbhehaaumrsithinsluiesranpigmic image
510 GRQREIRASITERIHIHERREI PRI BTH i TRIRJI¥BhERHiD@iss 529 or

_the pixel coordinates of the imaginary panoramic image 522 and the )
additioniAbeadaaieReatingjs ReiTamiad iplkvidewhipaeadpvssticabscanline
suchr@Rieaspeat namiion ESehdPEIRIA IR BT P IMERRNS Y bR ERic image

imaginary panoramic image 515. The module 540 also includes a vertical
515 iggoreserved.

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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WO 2006/112967 PCT/US2006/008421 scaling module 710. The vertical
scaling module 710 uses warping functions to process each vertical
W@ gaiiheW the panoramic image pixel coordinates 520 or piXR{T/US2006/008421
coordinates of the imaginary panoramic image 522 such that the
550. phheraaip ﬁabd@erpiueItbembkﬁia@egrﬁﬂmtsszratbescamedted partaraimic

imaddB8H98. FRSAIHA R RS LU LS LB MR pive

panoramic ima e |mag|n ry panoramlc Image
coordmﬁtaﬂ dﬂémmmagmmesum@dam@ecﬁ%tsme peatfoablaggerbeed

h r '
concifBBRIRRRY ST S CElE era e
St!tchaaslﬁaj:Im@wecaad)ﬂ)ua@dwg:@mmmgemgmpmmaam@acﬁreww
set thm i @gel coordinates 520, 522 in the horizontal direction. Similar to

the vertlcal scaling, conceptually this can be thought of as "stretching" the
panoramic image 510 or the imaginary panoramic image 515 in the

4.0 NoReamah ediBrdiic RSB e SadfMEtRsalng IS performed
individually on each vert t ratio of the

panoramic image 510 or imaginary panoramic image 515 is preserved.

T%@F&%@kﬁﬁé‘ﬁ%m@u%é% ths-hGHZABE ﬂba%#'ﬂ?e ?Q%%F.Weﬁﬁon

create a{arellmlnary warp table Which maps the preliminary pixel
usesppidnates toage W@Qﬂi@g puRgtions diaeies. mlﬁﬂﬁl‘v‘rﬂﬁafww&m&ble

ScalfFRHdRAIERE IdP SYERLB AiRGRIREIRNCONBTR IO éeé?irﬁﬁtfﬁﬁctﬁb%? may

not done, and the preliminary corrected image is a virtual image. The

locallysaaamlpcd HBIRIM SRAjD A e HioURRS YRR sRGE A0liRes threscaling
factoMPMasBHRINE HERH B Y ReEZRNA PP 1568 @@aﬁ@%ﬁamgmw

correct for this horizontal distortion, a horizontal distortion module 7
rotatiges AN ERIFCNSSIMETERAY PaskicgshaiL M eMGag Banmyante | lm@aﬁatm

distortion module 730 vertically scales the preliminary pixel 30 coordinates

in the preliminary Warg table by different amounts depending on location.

TH Guift BrarBSIaHMbkagEas dlisiraingibe soesatieneirpnable

embodiment of the real-time panoramic image correction method of the real-time
panoramic image correction system 500A shown in FIG. 5A. Panoramic 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.

18



10

15

20

25

30

17 WO 2006/112967 PCT/US2006/008421 550. The warp table maps the
pixel coordinates in the corrected panoramic image 530 to the original

W aeeraieTimage pixel coordinates 520 or the pixel coordinab&I3iSAE6/008421
imaginary stitched image 522. The warp table can be concatenated with
thénsardieintp timén teivasreatcatioast i qrhnenginig imadgeshitdh izt

. i iCi f t of
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panoramic image correction method of the real-time panoramic image
may gsriretirpr&8tem 500A shown in FIG. 5A. Panoramic image 20 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
gdReREded (@ sRweo! fontbis uastied siss i sheserpidimepancsamisimage

correhidIe ntORe e G BRIARIRIGLT IR PR S PRIEIRAES aRtortin A SdHRRURRe

in detail below, the generation of warp table 550 includes vertical scaling,

corrged the mansEamis, maga s A iraharizenioh distestiaon. lnaaparatciiinds
accoRPIRFEA S PERAIAY hENAR AR ek Qeriakd camig AP iWearlly

correct for exaﬂgerated depth, the distant objects or people in the cente

scaligg @ka y&hbirahiRCAtgd ™S terRaneiapic dmaggea @ Hehiasisampjvertcal
scanfR@EORe S DeratarkRsfing e fasReiPsddling, and horizontal distortion

correction, the warp table 550 is generated that maps a pixel in the corrected
panoramic image 530 to the panoramic image 510.

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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WO 2006/112967 PCT/US2006/008421 In order to maintain aspect ratio
of the panoramic image 510 horizontal scaling is also performed.
WEHWeIitXe], parametric image warping functions (such as th&&GVA$2006/008421
scaling functions) are used to perform horizontal scaling to generate a
genefged/\istx BTr®acthediss) sabiditetiientcenmneratad witgtheMoalykable

the 5 SVU ling functi intai tical li ti they i
550 1 ELRel S BERII R S B A AR R SO IP ks Bt
inputanthgésiaréed fdibJ@énetatdfi rtr?s. i&wilwrpfmamcmnihpim%mmamputf@mswoy
the t ottom image t i
The CERRR IR A R LR GTLT R Rt R pe T e o o
locatfon ﬂsﬁsheédmeéstmﬁpw_ermid_iimagmpmrdiargﬁes_cﬁ%):ﬂdﬁlerﬁitutﬂhg
e T TR TR AR AT a6

(box 8d@)mplished by relaxing the uniformity of the vertical scaling and
nonlinearly 15 scaling at a vertical location in the panoramic image 510
(such as along a vertical scanline). After the vertical scaling, horizontal
scahegletadshof ittentea ribsio gzatingppreceoiuréscandrptrbies s0¢sdiscussed

in fu eélgé%tt%ﬂ Bhe%waps a pixel in the corrected panoramic image 530 to the
panoramic image 510. 20 Once the warp table 550 has been generated,
the panoramic image 510 is received as input (box 820). The panoramic

4.1 !n‘@gﬁgl@ @r%ﬂiﬁ Xvarped in real ftime to create thg co_rrected panoramic
[ , rp table established where a pixel in the panoramic
image 510 is to be found for each position in the corrected panoramic

megs 8 6 e B e ol

peration of one embodiment of the
modutmshowpahBranfitGmagd bemetiontalderitrer aeemelryiBeS @itbramic

' ' SRPE BN WWHRRBENTDE) ANext,
pandrli]g{ﬁ]qng r%ré[re)? §I8ml arét{c% %118.'[ d§scr| eélrwiEE re'spect to‘li—ﬁlG.RSA. Imatge pixel
parametric image warping functions (such as SVU scaling functions) are
determined using a set of curves and scaling factors. In particular, source curves
are specified (box 910) along with a warping factor (box 920). Using these

source curves and the warping factor, 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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30 coordinates 522 from the imaginary panoramic image 515 and
horizontal feature geometry 505 are received as input (box 800). Next,
W@rRE0%A#a%eEble 550 is 19 WO 2006/112967 PCT/US2006/008RET/US2006/008421
generated (box 810). The warp table is then concatenated with the warp
mustthbldefiheddrctedte tocdoitadethaieduyaentigvrstithira b Ieheraiiie)-

ima é set of inputimages used to generate the imaginary panoramic image is
gm‘put (box 820). The concatenated warping and stitching table 555 is then

used to determine a 5 location of the corrected panoramic image pixel
cqqrdinates 530 while stitching. the, set of input images (box 830). The
o A, S e TR SR B SIS, T G Pt the
automatioallysdatisrgnimedeftome shenkoripoilasfeatutis gassretri G it fusih elodetail
ow. 4.1 Vertical Scaling FIG. 9 is a flow diggram illustrating the details , |
exarife e e TR A B g T aRS o s Bantapants
headteaBuppmsmibeyrtsing dablenisresotamixdh coTindigateh SHUH22rase can
received.as input (box 900). Next, parametric image warping functions
be oo FRNEL BT KN KR oAbl ot SEin RBa i e EPOTeT it
the fomaifenizttorsf thepasinuier, s00MeR WaivRIaasBsabbie W(DoRHRELR@eNg
with a warping factor (bax 920). Using these 20 source curves and the

lengtly 4, ARG FsT ANt Jh_E R PIELhESeMR imIade ifartable
dimefRfoAeleanipaloiRRWBPIRG Lastianrhy INetaRitioh CETES] {1 $PYISEram

curves; anﬂ (2) target curves. In one aspect of the invention, the source

demanitaling dNRRICIKFHAEF the f2bis Sedesepmieireceytinsicabilirce 25

(assUPHING IRYQYAIRIENE BaraaatBIReiREHIM ParAE RGBS &vaRiRg funsHR T or
Through the user interface a user is asked to define two cubic curves.

the foi a8 R 5 IR U @B GRS S i S iR aRipRavanRrias @8,

the cylimdviealtindges of people's heads, and the edge of the table. As shown
in FIG. 103’3&2& source curve St and a bottom source curve Sb are
spesifigd- €4t pe noted by

W fel-a,al,a= arCCOS(J77—VI/—L:)
2,

rsind

z=h(1- ) ela,7m~a
rcosé

z=h(l+ = ) belr~a,m+a]
rsin@

z=h(+ ) Oelr+a,2n-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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30 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
WO H30¢Ee curves 20 WO 2006/112967 PCT/US2006/008RET/URKIoHE8421
defined in order to define the source curves for the entire panoramic
cylindﬁ@%ﬁ@faﬂlﬁrmntﬁjlﬁMQmm&m@m theveantbey teathd@lBne
automatjcally determined from the horizontal feature geometry such as,
of thefé?Pe%gPhﬁﬁy}%ﬁE’?ﬂé@ﬁlﬁ'P&a alﬁ%aéfi)lane touching the top of meeting
participants' heads. Suppose the meeting table is rectangular. The green
source curves can be computed if one knows the table width DV and
Iegglh;{.v@Lthﬁég)era height h, the focus lengthypof the camera, and the
camera orienfation 9. Thelfotusli® TR ams: ra height h are
known once the camera is made. The table “diménsions can be provided
by the user during installation. FIG. 11 is a diagram demonstrating the
projection of the table edges onto the cylindrical film (assuming the
standard camera orientation). The following are the equations for the four
parts of the lower source curves representing the table boundaries on 15
the §¥I}ﬂ ri¢siifhage. z = h(1 - rcos9 )W W 9 e [-a, a], a = arccos() IVY'
+[ z:h?l_rszin L 9e[a,2r-a] z=h{15HEdE OV 0 e[7~ -a,/T +a z=h
1+rsin0) ( L O e[7z+a,2~T a] Similarly, the following are the equations for
the four portions of the upper source curves representing the plane
touching the degyof people's heads on the
Z:'h(“‘T) felr—a,7+al

rsiné
I3 ) Gelr+a2rn—a)

z=-h(+

The warping factor, a, which can also be chosen by the user, determines
how much the image is warped. The warping factor, q, lies between 0 and 1,
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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21 WO 2006/112967 PCT/US2006/008421 cylindrical image, where h'
represents the distance from the camera to the plane of the top of the
WOoRsBemPYerticipants' heads z ' cos0) W WWr Hel-a, a ],a=ardeE(U329060P8421
,.=-h'(1-rsi0 0c a)T -a[] L z=-h(1+rcosO N O e[7r-a,7r+a] r sin 0 z=-h(1+
thenltt@eiormBan-af tha hepwargeteiretols TpwhichcanpsiPe ehassaRY thex)
= (1 usg)r dﬁelmin s, how much the image is warped. The warping factor, a,
= U iedis V\>een egf’\ld 1, where a =0 is no warping and a = 1 is the

maximum warping. Conceptually, specifying a = 0 will leave the image

unfo nd specifying a =, 1 will pull 10 pixels.on source curves to the
Iinésp(gge]ﬁ/vdg%%“pk%egﬁég boi W%i&%ﬁﬁ@l’?é‘f HSREPIRSRRES Riyves and
the taggebeimeaelfbooday. betpatichiandiveP aes W@rﬁwrgemr«’vﬁ& b@&dsmﬁmn
- agpin r are specified, the target curyes can be computed (box
I E e BB e SR A R shres Sh iR s & the
intergectinnssuiitic éheutacgstaseesyefhel Sdllasgating ri@sclivharflipgals AB to
ARt ource curve will move to) are determined by the source curves and
‘a. Specifically, a top target curve Tt and a bottom target curve T_b are
defined. If an equation onmg'lirne is defined between the end points of
St(x) asy = yt(x), d#0l tion of line connecting the bottom source
ends as y = yb(x), 22 W 06/112967 PCT/US2006/008421 then the
equation of the top target curve is Tt(x) = (1 - a)St(x) + ayt(x), and Th(x)
() = LA =T (x)
S, (%) =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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(1 - a)Sh(x) + QYb(x) A main scaling factor, r(x), then is computed using
the source curves and 5 the target curves (box 940). In particular, given
WA %6l scanline x as shown in FIG. 10, let A,B denote itBCT/US2006/008421
intersections with the source curves, and A',B' the intersections with the
1210argehcatresvaticavis ssiathgdnochimiovpikstatoAiintited ' B20 ate\Sgaleq,

e el S e R Tk B e

panoramic pixel coordinates 520 of the vertical scanline then are scaled
in the vertical direction) using the main scaling factor, r(x) (box 950). 15
4.2 Horizontal Smdlhqg; In(m)der to preserve the aspect ratio, the panoramic
pixel coordinates 520 also are scaled in the horizontal direction. This
horizontal scaling uses the same 20 main scaling factor, r(x). In other

whel SR W«?Wﬁﬁ%ﬁﬁé{ LRalseAlng B YErieiseLBfys 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 25

magule showRfE 'ﬂa%B%ﬁiQ?QﬁéFﬁﬂég 2B PHRE preliminary

coordinates are received as input (box 1200). Using the ‘main scaling
wargdalle egiains wsrltainancaivel sansiiaiepixEhedrlimitanarixsdaled in

coortIRAIGEZRRIHL RN i WiBrdRRARELI#H h&Ye Wder 0RH AR &hd

1210). Once the vertically-scaled panoramic pixel coordinates 520 are
hori r scaled. Conceptually, the preliminary pixel coordinates can be used

to construct a preliminary corrected image. Thus, for any pixel (x,y) in the
panoramic image 510, let (x',y') denote its new position in the preliminary
corrected image. This yields,

x'= f r(x)dx
y'=T(x)+r(x)*(y=5,(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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the total width of a preliminary corrected image, W, becomes, w'= f r'(x)dx
5 where w is the width of the panoramic (or source) image 510. Next, a
W REimiRA67 warp table is generated (box 1220). The prelimin&Z§TAVEH6/008421
table contains preliminary pixel coordinates. The preliminary pixel 10
4.3 coblarizotal Distoptioor Soirectédnoordinates that have been vertically
and horizontally scaled. Conceptually, the preliminary pixel coordinates
cap be used to construct a prelimjpary caorrected image. Thys, for any
ooi2T6E T RRBSERIRS el s d et s B2 RAVahiRa ASHEt: BobFon in
vertitiaé melliméniagyizomtsiatitre dticias. thbisageltisg pretintitadx widrp/tabléxis+
L) (- St (X)) The abpve equation is the forward mapping equation for
corrg e LR A O e T B A AL ARG faEposs
becausiénwhiedhegevanyethierelagsiobmssdge panyind it totiomdy(urttias thet/U
Jis a-perfect.uniform.scaling. 2Q everywhere, is a uniform global scaling ..
sealfi R GRS R BeR R ] Heedab R antd nes.
To mjpimeizei teid myibidﬂcﬂﬁemrﬁfmnﬁywém,mmg is'rrmb(eqb}mdimdméarly
Scalé;(ﬁ%woasdﬁlﬁc%ﬂcae“ys uniform scaling. Local uniform scaling is desirable,

Ack oflocar tniform 25 scaling causes objects in the preliminary

corrected image to appear to be stretched. 24 WO 2006/112967

eSS R A A e deR R S aptor
modhl@rféaatalndWedﬂblﬁ@tﬂe rlaﬂs_g&ing@k_etﬁmir_tmdulm?@t_hblgiaﬁleﬁtberpeet?edinary
pixe|f868%ﬁ68{£§'iﬁiﬁ%@BPéhrh'i%%?%%w'FéBTS?Ht&%%%ﬁB%Q B s?c(:jﬁgs each

section in the vertical direction according to a specific scaling factor for that

section. The scaling factors may be different between sections, and are usually

different for at least one section.

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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because, while the parametric class of image warping functions (such as a
SVU scaling function) maintains vertical lines as vertical, they distort
W i0lines. To minimize this problem the uniformity of tHRCIC&HYGH08421
relaxed and nonlinearly scaled at each vertical scan line. 10 FIG. 13 is a
descriloyd dipgram Thetpasitifrerd eiads of shaimstezdotdtdis ortios seaiiule 730

.sh in FIG. 7. | I, th dule 7 ivides.th imi j
outs e SHE RIS HE P e T BEARE ] D e g, T2
are seelkiibleis tinetve Wisawdir ebtémtiancFtisdstperfioprutictsclitigliastediying a

that 15 section. Th li t be diff t '
secolg R AEARI MR 137 0 1o LLF o SR S o e SRown
in FlGotizdrehiwligiertieircscaviopfactoduté 7 3Dlaxtjdhe gietivsntrg piediminary

varp table int ' bgx 130 f | I
coord R B Tt e Ll S SUSIp o B s AUER B
are sEadli4 ithsrattisaheiranticalsiatirthésetiomdany scabngdpaiar (isw d830).

the. division of th imi . . )
g o T T S
usingFie i sicstirge icor] 400)is ol diatih® straighttes s ofivericalriieaesuive

. Sb and the t . S i ' 7 id
mainfa @, R ER TG Beny MR Rag el s g e
betweanvesdiithe anedrseisioy 8pplvingve sneosthingeprauarastare iraid4R).-

The SHSLARG MASRNGAEAJBIE I Jerion 180 aRABn LS mRuiAY

urves are 'sca In the vertic Irection usin mailn scaling

connéutmthe(djgbarals soplimpifastatimgdihhe editahs datingiduristisurfoieseasathe

sour 5 906{112967 PCT/US2006/008421 described above. The
preﬁlmmary pixel coordinates located in the sections outside the source
curves (the second section 1310 and the third section 1320) are scaled

less g Rt iR UiaRs 1hisshBRIETREdSiUAIAY SPRENGhan FIG.
10. As shown in FIG. 14, g(y) is the vertical scaling function that can be defined
to be the vertical scaling factor at any point y on this vertical line. It should be
noted that g(y) is dependent on x. The function g(y) is controlled by two
parameters, the secondary 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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secondary scaling factor (box 1320). The secondary scaling factor, s, is
shown 5 in FIG. 14 below the main scaling factor, r(x). Next, the

W REimiRAe7 pixel coordinates located in other sections 1410, BADGBA06 08421
of the source curves are scaled in the vertical direction using the

correRAPRARNCEARROVEEH B ptsd E8e pretimitthhewatpdabls, the heaipotatale
scaling remains the same (in other word

550 i RS AR B DI GBS LS RO R R O s in
the coTratEINERRiawiy RekyeensRtinns 36ansiihaavasivekle SEditrendsesent

made by applying a smoothjng parameter, w (box 1340). .. T in
as U] S0 106 HETHIALH GLURRY 1o enO s el on s T ReRd 2
panofifidispagessCriioandseopansr tmivemiage Stling function crosses the
source curves. 15 Referring to FIGs. 10 and 14, consider the vertical line
at x shown in FIG. 10. As shown in FIG. 14, g(y) is the vertical scaling
4.4 Tupstipsctich far Panefimedc iz thV iesviicg Mishiegdeptddms any pointy
on this vertical line. It should be noted that g(y) is dependent on x. The
function g(y) is controlled by two 20 parameters, the secondary scaling
fmlwa%wﬁgmmm' hedwaroetezciforithe postitens tideptiical
. scan Jjne re than w12 distance from t e VeS| ;
MiSPEFCER U ing Y8dRAS §8y%é?9\>'e%rs1't eas%ﬂﬁ@%éﬁ%/esyynﬁ@\%?ﬁ&l% fof
viewisggaRBhsicalingdastor e battide sharsewsuevels, e Tigoh@idhefepant

segments_gre glued together by tw; ' | [SL - 1.
SOUICEAIIES o B T Lot LeD ST ol oy e
mininh@i @nadratineusmatitiegcpatamerdioal ssamdisehcQunhauamatenspecifies

source curves. For exam i IS, '
the nEICE BR SR BRI B SRR R Feuie
as dispessadcabewehen s = r(x), g(y) 30 becomes a constant, which is what

was assumed in deriving the new pixel positions in the preliminary

corrected image. Once the horizontal distortion 26 WO 2006/112967
4.5. PCHt326AateeBWHrping/Stitching Table.

As mentioned previously, the warping table can be concatenated with the
stitching table used to stitch images into the panoramic 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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correction function has been applied to the preliminary warp table, the
warp table 550 is generated that contains the locations of the panoramic
W Bpbdddieinates in the corrected panoramic image 530 (boX?€380920pp808421
warp table 550 then is sent as output (box 1360). The warp table is used
for constructing the corrected 5 panoramic image 530 from the panoramic

image 510. 4.4 Correction for P ic | iewin ' ion.,
Let Sty SotPLe AiAEHR T AR USR5 (o prOBE S o GepHad era
u1,v1?ﬂ@?ﬁ?é€§f2$i92_;vﬂ}isﬁéwﬂewm’ skiticigen ymoglind o4l teaaigngular,
unction for viewing panoramijc im T tt [
e e AN T U A T e
pixel R¥)&sA and hiasbparoimicmiayeéiteuinepat sies cemealizet s dah

ol T R A 9 e AR RS Al cp

panofs@niedinngeednty epingiSittbitise Tairieates ateh tabledofr@dodsy, tHéen

warping, tahle can be congatenat ith the, 20 stitchi :

Ty B WIS 1 G DR RAE S rLe ol BT o et tdRaton

time. eAthoditaet, the aperatibméetiveg sabie, as dhidoicpbpaprtstibehing.
meeting room is created by stitching the images captured from multiple
cameras together. The stitcher uses a stitching table that maps the

5.0 caveealntexdasento the panoramic image. The stitching table is typically
created at the factory by the 25 camera manufacturer during
manufacturing calibration. The table contains the following information for
_ea(bhqné«abfody)wierthefpheomhﬁn(a,gﬁnwﬁmhmmg&@bcmﬂmawmml) -
image,pixel coordinate for, can = i i

DT T 0 Eh eR U e Loy e Bt o 18 S SR R i Uer

The Jaomrantiice) ssdorerobpearsd (@gion fopzhvwarmdéavic §gystal Display) for

enterFi)n%Tégssn%o gé98§§g,las well as a display with a speaker window wherein a

normalized head is extracted from the panoramic image and displayed. In
addition, the Ul can include a display for displaying the corrected or scaled
panoramic images, the size of which will vary with the 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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Let S(x,y) denote the stitcher table entry at pixel (x,y). That is,
S(x,y)={cameral, ul,v1, cameral, u2,v2}. To convert the stitcher from

WeNpEtieario rectangular, one needs to concatenate the stitcHied/AEH06/008421
with the warping table. For each 5 pixel (x,y) on the final panoramic

The tﬁ%@?@éﬁ@éh@eﬁk@iﬁmm@m hitm)ulwé: W (nyl) (Bestetatine tabldetatdy);
which is the pixel coordinate on the cylindrical panoramic image and lat.T
smallqERABIHE LG LY IS8 CPEATRIA o oy SR OiS
case Py%@n&aé@e@gﬁ)mbm@wgmwm nstti@tablelimEhAtdefatinble
_ the operation is the s as that for panorama stitching. 10 5.0, Use
settingy(EPad) RSN SRS REh e BRI e R SORE RS
normalsteiie e iPel asoe tHoks fatsid tipés simplify the operation of the
system for the user. 15 The Ul can include a control panel (e.g. a touch

pf';mel Liqyid Crystal Display) for entering desired settings, as well as a
disglayseiibsacspbake winteewhedimen o thelinve hiten khexiraoied

. from the pan iC | d displayed. iti i
A
defa itlowil wanavitbriter witipénta ket drrappééal IR orietadictna HiwEls the

th i fthe i Jhis al iSsi )
LoD AR eE S R A s G R AR B Bithe table's
major@z@@oﬁswmewtwm stEnktationdsf tte seandéradgesnf tiffmgansisace if it
. . and resolutions. 25 5.1 Caontrpl P l. i-di ' >
o il e e DL PR e e e e
instetnlichddquBl $orsies, WMhecha dfEndati o eyt d grewithout
T e 00 o e oL SO T

AN &N ?,‘thea[ag\“'e s'%’gpe an§5|ze, camera position and orientation

cameradotientatizhsife nsetupliz Atencsenarg (obloshaneansk sizgeasd. oP8WO

direc |8rqg(%:%%ggr7a FB%;{%%%C}]OOB{)Q,%%%M can also be determined automatically.

Furthermore, in one embodiment of the invention, the head 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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The table shape and size settings may include: round (preferably the
default); small rectangular (e.g., 10x5'); large rectangular (e.g., 16x5");

WQRHIH29(In this case the user is asked to specify length anBGHdRefoReS421
table). The default table setting (round) generates stitched images for

espec{i'é’l'W@é’é‘ﬁA dlltw}{@ﬁ, %Wegé@ﬁ B@,ﬁeékfﬂi@giﬁ‘z_@ Ul“@ehﬁmhtﬁel‘ef h irender txpmectalhje
pes. As discussed above, in one embodiment of the igventjon ni-
when e IRAACHRS SR E0n Eh A OA RN AP i SR TEA g T
enlargadeleddendpfardbnesiigndssiviearentiviltbth® hisbis cBpedafyutieneficial
h orientation is with the 10 LCD readable near the long-end of the table (i.e.,
when ey 2f&SPEaI%o the table's major axis of symmetry. The orientation of
the camera is very important, since if it is incorrect, the warping can
wall : . SR :
A BaA S B e
effects. Various conventional methods can be used to maintain 15 camera

orientation after setup. The ca tabl '
B AP GalEns o i e A Lt Alhiting 2
paddédtoaasientiic imagberTisepinided parurdimienneigh cisyiaytiatidshextread

. . Size normalization percentage, can be set v Thj .
pixeI AOUREL I S5 RS L RET PIkee o N St SnEe digiiing
imagaemiizifteteyltndsigaiatiodd 04k Decontaetdd tectifigieat)sizre. nfzon

reason to not have the setting at 100% ,i lizatl
XTI AR A BT ATl AL, gein SRS 1o AR BLAR A efine
imageerdpestiamplstoftipabdesarneesied imagedesiin'es B F KpckkerThis

Window. The Ul can inglude.a di ' indo,
pad By OB S S R A A B R ing
resolatiubfoidoh fometied 3apararicinagagd ihidlsaiaweder it gen
displayed as asepar ' "
a0l P e B LA o B RO FROGRARG the
network stack in order to send images of different sizes and resolutions. The

party receiving the image can then display the padded panoramic image with or
without the bars.

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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person's expressions are visible. This is especially beneficial when they
arel bpdakennibd BePardotizhRetbeaimie ntiay b 2 Bsraprerrfited for the

Panoraimic | In gddition, the U] may include a feature for displaying
pur e B e AL ol e e d AL sxhetianie orto
limitithadeveistitay tadite ereaid® forre|diactosatithMany enteilfication samake it

. A I ince.displaying _jmages with different warp factors will be
v S LR ol b o L e e e R o
scopgdakie inventprdne lingtedttahbyf this detagedAlesxdptiole of thoadgastion,
but 2RSS ﬁ@%ﬁssggﬁéh@eﬁlﬁe%% This padded panoramic image

allows the system maintain a constant size and 15 resolution for each
corrected panoramic image. This also allows for the transmission of each
corrected panoramic image without renegotiating the network stack in
order to send images of different sizes and resolutions. The party
receiving the image can then display the padded panoramic image with or
without the bars. 20 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 25 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
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description. It is not intended to be exhaustive or to limit the invention to
the precise form disclosed. Many modifications and variations are
possible in light of the above teaching. It is intended that the 5 scope of

the ipygatiors lEeLmiednst by this detailed description of the invention,
but rather by the claims appended hereto. 31 WO 2006/112967
PCT/US2006/008424 WHAT IS CLAIMED IS: 1. In a computer system

comprising|a JigplAYuTSSHEHALHIHEPR FSYiSF BRErYRRIHAIRI G  tion

data entry device, a process for normalizing portions of a 360 degree

o S R I R o

ramic image' and enteriré%theﬂ%?ra_meters required to normalize
a %@1 Gt B ?6’1&%5?«?@% Gi8 @ﬂhage via said displayed control

pane|, 2. The process of claim 1 wherein the parameters required to |
oSG 56005 GRE DA GO R 5 RS E B tsquired
camera orientation, horizontal feature geometry and percentage of

to Aermalizamstigs eia §5@I@9%@é@é"@f%ﬁﬂ@aﬂﬁé?@ﬂ the horizontal
feature geometry comprises at least one of: meeting table geometry on
whictnéecaamsie paresBpisisireftireteieanneralipe sioinas@bientationeigree
set; and geometry of a plane corresponding to the top of people's heads

pasittiagi@nmage te saecktingplayde. htrol panel.

2. The process of claim 1 wherein the parameters required to
normalize the 360 degree panoramic image comprise camera position, camera

orientation, horizontal feature geometry and percentage of normalization desired.

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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the meeting table geometry. 5. The process of Claim 1 wherein the control
panel is a displayed on a Liquid Crystal Display. 6. The process of Claim
1 wherein the control panel is accessible via a network user interface. 7.

The process of Claim 2 wherein the percentage of normaljzation desired
varids et RIOEST Ol A2 HHE Db B IR s el

portions of the panoramic image normalized relate to head size of
CORHHIERS bigipig Phehehaname tgﬁd"@ﬁbﬂﬂé@l%@ﬁ@ whiekeria. thenaenera

process of Claim 3 wherein the camera position and orientation is relative
orignthtiogeisrapeadifisictiel sivie 1a thermepliogdedler geiametrywherein the

computer system is embedded in a camera. 33 WO 2006/112967

PCT/US2006/008424 11. A graphical user interface for displaying

portions of a panoramic image comprising: a display pane for displaying

an egtractetheostiorees @f GRMEAIMAteYIBHE dedniet Ranslisnidisprged on

wherein the extracted portion of the panoramic image is a normalized

a \Nga® @radesrengptigpicted in the panoramic image and wherein the
person iS speaking. 34

6. The process of Claim 1 wherein the control panel is accessible via

a network user interface.

7. The process of Claim 2 wherein the percentage 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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11. A graphical user interface for displaying portions of a panoramic
image comprising:

a display pane for displaying an extracted portion of an approximately 360
degree panoramic image, wherein the extracted portion of the panoramic image
Is a normalized head of a person depicted in the panoramic image and wherein

the person is speaking.
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