/]

10

15

20

25

0 e rreer rerer rrerr orerer et reer ot
*159159* Canera for Miltiple Perspective |nage
Capturing Field of the Invention 5 This invention
relates to an apparatus for capturing pultiple
perspective images. Background of the Invention

camera, micpl o per spective i o  mges. collMMMTIT

sanples of light rays fromdifferent view poi ntsy sox
within a single imge. Capturing such i mages can
create a |l ot. 0 hal.. vi efif g
traditi onal ~HERREHOT RSP YR ATIAEC st
i mages are not capable of. A typical multiple
perspective image is shown in Fig. 1. There are many
practical applications in the fields of arts,

' @A er vision and recently 3D 15
appl i cations such as 3D di splay. Miltiple perspective
i mages are discussed in [1] (Jing Yi Yu, Leonar
McM |l an and Peter Sturm Milti perspective nodeling,
TARGRUEMEbN RMstes W& GhHppal4tli§ fdvedd fitidhg FRIMSE %@Fs?e%ﬂve images.
Comput er Graphics and Interactive Techni ques. ACM
SI GGRAPH ASI A 2008 courses). 20 Presently, such inmages
are normally generated by nosaicing a plurality of

erspective.inpges.or video sequences, which are
Eé&@&ﬁ&&i@i%ﬂ%ﬁ@ﬁgﬂ novi ng al ong a specific track.
This type of capture requires very high accuracy in )
Unéke inages Aartafrchysing olradjioral pigphgle @amgm,sn@ﬁpleanqspectwe
and time-consunmi ng processing to generate the final
images cohtad) sdypias of Eglemays deomalifférent hiew R6intS whthin a single
this type of capturing method.
Irhddd.| Chpiuringl $ddH irhAdéd lchhldrehtd bl lot IdfIspecial visual effects that

traditional methods of capturing single perspective images are not capable of. A
typical multiple perspective image is shown in Fig. 1. There are many practical
applications in the fields of arts, graphics, computer visior{ and recently 3D
applications such as 3D display. Multiple perspective images are discussed in
[1] (Jing Yi Yu, Leonar McMillan and Peter Sturm. Multiperspective modeling,
rendering, and imaging. Infernational Conference on Computer Graphics and

Interactive Techniques. ACM SIGGRAPH ASIA 2008 courses).

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

with this type of capturing method.
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*000002* 2 A mrror based system and apparatus for
generating such imges, is disclosed in patents US
6, 795,109 and US 6, 665, 003. Using curved mrrors,
these systens enable the capture of a nultiple
perspective imge with a single 5 canera, thus
al lowi ng the capture of dynam c scenes. However, the
systems are not flexible in £he sense that they are
designed only for a specific nultiple perspective
inages e.g. a stereo cyclograph. The mrror's
nen5|on 1,S esi ed for ecific task .q. if

% e oot gt R BebrreDpa Rt aRieese dygisclosed
to be chan%ﬁ%z and it al so re%U|res hi gh precision
im$aientst Y 195,100 andirdS: 68 g3 1 Ysthg cHevedapiliPEY these
i mge. As described earlier, nmultiple perspective
systigas enabigetha gapturpyofmas aulliple penspective imiaggl with a single
per spective inmages. Two common net hods of obtai ni ng
bam, thueraliongngiseicaptuae eof ' gyramiic cspshes mtpweyeft the systems
term "pushbroont is borrowed 15 fromsatellite

ak@hef ﬂ@ﬂb!ﬂ%egséeﬁ@rtﬁaatﬂéw% dBHGRE ARy FRIE ‘sﬁed:lﬁc multiple
used and cross slit" camara i maging. In pushbroom

elMve & n é:' &e g? ﬁhl 'T%tét itk s]c 8fmen5|on is
EQP% F'.f e bn g ryc,q §

I'mage set pl an€s an

i see Fi g ) cont r ast .
HPSOB8d s acsrate ik @wﬁ h% bpjeg situshasges. tF?gmt"or shape
rays pass through two non-copl anar |ines (see Fig
alse) peeds: tanpreshasioedieand it asgl faauerdyah dy@cnsmgg@ta"atlon to
generated using these two nmethods are shown in Fig.
2asiredhd qpgfily ofdbpeapiured yna@ech i mages are normal ly
generated froma collection of photographs or a
vi deostreamto effectively concatenate |ong, roughly
pl anar scenes such as city streets. The final image
Ws! destPiBBd driiérd Miultiple perspective images are generated by mosaicing
multiple single perspective images. Two common methods of obtaining images
for the mosaics are “pushbroom” imaging (the term “pushbroom” is borrowed
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
light rays pass through two non-coplanar lines (see Fig. 2(e)). Examples of the
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.
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field of view than any single input inmage. 25 3 1In
principle, the sanme i nages can al so be generated by
noving a slit canera (having a slit and a filmor

i mager, the slit having a fixed position relative to
the filmor imager) or a strip canera (also having a
slit and a filmor inmager, but in which the relative
position of the filmimger aAd the slit of the

; [ S [an : .

B il {fe e Elmags SAN S beaFRRMCE B thiling o sit camera

it above, the.track is straight. . However, Fig. 3, .
T \ind BoalE anih o ilgh PF s 1 sl evind St nds i iafive to the
capturing a nultiple perspective inmage. A design with )
alrgiqr dmagdenrfra stip earsera havingp §Hearéi<ﬁéﬂﬁnn%rrif“ager, but in
done by Andrew Davi dhazy from School of PhotoArts and
sdienthesreRdiveexisiionl ofghe filmémageand tied sl yof the aperture varies at
(http://people.rit.edu/ andpph/text-digital-strip-caner

a. d¥nstant spewvay slongr£gpédiictacefFdrithetcsse dffpushbRiomn and cross-
used, these nethods of capturing inmages are not

SAPAR R, Fhe TARK 1 'gpsig@w gﬁmvsve%,: ERES ﬁlﬂgtréf@ssthétv(/&'ﬂm%principle

'Tmts the possible™application of these systens.

| . - 9 d, U , 0] V€ . -
o oF 816 SiebuofH faefding & maBe Befbeiiligirngs & dadidn i aigial
to allqw the capturing of nmultiple perspective imges
ST TS a1 dopoReh Ib dne exPermEnt e PHARRarPEavnazy from
scenes. Fig. 4 illustrates an exanple of one such

Sespeim ofa Fglataﬁﬁstgl iander SeigneeedRoghespter t Instituteayef Technology
between 20 two | ens systens. The horizontal rays enter

( mitpn// péeple oit. ednidnepphAgdtdigitdlastrip-camera . giml)eye. The

upward rays are reflected by a mrror into the upper
| ens system

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.

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
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

requirements in during installation. As the mirror shape is based on careful
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for the left eye. The main problem of the above system
isits inflexibility and high precision 25
requirenents in during installation. As the mrror
shape is based on careful 4 optical design, it only
wor ks for one type of nultiple perspective inmage, in
this case stereo panorama. The placenent of all the
elenents in this system such* as the nirror and

R (A i o
5333 stimn ARoraltipc LhePaeaertan i fhe SR o B Shstem, such

Fl exi bl e canera arrays have been proposed in "Scene
@élthﬁg@grodni‘ﬂq:lc@m%?eha%é?réi&hdﬂf‘? aW'&h higly precigigmfen successful
L. Zhang and S. K. Nayar, Proceedi ngs of Eurographics
Sgpivios | al ntheninfeged cOthegwisu rthe it raysi will Bots hevaligned with the
prototype io of their system This systemis designed
tlesigned optical patbe and the captiuess image Will beisnasasienal

comerci al 2D perspective caneras and the design does

not take into consideration formng multiple

perspective imges. There are two di sadvant ages of

RAHE M dibsa tARd RELE Tl OB (AOSRRE CXRALIGRY Flexiole

captur ) alcrng 1’s need

he final i pl [ 15 i Wt t .
EamAPoREAYST 68 S NETWPankr CAIRPG BPG i Nearairospedings of

the system does not take into consideration

Egregraphigs Synapesiuay eh Kendesing. Juand@0a) fig § shoyaia prototype
of nultiple perspective inages) for form ng useful
ofitheipbgsteperBus cystem iisraipsignedhios scenei gillageeapplizations, so it
flexible" in the sense that critical information

(1€e§) noARaIgesMRIckYial 2R Heed pditive tahtsrh€ Gndr a8 ddi@gn does not take

resulting i nage 20

into consideration forming multiple perspective images. There are two
disadvantages of applying this system into multiple perspective image
capturing: 1) mosaicing is still needed to generate the final multiple perspective
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 perspective 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

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

mechanically coupling the camera elements together sequentially (that is, they
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Sunmary of the Invention In general terns, the present
i nvention proposes that a nultiple perspective inmge
camera has a plurality of camera el enents, and
coupling elements for 25 mechanically coupling the
canera el enents together sequentially (that is, they 5
are connected pairwi se, as a "chain"). Each canera

el ement generates an image using light rays incident

Qre tc%ﬁn@?féﬁ BaRhRBEYs bn‘fcﬂaﬁ{”ﬂgitiﬁ%ﬁ gc?gri?(%r%i ¥%me¥ﬂtf‘ﬁ€nerates an

r
and coupling el enehts nmaintal Ions o

e t sSuc. at the planes, of the canera .
85 el R s SHfRGhT Bh e e ne RigPiert B L IS respective
[ e captured by each canera elenent is elongate in
pland, aRdoroURlingcdlemsats TrRINtaly Hor PogRioNReRfekec aAMaFa @lements
by the canera el enents can then be conbined to forma
such ithatethpeplapes of ee icampra alerientshabareug ceseines direction. The
strips of the inmage io0 are derived from successive
oepectite irhage eaptured bgreachscanidra elaneing istelpngatd imd®eacommon
control systemfor controlling the canera elenents to
Hk&tidrheir  respective images simultaneously, thus
maki ng possi ble a substantially instantaneous image
of a dynami c scene. 15 The canera may further include
comruni cation paths for extracting the elongate

i es from.the respective.canera el enents. The canera ..
THE YE5nrdtidumates aBEERY bV 5 Eivbra elmens cendlghe combined
I mages together to formthe nultiple perspective _
higie agpultiplecperspectiveyimage, isushdbahiycenssiveastsing of dae image
out of the canera and the nultiple perspective inage

ae dedvedhdnom sROcessive ones of the camera elements. The camera may
include a control system for controlling the camera elements to take their

respective images simultaneously, thus making possible a substantially

instantaneous image of a dynamic scene.

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.

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 multiple perspective images such as
pushbrooms and cyclographs can be captured. Optionally, a drive mechanism

is provided for modifying the relative positions of the camera elements.
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Preferably the nechanical coupling of the canera

el ements allows their relative angular positions to
be nodified. By arranging the chain of camera el enents
into various shapes, different types of nultiple
perspective images such as pushbroons and cycl ographs
can be captured. Optionally, a drive nmechanism 25 is
provi ded for nodifying the refative positions of the
canera elenments. 6 In certain enbodi nents, each
canera el ement forns only a single strip-inmge. Such

anera el epent s contain a si slit afoc Si .
FEER AR AR ERATorT oot CAnGrA GBI pTeS Bhbhasirple s't”r?p-'mage
rranged to receive respective_ light rays paSS|n
gHPBL@mQrﬁeelgmentsamyf%ugmr@ Singieh sy & cuﬂngdnspm@msra and a
light sensitive elenent drive nechanismis provided
(aw of Gaht sensitivedeletrients aganged th raceivymspective lightviayg passing
conpl ete canera elenments) for nodifying the relative
trosugh the stif ahddotuigihg meersiisry Optibaary)ts liglangensitive element
per haps other elenents) within the canera elenents. io

bnv@m&fhaﬂ@m pRNided (’tﬁﬁcé]@ﬂﬁra@dﬁlo%%%é ] sfy@%blf@r moving

formng nultiple slip-like images. For exanple

8 eﬂ@ycérﬂ LUde %le n‘%dl ‘?hénij dtl% Qf‘\gn?f f the light
ﬁ% ems I@1 e Pé

senS| Ive e

tht eac row ht senltlve ]

SeRGg SEreants (apd p?msqﬁ %r@sg}?@‘f% i%%%eargﬁaa elements.
forms a respective elongate inage. Optionally, a

drive nmechani sm may be provided for nodifying 15 the
relative positions of the nmultiple planes. The
troofhdérngmbbdimeatits, thec canhera mlémeants aet chpatleeof fooming multiple
hi nges, elastic joints, ball and socket connections,

sliislikd-hage@ Folr @xaiipld, tRe ¢ A&y ihblatletdsingleldlit tAg multiple rows of
el enents are hinges which join respective pairs of the

FIRoAheHlon b 81 e, LU RGNt b sensive
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
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
axis of the hinge which connects any given péir of the camera elements lies in
the common direction, and is parallel 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.
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the common direction, and is parallel to the rows) of
light sensitive elenents in each of the pair of
canmera el enents, so that as the pair of canera
elements nutually rotate about the hinge, the
extension direction of the row(s) of light sensitive
el ements remains parallel to the hi nge axis. 25 7 As
mell as providing a canera as ’defined above, the

ImasI \:ﬁgl?"ugoé‘cgﬁw%\’é deYefifed HHBLA, fﬂeeﬁ?é‘éénft |?1(/eHﬁ’cﬁ'1 provides

|n t perspective | age canhera

e ‘%18&6?“? fdravedh B B pdéa%?%@"f%”%?rbﬁgékah%‘?a

with reference to the acconpanyi ng draw ngs in which,

Fig. 1is a nultiple perspective image; Fig. 2 is

conposed of Fi 2(a) to 2(f), where Fig. 2(a) shows
ef 11 ¢ geJ‘awu'r e of a known pushbroom

I magi ng systen1 Fig. 2(b) shows the |light ray planes

captured by a pushbroom i maging system Fig. 2(d)

shows the operating systemof a known cross-slit

‘Eéiﬁl%(ﬁmeﬁtélof tReShverftenswill hew bhé Hbsér%éd @gWoPé%er%d with
by a cross-slit camera, and Figs 2(c) and 2(f) show

SRBSe 1'tRd ‘é%SQmB}érlmg Hg d%‘\%g@ GRWhEiEr a and

Cross- sI |t canmer Shows @ "known st ri p

camer g I I ust r at eg a. known system for

il Flenddfia ulils BoisPes (AR and cTgnt

panoramas Fig. 5 shows a known flexible canera array;
Fig. 2 is composed of Figs. 2(a) to 2(f), where Fig. 2(a) shows the

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;

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
schematically an embodiment of the invention in a configuration (Fig. 6(a)) in
which it takes a pushbroom image, and (Fig 6(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);
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Fig. 6 is conposed of Figs. 6(a) and 6(b), which
respectively show 20 schematically an enbodi nent of
the invention in a configuration (Fig. 6(a)) in which
it takes a pushbroominage, and (Fig 6(b)) a
cycl ograph image; Fig. 7 is conposed of Fig. 7(a) and
Fig. 7(b), which respectively show how the enbodi nent
of Fig. 6 captures inages whefl in the configuration of
Fi g. ; i X i . ' L .
i o SR AR PR S whlch oy FRTBERAIR front view of
i I t,, | . jaent of  Ei =1
B 908 B tA RS ERB Ine BriveRiTEREE FBT b i Fle” B weh
C nerahel?nenﬁ; Fig. 9 lllustrates the interna
shoye the interm@l sipestits eiihgrcameraRig®ehnera 5 el enent
in a second enbodi ment of the invention; and Fig. 10
i 11 usFigatSeilustrates the interpal sirugtuke and operadind ediiarsinglesfamera
the invention; Fig. 11 illustrates the interna
stanoertiin @ sevdndEmisddimenddf thesnvghtoncamdra el enent in
a third enbodi nent of the invention; 10 Fig. 12
i || usFiatesiiidieated Herdparation of five $4bdrd ebedinteitiof te
the invention; Fig. 13 a configuration of the third
afbpent of the invention which creates a
stereoscopi c cycl ograph image pair; and Fig 14 shows a

flow ghart, .of for processi [ es captur.ed using the
embodf fibrlisistratas e BEal AR S OReraian o Pesiale Camera
Description of the Preferred Enbodi nents
element in a third embodiment of the invention;
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.

Detailed Description of the Preferred Embodiments

A multiple perspective camera which is a first embodiment of the invention is
illustrated in Fig. 6. The camera includes a plurality of camera elements 81,
which are mutually hinged together pairwise, to form a chain. Fig. 6(a) shows
the camera in a first configuration in which the caméra 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

element 81 takes a single image which is elongate in the vertical direction of
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A multiple perspective canera which is a first

enbodi nent of the inventionis illustrated in Fig. 6.
The canera includes a plurality of canera el enents 81,
20 which are mutually hinged together pairwi se, to
forma chain. Fig. 6(a) shows the canera in a first

configuration in which the camera elements 81 all lie
ina comon plane, and the cdnera captures a

'“63 ?Wﬁgﬁlsoﬁ'\@ext@%\h scﬂ ﬂwe?ﬁ %@ Bé?w@en the
second’’configuration I'n IC c ain caner a

tends in a curve, and the camera
géﬁﬁ%&iﬂﬁ&%@gﬁwraph i mge. Each canera 25 el enment 81
takes a single image which is elongate in the verti cal
direction of 9 Fig. 6(a), which is also the extension
direction of the hinges between the canera elenents
gicommenmastirot systes) tragsmissirespestive centrelssigrals e the camera
control signals to the canera 5 elenents
eldsertstsubstantiallysintdtzdeoskly, anddponoaceieingithe montrbEsignals,
control signals, the canera elenents 81 capture a

HRS BSMery éle%éiﬂg 84 cdpias re-E'ibéct|\7€igl%‘f"|g§t’e,elmégflae The images are
transmtted out of the canera elementsS 81 alon

ﬁ%ﬁ:ﬂ&hgﬂhfe@b&%ﬂ% E8mBra gfegl’f&ﬁm%%ﬁ ékl[)rﬁ’é%ﬁqn@rhéa}%n paths to a

canera or outsi

i ned,as Stri sofa ctl
Br%,ceaea (BBt R P ereéﬁt%ﬁﬁﬁ e thel are,
when in the configuration of Fig. 6(a) and F| . 7(Db).
sAB\RiNedhas alilpe of fpmultiple e§r59ﬁ§tl\mm@ i@/ (ah shews an'image
configuration of Fig. 6(b). Fig. 8(a) shows a nore
astcapturdd bydhe camera athem ipithglcontigunatian of Eigefi(aB Bnd Fig. 7(b)
while Fig. 8(b) shows the internal construction of
shews amenmagel ciptiveddly. théhaainterassizer i wleaiopfiguitiodfof Fig. 6(b).
this systemincludes a support structure 83, of which
a central portionis a plate 82 defining a slit 84.
The plate 82 is in front of a focusing

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
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
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

control signal, making it possible to record different light rays 87 (e.g.
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device 85 and a digital linear optical sensor 86 which
is arowof l[ight sensitive elenents, so that only
the light rays 87 that go through the slit 84 are
captured by the linear sensor 86. The |inear sensor
86 has a fixed position relative to the 20 slit 84,

the slit 84 and |inear sensor 86 bei ng opposite with
respect to the focusing devi'@e 85. The first

?Wﬂ%‘n%ﬂ SWIFHI fd epL@r%'ht)f ro‘?"éLf’oht IafsbisO e m”‘r}‘égggctlv camera

strip ca each near optical sen

E8Malts 831 5 erbias fERFPRRTd Fytehis bt de Minarfe serpes that

light r 10  si I“ta,neousl ) wth a

Bieherdre hermhilit o e e lond) “+AbratRit i ve. caner

el ements 81. This enables the proposed systemto

capture dynam c scenes that are beyond the ability of

the traditional "strip canmera”. 5 In the first

bnthedfinse etnbddémenntheacarheree alenddnti 81c Inatlete scaayplinggelements 80
el ements 80 for nechanically coupling the canera

ﬁirmﬁan&hny@ohwqq:ﬁfe @eﬂrﬁéfaaen@hfémph S08drthéOc A6 elements 81

respective sid e coup ing elenents 80 permt each

fbaééchf] %@Eﬁ\?ee Qfde fi‘]ﬁ)ﬁh@ @?é?fmént@%d pay it g?clé Z)lngr:gv;djacent

to eac ete ar

elerrent 1.f rrrsaf e le,arr a | enent

SRR Pt AP 15a0e feaie 18 AR e 36 bR -qmefzte array
When an image is captured using this canera ele
9fh§a'1nraganelerra%t3|%fcprmsaap‘iea@mevaﬂ%hof ﬁamm@@rnsnts 81. Al the
vertical direction and which is perpendicular to the
hinggeaxsisaare paralichéo thersiit 84r Vijercam immageeis captured using this
di fferent geonetrical shapes for capturing is

carhéer eleindnt ptde light railstlietinea prhepasith ieclidexgthe Vdrical direction
pairs of canera elenments 81 are also electrically

gg«?ﬂhﬁﬁh BPerpésdiclisr ® Betifmagelplasmpect ors 90. These

The camera array can be bent into different geometrical shapes for capturing
different types of multiple 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
concatenated sequentially to form a 2D image. Optionally, the ordering of data
can be facilitated by arranging that the images carry IDs assigned to each

respective camera element.

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

corresponding image. Alternatively, the control signals may indicate the starting
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control signals and power to be transmtted to the
canera elenents 81 and define comunication paths for
transmtting the i mages captured by the canera

el ements 81 out of the device to a processor, where
the i mages are 20 concatenated sequentially to forma
2D image. Optionally, the orderlng of data can be
facilitated by arrangi ng that ' he i mages carry |Ds

anal ey itheeé‘the ESRORAG gY@%é‘s%"Eﬁa tRt €FRra eTngent 81 may be

control signals nmay cause e camera el enent

r
AERUEE 6 sBgRee iadef RoBfRar gL AL rellpeRaly bapeeqm these times.
artln and ending tinme, of the c pturln ocess,
Tha' carBdien pierdo Ehaian shevrySe cORIphAGERIS shena: megnanical
|na es continuously or periodicall bepmeen t hese
(notiseowaier Hyetleatsinal aativatianisieagtivationeofcibet optical sensor
S|gnals usi ng a mechanical shutter (not shown) or by
8bectrical activation/deactivation of the optical
sensor 5 86. Optionally, the control signals may

cause all the canera elenments to generate images
simul taneously. Alternatively, each canmera el enent 81

gifﬁoﬁsny, Ctﬂgtcfg%yo?ggnﬁféeﬁ%&%@al g'fe %&’tﬁ%l‘?%l \fﬁ%qg generate

ects ani sm may Fovi ded,
t aont r ol he trol , syste
FREGHs | JeePRR SRR Al e Harbe Fariare Soment 51 may b
confi gurations. of 6(a) and Al ternatively,
Pﬂ'ét“?'%‘éjo'ﬁfjﬁB%@%Qﬂttyrfoﬂﬁ%%@ %%‘é’%ﬁgkﬁf&%nual ly. 15 W
now turn to a second enbodi nent of the present
i nvention. This enbodinment also has a configuration

as illustrated in Figs. 6 and 8(a), so
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 manually.

We now turn to a second embodiment of the present invention. This
embodiment alsé 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 diﬁérence the
camera is capable of generating cross-slit images even when the camera
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 controlled with an additional input control signal. The variation in these

positions moves the plane 87, allowing rays from different directions to pass
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correspondi ng elenments will be given the sane
reference nunerals, but the construction of the
canera elenments 81 is different. Due to this
difference the canera is capable of generating
cross-slit imges even when the canera 20 el enents 81
are in the "parallel" configuration of Fig. 6(a). As
shown in Fig. 9, a canera el Yrent 81 of the second

%ﬁﬁgﬁgh Bt s1it 64 %“?f?e %éfiifcbVEeHE&héé“(ﬁtHFé‘ ﬂgge%ﬁ%%t”@me modified

|gurat|on osition in

th

4.t D t focusin ev
B8 871 1 SRS 8RR bo Yl gs REENTE F‘éa béaih&ﬁf@e contro
controlled with an, additional ut control sig
$ianal 42D &g GRnpratec By e an%wewg%éeﬁe@egomﬁet%) ang be sent to
87, allowing rays fromdifferent directions to pass 12
eAEb agmereelsment 84 thsougte thp elestiical dtescoppetinnse90. Different
however that the nodified plane 87 still contains the
dontol signalshicah be geeetated! for rdiffergnt Glamigra éleenerstdl e.g. by
signal can be generated by a control device (e.g. a

@8SBHINY reshidtibe I§§nt‘b bAch &FCtheC 2BR{cRa 4 IBARMs 8énd transmitting
through the electrical inter-connections 90. Different

Eoﬁf?glt élgha@tgné“ gﬁ@é‘mgﬁa %Féﬁ‘?ér?t‘sq};hlfzﬂrco%élﬁedﬁbf the,IDs, such

aner a assi gni ng respec

) gt 23ty BB R B At oonds 0 e

contaln one of the 1 Ds, such that only one of the
caneplsign@dnent s recognises its ID and responds to the
control signal. 10 Capturing cross-slit imges using
t he second enbodi nent requires: 1) flexibility in
sel ecting incom ng plane of rays 87; and 2) know edge
of the relative position of each elenent 81 in the
array. Fig. 9 illustrates the selection of ray planes

&épturing cross-slit images using the second embodiment 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

~ with a control signal sent to the focusing device 85 and optical sensor 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.

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

example, the element at the centre of the array will capture light rays that are
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15 with a control signal sent to the focusing device
85 and optical sensor 86. Wth the input the contro
signal, the focusing device 85 and optical senor 86
will adjust their positions correspondi ngly so that
rays froma specified direction are captured. Thus
the plane 97 in which |ncon1n9%llght rays nmust lie to
reach the optical sensor hanges. 20 An exanpl e

derpeHdiciiar ghg%m'aﬁe li&he: ]tﬂe eL@rh sqddhés é\DQY frBF‘rPfr%r Gentre will

I't 1S possi ntl atlve position

By %&P“h%”%%ﬁﬁ%%%%@b& SPBUBSEFh ket 'oe

each el enment depending on its position in the array

for the capturing of cross-slit imges. For 25

exarrple the el ement at the centre of the array wll

TGS thied lemjtadimant of ithe psesent3nvertiqre(shiawn i Rig. 1 hethe basic
i mge plane; the elenents further away fromthe centre
widrhentbis abigtocapture dight tdyatinaa elurality edsplagey” rbtheds@me shot,
to the inmage plane. In a third enbodi nent of the

Itﬁl@@féatlhg\/eﬂ@ﬁe'o@@oéléhmé@eé nEl@n@ent%ha\M@etﬁ@%ﬁle &)nstructlon as
element is able to capture light rays in a plurality

H Flgogngﬁe ent fife §§Eree tenCﬁanHﬁwe?% ﬁa'iﬁ NHis embodiment, two

ster scop| i mages Vi ng

onst ti.on |ven t
feBleh biffs aPae, oBh%nd vk oty fllicel Sep3cr @HaugiW&a 106b
devi ces 1O5Ia 105h, and two Ilnear opti cal senso
8r¢ RjRVidess hef@(ﬂpt'cal 8enei198a, 190k sapbise ireys fraemig different
106a, 106b capture rays fromtwo different 1o
direetiansothsougty thegslit 1104, ebishowndn Rig. tholhatiis) daaly. odtizal sensor
That is, each optical sensor 106a, 106b is associated
w064, 206 assotlated sikca differphtareepdOtiae, plhAé bt 07a¢ M0db nfcluding
that sensor and the slit 84. This allows the capture
tHatzepb6r 806 BRPEI 847HTRs BRdWs 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
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 control 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

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

be controlled by respective control signals to capture light rays with different
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si mul t aneously using one elenment. The two ray pl anes
107 are symmetric with 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 pl anes
107 for capturing stereoscopic inmage pairs with
different configurations. This control signal is
generated froma control syst€h1(e.g. a computer) and

W&eﬁt%rﬁ@é@ vﬂﬁ*n”?és@gc?'tc?‘ﬂﬁé“imﬁéet@éﬁé’% §ﬁ}§/\6n in Fig. 10. Fig. 12

i nter-connhecti ons tween t he I't is also possib

Lnd ndent . sjpgnal.s,tq control _each ra | ane .
150 HoRrBE W RbrobgB R e PERL [ adti s RasoB cross-sit
third enmbodi nent has t focusi ng devi ces and opti cal )
40R9ES susingndhe HuechemRodimentn q?sﬂ?ﬁat inveRtierR dWith ttwps optical
aspect. Mrre than two i ndependent focusing devices
Wy stemsdlineas sen8emaitHt i cal sensors can be provi ded.
They will 25 be controlled by respective control
signals to capture light rays with different 14
i ncident angles with respect to the inage pl ane as

FRWE illostratés hbly tHe hirdlembaditént ¥ tifx #lRBoAmay be configured
controlling each elenment to capture stereoscopicC

£ BPouutle & stdrEBIESHIL Ty BBotdlh hdé palfP ek Hidie 931 B&tween two
éfh ?% O%#ll cgf sys%%ng)% [

I nvention w near nsor

irs. b.Fi.g. 13 illustrate ow t t hj,rd enmbodi nent
Biirieor Rt tars in R MoeeRGRT ] UShautd 5 i, aaRe: dne angles 131
st eregscopi ¢ cycl ograph i nage pair. The angle 131 _
geterawie theolocys ghthe wys|asghustraigd in Fig deh(fen theegasegof a circular
shoul d be the sane. The angles 131 determ ne the

setups tind rélitorishysisas= Riiukef 2 eThis airkingenioht chgsfidd e general
case of a circular lo setup, the relationshipis r =
Bpi-péiat CohstrdiftsStorIstéraBeEEAIE imabks Hseshd At i P1GSHhven M. Seitz

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

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

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
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

each independent element connected hingeably (and preferably releasably) to
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epi - pol ar constraints for stereoscopic inmages as shown
in[2] (Steven M Seitz and Jiwon Kim The Space of

Al'l Stereo Inmages. International Journal of Computer
Vision, Marr Prize Special |ssue, vol. 48, no. 1, pp.

21-38, 2002). 15 Fig. 14 shows flowchart of a nethod

of using the nultiple perspective imges captured by

the third enbodi ment of the p?%sent i nvention. A
DSBS THléT%ﬁébfé%' thﬁ'a?r %ﬁn{g%lﬂtc%‘?n@rﬁgatém&' &8 in different

the data capture y eac ste

Q

§h595€ ISP S inrty, Siiafera s REFUAPR: eém@%’ﬁw imdges. In

8q1the st ereosco |cd$a|r This 20 i nformati on can be

adrite |{5035 g)%oq,qgllyvpgw%%sgsbwpn as obtalnlng
perspective) for 3D applications (e.g
stgrepseapic infounation of e sceng yough tWtdaptwfmgooéﬁeage streams
i nvention, various types of multiple perspective
bm&gm&eﬁamebe captured with a sinple setup. The
invention is designed to be nodular with 25 each
i ndependent el enment connect ed hi ngeably (and
preferably releasably) to 15 other elenents. This

RRpcR “ﬁﬁ%ﬁf‘bﬁa $Fe hlveFagE '?§n%&8?5%ﬁﬁaef§”tn o2t
Sy’ 48 B8 23ER) eyl "ﬁcaw%smdg' : 'qs{lw%'?wtﬁout

st ereoscopi ¢ |nfornat|on of the scene through the
ésa@ﬁmgﬁbﬁaﬁ he seQRe 2 FIUMET- 5 on each el enent. Having
now fully described the invention, it should be
apparent to one of ordinary skill in the art that
many nodi fications can be made hereto w t hout
departing fromthe scope as clained. 10
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16 CLAIMS 1. Anultiple perspective image canera
conprising: 5 a plurality of canera el enents, each
canmera el enent being arranged to capture at |east one
el ongate i mage generated using light rays incident on
the canera elenent in a single respective plane; a
plurality of coupling elenents for nmechanically
coupling the camera elenments!fogether in a sequence;
and 10 a control systemfor controlling the plurality
of canera elenents to capture respective elongate
i@@&m sai d planes of the canera el enents sharing a
commotr-direction. 2. A nultiple perspective inmage
canera according to claim1, further 15 conprising a
plurality of communication paths for transmtting the
correspondi ng elongate i nages out of the canera
él. emrerft B1UltiNle Rerapectipe iMpge sprera cemipnising: caner a
according to claim2, further conprising a processor
for reeeplralgy bhearabrngleheentsegrt darnerd dlemant baind arranged to
of 20 canera el ements and conbining theminto an :
| BageuremtWast b @ofhSBIRBe g{éi%@ﬁt%dfﬁiﬁ@ i§A8GS liNGdent on the
strips of the image. 4. A nultiple perspec mﬁ |Eagﬁ
c j : ' claimin ich the
cg’%ﬁ?ﬁ?@ﬁéﬂ%‘ﬁ%s&gg%%%ts%e@g%dggﬁ?’ of nei ghlbouri ng
canera _el ts. 25 to hinge abpout an axi ing in
Che. cofBiraly &k coGRling Pietdentz i mechaicly sruifingene camera
im?ge canmera according to any preceding claim

elements together in a sequence; and

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 multiple perspective image camera according to claim 1, further
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
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

to hinge about an axis lying in the common direction.
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further conprising a drive nmechani smfor displacing
the canera elenents. 5 6. A nultiple perspective inage
camera according to any preceding claimin which each
canera elenment includes a slit, at |east one row of
light sensing elenents parallel to the slit, and a
focusi ng device between the slit and the at | east one
row of light sensing elements!?10 7. A multiple
perspective inmage canera according to claim®6 in which
there is a single row of |ight sensing el enents, and

fur t her I, S ht sensitive ement _drive . .

Reans 8}%@%&%5%?%@"% apgvga(g@eral (fﬁorglggqgtqlryeprecedmg claim,

|l ements relative to the slit.
eceme@'ngmﬁg’é'Vemq%méew'ﬁe'apmgchhsuqﬂr@enarelqme@ts

each of the canera elenents includes a plurality of

said rows of light sensing elenents, each row of

light sensing elements being parallel to the slit. 9.

8. mul A miutiphe perspettiveinagy amare secerding i a1y precetmignelaim in
8 in which each 20 of the camera elenents further

WhidHdagh | dathdraseiBRidnt fclBHERNEIitd bt YEa e rcg\ﬁ 'of light sensing
di spl acing the rows of light sensitive el ement

n&'n?ér‘ntgg)érgllé?%'} Qe ai'g f58u§H deVide! %?%etrﬁh& slit,ang the at

perspec Irve'’i mage caner accor
ensi.tive el enent drive neans

anéggaﬁégwtﬁégﬁﬁwﬁn%ﬁ MeMSi tive el enents 18 while

mai ntai ning a symretrical relationship between the

rows of light sensitive elenents and the slit. 11. A
canmera elenent for a nultiple perspective i mage canera
dccor 4i myltipte perspeytiye imagk nameraiactording toadkaina 6 in which there
el enent being arranged to capture at | east

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.

8. A multiple 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
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

light sensitive element drive means displaces the rows light sensitive elements
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one el ongate image using |ight rays incident on the
canera elenent in a single respective plane, and

havi ng: one or nore coupling elenments for coupling the
canera elenent to an adjacent camera elenent, and a
control signal input, the canera elenent to 10 other
canera elenents; and an input for receiving a contro
signal for controlling the cabkra elenent. 12. A

WHifel BhMtBRIMYPE SYmkReticR eI diBhaRib! ﬁw@éﬁgﬁ%’{&g?yf i[liéhi{]gensitive

a multiple- rmagé canera accordihg to an

Hﬂerﬁgmé% MeRgjipcessor for 15 generating a

ree-dimensi'ondl nodel fromthe outputs of the canera
el enents, and generating a 3-D display using the
t hr ee- di mensi onal nodel . 20

11. A camera element for a multiple perspective image camera according to
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 single
respective plane, and having:

one or more coupling elements for coupling the camera element to an
adjacent camera element, and a control signal input, the camera element to
other camera elements; and

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

12. A multiple perspective image formation system comprising a multiple-
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 model.



