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(57) ABSTRACT

A method is provided for enlarging the measuring volume of
an optical measuring system and, on such a measuring
system, at least one camera (2,3.,4) to determine the position
of at least one object (1) in relation to a base co-ordinate
system, whereby, in order to measure the position of a point
which is not situated within the field of vision of said camera
(2,3,4), this camera (2,3,4) is moved in relation to a refer-
ence (7) having a fixed position in relation to said base
co-ordinate system towards a measuring position, so that
said point is situated within the field of vision of the camera
(2,3.4), whereby the movement of the camera (2,3,4) in
relation to said reference (7) is determined and the position
of said point is perceived with said camera (2,3,4) in order
to determine its position in relation to said base co-ordinate
system, taking into account the movement of the camera
(2,3.4).
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METHOD AND DEVICE FOR ENLARGING THE
MEASUREMENT VOLUME OF AN OPTICAL
MEASUREMENT SYSTEM

[0001] The invention concerns a method and a device for
enlarging the measuring volume of an optical measuring
system with at least one camera to determine the position of
at least one point of an object in relation to a base co-
ordinate system.

[0002] According to the present methods and with the
existing optical measuring systems it is not possible to
measure the position of points situated outside the field of
vision of the cameras of the optical measuring system. Thus,
it is not possible, for example, to measure the position of
points situated on the backside of an object to be measured,
since in this case the object itself is situated between the
camera and the point to be measured. Nor is it possible to
measure the position of points situated on the backside of the
camera in a precise manner.

[0003] The invention aims to remedy these disadvantages
by providing a simple and precise method and an optical
measuring system which make it possible to measure the
position of points which are not situated within the field of
vision of the camera.

[0004] To this aim, the camera of the optical measuring
system is moved in relation to a reference having a fixed
position in relation to said base co-ordinate system, towards
a measuring position, so that said point is situated within the
field of vision of the camera, whereby the movement of the
camera in relation to said reference is determined and the
position of said point is perceived with said camera in order
to calculate its position in relation to said base co-ordinate
system, taking into account the movement of the camera.

[0005] Practically, use is made of a holder with a measur-
ing point and at least three reference points which are not
situated on a straight line, whereby said measuring point is
placed against the above-mentioned point whose position
needs to be determined. Next, the position of said reference
points is measured by means of said camera and, on the basis
of the position of these reference points, the position of said
point is calculated, whereby the reference points are per-
ceived with said camera and the camera is automatically
moved when the position of said holder is changed in order
to keep the latter within the field of vision of the camera.

[0006] In an advantageous manner, said camera is rotated,
so that the above-mentioned point to be measured is situated
within its field of vision.

[0007] According to a preferred embodiment of the
method according to the invention, said reference is formed
of at least three reference organs which are not situated on
a straight line, provided in said measuring volume in a fixed
position in relation to the base co-ordinate system.

[0008] According to an interesting embodiment of the
method according to the invention, each of the reference
organs has at least three reference points with a fixed
position in relation to one another, whereby the position of
these reference points is measured in order to calculate the
corresponding position of said reference organs on the basis
thereof.

[0009] Said reference organs may possibly be rotated in
relation to said fixed position, as a result of which its
reference points can be perceived by said camera.
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[0010] The invention also concerns an optical measuring
system with at least one camera for measuring the position
of a point of an object, in particular an optical measuring
system for applying the above-mentioned method, charac-
terised in that it has at least one reference organ which is to
be placed in a fixed position in the measuring volume of the
optical measuring system, whereby this reference organ has
at least three reference points which make it possible to
determine the position of the reference organ by means of
said camera, whereby means are further provided which
allow to move the camera in relation to said reference organ
and to measure this movement.

[0011] Further, the invention concerns an optical measur-
ing system with at least one camera for measuring the
position of the point of an object, in particular an optical
measuring system whereby said camera is mounted such that
it can rotate in relation to the environment, and whereby
means are provided to determine its rotational movement.

[0012] Other particularities and advantages of the inven-
tion will become clear from the following description of
some specific embodiments of the method and the optical
measuring system according to the invention; this descrip-
tion is given as an example only and does not restrict the
scope of the claimed protection in any way; the figures of
reference used hereafter refer to the accompanying draw-
ings.

[0013] FIG. 1 is a schematic view in perspective of an
object and the cameras of an optical measuring system
according to a first embodiment of the invention.

[0014] FIG. 2 is a schematic view in perspective of a
reference organ according to the invention.

[0015] FIG. 3 is a schematic view in perspective of the
cameras of an optical measuring system according to a
second embodiment of the invention.

[0016] In the different drawings, the same reference fig-
ures refer to identical or analogous elements.

[0017] The invention in general concerns an optical mea-
suring system whereby use is made of at least one camera to
measure the position of a point. Preferably, the measuring
system has two or three cameras which perceive the point to
be measured from different positions. These cameras can for
example be linear cameras or matrix cameras.

[0018] The points whose position can be measured with
the optical measuring system are situated in the measuring
volume thereof. This measuring volume is formed of the
space which can be perceived by the cameras of the mea-
suring system in which the position of a point can be
measured with sufficient accuracy.

[0019] When the position of a point needs to be measured,
this point is marked by means of for example a point of light
such as for example an LED, so that it can be clearly
perceived by the cameras of the measuring system.

[0020] According to another, frequently used method, the
point to be measured is touched by the measuring point of
a holder provided to this end. Such a holder has, apart from
said measuring point, at least three reference points which
are not situated on a straight line, whose position is mea-
sured by means of said cameras when the measuring point
is placed against said point to be measured. On the basis of
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the position of these reference points, the position of the
measuring point and consequently of the point to be mea-
sured is then calculated. These reference points consist for
example of a point of light or an element emitting an optical
signal, such as for example a light-emitting diode (LED).

[0021] The use of such a holder in optical measuring
systems is already sufficiently known as such and is
described for example in patent application WO 98/48241.

[0022] FIG. 1 represents an object 1 in the shape of a
passenger car, perceived by three cameras 2, 3 and 4 of an
optical measuring system. These cameras have been
mounted in a common housing 5. The housing 5 is provided
with means which make it possible to move it in a simple
manner. In particular, the housing 5 is provided with small
wheels 6 on the bottom side.

[0023] Thus, the position of the points of the object 1,
situated within the field of vision of the cameras 2, 3 and 4,
can be determined in relation to a base co-ordinate system
having a fixed position in relation to the cameras 2, 3 and 4
by means of said housing 5. However, it is not possible to
determine the position of points situated on the backside of
the object 1 in relation to the cameras 2, 3 and 4, and thus
outside the field of vision of these cameras, as of the position
in which the housing 5 is situated.

[0024] 1In order to determine the position of such points
which are not situated within the field of vision of the
cameras 2, 3 and 4 in their initial position, a reference 7 is
provided in said measuring volume. The position of this
reference 7 in relation to the base co-ordinate system is
measured. This is preferably done by means of the optical
measuring system.

[0025] In order to measure the position of points situated
on said backside of the object 1, the housing 5 with the
cameras 2, 3 and 4 is moved into what is called a measuring
position, whereby said points are provided on the backside
of the object within the field of vision of the cameras and
thus can be perceived by the latter. After the cameras have
thus been moved, the position of said reference 7 is mea-
sured again with the optical measuring system, such that the
movement of the housing 5 and of the cameras 2, 3 and 4 is
univocally determined. In this way, the movement of the
cameras in relation to the base co-ordinate system is known.

[0026] Next, the position of the points to be measured of
this backside of the object 1 are measured by means of said
cameras 2, 3 and 4. In order to calculate the position of these
points in relation to said base co-ordinate system, the
movement of the cameras from their initial position to said
measuring position will be taken into account.

[0027] Inthe embodiment of the optical measuring system
according to the invention, represented in FIG. 1, said
reference 7 consists of three reference organs 8, 9 and 10,
fastened in a fixed position in the measuring volume of the
measuring system. In particular, these reference organs 8, 9
and 10 are fixed on the object 1, in particular on its top side.

[0028] FIG. 2 represents a specific embodiment of such a
reference organ having a fastening part 11 and a reference
part 12 with three reference points 13, 14 and 15 which are
not situated on a straight line. These reference points pref-
erably each consist of a light point or an element emitting an
optical signal, such as for example a light-emitting diode
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(LED). The reference part 12 is mounted to the fastening
part 11 via a ball hinge 16, such that the reference part 12 can
rotate freely around a ball joint point, determined by said
ball hinge 16, in relation to the fastening part 11, as is
represented by the arrows 17 and 18.

[0029] The fastening part 11 is preferably provided with
fastening means, such as for example a suction cup, in order
to fasten the corresponding reference organ in said measur-
ing volume in a fixed position.

[0030] Further, the mutual position of the reference points
13, 14 and 15 and the position of these reference points in
relation to said ball hinge 16 and in relation to the corre-
sponding ball hinge point is determined. Thus, the position
of this ball hinge point can be derived from the position of
the reference points 13, 14 and 15.

[0031] According to a variant of this embodiment, it is not
required that the mutual position of the reference points 13,
14 and 15 and their position in relation to the ball hinge point
is known. In order to determine the position of the ball hinge
point, the reference organ 12 is rotated in at least two
different positions around the ball hinge point, whereby the
position of the reference points 13, 14 and 15 is measured by
means of the above-mentioned cameras. Each of the refer-
ence points 13, 14 and 15 is hereby moved according to the
surface of a sphere. By means of the thus measured positions
of the reference points 13, 14 and 15, the optical measuring
system will calculate the position of the middle point of the
spheres, which describe the reference points 13, 14 and 15
of the reference part 12. The position of this middle point
will then coincide with the position of the ball hinge point.

[0032] In FIG. 1, three reference organs 8, 9 and 10 were
fixed with said fastening part 11 to the top side of the object
1.

[0033] When the position of said reference 7 is measured,
the position of the ball hinge points 16 of each of the
reference organs 8, 9 and 10 will consequently be calculated
on the basis of the measured positions of each of the
corresponding reference points 13, 14 and 15 thereof.

[0034] As this reference part 12 can be rotated in relation
to the fastening part 11 of each reference organ 8, 9 and 10,
it is possible to rotate the reference part 12 such that its
reference points 13, 14 and 15 can be perceived by the
cameras 2, 3 and 4.

[0035] In an advantageous manner, each of the reference
organs 8, 9 and 10 will be driven by, for example, an electric
motor. In particular, the reference part 12 is driven in such
a manner in relation to the fastening part 11 that the
reference points 13, 14 and 15, as the cameras 2, 3 and 4 are
moved, will always be directed towards the latter and
consequently can be perceived by them. The reference
organs 8, 9 and 10 are hereby controlled by means of a
following algorithm known as such. According to a variant
of this embodiment, the reference points 13, 14 and 15,
which consist for example of light-emitting diodes, are
driven themselves in order to follow the movement of the
cameras.

[0036] FIG. 3 represents a housing 5 with three cameras 2,
3 and 4 of an optical measuring system according to a
second embodiment of the invention. The housing 5 is fixed
on a foot 19 in such a manner that it can undergo a
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movement, together with the cameras 2, 3 and 4, in relation
to the foot 19. In particular, the housing 5 is mounted such
that it can rotate in relation to the foot 19 around a vertical
axis of rotation 20.

[0037] In order to thus measure the positions of certain
points in relation to a fixed base co-ordinate system of an
object 1 situated outside the measuring volume, and thus
outside the field of vision of the cameras, the housing 5 can
be rotated as represented by the arrow 23.

[0038] The object 1 which is represented in FIG. 3 consists
of a U-shaped frame with two parallel standing beams
connected to one another at the top by means of a horizontal
beam. When the position of several points of the object 1 has
to be measured, whereby a number of these points are
situated within the field of vision of the camera and the other
points are situated on the backside of the cameras, and thus
outside their fields of vision, the housing 5 with the cameras
will be rotated as of the initial position, as represented in
FIG. 3, in relation to said axis of rotation 20 until the other
points to be measured come into the field of vision of the
cameras.

[0039] The cameras are hereby placed between said ver-
tical beams of the object 1 in such a way that it becomes
possible, at a first stage, in an initial position of the cameras,
to measure the position of a point 21 of the first one of these
beams in relation to said base co-ordinate system.

[0040] In order to subsequently measure the position of
the point 22 situated on the opposite vertical beam, the
housing 5 with the cameras is rotated, at a second stage,
around the axis of rotation 20 in relation to a fixed reference,
formed of the foot 19, into what is called a measuring
position whereby the point 22 comes within the field of
vision of the cameras. During this movement of the cameras
2, 3 and 4, the angle and the sense of rotation of the housing
5 with the cameras between said initial position and the
measuring position is determined. The latter can be done by
making use of what is called an angle encoder, provided for
example at the foot 19.

[0041] Finally, the point 22 is perceived by means of the
cameras 2, 3 and 4, and its position is calculated in relation
to the above-mentioned base co-ordinate system, taking into
account the determined movement of the housing 5 and the
cameras 2, 3 and 4.

[0042] When the above-mentioned holder, provided with
at least three reference points, is used to measure the
positions of certain points of an object 1, said foot 19 upon
which the housing 5 with the cameras rests, according to a
specific embodiment of the invention, is equipped with for
example an electric motor. The reference points of this
holder are perceived by means of said cameras, whereby a
signal is given to said motor by the measuring system when
the holder is moved in order to drive the housing 5 and to
rotate it around said axis of rotation, and thus keep the holder
within the field of vision of the cameras. In this way is made
sure that the cameras are automatically moved when said
holder changes its position without any need for the housing
5 to be manually moved.

[0043] Although the housing 5 with the cameras 2, 3 and
4, represented in FIG. 3, has only one axis of rotation, it is
possible to provide several axes of rotation according to a
variant of this embodiment of the measuring system. Thus,
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it is for example possible to provide a horizontal axis of
rotation, apart from said vertical axis of rotation, with an
accompanying angle encoder, so that the positions of points
situated above the cameras can also be measured in relation
to the same base co-ordinate system.

[0044] Further, it is also possible that said foot 19 upon
which the housing is mounted in a rotating manner also has
means to undergo a translation, for example in a horizontal
plane. Thus, the foot 19 can for example be moved in a
guiding rail towards a measuring position whereby the
distance over which the foot moves is measured.

[0045] As aresult, the above-mentioned optical measuring
system and the corresponding method make it possible to
determine the position of all the points of an object in
relation to one and the same fixed base co-ordinate system.

[0046] Of course, the method and the optical measuring
system according to the invention are not restricted to the
above-described embodiments represented in the accompa-
nying figures.

[0047] Although the reference organ, as represented in
FIG. 2, has a reference part 12 which can be rotated in
relation to a ball hinge point, it is also possible for this
reference part 12 to only undergo a rotation around a hinge
pin in relation to the fastening part 11, or even for the
reference part 12 to be fixed to the latter.

1. Method for enlarging the measuring volume of an
optical measuring system with at least one camera (2,3,4) to
determine the position of at least one point of an object (1)
in relation to a base co-ordinate system, comprising:

in order to determine the position of a point which is not
situated within the field of vision of said camera (2,3,4),
moving said camera (2,3.4) in relation to a reference
(7), having a fixed position in relation to said base
co-ordinate system, towards a measuring position, so
that said point comes within the field of vision of the
camera (2,3,4),

whereby the position of the reference (7) in said measur-
ing position is measured with the camera (2,3,4) such
that

the movement of the camera (2,3,4) in relation to said
reference (7) is determined and the position of said
point is perceived with said camera (2,3.4) in order to
calculate its position in relation to said base co-ordinate
system, taking into account the movement of the cam-
era (2,3,4).
2. Method according to claim 1, characterised in that a
fixed co-ordinate system is associated with said reference.
3. Method according to claim 1, further comprising using
a holder with a measuring point and at least three reference
points which are not situated on a straight line, whereby said
measuring point is placed against said point whose position
needs to be determined, the positions of said reference points
are subsequently measured by means of said camera (2,3,4)
and the position of the point is calculated on the basis of the
position of these reference points, whereby said reference
points are perceived with the above-mentioned camera (2,3,
4) and the camera (2,3,4) is automatically moved when the
position of said holder is changed in order to keep the latter
within the field of vision of the camera (2,3.4).
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4. Method according to claim 1, further comprising rotat-
ing said camera (2,3,4) such that said point to be measured
will be situated within its field of vision.

5. Method according to claim 1, further comprising form-
ing said reference (7) of at least three reference organs
(8,9,10) which are not situated on a straight line, provided in
a fixed position in relation to the base co-ordinate system in
said measuring volume.

6. Method according to claim 5, wherein each of the
reference organs (8,9,10) has at least three reference points
(13,14,15) with a fixed position in relation to one another,
whereby the position of these reference points (13,14,15) is
measured in order to calculate the corresponding position of
said reference organs (8,9,10).
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7. Method according to claim 6, further comprising rotat-
ing at least one part (12) of each of said reference organs
(8,9,10) in relation to said fixed position, so that the refer-
ence points (13,14,15) thereof can be perceived by said
camera (2,3,4).

8. Method according to claim 15, further comprising
driving said part (12) of each of the above-mentioned
reference organs (8,9,10) so as to move it as a function of the
movement of said camera (2,3,4), whereby the whole is
oriented such that the reference points (13,14,15) will at all
times remain within the field of vision of the camera (2,3,4).



