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(54) SELF-MONITORING MANUFACTURING SYSTEM

(57) Self-monitoring manufacturing system adapted
to produce at least one object (1 by means of a production
line (10), the production line (10) comprising at least a
first processing facility (11,12) which is adapted to per-
form a respective first processing step with the object (1),
and a production control unit (13) having means being
adapted to control the processing step based on produc-
tion data, wherein the production data comprises nominal
pre-processing object data. A production monitoring unit
(15) for checking a pre-processing object state of the
object (1) is arranged, such unit (15) being adapted to
obtain actual property data of the object (1) in-line of the
production in-advance of applying the first processing
step, to generate deviation data by comparing the actual
property data with the production data for the first

processing step, and to provide the deviation data for
performing the first production step with the first process-
ing facility (11,12) in deviation-adjusted manner. Original
production data for the first processing step is adaptable
for adapted controlling of the first processing facility
(11,12) based on the deviation data and the first process-
ing facility (11,12) is controllable based on the adapted
production data for the first processing step in a manner
such that the deviation between the actual property data
and the nominal pre-processing object data is compen-
sated so that thereof expected deviation between actual
property data relating to the object (1) after performing
the original first processing step and original production
data for the first processing step is reduced.
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Description

[0001] The present invention pertains to the field of
quality assurance for production processes. More spe-
cifically, the present invention relates to a systems and
methods for controlling a production facility based on
measurements of samples and for compensating (sys-
tematic) errors occurring in the production process.
[0002] It is common practice during the industrial pro-
duction of goods such as a car to measure features and
properties of its different components. These measure-
ments can be carried out in special measurement cells
by means of either contact or non contact measuring
gauges, for example based on laser or photogrammetric
principles. Such a procedure, for instance, is disclosed
in DE 195 44 240 A1.
[0003] US 7,672,500 discloses a method for monitor-
ing and visualizing the output of a production process,
whose output materials or items are inspected by one or
more inspection units. The inspection units scan or oth-
erwise inspect each of a series of items or material being
produced by a production process, and an image is gen-
erated representing each of the inspected items, wherein
differences between the items can be visually coded.
[0004] The purpose of such methods is to determine
possible errors of the measured object during product
development, launch or during production. Disadvanta-
geously though, in the measurement process, there can
occur various additional errors, that prevent or compli-
cate the determination of the errors of the object. This is
especially the case if a high precision detection of errors
is needed.
[0005] The quantities produced in the controlled pro-
duction process can lie in a range between one piece
production and mass production. The parts are produced
in a production facility which can incorporate a broad
scale of different manufacturing techniques and technol-
ogies. Depending on the specific manufacturing tech-
nique the installation set-up of the facility can vary. For
example, the production facility can comprise a CNC ma-
chine - including programming means as well as elec-
tronic controller means - if the parts are to be produced
by milling or turning.
[0006] The parts to be produced are specified by nom-
inal data in a drawing and/or a CAD model that defines
theoretical dimensions of the part in combination with
appropriate tolerances. The tolerances define the ac-
cepted deviations between the specified theoretical di-
mensions of the nominal data and the real dimensions
of a produced part.
[0007] The manufacturing processes referred to also
include a quality control step wherein measures are taken
to ensure the desired quality of the produced parts, i.e.
to ensure that the percentage of "good parts" does not
fall below a defined minimum. The quality control step
consists of two sub-steps:

- a measurement step to detect the quality of the pro-

duced parts by measuring appropriate quantities
with an appropriate measurement facility; and

- a correction step to improve the production quality
in case that the results of the measurement step
show unsatisfying values (e. g. not enough "good
parts").

[0008] Today, in manufacturing processes of the kind
described above, the measurement facility that detects
the quality of the produced parts can be e. g. a coordinate
measurement machine CMM or an articulated arm (e.g.
a measuring roboter arm). With this measurement equip-
ment the "good parts" are detected by measuring one or
more defined part dimensions (measurement step).
[0009] If the measurements show that the deviations
between the measured part dimensions and the theoret-
ical values defined in the nominal data exceed the ac-
cepted tolerances, appropriate parameter values of the
production facility are amended to compensate these
production errors. In the above example of a CNC ma-
chine this could be the case e.g. if a milling tool changes
its characteristics due to wear.
[0010] This parameter value amendment, however,
has the strong disadvantage that it needs good knowl-
edge about the general installation set-up of the facility,
the current constitution of the facility and about the cause
of the production errors. This requires highly skilled per-
sonal, and moreover - since the production error causes
often are not exactly known - in many cases a try-and-
error approach has to be performed which is time con-
suming and costly.
[0011] Therefore, a possibility to compensate the pro-
duction errors without changing the parameter values of
the production facility - i.e. wherein the production facility
can be treated as a "black box" - would be highly advan-
tageous.
[0012] It is therefore an object of the present invention
to provide an improved method and an improved system
for controlling a production process of an object in a pro-
duction facility or production line.
[0013] It is a particular object to provide such a method
and such a system wherein modifications in a production
line can be avoided or at least be reduced.
[0014] It is a further object to provide an error compen-
sation for controlling a production process in a production
process without having to perform structural amend-
ments in the production facility.
[0015] These objects are achieved by realising the fea-
tures of the independent claims. Features which further
develop the invention in an alternative or advantageous
manner are described in the dependent patent claims.
[0016] The invention relates to a self-monitoring man-
ufacturing system adapted to produce at least one object,
in particular a series of objects, by means of a production
line. The production line comprises at least a first
processing facility which is adapted to perform a respec-
tive first processing step with the object and a production
control unit having means for storing and/or obtaining
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production data for the first processing step and being
adapted to control the processing step based on the pro-
duction data, wherein the production data comprises
nominal pre-processing object data, in particular relating
to an in-advance processing step. The in-advance
processing step may be performed to the object before
the object is introduced in the production line, e.g. the
object can be processed by a pre-processing machine
which may be not part of the production line.
[0017] The processing facility of the line thus can be
controlled to apply a manufacturing step, e.g. drilling or
milling, to the object based on known processing data.
The processing data for controlling the first processing
step can preferably be based on said nominal pre-
processing object data so that processing is performed
at correct positions and orientation relative to the object.
E.g. the object is a raw piece of (theoretically) known
shape and dimensions. However, it typically occurs that
an object to be processed differs from nominal object
data regarding dimensions and/or shape. By means of
the present invention, the processing step initially defined
for the processing facility can be adapted in a way so that
particular deviations of the object are compensated. In
particular, an object which comprises dimensional devi-
ations from nominal values can be processed so that
after the processing with the processing facility such de-
viations are compensated. For example, if one edge of
the raw object is longer than it should be, such edge can
be shortened by the processing facility to meet nominal
post-processing requirements (e.g. dimension and/or
shape).
[0018] The self-monitoring manufacturing system ac-
cording to the invention comprises a production monitor-
ing unit for, in particular periodically, checking a pre-
processing object state of the object. The production
monitoring unit is adapted to obtain actual property data
of the object in-line of the production in-advance of ap-
plying the first processing step, to generate deviation da-
ta by comparing the actual property data with the pro-
duction data for the first processing step, in particular
with the pre-processing object data, and to provide the
deviation data for performing the first production step with
the first processing facility in deviation-adjusted manner.
[0019] Original production data for the first processing
step is adaptable for adapted controlling of the first
processing facility based on the deviation data and the
first processing facility is controllable based on the adapt-
ed production data for the first processing step in a man-
ner such that the deviation between the actual property
data and the nominal pre-processing object data is com-
pensated so that thereof-expected deviation between ac-
tual property data relating to the object after performing
the original first processing step and original production
data for the first processing step is reduced.
[0020] Above approach is of the type of an in-line ap-
proach, i.e. there is one chain of inspecting and process-
ing the object, wherein inspection of the object is per-
formed in advance of respective processing a data which

is gathered by inspecting the object is used for respec-
tively adjusting the processing step. In particular, the ob-
ject is placed on a belt and inspection of the object is
performed while moving the object by means of the belt.
The production monitoring unit can be designed accord-
ingly for proving such moved inspection.
[0021] According to an embodiment of the invention,
the production monitoring unit comprises a coordinate
measuring machine which comprises at least a support
structure and a measuring probe.
[0022] In particular, the support structure comprises at
least one structural segment, wherein a proximal end of
the support structure is mounted pivotably about a base
axis, the measuring probe is arranged on a distal end of
the support structure, and the coordinate measuring ma-
chine comprises an angle measuring system for deter-
mining pivot angles of the at least one structural segment,
and/or rotation angles of the measuring probe.
[0023] The coordinate measuring machine may com-
prise at least two basically parallel rotational axes, in par-
ticular wherein structural segments of the support struc-
ture are rotatable around the axes, in particular wherein
the coordinate measuring machine comprises a transla-
tional axis arranged basically collinear with one of the
rotational axes, in particular wherein the rotational axes
are aligned basically parallel to the gravitational field.
[0024] The coordinate measuring machine can thus be
embodied as a Selective-Compliance-Articulated-Ro-
bot-Arm - Type (SCARA-Type) measuring machine, in
particular parallel SCARA-Type measuring machine.
[0025] A SCARA-based CMM can be moved faster
than a comparable Cartesian CMM. A single pedestal
mount requires a much smaller footprint and provides an
easy and flexible form of mounting the whole CMM. Such
SCARA-CMM can be based on a serial architecture (a
first "carries" all other motors). By means of the typical
parallel-axis joint layout the supporting structure is basi-
cally rigid in z-direction.
[0026] According to an embodiment of the invention,
the coordinate measuring machine is arranged and con-
trolled so that the object production state is periodically
checked by measuring particular measuring points of the
object by in-line approaching the measuring probe to the
object during production of the object by the production
line.
[0027] For instance, after pre-processing the object or
after placing the object on the production line and before
processing with the first processing facility the coordinate
measuring machine is controlled to approach the object
and to acquire measuring data which provides informa-
tion about an actual object state. Controlling of the CMM
can be realised so that measurements can be taken while
moving the object in the production line, e.g. on a con-
veying belt.
[0028] In particular the object may be placed separated
e.g. from a conveying belt and measurements are taken
in an "uncoupled" object-position. The object may be car-
ried by the monitoring unit and positioned or moved so
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that respective measurements can be carried out with a
measuring probe.
[0029] Furthermore, the production monitoring unit can
be arranged (at least basically) structurally and dynam-
ically decoupled from the processing facility in order to
prevent from negative influences due to vibrations or in-
creasing temperatures. In particular, a base of the pro-
duction monitoring unit can be arranged at a ceiling of a
manufacturing site. A big advantage of such design is
the possibility to measure the object by reaching into the
working volume of the production line from above. More-
over, required space for such embodiment can be opti-
mised as the whole CMM can be carried and mounted
at the ceiling.
[0030] A measuring probe attached to the CMM can
be designed to gather positional (coordinate) information
and/or to determine functional information, like rough-
ness of the surface, hardness of the material and/or tem-
perature of the object. The probe may be realised by a
touch-trigger or optical probe, by a temperature sensor
or by a tactile or optical roughness sensing unit and/or
by a non-destructive sensor like an eddy current sensor,
ultra sonic sensor to detect defects or related properties
at or below the surface.
[0031] Accordingly, the actual property data can com-
prise dimensional data, in particular coordinates of the
measuring points, and/or functional property data, in par-
ticular roughness data, hardness data and/or tempera-
ture data. In particular, functional property data compris-
es defect information regarding e.g. cracks, scratches,
porosity changes, delamination, coating errors or flaws
and/or properties below the surface regarding cracks,
homogeneity, porosity or delamination can be detected.
[0032] The production data which is provided to the
system may comprise a first object model which repre-
sents a nominal state of the object for the first processing
step according to the nominal pre-processing object data
and a second object model which represents a nominal
state of the object after applying the first processing step.
Thus, there would be a model (2D or 3D) of the object
before and after applying the first processing step. The
models represent respectively desired states of the ob-
ject. At least one of the models would be represented by
dimensional values relating to particular parts of the ob-
ject, e.g. lengths of edges.
[0033] According to an embodiment of the invention,
the production line comprises a further production facility
which is adapted to perform the in-advance processing
step with the object, wherein the further production facility
is controllable by the production control unit, in particular
based on the pre-processing object data. Such further
production facility may for example represent an initial
processing machine of the production line which is con-
figured and designed to perform a first adaptation of the
object, e.g. the object may be prepared of the next step.
[0034] Alternatively or additionally, the production line
can comprise a second production facility which is adapt-
ed to perform a respective second processing step with

the object. The production data comprises production da-
ta for the second processing step, in particular for con-
trolling the second production facility accordingly. The
production monitoring unit can then be adapted to check
an object production state of the object after applying the
first processing step, wherein second actual property da-
ta of the object in-line of the production after applying the
first processing step and in-advance of applying the sec-
ond processing step is obtained, second deviation data
is generated by comparing the second actual property
data with the production data for the second processing
step, and the second deviation data is provided for per-
forming the second production step with the second
processing facility in second-deviation-adjusted manner.
Original production data for the second processing step
is adaptable for adapted controlling of the second
processing facility based on the second deviation data.
The production monitoring unit can be arranged in-be-
tween the first and the second processing facility for per-
forming respective measurements.
[0035] Alternatively, there may be provided a second
production monitoring unit embodied like the above-de-
scribed production monitoring unit which is controlled to
acquire respective second actual property data.
[0036] In particular, measurement with a production
monitoring unit after e.g. a second processing step may
be used to adapt processing with a first processing facility
in sense of a pre-compensation of systematic errors
which are affected by the second machine. The first
processing step is performed in-advance of the second
processing step.
[0037] In the consequence, the original production da-
ta for the second processing step can be adapted based
on the second deviation data and can be stored as up-
dated original production data for controlling successive
processing cycles with the second processing facility.
[0038] The invention also relates to a production mon-
itoring unit for a manufacturing system having a produc-
tion line, the production line comprising at least a first
processing facility, the production monitoring unit being
adapted to obtain actual property data of at least one
object that is produced in the production line according
to particular production data and to provide adjustment
of the production based on the obtained values, the pro-
duction data comprises nominal pre-processing object
data.
[0039] The production monitoring unit, in particular a
measuring device, is connectable with the first process-
ing facility for exchange of data and comprises a moni-
toring functionality. The monitoring functionality is adapt-
ed to control generation of the actual property data of the
object in-advance of applying a first processing step with
the first processing facility by in-line determining of di-
mensional and/or functional data of measuring points of
the object by means of the production monitoring unit. A
deviation between the generated actual property data
and the nominal pre-processing object data is derived
and the production data is adapted based on the devia-
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tion for adapted processing of the object with the first
processing facility.
[0040] In particular, throughout the entire application,
functional data or properties may comprise defect infor-
mation regarding e.g. cracks, scratches, porosity chang-
es, delamination, coating errors or flaws and/or proper-
ties below the surface regarding cracks, homogeneity,
porosity or delamination can be detected.
[0041] The production monitoring unit can comprise a
coordinate measuring machine which comprises at least
a support structure and a measuring probe.
[0042] Furthermore, the support structure can com-
prise at least one structural segment, a proximal end of
the support structure being mounted pivotably about a
base axis, the measuring probe can be arranged on a
distal end of the support structure, and the coordinate
measuring machine can comprise an angle measuring
system for determining pivot angles of the at least one
structural segment, and/or rotation angles of the meas-
uring probe.
[0043] In particular, the coordinate measuring machine
can comprise at least two basically parallel rotational ax-
es, in particular wherein structural segments of the sup-
port structure are rotatable around the axes, in particular
wherein the coordinate measuring machine comprises a
translational axis arranged basically collinear with one of
the rotational axes, in particular wherein the rotational
axes are aligned basically parallel to the gravitational
field.
[0044] The coordinate measuring machine can also be
embodied as a Selective-Compliance-Articulated-Ro-
bot-Arm - Type (SCARA-Type) measuring machine, in
particular parallel SCARA-Type measuring machine.
[0045] According to one embodiment of the invention,
the monitoring functionality is configured so that the ob-
ject production state is, in particular periodically, checked
by measuring particular measuring points of the object
by in-line approaching the measuring probe to the object
during production of the object by the production line.
[0046] The invention also relates to a use of a produc-
tion monitoring unit as described above or below in a
production line with at least a first and in particular a sec-
ond processing facility. The production monitoring unit
here is connected with at least the first processing facility
for communication and/or exchange of data and is ar-
ranged so that the actual property data of the object is
determinable as dimensional or functional data of meas-
uring points of the object by a measuring probe of the
production monitoring unit in-line and in-advance of ap-
plying a first processing step with the first processing
facility and before processing with the first respectively
a second processing facility. The first processing step
may be performed after a pre-processing step which can
be performed also on the production line or separated
from the production line.
[0047] The monitoring functionality is executed after
processing the object with a further (e.g. a processing
facility with which the object is processed before being

introduced in the production line (pre-processing), i.e.
the further processing facility may not be part of the pro-
duction line; alternatively the further processing facility
may be part of the production line as a pre-first-process-
ing machine) or the first processing facility, the deviation
between the generated actual property data and respec-
tive nominal pre-processing or processing object data is
provided to the first respectively the second processing
facility or adapted production data is derived based on
the deviation and is provided to the first respectively the
second processing facility, and the object is processed
in the first respectively the second processing step by
means of the first respectively the second processing
facility by processing the deviation information or by use
of the adapted controlling date.
[0048] The invention also relates to a method for con-
trolling a production process of an object in a production
line and for compensating deviations occurring in the pro-
duction process. The method comprises generating ac-
tual property data of at least one sample object by meas-
uring the object during in-line production of the object,
the object being processed in a first processing step, per-
forming a nominal-actual value comparison based on the
actual property data and on corresponding nominal pro-
duction data for the object, thereby generating deviation
data. Adapted production data for a second processing
step of the production process is automatically created
based on the deviation data, and an adapted second
processing step is performed based on the adapted pro-
duction data and processing the object in an adapted
manner, wherein the adapted production data differs
from a nominal production data so that a deviation oc-
curring in the first processing step is at least partially com-
pensated with applying the adapted second processing
step.
[0049] According to a further aspect of the invention,
a self-monitoring manufacturing system adapted to pro-
duce at least one object, in particular a series of objects,
comprises at least one processing machine having at
least one processing tool, the processing machine being
controllable to perform a processing step with the object,
and a production control unit having means for storing
and/or obtaining production data for the processing step
and being adapted to control the processing step of the
processing machine based on the production data.
[0050] A production monitoring unit being arranged
and adapted to in-line obtain actual processing data re-
lating to the processing step. The data is obtained by
measuring a test object processed with the processing
machine in a working volume of the processing machine,
wherein the test object is located in a defined position
and orientation during measurement, and/or by measur-
ing at least one structural component of the processing
machine and/or an artefact fixed at a certain position of
the processing machine. The self-monitoring manufac-
turing comprises a compensation unit for compensating
deviations possibly occurring with applying the process-
ing step (or other further processing steps) with the ob-
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ject. The compensation unit is adapted to compare the
actual processing data with nominal processing data, to
derive deviation data based on the comparison of the
actual processing data with the nominal processing data,
and to provide and/or process the deviation data for
adapting the processing step and/or the manufacturing
system.
[0051] The test object may be represented by one ob-
ject of a series of such objects to be produced.
[0052] The nominal processing data preferably com-
prises information about nominal physical and/or nominal
functional properties of the processing machine and/or
the processing tool, in particular relative orientations
and/or positions of machine axes or base, and/or course
of travel information, and/or comprises a model of the
test object to be processed by the processing machine
comprising nominal dimensional values and/or nominal
functional data of the test object, and/or comprises a ma-
chine model or map providing an actual state of the
processing machine using a model-based or map-based
calculation.
[0053] The actual processing data preferably compris-
es positional and/or orientation data relating to the struc-
tural component of the processing machine, the artefact
or the test object, and/or functional data, in particular tem-
perature, humidity and/or roughness data, related to the
structural component of the processing machine, the ar-
tefact or the test object.
[0054] According to an embodiment of the invention,
the production monitoring unit is adapted to conduct the
measurement of the at least one structural component
of the processing machine and/or of the artefact fixed at
a certain position of the processing machine in a plurality
of positions and/or orientations or the structural compo-
nent or the artefact, in particular wherein the plurality of
positions and/or orientations are provided by means of
the processing machine and the processing machine is
controlled by the production control unit accordingly.
[0055] A measurement of at least a part of the process-
ing machine may comprises a direct measurement of the
processing tool at the processing machine in-line after
performing of the processing step, wherein a measuring
probe of the production monitoring unit reaches into and
is guided inside of the working volume by means of the
production monitoring unit.
[0056] Alternatively or additionally, measuring of at
least a part of the processing machine may comprise a
coordinate and/or orientation measurement of a joint or
axis of the processing machine.
[0057] As already described above, the production
monitoring unit can be embodied as a coordinate meas-
uring machine which comprises at least a support struc-
ture and a measuring probe.
[0058] In particular, the support structure comprises at
least one structural segment, a proximal end of the sup-
port structure being mounted pivotably about a base axis,
the measuring probe is arranged on a distal end of the
support structure, and the coordinate measuring ma-

chine comprises an angle measuring system for deter-
mining pivot angles of the at least one structural segment,
and/or rotation angles of the measuring probe.
[0059] In one embodiment the coordinate measuring
machine comprises at least two basically parallel rota-
tional axes, in particular wherein structural segments of
the support structure are rotatable around the axes, in
particular wherein the coordinate measuring machine
comprises a translational axis arranged basically colline-
ar with one of the rotational axes, in particular wherein
the rotational axes are aligned basically parallel to the
gravitational field.
[0060] The coordinate measuring machine can be em-
bodied as a Selective-Compliance-Articulated-Robot-
Arm - Type (SCARA-Type) measuring machine, in par-
ticular parallel SCARA-Type measuring machine.
[0061] According to an embodiment of the invention,
the production monitoring unit is arranged at least basi-
cally structurally and dynamically decoupled from the
processing machine. According to one embodiment of
the invention, the test object is processed in a defined
production position and orientation within the working vol-
ume and is fixedly arranged to the production position
and orientation during measurement.
[0062] That aspect also relates to a production moni-
toring unit, in particular coordinate measuring machine,
for determining at least dimensional and/or functional da-
ta for a measurement point of an object or structural com-
ponent of a processing machine. The production moni-
toring unit comprises a support structure having at least
one structural segment, a proximal end of the support
structure being mounted pivotably about a base axis, a
measuring probe being arranged on a distal end of the
support structure, and an angle measuring system for
determining pivot angles of the at least one structural
segment, and/or rotation angles of the measuring probe.
[0063] According to the invention, the production mon-
itoring unit comprises a compensation unit for compen-
sating a deviation possibly occurring in the course of a
production of an object in at least one processing step
with the processing machine. The compensation unit
comprises a monitoring functionality by execution of
which actual processing data relating to the at least one
processing step is obtained in-line of the production by
measuring a test object processed with the processing
machine in a working volume of the processing machine,
wherein the test object is located in a defined position
and orientation during measurement, and/or by measur-
ing at least one structural component of the processing
machine and/or an artefact fixed at a certain position of
the processing machine. The actual processing data is
compared with nominal processing data, and deviation
data is derived based on the comparison of the actual
processing data with the nominal processing data,
wherein the error compensation unit comprises a com-
munication interface for exchange of data and wherein
the deviation data is provided to the communication in-
terface.
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[0064] The production monitoring unit can be embod-
ied as a coordinate measuring machine and may com-
prises at least a support structure and a measuring probe,
in particular the production monitoring unit is embodied
as a Selective-Compliance-Articulated-Robot-Arm -
Type (SCARA-Type) measuring machine, in particular
parallel SCARA-Type measuring machine.
[0065] According to particular embodiments of the in-
vention, the production monitoring unit can be embodied
as already described above.
[0066] In one embodiment, the monitoring functionality
is configured so that the actual processing data is peri-
odically obtained by periodically measuring particular
measuring points at the test object, wherein the test ob-
ject is periodically produced, and/or by periodically meas-
uring at the at least one structural component and/or one
or more artefacts fixed on the processing machine.
[0067] The production monitoring unit can be arranged
at least basically structurally and dynamically decoupled
from the first and the second processing facility.
[0068] A base of the production monitoring unit can be
arranged at a ceiling of a manufacturing site, i.e. above
the production line in order to provide optimised acces-
sibility to the production machine or the test object.
[0069] The invention also refers to use of a production
monitoring unit of above in a production assembly with
the at least one processing machine.
[0070] The production monitoring unit here is arranged
so that a measuring probe of the production monitoring
unit is controllable for in-line obtaining the actual process-
ing data relating to the processing step. The processing
data is obtained by measuring the test object processed
with the processing machine in the working volume of
the processing machine, wherein the test object is locat-
ed in a defined position and orientation during measure-
ment, or by measuring at least one structural component
of the processing machine and/or an artefact fixed at a
certain position of the processing machine. The error
compensation unit is connected with a controlling unit of
the production assembly via the communication interface
for communication and/or exchange of data. The moni-
toring functionality is executed, the deviation data is pro-
vided to the controlling unit for adapted controlling of the
processing step and the controlling of the processing step
is adapted based on the deviation data so that original
controlling data for the processing step is adapted to pro-
vide production of the object according to original object
production data, in particular according to an original
model of the object, and/or an adjustment of the produc-
tion assembly is provided.
[0071] The invention also relates to a respective meth-
od for monitoring a production process step of an object
and for compensating deviations occurring in the produc-
tion process. The method comprises obtaining actual
processing data in-line of the production process relating
to the production process by measuring a test object
processed with a processing machine in a working vol-
ume of the processing machine, wherein the test object

is located in a defined production position and orientation
during measurement, or by measuring at least one struc-
tural component of the processing machine and/or an
artefact fixed at a certain position of the processing ma-
chine. The actual processing data is compared with nom-
inal processing data, deviation data based on the com-
parison of the actual processing data with the nominal
processing data is derived and provided and the produc-
tion process is adapted based on the deviation data so
that original controlling data of the processing machine
is adapted to provide production of the object according
to original object production data, in particular according
to an original model of the object and/or an (structural)
adjustment of the production assembly is provided.
[0072] In particular, an adapted production model is
automatically created based on the nominal processing
data and on the deviation data, wherein the adapted pro-
duction model represents updated nominal processing
data.
[0073] The system and the method according to the
invention are described or explained in more detail below,
purely by way of example, with reference to working ex-
amples shown schematically in the drawings. Specifical-
ly,

Fig. 1 shows an embodiment of a system for con-
trolling a production process of an object
according to the invention;

Figs. 2a-b show an embodiment of compensating
production errors possibly occurring in a
production assembly according to the in-
vention; and

Figs. 3a-b show a further embodiment of a production
system according to the invention.

[0074] Figur 1 illustrates an exemplary system for con-
trolling a production process of an object 1 according to
the invention.
[0075] Figure 1 shows a production line 10 with two
processing facilities 11 and 12. The processing facilities
11 and 12 are controlled by a controlling unit 13 which
provides respective processing or production data for
performing a first and a second processing step corre-
spondingly. The object is supplied to the first processing
facility 11 and the first production step is applied by that
machine 11. After that, the object is transferred to the
second processing machine 12 and the second produc-
tion step is applied by means of the second machine 12.
Here, the object 1 is finished after being processed by
the second machine 12. Alternatively, the second ma-
chine 12 applies a further intermediate processing step
and the object 1 may be further processed and/or finished
by another machine.
[0076] It is to be understood in the scope of the present
invention that an alternative embodiment (not shown)
would be one comprising the second processing facility
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12 as a first processing device in the production line and
the objects being inserted onto the production line in ad-
vance of such processing.
[0077] A main requirement of the production process
according to figure 1 is that the object is finally produced
according to defined nominal object data, in particular
according to a defined model of the object. The object
data may comprise specific tolerance values for the ob-
ject 1. E.g. nominal data and tolerances for one process-
ing step might be deduced from a primary source of in-
formation (e.g. 2D-drawings or 3D geometrical represen-
tation of the object 1 or a combination thereof). For in-
stance, with the first processing step there is applied
some processing agent on at the object 1. The second
processing step will be adapted accordingly, i.e. accord-
ing to a thickness of the applied agent.
[0078] However, there may occur the problem of pro-
ducing the object 1 with significant dimensional deviation
already by performing the first processing step. Such pro-
duction error would typically be transferred into the sec-
ond processing step and result in global deviations of the
final object. According to the invention, there is provided
a production monitoring unit 15 for periodically checking
an object production state of the object 1 relating to the
first processing step of the first processing facility 11.
Such unit 15 is arranged so that an object which was
processed with the first processing machine 11 is trans-
ferred into the measuring volume of the monitoring unit
15. For example, as shown here, the object 1 is trans-
ported on a conveying belt 14 and the monitoring unit 15,
in particular a sensing probe of the monitoring unit 15, is
designed to approach (and touch) the object 1 for meas-
uring the object (tactile or optical) while the object 1 is
moved by the belt 14 (in-line).
[0079] Alternatively, the object 1 can be transported -
e.g. by means of the monitoring unit 15 - and located on
a separate basis and measured while located on that
basis. After conducting the measurement the object 1
would be provided for the second processing step. The
monitoring unit 15 can be arranged structurally separated
from the first and/or the second processing machine.
[0080] Alternatively, the object 1 can be carried by
means of the monitoring unit 15 and guided towards or
along a respective probe to provide measurement of the
object 1.
[0081] Hence, the production monitoring unit 15 ena-
bles to derive values of properties of the object 1 after
performance of the first processing step. Actual property
data can be gathered that way. Such data can be repre-
sented by coordinates of the object 1 which can be de-
termined by the monitoring unit 1. Besides geometrical
properties, the data can also be represented by functional
properties. Properties like roughness, hardness or tem-
perature may be derived for that, in particular by non-
destructive testing of the object 1.
[0082] Inspection of the object according to the inven-
tion can also be provided in advance of the first process-
ing step in order to gather information about the object’s

state for such first processing and to adjust the first
processing step respectively.
[0083] In particular, the monitoring unit 15 is designed
as or comprises a coordinate measuring machine as
shown. The coordinate measuring machine (CMM) may
be of the SCARA-type (Selective-Compliance-Articulat-
ed-Robot-Arm). Such design has the big advantage that
a measuring probe which is mounted at a distal end of
the CMM can be moved and positioned inside a working
volume of the production line 10 and the object 1 can be
measured over a comparatively wide measuring volume.
[0084] The SCARA-type CMM may be designed com-
prising at least two basically parallel rotational axes. Re-
spective machine components are rotatable around
those axes. In particular, the SCARA may further com-
prise a translational axis arranged basically collinear with
one of the rotational axes. According to a specific em-
bodiment, the rotational axes are aligned basically along
(parallel) the gravitational field. Such design enables to
move a probe which is arranged at a distal end of the
structural chain within a comparatively large measuring
volume.
[0085] A further advantage is that the CMM 15 does
not have to be structurally integrated into the production
line 10 but can be positioned decoupled of the production
line 10 and the measuring probe can be guided to reach
into the working volume of the production line 10. By that,
vibrations or deformation effects caused by the produc-
tion line 10, i.e. by the production facilities 11,12, do not
influence coordinate measurements of the CMM 15.
[0086] A further advantage would be the possibility to
arrange a reference body (e.g. corresponding to an ob-
ject to be produced) within an additional measuring vol-
ume which is near the structural basis of the SCARA.
This enables to provide consecutive reference measure-
ments by means of the reference body. An alignment of
the reference body may basically correspond to respec-
tive alignments of objects to be produced e.g. on the con-
veying belt.
[0087] A further advantage would be a reduction of ma-
chine downtimes due to the possibility of measuring in-
line, i.e. basically without interrupting the production
process.
[0088] Yet another advantage is that by use of meas-
uring data and adapting subsequent production process-
es based on that data objects can be produced as first
built, i.e. adjustments of the production process can be
avoided or reduced.
[0089] The actual property data further provides a com-
parison of such data with production data for the first
processing step. In other words, the actual data can be
compared with nominal data for the object 1, wherein the
nominal data for the object 1 comprises nominal (desired)
values for the object 1 after being processed with the first
processing machine 11 (e.g. a digital model (e.g. CAD-
model) of the object 1). A deviation is derived based on
that comparison of actual and nominal data. By use of
an in-line measurement different objects may be pro-
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duced with the same production line 10, wherein produc-
tion of those differing objects can be monitored by use
of respective nominal data for those objects.
[0090] The actual property data may be directly trans-
mitted to the controlling unit 13 or respective deviation
data may be generated on side of the CMM 15 and af-
terwards transmitted to the controlling unit 13.
[0091] Based on the deviation between a nominal state
of the object 1 after first processing step and the (real)
actual state of it, a second processing step to be per-
formed with the second processing facility 12 is adapted
in a way such that the property data of the final produced
object comprises reduced deviation (dimensional devia-
tions or defects etc.) between respective nominal final-
object data and the actual property data of the object
after being processed by the second processing facility
12. In other words, the second processing step (respec-
tively the first processing step if inspecting the object be-
fore the first step) can be adapted to compensate errors
occurring by performing the first processing step by use
of measuring data which is provided by the monitoring
unit 15.
[0092] In particular, the second processing machine
12 provides a compensation-processing based on the
gathered measurement data, wherein the second
processing machine 12 comprises similar or identical
processing tools compared to the first processing ma-
chine 11.
[0093] A kind of adapted production data is generated.
The adapted production data is used to control the sec-
ond production facility 12 in an adapted way. This means
that original production data for the second processing
step is adapted for adapted controlling of the second
processing facility based on the deviation data.
[0094] The second processing facility 12 is controlled
based on the adapted production data for the second
processing step in a manner such that the deviation be-
tween the actual property data and the production data
for the first processing step is compensated so that there-
of expected deviation between actual property data re-
lating to the object after performing the original second
processing step and original production data for the sec-
ond processing step is reduced or eliminated.
[0095] Moreover, the processing machine which re-
ceives data for adjusting its processing program can pro-
vide further processing of the object so that the object’s
properties are within tolerances for the object. This can
also be the case if the object properties are out of toler-
ance before a successive processing step. By means of
particular adaptation of the processing program respec-
tive parts of the object can be manipulated to again meet
nominal object data (considering defined tolerances).
[0096] The adapted production data may be generated
by the controlling unit 13 and transmitted to the second
processing facility 12. Alternatively, the deviation data is
transmitted from the controlling unit 13 to the processing
facility 12. Alternatively, the actual property data or the
deviation data is directly transmitted to the second

processing facility 12 and the second processing step is
adapted based thereon by respective processing of such
data on side of the second processing facility 12.
[0097] Moreover, the controlling unit 13 can provide
respective object data for the monitoring unit 15 in order
to enable adequate measuring of the objects 1 which are
processed by the first processing facility 11, in particular
of defined measuring points at the objects 1. Alternative-
ly, the object data may directly provided by the first
processing facility 11.
[0098] Figures 2a and 2b illustrate an embodiment of
compensating production errors occurring in a produc-
tion assembly 50 according to the invention.
[0099] The production assembly 50 comprises a
processing machine 51 for processing workpieces and
an inspection unit here being embodied as a coordinate
measuring machine 60 for measuring physical properties
of a workpiece or of at least a part of the processing
machine 51 in order to monitor a production process.
[0100] Figure 2a shows the assembly 50 in a produc-
tion mode, i.e. the working tool 52 is processing one of
the objects 1’ to be manipulated and the coordinate
measuring machine 60 is in a resting position. A produc-
tion model might be switched during the assembly proc-
ess of one unit, before the overall task is completed, al-
lowing the inspection unit 60 to get intermediate inspec-
tion data - which later can be used to adapt the processing
unit.
[0101] Due to such processing of e.g. multiple objects
over a period of time a number of errors or deviations
can occur within the production process. For example,
there may be a (temperature) drift of some of the machine
parts of the processing machine 51 or dimensions or
quality (precision) of the processing tool 52 may change
caused by abrasion during processing an object or the
parts to be assembled may vary significantly during pro-
duction. Each such influence on the production process
leads to lower product quality of the object.
[0102] According to the invention the monitoring unit
60, i.e. here the coordinate measuring machine 60, is
provided in order to monitor the production process pe-
riodically, e.g. during and/or after processing a defined
number of objects 1’ or after a defined production period.
The production process or part of the production process
can be adjusted based on data generated by the moni-
toring unit 60. Measurements by means of the monitoring
unit 60 may be performed in real-time during the process-
ing and an adjustment of processing may respectively
applied also in real-time.
[0103] In particular, the inspection unit 60 comprises
a laser interferometer based system (absolute or relative)
and/or a tracking system (laser tracker) to derive respec-
tive positions of measuring points. Alternatively a camera
based triangulation system can be used.
[0104] As shown in figure 2b the processing machine
51 can be controlled to bring the working tool 52 of the
machine 51 in at least one certain check-position. For
providing such position, respective structural compo-
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nents like joints 54 and frame elements 53 of the process-
ing machine 51 are set in a particular or arbitrary state
which may be observed by the processing machine 51
and transferred to the inspection unit 60. Here, the arm
of the manipulation tool (arm) is extended to reach in a
direction towards the CMM 60.
[0105] In parallel, the coordinate measuring machine
60 is controlled to measure at least a part of the process-
ing machine 51, in particular to measure the working tool
52. The measuring probe 61 of the CMM 60 is guided to
approach the processing tool 52 and to determine coor-
dinate information relating to particular measuring points
at the tool 52. Besides geometrical coordinate properties,
the data can also be represented by functional properties.
Properties like roughness, hardness or temperature may
be derived for that, in particular by non-destructive testing
of a respective machine part. Such tool 52 may be em-
bodied as a cutting, milling or welding tool or as a tool
for additive processing like a tool for injection molding or
the like. Gathered coordinate or state information repre-
sents particular actual processing data which is related
to an actual state of the processing machine 51. Those
actual processing data can then be compared with re-
spective nominal processing data related to a nominal
(reference) state of the machine 51, in particular with a
nominal tool state which describes dimensions of the tool
in a condition as delivered or as originally manufactured
or as preliminary calibrated or as determined during the
last inspection.
[0106] Alternatively or additionally, not only the tool 52
of the processing machine 51 is measured but other ma-
chine parts are subject to respective measurements, in
particular at a number (plurality) of different positions.
E.g. a joint may be measured by means of the CMM 60.
[0107] Process information (deviations, errors, ther-
mal influences, vibrations etc.) is derived based on the
comparison of the actual processing data with the nom-
inal processing data. Such process information compris-
es information about the quality of processing the object
1’ with a processing tool of the actual processing data.
In other words, based on such information there can be
an estimate about how the object is processed, i.e. about
resulting dimensions and precision or the changes there-
of.
[0108] The process information is provided to the pro-
duction assembly 50 (e.g. to a respective controlling unit),
in particular to the processing machine 51. Information
can be transmitted wirelessly by radio signal, Bluetooth,
WiFi or the like or by cable.
[0109] In a next step, the production process is adapt-
ed based on the process information, i.e. controlling of
the processing machine is adapted respectively. By that,
the movement and/or processing parameters of the
processing tool 52 are adapted to process the object in
adapted manner such that expected deviations (or the
like) due to the determined deviation are reduced or com-
pensated (avoided) by the adapted processing. For in-
stance, if a milling tool comprises significant abrasions

which are identified by a coordinate measurement at the
tool, the processing of the object 1’ is controlled so that
the tool 52 is approached to the object 1’ closer, wherein
the same result is generated compared to a processing
with a nominal tool which is approached to the object 1’
in normal manner, i.e. not that close.
[0110] Hence, the original controlling data of the
processing machine is adapted to provide production of
the object which corresponds to desired object produc-
tion data, in particular corresponds to a desired model of
the object.
[0111] By performing above steps, there is provided a
method for in particular self-compensating the production
process according to actual deviations e.g. in the ma-
chine state. As a consequence, production of the object
is more reliable over a larger period of time. A further
advantage is that the processing tool can be used for
processing more objects and does not have to be ex-
changed as often.
[0112] The conveying belt 55 of the processing assem-
bly 50 is preferably stopped or driven with less speed
during coordinate measurement.
[0113] According to an alternative embodiment of the
invention, illustrated with figures 3a and 3b, the process-
ing machine 51’ is controlled to at least partially produce
a test/reference object 1" according to known reference
(test) object production data. Such reference object may
correspond to an object of an actual production process.
After production or processing of such object 1", the ob-
ject 1" is kept in its original processing position and ori-
entation in the processing volume of the machine 51’.
Alternatively, the object 1" can be relocated, wherein a
new position and orientation is determined and/or well
known. However, one requirement for that embodiment
is that the object 1" remains in a fixed position while being
processed and/or observed with the monitoring unit.
[0114] According to a specific embodiment, the posi-
tion of the object 1" is changed during measuring the ob-
ject 1". The change of position is provided by the process-
ing machine. This allows to derive sequence errors re-
lated to the processing step.
[0115] As can be seen in figure 3b, the processing tool
52’ is driven in at least one resting position after produc-
tion of the reference object. The inspection unit, i.e. here
a coordinate measuring machine 60’, which is designed
as a SCARA-type measuring machine having a robotic
arm of several segments and joints for providing control-
led positioning and orientating of the measuring probe
61’ in six degrees of freedom (6-DOF), is controlled to
measure at least a part of the reference object 1".
[0116] Nominal property data and a position and ori-
entation of the reference object 1" in the processing vol-
ume at desired states are known.
[0117] Since the reference object 1" remains in its orig-
inal production state, i.e. in certain production position
and orientation, such measurement of the reference ob-
ject 1" allows to derive respective actual processing data
which also contains information about an actual machine
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state(in a more effective and precise way than possible
with offline measurements). Based on measured prop-
erty values of the object and as the object 1" was not
moved for and during measuring a conclusion can be
drawn about e.g. if and how machine axis of the process-
ing machine 51’ are correctly aligned or if there is any
positional deviation of the axis.
[0118] Hence, a measurement of the object 1" allows
deriving information about an actual state of the process-
ing machine 51’.
[0119] For example, if on one side of the object there
was milled-off more material from the object than was
planned according to the processing data this could be
a clear evidence that there is an error of positioning the
processing 51 along a respective axis, in particular if the
coordinate measurements identify a milling of the oppo-
site side of the object in contrary manner, i.e. that there
is not as much material subtracted as planned.
[0120] Error in a processing sequence can be derived
on basis of measurements conduced at processing po-
sitions of the processed object 1" or on basis of meas-
urements with a reference object at particular positions
in the processing machine.
[0121] Data which is gathered by means of the coor-
dinate measuring machine 60’ is transmitted to a control-
ling unit 70. Such controlling unit 70 also comprises nom-
inal processing data for producing the object 1". A com-
parison of those data sets can be provided by the con-
trolling unit 70 and respective conclusions about the ma-
chine state can also be derived thereby (e.g. by process-
ing or calculating, in particular based on a model or other
machine data which describe particular parameters of
the processing machine 51’).
[0122] In a next step, the production data for producing
further objects, which may differ from the reference ob-
ject, and/or continue the processing of the reference ob-
ject is adapted based on the derived machine state. The
processing is adjusted so that machine or tool errors are
compensated by changing particular controlling param-
eters for e.g. driving the machine axis in different way.
As a result, the objects to be processed comprise phys-
ical properties which preferably correspond to nominal
production data for the objects after processing with an
adapted processing program, however at least comprise
physical properties which have less deviation compared
with nominal production data than before adapting the
processing program.
[0123] Alternatively, deviations resulting from process-
ing related to the test/reference object 1" are used to in-
itiate and adjust further processing of the reference object
1" by means of the processing machine 51’. In other
words, the reference object 1" is processed according to
nominal processing data and measured afterwards. In a
next step potential (dimensional and/or functional) devi-
ations are derived by measurements performed with the
inspection unit 60’ and a next processing step is adjusted
and controlled based on the deviations. The next
processing step thus is designed so that deviations

emerging from the foregoing step are compensated or
reduced.
[0124] According to other embodiments of the inven-
tion other or additional actions may be initiated based on
the gathered measurement and deviation data. Mainte-
nance or exchange of the processing tool 52’ can be
planned or conducted based on a derived state of the
processing tool 52’. In particular, a schedule can be gen-
erated or adjusted for such maintenance or exchange.
Furthermore, maintenance or exchange of specific com-
ponents of the machine 51’ could be planned or initiated
(statistical data derived based on a series of measure-
ments and/or a respective model can also be considered
for that). Even more, an exchange of the entire process-
ing unit 51’may be initiated or planned. Alternatively, the
process of production of the objects 1" may be stopped
due to gathered measuring data. A further or alternative
aspect is that a larger number of measurements are in-
itiated in order to derive the state of the object 1" more
precisely. Such could help to monitor potential changes
in the processing system.
[0125] The use of the controlling unit 70 is optional.
Alternatively, data gathered with the CMM 60’ may di-
rectly be transmitted to the processing machine 51’ and
further processed on the machine side or may be proc-
essed with a controlling unit directly on the CMM 60’ and
an adapted production program is transmitted from the
CMM 60’ to the processing machine 51’. A respective
controlling unit also may comprise nominal machine and
nominal object data for further processing of the meas-
uring data.
[0126] According to another aspect of the invention,
the reference object may be represented by a defined
and well known artefact. Such artefact or a plurality of
such artefacts is/are placed in the working volume of the
processing machine at known position and orientation.
The artefact is designed so that based on a measurement
at a particular measuring point there can be derived some
information about the state of a machine component the
artefact is attached to. This allows separating tool-related
errors from machine-related errors.
[0127] By use a specific tool or probe head the object
to be measured can be cleaned or washed in advance
of measuring that respective object. By that, possible
contaminations of the object can be removed and meas-
urements become more precise and reliable.

Claims

1. Self-monitoring manufacturing system adapted to
produce at least one object (1,1’,1"), in particular a
series of objects, by means of a production line
(10,50), the production line (10,50) comprising

• at least a first processing facility (11,12,51,51’)
which is adapted to perform a respective first
processing step with the object (1,1’,1"), and
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• a production control unit (13) having means for
storing and/or obtaining production data for the
first processing step and being adapted to con-
trol the processing step based on the production
data, wherein the production data comprises
nominal pre-processing object data, in particular
relating to an in-advance processing step,

characterized by
a production monitoring unit (15,60,60’) for, in par-
ticular periodically, checking a pre-processing object
state of the object (1,1’,1"), the production monitoring
unit (15,60,60’) being adapted

• to obtain actual property data of the object
(1,1’,1") in-line of the production in-advance of
applying the first processing step,
• to generate deviation data by comparing the
actual property data with the production data for
the first processing step, in particular with the
pre-processing object data, and
• to provide the deviation data for performing the
first production step with the first processing fa-
cility (11,12,51,51’) in deviation-adjusted man-
ner,

wherein

• original production data for the first processing
step is adaptable for adapted controlling of the
first processing facility (11,12,51,51’) based on
the deviation data and
• the first processing facility (11,12,51,51’) is
controllable based on the adapted production
data for the first processing step in a manner
such that the deviation between the actual prop-
erty data and the nominal pre-processing object
data is compensated so that thereof expected
deviation between actual property data relating
to the object (1,1’,1") after performing the origi-
nal first processing step and original production
data for the first processing step is reduced.

2. Self-monitoring manufacturing system according to
claim 1,
characterized in that
the production monitoring unit (15,60,60’) is embod-
ied according to any one of the claims 5 to 7 or 33.

3. Self-monitoring manufacturing system according to
claim 1 or 2,
characterized in that
the actual property data comprises

• dimensional data, in particular coordinates of
the measuring points, and/or
• functional property data, in particular rough-
ness data, hardness data, temperature data, de-

fect information and/or properties below a sur-
face.

4. Self-monitoring manufacturing system according to
any one of the claims 1 to 3,
characterized in that

• the production monitoring unit (15,60,60’) is
arranged at least basically structurally and dy-
namically decoupled from the processing facility
(11,12,51,51’),

and/or

• a base of the production monitoring unit
(15,60,60’) is arranged at a ceiling of a manu-
facturing site.

5. Production monitoring unit (15,60,60’) for a manu-
facturing system having a production line (10,50),
the production line (10,50) comprising at least a first
processing facility (11,12,51,51’), the production
monitoring unit (15,60,60’) being adapted to obtain
actual property data of at least one object (1,1’,1")
that is produced in the production line (10,50) ac-
cording to particular production data and to provide
adaptation of the production based on the obtained
values, the production data comprises nominal pre-
processing object data,
characterized in that
the production monitoring unit (15,60,60’)

• is connectable with the first processing facility
(11,12,51,51’) for exchange of data and
• comprises a monitoring functionality, the mon-
itoring functionality being adapted to

1 generate the actual property data of the
object (1,1’,1") in-advance of applying a first
processing step with the first processing fa-
cility (11,12,51,51’) by in-line determining
dimensional and/or functional data of meas-
uring points of the object (1,1’,1") by means
of the production monitoring unit
(15,60,60’),
1 deriving a deviation between the gener-
ated actual property data and the nominal
pre-processing object data and
1 adapting the production data based on
the deviation for adapted processing of the
object (1,1’,1") with the first processing fa-
cility (11,12,51,51’).

6. Production monitoring unit (15,60,60’) according to
claim 5,
characterized in that
the production monitoring unit (15,60,60’) comprises
a coordinate measuring machine which comprises
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at least

• a support structure and
• a measuring probe (61),

in particular wherein

• the support structure comprises at least one
structural segment, a proximal end of the sup-
port structure being mounted pivotably about a
base axis,
• the measuring probe (61) being arranged on
a distal end of the support structure, and
• the coordinate measuring machine comprises
an angle measuring system for determining piv-
ot angles of the at least one structural segment,
and/or rotation angles of the measuring probe
(61).

7. Production monitoring unit (15,60,60’) according to
claim 6,
characterized in that

• the coordinate measuring machine comprises
at least two basically parallel rotational axes, in
particular wherein structural segments of the
support structure are rotatable around the axes,
in particular wherein the coordinate measuring
machine comprises a translational axis ar-
ranged basically collinear with one of the rota-
tional axes, in particular wherein the rotational
axes are aligned basically parallel to the gravi-
tational field,

and/or

• the coordinate measuring machine is embod-
ied as a Selective-Compliance-Articulated-Ro-
bot-Arm - Type (SCARA-Type) measuring ma-
chine, in particular parallel SCARA-Type meas-
uring machine.

8. Use of a production monitoring unit (15,60,60’) ac-
cording to any one of claims 5 to 7 or 33 in a produc-
tion line (10,50) with at least a first and in particular
a second processing facility (11,12,51,51’), charac-
terized in that
the production monitoring unit (15,60,60’)

• is connected with at least the first processing
facility (11,12,51,51’) for communication and/or
exchange of data,
• is arranged so that the actual property data of
the object (1,1’,1") is determinable as dimen-
sional or functional data of measuring points of
the object (1,1’,1") by a measuring probe (61) of
the production monitoring unit (15,60,60’) in-line
in-advance of applying a first processing step

with the first processing facility (11,12,51,51’)
and before processing with the first respectively
a second processing facility (11,12,51,51’),

wherein

• the monitoring functionality is executed after
processing the object (1,1’,1") with a further or
the first processing facility (11,12,51,51’),
• the deviation between the generated actual
property data and respective nominal pre-
processing or processing object data is provided
to the first respectively the second processing
facility (11,12,51,51’) or adapted production da-
ta is derived based on the deviation and is pro-
vided to the first respectively the second
processing facility (11,12,51,51’), and
• the object (1,1’,1") is processed in the first re-
spectively the second processing step by means
of the first respectively the second processing
facility (11,12,51,51’) by processing the devia-
tion information or by use of the adapted con-
trolling data.

9. Self-monitoring manufacturing system adapted to
produce at least one object (1,1’,1"), in particular a
series of objects, comprising

• at least one processing machine (11,12,51,51’)
having at least one processing tool (52,52’), the
processing machine (11,12,51,51’) being con-
trollable to perform a processing step with the
object (1,1’,1"), and
• a production control unit (13) having means for
storing and/or obtaining processing data for the
processing step and being adapted to control
the processing step of the processing
machine (11,12,51,51’) based on the production
data,

characterized by

• a production monitoring unit (15,60,60’) being
arranged and adapted to in-line obtain actual
processing data relating to the processing step
by

1 measuring a test object (1") processed
with the processing machine (11,12,51,51’)
in a working volume of the processing ma-
chine (11,12,51,51’), wherein the test object
(1") is located in a defined position and ori-
entation during measurement, and/or
1 measuring at least one structural com-
ponent of the processing machine
(11,12,51,51’) and/or an artefact fixed at a
certain position of the processing machine
(11,12,51,51’), and
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• a compensation unit for compensating devia-
tions occurring with applying the processing
step with the object (1,1’,1"), the compensation
unit being adapted

1 to compare the actual processing data
with nominal processing data,
1 to derive deviation data based on the
comparison of the actual processing data
with the nominal processing data, and
1 to provide and/or process the deviation
data for adapting the processing step and/or
the manufacturing system.

10. Self-monitoring manufacturing system according to
claim 9,
characterized in that
the measuring of at least a part of the processing
machine (11,12,51,51’) comprises

• a direct measurement of the processing tool
(52,52’) at the processing machine
(11,12,51,51’) in-line after performing of the
processing step, wherein a measuring probe
(61) of the production monitoring unit (15,60,60’)
reaches into and is guided inside of the working
volume by means of the production monitoring
unit (15,60,60’),

and/or

• a coordinate and/or orientation measurement
of a joint (54) or axis of the processing machine
(11,12,51,51’).

11. Self-monitoring manufacturing system according to
claim 9 or 10,
characterized in that
the production monitoring unit (15,60,60’) is embod-
ied according to any one of the claims 13, 14 and 16
to 19.

12. Self-monitoring manufacturing system according to
any one of the claims 9 to 11,
characterized in that
the production monitoring unit (15,60,60’) is embod-
ied as a coordinate measuring machine which com-
prises at least

• a support structure and
• a measuring probe (61),

in particular wherein

• the support structure comprises at least one
structural segment, a proximal end of the sup-
port structure being mounted pivotably about a
base axis,

• the measuring probe (61) being arranged on
a distal end of the support structure, and
• the coordinate measuring machine comprises
an angle measuring system for determining piv-
ot angles of the at least one structural segment,
and/or rotation angles of the measuring probe
(61).

13. Production monitoring unit (15,60,60’), in particular
coordinate measuring machine, for determining at
least dimensional and/or functional data for a meas-
urement point of an object (1,1’,1") or structural com-
ponent of a processing machine (11,12,51,51’),
comprising

• a support structure having at least one struc-
tural segment, a proximal end of the support
structure being mounted pivotably about a base
axis,
• a measuring probe (61) being arranged on a
distal end of the support structure, and
• an angle measuring system for determining
pivot angles of the at least one structural seg-
ment, and/or rotation angles of the measuring
probe (61),

characterized in that
the production monitoring unit (15,60,60’) comprises
a compensation unit for compensating a deviation
occurring in the course of a production of the object
(1,1’,1") in at least one processing step with the
processing machine (11,12,51,51’), the compensa-
tion unit comprises a monitoring functionality by ex-
ecution of which

• actual processing data relating to the at least
one processing step is obtained in-line of the
production by

1 measuring a test object (1") processed
with the processing machine (11,12,51,51’)
in a working volume of the processing ma-
chine (11,12,51,51’), wherein the test object
(1") is located in a defined position and ori-
entation during measurement, and/or
1 measuring at least one structural com-
ponent of the processing machine
(11,12,51,51’) and/or an artefact fixed at a
certain position of the processing machine
(11,12,51,51’),
• the actual processing data is compared
with nominal processing data, and
• deviation data is derived based on the
comparison of the actual processing data
with the nominal processing data,

wherein the compensation unit comprises a commu-
nication interface for exchange of data and wherein
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the deviation data is provided to the communication
interface.

14. Production monitoring unit (15,60,60’) according to
claim 13,
characterized in that
the production monitoring unit (15,60,60’) comprises
or is embodied as a coordinate measuring machine
and comprises at least

• a support structure and
• a measuring probe (61), in particular a base,

in particular wherein

• the support structure comprises at least one
structural segment, a proximal end of the sup-
port structure being mounted pivotably about a
base axis,
• the measuring probe (61) being arranged on
a distal end of the support structure, and
• the coordinate measuring machine comprises
an angle measuring system for determining piv-
ot angles of the at least one structural segment,
and/or rotation angles of the measuring probe
(61),

in particular the production monitoring unit
(15,60,60’) is embodied as a Selective-Compliance-
Articulated-Robot-Arm - Type (SCARA-Type) meas-
uring machine, in particular parallel SCARA-Type
measuring machine.

15. Use of a production monitoring unit (15,60,60’) ac-
cording to any one of the claims 13, 14 and 16 to 19
in a production assembly (10,50) with the at least
one processing machine (11,12,51,51’),
characterized in that

• the production monitoring unit (15,60,60’) is
arranged so that a measuring probe (61) of the
production monitoring unit (15,60,60’) is control-
lable for in-line obtaining the actual processing
data relating to the processing step by

1 measuring the test object (1") processed
with the processing machine (11,12,51,51’)
in the working volume of the processing ma-
chine (11,12,51,51’), wherein the test object
(1") is located in a defined position and ori-
entation during measurement, or
1 measuring at least one structural com-
ponent of the processing machine
(11,12,51,51’) and/or an artefact fixed at a
certain position of the processing machine
(11,12,51,51’),

• the compensation unit is connected with a con-

trolling unit of the production assembly (10,50)
via the communication interface for communi-
cation and/or exchange of data,
• the monitoring functionality is executed,
• the deviation data is provided to the controlling
unit for adapted controlling of the processing
step and
• the controlling of the processing step is adapt-
ed based on the deviation data so that

1 original controlling data for the process-
ing step is adapted to provide production of
the object (1,1’,1") according to original ob-
ject (1,1’,1") production data, in particular
according to an original model of the object,
and/or
1 an adjustment of the production assem-
bly (10,50) is provided.

16. Production monitoring unit (15,60,60’) according to
claim 14,
characterized in that
the coordinate measuring machine comprises at
least two basically parallel rotational axes, in partic-
ular wherein structural segments of the support
structure are rotatable around the axes,
in particular wherein the coordinate measuring ma-
chine comprises a translational axis arranged basi-
cally collinear with one of the rotational axes,
in particular wherein the rotational axes are aligned
basically parallel to the gravitational field.

17. Production monitoring unit (15,60,60’) according to
any one of the claims 13, 14 and 16,
characterized in that
the monitoring functionality is configured so that the
actual processing data is periodically obtained

• by periodically measuring particular measuring
points at the test object (1"), wherein the test
object (1") is periodically produced, and/or
• by periodically measuring at the at least one
structural component and/or one or more arte-
facts fixed on the processing machine
(11,12,51,51’).

18. Production monitoring unit (15,60,60’) according to
any one of the claims 13 to 14 and 16 to 17,
characterized in that
the production monitoring unit (15,60,60’) is ar-
ranged at least basically structurally and dynamically
decoupled from the first and the second processing
facility (11,12,51,51’).

19. Production monitoring unit (15,60,60’) according to
any one of the claims 13 to 14 and 16 to 18,
characterized in that
a base of the production monitoring unit (15,60,60’)
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is arranged at a ceiling of a manufacturing site.

20. Self-monitoring manufacturing system according to
any one of the claims 9 to 12,
characterized in that
the production monitoring unit (15,60,60’) is adapted
to conduct the measurement of the at least one struc-
tural component of the processing
machine (11,12,51,51’) and/or of the artefact fixed
at a certain position of the processing
machine (11,12,51,51’) in a plurality of positions
and/or orientations or the structural component or
the artefact, in particular wherein the plurality of po-
sitions and/or orientations are provided by means of
the processing machine (11,12,51,51’) and the
processing machine (11,12,51,51’) is controlled by
the production control unit (13) accordingly.

21. Self-monitoring manufacturing system according to
any one of the claims 9 to 12 and 20,
characterized in that
the nominal processing data comprises

• information about nominal physical and/or
nominal functional properties of the processing
machine (11,12,51,51’) and/or the processing
tool (52,52’), in particular relative orientations
and/or positions of machine axes and/or a base
in particular versus a certain position in space,
and/or course of travel information, and/or
• a model of the test object (1") to be processed
by the processing machine (11,12,51.51’) com-
prising nominal dimensional values and/or nom-
inal functional data of the test object (1"), and/or
• a machine model and/or map providing an ac-
tual state of the processing machine
(11,12,51.51’) using a model-based calculation.

22. Self-monitoring manufacturing system according to
any one of the claims 9 to 12 and 20 to 21, charac-
terized in that
the actual processing data comprises

• positional and/or orientation data relating to the
structural component of the processing machine
(11,12,51.51’), the artefact or the test object (1"),
and/or
• functional data, in particular temperature, hu-
midity and/or roughness data, related to the
structural component of the processing machine
(11,12,51.51’), the artefact or the test object (1").

23. Self-monitoring manufacturing system according to
claim 12,
characterized in that
the coordinate measuring machine comprises at
least two basically parallel rotational axes, in partic-
ular wherein structural segments of the support

structure are rotatable around the axes,
in particular wherein the coordinate measuring ma-
chine comprises a translational axis arranged basi-
cally collinear with one of the rotational axes,
in particular wherein the rotational axes are aligned
basically parallel to the gravitational field.

24. Self-monitoring manufacturing system according to
claim 12 or 23,
characterized in that
the coordinate measuring machine is embodied as
a Selective-Compliance-Articulated-Robot-Arm -
Type (SCARA-Type) measuring machine, in partic-
ular parallel SCARA-Type measuring machine.

25. Self-monitoring manufacturing system according to
any one of the claims 12, 23 and 24,
characterized in that
the production monitoring unit (15,60,60’) is ar-
ranged at least basically structurally and dynamically
decoupled from the processing machine
(11,12,51,51’).

26. Self-monitoring manufacturing system according to
any one of the claims 9 to 12 and 20 to 25,
characterized in that
the test object (1") is processed in a defined produc-
tion position and orientation within the working vol-
ume and remains fixedly positioned to the production
position and orientation during measurement.

27. Method for monitoring a production process step of
an object (1,1’,1") and for compensating deviations
occurring in the production process, the method
comprising

• obtaining actual processing data in-line of the
production process relating to the production
process by

1 measuring a test object (1") processed
with a processing machine (11,12,51,51’) in
a working volume of the processing ma-
chine (11,12,51,51’), wherein the test object
(1") is located in a defined production posi-
tion and orientation during measurement, or
1 measuring at least one structural com-
ponent of the processing machine
(11,12,51,51’) and/or an artefact fixed at a
certain position of the processing machine
(11,12,51,51’),

• comparing the actual processing data with
nominal processing data,
• deriving and providing deviation data based on
the comparison of the actual processing data
with the nominal processing data and
• adapting the production process based on the
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deviation data so that

1 original controlling data of the processing
machine (11,12,51,51’) is adapted to pro-
vide production of the object (1,1’,1") ac-
cording to original object production data,
in particular according to an original model
of the object and/or
1 an adjustment of the production assem-
bly (10,50) is provided.

28. Method according to claim 27,
characterized in that
an adapted production model is automatically creat-
ed based on the nominal processing data and on the
deviation data, wherein the adapted production mod-
el represents updated nominal processing data.

29. Self-monitoring manufacturing system according to
any one of the claims 1 to 5,
characterized in that
the production monitoring unit (15,60,60’) comprises
a coordinate measuring machine having at least

• a support structure and
• a measuring probe (61).

30. Self-monitoring manufacturing system according to
any one of the claims 1 to 5 and 29,
characterized in that
the production data comprises

• a first object model which represents a nominal
state of the object (1,1’,1") for the first processing
step according to the nominal preprocessing ob-
ject data and
• a second object model which represents a
nominal state of the object (1,1’,1") after apply-
ing the first processing step.

31. Self-monitoring manufacturing system according to
any one of the claims 1 to 5 and 29 to 30,
characterized in that
the production line (10,50) comprises a further pro-
duction facility (11,12,51,51’) which is adapted to
perform the in-advance processing step with the ob-
ject (1,1’,1"), wherein the further production facility
(11,12,51,51’) is controllable by the production con-
trol unit (13).

32. Self-monitoring manufacturing system according to
any one of the claims 1 to 5 and 29 to 31,
characterized in that

• the production line (10,50) comprises a second
processing facility (11,12,51,51’) which is adapt-
ed to perform a respective second processing
step with the object (1,1’,1"),

• the production data comprises production data
for the second processing step,
• the production monitoring unit (15,60,60’) is
adapted to check an object production state of
the object (1,1’,1") after applying the first
processing step, wherein

1 second actual property data of the object
(1,1’,1") in-line of the production after ap-
plying the first processing step and in-ad-
vance of applying the second processing
step is obtained,
1 second deviation data is generated by
comparing the second actual property data
with the production data for the second
processing step, and
1 the second deviation data is provided for
performing the second production step with
the second processing facility
(11,12,51,51’) in second-deviation-adjust-
ed manner,

wherein original production data for the second
processing step is adaptable for adapted controlling
of the second processing facility (11,12,51,51’)
based on the second deviation data.

33. Production monitoring unit (15,60,60’) according to
any one of claims 5 to 7,
characterized in that
the monitoring functionality is configured so that the
object production state is, in particular periodically,
checked by measuring particular measuring points
of the object (1,1’,1") by in-line approaching the
measuring probe (61) to the object (1,1’,1") during
production of the object (1,1’,1") by the production
line (10,50).

34. Method for controlling a production process of an
object (1,1’,1") in a production line (10,50) and for
compensating deviations occurring in the production
process, the method comprising

• generating actual property data of at least one
sample object (1,1’,1") by measuring the object
(1,1’,1") during in-line production of the object
(1,1’,1"), the object (1,1’,1") being processed in
a first processing step,
• performing a nominal-actual value comparison
based on the actual property data and on cor-
responding nominal production data for the ob-
ject (1,1’,1"), thereby generating deviation data,
• automatically creating adapted production da-
ta for a second processing step of the production
process based on the deviation data, and
• performing an adapted second processing step
based on the adapted production data and
processing the object (1,1’,1") in an adapted
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manner,

wherein the adapted production data differs from a
nominal production data so that a deviation occurring
in the first processing step is at least partially com-
pensated with applying the adapted second process-
ing step.
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