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apparatus for providing a conbined image and refers
particularly, though not exclusively, to such a nethod
and apparatus for providing a conbined i mage froma
plurality of imges. 10 Definitions Throughout this
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renotely and/or automatically. However, when such a
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Alternatively or additionally, one or more of the cameras may be a pan/tilt camera.
This requires the pan/tilt cameras to have an operator to move the camera’s field of
vision, or a servomotor to move the camera. The servomotor may be operated
30  remotely and/or automatically. However, when such a system is used, the camera
is covering only a part of its maximum field of view at any one time. The
consequence is that another part of its maximum field of view is not covered at any

one time. This is unsatisfactory.

35  Although wide-angle lenses may be used to reduce the impact of the loss of
coverage, the distortion introduced, particularly at higher off-axis angles, is also
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with one aspect of the present invention there is

provided a nethod for providing a conbined i mage from
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According fo a further aspect of the invention there is provided a method for

providing a combined image from a plurality of images each produced by one of a

plurality of cameras each having an image system for takmg an image of the
25  plurality of images, the method comprising:

{a) generating the plurality of images in the plurality of cameras;

(b) warping each of the plurality of images info an intermediate co-ordinate;

and
(c) stitching the plurality of images info the combined image using a two
30 dimensional search, stitching being by a stitcher disguised as a virtual
' . camera.

in accordance with yet another aspect of the invention there is provided a method
for providing a combined image from a plurality of images each produced by one of
35  a plurality of cameras, each of the plurality of cameras having an image system for
| taking an image of the plurality of images, the method comprising:
.(a) - generating the plurality of images in each of the plurality of cameras;




for providing a conbined inage froma plurality of

i mges each produced by one of 35 a plurality of
Wnries/83057each of the plurality of cameras haviP@F/s62005/000044
i mage systemfor taking an inage of the plurality of

i mages, the method conprising: (a) generating the
plurality of images in each of the plurality of
caneras; WD 2005/081057 PCT/ SG2005/000044 3 (b)

per f(by m rpgrfﬁrmigloa@iap ablcukdtians to mistetminelededamieniensoyf drel piysality
regi ons qf niaB g.-plurality of imges; (c) stitching the
plurality I ages to formthe conbined jnage; ,and
(d) ®sin @f'tF'Fi@Q ihe Q'HW'% obimaggsdp forrp yheraembigpd '"Eaggfé‘a uent

pl ura i t iueifg B résimast Steb (1) fortal subsbquehiplurblitiey ofdhages from the

aner as C ce with an additional aspect of
?’he |nve|'?H%'E(c}$ﬁaé$e£% s provided a nethod for

provi ding a conbined inage froma plurality of inages

ﬁac i RecofH AR vitRYan AB&tIGABI as?edt)bﬂﬁ@intrén‘!ior@%en@&d@bﬁ@ed%ﬁéthod
avi_n an i

temfor t an |
o1 g PRELIm bR K2 PR Ao S D o by oblor
gen@rmralﬂg ot temgrsugagh iheyingén fnnmg@rstem feraleking fin frprge of the
I lecting a pr t at
i b g T
pI ur al i t of PRARREEI (1R fp('ﬂ’%‘\%t Hg i ok gtE PHrglifye of
15 presentati esmanyl e, stitching being by a sti tcher

di sgui Segtgas geneef¢155 E%Eerﬁé%?%t?ﬁ fér'?h@&%fng@iﬁqeﬁe%nﬁh a

further di tiona i nvent1 on ereis

provi ded(@ ntitpieg the plma@m gEimagesatedermihe @‘H“'Q}"%‘é@aﬁ’%’ﬁﬂ?

15rom a pl ur al iptegemdtion i stiign) stilghige Deitg @y a 2ftcier atibgoisell by a
one of a plural,it f LV deo caneras each having an

i mge system f"gF I)é?a 'ng an i mage of the plurality of
i mges, the nethod conprising: (a) warping each of the

pl uyphdcbidantle Mﬂh@ﬂﬂhéﬁ&%ﬁ:nhﬁs@etﬂﬂf th@trﬂrémdltl@'@ !SQﬁowded a
%? h‘E@ ) EPUST&‘?%CW aétfar%)p%fg OV er &Ergw gfvu:{eto n%?gges teﬁch
20ar prdugek by ahé bia pifrality dfev;deomagemteecif bavingtahdmagsnsysligedor
\é'sd%%\?l 'Fat e e ggﬁ%bﬁimzﬁ)% iRBLEY B Ynethadlchinpiify: di sgui sed
(2) warping each of the plurallty of video images info an intermediate co-
ordinate;
(b) determining overlap regions of the warped plurality of video images;
25 (o) stitching the warped plurality of video images to form the combined video
image, stitching being by a stitcher disguised as a virtual camera; and
(d) processing the combined video image for one or more of. display and

storage.

30 A penuliimate aspect of the invention provides a method for providing a combined
- image from a plurality of images each produced by one of a plurality of cameras
each having an image system for taking an image of the plurality of images, the
method comprising the steps: ‘ _
'(a) generating the plurality of images in each of the plurality of cameras;
35 (b) - performing overap calculations to determine overlap regions of the plurality

of images;




(d) processing the conbined video i nage for one or

nore of. display and storage. 30 A penultimte aspect
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readlly put into practical 20 effect, there shall now
be described by way of non-limtative exanple only

pr efBeief Bescaptionl ofthe Dgawdfigst he present invention, the
description being with reference to the acconpanying
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20  effect, there shall now be described by way of non-limifative example only
preferred embodiments of the present invention, the description being with
reference to the accompanying illustrative drawings in which:

Figure 1 is a perspective view of a ﬁreferred form of combined camers;

Figure 2 is a perspective view of a second form of a combined camera;
25  Figure 3 is a block diagram of the apparatus of Figures 1 and 2;

Figure 4 is a flow chart of the virtual camera of Figure 2; and

Figure 5 is a representation of various presentation styles.

Detailed Description of the Preferred Embodiments

30
As shown in Figures 1 and 2, one approach to create a real-time combined video
stream is to use multiple cameras 10. Although three are shown, this is for
convenience. The number used may be any appropriate number from two up. If
enough cameras were used, the field of view could be 360° in one plane. It could

35  be spherical.



Figure 1 is a perspective view of a preferred form of
conbi ned canera; Figure 2 is a perspective view of a
WEHHB10Hr m of a conbi ned canera; 25 Figure ZBCISGA005/000044
bl ock di agram of the apparatus of Figures 1 and 2;

Figure 4 is a flow chart of the virtual canera of

Figure 2; and Figure 5is aTepresentation of various
presentation styles. Detailed Description of the
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camera (Figure 3) that can process the individual images from the cameras 10 to

25  form the combined image, and present it to a generic video application. In this way
special hardware and/or software may be avoided.

Most computer operating systems (OS) provide a standard method for its
applications to access an attached camera. Typically, every camera has a custom
30 “device driver”, which provides a common interface to which the OS can
communicate. In tumn, the OS provides a common interface to its applications for
them to send queries and commands fo the camera. Such layered architecture
provides a standard way for the applications to access the cameras. Using a
common driver interface is important for these applications to work independently
35  of the camera vendor. It also enables these applications to continue o function

with future cameras, as long as the cameras respect the common driver interface.
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provi des hi gher resolution due to the usage of
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(46) to ensure colour consistency across the images. The same colour correction,
or substantially the same colour correction, is used for all subsequent images. The
final images are then blended (47) together to form the final panorama.

30 To achieve realtime performance, the combined virtual camera performs the
overlap calculation (45) only once, and assumes that the camera positions remain

the same throughout the session.

Some video applications have format restriction. For example H.261 based video
35  conferencing applications only accept CIF and QCIF resolution. The size and
aspect ratio of the resulting combined image is likely to be different from the
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For reai-lime stereoscopy, the virtual camera may perform the siereoscopic image

formation such as, for example, by interlacing odd and even rows, and stacking the

images for a top-to-bottom stereoscopy. For post-processing of video, the virtual
camera may be used fo combine or merge video from different cameras; and it
30  may be used for the generation of lenticular stereoscopic image/video.

The virtual camera 32 is able to convert multiple video sireams into a single stream
in a stereo format by performing interfacing, resizing, and translation. Resizing is
preferably performed with proper filtering such as, for example, "Cubic” and

35  “Lanczos' interpolations for upsizing, and “Box” or *Area Filter” for downsizing.




5(c) respectively resenbl e the approaches taken by the
Digital Versatile Disc (DVD) format, to display a
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conpression style of Figure 5(d) may be useful for
recording the conbined video, as it captures the
entire view, at the expense of sonme |loss in inmge
detail. 10 A separate user interface may be provi ded

t 0 tRe@-ibteHcet stlereommbpye farmat drddriaces dhe efereod paif ayilinedd rows
pr ezgrg%st%wmgqhé eﬁltﬁé aHlanrverP AsSepEdntin, Eangﬁtt’t—?{euﬁﬁ céiﬁfb

r anorama to sel ect %g %
| nt efewed wing demiipleyEs quafa?ftsrﬁa?h &s: JanffE Can FeSgraphic’s
SW' teihinBgsh ahddsns Sdmplatitie wilinstireia—infileo yigualat Thevituskeamera

5 P PRI ey terEm i R aNe o R B0 ey (6B

st yleachlimy be used for recording the video, while the
pan & scan may be used for display. By having
mul ti ple viewoi perfect stitch may be possible.
Howdgr! f"‘zit"'t'-ﬁg ey%@'@?ﬁ‘appl Ag Flegi on, doubl e or m ssing
|rrag&192rray-r-&gﬂteye!.'ﬁ‘re62 pt-obt-em may be 20 nore serious
Hor th@%r obj g¢f Syt Dpdadistant jobjects. For

surver | Iance ap 'T cat | on, which has nostly distant
obj é#ed [ ~tte B\feér'ﬁéa“rm‘“'y be T educed. For cl ose-up
appl i cations such as, for exanple, video conferencing,

has APRE AR S Bk om Formid? Riurebhe Aaly s EEE-g ‘5“3"5"‘ *
Eac thecsatise an@h% dhedomiorthe feltsive. a8d fig boKerp fcy theyrig %E’ﬁ
§ eCQRfe wip tHemi def—l@fd;rdé foffRat séredlsie0epy. In thbee assed, thelvirtual

0

s Ue ﬁaragrg%¥ 8?'%(-5'}2 rg%aﬁ&%@rﬁ l?o c%rn%me'ﬁg‘%ﬁg v Q(Se g?ra]rng thto
r ows singlechtesecarided rsgeanh eAt t!rerrﬁge\sn%‘ﬂ aadetvrsvs carsbisar denering
St eKRASRORY forfi@cal BS iscAROGES fe REredf pait usif@ steleb @lassest ual
canmera nmay be used to conmbine or nmerge video from
different caneras; and it 30 nmay be used for the

20 enghatanmmasof0 rhayritel digithletill eanesrasy srdigieumetion gisiwg epEwasThe
virtual canmera 32 is able to convert nultiple vi deo
streanms into a si ngl e str a ster f.qrmat t?"gferred
per W¥ilsh Higre heerhiesR i dRgorbe s\"z fhﬁg foregody %\Sﬁg‘? i drf
Res iemb@imért of the gireseatihyentier; ftovilhisdundetstpog iy lse skilled in the
f | e%ﬁﬁd’]q%y?l-\‘ét?nragé rrapﬁ'rs o‘?i‘r@gﬁéa%ons :%Qﬂaﬂ‘s of %ﬂgo?’rﬁore of desrgn

CZ0S erpo psi zi ng,

23 Ar @@nsl;:uqtrp@ rand f gperalighyiaayee ﬁ@ade\,\mt@@b glp@%tﬂ% f;om the present
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o !ow—i nterl ace stereoscopy format interlaces thePGESERHU5D0044
% 5 pair with odd rows representing the left Ryeivedr® December 2005
. even rows representing the right eye. This can be
- viewed using de-nultiplexing eqlﬂ prment -such as, for
exanpl e, "Stereographic's Sinul Eyes", and that is
conpati ble with standard video signals. The virtual
cHRCEEnss 32 perfornms the interlacing, which involves-
copyi ng pixels, and possibly resizing . each.line: Line
1 [ ----Left eye Line 1------] Line 2 [ --R ght eye
4. ne 2-method-for|proviliflg bicnrebid:d[image-itoet 4 pleylidy ¢fiimage8 eact] image
Line 4 [ ---Right eye Line 4 -] Above-Below . L
Srasiesd S e'ﬁﬂﬂfﬁ(ﬁﬁ'ﬁﬂﬁ’ o @HEIRT Bsh hayiw g Mase Py g7 &ng fhgeee

and translation. of rce imges, the top for the
5 IOEF'FP%S?@YDérﬁag’g%lhgﬂ?tgwg%@ r the right eye. In the 15
Same  Yekratifdife phirskG-obiagdls teeabiost iR pluRifofabh@adhe used. | n
these cases, the virtual camera 32 perforns scaling
-and t stichig dteipbrality of imaserbioriem thissombiepdinage bsingtarsttglies disgises

a SI{:}%G stereo video stream At the receiving end, a-
FEGVHE BBEHPY of decoding the sel ected format -ean be

used LQe Ml Hfah 1€ Ror B Ichmiblid HagR dEfeRthgdnaSdesifed datal
The caneras 10 may be digital still caneras, or

10 dér@fietcahbimtirags, pi cture cameras. Wi-l st there has been
-described in the foregoing description a ref_e‘r_regl )
errbodWirsein ther preseatatigp ég@nlﬁ selgdiehre e $r?“"V\'ﬂE’F‘P“SE€' letterbox,
unders , t <illed in the technology that
' ﬁ%ysﬁ%"%g’?ﬁ‘z%}rﬁ*%”%?ﬁ%%‘ I'fications in details of one or
nor e -of design, 25 constructi on and operati on-nmaybe
made wi thout departing fromthe present invention.
RCT/ SBR0wHg 00 1, whersi isiiehingdobymispbigigagh obbeglurality of irages
Clains: 1. A netheod for. nrqvidi conhi [

15 %8 ||gergnﬁﬂ?tgfzq—?r§)nagqa aqdr%tﬁlg@?hee;gﬁigﬁ omgages méo?tﬁ%&og@@gcﬁ{/nage
o gg\ﬁ%'%o_gm@hwnglsgg%_ of caneras each having an inmage
systemfor- taking an. iimage. 5 of the plurality of
i mages, the nethod including: generating the plurality

of i-mages i'n each of the-plurali t,l}/ of camey as., .
3.  The method of claim 1, further including performing overlap caloulations to determine

overlap regions of the pluré[ity of images, the overlap calculation being used for all

20  subsequent piuralities of images from the plurality of cameras:

4:  The method of claim 3, further including:
using overlap calculations to perform colour correction in the-plurality of images; and
maintaining the colotir eorrection for all subhsequent pluraliies of images from the

25  plurality of cameras.

'5. The méthod of claim 1, wherein the combined image Is of a type selected from the

group comprising: video and still.
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Moot s! itching the plurality of .images to formthe cBEB(S(E905/000044

- -~ - inmhge using a stitcher disgysed as a virReedivaskifPecember 2005
' and selecting a presentation style for the comnbi ned
i mage depending on a desired detail 10 for the

conbi ned i mage, wherein the presentation style is ]
$e! ectigd rkhR0r bR 10%Reh HOMAGE FdIghich b Eelplafailp Rl cameras is of
pan/ scan-and horizontal conpression. 2. The nethod of
cd tpderveldctedflomitie group tantpastigngddosindstilwar pi ng each of the
~plurality of images 15 into an internediate: _
co-ordinate, and-stitching the plurality of inmages
into th ' '-@é}& i i +di mensi onal ,
s{]ear cl Fg%p%%%ggpﬁg%uﬁod opbgﬁgﬁﬁgﬁfn&%ﬁ her | ncluding
s perf oupluRGly Sheahérataditacing Alinadesystan;det er mi ne  overl ap
regions of the plurality of. |nmages, the over{a duce th
cal cukatiishsnfobpedprring astieflranpergiion on g gluslity, S dmaess fo Produce the
pluraljties of | s.fromth I I :
Fpombiie oo i ot TR POeiy 5 plot ey Modlopd by Gl of BBl of
%&ﬁ&ﬂaﬁp calculations to performcolour correctionin
the plurality -of images; and nmaintaining the col our
'COr I edHeistitchef lping disfulssdidssradiivelrampiandl i t i es of i mages

fromthe 25 plurality-of caperas. 5. .T et . ’
10 cl ai P Eoq B SHFIRPESHBIR SHE AT f.m%gtdg%gﬁ'% on &

sel.ect Lom L he . up conprising: video and still.
ARG R LD, B 2008 000049 - Rocel ved
09 Deggéahg the2flfentatn shweisnmishiod frof tiel groum dompdfingr éefiertox,
the image' from each of .the plurality of cameras.is of
Pat/yqae arddiodrepteloTReRPR-he group-conprising: video and
still 7. An apparatus for producing a conbi ned i nmage,
including: 5 a plurality of cameras each having an

15 1gBge 1Ry sh&Ms A oidifi7 WiRRdin d=0f caRrfalitiutasigifeamsmory.c hi ng
operation on a-plurality of Inages to produce the

" conbined | mage, each of the plurality of inages ‘being

duced by one of . Lural ity of .
1t o Rorevmmip e et 4 el o RS BT Blmoh B

10.  The apparatus of tlaim 7, wherein the plurality of cameras is in separate bodies.

20
i1.  The apparatus of claim 7, wherein stitching is by warping -each of the plurality of.
-images into an intermediate co-ordinate, and stitching ‘the plurality of images into the=T

combined image using a two-dimensional search,”
25 12, The appérétus of claim 7, further including means for performing overlap calculgtions '
'to determiné overlap regions of the ptuijallty of images, the overlap caloulation being used for

all subsequent pluralities of images from the plurality of cameras.

13, The, apparatis of claim 12, further including:

-Ameﬁdcd Sheet
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- — | , "
e 10 a selector for selecting a presentation st IeP?’ {8G2005/00004%

t he conbi ned i mage depending ¢h a desired g@%/eéﬁ’ffd gpecember 2005
t he conbi ned i mage, wherein the presentation style is
sel ected fromthe, group conpiising: |etterbox,
pan/ scan and horizont%I conpression, 15 8. The .
appar a8 GF U410 givstipe calgyalions, i, Peigmhcool RopreptioTHip tigriwality of
- bipffgr afenory. 9. The apparatus of claim7, wherein
the plurality of caneras is in a comon body. 10. The
appar ateass of migihtsining e coMue eatettioh e apbubsaabant Huralities afimRbagS
is in separate bodies. .20 11. The apparatus of claim
7iromfie plarplily o pameri ng i s - by war pi ng each of the
plurality of. inages into an internediate
co-ordinate, and stitching 'the plurality of images
| £ 0 i@ appaRIEDLIRALh 7, WBESBIn URichEbiRd iRs B loNP@isd LRetkd from the
search.' 25 12. The apparatus of claim?7, further
i gredpaprigingreidevsang ofil. per f or ni ng, overl ap cal cul ati ons
to determ ne overlap regions of the plurality of
i mages, the overl ap cal cul ati on being used for al
. Si#DS e Ak B pafdtud btthdint ¥ Srheely e TRER Sroth ' RMof ﬁ\@@ur&lh)%f% d¥s is
of caneras. , 13.. The apparatus of claim12, Turther
10 jafie ypesdegted frofntbegtag cGihprizing:vidbddnBlstilPCT/ SG2005/ 000044
Recei ved 09 ‘Decenber 2005 neans for using overlap
. calculations to perform colour correction in the
plurality of images; and nmeans for maintaining the
colour correction for all subsequent pluralities of
images fromthe plurality of cameras. 5 14. The
apparatus of claim7, wherein the conbined i mage is of
a type selected fromthe group conprising: video and-
still. 15. The. apparatus of claim7, wherein the inmage
fromeach of the plurality of caneras is 10 of a type
selected fromthe group conprising: video and still.
Amended Sheet | PEA/ AU

Amended Sheet _ .
. IPEAIA_U . ) _ —




