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Abstract:

Disclosed is a monitoring system for monitoring performance of a contained system for processing
pharmaceutical components, the contained system comprising one or more inlets for receiving one or
more pharmaceutical components and one or more outlets, the monitoring system comprising a first
sensor and a processing unit operationally connectable to the first sensor. Also disclosed is a method
for monitoring performance of a contained system for processing pharmaceutical components and a
room comprising a contained system and the monitoring system.
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Title

A monitoring system, a method for monitoring, and a room

Field

The present disclosure relates to a monitoring system for monitoring
performance of a contained system for processing pharmaceutical compo-
nents. The present disclosure further relates to a method for monitoring perfor-
mance of a contained system for processing pharmaceutical components and
to a room comprising a contained system for processing pharmaceutical com-
ponents and a monitoring system for monitoring performance of the contained

system.

Background

In processing pharmaceutical components, one or more components,
such as ingredients, also referred to as excipients, or active pharmaceutical
ingredients (APIs) are typically processed with the object of manufacturing an-
other pharmaceutical component and/or a pharmaceutical product. Such one
or more components are often input to a system for processing pharmaceutical
components in the form of powders or granulates, which during the processing
are typically processed, e.g. mixed and/or pressed to tablets.

However, the processing of such components, e.g. in powder form,
often requires measures to be taken to reduce the risk for operators of the
pharmaceutical system. For instance, when the pharmaceutical system pro-
cesses the one or more components, some of these may be emitted into the
air surrounding the pharmaceutical system. To prevent an operator from being
exposed to these pharmaceutical components, the pharmaceutical system is
often contained, so as to reduce the risk of components from escaping into the
air surrounding the system.

Such containment capabilities should generally be evaluated to ensure
that sufficient containment is established and that no leakage occurs in the

pharmaceutical system. Typically, containment capabilities are determined
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based on checks before the manufacturing system is put in operation, for in-
stance using a pressure decay test. In a typical pressure decay test, a negative
pressure, often of around a couple of kPa, is applied inside the contained sys-
tem and the rise time for the pressure to rise inside the contained system from
a first value to a second value is measured. If the rise time for the pressure lies
within a predefined range, the pharmaceutical system is considered to have
sufficient containment and is then considered contained. If the rise time lies
without the predefined range, the pharmaceutical system is considered not suf-
ficiently and contained and a second test, such as a helium leak test, is then
typically performed to find the breach.

Performing a pressure decay test is, however, complex and time-con-
suming. Moreover, the manufacturing system must be stopped from its pro-
cessing of pharmaceutical components to perform the pressure decay test,
which typically is to be performed with a few hours interval, thus causing regular
downtime of the manufacturing system.

Thus, it remains a desire to provide an improved method and system

for monitoring performance of the contained system.

Summary

An object of the present invention is to address at least some of the
above-mentioned drawbacks.

According to an aspect of the present disclosure, there is provided a
monitoring system for monitoring performance of a contained system for pro-
cessing pharmaceutical components, the contained system comprising one or
more inlets for receiving one or more pharmaceutical components and one or
more outlets, the monitoring system comprising a first sensor and a processing
unit operationally connectable to the first sensor, wherein the first sensor is
configured to be arranged outside of the contained system at a first point, and
the first sensor is configured to repeatably provide to the processing unit a sen-
sor signal indicative of a particle concentration in air outside the contained sys-
tem, wherein the processing unit is configured to compare the sensor signal

with an expected sensor signal, and
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wherein the processing unit, where the processing unit determines that
the sensor signal is different from the expected sensor signal, is configured to
output an output signal indicative of an air particle concentration being different
than an expected air particle concentration.

The first sensor may be configured to repeatably provide to the pro-
cessing unit a sensor signal indicative of a particle concentration of particles
having a size larger than 0.1 micrometre in air outside the contained system.

Thereby, the monitoring system allows a determination of particles in
air outside the contained system and thereby allows the monitoring system to
determine containment capabilities and/or a containment breach, e.g. by de-
tecting particles from the pharmaceutical components in the air outside the con-
tained system. Moreover, by means of the first sensor, the monitoring system
may further determine a particle concentration while the contained system is
processing pharmaceutical components, thereby allowing for monitoring of
containment capabilities of the contained system during the processing of phar-
maceutical components. For instance, such monitoring may be carried out con-
tinuously during the processing, thereby allowing for a containment breach, i.e.
insufficient containment capabilities, to be determined shortly after it occurs.
This, again, allows for taking appropriate measures after the containment
breach has occurred, thereby improving the safety for the operator(s).

By the processing unit comparing the sensor signal with the expected
sensor signal and outputs a signal, where the sensor signal is different from the
expected sensor signal, the monitoring system may determine if a leakage has
occurred and alarm and/or take action, where a leakage has occurred.
Thereby, the monitoring system may take an appropriate action, e.g. sound an
alarm, shut down the contained system, interlock access to the contained sys-
tem, and/or transmitting a message to one or more operators, when a leakage
in the contained system is detected.

It has furthermore been realised that, by the first sensor being config-
ured to be arranged outside the contained system, the first sensor and/or the

monitoring system may be easily mounted on an existing contained system and
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may be retrofittable on the contained system without breaching the contain-
ment.

Additionally, by the first sensor being configured to be arranged at a
first point outside the contained system, the monitoring system may detect a
containment breach, i.e. a leakage, from a specific area of the contained sys-
tem near the first point, thereby allowing the monitoring system to determine
where in the contained system a leakage has occurred.

By the term “contained system” is herein to be understood that a sys-
tem is to fulfil certain requirements to containment, i.e. that the system when
functioning is at least dust tight. Correspondingly, a contained system may be
a system which when functioning is configured to prevent that extensive
amounts, such as detectable amounts and/or amounts over a certain threshold,
of the one or more components are emitted from the contained system into the
surroundings, such as into a room in which it is arranged. By “contained sys-
tem” may herein be understood that the system is to have a containment capa-
bility of dust containment of up to 10 pg per m2. Correspondingly the contained
system may be a system, which when functioning is configured to have a dust
containment of up to 10 ug per m3.

It will be appreciated, throughout this text, that the term air particle
concentration refers to the particle concentration in the air outside the con-
tained system. The term air particle concentration, thus, refers to a concentra-
tion of particles in the air outside the system.

The particle concentration in the air outside the contained system
and/or the air particle concentration may be a concentration of particles in the
air, with the proviso that gas particles are excluded. Alternatively or additionally,
the first sensor may be configured to repeatedly provide to the processing unit
a sensor signal indicative of a particle concentration of particles, which do not
comprise gas particles, in the air.

The contained system may be configured to be arranged in a room,
such as a facility and/or rcom in accordance with Good Manufacturing process
(GMP), and/cr may be arranged in a GMP facility or GMP room.

One or more of the one or more components may be in the form of
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powder(s). The one or more inlets for receiving the one or more pharmaceutical
components may be configured to receive the one or more pharmaceutical
components in the form of powder(s) and/or granulate(s).

By the first sensor being configured to be arranged “outside” of the
contained system is herein meant that the first sensor is configured to be ar-
ranged exteriorly of the containment. The term “outside” may thus refer to a
room, in which the contained system is arranged, and/or to the surroundings of
the contained system, such as an area which is accessible by an operator.

In some embodiments, the one or more inlets and/or the outlet may
define an interface between the contained system and the outside thereof.

By the term “air outside the contained system” is, hence, to be under-
stood air which is not enclosed in the contained system. Thus, the air outside
the contained system may be air surrounding the contained system and/or air
in a room surrounding the contained system. Alternatively or additionally, the
air outside the contained system may be air in fluid connection with air, which
can be breathed in by an operator.

Throughout this text, it will be appreciated that a fluid connecticn be-
tween two elements may be a connection, which allows a fluid, such as air, to
flow, such as flow uninterruptedly, from one element to another, for instance
during normal operation of the contained system. As an example, two elements
arranged within the same enclosed volume, such as a room, may be in fluid
connection, and/or two elements connected by a tube, through which a fluid,
such as air, can flow, may be in fluid connection.

The monitoring system for monitoring performance of a contained sys-
tem for processing pharmaceutical products may be a monitoring system con-
figured to monitor performance of a contained system for processing pharma-
ceutical products.

The contained system for processing pharmaceutical products may
further to the at least one inlet and at least one outlet comprise a further ele-
ment, such as one or more containers for the one or more pharmaceutical com-
ponents. Any one of the one or more inlets may be connected to any one of the

one or more containers, potentially so that a pharmaceutical component can
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be transferred into the one or more containers via one or more of the one or
more inlets.

Alternatively or additionally, the contained system may comprise a first
and a second module connected at an interface. Potentially, each of the first
and second module may be or comprise a container, such as a, potentially
docked, intermediate bulk container (IBC), a mixer for mixing the one or more
pharmaceutical components, and/or a tablet press for pressing tablets. The
tablet press may be for pressing tablets from some or all of the one or more
pharmaceutical components or a mix thereof. The outlet of the contained sys-
tem may be an outlet of the mixer or an outlet of a tablet press.

The contained system may comprise a plurality of interfaces between
elements and/or modules thereof, such as between an inlet and an outlet
thereof. For instance, where the contained system comprises a mixer, the con-
tained system may comprise at least one interface between the mixer and any
of the one or more inlets. Similarly, where the contained system comprises a
tablet press, as an example, the contained system may comprise an interface
between the one or more inlets and the tablet press, between the mixer and
the tablet press, and/or between the tablet press and the outlet. Alternatively
or additionally, the contained system may comprise a plurality of valves.

Each of the one or more pharmaceutical components may comprise
or may be an ingredient, an active pharmaceutical ingredient (API), and/or an
excipient.

A sensor signal indicative of the particle concentration may be an an-
alogue signal, a time-discrete signal, or a digital signal. The sensor signal may
comprise a sensor reading, such an analogue signal or a digital signal, of light
scattered on one or more particles. Alternatively or additionally, the sensor sig-
nal may comprise a sensor reading, such as a digital number, of a count of
particles and/or a sensor reading, such as a digital number, of a concentration
of particles in a predetermined volume of air.

The first sensor may be an optical sensor, such as a light-scattering
sensor, configured to measure particle concentration in air.

The first sensor may comprise a sensor processing unit configured to
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output the sensor signal indicative of the particle concentration. The sensor
processing unit may be configured to output an analogue or digital sensor sig-
nal indicative of the particle concentration. The sensor processing unit may a
central processing unit (CPU), a micro controller unit (MCU), a field-program-
mable gate array (FPGA), or the like.

The first sensor may comprise a data interface, such as a wired data
interface or a wireless data interface for outputting the sensor signal to the pro-
cessing unit.

The processing unit of the monitoring system may be a CPU, a MCU,
a FPGA, or the like. By the processing unit being in operable connection with
the first sensor may here be understood that the processing unit is configured
to receive the first sensor signal from the first sensor. The processing unit may
be configured to receive a respective sensor signal from any potential other
sensor of the monitoring system. Where the sensor comprises a sensor pro-
cessing unit, the processing unit may be configured to be in operable connec-
tion with the sensor processing unit.

The processing unit may be configured to be arranged outside the con-
tained system, such as in a room surrounding the contained system or outside
a room surrounding the contained system. Alternatively, the processing unit
may be configured to be arranged in the contained system.

The sensor signal may directly specify the particle concentration e.q.
the sensor signal may specify a count of particles in a predetermined volume
of air. Alternatively or additionally, the first sensor signal may specify a particle
count from which the particle concentration may be estimated e.g. using
knowledge about the volume of air the first sensor has analysed.

The processing unit may be configured to determine a particle concen-
tration in the air based at least in part on the first sensor signal.

In some embodiments, the first sensor is configured to be arranged in
proximity to a first potential leakage zone of the contained system.

Thereby, a leakage and, thus, containment breach may be identified
at an early stage, thereby allowing for action to be taken early to further reduce

the risk for operator(s).
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Any potential leakage zone, such as the first potential leakage zone,
may comprise one or more potential leakage points. A potential leakage zone
may be a zone, an area, and/or a point of the contained system, at which there
is an increased risk of leakage and, thus, risk of containment breach. In some
embodiments, a potential leakage zone is one of the one or more inlets or the
one or more outlets. Alternatively or additionally, where the contained system
comprises a first and a second module connected at an interface, a potential
leakage zone may be an inlet, an outlet, and/or the interface. For instance,
where the contained system comprises a mixer and/or a tablet press, a poten-
tial leakage zone may be any of the one or more inlets, any of the one or more
outlets, an interface between a mixer and another element. Alternatively or ad-
ditionally, a potential leakage zone may be a valve of the contained system. A
potential leakage zone may comprise a plurality of potential leakage sub-zones,
potentially each comprising a plurality of potential leakage points, and/or may
comprise a plurality potential leakage points.

Additionally or alternatively, the first potential leakage zone may be
selected from a list of potential leakage zones, such as a list comprising the
potential leakage zones described above.

In some embodiments, the monitoring system further comprises a sec-
ond sensor operationally connectable to the processing unit, wherein the sec-
ond sensor is configured to be arranged outside of the contained system at a
second point, and wherein the second sensor is configured to repeatedly pro-
vide to the processing unit a second sensor signal indicative of a particle con-
centration in air outside the contained system.

Thereby, the contained system may be monitored at multiple points,
allowing for the monitoring system to aid in estimating or to estimate where in
the contained system the leakage has occurred, potentially without requiring
further testing.

The second sensor may comprise any of the features described above
with respect to the first sensor and/or may be similar or identical to the first
sensor.

In some embodiments, the second sensor is configured to be arranged
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in proximity with a second potential leakage zone. The second potential leak-
age zone may be a potential leakage zone as described above with respect to
the first leakage zone. Alternatively or additionally, the second sensor may be
configured to be arranged with a distance to the first sensor and in proximity
with the first potential leakage zone.

The expected sensor signal may be indicative of an expected particle
concentration in the air outside the contained system, such as the air around
the first point, at which the first sensor is arranged. The expected sensor signal
may represent a sensor signal as expected when the cantained system perfor-
mance is considered adequate, such as when the contained system has suffi-
cient containment capabilities. The expected sensor signal may be based on
the containment of the contained system. Alternatively or additionally, the ex-
pected sensor signal may represent and/or may be threshold value, wherein
the processing unit of the monitoring system is configured to determine that a
leakage has occurred and/or determine an insufficient performance of the con-
tained system when the first sensor signal exceeds the threshold value. The
threshold may be a, potentially predetermined, particle concentration threshold
value. The threshold may, alternatively, be dynamically determined based on
other inputs to the monitoring system e.g. based on inputs from a background
or reference sensor.

Alternatively or additionally, the expected sensor signal may represent
and/or may be a value range, wherein the processing unit of the monitoring
system may be configured to determine that a leakage has occurred and/or
determine an insufficient performance of the contained system when the first
sensor signal is outside the value range. The value range may be a, potentially
predetermined, particle concentration value range. The processing unit of the
monitoring system may be configured to determine that a leakage has occurred
and/or determine an insufficient performance of the contained system when the
first sensor signal indicates a particle concentration outside the particle con-
centration value range.

In some embodiments, the processing unit may be configured to com-

pare the second sensor signal with a second expected sensor signal. A second
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expected sensor signal may comprise some or all of the features described
with respect to the expected sensor signal and/or be identical or similar thereto.
As an example, the expected sensor signal and the second expected sensor
signal may each represent a respective threshold value or value range. Alter-
natively or additionally, the processing unit may be configured to compare the
second sensor signal with the expected sensor signal.

The output signal may be an analogue or digital output signal, such as
a digital binary or Boolean signal. The output signal may be transmitted to a
further device, such as an alarm, a locking device, a display, or the like.

In some embodiments, the processing unit, where the processing unit
determines that the sensor signal is different from the expected sensor signal,
is configured to shut down the contained system, provide a sound indication
and/or visual indication that an air particle concentration is different than an
expected air particle concentration, and/or interlocking access to the contained
system, such as housings to the contained system, e.g. an access door to a
tablet press of the contained system, and/or prevent IBCs from being un-
docked.

In some embodiments, the first sensor comprises an air suction means
having an inlet, and wherein the monitoring system further comprises an inlet
adaptor comprising one or more inlets and an outlet configured to be connected
to the inlet of the first sensor, and wherein the one or more adaptor inlets are
configured to allow the air suction means of the first sensor to take in air from
along at least 40 % of a circumference of a cross-section of the first potential
leakage zone.

Thereby, the robustness of the monitoring system may be improved,
as air may be taken in from a larger portion of the circumference of the circum-
ference, so that leakages at a point along the circumference may easily be
detected, notably where the potential leakage zone comprises a larger surface
area, from which leakage may occur.

The one or more adaptor inlets may be configured to allow the air suc-
tion means to take in air from along at least 40 % of a circumference, such as

at least 50 %, at least 60 %, at least 70 %, or at least 80 % of a cross-section
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of the first potential leakage zone. The one or more adaptor inlet may be con-
figured to allow a flow of air from the one or more adaptor inlets to the adaptor
outlet, potentially to the inlet of the air suction means. Alternatively or addition-
ally, the inlet adaptor may comprise a flow path for allowing air to flow from the
one or more adaptor inlets to the adaptor outlet.

The first potential leakage zone may be substantially tubular and/or
may have a substantially elliptical, such as a substantially circular, cross-sec-
tion.

In some embodiments, the one or more adaptor inlets may be config-
ured to direct air and/or to allow air flow towards the suction means of the first
sensor. Alternatively or additionally, the one or more adaptor inlets are config-
ured to allow the air suction means of the first sensor cause an air flow passing
by at least 40 % of the cross-section circumference of the first potential leakage
zone, potentially so that a flow of air having passed by at least 40 % of the
cross-section circumference of the first potential leakage zone is taken in by
the suction means of the first sensor.

Each of the one or more inlets may be in fluid connection with the outlet
and, potentially, with each other. Each of the one or more inlets may be pro-
vided as openings, channels with openings, the openings potentially facing the
first potential leakage zone.

In some embodiments, the inlet adaptor comprises a plurality of inlets
arranged to allow the air suction means to take in air at a respective plurality of
positions around the circumference of the cross-section of the first potential
leakage zone, or wherein the inlet adaptor is configured to surround at least a
portion of, such as at least half, the circumference of the cross-section of the
first potential leakage zone.

The plurality of inlets may be and/or may comprise at least two inlets,
such as at least three inlets, at least four inlets, or at least five inlets. Each of
the plurality of inlets may be arranged at a respective position around the cir-
cumference of the cross-section of the first potential leakage zone. Each of the

plurality of inlets may be in fluid connection with the inlet adaptor outlet. Alter-
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natively or additionally, each of the adaptor inlets are arranged to allow a re-
spective part of a total flow, the total flow passing through the inlet adaptor
outlet to the air suction means and consisting of the respective parts of the total
flow, to pass through each of the plurality of inlets.

An inlet adaptor configured to surround at least a portion of the circum-
ference of the cross-section of the first potential leakage zone may be config-
ured to be arranged so that an air channel is formed in between at least a por-
tion of the inlet adaptor and the portion of the cross-section circumference. Al-
ternatively or additionally, the inlet adaptor, where this is configured to surround
at least the portion of the cross-section circumference may be configured to
surround at least a portion of the potential leakage zone and/or may comprise
only one inlet. The inlet adaptor may be configured to surround at least 40 %
such as at least 50%, such as at least 60 %, such as at least 70%, such as at
least 80 %, of the circumference of the cross-section of the first potential leak-
age zone.

The inlet adaptor may be configured to allow an air crossflow across
the first potential leakage zone. Alternatively or additionally, the inlet adaptor
may be configured to guide particles in the air around the first potential leakage
zone to the sensor.

In some embodiments, the first sensor is provided with an air suction
means, such as an air suction pump.

Where any further sensor, such as a second sensor and/or a back-
ground sensor, is provided, the further sensor(s) may be provided with an air
suction means, such as an air suction pump.

The air suction means may be configured to take in a predetermined
volume of air from outside of the contained system.

In some embodiments, the air suction means is configured to provide
an air flow of 0.5-12 I/m, preferably 1-10 I/m, preferably 2-8 I/m, preferably 2-5
I/m.

In some embodiments, the air suction means is configured to provide
an air flow of around 2 I/min or around 5 I/min.

In some embodiments, the first sensor is configured to be arranged



WO 2022/248667 PCT/EP2022/064411

10

15

20

25

30

CA 03220222 2023-11-23

13

with a distance to the contained system, such as a potential leakage zone of
the contained system, of 0.5-20 cm, preferably of 1-15 cm, preferably of 1-10
cm, preferably of 2-8 cm, preferably of 3-8 cm, preferably of 4-6 cm.

The distance may a distance to a specific point to the contained sys-
tem, such as a desired point of measurement and/or a potential leakage zone.
In some embodiments, the first sensor may be configured to be fixed to a part
of the contained system, such as an exterior wall of an element of the contained
system, and configured to be arranged with a distance to a desired point of
measurement of 0.5-20 cm, preferably of 1-15 cm, preferably of 1-10 cm, pref-
erably of 2-8 cm, preferably of 3-8 cm, preferably of 4-6 cm.

The distance may be determined from a point of measurement of a
first sensor and/or from an air inlet of the first sensor to the contained system,
such as the desired point of measurement of the contained system and/or a
potential leakage zone.

The distance may be determined as the shortest distance and/or a
distance along a straight line between the first sensor, such as a point of meas-
urement or air inlet thereof, and the contained system, such as a desired point
of measurement and/or a potential leakage zone thereof. Where the distance
is between the first sensor and a potential leakage zone of the contained sys-
tem, the distance may be the distance to a point closest within the leakage
zone and/or may be to a centre point of the potential leakage zone. Alternatively
or additionally, the distance may be a distance only in the horizontal direction,
only in the vertical direction, or the total distance in both the horizontal direction
and the vertical direction.

The first sensor may be configured to be fastened outside the con-
tained system. The first sensor may be configured to be fastened to the con-
tained system, such as on an exterior surface of the contained system and/or
to an element thereof. The monitoring system, potentially the first sensor, may
comprise a fastening element for fastening the first sensor to the contained
system at the first point outside the contained system. The fastening element
may be and/or may comprise one or more of an adhesive, a screw, a bracket,

a clip, or a magnet. Alternatively or additionally, the fastening element may be
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configured to be arranged at a first point by means of a holding device, such
as a stand or a holder. The fastening element may be configured to secure that
the first sensor is arranged with the distance to the contained system of 0.5-20
cm, preferably of 1-15 cm, preferably of 1-10 cm, preferably of 2-8 cm, prefer-
ably of 3-8 cm, preferably of 4-6 cm and/or may be configured to aid in main-
taining the distance to the contained system.

Where the monitoring system comprises a second sensor, the second
sensor may be configured to be arranged with a distance to the contained sys-
tem, such as a potential leakage zone of the contained system, of 0.5-20 cm,
preferably of 1-15 cm, preferably of 1-10 cm, preferably of 2-8 cm, preferably
of 3-8 cm, preferably of 4-6 cm.

In some embodiments, the first sensor is configured to be arranged
with a distance to the contained system, wherein the distance to the contained
system is based at least in part on an air flow, which the air suction means is
configured to provide.

The distance to the contained system may be determined so that
where an increased air flow is provided, the distance is increased. Pctentially,
the distance may be increased proportionally to an increase in the air flow. In
some embodiments, the first sensor is configured to be arranged within a dis-
tance range to the contained system, such as the distance ranges discussed
above, wherein the distance within this range is determined based on the air
flow, which the suction means of the first sensor is configured to provide.

Where the monitoring system comprises a second sensor, the second
sensor may be configured to be arranged with a distance to the contained sys-
tem, wherein the distance to the contained system is based at least in part on
an air flow, which an air suction means of the second sensor is configured to
provide. The distance may be determined in a manner similar or identical to
described with respect to the first sensor.

In some embodiments, the monitoring system is configured to deter-
mine a particle concentration of particles having a size within a first range,
wherein the first range is a subrange within the range from 0.1-40 micrometre,

preferably within the range from 0.2-25 micrometre, preferably within the range
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from 0.3-17 micrometre, preferably within the range from 0.5-15 micrometre,
preferably within the range from 0.7-13 micrometre, preferably within the range
from 1-10 micrometre.

Alternatively, in some embodiments, the monitoring system is config-
ured to determine a particle concentration of particles having a size within a
first range, wherein the first range is a subrange within the range from 0.1-300
micrometre, preferably within the range from 0.1-100 micrometre, preferably
within the range from 0.1-40 micrometre, preferably within the range from 0.2-
25 micrometre, preferably within the range from 0.3-18 micrometre.

Thereby, the robustness of the monitoring system may be improved,
as the monitoring system may be configured to only detect particle concentra-
tions of particles, which are emitted from the pharmaceutical component pro-
cessing.

In some embodiments, the processing unit is configured to determine
a particle concentration of particles having a size within the first range. The
processing unit may be configured to determine the particle concentration of
particles having a size within the first range based on the sensor signal from
the first sensor. The processing unit may be configured to determine the parti-
cle concentration of particles having a size within the first range by filtering the
sensor signal. Alternatively or additionally, the first sensor may be configured
to determine a particle concentration of particles having a size within the first
range, potentially by a sensor processing unit of the first sensor. Alternatively
or additionally, the first sensor signal may be indicative of a particle concentra-
tion of particles having a size within the first range.

Where the monitoring system comprises a second sensor, the moni-
toring system may be configured to determine a particle concentration of parti-
cles having a size within a second range based on a sensor signal from the
second sensor. The second range may be identical to the first range.

In some embodiments, the first sensor is configured to determine a
particle concentration of particles having a size within a first range, wherein the
first range is based at least in part on knowledge about the one or more phar-

maceutical components of the contained system and/or based at least in part
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on the location of the first sensor.

Thereby the monitoring system may be configured to determine leak-
age of particles in the size range corresponding to the one or more pharma-
ceutical compcenents, in turn providing a more robust and accurate monitoring
system. For instance, where the first sensor is arranged proximal to an inlet for
a particular pharmaceutical component, the first range may be the size range
within some, most, or substantially all particles of the pharmaceutical compo-
nent lie. Thereby, the first sensor may detect a leakage of this pharmaceutical
component only, since the sensor will not detect interference from e.g. larger
or smaller particles, thus improving the robustness of the monitoring system.

The knowledge about the one or more pharmaceutical components
may be knowledge about the particle sizes of the any of the one or more phar-
maceutical components, such as typical particle sizes and/or typical particle
size ranges for a specific pharmaceutical component.

The knowledge about the location of the first sensor may be based on
the first point, at which the sensor is configured to be arranged. The knowledge
about the location may comprise knowledge about a potential leakage zone,
for instance which pharmaceutical components passes through the potential
leakage zone inside the contained system when the contained system is in
operation.

In some embodiments, the first sensor is furthermore configured to
provide to the processing unit a sensor signal indicative of a particle size distri-
bution in the air outside the contained system.

In some embodiments, the first sensor is configured to provide to the
processing unit a sensor signal indicative of particle concentrations in a plurality
of subranges. As an example, the first sensor may be configured to provide a
signal indicative of a particle count in a plurality of subranges, e.g. at least two
subranges, at least four subranges, cr at least eight subranges. Alternatively or
additionally, the processing unit may be configured to determine a particle size
distribution, such as a sensor signal indicative of a particle concentration and/or
particle count, based on the sensor signal indicative of a particle size distribu-

tion in the air outside the contained system. Where the monitoring system is
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configured to determine a particle concentration of particles having a size within
a first range, the subranges may be subranges of the first range.

Where the monitoring system comprises a further sensor, such as a
second sensor and/or a background sensor, the further sensor may be config-
ured to provide to the processing unit a further sensor signal, such as a second
sensor signal and/or a background sensor signal, respectively, indicative of a
particle size distribution in the air outside the contained system. The further
sensor may alternatively or additionally be configured to provide to the pro-
cessing unit a further sensor signal indicative of particle concentrations in a
plurality of subranges, potentially identical to the plurality of subranges of the
first sensor. In some embodiments, the processing unit may be configured to
compare particle concentrations in the subranges determined by the first sen-
sor and the second sensor, such as compare the particle concentration and/or
count in each of the subranges from the first sensor with the particle concen-
tration and/or count in each of the subranges from the second sensor. The pro-
cessing unit may be configured to apply any arithmetic operation to the particle
concentration, such as subtract a determined particle concentration based on
the sensor signal from the second sensor from a determined particle concen-
tration based on the sensor signal from the first sensor or vice versa. In some
embodiments, the processing unit may be configured to compare the particle
size distribution and/or the particle size concentration in one or more
subranges.

In some embodiments, the monitoring system further comprises a
background sensor configured to be arranged outside of the contained system
and configured to repeatedly provide to the processing unit a background sen-
sor signal indicative of a particle concentration in air outside the contained sys-
tem, the background sensor being configured to be arranged with a distance to
the first sensor, wherein the expected sensor signal is based at least in part on
the background sensor signal.

This allows for the monitoring system to disregard any background
particle concentration, i.e. concentration of particles which are not emitted from

the contained system, such as dust particles in a room, in which the contained



WO 2022/248667 PCT/EP2022/064411

10

15

20

25

30

CA 03220222 2023-11-23

18

system is arranged, thereby allowing for a more robust detection of a leakage
from the contained system.

The processing unit may be configured to determine a background
particle concentration based on the background sensor signal. The processing
unit may be configured to compare and/or subtract the background particle
concentration from a particle concentration determined based on the sensor
signal from the first sensor and/or based on the second sensor signal.

In some embodiments, the expected sensor signal is the background
sensor signal. Alternatively or additionally, the expected sensor signal may be
a threshold value, wherein the threshold value is determined based on the
background sensor signal, potentially as an adaptive threshold value which is
adapted repeatedly based on the background sensor signal. For instance,
when the background sensor signal indicates an increase in particles, the
threshold value may be increased. When the background sensor signal indi-
cates a decrease in particle concentration, the threshold value may be de-
creased.

The background sensor may comprise any feature(s) described with
respect to first and/or second sensor and/or may be similar or identical to the
first and/or second sensor.

In some embodiments, where a second sensor is provided, the second
sensor may be and/or may act as a background sensor for determining a par-
ticle concentration based on the sensor signal from the first sensor.

In some embodiments, the background sensor is configured to be ar-
ranged in connection with the contained system.

In some embodiments, the background sensor is configured to be ar-
ranged with a distance of 0.5-20 cm from a desired point of measurement.

The desired point of measurement may be a desired point of meas-
urement in a room surrounding the contained system. Where the background
sensor is and/or acts as a second sensor, the desired point of measurement
may be a potential leakage zone, such as a second potential leakage zone.

In some embodiments, the background sensor is configured to be ar-

ranged with a distance of 0.5-20 cm, preferably of 1-15 cm, preferably of 1-10
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cm, preferably of 2-8 cm, preferably of 3-8 cm, preferably of 4-6 cm from the
desired point of measurement.

Thereby, the background sensor may be used to monitor another po-
tential leakage zone.

In some embodiments, the background sensor is configured to provide
a background sensor signal indicative of a particle concentration in intake air
to a room which surrounds the contained system. In some embodiments, the
monitoring system is configured to measure a particle concentration in intake
air to a room which surrounds the contained system.

In some embodiments, the background sensor is configured to be ar-
ranged with a distance of 20 cm or more from the contained system.

Thereby, the background sensor may more precisely estimate the
background particle concentration.

In some embodiments, the background sensor is configured to be lo-
cated at the substantially same height in the vertical direction as the first sen-
Ssor.

Thereby, the influence of gravity on a particle distribution, i.e. larger
and heavier particles falling down to lower heights while smaller and lighter
particles may be present at higher heights, may be compensated for, in turn
improving the robustness of the monitoring system.

In some embodiments, the monitoring system is configured to deter-
mine a particle concentration of particles having a size within a first range,
wherein the first range is based at least in part on a sensor signal from the
background sensor.

The monitoring system, potentially the processing unit thereof, may
determine the particle concentration based on the sensor signal from the first
sensor. The processing unit and/or a sensor processing unit of the first sensor
may determine the particle concentration based on the sensor signal and sub-
sequently select, such as apply a filter, the concentration of particles having a
size within the first range. Alternatively cr additionally, the processing unit
and/or a sensor processing unit of the first sensor may select a portion of the

sensor signal and determine the concentration of particles having a size within
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the first range based on the portion of the sensor signal.

In some embodiments, the background sensor is configured to provide
to the processing unit a sensor signal indicative of a particle size distribution.

The processing unit may be configured compare a particle size distri-
bution determined based on the background sensor signal with a particle size
distribution determined based on a respective sensor signal from the first
and/or a second sensor. The processing unit may be configured to compare
and/or apply arithmetic operations to these as described with respect to the first
and second sensor.

The expected sensor signal may comprise a plurality of threshold val-
ues, i.e. arespective threshold value for each respective particle size subrange.
For instance, when the background sensor signal indicates an increase in par-
ticles in a specific subrange of the distribution, a threshold value of the ex-
pected sensor signal for the specific subrange may be increased. When the
background sensor signal indicates a decrease in particle concentration of par-
ticles having sizes within a specific subrange, the threshold value of the specific
subrange may be decreased.

According to a second aspect, there is disclosed a method for moni-
toring performance of a contained system for processing pharmaceutical com-
ponents, the contained system comprising one or more inlets for receiving one
or more pharmaceutical components and one or more outlets, the method com-
prising the steps of:

identifying a first potential leakage zone;

arranging a first sensor outside the contained system in proximity to
the first potential leakage zone, the first sensor being configured to repeatedly
provide a sensor signal indicative of a particle concentration in the air; and

determining a performance of the contained system based on the sen-
sor signal, wherein the step of determining a performance of the contained sys-
tem comprises comparing the sensor signal with an expected sensor signal,
and where it is determined that the sensor signal is different from the expected
sensor signal, outputting an output signal indicative of an air particle concen-

tration being different than an expected air particle concentration.
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The method according to the second aspect may provide identical or
similar advantages to the monitoring system as described according to the first
aspect of the disclosure. Notably, by arranging the first sensor outside the con-
tained system in proximity to the first potential leakage zone, a leakage may be
identified within a short time from its occurrence and appropriate actions may
be taken at the detection, thus allowing for a reduced test complexity and test
time as well as an improved safety of operators.

By the term “determining a performance” may be understood that it
may be determined whether the contained system is sufficiently contained, i.e.
whether there is a leakage or an emission of one more pharmaceutical compo-
nents exceeding a certain level, such as a threshold level or the like.

The first sensor may be a first sensor of a monitoring system according
to the first aspect of the invention.

A potential leakage zone may comprise one or more potential leakage
points. The potential leakage zone and/or potential leakage point(s) may be as
described with respect to the first aspect of the disclosure.

In scme embodiments, the step of determining a performance of the
contained system comprises comparing, by a processing unit operationally
connectable to the first sensor, wherein the first sensor is configured to repeat-
edly provide to the processing unit, the sensor signal with an expected sensor
signal, and where it is determined that the sensor signal is different from the
expected sensor signal, outputting, by the processing unit, an output signal in-
dicative of an air particle concentration being different than an expected air
particle concentration.

In some embodiments, the contained system is arranged in a room
and the step of arranging the first sensor comprises arranging the first sensor
inside the room and outside the contained system.

In some embodiments of the method, the step of arranging the first
sensor comprises arranging the first sensor with a distance of less than 20 cm
from the first potential leakage zone.

In some embodiments, the first sensor comprises an air suction
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means, such as an air suction pump. In some embodiments, the step of arrang-
ing the first sensor comprises arranging the first sensor at a distance of more
than 0.5 cm from the first potential leakage zone.

Potentially the step of arranging the first sensor comprises arranging
the first sensor at a distance from the first potential leakage zone of more than
1 cm, such as more than 2 cm, such as more than 3 cm, such as more as 4
cm. Alternatively or additionally, the step of arranging the first sensor may com-
prise arranging the first sensor with a distance to the first potential leakage zone
of 0.5-20 cm, such as 1-15 cm, such as 1-10 cm, such as 2-8 cm, such as 3-8
cm, such as 4-6 cm.

In some embodiments, the contained system optionally comprises a
first and a second module connected at an interface, wherein the first potential
leakage zone is selected from the inlet, the outlet, and, optionally, the interface.

The first and second module may each be one or more of a container,
such as an intermediate bulk container, IBC, for a pharmaceutical component
or for a mix thereof, a feeder, a mixer, or a tablet press.

In some embodiments, the method further comprises the step of ar-
ranging a second sensor with a distance to the first sensor of at least 10 cm,
preferably at least 20 cm, preferably at least 50 cm.

In some embodiments, the method further comprises the steps of:

determining a second potential leakage zone; and

arranging a second sensor in proximity with the second potential leak-
age zone.

The second sensor may be operationally connectable to the pro-
cessing unit and may be configured to repeatedly provide to the processing unit
a second sensor signal indicative of a particle concentration in the air. In some
embodiments, the method may further comprise a step of determining a per-
formance of the contained system based on the second sensor signal.

Alternatively or additionally, the step of determining a performance of
the contained system based on the sensor signal may comprise determining a
performance of the contained system based on the sensor signal and the sec-

ond sensor signal. Potentially, the step of determining a performance of the
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contained system may be performed subsequent to the step of arranging the
second sensor.

The second potential leakage zone may be selected from the inlet, the
outlet, and, optionally, the interface. Potentially the step of arranging the sec-
ond sensor comprises arranging the second sensor at a distance from the sec-
ond potential leakage zone of more than 1 cm, such as more than 2 cm, such
as more than 3 cm, such as more as 4 cm. Alternatively or additionally, the step
of arranging the second sensor may comprise arranging the second sensor
with a distance to the second potential leakage zone of 0.5-20 cm, such as 1-
15 cm, such as 1-10 cm, such as 2-8 cm, such as 3-8 cm, such as 4-6 cm.

In some embodiments, the method further comprises the step of:

arranging a background sensor with a distance to the contained sys-
tem of at least 20 cm, preferably at least 50 cm, preferably at least 1 m, from
any potential leakage zone.

In some embodiments, the method further comprises the step of:

arranging a background sensor in proximity with an air intake of a room
surrounding the contained system.

Alternatively or additionally, the step comprises arranging a back-
ground sensor with a distance to the contained system of at least 20 cm, pref-
erably at least 50 cm, preferably at least 1 m, from any potential leakage zone
and arranging the background sensor in proximity with an air intake of a room
surrounding the contained system.

According to a third aspect, there is disclosed a room comprising:

a contained system for processing pharmaceutical components, the
contained system comprising ane or more inlets for receiving one or more phar-
maceutical components and one or more outlets, and

a monitoring system for monitoring performance of the contained sys-
tem according to the first aspect of the invention, wherein the first sensor is
arranged outside of the contained system at a first point and in the room.

The room according to the second aspect may provide identical or
similar advantages to the monitoring system as described according to the first

aspect of the disclosure.
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The contained system of the room may be a contained system as de-
scribed above with respect to the monitoring system according to the first as-
pect of the invention.

In some embodiments, the monitoring system may be configured to
monitor performance of the contained system.

According to a fourth aspect, there is disclosed a pharmaceutical sys-
tem comprising

a contained system for processing pharmaceutical components, the
contained system comprising ane or more inlets for receiving one or more phar-
maceutical components and one or more outlets, and

a monitoring system for monitoring performance of a contained system
according to the first aspect of the invention, wherein the first sensor is ar-
ranged outside of the contained system at a first point and in the room.

The pharmaceutical system according to the fourth aspect may pro-
vide identical or similar advantages to the monitoring system as described ac-
cording to the first aspect of the disclosure.

The contained system of the pharmaceutical system may be a con-
tained system as described above with respect to the monitoring system ac-
cording to the first aspect of the invention.

In some embodiments, the monitoring system may be configured to
monitor performance of the contained system.

The different aspects of the present invention can be implemented in
different ways including a monitoring system for monitoring performance of a
contained system, a method for monitoring for monitoring performance of a
contained system, a room comprising a contained system and a monitoring
system, and a system comprising a contained system and a monitoring system
described above and in the following, each yielding one or more of the benefits
and advantages described in connection with at least one of the aspects de-
scribed above, and each having one or more preferred embodiments corre-
sponding to the preferred embodiments described in connection with at least
one of the aspects described above and/or disclosed in the dependent claims.

Furthermare, it will be appreciated that embodiments described in connection
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with one of the aspects described herein may equally be applied to the other

aspects.

Brief description of the drawings

The above and/or additional objects, features, and advantages of the
present invention, will be further elucidated by the following illustrative and non-
limiting detailed description of embodiments of the present invention, with ref-
erence to the appended drawings, wherein:

FIG. 1 shows a schematic block diagram of an embodiment of a mon-
itoring system according to the present disclosure,

FIG. 2 shows a schematic block diagram of an embodiment of a room
comprising a contained system and a monitoring system according to the pre-
sent disclosure,

FIG. 3 shows a flow chart of an embodiment of a method for monitoring
performance of a contained system according to the present disclosure,

FI1G. 4 shows a flow chart of an embodiment of a method for monitoring
performance of a contained system according to the present disclosure,

FIG. 5a shows a perspective view of elements of a contained system,

FI1G. 5b shows a top-down cross-sectional view of elements of the con-
tained system shown in FIG. 53,

FIG. 6a shows a perspective view of elements of a contained system,

FIG. 6b shows a cross-sectional view of elements of the contained
system shown in FIG. 6a,

FIG. 7 shows a schematic view of an inlet adaptor element of an em-
bodiment of a monitoring system according to the present disclosure, and

FIG. 8 shows a schematic view of an inlet adaptor element of an em-
bodiment of a monitoring system according to the present disclosure.

Similar reference numerals are used for similar elements across the

various embodiments and figures described herein.

Detailed description

In the following description, reference is made to the accompanying
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figures, which show by way of illustration how the invention may be practiced.

FIG. 1 shows a schematic block diagram of an embodiment of a mon-
itoring system 1 according to the present disclosure. The monitoring system 1
is a monitoring system for monitoring performance of a contained system (not
shown in FIG. 1) for processing pharmaceutical components, the contained
system comprising one or more inlets for receiving one or more pharmaceutical
components and one or more outlets. The monitoring system 1 comprises a
first sensor 10 and a processing unit 20 operationally connectable to the first
sensor 10. The first sensor 10 is configured to be arranged outside of the con-
tained system at a first point. The first sensor 10 is configured to repeatedly
provide to the processing unit 20 a sensor signal indicative of a particle con-
centration in air outside the contained system.

The processing unit 20 is configured to compare the sensor signal to
an expected sensor signal.

FIG. 2 shows a schematic block diagram of an embodiment of a room
R comprising a contained system 50 for processing pharmaceutical compo-
nents, and a monitoring system 2 according to the present disclosure. The
monitoring system 2 comprises a first sensor 10’ and a processing unit 20 op-
erationally connectable to the first senscr 10°. The first sensor 10’ is configured
to be arranged outside of the contained system 50 at a first point. The first
sensor 10’ is configured to repeatedly provide to the processing unit 20 a sen-
sor signal indicative of a particle concentration in air outside the contained sys-
tem 50.

The first sensor 10’ differs from the first sensor 10 of the monitoring
system 1 only in comprising a sensor processing unit 110 and an air pump 112.
In other embodiments of the monitoring system 2, it will be appreciated that the
first sensor 10 may be used instead of first sensor 10’

The contained system 50 comprises a first inlet 51 for receiving one or
more pharmaceutical components and an outlet 56 and an outlet 56. The con-
tained system furthermore comprises a second inlet 52 for receiving one or
more pharmaceutical components. The contained system 50 further comprises

a first module 53, in the form of a mixer, and a second module 55, in the form
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of a tablet press, connected by an interface 54. The first 51 and second inlets
52 are each connected to the first module 53 via an interface (not shown). Ad-
ditionally, the second module 55 is connected to the outlet 56 by another inter-
face (not shown).

The first sensor 10’ is arranged in proximity, such as with a distance
of approximately 5 cm, to a first potential leakage zone of the contained system
50. The first potential leakage zone of the contained system is the inlet 51. The
first sensor 10’ comprises a sensor processing unit 100 configured to output
the sensor signal indicative of the particle concentration. The sensor pro-
cessing unit 100 is a central processing unit (CPU).

The monitoring system 2 further comprises a second sensor 11 oper-
ationally connectable to the processing unit 20. The second sensor 11 is ar-
ranged outside cof the contained system 50 at a second point. The second point
is a second potential leakage zone in the form of the interface 54. The second
sensor 11 is arranged with a distance of 5 cm to the interface 54 and with a
distance of more than 50 cm to the first sensor 10’. The second sensor 11 is
configured to repeatedly provide to the processing unit a second sensor signal
indicative of a particle concentration in air outside the contained system.

The monitoring system 2 further comprises a background sensor 12
configured to be arranged outside of the contained system 50 and configured
to repeatedly provide to the processing unit 20 a background sensor signal
indicative of a particle concentration in air outside the contained system 50.
The background sensor 12 is arranged with a distance to the first sensor 10
and with a distance to the second sensor 11.

The processing unit 20 is configured to, where the processing unit de-
termines that the sensor signal from at least the first sensor 10’ is different from
the expected sensor signal, output an output signal indicative of an air particle
concentration being different than an expected air particle concentration.

The first sensor 10’, the second sensor 11, and the background sensor
12 are all arranged in the room R and outside the contained system 50.

The second sensor 11 and the background sensor 12 each comprise

a respective sensor processing unit 110, 120.
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The processing unit 20 is arranged outside the contained system 50 in
the rcom R surrounding the contained system 50.

The processing unit 20 is configured to compare the sensor signal to
an expected sensor signal. The expected sensor signal represents and/or may
be threshold value. The processing unit 20 of the monitoring system is config-
ured to determine that a leakage has occurred when the sensor signal of the
first senseor 10’ and/or the sensor signal of the second sensor 11 exceeds the
threshold value. The threshold is dynamically determined by the processing
unit 20 based on inputs from the background sensor 12.

Each of the first sensor 10, the second sensor 11, and the background
sensor 12 is provided with a respective air suction pump 102, 112, 122, each
being configured to provide an air flow of 2 I/min.

The first sensor 10’ and the second sensor 11 are fastened to the con-
tained system, by means of a respective holding device (not shown).

The monitoring system is configured to determine a particle concen-
tration of particles having a size within a first range, wherein the first range is a
subrange within the range from 0.3-17 micrometre.

The processing unit 20 is configured to determine a particle concen-
tration of particles having a size within the first range. The processing unit 20
the particle concentration of particles having a size within the first range based
on the sensor signal from the first sensor 10’. The processing unit 20 the parti-
cle concentration of particles having a size within the first range based on the
sensor signal from the second sensor 11.

The first sensor 10’ is furthermore configured to provide to the pro-
cessing unit 20 a sensor signal indicative of a particle size distribution in the air
outside the contained system 50 in the form of a signal indicative of a particle
count in four subranges. Similarly, the second sensor 11 and background sen-
sor 12 are each configured to provide to the processing unit 20 a sensor signal
indicative of a particle size distribution in the air outside the contained system
50 in the form of a signal indicative of a particle count in the four subranges.

The processing unit 20 is configured to compare the sensor signal to

an expected sensor signal. The expected sensor signal is based at least in part
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on the background sensor signal.

The processing unit 20 is configured to determine a background parti-
cle concentration based on the background sensor signal. The processing unit
20 is configured to compare the background particle concentration from a par-
ticle concentration determined based on the sensor signal from the first sensor
10" and from a particle concentration determined based on the second sensor
signal 11.

The background sensor 12 is configured to provide a background sen-
sor signal indicative of a particle concentration in intake air to the room R which
surrounds the contained system 50. The background sensor is arranged with
a distance of 20 cm or more from the contained system 50.

FIG. 3 shows a flow chart of an embodiment of a method 3 for moni-
toring performance of a contained system according to the present disclosure.
The method 3 is a method for monitoring performance of a contained system
for processing pharmaceutical components, the contained system comprising
one or more inlets for receiving one or more pharmaceutical components and
one or more outlets. The method 3 comprises the steps of:

identifying 30 a first potential leakage zone;

arranging 31 a first sensor outside the contained system in proximity
to the first potential leakage zone, the first sensor being configured to repeat-
edly provide a sensor signal indicative of a particle concentration in the air; and

determining 32 a performance of the contained system based on the
sensor signal.

FIG. 4 shows a flow chart of an embodiment 4 of a method for moni-
toring performance of a contained system according to the present disclosure.
The method 4 comprises the steps of

identifying 40 a first potential leakage zone;

arranging 41 a first sensor outside the contained system in proximity
to the first potential leakage zone, the first sensor being configured to repeat-
edly provide a sensor signal indicative of a particle concentration in the air; and

The steps of identifying 40 and arranging 41 are similar to the steps
30 and 31 of method 3.



WO 2022/248667 PCT/EP2022/064411

10

15

20

25

30

CA 03220222 2023-11-23

30

In the method 4, the contained system is arranged in a room. The step
of arranging 41 the first sensor comprises arranging the first sensor inside the
room and outside the contained system. The step of arranging 41 the first sen-
sor comprises arranging the first sensor with a distance of less than 20 cm,
such as approximately 5 cm from the first potential leakage zone.

The first sensor comprises an air suction means, such as an air suction
pump, and the step of arranging 41 the first sensor further comprises arranging
the first sensor at a distance of more than 0.5 cm from the first potential leakage
zone.

The contained system optionally comprises a first and a second mod-
ule connected at an interface, wherein the first potential leakage zone is se-
lected from the one or more inlets, the one or more cutlets, and, optionally, the
interface. The step of identifying 40 the first potential leakage zone comprises
selecting the first potential leakage zone from the one or more inlets, the one
or more outlets, and, optionally, the interface.

The method 4 further comprises the steps of:

determining 42 a second potential leakage zcne; and

arranging 43 a second sensor in proximity with the second potential
leakage zone.

The step of arranging 43 the second sensor further comprises arrang-
ing the second sensor with a distance to the first sensor of at least 10 cm, such
as at least 20 cm, such as at least 50 cm.

The second sensor is operationally connectable to the processing unit
and is configured to repeatedly provide to the processing unit a second sensor
signal indicative of a particle concentration in the air.

The method 4 further comprises the step of:

arranging 44 a background sensor with a distance to the contained
system of at least 20 cm, preferably at least 50 cm, preferably at least 1 m,
from any potential leakage zone. In the method 4, the step of arranging the
background sensor 44 comprises arranging the background sensor in proximity

with an air intake of a room surrounding the contained system.
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The method 4 moreover comprises the step of determining 45 a per-
formance of the contained system based on the sensor signal from the first
sensor and the second sensor signal.

FIG. 5a shows a perspective view of elements of a contained system
50’, whereas FIG. 5b shows a top-down cross-sectional view of elements of the
contained system 50'.The contained system 50’ comprises a first container, a
first IBC 51, for a pharmaceutical component and a second container, a second
IBC 52, for another pharmaceutical component. The first 51’ and second IBC
52’ are both connected to a mixer 53’ by means of a respectable first substan-
tially tubular interface 57a and a second substantially tubular interface 57b.
Each of the first substantially tubular interface 57a and a second substantially
tubular interface 57b comprise potential leakage zones.

As shown in FIGs. 5a and 5b, a first sphere 58a indicates a distance
R of 20 cm from a centre point of the first substantially tubular interface 57a is
indicated, i.e. a distance of 20 cm from a potential leakage point of a first po-
tential leakage zone constituted by the first substantially tubular interface 57a.
The second sphere 58b indicates a distance R of 20 cm from a centre point of
the first substantially tubular interface 57b is indicated, i.e. a distance of 20 cm
from a potential leakage point of a second potential leakage zone constituted
by the first substantially tubular interface 57b. The first sphere 58a and the
contained system 50’ delimits a volume within which a first sensor of a moni-
toring system (not shown in FIGs. 5a-5b) may advantageously be arranged.
The volume has a substantially spherical outer periphery. The second sphere
58a and the contained system 50’ delimits a volume within which a potential
second sensor of a monitoring system (not shown in FIGs. 5a-5b) may advan-
tageously be arranged. The volume has a substantially spherical outer periph-
ery. In other embodiments, a volume in which a potential second sensor of a
monitoring system may advantageously be arranged may have a distance of
20 cm from any point of a volume outer periphery to a respective nearest point
of the potential leakage zone. For instance, where the potential leakage zone
is tubular, the volume may have a substantially cylindrical outer periphery por-

tion and two half-sphere portions at each end of the substantially cylindrical
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outer periphery portion.

FIGs. 6a shows a perspective view of elements of a contained system
507, whereas FIG. 6b shows a cross-sectional view of elements cf the con-
tained system 50” shown in FIG. 6a.

In FIGs. 6a and 6b, two tubes connected by means of a two-section
split butterfly valve 57’, which can be opened and closed are shown. The valve
57’ constitutes a potential leakage zone.

On FIGs. 6a and 6b a sphere 58’ indicates a distance R of 20 cm from
a centre point of the potential leakage zone, i.e. the valve 57°. Similar to the
spheres shown with respect to the contained system elements of FIGs. 5a and
5b, the sphere 58’ and the contained system 50” here delimits an air volume
outside of the contained system within which a sensor of a monitoring system
may advantageously be arranged. While, in FIGs. 6a and 6b, the volume de-
fined by the sphere 58’ is spherical, i.e. has a globular outer periphery, the
volume may in other embodiments have a periphery having a substantially tub-
ular section. Alternatively or additionally, each point on the periphery of the
volume may have a distance of 20 cm to a respective nearest point of the po-
tential leakage zone 57°.

The potential leakage zone of the valve 57’ comprises a first potential
leakage sub-zone 570 and a second potential leakage sub-zone 572, each
comprising a plurality of potential leakage points. The first 570 and second po-
tential leakage sub-zones extend along the valve 57’ around the tubes. In some
embodiments, the volume is defined so that each point on its periphery has a
distance of 20 cm to a nearest potential leakage point of the first 570 and sec-
ond potential leakage points 572.

FIG. 7 shows a schematic view of an inlet adaptor element 60 of an
embodiment of a monitoring system according to the present disclosure.

The inlet adaptor 60 comprises three inlets 61a, 61b, and 61¢c and an
outlet 62. The outlet 62 is configured to be connected to an inlet of the first
sensor (not shown in FIG. 7). The adaptor inlets 61a, 61b, and 61c are config-
ured to allow the air suction means of the first sensor to take in air from along

at least 40 % of a circumference of a cross-section of the first potential leakage
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zone 54’. Air flows are indicated by arrows of FIG. 7.

The first potential leakage zone 54’ is an interface of a first module and
a second module of a contained system (not shown in FIG. 7).

The three inlets 61a, 61b, and 61c are each in fluid connection with
the outlet 62 and with each other. Each of the adaptor inlets 61a, 61b, and 61¢
are provided as channels with openings. Each of the openings are facing the
first potential leakage zone 54,

The adaptor inlets 61a, 61b, and 61¢ are configured to allow the air
suction means to take in air from along at least 50 % of a circumference of a
cross-section of the first potential leakage zone 54'. The adaptor inlets 61a,
61b, and 61c¢ are configured to allow a flow of air from the one or more adaptor
inlets to the adaptor outlet 62.

The first potential leakage zone 54’ is substantially tubular and has a
substantially circular cross-section.

The adaptor inlets 61a, 61b, and 81¢ are configured to allow the air
suction means of the first sensor cause an air flow passing by at least 50 % of
the cross-section circumference of the first potential leakage zone 54°.

The inlet adaptor inlets 61a, 61b, and 61¢ are arranged to allow the air
suction means to take in air at three respective positions around the circumfer-
ence of the cross-section of the first potential leakage zone 54°.

FIG. 8 shows a schematic view of an inlet adaptor element cf an em-
bodiment of a monitoring system according to the present disclosure.

FIG. 8 shows a schematic view of an inlet adaptor element 60" of an
embodiment of a monitoring system according to the present disclosure.

The inlet adaptor 60’ comprises one inlet 61" and an outlet 62. The
oulet 62 is configured to be connected to an inlet of the first sensor (not shown
in FIG. 8). The adaptor inlet 61’ is configured to allow the air suction means of
the first sensor to take in air from along at least 40 % of a circumference of a
cross-section of the first potential leakage zone 54'. An air flow is indicated by
arrows of FIG. 8.

The first potential leakage zone 54’ is an interface of a first module and

a second module of a contained system (not shown in FIG. 8).
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The inlet 61’ is in fluid connection with the outlet 62. The inlet 61’ is
provided as an opening in the inlet adaptor element 61’ towards the surround-
ings.

The inlet adaptor 60’ is configured to surround at least 60 % of the
circumference of the cross-section of the first potential leakage zone 54’

The 60’ inlet adaptor configured to surround at least a portion of the
circumference of the cross-section of the first potential leakage zone 54’ is ar-
ranged so that an air channel 63 is formed in between a portion of the inlet
adaptor 60’ and a portion of the cross-section circumference of the potential
leakage zone 54°. The inlet adaptor 60° comprises only one inlet 61°.

The adaptor inlet 61’ is configured to allow a flow of air from the one
or more adaptor inlets to the adaptor outlet 62. The adaptor inlet 61’ is config-
ured to allow the air suction means of the first sensor cause an air flow passing
by at least 60 % of the cross-section circumference of the first potential leakage
zone 54’, so that a flow of air having passed by at least 60 % of the cross-
section circumference of the first potential leakage zone 54’ is present at the
outlet 62.

Although some embodiments have been described and shown in de-
tail, the invention is not restricted to them, but may also be embodied in other
ways within the scope of the subject matter defined in the following claims. In
particular, it is to be understood that cther embodiments may be utilised, and
structural and functional modifications may be made without departing from the
scope of the present invention.

In device claims enumerating several means, several of these means
can be embodied by one and the same item of hardware. The mere fact that
certain measures are recited in mutually different dependent claims or de-
scribed in different embodiments does not indicate that a combination of these
measures cannot be used to advantage.

It should be emphasized that the term "comprises/comprising" when
used in this specification is taken to specify the presence of stated features,
integers, steps or components but does not preclude the presence or addition

of one or more other features, integers, steps, components or groups thereof.
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CLAIMS

1. A monitoring system for monitoring performance of a contained sys-
tem for processing pharmaceutical components, the contained system com-
prising one or more inlets for receiving one or more pharmaceutical compo-
nents and one or more outlets,

the monitoring system comprising a first sensor and a processing unit
operationally connectable to the first sensor, wherein the first sensor is config-
ured to be arranged outside of the contained system at a first point, and the
first sensor is configured to repeatedly provide to the processing unit a sensor
signal indicative of a particle concentration of particles having a size larger than
0.1 micrometre in air outside the contained system,

wherein the processing unit is configured to compare the sensor signal
with an expected sensor signal, and

wherein the processing unit, where the processing unit determines that
the sensor signal is different from the expected sensor signal, is configured to
output an output signal indicative of an air particle concentration being different

than an expected air particle concentration.

2. The monitoring system according to claim 1, wherein the first sensor
is configured to be arranged in proximity to a first potential leakage zone of the

contained system.

3. The monitoring system according to claim 2, wherein the first sensor
comprises an air suction means having an inlet, and wherein the monitoring
system further comprises an inlet adaptor comprising one or more inlets and
an outlet configured to be connected to the inlet of the first sensor, and wherein
the one or more adaptor inlets are configured to allow the air suction means of
the first sensor to take in air from along at least 40 % of a circumference of a

cross-section of the first potential leakage zone.

4. The monitoring system according to claim 3, wherein inlet adaptor

comprises a plurality of inlets arranged to allow the air suction means to take



WO 2022/248667 PCT/EP2022/064411

10

15

20

25

30

CA 03220222 2023-11-23

36

in air at a respective plurality of positions around the circumference of the
cross-section of the first potential leakage zone, or wherein the inlet adaptor is
configured to surround at least a portion of, such as at least half, the circumfer-

ence of the cross-section of the first potential leakage zone.

5. The monitoring system according to any one of the preceding
claims, wherein the first sensor is configured to be arranged with a distance to
the contained system, such as a potential leakage zone of the contained sys-
tem, of 0.5-20 cm, preferably of 1-15 cm, preferably of 1-10 cm, preferably of
2-8 cm, preferably of 3-8 cm, preferably of 4-6 cm.

6. The monitoring system according to any one of the preceding
claims, wherein the monitoring system is configured to determine a particle
concentration of particles having a size within a first range, wherein the first
range is a subrange within the range from 0.1-300 micrometre, preferably within
the range from 0.1-100 micrometre, preferably within the range from 0.1-40
micrometre, preferably within the range from 0.2-25 micrometre, preferably

within the range from 0.3-18 micrometre.

7. The monitoring system according to any one of the preceding
claims, wherein the monitoring system is configured to determine a particle
concentration of particles having a size within a first range, wherein the first
range is based at least in part on knowledge about the one or more pharma-
ceutical components of the contained system and/or based at least in part on

the location of the first sensor.

8. The monitoring system according to any one of the preceding
claims, wherein the first sensor is furthermore configured to provide to the pro-
cessing unit a sensor signal indicative of a particle size distribution in the air

outside the contained system.

9. The monitoring system according to any one of the preceding claims
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further comprising a background sensor configured to be arranged outside of
the contained system and configured to repeatedly provide to the processing
unit a background sensor signal indicative of a particle concentration in air out-
side the contained system, the background sensor being configured to be ar-
ranged with a distance to the first sensor, wherein the expected sensor signal

is based at least in part on the background sensor signal.

10. A method for monitoring performance of a contained system for
processing pharmaceutical components, the contained system comprising one
or mere inlets for receiving one or more pharmaceutical components and one
or more outlets, the method comprising the steps of:

identifying a first potential leakage zone;

arranging a first sensor outside the contained system in proximity to
the first potential leakage zone, the first sensor being configured to repeatedly
provide a sensor signal indicative of a particle concentration in the air; and

determining a performance of the contained system based on the sen-
sor signal,

wherein the step of determining a performance of the contained sys-
tem comprises comparing the sensor signal with an expected sensor signal,
and where it is determined that the sensor signal is different from the expected
sensor signal, outputting an output signal indicative of an air particle concen-

tration being different than an expected air particle concentration.

11. The method according to claim 10, wherein the contained system
is arranged in a room and wherein the step of arranging the first sensor com-
prises arranging the first sensor inside the room and outside the contained sys-

tem.

12. The method according to claim 10 or 11, wherein the step of ar-
ranging the first sensor comprises arranging the first sensor with a distance of

less than 20 cm from the first potential leakage zone.
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13. The method according to any one of claims 10 to 12, wherein the
contained system optionally comprises a first and a second module connected
at an interface, wherein the first potential leakage zone is selected from the one

or more inlets, the one or more outlets, and, optionally, the interface.

14. The method according to any one of claims 21 to 26 further com-
prising the step of:

arranging a background sensor with a distance to the contained sys-
tem of at least 20 cm, preferably at least 50 cm, preferably at least 1 m, from

any potential leakage zone.

15. A rocm comprising:

a contained system for processing pharmaceutical components, the
contained system comprising one or more inlets for receiving one or more phar-
maceutical components and one or more outlets, and

a monitoring system for monitoring performance of the contained sys-
tem according to any one of claims 1 to 9, wherein the first sensor is arranged

outside of the contained system at a first point and in the room.
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