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canmeras or using |aser systems. Existing systenms nay have a high cost
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Intelligence, Vol. 15, No. 5, pp. 477-483, 1993. According to this nethod
two series of parallel lines are projected sequentially. The lines in the
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is becoming increasingly important, also for new
applications, such as showing objects on the Internet,
10 virtual reality, the film industry and so on.
Three-dimensional shape descriptions are
usually acquired with two or more cameras or using laser
systems. Existing systems may have a high cost price, may
require a time-consuming calibration procedure and be
15 difficult to transport, while in some cases the scene
must be static, the working memory volume for the scene
is determined or insufficient information concerning the
topology of the shape is obtained.
An example of related research is an article by
20 A. Blake et al., "Trinocular active range-sensing”, IEEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol. 15, No. 5, pp. 477-483, 1993.
According to this method two series of parallel lines are
projected sequentially. The lines in the image can be
25 identified by ensuring that the projected lines and
epipolar lines intersect 1atera11y. The lines may not.
therefore be too close together.
Another example is an article by Vuori and
Smith, "Three dimensional imaging system with structured
30 lighEing and practical constraints", Journal of
Electronic Imaging 6(1), pp. 140-144, 1997. According to
this method a single pattern is projected but limitations
are imposed on the dimensions of the scene for recording
and on the relative distances between the pattern
35 elements. This makes it possible to predict in which part
of the image plane each individual pattern element is
projected;



epi polar lines intersect laterally. The lines may not therefore be too

cl ose together. Another exanple is an article by Vuori and Smth, "Three «
di mensi onal imaging systemwth structured 30 |lighting and practi cal
constrai nt s"wobaMegyal of Electronic Imaging 6(1), pp. 140-144,p 7100070
According to this nmethod a single pattern is projected but limtations are
| nposed on the dinensions of the scene for r%cordlng and on the relative

br odi ct i whioh part of Fciadzedofkntun dvaediCTAd dirds aldavs,
pr oj ect ed. ittt 4Loanm absoluge measurements and dimensions, which is
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absol ute—measur enent s dlnen i ons, ng I s not_al ways required,
particularly nap%ﬂe?ﬁ'shenaw PIREAOAY Shaviag 2nds e Rk RF PRAFREIRG the
measuring the owiseess.

The present invention provides a method for
acquiring a three-dimensional shape or image of a scene,
wherein a predetermined pattern is projected onto the
scene and the shape is acquired on the basis of the

10 relative deformatlons of the pattern as detected in one
or more images.

The invention further provides a system for
acquiring a three-dimensional shape or image of a scene,
comprising:’

15 - at least one pattern generator for projecting a
pattern on the scene;
- at least one cameré for making an image or
images of the scéne;
- computing means for determining the shape of
20 the scene. C

The require hardware is simple and the system
according to the present invention is therefore not very
expensive: - '

According'to the-present invention it is no

25 longer required to individually identify components of
the projected pattern, such as lines or dots, either via
a code in the pattern itself or via limitations imposed
by the scene and/or the arrangement or a priori knowledge
in respect thereof. In the method according to the

30 present invention the Shape can be acquired via the
relative positions of the components in the pattern, for
instance by determining the relative sequence of pattern
lines.

According to the present invention a single

35 image will suffice to acquire a three-dimensional image
or a three-dimensional shape description and an
acquisition time is reguired which is no longer than that
for making a single iﬁage.



The present invention provides a nethod for acquiring a three-di nensional
shape or inmage of a scene, wherein a predeterm ned pattern is projected
onto the scene and the shape is acquired on the basis of the 10 relative
def ormati ons wWobvtaropnttern as detected in one or nore inages. TIET/BE9Y7/00070
invention further provides a systemfor acquiring a three-di mensional shape
or image of a scene, conprising: 15 - at |least one pattern

generator for projecting a?@é 58 €hel PSc%?:@l tidle | SASA Qﬂﬁ gé”?.'in%gf
0

maki ng an i mage or i mages e scene, - uting neans et er mni ng
t he shape of 20 ©an remalﬂr%#%b%ﬂ% aﬁﬁesFE&ﬁ & %F%%n§|ﬁﬁPeb&nd t he
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' According to the present invention the
calibration procedure can be kept simple and few
limitations need be imposed on the relative position of
the'pattern generator(s) and camera(s).

10 According to the present invention the
projected pattern-can be kept very simple and strongly
interlinked, such as for instance a grid of lines. Owing
to the simplicity the resolution of the pattern and
thereby of the three~dimensional reconstruction can be

15 kept high. Due to the strong interlinking of the pattern
it becomes possible to determine the correct surface
topology explicitly as a component of the output.

According to the present invention the absolute
position of components of the pattern within the entirety

20 of the pattern is of secondary importance. Three-dimen-
sional shape descriptions can be generated without such
information, except for a scale factor, by assuming a
(pseudo-) orthographic model for the geometry of pattern
projection and image formation. Perspective effects in

25 this geometry are preferably kept limited.

According to the present invention both the
three-dimensional shape and the surface texture of scenes
can be determined. It is herein possible to eliminate
problems of alignment of shape and texture since shape

30 and texture are determined using the same camera(s). The
final output, which can be a three-dimensional shape
description with or without texture, can of course be
made in any desired format, including formats which are
for instance suitable for graphic work-stations or

35 Internet.

According to a preferred embodiment the surface
texture can moreover be acquired from the same image that
is used to determine the three-dimensional shape. A



by the scene and/or the arrangenent or a priori know edge in respect
thereof. In the nmethod according to the 30 present invention the shape can
be acquired via the relative positions of the conmponents in the pattern,
for.instanceydyngeher M ning the relative sequence of pattern Lyj 0007
According to t%e present invention a single 35 imge wll suffice %g/00070
acquire a three-di mensional imge or a t hr eé- di nensi onal shape descri ption

and an acquisitlon tlne | ui red which is_no.lgnger than that for naking
a single inage 1§5§§ an also be extendea €5 cases where a
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invention the j.e. built up of different spectral base images, does not
differ essentially from the procedures for one base
image. . '

According to a preferred embodiment the
projected pattern is regular and composed of similar

10 basic shapes, such as rectangles or squares, formed by
the composition of two mutually perpendicular series of
parallel equidistant lines.

According to a preferred embodiment calibration
takes piace by showing the system two planes between

15 which the angle is known, for instance a right angle. The
parameters required for the shape definition can be
determined herefrom, such as the angle of reflection of
the projected raYs relative to the image plane and, if
necessary, the height/width ratio of the pixels.

20 Further advantages, features and details of the
present invention will be elucidated on the basis of the
following description of the preferred embodiment thereof
with reference to the annexed figures, in which:

figure 1 shows a schematic view of a preferred
25 embodiment of the method according to the present
invention;
figure 2 shows an example of a detail of an
image acquired with the arrangement of figure 1;
figures 3a-3d show a detail view with the

30 results of line detectors and the combination thereof

after a first correction step;
figure 4 shows an example of a discontinuity in
the detected pattern;
figures 5a,b,c show a diagram eiucidating the
35 construction of the grid;
figure 6a=-6b show a diagram elucidating the
refining of the positions of the grid;



calibration procedure can be kept sinple and few limtations need be
I nposed on the relative position of the pattern generator(s) and canera(s).
10 According to the present invention the projected pattern-can

be kept very sigBb@masd strongly interlinked, such as for instanges, éﬁ?ﬂﬁhgﬁ
ere

of lines. OMng to the sinplicity the resolutlon of the pattern an
of the three-dinmensional reconstruction can be 15 kept high. Due to the

strong interlinking of the pattern,it, becone ossi bl termne the
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Thr ee-di nen- sional shape destTriptions can enerat e out
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Perspective effects in 25 thlszgeonetr% are gre erably kept limted
According to the fage FRXEBY&inensi onal shape and the
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elimnate results. |

In the arrangement of figure 1 a pattern is

10 cast onto the scene by a projector and captured by a
camera in an image plane. In this embodiment the
projector and camera were placed at a distance of about 4
m from the scene. The angle between the projection
direction and the viewing direction was approximately 7=.

15 The projected pattern was a substantially square grid
consisting of 600 horizontal and 600 vertical lines
arranged on a slide using lithographic techniques, with a
line thickness of 10 um and placed at mutual distances of
50 um. In this embodiment a 512x512 image was formed,

20 taken up for the greater part by the part of the scene
for reconstruction and typically 100 horiéontal and 100
vertical projected lines were effectively visible in the
image.

Figure 2 shows a detail of an image recorded

25 under the above mentioned condltlons.

Figure 3a shows such an image "in more detail
and the response of horizontal and vertical line
detectors is shown in figures 3b and 3c. After
determining the central line of these responses and a

30 firs% £illing of gaps, the central lines are combined in
an initial reconstruction of the image pattern (d4).

Due to for instance noise or other causes,
discontinuities in the found pattern lines will be
present in regions where the response of a line detector

35 is relatively poor. Figure 4 shows an example of two
lines which are interrupted, in this case in the vicinity
of their intersection. As shown in figure 4, the
immediate vicinity of the two end points of the segment



probl ens of alignment of shape and texture since shape 30 and texture are
determ ned using the sane canera(s). The final output, which can be a s
t hree- di nensi onal shape description with or without texture, can of course

be made in an ired format, including formats which are for @ﬂ@ﬁ
suitabl e fopwé?§§ﬁ4 wor k-stations or 35 Internet. According to a prererred
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5 characteristics such as the difference in the angle of
inclination € of the line segments close to the '
discontinuity, the distance to the end points of those
segments, the difference in intensity of the given end
point and the end point of a candidate segment, as well

10 as the average intensity along the rectilinear link
between the end points. Two segments are joined together
if the sum of the scores is optimal. Such a result is
already shown in figure 3d.

Figure 5 shows how the crossings or

15 intersections are constructed. Figure 5a shows the
intersecting of two lines. Such intersections are brought
together in a grid representation, wherein each grid
point has a maximum of four neighbours (N, E, S and W),
as shown in figure 5b. Grid points which are vertices of

20 a full quadrangle are of particular importance in
subsequent correction steps. These are found as points of
return by successive selection of the E neighbour, its S
neighbour,-its W neighbour, its N neighbour (c).

Figure 6 shows a refining step applied to the

25 grid. This step ﬁreats thelgrid as a system of linked
lines, the position of which is refined by drawing out
their continuity relative to their original discrete
representation, shown in figure 6a, and by addlng an
attractive force which also gives the refined line

30 positions a preference for positions with image
intensities of the same polarity as the lines in the
pattern. The result of this improvement step is shown in
figure 6b.

| The grid points are provided with labels or

35 numbers as illustrated in figure 7. A random grid point
in the image is chosen as reference point 0(0,0). The
other grid points are given two labels, a "horizontal"™
label i and a "vertical" label j, which give the relative



According to a preferred enbodi nent the projected pattern is regular and
conposed of simlar 10 basic shapes, such as rectangles or squares, forned
by the conposition of two rmutually perpendicul ar series of parall el
equi di stant |{esyerepcording to a preferred enbodi ment calibrati fo807
pl ace by show ng the systemtwo planes between 15 which the angﬁgﬁdgﬁﬁno ,
for instance a right angle. The paraneters redﬁired for the shape
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point. Defining of the labels amounts to defining the
coherence of the grid. |

Figure 7 likewise shows an exampie wherein

10 different labels can result from choosing a different
path, for instance for the point P. Herein the
circumscribed path to the right is more reliable since
this avoids the false parts of the grid designated with
white. The reliability of a path is determined on the

15 basis of the reliability of the individual grid points
along the path and decreases the more links to adjacent
grid points are missing and the_more'the individually
found quadrangles in the observed pattern show less
resemblance to squares as viewed from the projection

20 direction. The labels are corrected S
iteratively/recursively where necessary. Older labels are
herein overwritten by newer labels if the latter are more
reliable. -

Figure 8b shows the finally found grid for the

25 detail image of figure 8a.

For further details in respect of defining the
grid reference is made to the enclosure which includes
the article "Active acquisition of 3D shape for moving
objects" by the inventors.

30 ‘ After the grid has thus been precisely defined,
the three-dimensional shape thereof can be computed.

The three-dimensional shape of the visible
surface illuminated with the pattern is reconstructed on
the basis of the three-dimensional positions of the grid

35 points. In the preferred embodiment the relative posi-
tions of these latter are obtained from the intersections
of two parallel beams of rays, one of which represents
the pattern projection rays and the other the image



30 results of line detectors and the conbination thereof after a first
correction step; figure 4 shows an exanple of a discontinuity in the »
detected pattern; figures 5a,b,c show a diagram el ucidating the 35
constructi Joag grid; figure 6a-6b show a di agram el ucid

refining o?ﬂ% éupositions of the grid, WO 97/ 47942 ibbﬂﬁ?wm%ﬂ)
PCT/ BEQ7/ 00070 5 figure 7 shows a diagran1é?ucidating the provision of the
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pattern is . . .
grid points in the image.

S For further details reiating to the definition
of the three-dimensional shape description and the
calibration used in the preferred embodiment reference is
made to the enclosure which includes the article by the
inventors "One-shot active 3D shape acquisition".

10 After the grid has thus been precisely defined,
in a preferred embodiment the texture is also extracted
from the same imdge which was used for the shape
definition.

In the image the cross section of an intensity

15 profile of a pattern stripe will be Gaussian,
approximated by the function:

w(x) = 1-e W@
In an experiment n = 2 was chosen and the
function was Gaussian. The intensity attenuation of the

20 pattern stripes was subsequently modelled by
superimposing this profile over the extracted grid lines.
The result for the grid of figure 8b is shown in figure
8a. The greater the attenuation, the less representative
for the real texture the image intensity is considered to

25 be. In order to determine the texture an interpolation of
intensities is taken as starting point, wherein account
is taken of the relative attenuations and the distances
to the point where the intensity is restored. The result
serves only to initialize a non-linear diffusion process

30 on the intensity, which eliminates the remaining traces
of the pattern stripes. The result for the image of
figure 8a is shown in figure 9b.

Finally, the extracted texture is arranged
("mapped") on the surface.

35 For further details relating to the determining
of the surface texture, reference is made to the
enclosure, which ihcludes the article by the inventors "A
sensor that extracts both 3D shape and surface texture".



10 cast onto the scene by a projector and captured by a canera in an inmage
pl ane. .In this enbodi nent the projector and canera were placed at a
di stance of about 4 mfromthe scene. The angl e between the projection

~direction and wbe7Mbeagi ng direction was approximately 7[err]. 15Pmng7mm
projected pattern was a substantially square ggid consisting of 600

hori zontal and 600 vertical lines arranged on a slide using |ithographic
techniques, with a line thig §a 9b LAck AL Mietnah PikkAlng
di stances of 50 [err]m Int enbodi mrent a 512x51 |malgre1 was forme s20

taken up for the ﬁ?@%@ﬂ%ﬁftpb?“?ﬁﬁ poA: agd P ﬁ!é??é WP iBPHYsdmadesfor
and typically 10Q h{&xhczcaﬁdllaaﬁdcéoomgu&:le@allw esrﬁzttmhlsneﬁ o views of

effecti vely Vist Bhe, bl AdRdeib AN Enc AP Al Inghatn AR o
I mage in nore dgetand oWl the shapendesatlpm:manluﬁltme_ncf_a/eet | Fdgulrese 10g
O Ehece”s boponcdd i WA e Pl oF 187, TANEA LA (PRl ™
conbi ned in an|lﬂ49§#ded§m%P¢u@?$6ﬁl PWEQ Indde Facern (d).
Using additional steps perspective effect in
the projection and viewing geometry can be taken into
10 account in the above described preferred embodiment of
the method and device. Using data additions absolute
dimensions and distances can be obtained, so that the
unknown scale factor of the shape description disappears.
It of cburse remains pbssible to add codes to the
15 projection pattern which facilitate the identification of
pattern components. Different projections and/or images
can be used simultaneously. The surface texture can also
be obtained from images in which the pattern is not
visible - for instance by using non-visible wavelengths
20 or switching off the pattern - and/or the texture can be
extracted by filtering out the pattern in other ways than
described in this embodiment.
The present invention is not defined by the
above described preferred embodiment, in which many
25 modifications are conceivable; the rights applied for are
defined by the scope of the following claims within which
variations can be envisaged.



Due to for instance noise or other causes, discontinuities in the found

pattern lines will be present in regions where the response of a line
detector 35 is relatively poor. Figure 4 shows an exanple of two |ines
whi ch are iqﬁsg Lis d, in thi's case in the vicinity of their ij ection
As shown in fti1qureé 4 the i medi ate V|C|n|ty of the two end poi &) e

segment VO 97/ 47942 =t PCT/ BE97/ 00070
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end points of those segnents the difference in intensity of the given end
point and the end point of, wéeRgaipbe Be4MHing s Wired U AterbfomlE" 20°
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intensity along the rect
shape or image of a scene, wherein a predetermined

pattern of lines is projected onto the scene and the
shape is acquired on the_basis of relative distances

5 between the lines and/or intersections of the lines of
the pattern. : |

2. Method as claimed in claim 1, wherein the
pattern is a grid of mutuwally perpendicular lines.

3. Method as claimed in claim 1 or 2, wherein

10 pattern lines are extracted from the projected image.

4. Method as claimed in claim 2 or 3, wherein
intersections of the mutually perpendicular projected
lines are extracted and provided with a label such as a
number indication. |

15 " 5. Method as claimed in any of the claims 2, 3
or 4, wherein the intersections are defined with an '
accuracy greater than the size of a pixel.

6. Method as claimed in any of the foregoing
claims, wherein the surface texture of the scene is

20 extracted. o ' . '

7. System for acquiring a three-dimensional
shape or image of a scene, comprising:

- a pattern generator for projecting a line pattern
on the scené:

25 - at least one camera for recording the scene; and

- computing means for determining the shape of the
scene.

8. System as claimed in claim 7, provided with
an object of known shape for calibration thereof.

30 9. Image acquired according to a method as
claimed in any of the claims 1-6 and/or a system as
claimed in claim 7 or 8.

10. Method and/or system substantially in
accordance with the description and/or figures.
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bet ween the end points.. Two segnents are joined together if the sumof the
scores.is optimal. Such a result_Ls already==Howr {in figure 3d. Figure 5
shows how the crossings or 15 inf @uEeSHED AarEERbIst r uct ed. Fi gure b5a
shows the intqgenimopy of two |ilhes. REFMACGHRr sectli ons are br owghiBET/00070

together in a grid representati Og=—w éﬁf&'ﬁ??d poi nt has a maxi num of
four nei ghbours (N, E, S and W, as shown in gure 5b. Gid points which
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Thjs step treats ' thé g as a system of [inked Tines, the position of
which is refinedthf 8CeRendDR*XEFREedontinuity relative to their origina
di screte representation, shown in figure 6a, and by adding an attractive
force which also gives the refined |ine 30 positions a preference for
positions with inage intensities of the sane polarity as the lines in the
pattern. The result of this inprovenent step is shown in
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figure 6b. The grid points are provided with |abels or 35 nunbers as
illustrated in figure 7. A randomgrid point in the inmage is chosen as
ref erence point 0(0,0). The other grid points are given two |abels, a
"horizont al woewhad42i and a "vertical” |abel j, which give the RCIVBES7/60070

WO 97/ 47942 1/7 PCT/ BEQ7/ 00070 7 position
relative to the reference. The horizontal line labels i are increnented
with each E step or decrenented with each Wstep required to reach the grid
point fromthe reference point. The vertical line labels j are 5

i ncremented with each N step or decrenented
reach the grid point fromthe reference poiw
anounts to defining the coherence of the
exanpl e wherein 10 different | abels can Kg
path, for instance for the point P. Hergi

h S step required to

niAg of the | abels
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circunscribed path to the right is nore reliable since this avoids the

fal se parts of the grid designated with white. The reliability of a path is
determ ned on the 15 basis of the reliability of the individual grid points
al ong the pajvie ®ymgogdecr eases the nore links to adjacent grid pEROWSER0070
m ssing and the nore the individually fou 7quadrangles in the observed
pattern show | ess resenbl ance to squares viewed fromthe projection 20
direction. The-labels are corrected iteratively/recursively where

necessary. O der IabEfGrS rein overwitten by ne a if the
|atter are rmrereli b . re 8b shows the finall id for the 25

detai|l image @fgii GurorSgw-deakedh Urt her details in respect of.defining the
grid referenc g b‘fg*%gi?g! cl osure which includes the-article "Active
acqui sition ofeaBiR fﬁ,fﬁgg;ﬁg;! ng objects" by theinventors.. 30
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the basis of the three-dinmensional positions of the grid 35 points. In the
preferred enbodi nent the relative posi- tions of these |atter are obtained
fromthe intersections of two parallel beans of rays, one of which
represents tWOYIdrern projection rays and the ot her the i magePCT/BY®r00070
97/ 47942 3/7 PCT/ BE97/ 00070 8 projection
rays and which are such that they form an éngle as defined by calibration
and that their.intersec- tions are consistent with the detected positions

of the grid points in the inmage. 5 For further details relating

to the definition of the three-di e onal shape description and the
calibration used in the preferred

%%;Jdinent reference is nmade to the
encl osure which includes the articl gy the inventors "One-shot active 3D
shape acquisition. 10 Af t ¢

hhe grid has thus been precisely
defined, in a preferred enbodi nent texture FSyqrpg extracted fromthe

T T 111
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definition. In the inmage the cross section of an intensity 15 profile of a
pattern stripe will be Gaussi an, approximated by the function: W(x)' =
l-e-[err] In an experinent n = 2 was chosen and the function was Gaussi an.
The intensi tyoAdhapasat i on of the 20 pattern stripes was subsequaRib¥oroore
nodel | ed by superinposing this profile ovqp the extracted grid |lines. The
result for the grid of figure 8b is shown K figure 9a. The greater the
attenuation, the less representative for the real texture the inmge
intensity is considered to 25 be. In order to determne the texture an
interpolation of intensities is taken as starting point, wherein account is
taken of the relative attenuations and the distances to the point where the
intensity is restpi R EIFTITE ; ] ; :

di ffusi on pr oces st sel

traces of the pat:
shown in figure 957
on the surface.

e Bage 8 nt Cmaensn,

FIGsa  Flash
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35 For further details relating to the determ ning of the surface
texture, reference is made to the encl osure, which includes the article by
the inventors "A sensor that extracts both 3D shape and surface texture".
WO 97/ 47942 wo 97147942 ' PCT/ BE97/ 00 OFSx/BESH/6p0¥oe
10 shows results obtained with this_enbodgy?nt. Fi gures 10a and 10b show
two i nput inages for a hand and a face. Figures 10c and 10d show two vi ews
of the shape description obtained for the hand, figures 10e 5 and 10f the
shape description of the face. Figures 10g and 10h show two views of the
texture coated ("texture mapped”) shape description of the face. Using

addi tional steps perspective effect in the projection and view ng geonetry
can be taken into 10 account in the above described preferred enbodi nent of
t he met hod and devi ce. Lbin? dat a additions absol ute di nensions and

di stances can be obtai ned t t he unknown scale fa if pf:itye shape
descri ption di sappears. €3~E§Ea 1Ei£ji§itl

lllt\tltx..lll"":
PAAIRrANRIKREREHE SR -
PSR AN L L LS
N N ol
MPXSEAANEREANANGRS HR
nsosc,‘:«vvwn.u.;‘;;tn‘
,,,,s’u\!q‘t‘(“‘.",dn
-"-Auttig;".-‘--'ﬁ
MUNEBENE AR g R RN RN
MERDEER NS gy upugERBN
SEWERERN Iz puRyuREANR
ARFUREE sy g ansnwEEN
EERRAR LI R g na vy NER
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"."gﬂilltllﬂtlﬁllﬂ
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It of course remains possible to add codes to the 15 projection pattern
which facilitate the identification of pattern conponents. Different

proj ections and/or inages can be used sinultaneously. The surface texture
can al so be WBt{4@42 from i mages in which the pattern i s not vPCHBRI7TO0G70r
i nstance by using non-visible wavel engths g2§ or switching off the pattern -
and/or the texture can be extracted by filtering out the pattern _in other
ways than described in thi t. The present invedgigziztgbgl
defined by the above descrd > red enbodi nent, in ; 2 5
nodi fications are conceivable; the rights applied for are defined by the
scope of the follo I ch variatio
5. - A met hod f
di mensi onal shape or a scene
surfaces, wherein Il ned patter
obj ect or the scen

orm
b t he

3

B
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t he shape is acquired on the basis of relative distances between the
primtives e.g. lines and/or intersections of the lines, of the patterns, ,
fromwhich the patterns are 15 conposed, as observed in one or nore inmages.
2. A nethod WOOHd943g to claim 1l, wherein relative, spatial poPCHREI/00070
calculated directly fron1re|ative observegzpositions of pattern pr|n1t|ves
In the inmage or inmages. 3. A nethod according to claim1 or
wherei n one single pattern FLE&OJ d and a three di mensugrlg]' 51'61: of an
object or a scene is recons dsghe basis of a singl

met hod according to claim1, 2 or 3 25 mhereln a sequence of three

di mensi onal shapes | Suintisas @ Mges acq
tipge, e.g. to determ ee di nensi
or three dinmensional b. A et hog
clainms 1-4, 30 wherei s of lineg
scene or the object 4 ] b ‘red on the
rel ati ve di stances bd Tl A Or i nt er seq
t he pattern. - o

FIGL10g ~ FIG.10h
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3

8. A method
. of straight

gonsi sts of
f net hod accor

the pattern(
. claim8 the

three dlnens

according to claimb5, wherein the 35 pattern of lines is a grid
lines. 7. A method arcqrdi,mg tQscleai.m 6, Wherein the grid

two nutually perpend’cdldn'&er:es of, pa&gl#él | i nes. 8. A
ding to any of clains i=7 *basde® Gpdn ohserved def ormations of
s) other .than perspective effects. 9. A nmethod according to
|Irm:|.u¢13.$.a rﬁ:o.stfé-'fi'/cHE%ﬁ/rQOrQ?zQ ng i naccuracies in the extracted

ana ddidta AR dr0 Perspest ive effects in the pattern

proj ection or |n e acquisition o the I'mage(s). 10. A nethod according to.
any of clains 5- 9 10 wherein pattern |ines and/or intersections thereof
are extracted fromthe image or inages. 11. A nethod according to claim 10,

wherein the

order to iRAcrease robustness and/or

10

15

20

25

different |ines and/or |ntersect|ons are jointly extracted in
LAIMS

1. A method for acquiring a three dimensional
shape or image of an object or a scene including free-
form surfaces, wherein one or more predétermined patterns
are projedted onto the object or the scene and wherein
the shape is acquired on the basis of relative distances
between the primitives e.q. lines'and/or intersections of
the lines, of the patterns, from which the patterns are
composed, as observed in one or more images. | -

2. A method_accordinq to claim 1, wherein
relative, spatial positions are calculated directly from
relative, observed positions of pattern primitives in the
image or images. | | ' '

3. A method according to claim 1 or 2, wherein
one single pattérn is projected and a three dimensional
shape of an object or a scene is reconstructed on the
baSlS of a single 1mage. '

_ 4. A method according to claim. 1, 2 or 3, .
whefeih a sequence of three dimensional shapes is
regohétructed from_images aéquired seqﬁentially in time,

e.g. to determine changes in the three dimensional shape

30

35

of obgects or three dimensional motions of objects.
_ 5. A method according to any of claims 1-4,
whereln one or more patterns of llnes are projected onto

the scene . or the object and the shape-ls acquired on the

basis of observed, relative distances between the lines
and/or intersections of the lines of the pattern.

6. A method according to claim 5, wherein the
pattern of lines is a grid of straight lines.

7. A method according to claim 6, wherein the
grid consists of two mptually perpendicular.serieszof

barallel lines.
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15 preci sion. 12. A nethod according to claim10, wherein the intersections
of the lines are deternined ang, d he* Y.afatiye,pogitions.d hereof in the
gattern(s) are provided with rePatuve~sequénﬂ|aL ntaders. 20 13.
A nmet hod according to claim 10, whet%e |rrtMe"p091t|on§ of the lines are
determ ned with a higher position than that of the inmaging device(s), e.g.
with a precision betteB.t Ramethodsazeoridingibtelanyidof Ach&immdl-abpordi ng to

clai m 13, msagaa ru?y%nzébg ?vte'aoaéfa}m%qad%% q;gatw{,gn P%Q t&ﬁﬂéﬁ ng

themas a 'sna hrough a regulari zation tec
according totbﬁﬂlﬁﬁr@PeﬁﬁéW& e EfRELEnt er sect i ons are determined with a

hi gher precision than bhai ‘i’hfeth% h&&ah:aqn@e\edzeﬂsamesgthawiﬁbﬁld&sefa si on
30 better than the size . of a xel. 16. A nethod accord to claim 10,
wherein the B5EPePh F“llﬁég‘lzﬂrngn lPﬁE&BréFéeﬁéﬁbd:Qﬁ/e?x’%\r? %%ﬁ i RS8R snal |

nurber of pl&&h&ns&ogaltGhapexahatoarbea&e k 7o} p%ﬁﬁﬁéﬁxhiﬁxétﬁhdﬁktﬁhiiny of
el BB BB PES e RIS E P Tl
image(s). _ _

10. A method according to any of claims 5-9,

10 wherein pattern'lines and/or intersections thereof are
extracted from the image or images.

11. A method according to claim 10, wherein the
different lines and/dr intersections are jointly
extracted in order to increase robustness and/or

15 precision. '

12. A method according to claim 10, wherein the
intersections of the lines are determined and the
relative positions thereof in the pattern(s) are provided
with relative sequential numbers.

20 13. A method éccording to claim 10, wherein the
positions of the lines are detefmined with a higher
position than that of the imaging device(s), e.g. with a
precision better than the size of a pixel.

14. A method according to claim 13, wherein the .

25 positions of the lines aré.refined by treating them as a
'snake' or through a régularization technique.

15. A method according to claim 10, wherein the
1nten§ectlons are determined with a higher prec151on -than

'that of the imaging device(s), e.g. with a precision
30 better than the size of a pixel. '
~ 16. A method according to claim 10, wherein the
pattern lines in an image are spaéed over a.rélatively_
small number of pixels, é.g. ten pixels or less.

17. A method according to any of claims 1-9,

35 whérein the correctness of the extracted pattern(s) is
checked and/or correctioné are applied to the extracted
pattern(s)'through the comparison of the pattern that is
actually projected with the shape the extracted pattern
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péttern(s) t hrough -t he conpari son of the pattern that is actually projected
with the 'shape the extracted patuerw° *woul«d yisel d e Jdots three

di nensi onal interpretation were’ ylewed ?uan:the~progechor s position. 18. A
et hod according to any of clains 19! “wher o hahe t.ekt,ufe i s obtained by
filtering out the 5 pattern(s).-19. A nmethod according to any of clains

1-9, wherein wouddeyielddd€édite theeeréjmehsdopallt dmex)pretatiions weirepl i fy
one or nobre s n h; tQC reliability. Such a code
may consi st ?f?ﬁeh §§eE§% ﬁg ?écﬁgrcgl §§§%l%ﬁe addi tion of geonetric
el-enents to the pattern4§) Aemethg@ agcordhog focand mf taladims h-99,

wherein the codg #ﬁnu\sﬁe &exeeféesélabewﬁsaswn%qrtéﬂ% Ik QeRt h

discontinuities fromthe viewpoint of the imaging 15 device(s). 21. A
met hod accot dPREEEENARY-of claims 1-9, wherein calibration is achieved
through_a reversed 19. A method according to any of claims 1-9,

wherein a code 1is added to the projected pattern(s), such
as simplify one or more steps in the method or to
_ increase the reliability. Such a code may consist of the
10 use of multiple colours, the addition of geometric
elements to the pattern(s), etc.
| 20. A method according to claim 19, wherein the
code is used to cdrrectly process and/or identify depth
discontinuities from the viewpoint of the imaging
15 device(s). |
21. A method according to any of claims 1-9,
whereln calibration is achleved through a reversed
process, i.e. by presentlng an object or a scene and
extractlng its shape in order to derive systen
20 parameters. '

_ - 22. A method according to claim 21, wherein an
object or a scene is presented that contains two planes.
that subtend a known angle and that are used for
calibration. : : | ' .

- 25 : 23. A method according to claim 21, wherein '
system parameters are calibrated by taking at least two
views of the same scene or the same object.

' ﬁfr 24. A method according to claim 23, wherein
VSystem parameters are calibrated by exploiting the fact
30 that upon reconstructlon from every image the shape of
the part visible in more than one of the views should be
‘identical. _ '
25. A method according to claim 23 or 24,
wherein a pattern is projected on a larger part of the

35 object'or the scene than that of which the three
dlmen51ona1 shape is reconstructed from a single image,
while using the connect1v1ty of the pattern to facilitate

T ———



ﬂrocess I .e. by presenting an object or a scene and extracting its shape
in order ‘to derive system 20 parhnafans' 2--A-ﬁethod .according to claim
21, wherein an object or a scenelig phé§enﬂed thaI'aantalns two planes that
subt end a known angle and that are esede T ar *sCaki’br ade* G’ 25 23. A
met hod according to claim 21, wherein system paraneters are calibrated by -

t aki ng at | eadte tweyisenst bin tdred sameodeimabionhefsamtapjlect pagdial

t hod | ' | , | lib db
met ho acco[%eé%ac%%&% 4 oMIE Gl rszyoﬁﬁerﬁﬁi?@i?ﬂ@t %ﬁgéée cal l brated by

expl oiting upon reconstruction Tr.omev I mage the shape
of the part visible in %@feAtmﬁﬁhQﬁu?Qﬁoﬁdmﬁglﬁﬁscéﬁémlélbewhﬁéﬁ#ncﬁhe 25.

A et hod accaiy §@ ldi o Fkolor bedHier £ NeAofA! hAANEhE BYeLER! ed on a

| arger part of t 35 object” or the scene than that of I ch”the three
di nensi onaP W#@F%&ﬁ%tquq R & %‘P‘W@@’élﬁﬁﬁgéf #hel e using the

connecti vi ty ycdritPadted NsHapd agith & known shape.

27. A method according to any of claims 1-9,
‘wherein the caiibration of the system only requires the
determination of the height-width proportion (i.e. the

10 'aspect ratio') of the pixels and the relative direction
of the pattern projéction and image acquisition.

- 28. A system for obtaining a three dimensional
shape of image of a scene or object, using a method
aéébrding to any of claims 1-27 and comprisinQ‘ _

15 _ - at least one pattern generator for pro;ectlng
a pattern on a scene or object;

- at least one’ 1mag1ng device, e.g. a camera,'
for observing a scene or an object; and |

~ computing means for determining the shape of

20 the scene or the object.

29. A system according to claim 28, wherein
only one pattern genefator and one imaging device are
used. _

30. A system according to claims 28 or 29, ' _ -

25'wherein.the only constraint for the relative arrangements
of pattern generator(s) and imaging device(s) is that at
| least a part of the pattern(s) is observed by the iméging
devi@%(s), and the projection and imaging direction(s) do
" not all coincidence. i
30 : . 31. A system according to any of claims 28, 29
or 30, wherein the direction of pattern projection and
‘the imaging direcfion subtend a relatively small angie,
e.g. 15 degrees or less.

32. A system accordlng to any the clalms 28,

35 29, 30 6r_31, wherein radiation is used that is invisible
to the human eye. _

33. A system according té any of claims 28, 29,
30 or 31, wherein for the projection of the pattern(s)

(I oo soeer




the regi stration and/or conbination of mltiple, partlal reconstructlons
obt-ained fromnultiple |nages..26 .Y qp?hod“acvurdxﬁg teg claim 21, wherein
fthe shape of .the obj ect or scénd i § Raowrr ana the syéten15 parameters are
obtai ned by a conparison of the reconsfrd%ted ?hape'mn?h t he known shape.

27. A nethod acgcordi to an f 1-9, wherein the callbratlon of the
system onl y ?8§ZPFe§gghécagféFﬁfﬂﬁtPBHEBF ﬂWQQ%ﬁiﬂua\HQﬂqfﬁﬁ%kﬁﬁfion (i
the 10 aspedlffarbnt)waﬁelbagphsehs asddt.he relatlve dlrectlon of the

pattern projection and gengggghsggbggdl%%. fggeyém ng a

t hree di nensi onal shape of a scene“or u5|ng a ‘et hod
. accordi ng tosanyroﬁlelahﬁ§e4n2Vhenyatbﬁgnlgrn@atperns are prajegtedeast one

pattern gen gaf% far sHBPteﬁéfﬂgdao?aﬁiﬁéna%l/%zs%% qrntq.}yﬁﬁ}mb onsAt | east
one i magi ng: eV|c géta caner a or ‘observing a scene or j ect; and

_ conputing neans for ek nEYERENt AECSRAPBIoLD G lEid Sdondhdich HE obj ect .
29. A systemgegotdi padhBeCtReMrEBat P8l fiblement of the object or the

scene during the effective imaging time.
36. A system according to claim 34, which is
. 10 used to extract the texture or surface patterns during
the period wherein no pattern(s) are projected.
37. A system according to any of claims 28, 29,
30 or 31, wherein'componenﬁs are integrated into a single
apparatus, such as a photo or video camera suitable for
15 three dimensional imaging. | | .
38. A system and/or method substantially
,according to the description and/or figures.
39. Image acquired to any method as claimed in
any of the claims 1-27, and or system according to any of
20 claims 28-37.

—
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only one pattern generator and one inmaging device are used. 30. A sy@ﬁ@k’p"p )

accor

ding to clains 28 or 29, 25 wherein

rel ative arrangenents of pattern g_enerator(s) and i magi ng devi

the only constraint for

at |east a party The pattey £ bRERTR OrEANzATIBRYI NG de
gge _proj ection i magi ng d| recti gyonaliPgeava| | coi nci dence.
A SYRTERNCHBNALEPPL ﬁﬁbﬁuﬂl@ﬁﬁﬁ GNDER HEPAYENTOGOPERA TION mm @)
of pgtt-err—proreetton w.gCL e+ragnyg gtyectrom—subtend—a retatTvety -
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the basis of relative distances
between the lines and/or
intersections of the lines of
the pattern.
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34. A system according to any of clainms 28, 29, 30 or 31, wherein the

pattern or

with interruptions.

such as a photo or video canera suitable for
38. A system and/ or

and/ or figures.

clainms 1-27, and or system according to any of 20 clains 28-37.

39.

patterns are projected 5 during a short period of tine and/or »

35. A system according to claim 34, which is used to
reduce the relative novenent of the object or the scene during the
effective imaging time. 36. A system according to claim34, which is 10
used to extract the texture or surface patterns during the period wherein
no pattern(s) .are projected. 37. A systemaccording to any of clains 28,
29, 30 or 31, wherein conmponents are integrated into a single apparatus,

15 t hree di nensi onal

I magi ng.

nmet hod substantially according to the description
| mage acquired to any nethod as ¢lainmed in any of the
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