
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

57
0 

23
6

A
1

(Cont. next page)

TEPZZ 57Z ¥6A_T
(11) EP 2 570 236 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
20.03.2013 Bulletin 2013/12

(21) Application number: 11380068.4

(22) Date of filing: 15.09.2011

(51) Int Cl.:
B23Q 17/20 (2006.01) B23Q 17/24 (2006.01)

G05B 19/401 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Ideko, S. Coop
20870 Elgoibar Guipuzcoa (ES)

(72) Inventors:  
• Zatarain Gordoa, Mikel

20007 Donostia
Gipuzkoa (ES)

• Mendicute Garate, Alberto
20570 Bergara
Gipuzkoa (ES)

• Inciarte Hidalgo, Ibai
20600 Eibar
Gipuzkoa (ES)

• Landaburu Lopez, Alaitz
20600 Eibar
Gipuzkoa (ES)

(74) Representative: Cabinet Plasseraud
52, rue de la Victoire
75440 Paris Cedex 09 (FR)

Remarks: 
Amended claims in accordance with Rule 137(2) 
EPC.

(54) Method of measuring and aligning parts for machining in a machine tool

(57) The present invention relates to a method of
measuring and aligning parts for machining in a machine
tool, for obtaining a finished part from a blank which is
machined according to the geometric shape of an ideal
part, comprising the phases of: obtaining the geometric
shape of the blank by means of marking points thereon,

obtaining geometric bodies of the ideal part based on
information of machining paths, associating the points of
the blank with the geometric bodies of the ideal part, cal-
culating an optimum position of the blank on the machin-
ing machine tool in relation to the geometric shape of the
ideal part and placing the blank in the machine tool ac-
cording to the previous calculation.
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Description

Field of the Art

[0001] The present invention relates to the set-up proc-
esses of parts in a machine before machining them, pro-
posing for that purpose a method which allows measuring
a blank which is to be machined and aligning it in an
optimum working position, reducing the set-up time of
the blank on the machine and optimizing the ratio of ma-
terial consumed during the machining.

State of the Art

[0002] Currently in the machine tool industry one of the
main problems lies in the time taken to machine parts.
Thus, one of the critical times to reduce is the set-up time
of the part on the machine, which in many cases is much
greater than the machining time itself.
[0003] The blanks arriving from prior processes, such
as casting or the machine welding, have areas with sur-
plus materials which must be machined for obtaining a
finished part with the quality requirements demanded by
the client. To achieve an optimum machining it is neces-
sary to know the specific geometry of the blank which is
to be machined, compare it with the geometry of the fin-
ished part to be obtained and, according to that compar-
ison, align the blank in a suitable working position with
respect to the machine tool shafts, thus assuring an op-
timum distribution of surplus materials for obtaining the
desired finished part.
[0004] The current systems take excessive time in ob-
taining the geometry of the blank to be machined and,
therefore, the measuring is usually performed outside of
the machine to not add processing time to the machining
time. The smaller sized blanks are usually measured by
means of three-dimensional sensing systems which
must cover the entire surface of the part point by point,
and on many occasions the blank must be turned or
flipped in order to scan on different faces, implying that
each time the blank is moved to perform the measuring
by scanning a face it is necessary to again reference the
part with respect to the previous measurement. Another
technique used for measuring large parts, which equally
has a time problem, are laser measuring systems (laser-
tracker, laser-radar), where a laser signal which is emit-
ted from a source rebounds on the point to be measured
and returns to the source, thus obtaining the three-di-
mensional dimensions of the measured point.
[0005] The geometry of the measured blank must be
compared with the geometry of the ideal part to be ob-
tained in order to align the blank in an optimum position
with respect to the machine tool shafts. This comparison
is usually performed by manual methods, in which a work-
er compares the dimensions measured on the blank with
the dimensions of the part to be manufactured. The proc-
ess is long, nonrepetitive (since the problem is different
for each part), and susceptible to errors due to its manual

character.
[0006] It is therefore necessary to have a method which
reduces the set-up time of the part in the machine, allow-
ing to measure and align the blank to be machined, with
respect to the machine shafts, in a fast and efficient way
preventing time losses and the use of manual methods
which increase the cost of the finished part, and which
also optimises the quantity of stripped material during
the machining, as well as the number of machining op-
erations.

Object of the Invention

[0007] According to the present invention a method is
proposed which allows measuring a blank and aligning
it with respect to machine tool shafts, thus reducing the
set-up time of the part on the machine, optimising the
ratio of material consumed and assuring the existence
of adequate surplus material on all the bodies or surfaces
of the part to be machined.
[0008] Therefore, the method object of the invention
comprises the following steps:

Step 1: Marking points on the surfaces of a blank to be 
machined, measuring of the three-dimensional dimen-
sions of said points and obtaining the geometric shape 
of the blank.

[0009] The points are marked on the blank in step 1
by means of reference markers, which can be physical
markers (coded or non-coded), natural markers, or light
pattern projection markers. Said points marked on the
blank are measured by means of a photogrammetric vi-
sion measuring system based on digital cameras.
[0010] In terms of reference markers, a subset of the
applied markers will be duly selected in the present phase
for use during a subsequent setp of aligning the part in
the machine.

Step 2: Automatically obtaining geometric bodies which 
define the geometric shape of the ideal part based on 
the information available in machining paths.

[0011] As an alternative to the conventional manner of
obtaining this geometry by processing the information of
a CAD (Computer Aided Design) system, which would
require manual intervention and would be dependent on
the used CAD system itself, the information contained in
the widely used standard files would be used, such as
the Numeric Control programme (ISO code) or files from
CAM systems.
[0012] A standard file of this type contains information
of the machining paths which the tooling for obtaining the
geometric bodies or surfaces of the ideal part must follow.
Thus, from this information the necessary parameters of
the geometry of the bodies of the ideal part can be cal-
culated automatically.

1 2 



EP 2 570 236 A1

4

5

10

15

20

25

30

35

40

45

50

55

Step 3: Automatically associating the points measured 
on the blank and the geometric bodies of the ideal part 
to which they correspond.

[0013] Each point measured on the blank is related
with the geometric body of the closest ideal part corre-
sponding to it in an automatic and completely unaided
manner.

Step 4: Calculating the alignment (location and orienta-
tion) of the blank with respect to the machine tool shafts 
for the optimum fit thereof with the geometric shape of 
the ideal part.

[0014] The blank is aligned mainly based on the as-
surance of the existence of a minimum amount of material
to be machined between the points measured on the
blank and the corresponding geometric bodies of the ide-
al part with which said points are associated.
[0015] The optimal alignment is established by deter-
mining the optimal location and orientation of the blank
in machine shaft coordinates defined in the Numeric Con-
trol programme (ISO code). For that purpose, the optimal
machine shaft location of the set of points marked by the
reference markers is determined by means of a method
using specific algorithms.
[0016] In the event that the optimization algorithms do
not find a solution assuring that surplus material exists
in all the areas to be machined, this would be indicative
that the finished part can not be obtained from the meas-
ured blank.

Step 5: Aligning the blank by means of its location and 
orientation in the machine tool shafts.

[0017] Once verified that the part is machinable and it
is positioned in the machine, a machine-integrated vision
measuring system measures the true location of the
marked points selected in step 1. Depending on the de-
viation between the optimal location of the points marked
by the reference markers, and determined in step 4, and
their true location measured with the part in the machine,
the part location and turning corrections necessary for
an optimal alignment of the blank in the machine shafts
are determined.

Step 6: Aligning the part after turning or flipping.

[0018] In the case of machining of parts with several
placings in the machine, before flipping or turning the
part between placings, at least three high precision ref-
erence markers, referred to as fiducials, are positioned
on the part determining its position in the machine shafts
with a machine-integrated stereometric vision measuring
system. Subsequently, once the part has been flipped,
the new location of the reference fiducials is measured
with the stereometric vision system. In terms of the de-
viation of the true location of the fiducials and their optimal

location, the part location and turning corrections in the
machine shafts necessary for an optimal alignment of
the blank are determined.
[0019] A method of measuring and aligning parts,
which due to its constructive and functional features, re-
sults in a preferred application for the function for which
it is intended in relation with the machining of parts in
machine tools, reducing the set-up time of the blank to
be machined in a machine tool, is thereby obtained.

Description of Drawings

[0020]

Figure 1 shows a block diagram of the different steps
making up the method object of the present inven-
tion.
Figures 2A to 2C show the main steps of the method
through a two-dimensional characteristic example
without the method object of the present invention
losing autonomy, equally aimed at alignment proc-
esses of three-dimensional parts.
Figure 3 shows a schematic view of a first ma-
chine-integrated stereometric vision system and its
operating principle for the three-dimensional meas-
urement of the position in machine shafts of refer-
ence markers positioned on the blank.
Figure 4 shows another schematic view of a second
machine-integrated stereometric vision system and
its operating principle for the three-dimensional
measurement of the position in machine shafts of a
high precision reference marker located on a blank
which has been flipped or turned.

Detailed Description of the Invention

[0021] The method of measuring and aligning parts ob-
ject of the present invention, depicted in Figure 1, is made
up of the following steps:

Step 1: Marking points on the surfaces of a blank to be 
machined, measuring the three-dimensional dimensions 
of said points and obtaining the geometric shape of the 
blank.

[0022] A series of points marked on the areas of a blank
to be machined is measured by vision and without contact
in this step. Specifically, the blank is measured by means
of a photogrammetric vision measuring system based on
digital cameras which can be directly machine-integrated
or located in an independent measuring station.
[0023] The points of the blank to be measured are
marked on the blank itself by means of markers. The
markers are elements which are arranged on the surfac-
es of the blank to be machined for identifying the points
to measure, and the choice of their placement on the
blank depends of the knowledge and experience of the
worker, these markers being located specifically on the

3 4 



EP 2 570 236 A1

5

5

10

15

20

25

30

35

40

45

50

55

geometric bodies to be machined. These geometric bod-
ies are three-dimensional references such as points,
planes, circumferences, edges, or other characteristic
geometric shapes which the machine tool must machine.
[0024] These markers can be of several types, for ex-
ample physical markers, i.e., coded or non-coded labels
which are placed on the geometry of the blank; natural
markers, i.e., geometric elements of the blank itself, such
as holes, edges, etc., which are determined on the part
by means of image processing techniques; or they can
even be light pattern projection markers (laser, etc.) on
the part.
[0025] Additionally, in the present step 1 a subset is
selected from the markers used to measure the geometry
of the blank, such that they will serve as reference mark-
ers for use in a subsequent step 5 of aligning the blank
in the machine.
[0026] The present step 1 is carried out in the same
manufacturing plant before machining, or if convenient,
in the plant of the blank supplier before the blank is sent
to the manufacturing plant.

Step 2: Automatically obtaining geometric bodies which 
define the geometric shape of an ideal part based on the 
information available in machining paths found in stand-
ard files widely used in a machine tool.

[0027] The geometry of the ideal part is usually con-
ventionally carried out by processing the information con-
tained in a CAD (Computer Aided Design) system. This
solution requires manual intervention and is dependent
on the CAD system used; therefore, as an alternative the
invention proposes using the information contained in
standard files widely used in a machine tool, such as the
Numeric Control programme (ISO code) or files from
CAM (Computer Aided Manufacture) systems. This type
of standard file must always be developed in order to
machine the blank, such that no additional work is re-
quired and, above all, the need for manual intervention
which is prone to errors is prevented. Additionally, the
new proposed solution is universal, since it does not de-
pend on the CAD system used and is based on standards
widely used in a machine tool.
[0028] A standard file of this type (CNC, CAM pro-
gramme etc.), contains the information of machining
paths which the tools must follow for obtaining the geo-
metric bodies of the ideal part, which geometric bodies
evidently must be equal to the geometric bodies of the
finished part in order to meet the quality requirements
demanded. Thus, the geometric bodies or the surfaces
which define the geometric shape of the ideal part can
be automatically calculated from the information of ma-
chining paths without the need for the worker to carry out
any data selection or interpretation, which is susceptible
to human error.

Step 3: Automatically associating the points measured 
of the blank and the geometric bodies of the ideal part to 
which they correspond.

[0029] Each point measured on the blank is related
with the geometric body of the closest ideal part corre-
sponding to it in a completely automatic and unaided
manner.
[0030] Therefore, in this step 3 each point measured
of the blank in step 1 is associated with the geometric
body (flat surface, cylindrical surface, etc.) of the corre-
sponding ideal part obtained in step 2, i.e., each point
measured on the blank is automatically associated with
the closet geometric body. As association criteria, each
point measured is associated with the geometric body
which is located at a lesser distance.

Step 4: Calculating the alignment of the blank with re-
spect to the machine tool shafts for the optimum fit thereof 
with the geometric shape of the ideal part.

[0031] The alignment of the blank is calculated mainly
based on the assurance of the existence of a minimum
amount of material to be machined between the points
measured on the blank and the corresponding geometric
bodies of the ideal part with which they are associated.
The material to be machined available between a point
measured of the blank and the associated geometric
body of the ideal part is established depending on the
distance between such point and the corresponding
body.
[0032] The alignment is calculated in a completely
un-aided and automatic manner. The optimal alignment
is established by determining the optimal location and
orientation of the blank in machine shaft coordinates.
Therefore, the optimal machine shaft location of the set
of points marked selected in step 1 is determined by
means of a method using the following optimizing criteria:

A. Minimizing distances between the points meas-
ured on the blank and the geometric bodies of the
ideal part corresponding to those points by means
of minimizing the mean quadratic error of said dis-
tances.
B. Using optimization algorithms with restrictions for
assuring the existence of sufficient surplus material
in all the areas to be machined, i.e., assuring the
existence of surplus material between all the points
measured on the blank and the geometric bodies of
the ideal part to which they correspond. C. Using
optimization algorithms with restrictions for assuring
the existence of surplus material and, simultaneous-
ly, minimizing the volume of material to remove from
the blank.

[0033] In the event that the blank is machinable, the
corresponding optimal machine shaft location of the sub-
set of points marked selected in step 1 is determined as
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a final result of the optimizing criteria. Therefore, the op-
timal location of these points marked on the blank by
means of the reference markers will be used in a subse-
quent alignment process defined in step 5.
[0034] In the event that the optimization algorithms do
not find a solution assuring that surplus material exists
on all the areas to be machined, this would be indicative
that the ideal part cannot be obtained from the measured
blank.
[0035] In the event that the blank is in the manufactur-
er’s facilities, the instruction to not machine is given, sav-
ing the no quality cost of the aligning and machining at-
tempt.
[0036] In the event that the blank is in the supplier’s
facilities, this step allows detecting early-on that the blank
is not machinable, allowing to reject it before sending it
to the production plant, with the consequent additional
savings in transport and logistic costs.
[0037] Figures 2A to 2C show a simple non-limiting
example of the method defined in steps described above.
In Figure 2A the points marked on the blank are repre-
sented by means of a dotted line and four flat faces de-
fining four geometric bodies which define the geometric
shape of the ideal part are represented by means of ref-
erences (P1, P2, P3, P4).
[0038] The association of the points measured on the
blank with the geometric bodies (P1, P2, P3, P4) to which
they correspond is illustrated in Figure 2B, determining
a set (b1) for the geometric body (P1), a set (b2) for the
geometric body (P2), a set (b3) for the geometric body
(P3) and a set (b4) for the geometric body (P4).
[0039] Figure 2C illustrates a calculation of the optimal
alignment of the blank for its optimum fit with the ideal
part, assuring that an adequate distribution of material
to be machined exists between the points measured on
the blank and the geometric bodies to which said points
correspond.

Step 5: Aligning the blank in machine shafts.

[0040] Once it is verified that the blank is machinable
and it is already positioned in the machine, a machine-in-
tegrated stereometric vision measuring system meas-
ures the true location of the points measured which have
been marked by means of reference markers in step 1,
and the optimal location of which has been determined
in step 4.
[0041] The stereometric vision measuring system is in-
tegrated in the machine head and has a single camera,
requiring two or more photos from different machine po-
sitions (x, y, z). The images obtained from different po-
sitions are processed with stereometric algorithms, such
that the location (x, y, z) of the reference markers in ma-
chine shaft coordinates is determined.
[0042] Figure 3 shows an example of the process car-
ried out by the above vision system where a single cam-
era (1), by means of a stereometric measuring process,
determines the location in the machine of the centre of

the reference markers (M1, M2, M3, M4) arranged on
the blank. For that purpose, the camera (1) obtains two
images (Image1, Image2) from two different camera po-
sitions, camera in position 1 (xc1, yc1, zc1) and camera
in position 2 (xc2, yc2, zc2), where the references (xc,
yc, zc) indicate the location of the camera (1) in the ma-
chine.
[0043] Thus, depending on the measured true location
of the reference markers located on the blank, the loca-
tion errors with respect to the optimal location determined
in step 4, and thus the part location and orientation (turn-
ing) corrections necessary for an optimal alignment of
the part in machine shafts, are determined.
[0044] According to the calculated part location and
turning correction, the blank is aligned on the machine
tool manually by a worker who positions it by means of
a series of wedgings or similar elements. Additionally,
the alignment can also be performed automatically by
means of an automated system which places the blank
in the optimal position for machining.
[0045] The measuring and correction process is re-
peated until the blank is positioned and orientated cor-
rectly in the machine, which is fulfilled when the geometry
of the blank fits optimally with the geometry of the ideal
part.

Step 6: Aligning the part after flipping or turning.

[0046] In the case of parts requiring several placings
in the machine, after each turning or flipping of the blank
between placings in order to access different faces to be
machined, the corresponding alignment of the blank must
be done again before its machining, fulfilling the optimi-
zation criteria established in step 4. Placings are under-
stood as anchoring or tying the blank on the machine tool
before machining one of its faces.
[0047] However, in this case, the alignment process
must be of high precision given that a precise alignment
of the new areas to be machined with respect to the areas
machined of the tying prior to the flipping must addition-
ally be guaranteed according to the dimensional toler-
ances of the involved geometric bodies of the part, thus
preventing the propagation and accumulation of geomet-
ric errors between successive placings. As a result, for
alignment processes of a blank after flipping, instead of
the reference markers used in step 1 for the measuring
the blank, new high precision reference markers, referred
to as fiducials, are required.
[0048] The alignment process of a blank after flipping
using high precision fiducial references is analogous to
that described above for step 5. In this case, the arrange-
ment of at least three fiducials on the part like high pre-
cision reference markers for referencing the blank in a
precise manner in the machine shafts after flipping is
required.
[0049] The location of the fiducials in the machine
shafts is determined with an additional vision measuring
system, specific for such purpose (see Figure 4). The
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system, integrated in the head (c) of the machine and
made up of a single camera (2) tilted at an angle (alpha)
with respect to the turning shaft (beta) of the head (c)
requires at least two photos from different camera posi-
tions and orientations surrounding the fiducial reference
(F), the location (xf, yf, zf) of which is to be determined
(location of its centre), therefore taking different meas-
urements from different machine shaft positions and/or
from different turning positions of the machine head
(camera in turn 1, camera in turn 2). The images obtained
(Image1, Image2) are processed with stereometric algo-
rithms such that the location (xf, yf, zf) of the centre of
the fiducial (F) measured in machine shaft coordinates
is determined.
[0050] The measuring process is repeated for meas-
uring machine coordinates of the centre of each one of
the fiducials located on the part. Depending on the loca-
tion (xf, yf, zf) of all the fiducials placed on the part, the
optimal machine shaft location required for each of the
fiducials after flipping the part is determined, such that it
serves as reference in the corresponding alignment proc-
ess after flipping.
[0051] Subsequently, the measuring process of all the
fiducials is repeated to determine their new location in
machine coordinates once the part is flipped and to pre-
cisely align it. The part location and turning corrections
in the machine shafts necessary for an optimal alignment
of the part are determined depending on the deviation
between the true location measured for the fiducials and
their previously calculated optimal location.
[0052] The fiducial measuring and correction process
is repeated until the part is correctly positioned in the
machine, which is fulfilled when the geometry of the blank
fits optimally with the geometry of the ideal part and ad-
ditionally fulfills a precise relative alignment and location
with respect to the machinings prior to each flipping of
the part, according to the tolerances of the finished part.
[0053] The fiducials are high precision specific refer-
ence markers based on a rod which, on one hand, has
a fixing element for adhering or fixing to the surface of
the part when flipping and, on the other hand, finishes in
a spherical shaped reflecting head, where the spherical
shape allows reflecting the light striking it in a uniform
manner, i.e., the three-dimensional point in space
marked by said fiducial, which is the centre of the sphere,
can be observed in a precise manner by the vision meas-
uring system from different orientations and positions
surrounding it.

Claims

1. A method of measuring and aligning parts for ma-
chining in a machine tool, wherein a blank is aligned
with respect to the machine tool shafts for obtaining
a finished part according to the geometric shape of
an ideal part, characterised in that the method com-
prises the steps of:

Step 1: Marking points on surfaces of the blank
to be machined, measuring the three-dimen-
sional dimensions of said points and obtaining
the geometric shape of the blank.
Step 2: Automatically obtaining geometric bod-
ies which define the geometric shape of the ideal
part based on the information available in ma-
chining paths.
Step 3: Automatically associating the points
measured on the blank and the geometric bod-
ies of the ideal part to which said points corre-
spond.
Step 4: Calculating the alignment (location and
orientation) of the blank with respect to the ma-
chine tool shafts for the optimum fit thereof with
the geometric shape of the ideal part.
Step 5: Aligning the blank by means of its loca-
tion and orientation in the machine tool shafts.

2. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that the machining paths defined in
step 2 are obtained from standard files widely used
in a machine tool as Numeric Control programmes
(ISO code) or files obtained from CAM (Computer
Aided Manufacture) systems.

3. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that the points are marked on the blank
in step 1 by means of physical markers, natural mark-
ers, or light pattern projection markers.

4. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that the points marked on the blank of
step 1 are measured by means of a photogrammetric
vision measuring system based on digital cameras.

5. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that in step 3 each measured point of
the blank is associated with the geometric body of
the ideal part located at a lesser distance.

6. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that the alignment of the blank with
respect to the machine tool shafts, defined in step
4, is calculated by determining the optimum location
in the machine shafts of the set of points marked in
step 1 and taking into account the following optimiz-
ing criteria:

A. Minimizing distances between the points
measured on the blank and the geometric bod-
ies of the ideal part to which said points corre-
spond by means of minimizing the mean quad-
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ratic error of said distances.
B. Assuring the existence of surplus material be-
tween all the points measured on the blank and
the geometric bodies of the ideal part to which
said points correspond.
C. Assuring the existence of surplus material
and, simultaneously, minimizing the volume of
material to remove from the blank.

7. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that the alignment of the blank of step
5 is carried out by determining the true location of
the points measured on the blank, and by determin-
ing the location and orientation corrections of said
points measured according to the calculation carried
out in step 4, wherein the true location of the points
measured on the blank is done by means of a ma-
chine-integrated stereometric vision measuring sys-
tem and made up of a single camera (1), which re-
quires at least two photos of the blank from different
machine positions.

8. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 1, char-
acterised in that for blanks requiring to be flipped
or turned in order to access different faces to be ma-
chined, the method has a step 6 which re-aligns the
blank in the machine tool shafts after the turning or
flipping, using for that purpose high precision refer-
ence markers which are arranged on the blank there-
of.

9. The method of measuring and aligning parts for ma-
chining in a machine tool according to claim 8, char-
acterised in that the alignment of the blank in step
6 is performed by means of a stereometric vision
measuring system integrated in a head (c) of the
machine tool, which is made up of a single camera
(2) tilted with respect to the shaft of the head, requir-
ing at least two photos of each high precision refer-
ence marker from different camera (2) positions.

10. The method of measuring and aligning parts for ma-
chining in a machine tool according to claims 8 and
9, characterised in that for referencing the blank in
a precise manner in the machine shafts after a turn-
ing or flipping, the arrangement of at least three high
precision reference markers on the blank is required,
which markers are made up of a rod which, on one
hand, has a fixing element for being fixed on the part
and, on the other hand, has a spherical shaped re-
flecting head.

Amended claims in accordance with Rule 137(2)
EPC.

1. A method of measuring and aligning parts for ma-
chining in a machine tool, wherein a blank is aligned
with respect to the machine tool shafts for obtaining
a finished part according to the geometric shape of
an ideal part, the method comprises the steps of:

Step 1: Marking points on surfaces of the blank
to be machined, measuring the three-dimen-
sional dimensions of said points and obtaining
the geometric shape of the blank;
Step 2: Automatically obtaining geometric bod-
ies which define the geometric shape of the ideal
part; Step 3: Automatically associating the
points measured on the blank and the geometric
bodies of the ideal part to which said points cor-
respond;
Step 4: Calculating the alignment (location and
orientation) of the blank with respect to the ma-
chine tool shafts for the optimum fit thereof with
the geometric shape of the ideal part;
Step 5: Aligning the blank by means of its loca-
tion and orientation in the machine tool shafts;

characterised in that in step 2, the geometric shape
of the ideal part is determined based on the informa-
tion available in machining paths,
and in that the alignment of the blank of step 5 is
carried out by determining the true location of the
points measured on the blank, and by determining
the location and orientation corrections of said points
measured according to the calculation carried out in
step 4, wherein the true location of the points meas-
ured on the blank is done by means of a machine-
integrated stereometric vision measuring system
and made up of a single camera (1), which requires
at least two photos of the blank from different ma-
chine positions.

2. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that the machining paths defined
in step 2 are obtained from standard files widely used
in a machine tool as Numeric Control programmes
(ISO code) or files obtained from CAM (Computer
Aided Manufacture) systems.

3. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that the points are marked on the
blank in step 1 by means of physical markers, natural
markers, or light pattern projection markers.

4. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that the points marked on the
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blank of step 1 are measured by means of a photo-
grammetric vision measuring system based on dig-
ital cameras.

5. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that in step 3 each measured point
of the blank is associated with the geometric body
of the ideal part located at a lesser distance.

6. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that the alignment of the blank with
respect to the machine tool shafts, defined in step
4, is calculated by determining the optimum location
in the machine shafts of the set of points marked in
step 1 and taking into account the following optimiz-
ing criteria:

A. Minimizing distances between the points
measured on the blank and the geometric bod-
ies of the ideal part to which said points corre-
spond by means of minimizing the mean quad-
ratic error of said distances.
B. Assuring the existence of surplus material be-
tween all the points measured on the blank and
the geometric bodies of the ideal part to which
said points correspond.
C. Assuring the existence of surplus material
and, simultaneously, minimizing the volume of
material to remove from the blank.

7. The method of measuring and aligning parts for
machining in a machine tool according to claim 1,
characterised in that for blanks requiring to be
flipped or turned in order to access different faces to
be machined, the method has a step 6 which re-
aligns the blank in the machine tool shafts after the
turning or flipping, using for that purpose high preci-
sion reference markers which are arranged on the
blank thereof.

8. The method of measuring and aligning parts for
machining in a machine tool according to claim 7,
characterised in that the alignment of the blank in
step 6 is performed by means of a stereometric vision
measuring system integrated in a head (c) of the
machine tool, which is made up of a single camera
(2) tilted with respect to the shaft of the head, requir-
ing at least two photos of each high precision refer-
ence marker from different camera (2) positions.

9. The method of measuring and aligning parts for
machining in a machine tool according to claims 7
and 8, characterised in that for referencing the
blank in a precise manner in the machine shafts after
a turning or flipping, the arrangement of at least three
high precision reference markers on the blank is re-

quired, which markers are made up of a rod which,
on one hand, has a fixing element for being fixed on
the part and, on the other hand, has a spherical
shaped reflecting head.
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