T *159159* A SYSTEM AND METHOD OF | MAGE PROCESSING Field 5 The invention
relates to a system and net hod of inmage processing.” -Background The
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l'imted number of canera positions so it may be necessgry. nt er pol at
between the capture i mages to give the li npression-—of- {—H:%J}D_a.cross the
range of view ng angr Traditional viewint erBoI at | gn uses a single pair

of caneras with a $heYSEM ANDMETHORQF IMAGE, ES8INGn for view

interpolation is in gaze control for tele- conferenci ng systems with a
canmera setup such as that illustrated in Figure 2a. Figure 15(a), 15(b)
and 15(c) show the interpolated results of such a - canera setup. Figure
15(a) is ¥Fheldvi ew taken froma right webcam and Figure 15(c) is the view
taken froma left webcam Figure 15(b) is the interpolated view. 20 In view
i nterpol ati on applications, normally a rectification process is required
to make use of the epi-polar constraint in the stereo nmatching process.
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posi tions of the caneras processing
nmet hod (e.g. feature point detection and matchi ng) when callbratlon I S not
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Background

The display of 3D imagery can be created from a number of views of a
10  camera subject taken from different angles. Often the captured images are from
a limited number of camera positions so it may be necessary to interpolate
between the capture images to give the impression of true 3D across the range
of viewing angles.
Traditional view interpolation uses a single pair of cameras with a short
15  baseline. One common application for view interpolation is in gaze control for
tele-conferencing systems with a camera setup such as that illustrated in Figure
2a. Figure 15(a), 15(b) and 15(c) show the interpolated results of such a
camera setup. Figure 15(a) is the view taken from a right webcam and Figure
15(c) is the view taken from a left webcam. Figure 15(b) is the interpolated view.
20 In view inferpolation applications, normally a rectification process is
required to make use of the epi-polar constraint in the stereo matching process.
The rectification can be done based on a one-time calibration when the
positions of the cameras’ position are fixed, or with some image processing

method (e.g. feature point detection and matching) when calibration is not
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2 feasible such as described in R |. Hartley "Theory and Practice of
Projective Rectification". Int. Journal of Conputer Vision 35: 115-127.
1999. The purpose of rectification is to transformthe two input inmages
onto a common i mage plane where the matching is constraint within the sane
| ine between two input inages 5 as illustrated in Figure 14. Matching and
interpolation is then consequently don€ in this common inmage plane after

the rectification process and.the resylt ,can be djfect] wn .as the

out put . N})eaﬁg%'? 515'F8 Sr?gﬁ'%ﬁay”&In@@é@gaﬁ‘sef’ﬁ’ra%dl%@%'cééﬁg’go%t'gﬁom in
Figure 2a. 10 View interpolation can also be applied to the output froma
camer a ar Regtifigation” nii.e/quiaal effecrsatisr 34sios 3o\ dp—12F.ge99% iTagi mMiPoeRes.
Figure 2b shows two exanples of canera arrays with nore than two caneras.

I n these bfwectifieatigrsis talttardierne tretves inpué imaged beio aoodminton imageeplainenes can
be considered to coincide with each other. Thus post processing nmay not be

necessary where #%e RaENAE i$ BenstraaEwRhiANRE samealine b&veeaioanpdPinities
coi nci de, then post processing nay beconme necessary. In setups with nore

than tyo %@W@%t@m t&1he image planes do not coincide, a problem
ari ses when the interpolated views nove across the boundary of each pair,

done between a arpigarEhlolatghds b SREEeh I kA IEICEPRINST Pocticd”

to create_a continuous viewi ng effect for the full set of interpolated
téfg ippprocess and the result can be directly shown

resul ts fiMAgaiPIans alter thererliiG
as the output. No post processing may be necessary for such a setup as shown
in Figure 2a.

10 View interpolation can also be applied to the output from a camera array
with more than two cameras to cover larger viewing zones. Figure 2b shows
two examples of camera arrays with more than two cameras. In these two
setups, all the cameras are parallel and the image planes can be considered to
coincide with each other. Thus post processing may not be necessary. If

15  however the image planes of all the cameras do not coincide, then post
processing may become necessary.

In setups with more than two cameras and where the image planes do
not coincide, a problem arises when the interpolated views move across the
boundary of each pair, as is illustrated in Figure 3. This is because rectification

20 can only be done between a pair of cameras. For such cases, post processing
is needed to create a continuous viewing effect for the full set of interpolated
results from different camera pairs.

Without post processing, pair-to-pair jumping effects exist at the

boundaries illustrated in Figure 3. Figure 10 shows the abrupt change between



Wt hout post processing, pair-to-pair junping effects exist at the
boundaries illustrated in Figure 3. Figure 10 shows the abrupt change
between 3 one inage to the next at the boundary. When viewed on a 3D
display, this discontinuity effect in the interpolated results may cause
unnatural abrupt changes when the viewer is noving around the display.
Anot her unnatural effect of the interpd ated results nay be the incorrect

5 keystone when viewed around the ller i e display system 170 that
s 7T ust REUEAGS 11158 nexk Al g o SVhen Sianeon SRGiSaE ekat al I t he
i nterpolated view inages are on the sanme rectified i mage plane and the
keyst one idisqondiouiteetfectdn thie irtermetatediresiltsgmay glaegse unnafirakatfapt n, Yanni ck
Morvan, Peter HO N. de Wth, "View Interpolation 1o Along a Chain of

Weakl y Calchnges avh@anhbe adewdrBEmoVing ahoynmdtheGisplept  Generati on and Codi ng
for 3D Tel evision, June 2006, Ei ndhoven, Netherlands post processing

cal i ng "un-reqddtheabnitiurdl SFBECHRABIntelptlatedasiits rfayWithd iRBorrect
"rectification"” for each interpolated views to generaté physically valid

vi ew " ?Je&ﬁ&{nre]eﬁq%ﬁ DigwRar ﬁhﬁd%e %@deﬂ@t maége% E%p%é{?? ioGflat resul ts

coi nci W ori gl nal” canera rmages ntinuity problem
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process. However, the transformation for the interpolation results between
t hese traVi§Wimagevate P8 theysamavgrlifigd nagepleae anst bedeystanensbet ween the
two transformations for the two 20 extrene views m ght be done in order to
obt ai n a vhearegdt jorsdifieienit #ieving angles.

In Dirk Farin, Yannick Morvan, Peter H. N. de.With, “View Interpolation
10  Along a Chain of Weakly Calibrated Cameras” IEEE Workshop on Content
Generation and Coding for 3D-Television, June 2006, Eindhoven, Netherlands
post processing calling “un-rectification” is proposed. The idea is to undo the
“rectification” for each interpolated views to generate physically valid viewing
effect. At the borders of camera p'airs, the “un-rectified” results coincide with the
15  original camera images thus the discontinuity problem is solved.
Transformations between the original images and the rectified images for
the extreme views are known from the image-rectification process. However,
the transformation for the interpolation results between these transformations is
not available. Hence, interpolation between the two transformations for the two
20 extreme views might be done in order to obtain a visually sensible motion.
Simple interpolation of the transformation matrices H,, Hi+1)a may lead to
unnatural or even invalid transformations (mapping part of the image to infinity).
As an alternative approach, the motion of the four corners of the rectified

images may be used as references. The positions of these four corners are



Sinple interpolation of the transformation matrices H(i)b, H(;+,)a may | ead
to wunnatural or even invalid transfornmations (mapping part of the inage to
infinity). As an alternative approach, the notion of the four corners of
the rectified inmages may be used as references. The positions of these
four corners are 4 linearly interpolated and the internediate .
transformation =} is determined as theltransformation that maps these four
corners to the screen corners. Although this alternatjve nmethod can

generate Vihesdy Inferpolitbd Updshe ifteHhbgiatd irafBibriatioN e :A5H U detorafifed t MRy be
conpl ex. The assunption of linear 5 nmovement of four corners nay be

i nvalid gelg é'tr‘a%sﬂﬂgﬂw(?%ﬂt e E‘We&%ﬂ?‘éot’de?b% ﬁmé"@&@eh*&%gﬁé}énge n
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10 Summary eneral ternms in a flrst aspect the_invention relates to
"un-recti F?%‘dﬁ 3rmay ppt baacryrate aaﬂattreawb@sqmelexon pESUMALRR Pblivgart er ent

i mge planes according to 15 the viewing angle. This nay have the advant age
t hat i fagen@leanent afffour coreerseniaythe ineslid genenalipsind theneotaninyayabecordeng t o
the view ng angle, which may create a nore natural and physically valid

vi ewi ng efvisiisle. when theecheangenineiesinggositivinsand direction étadenrthgewof rom

mul tiple canera pairs can be seaned together w thout the discontinuity
probl em Gapirss is big. Also, the algorithm may be complex as user input of scene
corners is needed and additional estimation step based on the four corner
positions is needed.

10

Summary

In general terms in a first aspect the invention relates to “un-rectification”
of the interpolated results to bring them to different image planes according to
15  the viewing angle. This may have the advantage that image planes of
intermediate results transit smoothly according to the viewing angle, which may
create a more natural and physically valid viewing effect.
In one or more embodiments, interpolated images from multiple camera
pairs can be seamed together without the discontinuity problem. Correct
20 keystone and size compensation may be achieved at the same time for the
intermediate results.
One or more embodiments may permit image interpolation to be used for

the creation of special effects such as the “bullet time” effect used in the Matrix



20 keystone and size conpensation may be achieved at the sane tine for the
I nternmedi ate results. One or nore enbodi nents may permt i mge

i nterpolation to be used for the creation of special effects such as the
"bullet tinme" effect used in the Matrix 5 novie. Fewer caneras may be
needed when creating a special effect, or when <creating a 3D view, and a
nore flexible viewng effect may al so be created. One or nore enbodi nents
may involve sinple matrix calculation and may be inplenented using a

per sonal d’@%ﬁ?@?webﬁa@ﬁbﬁj@éﬁ heReededbwvhen crpalingss seeeiak effgatcer whenluct .
One or nore enbodi nents may be used for generating data such as inmages, 3D
nmodel s or dreatifng a 8k views ahda maré fexibEDridwag effeqlinaayf alsothe dreatedsecond
aspect the invention relates to baseline adjustnent. This rmay have the

advant age that (e of hivPalentifotmen&einaSnvdles binfsie Gestsk k8| kddtid?eandl0 much
simplified. In a first specific expression of the invention there is

provi ded gny be%pué?ﬁeﬁt.@a%irgfeﬁ%ﬁmca&ggk@ﬂ aﬁ%rﬁ&ofde%i&aaéc br 18. In a

second Speci Tl C expression O e 1 nventli there is provi n

i ntegrat e%ﬁkﬂ&l&rtaeoc&r [K%Z&?ﬁ@ét as claimed in claim21. 15 In a third

speci fic expression o ntion there is provided an apparatus for
capturing inmag as claimed ip claim?22. In forth specific expression of
the invention ftﬁ%‘? ar F?fﬁﬁa‘&? eaﬁ“» Mgy Der usessfor gengralingAata guchd§es as
claimed in claim23.

images, 3D models or image textures for various 3D display platforms.

In a second aspect the invention relates to baseline adjustment. This
may have the advantage that for linear camera setups, post processing can be
10  much simplified.
In a first specific expression of the invention there is provided a method
of image processing as claimed in claim 1 or 18.
In a second specific expression of the invention there is provided an
integrated circuit or processor as claimed in claim 21.
15 In a third specific expression of the invention there is provided an
apparatus for capturing images as claimed in claim 22.
In a forth specific expression of the invention there is provided an

apparatus for displaying images as claimed in claim 23.

20 Brief description of the drawings
In order that the invention may be fully understood and readily put into
practical effect there shall now be described by way of non-limitative example
only, an example embodiment described below with reference to the

accompanying illustrative drawings in which:



20 Brief descri ption of the drawings In order that the invention may be
fully understood and readily put into practical effect there shall now be
descri bed by way of non-limtative exanple only, an exanple enbodi nent

described below with reference to the acconpanying illustrative draw ngs
in which: 6 Figure 1 is a schematic drawing of a systemfor inage
acquisition, interpolation and display, Figure 2a is a schematic draw ng

of hardware for_ a teI econference , syste 5 Figure 2b is a _schematic
drawi ng of a sGIRHE ISP s¢henpts d@W'ﬁ?O PSY§§F8?%FSIquegQﬁ%JI§QOWS a

phot ograph of a camera array with a straight track setup; Figure 2d is a
phot ogr aplinterpalaticmandidisplayy used for the production of novies; 10 Figure
3 is a photograph of an exanple of discontinuity in results of two

adj acent caner &iguaer2y isk gthemadtid draaving of hatdvedredor aftelacomferariteof i nage
interpolation; Figure 5 is an illustration of a nmethod of post-processing
an mterpgyw image; 15 Figure 6 is an illustration of a nethod of
calculation of a transformation matrix for the interpol ated i nage; Figure

7 1's agschemat iy (e 0% Qlhdntid'GAihg ofh dqubfl BRYAUEdiat TREG Bt
cameras;
Figure 2c is a photograph of a camera array with a straight track setup;
Figure 2d is a photograph of a camera array used for the production of
movies;
10 Figure 3 is a photograph of an example of discontinuity in results of two
adjacent camera pairs;
Figure 4 is an illustration of a method of image interpolation;
Figure 5 is an illustration of a method of post-processing an interpolated
image;
15 Figure 6 is an illustration of a method of calculation of a transformation
matrix for the interpolated image;
Figure 7 is a schematic drawing of a plurality of interpolated images
before and after performing post-processing;
Figure 8 is a schematic drawing of a calculation of the transformation
20 matrix for the method of post-processing;
Figure 9 is a schematic drawing of a changing viewing distance along a

rectification plane;



Before and after perform ng post-processing; Figure 8 is a schematic
drawi ng of a calculation of the transformation 20 matrix for the nethod of
post - processing; Figure 9 is a schematic drawi ng of a changi ng vi ew ng

di stance along a rectification plane; 7 Figure 1 Oa is a photograph of a
right nost interpolated i mage of a pair of caneras show ng an exanpl e of
discontinuity in results of two adjacent canera pairs; Figure 1 b is a
phot ograph of a left nost interpolated | e of an 5 adjacent pair of
caneras showi nd 9% Wenits! BNAIPIEARILEHR r'eﬁtﬂgw intereolates naage Rba PANj Acent
canera pairs; Figure 11 a is a photograph of a right nost interpolated

i age of #apras showingean gxampleof gissentinuilyds sesigts ¢fi tygradjacers cagesa

phot ograph of a left nost interpolated i nage of an 10 adjacent pair of
caner as afgadms; post-processing; Figure 12 is a photograph of eight input

i mges fromeight different canmera positions taken using a consuner

canera; Figure Fgules1@ RIPpRSIRADIPET 4 TBfemdet MiiPoldiBd fRadebngRN | Mages
from the second and third canmera positions after performng the

h
et o SR pak b ot Sohig e TR g or M) bt of 4 1oge”

froma rigahdt canera of a.
jacent camera pairs;

Figure 11a is a photograph of a right most interpolated image of a pair of
cameras after post-processing;
Figure 11b is a photograph of a left most interpolated image of an
10  adjacent pair of cameras after post-processing;
Figure 12 is a photograph of eight input images from eight different
camera positions taken using a consumer camera;
Figure 13 is a photograph of interpolated images between images from
the second and third camera positions after performing the post-processing;
15 Figure 14 is a schematic drawing of a rectification of images to a
common image plane;
Figure 15(a) is a photograph of an image from a right camera of a
conventional view interpolation between a pair of cameras;
Figure 15(b) is a photograph of an interpolated virtual view of the
20 conventional view interpolation between the pair of cameras;
Figure 15(c) is a photograph of an image from a left camera of the
conventional view interpolation between the pair of cameras and
Figure 16 is the interpolated images in between a pair of cameras after

post-processing.



conventional view interpolation between a pair of caneras; Figure 15(b) is
a phot ograph of an interpolated virtual view of the 20 conventional view
i nterpol ati on between the pair of canmeras; Figure 15(c) is a photograph of
an image froma left canera of the conventional view interpolation between
the pair of cameras and Figure 16 is the interpolated i mages in between a
pair of caneras after post-processing.88 Detailed description Figure 1
shows a system 100 for image acquisition, rectification, interpolation,
post processing and display according to an exanple 5 enbodi nent. The
system 100 conprises an i nage acquisition system 110, an i nmage

rectifi catDetailed eseripdi®n an i mage i nterpol ati on system 140, post
processi ng 150 and an i mage di splay system 170. The inmge acqui sition

system 110 confrigses! shes aadystem aibodfarBhage ddquisitibhdrechifi€atidii,ch are
positioned at a plurality of different camera positions or 10 views. The
e, acaulshb Koo Hsheid S ubRhto 3h ddgss 1om (he
Beaui seti e TR T R AL ooBBrs B ast Bed Rl oSkl . an ' | 8
acaui si 1 da0ggeeiiéelnn praesh fo0eaE hage | TPRARGRPRIBPY HoPoRt
tel econference systemas illustrated in Figure 2a. The inmage acquisition
syst em 110Preeessing 450 grd amimage display system 170.
The image acquisition system 110 comprises a plurality of cameras 112,
114, 116 which are positioned at a plurality of different camera positions or
10  views. The image acquisition system 110 acquires a plurality of images from the
plurality of cameras 112, 114, 116. The plurality of images is then provided to
image interpolation the image processing system 150.
The image acquisition system 110 can take the form of a circular setup
as illustrated in Figure 1. In an alternative embodiment, the image acquisition
15 system 110 can take the form of hardware for a teleconference system as
ilustrated in Figure 2a. The image acquisition system 110 can also take the
form of camera arrays with more than two cameras such as those illustrated in
Figure 2_b. The image acquisition system 110 alternatively can take the form of
a linear, inward looking straight track setup as illustrated in Figure 2c and which
20  can be used for ray reconstruction for a 3D display. In another alternative
embodiment, the image acquisition system 110 can take the form of a camera
array as illustrated in Figure 2d which is used in movie productions e.g. in the

production of The Matrix. In yet another alternative embodiment, the image

acquisition system 110 can instead comprise a single camera taking a plurality



form of canmera arrays with nore than two caneras such as those illustrated
in Figure 2b. The image acquisition system 110 alternatively can take the
formof a linear, inward |ooking straight track setup as illustrated in
Figure 2c and which 20 can be used for ray reconstruction for a 3D

di splay. In another alternative enbodi nent, the inmage acquisition system
110 can take the formof a camera arrdy as illustrated in Figure 2d which
is used in_povie productions e. in the aproduction of The Matrix. In yet
anot her alf EPagRs TemenBiimihkeY ciffarent camerd ResiiRng of Wawsy {he FAMAs s an

i nstead conprise a single canera taking a plurality 9 of inages froma

pl ural i t yusedamay be danddiaie camesas.tmeustegrcamenas, pamable aitgmeameaesd nay be
hand- hel d caneras, nounted caneras, portable video caneras, nobile phone
caner as, wwabilegrheomescameras; webl¢amemscamstrasillafidecamerrsaT heusstterasan al so be
ei ther progressive scanning or interlace scanning. 5 The inmage
rectificaiised cansdlsibé HheEpRIGESsiRS seanhiRg W intBARade Yeahnihy. of 1mages from
the i mage acquisition system 110. The inage rectification System 130,

I mage Eknterpol gt ; | i y out a
met hodb400 of ?{*rrjlggg‘ r?ggfsﬁéc?aﬁgma é%ﬁn%i '%E%ggar%‘gr% W?ﬁ?é&ﬁ%%ﬁé{
described.to a greater. detail later. The t of the image post

or ocessi ndneafs FEREhEIraCcatiFn sveghud TO. e Bagd feaemipl 88 oM, woul
be understood by a skilled person that the image processing system 150 can
be i npl endsfetinage wt?np@@éloafS@Eﬁvaeaw"é@gﬁ R@cespepsystaM 188163 er , or
realized in an enbedded hardware formas an FPGA (Field Progranmble Gates
Array), oouba methiodri efdmageayocessing pisshowmpntfiggre 4, which will be

described to a greater detail later. The result of the image post processing
10  system 150 is a plurality of “un-rectified” images.

It would be understood by a skilled person that the image processing
system 150 can be implemented as a piece of software on a single personal
computer, or realized in an embedded hardware form as an FPGA (Field
Programmable Gates Array), or be implemented across multiple computers

15  and/or embedded devices, or it could be implemented using a System-on-chip
(SOC) solution. For example, it may be implemented within a video camera
used to capture the images or in a display or player used to display the images

The image display system 170 then displays the plurality of “un-rectified”
images produced by the image processing system 150. The image display

20 system 170 can take the form of a 3D display such as the Sony®
RayModeller™ developed by Sony and released at the Digital Contents Expo
2009, which is illustrated in Figure 1. The RayModeller has a cylindrical concept

design that can be viewed from all angles, thus providing 360-degree viewing.



15 and/ or enbedded devices, or it could be inplenented using a
Systemon-chip (SOC) solution. For exanple, it may be inplenented within a
video canera used to capture the imges or in a display or player used to
di splay the i mages The i mage di splay system 170 then di splays the plurality
of "un-rectified" images produced by the imge processing system 150. The
i mage di splay 20 system 170 can take the form of a 3D display such as the

Sony(r del | er TM. deyel o by Sony and rel eased at the Digital
Oon%/(en%s E@éﬁa%g@gll%§ @ﬁOPEP‘?-%F'Ué@?%[%‘cﬁﬂ%awlﬁ&-E"qqheﬁH@%}) el ler has
a cylindrical concept design that can be viewed fromall angles, thus
provi di ng 2Bd@lakapscareviaiwiesged 10 viephtheRaP\dtest.l er is about 10.6-inches tall
and about 5.1-inches in dianeter, and glasses are not needed to view the

3D effect. At Alteatatively thé hragedisplal system titamakébeaconipitebe a =
conputer nonitor, a television or a projector. 5 The nethod 400 according

to the pressiiforeaRaeVisRAlor ptdjd@sr.the al gorithminplemented in the imge
rectification system 130, inmagé Interpolation system 140 and i mage
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are obtained fro e plura cane posi Thi s

plurality _of inmges,m e .ohtained fr an i mge ui sition system 110
such as tﬁ‘g‘%"rﬁﬂﬂmﬂg‘t"r‘%}‘éa@dngf‘w‘agﬁ.'e?qﬁ?cﬁ?i%’,‘ SV%@W %@’dﬂa&ﬁ i s perforned
bet ween pairs of images from adjacent views. Rectification permts the use
of the epintgmoiatiarosisteni 10 and image peggassing system 150 to process the

images.
In 420, a plurality of images are obtained from the plurality of camera
10  positions or views. This piurality of images may be obtained from an image
acquisition system 110 such as that illustrated in Figure 1.

In 430, rectification is performed between pairs of images from adjacent
views. Rectification permits the use of the epi-polar constraint in the stereo
matching process. The purpose of rectification is thus to transform the pair of

15 images onto a common image plane, as is illustrated in Figure 14.

This can be done for images from the i/ and (i+1) camera positions by
applying a rectification matrix H, to the image taken from the / camera position
and H+1)a to the image taken from the (i +1)-th camera position.

Ha is the rectification matrix for the i-th camera in the pair made of (i-1)-

20 th and i-th cameras, while H;, is the rectification matrix for the i-th camera in
the pair made of i-th and (i+1)-th cameras. In most cases Hja # Hjp.

The images before rectification 1410 have different image planes and the
images resulting from rectification 1420 have a common image plane. Matching

is constrained within the same line 1422 across both images.



mat chi ng process. The purpose of rectification is thus to transformthe
pair of 15 images onto a conmon inmage plane, as is illustrated in Figure
14. This can be done for inmages fromthe i and (i+1) canera positions by
applying a rectification matrix H(,)b to the image taken fromthe i canera
position and H(i+,)a to the image taken fromthe (i +1)-th canera
position. H(i)a is the rectification matrix for the i-th canmera in the pair
made of (i-1)-_20 th and i-th caneras, while H(,)b is the rectification
matrix for the linenectibication 430 camee periormad &isifg any methed of iM3ge h caner as.
In nost cases H(,)a # H&J)b. The i mages before rectification 1410 have

di f f er ent rectifigatiph dhrigs xnawntie the adgber example, the fectificatiart ¢an batdose 1420
have a conmon i nmage plane. Matching is constrained within the sane |ine

1422 acr opasbatusingringsratibh obthied as ki driestimeasalibRflionantHeecgmmefor med usi ng
any nethod of image rectification that is known in the art. For exanple,

the recti fogpiongrare 3ied ColIE soRSithdeShragessIhg midhb@ e QP LBINSEalule 2
one-time calibration if the canera positions are fixed, or With sone inage

f
br oces si NG, fFR A8kt Shd HdkdHind FThuh BaRfbRls fBLEELARE and matching) when

calibration i's not teasi w i nterpo ion 44071sthen perfornmed on
the pairs of i es after..th I es are rectified.. This can ne using
any interpol at Rﬁ%”ﬁ‘étteﬁ%(ﬁa?%g‘lpés Qre%@N ecpalr_%p]! @éﬂﬁﬂ%ferﬂﬁ%
i nterpol ati on can be done_using dynam c _programm ng matching such as that
done i n Yifpages @re restfisdalhig candeg dongjusingranuirtaropation methagithatys,  oi |
K., Weiguo Wi, and Yoshi gahara, T.. Eye-contact visual comrunication with
virtual vikeemsyintthe sirts FoPeramets, itiys indérpolzEion can be done using dynamic
programming matching such as that done in Yuyu Liu, Yamaoka, K., Sato, H.,
10  Nakamura, A., lwai, Y., Ooi, K., Weiguo Wu, and Yoshigahara, T.. Eye-contact
visual communication with virtual view synthesis. Proceedings of IEEE
Consumer Communications and Networking Conference, 2005 (CCNC 2005).
Page: 235- 240).
Figure 7 shows the interpolated images 710a to 710e from view
15  interpolation 440 of the camera position pair P41 consisting of camera positions
740 and 742. Also, the interpolated images 715a to 715e are from view
interpolation 440 of the camera position pair P, consisting of camera positions
742 and 744. It can be seen that the interpolated images 710a to 710e are on a
different plane from the interpolated images 715a to 715¢ i.e. the planes 730
20 and 732 respectively.
In 450, post-processing is then performed on the interpolated images.

The post-processing step is illustrated to a greater detail in Figure 5 and

produces a plurality of “un-rectified” images.



Consunmer Communi cati ons and Networ ki ng Conference, 2005 (CCNC 2005). Page:
235- 240). Figure 7 shows the interpolated i mages 710a to 710e fromview 15
i nterpol ati'on 440 of the canera position pair P, consisting of camera

positions 740 and 742. Also, the interpolated i mages 715a to 715e are from
view interpolation 440 of the canera position pair P2 consisting of camera
positions 742 and 744. It can be seenlhat the interpol ated i mages 710a to

710e are on a  different plane. fromthe interpolated i nages 715a to 715e
[1e? The ol anedt 488 e Porfre o shhgas el oMt iot ot RS ng 1 <
t hen perforned on the interpolated i mages. The Post-processi_ng step is
i || ustr at @yailaplg foir digplay usingan imaoeidigpiay sydam 117 suehas thatplustrated y of
"un-rectified" inmages. 12 1In 460, the corrected i mages resulting from

post - procésfiguwgedre then avail able for display using an inage displ ay
system 170 such as that illustrated in Figure 1. The post-processing 450

of the interpolTMessbdtPrEESssiny 156 oP & intdrpblAsE Fifades FyhegsostS0 wil | be
described with the ai J(hjﬁitgf Filggure 5. Post-pprocessi%%450 ?jebsults in

"un-regti yrG@éé.sﬂﬂ;'[' %ﬁteﬁaﬁb Wit 58 BeLaiesd WiRese Q#doé\‘tlﬂ%@r% & BG]- pl ane

corresponding to e view ng angle. The view ng anglé for an interpol ated

e N b E AT IR R ARy B PRl R o 3
'l')gn- recti firingg; pilgrgee(r:gr%ggoen%irhgn&)gﬁ\ez%gv%inagsar?gqe.e%(r?erreile%iné gﬁgl\éi fg\rl\’iaqu g angle can
interpolated image N is the angular position about a camera subject 750 of a
virtual camera position corresponding to the interpolated image N. Taking the

10  “un-rectified” interpolated image 720a as an example, the viewing angle can be
indicated by F i.e. the angle between the radial line 760 extending from the
centre of the camera subject 750 to the center of the “un-rectified” interpolated
image 720a, and the radial line 770 extending from the center of the camera
subject 750 to the camera position 740.

15 N is an index of the interpolated images resulting from a pair of camera
poéitions. Assuming that there are a total of M images in the set of interpolated
images from the / and (i+1) camera positions, then the pqst-processing 450 may
be applied to each interpolated images N in the set consistingof 1 =N =M.

First, the interpolated image N 502 is provided. In 504, the rectification

20 data for the i and i camera positions are obtained as Hy, and H 1)

respectively. The parameters 506 for the interpolated image 502 are then

provided. These parameters 506 include those relating to the N view position

e.g. the value of N. In 550, the transformation matrix Hy for the interpolated



iI'ndicated by Fi.e. the angle between the radial line 760 extending from
the centre of the canera subject 750 to the center of the "un-rectified"
interpolated inmage 720a, and the radial line 770 extending fromthe center
of the camera subject 750 to the canera position 740. 15 N is an index of
the interpolated i mages resulting froma pair of canmera positions.
Assuming that there are a total of M |#hges in the set of interpolated

f th d t th th 450
my be alpROSH Etrpteritart Shmatabn AR Refdinoies 50B Ehe BREERE' of 1 2
N=M First, the interpolated image N 502 is _provided. In 504, the
rectifi cathegeneratigassien §50 wilkbe d&ﬁgrlbe%@#@r\é{'tb&ﬁ aidwfFiguee &bt ai ned as

H(,)b and H(i+,)a respectively. The paranmeters 506 for the interpolated
i mmge 502 are 1i&08, {hedvarformatfesmatriv ldpihatris gbférated isithentdppliedtel at i ng
to the Nview position e.g. the value of N. In 550, the transformation

mat ri x HNtHemtérpeldted @nage 30edinl810,ithe dstehbolstegameigat 302 WithHHppiled, H(;
+l)a and the parameters 506. The details of the generation step 550 will

be desgri h@%ﬂh%heaegw che@?o%tﬁeﬂhfde%ﬁ%e@sm%@te?%gsuéhh@sE gﬁ{éggamt'on

matri x HN 'S genrate i's then~applied t I nt er pol | mage 502.

[0 510, tageidiihg” eRLARE PGSR iR SIARP YR o Y e ifyPuDl ect ed

to other g Steéps ropping of ‘re sanpling oppi ng

and re-sanpling are optional ere are easons wh e ste
processi ndf %%SBSrﬁ’é mgmaathef asedad da AfereRbGAmer %/%Yeea'?fgquﬁlf'&%sof
view, thus it's better to crop the inmage so the result only contains the
conmon ar ehvigvsithugitisdeftar te gran te, imager s theiesult opphl erptainsitbe sanpl i ng may
be

common area visible to all cameras; 2) further cropping or re-sampling may be

10 needed to fit the images size to the display. For example, the camera resolution
may be 800x600, but the display resolution may be only 128x128.
After “un-rectification”, different amounts of transformation corresponding
to the different viewing angles will be applied to each of the interpolated images.
The first'and final “un-rectified” images (i.e. 720e and 725a) of the two adjacent
15  groups of “un-rectified” images 720a to 720e and 725a to 725e will have image
planes identical to the image plane for the camera position 742 that is the
boundary of fwo image groups and has the correct keystone and size factor as
it's obtained from a real camera. The viewing of the transition between the “un-
rectified” interpolation images from adjacent pairs such as e.g. Py and P will be
20  smooth as the image planes of the “un-rectified” images will have a smooth
viewing angle transition, thus creating a natural and physically valid viewing
effect.
The generation 550 of the transformation matrix Hy will be described with

the aid of Figures 6. The rectification transformations between the original



10 needed to fit the inages size to the display. For exanple, the canera
resolution nay be 800x600, but the display resolution my be only 128x128.
After "un-rectification", different anounts of transformation correspondi ng
to the different viewing angles will be applied to each of the interpol ated
i mges. - The first and final "un-rectified" imges (i.e. 720e and 725a) of
the two adj acent 15 groups of "un-recti4ied" inmages 720a to 720e and 725a
to 725e will have i mage . _planes identical to the image plape for the canera
bosi t1on TEBOTRER e Taetiiey Jradas Jorane sty e tevs Buge Al g N Rlcor r oct
keystone and size factor as it's obtained froma real canmera. The view ng
of the tramskppwn figm e imagrrediificatianepracess” Hpweven dhartreasformatier farr om

adj acent pairs such as e.g. Pi and P2 will be 20 snooth as the inmage pl anes
of the "uthe mténpblatdd imaggsebetwddn thege teansfaratdtionsivdivhage émpee transi ti on,
thus creating a natural and physically valid viewing effect. The

gener at i ogafepfhted, the transformation matrix HN will be described with the
aid of Figures 6. The rectification transformations between the original 14

| mges; and the'l*h%?airéh‘%‘i’erjs r HY intdpofathd FiEg iS?\B‘Q’\%ér@A?F%t rByided. @and N = M

are known fromthe 1nmage rectification process. e transformation
f t he int | at.ed |. t.h .t f t ill.h to b
LS cul o o SRR R85 881 15 5Pey RER T MBBI G ERSRRS PR BLrade |0t
provided. Also, the rectification data 620 for the i and (i+1) canera

posi t i ons 2grtdno®RG iew regredvelninalf- et Fupde Hsgaed tHived he v Bdanoted ()b

be HL and H(; +1)a be HR It is noted
that H. and Hg respectively are thus “rectification” matrices associated with the i

and (i+1) camera positions and can be obtained from the camera calibration

10 data.

In 630, a decision is made to choose either Equation 1 or 2 for computing

the keystone compensation matrix X, . If N < % then Equation 1 is the chosen

equation.
K, =(H; - p+1-(1-p) (™)
15 Otherwise, Equation 2 is the chosen equation.
Ky=(H]" a+I-(1-0)) (2)
H;' and H;' denote the inverse of H, and H, respectively and I denotes an
identity matrix. a and B are the linear interpolation coefficients determined by
the camera position. S is a scaling matrix denoting an additional transformation
20 to compensate for size factor and the shift of image centres.
In 640, the keystone compensation matrix XK, is found using the chosen

equation by interpolating between either of H;' (if the chosen equation is

Equation 2) or H}' (if the chosen equation is Equation 1), and an identity matrix



that HL and HR respectively are thus "rectification" matrices associ ated
with the i and (i+1l) canera positions and can be obtained fromthe canera
calibration 1o data. In 630, a decision is nade to choose either Equation 1
or 2 for conmputing M the keystone conpensation matrix K,,.. If N<, then
Equation 1 is the chosen equation. K, ,; =(HR /3+I(1-)Y)) (1) 15

O herw se, Equation 2 is the chosen eqllléltion KN, =(HL'" a+l.(1-a)) (2) HL
and HR den e the inverse of H ectlvel and | not es, an

i dentity rfat s is 'ﬁuaﬁﬁ@e '%.Fégwﬁéwﬂﬁ@w % Pﬁma@@.%@wqpﬁh@rﬁe@es
determned by the canmera position. Sis a scaling matrix denoting an

addi t i onawherafé+dr, @adi &0 isdhe imageat theother endsif the sadewwharelMudl.shi ft  of
i mge centres. In 640, the keystone conpensation matrix K ”*, is found using
t he chose nt er pol bet n either of HL' (i prthe chosen
equat i on i%§0 Eh%\ﬂ }2/3 edim ?I}e ffHeLh g‘@nseéﬁé‘t’h%fﬁ '§ fquarion 1), and
an identity matrix 15 . This is illustrated in Figure 8 where 810 is the
i mage at one e of t

ot her end of t @r?sggrrg\ﬁanemﬂtrm%fgrl\l %Sf‘ﬂé”%%& ?}Jhgt%é‘lﬂrsm . at htehe

center of t he s?rles where N= N=M2
series of M interpolated images are just the inverse of the * rectlflcatlon

matrices for the two cameras (i.e. H, and H,) and no transformation (i.e. the

transformation matrix is an identity transformation matrix) is needed for the
result at the center for keystone compensation (however, size compensation of
the camera subject in the image for the change of viewing distance may still be
10  needed as illustrated in Figure 7). The distance from the image plane to the
object has been changed. Thus the image size of the same object needs to be
changed. Otherwise, the object will seems to be changing its size when viewed
from different angles on the 3D display. This is based on the assumption that
the two camera image planes are symmetric with regard to the rectified image
15  plane. This assumption is reasonable for most case of setups where the object
of interest is kept at the center of all camera images and has been verified
experimentally.
The interpolation method of Iéquation 1 and Equation 2 always generates
continuous, feasible transformations. This is as opposed to the case in some

20 prior art where interpolation is carried out between H, and H,.

In 650, the scaling factor sq for the centre interpolated image 830 is
calculated. The scaling factor sg is used to compensate for differences in the

sizes of the camera subject 750 across the series of M interpolated images. For



The transformation matrices for imges 810 and 820 at the ends of the 5
series of Minterpolated inages are just the inverse of the "rectification”
matrices for the two caneras (i.e. HL and HR) and no transformation (i.e.
the transformation matrix is an identity transformation matrix) is needed
for the result at the center for keystone conpensation (however, size
conpensation of the canera subject inléhe i mage for the change of view ng
di stance may still be 10 needed as illustrated in Figure 7%. The di stance
from the iEneRjBEIR SHIEP With & Knowpjasometnssefansceaihge sIma falquldied HERG si ze
of the same object needs to be changed. Otherw se, the object will seens
to be charlge Nigwing distanced@s vi ewed fromdifferent angles on the 3D
di splay. This is based on the assunption that the two canmera imge pl anes
are symmetric with regard to the rectified i mage 15 plane. This assunption
i s reasonabl e for fMStZcase of setups where the object of inter egB)i s kept
at the center of all canera inmages and has been verified experinentally.
The interppl ati on nethod of Equation 1 and Equation 2 al ways generates
continuous, feasible transformations. This is as opposed to the case in
sonme 20 prior art wher®sisnterpolation is carried out between HL and HR . In
650, tbe scaling facforzso for the centre interpolated i mage 830 i(g
cal cul ated. The scaling factor so is used to conpensate for differences in
the sizes of IR SAELHIMERbm aPeBGE 0F fhd Sneit&poliodihale e at ed

th a ry setup, so

i mages. For 16 a canera setup Wt Known geone can be
sinmply Calt8 %3‘58,%&’ St i'lt\(f\larets{.I Snd 55¢%A ndglleS |tn ri]cca(-i"in(gj] tRE field of view of the
centre interbolated image.
For cases where information about the geometry is not available, the

10  value of sg can be estimated in a trial-and-error method.

After obtaining the value of sg, Txo and Tyo can be calculated as

- DWW | )
fxe = —5— (5o — 1} (5)
and
- _DH
tye = 570 (5q ) (6)
15 where DW is the width of the centre interpolated image 830 and DH is

the height of the centre interpolated image 830 in number of pixels. Ty and Ty

respectively are the translation of image origin horizontally and vertically in

number of pixels.
In 660, the scaling matrix S, is determined. Specifically, at the center

20  viewing position,

0

0 (7)
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d sO- T (3) or Coscc 5 7?. (4 Ris aline extending froman edge of
the centre interpolated image 830 to the object of interest and a is an
angle indicating the field of view of the <centre interpolated inmage. For
cases where information about the geonetry is not available, the 10 val ue
of so can be estimated in a trial-and-error nmethod. After obtaining the
val ue of so, To and Tyo can be calculatéd as - DM ro- (sZ - 1} (5) and
th of the centre interpolated i mage 830 and

DH (6 15 wh DWis th
DH i(s) t he heiegzﬁ’{ "Hfal"?‘ﬁg'agee}‘n‘??“’énq H?%'E'BB?at ed i mage 830 in nunber of pixels.

Txo and Tyo respectively are the translation of inmage origin horizontally
and vertically in jhurtbef, pf pixels. In 660, the scaling matrix SN is
det er m ned. Spegif_i %alll yy gt the center 20 viewi ng position, 1 o(g).o

N T v

0 0 =

Tx Ty and s can be obtained by interpolation between an identical matrix and
So. The size factor denoted by s compensates the changes in viewing distance

5 along the position on the “rectification plane” with regard to the viewing object
as illustrated in Figure 9. Translation of the image origins using Tx and T, keeps
the viewing object at the centre of the resultant images after undergoing the

“un-rectification” process. It is noted that the S, of the camera positions at the
ends of the series of interpolated images i.e. where N =1 or N = M are identity

10  matrices, while the keystone compensation matrix X, is an identity matrix at
the centre of the series

In 670, the transformation matrix H, is obtained using the matrices S,

and K,
H,=S,*K, (9)
15 * denotes a matrix multiplication.

The transformation matrix /,, can then be applied to the interpolated
image N 502.
Figure 11 shows the results after the “un-rectification” matrix H had been
applied to the results shown in Figure 10. It can be seen that the commonly
20 visible image areas are now geometrically identical without any distortion. This

simple matrix interpolation method also works well for the intermediate results



S, ,; =So =0 1 TO (7) 0 0 so 17 For internediate view ng positions,

Ta Sh,

between an identical matrix and So. The size factor denoted by s

conpensates the changes in view ng distance

10

=01T,, (8 00s T, Ty and s can be obtained by interpolation

5 along the position on the

"rectification plane” with regard to the viewing object as illustrated in

Figure 9. Translation of the image ori g8 ns using Tx and Ty keeps

"un-rect i ESSROMEHIN

gweeti o gengrate, snegth ARY PhKeIC 4 HieWihe

t he

Vi ewi ng obj ect at, t'p_e centre of the resyltant inages a\fter under gagi ng t he
] th 3 v &t

at the

ends of the series of interpolated inmages i.e. where N =1 or

posi tions

N=M

are i dent iasyerifiegwnrRaygdodelfgridisplag keyst one conpensation matrix KL is an
identity matrix at the centre of the series In 670, the transformation

matri x HN,

I s dinecdamesl post procebsingaiani ales b&4ppliad tb e idterpokafiin* KN (1 9)

15

* denotes a matrix nultiplication. The transformation matrix H ti. can then

be appl i eghehRedm frebHapdPsHAIREges Bﬁ%aﬁ#agﬂ%ctsﬁi% 8 shiglétensuimbe results

after the "un-rectification" matrix H een

5

10

15

20

camera from a plurality of camera positions. One example is the interpolation
among the eight images captured with a consumer camera without tripod as
shown in Figure 12. Using user assisted background segmentation and auto-
rectification based on features points (e.g. SIFT — Scale Invariant Feature
Transformation), interpolation can be done among the plurality of captured
images (in this example, 8 images) from different views. Post processing is
done to construct a continuous view across all the images. The method of post-
processing is capable of coping with the “big-small” effect (as shown between
the first 1202 and second 1204, or the second 1204 and third 1206 captured
views where the sizes of the camera subject are different) caused by different
zoom setting/capturing distance. Interpolated views with the post processing
result between the second and third input images are shown in Figure 13. When
viewed on RayModeller, it can be verified that the keystone and size factors are
correctly compensate for all interpolated images.

In an alternative embodiment, a “baseline adjustment” can be performed
after view interpolation during post-processing. This embodiment may be used
with linear camera setups such as that shown in Figure 2¢c where the camera
image planes for the camera pairs are not so different from each other. The
camera positions do not have to be aligned linearly and can for example be

aligned in a curve or zig-zag, as long as the camera image planes for the



applied to the results shown in Figure 10. It can be seen that the conmmonly
20 visible image areas are now geonetrically identical wthout any
distortion. This sinple matrix interpolation nmethod al so works well for
the internediate results 18 as shown in Figure 16 to generate snooth and
physically valid viewng effects as verified on RayMddeller display. The
sanme post processing can also be applié® to the interpolation between
free-hand shot images on statjc objects using a sjingle consunmer 5 canera
froma pl GRHI8r@yP8IS cdaepat ﬁtﬂ‘?rt ig@;«%@tfy FrRim e 2deh| @thet es pueh Ieaat Pon
anong the eight imges captured with a consunmer canera without tripod as
shown i n Bubstastially lineangetuns, thissi'bassatinpaadjysinent” seetivedt aiayogemerataut o-
rectification based on features points (e.g. SIFT - Scale Invariant Feature
Tr ansf or muieighigible gevraetrial distoptiorsan be done anong the plurality of captured
10 images (in this exanple, 8 inmages) fromdifferent views. Post processing

is done to conyfdbydic RIzABtb FraAYfonv @Wh@@fﬁﬁitcﬁ{eién"tiﬁﬁade@gﬁés foF@chet hod

of post- processing is capable of coping w "bi g-s effect (as
shown bet yee LISt n .SecC 04 and third
1206 cgpt @%@3’ f Céiﬂgev'\rég\ﬁﬁéf)éaz gﬁg%sg%@gl%ﬁ;m ?%%ggg?éétghgﬁﬁgc(g‘l‘gqné%%‘f?%érent)
caused by different 15 zoom,setting/capturing distance. Interpolated views
Wth the” sheamareaestind S uls et mae oL Bisiesiar At PRgHRN mages
are shown in FEigure 13. Wen viewed on RayModeller, it can be verified
that the B&ysTbREoANTOBIPIRNE Witlkhave anr axisdbatis substanbathenatallel todheal |
I nterpolated images. In an alternative enbodi nent, a "baseline adjustnent"”
can be pefiheaneamera positions.
The “baseline adjustment” method is described next with reference to
10  Figure 3. In “baseline adjustment”, a transformation matrix is applied to all

interpolated views except for those from the designated pair, e.g. the center pair

consisting of the camera positions 304 and 306. For the results from other pairs,

e.g. the pairs consisting of camera positions 302 & 304, and camera positions

306 & 308, the images from these cameras undergo a transformation that puts

15 the images onto the same image plane as that of the “rectification plane” for

camera positions 304 & 306. Taking for example the images between camera
positions 302 & 304, the transformation matrix is calculated as H;, x H,, and

for those between camera positions 306 & 308, the transformation matrix is

calculated as H;, xH,,.

20 | If there are other cameras further to the left of camera position 302 or
further to the right of camera position 308, the transformation matrix can be
calculated in a concatenating manner. Taking a camera position pair consisting
of the i -1 and i camera positions and where the designated pair consists of the

io -1 and iy camera positions, if i < iy i.e. the pair is to the left of the designated



20 after view interpolation during post-processing. This enbodi nrent may be
used wth linear canera setups such as that shown in Figure 2c where the
canmera image planes for the camera pairs are not so different from each
other. The canera positions do not have to be aligned linearly and can for
exanple be aligned in a curve or zig-zag, as long as the canera i nmage

pl anes for the 19 canera pairs do not2@iffer greatly fromeach other. For
such linear or substantially linear setups, this "baseline adjustment"”

net hod nagagene pairethelsansigimatiomeativt isi H (sl g t If owevehe >basie thdea is to
transformall the "rectification"” imge planes for each 5 pair of canmeras
on to a spagles (RIFAE JBSRASICY Cibtd Baif, tHEA 60 BafikoPRlafion HfathR ! @
positions e.g. the rectified 1mage plane of the center canmera position
pair. The comon plane will have an axis that is substantially parallel to
t he Iine&%fﬁ@ﬁéﬁwapositions. The "baseline adjustnment” nmethod is described
next wwth reference to 1o Figure 3. In "baseline adjustnent”, a

transf or mat i on|meiis specificativM, itles! tdrinsichmdratpisiipnabed “vamera esecpr for
those fromthe designated pair, e. the center pair consisting of the

caner ag pos@ié@v@ﬂ%vé?@eﬁ%eﬁqmenﬁ%n g%esul ts fromother pairs, e.g. the

g

pairs consisting of canmera positions 2 & 304, and camera positions 306 &
the' i mges ont B RO BREHPAEGREH DAt AP RG SRS By les iRt ane-
for canmera positions 304 & 306, Taking for exanple the inmages between
camera pé&eP '?%@5362‘1&“@41,939%9@r%’ﬁ@ggm%ﬁtﬁoﬁh dy pQt jbe é’gf‘élﬁy%‘%eﬂs as H'
x Feb and limitative. For example, they can be used for the processing of medical images

(such as CAT scans or ultrasound images), or images generated by radar or

10 sonar. It is also envisaged that the proposed method may be used for the
purpose of robotic vision.
Whilst there has been described in the foregoing description
embodiments of the present invention, it will be understood by those skilled in

the technology concerned that many variations in details of design, construction

15  and/or operation may be made without departing from scope as claimed.



for those between canera positions 306 & 308, the transformation matrix is
calculated as H x Han . 20 If there are other cameras further to the left
of canera position 302 or further to the right of camera position 308, the
transformation matrix can be calculated in a concatenating manner. Taking
a canmera position pair consisting of thei -1 and i camera positions and
where the designated pair consists of 2he io0 -1 and io canera positions,

if i <ioji.e. the pair is to the left of the designated 20 canera pair,
the transfdaimsion matrix is H',, x H,),. If however i >ioi.e. the

pair is to the right of the designated canera pair, then the transformation
matrix is H ~b x H(;)Q In this specification, the ternms "canera position"
and "canmera view' or 5 "view' have been used interchangeably. It should be

appreci at ed. t hat mptiRPefithatR! hrodessiMglomisirthg or different applications
and the descri bed enbodi nents shoul d not be construed as |imtative. For

exanpl e, they é&iﬁﬁgﬁgefblmntg; 'lﬁog{tgfgﬁétbagirﬂ&gé@%diyﬁ%tpd'r%igge?rorﬁng&g as

CAT scans or ultraso I'mage ges generate ror 1 onar.

It is also gnvi Sﬁged t hat .E.he groipos(ﬁg rresjhod may be used for the purpose
of robdtic2PCEh AR BPSTRRY DKUY PERENHEER9T BEPeSn@P e for egoi ng

descri ption enboFi,ments of the present invention, it will be understood by

those skilled PRPYNRAtRNHIMAIPNtoRGiBterPAlatedHNgae 10 AdespRRIVErPR Rt ai | s

of design, construction 15 and/or operation nmay be nmade w thout departing
from scopeohs plurplitydintermediate image planes, wherein each intermediate image

plane is oriented intermediate to the image planes of the two adjacent camera
positions depending on a viewing angle of that interpolated image relative to

10 the adjacent camera positions.

2. A method according to any preceding claim, wherein the transformation
to each interpolated image comprises applying a transformation matrix, the
transformation matrix obtained by multiplying a scaling matrix with a keystone

15 compensation matrix.

3. A method according to claim 2, wherein the keystone compensation
matrix is obtained by interpolating between an identity matrix and a
rectification matrix, the rectification matrix associated with one of the adjacent

20 camera positions.

4. A method according to claims 2 or 3, wherein the rectification matrix is

selected based on a sequence number of the interpolated image.



21 dainms: 1. A nethod of inmage processing conprising receiving a
plurality of interpolated images, interpolated fromtwo 5 adjacent canera
positions having different image planes; and applying a transformation to
each interpolated imge to a respective one of a plurality internediate

i mage pl anes, wherein each internediate imge plane is oriented
internediate to the i mage planes of thé2two adjacent camera positions

depending qn a view ng angle of that interpqlated imge, relative to. 10 the
adj acent c%rrer & Hb“‘éi‘?&&?&g“ﬁng E@ ey rﬂf&q@ﬁg&n‘g ‘e'%efgﬂ]/“b‘% 88%81%‘3&"& m
wherein the transformation to each interpolated image conprises applying a
t ransf or natCoMpPrig@sri x, the transformation matrix obtained by nmultiplying a
scaling matrix with a keystone 15 conpensation matrix. 3. A method

accordi ng to claatran8atioheaeametandnéieptve oé anoimpages atigionof tinet intecpolatezbt ai ned
by interpolating between an identity matrix and a rectification matrix,

the rectifijgagboandatri x associated with one of the adjacent 20 canera
positions. 4. A nethod according to clains 2 or 3, wherein the

tificati L _ _
|t er pol at ed | RagETgfacior AUREHRE HARAENRT GeRfRETIIR, TIPSl G,
wherein the scaling matrix conprises

6. A method according to claim 5, wherein the translation parameter is
obtained by interpolating between unity and a center translation parameter,
said center translation parameter obtained from an interpolated image

10 centered between the plurality of images.

7. A method according to claims 5 or 6, wherein the scaling factor is
obtained by interpolating between unity and a center scaling factor, said center
scaling factor obtained from an interpolated image centered between the

15 plurality of images.

8. A method according to claim 7, wherein the center translation parameter

is further obtained using the center scaling factor.

20 9. A method according to claims 6 or 7, wherein the center scaling factor is
obtained using an angle indicative of a field of view of the centered

interpolated image.



a translation paranmeter indicative of an inmage origin of the interpolated
image; and 5 a scaling factor indicative of a view ng distance of the
interpolated image. 6. A method according to claimb5, wherein the

transl ation parameter is obtained by interpolating between unity and a
center translation paraneter, said center translation paraneter obtained
froman interpolated image 10 centerea3betmeen the plurality of imges. 7.

A met hod according to clainms 5 or in the scali factor is

obt ai ned byl0 n(rle "g%ﬂ‘&fjl ﬁ&cﬁ'@d%etﬁ @HVt 9F§ﬁ@"§ cfbﬁf’es é’@'gefrﬂ'ﬂg thaceepter sai d
center scali ni; factor obtained froman interpol ated i mage centered between
the 15 pl diaaslatipndraramedrrsis agsoratast Withi a:wigth af ihg intereelatad imagfher ei n t he
center translation paraneter is further obtained using the center scaling

factor. 20 9. A method according to clains 6 or 7, wherein the center
scaling factor is obtained using an angle indicative of a field of view of

the centereq. 'mtrﬂéﬂ@data%@ofdm?eto 4y &P.clAni®etsnad acGmidteno the aentepf
claime 5 to 9, wherein the cen transl ation paraneter is associated with

a wdth of tHﬁ%ldt h@;@qsggggaat ith a i Qﬁtdofacﬁé%gwb%tbiﬁ i3 égOf cl ai ms

5to 9, V\/nerelnt trans I'on paraneter 1S associ at with a
hei ght of the i nterpol at ed i mage. 12. A net hod according to any preceding
claim wherein the receiving the plurality of imges conprises rectifying

t he pluraliti/ of inmages by transformng ) ) o
12. A method according to any preceding claim, wherein the receiving the

plurality of images comprises rectifying the plurality of images by transforming
the image plane of the plurality of images onto a common image plane.

10
13. A method according to claim 12 when dependent on claim 3, wherein the
transforming the image plane of the plurality of images comprises applying the

rectification matrix to an image of the one of the adjacent camera positions.

15 14. A method according to any preceding claim, wherein the viewing angle of

each interpolated image is determined about a camera subject.

15. A method according to claim 14, wherein the camera subject is visible in
each interpolated image.

20
16. A method according to claim 15, wherein the camera subject visible in

each interpolated image has different sizes.



the image plane of the plurality of inages onto a conmon inmage plane. 10
13. A nethod according to claim12 when dependent on claim3, wherein the
transform ng the i mage plane of the plurality of inmages conprises applying
the rectification matrix to an image of the one of the adjacent canera
positions. 15 14. A nethod according to any preceding claim wherein the
view ng angle of each interpolated in24§e is determ ned about a canera

subject. 15._ A nmethod according to claim 14, wherein the canmera subject is
vi si bl e i n17eaéh methed patcording; itagey 2ockeims aldhdentkl wherminihg ??I"@i’aai m 15,
wherein the canera subject visible in each interpol ated i mage has

di f ferent subjest ispvsiblerin the plurality ofdveges sgptused fpnotheplaralily oficamenss,
wherein the canmera subject is visible in the plurality of imges captured
fromthe plpgshionsy of canmera positions. 5 18. A nethod of inage processing
conprising receiving a plurality of interpolated i mages, interpolated from
i mges captured froma plurality of spaced canera positions; and applying
a transformation to each interpolated imge to a designated inage plane,

t he design ed'm%%g ! u 1 all igned with the 10 plurality of
spacedgcarrgltrea ;5405| ti%‘f\éﬁ%@ &%trcrg%hg CachgIrS'l g to claim 18, wherein the

plurality of Seggeelgingage él‘arality of interpolated images, interpolated from images

captured from a plurality of spaced camera positions; and
applying a transformation to each interpolated image to a designated
image plane, the designated image plane substantially aligned with the

10 plurality of spaced camera positions.

19. A method according to claim 18, wherein the plurality of spaced camera
positions are located on a substantially straight line and one axis of the
designated image plane is parallel to the straight line.
15 |

20. A method according to claim 18 or 19, wherein the transformation is
obtained by multiplying an inverse of a first camera specific rectification matrix
with a second camera specific rectification matrix, the first and second camera
specific rectification matrices associated with a camera position of the plurality

20 of spaced camera positions.

21. An integrated circuit or processor configured to perform the method of

image processing according to any of claims 1 to 20.



positions are |located on a substantially straight |line and one axis of the
designated image plane is parallel to the straight line. 15 20. A nethod
according to claim18 or 19, wherein the transfornmation is obtai ned by
mul tiplying an inverse of a first canmera specific rectification matrix

wi th a second canera specific rectification matrix, the first and second
camera specific rectification matrice85associated with a canera position
of the plurality 20 of spaced canera positions. 21. An integrated circuit
or process@?- cY PRRAENS BT FaPlying imades capkiowed topajtorpy tecmsthe of
according to any of clainms 1 to 20. 25 22. An apparatus for capturing

i mages confingge gdotessi dccardingdoresyrafctlaims 1 terd@ pr ocessi ng according to
any of claims 1 to 20. 23. An apparatus for displaying i nages configured to
di splay a processed 5 inmage obtained using the nethod of image processing
according to any of <clains 1 to 20.

23. An apparatus for displaying images configured to display a processed
5 image obtained using the method of image processing according to any of

claims 1 to 20.



