1 "Panoram c projection device, and nmethod inplenented by this

devi ce" 5Technical field The present invention relates to a
device for projecting an inmage, for exanple onto the surfaces of a
room It also relates to a nmethod inpllenented by this device.

The field of the invention is nore particularly that of video

proj ectors 10f or ‘\Hanpbrterhicqrojeickienl dewiae and eepiadcimplemsnted by thier a
virtual reality application, the de\gegﬁeaccordi ng to the invention
allows for exanple a user to project an inmge onto the surfaces of a
room so that the projected inage creates a virtual reality

envi ronngnt; an observer observi ngT&Pﬁni@EP#i?ﬂ ed i mage having the

I 1l usion” of observing a 15 scene froma Vvirtual viewpoint. For a
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i n conbi nat ingplemented athiekevieat s of the room 20State of the prior

art Exanph s Mo 3 R 8at0Y 4 BRuBpRERIARANRE of yRARIRIGE S

| mages onto a t i1 s "device conprirsing a
proj ecttdy. foneinwaljozchiced irsaldy raptiedions. order to project an image in

a direction of projection, .lhe oj.ected | e_lncreasing. in st.ze as
it is propagat &%rg’pﬁﬁ afz)%éaé{EVsB ;ﬁ&ahﬂ@‘l tz'eo‘#ewz o?%(?f‘{t%%%ééﬁ? t'@'(fnélﬁnt he
di recti on oéligwsfoe@xeople dhsertd prajesti drhinmegehdnth thbsurfavesef & asom,
project the_i els limted by the ertur qf the projector, i.e.
by the val e grdt feS b thunton MepRBR e idhd ity oRRRRhe, pac

t he proj ect otfsepferdbisehving the aeajdcted itfagedavingethef illasivraifarbgahiig aoom
cannot oj ect an irra‘gﬁaali nul tangousl y onto the four 30 side walls of

the roo scenept]' &c YEYPRES: are” al so known conpri sing several
projectors, eacdrprwpedeality apphicatdn Nheaddviveedccording parthé ¢avemtion

obj ect of thg VOl UTS . IS GsdeH SeSelAeintite B RaLK ARl SRS
so that the projected Image creates a mixed reality environment in
combination with real elements of the room.
20 State of the prior art
Examples of a device for the projection of a sequence of images onto
a volume are known, this device comprising a single projector. The
projector is arranged in order to project an Image in a direction of
projection, the projected image increasing in size as it is propagated along
25 a solid angle of projection centred on the direction of projection. The
volume within which the device can project the Image Is limited by the
aperture of the projector, i.e. by the value of the solid angle of projection.
Thus, such a device, the projector of which is placed at the centre of a
rectangular room cannot project an image simultaneously onto the four
30 side walls of the room.
Projection devices are also known comprising several projectors, each
projector illuminating a facet or a particular object of the volume. These
devices have the drawback of comprising several



2 projectors, representing an added expense, and generally requiring
the projections of the projectors to be coordi nated. The purpose
of the present invention is to propose a device for projecting an
i mage froma single projector, wthouR the volume or the 5 '
envi r onmentprojectorehiregresérgtingrageadded &epanse] @at egerizedlhyg réquitingdhby an
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it conprises conyex surface arranged 15 in order to reflect the
not her i rraga@egttur? 81‘;!1@?3 B'éoﬁ?&g'f'l y and project it onto the environnent.

Preferably, the projector is Disthyrd ofrtheriieentionpr oj ect
successively different noth | mages, such.as for exanple successive
not her i mages t%’sé"‘\'}?%&eo’ssatcﬁgé{ﬁ? %égr%F%@g%‘ﬁCWHﬁ"%'%ges can be
of different sizes RZ0rajeckodiatfaegedtin pedart tooprdjadttadmotisgreirtadeoalohe

axi s of, _projection. m rror__can be a convex mrror having

. The .
substadfially a revdl E:f'Fé’;EPE‘gJﬁﬁtéqr}'f”%ound an axis of revolution. In
this case, the-axisaebnvevalirdéi emanied ireorter torefidd theemathes 19kge

projection are preferably substantially nerged.. 25In this docunent,
1ol o sai d that |t woa ERst aPRlbotat PRITS freCBt 21 thes- i Iy
are exactly nerged, efifironedntl hey are nmerged notw t hst andi ng any

i mper fection. . ) . .
The mirror is called convex as it comprises a convex surface arranged

15 in order to reflect the mother image at least partially and project it onto
the environment. '

Preferably, the projector is arranged in order to project successively
different mother images, such as for example successive mother irhages
of a video stream. These different mother images can be of different sizes

20 and different positions with respect to the axis of projection.

The mirror can be a convex mirror having substantially a revolution
symmetry around an axis of revolution. In this case, the axis of revolution
of the mirror and the axis of projection are preferably substantially
merged.

25 In this document, it is said that two axes are substantially merged
either when they are exactly merged, or when they are merged
notwithstanding any imperfection. _

Preferably, the mirror Is arranged in order to reflect the mother
image by deforming the mother image. For example, the projector can be

30 arranged in order to project the mother image within a first solid angle,
and the mirror can be arranged in order to project the mother image
within a second solid angle larger than the first solid angle. Preferably, the
first solid angle is smaller than 2z steradians, i.e. than a hemisphere.



Preferably, the mrror is arranged in order to reflect the nother

i mge by deform ng the nother inmage. For exanple, the projector can
be 30 arranged in order to project the nother image within a first
solid angle, and the nmirror can be arrdanged in order to project the
nmot her i mage wiltithis docsisraniditsskaid thaythe metherrimaggris Phejettedswitiiol i d
angle. Prefer A " I

oteradi ahs. 9 s%mi ainﬁﬁ@ﬁ‘ fhle ﬁ&e %ﬁ thid rﬂa'grle? rrln§g§rmérh|§srée d%@c&ﬁ%ﬁ? toitthei .
sai d that twldmgﬁeprtrmgﬂvels aprlbjsen*pe@ganed Biangan dtrerttpranfgm@mqtionhe

Size of this MRSlechRBYEIL IRERASAS AR ShF'\Blkel BrdGes BLi APy

progressively as it Is propa Irection of projection
The secohd éaolstetﬂa@mgss,etheawlha\wé t@yewn@llmdemr&lme'n pertigatars

ohrti cutar gt BOsEh £F oS pidfine RN rLEhetO R fdBRE WS POk,
axis of pr otl‘@cmt:idnnce Ioé ther@rxweofcerooéctloheorakmes nulfrOprm}cechle eizeqf thhe
mrror, and tpned' angle op%egrqg h‘ﬁéthep?rﬂg%e,':&res cgh es%hg%?'@fd’ cé%ge’

t he second s e can ar er eradi"ans
hem spher e) argar theerrssiesadians dld.ya eqmwph&m)ooorevem |sgh$ﬂayrt|slmsabm$a!

t han 4p t er adi r , the mrror can be

arrange n{ o?rd@%%pg 55?%?@855)'1 ﬁ%g#&%‘?s ' gé‘:‘jﬂ' I'n an angl e around

the axis of pr(Sllraﬁﬁnl'p,ntheamd'rbﬂ“lwnlbbLaframfgetihnsardmgtceptxﬁeclbt&‘recmﬁ’ﬂ'rersed

bet ween 0O de reesHE.nd 360 d %r eei hand i
Y t

endi rti uIar on the
0osi t1on of o ong e gt nd BMs e preeshoh, Bl valie B RS, 1o
i nci dence oéndl@ecaie AonfiritedCbetweepn Ot h'ﬂegmesr and aeol aégress z @andf

the not her inma For her nma t emrr
o ol ETAEing B B o B aPREP e TaBR oSSkt do,te ger
t han 1805 degtiee$ pﬁrbjmﬂdn,t tree maceneé di’rtﬁbéa}dis of prejecEye dnStHes rambi, al | y

equal to 360 rees und the axi s ecti 20l n t
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and not refhapbRaictidr thehebkisOr . The acquisition neans can conprise a
canmera, and neans of rotating the camera about an axis of rotation.
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i nvention can conprise mnoreover
to acquire at least one image of the environment from light rays emitted
by the environment and not reflected by the mirror. The acquisition
means can comprise a camera, and means of rotating the camera about
an axis of rotation. Preferably, the acquisition means are arranged in
30 order to acquire several images of the environment, the sum of these
images imaging the environment over 360 degrees around an axis such as
the axis of rotation. Preferably, the axis of projection and the axis of
rotation are substantially merged. Furthermore, the device according to

the invention can comprise moreover



4 nmeans of nodelling the three-dinensional environnent from at | east
one inmage of the environnent. The device according to the

I nvention can conprise noreover neans of constructing the nother

| mage according to a position of an olserver 5 and optionally of a
nmodel | i ng omethe of Mctelithignerestheesdireensisran enironsent fratn thizasbses ver
observing from hi osition a projection of the nother inage onto the
envi r onnent '"E)ac%ee‘?f&gg QVIRRAMENE om a gi ven virtual viewpoint.
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projection nethod, inplenented by a device according to the invention
i s proposed”'S¥BAYFi sing: a projection of a mother inmage al ong an axis
of projection, FAGherrabtes Cihieodevite adccbeisd tonthepiivientibn tdad noMpeEse

I mage by, . a convex _mrror
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Finally, the device according to the invention can comprise moreover
means for fixing the mirror to a wall, floor or ceiling.

15
According to another aspect of the Inventlon, a projection method
implemented by a device according to the invention is proposed,
comprising:
- a projection of a mother image along an axis of projection,
20 - a reflection of at least one part of the mother Image by a cbnvex

mirror, and
- a projection onto a three-dimensional environment of the mother
image reflected by the convex mirror,

It is possible that a part of the mother image is not reflected by the

25 mirror, this part of the mother Image being directly projected onto the
three-dimensional environment by the projector.

Preferably, the mirror reflects the mother image by deforming the
mother image. For example, the projector can project the mother image
within a first solid angle, and the mirror can project the mother image

30 within a second solid angle larger than the ﬁfst solid angle. Preferably, the
first solid angle is smaller than 2z steradians, i.e. than a hemisphere,

The second solid angle can have any value whatever between 0 and
47 steradians, the value of the second solid angle depending in particular
on the position of the image with respect to the axis of projection, the

35 incidence of the axis



Preferably, the mrror reflects the nother inage by deform ng the

not her image. For exanple, the projector can project the nother inmage
within a first solid angle, and the mrror can project the nother

i mage 30within a second solid angle larger than the first solid
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- positioning a camera at an annglar position around an axis of

15 rotation, and

- acquiring an image of the environment for this angular position of
the camera, fro_m light rays emitted by the three-dimensional
environment.

The method according to the invention can comprise moreover a

20 modelling of the three-dimensicnal environment, the mother image

comprising at least one modelling point, 'the acquisition of images
comprising an acquisition of at least one image of the environment for the
modelling, the modelling comprising for each modelling point and for each
image of the environment acquired for the modeliing:

25 - . calculating the path of a light ray originating from the modelling
point, reflected by the mirror, and projected onto a first point of
the environment,

- calculating the path of a light ray originating from the flrst point of
the environment and imaged by a point of the image of the

30 environment acquired for the modelling, and

- calculating an intersection of the path of the light ray originating
from the modelling point and of the path of the light ray
originating from the first point of the environment.



- acquiring an inmage of the environnment for this angul ar position of
the canera, fromlight rays emtted by the three-di nensional

envi ronnent. The nethod according to the invention can conprise
noreover a 20 nodel ling of the three- @i nensi onal environnment, the
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point of the first image of the pair and the point of the second

20 image of the pair imaging a second point of the environment on

which the calibration point is projected,

- caleulating a theoretical position of the point of the second image
of the pair, from the position of the point of the first image of the
pair and the calculation parameters,

25 and the calibration can further comprise a modification of at least one of
the calculation parameters, so as to minimize the sum, over all the
callbration points, of the distances between the position of the point of the
second image of the pair and the theoretical position of this point of the
second Image of the pair.

30 The calibration can also comprise for each calibration point and for

each Image of the environment acquired for the calibration:



15 conmon part of the environment, the calibration conprising for
each calibration point and for each pair of inmages: associating the
calibration point with a point of the first Image of the pair and
with a point of the second inage of tHe pair, the point of the first
i mage of the pai rca&ntdatitnUethpoma‘th affa tight syconginatigrérgen difie chlébrptipn

| magi ng a second | [ e ' I.Qn
point is project ggmt Fé"?ﬁﬁ%ﬂg ﬂeo‘r e{] ???J\Qgéggrﬁtgna g@hi Eéﬁ%gﬁnt
of the second | nﬁgeeofllrwitmepial r fromthe position of the point of

the f t : | ak i,00. d
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the calibration %ﬂbﬁbﬁmem Jlﬁ"eg ép%g‘ﬁé’?ﬁ] Jeen the position of the
air e

poi nt of the second I nag ‘theoretical position of
t hi s poi nt anid tthleecashbcm camgjmbér tomappse . m8aifyieg ctl lebstabnef che

oo Al r S Bk hoS ARBhe RE s oGREB B R
a |ight rayointsgohtte digta‘rrcemtiehwemrthénpath oh tipoiight, rayepteetted dntot he
Lo OB BN B R o P R PRI N FRRHERET Bhopacig, o
50f the en\frdmlﬁmmtmrcapdint phtfededsironnpeitnt of the i mage of the
envi ronment ac tl)JrI éaecqm PEhet Qgibcrg%iciar%)sr grgsic?-{l]:’ed above, the Iarger.the number
of calibration points, the better the calibration of the parameters. The
calibration points can be distributed over several successively projected
15  mother iméges. Preferably, the images of the environment acquired for
the calibration comprise several images of the environment, the sum of
these images imaging the environment over 360 degrees around an axls
such as the axis of rotation.
Points of the mother image can be used both as a modelling point
20 and as a calibration point. Thus, first points of the environment, second
points of the environment, and third points of the environment can be
merged. Similarly, images of the environment can be acquired at the
same time for modelling and for calibration.
In this document, a “point” can have a surface different from zero. In
25 fact, a “point” of the mother image (such as a modelling or calibration
point) can typically consist of at least one pixel, preferably a single pixel.
The size of a point of the environment and the size of a point of an image
of the environment depend for example on optical characteristics of the
projector or the camera (focal lengths, etc.), the distance between the
30 projector and the point of the environment, etc.
_ Moreover, by “distance between two paths” is meant the length of
the shortest direct route between the two paths.



and the calibration can further conprise a nodifying at |east one of
the cal cul ati on paraneters, so as to mnimze the sum over all the
calibration points, of the distances between the path of the |ight
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8 - Figure 1 is a profile view of an embodiment of the device according to
the invention,
- Figure 2 is a top view of this device,
- Figure 3 shows a mother image before its projection by this device, as
20 displayed on the matrix of the projector of the device,
- Fi‘gure 4 shows six perspectives of a scene, and
- Figure 5 shows the construction of the mother image of Figure 3, from
the perspectives of Figure 4.
An embodiment of device 1 according to the invention implementing
25 @ method according to the invention will therefore be described with
reference to Figures 1 to 5.

The device 1 comprises a projector 2, a convex mirror 3, a camera 4,
and means of rotating 5 the camera 4 about an axis of rotation 6. The
device 1 is surrounded by a three-dimensional environment comprising

30 different elements serving as a projection screen, in particular side walls 7,
a floor 8a, a ceiling 8b of a room, as well as objects included in the room.
It is possible for each of these elements not to be flat, such as for

example a curved object, or a ceiling of a cellar.



The net hod according to the invention can conprise noreover a
Iconstruction of the nother image according to a position of an
observer and optionally of a nodelling of the three-dinensional
environment, so that the observer obse&ving fromhis position the
proj ection of tTe detitel dperategasdoliovs. Heitktly] paaerais olzsleraradalle
scene from i.ven,virtual vie I nt . Fi nal | he net hod.
Sccordi ng t o s st prileft Bethe shrens o BsHRlonK! rRAGRPRHEN P o
| east one r adsicmktuisual Cingrrasdien i fot | @n ofbseheert Hrtee-déivivendi @aal cover
envi ronment , _and @ @ Egct on of he nmot her

r8d°

rd
at 1 east onBHEsE it o vt e dienk Bhefe oBrif i el
figures andtmbmidorm'ojeetor 2 wrﬁlfHﬁarOJectyaantmgiea e el i@ad Weem ohidhhie

finvention will parent from hed iled d t.ion
of Tl emenengyiaie AL PANE i koS hee el U REGL YTl T S4Bl

“and from t hevébkhowigh 16fledts abbemhgdraamlngﬁed -beErrgtrr @rder ® anrpttoftl | e
vi ew of an ' he device ccord to thgdl nv

nbodi nent, of nt i
Fioure 21 s ENaTds OOF Hieermrngotpadonment Minif g 5Pl sRgREabiy: her
I mage bef or esilatrgepg(pjoggbtieon by this deV| ce, as 20di splayed on the
mat ri x t he rOJe or, t he devi ce 4 shows
per spec E’ves 01& néor g’?ﬁi prejegtipe © sbﬁoa%'{'%% tBoﬂEet r%étr?‘é)n"'ﬁlf'alt he
not her i maggngres§ibeihe cfevuderptm&ebeac@@ur&nﬂ'@he Epecifditiéd aﬂfhee |5|ro_';ec'c|on
An enbodi nent of device accor ?g%to the invention | H\E?I ng 25

a net hod acégﬁlnﬁd:’qsg'ot”héoﬁo%é'ﬁ W\ﬁqelfrcﬂ?{gﬁe'f‘&’é'écw 8Mi t h

reference to FlTQﬂt’l’% eﬂ}dt @ e'§<p10|ts |ma_Eé§ c@StUré@ bg,' %qu&ﬁorﬂc&h@rae@t or
2, a convex mrror 3, a canera 4, means o

rotatin the canera
4 about an ¥ JrcPESatthsn %‘Vir‘?ﬂ@eﬁévﬂﬁl@’@a'ieg stii’rrgf@?g%l: b‘EP'%UfegE
t hr ee- diy yENBLARRbURILY bF @@eﬁ@tn@wpﬁntieémﬂﬁ&edl By %heatrafﬂ@nﬂ@ §ideo

servi Nng as a projection screen, parti ul ar , sj de oor

8a, a ceil i Ripiegonflf dhe GSFﬁerQ@WEﬁ a%@-’ Pttica| ﬁéfﬁtlﬁeﬁi”’rgﬁ’of'fﬁf Bom
I't is possiBlfedter, thas it &n praore, nﬁfo?rﬁﬁ%ﬂbﬁ oﬂcatu the d¥fedtt Mhictbsgeas for

exanpl e a curved object or a ceili of a cel]ar.
a projection screen, with parallax effects, and without a shadow area.

t he

The information collected by the camera is processed and introduced
20 in terms of a corrective of the mother image In order to modify it and
generate a corrected mother image which itself will carry the modifications
necessary for a faithful reconstruction of the scene on the screens, so that
the observer has an impression of observing this scene with the desired
visual impression.
25 The projector 2 is a matrix video projector, comprising a matrix 9 of
pixels on which the mother image Is displayed, and comprising moreover
a lens 10. The projector is arranged in order to project the mother image
via the lens 10 along an axis of projection 11 orthogonal with the wave
front of the projected image, the size of the mother image increasing
30 progressively as it is propagated along the axis of projection 11 according
to a first solid angle of projection 18 centred on the axis of projection 11
and smaller than 2n steradians. Typically, the projector projects the
mother image within a projection cone having an angle at the vertex of 30
degrees, i.e. within a first solid angle 18 of n/4 steradians. The optical axis
35 13 ofthelens 10



9 The device 1 operates as follows. Initially, a scene is nade
available that it is desired to project onto the three-dinensional
environnent with a desired visual inpression for ‘an observer. The
device 1 can cover practically all of10he space of the environnment by
usi ng on t hpasses kabstanBaltyhethvowtdo theojcentrer o e chaphoj @ctanda is
not her image ,in a. beamwhich . is angularly LLimjied, and on the other
hand, the r@f%ﬁ@natt‘ﬁlﬁyrrg?rg?dm"géaﬁ ?fg%f)ﬁ@%fﬁe chreflects the

angul arly-1im tie bdaor i2nisoficed td ahdi ceditty Bb, tlevandsex Isarface of the

t hree-di nensi.onal, .environment_ w thin a soligd angl.e preferabl

[ ar e as podtiter & SRS IeRPa Edharks he hubistlirdt 0 U B8 R waftee o
t he desi% edtowsdalthenprirsisipnso tthat deyicavédx tsakise agfcthntmiafort hds

specificities_of e o] ectiop.scr S: sition, calaur, reflection
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I mages capt firsedolxy ahfle acthe mojector, aadem ardervibiprbjececeerdsl bihpart of
envi ronnent il Lum nat ed by .di fferent col pured 15 backgrouynds,or,
Gooet 1 ¢ piis s EpYalGeny)RaRTEne Sy iR & Seiagn Yad SRhe

t he canera pataifeheabotiertihmgepicfleetedathas,othecdedss anisod chteioptric
projector, then it can provide infornation on all the object, i ch
Perve o n hbgfelo G8Ved! b Combet BRE PR POy Ren AOSRaty bR dbe o
shadow ar eaconMeg mifror rmAtihi@Aded| toeedfadt et Fdte@mmihage Sinptecelsised and
I nt roduced 20 in.teLms .of a C(C)jrec%bve of the nother image in order
to nodify i BMRGOHEhePYIRMER B2 BBd ot her i mage which itself will

carry the nodi fThehé eRaspresssainFigee B thaipréfedtion stthesinbtintriipagef
t he scene on the screens, . SO tpat t%e gﬁ_’bserve has ?n hnpr_essign of
observing t fRMBPEIESHR RIPISFHUPRCTeRVEFdIINtSIRYS 193Pebbi GRS DERTeS 1S
proj Iect 151 Zaﬂré?]g?ec{]mtrﬁﬁd?élr'] Yo d@ﬂecpcaqjae@%mtolrLcso@fpuhd e gghtaram@_t The ndirret
pi xel s on i.ch the npther inmage i i spl.ayed, an risi
Por cover a dnamenoedin OFes Botaect mBIALHIETE Vol IR ese IREI08r 1 he
not her | magga Vidyst hojdked sihﬁﬁciérﬁl?gclaib aXithe aixidbpjpesiet@dh 11 by the
orthogonal wth the wave front_o he proj ected Irr%%e, th S|z§ of
the mot her PHPARIECT AcVERsPHRI §9ﬂ‘f:ﬁt%‘€;rbc¥s BV@Ioraento; t sp'iﬁ’ﬂ‘?fg%'bat he
al ong the axigoro$ iPaLb @etdneed Id oPfer @b Fefléttisente &f thete 88} 15 edvrrgs Of
projection 18 centred qon the axis of projection 11 @rrll%ésrral | er, t han
& y9

2n st er & ale WaR{ ¢ me ok thess Bye o rés the ¢4 héPe MIEGE

W thin a prgjigchbrrBveeBeraRgyd Ne e Bt €o abflédtea \(REHAXrNTpath oflepE ees,
i.e. within a first solid angl e 18 of n/4 steradl ans. The opti cal
axi s 3513 oMothsr image. the light rays 17 originating from this part of the mother

image being directly projected onto the three-dimensional environment 7,
8a, 8b by the projector 2.
25 The mirror 3 has a revolution symmetry around an axis of revolution

12. The mirror 3 can for example comprise a portion of a sphere the

convex surface of which is oriented towards the projector 2. In order to

simplify the geometry of the device 1, the axis of revolution 12 of the

mirror 3 is substantially merged with the axis of rotation & of the camera
30 4, the axis of projection 11, and the optical axis 13.

Using the convex mirror 3, and unlike a projection device according
to the state of the art, the device 1 is arranged in order to. project the
mother image panoramically around the axis of projection 11, The mirror
can for example project a glven mother image within an angle larger than

35 180 degrees around the axis of projection 11. For example, a mother
image centred on the axis of revolution 12 and therefore the axis of
projection 11



10 passes substantially through the centre of the matrix 9, and is
substantially nerged with the axis of projection 11. The mrror
2 is fixed to the ceiling 8b, the convex surface of the mrror 3 is
oriented towards the projector 2, andlthe lens 10 is oriented 5

t owar ds t hds neflecked @enswonm@d byéhe awverxowairiGicdegires Reoufidrtherax® | s

arranged t r;ﬁ‘-gie%ﬁbn Ei& é ?Fl ar&r&ﬂfﬁe éri(g?gf*?h{j@étadnm%ﬂ?tﬂ& Béh%Fth‘éFld

within the Tirst soli and 1n order
proj ect ovder al mother paege cwh:@mefvlnem ées dism’rgﬁmatheemarcmﬁmmum

within as H %faeﬂe' fha grhf Wi dut O utﬁﬂ% cﬂDEGﬁ‘Bu getr{eefa&@csfed

Thus, the devi a catadioptric 1 ectlon
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i nt ended t q-ef}é’ét%&%%ﬁ rb?oﬁ@felaeﬁy R ARrbP 3 \hﬁhlhhér?%n [dRARMOGR have

envi ronnent the exanp own 1A Figure 1, the
proj ect i on any valee Nﬁtah@ferulﬁ%agﬁwa@om ris@rs-;ea apewikEhe gnisoif preiastian.
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a part 14 to t hese |1 ght e mrror |s arranged in
order to rgfrbisctedsonte osinglrane arapngo alf of Hvmside walls. 1| oor 8a, rays

projected suffigd Ergﬁjoy 3?%]31% ltfogngﬁ [‘\)}@tl’f‘ﬁsﬁe&f toPfhQl G gé&ﬁ‘eéjso%aﬁ Hﬁe

pr oj ector 2 even mrror ont projector 2.
The mirror st solig emnglarcrfarrgmtibn 16 ergormpesses tfm@poemmsmrfaqehe’s&er ays

15 towards rﬁﬂ}rhtrh? ﬂ?e! h-ﬁg;%r ﬁ@%é@{ﬁgd% drier o PRt g-u

ceiling 8b. arranged tor Tl ect
a peri pher atithdara setomd]eﬁottdtme,l theg sizet hfetfhe ghotheaylmacm mcr@asnwi ng

i e af neldousarvER e i EiopsGRaR Ay e MIFBE ko e e chiflofakat ' e
m rror 15 hdsllawing\be secord sglidrengls. h‘rthmdala:m:uhmcssefwrmecthataximoflz.

The m rror rév&ﬁﬁ?ﬁmg a‘?ﬁa{ﬂ% Sx&%%’r@%ﬁt Rg;&r{a%bﬁan@:aﬁﬁ r%eI:l Nhe

convex surface I'S” Ori ent'e 1n order
to sinpli fysetdmj g@mhangly isfitselialstetdnteedlon the axisi ef prfo;e@ml 1t.ite 12

of the m M %bzf%h? ﬁdgnéa et a¥e "5 %glue %?Etﬂferaﬁée e%tﬂ bole:r% 'f-PﬂP 6

of the caméra XIS o proj €ctron and optrcal axis
13. Ustaargdtahe, thenvaye rof rthe)rsec’bndasutidwﬂgﬂé(depenﬂimg @t pacituthevince

di th t at f th d
7S o S8R, e oRBhal Robs s bl FEPAE S el PRy o O
pr 0j ect ! OR thé.mifikke or thecaxic af pfoectionaamd ehesizparftthe mother imagbem
i mage wit hi

B R R A e
revol uti on miZreandnd h_ﬁér&fmeort ttee enaitidx Of tinie gleesrid eolidl dngle is typically
larger than 2rn steradians. As shown in Figure 1, the second solid angle
25 can even be slightly smaller than 4n steradians, the mirror being arranged
in order to reflect then project the mother image from the floor 8a to the
ceiling 8b. The mother image can therefore be projected onto all the side
walls, the floor and the ceiling of the room. In Figure 1, the second solid
angle is delimited by the parts of the light rays 16 situated between the
30 mirror 3 and the ceiling 8b.

The camera 4 and the means of rotating 5 the camera about its axis
of rotation 6 allow images of the three-dimensional environment 7, 8a, 8b
to be acquired. The camera can be a CCD camera connected to an
acquisition card, or a webcam with a USB connection, or even a simple

35 digital photo device with a USB or wireless



11 is reflected then projected by the mrror over 360 degrees around
the axis of projection 11, i.e. all around the axis of projection. On
the other hand, for a nother imge which, when it is displayed on the
matrix 9, occupies only a part of thezymtrix wi thout cutting or

sur roundi ng Bl Rgodk & WIFH doMettidn. TRe kdnahdl chh detioRsteditiea aXdppirdf
projection 11, this nother image is reflected then projected by the
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e of k :
mrror 3 i dN&Aeferoisrtionder ad @ l%&th %htnﬁﬂﬁ’ﬁ thengdnGl 1A9F a
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are substantlally nmerged, the second solid angle is | al so
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any val ue vhairgr@enbala\efa Pardid thd walls7adhansoer weth\éa&éumgoéb tdhe
second solid angl e depending in particular on 20 the posi tion of the

not her | nad¥ CRIER 9%@‘5@69“?@%41@ t&ﬁlrgo'@f revol ution of the mrror or

the axis of pr@h@fdahmaamartmhélrﬁew othetai%hsrfdrﬁ%%rﬁarréd%nmatrl X
9. For a nother_ image centred t he axis of revolution of

mrror, andcaHEtNgRearmok he %@ﬁ-ﬂwwlqw enyEdvReNts shese %mgusglqns

typi Ca|1|5y |rﬁéa§%r béiRgatte &ta%ﬁ@ﬁin@”ﬁaag%% o?hﬁ%‘s bf tié gHFeR-dimenBRngecond
solid angle 25 can even be slighfly smaller than 4n steradi ans, the

mrror bei rRGVEPPAERGEdIStAbed Qver gnerer that 1@91%9’5#96] aeund fe r?éftsh%fr

i mage fromgdbRchiboan, %rt@(aﬂlﬁe Cgi lotdtbrBhr tH@amRI Y of BBOSY
t herefore be pro ected onto the side walls, the floor an he

ceiling of abREt flgowxis 108 'Pﬁigtiﬂfbﬁlma{(ﬁ% its pessiRle 481 aERUinggineages @fethem t ed

by the par ttﬁrééf-dHEﬁsiohghtenWMﬁm%ﬁt SEIIIt HAspd ?ﬁ‘é‘é&f‘sno?h%té’tm B Oefnd3 and
the ceilin he canera the means of rotating 5 t

camera Zézbo?theref@%lh aoynd e ams(ﬂf %OEpﬁlwllnﬁgwgvm there can be bii b*'nd
three-di nenghanale, ey Gf"ﬂﬁé‘éhgee &%er@ﬂnﬁpeﬁﬁr@rﬁﬁéﬁf WF'nchTBﬁwrfb@rB'ér a

can be a canera connected to an aCQUISItIOH card, or a webcam

with a USB \dewerkbyithe, casneray &or axamalsl parss ofiithe ffleor rohiddan avcthani t h
a USB or Wi efest 2, Jo% ;(afékysm@&lmﬁg %ﬂladwwm mﬂorﬁhqn%aart% can

be rotated by a stépping type notor, the transm ssion befween t
mot or and dinibessenklingk spate tbam@mrad‘@ata relatively svide |f@lqopf)vueulea9,by

| d
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30 still in order to limit these blind spots, the rotation means 5 can be
arranged in order to carry out a series of successive rotations of the

camera 4 over 360 degrees about the axis of rotation 6, and for each of

these successive rotations to modify the inclination of the



10 canera thus acquires an inmage of a part of the three-dinensional
environment, i.e. of a part of the walls 7, the floor 8a, the ceiling
8b, and of certain objects contained in the room The canera 4
and the neans of rotation 5 formomitBrectional acquisition nmeans of
t he t hr ee- deameersi withlrespadt rto rdve rperpentiadaratgthes ekis of [drsjentiansl ber ng
abl e of acqui.ri I es of parts of the three-di nensional

envi ronmentél)ﬂ% gf%t%ﬂ@g’d over nore than 180 degrees around the axis of
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cal cul ati orpdER@msS ol 1 ashiseP@ed2p N s8r eet fronelpdsiton, the observer

t hr ee- di nensi onal ZBW ronnent hased on one or nore |Haﬁ%§_s of the 15

envi r onment °2$8G(NG &8¢ RFoiacHoR & mefner| Inager on ke AigBnsiaighes
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around the axis of rotatign 6, the |larger is the part of the
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nmeans are JhiaaedRGrddt 18I leE thDobRiredr tHE NGNS L vAHUEE Nidvbit,
nodel I i ng of the environnent 20 triangul ati on between the mrror -3

b .
and the acqui s B8 REERshand, éﬁeﬂﬁé‘%él@ RIISES N B EOraME2R it Gkr
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, 218) aing ]
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arranged in order to correct the mother image according to the measured

radiometric characteristics, so that the observer 22 observes the
projection of the mother image onto the environment with the desired
35 colorimetric rendering and light intensities. Thus, the caiculation means



25 environnment observes a scene froma given virtual viewpoint. The
cal cul ati on neans therefore make it possible to construct the nother
i mage in order to give the observer the Illusion of a virtual

Vi ewpoi nt . On the other hand, tHé& camera conprises means for
measuri ng &lioveshe maderatnegfetafi e iraloatneiricsyiewpefntt ged the light
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observe§ t Rsopiegjnscesernbof the light Rewrcesesedhtin thd dhemerdinmmsiang! wi t h
the desired,3hgoheri metric rendering and light intensities. Thus, the
calculation nmeans 14 allow the nother inmage of the colorinetric
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refl ectance each el enent of the three-dinmensional environment onto
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360 degrees, this value depending on the size of the mother image at the
20  level of the matrix 9, and the position of the mother image on the matrix
9,
Figure 3 shows an example of a mother image 23 as it is displayed
on the matrix 9 of the projector 2. The mother image 23 is centred on the
matrix 9, and is therefore cut substantiaily in the middle by the axis of
25 projection 11. A part 24 situated at the periphery of the mother image 23,
outside a closed line 25 (shown by a dotted line), is not reflected by the
mirror 3 after having been projected by the projector 2, but is directly
projected onto the three-dimensional environment by the projector 2. The
light rays 17 originating from the pixels of this part 24 do not encountér
30 the mirror 3 and are directly projected onto the ceiling 8b. This part 24 of
the image can be used or extinguished; in practice the tendency is for the
part 24 of the matrix which has direct incidence on the environment to be
extinguished and to restrict the illumination to the mirror alone. The other
part 26 of the mother image 23, situated within the line 25, is projected
35 by the projector 2 then reflected by the mirror 3 onto the three-
dimensional environment.



Figure 3 shows an exanple of a nother image 23 as it is displayed on
the matrix 9 of the projector 2. The nother inmage 23 is centred on
the matrix 9, and is therefore cut substantially in the mddle by the
axis of 25 projection 11. A part 24 sttuated at the periphery of the
not her i magdedhapewnfshedna 251 depedds phéhe shimshefithemirzerdotln e ICBSﬁe)
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implemented by the calculation means 21, so as to participate in the
construction of the mother image 23 projected by the projector 2. To this
25 end, the calculation means use a modelling of the three-dimensiconal
environment, comprising a determination of the coordinates, within the
frame of reference associated with the projector 2, of points of the
environment on which the mother image is projected. This modelling
aliows, for each point or pixel of the mother image 23, a creation of a
30 correlation table between the coordinates (u, v) of the pixel in the mother
image 23, the coordinates of the point M, of the three-dimensional
environment onto which this pixel is projected, and the direction of the
straight line D connecting the point M, and the observer position 22, then
assoclating with this pixel the colour and the luminosity of a point M,, this
35 point My being a point of one of the six perspectives 27 to 32 and being



The si x perspectives are then processed by an al gorithm I npl enent ed
by the cal cul ation neans 21, so as to participate in the construction
of the nother inmage 23 projected by the projector 2. To this 25 end,
t he cal cul ati on means use a nodel |l i ngiéof  t he t hree-di mensi onal
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- a projection onto the three-dimensional environment of the modelling
mother image reflected by the mirror 3; and
- an acquisition of at least one image of the environment acquired for
the modelling, these images of the environment being preferably
25 acquired for different angular positions of the camera 4 around the axis
of rotation 6; and '
- for each modelling point and for each image of the environment
acquired for the modeliing:
» associating the modelling point with a point of the image of the
30 environment acquired for the modelling, this point of the
image of the environment imaging a first



a projection onto the three-di nensional environnent of the nodelling
not her image reflected by the mrror 3; and an acquisition of at

| east one image of the environnent acquired for t he

model | i ng, these images of the envir nt being preferably
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paths being substantially the coordinates of the first point of

the environment.
15 Thus the coordinates of several first points of the environment are
obtained using several modelling points,

The calculated paths are simple, as they are constituted by straight
lines or portions of straight lines in the case of geometrical optics. The
path calculations depend on calculation parameters, which will be

20 described in greater detall below.
~In practice, due to possible shortcomings in the knowledge of these
calculation parameters, the calculated path of the light ray 15 originating
from the modelling point and the calculated path of the light ray -20
originating from the first point of the environment do not intersect, but

25 are very close at one location. By approximation, the coordinates of the
middle of the shortest segment connecting these two paths are considered
to be the coordinates of the intersection point between these two paths.

The modelling thus makes it possible, for each modelling point of
coordinates (u, v) on the mother image 23, and therefore by extension for

30 each pixel of coordinates (u, v) on the mother image 23, to create the
look-up table between the coordinates {(u, v) of this modelling point or
pixel, the coordinates of the first point of the environment 34 (or M;) onto
which this modelling point or pixel is projected, and the direction of the



obt ai ned usi ng several nodelling points. The cal cul ated paths are
isinple, as they are constituted by straight lines or portions of
istraight lines in the case of geonetrical optics. The path

cal cul ations depend on cal cul ati on pad@neters, which will be
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| Tage conpri Se%rgg?elrélbh?, ’tﬁ\'eq%a%ers]%g%é 'eR\%ronment acquired for the modelling

25 are implemented for different neighbouring angular positions of the'

camera. In fact, a single image of the environment does not necessarily
image all the points of the environment on which all the modelling points
are projected. These neighbouring angular positions are preferably
distributed over 360 degrees around the axis of rotation, so that two
30 images acquired for two neighbouring angular positions image a common
part of the three-dimensional environment. Thus, the modelling makes it
possible to model over 360 degrees around the axis of rotation 6, and
therefore makes it possible to model the whole of the three-dimensional

environment,



20 point for the nodelling, the nodelling conprises successive
proj ections of nother inmages each having a different nodelling point,
the resolution of ' the nodelling increasing with the nunber of

successive projected nother inmages. Pi8ferably, the inages of the
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of the nodellin oint on the matrix 9, this point preferably
conprising B’ F%(tj '§* pi xel , or can conprise a group of assenbl ed

pi xel s,25 - the position of the modelling point on the matrix 9, this point

preferably comprising a single pixel, or can comprise a8 group of
assembled pixels,
- the dimension of the matrix 9 and the resolution in pixels of the matrix
9,
30 - the relative position of the matrix © with respect to the lens 10; In
particular, the axis of projection 11 and the optical axis 13 of the lens
10 pass substantially through the middle of the matrix 9, but there can
possibly be a slight offset or inclination between this centre and these
axes 11, 13; this offset and this inclination must be known or
35 estimated,
- the focal length of the lens 10,
- the optical distortions or aberrations of the lens 10,



t he di mension of the matrix 9 and the resolution in pixels of the
matrix 9, 30the relative position of the matrix 9 with respect to the
l ens 10; in particular, the axis of pg(?j ection 11 and the optical
axis 13 of the lens 10 pass substantially through the m ddle of the
matrix 9, but there can possibly be a slight offset or inclination
bet ween t his tlengemmetnd abhHabe daressidris oflide rinre Hf f set and this

i nclination st .known..or estimted,. -.the focal ,length .1 he
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the canera sensor, the dinensions and the resolution of the sensor on

whi ch the tRABEEHE R ensi onal environnent I's i maged,
- the focal length of the camera 4,

- for the camera sensor, the dimensions and the resolution of the sensor
on which the three-dimensional environment is imaged,

15 - the optical distortions or aberrations of the camera 4,

- the relative position of the camera with respect to the projector 2
during the acquisition of the first image; the angular position of the
camera 4 must be known, the rotational pitch of the camera about its
axis 6 can be for example deduced from the pitch of the motor serving

20 to rotate the camera; furthermore, the axis of projection 11 and the

axis of rotation 6 are substantiaily merged, but it is possible for there
to be a slight offset and/or inclination between these two axes 11, 6;
this offset and this inclination must be known or estimated.

In order to be able to carry out the modelling step described

25 previously, all these parameters must be kn.own. Certain parameters can -
be stored In memory by storage means. For example, the focal lengths,
dimensions and the resolutions of the camera and the matrix 9 can be
supplied by a manufacturer. The distortions or aberrations of the camera
or the Iens_ 10 can for example be known by means of test cards.

30 However, it can be necessary to measure the relative positions of the
mirror 3, the camera 4, and the rotational movement of the camera with
respect to the projector 2. In fact, a user can carry out approximate
alignments of the axes of rotation 6, of projection 11, of revoliution 12,



15- the optical distortions or aberrations of the canera 4, the
relative position of the canmera with respect to the projector 2
during the acquisition of the first inage; the angul ar position of
the canera 4 nust be known, the rotat 2bnal pitch of the camera about
its axis 6 can Hewevsr, hearsrisiodedsbese alianmertie ingensialy insHECiant 6o
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acquired by VAR For o & KAOWA arigu p03|t I'brati
poi nts can lhmd(tps:treaﬂelﬂ'lem on t he not her i mage in the formof a

scattergyam or | i.n Jhe 0 any
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25  significantly, by dispensing with differences of materials and ambient light
of the environment, The image subtraction procedure typically comprises
a subtraction, from an image acquired by the camera during the
projection of a mother image comprising calibration points, of an image
acquired by the camera during the projection of a mother image not
30 comprising calibration points. To this end, the c¢amera preferably
comprises automatic gain control means, in order to remain within the
linear range of the sensor of the camera, avelding the saturations which

adversely affect the subtraction.



havi ng sufficient contrast, for exanple light calibration points on a
dar k background, so that they can be detected by the camera whatever
the nature of the materials of the environnment. An inmage subtraction
procedure nmakes it possible to incread® the contrast of the device 1
very 25 si gni flih¢afelibfatieny Wnespepraprigeswiat Rrejeedien afcasmetheraiepgal s
and ambi ent cdeh ofiin@fat 1B& SN EARRRYN pdhe_ biRGEqYRbAAH doRab! pedur ©
froman i m y the

typically conprises a subtraction, e acquire
canera duri ipgeHd the Grerenagnbacquiiegifaethe erliEatiosapri si ng cal i bration

points, of an imRIMmAsEULE afleD¥nliRMnseHIEEG idd RS the t{%ﬁﬁi‘a@ﬁhi e ﬁ'; a

mot her i mage not 30 conprising calibration points. To s end,
canera pt ef Earapiise Adapst AesPal Pbimages wWhieh ahdifierenidaksvhishinagsed to

remai n W t hidinkdg darh8fnd éng@ntd nft,hﬁ sRNTRE oplalitiaticR i bAi Ng
t he saturations vvhdi ch adver sel%ﬁeﬁfectﬁ tEzesubzc?ictilgnﬁﬁgﬁlsaﬁ%pme

cal i br at i oneadieFaliBGHIN RAIRE andhiosjcact Pak obiMagdeft her i mage conpri sing:
at |east one califgatib@ny B9 Bhibrafich s@YivatH b Pdiraf ofethe %?ﬁm@?@toﬁmge

of the environment acquited for the calibration. The images o e
envi ronment acquithedrdioendhwite  ippinGtafoiecearond dormgei eletha ppisadiie one
pair of 4 mages Wgh af ehdikfd eh‘f{b@ bich e ol-yres) of

t he envjl’(?' onnent \,MPadﬁﬁ rst tylpgat _Io caﬁ%hregﬁélo%ﬁggﬁ&r Pgilnﬁg fo? sggér:x]d

cal i bration poi ntimagg of dhe @atiimaging aseqanggeaint ofddecenvatonment ieato

cal i bration poi nt,ng Jo- DM i l mage of the pair and
with a point of t%'ﬁtsg?:%ﬁﬁ%%a%‘gf’%bbﬁﬁerb{?%&ﬁ the 10 point of the
first inmage of -t Halqyigtingad dhedretigmdipesition af the poirdmf thewageond image pai r
i mgi ng a second i f i i i ion
point is project ecg?.hgtpaﬂ‘, ﬁtggrf Eﬁ%‘ﬁ%@%ﬁ@é@% }ﬁﬁlgﬁ]%%g%ﬂg% O(P)fE ﬁ% he
poi nt o5t he seca@ #nhiyenothet dadcuintion, parametarae position of the point

of Lhe Tirst | mmgsdlaind®s 156ahEe MUELDTHE Nosktho bt $hE GhyapatRl e s

cal cul ating a di stance Befween Ft"?le p05|r?| on
second i mage of tdecoprhimagendf theepain@od éhé thdorpticdl trositionf oft thisspgot nt

of the second !”B&%Pé’fs?é & 'gre.of'm%iFﬁequence of steps is followed
of a

by a nodification east “one o e 20 cal cul ation paraneters,
and a new cHiisataitdrsa offstepseistfhdowvest by al mpdificationst at leags ove ofitmd i ze

t he su oV, t Lhrat. i i en
t he pogal Ot i O%ﬁ%@étt%egﬁgﬁﬁté%f %bh%“géé{gg ﬁgagartrigée&fgﬁ € S hg&%ﬁ??\spao%@ot e
t heor et i cal sopassta imdminmdde the sumobdvar aif theralibeationddintag ef tfe dibtanpes r .

Thus, from agaubsichd BB8ti8h JrTRI BRIk OF thd CLE A% Bl BRSLAd B Of
theoretical position of this point of the second image of the pair.
Thus, from achisitions of images for different anguiar positions of
25 the caméra, these images Image points of the. environment regularly
distributed in the three-dimensional environment, and by exploiting a
redundancy of the points of the environment between two consecutive
images,' the calculation parameters can be optimized by minimizing the
quadratic distance between the polints of an image acquired by the camera
30 and the theoretical position of the points of a successive image after
rotation.
This first type of callbration makes it possible in particular to optimize
the distortion parameters of the camera, and the rigid transformation

parameters



25 the canera, these inmages inmage points of the. environnent
regularly distributed in the three-dinmensional environnment, and by
exploiting a redundancy of the points,of the environnent between two

consecutive ¢ al cul a nme can be o

i i 21 g UHESTRARRR) TETHIeOES R P B SRR 4 My Gropegt 51 e et
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angl e bet vveen thearaptarcmglthamahm‘f d hehtcayestgidatiiy frohe tl]?e(lcéﬂb?fation
an conpri se, ar

rotation 6. A second t i bration

cal i bration poi ntP°8 % qCEﬁ'J Eﬁgh & iMEgE B'thpﬁ%’eéfr‘?gl ‘?’Hﬁr\aem‘rdaea‘ﬂf: ©Ed
for the cali brat m@enc.ed;qﬁbﬂt,l ng the path of a |ight ray originating
fromthe calibration

oi n ed by the mrro ro ect ed
onto a third poi (! CH'IE’%f‘HetL@rRﬂtE’ 'r'ﬂq"t ray °"'9’”%t§]90&95't % PRREN of

a |ightioray origionahé %vfrbﬁmefnb%ntdhlnﬁébdaobwa et dfh@leeﬁﬁdgé)ﬂﬁ‘?ﬁé and
i maged by a point of the |nagl§rle§rfet e environnent acquired for the

calibration, cal COVERHRENGAEH ethfetallb&dtidme path of the light ray

proj ected onto. tf&@lc&i&hhé aP@!sEEnc@fbétﬂ@eﬁ@Hé ﬁ;@ﬂﬁ%ﬁ%h@ﬂ&hﬂ Bn%?é‘tt@é the
light ray originati ng@eromt e third point of the environnen

Thi s sequence of °8t®pe fhjrg Bplné\ﬁédhgyﬁné{”'ﬁﬁ'ﬁﬁeﬂt aBaditha RAthaf thedight one
of the calcul atiea, BAGAEERE fiom ngﬁ‘d’\b&ﬁ% GWI@é%g?ﬁ%ﬁthe paths of

the rays or|g| nating TromThe calibration points an e paths of the

rays i fagedhisysgsBieRes obstapsds fellawatshy anvotifiagiioroef ahieashone of et
acquired f a e t he
caﬁl brati o%éﬁté!aﬁt"g bé@ﬁ%b rglosnt%g"ngggmgg?ﬁge?ﬁ tzhﬁepéﬁ{g]h }éﬁ% %I ght
ray proj ectogigirating frore thﬁucabbrpbpmpowﬂs B8he tbwathsmffthe rammlmn@eqola\t h of
e L hant pBIETdrOhRRLE Toadk! 618 tihBot b the Bhibo hehl BchIMLS FBITERS

I n ot her S, over a ecall atlon olnts, then er of

i nt er sect i eakbriaonase s Aedmiimisethet ﬁsnpavar oll théealibrpitionrroints, of
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the |i ray origina hi rd € envi ronmnmen
pomt of the envn‘onment and the path of the light ray originating from the

third point of the environment.
In other words, over all the calibration points, the number of
intersections is maximized between the path of the light ray projected
25 onto the third point of the environment and the path of the light ray
originating from the third point of the environment.,
This second type of callbration makes it possible to optimize in
particular values for:
- rigid transformation parameters between the frame of reference
30 of the mirror 3 and the frame of reference of the projector 2, such
as for example the distance between the mirror and the projector,
and an offset or an inclination between the axis of revolution 12 of
the mirror and the axis of projection 11;



This second type of calibration nakes it possible to optimze in
particular values for: rigid transformation paraneters between the
frame of reference 30 of the mrror 3 and the franme of reference of
the projector 2, such as for exanpl e2the di stance between the mrror
and the proj ect ofigidati@ansfereptieepacameliers Retwes ten foataveB Referncaxi s

of revol uti on 1260fng NBqdTide! Ritatfldl o BF tAET SardraPliapl YU flahne 4

r|g|d transformati on paraneters between the frane of reference of the
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proj ector 2, sucBemfeehOith&Xaimbi tAz’,hean@' théngds bef V\ﬁ—%{éc‘cu'aﬁ ‘i?”‘%@ 4

and the axis of projection 11, the inclination between the optical -
axi s of5the caneWslinptigndbetmeen s Qpltlcﬂlr@)’f'%@f itom cameraddangh the pxist or
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prOJECtIOH 11. e second type o
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nmot her i mage, Ftopeth%eﬂ&raﬁé"%éos&%ﬂnﬂ E@téfoﬁalgra&&? i aq?‘get%ésthe

Finally, the nethod accordin vention can ‘conp
measur enenfiu@bentof] gakbragine Pal(ﬂt&)rﬁé‘t rthe blodherctimapet |tbeoﬁettﬁlé the

t hree- %”EBSﬁrﬂ&@hoﬁ%‘f’tﬁé’BQi%'?ﬁete%“d a correction of the nother |nmage

according to at |east one measured radi onetric characteristic. The
correction carfimElyeoifgr imethad cegcordingt ¥ dher invantéersitan compsisei an of

the ot het nioBBgemdilsy eabOBRENAGAR0k LidtaRobaE LS 1D dnidae

canera allows a conparison o o our an ntensi t ect ed by
the three- dumwr@hanVImnﬁraﬁwmdta gdrrectign Oéxbem@tbebbnwr aegodding

ntensi 1y of of gl G Gl ARSI Btark BRALIOMTE  Sorregtion can

t hr ee- di nensi onal envi ronnent. es | poss
conpr ebzndcamherisea calgiriketnismr infensibe cerme@mnsowetmetl'arr\imaganimus,, and
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accurate w respec scene a serve
const ruct i te oflophandontensity mefiected by the Biree-dimsasiondleenviroantanbn i s

not i m tegith ﬁfb‘% g¥aEpk éué"’%h&%&%ﬁﬁ? ih‘éshp S&Ebnd%ﬁ Fbr%gtr%?d

nuner ous a JUS S can Se exa es wmt exceedlng
t he scope ‘mﬁagehenMeewweend;menswnal renyironiment.afhis imakes ftopedsitlie té or
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e x5, Ohot Bt s Bhobi e, RYE M MR Ao S 521
of the |i gansuraythee prejeetiorbyoft the matherctlmaganmtbhé’le(hrprmhmeot it he

oot o SRR BeRCLEL By schhE, R SOMR" s c L BEDS

incli na_t [ ocmsbeltmﬂrenftlhﬁeswtlaafdmageonsequent Iy the nodel ling of the

e ar et oLt ipuE ] GRCRSBIO I ADEFaR G, bk o

sur f ace5 of jushéeenr descriBed casl nomenasesdjastrhgnts can be made to these
examples without exceeding the scope of the invention.

In particular, it is possible for the axes of rotation 6, projection 11,
revolution 12 and the optical axis 13 not to be substantially merged. The
calculations of the paths of the light rays emitted by the projector and the

30 paths of the light rays emitted by the points of the environment are then
more complex, as they must take account of significant offsets and/or
inclinations between these axes, consequently the modelling of the three-
dimensional environment and the construction of the mother image are
thus themselves more complex,

35 Moreover, the convex surface of the mirror 3 does not necessarily
have the shape of a portion of a sphere, as this shape of a portion of a
sphere makes the vettical resolution



have the shape of a portion of a sphere, as this shape of a portion
of a sphere nakes the vertical resolution 25 of the device 1

i nhonogeneous, In fact, in the device 1 which has just been
described, the nore distant a pixel i¥§ fromthe centre of the matrix
9, the greé8t Bie davicae guiamegenspusnln fidts By thefdericei hovhiee hes gHst rays
L4 to 16 egbdd gescpelitite Mokehistdtitch b8! Isaamin Benié of th pidieepi nt

of the 5 environnment onto which this ray projected. Prefer

I
t her ef or e, the gregten l& e RaTHORIGf tOE mBirre” nefleeting then liglthtryst 4 to 16
honogeni ze irg Rl (o] RRY#Y e i | o 0 a
spheri cal tranﬁn?:rgeoc}r/.EHYt thg% ﬁl&?’l\/@?ﬁp 019%'};#82] ggf:gcl)%elofrpwg ncﬁ‘gcz%gyhaet
pr oj ect¥ onerMraAngeenkc eBlod WhiCTe disr rasi iy Arpiestask ofrefarably( Herefaranged in

order to pPrngﬁﬁaCBf%hg%r?'%r bn@g‘?s?gdz%i&' eg)ée}gs% ﬂéﬁn%pgﬁizer%es&fa@he

(11), and a convex mrror arran in order to reflect

not her i matpsoktion efdbe daviearl wikhdespechtop sphetical oritrora :
t hr ee-di nensi onal environnment (7, 8a, 8b), conprising: . a projection
of the nother image (23) along an axis of projection (11), and a
reflection of at |east one part of the nother inmage by the convex
mrror (3), a projection onto the three-di nensional environnent (7,
8a, 8b) of the nother inmage reflected by the convex mrror, acquiring
at | east one inage of the three-di nensional environnent, nodelling of
t he three-di nensi onal environnment, the nother inmage conprising at

| east one nodel ling point, the inmage acquisition conprising acquiring
at | east one inmage of the environnent acquired for the nodelling, the
nodel I i ng conprising for each nodelling point and for each i mage of

t he environment acquired for the nodelling:



calculating the path of a light ray (15) originating fromthe

nodel ling point, reflected by the mrror, and projected onto a first
point of the environnent, calculating the path of a |ight ray (20)
originating fromthe first point of the environnent (34) and inaged
by a point of the imge of the environnent acquired for the nod-
elling, and calculating an intersecti of the path of the light ray
(15) originating fromthe nodelling nt and the path of the |ight
ray (20) originating fromthe first point of the environnment (34).
27 2. Method according to claim1, characterized in that the mrror
reflects the nother imge by deform ng the nother inage. 3. Met hod
according to clai haracteri.zed in that the mrror projects the
not her i mage wit hﬁ]n]]gegmci PlaREIESHAR genplemsentod by er aoometion 4.

Met hod accor di nglevirecaedarding chmmpaisteg iy adpiojedtbal(2} Berafoed dh

projects the mbb@értbl’f:% A gl 0 _degr ees
around t he axi St%fn E{ j gﬁe{ﬁﬂénrﬁ?{lhl ri =, @3 L%%gg ,roﬁ%ﬁ' ﬁj?cg_ claim
1, characterized intHaf tHd AHIVERIYIObAS hATRES Iédiﬁgfsf@s:
positioning a cé‘?ﬁ‘?“ét amethenhinage at leaspispart endab puojeatitatiis of
rotation (6), aadh?aeqdiméﬂujoﬂa’l d:l:%ﬁﬂﬁnﬁén 17 SaN8h ) QUHIR Sﬁg dt Bi s )
angul ar position -aht I gzo m t t"ed by t he
t hr ee- di nensi onal ? r{éﬁé@%ﬂ@ j‘"t‘he lﬁ(gf.ﬂek/b ot @330 18?%931% % 8fm 1,
characterized in t HCIEHHOEMR: 88fcul ati ons depend on cal cul ation
paraneters, in thateflectiompf atdesstoomapatodtthemathet heagabgrreers, in
that the nother i rr&gmmrmfr}@leg),at | east one calibration point, and
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the mother image reflected by the convex

mirror,
acquiring at least one image of the three-dimensional
environment,
modelling of the three-dimensional environment, the
mother image comprising at least one modelling
point, the image acquisition comprising acquiring at
least one image of the environment acquired for the
modelling, the modelling comprising for each mod-
elling point and for each image of the environment
acquired for the modelling;
calculating the path of a light ray (15) ori ginating from the
modelling point, reflected by the mirror, and projected
onto a first poing of the environment,
calculating the path of a light ray (20) ori ginating from the
first point of the environment (34) and imaged by apoint
of the image of the environment acquired for the mod-
elling, and
calculating an intersection of the path of the light ray (15)
originating from the medelling point and the path of the
light ray (20) originating from the first point of the
environment (34).



7. Method according to claim1, characterized in that it conprises
nmor eover a construction of the nother image according to a position
of an observer (22), so that fromhis position, the observer
observing the projection of the nother inmage onto the environnent
observes a scene froma virtual viewioint (P). 8. Method according
to claim1, characterized in that it conprises noreover a measurenent
of at |east one radiometric characterd’stic of the three-dimensional
environnment, and in that it conprises a correction of the nother

i mge according t %& |.east ong,neasured radi onetrjic characteristic.
9. Met hod accordi%g stha ordingntsy aletmy 1.2eharpeterigad mitbahthe or

proj ects the notrhirox racmtmhdﬂmthesdlmgedjwﬂefd@ﬁﬁg theamhofRer
steradi ans and spBlker than 4p steradians. 28 10. Met hod
t .the m.rr cts the

according to clai g har act eri zed i.n.t r. 0]

not her i mage wit h?nMﬁﬁ]Qﬁ%‘?C@oé o Jaiy >d@ﬁ\r%‘§§n§?‘gdﬂgﬁ?{tﬁl%xi s of
proj ecti on. ITONRTONRFUe R mther aage within, 2 s0lid aaglerlorger i n t hat
the not her i magthds2prse¢radicas. al ong the axis of projection within a
first solid angl eq. amsthod dcaa}dfhbetor@léﬁﬁr%&ﬂ@g&&ﬁzé@_?%@%@% | mage

Vet hod aceor ol niTpr Ol lApdPler ket ﬁiw'l%éée%f%k%% T ot the

Met hod accordi ng 2:1? a gfra
envi ronnent acqdPPEPEress ARUndANe gras PHRIIertieR €81 ht | east one pair
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and for each paddquasitioneRfed IrB3ESEPBYIHESt he calibration point with a
point of the first 0 i i i second
i mge of the pai rﬁogﬁﬁ@qgﬁ %tc%gfergﬁ@ ?%gt%‘%éagpggt@e%%ﬁpﬁénd t he
poi nt of tthe steconcﬁ?ilﬁﬁséo'iﬁmﬁ@ P3¢ i maging a secpndtggcir nt of the
envi ronnent onto ? ¢ r
calculating a the%lg{lgalt}ﬁl @i:z-ll‘tgleoﬁt g@q?ﬁ@'{aﬁ“jﬁ?‘f gépnbﬁfeg %‘?;{;@ i mage
of the pair, from tﬁ%lgb%ﬁgﬁ%cémq&eﬁﬁﬁhgﬁtfﬁh caitedie of t he
pai r, and the cal cuhatime-mmiensseoralsnvironmdnt. Met hod according to
cl aim 6, characteéi %fi t hat,.th c]”;ll.ib atjion co ri.se,a E [ gach
cal i bration point alﬁﬁ Q)C?a%%ﬂ}ﬁﬂi%g%é Pm ﬁhé’@ﬁ&fﬁ"&%ﬁéﬁt_ Fred for
the cali brati orpathstanlationgdependan galsulation garamelprodn #agidt i ng from
the calibrationcampfites & ehlibeitimh Oflichsarahioters, iratitht phohesthed onto a
third point of yhe SOMhEARIEALE Ao BBiRaLAd 8] dfkhant ray

i
originating fromtthe 1.4, poi'nt af 1hé envir r]mah[ and 1 nmaged by a
poi nt of the | HEABCRCAHSTIOR ABARES ACRGHNEA Pt Qfariasy B at i on.
14. Met hod accdhéienyinopaertiapquireddienthe calibedign.n that t he
cal i bration Co”p[jéf@feg%&é 2eLatdifle r{Bdtj;lEhﬁaf,iﬁﬁ‘arﬁé’re?fzeheiﬁsﬂ“m?']? of the

cal culation parcaompnses moreover a Construction Of thé mother image
according to a position of an observer (22), so that from his
position, the observer observing the projection of the mother -
image onto the environment observes a scene from a virtual
viewpoint (P).

8. Method according to claim 1, characterized in that it
comprises moreover a measurement of at least one radiomet-
ric characteristic of the three-dimensional enviromment, and
in that it comprises a correction of the mother image accord-
ing to at least one measured radiometric characteristic.

9. Method dccording to claim 1, characterized in that the
mirror projects the mother image within a solid angle larger
than 27 steradians and smaller than 4 steradians.




29 all the calibration points, of the distances between the position
of the point of the second image of the pair and the theoretical
position of this point of the second image of the pair. 15. Method
according to claim 13, characterized in that the calibration _
conpri ses noreover a nodification of at |east one of the calculation
paranmeters, so as to mnimze the su over all the calibration
poi nts, of the distances between the th of the light ray projected
onto the third point of the environnment and the path of the Iight ray
originating fromthe third point of the environment.

10. Method according to claim 1, characterized in that the

mirror projects the mother image within an angle equal to 360
degrees around the axis of projection.

11. Method according to claim 2, characterized in that the
mother image is projected along the axis of projection within
a first solid angle, and in that the mirror projects the mother
image within a second solid angle larger than the first solid
angle.

12. Method according to claim 6, characterized in that the
images of the environment acquired for the calibration com-
prise at least one pair of images which are different but which
image a common part of the environment, the calibration
comprising for each calibration point and for each pair of
images:

associating the calibration point with a point of the first

image of the pair and with a point of the second image of
the pair, the point of the first image of the pair and the
point of the second image of the pair imaging a second
point of the environment onto which the calibration
point is projected,

calculating a theoretical position of the point of the second

image of the pair, from the position of the point of the
first image of the pair, and the calculation parameters.

13. Method according to claim 6, characterized in that the
calibration comprises for each calibration point and for each
image of the environment acquired for the calibration:

calculating the path of a light ray originating from the
calibration point, reflected by the mirror, and projected
onto a third point of the environment,

calculating the path of a light ray originating from the third
point of the environment and imaged by a point of the
image of the environment acquired for the calibration.

14. Method according to clain1 12, characterized in that the
calibration comprises moreover a modification of at least one
of the calculation parameters, so as to minimize the sum, over
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all the calibration points, of the distances between the posi-
tion of the point of the second image of the pair and the
theoretical position of this point of the second image of the
pair.

15. Method according to claim 13, characterized in that the
calibration comprises moreover a modification of at least one
of the calculation parameters, so as to minimize the sum, over
all the calibration points, of the distances between the path of
the light ray projeeted onto the third point of the environment
and the path of the light ray originating from the third point of
the environment,



