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The Invention relates to a method for optically detecting the shape of at least one three-dimensional object (1) comprising the
following steps: a) positioning of the object (1) of at least one light source (2) and of at least one camera (3) In a number of
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positions, In three dimensions, b) detection of the respective position of the object (Gi), of the light source (LI) and of the camera
(K1), ¢) llumination of the object (1) by the light source (2) in the positions (Gi, LI, Ki), d) recording of images (4) of the object (1) In
the positions (Gl, LI, Ki), e) determination of the surface normals (5) to the object (1) from the positions (Gi, Li, Ki) and from the
iImages (4), f) allocation of corresponding image points (6) in the images (4) by means of the surface normals (5), g) determination
of the three-dimensional shape of the object (1) from the positions (Gi, Li, Ki), from the surface normals (5) and from corresponding
Image points (6).
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Title: METHOD FOR OPTICALLY RECORDING THE SHAPE OF OBJECTS

- Abstract

The invention relates to a method for optically
detecting the shape of at least one three—dimensionai object
(1) comprising the following steps: a) positioning of the
object (1) of at least one€ light source (2) and of at least
one camera (3) in a number of positions, in three dimensions,
b) detection of the respective position of the object (G1),
of the 1light source (Li) and of the camera (Ki), ¢c)
illumination of the object (1) by the light source (2) 1in the
‘positions (G1, i, Ki), d) recording of images (4) of the
object (1) in the positions (Gi, i, Ki), e) determination of
the surface normals (5) to the object (1) from the pOSitions
(@i, Li, Ki) and £from the images (4), £f) allocation of
corresponding image points (6) in‘the images (4) by means of
the surface normals (5), g) determination of the

rhree-dimensional shape of the object (1) from the positions

(Gi, Li, Ki), from the surface normals (5) and from

corresponding image poilnts (6) .
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Method for optically recordinc the shape of objects

Desdrigtion

The invention relates to a stereo optical method
for recording the‘shape of three-dimensional objects.

In many induétrial production fields and in the
multimedia applications field, methods are now required 1n
order to convert geometric, three-dimensional data relating
ro an object to numerical data on a computer, by means: of
suitable measurement devices. This may be done for quality
control purposes, or else with the aim of displaying these
objects realistically and three~dimeﬁsionally to a human
observer. There 1is also a large amount of interest 1n
recording objects automatically, and of transmitting them and
visualizing them using the Internet.

Optical methods for recording the shape of objects
are increasingly replacing the previously used mechanically
scanning methods. A major advantage of the optical methods 1s
rhat the measurement does not involve any contact and thus
has no mechanical influence on the object. A further
advantage is that a large number of object points can be

recorded simultaneously, thus shortening the measurement

time.
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Known shape recording methods are generally based

onn the triangulation principle, the stereo principle or

interferometric techniques.

In one known triangular method, a 1light point 1s
projected onto the surface of the object to be measured, and
is observed from a' direction other than the illumination
direction. The coordinates of ‘the' ‘ illuminatéd :péiﬁts can be
calculated from the knowledge of the orientation of the
projection Dbeam in three dimensions, and of ithe diréction
from which the observed p&'.nt is perceived. Although the
method is accurate and unamblguous, it is slow, however,
since the surface of the object to be meaSured must be
scanned point-by-point. Furthermore, the only points on the
surface which can be recorded are those which are visible
directly both from the location of the light source and from
an observing camera. A data record containing such a
measurement is thus never complete. Although a number of data
records can be obtained by repeated measurements using
different observation and illumination perspectives, it 1is
necessary, however, 1in order toO record the shape of the
obvj ect in its totality, to relate these data records to one
another geometrically (matching), and this frequently still
requires action by a human user. Furthermore, during
matching, the interfaces between the data records also have
an unpleasant appeararnce since the individual data records
can rarely be made tO coincide perfectly. Edges and sudden

changes can occur as artifacts, which not only adversely
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2ffect the accuracy of the data but, in particular, also
cause visual disturbance to a viewer. The human eye 1is able
to identify even very small proj ections and indentations in
rhe surface of a visualized or actual object. In addition to
the position of a point in three dimensions, people can also
deduce the inclination of the surface from the ilﬁlﬁmination
conditions. Even mlnor \far‘iations in position can cause a
major change in the inclination, as a result of which even
very small irregularities are susceptible to a human
o*b“server. This 1s generally a fundamental problem in most

nethods for three-dimensional recording of shapes. In most

situation, so that even a small amount of noise in the data
has a very disturbing effect on the viewer. This also applies
ro the known methods described in the following text.
Further-developed methods based on triangulation
include the light section technique and strip projection. In
rhe former, a line is projected onto the surface of the
object to be measured, rather than an individual point. This
line is observed from a direction that is different to the
illumination direction. The three-dimensional coordinates of
fhe illuminated points are obtained 1in the same way as that
nentioned above. Although this method is faster than
point-by-point triangulation, it 1is, however, still slower
chan other methods which can record an entire surface 1n one

go. In this case as well, a number of measurements are
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required from different perspectives, which are then matched
in order to produce a complete representation of the object.

Strip projection is a further development of the
light section technique, in which a number of lines are
projected simultaneously onto the surface of the ocbject to be
neasured. The intensity of these lines varies cyclically in
rhe lateral direction, and makes it possible for the
ocbservation camera to distinguish between the indivifdual
lines. Although the method is fast, it 1s also once a.gain
necessary in this case to Jjoln a b.umber of measurements
together by matching, so that the edges and sudden changes
mentioned above can also occur here.

Interferometric methods are frequently  used for
high-precision measurements. These methods are also subject
to the problem that the results of a number of individual
measurements must be jointed together in order tc produce a
complete three-dimensional representation of the object beiling
measured. Furthermore, these methods are very sensitive to
very minor vibration, and can generally be used only 1in
laboratory conditions.

A further group of methods is based on the stereo
principle. These make use of the fact that two views of an
object which have been recorded rrom different viewing angles
contain information about the three-dimensional shape. These
are referred to as binocular stereo methods. Software
algorithms are used to identify corresponding features of the

object in the two records. The different position of the
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feature in the two images represents a measure of the depth
of the feature in three-dimensional space. The main object cof
binocular stereo is to determine the correspondenc:e “between
features. One method is to compare small image details with
one another on the basis of their brightness structure. Two
difficulties occur in the process. If image details have no
significant brightness structures, they cannot be associated
with one another. This means that the three-dimensional depth
of object points can be detemined only in structured areas
cof the object. Furthermore, the brightness, to be more
precise the light intenéity, of an object 1s not the same
from different viewing angles. This can likewise lead to 1t
being impossible to determine depth.

The binocular stereo principle can be extended from
two views to a number of views. This provides further
information and makes the correspondence analysis pfocess
more reliable, but in many cases this 1is still not
sufficient.

A further group of 'stereo methods uses different
illumination conditions to determine the shape of objects. In
contrast to the binocular stereo method, the viewing angle
remains fixed, and the illumination direction is varied. This
is thus referred to as a photometric stereo method. The

brightness levels from the individual lighting directions

make it possible to deduce the inclination of the object

surface. In this case, a variable which forms the derivative

of the three-dimensional depth is measured rather than the
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three-dimensional depth 1tself. Photometric stereo methods are
highly suitable for measuring local object structures, but global
structural measurements are still subject to errors. A global
object structure can be established better by using a method
which measures the three-dimensional depth itself, that 1s to
say, for example, a binocular stereo method.

The methods mentioned above thus have the disadvantage
that 1t 1s not always possible to uniquely associated 1image
points on different images with one another. This is referred to
as the correspondence problem.

The present disclosure provides a method for optical
recording of shapes, 1in which the correspondence problem is at
least very largely overcome.

This method allows both global and local object
structures to be recorded accurately. These two princilples are
normally also used to a major extent 1n the way that humans
viewlng an object detect its shape. Measurements are therefore
possible which are extremely realistic not only in terms of

metric aspects but also in terms of visual aspects.
The method according to the invention thus allows

1nclination values to be used rather than brightness wvalues for

the correspondence analysis. This 1s because, 1in contrast to
brightness values, 1inclination values do not wvary with the
viewing dilrection. The correspondence problem 1s also solved

wlth the present method in that the surface normal to a surface

polnt on the object i1s determined from different viewing
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directions. Image points with the same surface normals can thus
unambiguously be assoclated with one another, easily and guickly.
Furthermore, the proposed method does not require an
explicit matching procedure. This avoids artifacts at the
interfaces between the individual records.

According to one aspect of the present i1nvention, a method
for optically detecting the shape of a three-dimensional object
includes positioning the object with a surface at one object
position or a serlies of different object points 1n a space at
selected time points, each corresponding to a respective one of
the objects positions. At least one light source is provided at
one selected 1light position or different selected 1light
positions, and at least one camera 1s provided at one selected
camera position or different selected camera positions 1n the
space. One of the at least one light source is illuminated and
one of the at least one camera 1s operated at each of the
selected time points. The or each object position, the 1light
position of the 1lluminated light source, and the camera position
of the operating camera for each of the selected time points are
recorded. Then an 1mage of the object 1n the or each object
position 1s recorded by means of the one operating camera as the
object 1s being 1lluminated by the one light source. This method
further 1includes the step of ascertaining an associated surface

normal for each of a plurality of object polints on the surface of

the object for the or each object position by means of the
recorded 1mage for that respective object position and by the

recorded light position and camera position for the respective
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object position. For each ascertaining step, the viewling angle
of the operating camera is kept constant and the light position
is moved to change the direction of illumination. Corresponding
image points are allocated from the recorded i1mages of the object

with the aid of the associated and corresponding surface normals,

the corresponding 1image polnts being recorded from different
viewling angles. A three dimensional form of the object 1is
ascertained by matching the surface normals of the corresponding
image points usling geometrical relationships and parameters of
the camera.

An exemplary version of this method will be explained in
more detailil 1n the following text using exemplary embodiments and
with reference to the drawings, 1n which:

Figure 1 shows, schematically, an apparatus for optically
recording the shape of objects, and Figure 2 shows a portable

apparatus for optically recording the shape of objects.
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A three-dimensional object 1 to be measured 1s moved

to the positions Gl, G2,..Gi, at least one light source 2 1is moved
to the positions L1, L2, L3, ..L1 and the camera 3 1s moved to the
positions Kl, K2, .Ki (see Figure 1). This can be done by at
least one movement apparatus, for example a displacement unit, a
conveyor belt, a rotating table or a robot, each of which 1is
known per se. This option 1s very highly suitable for automated
measurement processes on a large number of identical objects 1.
It 1s likewlse possible for a user to position the object 1, the
light source 2 and the camera 3 freely 1n three dimensions, as
requlred. Portable, hand-held shape recording systems are of
major interest for measuring 1ndividual objects which require a
high level of flexibility. Combinations of mechanical guidance

and free handling are likewlise feasible. Thus, for
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example, a 1light source 2 may be rigidly mounted on the
camera 3 (special case of mechanical guidance), but with the
unit comprising the camera 3 and the light source 2 being
freely moveable. It is also feasible to use a number of light
sources 2 which are mounted in fixed positions and are used
successively, which is equivalent to the positioning of an
individual light source 2 1in differenﬁ positions. Analogously
to this, a number of cameras 3 may also be used, which 1is
equivalent to positioning a single .camera 3 in different
positions. A number of objects 1 may likewise be included.
For the rest of the measurement procedure, 1t 1S
important to know the positions of the object 1 (Gi), of the
light source (Li) and of the camera 3 (Ki). Firstly, the
position Gi, Li or Ki may be given 1in implicit form. It
mechanical guidance is used, then, to be precise, the
orientation and positions Gi, Ll and Ki are governed by the
guidance geometry. Using the example of a computer-controlled
displacement unit (not illustrated), 1t 1s easy to see that
the position of the drive unit 1is known, and can Dbe
rransferred from it. If the object 1, the light source or the
camera 3 is mounted in a fixed position, its position and
orientation can be established once, and can be used for all
rhe further measurements. On the other hand Gi, Li and Ki may
be established by explicit measurement. This situation 1S
particularly appropriate for hand-held measurement devices.
This may be done by means of an additional sensor 5, which

follows the position Gi, Li or Ki. Such sensors S are
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produced industrially and operate, for example, orn
photogrametric, inertia-based, ultrasound or else magnetic
principles. The measurement principle will be described 1n
more detail using the example of a magnetically operating
sensor S (Figure 2). The magnetic sensor system comprises a
transmitter SE mounted in a fixed position, and preferably a
number of receivers E, which can be attached to the objle<‘:t | i,
to the light source 2 and/or to the camera 3. Both the
trans‘mitter SE and the receivers E may have their dwn
associated Cartesian coordinate syst'e}n"s. The position and
orientation Gi of the object 1 1is now given by the
relationship between the transmitter coordinate system and
the receiver <coordinate system of the object 1. A
corresponding situation applies to the light source 2 and the
camera 3. The relationship between two coordinate systems can
be described by coordinate transformation. In order to
position rigid bodies in three dimensions, this coordinate
transformation has six, and only six, degrees of freedom,
three for displacement in the three spatial directions, and a
further three for rotation in space. There are a range of
options for defining displacement and Trotation. The
displacement may be defined Dby a vector with three
dimensions, while rotation can be defined by means of three
Euler angles. Other rotation representations are possible,
for example by defining what are referred to as quaternions.

A further form of representation is based on matrix

notation. Here, what 1s referred to as a "“rotation matrix”
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may be defined. Position and orientation sensors with siX

degrees of freedom generally provide the coordinate

fransformation as a measured value in the form of a

rranslation and rotation in one of the representations

ment ioned above, or 1in representations derived from them.

This field will not be described in any more detail and all

that 1s necessary’' 1S to explain that all the required

measured values can be provided.

The light source 2 which illuminates the object 1

to be measured is preferably chosen to Dbe virtually in the

form of a point source. This offers the advantage that the

photometric stereo method described in the followi'ng text can
be carried out easily. Feasible light sources include, for
example, flash lamps, halogen lamps, external light sources 2
with glass fibers, or high-power light-emitting diodes.

An electronically operating camera 3 1S preférably
used as the camera 3, whose 1images 4 can easily be recorded
and further processed by a computer,
This is preferably a digital camera 3. An individual 1mage 4
is recorded for each chosen combination of the positions Gi,
1.1 and Ki. What is referred to as the surface normal 5 to a

point 7 on the object 1 1s then established from the known

positions Gi, Li and Ki, and from the images 4. The

expression surface normal 5 means a vector which is at right

angles to a surface element 7/ on the surface of the object 1.

This is a normal measure of the position, orientation and

inclination of the surface 1in rhree dimensions. There are a
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number of methods which are used successfully for determining
rhe inclination of surfaces by optical means. One fundamental

method, which is referred to as the photometric stereo

2+t the same location, while a light source 2 assumes
different positions in three dimensions. An image 4 1is
recorded 1n each of these positions. In many cCases, it 1s

worthwhile selecting three, and only three positions for the

light source 2, silnce the surface normal 5 is established
unambiguously in this way. In order to establish three
unknowns, namely the three component:s of the normal vector,
rhree, and only three illumination directions are required.
It is preferable not to move a light source 2 to three
positions, but to use three different light sources 2, and 1in
each case to use one of them to illuminate the obj ect 1. The
three 1light sources 2 are prefei:ably mounted .in fixed
positions on the camera 3 (see Figure 2). The 1light
intensities recorded in the images 4, and the positions G1i,
i and Ki are now logically linked such that this results 1in
the surface normal 5 toO the surface point 7 of the object. In
rhis case, a model of the object 1 is used as t;he basis for
its emission characteristic for the incident light. One basic
nodel of the emission characteristic is referred to as the
wI.ambert radiating element”. A Lambert radiating element
fransmits incident light uniformly 1n all spatial directions.

This model applies, to a good approximation, to objects which

= s bk w0 o
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reflect diffusely. Particularly simple relationships are
obtained by using point light sources 2. Area light sources
are also possible, and can be regarded as an interaction of a
large number of point light sources. Refined models have been
developed for objects with a proportion of mirror-like
reflection. The photometric stereo method 1is repeated for
further positions Gi and Ki. The mathematii:al and physical
backgrounds will not De described in detail here, the
critical factor being that it is possible to establish the

surface normal 5 to an object 1 by means of photometric

stereo methods.

The next method used is what 1is referred to as
binocular stereo method. This means that corresponding 1image
points 6 are determined in the recorded images 4. These are
used to deduce the orientation of the object points 7
corresponding to the 1image points 6 in three dimenéions.
previous correspondence analysis methods have generally been
based on the light intensity recorded in the images 4. This
is dependent on the corresponding points being detectable by
virtue of them having the same light intensity, or at least a
similar intensity pattern. Unfortunately, this situation
often occurs only as an approximation, and therefore
frequently fails. In general, it can be said that the light
intensity varies with the position of the camera 3, even 1t
the light source 2 1s not moved. A similar situation applies

ro the color characteristics.
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However, the behavior of the surface nqrmal S to an
object 1 is completely different. This does not vary with the
position of the camera 3 and light source 2. This fact may be
cited as a major advantage of the proposed method according
ro the invention. Correspondence analysis can be carried out
considerably more reliably, since it 1s based on a variable
which does not vary with position.

As normal in the case of binocular stereo methods,
the posit.io'n and orientation of the associated points on the
object in three dimensions is deduced from thé-borrespondence
between the image point 6, based on geometrical relationships
and knowledge of camera parameters. Since a large number of
views of the object 1 may be included 1in the proposed method,
it is possible to recoxd the object shape largely from all
sides. In the described stereo method, all the views are
combined to form a single, three-dimensional view of the
object 1. This avoids the need to explicitly join three-
dimensional image elements together, as in the other methods.
The fact that such an explicit matching procedure can be
avoided can be cited as a further major advantage of the
method described.

rurthermore, it should be stressed once again that
the human eye is able toO identify even very small projections
and indentations in the surface of a visualized or actual

object. In addition CO the position of a point 1in three

dimensions, people can also deduce the inclination of the

surface from the lighting conditions. The inclination of a
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surface may be regarded as a derivative of the location. Even
minor variations in position can cause a major change in the
inclination, as a result of which even very minor
irregularities are perceived by a human observer. This 1s a
fundamental problem 1in most methods for three-dimensional
recording of shapes. The recording of measured data 1is 1n

—v———

nost cases not matched to this situation, so that even minor

The information relating to the surface normal 5 that has
already been obtaiﬂéd is thus also used, in addition to the
correspondence analysis, tO improve the three-dimensional
neasured values. Unavoidable errors in the measurement of the
location are corrected by knowledge of the surface normal 5.
I'n this case, measurement errors relating to the position of
object points are mainly eliminated, but the curvature at any
point on the surface 1s essentially maintained. This leads to
the expectation of a drastic improvement in the measurement
accuracy over stereo methods operating on a binocular basis.
Tn addition to improved metric accuracy, an improved visual
impression can also be expected, since human vision can
assess variations in the surface normals of three-dimensional
ocbjects very precisely. The proposed method is thus matched
to the specific characteristics of human vision, and allows

particularly realistic three-dimensional visualization.
An example of an handheld apparatus V, which 1is
suitable for carrying out the method, is described 1in the

following text with reference tO Figure 2. In addition to a
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preferably magnetically operating position sensor S and a CCD

camera 3, the apparatus V has three optical fibers F, which
are connected to -an external light source (not shown) . The
camera 3, the receiver E for the position sensor S and the
Fiber ends F, which thus form the 1light sources 2, are
mounted on a mounting plate M, which may be designed to be
:portéble, and preferably has handles H for this purpose. The
mounting plate M can also be moved or displaced
automatically. The 1mages recorded by the camera 3 and the
signals from the position sensor oS are supplied to an
evaluation unit A, and are evaluated. This evaluation device
A is preferably in the form of a computer, using which the
surface normals 5 are established, as described above.
Figure 2 thus shows an apparatus V for carrying out the

method according to the invention for optical recording ot
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CLAIM

—— — R —_— O — —

1. A method for optically detecting the shape of a three-
dimensional object, said method comprising:

(a) - positioning the object with a surface at one object
position or a series of different object positions in a space at selected
time points; each time point corresponding to a respective one of the
object’s positions; . .

- (b) providing a light source and a camera at one selected
Iight position or a series of differ.ent selected light positions and at one
selected camera position or a serie's of different selected camera
positions in said space at said selected time points;

~(c) recording each object position, each light pbsitioh and
each camera position for each of said selected time points;

(d). iliuminating the object in each objéct position by means
of the light source provided at the light position selected for the
respective object position’; .

(e) recbrding an image 'of‘the object Iin-the'or each object
positi-on by the camera provi-ded at the camera position selected for
fhe reépective object position as the object is being illuminated by the
light source, .

said method including the following steps:
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(f) ascertaining an associated surface normal for each of a
plurality of object points on the surface of the object for each object
position by means of the recorded image for that respective object
po_sition, by the respective object position, and by the recorded light
position and camera position for the respective objett position,
wherein for said asc‘ertaining step, the camera is positioned so as to
Keep its \)iewing angle constant and the light position of the light
source is moved to change its illumination direction;

(g) allocatihg corresponding i'mage points from the recorded
images of the object with the aid of the associated and corresponding
sufface normais, said correéponding image points being recorded from
different viewing angles; and

(h) ascertaining a three-dimensional form of the object by
matching the surface normals of the corresponding image pdints using

geometrical relationships and parameters of said camera.

2. A method according to Claim 1, wherein the object, the Iight

source or the camera are manually guided.

3. A method according to Claim 1, wherein the object, the light

source or the camera are guided by a mechanical device.
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4., A method according to any one of claims 1 to 3, wherein the
poéition of the object, of the light source, or of the camera, is
ascertained with the aid of a photogrammetric, inertia-based,

ultrasonic or magnetically operating sensor.

5. A method according to any one of Claims 1 to 4, wherein at

least three light sources are used.

6. A method‘a'ccording to Claim 5, wherein the light sources are

firmly mounted on the camera.

7. A method\for optically detecting the shape of a three
dimensiohal object, said' method comprising:

(a) positioning the object with a surface at one object
position or a series of different object positions in a space at selected
time points, each time point corresponding to a respective one of the
object’s positions;

(b) providing light sources at different, selected light
positions and providing cameras at differenf, selected camera positions

in said space;



CA 02370156 2008-03-12

- 20 -

(c) illuminating a selected one of said light sources and
- operating a respective one of said cameras at each of said selected
time points; . '

(d) recording the or each object position, the light position of
the illuminated light source, and the camera position of the operating
camera for each of said selected time points;

(e) recording an image of the object in the or each object
position by means of the respective operating camera as the object is
being illuminated by the selected light source;
said method including the following steps:

(f)  ascertaining an associated surface normal for each of a
plurality of object points.on the surface of the object for the or each
object position by means of the recorded image for that respective
object position and by the recorded light position and camera position
for the respective object position, wherein for each ascertaining step,
the viewing angle of the operating camera is kept constant and the
light position is moved to change the direction of illumination;

(g) allocating corresponding image points from the recorded
images of the object with the aid of the associated and corresponding
surface normals, said corresponding image points being recorded from

different viewing angles; and
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(h) ascertaining a‘ three dimensional form of the object by
matchingthe surface normals of the corresponding image points using

geometrical relationships and parameters of the camera.

8. A method according to claim 7 wherein said object, the light

sources, or the cameras are manually guided.

9. ' A method according to claim 7 wherein said object, thé light

sources, or the cameras are guided by a mechanical device.

10. A method according to any one of claims 7 to 9 wherein the
position of said object, of the light sources, or of the cameras is
ascertained with the aid of a photogrammetric, inertia-based,

ultrasonic or magnetically operating sensor.

11. A method according to claims 7 to 10 wherein at least thrée

light sources are used.

12. A method according to claim 11 wherein at three of said light

sources are firmly mounted on at least one of said cameras.
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13. A method for optically detecting the shape of a three
dimensional object, said méthod comprising: -

(@) positioning the object V;lith a surface at one .objection
position or a series of diﬁ’ere-nf object positions in a space at selected
time points, each timé point corresponding to a respective one of the
object’s positions;

(b) p,rdviding at least one light source at one selected lig-ht
position or different selected light positions and prdviding at least one
~ camera at one selected camera position or different Seléctéd.camera
- positions in said space; .

(C) illuminat'ing one of said at least one light source and
operati'ng onhe of- said at least one camera at each said selected time
poin'ts ;

(d) recording the or each object position, the -li'ght position of
the illuminéted light source, and the camera positiori of the operating
came'ra for each of said selected timé points;

(e) _recording an image of the object in the or éach object
position by means of said one operating camera’as the object is being
illuminated by the said one light source; '
~ said method including the foll_owing steps:

(f)\ -ascertaining an asSociated_ surface normal for each of a

plurality of object points on the surface of the object for the or each
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object position by means of the recorded image for that respective
object position and by the recorded Iight position'and camera position
for the respective obje'ct position, wherein for each ascertaining step,
the viewing angle of the operating camera is kept constant and the
light position is moved to change the direction of illumination;

(g) allocating corresponding image points from the recorded
images of the object with the aid of the associated and corrésponding
sufface normals, said corresponding image points being recorded from
différent _viewing angles; and

(h) ascertaining a three dimensional 'form of the object by
matching the surface normal.s of the corresponding image points using

geometrical relationships and parameters of the camera.

14. A method according to claim 13 wherein the object, said at least

one light source, or said at least one camera are manually guided.

15. A method according to claim 13 wherein the‘object, said at least
one light source,n or said at least one camera are guided by a

mechanical device.

16. A m'ethod according to any one of Claims 13 to 15 wherein the

position of the object, of the at least one light sourCe, or of the at least
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one camera is ascertained with the aid of a photogrammetric, inertia-

based, ultrasonic or magnetically operating sensor.

17. A method according to any one of the claims 13 to 16 wherein

at least three light sources are used.

18. A method according to claim 17 wherein only a single camera is
provided for said method and all of said light sources are firmly

mounted on the camera.



CA 02370156 2001-10-23

WO 00/66973 PCT/EP00/03706
1/ 2

A
K2 /3
}ﬁ e ILz 3
; : /K1
| 1
e =
(|
7
1

62 Vi

F1q.1

ERSATZBLATT (REGEL 26)



CA 02370156 2001-10-23

WO 00/66973 PCT/EP00/03706
2 / 2
A
F v /
/ /
M \
3 S
H

N
O
S

ERSATZBLATT (REGEL 26)



K2 /3
-
G‘I 7 .H

Y. 2

K1



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

