Canmera for Multiple Perspective Inmage Capturing Field of the Invention 5
This invention relates to an apparatus for capturing nultiple perspective

i mges. Background of the Invention Unlike inmages captured using a
traditional pin-hole canmera, nultiple perspective 10 i nages contain sanpl es
of light rays fromdifferent view poi nts within a single inmge. Capturing
such images can create a | ot of special ‘'visual effects that traditional

met hods of capturing single perspective inmages are not capable of. A
typical nultiple perspective inage is shown in Fig. 1. There are nany
practical applicationsgifetd®mglige Iﬂ&sﬁ’é&tﬁfe 15 1C%Eturfﬁ%”p“t er vision and
recently 3D 15 applicatrons-such as 3D drsplray. M tTpte perspective

i mges are discussed in [1] (Jing Yi Yu, Leonar MM Il an and Peter Sturm

Mul ti perspective nodeling, rendering, and imaging. International Conference
on Conmputer.. (raphics and Interactive Techni ques. ACM S| GGRAPH ASI A 2008
cour ses). %5§5é£ﬂﬁ¥£¥$ﬂ@ﬂbh i mges are normal |y generated by npsaicing a
plurality of perspective images or video sequences, which are captured by a
canmera hoving along a specific track. This type of capture requires very
hi gh accuracy in the canera novenent, storage of |arge anounts of data and
t i me- consuhhisgnysrdivessiates toageppeaettes fdreabturadg muitgee pArshctidyy Maagss. scenes
cannot be shot 25with this type of capturing nethod. 2 A mrror based

system and apparatus for generating such inmages, is disclosed in patents US
6, 795, 109 and US 6, 665, 003. Using curved mrrors, these systens enable the

capture OfBQCHH%!BIi!CPBﬁhQQE§%H ve image with a single

Unlike images captured using a traditional pin-hole camera, multiple perspective

10 images contain samples of light rays from different view points within a single
image. Capturing such images can create a lot of special visual effects that
traditional methods of capturing single perspective images are not capabie of. A
typéca! multiple perspective image is shown in Fig. 1. There are many practical
applications in the fields of arts, graphics, computer vision and recently 3D

15 applications such as 3D display. Multiple perspective images are discussed in
[11 (Jing Yi Yu, Leonar McMillan and Peter Sturm. Multiperspective modeling,
rendering, and imaging. /nfernational Conference on Computer Graphics and

Interactive Techniques. ACM SIGGRAPH ASIA 2008 courses).

20 Presently, such images are normally generated by mosaicing a plurality of
perspective images or video sequences, which are captured by a camera
moving along a specific track. This type of capture requires very high accuracy
in the camera movement, storage of large amounts of data and time-consuming
processing to generate the final image. Also, dynamic scenes cannot be shot

25 with this type of capturing method.



5 canera, thus allowi ng the capture of dynam c scenes. However, the systens
are not flexible in the sense that they are designed only for a specific
nmul ti pl e perspective inages, e.g. a stereo cyclograph. The mrror's

di rension is designed for a specific task (e.g. if the object size changes,
the mrror shape al so needs to be changgg), and it also requires high
precision installation to toensure the quality of the captured inage. As
described earlier, nmultiple perspective imges are generated by npsaicing
mul tiple single perspective images. Two conmon net hods of obtaining i mages

for the nosai 3 ' o j t M - o wed
15" from satell o aahBFASRPAN apBaGIIc deeratil sBHTIBRSE sufiefgsed
used) and "“cr =Sl i ta Laal ing. Al broom i magi ng, .as shown in
Fio. 20a). ‘?&P?‘éhtdsr 097499404 p%&&e&ﬁ’?@gn Ui CiedaniTars) thesthes
and pass through a If}are lgsee Fi g ?(b)); by contrast, in a cross slit
canera, as ¢h ERapigy the G@PIurg) PT 13 ghiltipley Befrpestiveisage Wik BoRinglspl anar
lines (see Fig. 2(e)). Exanples of the 20 resulting nosaiced inmages

gener at &d G3MeiR .t thegealioningniiie sastueeofstigamicnsdangs. Hayeard i Kystems
respectively. Such inmages are normally generated froma collection of

phot ogr aphsreonotflexibledsttheasartse taaf i el yesigneatopnats 4 @pecifit FHANpY
pl anar scenes such as city streets. The final inage will span a | arger

field of vhewpebave amagesnd.g. i RtbrdoTRYBlograph.N TRE rﬂﬁh@kgi dménda@ﬁm;si mages

can al so be generated by noving a slit Canera (having a slit and a filmor

2 St b coreyd T RRPL S (P I bRLoB R et R PR the
relative pi—ﬂg(iJ tHe%@sotB Bera] echfainlggclij, naar(r%F ?t 3128' rteagirgé ihtighofpréé}gio%pi%g%aﬁjlgteiot}{ %i es at

10 ensure the quality of the captured image.

As described earlier, multiple perspective images are generated by mosaicing
multiple single perspective images. Two common methods of obfaining images
for the mosaics are “pushbroom” imaging (the term “pushbroom” is borrowed
15 from satellite pushbroom imaging where a linear pushbroom camera is used)
and “cross-slit” camera imaging. In pushbroom imaging, as shown in Fig. 2(a),
all light rays for each image lie on a set of parallel planes and pass through a
line (see Fig. 2(b)); by contrast, in a cross slit camera, as shown in Fig. 2(d), all
fight rays pass through two non-coplanar lines (see Fig. 2(e)). Examples of the
20 resulting mosaiced images generated using these two methods are shown in
Fig. 2(c} and 2(f) respectively. Such images are normally generated from a
collection of photographs or a videostream to effectively concatenate long,
roughly planar scenes such as city streets. The final image will span a larger

field of view than any single input image.



5 a constant speed) along a specific track. For the case of pushbroom and
cross- slit above, the track is straight. However, Fig. 3 illustrates the
wor ki ng principle of a strip canera capturing a nultiple perspective inage.
A design with digital canmera is also reported in the experinment done by
Andr ew Davi dhazy from School of PhqtoArts and Sciences Rochester

Institute of Technol ogy o .
10(htt p:// preppheiptd, tted Waard ppagex tadizgéd 8k-gdridratetPPR Mo ibdla) siitHampaer |

regardl ess of the type of canera used, these nethods of capturing inages

are not ca ey afsiieant W #ilRPod Ct tles . 11\; 1%Lt he
gogggbggsagﬁlﬁati%n of tfgesg Sys grrsr.%c%gqﬁn p jtagn]tes @é{:tgj’:g%?g%:?%fegsto
: : 6 LI OL r opt.i .

ai Tow the o LM EGe AR frvho Phalyad i hoimigies Fusdda
camera, thus. ¢creating dynam c engs. Fig. 4 illustrates an exanpl e of one
such syste@icﬁtﬁgéﬁ?gw %P?’gf’niozﬁl?s@m/t%agﬁqud theeslit &) hargportidie VEOIoBR | ens
systems. The horizontal rays enter into the bottomlens systemfor the
R Pty Gt it vt s it
system for e left eye. e main pro _ _ _

i nfl exibilglit wbanel,. thieghagk iecitsdight. Pemeyer,r€ige Gt iBustratds the grorkisg ringiglon.  As
the mrror shape is based on careful 4 optical design, it only works for

one type aff avetrip pdreereLaPOARG \EniUNRIE pdribddlive iARYR. 3 BESBNRAMOLRTM The
pl acenent of all the elements in this system such as the mrror and

canera, hagnifabe Qgﬁq]e}ﬁgﬁtgd hﬁg&hepéﬁfér% ki8R %Fﬁ%ﬂ?é\b’b%\ﬂ@ﬁ%&éﬂ%%the

i mge. Qtherw se, the rays w not be a ed Wth si ghed
optical palhy,ang tﬁﬁot%%\'?ttsura%% 'gg;%%c%“sl lRo%%e%PelJrsa}Rlst‘?tUte of Technology

10 (http://people.rit.edu/andpph/text-digital-strip-camera.himl).

However, regardless of the type of camera used, these methods of capturing
images are not capable of capturing dynamic scenes and this strongly limits the
possible application of these systems.
15
In patents US 6,795,109 and US 6,665,003, a curved mirror based on careful
optical design is disclosed to allow the capturing of multiple perspective images
with a single fixed camera, thus creating dynamic scenes. Fig. 4 illustrates an
example of one such system. A beam splitter is used to split the rays between
20 two lens systems. The horizontal rays enter into the bottom lens system for the
right eye. The upward rays are reflected by a mirror into the upper lens system

for the left eye.

The main problem of the above system is its inflexibility and high precision

25 requirements in during installation. As the mirror shape is based on careful



Fl exi bl e canera arrays have been proposed in "Scene Col | ages and Fl exi bl e
Canera Arrays" (by Y. Nomura, L. Zhang and S. K. Nayar, Proceedi ngs of

Eur ogr aphi cs Synposi um on Rendering, Jun, 2007). Fig. 5 shows a prototype
10 of their system This systemis designed for scene collage applications,
so it uses normal conmercial 2D perspective cameras and the design does not
take into consideration formng nultiple perspective imges. There are two
di sadvant agetcafdesjul, yi ogytwirks Systemtypé of militiplel pergpesPecinhage, i ifabie
capturing: 1) nosaicing is still needed to generate the final multiple

per spect i v@asel Sterd@@@nofdiis. THE pIRGHI R thel clehRnadf Al sCQBRULRIEN

applies; and 2) the system does not take into consideration constraints
(e.g. ster I tral L.r i - Lve | es)
For 't or m 1 ReP N oRal T 7 0EkS ASL P ReL S0t I i BrefiaR IRt ShEesth
flexible" in.the nse_t hat iti.cal ,info tion (e.q., 3D geonetry), cannot
be ext ract&ﬁmf'rlﬁoﬁf?rﬂ% Tegh t‘f"har"Y'ﬁ%gH”ezcygégaﬁ%ﬁ )}'V’é)f”cﬁﬁée I‘Eﬂ‘gaﬁ i the
general terns, the present invention proposes that a nultiple perspective

i mge ca igned eptina) pathsiancinecantirgddinagenvdl beaweise®il i ng el enent's for
25mechani cally coupling the canera el enents together sequentially (that is,
they 5 are connected pairwise, as a "chain"). Each canera el enent
generates an inmage using light rays incident on the canera elenment in a

si ngl e r esp@dbleveampbanarragsthaveupdd M GrepcBeinirs "Seery Tollahde ApasFlekpns of
the canera el ements such that the planes of the canera elenents share a

common di KRGheRNATEYS" Thy OBPRBHINE, I 1A FARIHY 80 b2 QEhP&ﬂﬂE%Hglgg‘;Sﬁgt IS

el ongate in the commn direction. The respective imaggs capture
canera el

corer, o Tl aohe S EOFARALD, NP PSRl T
oree, G DAL RS e PR R 4 S SR ShoR AT

uses normal commercial 2D perspective cameras and the design does not take
into consideration forming multiple perspective images. There are two
disadvantages of applying this system into muiltiple perspective image
capturing: 1) mosaicing is still needed to generate the final muitiple perspective

15 image, thus the requirement for storage and computer applies; and 2) the
system does not take into consideration constraints (e.g. stereoscopic
constraints for pairs of multiple pers.pective images) for forming useful multiple
perspective images, thus it might be “too flexible” in the sense that critical
information (e.g. 3D geometry) cannot be extracted from the resulting image

20

Summary of the invention

in general terms, the present invention proposes that a multiple perspective
image camera has a plurality of camera elements, and coupling elements for

25 mechanically coupling the camera elements together sequentially (that is, they



respective images sinultaneously, thus meking possible a substantially

i nstant aneous i mage of a dynam c scene. 15 The camera may further include
comuni cation paths for extracting the elongate inages fromthe respective
camera el enents. The canera may include a processor for conbining the

el ongate i mages together to formthe nultiple perspective inmage, or
alternatively the inmages nmay be transmtted out of the canmera and the

mul tipl e perspatirected FAIRISOTALE thenig). BAcRr @é@@?@'é{eﬁwﬁﬁt REBARLS adn

coupling of the canmera elenents allows their relative angul ar positions to

be modi fi egnafy ﬁﬁ@mgmn%y%hﬁcfa%t BnOfheCAARER, &) IGHER B 5 i Rgﬁéarreﬁggétnfehapes

different types of "mul'tipl’e perspective Imges s
rov*ded

C clograph n re drive nec sm 25i s
For mad Ty PR e, ERiMbetenthls SR dffe Hadir 8%}%%@'%@ ments
such that the planes of the camera elements share a common direction. The

5  respective image captured by each camera element is elongate in the common

direction.

The respective images captured by the camera elements can then be combined
to form a muitiple perspective image, such that successive strips of the image
10 are derived from successive ones of the camera elements. The camera may
include a control system for controling the camera elements to take their
respective images simultaneously, thus making possible a substantially

instantaneous image of a dynamic scene.

15 The camera may further include communication paths for extracting the
elongate images from the respective camera elements. The camera may
include a processor for combining the elongate images together to form the
multiple perspective image, or alternatively the images may be transmitted out

of the camera and the multiple perspective image formed there.

20

Preferably the mechanical coupling of the camera elements allows their relative
angular positions to be modified. By arranging the chain of camera elements
into various shapes, different types of muitiple perspective images such as
pushbrooms and cyclographs can be captured. Optionally, a drive mechanism

25 is provided for modifying the relative positions of the camera elements.



In certain enbodi nents, each canera elenent fornms only a single
strip-inmage. Such canera elenents nmay contain a single slit, a focusing
mechani sm and a row of |ight sensitive elenents arranged to receive
respective light rays passing 5 through the slit and focusi ng mechani sm
Optionally, a light sensitive el ement d%ive mechani smis provided
(typically in addition to the drive systemfor noving conplete canera

el enents) for nodifying the relative positions of the |light sensitive

el enents (and perhaps other elenments) within the canmera elenents. 10 In

Q1 et Srbodh EeRkh olrBEIRAIRS 2o S LERLR, Bl EARBRIS iy EXRLBGNILERS, |

slip-like imges. For exanp ey may I nclude a sin

rows of Ii S L1 I S rallel to the slits, such that each row
o Tight senehreib LRar RN el o Sindld sl ol FeiRauStefd

pl ane and for .a_respective el ongate image. Optionally, a drive
nechani sm Hﬁ%%@grﬁﬁ'fﬁ}%&é@ ¢lgmentuptronsry irereiveregiostve fight feyrPassinche

mul tiple planes. The coupling elenents include, but are not limted to,

hi nges, 5 el B¥pigh jtie siis ang fpcusimgl menhiasisrcoptionalnsy lightcserf@itiveeeemért, i n
the case that the coupling el enents are hinges which join respective pairs

of the canene eleeheniss) istgrevided divbicalll in beditionge thbidehe coBRAE fer rABYINGI ven
pair of the canera elenents lies in the conmon direction, and is parall el

to the rovwfshplete |daghdrasersidrityers! ﬁfé%ﬁ?i%rgi thee36R10E SNBIRR bf Fhe CRIB' @
el ements, so that as the pair of canmera elenents nutually rotate about the

hi , th | i i r b b ght nsi.tl el enents
remai ns pacal et eRt EFH R dhe bR bRthe sy Bl RERE Y4 BeRIT as
defi ned above, the present invention provides a canera elenent for use in

the nultiple perspective inmage canera. Brief Description of the Draw ngs

10 In other embodiments, the camera elements are capable of forming multiple
slip-like images. For example, they may include a single siit and multiple rows of
light sensitive elements paralie! to the slits, such that each row of light sensitive
elements is sensitive to light rays in a respective plane and forms a respective
elongate image. Optionally, a drive mechanism may be provided for modifying

15 the relative positions of the multiple planes.

The coupling elements include, but are not limited to, hinges, elastic joints, ball
and socket connections, etc. For example, in the case that the coupling
elements are hinges which join respective pairs of the camera elements, the
20 axis of the hinge which connects any given pair of the camera elements lies in
the common direction, and is paralle! to the row(s) of light sensitive elements in
each of the pair of camera elements, so that as the pair of camera elements
mutually rotate about the hinge, the extension direction of the row(s) of light

sensitive elements remains parallel to the hinge axis.



5 Enbodi nents of the invention will now be described, by way of exanple,
with reference to the acconpanying drawings in which, Fig. 1 is a nultiple
perspective image; Fig. 2 is conposed of Figs. 2(a) to 2(f), where Fig.
2(a) shows the 10 operating principle of a known pushbroom i magi ng system
Fig. 2(b) shows the |light ray pl anes cagtured by a pushbroom i magi ng
system Fig. 2(d) shows the operating systemof a known cross-slit canera,
Fig. 2(e) skawel aherdviging 4 exmptanesefingd Hbede bihedpeiseasngbhfiort pRRidbs and
Figs 2(c) and 2(f) show i mages produced by the pushbroom camera and
cross-slit ; J ; () ; Fig. 4
iIIustrategqgﬁﬁﬁgfﬂégggggﬁﬁﬁgpggﬁwﬁﬁﬁgﬁigﬁébggg¥§?ggggngFﬁa1eft and ri ght
panoramas; Fig. 5 shows a known flexible canmera array, Fig. 6 is conposed
of Figs. 6(a) and 6(b), which respectively show 20schematically an

enbodi nent tion in a configuration (Fig. 6(a)) in which it
takes a p , I §56(b)) a cyclograph image; Fig. 7 is
conposed of Fig. 7(a) and Fig. 7(b), which respectively show how t he
enbodi rent of Fig. 6 captures images when in the configuration of Fig.

Embodiments of the invention will now be described, by way of example, with
reference to the accompanying drawings in which,
Fig. 1 is a multiple perspective image;
Fig. 2 is composed of Figs. 2(a) to 2(f), where Fig. 2(a) shows the
10 operating principle of a known pushbroom imaging system, Fig. 2(b) shows the
light ray planes captured by a pushbroom imaging system, Fig. 2(d) shows the
operating system of a known cross-slit camera, Fig. 2(e) shows the light ray
planes captured by a cross-slit camera, and Figs 2(c) and 2(f) show images
produced by the pushbroom camera and cross-slit camera;
15 Fig. 3 shows a known strip camera;
Fig. 4 illustrates a known system for simultaneous capture of both left
and right panoramas;
Fig. 5 shows a known flexible camera array;
Fig. 6 is composed of Figs. 6(a) and 6(b), which respectively show
20 schematically an embodiment of the invention in a configuration (Fig. 6(a)) in
which it takes a pushbroom image, and (Fig 8(b)) a cyclograph image;
Fig. 7 is composed of Fig. 7(a) and Fig. 7(b), which respectively show

how the embodiment of Fig. 6 captures images when in the configuration of Fig.

6(a) and Fig. 6(b);



6(a) and Fig. 6(b); Fig. 8 is conposed of Fig. 8(a) which shows a
nore detailed front view of a single canera elenent in the enbodi nent of
Fig. 6, and Fig. 8(b) which shows the internal structure of the canera

el ement ; Fig. 9illustrates the internal structure and operation of
a single canera elenent in a second enbgdi mrent of the invention; and

Fig. 10 illustrates the operation of the second enbodi nent of the

i nventi on; Fig. B ig.cobdpdsedusftiigt&a) whiehi IHavdalmsie stk s efrandviewesrat i on

of a single canmera elenent in a third enbodi mrent of the invention; Fig. 12

|11 ustrat eg diftgic eRRTaRS isat ihithe EIHICHIRERALH T8N, &g FRe gpvgfkhon: Fig. 13

a configuration of the third enbodi nent of the“inventi ch creates a

St er e0sCopkRokY $hOPEARA) é*ﬁ@@{?[)‘?ﬁf’%ggﬁﬂeéa g;ﬁgga?ﬁieg 14 shows a flow chart of

for processing inmages cap nts of the present

i nvention. 15 t aj.l.ed scription of the Preferred Enhodi ments A multiple
per spective ca%ﬁgab\}\’/ﬁ’lsért%?‘?% hg 'f‘ier”g@! %ﬁﬁ%ﬁﬁé\ﬁl{owmﬁ%q AiNgle saMesa
illustrated in Fig. 6. The canera includes a plurality of canera el enents
81, 20 “hi eRMENE MAsaPNY embegEreRidbaveptipriiré, to forma chain. Fig.
6(a) shows the canmera in a first configuration in which the canera el enents
81 all lie in aigohrivsipphtasdhe apdratite afdhesaecoageniesiimeptishipeoom i mage.
Fig. 6(b) shows the canera in a second configuration in which the chain of
canera el énmesition81 extends in a curve, and the canera captures a cycl ograph
i mage. Each canera 25el enent 81 takes a single imge which is elongate in

the vertical difigci1 ROs®tes the internal structure and operation of a single camera
element in a third embodiment of the invention;
10 Fig. 12 illustrates the operation of the third embodiment of the invention:;
Fig. 13 a configuration of the third embodiment of the invention which
creates a stereoscopic cyclograph image pair; and

Fig 14 shows a flow chart of for processing images captured using the

embodiments of the present invention.

15
Detailed Description of the Preferred Embodiments

A muiltiple perspective camera which is a first embodiment of the invention is
illustrated in Fig. 6. The camera includes a plurality of camera elements 81,

26 which are mutually hinged together pairwise, to form a chain. Fig. 6(a) shows
the camera in a first configuration in which the camera elements 81 all lie in a
common plane, and the camera captures a pushbroom image. Fig. 6(b) shows
the camera in a second configuration in which the chain of camera elements 81
extends in a curve, and the camera captures a cyclograph image. Each camera

25 element 81 takes a single image which is elongate in the vertical direction of



9 Fig. 6(a), which is also the extension direction of the hinges between
the canera elenents 81. A common control systemtransmts respective
control signals to the canera 5el enents substantially sinultaneously, and
upon receiving the control signals, the canera elenents 81 capture a
respective elongate i mage. The inmages ape then transnmitted out of the
canera el enents 81 al ong comruni cation paths to a processor (located either
wi t hi n t heFigaBéa)awbichoe tadscdib)e, extbesien direytiar ef thenihges basvedr ines of a

mul ti pl e perspective inmage. Fig. 7(a) shows an inage 10as captured by the

camer a whegamBrd Beromd Rguration of Fig. 6(a), and Fig. 7(b) shows an inmage
captured by the canera when in the configuration of Fig. 6(b). Fig. 8(a)
shows a nore detailed front view of a single canera elenment 81, while Fig.
8(b) shows the internal construction of the canera el enent 81. The canera

15 el enment i ystemincludes a s ort structure 83, of which a
central po’?"t%l%gﬁ%?'i Qgﬁtgﬁﬁy@?@@ tr&@?rﬁﬁﬁﬁsﬁegﬁgtc%ﬂﬁ “f*ﬁ@aE‘I tgttgeg:gn?%"ai n front
of a focusi n'% device 85 and a digital |inear optical sensor 86 which is a
row of °1 i gHemeaRsFyLasirNtialy siRulanagysih &nddmop teseMingihe eaniel sipnalat  go
through the slit 84 are captured by the linear sensor 86. The |linear sensor
86 has a fthaeamsvsiclanents dlataptera @ redpeclios kiangdde irmage sThig inBagernatel | near
sensor 86 being opposite with respect to the focusing device 85. The

first enbdoemtahsimstedi dutexfené chmena aldmasts B1o88hg @BArAGNIEat6H pagRBrR" 1N
t hat each |linear optical sensor 86 can be controlled i ndependently with a

g;gi( tal 2pesedgsel (186488leithBRKAtAR the dPsshllrDUQdE R thif grent 1ight rays
e.g.
combined as strips of a multiple perspective image. Fig. 7(a) shows an image
10 as captured by the camera when in the configuration of Fig. 6(a), and Fig. 7(b)

shows an image captured by the camera when in the configuration of Fig. 6(b).

Fig. 8(a) shows a more detailed front view of a single camera element 81, while
Fig. 8(b) shows the internal construction of the camera element 81. The camera
15 element 81 of this system includes a support structure 83, of which a central
portion is a plate 82 defining a slit 84. The plate 82 is in front of a focusing
device 85 and a digital linear optical sensor 86 which is a row of light sensitive
elements, so that only the light rays 87 that go through the slit 84 are captured
by the linear sensor 86. The linear sensor 86 has a fixed position relative to the
20 slit 84, the slit 84 and linear sensor 86 being opposite with respect to the

focusing device 85.

The first embodiment is different from a traditional analog “strip camera” in that
each linear optical sensor 86 can be controlled independently with a digital

25 control signal, making it possible to record different light rays 87 (e.q.



10 simultaneously) with a plurality of such sensors 86 in respective canera
el enents 81. This enables the proposed systemto capture dynam c scenes
that are beyond the ability of the traditional "strip camera”. 5In the
first enbodi ment the canera el enment 81 includes coupling elements 80 for
mechani cal Iy coupling the canera elenenﬁ)Bl to further canera elenents 81
to each respective side. The coupling elenents 80 permt each pair of

adj acent caimaulGreoesltsitdla trutalingefr slich | setsboes e hn otdaplctiv® ddrérat he
conpl ete array of canera elenents 81 forns a flexible array of canera

el enents 8dlerfirts BheThRMUMRBRANETrapEsAREMLR] td Sadthe §ridmBhceBsmhan
image is captured using this canera elenent, the l'ight Tays Ili1e in a plane

whi ch inclé@eéefpotpﬁ rfi: i.rect i apd. whj irS perpendicular to the
i mge plane 88. Thgﬁggggﬁg%@?&fﬁ%n geé‘tglg‘r’]}f[ﬁrﬁ%rtap. di fferent geometrical
shapes for capturing 15 different types of multiple perspective image. The

pairs of canera elenents 81 are also electrically coupled pairw se b%/

el ectrical connectors 90. These pernit control signals and power to be
transnit t €8 fgsq‘t%ﬁfe@@éﬁémae%t@ﬁé@ﬁ%er@lefsmﬁrﬁ@ﬁi ieluslsamanvindag ibemeatn8Of or
transmtting the i mages captured by the canera elenents 81 out of the

devi ce t o far pesbasissily cowding thacammigedemest 8200 botroatoenatraccisegnensi al | y
to forma 2D inmage. Optionally, the ordering of data can be facilitated by

alr rangi ng t¢ eathtrespectivgeside aFtiey chlisingsslegnats BO Raalit $QFDEEH iof @dfERt a
e ement camera elements 81 to hinge relative to each other, so that the complete array
of camera elements 81 forms a flexible array of camera elements 81. All the
10 hinge axes are parallel to the slit 84. When an image is captured using this
camera element, the light rays lie in a plane which includes the vertical direction

and which is perpendicular to the image plane 88.

The camera array can be bent into different geometrical shapes for capturing
15 different types of muitiple perspective image. The pairs of camera elements 81
are also electrically coupled pairwise by electrical connectors 90. These permit
control signals and power to be transmitted to the camera elements 81 and
define communication paths for transmitting the images captured by the camera
elements 81 out of the device to a processor, where the images are
20 concatenated sequentially to form a 2D image. Optionally, the ordering of data
can be facilitated by arranging that the images carry IDs assigned fo each

respective camera element.

The control signals may causes the camera element 81 to capture a single

25  corresponding image. Alternatively, the control signals may indicate the starting



The control signals may causes the canera elenment 81 to capture a single
25correspondi ng i mage. Alternatively, the control signals nmay indicate the
starting 11 and ending tinme of the capturing process, and the canera

el enent 81 may be arranged to generate images continuously or periodically
bet ween these tines. The canera el enment 81 can obey these control signals
using a mechani cal shutter (not shoﬁh) or by electrical

act | vat | on/efRashdiNg e oPthd BbtaRhg pRbcERNIPH BR%amER bARIL1 fidg gent rol

signals may cause al he canera elenents to generate | nages

ndependentl Por Rushecr e inkne G Ry RATTAY of pHRRleAy SEReRE AFEH i soe

i ndependently
rol of t m to recon

provi ded, under the co contr ure the
canera (e. S—hgb‘éﬁ'%% eﬁeﬁﬂe’&to %IC@H‘I‘QP?}() &Q' 5& Ta's sy B)‘T‘ec;’f’“s‘gl

Al ternati veI y, the reconfiguration may be 055| ble manually. 15 W now turn
to a secon@"@¥odOMSAPWE Of h¥ %@@§‘é@1‘ta¢fk’f@§ﬁiﬂf€@@mﬂﬂﬁi@ ehthedopioal sans® has a
configuration as illustrated in Figs. 6 and 8(a), so corresponding el ements
will besgi®en the same reference nunerals, but the construction of the
canera elenments 81 is different. Due to this difference the canera is
capabl e of generati ng cross-slit inmages even when the canera 20 el enents 81
are in the "parallel"” configuration of Fig. 6(a). As shown in Fig. 9, a

camera el epp ﬂénégvl Bhe T(;Bﬁtréleé?gﬁ‘ﬂs AR AL 18O Lyl %%Légﬁ%raaef%ﬁéfﬁs %Qﬁ@hazglcg%r a

changi ng the configuration position | nt ace WI
el enrent 8 fof C op sensor ive to

slit 84 cé#éﬁe %ﬁﬁ?’é&"ﬁ% %itg%ag@g%y“ %ﬁéh Cﬂ@&{a 08% | gﬁﬁ?y Q‘Fle
\é?;}gﬁ |e(r)]tn qlgﬁtrtg ‘?ééﬂfﬁe O%‘ﬁta % osr sgg\c/u% v;[at}v?n %ggtsm allowing rays from

10

A drive mechanism may be provided, e.g. under the control of the control
system, to reconfigure the camera (e.g. between the configurations of Figs. 6(a)

and (b)). Alternatively, the reconfiguration may be possible manuaily.

15 We now turn to a second embodiment of the present invention. This
embodiment also has a configuration as illustrated in Figs. 6 and 8(a), so
corresponding elements will be given the same reference numerals, but the
construction of the camera elements 81 is different. Due to this difference the
camera is capable of generating cross-slit images even when the camera

20  elements 81 are in the “parallel” configuration of Fig. 6(a). As shown in Fig. 9, a
camera element 81 of the second embodiment includes a drive mechanism for
changing the configuration (e.g. position in the 3D space within the camera
element 81) of focusing device 85 and optical sensor 86 relative to the slit 84
can be controfled with an additional input control signal. The variation in these

25 positions moves the plane 87, allowing rays from different directions o pass



12 through the slit 84 to the optical sensor 86 (note however that the
nodi fi ed plane 87 still contains the direction which is vertical in Fig.
6(a)). The control signal can be generated by a control device (e.g. a
conputer) and be sent to each canera elenment 81 through the electrica
inter-connections 90. Different 5 contrQi signals can be generated for
different canera elements 81, e.g. by assigning respective Ids to each of
the caner a tetoeganihe, siRnBY tid aRsNdpticaNeB oMt BO! (nhdNtvieve? 18kl thd endified a

el ements which contain one of the IDs, such that only one of the canera

el enents regQQNkE3ag;) i - 09 zant.rof; . Si I

Capt uri ng cross-sli% %ﬁ%%@?qﬁgi%giﬁﬁgqggﬁgﬁ%hﬁﬁ@%ﬂﬂﬁ@ﬁ?'Pg%@i?@%gofyo*
flexibility,] t] ' 1.n | ane. of. rays 87; and 2) know edge of the
el ative el 5RO LM eBRERLRY BhPR Rl T Ray ool fPLe RETES"  ne
selection of ray planes 87 ith a control signal sent to the_focusing
devi ce 85 &AR" &éﬁf@fﬁleﬁg@ﬁ%ﬁsﬁnm e glectigRl inteReoRBREIYIS 8P gRElererhe
focusi ng device 85 and optical senor 86 will adjust their positions

corr espondF@Rirgl sienglsagan Hes geperated spediiffaredt damearai elemands Giptaigedy Thus
the plane 97 in which incomng light rays nust lie to reach the optical
sensor 86, asdigmpgsrespbciive édsiripl eadf of the ¢amerwwiemmeantd, gand Qrangsiittieig

addi tional sensors, it is possible to identify the relative position of
each el enegintil ishyripS ReEl the ddMeeraedibiier®d wWiieh WhALSn Jeayr thal fferlseph
control signals can then be sent to each el ement depending on its position
in the arrgy | 0 -SLAt Sim EQr l.e. Lhe

el enent at thgﬂr eér)l'??ed:r> gﬁ E;{f]éerﬂgl}ar éifmvﬁ ? rgg%ﬁnd%ée@ﬁti%gﬁ a?ngy:geéﬁ ﬁﬁ(?@gr?ethé 13
per pendi cul thF i mge plane; the elenents further away fromthe centre

[ )
wll be ca%’?’(‘fpy g’gn‘?ays that are increasingly oblique to the image plane. In
a thi rl% enbodi nent of the present invention (shown in Fig. 11, the basic

Capturing cross-slit images using the second embaodiment requires: 1) flexibility
in selecting incoming plane of rays 87; and 2) knowledge of the relative position
of each element 81 in the array. Fig. 9 illustrates the selection of ray planes 87
15 with a control signal sent to the focusing device 85 and optical sensar 86. With
the input the control signal, the focusing device 85 and optical senor 86 will
adjust their positions correspondingly so that rays from a specified direction are
captured. Thus the plane 97 in which incoming light rays must lie to reach the
optical sensor 86, changes.
20
An example of this is shown in Fig. 10. Using additional sensors, it is possible to
identify the relative position of each element with respect to the center of the
whole array. Different control signals can then be sent to each element
depending on its position in the array for the capturing of cross-slit images. For

25 example, the element at the centre of the array will capture light rays that are



5elenent is able to capture light rays in a plurality of "planes"” in the
sane shot, thus creating stereoscopic inmages. Elenents having the sane

construction as in Fig. 9 are given the sanme reference nunerals. In this
enbodi ment, two focusing devices 105a, 105b and two |inear optical sensor
arrays 106a, 106b are provided. These o?%ical sensors 106a, 106b capture
rays fromtwo different 10 directions rough the slit 104, as shown in

Fig. 10. Tharpbmdic@acty m@te'magle ;ﬁgﬁé;ome?e@@ﬁent_%%ﬁhbﬁaﬁ%?%rﬁtﬂ%‘@c@htt@vﬁil_
different respective plane 107a, 107b including that sénsor and the slit

84. This aldovldigy t f; IhG | [ | mul taneously
usi ng one el e(\!rr%)nltJ .I ﬁc@%tt\ﬁéﬁar%y’ngﬁegﬁggﬁg%@@?goéﬁgmﬁgggéﬁﬁ%h regard to the
slit 104 and can be controlled using a single signal. This signal 15

i ndi cates the angle 108 between these two ray planes 107 for capturing
fferent confjigurations. This control signal

st ereoscopi C i e pairs with di , 5. T
i s generat &8 & ;‘}gﬁ* QR@’SHW%‘I“ @E/g?%lﬁ’f‘ﬁ?r’é.’”‘ée'ﬁ@@p(ﬁmn ihdigent. the basle
canera el ement 81 through the inter-connections between them It is also
possi bl & t slaentisvgbientiepepiventighl myalis a plucality vbI‘pleach’” mathepsame shbTa,

107b for nore zoflexibility. Al though the third enbodi nent has two focusing
devi ces anthusptreetitg stEmsosmpid magessEBmenty @avingNthieSsarae dondtilieton ast hi s
aspect. Mre than two i ndependent focusing devices with correspondi ng

optical sensslis & aeRfvé QMb dene TRV |nARbRIS oM 'ﬂ%'@fﬂb@éﬁgﬁ&ﬁp?\%i ve

control signals to capture light rays with different 14 incident angles

With reSp%Euéiﬂgg .ideréa%%aﬁ' ks ngﬂgst%%eia? or':ﬂtﬁgt L0nsd7 grria%gg@gggﬁg%? ¢

exanpl e of cont Ing eac capture st ereoscop
!S;??gfmfls: %gaoﬁrggggggfﬁl%%nggﬁ%%%@nsglfs % (S]E;Ea,i1%\é%nc§a§p?3re\,\f'e}yg ftr(\)Ar% t%téiﬁggent
10 directions through the slit 104, as shown in Fig. 10. That is, each optical sensor

106a, 106b is associated with a different respective plane 107a, 107b including

that sensor and the slit 84. This allows the capture of a stereoscopic image pair
simultaneously using one element. The two ray planes 107 are symmetric with

regard to the slit 104 and can be controlled using a single signal. This signal

15 indicates the angle 108 between these two ray planes 107 for capturing
stereoscopic image pairs with different configurations. This control signal is

generated from a controf system (e.g. a computer) and sent to each camera

element 81 through the inter-connections between them. It is also possible to

use two independent signals to control each ray plane 107a, 107b for more

20 flexibility.

Although the third embodiment has two focusing devices and optical sensors,
the present invention is not limited in this aspect. More than two independent
focusing devices with corresponding optical sensors can be provided. They will

25 be controlled by respective control signals to capture light rays with different



Fig. 13 illustrates how the third enbodi nent of the invention may be
configured to produce a stereoscopic cyclograph inmage pair. The angle 131
bet ween two planes of light rays in each elenent 81 should be the sane. The
angl es 131 determne the locus of the rays as illustrated in Fig. 13 (for
the case of a circular 10setup, the relﬁ;ionship isr(a/l2 ). This
arrangenent satisfies the general epi-polar constraints for stereoscopic

i mges as Blaewhtidhdied withtregpactMo BRI InBagi@laHavas diiohin Fheigpaserigh 1Al |

Stereo Images. International Journal of Conputer Vision, Marr Prize Speci al

I ssue, volghdiBs aﬂ%xamﬁi%’?f F@Hﬁcﬁﬁ‘n éggﬁélerﬂéﬁitg'c%ﬁé@%&%k@%h@gﬁ%ﬂt da

nmet hod of using the pl e perspective | mges capture

enbodi nent, t he sgnt ..nyention, A ste scapi c .imge, pajr is_generated
by assen‘ol’lmr)largqetsheLl a%%aptbﬁaegwdé@@ﬂtseﬁﬁreﬁg‘ﬁt *gYthWé‘ gﬁ/’@?e}%’o sPB

mat chi ng (e.S?. lé)/?{ d%/nam'c rogranm ng - DP) can then be done to infer the
3D geonet rYSTHPe AR HHSOF 6/ Bhe stereoscopic pair. This 20i nformation can

be further used to generate a novel view (possibly perspective) for 3D
applicadtions (e.g. a ray-reconstruction type 3D display) Wth the
present invention, various types of nultiple perspective imges can be
capt ur ed Wightailkistrptes @y tipe tHilteeinboembérstrofi the desdrgivednby Heecoriduked Wi th
25each i ndependent el enent connected hingeably (and preferably rel easably)

to 15 ot hepretesentfercbBbopingRloRpaphtnabs Bai0fTH! hhgl6 Pl BenjdrPivset up
in differentp shapes for thepcgg)t@t???n% ofggli férent tygpes of rruvféiél pﬁla

el as b St RS e e R T RO e R el o BpBR T
b L R A e
10 setup, the relationship is ¥ = Reinfa/2 ). This arrangement satisfies the general
epi-polar constraints for stereoscopic images as shown in [2] (Steven M. Seitz

and Jiwon Kim. The Space of All Stereo Images. Infernational Journal of

Computer Vision, Marr Prize Special Issue, vol. 48, no. 1, pp. 21-38, 2002).

15 Fig. 14 shows flowchart of a method of using the multiple perspective images
captured by the third embodiment of the present invention. A stereoscopic
image pair is generated by assembling the data captured by each element of
the system. Stereo matching (e.g. by dynamic programming — DP) can then be
done to infer the 3D geometry information from the stereoscopic pair. This

20 information can be further used to generate a novel view (possibly perspective)

for 3D applications (e.g. a ray-reconstruction type 3D display)

With the present invention, various types of multiple perspective images can be
captured with a simple setup. The invention is designed to be modular with

25 each independent element connected hingeably (and preferably releasably) to



ordinary skill in the art that many nodifications can be nmade hereto

W t hout departing fromthe scope as clainmed. 10 MCSLLP 16 CLAIMS 1. A
nmul ti pl e perspective inage canera conprising: 5a plurality of canera

el enents, each canera el enent being arranged to capture at |east one

el ongate i mage generated using light rays incident on the canera el enment in
a single respective plane; a plurfality of coupling el ements for

rochant cal | inGoUBkidHs ! i CATRIA, GCARAl 5 LAOELREI-d b Bo ReRYRIReyand 102

control systemfor contro the al carera el e pture
respective gl an i . sal anes,_of the c ra el enents sharing a
comon di r@%@ﬁﬁ%%@ﬁ%ﬁﬁ@ﬁl %fdﬁ%]%?fgcttypgﬁ 9 n@{jgg‘f%ﬁgf%?e& “or'diadgst 59 claim
1, further " .

addition, dynamic scenes can be easily captured, as well as obtaining

stereoscopic information of the scene through the capturing of image streams

5 on each element.

Having now fully described the invention, it should be apparent to one of
ordinary skill in the art that many modifications can be made hereto without
departing from the scope as ciaimed.

10



15conprising a plurality of comunication paths for transmtting the

correspondi ng el ongate images out of the canmera elenents; 3. A mltiple

perspective image canera according to claim2, further conprt Sgpa
processor for receiving the elongate inages fromthe plurallﬂy of 20 canera
el ements and conbining theminto an inagg in which the elongate images form
respective strips of the inage. 4, mul tipl e perspective inage canmera
according to any preceding claimin which the coupling elenents pernmit each
pair of neighbouring canera elenents 25to hinge about an axis lying in the
comon di r gt A tftc S L.L.1" 17 5. A nultiple perspective inmage canera

according to any preceding claim further conprising a drive nmechanism for
di spl acing the canmera el enents. 56. A multiple perspective inmge canera
according to any preceding claimin which each canera el ement includes a
slit, at least gne row of light sensing el ements parallel to the slit, and
a focusi ng 'devi feMEliPiRBArSPREIE MagmeamRE e@MPESIY: one row of | i ght
sensing elenments. 107. A nultiple perspective i mage canmera according to
cl ai m 65i n whi chatHemadty of camera efements, each camera element being arranged to
capture at least one elongate image generated using light rays incident on the
camera element in a single respective plane;
a plurality of coupling elements for mechanically coupling the camera
elements together in a sequence; and
10 a control system for controlling the plurality of camera elements to
capture respective elongate images;

said planes of the camera elements sharing a common direction.

2. A muiltiple perspective image camera according to claim 1, further
15 comprising a plurality of communication paths for transmitting the corresponding

elongate images out of the camera elements;

3. A multiple perspective image camera according to claim 2, further
comprising a processor for receiving the elongate images from the plurality of
20 camera elements and combining them into an image in which the elongate

images form respective strips of the image.

4. A multiple perspective image camera according to any preceding claim in
which the coupling elements permit each pair of neighbouring camera elements

25 1o hinge about an axis lying in the common direction.



is a single row of light sensing elenents, and further conprising a |ight
sensitive elenent drive neans for displacing the row of |ight sensitive
elements relative to the slit. 15 8. A nultiple perspective ippgercanera
according to claim6 in which each of the canera el ements includes a
plurality of said rows of |ight sensing elenents, each row of |ight sensing
el ements being parallel to the slit. 7 9. A mul tiple perspective i mge
canmera according to claim8 in which each 20 of the canera el enents further
includes light sensitive elenent drive neans for displacing the rows of

1 90 sensid | ve oL S SakY tnboe Al A8k GRS L0uA DS alddeg pgim 10, 4

mul ti pl e péerspe ge ‘canera accordin
el ement s

sensitive el enment drive nmeans di splaces the rows |ight sensitiv

16 whi | e mi TSRS SReE e BT dor Rekei e e EHae s of 11 ght
sensitive elenents and the slit. 11. A canera elenent for a nmultiple
perspective i mage canera according to any preceding claim the canera

el enent being arranged to capture at |east one elongate image using |ight
rays inci dent oA muiipeapespesivenmage caraefd astordiegdecnyvmrepéding, claindin
havi ng: one or nore coupling elenments for coupling the canera

el ement t owhizhaghcic eainecarsidaeel fvhidesahrdinged ([da3t @t Ve odtligheashsigne
el ongate image 10 using light rays incident on the adjacent camera el enent

in a seconderReREphIARI B ngit‘!"_@ﬁ&%yoéd%ﬁngcae“@tﬁg tfét%@ﬂtthé% Lhe Adigcent

canera el ement can be coupled with the first and second respective planes

sharing a commmn iy SFﬁdfﬂgeﬁQtﬂg elements.

10 7. A multiple perspective image camera according to claim 6 in which there
is a single row of light sensing elements, and further comprising a light sensitive

element drive means for displacing the row of light sensitive elements relative to

the slit.

15 8. A muitiple perspective image camera according to claim 6 in which each
of the camera elements includes a plurality of said rows of light sensing

elements, each row of light sensing elements being parallel to the slit.

9. A multiple perspective image camera according to claim 8 in which each
20 of the camera elements further includes light sensitive element drive means for

displacing the rows of light sensitive elements relative to each other and to the

slit.

10. A multiple perspective image camera according to claim 9 in which the

25 light sensitive element drive means displaces the rows light sensitive elements



an input for receiving a control signal for controlling the canera el enent.
15 12. A nmultiple perspective inmage formation systemconprising a nultiple
perspective i mage canera according to any of claims 1 to 10, angit&LLP
processor for generating a three-di nmensjonal nodel fromthe outputs of the
canera el enents, and generating a 3-D 3§splay usi ng the three-di nensi onal

model . while maintaining a symmetrical relationship between the rows of light sensitive

elements and the slit.

11. A camera element for a multiple perspective image camera according to

s any preceding claim, the camera element being arranged to capture at least

one elongate image using light rays incident on the camera element in a first
respective plane, and having:

one or more coupling elements for coupling the camera element to an

adjacent camera element arranged fo capture at least one elongate image

10 using light rays incident on the adjacent camera element in a second respective

plane, whereby the camera element and the adjacent camera element can be

coupled with the first and second respective planes sharing a common

direction; and

an input for receiving a control signal for controlling the camera element.

12. A multiple perspective image formation system comprising a multiple
perspective image camera according to any of claims 1 to 10, and a processor
for generating a three-dimensional model from the outputs of the camera

elements, and generating a 3-D display using the three-dimensional modei.



