1 "Panoram c projection device, and nethod i nplenented by this device"
5 Technical field The present invention relates to a device for
projecting an image, for exanple onto the surfaces of a room It also
relates to a method inplenmented by this device. The field of the
invention is nore particularly that of video projectors 10 for virtual
or mxed realit\Paappmisapioirrsionmavice, @ndirnethoddainiempentasd bx.&hifon, the
device according to the invention 4allows for exanple a user to project
an imge onto the surfaces of a room so that the projected inage
creates a virtual reality environnent; an observer observing the
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allows for example a user to project an image onto the surfaces of a room,
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



projectors, representing an added expense, and generally requiring the
projections of the projectors to be coordinated. The purpose of the
present invention is to propose a device for projecting an imge froma
singl e projector, without the volune2or the 5 environnent onto which
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not her images . of a video stream  These different nother imges can be

of different IBSAEPOSR)ISARNIQNECE Witk Bt PRYIRSTIONARYIGH 1IOMRIESIRGt to the axis

of projection. Thg p"r‘?:j’e'i:&fr é?r?‘éhdl% fh ey R ﬁPoj’éc_@ra Hﬁ‘)‘fh@rgirﬁé’@é%ﬁmgi ally a
revolution symretry ‘around an axis of revolution. I'n this”case,” the
axi s18f revol uti otn a¥ QftRFoifckipBr @aatd the axis of projection are

preferably subst :%‘tachﬁ%/%%’lrni%F%g%&g%gi ib%rﬁ@ﬂ' %o qgﬁ%cg?/c'ﬂte’ mbthdrSiped that

two axes are sub y nmer her “when 't are exac mer ged,
or when they are aterigast padiailiyt ewdampdojegt aity ontper fiwee-aimeRsiehalr abl y,
the mrror Is arra\aed intorder to reflect the nother imge by
deform ng the nnt?‘l'g rcf%%%.‘ For exanple, the projector can be 30
arranged i n Dhélemiriod ipLaiettorivier awitlkemprizega ddriviexrsurfdderartars@d d

angle_ and the mrror can be arranged in order to project the nother
magd5 wilt rAeTte EEARR B8 TathEn dmetearyleast RaRiaINeoTs ncpleshilt aNtthgl e
Pref er ablthe ehRonfieht! solid angle is smaller than 27c steradians, i.e.

than a hem sghere. _ )
referably, the projector is arranged in order to project successively

different mother images, such as for example successive mother images
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 2= steradians, i.e. than a hemisphere.



3 In this docunent, it is said that the nother inmage is projected
within a solid angle if the size of this nother image increases
according to the solid angle progre55|vely as it is propagated along a
direction of projection. The second3solid angle can have any val ue
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the axis of rotation. Preferably, the axis of projection and the axis of
substantially equal to 360 degrees around the axis of projection.
20 In this document, an angle around an axis is defined in a plane
perpendicular to the axis.
The device according to the invention can comprise moreover means
for acquiring at least one image of the three-dimensional environment. An
image of the environment can image a part or the whole of the three-
25 dimensional environment. The acquisition means can be arranged in order
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



rotation are substantially nerged. Furthernore, the device according to
the invention can conprise noreover 4 neans of nodelling the
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and t mrror can project the nother imge 30 within a second solid
angle1L arger than the first solid angle. Preferably, the

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 convex
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 fii’st 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
4n 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



first solid angle is smaller than 27c steradians, i.e. than a
hem sphere. The second solid angle can have any val ue what ever between 0O
and 4ic steradians, the value of the second solid angle depending in

particular on the I[?oleon of éhe IHrage with respect to the axis of
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around an axis of 15 rotation, and - acquiring an i nage of the
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t he invention can conpri se noreover a
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the camera, fro.m light rays emitted by the three-dimensional
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The method according to the invention can comprise moreover a

20 modelling of the three-dimensional 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 modelling:

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 first 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.



- calculating the path of a light ray originating fromthe first point
of the environnent and I naged by a point of the imge of the 30

envi ronnment acquired for the nodelling, and - cal cul ating an

i ntersection of the path of the ligh ray originating fromthe
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conpri si NgetModUastdrdmiy @5 e hr%ﬁtnoﬁnean nR@eprigdl at kalisrtiohoseAe for the
calibration. The images of the environnent acquired for the calibration

can lQonmaramessrs) éla%tmqﬁh\@rrmaee&omw&g& awﬂ%% Qe calipralieanRoiplut  whi ch
i mage a gy %wnd@@éﬁ oPfmb8es @&%bﬁ?ﬂﬂ@%’tﬁuns‘it‘ﬂﬁw 6@ht RiRt AR iFRGR" | Si ng
for each <calibration

oi nt “and for each pair of inages: - associating
the cali mfathe@nvmnm@nv\mm gadbratiost t he f| rst image of the pair and

with a pointy gnlg% e | e o) t first
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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
20 image of the pair imaging a second point of the environment on
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,
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
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.
30 The calibration can also comprise for each calibration point and for
each image of the environment acquired for the calibration:



calibration points, of the distances between the position of the point
of the second inage of the pair and the theoretical position of this
point of the second inmage of the pair. 30 The calibration can also
conprise for each calibration point And for each inmage of the
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t he environnen por nt e envi ronnent ird points of
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point) ca i cal I consi st of at |east on i xel , preferably single
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of an i Mageh 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.



of the environnent depend for exanple on optical characteristics of the
projector or the canera (focal lengths, etc.), the distance between the
30 projector and the point of the enyironnment, etc. Mreover, by
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is a top view of this pwsdrigtion ofi estand @ibadimkRes | mage before Its
proj ection bégthis device, as_ 20 displayed on the matrix of the

proj ector of OHME arAnEages. and fratdres “¥?&ti%Wé|bQ§FQmésaRP@rfﬁ"tscene,
and - Fi guis Sca0mee the cansliéactieainpliof Nemihskniamato® Rraure 3

from the perspecti'ves of Figure 4. An enbodi ment’ of device 1 according
to the | emiadiventspyiigenaniendy s wayrdimitadivee condlifrgmt &he Hellowingnt i on
will 1Ehera?€a958d *a?a\ﬂﬁ‘a%ﬁﬂ bed with reference to Figures 1 to S. The
devi Cé 1 conprises a“projector 2, a convex mrror 3, a canera 4,

- 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,
- Figure 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 a 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.



and neans of rotating 5 the canera 4 about an axis of rotation 6. The
device 1 is surrounded by a three-dinensional environnment conprising 30
different elenents serving as a projection screen, in particular side
walls 7, a floor 8a, a ceiling 8b oP a room as well as objects
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The |nformat|on 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 2rn 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



a lens 10. The projector is arranged in order to project the nother
image via the lens 10 along an axis of projection 11 orthogonal wth
the wave front of the projected Inage, the size of the nother inmage

i ncreasing 30 progressively as it isl(ropagated along the axis of
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8b. The n$&rGYs Brqiectgd, tiferntly (Clasgetr ithe fePt moeiecHop ekl dy: the
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this part of the nother i nage being directly projec onto the
t hr ee- di NBWEPDAAS alsearrigashin arder to reflect some of these rays 15 towards

20 the walls 7, and some of these rays 16 towards the ceiling 8b. The mirror
3 is moreover arranged in order not to reflect a peripheral part of the
mother 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 6 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 given 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



8a, 8b by the projector 2. 25 The mirror 3 has a revolution symetry
around an axis of revolution 12. The mrror 3 can for exanple conprise
a portion of a sphere the convex surface of which is oriented towards
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steradians, the value of the second solid angle depending in particular on
20 the position of the mother image with respect to the axis of revolution of
the mirror or the axis of projection and the size of the mother image on
the matrix 9. For a mother image centred on the axis of revolution of the
mirror, and therefore on the matrix 9, this second solid angle is typically
larger than 21: steradians. As shown in Figure 1, the second solid angle
25 can even be slightly smalier than 4rn 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



steradi ans, the value of the second solid angle depending in particular
on 20 the position of the nother Inage with respect to the axis of

revolution of the mrror or the axis of projection and the size of the
not her image on the matrix 9. For a2nother inmage centred on the axis of
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three-dimensional environment all around the axis of rotation 6, and
20 therefore all around the axis of projection 11. However, there can be blind
spots, i.e. parts of the three-dimensional environment which cannot be
viewed by the camera, for example parts of the floor 8a hidden by the
projector 2, or parts of the ceiling 8b hidden by the mirror 3. In order to
limit these blind spots the camera has a relatively wide field of view 19,
25 typically of the order of 90 degrees and therefore a very short focal length.
Similarly, in order to limit these blind spots, the camera is placed between
the projector 2 and the mirror 3, so that the optical axis of the camera is
substantially perpendicular to the axis of projection 11, or is slightly
inclined with respect to the perpendicular to the axis of projection. Finally,
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



environnment distributed over nore than 180 degrees around the axis of
projection 11. For exanple, a rotation of the canmera 4 of 360 degrees
about its axis of rotation 6 nakes it possible to acquire i mages of the
t hr ee- di nensi onal environnent all addund the axis of rotation 6, and 20
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projection 11 or axis rotation e canera Is therefore arranged in
order to gwireementt he three- di nensional environnent. The device 1

conpri ses mgﬁ%ﬁr tr?éa‘lc%wuﬁattfoﬂnme%ngegﬂésaa%n r]ﬁ%l%%rfﬂ) ?‘*el:?de?acﬂgra 4

These cal cul means typically co ans nentl ng
al gori t hrthres-dsoérnsiema, esvacdnraenn‘ d»nse@xmnmjre a)rprrmesimngesaoﬁaimr al

proc %SI ng, un|t of a corrguter ! i,h ﬁtronlt card Th se cal cul ation
means ~ar € rPQHbe&E N et?y tt%e C&Ebe 32 B6uURtID g Bg?’@gﬁt FIAHSt he

t hr ee- di rusealf@naheeﬁwélmweasﬁ tHa/rﬁdﬂe t&@se:aﬁag@s ére distribtitedpetouadm on t he
not her i e di ffer corre n acF(g gﬂg to. the l8ercept|on

oF tre t MPEcatis eiodtatiah Sote tergrert thel parr g eg-gimens R means
are arr angfftonmeditddle tof Uén@ehwddlaﬁed.t’rﬁeeearéum@w PRahs &Y idredhgedt based
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20 triangulation between the mirror 3 and the acquisition means 4, 5. The

calculation means are moreover arranged in order to calculate from the

modelling a distortion to be applied to the mother image according to a

position of an observer 22, so that from his position, the observer

observing the projection of the mother image on the three-dimensional

25 environment observes a scene from a given virtual viewpoint. The

calculation means therefore make it possible to construct the mother
image in order to give the observer the Illusion of a virtual viewpoint.

On the other hand, the camera comprises means for measuring at

least one radiometric characteristic of the three-dimensional environment,

30 such as colorimetric characteristics or the functions of reflectance of the

three-dimensional environment. The calculation means are moreover

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 calculation means



15 environnment acquired by the canera. The |l arger the nunber of inmages
used for the nodelling, or the nore these inages are distributed around
the axis of rotation 6, the larger is the part of the three-di nmensional
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i ntensi t e PTYj@stion mnteathsu thieecdi mangienal £nvirongwenthef #de Heetherage of
the col ori %%E’Egeﬂé&g@(yy@he%ﬂ,rI)pg light intensity to be faithfully
C taking acc ' t

reconstructe ount ih particular of the colour, the texture,
and the reflAsctiadicatesd maeioushyemend wirroheprofjecte- the mmoshenmamage
nnent. on

o e bl e Pl SR Bl B B8 2o
envi r onmgagreed aroting dhiengis B8 Iprofectiynt be edeniser 36 apyFeesarobad
foll ow n steps: - .a projection of the ther _inmage, by the projector
2, al ong Tt EXIsiAT REAJectian aki beoPnlbinecyAln 719 the Koomy B iRBicet ¢ he
ot her | gRganlYe t/-\hear'iﬁlffarv@raﬁfy vafft whatever comprised between zero and
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 substantially 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.



- a projection onto the three-di nensional environnent of the nother

i mge reflected by the mrror 3. As indicated previously, the mrror
projects the nother imge 15 preferably panoram cally, for exanple
within an angle A larger than 180 d&grees around the axis of

proj ect i e shapewéithelioe 256tentngs esstherahane oftthe mirtos Hflnghejcesei on 11,
I.e. on 3| 7 r.0 p ' LS e can have
any val u?Wé@\%@@%ﬁpﬁqﬁ%&jngsetam@r?lJzt@rnogrg%(fl’ CSS’&B éeér%@,%tcm&és val ue
dependi ngpbere, thestlagedfing 125 ispé hoincld. Midge matthehm&ge 128vis| profedtée mat ri x

o exanpP0toRg {HERRSImENSoHR, 3Rk TRER, B, L ARkl 2 iRl o or
t he pboj setord 2olid laeglolanger thamg2r 2Beragiatenior eveansubseantimiyrequad, and is

therefore cut substantially in the mddle by the axis of 25 projection
11. A pa?tf’ OEE"SE‘{?YIEF@Q‘?%%%}\%“ BE&rAYRBYy of the rother image 23, outside

a closed |ingh@ndthBavddmbrises dAbicd el aN@hstrustioof £RE Irgsthed iYgé he

mrror 3 after having been projected by the pro%ector_ 2, but is directly
pr oj ect ed30REPrENG thrBeORRENERSs POFIHPN efhsi $QOARRINTTOBY Nih@opitienedb®r 2. The

light ra rbgi ' I kel t I;

encount e)rb%gélz{teﬁeb% re?%‘l?&g\gfantga]aﬁjgﬁgi&r@ggt?f QFL‘)? oﬁgi?éé}g ‘Fg\r?t%% gﬁewﬁéi ling
8b. TAi s gpaironmendpbsenves iangegae deain Bevitkvadviewpeitifagui shed; in practice
the te”de”CyTh'ﬁ doRbtrhiBon %az{atr iéd ot ok BGudRL. "1 x whi ch has direct

I nci dence on the environnen {o be  "extingui shed and to restrict the

Il um nati onThe stéree is stooed &l theeprojaetootzhley stqrage n2ans, in ke fotnmer | mage

23, it d within.t i i S, i t th i 2 th
231 ot otk PRisheRutaCo2 B Shol? i FRLFE S APtk AdtSpdiREE Rl 2 L
The shaﬁe/i@ff/s Ehﬁhd écreanEqrdetperwaNh point h,etr'leahapp@rsﬁeﬁtihes rhsbrrrgﬂﬂe@s ofn t h?
case ere the convex mryJyor .nas revo | ON Shape SucC as a ortion
of 5 158 pfiBF SCeRaiN Fhis SIK |digistions along the dhEee AES ol ABr SRHAGRIES | s

proj ect edhredRtipndrtforid perefriteN Poital TIeERd rHRMpaspBYtivdte dHeojeaehor 2
within the 5 second solid agq%I e larger than 2n steradi ans, or even
subst ant iRNtained; it sakarensosthak v Hlasing thepe sixperanestitesioangthensix The

met hod CoRRéY f2a88s BPHRALEBI3RsKARS i BigurO™s, @he bBSerTRF RBEItloRBAGL the

centre of this cube observes the scene from the viewpoint P. These

20 perspectives can be photographs of an actual landscape, or can be
synthesized images.

The six perspectives are then processed by an algorithm
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-dimensional
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
allows, 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
associating with this pixel the colour and the luminosity of a point M,, this

35 point M, being a point of one of the six perspectives 27 to 32 and being



23 according to an observer position 22, so that fromhis position, the
observer 22 observing the projection of the nother inage on the 10
envi ronnment observes a scene froma virtual viewpoint P. This
construction is carried out as foll &ds. The scene is stored in the

pr oj ect opogitiopedtabrthgeinteraactjon af theechbe 33 aid she sp@ﬁgmel@'nei Peghe7 to 32

shown. | cEL U Mds IR ARESORAI N Saa VEE U5 b S ggane from

t he vi ewpor n perspeciives being vi'ews cene’in the
six diredei &mvme@ﬁMesshbmnaammgwmmmwen ﬂmsmerdﬂzeny onal

reference p d squar e,
so that, a& gjg%ﬁ fsg%s §£e§9§,9% t| v eﬁaﬁﬂ deg?";(% % P9 r%géles of a
cube 83 spbsit\mmof ﬁFlegplrro@e&or Qh@r(ﬁasetﬂe/anymmittoroaed defnbbeby aerdere of

this cubﬁgobs&aves t he sgene fr%mthe Vi wgm nt . P. These 20 perspectives

can be pRY‘BRYLPRENSLT SFHLRINGT B RGNS YOCHNT he BRSET¥Eht hesi zed

i mages. The Hi &n mswﬁtenveaneat@ran@me@bﬂm@emtbbfaneaérgmfohmrm
i mpl enent ed H%ht he cal cul ation r’rﬁans 21, so as tocﬁartl Ci in the

const r ucNof HRePBIHAT therRt 9'3'@?3?@6?&!7%%?@ &reydsfi 8 Y 2. To

this 25 eggy, fdreeg@hpld @%lr@nlmnmeuﬁe aldmdglﬂﬂengse.f tbhBefine the
t hr ee- di mensi onal _envi r onfment , onprising a determnation of the

coor dPnalEBENSIPRhof Ao Aehish feg siefieel ds dortatioand; MAKgE _
proj ect or ogsu féftooeéi”ﬁf 1ok pbeﬁlonedTVﬂhfeoﬁFEZé&%PQ Ay ehe tr#?rd?‘)j h‘f'ﬁhlh”ﬁge is
or eac t

pr oj ecte . nodel ling allows poi nt or pixel e not her
i mage 23,F0@1'ncreat| on of a 30 correlation table between the coordi nates

(u, v) of t hﬁ]gifpﬁ}nei‘ R} %lrggﬁpetbe dBRAR A Bf tﬁ@%nGRBaﬂ{e'ﬂﬁﬁfEng\Lnt he

point M of ree-di nensiorfal ~ “envi ronnment ont o I'S pixel is
proj ect edy armdm&bmailim&n‘tnatmr\ofsomr‘ne, cotmmaisyyig dpticel Bensonsesudhngst he

poi n and t server position 22, then associating with this pixel
t he égl ou?’seér?a u?‘ﬁ% %W% nosity of a point M,, this 35 point M being a

poi nt of oneFiaglly,hén saxlazer smbotinvet 27 the Jdethod taetomirl@ topakéet i oned
at the intersection of he c%e 33.and the stralg line Db the cube 33
bei ng podi\{§ 'r‘?Bdth%”"t%j@'H}gv‘i’ SrREYiropmegs CORPrissSt hat its centre, i.e.

the vi eWP0|élbr<§ecﬂl&l P pidjadtbl, ored Memn@hnb&@erqhseﬁ;evwmaﬂﬁhgl on 22.
The position of the observer can be defined by default as being the
at least one modelling point;
20 - areflection of the modelling mother image by the mirror 3;
- 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 modelling:
» 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



5 position of the projector 2, or can be any position and defined by a
user by input nmeans or determ ned by neans of |ocating the observer. In
an enbodi ment, the coordinates of the points of the environnment on

whi ch the points of the nother i magdZare projected are defined by a
user, for exanpl ePQ8t R thesovirapmest 3 ePnyhichehasapdelingdminteist he 10
di nensi ons of the ?ﬁ&b 4n which the device 1 is located, and making it
possible to deflne position of the projector 2 and the mirror 3 in
this room |n*a ¢aeulatng etrhbodiatfemtf a tiightgeyndor priginating érwm rtbament is

known by an exte f €L Si sors
such as 15 Iaserﬁ‘]%g”'rpra& Ic’ié}nelgﬁnalblgl t,:hel Mo aﬁgeﬁ@g%& gf t he
met ho8 accordi ng the ﬁrista'poirm\oémhe@nwrohmenbdel I | ng of the enV| ronnent
conprises: - a pr ctor I mage
conprising at %gtﬁéﬂﬁg %%Iéa @érh rayz%o 0” b—f)[rbﬁnegﬁreq

model | i ng not her pasmg@ftthetém/lmrfnﬁ@'rt 3 andampaigndeotylm poinG dfftee
t hr ee- di mensi onal enV| r nnment .of the nod lg not he refl ected

by the mrror 3: Wea%’aﬁr%"??r&rﬁcﬂf-”%’f’ f‘P etha mode “l“ﬁ&@ggof t he

envi ronment aCG“'éaﬂ@hlé@rﬁg dhanteedtldnn@f theepatH NBFoase dight hyensi ronment
belng preferably 25 acquired for different angular positions of the

canmef8 4 around t‘PféQ'Hi‘i'@g feamtbeampeallig reet and sheerath ofoidel lI'Slf'l’ﬂg poi nt
and for each imagg JO%? ?lﬁ‘éﬂ’ %ﬂ?'ﬂhe fﬁ%%lh?%fftﬁé difrd tt:hé

associ ating the node w th a point of e 1 mage
envi ronment acqui thedceendinates mjdeie mtgrser:twe ummhtbemveemethewaye of the

environnent i magi ;%?ch@ l;éurn tsu%Z%ar@%'llpztg f cfo*P‘@n%E'é@t EPQHE rsl?’ﬁofmtcﬂ‘ whi ch

the nodel I'i ng poi I ng e pat T ght ray
15 originating frttbmetmeronmmiﬁll ing point, reflected by the mrror, and

proj egt ed OnIrh)us %he hc%optljlhgttes Qéve%l 5" Scpl\r{ s opnﬁe énvironment 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 detail 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



calculating the path of a light ray 20 originating fromthe first point
of the environnent 34 and inmaged by the point of the inage of the

envi ronnment acquired for the nodelling, and calculating an intersection
of the path of the light ray 15 10 Hﬁlglnatlng fromthe nodel ling point
and the praigbt linge D ioghnecting this onodgiing i paint ri¥mande ther sbseqrvemt  of

the envi rﬁﬁgﬁ 23401 thid€e %8?%%:51%% EhdO :récﬂ%n‘sgﬁrﬁ a:frgférb?f} Pésetbet ween

t hese two S bei ng substantially the coor TSt point
of the ewithhoﬁhree‘namelcﬁ rgfarentehef theoprajecierd. of several first points of
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ot andc R RoaRiag & o JIRTDiede o GCT sy 9380 S oAl Glothe oun ¢ he
first poi mbd@mmg%uﬁmveﬂéwé@m the Mfod, Proferesd onkd/theerirenkfiny, cl ose
at one | ocation. By approximtion, the coordinates of the mddle of the

shor t ¥t ard)ReRMIESAHOMErds) the 3meraw! hat Yrsiant e the ASTARAtQD €21 f¥e t he
coor di nat@)&rﬁﬁletlﬂecém&f SEChY %ojé@tlﬁé ¥ﬁ4d@ﬁgplﬁg§é%oﬁ'§glsnﬁ Q?\rery‘e

model | i ng thus makes it possible, fol eac I nt
coor di nat @edeling\poinks dlﬁ@’l%@@@ﬁwrﬁ’ﬁ‘@et@Q Pafﬁduhahéh%f ptopy sexbethsi on

for 30 e s to
creat ot ng! IBake S 1R sFAPRAREAL Skt () AR OIARY Bk gRoBe el
nodel | i ngp@oisntepooduging ehis disteibution (SinsnIaeaSiatb‘i andatflbaslimpp)a?nh,t eadh t he
envir

proj e rerg(?ft éﬁgsé iOPé)i 53 8@%‘%"&?5 %ft f@e g&?‘ rtm?'% Qﬁlgrqt e%% @@fr]gng this
nodel | i ngagociateddithnshe bEthelmeﬁdlﬁng pRURE! | on 22 Al'l these coordinates
o et | oo Bl ARy PRSI pHhL b S S Bl o
not proj epétcérd tHee resolution of the modelling of the three-dimensional
environment. If each mother image comprises only a single modelling
20 point for the modelling, the modelling comprises successive projections of
mother images each having a different modelling point, the resolution of -
the modelling increasing with the number of successive projected mother
images.
Preferably, the images of the environment 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 necessarfly
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,



5 nother inmage, with the canmera observing an i mage of a neutral
environment, then projecting a nother image conprising a single
nodel | i ng point, the canmera observing another |Image of the environnent
correspondi ng to the neutral image tI® which is added the signal of the
nmodel | i ngorpamest the waeledf He emeranmc?rttr!f tharejase bdad spPts-t he envi ronment
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t her ef It bl e t dI th f_the th di ' I
envi ronment . 50 MerAN Ao S EKBURNol NBf RAG I F (HEPE aro

bl i nd spogsomdtii¢al opties tchlcartbnSenRich ddpet@ossli dardutstiod pabkempedret s of
the These calculations are preferably carried out within the frame of reference

20 of the projector 2.

For example, calculation of the path of a light ray 15 originating from
a modelling point, reflected by the mirror, and projected onto the first
point of the environment 34, depends in particular on the following
parameters:

25 - the position of the modelling point on the matrix 9, this point
preferably comprising a single pixel, or can comprise a 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 9 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,



envi ronment on which the nother inmage is projected can be obtai ned
within the frame of reference Iinked to the projector 2, proceeding by 5
triangul ati on between the mrror (}rrq) t he one hand, and the canera 4 on
the other. In fact, a know edge of the paraneters of t he device 1 nmakes
It possible to calculate the equations of the paths of the rays

ori gi nat i-ngthef geomeéetmre almidrtlherdl&eaard)ntmétqutﬁoom of the pat hs of the

d by .th d
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fully nmodel pedicurirttherdistanae aaaachteedl@m&mrttymween-tﬁérpmjeut@rdzrambel l'ing
approach, or by ar??l’lddl ng type agPr ch. The | tter case assunges that
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know how t ore&s@nitRmt 12 Bee s@@stahaalw niéage&rbutn@m@csﬁs.bié foptrdread b t IS
al so possible to analyze a 15 scattergram of the environment in order to

recogni ze fPREfMEEY BNGIRS 'BF“"@ttWé‘rbet@’@Gﬁéihﬁ%&WOmEésl, B s effegted
previously, offe,pad msab %@ét' g of edRhfte@eonetrical optics
n

cal cul ati ons whi ch %e en 0 cu ation paraneters. These cal cul ations
are prefer abSyﬂtt%n*)r,ltbél Q@LQUIWQFthnthehEamr@frﬂall@ht reeyf 20 eniginatrg et he
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orlglnatlng I'ng poi m rror
proj ect ecpavatnetdéree first point of the environment .34, depends in

particular gn the follo arangters: 25 - the position of the
nodel | i ng p@] %’SI lepgih %&%5@0 is point preferably conprising a

si ngl e pi-xefor the c@ﬁfbra%@ﬁéorsethé c!ihh@blﬂoﬁi andxheressidtiph %flthe senthie
di rension of the matrix and the resqglution in pixels of the matrix 9,

30 - the rePaMhjEh B&tﬂrﬁﬁrﬁ'wnﬁlﬁaahﬁrﬂwm@e% igfimegsfect to the | ens 10:

i N partiCubfy optidaf d¥bRioPs dPra(Eie‘PFattio% oFthékdmehg 40pti cal axis 13 of the
l ens 10 pass substantially through the mddle of the matrix 9, but

there cam hesselBtiye ositian iofHtheofamera ovith Hesperkt ioohe cRrAIRANOE i s
centre a“d?g esfitpg;‘ag:gui'&uorﬁ%f thB! frsPlit36E; 20 driyufar PELitiBATPETUST be

known or
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 substantially 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 lens 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 revolution 12.



- the focal length of the lens 10, - the optical distortions or
aberrations of the Iens 10, 20 - the geometry and the dinensions of the
mrror 3, - the relative position of the projector 2 with respect to the
mrror 3, in particular the distandd and the alignnent between the

proj ector 2 Heweverithe precisin of thege frlignmenksisaggnerally prsoffécientda 11 and

the: axi s gfou SHOUHIHA IR e SURBHANG Abinke T Aechenbllickhai 5 SSI bl e

for there'to be an o I ncli nati on between these two axes 11,
12: thi s mbfester, thadnirtarsandntiie mer@n andds thereforevinsoificent itogwapy.

Simlarly f path of a light ray 20 originating
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the rot at[id%ftﬂinsplh(?hth‘éf mloawe.‘rarrafa@eabwa | d&ducing s tHerefBmbe césinexanpl e
deduced fromthe pitch of the notor serving 20 to rotate the canera,;

fur t Her nrAEaMetRTsaase ot Sheceeidinties of Aha RrAEctians §fc¥herc@{'§'fqtk9ﬁ 6 are
substantigihté RSP EHag Heqlifred %yp@r%séa%é‘af fr & Qﬁé\?vn érfé}tﬁlé?

of f set and/or i ncl ma?l on betweén these two axes : hi s offset an'd
t hi s i nclTheatalipnatier polids icap e dﬂstrémtecﬂr@net@e mntfmrde‘rageolnbf@eafprra to

carry out, f@%c%@%@ Ehngrﬁ‘fﬁrq%qrdfqﬁ@s He AL Mo;[e?lnlottaleea?\

par anmeters mnmus tain paraneters can ored in ﬁermry by
storage rtHaascachrrn ethenmphree-dimensoral doondinbtgs ofi thengaimks aficthiehe

esoris’ Wiyhdl® FETEI BRCCABF o R i e MO ol B | e
10 can fondep@mielne obeh& gevmebry ofetheshrde-tieséngiamal envBanhmmtyNor isi t can
D e SR kot el B8 e eSS pBBRE ok IAR ARl el ke £
by conventional stereovision calibration methods, but the projector 2 is
used to create them.
20 This has the advantage of being able to project calibration points
having sufficient contrast, for example light calibration points on a dark
background, so that they can be detected by the camera whatever the
nature of the materials of the environment. An image subtraction
procedure makes it possible to increase the contrast of the device 1 very
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 camera preferably
comprises automatic gain control means, in order to remain within the
linear range of the sensor of the camera, avoiding the saturations which
adversely affect the subtraction.



respect to the projector 2. In fact, a user can carry out approxi mate
alignnents of the axes of rotation 6, of projection 11, of revolution
12. 21 However, the precision of these alignnments is generally
insufficient to know the transfornati2ons between the frames of reference
| i nked to thé&hepraljbsation, theme catmprises amdpojiectivan®f aa medhers imageef or e

| nsuffici N¥astO ' . r e net hod
acoor di ng TP g B estitfe ARrRRL S At pRUIRCIHBR 04 teagh ofd

opt i mi zatlm@emf tbalenviraniment etquined foxltbalcatibratiopar anet ers.  The gener al

principl e of e brati.aon heet o | poi nt's
onto the thrzarhgdmﬁﬁlés of h%er?@QﬂEhﬁ\Eﬁ% Ogcﬁgg/rfgﬂgﬁﬁng%n caallibpaftfo O%gnl n the
not hers i rmg@rmmt ldasnmmganrIménmégesrwbe:htaxierdiff&r@npebruarvmdw s'nagsed on the

coordlnates th e f. t.h I|br n Lnts in.an.imge
ccqui r ed By RaEnBt ES Y B st BE e Bafith S B terat Pon
poi nts caerache:adbsatrolnmmedamfdir’rmchimdileof ||nmaagm in the form of a

ines. . The, calibr not at any

scattergramor in the f ti dpe

T carl “on t isSetingad ShisAlp R oty wihae eodrorthe B TESER: o 15
envi ronment on twhi sdir tahel Gathi B EdiNOBf BB eBoAd Gmdige] 6EtRE panhited makes
it independent of the geonmetry of the three-dinmensional environment.

Nor ild it necednty ¢f F'E‘)e destetnagn & f8eRaisand thsi Reiet &f theeses®Rdr onment
as is done by jsRiguesHthandir {ﬁﬁ%ﬁnﬁ&‘é’ %&Hd%nh@é%eoéhmﬁmgﬁt orftgt the

projector 2 is uSed to crea hem Thi s has the advantage of being
abl e to proj ectwhighithe geliyatippineing is lﬁ&%ﬁﬁ@dsuffl CI ent contrast, for

exanpl e 110t caldhiid 9nBBldMcS) BBeiforlF kne PRFKCSUGe Bg At ey can

be detected by the ca tev nat u mat eri of the
envi ronnent . Aroflthaguairsthma:beipmslth@rmfcmmmntrakése fitstgosgiedfeheo

I ncr e the cq e i S|gn|f|cantly by
di spensing wt W%fﬁlsﬁée]rc@&%é@e 8%%%% Jpgi!a?%é%%éanbl ent light of the
envi ronnent . - Thaaldulatirey sulistardd betvprenc tikipositiopi ofllthg peinprof she  a
subtraction, froman |mag ﬁgwred%(i)%/ rad ringﬁg_ge roj ection
of a nother i mE§EORIAPAS °r§3 AP I'b‘?]gb"cﬂ qui r ed
by the canera difrthegetbed pﬁ@g@@ftmpgf a not her |nage not 30 conpri sing
calibratign points. TOthISF ecarrer?‘g)refera 3/
This sequence of steps is Howed y @ modification of at léast one of the
20  calculation parameters, and a new calculation of the theoretical positions,
so as to minimize the sum, over 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.
Thus, from achisitions of images for different angular positions of
25 the camera, 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 points 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 calibration makes it possible in particular to optimize
the distortion parameters of the camera, and the rigid transformation

parameters



conprises automatic gain control nmeans, in order to remain wthin the
| i near range of the sensor of the canera, avoiding the saturations which
adversely affect the subtraction. 2 The calibration then conprises a

projectiop of a nother i mage conpri Pn t | east one calihration point,
Brd acquPLithe SFRrOF ofirofeRBEe GiNe: FAIgEoA VB BRIRToHvENe TREGEded f o
the cal i bsfarérve. of lthe &XTBAFTolitidnne, Siiet B RABIngRC BEtW&sh H ophigal
calibration can 5 conprise at |east one pair of inmages which are

di f f er enBXISRT thRicBMErAdy@ @ the 8xiseH BERO™®- t he environnent, a first

type of caliRratbed tFSeTeF icaiimGtioAr careeshphidé, RiraddcANcdi®ratiorripdintor each
pair of | na(%es: associating the calibration point wwth a point of the
first5i mage fef eaghisnggs of tiedenyiranraeporsauined fonghe eelihratiphinge of t he
pair, the 10 ' . €n Ll i fo b ' k:nt of the
second i mage OPQ'ltCRFeat@gittrhléi F?réatgl %aéﬁggggﬂgr @faﬁ?@ogroﬁﬁghée%\sllli@?rt\@ént onto
whi ch the cal i beiti ceflgsbedhbyitbepniyestand, pradedet aintagp thirhpoingtdafcal

position of th ] e second image of the pair, fromthe
posi ti on of th?%g#ﬁko%&ebﬂe first image of the 15 pair and fromthe

cal cul ati on pacalelating, theapathl eft a tight raly stigiratingefrasethd beirg esirtti on of

t he ﬂé)l nt of thg hsecond I mage_of .t he gﬂ:léyr and “I]QE hepretic It osition
of this point OB ENE VIR | PR &maee BaP?'.n [ esgaﬁ%‘?‘l@ 8 st eps
is foll owed by epvifosiinkht atq@iredforahelcafbtatione of the 20 cal cul ation

paraneters, and a new cal cul ation of the theoretical positiaons, , so as
to nminimze th&aSURting\eAisipnce Retwean HieapethobhEIetight By praleetedt ances

between the poghtd B @hird MR MObMEhePEnViRhREFOBAd itABSatATof dh IRfHr and
the theoretical position of this point of the second i mage of” the pair.

Thus, from acqu@¥prigmasingffromapeshirdipointi ¢feheranviiegment. posi tions of 25
t he fsg‘meﬁ'ﬂ‘g %ér?]ﬁ?eﬁcé 'SR Eehs dﬁ%ﬁo@@b%l a %ocﬁiﬁ@atﬂﬁ’{:f gﬂgﬂ%%& ohg Ltﬁ%' y

di strTbute € threé-dirnensi onhal’ environne exp ing a
r edundancgicolativheppeainmtersf anhdhenemvialanatioris lbéttiveepathso of cheeraysi ve

e, | bRGGE R R AT e BBl e B TR Lo
points of the at least one image of the environment acquired for the
calibration, so as to minimize the sum, over all the calibration points, of

20 the distances between the path of the light ray projected onto the third
point of the environment 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 calibration 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;



30 and the theoretical position of the points of a successive inmge
after rotation. This first type of calibration makes it possible in
particular to optimze the distortion paranmeters of the canmera, and the
rigid transformation paraneters 234 of the frame of reference of the
camera 4 wi th Tggpeensfognetien masametsrs hatyeeribe Grmenef ssfiesense rot ation

6, such as theyangl e RtHCRRNAF ORI 4R cabiths & ahBeufaMRige 4rand the

axis of rotation 6. A seco type of calibration can conprise, for each
cal i bration pdiefierense safdtieoprajaeiari dragichots tfee examplenthendistangegi red f or

t he calibrati o eafahgul atl the, patin of | d rigi ing from
the calibrati gélbtwggﬁnttﬁélrgﬁ-'g%t e‘g %@tt{g‘g nalesr odrf?rb;?jg%%i?@j ggt (ra%]%ont 0 a
third poi nt ofinclifaticanbétweaemetine, opticahlazisl oft thegcamerpdt indthe akisght ray
originating fr h i ' f th I n nd. i_gaged by a
oi nt of e i ayegriotnbl B Ah s ary kot BB ke £t gRETon, -
cal cul ati ng a afi retatiune6 kedviberaxishef pajéctioh the |ight ray projected onto
or i gi nat | ng TP Gt ALt AT ciBorHioNG C¥iRe oo PErHigh: e 9T4AeS equence of
st eps | sndrabéoverd chlibratizhdipbingait ontief rabtHeeaghagele the bbger Cilecul ation
paraneters, and new cal cul ati ons of the paths of the rays originating
5
f r om& heOREYNiZBHGR 95 SN BPFATREYRR t he paths of the rays imaged by points

of the at | ¢amlllyon@el MaPoa! abERdPRY itd OFHEENAVERIHH @ f@mprise a _
calibration, so as to mnimze the sum over all the calibration points,

h
of 20 thEEAPYEAREsOhatwSsRt e FadiAmetrie haragRiistiayofplg dbreat onto the
third D&Hﬁnfsfafnai Bﬁv@&e{m@ﬁ@mta QBFFFEﬁtﬁw BAtHE Hotﬁ@ﬁlﬂwé?@facécﬁﬁlng

the t t of the n ot her “wor ds,

originating from hird poi n _ envi ronnent.
over al |tot At leasti greatheasuped madiometec rhabegtedstic. i The rooersctiomscains

R e L R
t he t hi rithepaimbinatioh hef tevpnogeatenand The sagserarallowspe aimparisobraft i on
makes | tth%oc':so%t?rl %n}jamgé)ntsiitrp rze(l:‘lelctrclad by the three-dimensional environment '
with an expected colour and intensity of the projection of the mother
image on the three-dimensional environment. This makes it possible to
20 comprehend the restablishment of the colours by the environment, and to
ensure the projection of the mother image onto the environment is
accurate with respect to the scene that served as the basis for
construction of the mother image.

Of course, the invention is not limited to the examples which have

25 just been described and numerous adjustments 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 vertical resolution



particular values for: - rigid transformation paraneters between the
frame of reference 30 of the mrror 3 and the frane of reference of the
projector 2, such as for exanple the distance between the mrror and
the projector, and an offset or a3 nclination between the axis of

revol ut |Q5rth£2d@flce tihinheimeganesks. ﬂrhe‘a@xul@ tdafe @e\dfeed{ MavichL has Zast ri gi d

t ransfor axi s of
rotation tﬂséggﬁgﬁé%nga % %§B§¥ eE éﬁ%%gg%%P%%HggﬁrOJector
2, such ths greateasxlartbba:qmenobfsni’anwrorbeeﬂwelngtﬂh\e ighterays4l4nd the axis

camor o £ONER: R SHiSC Bl il bt PRedd YREaREn P oy i el ot on

bet wden dnviroarient ortor Mhzkth cth|56 rapdst projected. Gfreﬁemblqcthmfo‘ré gor the

tol T br atiraliecef BEE BT Roufe WHIdL rehds, 10 thdtngsedive  teo VBN 2ot 1 on

of the pesalUEbeoS thédBIckYL withereBpédtad sagshurtaneitrort he i nvention can
conprise a neasurenent of at |east one radionetric characteristic of

the three- dinensional environnent, and a correction of the nother |nmage
according to at |east one neasured radionetric characteristic. The
correction can 15 conprise a colorinetric or intensity correction of the
not her image. Thus, the conbination of the projector and the canera
allows a conparison of the colour and intensity reflected by the

t hr ee- di nensi onal environment w th an expected colour and intensity of
the projection of the nother 1image on the three-di nensional

environnment. This makes it possible to 20 conprehend the restablishnent
of the colours by the environnent, and to ensure the projection of the
not her image onto the environnment is accurate with respect to the scene
that served as the basis for construction of the nother imge. O
course, the invention is not limted to the exanples which have 25 just
been described and nunerous adjustnments can be nmade to these exanples
wi t hout 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 nerged.
The calculations of the paths of the light rays emtted by the
projector and the 30 paths of the |#8ht rays emitted by the points of
the environnent are then nore coRfpPBYS as they nust take account of
significant offsets and/or inclinations between these axes,
consequently the nodelling of the three- dinensional environnent and the
const r uctli. ofrogéctionedavinenel), comgeistinge  t hus t hensel ves nore conpl ex. 35

Mor eover, the r S kly have
t he shape of Scﬂﬁiﬁ%ﬁﬁj ggr%gg%%rugeorgyl;t prgjse%g%eﬂbgﬁgpgﬁ?g?g%%f a
spher® nmakes tloag\ear axisalf pr@g’soﬂlm (bh) 28d of the device 1 inhonpbgeneous.

In fact, in the devic |bed the nore

di stant a pi Xglconge}(rrﬁlmo[r )caé'ﬁ?r?%e b?ﬂf}?‘%t ﬂgéb{he théhﬁ? d9F%F is the
portion of thet nieastorinr laecdndgtat hfojaoghtt oays a4 thweelfimensidniad by
this pixel, and the | r tg% size of the point of the 5 environnent
ont o whi ch thFEV'F%Wn?'% &stﬁae dd. Preferably therefore, a profile of
the mrror 3 is used which tends to honogeni ze the vertical resolution
of the device 1 with respect to a spherical mrror. 26 CLAINS 1.

Proj &8t i @m 'a%‘(/'F%@CG‘i')d'nQ:S‘Prﬁ 3Ry hgcharagtasizgfdpt het ths mirFemgddisih or der
to proj eebnfexTRlifBF hlaVﬁ»@es&b%%annaﬁnyaé Qewonaﬂo%}/ﬁm@étr?wbeﬁa l@Mayid 1) . and

- a convex mrror bg arranged 1n‘order to reflect the nother 1 nmage at
| east i nopagvolelien Jproject It onto a three-dimensional environnment
(7, 8a, 8b). 10 2. Device according to claim1l, characterized in that
the mrror (3) is a convex mrror having substantially a revol ution
symet r y 3ar Devide anceding tootlaine 2o chaiasterze2)in tBat trevaxie oficewldtioy t o

oo B (TR e Bkl B ta S AR WM e |
Devi ce according to any one of clains 1 to 3, characterized in that the
4. Device according to any one of claims 1 to 3, characterized in that the
mirror is arranged In order to reflect the mother image by deforming the
mother image.
20
5. Device according to claim 4, characterized in that the projector is
arranged in order to project the mother image within a first solid angle,
and in that the mirror is arranged in order to project the mother image
within a second solid angle larger than the first solid angle.
25
6. Device according to any one of claims 1 to 5, characterized in that the
mirror is arranged in order to project the mother image within a solid
angle larger than 2n steradians, preferably slightly smaller than 4n
steradians.
30
7. Device according to any one of claims 1 to 6, characterized in that the
mirror is arranged in order to project the mother image within an angle



mrror is arranged in order to reflect the nother |Inmage by deform ng the
not her i mage. 20 5. Device according to claim4, characterized in that
the projector is arranged in order,_to project the nother image within a
first saolid an and in that thé/mirror is arran?ed in géder to

| e . .ar!
proj ect '?'_Pﬂ?" He;lspn%&j?é'ee%a_trﬂﬁ‘ éhgeac"fbsl‘lcPfsQi'IC’ﬂ"thQﬁ‘g L) R§ _raPWan t he
first sodybdeat@§-eqdal o 368 \HegRACHBLAH RBe bRIsADproftieh, cl aims 1 to 5,
characterized in that the mifiror is arranged in order to project the

nother image within a solid angle |arger than 2n steradi ans, preferably

sl ightlyg sl aédordingnto &4\E6AEI ANGaimz01 ko Pedifacszeddhngat & any one
of clainme 1 to 6, characterized in that the mrror is arranged in order

to prioj MRITRESHHORRAVEr TRgRNSM4/ht hfoarRcaning ot leashogermagenofi®e@ degr ees

around tﬁﬁ?eél?&iirﬁeﬁé'oﬁﬂcﬂrﬁﬁﬁoinﬂ{é 11), preferably substantially equal to
360 degrees arounol the axis of projection. 8. Device according to any

one of clains 1 to 7, characterized in that it 5 conprises noreover
means ( r g ] eqst e f e ! hree-di nensi onal
envi ron%’nfaevkg ngﬁlg‘er{daggogémgg’t Shgf%‘ltém'%, érﬁatrh;agttehre’l rzglé:gﬁllsﬁyo{r‘qﬁat t he
acqui si tineans aearsrasgeddior aageidingoat leesubne rigpage dfethet evieorimerge of t he
envijonnent .. fro ight..rays (20) emtted by, the envirgonnent and not
o 150 B, iR Y SitRP) PR S e ARh it g BOErEfeeRd B ghe

charact emireed in that the acquisition neans conprise a canera (4), and
means (5) for rotating the canera 15 about an axis of rotation (6). 11.
Devi ce according to claim 10, characterized in that the axis of

proj ecti po., OkllceaddtoldiBg asictaifl 8 loPtRlcharadt&lize B THaRTharichalsitionmer ged.
20 12. Device according to any one of clains B to 11, characterized in

that it MEBADHICPIWYISED? RRerantinnd2 meansr (Nofps| Totalgng Hbe camera
thr &g di JBhR iaAnBlis ofRtafiATENt based on at |east one image of the

envi ronnent .
11. Device according to claim 10, characterized in that the axis of
projection (11) and the axis of rotation (6) are substantially merged.

20 12. Device according to any one of claims 8 to 11, characterized in that it
comprises moreover means (21) for modelling the three-dimensional
environment based on at least one image of the environment.

13. Device according to any one of claims 1 to 12, characterized in that it
25 comprises moreover means (21) for constructing the mother image
according to a position of an observer (22), so that from his position, the
observer observing a projection of the mother image onto the

environment observes a scene from a virtual viewpoint (P).

30 14. Device according to any one of claims 1 to 13, characterized in that it
comprises moreover means for measuring at least one radiometric
characteristic of the three-dimensional environment, and in that



13. Device according to any one of clainms 1 to 12, characterized in that
it 25 conprises noreover neans (21) for constructing the nother inmage
according to a position of an observer (22), so that fromhis position,

the observer observing a proj ecti 8 of the nother iage onto the
envi r onfeRPMBHERT RRANSE OF &REN 'B%taemti*ﬁaum@s@veﬁepmmgm.atéea%. Devi ce

accor di nget Redére@N@dRim&drti diardetédstie3, characterized in that it
conprises noreover neans for nmeasuring at | east one radionetric

characteristic of the three-di nensional environnent, and in that 28 it
conpr i sefs MBalref QECO‘F@ihbe&i bRE drh@airmd hefo '1@%a?é‘c‘€@r"l£€d1% kRatafe | east

one neasured radi ometri ¢ characteristic. 15. Device according to one of
cl ai b5 Blspcamprisemmeans for Bxingrthe mairrart(3) so alwall, fnasarselingeans f or
fixing the mrror (3) to a wall, floor or ceiling. 16. Method of

projection Inplenented by a devi ce according to any one of the
pr ecedi rkp.c Metihed of pmpjectiondmpéerpenteddy erdeyiceaagrsartdimg tonage of23) al ong

an axi S,PEItng,P%‘-ee%@)g'a"‘l‘g ééfq'éﬂslﬁﬁfl a reflection of at |east one part

of the a~‘conv rror (3), and - a projection onto a

t hr ee- di nensi CB‘lﬂl"OJeDt!tDﬂT ofiree mothér irdage §BB) (arllong e amds lofrpropecgienr ef | ect ed
by t.he convex ror, 15 17. Method according to claim 16, characterized
in that the m(:ﬁg! qeflects the nother image by deform ng the nother

i mage. 18. Metaesfieacionrafi atglebst ehepartlof, thehmbetdreimagrdby a édradext he
not her image 20 |s@5r o*}&ct ed along the axis of projection within a
first solid affIrePr @dqg3 that the mirror projects the nother image

wi thin a seconfpefibttbiate a dh@é@%rméﬁ@@né|%vfﬂornmer&o$ BArgY)eof 19.

Met hod accor di ng to any one of the clains aracterized in 25
that the nirrdp eﬁ?@ﬁr’@éﬂ@aﬂﬁé’eﬂ%tﬁ@rbwtﬁﬁ@é’”Mﬁ’E MIFO% solid angle |arger
thang 2rz steradians, preferably slightly smaller than 4rz steradians.
20. Method according to any one of clainms 16 to 19, characterized in
that t He/.nMethed pacsioeding theclain htd, ichagsteatizedi rlﬁafrhaéntj‘lee mirger t han

180 reflects the mother image by deforming the mother image.

18. Method according to claim 17, characterized in that the mother image

20 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.

19. Method according to any one of the claims 16 to 18, characterized in
25 that the mirror projects the mother image within a solid angle larger than
2w steradians, preferably slightly smaller than 4xn steradians.

20. Method according to any one of claims 16 to 19, characterized in that
the mirror projects the mother image within an angle larger than 180

30 degrees around the axis of projection (11), preferably substantially equal
to 360 degrees around the axis of projection.



30 degrees around the axis of projection (11), preferably substantially
equal to 360 degrees around the axis of projection. 29 21. Method
according to any one of clainms 16 E 20, characterized in that it

conpris ver acquiring at le i e of the three-:

i mens: Ghtal MERAG SEAiEAns 8 Sy on BheaiRE 6 Sy VEreRarReLe that
char act ef icoasbrigest Radrebber asduirkid | &N 1@4st @Rei MABGe CONPEHeS @Biree-
posi tionj ng?sw%%nera &'ﬁ%ﬁ at an angul ar position about an axis of

rotati o EVIRAFIENi ng an i nage of the environnent for this

angul ar position of 10 the carrera fromllght rays (20) emtted by the
t hr ee-di nensi onal environnent. thod according to claim?21 or 22,

char act &4 zMethqsi a¢r@rding tocclaip |2§e§h?ﬁ§‘ﬁtﬁﬂléﬂ in théﬁéh'q PRgUiIstionRS

t hr ee-di W% [g.rg@sr onment, 15 the nother inmage conprising at |east

one rmdel I n& poi n the image acquisition conprising acquiring at | east
one image of meit@nvigr araRenera Gbgat pecarfgvlar pesitieni@bouh@n exe ofodel | i ng

conpri sing for d ing point and for each inage of the
envi ronnent acqtﬁa?](réga(%ﬁ SME he nodelling: - calculating the path of a

l'ight ray (45pcquiriggret imggé obthe eavirdmentédr thigapgilat posieoheaft ed by

car 1 at iy ¢ Aae BageTer e i 3ya 2P byard by el i AMESIERT | o

poi nt of the enviroomertt (34) and I nmaged by a point of the image of the
envi ronnment acquired for the nodelling, and 25 - cal culating an
intersection of the path of the light ray (15) originating fromthe

model | i g, pPlefHocRtcbi@ingatd) eE;rﬁ thl 'oghtzzraé‘naréa@'lzéﬂ' fH N@atng from the
first point of the environnment (34). . "Method accor di ng to claim 23,

char act €PMPEFes MMPFRAVEr [ nﬁﬁdﬂi“”%@fdﬁ?chh"é@'lddi'ﬁ@”ﬂébéhénb'ﬁoﬁ@leahl at i on
oSSR add SATPHAESAepSabhE" ARLENLA!pbRE, BRI, [
t hat th@cquragl@naccampssmgoacmmripgiatelsast)one image of the environment’
acquired for the modelling, the modelling comprising for each modelling
point and for each image of the environment acquired for the modelling:
- calculating the path of a light ray (15) originating from the
20 modelling point, reflected by the mirror, and projected onto a
first point of the environment,
- calculating the path of a light ray (20) originating from the first
point of the environment (34) and imaged by a point of the
image of the environment acquired for the modelling, and
25 - calculating an intersection of the path of the light ray (15)
originating from the modelling point and the path of the light ray

(20) originating from the first point of the environment (34).

24. Method according to ‘claim 23, characterized in that the path

30 calculations depend on calculation parameters, in that it comprises a
calibration of the parameters, in that the mother image comprises at least
one calibration point, and in that the image acquisition comprises



acquiring at |east one inmage of the environnent acquired for the
calibration. 25. Method according to claim24, characterized in that the
i mges of the 5 environment acquired for the calibration conprise at

| east one pair of images which ar 80di fferent but which inage a conmon
part of 2CARINNgnAty (RASENENE ¢ Rage ¢fhithe | BAVIEIHPRNSi FGuiTsd éycrthe

cal i br athekrapehnt and for each pair of images: - associating the
calibration point with a point of the first inage of 10 the pair and
with a point of the second inmage of the pair, the point of the first

| mage ofa.NMeRMd adftflalrBetoRdhif 28] cAAIBCERERRMN thaPgR Mladdi®mAbr | Mgl ng
a second point of the eAvironnent onto which the calibration point is
proj &ct @énvirongwing lacavineg fort teo celibratipn pesnprissh asfleasle opei PAIF & t he
second ; ' - Af Bal ; idi e [ t he
first i@gaggg\fgﬁ:tcﬁea#;ﬁl&@ge%rﬁ E’Hgmgg ﬁuﬁﬁ%n@gﬁaﬂéﬁe@& g%.tﬂ%/et hod
accor di regvirongileat ntrEscalitiratier comprising fort¢ach calibration poittiand foronpri ses

nor eover j fd.cation of at | east one of the cal culation 20
par amet eeragtwrﬁgg" %Js'ﬁfacge inimze the sum over all the calibration points,

of the di st ancesssbeitingthé lneliprasionipmintodvith repgiot of thé fitdtdmageafd | mage
of the pair a the theoretical .position of this pai of .t second
"l ot "the © pRerPeEanS h i ol oo bisPr o Paser Shdhe batt e o4 o
26, characteri zsgint Bf theafirst! itageabf i baprarad bind ipsR ¢fothecsetond
calibration point and for each 1nmage of the ?nvi rc%Brrent acquired for

the cali brati oiMagecaf &g A3imiMesiadpasecand PANGRE theyeryifog, ing from

the calibrati aghtBQimitn thethtsrheon Byirdths pfdjetd, and projected onto a
30 third point of the environnment, - calculating the path of a light ray

ori gi nati ng-f r cileuetingia dheprstisal ppsitiva ehviheoraEdSt otithei sREged by a
poi of theirmga%o Vi t ir (o] i cald tion. 31
28. r':‘L%/let hod accordi r?gt)g (ghgle%aﬁﬂ] f‘zr%{]é'fﬁgrpac%ftgﬂ fgﬁhitenﬁ? gt(:aoft eel @Q i bration
conpri ses nor edv@gezofitbeifai andaheshlclaticraparapmieds. t he cal cul ation

26. Method according to cI‘aim 25, characterized in that the calibration
comprises moreover a modification of at least one of the calculation

20 parameters, so as to minimize the sum, over 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.

25 27. Method according to any one of claims 24 to 26, 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

30 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.



paranmeters, so as to mnimze the sum over all the calibration points,
of the distances between the path of the light ray projected onto the
third 5 point of the environnent and the path of the |ight ray

originating fromthe third an t he environment. 29. Method
accor di R§- tmew Berordingciaic 1%7,t @%ct%ﬁaﬂdettéﬁtzfé@ F3libratden ¢

COMPY | SESmRLE0 RbrdbyePne Liuaircationor e IERNBhe | GRdR aeAdyglige Lo & 10

p05|t|on o} an server : ) so t hat IS p05|t|on opbserver
obser vi pgrarheteps, o?CEGS ito rmiof MizZiectheoaUner overa@iéthﬁnc@hhnaéloammmt@nnént

Obse“’eﬁocf ?sﬁgﬁ'cees t&%&ﬂe%nzg{et gﬁéh gt ?r‘(lé’ﬂ ré)P })r?ﬁg’ced\@ﬁﬁogw@?ﬁ% ding to

any one racterl conpri ses
nmor ebvepoit of dse eomiron meht andItbasptatlmnétrneatigl'aﬂmayrmmglnahag fomethati c of

the thr e'réjgﬁﬁ@f?*?ﬁ%e W""@%Hg‘? and in that it conprises a
h acco

correcti rding to at | east one neasured
radi ometric characteristic.

29. Method according to any one of claims 16 to 28, characterized in that
it comprises moreover a construction of the mother image according to a
10 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).

30. Method according to any one of claims 16 to 29, characterized in that

15 it comprises moreover a measurement of at least one radiometric
characteristic of the three-dimensional environment, and in that it
comprises a correction of the mother image according to at least one
measured radiometric characteristic.



