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ABSTRACT

A system for aseptically filling a tray of pharmaceutical containers with a pharmaceutical
product consists of an aseptic chamber, one or more articulated arms within the chamber, a
sensor aseptically disposed with respect to the chamber, and a controller. The controller
determines the locations of openings of the containers based on the image information from the
sensor, and automatically guides one of the arms to fill the containers with the product. To obtain
suitable contrast for accurately identifying openings, an illuminator illuminates the tray with
substantially collimated light. The sensor images tray and containers using collimated light
reflected from a reflective surface such as a retroreflector under the tray. The sensor may be
disposed at a large enough distance from the retroreflector to collect largely the retroreflected
light, or the sensor may employ a telecentric lens or a Fresnel lens. Further articulated arms

move the tray and stopper the containers.

Date regue / Date received 2021-11-08



1

ASEPTIC ROBOTIC FILLING SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

Field of the Invention.

[0001] The invention relates to automated filling systems and methods, including aseptic systems
and methods for the filling of pharmaceutical containers with pharmaceuticals under controlled

conditions.

Background

[0002] By its very nature, the production of sterile pharmaceuticals by humans can be
problematic. Humans can be a large source of microbial contamination. Also, with increased
potencies, some drugs can be hazardous in occupational exposure. For at least these reasons,

robotics have been used in dosage manufacturing to limit human contact. Isolator
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technology, which provides a solid barrier between a process and humans, can also be used in
dosage manufacturing to limit human contact.

[0003] To enable sterile processing, isolator technology has evolved to adapt various vapor
and gas sterilization systems, thereby bringing about an advance in aseptic processing.
Articulated cleanroom robots have been employed which utilize internal negative pressure
with an exhaust to generate cleanroom capability. With the chemical sterilization and
handling of potent drugs within the isolator, an internal negative pressure cleanroom with an

exhaust is not generally feasible, due largely to the leakage potential.

[0004] Sterile manufacturing is performed by various companies, often outsourced
companies, including small cleanroom facilities and large pharmaceutical facilities. Often,
small cleanroom facilities are not optimally equipped for pharmaceutical filling operations,
which can lecad to a lower quality product and higher risk for the outsourcing company.
Conversely, large pharmaceutical facilities with high-speed lines generally can produce a
higher quality product, but have relatively limited flexibility with respect to batch size,

variations of product, and timing.

SUMMARY OF THE INVENTION

[0005] In a first aspect, a system is provided for aseptically filling a tray of pharmaceutical
containers with a pharmaceutical product, comprising: a chamber capable of maintaining an
aseptic condition, an articulated filling arm disposed within the chamber, a sensor aseptically
disposed with respect to the chamber and having a sensing cone within the chamber, and a
controller in data communication with the sensor and with the filling arm and configured for:
obtaining image information from the sensor, determining the locations of openings of the
containers within the sensing cone based on the image information, and automatically
guiding the filling arm to fill the containers with the product based on the locations of

openings of the containers.

[0006] The system may further comprise a retroreflector aseptically disposed with respect to

the chamber, wherein the retroreflector is further disposed to retroreflect to the sensor light
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perpendicularly impinging on the retroreflector. The system may further comprise an
illuminator disposed to illuminate the retroreflector with substantially collimated light. The
system may further comprise a holding arm for holding the tray, wherein the controller is in
data communication with the holding arm, and the controller is configured for automatically
guiding based on the image information the holding arm to position the tray in a location in a
light path between the illuminator and the retroreflector. The controller may be configured
for automatically guiding based on the image information the holding arm to position the tray
The automatically positioning may be such that a planar surface of the tray is substantially
perpendicular to the collimated light. The system may further comprise a stoppering arm for
stoppering the containers, wherein the controller is in data communication with the
stoppering arm, and the controller is configured for automatically guiding based on the image

information the stoppering arm to stopper the containers.

[0007] The sensor may be disposed at a large enough distance from the retroreflector to
collect largely the retroreflected light. The sensor may comprise the illuminator and an
imager, wherein the illuminator is disposed annularly about the imager. The sensor may
comprise an imaging detector, a fixed focal length lens, and a Fresnel lens. The illuminator
for use with the Fresnel lens may be one that provides substantially monochromatic light. In
other embodiments the sensor may comprise an imaging detector and a telecentric lens,
wherein the imager detector is disposed to receive the retroreflected light through the

telecentric lens.

[0008] In another aspect, a method is provided for aseptically filling pharmacecutical
containers with a product, the method comprising establishing an aseptic condition within a
chamber, maintaining the aseptic condition while providing within the chamber a tray
holding within openings in the tray a plurality of pharmaceutical containers, automatically
positioning the tray with the plurality of containers between an illuminator and a
retroreflector, automatically illuminating the tray and containers with light from the
illuminator, automatically obtaining image information about the tray and containers based

on light reflected through the containers by the retroreflector, identifying based on the image
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information centers of openings of at least a portion of the plurality of containers, and
automatically filling the at least a portion of the plurality of containers with the product based

on the identified openings.

[0009] The method may further comprise automatically stoppering the openings of the at
least a portion of the plurality of containers. The automatically stoppering may comprise
operating an articulated stoppering arm to collect stoppers from known locations of stoppers,
and operating the articulated stoppering arm to stopper the openings of the at least a portion

of the plurality of containers.

[0010] The automatically illuminating the tray and containers may comprise illuminating the
tray and containers with substantially collimated light. The automatically positioning the tray
may comprise operating an articulated holding arm to automatically position the tray. The
automatically positioning may be such that a planar surface of the tray is substantially
perpendicular to the collimated light. The automatically filling may comprise operating an

articulated filling arm to automatically fill the at least a portion of the plurality of containers.

[0011] The automatically obtaining image information may comprise imaging with a sensor
disposed at a large enough distance from the retroreflector to collect largely the retroreflected
light. In other embodiments, the automatically obtaining image information may comprise
imaging the tray and containers using a telecentric lens. The automatically obtaining image
information may in further implementations comprise imaging the tray and containers using a
Fresnel lens and a fixed focal length lens. In using a Fresnel lens, the automatically
illuminating the tray and containers with light may comprise automatically illuminating the

tray and containers with substantially monochromatic light.

[0012] Systems according to the invention can help to automate sterile proccssing inside
isolator units by allowing allow the accurate tracking of pharmaceutical containers and the
accurate location of their openings. Such systems can perform this tracking in a highly

robust and tolerant manner.
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[0012a] According to one aspect of the invention, there is provided a system for
aseptically filling a tray of pharmaceutical containers with a pharmaceutical product, comprising:

a chamber capable of maintaining an aseptic condition,

a sensor aseptically disposed with respect to the chamber, the sensor having a sensing
cone within the chamber, the sensor having an associated light source illuminating the sensing
cone, an articulated filling arm and a tray of pharmaceutical containers disposed within the
chamber, each of the articulated filling arm and the tray having a range of motion within the
sensing cone,

a reflective surface positioned within the sensing cone, wherein the reflective surface
includes a retroreflector disposed to reflect to the sensor light from the sensor light source, the
sensor light impinging on the tray of pharmaceutical containers, the retroreflector having a
retroreflective sheet aseptically disposed with respect to the chamber, the retroreflector having a
transparent sheet disposed over the retroreflective sheet such that the retroreflective sheet is in
optical communication within the sensing cone and is physically separated from the chamber by
the transparent sheet; and

a controller in data communication with the sensor and with the filling arm and
configured for:

obtaining image information from the sensor,

determining the locations of openings of the containers within the sensing cone
based on the image information, and

automatically guiding the filling arm to fill the containers with the product based

on the locations of openings of the containers.

[0012b] According to another aspect of the invention, there is provided a method for
aseptically filling pharmaceutical containers with a product, the method comprising:

establishing an aseptic condition within a chamber,

maintaining the aseptic condition while providing within the chamber a tray holding
within openings in the tray a plurality of pharmaceutical containers,

automatically positioning the tray with the plurality of containers in an illumination path
of an illuminator, and positioning a retroreflector to reflect light impinging on the tray and
containers, the retroreflector having a retroreflective sheet aseptically disposed with respect to

the chamber, the retroreflector having a transparent sheet disposed over the retroreflective sheet
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such that the retroreflective sheet is in optical communication within the sensing cone and is
physically separated from the chamber by the transparent sheet,

automatically directing light from the illuminator through the tray and containers,

automatically obtaining image information about the tray and containers based on light
received through the containers,

identifying based on the image information centers of openings of at least a portion of the
plurality of containers, and

automatically filling the at least a portion of the plurality of containers with the product based on
the identified openings.

[0012c] According to a further aspect of the invention, there is provided a system
for aseptically filling a tray of pharmaceutical containers with a pharmaceutical product,
comprising:

means for establishing an aseptic condition within a chamber,

means for maintaining the aseptic condition while providing within the chamber a tray
holding within openings in the tray a plurality of pharmaceutical containers,

means for automatically positioning the tray with the plurality of containers in an
illumination path of an illuminator, and positioning a retroreflector to reflect light impinging on
the tray and containers, the retroreflector having a retroreflective sheet aseptically disposed with
respect to the chamber, the retroreflector having a transparent sheet disposed over the
retroreflective sheet such that the retroreflective sheet is in optical communication within the
sensing cone and is physically separated from the chamber by the transparent sheet,

means for automatically directing light from the illuminator through the tray and
containers,

means for automatically obtaining image information about the tray and containers based
on light received through the containers,

means for identifying based on the image information centers of openings of at least a
portion of the plurality of containers, and

means for automatically filling the at least a portion of the plurality of containers with the

product based on the identified openings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above-mentioned and other features and objects of this invention, and the
manner of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of an embodiment of the invention

taken in conjunction with the accompanying drawings, wherein:

[0014] FIG. 1 is a perspective view of a robotic filling system according to embodiments of

the disclosed subject matter.

[0015] FIG. 2 is a plan view of a robotic filling system according to embodiments of the

disclosed subject matter.

[0016] FIG. 3 is another perspective view of a robotic filling system according to

embodiments of the disclosed subject matter.

[0017] FIG. 4 is diagram showing the use of substantially collimated light in the functioning

of a sensor of the robotic filling system of FIG. 3.

[0018] FIG. 5 shows a nest of pharmaceutical containers illuminated with substantially
collimated light from an illuminator annularly disposed with respect to a sensor as per an

embodiment of the disclosed subject matter.

[0019] FIG. 6 shows a nest of pharmaceutical containers imaged by a sensor employing a

telecentric lens as per an embodiment of the disclosed subject matter.

[0020] FIG. 7 shows a nest of pharmaceutical containers imaged by a sensor employing a

Fresnel lens as per an embodiment of the disclosed subject matter.
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[0021] FIG. 8 shows one construction of a retroreflector for use in embodiments according to

the disclosed subject matter.

[0022] FIG. 9 shows a flowchart for a method for filling pharmaceutical containers according

to the disclosed subject maltter.

[0023] Corresponding reference characters indicate corresponding parts throughout the
scveral views. Although the drawings represent embodiments of the present invention, the
drawings are not necessarily to scale and certain features may be exaggerated in order to
better illustrate and explain the present invention. Some drawings may exclude elements for
the sake of clarity, the excluded elements being shown in other drawings. The flowcharts and
screen shots are also representative in nature, and actual embodiments of the invention may
include further features or steps not shown in the drawings. The exemplifications set out
herein illustrate embodiments of the invention, in one form, and such exemplifications are

not to be construed as limiting the scope of the invention in any manner.

DESCRIPTION OF EMBODIMENTS OF THE PRESENT INVENTION

[0024] The embodiments disclosed below are not intended to be exhaustive or limit the
invention to the precise form disclosed in the following detailed description. Rather, the
embodiments are chosen and described so that others skilled in the art may utilize their

teachings.

[0025] Referring to FIGS. 1 and 2, an aseptically sealed robotic filling system 10 is
configured to fill containers 90 (see Fig. 2) with a product. The product may be, for example
without limitation, at least one of a liquid product, a pharmaceutical product, or potentially
toxic or otherwise harmful product. As will be described in more detail below, the filling
system 10 can be configured to locate, target, and fill randomly placed containers 90 within a
tray or nest 80, without the need for mechanical container handling parts, or other change
parts for filling equipment. Many types of containers 90 are contemplated herein, including,

but not limited to vials, syringes, bottles, beakers, test tubes, etc.
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[0026] Filling system 10 may comprise a chamber 20 configured to maintain a desired
environmental condition. For the sake of clarity, the internal details of chamber 20 are shown
in plan view in FIG 2. For example without limitation, chamber 20 may be an isolator
chamber capable of maintaining an aseptic condition within chamber 20. Chamber 20 may
comprise one or more ports 22 for access to the interior of the chamber 20. At least one port
22 may be, for example, a rapid transfer port to allow for aseptic transfer of articles from a
transfer container, such as a transfer isolator, to chamber 20. In some embodiments, the at
least one port 22 may be a rapid transfer port configured to mate with a door of the transfer
container such that the unsterilized exterior surfaces mate against and attach to each other
before opening. The mating may be configured such that the unsterilized exterior surfaces of
the door and the at least one port 22 are contained against each other when the port 22 and
door combination is opened. This arrangement limits contamination of the interior

environments of the transfer container and the chamber 20.

[0027] Filling system 10 may comprise proximity sensors or other suitable devices capable
of sensing when a transfer container is engaged with the at least one port 22. This
arrangement prevents opening of the at least one port 22 while not engaged with a transfer

container and avoids contamination of the interior environmental condition.

[0028] Chamber 20 may include one or more glove holes 21 disposed in the walls of the
chamber 20. Glove holes 21 may be used to manually manipulate objects within chamber 20
without opening chamber 20 or otherwise compromising the environmental condition within

chamber 20.

[0029] A filling arm 40 (See FIG. 2) may be disposed within the chamber 20. Filling arm 40
may be a compound articulated robotic arm. Filling arm 40 may comprise filling tubing 42
extending from a pump 44 to a point at an end of filling arm 40. An outlet of the filling tube
42 may include a valve, filling needle, or other flow control device to control discharge of the
product from the filling tubing 42. The filling tubing 42 may extend from a reservoir and

through pump 44. Pump 44 may be configured to selectively urge the product from the
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reservoir, through the filling tubing 42, and into the containers 90. Pump 44 may a peristaltic
pump, such as a rotary or a linear peristaltic pump. Filling arm 40 is disposed and configured to
position the outlet of filling tubing 42 over each container 90 to allow filling of containers 90
with the product. Controller 13 is in data communication with pump 44 in order to control pump

44,

[0030] Filling system 10 may include a sensor 12 for sensing containers 90 within chamber 20.
Sensor 12 is disposed to sense openings of containers 90. The sensor 12 may be an optical
sensor, a camera system, or a laser system. Sensor 12 may be mounted at a top surface of
chamber 20 and is disposed to sense within the chamber 20 an area described by a field of view
or sensing cone 14. Controller 13 is in data communication with sensor 12 to control sensor 12
and retrieve information from sensor 12. In some embodiments, optical sensor 12 may be
configured to locate containers 90 within the field of view or sensing cone 14 and target centers
of the openings of the containers 90. The locations of the sensed openings of the containers 90
may be used to guide filling arm 40 to fill containers 90 with the product. The targeted centers
may be used by controller 13 for controlling filling arm 40. Controller 13 is in data
communication with filling arm 40. Optical sensor 12 may be configured to perform a pre-fill
inspection of containers 90 to determine if any containers are defective or otherwise unfit for
filling. If a defective container is found, the container can be ignored during the filling process so

as to reduce waste of product and limit potential leakage.

[0031] The structure, functions, use, and operation of filling arm 40 are described in detail in
U.S. Patent Publication 2014-0196411. Filling arm 40 may be of differing configurations capable
of functioning in the manners described in the present specification and in the above-mentioned
U.S. patent publications 2009-0223592 and 2014-0196411. Filling arm 40 may be a servo-driven

robotic arm. Filling arm 40 may be controlled by

Date Regue/Date Received 2021-10-04
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controller 13.

[0032] A holding arm 30 may be disposed within the chamber 20 for transporting and
holding the containers 90 within chamber 20. Holding arm 30 may be a compound
articulated robotic arm. Controller 13 is in data communication with holding arm 30 for
controlling holding arm 30. Holding arm 30 may be used to perform multiple tasks,
including, for example, opening doors of ports 22 and transporting and holding containers 90.
To this end, holding arm 30 may comprise an end effect tool 32. In some embodiments the
end effect tool may be generally U-shaped, as shown in FIG 2. In some embodiments, the
end effect tool 32 may include different configurations depending upon the interactions and
tasks required of the holding tool. Holding arm 30 an end effect tool 32 may be disposed and
configured for opening and closing ports 22 to allow for containers 90 to enter and exit
chamber 20. For example, a transfer isolator or other such transfer container may be used to
transfer sterilized containers into chamber 20. In one embodiment, once a transfer isolator or
other transfer container is attached to the port 22, as signaled by the proximity sensor or other

such device, the controller 13 may control the holding arm 30 to open the port 22.

[0033] Holding arm 30 can be used to interact with a door of the at least one port 22 to open
the door, thereby allowing the holding arm 30 to access the interior of the transfer isolator or
transfer container, while generally maintaining a desired environmental condition within the
chamber 20. In one example, the containers 90 are held on a tray 80 or other such holder
configured to allow the holding arm 30 to pick up the tray 80. The end tool 32 may be
extended into the transfer isolator or transfer container and positioned to pick up the tray 80
to transport it into the chamber 20. Once the tray 80 is transported within the chamber 20,
the port 22 may be closed by the holding arm 30.

[0034] In another example, the port 22 may remain open, for instance, to replace the tray 80
of containers 90 once the containers 90 have been filled. In yet another example, once the
containers 90 have been filled, the holding arm 30 may be used to open a port 22, as

described above, and to place the tray 80 of filled containers 90 within a transfer isolator or
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other transfer container engaged thereto for removal of the filled containers 90 from within the

chamber 20.

[0035] Referring to FIG. 2, once the tray 80 is received by the end effect tool 32, the holding arm
30 transports the tray 80 to a filling position within chamber 20. The filling position may be a
location within the chamber 20 that is within the sensing cone 14 and within reach of the filling
arm 40. Tray 80 may be positioned such that collimated light impinges perpendicularly on tray

80 and on the openings of containers 90.

[0036] Once the tray 80 of containers 90 is in the filling position, the sensor 12 can be activated
to locate the containers 90 and target the openings of the containers 90. Pattern recognition
software may be employed to analyze data from the sensor 12 to identify suitable filling
locations corresponding to the openings of the containers 90. In this way, the containers 90 in
various positions on the tray 80, including random positions, may be located and targeted by the
sensor 12 and pattern recognition software and need not be positioned with any particular pattern
or spacing. Additionally, such locating and targeting may be performed regardless of the size of
the containers 90. The pattern recognition software may be implemented in controller 13. In other
embodiments, the pattern recognition software may be implemented in a computer or control
module different from the controller 13 of the filling system 10. The positions of the containers
90 may be used to control the filling arm 40 to travel to the predetermined filling locations and

dispense the product into the containers 90.

[0037] The structure, functions, use, and operation of holding arm 30 are described in detail in
U.S. Patent Publication 2014-0196411. Holding arm 30 may be of differing configurations
capable of functioning in the manners described in the present specification and in the
abovementioned U.S. patent publications 2009-0223592 and 2014-0196411. Holding arm 30

may be a servo-driven robotic arm. Holding arm 30 may be controlled by controller 13.

Date Regue/Date Received 2021-10-04
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[0038] A stoppering arm 50 may be disposed within the chamber 20 and configured to pick up
and place stoppers or other closures in the openings of the containers 90. Controller 13 is in data
communication with stoppering arm S0 for controlling stoppering arm 50. Closures contemplated
for use with the filling system 10 include, without limitation, lyophilization stoppers, serum
stoppers, syringe stoppers, and the like. Stoppering arm 50 may comprise a gripping implement
(not shown) at the end thereof. Stoppering arm 50 may comprise tubing 52 extending from a
vacuum source to an end of the stoppering arm 50. The tubing 52 may connect to the gripping
implement, allowing the gripping element to be actuated by pulling of a vacuum through the
tubing 52. The application and removal of vacuum on tubing 52 may be controlled by controller
13 via a suitable vacuum pump (not shown). The gripping implement may comprise mechanical
grasping members, such as mechanically-actuated fingers or other such mechanical grasping

mechanisms.

[0039] Stoppering arm 50 may be configured and disposed to pick up stoppers from a stopper
source. In one embodiment shown in FIG. 2, the stopper source is a stopper disc stack 60
comprising a stack of one or more stopper discs stacked on a spindle 67 and axially slidable
along the spindle 67. The stopper discs may be configured to retain a plurality of stoppers. Filling
system 10 may include a disc holder arm 54 to pick up discs from disc stack 60 after all the
stoppers or other closures have been removed therefrom to thereby expose the stoppers or other
closures of other discs lower down in the disc stack 60. Controller 13 is in data communication
with disc holder arm 54 for controlling disc holder arm 54. The stopper discs, stoppers, the
arrangement of stoppers on discs, and the method by which the stopper arm 60 and disc holder
arm 54 are employed to obtain stoppers from the stopper disc stack to stopper containers 90 are

described in detail in U.S. Patent Publication 2014-0196411.

Date Regue/Date Received 2021-10-04
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Stoppering arms 50 may be of differing configurations capable of functioning in the manners
described in the present specification and in the abovementioned U.S. patent applications
Serial Nos. 12/393,183 and 13/744,408. Stoppering arm 50 may be a servo-driven robotic

arm.

[0040] FIG. 3 shows the sensing aspects of filling system 10 in more detail. For the sake of
clarity, internal items to chamber 20 that are not immediately relevant to sensing and that
may obscure the sensing subsystem and its working are not shown. In this respect, the
holding arm 30, filling arm 40, stoppering arm 50, and disc holder arm 54, for example, are
not shown in FIG. 3, but are instead shown in detail in FIG. 2. In FIG. 3, pharmaceutical
containers 90 are held in tray 80 above or on a retroreflector 70. The details of retroreflector
70 are discussed later at the hand of FIG. 7. Retroreflector 70 ensures that adequate light
returns toward senor 12 to cnable the imaging of the openings of containers 90 to a degree of
accuracy that allows their centers to be determined accurately enough to guide filling arm 40
to fill containers 90 with the product. While a retroreflector is presently preferred, a less

reflective surface, such as a white surface, may be sufficient for some applications.

[0041] In FIG. 4 substantially collimated light 72 from a suitable illuminator, later discussed,
is substantially perpendicularly incident on tray 80 holding pharmaceutical containers 90 and
is reflected in multiple directions as generally reflected light 78 by tray 80. The light
reflected directly back perpendicular to the tray 80 is thus much reduced in intensity. The
portion of the substantially collimated light that is perpendicularly incident on containers 90
is transmitted through containers 90 and the bulk of this transmitted light is reflected back
through containers 90 by retroreflector 70 as retroreflected light 74. As long as the incident
light is suitably collimated, retroreflected light 74 will allow the formation of images by
sensor 12 of FIG. 3 in which the container openings will exhibit high contrast with respect to
significantly darker tray 80, the image of which relies on much less intense generally
reflected light 78. This contrast allows for accurate determination of the centers of the
openings in containers 90. Suitable methods for determining the centers of the containers 90,

such as software based image analysis and pattern recognation, are well-established and will
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not be discussed further in this specification. The illumination is considered “substantially
collimated” if it produces enough contrast by the above means to allow the openings of
containers 90 to be unequivocally delineated in the software employed for image analysis.
This allows a limited degree of divergence or convergence in incident illumination, which is

dependent on the distance of the openings of the containers 90 from retroreflector 70.

[0042] FIG. 5 shows one embodiment of the illumination and imaging principle depicted in
FIG. 4. In FIG. 5 sensor 12 comprises an imager 88 and an illuminator 86 annularly disposed
about imager 88. By making the surface area of the illuminator large enough and locating the
sensor 12 suitably far from tray 80, it may be ensured that the light impinging on the
combination of tray 80 and pharmaceutical containers 90 is collimated to a degree that is
suitable for the imaging to proceed by the mechanism described at the hand of FIG. 4. The
challenge in imaging the openings of the containers is generally not primarily one of ecither
resolution or enough light, but rather one of suitable contrast and depth of focus. In this
embodiment the sensor 12 is located far enough from tray 80 to ensure that substantially
collimated light illuminates tray 80. This arrangement also relaxes the demands on any
imaging lens in imager 88 and avoids having complex and expensive lenses exposed to the
gases and vapors employed to render the interior of chamber 20 aseptic. To this end, sensor
12 in its various embodiments may be aseptically disposed in the roof of chamber 20 by, for
example without limitation, disposing it behind a transparent window sealed aseptically to
the roof of chamber 20. In all contemplated arrangements, sensor 12 is aseptically disposed

with respect to chamber 20, whether interior or exterior to chamber 20.

[0043] FIG. 6 shows another embodiment of the imaging aspect of system 10. In FIG. 6
imager 88 comprises an imaging detector 84 and a telecentric lens 82. Light from a suitable
source (not shown) is made to impinge on tray 80 and is reflected as in FIG. 4. This
embodiment relies on the telecentric nature of the lens to ensure that the image is formed
from light impinging substantially perpendicularly on lens 82, and therefore passing through
its aperture, rather than on the distance of the lens from tray 84 as in the embodiment of FIG.

5. Alens is sufficiently telecentric for a given system if it produces enough contrast by the
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above means to allow the openings of containers 90 to be unequivocally delineated in the

software employed for image analysis within its useful range in the system.

[0044] FIG. 7 shows a further embodiment of the imaging aspect of system 10. In FIG. 7
imager 93 comprises an imaging detector 94, a fixed focal length lens 95, and a Fresnel lens
96 of at least the dimensions of the tray 80. The benefit of this solution lies in its inherent low
cost. Fresnel lenses are vastly less costly than telecentric lenses of the same lens size.
Substantially collimated light from a suitable source (not shown) is made to impinge
perpendicularly on tray 80 and is reflected as in FIG. 4. To address the chromatic aberration
inherent in Fresnel lenses, the illumination of tray 80 may done with substantially

monochromatic light from suitable light emitting diodes.

[0045] FIG. 8 shows one possible embodiment of retroreflector 70 in which retroreflective
sheet 73 is mounted in a recessed base 75. Base 75 may be material compatible with the
requirements of an aseptic environment and resistant to the gases and vapors employed to
render the interior of chamber 20 aseptic. By way of non-limiting example, one suitable
material for base 75 is a metal, such as stainless steel, titanium, aluminum, or hastelloy. The
metal can be coated or otherwise treated to provide a non-stick or decreased-stick surface,
using, for instance, a hard anodizing process or other such treatment or coating processes.
Retroreflective sheet 73 is covered by a transparent sheet 77 compatible with the
requirements of an aseptic environment and resistant to the gases and vapors employed to
render the interior of chamber 20 aseptic. By way of non-limiting example, one suitable
material for transparent sheet 77 1s glass. Sheet 77 may be secaled to base 75 by means of
suitable adhesive. This construction ensures that retroreflector 70 is aseptically disposed
within chamber 20. In another embodiment retroreflective sheet 73 may be located
underneath the base of chamber 20 with transparent sheet 77 aseptically embedded within the
base of chamber 20. In all contemplated arrangements, retroreflector 70 is aseptically

disposed with respect to chamber 20, whether interior or exterior to chamber 20.
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[0046] In another aspect, described at the hand of the flow chart in FIG. 9, a method [800] is
provided for aseptically filling pharmaceutical containers with a product, the method
comprising establishing [810] an aseptic condition within a chamber, maintaining [820] the
aseptic condition while providing within the chamber a tray holding within openings in the
tray a plurality of pharmaceutical containers, automatically positioning [830] the tray with
the plurality of containers between an illuminator and a retroreflector, automatically
illuminating [840] the tray and containers with light from the illuminator, automatically
obtaining image information [850] about the tray and containers based on light reflected
through the containers by the retroreflector, [860] identifying based on the image information
centers of openings of at least a portion of the plurality of containers, and automatically
filling [870] the at least a portion of the plurality of containers with the product based on the

identified openings.

[0047] The method may further comprise automatically stoppering [880] the openings of
the at least a portion of the plurality of containers. The automatically stoppering [880] may
comprise operating an articulated stoppering arm to collect stoppers from known locations of
stoppers, and operating the articulated stoppering arm to stopper the openings of the at least a

portion of the plurality of containers.

[0048] The automatically illuminating [840] the tray and containers may comprise
illuminating the tray and containers with substantially collimated light. The automatically
positioning [830] the tray may comprise operating an articulated holding arm to
automatically position the tray. The automatically positioning [830] the tray may be such that
a planar surface of the tray is substantially perpendicular to the collimated light. The
automatically filling [860] may comprise operating an articulated filling arm to automatically

fill the at least a portion of the plurality of containers.

[0049] The automatically obtaining image information [850] may comprise imaging with a
sensor disposed at a large enough distance from the retroreflector to collect largely the

retroreflected light. In other embodiments, the automatically obtaining image information
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[850] may comprise imaging the tray and containers using a telecentric lens. The
automatically obtaining image information [850] may in further implementations comprise
imaging the tray and containers using a Fresnel lens and a fixed focal length lens. In using a
Fresnel lens, the automatically illuminating [840] the tray and containers with light may
comprise automatically illuminating the tray and containers with substantially

monochromatic light.

[0050] Referring again to FIG. 3, an illuminator 15 may also be positioned under the tray.
This can provide collimated light to the sensor 12 in addition to or instead of light received
from above the tray. This lower illuminator may also be aseptically disposed in the floor of
chamber 20 by, for example without limitation, disposing it behind a transparent window
sealed aseptically to the floor of chamber 20, inside or outside the chamber. Filling systems
can also be implemented with other combinations of the illuminating, sensing, and/or
reflecting elements. One example of such a system can include a floor-mounted illuminator,

a floor- mounted sensor, and a roof-mounted retroreflector.

[0051] While this invention has been described as having an exemplary design, the present
invention may be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures
from the present disclosure as come within known or customary practice in the art to which

this invention pertains.

[0052] The above detailed description includes references to the accompanying drawings,
which form a part of the detailed description. The drawings show, by way of illustration,
specific embodiments in which the invention can be practiced. These embodiments are also
referred to herein as “examples.” Such examples can include elements in addition to those
shown and described. However, the present inventors also contemplate examples in which

only those elements shown and described are provided.
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[0053] In the event of inconsistent usages between this document and a reference, the usage in
the reference(s) should be considered supplementary to that of this document; for irreconcilable

inconsistencies, the usage in this document controls.

[0054] In this document, the terms “a” or “an” are used, as is common in patent documents, to
include one or more than one, independent of any other instances or usages of “at least one” or
“one or more.” In this document, the term “or” is used to refer to a nonexclusive or, such that “A
or B” includes “A but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In the
appended claims, the terms “including” and “in which” are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” Also, in the following claims, the terms
“including” and “comprising” are open-ended, that is, a system, device, article, or process that
includes elements in addition to those listed after such a term in a claim are still deemed to fall

29 <C

within the scope of that claim. Moreover, in the following claims, the terms “first,” “second,”
and “third,” etc. are used merely as labels, and are not intended to impose numerical

requirements on their objects.

[0055] The above description is intended to be illustrative, and not restrictive. For example, the
above-described examples (or one or more aspects thereof) may be used in combination with
each other. Other embodiments can be used, such as by one of ordinary skill in the art upon
reviewing the above description. The Abstract is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to streamline the disclosure. This should
not be interpreted as intending that an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the Detailed Description,
with each claim standing on its own as a separate embodiment. The scope of the invention
should be determined with reference to the appended claims, along with the full scope of

equivalents to which such claims are entitled.

Date Regue/Date Received 2021-10-04
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What is claimed is:

1. A system for aseptically filling a tray of pharmaceutical containers with a pharmaceutical
product, comprising:

a chamber capable of maintaining an aseptic condition,

a sensor aseptically disposed with respect to the chamber, the sensor having a sensing
cone within the chamber, the sensor having an associated light source illuminating the sensing
cone, an articulated filling arm and a tray of pharmaceutical containers disposed within the
chamber, each of the articulated filling arm and the tray having a range of motion within the
sensing cone,

a reflective surface positioned within the sensing cone, wherein the reflective surface
includes a retroreflector disposed to reflect to the sensor light from the sensor light source, the
sensor light impinging on the tray of pharmaceutical containers, the retroreflector having a
retroreflective sheet aseptically disposed with respect to the chamber, the retroreflector having a
transparent sheet disposed over the retroreflective sheet such that the retroreflective sheet is in
optical communication within the sensing cone and is physically separated from the chamber by
the transparent sheet; and

a controller in data communication with the sensor and with the filling arm and
configured for:

obtaining image information from the sensor,

determining the locations of openings of the containers within the sensing cone
based on the image information, and

automatically guiding the filling arm to fill the containers with the product based

on the locations of openings of the containers.

2. The system of claim 1, wherein the light source is aseptically disposed with

respect to the chamber.

3. The system of claim 1, further comprising an illuminator disposed to illuminate the

retroreflector with substantially collimated light.

Date Regue/Date Received 2021-10-04
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4. The system of claim 3, further comprising a holding arm for holding the tray, wherein:
the controller is in data communication with the holding arm, and
the controller is configured for automatically guiding, based on the image information,
the holding arm to position the tray in a location in a light path between the illuminator and the

retroreflector.

5. The system of claim 4, wherein the controller is configured for automatically guiding,
based on the image information, the holding arm to position the tray such that a planar surface of

the tray is substantially perpendicular to the collimated light.

6. The system of claim 3, wherein the sensor is disposed at a large enough distance from the

retroreflector to collect largely the retroreflected light.

7. The system of claim 6, wherein the sensor comprises the illuminator and an imager,

wherein the illuminator is disposed annularly about the imager.

8. The system of claim 3, wherein the sensor comprises an imaging detector, a fixed focal

length lens, and a Fresnel lens.

9. The system of claim 8, wherein the illuminator provides substantially monochromatic
light.
10.  The system of claim 3, wherein the sensor comprises an imaging detector and a

telecentric lens, wherein the imaging detector is disposed to receive the retroreflected light

through the telecentric lens.
11.  The system of claim 1, further comprising a stoppering arm for stoppering the containers,

wherein:

the controller is in data communication with the stoppering arm, and

Date Regue/Date Received 2021-10-04
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the controller is configured for automatically guiding, based on the image information,

the stoppering arm to stopper the containers.

12. A method for aseptically filling pharmaceutical containers with a product, the method
comprising:

establishing an aseptic condition within a chamber,

maintaining the aseptic condition while providing within the chamber a tray holding
within openings in the tray a plurality of pharmaceutical containers,

automatically positioning the tray with the plurality of containers in an illumination path
of an illuminator, and positioning a retroreflector to reflect light impinging on the tray and
containers, the retroreflector having a retroreflective sheet aseptically disposed with respect to
the chamber, the retroreflector having a transparent sheet disposed over the retroreflective sheet
such that the retroreflective sheet is in optical communication within the sensing cone and is
physically separated from the chamber by the transparent sheet,

automatically directing light from the illuminator through the tray and containers,

automatically obtaining image information about the tray and containers based on light
received through the containers,

identifying based on the image information centers of openings of at least a portion of the
plurality of containers, and

automatically filling the at least a portion of the plurality of containers with the product

based on the identified openings.

13.  The method of claim 12, further comprising automatically stoppering the openings of the

at least a portion of the plurality of containers.

14.  The method of claim 13, wherein the automatically stoppering comprises:

operating an articulated stoppering arm to collect stoppers from known locations of
stoppers, and

operating the articulated stoppering arm to stopper the openings of the at least a portion

of the plurality of containers.
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15.  The method of claim 12, wherein the automatically illuminating the tray and containers

comprises illuminating the tray and containers with substantially collimated light.

16.  The method of claim 12, wherein the automatically positioning the tray comprises

operating an articulated holding arm to automatically position the tray.

17.  The method of claim 16, wherein the automatically positioning the tray comprises
operating an articulated holding arm to automatically position the tray such that a planar surface

of the tray is substantially perpendicular to collimated light from the illuminator.

18.  The method of claim 12, wherein the automatically filling comprises operating an

articulated filling arm to automatically fill the at least a portion of the plurality of containers.
19.  The method of claim 12, wherein the automatically obtaining image information
comprises imaging with a sensor disposed at a large enough distance from the retroreflector to

collect mostly retroreflected light.

20.  The method of claim 12, wherein the automatically obtaining image information

comprises imaging the tray and containers using a telecentric lens.

21.  The method of claim 12, wherein the automatically obtaining image information

comprises imaging the tray and containers using a Fresnel lens and a fixed focal length lens.
22.  The method of claim 21, wherein the automatically illuminating the tray and containers
with light comprises automatically illuminating the tray and containers with substantially

monochromatic light.

23.  The method of claim 12, wherein the automatically positioning the tray with the plurality

of containers places the tray between an illuminator and a reflective surface.

24.  The method of claim 12, wherein the automatically positioning the tray with the plurality

Date Regue/Date Received 2021-10-04
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of containers places the tray between an illuminator and a retroreflector.

25. The method of claim 12, wherein the automatically illuminating takes place after the

automatically positioning the tray.

26. A system for aseptically filling a tray of pharmaceutical containers with a pharmaceutical
product, comprising:

means for establishing an aseptic condition within a chamber,

means for maintaining the aseptic condition while providing within the chamber a tray
holding within openings in the tray a plurality of pharmaceutical containers,

means for automatically positioning the tray with the plurality of containers in an
illumination path of an illuminator, and positioning a retroreflector to reflect light impinging on
the tray and containers, the retroreflector having a retroreflective sheet aseptically disposed with
respect to the chamber, the retroreflector having a transparent sheet disposed over the
retroreflective sheet such that the retroreflective sheet is in optical communication within the
sensing cone and is physically separated from the chamber by the transparent sheet,

means for automatically directing light from the illuminator through the tray and
containers,

means for automatically obtaining image information about the tray and containers based
on light received through the containers,

means for identifying based on the image information centers of openings of at least a
portion of the plurality of containers, and

means for automatically filling the at least a portion of the plurality of containers with the

product based on the identified openings.

Date Regue/Date Received 2021-10-04
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