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Method of operating and calibrating a group of measurement devices

The present invention concerns a method of operating a group of one or more devices on an
operating site and of calibrating said devices, wherein: each device is a measurement device and
calibrations of said devices are executed based on time schedules determined based on calibration

time intervals determined for each of the devices.

Measurement devices are used in nearly all branches of industry. They are commonly used to
measure and/or monitor measurement variables, such as e.g. physical quantities related to ongoing
production processes or properties of a medium or product. Measurement results provided by
measurement devices are e.g. used in process automation for monitoring, controlling and/or
regulating a process performed at the operating site. Thus, measurement devices play a vital part in
industry as well as in laboratories and non-compliancy of a device to a requirement specified for it,
e.g. a specified measurement accuracy, may have severe consequences ranging from impaired
production processes, the production of faulty products to potential hazards to people and/or the

environment.

To ensure, that measurement devices fulfill the requirements specified for them, they are regularly
calibrated. Calibrations are preferably performed on specially designed calibration sites capable of
providing reference values of the measurement variable measured by the device with very high
accuracy. A typical calibration procedure foresees the determination of a measurement error of the
device based on a measured value of the measurement variable determined by the field device and
the corresponding reference value provided. In case the measurement error exceeds a maximum
permissible error, the device is considered not to conform. As a consequence, adjustments of the
measurement indications, repair or replacement of the device is required. If the measurement error
does not exceed the maximum permissible error conformity of the field device is declared and

generally no further actions are taken.

Calibrations are usually performed periodically after fixed calibration time intervals. As an example,
fixed calibration time intervals recommended by the manufacturer of the device can be applied.
These intervals are identical for all devices of the same type, regardless of the measurement
conditions individual devices may be exposed to during operation. For safety reasons, they are
typically set so short, that statistically most devices, e.g. well above 90%, can be expected to be in
full compliance at the end of their calibration time interval. Short calibration time intervals increase
the costs involved in operating these devices. On the other hand, longer calibration time intervals
increase the risk of operating a non-compliant device. In this context, the article “Calibration
Intervals, A Manufacturer’s Perspective” by David Deaver, Fluke Corporation, published
electronically on December 11, 2012 describes a method of determining fixed calibration time
intervals based on a compromise between the calibration costs as well as the risk involved in
operating non-compliant devices.
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As an alternative to fixed calibration time intervals it is known in the art to apply individually
determined calibration time intervals, wherein each next calibration time interval is determined for
each device individually based on the measurement properties of the respective device determined
during the present calibration. A corresponding method is e.g. described in EP 2 602 680 B1. These
methods take into account, that devices found to be only just compliant during calibration can be
expected to become non-compliant much sooner than devices, that were found to be fully compliant.
Thus, shorter calibration time intervals are applied to compliant devices exhibiting a lower degree of
compliancy to reduce the risk that these devices may become non-compliant during operation prior
to their next calibration, and longer calibration time intervals are applied to compliant devices
exhibiting a higher degree of compliancy to reduce the calibration cost.

Since the measurement properties of measurement devices are usually determined during each
calibration anyway, individually determined calibration time intervals can be determined at very little
extra cost. Scheduling and performing calibrations of measurement devices based on individually
determined calibration time intervals does however involve a complex logistic and may cause extra
costs and inconveniences. One reason for this is, that it is no longer possible to synchronize
calibrations of several devices of the same type to be performed simultaneously. This is especially
disadvantageous in applications, where a whole section of a production site has to be shut down,
each time one of the devices operating on that section has to be calibrated. This can lead to a
significant amount of additional costs in surplus to the costs involved in the performance of the
calibrations.

It is an object of the invention to provide a method of operating a group of one or more measurement
devices on an operating site and of calibrating said devices which allows to further optimize the

calibration time intervals with respect to the risk and the cost involved.

This object is achieved by a method of operating a group of one or more devices on an operating
site and of calibrating said devices, wherein: each device is a measurement device and calibrations
of said devices are executed based on time schedules determined based on calibration time
intervals determined for each of the devices, said method comprising the steps of:

a) during each calibration of each device: determining a degree of compliancy of the respective
device to a requirement specified for this device, based on said degree of compliancy determining a
recommended interval for the next calibration of the respective device and determining a ratio of the
recommended interval and the calibration time interval currently applied to this device,

b) reviewing the calibration time intervals based on said ratios and a predetermined set of ratio
ranges by: for each device performing a procedure predetermined for the ratio range comprising
ratios of the size of the ratio determined for the respective device or a replacement device replacing
the device and updating the calibration time interval currently applied to the respective device based
on at least one of: a rule defined for the respective ratio range and a rule applicable to the respective
device, and
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¢) determining the time schedule providing scheduled calibrations times at which the devices
shall be calibrated again based on the updated calibration time intervals determined for each of the
devices and performing the next calibrations of the devices according to the scheduled calibration

times.

This method has the advantage, that reviewing and updating of the calibration time intervals is
performed based on the degree of compliancy individually determined for each of the devices. This
allows for the method to profit from the cost reduction potential as well as the risk reduction potential
available based on the individually determined recommended intervals. At the same it allows for the
procedures predetermined for each of the ratio ranges and the rules applied to determine the
updated calibration time intervals to be tailored to the needs, requirements and circumstances
prevailing at the operating site. Thus, the flexibility given with respect to the calibration time intervals
of devices having a higher degree of compliancy can be used in a way that best suits the operating
site, as well as to synchronize calibrations. Also, devices having a lower degree of compliancy are

identified and can be treated accordingly to reduce the risk.

Performing the review and the update based on the small number of predefined ratio ranges has the
advantage, that the same procedure is applied to all devices falling into the same ratio range. This

simplifies the logistics required and facilitates and accelerates the performance of the method.

A first refinement comprises a method, wherein the set of ratio ranges comprises:

a lower ratio range comprising ratios ranging from zero to an upper limit of the lower range
smaller than 1 or smaller or equal to 0.75,

an intermediate range comprising ratios, wherein the recommended interval and the currently
applied calibration time interval are of the same order of magnitude, or comprising ratios ranging
from the upper limit of the lower range to an upper limit of the intermediate range larger than 1,
smaller or equal to 1,25 or smaller or equal to 2, and

a higher ratio range comprising ratios, wherein the recommended interval is larger or significantly
larger than the currently applied calibration time interval, or comprising all ratios exceeding a given

threshold or a threshold given by the upper limit of the intermediate ratio range.

A refinement of the first refinement comprises a method, wherein: the procedure performed with
respect to all devices exhibiting ratios comprised in the lower ratio range comprises: a first procedure
step of performing at least one of: adjusting, servicing and repairing the device, a second procedure
step of re-calibrating the device, re-determining the recommended interval and re-determining the
ratio based on the re-determined recommended interval, and a third procedure step of determining
the updated calibration time interval for the respective device or a replacement device replacing the

device.
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A refinement of the last mentioned refinement comprises a method, wherein: the procedure
performed with respect to all devices exhibiting ratios comprised in the lower ratio range further
comprises at least one of the procedure steps of:

a) performing the first, the second and the third procedure step only with respect to devices
exhibiting a ratio exceeding a predefined threshold and replacing devices exhibiting a ratio smaller
than this threshold,

b) replacing the respective device in case the re-determined ratio belongs to the same ratio range
as the previously determined ratio,

c) determining the updated calibration time interval for the respective device based on the rule
applicable to the respective device or by determining a product of the re-determined recommended
interval and a predefined constant and determining the updated calibration time interval to be equal
to an interval shorter than the product and longer than a minimum interval defined for the device,
and

d) determining the updated calibration time interval for the respective replacement device based

on a recommendation of a manufacturer of the replacement device.

A second refinement comprises a method, wherein:

the procedure performed with respect to all devices exhibiting ratios comprised in the
intermediate ratio range comprises at least one of the steps of:

a) determining the updated calibration time interval: a1) based on at least one of: the
recommended interval and the currently applied calibration time interval, a2) to be equal to the
currently applied calibration time interval, to be equal to the recommended interval or to be equal to
the longer or the shorter of the currently applied calibration time interval and the recommended
interval, a3) based on a rule taking into account at least one requirement, restriction or
circumstance prevailing at the operating site, and/or a4) based on the rule applicable to the
respective device, and

b) performing at least one of: servicing the device, cleaning the device and replacing of at least
one part of the device, and

the procedure performed with respect to all devices exhibiting ratios comprised in the higher ratio
range comprises at least one of the steps of determining the updated calibration time interval: c1) to
be longer than the currently applied calibration time interval and shorter or equal to the
recommended interval determined for the respective device, c2) based on a rule accounting for at
least one requirement, restriction or circumstance prevailing at the operating site, c3) to be equal to
the longest or one of the longest intervals comprised in a predefined set of intervals comprising a
limited number of intervals of different lengths that is shorter than or equal to the recommended
interval determined for the respective device, c4) to be shorter or equal to at least one of: a
maximum permissible interval length defined for the respective device and a maximum permissible
interval length defined for the operating site, and/or c5) based on the rule applicable to the

respective device.
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A third refinement comprises a method, further comprising the steps of: repeating the performance
of the method for at least one more calibration cycle, by:

during each cycle performing the method steps of performing the calibrations, determining the
ratios, reviewing and updating the currently applied calibration time intervals and of scheduling and
performing the next calibrations,

wherein during each cycle following the first performance of the method, the currently applied
calibration time intervals are given by the corresponding updated calibration times intervals

determined during the previous cycle.

Fourths refinements comprise a method, wherein:

each recommended interval is determined such, that recommended intervals determined for
devices exhibiting a higher degree of compliancy are longer than recommended intervals determined
for devices exhibiting a lower degree of compliancy and vice versa,

each calibration of each device scheduled according to one of said time schedules is performed
at a calibration time terminating an operating time interval during which the respective device has
been operated at the operating site, and/or

each scheduled calibration time determined for one of the devices corresponds to a scheduled
interval of a length given by a time difference between the respective scheduled calibration time and
a calibration time at which the respective device or its predecessor in case the device has been
replaced has last been calibrated prior to the scheduled calibration time.

A fifth refinement comprises a method, further comprising the steps of:

for at least one or each calibration of at least one or all devices of the group recording a data set
comprising a device identification of the respective device and at least two or all of: the
recommended interval, the currently applied calibration time interval, the updated calibration time
interval, the scheduled interval and the operating time interval following the respective calibration,
and

performing at least one of the steps of: determining at least one indicator indicative of the
performance of the method for at least one of the data sets or based on the intervals comprised in at
least one of the data sets, recording at least one of said indicators, displaying at least one of said
indicators, monitoring at least one of said indicators and of issuing a notification when one of said

monitored indicators exceeds a threshold defined for the respective indicator.

A refinement of the fifth refinement comprises a method, wherein said indicators comprise at least
one of:

a first asset value quantifying an increased cost associated with updates wherein the currently
applied calibration time interval is shortened such that the updated calibration time interval is shorter

than the recommended interval,
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a second asset value quantifying an increased risk associated with updates, wherein the currently
applied calibration time interval is extended such that the updated calibration time interval is longer
than the recommended interval,

a third asset value quantifying a cost reduction potential used by updates, wherein the currently
applied calibration time interval is extended such that the updated calibration time interval is shorter
or equal to the recommend interval,

a fourth asset value quantifying a risk reduction potential used by updates, wherein the currently
applied calibration time interval is reduced such that the updated calibration time interval is longer or
equal to the recommended interval,

a combined asset value given by the only one of the first asset value, the second asset value, the
third asset value first and the fourth asset values defined for the respective data set,

at least one scheduled asset value each determined in the same way as one of the first asset
value, the second asset value, the third asset value, the fourth asset value and the combined asset
value by replacing the updated calibration time intervals applied in the respective determination by
the scheduled interval,

at least one implemented asset value each determined in the same way as one of the first asset
value, the second asset value, the third asset value, the fourth asset value and the combined asset
value by replacing the updated calibration time intervals applied in the respective determination by
the operating time interval,

at least one calibration value, wherein each calibration value is determined based on the intervals
comprised in one of the data sets based on or as a difference or an absolute value of the difference
between or a quotient of the operating time interval and the scheduled calibration time interval
comprised in the respective data set,

at least one indicator value determined based on the intervals comprised in one of the data sets
based on or as a difference or an absolute value of the difference between or a quotient of the
recommended interval and the currently applied calibration time interval,

at least one indicator value determined based on the intervals comprised in one of the data sets
based on or as a difference or an absolute value of the difference between or a quotient of the
recommended interval and the updated calibration time interval,

at least one indicator value determined based on the intervals comprised in one of the data sets
based on or as a difference or an absolute value of the difference between or a quotient of the
updated calibration time interval and the scheduled interval,

at least one indicator value determined based on the intervals comprised in one of the data sets
based on or as a difference or an absolute value of the difference between or a quotient of the
updated calibration time interval and the currently applied calibration time interval, and

at least one other indicator.

A refinement of the fifth refinement further comprises the steps of:
defining at least one device group, wherein said device groups comprise at least one of: at least
one device-group each comprising a single specific device, at least one device-group each
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comprising devices of a given class or type, at least one device-group each comprising devices
operating on a specific section of the operating site or on a section, that needs to be shut down
every time one of the device operating on this section is calibrated, a device-group comprising all
devices operating on the operating site and/or at least one other device-group,

determining at least one group-indicator for each of at least one of the device-groups, wherein
each group-indicator is determined based on, as an average or an average of the absolute values of
one of the indicators determined for each of the data sets recorded for the devices comprised in the
device-group during a given time period, and

performing at least one of the steps of: determining at least one of the group-indicators for several
consecutive give time periods, recording at least one of said group-indicators, displaying at least one
of said group-indicators, monitoring at least one of said group-indicators and of issuing a notification
when one of said monitored group-indicators exceeds a threshold defined for the respective group-

specific indicator.

A refinement of the fifth refinement further comprises the steps of: based on at least one of: the first
asset values, the second asset values, the third asset values, the fourth asset values, the combined
asset values, the scheduled asset values, the implemented asset values and/or at least one of the
group-indicators each determined based on one of the first asset values, the second asset values,
the third asset values, the fourth asset values, the combined asset values, the scheduled asset
values or the implemented asset values performing at least one of identifying, quantifying, providing,
displaying and monitoring at least one of: increased risks, increased costs, used or unused risk
reduction potentials available according to the recommended intervals and used or unused cost

reduction potentials available according to the recommended intervals.

A refinement of the last mentioned refinement further comprises the step of: in case one of said
increased risks, increased costs, unused cost reduction potentials and/or unused risk reduction
potentials exceeds a given threshold determining at least one root cause root causing the threshold

to be exceeded based on the indicators and/or the group-indicators.

A refinement of the last mentioned refinement further comprises at least one of the steps of:

identifying at least one of the rules and/or at least one of the procedure steps of the procedures
predetermined for the ratio ranges as root cause when at least one said increased risks, increased
costs, unused cost reduction potentials and/or unused risk reduction potentials quantified based on
the first asset values, the second asset values, the third asset values, the fourth asset values and/or
at least one of the group indicators determined based on the first asset values, the second asset
values, the third asset values and/or the fourth asset values the corresponding threshold,

identifying scheduling as a root cause when the increased risks, the increased costs, the unused
risk reduction potentials and/or the unused cost reduction potentials quantified based on least one of
the scheduled asset values and/or at least one of the group indicators determined based on the
scheduled asset values exceeds the value of the corresponding property quantified based on the
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first asset values, the second asset values, the third asset values and/or the fourth asset values by
more than a predefined threshold, and

identifying adherence to schedule of the performed calibrations to the time schedule as a root
cause when the increased risks, the increased costs, the unused risk reduction potentials and/or the
unused cost reduction potentials quantified based on least one of the implemented asset values
and/or at least one of the group indicators determined based on the implemented asset values
exceeds the value of the corresponding property quantified based on the scheduled asset values by

more than a predefined threshold.

A refinement of the last mentioned refinement further comprises at least one of the steps of:

once a root cause has been identified amending the method by taking a corresponding
countermeasure, and

amending at least one of: at least one of the rules and at least one of the procedure steps of the
procedures predetermined for the ratio ranges that has been identified as root cause, the scheduling
identified as root cause and/or the calibration performance procedure when adherence to schedule
has been identified as root cause.

The invention further comprises a calibration optimization system designed to perform at least one of
the method steps of the method according to the fifth refinement, wherein:

said system comprises:

a memory,

an interface designed to receive data required by the system to store or to determine and to store
the data sets in said memory,

computing means and a computer program implemented on said computing means and causing
said computing means to perform the determination of the indicators and/or the group indicators
based on the data sets stored in the memory, and

wherein said system is designed to perform at least one of:

recording at least one of said indicators and/or said group-indicators,

providing at least one of said indicators and/or said group-indicators via an output of system,

displaying at least one of said indicators and/or said group-indicators on a display comprised in or
connected to said system,

monitoring at least one of said indicators and/or said group-indicators, and

issuing a notification when one of the monitored indicators and/or said monitored group-indicators

exceeds a threshold defined for it.

The invention and further advantages are explained in more detail using the figures of the drawing.
Fig. 1 shows: a group of measurement devices operating on an operating site;

Fig. 2 shows: an operating site, a calibration site and a calibration optimization system;

Fig. 3 shows: a set of ratio ranges;

Fig. 4 shows: a calibration cycle for a single device;
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Fig. 5 shows: intervals, risk and cost for a calibration cycle of a device;

Fig. 6 shows: a set of formulas for determining asset values based on the updated calibration time
intervals;

Fig. 7 shows: asset values determined for consecutive calibration cycles;

Fig. 8 shows: a set for formulas for determining scheduled asset values based on scheduled
intervals;

Fig. 9 shows: a set for formulas for determining implemented asset values based on operating time
intervals,

Fig. 10 shows: group-asset indicators determined based on data sets recorded during consecutive
time periods.

The invention provides a method of operating a group of one or more devices 1 on an operating site
3 and of calibrating these devices 1. Fig. 1 shows an example of a group of devices 1 operated on
the operating site 3. The operating site 3 is for example an industrial site, e.g. a production or
processing plant, a refinery, a steel furnace, or a laboratory. Each device 1 is a measurement device
1. During operation each device 1 is installed at a specific location on the operating site 3 where it
measures at least one measurement variable. The devices 1 can be any type of measurement
device available on the market. Fig. 1 shows an example comprising a level measurement device
measuring a level L of a product in a container 5, a flow meter measuring a flow F of a product
flowing through a pipe 7, a temperature measurement device measuring a temperature T of a gas, a
liquid or an object, a measurement device comprising a sensor 9 measuring a pH value of a medium
or a concentration C of a component comprised in the medium and a pressure measurement device
measuring a pressure p exerted on the device. Obviously more or less devices 1 and/or devices 1 of
other types can be comprised in the group. As an option at least one or all device 1 can be
connected to or communicate with a super-ordinated unit 11. As an example, the super-ordinated
unit 11 can e.g. comprise a control system for at least one of managing process control, process

visualization and process monitoring of a process performed at the operating site 3.

The calibrations of each of the devices 1 are executed based on time schedules determined based
on calibration time intervals A determined for each of the devices 1. With respect to new devices 1
taken into operation for the first time, the calibration time interval A can e.g. be determined as or
based on a manufacturer recommendation provided by the manufacturer of the device 1. With
respect to devices 1, that have already been operated at the operating site 3 at least once the

calibration time interval A is given by the interval currently applied to the respective device 1.

With respect to the calibrations of each of the devices 1 calibration methods known in the art suitable
for calibrating devices of the respective type can be applied. These calibrations can e.g. be
performed at the operating site 3 or on purpose built calibration sites, as shown in fig. 2 depicting the
operating site 3 on which the devices 1 are operated and the calibration site(s) 13 on which the
calibrations of the devices 1 are performed. As an example, flow meters measuring a flow of a
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medium through a pipe 7 can e.g. be calibrated on purpose built calibration rigs designed to produce

flows of accurately determinable size through the flow meter installed on the rig.

During each calibration of each of the devices 1 of the group a degree of compliancy of the
respective device 1 to a requirement specified for the respective device 1 is determined. As an
example, the degree of compliancy to a measurement accuracy specified for the device 1 can e.g.
be determined based on a measurement error of the device 1 determined during calibration. Based
on the degree of compliancy determined during the calibration of the device 1 a recommended
interval R is determined for the respective device 1. To this extent, any method capable of
determining individually determined next calibration time intervals after which a specific device shall
be calibrated based on its degree of compliancy to a specified requirement determined during the
present calibration can be applied. As an example, the method described in EP 2 602 680 B1,
incorporated herein by reference, can be applied. According to this method an optimized next
calibration time, at which a specific device shall be calibrated next is determined as a time which is
earlier or equal to a time, at which a measurement error of the device will exceed a predetermined
maximum permissible error. This time is determined based on a Monte Carlo simulation performed
based on the measurement errors of the respective device 1 determined during at least two
previously performed calibrations and probability density functions for determining a measurement
error in the respective calibration solely due to an uncertainty inherent to the respective calibration
procedure. Alternatively, other methods providing individually determined recommended intervals R
based on the degree of compliancy of the respective device can be applied without deviating from

the scope of the invention described herein.

Regardless of the method applied, the recommended intervals R are preferably determined such,
that the recommended intervals R determined for devices 1 exhibiting a higher degree of compliancy
are longer than the recommended intervals R determined for devices 1 exhibiting a lower degree of
compliancy and vice versa. As a result, each recommended interval R is individually determined and
recommended intervals R determined during consecutive calibrations of the same device 1 can be
different. Each individually determined recommended interval R represents a device-specific
optimum length for the next calibration time interval of the device 1 under calibration in terms of
reducing the risk that the device 1 will become non-compliant during operation prior to its next
calibration, as well as in terms of reducing calibration costs by increasing the lengths of the next
calibration time interval to an extent that can be safely applied in view of the risk involved for the
device 1 to become non-compliant prior to its next calibration due to its present degree of

compliancy.

In difference to the methods described in the prior art, the recommended intervals R determined for
each device 1 during each of its calibrations are not applied directly to schedule the next calibrations
of these devices 1. Instead, for each calibration a ratio r: = R/A given by the recommended interval R
divided by the calibration time interval A(t..1) currently applied to the respective device 1 is



10

15

20

25

30

35

40

11

WO 2021/121955 PCT/EP2020/084062
determined. In case the present calibration performed at a calibration time t, is the first calibration of
the respective device 1, the currently applied calibration time interval A(tn.1) corresponds to the
interval determined for the new device 1 as described above. In case the device 1 has been
calibrated at least once before, the currently applied calibration time interval A(tn.1) correspond to the
calibration time interval A(tn.1) applied to the device 1 following the previous calibration performed at

the previous calibration time tn.1.

In addition, the currently applied calibration time intervals A(tn-1) are reviewed based on the ratios r
determined for each of the devices 1 and a predetermined set of ratio ranges I, I, lll. This is done by
for each device 1 performing a procedure predetermined for the ratio range |, Il, lll comprising ratios
of the size of the ratio r determined for the respective device 1 or a replacement device 1 replacing
the device 1 and by updating the calibration time interval

A(tn-1) currently applied to the respective device 1 based a rule defined for the respective ratio range

I, 1Ll and/or based on a rule applicable to the respective device 1.

The set of ratio ranges preferably comprises a small number larger or equal to two of non-
overlapping ratio ranges |, Il, lll. Fig. 3 shows an example comprising a of a set of three ratio ranges.
The lower ratio range | comprises ratios r ranging from zero to an upper limit L1 of the lower ratio
range | smaller than 1, preferably smaller or equal to 0.75. The intermediate range || comprises
ratios r, wherein the recommended interval R and the currently applied calibration time interval A(tn.1)
are of the same order of magnitude. As an example, the intermediate range Il can range from the
upper limit L1 of the proceeding lower range | to an upper limit L2 of the intermediate range Il larger
than 1 and preferably smaller or equal to 1.25 or smaller or equal to 2. The higher ratio range |l
comprises ratios r, wherein the recommended interval R is larger, preferably significantly larger, than
the currently applied calibration time interval A(t..1). As an example, the higher ratio range Il can
comprise all ratios r exceeding a given threshold, e.g. a threshold given by the upper limit L2 of the
intermediate ratio range Il. As an alternative option, at least one of the ratio ranges I, Il, Ill shown in
Fig. 3 can be subdivided into two or more ratio ranges and a different procedure can be

predetermined for each of these ranges.

Regardless of the number of ratio ranges I, Il, Il and the upper and/or lower limits L1, L2 applied, the
procedures are preferably determined based on the size of the ratios r comprised in the respective
ratio range |, |1, [ll and as an option, preferably also based on requirements prevailing at the

operating site 3.

As an example the procedure performed with respect to all devices 1 exhibiting ratios r comprised in
the lower ratio range | preferably comprises a first procedure step of performing at least one of:
adjusting, servicing and repairing the device 1. Adjusting of the device 1 is preferably performed
based on the calibration data obtained during the calibration and can for example include
adjustments of: offset, gain and/or span of the measurement indications of the device 1. Servicing
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can e.g. include at least one of: cleaning of the device 1, performing a visual inspection, replacing at
least one part of the device 1 subjected to wear and tear and of performing a special test or an
inspection of individual components of the device 1. Repairing of the device can e.g. include a repair
or a replacement of at least one faulty component of the device 1. Following this a second procedure
step is performed comprising the steps of re-calibrating the device 1, re-determining the
recommended interval R and re-determining the ratio r based on the re-determined recommended
interval R. As an option, the procedure may require, that the device 1 is replaced when the re-
determined recommended calibration time R is shorter than a minimum interval CTlmin defined for
the device 1. In these cases, the ratio r does not have to be re-determined. As a further option, the
procedure may require that the first and the second procedure steps are only applied to devices 1
exhibiting a ratio r exceeding a predefined threshold rmin, and that devices 1 exhibiting a ratio r
smaller than this threshold rmin are replaced. As a further option, the procedure may require that the
device 1 is replaced in all cases, wherein the re-determined ratio r belongs to the same ratio range |
as the previously determined ratio r. Finally, as a third procedure step, the currently applied
calibration time interval A(tn.1) is updated based on the rule defined for the lower ratio range | and/or
based on the rule applicable to the respective device 1 by determining the updated calibration time

interval A(tn) for the respective device 1 or the replacement device 1 replacing the device 1.

The rule applicable to the respective device 1 can e.g. be a rule according to which the updated
calibration time interval A(t,) is set equal to the currently applied calibration time interval A(t..1) or a
predetermined fixed calibration time interval predetermined for the respective device 1 or a class of
devices 1 comprising the respective device 1. The rule applicable to the respective device 1 can e.qg.
be applied to all devices 1 the respective rule is applicable to regardless of the ratio r determined for
them. In that case, the same rule can be comprised in each of the procedures defined for the ratio
ranges |, Il, lll. Based on rule(s) applicable to the respective device 1, there is always a possibility,
that at least one of the thus determined updated calibration time intervals A(t,) may be longer than

the recommended interval R determined for the respective device 1.

The rule defined for the lower ration range | preferably requires, that the updated calibration time
interval A(t,) is determined based on the re-determined recommended interval R in all cases, where
the device 1 has not been replaced. To this extent, the updated calibration time interval A(t) can
e.g. be determined based on a product given by multiplying the re-determined recommended interval
R with a predefined constant, e.g. by determining the updated calibration time interval A(t,) to be
equal to an interval shorter than the product and longer than the minimum interval CTlmin defined for
the respective device 1. In addition, this rule may require, that the updated calibration time interval
A(tn) is determined as described above with respect to the determination of the initial calibration time
interval A for new devices 1, in all cases wherein the device 1 has been replaced by a new

replacement device 1.
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The intermediate ratio range Il comprises ratios r, wherein the recommended interval R and the
currently applied calibration time interval A are of the same order of magnitude. Since the
recommended intervals R are determined based on the degree of compliancy of the respective
device 1, it is sufficient for the procedure defined for the intermediate ratio range Il to solely comprise
the step of updating the calibration time interval A. The corresponding rule defined for the
intermediate ratio range Il preferably requires, that the updated calibration time interval A(t,) is
determined based on the recommended interval R and/or the currently applied calibration time
interval A(tn.1). As an example, the updated calibration time interval A(t,) can be determined to be
equal to the currently applied calibration time interval A(tn.1), to be equal to the recommended
interval R or to be equal to the longer, the shorter or the average of the currently applied calibration
time interval A(t..1) and the recommended interval R. As an option, the rule defined for the
intermediate ratio range Il may be defined to additionally account for at least one requirement,
restriction or circumstance prevailing at the operating site, and/or at least one special requirement
regarding at least one of the devices 1 of the group. Even though the single step of updating the
currently applied calibration time interval A based on the rule defined for the intermediate ratio range
Il and/or based on the rule applicable to the respective device 1 is already sufficient, the procedure
defined for the intermediate ratio range Il can comprise additional steps, e.g. steps directed to
enhance the long-term stability of operating the respective device 1, like e.g. at least one of:
servicing the device 1, cleaning the device 1 and a replacement of at least one part subjected to
wear and tear.

The higher ratio range |l comprises ratios r, wherein the recommended interval R is considerably
longer than the currently applied calibration time interval A. Since the recommended intervals R are
determined based on the degree of compliancy of the respective device 1, it is sufficient for the
procedure defined for the higher ratio range |l to solely comprise the step of updating the currently
applied calibration time interval A based on the rule defined for the higher ratio range Ill and/or

based on the rule applicable to the respective device 1.

The rule defined for the higher ratio range Ill preferably requires for each updated calibration time
interval A(t,) to be determined to be longer than the currently applied calibration time interval A(tn-1)
and shorter or equal to the recommended interval R determined for the respective device 1. As an
additional option, the flexibility given by this range extending from the currently applied calibration
time interval A(t:.1) to the recommended interval R, is preferably used to optimize the efficiency and
cost effectiveness of the performance of the calibrations of the devices 1 of the group. In this
respect, the rule defined for the higher ratio range Ill may be defined to additionally account for at
least one requirement, restriction or circumstance prevailing at the operating site, like e.g. the
flexibility and availability of calibration times at which calibrations of the respective device 1 can be
performed and/or special requirements regarding at least one of the devices 1 of the group. As an
example the rule defined for the higher ratio range Il may require, that calibrations time intervals
A(tn) for all devices 1 or for at least one or more specific devices 1 are always determined to be
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longer than a given minimum interval CTlmin and/or shorter than a given maximum interval CTlmax. As
another example the rule defined for the higher ratio range Il may require that updated calibrations
time intervals A(t,) for all devices 1 installed on a certain section of the operating site correspond to
time intervals between regular downtimes of this section of the operating site, during which
calibrations of devices 1 operating in these sections can be performed without any disturbance of the
process performed at the operating site 3. As a further option, the updated calibration time intervals
A(tn) can e.g. be determined based on a set of intervals comprising a limited number of intervals of
different lengths. In this case, each updated calibration time interval A(t,) is determined to be equal
to the longest or one of the longest intervals comprised in the set of intervals that is shorter than or
equal to the recommended interval R determined for the respective device 1. This reduces the
variety of different interval lengths of the thus updated calibration time intervals A(t,) down to the
limited number of lengths comprised in the set of intervals. This is especially advantageous when the
group comprises a large number of devices 1, e.g. more than 10 or 100 or even more than 1000

devices 1, because it allows for calibrations of larger numbers of devices 1 to be synchronized.

As an alternative or an additional option, the updated calibration time intervals A(t,) can be
determined to be shorter or equal to at least one of: a maximum permissible interval length defined
for the respective device 1 and a maximum permissible interval length defined for the operating site
3. This reduces the risk that any one of the devices 1, this rule is applied to, becomes non-compliant
during operation prior to its next calibration.

Other rules, or rules given by a combination of a rule defined for one of the ratio ranges I, II, lll and a
rule applicable to the respective device 1, other sets of ratio ranges and/or other procedures can be

applied without deviating from the scope of the invention.

Following the reviewing and the determination of the updated calibration time intervals A(t,) the time
schedule providing scheduled calibrations times ts for each device 1, at which the respective device
1 shall be calibrated again is determined based on the updated calibration time intervals A(t,). This
renders a scheduled interval S for each device 1 or the replacement device 1 replacing the
respective device 1 given by the time difference between the scheduled calibration time ts scheduled
for the respective device 1 and the calibration time t,, at which the respective device 1 - or its
predecessor in case has been replaced - has last been calibrated prior to the scheduled calibration
time ts. As an option the scheduled calibration times ts and thus also the scheduled intervals S are
preferably determined by additionally accounting for at least one constraint prevailing with respect to
at least one of: the specific device 1, the operating site 3 and the calibration site 13 governing the
flexibility and the availability of calibration times at which calibrations of the respective device 1 or
replacement device 1 can be performed. Finally the next calibrations of the devices 1 are performed

according to the previously determined time schedule.
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This method of operating and calibrating the group of measurement devices 1 has the advantages
mentioned above. The method can be terminated after the calibrations of the devices 1 have been
performed according to the previously determined time schedule. Alternatively, the method can be
performed repeatedly for as many calibration cycles as desired or required. In that case each cycle
comprises the method steps of performing the calibrations, determining the ratios r, reviewing and
updating the currently applied calibration time intervals A(t..1) and of scheduling and performing the
next calibrations as described above. Thus, during each cycle following the first performance of the
method, the currently applied calibration time intervals A(tn-1) are given by the corresponding

updated calibration times intervals A(tn) determined during the previous cycle.

Repeated performance of this method has the advantage, that each calibration cycle contributes to
the reduction of the overall calibration cost, due to all those devices 1 for which the updated
calibration time interval A(tn) is longer than the currently applied calibration time interval A(t..1). In
addition, each calibration cycle contributes to the reduction of the risk of operating a non-compliant
device 1, due to all compliant devices 1 having a lower degree of compliancy that were identified and
for which correspondingly short updated calibration time intervals A(t,) have been determined. Fig. 4
shows an example of a calibration cycle for a single device 1, that was last put into operation at a
time tn.1. This device 1 is calibrated at a calibration time t, scheduled according to the calibration
time interval A(t.-1) currently applied to the device 1. This calibration time interval A(t..1) is either the
initial interval determined for the new device 1 or the updated calibration time interval A(tn-1)
determined during the previous calibration cycle. In the latter case the starting time t,.1 corresponds
to calibration time t..1 at which the device 1 was last calibrated. The performance of the calibration
at the calibration time t, terminates a proceeding operating time interval OTI of a length given by
given the time difference between the calibration time t, and the starting time t,.1. Based on the
currently applied calibration time interval A(tn.1) and the calibration performed at the calibration time
t, the recommended interval R, the updated calibration time interval A(t,) and the time schedule
providing the scheduled calibration time ts corresponding to the scheduled interval S shown in fig. 4
are determined. Next, the device 1 is recalibrated at the next calibration time t.+1 terminating the
next operating time interval OTI of a length given by the time difference between the next calibration
time th+1 and the calibration time t,.

In real life, it is not always possible to perform calibrations at the exact points in time given by the
scheduled calibration times ts. This can have various reason, like e.g. changes of the workload of
technicians performing the calibrations, unexpected delays, e.g. due to downtimes of the calibration
site 13, unexpected accelerations, e.g. due to free calibration capacities available at the calibration
site 13, or special circumstances occurring at the operating site 3 affecting the performance of the
calibration. In consequence, the lengths of the operating time intervals OTI and the corresponding

scheduled intervals S are not necessarily identical.
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In consequence, the method renders a set of intervals comprising the recommended interval R, the
currently applied and the updated calibration time interval A(tn.1), A(tn), the scheduled interval S and
the operating time interval OT]I following the respective calibration for each calibration of each device
1. Fig. 5 shows an example of a single set of intervals, wherein all intervals comprised in the set are
different. When only a single device 1 is considered or when constraints limiting the availability and
the flexibility of calibration times and additional costs caused by these constraints are ignored or do
not exist, calibration costs decrease with increasing length of an operating time t the device 1 is
operated for as indicated by arrow a shown in fig. 5. Also, the risk for each device 1 to become non-
compliant during operation increases with increasing length of the operating time t as indicated by
arrow b in fig. 5. Based on this, the recommended interval R constitutes the optimum interval length

for the respective device 1 with respect to both the risk and the cost involved.

Assuming an optimum performance of each method step and procedures and rules best suited for
the application, the differences between the individual intervals comprised in each set are solely due
and justified by the circumstances and conditions prevailing at the operating site 3. To give an
example, additional costs caused by operating time intervals OTI, that are shorter than the
corresponding recommended intervals R can e.g. be justified by the costs saved by the reduction of
downtimes of the operating site 3 required to perform the calibrations and/or saved by the
synchronization of calibrations of several devices 1 achieved by this. In practice, the determination of
the procedures and rules best suited for the application is a complex task. In addition, the logistics
involved in performing calibrations, in particular with respect to groups comprising large numbers of
device 1, are rather complex. Thus, there is a possibility that the execution of one or more method
steps, as well as the predetermined procedures and rules can be further improved to profit from or to
realize the full potential of the method, in particular the full risk reduction potential and/or the full cost
reduction potential available according to the recommended intervals R. This could be done by
amending the performance of at least one method step, at least one rule and/or at least one of the
procedures. |dentifying presently unused potential of the method and/or determining the
amendment(s) required to make better use of the potential is not an easy task. One reasons for this
is, that the potential available during each update of the calibration time interval of each device 1
depends on the length of the recommended intervals R at the time. This lengths not only depends on
the long term measurement properties of the respective device 1 but also on the environment
conditions the device 1 has been exposed to during operation and unexpected events affecting the
measurement properties of the device 1. In consequence recommended intervals R determined for
the same device 1 during consecutive calibrations can be different, which makes it very difficult to

decide, whether amendments of the method are worthwhile.

As an option the method is therefore further improved by recording a data set k comprising a device
identification d of the respective device 1 and at least two, preferably all of: the recommended
interval R, the currently applied calibration time interval A(t..1), the updated calibration time interval
A(tn), the scheduled interval S and the operating time interval OTI following the respective
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calibration, for at least one, preferably for each calibration of at least one, preferably of all of the
devices 1 of the group. As an option, each data set k preferably also comprises the corresponding
calibration time t,. Further, at least one indicator indicative of the performance of the method is

determined based on at least one of the data sets k.

As shown in Fig. 2 the data sets k can e.g. be stored in a calibration optimization system 17
comprising computing means 19, a memory 15 and an interface 21 designed to receive data
required by the system 17 to store or to determine and to store the data sets k. This data is
transmitted to the system 17, which will then store the data sets k in the memory 15. The computing
means 19 are designed to perform a computer program SW implemented on said computing means
19 and causing the computing means 19 to perform the determination of the indicators based on the
data sets k stored in the memory 15. As an option, at least one of the indicators, preferably all of the
indicators are recorded, displayed and/or monitored by the system 17. As a further option a
notification is preferably issued when one of the monitored indicators exceeds a threshold defined
for the respective indicator. To this extent, the indicators are e.g. recorded in the memory 15 and/or
displayed by a display 23 comprised in or connected to the calibration optimization system 17. The
system 17 is preferably designed to monitor at least one of the indicators and/or comprises an output

25, designed to provide the indicators and/or to issue the notifications.

Considering the risk and the cost as the function of the operating time t shown in fig. 5 updating the
calibration time interval to be equal to the recommended interval R makes use of the full potential of
interval optimization which according to the recommended interval R can be safely applied. An
update, wherein the currently applied calibration time interval A(t..1) is extended such, that the
updated calibration time interval A(t,) is shorter or equal to the recommended interval R makes use
of the cost reduction potential available according to the recommended interval R. An update,
wherein the currently applied calibration time interval A(t.1) is extended such, that the updated
calibration time interval A(t) exceeds the recommended interval R causes an increased risk. On the
other hand, an update, wherein the currently applied calibration time interval A(tn.1) is shortened
such, that the updated calibration time interval A(t,) is longer or equal to the recommended interval
R makes use of the risk reduction potential available according to the recommended interval R. An
update, wherein the currently applied calibration time interval A(tn.1) is shortened such, that the
updated calibration time interval A(t,) is shorter than the recommended interval R causes increased

cost.

The indicators preferably comprise at least one asset value V(k) determined for each data set k.
Examples of currently preferred asset values, as well as examples of formulas for their determination
are shown in Fig. 6. These asset values V(k) preferably comprise at first asset value V1(k)
quantifying the increased cost associated with updates, wherein the currently applied calibration time
interval A(tn.1) is shortened such that the updated calibration time interval A(tn) is shorter than the
recommended interval R. In the example shown in fig. 6, the first asset value V1(k) is given by:
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V1(k):= 1= A(ta-1) / A(tn) for all data sets k, wherein the recommended interval R is longer or equal to
the currently applied calibration time interval A(t..1) and the updated calibration time interval A(t,) is
shorter than the currently applied calibration time interval A(t.-1), and by: V1(k):= R/A(t,) -1 for all
data sets k, wherein the recommended interval R is shorter than the currently applied calibration
time interval A(ty.1) and the updated calibration time interval A(t,) is shorter than the recommended

interval R.

As an additional or alternative option the asset values V(k) preferably comprise a second asset value
V2(k) quantifying the increased risk associated with updates, wherein the currently applied
calibration time interval A(t,.1) is extended such that the updated calibration time interval A(tn) longer
than the recommended interval R. In the example shown in fig. 6, the second asset value V2(k) is
given by: V2(k):= A(t,) / R-1 for all data sets k, wherein the recommended interval R is longer than
the currently applied calibration time interval A(t,.1) and the updated calibration time interval A(t,) is
longer than the recommended interval R, and by: V2(k):= A(tn)/ A(t.-1) -1 for all data sets k, wherein
the recommended interval R is shorter or equal to the currently applied calibration time interval A(tn-
1) and the updated calibration time interval A(t,) is longer than the currently applied calibration time
interval A(tn-1).

As an additional or alternative option the asset values V(k) preferably comprise a third asset value
V3(k) quantifying the cost reduction potential used by updates, wherein the currently applied
calibration time interval A(tn.1) is extended such that the updated calibration time interval A(t,) shorter
or equal to the recommended interval R. In the example shown in fig. 6, the third asset value V3(k) is
given by: V3(k):= [A(th) - A(tn-1)J/[R- A(tn-1)] for all data sets k, wherein the recommended interval R is
longer than the currently applied calibration time interval A(t..1) and the updated calibration time
interval A(t,) larger or equal to the currently applied calibration time interval A(tn.1) and shorter or
equal to the recommended interval, and given by: V3(k):= 100 % for all data sets k, wherein the
updated calibration time interval A(t,) is equal to the recommended interval R and equal to the

currently applied calibration time interval A(tn-1).

As an additional or alternative option the asset values V(k) preferably comprise a fourth asset value
V4(k) quantifying the risk reduction potential used by updates, wherein the currently applied
calibration time interval A(tn.1) is reduced such that the updated calibration time interval A(t,) is
longer or equal to the recommended interval R. In the example shown in fig. 6, the fourth asset value
V4(k) is given by: V4(k):= [A(tn-1) - A(tn))/[ A(tn-1)- R] for all data sets k, wherein the recommended
interval R is shorter than the currently applied calibration time interval A(t..1) and the updated
calibration time interval A(tn) is longer than or equal to the recommended interval R and shorter or
equal to the currently applied calibration time interval A(t..1), and given by: V4(k):= 100 % for all data
sets k, wherein the updated calibration time interval A(t,) is equal to the recommended interval R

and equal to the currently applied calibration time interval A(tn-1).
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Based on the case discriminations applied in the determination of these asset values V1(k), V2(k),
V3(k), V4(k), only one of the four asset values V1(k), V2(k), V3(k), V4(k) is available for each data
set k. This has the advantage, that all four asset values V1(k), V2(k), V3(k), V4(k) can be
summarized in a combined asset value VC(k) given by the only one of the four asset values V1(k),
V2(k), V3(k), V4(k) defined for the respective data set k. These combined asset values VC(k) are
preferably displayed in a diagram, shown in Fig. 7, wherein the first asset values V1(k) representing
the increased costs are displayed as positive percentages exceeding 100 %, wherein the second
asset values V2(k) representing the increased risk are displayed as negative percentages below -
100 %, wherein the third asset values V3(k) representing the cost reduction potentials used by the
respective update are displayed as positive percentages ranging from 0% to 100 %, and wherein the
fourth assed values V4(k) representing the risk reduction potentials used by the respective update
are displayed as negative percentages ranging from 0% to -100 %. Obviously other display forms
can be used. As an example, two diagrams can be displayed, one comprising the increased risk
V2(k), the used cost reduction potential V3(k) and the increased cost V1(k) determined for data sets
k, wherein the recommended interval R is larger or equal to the currently applied interval A(tn.1) and
a second one comprising the increased costs V1(k), the used risk reduction potential V4 (k) and the
increased risk V2(k) determined for data sets k, wherein the recommended interval R smaller than

the currently applied interval A(tn.1).

Obviously other ways of determining these asset values conveying the same, an equivalent, a
corresponding or a related information content can be applied, without deviating from the scope of
the present invention. As an example the unused cost reduction potential can e.g. be applied instead
of the used cost reduction potential and the unused risk reduction potential can e.g. be applied

instead of the used risk reduction potential.

As an additional option, the indicators preferably comprise at least one scheduled asset value
VS1(k), VS2(k), VS3(k), VS4(k), VCS(k) each determined in the same way as one of the first asset
value V1(k), the second asset value V2(k), the third asset value V3(k), the fourth asset value V4(k)
and the combined asset value VC(k) by replacing the updated calibration time intervals A(tn) applied
in the respective determination by the scheduled interval S as shown in fig. 8. Alternatively or in
addition to this, indicators preferably comprise at least one implemented asset value VI1(k), VI2(k),
VI3(k), VI4(k), VCI(k) each determined in the same way as one of the first asset value V1(k), the
second asset value V2(k), the third asset value V3(k), the fourth asset value V4(k) and the combined
asset value VC(k) by replacing the updated calibration time intervals A(t,) applied in the respective

determination by the operating time interval OTI as shown in fig. 9.

As an alternative or additional option, the indicators preferably comprise at least one calibration
value W(K) indicative of the adherence to schedule of the performance of the respective calibration
to the time schedule based on which it is performed. Each calibration value W(k) is determined
based on the intervals comprised in one of the data sets k based on or as a difference or an
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absolute value of the difference between the operating time interval OTI and the scheduled
calibration time interval S comprised in the respective data set k, e.g. by
W(k):= OTI-S. As an alternative option, the calibration values W(k) can be determined as or based
on a quotient given by the operating time interval OTI divided by the scheduled interval S comprised
in the respective data set k, e.g. by W(k):= OTI/S.

As an alternative or additional option, the indicators preferably comprise at least one other indicator
value determined based on the intervals comprised in one of the data sets k. Examples are indicator
values determined for at least one or each data set k based on or as a difference or an absolute
value of the difference between or a quotient of: 1) the recommended interval R and the currently
applied calibration time interval A(t..1), 2) the recommended interval R and the updated calibration
time interval A(ty), 3) the updated calibration time interval A(t,) and the scheduled interval S, or 3)

the updated calibration time interval A(t,) and the currently applied calibration time interval A(th-1).

At least one of the indicators, preferably more or all the indicators listed above are preferably each
determined for data sets k recorded during consecutive calibrations cycles of at least one, preferably
all of the devices 1 and are preferably also displayed. Fig. 7 shows an example of combined assed
values VC(k) of data sets k recorded for calibrations of the same device 1, at four different
calibration times t1, ..., t4, wherein each time the updated calibration time A(t,) differed from the
currently applied calibration time interval A(t.1). In this example, the update performed at the time t1
caused increased costs represented by the first asset value V1(k(t1)). The update performed at the
time t2 made use of a percentage of the cost reduction potential available at the time t2 given by the
third asset value V3(k(t2). The update performed at the time t3 made use of a percentage of the risk
reduction potential available at the time t3 given by the fourth asset value V4(k(t3). The update

performed at the time t4 caused an increased risk given by the second asset value V2(k(t4)).

As a further option, at least one device-group is preferably defined and at least one group-indicator
is determined for at least one of the device-groups. The device-groups preferably comprise at least
one of: at least one device-group each comprising a single specific device 1, at least one device-
group each comprising devices 1 of a given class or type, at least one device-group each comprising
devices 1 operating on a specific section of the operating site 3, like for example a section, that
needs to be shut down every time one of the device 1 operating on this section is calibrated, a
device-group comprising all devices 1 operating on the operating site 3, and/or at least one other
device-group. Each of the group-indicator is preferably determined based on, as an average or an
average of the absolute values of one of the previously described indicators determined for each of
the data sets k recorded for the devices 1 comprised in the device-group during a given time period
Ati. Each of these group-indicators is preferably determined for several consecutive given time
periods Ati. The group-indicators are preferably determined, recorded, displayed and monitored and
a notification is preferably issued, when one of the monitored group-indicators exceeds a threshold
defined for the respective group-indicator.
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With respect to each of the asset values V(k) comprising the first asset value V1(k), the second
asset value V2(k), the third asset value V3(k), the fourth asset value V4(k), the combined asset
value VC(k), the scheduled asset value VS(k) and implemented asset value VI(k), the corresponding
group-asset indicator Vg is preferably determined by the user of the method or by the calibration
optimization system 17 based on or as an average of the respective asset values V(k) determined
for the data sets k:= 1,..., mrecorded for the devices 1 comprised in the respective device-group

during the given time period Ati, e.g. by:

1 <
Vo = ZdeV(k)

As shown in fig. 10, the group-specific asset indicators Vs determined based on the first, the second,
the third and the fourth asset value V1(k), V2(k), V3(k), V4(k) determined based on data sets k
recorded during one of the consecutive time periods Ati are preferably determined and displayed in a
diagram of the same type as the diagram shown in fig. 7. The same determination and
representation is preferably also applied with respect to the scheduled asset value VS1(k), VS2(k),
VS3(k), VS4(k) and the implemented asset value VI1(k), VI2(k), VI3(k), VI4(k).

With respect to the calibration values W(k) each group specific calibration indicator W is preferably
determined by the user of the method or by the calibration optimization system 17 as an average of
the calibration values W(k) or as an average of the absolute values of the calibration values W(k)
determined for the data sets k comprised on the respective group of data sets. Analogously, this
determination of group specific indicators can also be applied with respect to the other indicator
values mentioned above.

Based on at least one of: at least one of the asset values V(k) and at least one of the group-specific
asset indicators Vg increased risks, increased costs, used or unused risk reduction potentials and/or
used or unused cost reduction potentials available according to the recommended intervals R
determined during the respective calibrations are preferably identified, quantified and/or monitored.
The unused cost reduction potentials are given by the difference between the full potential available
(shown as +100 %) and the used cost reduction potentials. The unused risk reduction potentials are
given by the difference between the full potential available (shown as -100 %) and the used risk
reduction potentials. This step is preferably performed on a device level with respect to at least one
of the devices 1, on a group-level with respect to devices comprised in one of the device-groups
and/or on a site level with respect to all devices 1 operating on the operating site 3. This can be
done by the user of the method or by the calibration optimization system 17. In the latter case, the
thus determined increased risks, increased costs and/or the used or unused potentials are

preferably provided and/or displayed by the calibration optimization system 17.
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In case an increased risk, an increased cost and/or an unused potential exceeding a given threshold
is identified, at least one root cause root causing the threshold to be exceeded is preferably

determined based on the indicators and/or the group-indicators.

As an example, e.g. at least one of the rules and/or at least one of the procedure steps of the
procedures predetermined for the ratio ranges |, Il, lll is preferably identified as root cause when at
least one of the increased risks, increased costs, unused cost reduction potentials and/or unused
risk reduction potentials quantified based on the first asset values V1(k), the second asset values
V2(k), the third asset values V3(k), the fourth asset values V4(k) and/or at least one of the group
indicators determined based on the first asset values V1(k), the second asset values V2(k), the third
asset values V3(k) and/or the fourth asset values V4(k) exceeds the corresponding threshold.

As a further option the scheduling is preferably identified as a root cause when the increased risks,
the increased costs, the unused risk reduction potentials and/or the unused cost reduction potentials
quantified based on least one of the scheduled asset values VS1(k), VS2(k), VS3(k), VS4(k), and/or
at least one of the group indicators determined based on the scheduled asset values VS1(k),
VS2(k), VS3(k), VS4(k) exceeds the value of the corresponding property quantified based on the first
asset values V1(k), the second asset values V2(k), the third asset values V3(k) and/or the fourth

asset values V4(k) by more than a predefined threshold.

As a further option the adherence to schedule of the performance of the calibrations to the time
schedule is preferably identified as a root cause when the increased risks, the increased costs, the
unused risk reduction potentials and/or the unused cost reduction potentials quantified based on
least one of the implemented asset values VI1(k), VI2(k), VI3(k), VI4(k) and/or at least one of the
group indicators determined based on the implemented asset values VI1(k), VI2(k), VI3(k), VI4(k)
exceeds the value of the corresponding property quantified based on the scheduled asset values
VS1(k), VS2(k), VS3(k), VS4(k) by more than a predefined threshold.

Once a root cause has been identified corresponding countermeasures are preferable taken. As an
example, the countermeasures can e.g. comprise amending at least one of the rules and/or at least
one of the procedure step of the procedures predetermined for the ratio ranges |, Il, lll that have
been identified as root cause, amending the scheduling identified as root cause or amending the

calibration performance procedure when adherence to schedule has been identified as root cause.

Thus each of the different types of indicators, as well as the corresponding group specific indicators
constitute a powerful tool for monitoring the performance of the method as well as for iteratively
improving the implemented method steps to further profit from the full potential of the method in a

way that is best suited for the application.
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List of reference numerals

measurement device 15 memory

operating site 17 calibration optimizing system
container 19 computing means

pipe 21 interface

sensor 23 display

super-ordinated unit 25 output

calibration site
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Claims

1. A method of operating a group of one or more devices (1) on an operating site (3) and of
calibrating said devices (1), wherein: each device (1) is a measurement device (1) and calibrations
of said devices (1) are executed based on time schedules determined based on calibration time
intervals (A) determined for each of the devices (1), said method comprising the steps of:

a) during each calibration of each device (1): determining a degree of compliancy of the
respective device (1) to a requirement specified for this device (1), based on said degree of
compliancy determining a recommended interval (R) for the next calibration of the respective device
(1) and determining a ratio (r) of the recommended interval (R) and the calibration time interval (A(tx.
1)) currently applied to this device (1),

b) reviewing the calibration time intervals (A) based on said ratios (r) and a predetermined set of
ratio ranges (I, II, lll) by: for each device (1) performing a procedure predetermined for the ratio
range (I, I, lll) comprising ratios of the size of the ratio (r) determined for the respective device (1) or
a replacement device (1) replacing the device (1) and updating the calibration time interval (A(tn.1))
currently applied to the respective device (1) based on at least one of: a rule defined for the
respective ratio range (I, I1,1ll) and a rule applicable to the respective device (1), and

c¢) determining the time schedule providing scheduled calibrations times (ts) at which the devices
(1) shall be calibrated again based on the updated calibration time intervals (A(t,)) determined for
each of the devices (1) and performing the next calibrations of the devices (1) according to the

scheduled calibration times (ts).

2. The method according claim 1, wherein the set of ratio ranges (I, Il, [ll) comprises:

a lower ratio range (I) comprising ratios (r) ranging from zero to an upper limit (L1) of the lower
range (l) smaller than 1 or smaller or equal to 0.75,

an intermediate range (Il) comprising ratios (r), wherein the recommended interval (R) and the
currently applied calibration time interval (A(tn.1)) are of the same order of magnitude, or comprising
ratios (r) ranging from the upper limit (L1) of the lower range (I) to an upper limit (L2) of the
intermediate range (ll) larger than 1, smaller or equal to 1,25 or smaller or equal to 2, and

a higher ratio range (Ill) comprising ratios (r), wherein the recommended interval (R) is larger or
significantly larger than the currently applied calibration time interval (A(t..1)), or comprising all ratios
(r) exceeding a given threshold or a threshold given by the upper limit (L2) of the intermediate ratio

range (ll).

3. The method according claim 2, wherein: the procedure performed with respect to all devices (1)
exhibiting ratios (r) comprised in the lower ratio range (l) comprises: a first procedure step of
performing at least one of: adjusting, servicing and repairing the device (1), a second procedure step
of re-calibrating the device (1), re-determining the recommended interval (R) and re-determining the

ratio (r) based on the re-determined recommended interval (R), and a third procedure step of
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determining the updated calibration time interval (A(tn)) for the respective device (1) or a

replacement device (1) replacing the device (1).

4. The Method according claim 3, wherein: the procedure performed with respect to all devices (1)
exhibiting ratios (r) comprised in the lower ratio range (l) further comprises at least one of the
procedure steps of:

a) performing the first, the second and the third procedure step only with respect to devices (1)
exhibiting a ratio (r) exceeding a predefined threshold (rmin) @and replacing devices (1) exhibiting a
ratio (r) smaller than this threshold (rmin),

b) replacing the respective device (1) in case the re-determined ratio (r) belongs to the same ratio
range (l) as the previously determined ratio (r),

c¢) determining the updated calibration time interval A(t,) for the respective device (1) based on
the rule applicable to the respective device (1) or by determining a product of the re-determined
recommended interval (R) and a predefined constant and determining the updated calibration time
interval (A(tn)) to be equal to an interval shorter than the product and longer than a minimum interval
(CTlmin) defined for the device (1), and

d) determining the updated calibration time interval A(t,) for the respective replacement device (1)

based on a recommendation of a manufacturer of the replacement device (1).

5. The method according claim 1 to 4, wherein:

the procedure performed with respect to all devices (1) exhibiting ratios (r) comprised in the
intermediate ratio range (II) comprises at least one of the steps of:

a) determining the updated calibration time interval A(tn): a1) based on at least one of: the
recommended interval (R) and the currently applied calibration time interval (A(tn)), a2) to be equal
to the currently applied calibration time interval (A(tn-1)), to be equal to the recommended interval (R)
or to be equal to the longer or the shorter of the currently applied calibration time interval (A(t..1)) and
the recommended interval (R), a3) based on a rule taking into account at least one requirement,
restriction or circumstance prevailing at the operating site (3), and/or a4) based on the rule
applicable to the respective device (1), and

b) performing at least one of: servicing the device (1), cleaning the device (1) and replacing of at
least one part of the device (1), and

the procedure performed with respect to all devices (1) exhibiting ratios (r) comprised in the
higher ratio range (lll) comprises at least one of the steps of determining the updated calibration time
interval (A(tn)): c1) to be longer than the currently applied calibration time interval (A(tn.1)) and shorter
or equal to the recommended interval (R) determined for the respective device (1), c2) based on a
rule accounting for at least one requirement, restriction or circumstance prevailing at the operating
site (3), c3) to be equal to the longest or one of the longest intervals comprised in a predefined set of
intervals comprising a limited number of intervals of different lengths that is shorter than or equal to
the recommended interval (R) determined for the respective device (1), c4) to be shorter or equal to
at least one of: a maximum permissible interval length defined for the respective device (1) and a
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maximum permissible interval length defined for the operating site (3), and/or ¢5) based on the rule

applicable to the respective device (1).

6. The method according claim 1 to 5, further comprising the steps of: repeating the performance of
the method for at least one more calibration cycle, by:

during each cycle performing the method steps of performing the calibrations, determining the
ratios (r), reviewing and updating the currently applied calibration time intervals (A(tn-1)) and of
scheduling and performing the next calibrations,

wherein during each cycle following the first performance of the method, the currently applied
calibration time intervals (A(tn.1)) are given by the corresponding updated calibration times intervals

(A(tn)) determined during the previous cycle.

7. Method according claim 1 to 6, wherein:

each recommended interval (R) is determined such, that recommended intervals (R) determined
for devices (1) exhibiting a higher degree of compliancy are longer than recommended intervals (R)
determined for devices (1) exhibiting a lower degree of compliancy and vice versa,

each calibration of each device (1) scheduled according to one of said time schedules is
performed at a calibration time (i) terminating an operating time interval (OTI) during which the
respective device (1) has been operated at the operating site (3), and/or

each scheduled calibration time (ts) determined for one of the devices (1) corresponds to a
scheduled interval (S) of a length given by a time difference between the respective scheduled
calibration time (ts) and a calibration time (t,) at which the respective device (1) or its predecessor in
case the device (1) has been replaced has last been calibrated prior to the scheduled calibration

time (ts).

8. Method according claim 1 to 7, further comprising the steps of:

for at least one or each calibration of at least one or all devices (1) of the group recording a data
set (k) comprising a device identification (d) of the respective device (1) and at least two or all of: the
recommended interval (R), the currently applied calibration time interval (A(t.-1)), the updated
calibration time interval (A(t,)), the scheduled interval (S) and the operating time interval (OTI)
following the respective calibration, and

performing at least one of the steps of: determining at least one indicator indicative of the
performance of the method for at least one of the data sets (k) or based on the intervals comprised
in at least one of the data sets (k), recording at least one of said indicators, displaying at least one of
said indicators, monitoring at least one of said indicators and of issuing a notification when one of

said monitored indicators exceeds a threshold defined for the respective indicator.

9. Method according claim 8, wherein said indicators comprise at least one of:
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a first asset value (V1(k)) quantifying an increased cost associated with updates wherein the
currently applied calibration time interval (A(t.-1)) is shortened such that the updated calibration time
interval (A(tn)) is shorter than the recommended interval (R),

a second asset value (V2(k)) quantifying an increased risk associated with updates, wherein the
currently applied calibration time interval (A(t..1)) is extended such that the updated calibration time
interval (A(tn)) is longer than the recommended interval (R),

a third asset value (V3(k)) quantifying a cost reduction potential used by updates, wherein the
currently applied calibration time interval (A(tn.1)) is extended such that the updated calibration time
interval (A(tn)) is shorter or equal to the recommend interval (R),

a fourth asset value (V4(k)) quantifying a risk reduction potential used by updates, wherein the
currently applied calibration time interval (A(t..1)) is reduced such that the updated calibration time
interval (A(tn)) is longer or equal to the recommended interval (R),

a combined asset value (VC(k)) given by the only one of the first asset value (V1(k)), the second
asset value (V2(k)), the third asset value (V3(k)) and the fourth asset value (V4(k)) defined for the
respective data set (k),

at least one scheduled asset value (VS1(k), VS2(k), VS3(k), VS4(k), VCS(k)) each determined in
the same way as one of the first asset value (V1(k)), the second asset value (V2(k)), the third asset
value (V3(k)), the fourth asset value (V4(k)) and the combined asset value (VC(k)) by replacing the
updated calibration time intervals (A(t,)) applied in the respective determination by the scheduled
interval (S),

at least one implemented asset value (VI1(k), VI2(k), VI3(k), VI4(k), VCI(k)) each determined in
the same way as one of the first asset value (V1(k)), the second asset value (V2(k)), the third asset
value (V3(k)), the fourth asset value (V4(k)) and the combined asset value (VC(k)) by replacing the
updated calibration time intervals (A(t,)) applied in the respective determination by the operating
time interval (OTI),

at least one calibration value (W(k)), wherein each calibration value (W(k)) is determined based
on the intervals comprised in one of the data sets (k) based on or as a difference or an absolute
value of the difference between or a quotient of the operating time interval (OTI) and the scheduled
calibration time interval (S) comprised in the respective data set (k),

at least one indicator value determined based on the intervals comprised in one of the data sets
(k) based on or as a difference or an absolute value of the difference between or a quotient of the
recommended interval (R) and the currently applied calibration time interval (A(tn-1)),

at least one indicator value determined based on the intervals comprised in one of the data sets
(k) based on or as a difference or an absolute value of the difference between or a quotient of the
recommended interval (R) and the updated calibration time interval (A(tn)),

at least one indicator value determined based on the intervals comprised in one of the data sets
(k) based on or as a difference or an absolute value of the difference between or a quotient of the

updated calibration time interval (A(t,)) and the scheduled interval (S),
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at least one indicator value determined based on the intervals comprised in one of the data sets
(k) based on or as a difference or an absolute value of the difference between or a quotient of the
updated calibration time interval (A(tn)) and the currently applied calibration time interval (A(t:-1)), and

at least one other indicator.

10. Method according claim 8 to 9, further comprising the steps of:

defining at least one device group, wherein said device groups comprise at least one of: at least
one device-group each comprising a single specific device (1), at least one device-group each
comprising devices (1) of a given class or type, at least one device-group each comprising devices
(1) operating on a specific section of the operating site (3) or on a section, that needs to be shut
down every time one of the device (1) operating on this section is calibrated, a device-group
comprising all devices (1) operating on the operating site (3) and/or at least one other device-group,

determining at least one group-indicator for each of at least one of the device-groups, wherein
each group-indicator is determined based on, as an average or an average of the absolute values of
one of the indicators determined for each of the data sets (k) recorded for the devices (1) comprised
in the device-group during a given time period (Ati), and

performing at least one of the steps of: determining at least one of the group-indicators for several
consecutive give time periods (Ati), recording at least one of said group-indicators, displaying at
least one of said group-indicators, monitoring at least one of said group-indicators and of issuing a
notification when one of said monitored group-indicators exceeds a threshold defined for the

respective group-indicator.

11. Method according claim 8 to 10, further comprising the step of: based on at least one of: the first
asset values (V1(k)), the second asset values (V2(k)), the third asset values (V3(k)), the fourth asset
values (V4(k)), the combined asset values (VC(k)), the scheduled asset values (VS(k)), the
implemented asset values (VI(k)) and/or at least one of the group-indicators (Vg ) each determined
based on one of the first asset values (V1(k)), the second asset values (V2(k)), the third asset values
(V3(k)), the fourth asset values (V4(k)), the combined asset values (VC(k)), the scheduled asset
values (VS(k)) or the implemented asset values (VI(k)) performing at least one of identifying,
quantifying, providing, displaying and monitoring at least one of: increased risks, increased costs,
used or unused risk reduction potentials available according to the recommended intervals (R) and

used or unused cost reduction potentials available according to the recommended intervals (R).

12. Method according claim 11, further comprising the step of: in case one of said increased risks,
increased costs, unused cost reduction potentials and/or unused risk reduction potentials exceeds a
given threshold determining at least one root cause root causing the threshold to be exceeded

based on the indicators and/or the group-indicators.

13. Method according claim 12, further comprising at least one of the steps of:
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identifying at least one of the rules and/or at least one of the procedure steps of the procedures
predetermined for the ratio ranges (I, Il, Ill) as root cause when at least one said increased risks,
increased costs, unused cost reduction potentials and/or unused risk reduction potentials quantified
based on the first asset values (V1(k)), the second asset values (V2(k)), the third asset values
(V3(k)), the fourth asset values (V4(k)) and/or at least one of the group indicators determined based
on the first asset values (V1(k)), the second asset values (V2(k)), the third asset values (V3(k))
and/or the fourth asset values (V4(k)) exceeds the corresponding threshold,

identifying scheduling as a root cause when the increased risks, the increased costs, the unused
risk reduction potentials and/or the unused cost reduction potentials quantified based on least one of
the scheduled asset values (VS1(k), VS2(k), VS3(k), VS4(k)) and/or at least one of the group
indicators determined based on the scheduled asset values (VS1(k), VS2(k), VS3(k), VS4(k))
exceeds the value of the corresponding property quantified based on the first asset values (V1(k)),
the second asset values (V2(k)), the third asset values (V3(k)) and/or the fourth asset values (V4(k))
by more than a predefined threshold, and

identifying adherence to schedule of the performed calibrations to the time schedule as a root
cause when the increased risks, the increased costs, the unused risk reduction potentials and/or the
unused cost reduction potentials quantified based on least one of the implemented asset values
(VI1(k), VI2(k), VI3(k), VI4(k)) and/or at least one of the group indicators determined based on the
implemented asset values (VI1(k), VI2(k), VI3(k), VI4(k)) exceeds the value of the corresponding
property quantified based on the scheduled asset values (VS1(k), VS2(k), VS3(k), VS4(k)) by more
than a predefined threshold.

14. Method according claim 13, further comprising at least one of the steps of:

once a root cause has been identified amending the method by taking a corresponding
countermeasure, and

amending at least one of: at least one of the rules and at least one of the procedure steps of the
procedures predetermined for the ratio ranges (I, Il, Ill) that has been identified as root cause, the
scheduling identified as root cause and/or the calibration performance procedure when adherence to

schedule has been identified as root cause.

15. A calibration optimization system (17) designed to perform at least one of the method steps of
the method according to claims 8 to 14, wherein:

said system (17) comprises:

a memory (15),

an interface (21) designed to receive data required by the system (17) to store or to determine
and to store the data sets (k) in said memory (15),

computing means (19) and a computer program (SW) implemented on said computing means
(19) and causing said computing means (19) to perform the determination of the indicators and/or
the group indicators based on the data sets (k) stored in the memory (15), and

wherein said system (17) is designed to perform at least one of:
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recording at least one of said indicators and/or said group-indicators,

providing at least one of said indicators and/or said group-indicators via an output (25) of system
(7,

displaying at least one of said indicators and/or said group-indicators on a display (23) comprised
in or connected to said system (17),

monitoring at least one of said indicators and/or said group-indicators, and

issuing a notification when one of the monitored indicators and/or said monitored group-indicators

exceeds a threshold defined for it.



