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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The instant patent application is related to US
Provisional Patent Application Serial Number
60/973,892, filed on September 20, 2007, titled "Use Of
Statistics To Determine Calibration Of Instruments," US
Provisional Patent Application Serial Number
60/974,149, filed on September 21, 2007, titled "Remote
System For Determination Of Re-Calibration Of Instru-
ments," US Provisional Patent Application Serial Number
60/974,133, filed on September 21, 2007, titled "Use Of
Multiple Statistical Tests To Determine Need For Cali-
bration," and, US Provisional Patent Application Serial
Number 60/974,142, filed on September 21, 2007, titled
"Use Of Z-Test To Determine Need For Calibration,".

FIELD OF THE INVENTION

[0002] The present invention relates generally to sta-
tistics and calibration of instruments. More particularly,
the invention encompasses the use of statistics to deter-
mine calibration of instruments. The present invention is
also directed to a remote system for determination of re-
calibration of instruments. The present invention also
teaches the use of multiple statistical tests to determine
need for calibration. The invention also includes a novel
use of tests, such as, the F-Test, the Z-Test, to determine
need for calibration. Furthermore, this invention relates
to an alternate instrument scheme consisting of the use
of redundant sensors and statistical analysis to avoid un-
necessary calibrations and to detect sensors that are
starting to drift before they go out of calibration. With this
invention reduced calibration cost, increased data integ-
rity, and reduced off-spec uncertainty is achieved.

BACKGROUND INFORMATION

[0003] There is a market need, such as, one dictated
by the Federal Drug Administration (FDA), to maintain
the accuracy of sensors that are defined as current Good
Manufacturing Practices (cGMP) values in a validated
pharmaceutical process. Today, this is achieved by var-
ious methods, such as, (1) installing ’certified’ instru-
ments, and (2) maintaining a costly routine calibration
protocol.
[0004] Additionally, the Food and Drug Administra-
tion’s Process Analytical Technology (PAT) initiative has
opened the door to a fresh look at applying technology
for productivity improvements, especially, in the pharma-
ceutical industry. The application of on-line, real time an-
alytical instruments was the first PAT initiative. This in-
vention addresses another problem - data integrity. This
invention takes a novel approach to maintaining data in-
tegrity through the use of redundancy and statistical anal-
ysis. The result is reduced calibration cost, increased da-
ta integrity and reduced off-spec uncertainty.

[0005] Today, pharmaceutical companies write elabo-
rate calibration protocols that are consistent (and some-
times overly compliant) with FDA cGMP guidelines to
maintain the reported process value integrity. This can
result in extremely high cost for compliance with only a
minimum ROI for improved productivity or product qual-
ity. For example, one pharmaceutical site in New Jersey
conducts about 2900 calibrations per month. Of those,
about 500 are demand maintenance where the instru-
ment has clearly failed as evidence by a lack of signal or
a digital diagnostic (catastrophic failures). The remaining
2400 calibrations are scheduled per protocol. Of these,
only about 400 calibrations find the instrument out of cal-
ibration. The majority, about 2000, calibrations per month
find the instrument still working properly. DE 102 42 128
A1 discloses a method for monitoring a redundant sensor
arrangement in which two sensors measure he same val-
ue. A monitoring signal is generated from the difference
between the two sensor signals. The difference signal is
compared with a threshold signal that is a function of a
signal that is derived from the two sensor signals.
US6154712 discloses a test instrument arrangement in
which both test instruments are recalibrated when their
test values diverge beyond a threshold.
[0006] With this invention an alternate instrument
scheme is provided which basically consists of the use
of redundant sensors and statistical analysis to avoid un-
necessary calibrations and to detect sensors that are
starting to drift before they go out of calibration.
[0007] Additionally, there is also a need for a manu-
facturing process which utilizes calibration and monitor-
ing instruments to reduce the cost and complexity.
[0008] This invention overcomes the problems of the
prior art and provides an inventive use of statistics to
determine calibration of instruments.

PURPOSES AND SUMMARY OF THE INVENTION

[0009] The invention is a novel use of statistics to de-
termine calibration of instruments.
[0010] Therefore, one purpose of this invention is to
provide a novel use of statistics to determine, in real time,
the need for physical calibration of instruments.
[0011] Another purpose of this invention is to provide
a remote system for determination of re-calibration of in-
struments.
[0012] Yet another purpose of this invention is to pro-
vide a use of multiple statistical tests to determine need
for calibration.
[0013] Still yet another purpose of this invention is to
provide a use of test, such as, the F-Test, the T-Test, the
T-Paired Test, the Z-test, to determine need for calibra-
tion.
[0014] Therefore, in one aspect this invention compris-
es a method as claimed in claim 1.
[0015] In another aspect this invention comprises a
program storage as claimed in claim 10.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The features of the invention that are novel and
the elements characteristic of the invention are set forth
with particularity in the appended claims. The drawings
are for illustration purposes only and are not drawn to
scale. Furthermore, like numbers represent like features
in the drawings. The invention itself, both as to organi-
zation and method of operation, may best be understood
by reference to the detailed description which follows tak-
en in conjunction with the accompanying drawings in
which:

Figure 1 illustrates a need and hidden cost to eval-
uate all product and performance that may have
been effected by the undetected failure of a cGMP
instrument.

Figure 2 is an illustration of an accuracy of an instru-
ment.

Figure 3 illustrates statistical analysis results of a two
instrument system.

Figure 4A illustrates a statistical sample mean con-
trol chart of the delta between pairs of Sensor ’A’ and
Sensor ’B’ simultaneous readings.

Figure 4B illustrates a statistical sample range con-
trol chart of the delta between pairs of Sensor ’A’ and
Sensor ’B’ simultaneous readings.

Figure 5A, illustrates a statistical sample mean
where alarms begin to show up when the simulated
noise (randomness) in Sensor ’B’ is amplified by
20%.

Figure 5B, illustrates a statistical sample range
where alarms begin to show up when the simulated
noise (randomness) in Sensor ’B’ is amplified by
20%.

Figure 6A, illustrates that statistical sample mean
alarms were clearly present when the simulated
noise (randomness) in Sensor ’B’ was amplified by
50%.

Figure 6B, illustrates that statistical sample range
alarms were clearly present when the simulated
noise (randomness) in Sensor ’B’ was amplified by
50%.

Figure 7A, illustrates that a statistical sample mean
alarm is clearly present when a drop in noise is sim-
ulated in Sensor ’B’ by attenuating the random com-
ponent by 20%.

Figure 7B, illustrates that a statistical sample range

alarm is clearly present when a drop in noise is sim-
ulated in Sensor ’B’ by attenuating the random com-
ponent by 20%.

Figure 8A, illustrates a sample mean when statistical
alarms are extensively present when sensor ’B’ loses
sensitivity.

Figure 8B, illustrates a sample range when statistical
alarms are extensively present when sensor ’B’ loses
sensitivity.

Figure 9A, illustrates a first shifting mean which is
seen with the change in variance.

Figure 9B, illustrates a second shifting mean which
is seen with the change in variance.

Figure 10, illustrates a shift in variance.

Figure 11, illustrates an F-Test on Sensor ’A.’

Figure 12, illustrates an F-Test on Sensor ’B.’

Figure 13, illustrates a logic flow of an embodiment
of the invention with input and data storage process-
ing.

Figure 14, illustrates a logic flow of an embodiment
of the invention with data analysis and alarm
processing.

Figure 15, illustrates a second embodiment of the
invention.

Figure 16, illustrates a third embodiment of the in-
vention.

Figure 17, illustrates an idealized distributions for
treated and comparison group posttest values.

Figures 18A, 18B, and 18C, illustrates three scenar-
ios for differences between means.

DETAILED DESCRIPTION

[0017] One way to practice this invention is to:

(a) to install at least two dissimilar sensors or instru-
ments to sense the critical value,
(b) to track their relative consistency via a statistical
control chart,
(c) upon detection that the two values are drifting
apart, to determine which instrument is drifting as a
function of the relative change in the individual in-
struments change in standard deviation,
(d) to use the process alarm management system
to alarm the operator that
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(d1) the sensors are drifting statistically apart,
(d2) the most likely bad instrument is the one
with the changing standard deviation.

[0018] Furthermore, if in the process there are no
alarms from the two instruments or sensors, then

(a) both instruments are tracking,
(b) the operator and control programs can assume
there is high data integrity,
(c) there is no need for routine calibration.

[0019] Figure 1, illustrates a need and hidden cost to
evaluate all product and performance that may have
been effected by the undetected failure of a cGMP in-
strument.
[0020] With this invention one can have both "hard sav-
ings" and "soft savings." "Hard savings" can be achieved
by comparing the cost of the second instrument versus
the need for periodic calibrations. "Soft savings" can be
achieved with the cost of auditing product quality for eve-
rything that was affected by the failed instrument since
its last calibration.
[0021] A base level of understanding of instrumenta-
tion calibration is important, because precise, dependa-
ble process values are vital to an optimum control
scheme, and, in some cases, they are mandated by com-
pliance regulation. Precision of the instrument calibration
starts with the selection and installation of the analog
sensor, while the integrity of the reported process value
is maintained by routine calibration throughout the life of
the instrument.
[0022] For example, when one specifies a general pur-
pose instrument, it has a stated accuracy, for example,
+/- 1% of actual reading. In the fine print, that means that
the vendor states that the reading of the instrument will
be within 1% of reality 95% of the time (certainty).
[0023] Another way to look at this is for example, if the
instrument, such as, a speedometer, as illustrated in
Figure2, which is an illustration of an accuracy of an in-
strument, indicates that one is traveling at 55 MPH and
the automobile manufacturer installed a +/- 1% speed-
ometer, then one really does not know exactly how fast
one is going but there is a 95% probability that it is some-
where between 54.45 and 55.55 MPH, as illustrated in
Figure 2.
[0024] However, if one needs to improve the accuracy
of the values, one can specify:

(a) a very accurate device, i.e., tighter tolerances,
for example, 1.0% to 0.1%, and/or
(b) a higher quality device, for example, higher man-
ufacturing standards, for example, 95% to 99% cer-
tainty, and/or
(c) wet calibration, i.e., to "certify" the calibration of
the actual device meets the manufacturing stand-
ards.

[0025] Furthermore, once installed, periodical re-cali-
bration of the instrument based on drift specification pro-
vided by the instrument vendor, owner/operator philos-
ophy (paranoia), or industry guideline GMP also assures
the integrity of the value obtained from the instrument.
[0026] Additionally, there are two reasons where one
would accept the situation where 5% of the time, the in-
strument is probably reporting a value that is more than
1% inaccurate. The first would be a cost/value tradeoff,
i.e., it simply is not worth it, and the inaccuracy will not
effect production or quality. The second would be that
the next reading has a 95% chance of being +/- 1% of
reality so one is back within the specifications.
[0027] High frequency, periodic calibration is the con-
ventional solution to this dilemma. However, for example,
these 2400 scheduled calibrations, as discussed earlier,
present two economic hardships. The first is that the 2000
calibrations that simply verify the instruments are still op-
erating within specifications are pure non-ROI cost. And,
the second is that the 400 that are out of "specification"
create an even more troublesome problem. For example,
if the instrument’s process value is critical enough to be
a validated instrument that requires periodic calibration,
then what do you do when it is discovered the instrument
to be out of calibration.
[0028] Additionally, by protocol, does one also have to
review all products that have been manufactured since
the last known good calibration? Probably, ’yes,’ because
if the answer is ’no,’ then why was this instrument con-
sidered a validated instrument? However, if the instru-
ment is only a little bit out of calibration, but still within
the product/process requirements, then the review can
be trivial. But, if it is seriously out of calibration, then a
comprehensive quality audit or product recall may be
mandated by protocol.
[0029] One also needs to make a distinction between
’availability’ and ’integrity.’ If the value is so critical that
the process can not do without it, then conventional wis-
dom suggests the installation of two instruments for in-
creased availability. However, the primary flaw in con-
ventional wisdom is that a second instrument only in-
creases availability and minimizes the probability of a
catastrophic failure, i.e., "if one breaks, use the other val-
ue." The addition of a second instrument does not im-
prove the integrity of a signal.
[0030] One can classify instrument failures into two
categories, (a) catastrophic, and (b) integrity. A cata-
strophic failure is one in which the instrument does not
perform at all, while an integrity failure is one in which
the instrument does not perform correctly. A catastrophic
instrument failure is easy to detect, for example, a major
breakdown, because there is no signal coming from the
instrument. The impact of a catastrophic failure is mini-
mized by a redundant instrument configuration.
[0031] However, an instrument integrity failure is more
esoteric because one is receiving a signal but it is not
accurate and insidious because there is no inherent way
to recognize that the reported value is inaccurate. Unlike
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most man made devices an instrument may not show
symptoms of degradation before it fails completely. For
example, an automobile will run rough or make a noise
before it breaks down. A degrading instrument will pro-
vide a value and one has no inherent way to recognize
that it has drifted out of specifications. It will appear to be
operating properly, as there is no equivalent perception
of running rough.
[0032] Therefore, the use of redundant instruments
does not address sensor drift. In fact, they expose the
issue of data integrity. For example, what does one do if
the two instruments are not communicating the same val-
ue? How far apart can the values be before remedial
action is initiated? Does one trust one instrument and not
the other while the remedial action is being performed?
Which signal can be trusted?
[0033] We can now examine some of the subtle differ-
ences between availability and integrity. Availability cal-
culates the simple probability that the system is opera-
tional. It does not address the quality or performance.
Integrity is a measure of performance.
[0034] For example, for sensors, the issue is data in-
tegrity, but what does one do when the two values differ?
[0035] If the values coming from the two instruments
are close enough, then one can use either value, "A" or
"B", or both, "(A + B) / 2." But, the question is what is
"close enough?" Some prefer a very liberal tolerance,
such as, the sum of their stated accuracies of the two
instruments i.e. 1% + 1% = 2%. Most prefer their root
mean, that is, square root of (1% + 1%) = 1.4%.
[0036] What if the value coming from the two instru-
ments are too far apart? Does one use "A" or "B" or (A
+ B) / 2 anyway, or use the last value or use the lower
value or use the higher value or stop everything and call
maintenance?
[0037] However, advancements in computer power
and statistical analysis tools now makes it possible to
address and solve the reliability problem.
[0038] One solution that is presented in this invention
is, (a) to install two different types of instruments to meas-
ure the process variable, (b) analyze the signals from the
two different types of instruments to verify that they are
properly tracking each other, (c) an alarm is triggered
and maintenance is initiated when they begin to drift
apart, and (d) identify which one is the suspect failing
instrument.
[0039] The use of dissimilar instruments reduces the
possibility of common cause failures that may result if
identical instruments were damaged by a process anom-
aly and happened to fail in a similar fashion.
[0040] This invention also provides a constant level of
assurance that the process value has data integrity. Ad-
ditionally, with this invention there will be constant veri-
fication that the two instruments are not drifting apart.
Since they are dissimilar instruments, it is highly unlikely
that they would go out of calibration at the same time, in
the same direction and at the same rate as to avoid sta-
tistical recognition that they are drifting.

[0041] Figure 3 illustrates statistical analysis results for
at least one first sensor or instrument A 18, and for at
least one second sensor or instrument B 19. For the ease
of understanding the first sensor or instrument 18, pref-
erably will be referred to as sensor "A," and the second
sensor or instrument 19, will preferably be referred to as
sensor "B." If the two signals from instrument or sensor
"A" and instrument or sensor "B" begin to drift apart the
statistical analyzer 12, will trigger an alarm. The analysis
engine will then analyze the historical data and identify
which signal is behaving differently. For the purposes of
illustration here the assumption is that only one instru-
ment will fail at a time. Therefore, analysis of historical
data will determine which instrument’s performance is
changing.
[0042] However, if the signal from both instruments 18,
19, are changing then there has probably been a change
in the process and the entire process needs to be exam-
ined. This vital and new insight that previous, single sen-
sor topographies were unable to provide dramatically,
increases (a) the overall integrity of the control system,
(b) the quality of production, (c) the productivity of the
metrology lab, and decreases (1) the mean time to repair
(MTTR) failing sensors, and (2) the cost of remedial qual-
ity assurance reviews that are mandated when a critical
(validated) sensor is discovered to have failed some time
in the past.
[0043] With this invention one advantage is the fact
that the statistical method will detect very slight shifts in
the two instrument signals, long before an instrument vi-
olates a hard alarm limit, such as, the square root of the
sum of the accuracies. This invention of real time cali-
brating and alarming on the slightest statistically signifi-
cant deviation renders conventional periodic calibration
practices obsolete. As stated earlier that with this inven-
tion one can reduce the cost of unnecessary periodic
calibrations, and minimizes the impact on production and
product quality caused by the discovery of a critical in-
strument out of calibration during a periodic calibration
by declaring the calibration protocol to calibrate whenev-
er (and only when) the statistical alarm indicates a devi-
ation in values.
[0044] An example of this invention as illustrated in Fig-
ure 3, will now be discussed using a series of alpha level
tests. A 1000 sample test data using random numbers
to simulate sensor noise and biasing the noise to simulate
drift was created using Microsoft Excel. The data was
then analyzed in a statistical tool, MiniTab.
[0045] Sensor ’A’ values equal a random number (0 to
1.0) added to the base number 99.5. This simulates a
field signal of 100 +/- 0.5, i.e., a sensor reading of 100
+/- 0.5%. The random number simulates the noise or
uncertainty of an instrument that is designed to provide
a value that is +/- 0.5% accurate.
[0046] Sensor ’B’ is identically structured but uses a
different set of random numbers.
[0047] Results indicate that statistical control charts
and F-test calculations identify drift and the suspect sen-
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sor much faster than conventional detection. Typically,
in two sensor configurations, the alarm limit to recognize
that two sensors are reading different values is set at the
root mean square of the stated accuracies of the two
instruments.
[0048] Preliminary research found that the statistical
method is more sensitive. Drift can be detected in about
1/3 the movement thus giving operations and mainte-
nance even more time to respond to the drifting instru-
ment before it goes officially out-of-calibration and trig-
gers other remedial actions that are dictated by protocol
to assure product quality.
[0049] Figure 4A illustrates a statistical sample mean
control chart of the delta between pairs of Sensor ’A’ and
Sensor ’B’ simultaneous readings. As one can see that
no statistical alarms are detected.
[0050] Figure 4B illustrates a statistical sample range
control chart of the delta between pairs of Sensor ’A’ and
Sensor ’B’ simultaneous readings. As one can see that
no statistical alarms are detected.
[0051] As illustrated in Figure 4A, the first test evalu-
ates the comparison a sensor ’A’ and sensor ’B’. The first
control chart as illustrated in Figure 4A, evaluates the
absolute value of the differences between Sensor ’A’ and
Sensor ’B’. 1000 pairs of values in subgroup size = 25.
This simulates capturing pairs of sensor readings at
some convenient period, for example, once a minute, an
hour, a fortnight - and executing an Xbar control chart on
the last 1000 readings.
[0052] As one can see from the control chart in Figure
4A, one finds that the sensors are in statistical control.
There are no alarms, as expected, because the simulated
signal noise is the result of a random number generator
and we have not yet injected any error/bias/instrument
drift.
[0053] Figure 5A, illustrates a statistical sample mean
where alarms begin to show up when the simulated noise
(randomness) in Sensor ’B’ is amplified by 20%.
[0054] Figure 5B, illustrates a statistical sample range
where alarms begin to show up when the simulated noise
(randomness) in Sensor ’B’ is amplified by 20%.
[0055] The second test, as illustrated in Figures 5A and
5B, evaluates the 1000 pairs of data with bias added to
Sensor ’B’. Sensor ’B’ oldest 500 values are identical to
the first test as shown in Figures 4A and 4B. Sensor ’B’s
most recent 500 values have been altered by adding 20%
of the random number to the sensor’s value, i.e., sensor
’B’ values for 1 to 500 are 99.5 + random ’B’. Sensor ’B’
values are from 501 to 1000 are 99.5 + random ’B’ + .2
* random ’B’. This simulates an instrument starting to
become erratic.
[0056] As one can see in the second control chart, Fig-
ure 5A, which shows the absolute value of the differences
between Sensor ’A’ and failing Sensor ’B’ out of statistical
control. One will notice that there are alarms, as expect-
ed, because the simulated signal noise has been slightly
amplified to simulate that Sensor ’B’ is becoming a little
erratic and may be beginning to drift.

[0057] It should be appreciated that with conventional
dual instrument configurations, the alarm limits are set
at +/- root mean squared (RMS) of the sum of their stated
accuracies (i.e., square root of (0.5% squared + 0.5%
squared) = 0.707%). The mean difference is statically
about half that at, in this data set, 0.338%. The Xbar/R
Chart detected drift when the mean difference between
the Sensor ’A’ values and the Sensor’B’ values drifted
by a mere 0.023%. In other words, the control chart, as
shown in Figures 5A and 5B, detected a change in the
comparable performance of the two sensors when the
noise of one instrument grew by only 20%.
[0058] As one can see in Figures 5A and 5B, both in-
struments were still tracking one another and well within
the conventional delta of 0.707%, while one of the instru-
ment is starting to become erratic. This would be a time
to calibrate Sensor ’B.’ But, in the meantime the system
has maintained its integrity.
[0059] We can now repeat the test by injecting an error
equal to say 50%, i.e., we can let the random number
that is simulating noise in Sensor ’B’ have an increase
of 50% in amplitude for the newest 500 instrument read-
ings, as illustrated in Figures 6A and 6B.
[0060] Figure 6A, illustrates that statistical sample
mean alarms were clearly present when the simulated
noise (randomness) in Sensor ’B’ was amplified by 50%.
[0061] Figure 6B, illustrates that statistical sample
range alarms were clearly present when the simulated
noise (randomness) in Sensor ’B’ was amplified by 50%.
[0062] It should be appreciated that the mean value
between the two instrument readings is still only 0.4108
but clearly the control chart has correctly detected an
increase erratic behavior.
[0063] Figure 7A, illustrates that a statistical sample
mean alarm is clearly present when a drop in noise is
simulated in Sensor ’B’ by attenuating the random com-
ponent by 20%.
[0064] Figure 7B, illustrates that a statistical sample
range alarm is clearly present when a drop in noise is
simulated in Sensor ’B’ by attenuating the random com-
ponent by 20%.
[0065] As one can see that the next control chart (Fig-
ures 7A and 7B) simulates an instrument starting to lose
sensitivity. This could happen if the instruments has
fouled, become sluggish or is about to go bad.
[0066] Figures 7A and 7B charts the absolute value of
the differences between Sensor ’A’ and the failing Sensor
’B’. Again, sensor ’B’s oldest 500 values are identical to
the first test as seen in Figures 5A and 5B. Sensor B’s
most recent 500 values have been altered by subtracting
20% of the random number to the sensor’s value, i.e.,
sensor ’B’ values for 1 to 500 are 99.5 + random ’B,’ and
then sensor B’s values for 501 to 1000 are 99.5 + random
’B’ - 0.2 times random ’B’.
[0067] As can be clearly seen in Figures 7A and 7B,
that a drop in the responsiveness (randomness) of the
signals by a mere 20% can be detected. One can also
notice that there is at least one alarm (as expected) be-
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cause the simulated signal noise has diminished to sim-
ulate that Sensor ’B’ is losing sensitivity, i.e., becoming
flat lined.
[0068] Again, one should appreciate the sensitivity.
The Xbar/R Chart, as shown in Figures 7A and 7B, de-
tected drift when the mean difference between the Sen-
sor ’A’ values and the Sensor ’B’ values close by a mere
0.012%. In other words, the control chart, Figure 7A and
7B, detected a change in the comparable performance
of the two sensors when the noise of one instrument de-
creased by only 20%. Both instruments are still within
calibration but one is beginning to lose its integrity.
[0069] Figure 8A, illustrates a sample mean when sta-
tistical alarms are extensively present when sensor ’B’
loses sensitivity.
[0070] Figure 8B, illustrates a sample range when sta-
tistical alarms are extensively present when sensor ’B’
loses sensitivity.
[0071] If one eliminates 90% of the noise from sensor
’B’, i.e., simulating a non-responsive, flat line, dead in-
strument, one gets the results as illustrated in Figures
8A and 8B. Again, as one can see in Figures 8A and 8B,
that the mean difference has not drifted too far apart but
the statistical analysis has recognized the lack of respon-
siveness, and thus it is now time to calibrate the instru-
ment "B."
[0072] As one can appreciate that with this invention
sensor reliability and data integrity is assured as long as
the pairs of sensors continue to pass the statistical anal-
ysis review. When they fail, an alarm generated by the
real time control chart can be prosecuted through the
process control alarm management system. Thus, as
shown with this invention there is no need to perform
periodic calibrations.
[0073] However, when statistical analysis detects an
emerging problem, it is necessary to continue operations
while the problem is remedied. Furthermore, statistical
analysis can also be used to identify the most likely cause
of the alarm. With this information, operations can con-
tinue, and the MTTR can be shortened.
[0074] Figure 9A, illustrates a first shifting mean which
is seen with the change in variance.
[0075] Figure 9B, illustrates a second shifting mean
which is seen with the change in variance.
[0076] As one can see in Figure 9A and 9B, that when
a sample is shifted from one mean to another, the vari-
ance increases during the transition period. As seen in
Figure 9A, that two data, a ’2’ and an ’8’ shifted a mere
one unit to the right to become a ’3’ and a ’9,’ as seen in
Figure 9B. The result is that the mean shift to the right,
from 5.0 to 5.33, and the standard deviation also shifts
up from 3.29 to 3.33. This is more clearly illustrated in
Figure 10, where Figure 10, illustrates a shift in variance.
[0077] One can use this shift in variance, shown in Fig-
ure 10, to detect a drift. The sample values from the two
instruments will go up and down with changes in the real
world value that is being sensed. Therefore, the actual
mean value is of little consequence to the task of detect-

ing instrument drift.
[0078] Again, one key factor is the variance. It should
maintain statistical consistency over time. Both instru-
ments means and standard derivations should track.
When their means drift too far apart as detected by the
control chart test, then one needs to look at the behavior
of the standard deviation of each instrument to determine
which instrument is behaving differently. The one that
has a significant change in its variance (up or down) is
suspect. If it has gained variance relative to its past, it is
becoming unstable. If it has lost variance, it is becoming
insensitive or may have fouled. In either case, the sensor
that has a significant change in its variance over time,
while the other sensor has not had a significant change,
is suspect and is the probable ’specific cause’ of the delta
in means between the two sensors.
[0079] Figure 11, illustrates an F-Test on Sensor ’A.’
One can also do a series of test to determine which sen-
sor is experiencing a failure using an F-test. The hypoth-
esis is that the failing sensor can be detected by a change
in the variance of the sample. The technique is to sub-
group the sample into groups of, say, 25, and calculate
each subgroup’s variances. Then compare the variances
of the oldest 500 samples with the newest 500 samples.
The sensor that is not experiencing change will pass the
F-test while the sensor that is experience a change (more
variation in its readings) will fail the F-Test. Thus, the first
test compares the variance of old A to recent A. And, an
F-Test P-value of 0.560 (>0.05) indicates that the vari-
ances are ’equal’.
[0080] Figure 12, illustrates an F-Test on Sensor ’B.’
The second test compares the variance of old B to recent
B. The F-Test P-value of 0.00 (not>0.05) indicates that
the variances are ’different.’
[0081] Since ’A’ does not seem to be changing and ’B’
does seem to be changing, one can issue an advisory
that declares that ’B’ is suspect.
[0082] As stated earlier that FDA has been encourag-
ing the use of statistics and other technologies as part of
the PAT initiative. This invention has clearly demonstrat-
ed that one can dramatically improve the data integrity
of the critical instrument signals through redundancy and
statistical analysis. In fact, one could argue that if statis-
tical calibration is done in real time then costly periodic
manual calibration is no longer necessary.
[0083] Furthermore, significant improvements in data
integrity will reduce the life cycle cost of the instrumen-
tation and calibration functions and minimize the down-
side risk of poor quality or lost production caused by faulty
instrumentation.
[0084] The uniqueness of this invention (1) lies in the
calculation and interpretation of the ’deltas’ between the
pairs of signals and (2) in the use of statistical means to
detect a change in performance characteristics of the
individual instruments. The actual statistical tools used
herein to demonstrate the invention’s viability (namely -
statistical control charts and F-test) and the arbitrary se-
lection of sample sizes of 1000 and sub groups of 25 are
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for illustration and demonstration purposes only. Other
academically known statistical tools such as T-test,
Paired T-test and the Z-test may be used to increase the
statistical confidence level, system robustness and sys-
tem design optimization.
[0085] It goes without saying that the use of statistics
to detect drift and the need for instrument calibration has
many other applications outside of the pharmaceutical
industry. In particular, any two or more devices that need
to track performance, such as, propellers, boilers, trans-
formers can be monitored and imbalances detected long
before the imbalance damages the equipment.
[0086] Another application of this invention is the re-
duction of instrumentation in a safety system. With the
statistics tool able to detect which instrument is failing, a
two instrument plus statistical tool configuration will pro-
vide the same coverage as a two out of three configura-
tion. Both, a two instrument plus statistical tool configu-
ration and a two out of three instrument configuration will
detect a drifting analog value. Neither configuration can
absolutely resolve a second failure. In essence, the two
plus statistical tool is replacing the third instrument with
a software package. Since a software package can be
applied to multiple loops and requires less maintenance
and energy to operate, there are tremendous life cycle
cost savings opportunities.
[0087] Figure 13, illustrates a logic flow of an embod-
iment of the invention with input and data storage
processing. At time 30, a time to run analysis 31, is done.
A reading is obtained for at least one first remote sensor
18, and it is read and time stamped 32. If the information
is available 33, from the first remote sensor 18, then it is
stored in a first historian 34. If the information 33, is not
available from the first remote sensor 18, then alarm op-
erator and control programs 35, are initiated, and instruc-
tions are given to stop using information from the first
remote sensor 18, at 36, and a "bad value" is posted in
historian at 37, and this information is sent downstream
to location 51.
[0088] A similarly reading is obtained for at least one
second remote sensor 19, and it is read and time stamped
42. If the information is available 43, from the second
remote sensor 19, then it is stored in a second historian
44. If the information 43, is not available from the second
remote sensor 19, then alarm operator and control pro-
grams 45, are initiated, and instructions are given to stop
using information from the second remote sensor 19, at
46, and a "bad value" is posted in historian at 47, and
this information is sent downstream to location 51.
[0089] At location 51, an analysis is done to see if either
the first instrument 18, or the second instrument 19, has
a "bad value." If the answer is "no" that a "bad value" is
not registered at 51, then time stamp within tolerances
is checked at 60. If the time stamps are not within toler-
ances then the "pair" is rejected 61, and time to run new
analysis at 31, is initiated. However, if the answer is "yes"
and the time stamps are within tolerances then the infor-
mation is stored as a "pair" in historian 62, and sent down-

stream to 65.
[0090] However, if at location 51, the answer is "yes"
and it is found that the either the first instrument 18, or
the second instrument 19, has a "bad value," then an
alarm operator of double catastrophic failure is initiated
at 52, one is referred to standard operations procedures
for double catastrophic failure at 53, and a do not run
statistical analysis is flagged at 54, and the processing
is finished at 55.
[0091] Figure 14, illustrates a logic flow of an embod-
iment of the invention with data analysis and alarm
processing. The information from historian 62, obtained
in Figure 13, is sent downstream at 65, to a location 66,
which extracts last N valid pairs of data from the historian,
where N is a configuration parameter. At location 67, one
calculates the "Delta" for each pair of information ob-
tained at location 66, and is forwarded for a calculation
using statistical control chart analysis on the "Deltas" at
68, which information is obtained from a chart 69. This
information is then sent to location 70, to see if any alarms
exist. If there are no alarm conditions then the data is
good 71, and the processing is completed or finished at
72.
[0092] However, if at location 70, it is determined that
an alarm condition exists, and the answer is "yes" then
an alarm operation is initiated at 73, as at least one of
the instrument is drifting, this information is sent to loca-
tion 74, where it subdivides the information from the first
remote sensor 18, and information from the second re-
mote sensor 19, history files into statistically significant
sub-groups and then calculates the standard deviation
of each sub-group, and this information is sent to location
75.
[0093] At location 75, one would for the first instrument
18, subdivide the standard deviations into two groups,
such as, for example, a first group of oldest half of stand-
ard deviations, and a second group of newest half of
standard deviations, and then compare the two, as
shown in chart 76, which is similar to the chart shown in
reference to Figure 12. One could then perform a test,
such as, an F-Test on the oldest half verses the newest
half and send the information to location 78.
[0094] Similarly, at location 77, one would for the sec-
ond instrument 19, subdivide the standard deviations into
two groups, such as, for example, a first group of oldest
half of standard deviations, and a second group of newest
half of standard deviations, and then compare the two,
as shown in chart 76, which is similar to the chart shown
in reference to Figure 12. One could then perform a test,
such as, an F-Test on the oldest half verses the newest
half and send the information to location 78.
[0095] At location 78, one would look at the P values
of both instruments 18 and 19, and see, for example, if
the first instrument 18, F-Test, and the second instrument
19, F-Test is, for example, less than 0.05. If the answer
is "yes" then one would advise the operator that both
instruments are suspect and some "specific cause" may
have damaged both instruments or that the process char-
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acteristics may have changed at 79, and then the process
would be finished at location 90.
[0096] However, if at location 78, the answer is "no"
then at location 80, a second test would be done to see
if the P value of the first instrument 18, F-Test is less than
0.05, and the P value of the second instrument 19, F-
Test is greater than 0.05, then if at location 80, the answer
is "yes" then at location 81, one would advise the operator
that the first instrument 18, is suspect, and that mainte-
nance needs to be started on the first instrument 18, and
that to use the readings from the second instrument 19,
only, and then the process would be finished at location
90.
[0097] If at location 80, the answer is "no" then a third
test would be done at location 82, to see if the P value
of the second instrument 19, F-Test is less than 0.05,
and the P value of the first instrument 18, F-Test is greater
than 0.05, then if at location 82, the answer is "yes" then
at location 83, one would advise the operator that the
second instrument 19, is suspect, and that maintenance
needs to be started on the second instrument 19, and
that to use the readings from the first instrument 18, only,
and then the process would be finished at location 90.
[0098] However, if at location 82, the answer is "no"
then at location 84, it is validated that both the first in-
strument 18, and the second instrument 19, F-Test P
values is greater than 0.05, and that one cannot statisti-
cally detect change at 85, and then at 86, an advisory
would be issued that maintenance to re-calibrate both
instruments 18 and 19, is needed, and then the process
would be finished at location 90.
[0099] The following embodiments are further exam-
ples of (1) the use of different statistical tools that may
be used to analyze the uniquely prepared data, and (2)
different system topographies and mechanisms to deliv-
er the calibration alarm message.
[0100] Figure 15, illustrates a second embodiment of
the invention which is a remote system for determination
of re-calibration of instruments. Shown in Figure 15, is a
schematic diagram of a system which may be used to
remotely monitor the performance of remote sensing in-
struments in accordance with the statistical analysis used
to determine whether there is a need for calibration. A
remote computer or workstation 14, having a processor
and related memory are used to run monitoring and sta-
tistical analysis of data received from remote sensing in-
struments. In the system shown in Figure 15, statistical
monitoring and analysis 12, is run on computer 14, having
a communication interface to access the Internet 16, and
to communicate with at least one first remote sensor or
instrument 18, and at least one second remote sensor
or instrument 19. In the present embodiment and as an
example only, it is contemplated that the sensing instru-
ments are, for example, acoustic flowmeters 18, 19, used
to determine the flow velocity of a fluid in a pipe 20. The
acoustic instruments 18, 19, are a different specifies of
the same type of instruments, namely, instruments ca-
pable of evaluating flow rate as a function of the delay in

receipt of an acoustic signal. Flowmeters 18, 19, are ex-
ternally coupled to pipe 20, externally and in a non- in-
trusive manner. Within each of the flowmeters 18, 19,
signals are generated and received and then stored in
the memory of each of the flowmeters 18, 19. On either
a polled basis from the remote computer 14, or on a pre-
determined basis established by the computer 14, or at
the remote site by the flowmeters 18, 19, sensed data
relating to flow of fluid in the pipe 20, is sent to the com-
puter 14, for processing. The flowmeters 18, 19, may
have a built-in interface capable of directly connecting
with the Internet 16, or may be configured within a dis-
tributed control system which would include an interface
processor or separate computer which would acquire the
data and forward the data back to the computer 14. As
data is received at the computer 14, and while running
statistical analysis software 12, in accordance with the
methodology disclosed herein, resulting data is proc-
essed, and a determination is made as to whether the
either of the flowmeters 18, 19, should be recalibrated.
[0101] Operationally, the flowmeters 18, 19 may have
access to a website on the Internet 16, provided by the
remote monitoring system via a separate server. The
designated website for the flowmeters 18, 19, may be
particular to the flowmeters or maybe a generic website
in which the identity of the flowmeters must first be es-
tablished in order to properly route the data to the appro-
priate destination. In one embodiment of the invention,
the system may process a myriad of remote sensing in-
struments from various locations.
[0102] In the event that a determination is made that
calibration of a sensing instrument is necessary, a noti-
fication for calibration may take several forms. In one
version of several notification means, an email maybe
sent from the monitoring computer 14, as a priority email
or a computer generated message to one or more email
or similar other destination. Alternatively, and depending
on the sophistication of the acoustic flowmeters, a re-
sponse message may be sent directly to, either a control
processor in a distributed control system (DCS) for for-
warding and routing of the calibration notification, or di-
rectly to the flowmeters, where based on the design, an
alarm, such as, an audible sound and/or a visual display
of a "calibration light" or LCD display may be sounded or
shown to depict the need for calibration. The details of
the statistical calculations have already been discussed
earlier.
[0103] Figure 16, illustrates a third embodiment of the
invention which shows the use of multiple statistical tests
to determine need for calibration. Shown in Figure 16, is
a schematic diagram of a system which may be used to
remotely monitor the performance of remote sensing in-
struments in accordance with the statistical analysis used
to determine whether there is a need for calibration. A
computer or workstation 14, having a processor and re-
lated memory are used to run monitoring and statistical
analysis of data received from
sensing instruments.
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[0104] In the system shown in Figure 16, statistical
monitoring and analysis software 12, is run on computer
14, having a communication interface to communicate
with the sensors or sensing instruments 18, 19. In this
third present embodiment and as an example only, it is
contemplated that the sensing instruments 18, 19, are
acoustic flowmeters 18, 19, used to determine the flow
velocity of a fluid in pipe 20. The acoustic instruments
18, 19, are a different specifies of the same type of in-
struments, namely instruments capable of evaluating
flow rate as a function of the delay in receipt of an acoustic
signal. Flowmeters 18, 19, are externally coupled to pipe
20, externally and in a non- intrusive manner. Within each
of the flowmeters 18, 19, signals are generated and re-
ceived and then stored in the memory of each of the
flowmeters 18, 19. On either a polled basis from the re-
mote computer 14, or on a pre-determined basis estab-
lished by the computer 14, sensed data relating to flow
of fluid in the pipe 20, is sent to the computer 14, for
processing. As data is received at the computer 14, and
while running statistical analysis software 12, in accord-
ance with the methodology disclosed herein, resulting
data is processed and a determination is made as to
whether the either of the flowmeters should be recalibrat-
ed.
[0105] In order to determine whether re-calibration is
necessary, a multi-test approach may be taken. As con-
templated, the use of multiple tests, such as, F-test, the
Z-test, T-test, the Paired T-test, the approach taken by
Dan Collins in his paper "Reduce Calibration Costs and
Improved Sensor Integrity through Redundancy and Sta-
tistical Analysis in a Validated Environment" 2007, may
be used in combination of 2 or 3 tests and in whatever
order desired. However, in the third embodiment the T-
test was first used to determine the significance of a
change in the mean of the two readings obtained from
the two instruments/sensors. The process of conducting
a T-test is described elsewhere within this specification
as "The T-Test." Once a determination is made that the
two sets of data, one from sensor 18, and the other from
sensor 19, are statistically different from each other, the
Z-test may be employed to determine which of the two
sensors requires calibration.
[0106] As an alternative a T-test may be used to de-
termine the significance of an change in the mean of the
two readings obtained from the two instruments. The ob-
tained readings are from two different species of instru-
ments sensing the same parameter. The sensed data is
historized. And then the data is periodically converted to
a value suitable for evaluation by a T-test. The T-test will
determine whether there is a statistical difference be-
tween the readings (mean readings) from the two instru-
ments so as to determine whether re-calibration is ad-
visable. A brief look at the use of the T-test is discussed
herein. A combination of multiple statistical tests is also
contemplated as well as using historical data to deter-
mine which test algorithm should be used.
[0107] The T-Test assesses whether the means of two

groups are statistically different from each other. This
analysis is appropriate whenever one wants to compare
the means of two data groups, and especially appropriate
as the analysis for the posttest-only two-group rand-
omized experimental design.
[0108] Figure 17, illustrates an idealized distributions
for treated and comparison group posttest values. Figure
17, shows the distributions for the treated (right curve)
and the control (left curve) groups in a study, and which
can also be applied to a first instrument reading and a
second instrument reading. Actually, Figure 17, shows
the idealized distribution, the actual distribution would
usually be depicted with a histogram or bar graph. The
figure indicates where the first instrument and the second
instrument means are located, using the first instrument
data as the "control group," and the second instrument
data as the "treatment group." The question the T-test
addresses is whether the means are statistically different.
[0109] Figures 18A, 18B, and 18C, illustrates three
scenarios for differences between means. In order to bet-
ter understand that the averages for two groups are sta-
tistically different one should consider the three situations
shown in Figures 18A, 18B, and 18C. The first thing to
notice about the three situations is that the difference
between the means is the same in all three, but, one will
notice that the three situations do not look the same. The
top example (Figure 18A) shows a case with moderate
or medium variability of scores within each data group.
The middle example (Figure 18B) shows the high varia-
bility case, while the bottom example (Figure 18C) shows
the case with low variability. Clearly, one would conclude
that the two data groups appear most different or distinct
in the bottom or low-variability case, as there is relatively
little overlap between the two bell-shaped curves. In the
high variability case, the group data difference appears
least striking because the two bell-shaped distributions
overlap so much. This leads one to a conclusion that
when one is looking at the differences between values
of two data groups, one has to judge the difference be-
tween their means relative to the spread or variability of
their scores. The T-test provides similar results.
[0110] In light of the high frequency and high cost of
performing calibrations in a validated environment and
the down side risk and cost of a quality issues, the po-
tential savings can be huge. Therefore, the life cycle cost
can warrant the increased initial investment in a second
instrument and the real time statistical analysis of the
instrument pair, as discussed and disclosed in this inven-
tion.

Claims

1. A method to determine a need for calibration of sens-
ing instruments, comprising:

(a) installing at least one first sensing instrument
to sense at least one critical value in a process

17 18 



EP 2 191 242 B1

11

5

10

15

20

25

30

35

40

45

50

55

flow;
(b) installing at least one second sensing instru-
ment to sense at least one critical value in the
process flow; characterised by
(c) tracking over time relative consistency of da-
ta obtained from said first sensing instrument
and data obtained from said second sensing in-
strument via at least one statistical control chart;
and
(d) upon detection from data values from said
first sensing instrument and said second instru-
ment that the two data values of the two sensing
instruments are drifting apart over time, deter-
mining which instrument is drifting as a function
of the relative change in the individual instru-
ments change in standard deviation,

wherein upon detecting that said two values are drift-
ing apart in step (d), using at least one process alarm
management system to alarm an operator that said
first sensing instrument and/or said second sensing
instrument is statistically drifting apart.

2. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein said statistical
control chart is developed using historical data from
said first instrument and said second instrument.

3. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein said determi-
nation of said drifting of said at least one instrument
in step (d) is done using a statistical analysis in said
change in said standard deviation.

4. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein at least one
test is done to determine said change in said stand-
ard deviation.

5. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein at least one
test is done to determine said change in said stand-
ard deviation, and wherein said test is selected from
a group consisting of a F-Test, a T-Test, a T-Paired
Test, a Z-Test, and combination thereof.

6. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein said first in-
strument is different than said second instrument.

7. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein said change
in standard deviation is divided into at least one first
sub-group and at least one second sub-group, and
wherein information from said first sub-group is com-
pared to information from said second sub-group to
determine said change in said standard deviation.

8. The method of using statistics to determine calibra-
tion of instruments of Claim 1, wherein said change
in standard deviation is divided into a first half group
and a second half group, and wherein information
from said first half group is compared to information
from said second half group to determine said
change in said standard deviation.

9. The method of using statistics to determine calibra-
tion of instruments of Claim1, wherein said change
in standard deviation is divided into a first newest
group and second oldest group, and wherein infor-
mation from said first newest group is compared to
information from said second oldest group to deter-
mine said change in said standard deviation.

10. A program storage device readable by machine, tan-
gibly embodying a program of instructions executa-
ble by the machine to perform method steps to de-
termine a need for calibration of sensing instruments,
the method steps comprising:

(a) installing at least one first sensing instrument
to sense at least one critical value in a process
flow;
(b) installing at least one second sensing instru-
ment to sense at least one critical value in the
process flow; characterised by
(c) tracking over time relative consistency of da-
ta obtained from said first sensing instrument
and data obtained from said second sensing in-
strument via at least one statistical control chart;
and
(d) upon detection from data values from said
first sensing instrument and said second instru-
ment that the two data values of the two sensing
instruments are drifting apart over time, deter-
mining which instrument is drifting as a function
of the relative change in the individual instru-
ments change in standard deviation,

wherein upon detecting that said two values are drift-
ing apart in step (d), using at least one process alarm
management system to alarm an operator that said
first sensing instrument and/or said second sensing
instrument is statistically drifting apart.

Patentansprüche

1. Verfahren zur Bestimmung einer Notwendigkeit für
die Kalibrierung von Erfassungsinstrumenten, um-
fassend:

(a) das Montieren wenigstens eines ersten Er-
fassungsinstruments zum Erfassen wenigstens
eines kritischen Werts in einem Prozessablauf;
(b) das Montieren wenigstens eines zweiten Er-
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fassungsinstruments zum Erfassen wenigstens
eines kritischen Werts im Prozessablauf; ge-
kennzeichnet durch
(c) das zeitliche Nachverfolgen der relativen
Konsistenz von Daten, die vom ersten Erfas-
sungsinstrument erhalten werden, und von Da-
ten, die vom zweiten Erfassungsinstrument er-
halten werden, mittels wenigstens eines statis-
tischen Kontrolldiagramms; und
(d) beim Ermitteln von Datenwerten vom ersten
Erfassungsinstrument und vom zweiten Instru-
ment, wonach die beiden Datenwerte der bei-
den Erfassungsinstrumente im Laufe der Zeit
auseinanderdriften, das Bestimmen, welches
Instrument driftet, als Funktion der relativen Än-
derung der Änderung der Standardabweichung
der einzelnen Instrumente,

wobei beim Ermitteln eines Auseinanderdriftens der
beiden Werte in Schritt (d) wenigstens ein Prozes-
salarm-Managementsystem verwendet wird, um ei-
ne Bedienungsperson zu warnen, dass das erste Er-
fassungsinstrument und/oder das zweite Erfas-
sungsinstrument statistisch auseinanderdriften.

2. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei das statistische Kontrolldiagramm
unter Verwendung früherer Daten des ersten Instru-
ments und des zweiten Instruments erstellt wird.

3. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei die Bestimmung des Driftens des
wenigstens einen Instruments in Schritt (d) unter
Verwendung einer statistischen Analyse bei der Än-
derung der Standardabweichung durchgeführt wird.

4. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei wenigstens ein Test durchgeführt
wird, um die Änderung der Standardabweichung zu
bestimmen.

5. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei wenigstens ein Test durchgeführt
wird, um die Änderung der Standardabweichung zu
bestimmen und wobei der Test ausgewählt ist aus
einer Gruppe bestehend aus einem F-Test, einem
t-Test, einem abhängigen t-Test, einem Z-Test und
einer Kombination davon.

6. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei das erste Instrument vom zweiten
Instrument verschieden ist.

7. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei die Änderung der Standardabwei-
chung in wenigstens eine erste Untergruppe und we-
nigstens eine zweite Untergruppe aufgeteilt wird und
wobei Informationen aus der ersten Untergruppe mit
Informationen aus der zweiten Untergruppe vergli-
chen werden, um die Änderung der Standardabwei-
chung zu bestimmen.

8. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei die Änderung der Standardabwei-
chung in eine erste Halbgruppe und eine zweite
Halbgruppe aufgeteilt wird und wobei Informationen
aus der ersten Halbgruppe mit Informationen aus
der zweiten Halbgruppe verglichen werden, um die
Änderung der Standardabweichung zu bestimmen.

9. Verfahren zur Verwendung von Statistik zur Bestim-
mung der Kalibrierung von Instrumenten nach An-
spruch 1, wobei die Änderung der Standardabwei-
chung in eine erste neueste Gruppe und eine zweite
älteste Gruppe aufgeteilt wird und wobei Informati-
onen aus der ersten neuesten Gruppe mit Informa-
tionen aus der zweiten ältesten Gruppe verglichen
werden, um die Änderung der Standardabweichung
zu bestimmen.

10. Programmspeichergerät, das maschinenlesbar ist,
wodurch ein Programm von durch die Maschine aus-
führbaren Anweisungen konkret ausgeführt wird,
wodurch Verfahrensschritte durchgeführt werden,
um eine Notwendigkeit für die Kalibrierung von Er-
fassungsinstrumenten zu bestimmen, wobei die Ver-
fahrensschritte umfassen:

(a) das Montieren wenigstens eines ersten Er-
fassungsinstruments zum Erfassen wenigstens
eines kritischen Werts in einem Prozessablauf;
(b) das Montieren wenigstens eines zweiten Er-
fassungsinstruments zum Erfassen wenigstens
eines kritischen Werts im Prozessablauf; ge-
kennzeichnet durch
(c) das zeitliche Nachverfolgen der relativen
Konsistenz von Daten, die vom ersten Erfas-
sungsinstrument erhalten werden, und von Da-
ten, die vom zweiten Erfassungsinstrument er-
halten werden, mittels wenigstens eines statis-
tischen Kontrolldiagramms; und
(d) beim Ermitteln von Datenwerten vom ersten
Erfassungsinstrument und vom zweiten Instru-
ment, wonach die beiden Datenwerte der bei-
den Erfassungsinstrumente im Laufe der Zeit
auseinanderdriften, das Bestimmen, welches
Instrument driftet, als Funktion der relativen Än-
derung der Änderung der Standardabweichung
der einzelnen Instrumente,
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wobei beim Ermitteln eines Auseinanderdriftens der
beiden Werte in Schritt (d) wenigstens ein Prozes-
salarm-Managementsystem verwendet wird, um ei-
ne Bedienungsperson zu warnen, dass das erste Er-
fassungsinstrument und/oder das zweite Erfas-
sungsinstrument statistisch auseinanderdriften.

Revendications

1. Procédé de détermination de la nécessité d’étalon-
ner des instruments de détection, consistent :

(a) à installer au moins un premier instrument
de détection en vue de détecter au moins une
valeur essentielle d’un processus pendant son
déroulement ;
(b) à installer au moins un second instrument de
détection pour détecter au moins une valeur es-
sentielle du procédé pendant son déroulement,
caractérisé en ce que :
(c) l’on suit dans le temps la cohérence relative
de données obtenues dudit premier instrument
de détection et de données obtenues dudit se-
cond instrument de détection au moyen d’au
moins un graphique de contrôle statistique, et
(d) quand on détecte, à partir des valeurs des
données obtenues dudit premier instrument de
détection et dudit second instrument de détec-
tion, que les deux valeurs des données des deux
instruments de détection dérivent l’une par rap-
port à l’autre dans le temps, à déterminer quel
instrument dérive en fonction du changement
relatif du changement de l’écart type des diffé-
rents instruments,

étant entendu que, quand on détecte à l’étape (d)
que lesdites deux valeurs dérivent l’une par rapport
à l’autre, on utilise au moins un système de gestion
d’alarmes de procédé pour avertir un opérateur que
ledit premier instrument de détection et/ou ledit se-
cond instrument de détection dérive(nt) statistique-
ment l’un par rapport à l’autre.

2. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on élabore le graphique de contrôle sta-
tistique en utilisant des données historiques prove-
nant dudit premier instrument et dudit second instru-
ment.

3. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on effectue ladite détermination de ladite
dérive dudit au moins un instrument à l’étape (d) en
utilisant une analyse statistique dudit changement
dudit écart type.

4. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on effectue au moins un test pour déter-
miner ledit changement dudit écart type.

5. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on effectue au moins un test pour déter-
miner ledit changement de l’écart type et dans lequel
on sélectionne ledit test dans un groupe constitué
d’un test F, d’un test T, d’un test T apparié, d’un test
Z et de leurs combinaisons.

6. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel ledit premier instrument est différent du-
dit second instrument.

7. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on divise ledit changement d’écart type
en au moins un premier sous-groupe et en au moins
un second sous-groupe, et dans lequel on compare
des informations provenant dudit premier sous-grou-
pe à des informations provenant dudit second sous-
groupe afin de déterminer ledit changement dudit
écart type.

8. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on divise ledit changement d’écart type
en un premier demi-groupe et en un second demi-
groupe, et dans lequel on compare des informations
provenant dudit premier demi-groupe à des informa-
tions provenant dudit second demi-groupe afin de
déterminer ledit changement dudit écart type.

9. Procédé d’utilisation de statistiques pour déterminer
l’étalonnage d’instruments selon la revendication 1,
dans lequel on divise ledit changement d’écart type
en un premier groupe le plus récent et en un second
groupe le plus ancien, et dans lequel on compare
des informations provenant dudit premier groupe le
plus récent à des informations provenant dudit se-
cond groupe le plus ancien afin de déterminer ledit
changement dudit écart type.

10. Dispositif de stockage de programme lisible en ma-
chine, incorporant sous forme tangible un program-
me d’instructions exécutables par la machine pour
exécuter les étapes du procédé en vue de détermi-
ner la nécessité d’étalonner des instruments de dé-
tection, les étapes du procédé consistent :

(a) à installer au moins un premier instrument
de détection en vue de détecter au moins une
valeur essentielle d’un processus pendant son
déroulement ;
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(b) à installer au moins un second instrument de
détection en vue de détecter au moins une va-
leur essentielle du procédé pendant son dérou-
lement, caractérisé en ce que :
(c) l’on suit dans le temps la cohérence relative
de données obtenues dudit premier instrument
de détection et de données obtenues dudit se-
cond instrument de détection au moyen d’au
moins un graphique de contrôle statistique, et
(d) quand on détecte, à partir des valeurs des
données provenant dudit premier instrument de
détection et dudit second instrument de détec-
tion, que les deux valeurs des données des deux
instruments de détection dérivent l’une par rap-
port à l’autre dans le temps, à déterminer quel
instrument dérive en fonction du changement
relatif du changement de l’écart type des diffé-
rents instruments,

étant entendu que, quand on détecte que lesdites
deux valeurs dérivent l’une par rapport à l’autre à
l’étape (d), on utilise au moins un système de gestion
d’alarmes de procédé pour avertir un opérateur que
ledit premier instrument de détection et/ou ledit se-
cond instrument de détection dérive(nt) statistique-
ment l’un par rapport à l’autre.
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