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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This present invention relates to the medical
field as exemplified by IPC class A61 and more particu-
larly to apparatus and associated methods for steriliza-
tion of and sterile handling of pharmaceutical materials
and containers for pharmaceuticals, including bringing
pharmaceuticals into form for administration to medical
or veterinary patients. In one aspect, it relates to the
programmed and automatic operation of such apparatus
configured and arranged for filling pharmaceutical con-
tainers with predetermined amounts of liquid or other
materials.

BACKGROUND ART

[0002] The subject of filling pharmaceuticals into phar-
maceutical containers is a major aspect of the Pharma-
ceuticals Industry. The subject is heavily controlled by
various governmental and official bodies in various coun-
tries.Technologically, thesubject is achallenge in that the
pharmaceutical products need to be filled into the con-
tainers under very strict aseptic conditions. Very specific
procedures are specified for this task to a degree that
makes the handling of pharmaceuticals profoundly dif-
ferent from the handling of any other industrial product,
including specifically semiconductors, which also de-
mand extreme and consistent environmental conditions.
Indeed, the parallels between the handling of semicon-
ductors in semiconductor "clean laboratories" and the
handling of pharmaceuticals in aseptic isolators are
superficial. They share the use of such "clean labora-
tories", but there is no inherent aseptic requirement as-
sociated with semiconductor manufacture.
[0003] The filling of pharmaceutical containers with
fluid pharmaceuticals specifically requires the aseptic
handling of both the containers and the fluid pharmaceu-
tical itself. This leads to complex mechanisms and pro-
cedures,manyofwhichmaybeautomated toonedegree
or another. Often, the production equipment for fluid
pharmaceutical handling is bulky and expensive. This
creates a problem for smaller operations, particularly in
the small-scale production and development environ-
ments. As the field has developed, the need for smaller,
more compact equipment, particularly in the filling and
compounding of fluid pharmaceuticals, has become evi-
dent.
[0004] Theprior art is typically characterizedby theuse
of vibratory bowls and escapements. Many prior art
systems also employ gloves for use by the operator to
access the interior of the chamber.
[0005] WO2017072591A1 describes in one general
aspect, a system for aseptically filling a tray of pharma-
ceutical containers with a pharmaceutical product, which

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 con-
troller determines the locations of openings of the con-
tainers based on the image information from the sensor,
and automatically guides one of the arms to fill the con-
tainers with the product. In order to obtain suitable con-
trast for accurately identifying the openings, an illumina-
tor illuminates the tray with substantially collimated light.
The sensor images the tray and containers using colli-
mated light reflected from a reflective surface such as a
retroreflector under the tray. To this end, the sensor may
be disposed at a large enough distance from the retro-
reflector 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.
[0006] US20060172060A1 describes a method and
apparatus for controlling coating material deposition on
to amedical device. Images ofmaterial drops in flight are
captured and an average single drop volume value is
calculatedbyconversionof thecaptureddrop images toa
volume measurement. The average single drop volume
value is used to calculate a total number of drops neces-
sary to apply a desired amount of coating. Alternately,
material is applied and the amount of material deposited
is accumulated and adjustments are made to deposit
only a desired amount of coatingmaterial. A drop volume
is determined for either every drop or a sampling of drops
as the drops are being applied. Adjustments to the coat-
ing process include changing drop size and changing a
number of drops to be deposited.

SUMMARY OF THE INVENTION

[0007] The invention to which this European patent
relates is set out in the appended claims. In particular,
the present invention is directed to a method for asepti-
cally dispensing a pharmaceutical fluid into a pharma-
ceutical container as set out in claim 1, a computer
program as set out in claim 14, and a system for asepti-
cally dispensing a pharmaceutical fluid into a container
as set out in claim 15. Various related arrangements and
example implementations are also described. Regard-
less of whether the terms "aspect", "embodiment" or
"example" are used in reference to these arrangements,
the scope of protection is defined by the claims.
[0008] In one general aspect, a method for filling
nested pharmaceutical containers with a pharmaceutical
fluid substance, such as a liquid, solution, or suspension
having therapeutic properties is disclosed. The method
includes providing a filling system comprising a steriliz-
able chamber capable of maintaining an aseptic condi-
tion, with the chamber comprising a filling station and a
planar rotary stage having a destination fiducial locating
structure including constraining surfaces. The method
also includes transferring into the chamber at least one
container tub sealed by a container tub cover and con-
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taining a container nest bearing a plurality of pharma-
ceutical containers, aseptically sealing the chamber, and
establishinganaseptic conditionwithin the chamber. The
container nest bearing the plurality of pharmaceutical
containers is transferred into the destination fiducial lo-
cating structure such that the container nest is held in
place by the constraining surfaces, and the pharmaceu-
tical fluid substance is dispensed into at least a portion of
the plurality of pharmaceutical containers by operating
both the rotary stage and the filling station.
[0009] In particular embodiments, the operating the
filling station may include rotating the filling station.
The dispensing the pharmaceutical fluid substance
may comprise dispensing the pharmaceutical fluid sub-
stanceonan iterative and serial basis into the containers.
Providing a filling systemmay comprise providing a filing
apparatus comprising at least one cover removal station
within the chamber, with the transferring into the destina-
tion fiducial locating structure the container nest compris-
ing removing the container tub cover from the container
tub by operating both the rotary stageand theat least one
cover removal station. Operating the at least one cover
removal station may comprise rotating the at least one
cover removal station. Providing the filling system may
comprise providingwithin the chamber at least one cover
removal station having an engagement tool, transferring
into the chamber at least one container tubmaycomprise
attaching to the container tub cover a cover removal
fixture, and operating the at least one cover removal
stationmaycompriseengaging theengagement toolwith
the cover removal fixture.
[0010] The method may further comprise transferring
into the chamber a container closure tub sealed by a
container closure tub cover and containing at least one
container closure nest bearing a plurality of pharmaceu-
tical container closures. The method may further com-
prise positioning one of the at least one closure nests to
align closures in the at least one closure nest with corre-
sponding containers in the container nest, transferring
the nests of aligned closures and containers to the ram-
ming station by rotating the rotary stage, and forcing the
closures into the corresponding containers. Positioning
one of the at least one closure nests may comprise
obtaining image information about the one of the at least
one closure nest, and positioning the one of the at least
one closure nests based on the image information.
[0011] Positioning one of the at least one closure nest
may comprise applying a vacuum to suction cups, lifting
the container closure nest with the suction cups, and
operating the rotary stage. Transferring into the destina-
tion fiducial locating opening the container nest may
comprise applying a vacuum to suction cups, lifting the
container nest with the suction cups, and operating the
rotary stage. Dispensing the pharmaceutical fluid sub-
stance may comprise simultaneously and/or serially op-
erating the rotary stage and the filling station, and remov-
ing the container tub covermay comprise simultaneously
and/or serially operating the rotary stage and the at least

one cover removal station.
[0012] In another general aspect, a system for filling
nested pharmaceutical containers with a pharmaceutical
fluid substance comprising a sterilizable chamber cap-
able ofmaintaining an aseptic condition is disclosed. The
chamber includes a filling station, and a planar rotary
stagehavinga rotary stage rotationaxisandcomprisinga
destination fiducial locating structure including constrain-
ing surfaces disposed and shaped to receive and hold a
pharmaceutical container nest bearing aplurality of phar-
maceutical containers.
[0013] In particular embodiments, the filling station
may comprise a fluid product dispenser head, with the
filling station being configured to be rotatable about a
filling station rotation axis parallel to the rotary stage
rotation axis to position in combination with rotation of
the rotary stage the dispenser head over any one of the
plurality of pharmaceutical containers held in the contain-
er nest in the destination fiducial locating structure. The
chamber may further comprise at least one cover re-
moval station and the rotary stage may further comprise
a first source fiducial locating structure including con-
straining surfaces disposed and shaped to receive and
hold a pharmaceutical container closure tub sealed by a
container closure tub cover and containing at least one
pharmaceutical container closure nest bearing a plurality
of pharmaceutical container closures, and at least one
second source fiducial locating opening disposed and
shaped to receive and hold a pharmaceutical container
tub sealed by a container tub cover and containing a
pharmaceutical container nest bearing aplurality of phar-
maceutical containers.
[0014] The at least one cover removal station may be
disposed and configured to be rotatable about a cover
removal station rotation axis parallel to the rotary stage
rotation axis to remove in combinationwith rotation of the
rotary stage the container tub cover from the at least one
container tuband thecontainer closure tubcover from the
container closure tub. At least one cover removal station
may comprise an engagement tool disposed and config-
ured to engagewith engagement fixtures pre-attached to
the container tub cover and to the container closure tub
cover.
[0015] The system may further comprise at least one
camera disposed to obtain image information about at
least oneof the container nest and the closure nest, anda
controller, with the chamber further comprising at least
one vacuum pickup system comprising suction cups
disposed to engage with the container nests and the
container closure nests, the at least one vacuum pickup
system being configured in combination with rotation of
the rotary stage to lift a pharmaceutical container nest
from a pharmaceutical container tub held in one of the at
least one second source fiducial locating openingsand to
deposit the pharmaceutical container nest in the destina-
tion fiducial locating opening in combination with rotation
of the rotary stage and to lift a pharmaceutical container
closure nest froma pharmaceutical container closure tub
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held in the first source fiducial locating opening and to
deposit the container closure nest on top of the pharma-
ceutical container nest under control of the controller.
[0016] Thecontrollermaybeoperative to instruct theat
least one camera to provide to the controller the image
information and the controllermay be operative to control
the rotation of the rotary stage to place the closures in the
closure nest in correspondence with containers in the
container nest. The system may further comprise a ram
system configured for forcing the closures into the cor-
responding containers.
[0017] The system may further comprise at least one
rotatable cover removal station having a cover removal
station rotation axis parallel to the rotary stage rotation
axis, at least one vacuum pickup system for placing the
container closurenest on thecontainernestwith closures
in the closure nest in correspondence with containers in
the container nest, and a ram system for forcing the
closures into the containers, with the filing station being
a rotatable filling station having a filling station rotation
axis parallel to the rotary stage rotation axis and compris-
ing a fluid product dispenser head. The system may
further comprise at least one camera for obtaining image
information of at least one of the container nest and the
closure nest, and a controller comprising amemory anda
processor. The controllermay be operative to instruct the
rotary stage to rotate to angular positions that are one of
predetermined and based on the image information and
to control the at least one cover removal station, the filling
station, the at least one vacuum pickup system, and the
ram system to operate in conjunction with the rotary
stage.
[0018] In a further general aspect, a system for filling
nested pharmaceutical containers with a pharmaceutical
fluid substance is disclosed that includes means for
establishing and maintaining an aseptic condition in a
chamber, means for constraining a container nest bear-
ing a plurality of pharmaceutical containers in the cham-
ber, and means for transferring a container nest to the
means for constraining from a container tub in the cham-
ber. It also includes means for rotating the means for
constraining in the chamber; and means for dispensing
the pharmaceutical fluid substance into at least a portion
of the plurality of pharmaceutical containers in the con-
tainer nest while the container nest is constrained by the
means for constraining.
[0019] In a further aspect, a system is provided for
filling nested pharmaceutical containers with a pharma-
ceutical fluid substance, the system comprising a ster-
ilizable chamber capable of maintaining an aseptic con-
dition, the chamber comprising: a planar rotary stage
having a rotary stage rotation axis, a plurality of locating
structures positioned with respect to the rotary stage at
different positions around the rotary stage rotation axis,
for holding nests of pharmaceutical container parts at the
different positions around the rotary stage rotation axis,
and a container filling station having a dispensing head
for filling thecontainerswhile theyareheld inanest at one

of the locating structures. The locating structures may
include surfaces associatedwith a first tub-holding open-
ing in the rotary stage for holding a first tub containing at
least one nest of containers, surfaces associated with a
second tub-holding opening in the rotary stage for hold-
ing a second tub containing at least one nest of closures,
and surfaces associated with a destination nest-holding
opening in the rotary stage for holding at least one nest.
[0020] The chambermay further comprise at least one
vacuum pickup system comprising suction cups dis-
posed to engage with the container nest and container
closure nest held on the rotary stage, the at least one
vacuum pickup system being configured in combination
with rotation of the rotary stage to lift a pharmaceutical
container nest from a pharmaceutical container tub and
to deposit the pharmaceutical container nest in the des-
tination opening in combination with rotation of the rotary
stage and to lift a pharmaceutical container closure nest
from a pharmaceutical container closure tub and to de-
posit the container closure nest on top of the pharma-
ceutical container nest.
[0021] At least one of the locating structures may in-
cludea reconfigurable locatingstructurewithoneormore
adjustable positioning surfaces to position a tub with
respect to the rotary stage. The reconfigurable locating
structuremay includeat least one pair of a reconfigurable
stopping member and a restraining member disposed
opposite eachother acrossanopening in the rotary stage
toprecisely positionat a first predeterminedpositiona tub
that contains at least one nest. The stopping member
may be adjustable to stop the tub at the first predeter-
mined position by a rotary adjustment and the restraining
member may be disposed to restrain the tub in the first
predetermined position.
[0022] At least a first of the reconfigurable locating
structures may include a rotary positioning element hav-
inganaxisof rotationparallel toaplaneof the rotary stage
and includes a plurality of different positioning surfaces
that are selectable by rotating the rotary positioning ele-
ment. At least one of the reconfigurable locating struc-
tures may include a pair of opposing rotary positioning
elements each having an axis of rotation parallel to a
plane of the rotary stage and eachmay include a plurality
of different positioning surfaces that are selectable by
rotating the rotary positioning elements to accommodate
different nest widths.
[0023] At least one of the reconfigurable locating struc-
tures may include at least a first pair of opposing posi-
tioning elements that define positioning surfaces that
oppose each other along a first positioning axis that is
at least generally parallel to a plane of the rotary stage
and at least a second pair of opposing positioning ele-
ments that define positioning surfaces that oppose each
other along a second positioning axis that is at least
generally parallel to a plane of the rotary stage and at
least generally perpendicular to the first positioning axis.
The at least one of the positioning elements in eachof the
first and second pairs of positioning elements may in-
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clude a rotary positioning element having an axis of
rotation parallel to a plane of the rotary stage and includ-
ing a plurality of different positioning surfaces.
[0024] The system may further include a reconfigur-
able vacuum pickup system comprising: a first set of
suction cups arranged in a first pattern, a second set of
suction cups arranged in a second pattern different from
the first pattern, and a selection mechanism operative to
position either the first set of suction cups or the second
set of suction cups to engagewith the at least a first of the
nests of pharmaceutical container parts while it is held by
one of the plurality of locating structures. The selection
mechanism of the reconfigurable vacuum pickup system
may include a rotarymechanismoperative to position the
first or second sets of suction cups in an engagement
position.
[0025] The system may further include at least one
cover removal station positioned to remove covers from
tubs containing at least one nest of pharmaceutical
packaging materials held in one of the locating struc-
tures. The at least one cover removal station may be
rotatable about a cover removal station rotation axis
parallel to the rotary stage rotation axis to remove the
tubcovers incombinationwith rotationof the rotary stage.
The at least one cover removal station may comprise an
engagement tool disposed and configured to engage
with a cover removal fixture on the tub cover.
[0026] The filling station may be configured to be ro-
tatable about a filling station rotation axis parallel to the
rotary stage rotation axis to position in combination with
rotation of the rotary stage the dispenser head over any
one of the plurality of pharmaceutical containers held by
one of the one of the locating structures.
[0027] The system may further comprise at least one
camera disposed to obtain image information about at
least one of the nests of pharmaceutical container parts.
The system may further comprise a ram system config-
ured for forcing nested closures into corresponding
nested containers.
[0028] The system may further comprise at least one
rotatable cover removal station having a cover removal
station rotation axis parallel to the rotary stage rotation
axis; at least one vacuum pickup system for placing a
container closure nest on a container nest with closures
in the closure nest in correspondence with containers in
the container nest; a ram system for forcing the closures
into the containers; and wherein the filing station is a
rotatable filling station having a filling station rotation axis
parallel to the rotary stage rotation axis and comprising a
fluid product dispenser head.
[0029] The system may further comprise at least one
camera for obtaining image information of at least one of
the container nest and the closure nest, a controller
comprising a memory and a processor, and wherein
the controller is operative to instruct the rotary stage to
rotate to angular positions that are one of predetermined
and based on the image information and to control the at
least one cover removal station, the filling station, the at

least one vacuum pickup system, and the ram system to
operate in conjunction with the rotary stage.
[0030] In another aspect, a system isprovided for filling
nested pharmaceutical containers with a pharmaceutical
fluid substance, comprising: means for establishing and
maintaining an aseptic condition in a chamber;means for
constraining a container nest bearing a plurality of phar-
maceutical containers in the chamber; means for trans-
ferring to the means for constraining a container nest
from a container tub in the chamber; means for rotating
themeans for constraining in thechamber; andmeans for
dispensing the pharmaceutical fluid substance into at
least a portion of the plurality of pharmaceutical contain-
ers in the container nest while the container nest is
constrained by the means for constraining.
[0031] In a further aspect, a method is provided for
filling nested pharmaceutical containers with a pharma-
ceutical fluid substance, the method comprising: provid-
ing a filling system comprising a sterilizable chamber
capable ofmaintaining anaseptic condition, the chamber
comprising a filling station and a planar rotary stage
having a destination locating structure; transferring into
the chamber at least one container tub sealed by a
container tub cover and containing a container nest
bearing a plurality of pharmaceutical containers; asepti-
cally sealing the chamber; establishing an aseptic con-
ditionwithin thechamber; transferring into thedestination
locating structure the container nest bearing the plurality
of pharmaceutical containerssuch that thecontainernest
is held in place; and dispensing the pharmaceutical fluid
substance into at least a portion of the plurality of phar-
maceutical containers by operating both the rotary stage
and the filling station. The operating the filling stationmay
include rotating the filling station. The dispensing the
pharmaceutical fluid substance may comprise dispen-
sing the pharmaceutical fluid substance on an iterative
and serial basis into the containers.
[0032] The providing a filling system may comprise
providing a filing apparatus comprising at least one cover
removal station within the chamber and wherein the
transferring into the destination locating structure the
container tub comprises removing the container tub cov-
er from the container tub by operating both the rotary
stage and the at least one cover removal station. The
operating the at least one cover removal station may
comprise rotating the at least one cover removal station.
The providing the filling system may comprise providing
within the chamber at least one cover removal station
having an engagement tool, the transferring into the
chamber at least one container tubmay comprise attach-
ing to the container tub cover a cover removal fixture; and
wherein the operating the at least one cover removal
station comprisesengaging theengagement toolwith the
cover removal fixture.
[0033] The method may further comprise transferring
into the chamber a container closure tub sealed by a
container closure tub cover and containing at least one
container closure nest bearing a plurality of pharmaceu-

5

10

15

20

25

30

35

40

45

50

55



6

9 EP 3 694 465 B1 10

tical container closures. The method may further com-
prise positioning one of the at least one closure nests to
align closures in the at least one closure nest with corre-
sponding containers in the container nest; transferring
thenestsof alignedclosuresandcontainers toa ramming
station by rotating the rotary stage; and forcing the clo-
sures into the corresponding containers. The method
may further include adjusting a tub locating structure to
accommodate a size of the closure nest tub. The posi-
tioning oneof the at least one closure nestmay comprise:
obtaining image information about the one of the at least
one closure nests; and positioning the one of the at least
one closure nests based on the image information. The
positioning one of the at least one closure nest may
comprise: applying a vacuum to suction cups; lifting
the container closure nest with the suction cups; and
operating the rotary stage.
[0034] The transferring into the destination locating
opening the container nest may comprise: applying a
vacuum to suction cups; lifting the container nest with
the suction cups; and operating the rotary stage. The
methodmay further include selecting one of a plurality of
sets of suction cups and wherein the applying a vacuum
to suction cups is performed for the selected set of suc-
tion cups. The selecting may include rotating one of the
plurality of sets of suction cups into position. Themethod
may further include the destination locating structure to
accommodate a size of the container nest. The adjusting
may be performed in two at least generally orthogonal
directions. The method may further include adjusting a
tub locating structure to accommodate a size of the
container nest tub.
[0035] In another general aspect, a container assem-
bly for holding nested pharmaceutical container parts is
disclosed. It includes a container comprising a bottom, a
top lip that provides a horizontal top sealing surface that
has a peripheral outline, and sidewalls located between
the bottom and the top lip. It also includes a peelable
container cover consisting of a sheet of flexible material
sealed to the sealing surface of the top lip of the rectan-
gular container toseal thecontentsof thecontainer, anda
cover removal fixture on the container cover.
[0036] The sealed peelable container cover may in-
clude a portion that extends outside of the peripheral
outline of the top sealing surface of the container, and the
cover removal fixture may be on the portion of the peel-
able container cover that extends outside of the periph-
eral outlineof the topsealingsurfaceof thecontainer. The
container may be rectangular and includes four side-
walls. The cover removal fixture may include an appen-
dage to allow it to be engaged by an engagement tool.
The cover removal fixture may include a ball-shaped
appendage to allow it to be engaged by an engagement
tool. The peelable container cover may be heat sealed to
the sealing surface of the top lip of the rectangular con-
tainer to seal the contents of the container against de-
contamination. The peelable container cover may be
sealed to the sealing surface of the top lip of the rectan-

gular container to seal the contents of the container
against decontamination using a chemical agent. The
peelable container cover may sealed to the sealing sur-
face of the top lip of the rectangular container to seal the
contents of the container against decontamination using
a radiation. The peelable container cover may be sealed
to the sealing surface of the top lip of the rectangular
container to seal the contents of the container against
decontamination using plasma. The peelable cover may
bemade of a plasticmaterial. The peelable covermay be
made of an impermeable laminated foil. The peelable
covermay bemade of a polymericmembrane. The cover
removal fixturemaybeclipped toaportionof thepeelable
container cover that extends outside of the peripheral
outline of the top sealing surface of the container. The
sealed containermayhold sterilizedpharmaceutical con-
tainers or closures.
[0037] In a further aspect, a method is provided for
removing within a controlled environment enclosure a
container cover from a sealed container, the sealed
container being sealed by the container cover, the meth-
od comprising: providing the container in the controlled
environment enclosure with the cover sealed to a sealing
surface of a lip of the container to seal the contents of the
container against decontamination, the cover having a
cover removal fixture, decontaminating the sealed con-
tainer in the controlled environment enclosure, engaging
the cover removal fixture with an engagement tool, and
removing the cover from the container using the engage-
ment tool. The engaging may engage the cover removal
fixture with a fork-shaped engagement tool. The enga-
ging may engage a ball-shaped appendage on the cover
removal fixture.
[0038] The providing may include providing sterilized
pharmaceutical containers or closures in the sealed con-
tainer before the decontaminating. The attaching may
take place before the container is in the controlled en-
vironment enclosure. The decontaminating the sealed
container in the controlled environment enclosure may
take place before the removing the cover. The removing
the cover may include moving the engagement tool re-
lative to the container. The removing the cover may
include moving both the container and the engagement
tool. The method may further comprise attaching the
cover removal fixture to the cover before providing the
container in the controlled environment enclosure.
[0039] In a further aspect, a method is provided for
aseptically dispensing a pharmaceutical fluid into a con-
tainer, the method comprising: providing a sterilizable
chamber capable ofmaintaining anaseptic condition, the
chamber comprising a pharmaceutical fluid dispensing
head configured for producing droplets of the pharma-
ceutical fluid and a droplet monitoring systemcomprising
a digital imager; establishingwithin the sterilizable cham-
ber an aseptic condition; providing within the sterilizable
chamber an aseptic pharmaceutical container;moving at
least one of the dispensing head and the container to
positionanopeningof the container under thedispensing
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head to receive the droplets along a droplet path; dis-
pensing a plurality of droplets of the fluid from the dis-
pensing head along a droplet path into the container;
obtaining from the imager a plurality of images of at least
one of the plurality of droplets along the droplet path; and
determining from the plurality of images a volume of fluid
dispensed into the container. The method may further
comprise ceasing the dispensingof the fluid basedon the
volume of fluid dispensed into the container.
[0040] The determining from the plurality of images a
volume of fluid dispensed into the container may com-
prise determining a volume of at least one of the plurality
of droplets. The determining the volume of the at least
one of the plurality of droplets may comprise: identifying
first and second total portions of the at least one droplet
appearing respectively to the left and to the right of the
droplet path in at least one image of the at least one
droplet; calculating first and second volumes of the at
least one of the plurality of droplets by separately math-
ematically rotating respectively the first and second total
portions of the droplet through 2π about the droplet path;
and equating the volumeof the at least oneof the plurality
of droplets to theaverageof thefirst andsecondvolumes.
[0041] The obtaining from the imager a plurality of
images of at least one of the plurality of droplets along
the droplet path may comprise obtaining the plurality of
images over a predetermined portion of the droplet path.
Alternatively, the obtaining from the imager a plurality of
images of at least one of the plurality of droplets along the
droplet pathmay comprise: determining from theplurality
of images a portion of the droplet path where droplets
have a stable shape; and selecting the at least one image
of the at least one droplet to be fromamong images of the
droplet taken when the droplet is in the portion of the
droplet path where droplets have a stable shape.
[0042] The determining from the plurality of images a
volume of fluid dispensed into the container may com-
prise determining a volume of each droplet dispensed
into the container. The ceasing the dispensing of the fluid
based on the volume of fluid dispensed into the container
may comprise ceasing the dispensing of the fluid when a
total amount of fluiddispensed into the containerequals a
predetermined volume. The obtaining from the imager a
plurality of images of at least one of the plurality of
droplets along the droplet path may comprise obtaining
the plurality of images employing light reflected to the
imager by a retroreflector. The obtaining from the imager
a plurality of images of at least one of the plurality of
droplets along the droplet path may comprise obtaining
the plurality of images bymeans of a telecentric lens. The
providingwithin the sterilizable chamber an aseptic phar-
maceutical container comprises providing the aseptic
pharmaceutical container within a container nest.
[0043] The method may further comprise moving at
least one of the dispensing head and the container to
positionanopeningof the container under thedispensing
head to receive the droplets along a droplet path. The
moving the container may comprise operating a robotic

arm. Operating the robotic arm may comprise operating
an articulated robotic arm. Moving the dispensing head
may comprise operating a robotic arm,which armmaybe
an articulated robotic arm.
[0044] In a further aspect, a system is provided for
aseptically dispensing a pharmaceutical fluid into a con-
tainer, the system comprising: a sealable and sterilizable
chamber capable of maintaining an aseptic condition; in
the chamber a pharmaceutical fluid dispensing head
configured for producing droplets of the pharmaceutical
fluid; in the chamber a droplet monitoring system com-
prising a digital imager disposed to obtain images of
droplets dispensed by the fluid dispensing head; a con-
troller comprising a memory and a processor, the con-
troller in communication with the fluid dispensing head
and the digital imager; and software configured for con-
trolling dispensing of the pharmaceutical fluid droplets by
the fluid dispensing head and for collection of images of
the pharmaceutical fluid droplets along a droplet path
when the software is loaded in thememory and executed
by the processor.
[0045] The system may further comprise in commu-
nication with the controller at least one of a fluid dispen-
sing head positioning system and a container positioning
system, the software further configured for controlling the
at least one of a fluid dispensing head positioning system
and a container positioning system. The fluid dispensing
head positioning systemmay comprise a robotic arm that
may be an articulated robotic arm. The articulated robotic
arm may be hermetically sealed to the chamber. The
container positioning system may comprise a robotic
arm. The robotic arm used in the container positioning
system may comprise an end effector arranged for hold-
ing a container nest. The robotic arm used in the contain-
er positioning system may comprise an articulated ro-
botic arm which may, in some embodiments, be herme-
tically sealed to the chamber. The droplet monitoring
systemmay comprise a retroreflector disposed to reflect
light through the droplets to the digital imager. The digital
imager may comprise a telecentric lens.
[0046] Systems and methods according to the inven-
tion need not employ either vibratory bowls or escape-
ments. Nor do such systems or method require gloves.
Systems and methods according to the invention may
therefore address needs for compact, small-scale filling
and compounding of fluid pharmaceuticals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The above-mentioned and other features and
objects of this invention, and the manner of attaining
them, will becomemore 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:

FIG. 1A is a drawing of an apparatus for filling phar-
maceutical containers with a pharmaceutical fluid
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product. For the sake of clarity some surfaces are
shown in cutaway form and others are shown as
transparent.

FIG. 1B is a plan view of one chamber of the appa-
ratus of FIG. 1A.

FIG.1Cshowsa rotary stageof theapparatusofFIG.
1A and FIG. 1B.

FIG. 1D shows a side view of a portion of the appa-
ratus of FIG. 1A and FIG. 1B.

FIG. 1E shows a pharmaceutical container tub cover
seated in the rotary stageofFIG. 1A toFIG. 1Dbeing
removed.

FIG. 1F shows pharmaceutical containers being
filled with a pharmaceutical fluid substance in the
apparatus of FIG. 1A to FIG. 1E.

FIG. 1G provides a more detailed view of the cover
removal components of the apparatus of FIG. 1A,
FIG. 1B and FIG. 1E.

FIG. 2A and FIG. 2B jointly form a drawing of a flow
chart for a method of aseptically filling pharmaceu-
tical containers with a pharmaceutical fluid sub-
stance in a spatially constrained environment.

FIG. 3A is a drawing of subsystems of another
embodiment of an apparatus for filling pharmaceu-
tical containers with a pharmaceutical fluid product.

FIG. 3B shows a portion of FIG. 3A in more detail.

FIG. 4A is a drawing of subsystems of a further
embodiment of an apparatus for filling pharmaceu-
tical containers with a pharmaceutical fluid product.

FIG. 4B shows a portion of FIG. 4A in more detail.

FIG. 5A is a drawing of subsystems of yet a further
embodiment of an apparatus for filling pharmaceu-
tical containers with a pharmaceutical fluid product.

FIG. 5B shows a portion of FIG. 5A in more detail.

FIG.6showsaflowchart of a furthermethod for filling
nested pharmaceutical containers with a pharma-
ceutical fluid substance.

FIG. 7A is a drawing of subsystems of another
embodiment of an apparatus for filling pharmaceu-
tical containers with a pharmaceutical fluid product
based on the system of FIG. 5A and FIG. 5B.

FIG. 7B is a drawing of a droplet monitoring system.

FIG. 8 is a drawing of subsystems of another embo-
diment of an apparatus for filling pharmaceutical
containers with a pharmaceutical fluid product.

FIG. 9 is a drawing of subsystems of a further em-
bodiment of an apparatus for filling pharmaceutical
containers with a pharmaceutical fluid product.

FIG. 10 is a drawing of subsystems of yet another
embodiment of an apparatus for filling pharmaceu-
tical containers with a pharmaceutical fluid product.

FIG. 11 is a drawing of a flow chart for a method for
aseptically dispensing a pharmaceutical fluid into a
container.

[0048] Corresponding reference characters indicate
corresponding parts throughout the several views.
Although the drawings represent embodiments of the
present invention, the drawings are not necessarily to
scaleandcertain featuresmaybeexaggerated inorder to
better illustrate and explain the present invention. The
flow charts are also representative in nature, and actual
embodiments of the invention may include further fea-
tures or steps not shown in the drawings. The exempli-
fications set out herein illustrate embodiments of the
invention, in one or more forms, and such exemplifica-
tions are not to be construed as limiting the scope of the
invention in any manner.

DETAILED DESCRIPTION

[0049] The embodiments disclosed below are illustra-
tive and not intended to be exhaustive or limit the inven-
tion 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.
[0050] The present invention relates to an apparatus
and method for filing pharmaceutical containers with a
pharmaceutical fluid substance in a spatially constrained
environment. In FIG.1A, filling system 1000 comprises
sealable chamber100 in communicationwith an ambient
environment, sealable chamber 100 being capable of
having an aseptic environment established within its
interior and capable of maintaining that aseptic environ-
ment within its interior. The interior of sealable chamber
100 may be rendered aseptic by any one or more of
treatments, including but not limited to treatment with a
sterilant, such as steam, hydrogen peroxide vapor,
ozone, nitrogen dioxide, and ethylene oxide. The struc-
tures andmechanisms to performsuch sterilization steps
are well known in the art and are not shown in FIG. 1A.
[0051] Chambers 200 and 300 are separated from
chamber 100 by upper wall 110 and lower wall 120
respectively and are not required to be capable of main-
taining aseptic environments within their interiors. The
communication of chamber 100 with the ambient envir-
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onment may be via suitable aseptically sealable access
door 102, schematically shown in broken outline in FIG.
1A. Suitable sealable doors and ports are well known in
the art and will not be dwelt upon further in this specifica-
tion. The ambient environment may be, for example, a
clean room adapted for the handling of pharmaceuticals
during production. Since space is at a premium in such
spatially constrained clean environments, there is much
merit in reducing the so-called "footprint" of equipment to
be housed in the clean environment.
[0052] The terms "aseptic" and "sterilize" and their
derivatives are to be understood as follows for the pur-
poses of the present specification. Establishing an asep-
tic condition in the interior of a chamber shall be under-
stood to mean establishing that condition throughout the
internal atmosphere of the chamber as well as on sub-
stantially all exposed interior surfaces of the chamber.
This shall include the surfaces of all items, containers,
subsystems and the like exposed to the interior atmo-
sphere of the chamber. To the extent that extremely tight
crevices or microscopic crevices may exist in the interior
of the chamber such that a sterilizing gas or vapor may
not perfectly penetrate into such tight regions, for exam-
ple, the degree of sterilization in practical cases may not
be total. This is acknowledged in both the industry and in
the standards set for the industry. The action of establish-
ing an aseptic condition within the interior of the chamber
and "sterilizing the interior of the chamber" shall have the
same meaning in this specification.
[0053] Introducing into the interior of a chamberwithan
aseptic condition an item of which the surfaces are not
suitably sterilized destroys the existing aseptic condition
within the chamber.Conversely, introducinganaseptic or
sterilized item into an interior of a chamber that does not
have an aseptic condition within that interior does not
render that interior aseptic. In fact, all it does is to destroy
the aseptic condition of the surface of the item so intro-
duced. Similarly, introducing filtered air, even with all
biological entities filtered out, into an unsterilized cham-
ber does not in any way sterilize the chamber or render it
aseptic to a degree acceptable in the pharmaceutical
industry. The reason is that the interior surfaces of the
chamber are not sterilized by the introduction of such air.
All that is achieved is to contaminate the filtered air with
active biological species resident on the interior surfaces
of the unsterilized chamber.
[0054] In the interest of clarity and completeness, it
shouldalsobe recorded that in theart the term"aseptic" is
also sometimes used in association with the introduction
of pharmaceutical fluids along aseptic tubes into bodies
within controlled chambers. In such cases the term in the
art refers to the condition inside the tube or to the fact that
the pharmaceutical fluid may be filtered to a suitable
degree. This in no way sterilizes or renders aseptic the
interior of the chamber in question. The aseptic condition
in suchcases is confined to the interior of the tubebearing
the pharmaceutical stream. Such streams are often fil-
tered to a high degree, but such filtering affects only the

interior of the particular tube and does not in any way
sterilize the interior of the chamber.
[0055] In some prior art systems, containers intro-
duced into a chamber for the purposes of being filled
with a pharmaceutical are routed through sterilizing sub-
systems. This kills biological species on the containers.
When such sterilized containers are introduced into the
chamber when the chamber itself is not aseptic the con-
tainers lose their aseptic condition as biological species
contained within the chamber will deposit on the pre-
viously aseptic containers.
[0056] It should also be pointed out that pharmaceu-
tical or semiconductor clean rooms of any quality level,
including "Class 100", "Class 10" or "Class 1", evenwhen
employing laminar flow hoods and the like or any quality
of HEPA (High Efficiency Particulate Air) filters or ULPA
(Ultra Low Particulate Air) filters, cannot constitute an
aseptic chamber because they do not have an assurable
means to render the surfaces of the room sterile or
aseptic. Standards for clean rooms exist from both the
United States Federal Government and ISO (Interna-
tional Standards Organization). These specify in great
detail to different standards the allowed particulate con-
tent of a cubic volume of air in such a clean room facility.
None of these standards address thematter of biological
species present on surfaces in the room. This serves to
make the point that a chamber cannot be rendered
aseptic by the management of its atmosphere or airflow
only. Nor, conversely, can the chamber be rendered
aseptic by the sterilization of only the surfaces of its
interior.
[0057] The text "Guideline for Disinfection and Sterili-
zation in healthcare Facilities, 2008" by Rutala et al from
the Center for Disease Control lists a compendium of
mechanisms and methods for sterilization. Our concern
in this specification is specificallywith thosemechanisms
for sterilizing the interior of a chamber; that is, sterilizing
both the interior surfaces and the atmosphere within the
chamber. Given the requirements, vapor base methods
are most appropriate to the task. These include, but are
not limited to, treatment with heated water vapor, hydro-
gen peroxide vapor, ozone, nitrogen dioxide, ethylene
oxide, glutaraldehyde vapor or other suitable sterilizing
gases and vapors. In one suitable method appropriate to
the present invention, the sterilization is by means of
hydrogen peroxide vapor which is then flushed using
ozone before the chamber is employed in the filling of
pharmaceutical containers.
[0058] The subsystems of apparatus 1000 contained
with sealable chamber 100 will now be described at the
hand of FIG. 1A to FIG. 1G.Due to the compactness and
density of components and subsystems of apparatus
1000, certain components and subsystems are omitted
from the drawings of FIG. 1B to FIG. 1G in the interest of
clarity and the focus is placed on components and sub-
systems most relevant to the supporting text in this
specification. Planar rotary stage 130 is fully rotatable
through 360° (degrees) in a horizontal plane parallel to
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lower wall 120 about rotary stage rotation axis 131 and
may be raised and lowered by means of bellows feed-
through 190.The use of bellows feed-through 190 allows
chamber 100 to retain its aseptic condition during the
motion of rotary stage 130.Asuitable engine andgearing
system 320 may be housed within chamber 300. En-
gines, for example stepper motors, as well as gearing
systems suitable for rotating rotary stage 130 with sui-
table angular precision and repeatability are well known
in the art and are not further discussed in this specifica-
tion.
[0059] As shown in FIG. 1C, at least three fiducial
locating openings 132, 134, and 136 are provided in
rotary stage 130. Fiducial locating opening 132 is em-
ployed for receiving container tubs 530 holding sterilized
pharmaceutical containers 510 pre-packed in a prede-
termined pattern in container nests 500. Container tubs
530are typically substantially rectangular and are sealed
with peelable covers 520. Suppliers of pharmaceutical
containers provide their product in this format to users of
the apparatus of the present specification. Fiducial locat-
ing opening 134 is employed for receiving container
closure tubs 630 holding sterilized pharmaceutical con-
tainers closures 610 pre-packed in a predetermined pat-
tern in container closure nests 600. Container closure
tubs 630 are typically substantially rectangular and are
sealed with peelable tub covers not shown in FIG. 1A to
FIG. 1G.The peelable covers of tubs 630 are functionally
identical to peelable covers 520. Suppliers of pharma-
ceutical containers provide their product in this format to
users of the apparatus of the present specification. In the
interest of the compactness of system 1000, the rectan-
gular axesof locatingopenings132,134,and136maybe
oriented at an angle with respect to the radial direction of
rotary stage 130 in order to ensure a suitably small radius
for rotary stage 130.
[0060] Suitable container nests 500 and container clo-
sure nests 600; container tubs 530 and container closure
tubs 630; and peelable tub covers 520 are described in
United States Patent Publication No. 2016/0200461,
published July 14, 2016, the disclosures of which is
hereby incorporated in full. Alternative cover gripping
arrangements for the removal of tub covers from tubs
are also described in United States Patent Publication
No. 2016/0251206, published September 1, 2016, the
disclosures of which is hereby incorporated in full. The
removal of tub covers may be controlled and monitored
by the subsystem and method described in PCT Inter-
national Publication No.WO2018/049516 A1, published
March 22, 2018, the disclosures of which is hereby
incorporated in full.
[0061] In the interest of clarity, FIG. 1A to FIG. 1G
show, and the associated text to follow below will de-
scribe, the use of single tub 530 of pharmaceutical con-
tainers 510 along with single tub 630 of container clo-
sures 610. In practice, container closures 610 are pro-
videdasmultiple nests600per container closure tub630.
To this end rotary stage 130 may contain more than one

fiducial locating opening 132 to each receive container
tub 530 holding sterilized pharmaceutical containers 510
pre-packed in one container nest 500. In yet other im-
plementations,more than onenest 500of containers 510
may be present in a single pharmaceutical container tub
530.
[0062] Fiducial locating opening 136 is specifically ar-
ranged to receive container nests 500 bearing pharma-
ceutical containers 510. Whereas tubs 530 and 630
naturally locate in fiducial locating openings 132 and
134andaresuspendedby their own rimsonce inopening
132 and 134, containers 510 are correctly located in
opening 136 and retained in position by some other
mechanism. To this end, fiducial locating opening 136
comprises four fiducial retaining guides 137. Baseplate
138 is located within fiducial locating opening 136 as a
loose component of system 1000, and rests on the hor-
izontal portions at the bottoms of each of the four fiducial
retaining guides 137 (see FIG. 1C and FIG. 1D). This
arrangementallowsbaseplate138 tomove freely, guided
by fiducial retaining guides 137. We shall return to this
arrangement when discussing the closing of containers
with container closures.
[0063] FIG.1E shows fiducial locating opening 136 as
empty,while cover520 is beingpeeled fromcontainer tub
530 in fiducial locatingopening132 (not visible) toexpose
nest 500 bearing pharmaceutical containers 510. At this
point in the operation of system 1000, a cover similar to
cover 520 has already been pealed from tub 630 in
fiducial locating opening 134 (not visible) to expose nest
600 bearing container closures 610. FIG. 1G shows a
close-up detailed view of the peeling of cover 520.Cover
removal station 140 is rotatable about cover removal
station rotation axis 144 parallel to rotary stage rotation
axis 131 and comprises engagement tool 142, which, in
this particular embodiment, is fork-shaped in order to
engage with cover removal fixture 540 attached to cover
520. Cover removal fixture 540 is pre-attached to cover
520 before tub 530 is transferred into system 1000 via
door102 (SeeFIG.1A). In the embodiment shown inFIG.
1E and FIG. 1G, cover removal fixture 540 is clipped to
cover 520 and has a ball-shaped appendage to allow it to
be engaged by engagement tool 142. Other combina-
tions of cover removal fixtures and engagement tools are
contemplated and system 1000 is not limited to the
particular combination of cover removal fixture and en-
gagement tool shown in FIG. 1A, FIG. 1E and FIG. 1G.
Cover removal fixture 540, for example, may be manu-
factured as an integral part of cover 520 for use in filling
systems such as filling system 1000.Or it may be clipped
to cover 520 during the placement into tub 530 of nests
500 bearing containers 530 and during the placement
into tub 630 of nests 600 bearing container closures 610.
[0064] Rotary stage 130 may be lowered to assist in
obtaining a less acute angle between cover 520 and tub
530. Too acute an angle may lead to the tearing of cover
520. Cover removal station 140 may be rotated while
rotary stage 130 rotates so that the combined motions of
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cover removal station 140 and rotary stage 130 provide a
low stress path for the removal of cover 520, thereby
limiting the chances of tearing of cover 520. In particular,
cover removal station 140 may be rotated to ensure that
engagement tool 142 is not present above fiducial locat-
ing opening 132 when container tub 530 is placed in or
removed from fiducial locating opening 132.
[0065] In some embodiments, system 1000 comprises
single cover removal station 140 for sequentially remov-
ing covers from tubs 520 and 620. In other embodiments,
system 1000 may be equipped with two or more cover
removal stations 140 for dedicated removal of covers
from tubs 520 and 620 and other additional tubs. In some
embodiments covers are simultaneously removed from
tubs 520 and 620 and from other tubs, all the removal
processes benefiting froma single rotarymotion of rotary
stage 130.
[0066] In FIG. 1A, FIG. 1B, and FIG. 1F filling station
170 for filling pharmaceutical containers 510 with phar-
maceutical fluid product comprises pharmaceutical fluid
product feed line 172 supplying pharmaceutical fluid
product to pharmaceutical fluid product dispenser head
174 (See FIG. 1F). Filling station 170 is rotatable about
filling station rotation axis 176 parallel to rotary stage
rotation axis 131. Filling station 170 and rotary stage 130
may simultaneously or sequentially rotate to place dis-
penser head 174 over an opening of any selected con-
tainer 510 in nest 500 when nest 500 is seated in fiducial
locating opening 136. This allows every container 510 in
nest 500 to be filled with pharmaceutical fluid product by
product dispenser head 174.When not engaged in filling
containers510, filling station170maybe rotated to swing
dispenser head 174 completely away from fiducial locat-
ing opening 136, thereby allowing nests 600 bearing
container closures 610 to be placed on top of nest 500
with closure 610 directly on top of an opening of every
container 510 residing in fiducial locating opening 136.
[0067] Another term employed to describe dispenser
head 174 is "filling needle". Suitable filling needles and
protective sheathing arrangements for such filling nee-
dles are described in co-pending United States Patent
Publications Nos. 2016/0346777 and 2017/0248626,
published December 1, 2016, and August 31, 2017,
respectively, the disclosures of which are hereby incor-
porated in full.
[0068] FIG. 1A and FIG. 1B show two vacuum pickup
systems 150 and 160, each respectively comprising a
plurality of suction cups 152 and 162 (See FIG. 1B).
Vacuum pickup system 150 is arranged to pick up nests
500 of containers 510 bymeans of suction cups 152, and
vacuum pickup system 160 is arranged to pick up nests
600 of containers 610 by means of suction cups 162.
Vacuumpickup system160maybe raisedand lowered in
order to allow suction cups 162 to engage with different
nests600of container closures610 containedat differing
depths inside tub630.To this end, vacuumpickupsystem
160 may comprise a bellows feed-through allowing ver-
tical motion whilst maintaining the aseptic integrity of

chamber 100. Suitable vacuum pumps, or vacuum lines
from a vacuum source external to system 1000, may be
connected to vacuum pickup systems 150 and 160, and
ensure suitable vacuum at suction cups 152 and 162.
[0069] Cameras 210 and 220 are disposed to view and
record the positioning of suction cups 152 and 162 on
nests 500 and 600 respectively. In the embodiment
shown in FIG. 1A, cameras 210 and 220 are disposed
within chamber 200 and view nests 500 and 600 through
sealed windows 112 and 122 respectively. In other em-
bodiments, cameras 210 and 220may be disposed with-
in chamber 100 and view nests directly from within
chamber 100.
[0070] Container closing ram system 180, shown in
FIG. 1A, FIG. 1B, and FIG. 1D, comprises upper ram
plate 182 disposed within chamber 100 above rotary
stage 130, lower ram plate 184 disposed within chamber
100 below rotary stage 130, and ram drive 310 within
chamber300.Ramdrive310 is disposed for driving lower
ram plate 184 vertically toward upper ram plate 182 via
bellows feed-through 186. Loose base plate 138 of fidu-
cial locating opening 136,when located above lower ram
plate 184 by suitably rotating rotary stage 130, is pushed
upward by ram plate 184 and is guided in the process by
fiducial retaining guides 137 (See FIG. 1D). When clo-
sures 610 in closure nest 600 are ultimately pushed
against upper ram plate 182, they are forced into the
openings of containers 510 in nest 500. This creates a
sandwiched nest of closed containers 510, each closed
by a corresponding closure 610. As shown in FIG. 1D,
nests 500 and 600 are forced together in the process to
create a compound nest 500/600.
[0071] Controller 400, shown in FIG. 1A and FIG. 1B,
may communicate with the rest of system 1000 via con-
trol communications line 410, or may be contained phy-
sically within system 1000, for example, within chamber
200. Controller 400 may have suitable memory and a
processor containing suitable software programming in-
structions which, when loaded in the memory executed
by the processor, control themotions of ram system 180,
verticalmotion and rotatingactionof rotary stage130, the
application of vacuum to vacuum pickup systems 150
and 160, the imaging by cameras 210 and 220, the
vertical motion of vacuum pickup system 160, any rota-
tional or vertical motions required from cover removal
stations 140 and filling station 170, aswell as the on-and-
off valving of pharmaceutical fluid product supply to dis-
penser head 174. Suitable valves and pumps, typically
peristaltic pumps, required for pharmaceutical fluid pro-
duct supply to dispenser head 174 are well known in the
art andmay behoused in chamber200 ormaybe located
outside system 1000. The various mechanical drives for
the subsystems described above are well-known in the
art, will not be discussed here in detail. These may
typically be housed in chamber 200 of system 1000.
The software, when executed by the processor, instructs
the rotary stage to rotate to angular positions that are
either predeterminedor basedon image information from
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the cameras and controls the cover removal stations, the
filling station, the vacuum pickup systems, and the ram
system to operate specifically in conjunction with the
rotary stage.
[0072] A method based on system 1000 for filling
nested pharmaceutical containers with a pharmaceutical
fluid product will now be described at the hand of the flow
chart given inFIG. 2A, andwhich is continued inFIG. 2B.
Themethod comprises providing [2010] filling apparatus
1000 comprising sterilizable chamber 100 capable of
maintaining an aseptic condition, the chamber compris-
ing rotary stage 130 with destination fiducial locating
opening 136 and at least two source fiducial locating
openings (132 and 134); filling station 170; at least
one cover removal station 140; vertically oriented con-
tainer ramming system 180; and at least one vacuum
pickupsystem (for example150and/or160).Themethod
further comprises transferring [2020] into at least a first of
the at least two source fiducial locating openings (132
and 134) at least one container tub 530 sealed by con-
tainer tub cover 520 and containing container nest 500
bearing a plurality of pharmaceutical containers 510;and
transferring [2025] intoasecondof theat least twosource
fiducial locating openings (134 and 132) container clo-
sure tub630 sealedbya closure tub cover andcontaining
at least one container closure nest 600 bearing a plurality
of pharmaceutical container closures 610.
[0073] The method further comprises aseptically seal-
ing [2030] chamber 100 and establishing [2035] an
aseptic condition within chamber 100. Establishing
[2035] an aseptic condition within chamber 100 may
comprise treating the interior of chamber 100 with any
one or more of steam, hydrogen peroxide vapor, ozone,
nitrogen dioxide, and ethylene oxide.
[0074] Themethod further comprises operating [2040]
the at least one cover removal station 140 and rotating
rotary stage 130 to remove container tub cover 520 from
theat least one container tub530and remove the closure
tub cover from closure tub 630; operating [2050] rotary
stage 130 and one of the at least one vacuum pickup
systems (for example 150 and/or 160) to transfer to
destination fiducial locating opening 136 container nest
500 bearing the plurality of pharmaceutical containers
510; and dispensing [2060] on an iterative and serial
basis a pharmaceutical fluid substance into at least a
portion of the plurality of pharmaceutical containers 510
by operating rotary stage 130 and filling station 170. The
phrase "iterative and serial" is employed in this specifica-
tion to describe the fact that the same operational steps
are repeatedly used to fill the various containers and the
fact that the containers are filled one after another, as
opposed to simultaneously. In some embodiments multi-
ple containersmay be simultaneously filled using a filling
station with multiple dispenser heads.
[0075] Steps [2040], [2050], and [2060] each involves
rotating rotary stage 130 and operating another device,
being respectively cover removal station 140, one of the
at least one vacuum pickup systems (for example 150

and/or 160), and filling station 170. Themotions involved
may be simultaneous in some cases or embodiments,
and serial in other cases or embodiments. In some em-
bodiments some of the motions may be simultaneous
and others may be serial.
[0076] Operating [2040] the at least one cover removal
station 140may comprise engaging an engagement tool
(for example tool 142) with a cover removal fixture (for
example fixture 540) pre-attached to the cover being
removed. Operating [2050] one of the at least one va-
cuum pickup systems may comprise contacting contain-
er nest 500 with a plurality of suction cups 152 while
applying a vacuum to suction cups 152. Dispensing
[2060] a pharmaceutical fluid substance into at least a
portion of the plurality of pharmaceutical containers may
comprise disposing on an iterative and serial basis fluid
product dispenser head 174 of filling station 170 over the
openings of the at least a portion of the plurality of
pharmaceutical containers 510. Operating [2050] rotary
stage 130 and one of the at least one vacuum pickup
systems may comprise operating camera 210 to obtain
image information of container nest 500 bearing the
plurality of pharmaceutical containers510and to position
the one of the at least one vacuum pickup systems over
container nest 500.
[0077] Themethod further comprises operating [2070]
one of the at least one vacuum pickup systems (for
example 150 and/or 160) and rotary stage 130 to transfer
to destination fiducial locating opening 136 one of the at
least one container closure nests 600 bearing the plur-
ality of pharmaceutical container closures 610 and posi-
tioning the at least one closure nest 600 to align closures
610 with containers 510; operating [2080] rotary stage
130 to jointly position aligned container nest 500 and
closure nest 600 in ramming system 180; and operating
[2090] ramming system 180 to force the plurality of
container closures 610 into the plurality of containers
510.
[0078] Operating [2070]oneof theat least onevacuum
pickup systems may comprise contacting container clo-
sure nest 600 with a plurality of suction cups 162 while
applying a vacuum to suction cups162.Operating [2090]
rammingsystem180maycomprisedriving theplurality of
pharmaceutical containers 510 toward upper ram plate
182 of ramming system 180.
[0079] The operating [2070] rotary stage 130 and one
of the at least one vacuumpickup systemsmay comprise
operating camera 220 to obtain image information of the
one of the at least one container closure nests 600
bearing the plurality of pharmaceutical container clo-
sures 610 and to position the one of the at least one
vacuum pickup systems over the one of the at least one
container closure nests 600.
[0080] Providing [2010] a filling apparatus may com-
prise providing a filling apparatus further comprising
controller 400 and a software program executable by
controller 400.Any one or more of the aseptically sealing
[2030] chamber 100; establishing [2035] an aseptic
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condition within chamber 100; operating rotary stage
130; operating the at least one cover removal station
140; operating [2070] one of the at least one vacuum
pickup systems (150 and/or 160); operating filling station
170; and operating [2090] ramming system 180 may be
done automatically by executing the software program in
controller 400.
[0081] In the embodiment described at the hand of
FIGS. 1A to 1F, each of steps [2040], [2050], [2060],
[2070], and [2080] comprises rotating a rotary stage, for
example rotary stage 130, bearing the container nests
and container closure nests.
[0082] In other embodiments, a plurality of the steps of
removing a container tub cover fromat least one contain-
er tub 530; removing a container tub cover from at least
one container closure tub 630; transferring to destination
fiducial locating opening 136 container nest 500; dispen-
sing a pharmaceutical fluid substance into pharmaceu-
tical containers 510; transferring to destination fiducial
locating opening 136 one of the at least one container
closure nests600;andpositioningaligned container nest
500 and closure nest 600 in ramming system 180 com-
prises rotating a rotary stage bearing the container nests
and container closure nests.
[0083] In a general embodiment, at least one of the
steps of removing a container tub cover from at least one
container tub530; removing a container tub cover fromat
least one container closure tub 630; transferring to des-
tination fiducial locating opening 136 container nest 500;
dispensing a pharmaceutical fluid substance into phar-
maceutical containers 510; transferring to destination
fiducial locating opening 136 one of the at least one
container closure nests 600; and positioning aligned
container nest 500 and closure nest 600 in ramming
system 180 comprises rotating a rotary stage bearing
the container nests and container closure nests.
[0084] It is to be noted that neither filling system 1000,
nor theassociatedmethod, needs toemploy thevibratory
bowls or escapements that are typical of the prior art.
Unlike many prior art systems, filling system 1000 also
does not require the use of gloves for use by an operator
to access the interior of the chamber.
[0085] The system above has been described as em-
ployinga controller that runs stored software running ona
general-purpose computer platform, but it could also be
implemented in whole or in part using special-purpose
hardware.
[0086] The system described above also employs fi-
ducial openings defined in the rotary stage to hold tubs
and nests, but it could also employ other types of fiducial
structures that include other configurations of constrain-
ing surfaces sufficient to hold tubs and nests in place.
Notched posts mounted on the rotary stage may hold
tubs and/or nests above the rotary stage, for example.
Further fiducial locating structures for holding tubs of
nests for containers or container closures are described
below at the hand of FIGS.3A, 3B, 4A, and 5A.
[0087] Another embodiment of a filling system accord-

ing to the invention may be in all respects identical to the
embodiments described above at the hand of Figures 1A
and 1B, with the exception of vacuum pickup system(s)
150 or 160. FIGS. 3A and 3B show a portion of a filling
system as described above. FIG. 3B, in particular, fo-
cuses on the general area of one of the vacuum pickup
systems, bywayof example, vacuumpickup system150.
In this alternative embodiment, vacuum pickup system
150 is replaced by reconfigurable vacuumpickup system
150’. Vacuum pickup system 160 of FIGS. 1A and 1B
may similarly be replaced by reconfigurable vacuum
pickup system 160’ of the same arrangement as vacuum
pickup system 150’. In the interest of clarity, vacuum
pickup system 160’ is not shown in FIG. 3A or 3B. In
other embodiments, single reconfigurable vacuum pick-
up system150’maybeemployed to pick up both contain-
er nests and container closure nests. Vacuum pickup
system150’mayaccess thecontainernestsandcontain-
er closure nests by rotation of rotary stage 130.
[0088] Vacuum pickup system 150’ comprises two
rotary arms 154a’ and 154b’, in their turn respectively
comprising pluralities of suction cups 152a’ and 152b’.
Vacuum pickup system 150’ is arranged to pick up nests
500 of containers 510 by means of suction cups 152a’
and 152b’. Vacuum pickup system 150’ may also be
arranged to pick up nests 600 of container closures
610 by means of suction cups 152a’ and 152b’. As with
vacuum pickup system 150, vacuum pickup system 150’
may be raised and lowered in order to allow suction cups
152a’ and 152b’ to engage with different nests 600 of
container closures 610 contained at differing depths in-
side tub 630.
[0089] Suction cups 152a’ and 152b’ are arranged on
rotary arms 154a’ and 154b’ as pluralities of sets of
linearly arranged suction cups 152a’ and 152b’, each
set of linearly arranged suction cups 152a’ and 152b’
being arranged at a different angle perpendicular to the
longitudinal axes of rotary arms 154a’ and 154b’. This
arrangement allows rotary arms 154a’ and 154b’ to be
rotated about their longitudinal axes in order to orient
different sets of linearly arranged suction cups 152a’ and
152b’ to engage with different nests 500 of containers
510.This allows the sets of suction cups 152a’ and 152b’
to be individually selectable for use. Rotation of rotary
arms 154a’ and 154b’ may be performed manually. In
other embodiments, rotation of rotary arms 154a’ and
154b’ may be by means of a suitable motorized drive
incorporated in vacuum pickup system 150’ and con-
trolled by controller 400 shown in FIG. 1A.
[0090] By selecting different sets of linearly arranged
suction cups 152a’ and 152b’ via the rotation of rotary
arms154a’ and 154b’, the sets of suction cups 152a’ and
152b’maybedisposed toengagewithdifferent container
nests 500 bearing containers 510, or container closure
nests 600 bearing container closures 610.
[0091] FIGS. 3A and 3B show vacuum pickup system
150’ as comprising two rotary arms, being rotary arms
154a’ and 154b’. In other embodiments, one or more
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arms may be employed, all embodiments sharing the
concept of a selectable configuration of suction cups.
Whereas the selection of suction cup configurations in
FIG.3AandFIG. 3B is bymeansof rotationof arms154a’
and 154b’ bearing suction cups 152a’ and 152b’, the
selecting in other embodiments may be on a different
basis of configuration, including, for example without
limitation, lateral translation of suction-cup-bearing arms
in a plane parallel to the rotation plane of rotary stage 130
in order to engage different sets of suction cups with
container nests or container closure nests. In FIGS. 3A
and 3B suction cups are arranged in linear sets. In other
embodiments non-linear arrangements of suction cups
may be employed.
[0092] Turningnow toFIG. 3B specifically,weconsider
members 149 and 139 in more detail. In one embodi-
ment, reconfigurable stopping member 149 is shown as
having two different ends of which a first end may be
selected for use by suitable rotation of reconfigurable
stopping member 149 about stopping member rotation
axis 141 to a predetermined set position. In the set
position, reconfigurable stopping member 149 provides
ahardstop foraproximal endof container530against the
selected end of reconfigurable stopping member 149
along a direction parallel to the longitudinal axes of rotary
arms 154a’ and 154b’. In this embodiment, reconfigur-
able stopping member 149 may be rotated through 180°
(degrees) to dispose the second end of reconfigurable
stoppingmember 149 to stop container 530. The second
end of reconfigurable stopping member 149 may be
configured to stop the proximal end of container 530 at
a different point thanwhere the first end of reconfigurable
stopping member 149 stops the proximal end of contain-
er 530.
[0093] Restraining member 139 is configured to push
against a distal end of container 530. While different
mechanisms are contemplated to ensure the pushing
action of restraining member 139, one particular suitable
mechanism involves providing restraining member 139
with suitable spring loading to rotate about axis 143. By
the above operation, reconfigurable stopping member
149and restrainingmember139 togetherallowcontainer
530 to be positioned at an exact location parallel to the
longitudinal axes of rotary arms 154a’ and 154b’. The
particular exact location is selectable by selecting the
appropriate end of reconfigurable stopping member 149
to stop container 530. This arrangement allows contain-
ers 530of different dimensions parallel to the longitudinal
axesof rotaryarms154a’and154b’ tobe locatedatexact
predetermined locations with respect to sets of suction
cups 152a’ and 152b’.
[0094] Aparticular set of suction cups 152a’ and 152b’
may be selected to match the selection of the particular
end of reconfigurable stopping member 149. In this way,
vacuumpickup system150’maybe set to a configuration
that ensures that a selected size of container 530 is
precisely positioned to allow container nests 500 within
container 530 to be engaged by specific sets of suction

cups 152a’ and 152b’. Vacuum pickup system 150’ is
thereby reconfigurable to engage with nests of different
sizes within containers of different sizes.
[0095] In the interest of clarity, the description above,
as well as FIGS. 3A and 3B, show an arrangement that
allows for the exact positioning of containers 530 along
only one dimension in the rotation plane of rotary stage
130, the dimension of the containers perpendicular to the
one dimension being assumed to be identical. In such an
arrangement, fiducial locating openings 132 and 134 are
sized to constrain containers 530 in the perpendicular
dimension in the rotation plane of rotary stage 130.
[0096] In another embodiment, a further reconfigur-
able stopping member and restraining member may be
added to thearrangement ofFIG. 3AandFIG. 3B in order
to address the positioning of container 530 in the per-
pendicular direction within the rotation plane of rotary
stage130.Toallow thepositioningof container530 in this
perpendicular direction, fiducial locating openings 132
and 134 are not sized to constrain containers in any
direction within the rotation plane of rotary stage 130.
[0097] In the embodiments described above, reconfi-
gurable stopping member 149 has been described as
having two ends of which one is selected for use at any
one timeby rotating reconfigurable stoppingmember149
about stopping member rotation axis 141. In other em-
bodiments, reconfigurable stoppingmember 149may be
shaped or configured to have more than two stopping
ends, the ends being selectable by suitable rotation of
reconfigurable stopping member 149 about stopping
member rotation axis 141. In one embodiment, in which
the reconfigurable stopping member has a very large
number of stopping ends, the reconfigurable stopping
membermay assume the shape of a cam, representing a
large plurality of possible stopping ends that may be
selected via rotation of the reconfigurable stoppingmem-
ber about a suitable stopping member rotation axis.
[0098] In general, the system described at the hand of
FIGS. 3A and 3B comprises a reconfigurable fiducial
nest positioning system. The reconfigurable fiducial nest
positioning system comprises a movable platform com-
prising fiducial locating opening 132, reconfigurable
stopping member 149, and restraining member 139. In
the case of the system of FIGS. 3A and 3B, the movable
platform is rotary stage 130. As explained later, other
movable platforms are also contemplated. To the extent
that, for example, tub 530 positionally constrains and
locates nest500 inside tub530,any system that fiducially
locates tub530 inherently alsofiducially locatesnest500.
[0099] The various embodiments contemplated all
comprise a reconfigurable vacuum pickup system that
may be configured to engage its suction cups with corre-
sponding areas on a pharmaceutical container nest. The
containers in the container nest may be closed by corre-
sponding container closures suspended in a container
closure nest. The planar surface of the container closure
nestmayhaveanoutline that leavespass-throughson its
perimeter for the suction cups to pass through to engage
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with the container nest. By way of example, in FIG. 3a
pass-throughs602are shownon theperimeter of closure
nest 600. Alternatively or additionally, the container clo-
surenestmayhave suitableopenings in its planar interior
to serve as pass-throughs for the suction cups to pass
through to engage with the container nest. The vacuum
pickup systems contemplated are further configured and
disposed to pick up the combination of nested containers
and their closuresby the container nest, asopposed toby
the closure nest.
[0100] In a general embodiment, a nest handling sub-
system comprises a reconfigurable vacuum pickup sys-
tem for picking up container nests and/or container clo-
sure nests may comprise one or more arms bearing a
plurality of sets of suction cups. By reconfiguration of the
vacuum pickup system a set of suction cups may be
selected from among the plurality of sets of suction cups,
the selected set of suction cups being pre-arranged to
engage with a particular container nest or container
closure nest. The selection may be on the basis of one
or both of the size and the shape of the nest. The nest
handling systemmay further comprise at least one pair of
a reconfigurable stopping member 149 and a restraining
member 139 disposed proximate opposing ends of a
fiducial locating opening 132 for holding a tub 530 con-
taining container nests 500 bearing containers 510 in
order to engage with opposing ends of tub 530. The
stopping and restraining members are disposed to posi-
tion tub 530 in a predetermined position that ensures that
the selected set of suction cups may engage with the
container nests and/or container closure nests.
[0101] As is the casewith opening 132, opening 134 of
FIG. 3A may also be served by at least one set of a
reconfigurable stopping member, being member 145 in
this case, and a restraining member, being member 135
in this case. Reconfigurable stopping member 145 and
restraining member 135 function with respect any tub in
opening 134 in the same way as reconfigurable stopping
member 149 and restraining member 139 function with
respect any tub in opening 132.
[0102] The various embodiments above have been
described in terms of FIGS. 1A to 1E and FIG. 3A, and
FIG. 3B in which the vacuum pickup system 150, 160 is
describedaspart of apharmaceutical filling system1000.
However, vacuum pickup system 150’, 160’ may also be
employed in its own right other apparatus not limited to
the filling system of FIGS. 1A to 1E, or, in fact, to filling
systems in general. Some other example applications
include, without limitation, lyophilizing systems. Itmay be
applied to suitable nests of any objects arranged in a
predetermined pattern. Furthermore, while system 1000
of FIGS. 1A to FIG. 1E employs rotary stage 130, re-
configurable vacuum pickup system 150’ may employ
any suitable movable platform comprising suitable fidu-
cial locating openings.
[0103] The method described above at the hand of
FIGS. 2A and 2B may now also be described in more
detail with reference toFIG. 3A andFIG. 3B.Providing at

least onevacuumpickupsystemaspart of theprovidinga
filling apparatus step [2010] may comprise providing at
least one reconfigurable vacuumpickup system150’, the
at least one reconfigurable vacuum pickup system 150’
comprising a plurality of sets of suction cups 152a’ and
152b’.
[0104] Providing a filling apparatus step [2010] may
comprise providing rotary stage 130 with destination
fiducial locating opening 136 and at least two source
fiducial locating openings 132, 134, each source fiducial
opening having at least one pair of reconfigurable stop-
ping member 149 and restraining member 139.
[0105] Transferring step [2020] may comprise operat-
ing at least a first reconfigurable stoppingmember 149 to
stop container tub 530 at a predetermined container tub
position and operating at least first restraining member
139 to restrain container tub 530 at the predetermined
container tub position.
[0106] Transferring step [2025] may comprise operat-
ing at least a second reconfigurable stopping member
145 to stop container closure tub 630 at a predetermined
closure tub position and operating at least second re-
strainingmember 135 to restrain container tub 630 at the
predetermined closure tub position.
[0107] Operating [2050] the at least one vacuum pick-
up system 150’, 160’ may comprise configuring the at
least one reconfigurable vacuum pickup system 150’,
160’ to select a first predetermined set of suction cups
disposed to engage with container nest 500.
[0108] Operating [2070] of one of the at least one
vacuum pickup system 150’, 160’ may comprise config-
uring the at least one reconfigurable vacuum pickup
system 150’, 160’ to select a second predetermined
set of suction cups disposed for engaging with container
closure nest 600.
[0109] The method may further comprise operating
[2095] the at least one vacuum pickup system 150’,
160’ with the first predetermined set of suction cups
selected to engage with container nest 500 and jointly
remove container nest 500 and container closure nest
600 from ramming system 180.
[0110] We have considered in FIG. 3A and FIG. 3B
alternative embodiments of the arrangements of vacuum
pickup systems 150 and 160 of FIG. 1A in the form of
vacuum pickup systems 150’ and 160’; and the position-
ing arrangements associated with source openings 132
and 134 in the form of elements 135, 145, 139, and 149.
Wenow turn our attention to alternative embodiments for
the arrangements around destination opening 136 of
FIG. 1A and FIG. 3A. FIG. 4A and its close up view in
FIG. 4B show the system of FIG. 3A with a different
embodiment of the arrangement around destination
opening 136. While cameras 210 and 220 of FIG. 1A
may be employed in conjunction with controller 400 and
rotation of rotary stage 130 to position nest 500 at open-
ing136,and to position nest600over nest500at opening
136, the adjustable destination fiducial positioning sys-
temofFIG. 4A and FIG. 4B comprising rotary positioning
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elements 164a and 164b may be alternatively or addi-
tionally employed to accurately position nests 600 and
500.
[0111] Typical industrial container nests are not man-
ufactured to a dimensional standard, and, as a result, any
system for filling and closing nested containers 510
should have a mechanism to accurately position differ-
ently sizednests500bearing containers510.To this end,
rotary positioning elements 164a and 164b may have
different sets of paired positioning surfaces 167a, 167b
and 163a, 163b allowing nests 500 of specific dimen-
sions to be accurately fitted between such paired posi-
tioning surfaces. In Fig. 4B, nest 500 fits such that its two
opposing ends in a first dimension touch mutually facing
surfaces 167a and 167b of rotary positioning elements
164aand164b respectively.Bymutually counter-rotating
elements 164a and 164b about respectively axes 166a
and 166b, surfaces 167a and 167bmay bemade to face
each other andmay thereby allow the precise positioning
between them of a nest of different length in the first
dimension.
[0112] As is evident from FIG. 4B,when surfaces 167a
and 167b face each other, the nest positioned snugly
between them may be retained in a precise and prede-
termined vertical position by resting on surfaces 165a
and 165b of rotary positioning elements 164a and 164b
respectively. When surfaces 163a and 163b face each
other, the alternative nest positioned snugly between
them may retained in a precise and predetermined ver-
tical position by resting on surfaces 161a and 161b of
rotary positioning elements 164a and 164b respectively.
Elements 164a and 164bmay be rotatedmanually about
axes166aand166b respectively. In someembodiments,
the rotation of elements 164a and 164b may be done
automatically, for example, by motorized drives con-
trolled by controller 400 and suitable control software.
That control may be based on predetermined dimen-
sional data relating to the nest being positioned between
the surfaces of elements 164a and 164b. It may also be
based, independently or in combination, on input data
derived from imaging data obtained from cameras 210
and/or 220. Further, the rotation may take place as nest
500 is lowered into position so that the particular surfaces
of elements 164a and 164b destined to engage with the
opposing ends of nest 500 along the first dimension may
serve as closing horizontal grip on nest 500 as the
surfaces rotate toward the position in which they face
eachother. In this embodiment, thehorizontal positioning
and vertical positioning of a nest between elements 164a
and 164b are not mutually independent.
[0113] Another arrangement as shown in FIG. 4A and
FIG. 4B for the first dimension of nest 500, may also be
established for the second planar dimension of nest 500
perpendicular to the first dimension. This allows any nest
500 placed at opening 136 to be accurately located in a
location predetermined by the choice of setting of rotary
positioning elements 164a and 164b.
[0114] Another embodiment of rotary positioning ele-

ments is shown in FIG. 5A and FIG. 5B. In contrast with
the embodiment of FIG. 4A and FIG. 4B described im-
mediately above, the horizontal positioning and vertical
positioning of a nest between two mutually counter-ro-
tatable elements 164a’ and 164b’ inFIG. 5A andFIG. 5B
are mutually independent positioning actions. This is
achieved by employing, in each of the two mutually
perpendicular planar dimensions addressed in the em-
bodiment immediately above, a pair of fixed opposing
planar tabs 165a’ and 165b’ to position nest 500 in the
vertical dimension, and a pair of rotary positioning ele-
ments 164a’ and 164b’ to position nest 500 in the first
horizontal dimension. In this embodiment, each of ele-
ments 164a’ and 164b’ comprises two rotatable ele-
ments ganged on axles 166a’ and 166b’ respectively
to rotate in unison and mutual alignment either side of
planar tabs 165a’ and 165b’ within bosses 169a’ and
169b’ respectively. Thesetsof rotaryelements164a’and
164b’, beyond each being divided in to two ganged
elements, serve to confine nest 500 in the horizontal
dimension in the same fashion as rotary elements
164a and 164b in the embodiment of FIG. 4A and FIG.
4B described immediately above.
[0115] While elements 164a’ and 164b’ may be de-
signed to be ofmore complex shape, we show in FIG. 5A
and FIG. 5B a very simple implementation in which
surfaces 167a’ of rotary elements 164a’ and surfaces
167b’ of rotary elements 164b’ serve to position nest 500
in the first horizontal dimension. By rotating elements
164a’ joined by axle 166a’ counter-clockwisewithin boss
169a’ and rotating elements 164b’ joined by axle 166b’
clockwise within boss 169b’, surfaces 163a’ and 163b’
may be made to face each other and thereby a nest of
different length in the first horizontal dimension may be
positioned and accurately located between elements
164a’ and 164b’.
[0116] Ganged elements 164a’ and 164b’ may be
rotated manually about the axes of axles 166a’ and
166b’ respectively inside bosses 169a’ and 169b’ re-
spectively. In some embodiments, the rotation of ele-
ments 164a’ and 164b’ may be done automatically by
motorizeddrives controlledby controller400andsuitable
control software. That control may be based on prede-
termined dimensional data relating to the nest being
positioned between the surfaces of elements 164a’
and 164b’. It may also be based, independently or in
combination, on input data derived from imaging data
obtained from cameras 210 and/or 220. Further, the
rotation may take place as nest 500 is lowered into
position so that the particular surfaces of elements
164a’ and 164b’ destined to engage with the opposing
ends of nest 500 along the first dimension may serve as
closing horizontal grip on nest 500 as the surfaces rotate
toward the position in which they face each other.
[0117] FIG. 5AandFIG. 5B showa further set of paired
mutually counter-rotatable rotary positioning elements,
not numbered for the sake of clarity, ganged similarly to
rotary elements 164a’ and 164b’, and disposed to accu-
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rately locate nest 500 independently in the vertical di-
mension and in a second planar dimension of nest 500
perpendicular to the first dimension.
[0118] In a further aspect, describedat thehandofFIG.
6, a method is provided for filling nested pharmaceutical
containers 510 with a pharmaceutical fluid substance,
the method comprising: providing [6010] filling system
1000 comprising sterilizable chamber 100 capable of
maintaining an aseptic condition, chamber 100 compris-
ing filling station 170 and planar rotary stage 130 having
destination locating structure 136, 164a, 164b, 164a’,
164b’; transferring [6020] into chamber 100 at least one
container tub 530 sealed by container tub cover 520 and
containing container nest 500 bearing a plurality of phar-
maceutical containers 510; aseptically sealing [6040]
chamber 100; establishing [6050] an aseptic condition
within chamber 100; transferring [6060] into destination
locating structure136, 164a, 164b, 164a’, 164b’ contain-
er nest 500 bearing the plurality of pharmaceutical con-
tainers 510 such that container nest 500 is held in place;
and dispensing [6070] the pharmaceutical fluid sub-
stance into at least a portion of the plurality of pharma-
ceutical containers 510 by operating both rotary stage
130 and filling station 170. Operating filling station 170
may include rotating filling station 170. Dispensing the
pharmaceutical fluid substance may comprise dispen-
sing the pharmaceutical fluid substance on an iterative
and serial basis into containers 510.
[0119] Providing [6010] filling system 1000 may com-
prise providing a filing apparatus comprising at least one
cover removal station 140 within chamber 100 and
wherein transferring into the destination locating struc-
ture container tub 530 comprises removing container tub
cover520 fromcontainer tub530byoperating both rotary
stage 130 and the at least one cover removal station 140.
Operating the at least one cover removal station 140may
comprise rotating the at least one cover removal station
140. Providing [6010] filling system 1000 may comprise
providing within chamber 100 at least one cover removal
station 140 having engagement tool 142, transferring
[6020] into chamber 100 at least one container tub 530
may comprise attaching to container tub 520 cover re-
moval fixture 540; andwherein operating the at least one
cover removal station 140 comprises engaging engage-
ment tool 142 with cover removal fixture 540.
[0120] The method may further comprise transferring
[6030] into chamber 100 container closure tub 630
sealed by a container closure tub cover and containing
at least one container closure nest 600 bearing a plurality
of pharmaceutical container closures 610. The method
may further comprise positioning [6080] one of the at
least one closure nests 600 to align closures 610 in the at
least one closure nest600with corresponding containers
530 in container nest 500; transferring [6090] nests 500,
600 of aligned closures 610 and containers 510 to a
ramming station by rotating rotary stage 130; and forcing
[6100] closures 610 into corresponding containers 510.
The method may further include adjusting tub locating

structure135, 145 to accommodate a size of closure nest
tub630.Positioning [6080]oneof theat least oneclosure
nest 600 may comprise: obtaining image information
about the one of the at least one closure nests 600;
and positioning the one of the at least one closure nests
600 based on the image information. Positioning [6080]
one of the at least one closure nest 600 may comprise:
applying a vacuum to suction cups 162, 152a, 152b,
152a’, 152b’; lifting container closure nest 600 with the
suction cups; and operating rotary stage 130.
[0121] Transferring [6020] into the destination locating
opening container nest 500 may comprise: applying a
vacuum to thesuctioncups; lifting container nest500with
the suction cups; and operating rotary stage 130. The
methodmay further include selecting one of a plurality of
sets of suction cups and wherein the applying a vacuum
to suction cups is performed for the selected set of suc-
tion cups. The selecting may include rotating one of the
plurality of sets of suction cups into position. Themethod
may further include adjusting destination locating struc-
ture 136, 164a, 164b, 164a’, 164b’ to accommodate a
size of container nest 500. The adjusting may be per-
formed in two at least generally orthogonal directions.
The method may further include adjusting tub locating
structure 139, 149 to accommodate a size of container
nest tub 530.
[0122] In a further aspect, a method is provided (see
FIG. 1G) for removing within a controlled environment
enclosure a container cover from a sealed container, for
example tub 530 or tub 630, the sealed container being
sealed by the container cover, for example cover 520, the
method comprising: providing the container in controlled
environment enclosure 100 with cover 520 sealed to a
sealing surface of a lip of the container to seal the con-
tents of the container against decontamination, cover
520 having cover removal fixture 540, decontaminating
the sealed container in controlled environment enclosure
100, engaging cover removal fixture 540 with engage-
ment tool142, and removing the cover from the container
using engagement tool 142. Engaging may involve en-
gaging cover removal fixture 540 with fork-shaped en-
gagement tool 142. Engaging may involve engaging a
ball-shaped appendage on cover removal fixture 540.
[0123] Providingmay include providing sterilized phar-
maceutical containers 510 or closures 610 in the sealed
container, for example tub 530 or 630, before the decon-
taminating. Attaching may take place before the contain-
er is in controlled environment enclosure 100. Deconta-
minating the sealed container in controlled environment
enclosure 100 may take place before removing cover
520. Removing cover 520 may include moving engage-
ment tool 142 relative to container 530. Removing cover
520may includemoving both container 530 and engage-
ment tool 142. Themethod may further comprise attach-
ing cover removal fixture 540 to cover 520 before provid-
ing container 530 in the controlled environment enclo-
sure.
[0124] FIG. 7A shows a drawing of subsystems of a
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further embodiment of an apparatus for filling pharma-
ceutical containers with a pharmaceutical fluid product,
based on the subsystems shown in FIG. 1A, FIG. 1C,
FIG. 1F, FIG. 5A and FIG. 5B. For the sake of clarity,
several subsystems have been omitted in order to show
only aseptic sealable chamber 100 of FIG. 1A; rotary
stage 130 of FIG. 1A and FIG. 1C; openings 132, 134,
and 136 of FIG. 1C; with container nest 500 bearing
pharmaceutical containers 510, nest 500 held in position
by the arrangement shown in FIG. 5B. In FIG. 7A, fill arm
170 of FIG. 1A is replaced by articulated robotic fill arm
170’. Any alternative fiducial arrangement for holding
nest 500 may be employed as long as it allows the
opening of each container 510 to be known with suitable
accuracy and precision for reliably dispensing droplets of
pharmaceutical fluid into containers 510.
[0125] To the aforementioned elements in FIG. 7A is
added a droplet monitoring subsystem 250, shown se-
parately in FIG. 7B, comprising illuminating imager sys-
tem 252,mirror 254, and retroreflector 256.Dropletmon-
itoring subsystem 250 may be controlled by controller
400, to which end controller 400 is in communicationwith
droplet monitoring subsystem 250. Controller 400 may
comprise amemory and a processor. As in the case of fill
arm170ofFIG.1AandFIG.1F, articulated robotic fill arm
170’ is supplied with pharmaceutical fluid via a pharma-
ceutical fluid product feed line 172. In FIG. 7A, fill arm
170’ is equipped with a pharmaceutical fluid product
dispenser head 174’. Dispenser head 174’ is arranged
and configured to produce droplets of pharmaceutical
fluid of consistent volume and within a limited range of
droplet shapes to travel down along droplet path 710. To
this end, dispenser head 174’ may be equipped with a
suitable nozzle. Controller 400 may control the dispen-
sing action of dispenser head 174’, to which end con-
troller 400may be in communicationwith dispenser head
174’ or a pump supplying dispenser head 174’ with
pharmaceutical fluid. Imager system 252 may comprise
a telecentric lens, thereby to render imager system 252
capable of making consistent size measurements of
droplets produced by dispenser head 174’.
[0126] Illuminating imager system 252 is arranged and
disposed to illuminate retroreflector 256 and to obtain
high speed images of droplets 700 dispensed by dispen-
ser head 174’ to travel along droplet path 710 into any
container 510. The line a-a’ in FIG. 7A and FIG. 7B
indicates the light beam path. Since rotary stage 130
moves every container 510 along a circular path around
the rotation axis of rotary stage 130, articulated robotic fill
arm 170’ is operated to move dispenser head 174’ along
a linear trajectory following the imaging path a-a’ of
droplet monitoring subsystem 250. In this implementa-
tion, therefore, both rotary stage 130 and articulated
robotic fill arm170’areoperated to positionany container
510 for filling by dispenser head 174’.Any operating of fill
arm 170’ may, in addition to the operating of rotary stage
130, be controlled via controller 400. To this end, con-
troller 400 is in communication with both fill arm 170’ and

rotary stage130,allowingcontroller400 to coordinate the
motion of fill arm 170’ and rotary stage 130.
[0127] Software may be supplied for loading into the
memory of controller400and configured,whenexecuted
by the processor, for controlling dispensing of the phar-
maceutical fluid droplets 700 by fluid dispensing head
174’, and for collection of images of pharmaceutical fluid
droplets 700 along droplet path 710. The software may
also allow controller 400’ to control robotic fill arm 170’
and rotary stage 130.
[0128] An alternative embodiment, shown in FIG. 8,
shows another articulated robotic fill arm 170" into which
alternative droplet monitoring subsystem 250’ has been
integrated. This particular embodiment employs twomir-
rors 254’ and 258’ along with illuminating imager system
252’ and retroreflector256’.Weretain the samenumber-
ing, namely 174’, for dispenser head and 172 for phar-
maceutical fluid product feed line. Illuminating imager
system 252’ is arranged and disposed to illuminate retro-
reflector 256’ and to obtain viamirrors 254’ and 258’ high
speed images of droplets 700 dispensed by dispenser
head 174’ to travel along droplet path 710 into any con-
tainer 510. In this particular implementation, only articu-
lated robotic fill arm 170" needs to be operated in order to
position any container 510 held in nest 500 for filling by
dispenser head 174’ and rotary stage 130 may be held
stationary during the positioning of filling of all containers
510 held in nest 500. In a more general case, both rotary
stage 130 and articulated robotic fill arm 170" may be
operated to position any container 510 for filling by dis-
penser head 174’. Any operating of fill arm 170" may, in
addition to theoperatingof rotarystage130,becontrolled
via controller 400. To this end, controller 400 is in com-
munication with both fill arm 170" and rotary stage 130.
Imager system 252’ may comprise a telecentric lens,
thereby to render imager system 252’ capable of making
consistent size measurements of droplets produced by
dispenser head 174’.
[0129] Theuseofdropletmonitoring subsystemsof the
present invention is not limited to the rotary stage phar-
maceutical filling systems ofFIG. 1A to FIG. 8.Theymay
also be employed in any system in which any fluid is
dropwise dispensed into containers, whether nested or
not. One group of filling systems suitable for filling phar-
maceutical containers with a pharmaceutical fluid in an
aseptic chamber using the droplet monitoring system of
the present invention employs robotic arms to hold con-
tainers by means of a suitable end effector. The robotic
arms may be articulated robotic arms and may be her-
metically sealed to chamber 100. Suitable examples of
such systems are provided in United States Patent Pub-
lication No. 2017/121046 A1, United States Patent Pub-
lication No. 2016/0200461A1,United States Patent Pub-
licationNo. 2016/0184986A1,UnitedStatesPatent Pub-
lication No. 2016/0346777 A1, and United States Patent
Publication No. 2014/0196411 A1, the disclosures of
which are all wholly incorporated herein by reference.
We describe below embodiments of the droplet monitor-

5

10

15

20

25

30

35

40

45

50

55



19

35 EP 3 694 465 B1 36

ing subsystem of the present invention used in conjunc-
tion with an articulated arm of the type described in more
detail in these four listed publications.
[0130] FIG. 9 shows droplet monitoring system 250 of
FIG. 7A and FIG. 7B implemented in a pharmaceutical
container filling system having aseptic sealable chamber
100’ in which container nest 500 bearing pharmaceutical
containers 510 is held by end effector 810 of articulated
arm800.Articulatedarm800maybea robotic articulated
arm. In some embodiments, articulated robotic arm 800
may be controlled by suitable controller 400’.To this end,
as shown in FIG. 9, controller 400’ is in communication
with robotic arm 800.Robotic arm 800may be of the type
described in detail in the publications listed above and
incorporated by reference. Controller 400’ may be, for
example without limitation, controller 440 used by the
filling system described at the hand of FIG. 1 of United
States Patent Publication No. 2016/0346777 A1 or con-
troller13ofFIG. 1ofUnitedStatesPatentPublicationNo.
2017/121046 A1. Articulated arm 800 may be, for exam-
ple without limitation, articulated arm 200 of FIG. 2 of
United States Patent Publication No. 2016/0184986 A1,
articulated arm 22 of FIG. 1 of United States Patent
Publication No. 2016/0200461 A1, or articulated arm
30 of FIG. 2 of United States Patent Publication No.
2017/121046 A1. Controller 400’ may also be used to
control dropletmonitoring system250, towhichend it is in
communication with droplet monitoring system 250.
[0131] FIG. 10 shows the droplet monitoring system
250’ of FIG. 8 employed in the same pharmaceutical
container filling system as described at the hand of
FIG.9.Controller400’mayalsobeused tocontrol droplet
monitoring system 250’, to which end it is in communica-
tion with droplet monitoring system 250’.
[0132] In further embodiments of the system, both
dispensing head 174’ and container(s) 510 may be
moved by robotic arms, being robotic arms 170’, 170"
on theonehandand800on theother. Either or both of the
robotic armsmay be articulated robotic arms of the types
described in the incorporated United States Patent Pub-
lications listed above. In yet further embodiments, both
dispensing head 174’ and container 510 may be in fixed
positions, these particular embodiments pertaining, for
example, to the filling of single container 510 at a time.
[0133] Theembodiments shown inFigures7A,7B, 8, 9
and10 all employ a retroreflector256, 256’ illuminatedby
a light source housed in the illuminating digital imager
system 252, 252’. In other embodiments, droplets 700
may be backlit, or illuminated from any other angle. In
suchembodiments, the imager systemsdonot requirean
integrated illuminator and the illuminator may be dis-
posed elsewhere separate from the imager.
[0134] Wenow turn to amethod, described at the hand
of the flowchart in FIG. 11, for aseptically dispensing a
pharmaceutical fluid into pharmaceutical container 510,
the method comprising: providing [3010] sterilizable
chamber 100, 100’ capable of maintaining an aseptic
condition, the chamber comprising pharmaceutical fluid

dispensing head 174’ configured for producing droplets
700 of the pharmaceutical fluid and droplet monitoring
system 250, 250’ comprising digital imager 252, 252’;
establishing [3020] within sterilizable chamber 100,100’
an aseptic condition; providing [3030] within sterilizable
chamber 100, 100’ aseptic pharmaceutical container
510; dispensing [3040] a plurality of droplets 500 of
the fluid from dispensing head 174’ along droplet path
710 into container 510; obtaining [3050] from imager
252,252’ a plurality of images of at least one of the
plurality of droplets 700 along droplet path 710; and
determining [3060] from the plurality of images a volume
of fluid dispensed into container 510.
[0135] Themethodmay, in someembodiments, further
comprise ceasing [3070] dispensing of the fluid based on
the volume of fluid dispensed into container 510. In other
embodiments, ceasing may be based on the length of
time of dispensing of the pharmaceutical fluid into con-
tainer 510 or on weighing of the amount of pharmaceu-
tical fluid dispensed into container 510. The droplet in-
formation from the imagermay therefore beusedeither in
merely monitoring the pharmaceutical fluid dispensing
process, or as a way of controlling the fluid dispensing
process, as in when it forms the basis of the ceasing
[3070].
[0136] Determining [3060] from the plurality of images
a volume of fluid dispensed into container 510 may
comprise determining a volume of at least one of the
plurality of droplets 700.Determining the volumeof the at
least one of the plurality of droplets 700 may comprise:
identifying first and second total portions of the at least
one droplet 700 appearing respectively to the left and to
the right of droplet path 710 in at least one image of the at
least one droplet 700; calculating first and second vo-
lumes of the at least one of the plurality of droplets 700 by
separately mathematically rotating respectively the first
and second total portions of droplet 700 through 2π about
droplet path 710; and equating the volume of the at least
one of the plurality of droplets 700 to the average of the
first and second volumes. The term "total portion" is used
in this specification to describe all of the side-on planar
view of the droplet to either the left or the right side of
droplet path 710. The two total portions of the droplet will
not in general be quite equal. The two planar total por-
tions, or approximate "halves", are then taken and sepa-
rately rotated in software about droplet path 710 to obtain
two "droplet volumes", which are then averaged to obtain
the assumed volume of the droplet.
[0137] Obtaining [3050] from imager 252, 252’ a plur-
ality of images of at least one of the plurality of droplets
700 along the droplet path may comprise obtaining the
plurality of images over a predetermined portion of the
droplet pathoverwhichdroplets700haveastableshape.
In this specification, the shape of droplets may be con-
sidered "stable" when the droplets have distinctly de-
tached from thedispensinghead174’andhaveassumed
a shape confined to a predetermined perimeter as
viewed by the imager, the shape being allowed to vary
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within that predetermined perimeter.
[0138] Determining [3060] from the plurality of images
a volume of fluid dispensed into container 510 may
comprise determining a volume of each droplet 700 dis-
pensed into container 510. Ceasing dispensing of the
fluid based on the volume of fluid dispensed into contain-
er 510 may comprise ceasing dispensing of the fluid
when a total amount of fluid dispensed into container
510 equals a predetermined volume. The predetermined
volume may be, for example without limitation, a single
adult human dosage volume of the pharmaceutical fluid.
Other predetermined volumes may be integer multiples
of dosages or volumes specified by a health authority,
regulatory body, or MSDS sheet of the pharmaceutical
fluid.
[0139] In other embodiments, determining [3060] from
the plurality of images a volume of fluid dispensed into
container 510 may comprise determining a representa-
tive volume of droplet 700, counting the total number of
droplets dispensed into container 510, and then multi-
plying the representative droplet volumewith the number
of droplets. Determining a representative volume of dro-
plet 700may comprise measuring only a first droplet and
assuming it to be representative. In other embodiments,
determining a representative volume of droplet 700 may
comprise measuring a plurality of droplets and calculat-
ing an average droplet volume across the plurality of
droplets.
[0140] Obtaining [3050] from imager 252, 252’ a plur-
ality of images of at least one of the plurality of droplets
700 along droplet path 710 may comprise obtaining the
plurality of images employing light reflected to the imager
by retroreflector 256, 256’. Obtaining from imager 252,
252’ a plurality of images of at least one of the plurality of
droplets 700 along droplet path 710 may comprise ob-
taining the plurality of images by using a telecentric lens.
The telecentric lens may be incorporated within imager
252,252’.Providingwithin sterilizable chamber100,100’
aseptic pharmaceutical container 510 may comprise
providing aseptic pharmaceutical container 510 within
container nest 500.
[0141] The method may further comprise moving at
least one of dispensing head 174’ and container 510 to
position [3035] an opening of container 510 under dis-
pensing head 174’ to receive droplets 700 along droplet
path 710. Moving the container may comprise operating
robotic arm 800. Moving container 510 may comprise
moving container nest 500 holding container 510. Oper-
ating robotic arm 800 may comprise operating an articu-
lated robotic arm. Moving dispensing head 174’ may
comprise operating robotic arm 170’, 170". Moving dis-
pensing head 174’ may comprise operating articulated
robotic arm 170’, 170".
[0142] In the embodiments of FIG. 7A, 7B, 8, 9 and 10,
controller 400, 400’ is also in communication with dis-
pensing head 174’, or the pump supplying it with phar-
maceutical fluid, allowing thereby controller 400, 400’ to
regulate and turn on or off the flow of droplets via dis-

pensing head 174’. For the sake of clarity this commu-
nication line is not shown in FIG. 7A, 7B, 8, 9 and 10.

Claims

1. A method for aseptically dispensing a pharmaceu-
tical fluid into a pharmaceutical container (510), the
method comprising:

providing a sterilizable chamber (100) capable
of maintaining an aseptic condition, the cham-
ber comprising a pharmaceutical fluid dispen-
sing head (174) configured for producing dro-
plets (700) of the pharmaceutical fluid and a
droplet monitoring system (250, 250’) compris-
ing a digital imager (252, 252’);
establishing within the sterilizable chamber an
aseptic condition;
providing within the sterilizable chamber an
aseptic pharmaceutical container (510);
dispensing a plurality of droplets of the fluid from
the dispensing head into the container along a
droplet path (710);
obtaining from the imageraplurality of imagesof
at least one of the plurality of droplets along the
droplet path; and
determining from the plurality of images a vo-
lume of fluid dispensed into the container.

2. Themethod of claim1,wherein the determining from
the plurality of images a volume of fluid dispensed
into thecontainer comprisesdeterminingavolumeof
at least one of the plurality of droplets.

3. The method of claim 2, wherein the determining the
volume of the at least one of the plurality of droplets
comprises:

identifying first and second total portions of the
at least onedroplet appearing respectively to the
left and to the right of the droplet path in at least
one image of the at least one droplet;
calculating first and second volumes of the at
least one of the plurality of droplets by sepa-
rately mathematically rotating respectively the
first and second total portions of the droplet
through 2π about the droplet path; and
equating the volume of the at least one of the
plurality of droplets to theaverage of the first and
second volumes

4. The method of any of the preceding claims, wherein
obtaining from the imager a plurality of images of at
least one of the plurality of droplets along the droplet
path comprises obtaining theplurality of imagesover
a predetermined portion of the droplet path.
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5. The method of any of the preceding claims, wherein
obtaining from the imager a plurality of images of at
least one of the plurality of droplets along the droplet
path comprises:

determining from the plurality of images a por-
tion of the droplet path where droplets have a
stable shape; and
selecting the at least one image of the at least
one droplet to be from among images of the
droplet taken when the droplet is in the portion
of the droplet path where droplets have a stable
shape.

6. The method of any of the preceding claims, wherein
thedetermining from theplurality of imagesavolume
of fluid dispensed into the container comprises de-
termining a volume of each droplet dispensed into
the container.

7. The method of any of the preceding claims, further
comprising ceasing the dispensing of the fluid based
on the volume of fluid dispensed into the container,
optionally comprising ceasing the dispensing of the
fluid when a total amount of fluid dispensed into the
container equals a predetermined volume.

8. The method of any of the preceding claims, wherein
obtaining from the imager a plurality of images of at
least one of the plurality of droplets along the droplet
path comprises obtaining the plurality of images
employing light reflected to the imager by a retro-
reflector (256, 256’) or obtaining the plurality of
images by means of a telecentric lens.

9. The method of any of the preceding claims, wherein
moving the container comprises operating a robotic
arm(800), optionallywhereinoperatinga robotic arm
comprises operating an articulated robotic arm.

10. The method of any of the preceding claims, further
comprising moving at least one of the dispensing
head and the container to position an opening of the
container under the dispensing head to receive the
droplets along a droplet path.

11. The method of any of the preceding claims, wherein
moving the container comprises moving a container
nest (500) holding the container.

12. The method of any of the preceding claims, wherein
moving the dispensing head comprises operating a
robotic arm (170’, 170").

13. The method of any of the preceding claims, wherein
providing within the sterilizable chamber an aseptic
pharmaceutical container comprises providing the
aseptic pharmaceutical container within a container

nest.

14. A computer program comprising instructions which,
when the program is executed by a controller (400,
400’), cause the controller to carry out the steps of

obtaining, from a digital imager (252, 252’) of a
dropletmonitoring system (250, 250’), a plurality
of images of at least one of a plurality of phar-
maceutical fluid droplets (700) along a droplet
path,
wherein the plurality of droplets is dispensed
from a pharmaceutical fluid dispensing head
(174) into an aseptic pharmaceutical container
(510) provided within a sterilizable chamber in
an aseptic condition; and
determining from the plurality of images a vo-
lume of fluid dispensed into the container.

15. A system (1000) for aseptically dispensing a phar-
maceutical fluid into a container (510), the system
comprising:

a sealable and sterilizable chamber (100) cap-
able of maintaining an aseptic condition;
in the chamber a pharmaceutical fluid dispen-
sing head (174, 174’) configured for producing
droplets of the pharmaceutical fluid;
in the chamber a droplet monitoring system
(250, 250’) comprising a digital imager (252,
252’) disposed to obtain images of droplets
(700) dispensed by the fluid dispensing head;
a controller (400, 400’) comprising a memory
and a processor, the controller in communica-
tionwith the fluid dispensing head and the digital
imager; and
software configured for controlling dispensing of
the pharmaceutical fluid droplets by the method
of claim 1.

Patentansprüche

1. Verfahren zur aseptischen Abgabe einer pharma-
zeutischen Flüssigkeit in einen pharmazeutischen
Behälter (510), wobei das Verfahren umfasst:

Bereitstellen einer sterilisierbaren Kammer
(100), die einen aseptischen Zustand aufrecht-
erhalten kann, wobei die Kammer einen Abga-
bekopf (174) für die pharmazeutische Flüssig-
keit umfasst, der zum Erzeugen von Tröpfchen
(700) der pharmazeutischen Flüssigkeit ausge-
legt ist, undeinTröpfchenüberwachungssystem
(250, 250’), das einen digitalen Bildgeber (252,
252’) umfasst;
Herstellen eines aseptischen Zustands inner-
halb der sterilisierbaren Kammer;
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Bereitstellen eines aseptischen pharmazeuti-
schen Behälters (510) innerhalb der sterilisier-
baren Kammer;
Abgeben einer Vielzahl von Tröpfchen der Flüs-
sigkeit aus dem Abgabekopf in den Behälter
entlang eines Tröpfchenweges (710);
Erhalten einer Vielzahl von Bildern von mindes-
tens einem der Vielzahl von Tröpfchen entlang
des Tröpfchenweges von dem Bildgeber; und
Bestimmen eines in den Behälter abgegebenen
Flüssigkeitsvolumens aus der Vielzahl von Bil-
dern.

2. Verfahren nach Anspruch 1, wobei das Bestimmen
eines in den Behälter abgegebenen Flüssigkeitsvo-
lumens aus der Vielzahl von Bildern das Bestimmen
eines Volumens von mindestens einem der Vielzahl
von Tröpfchen umfasst.

3. Verfahren nach Anspruch 2, wobei das Bestimmen
des Volumens des mindestens einen der Vielzahl
von Tröpfchen umfasst:

Identifizieren eines ersten und eines zweiten
Gesamtanteils des mindestens einen Tröpf-
chens, das jeweils links und rechts des Tröpf-
chenweges in mindestens einem Bild des min-
destens einen Tröpfchens auftaucht;
Berechnen des ersten und des zweiten Volu-
mens des mindestens einen der Vielzahl von
Tröpfchen durch separates mathematisches
Drehen jeweils des ersten und
des zweiten Gesamtanteils des Tröpfchens um
2π um den Tröpfchenweg; und
Gleichsetzen des Volumens des mindestens
einen der Vielzahl von Tröpfchen mit demMittel
des ersten und des zweiten Volumens.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Erhalten einer Vielzahl von Bildern
von mindestens einem der Vielzahl von Tröpfchen
entlangdesTröpfchenwegesausdemBildgeberdas
Erhalten der Vielzahl von Bildern auf einem vorbe-
stimmten Abschnitt des Tröpfchenweges umfasst.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Erhalten einer Vielzahl von Bildern
von mindestens einem der Vielzahl von Tröpfchen
entlang des Tröpfchenweges aus dem Bildgeber
umfasst:

Bestimmen eines Abschnitts des Tröpfchenwe-
ges, in dem die Tröpfchen eine stabile Form
haben, aus der Vielzahl von Bildern; und
Auswählen des mindestens einen Bildes des
mindestens einen Tröpfchens aus den Bildern
des Tröpfchens, die aufgenommen wurden,
wenndasTröpfchen in demAbschnitt desTröpf-

chenweges ist, indemdieTröpfcheneinestabile
Form haben.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bestimmen eines in den Behälter
abgegebenen Flüssigkeitsvolumens aus der Viel-
zahl von Bildern das Bestimmen eines Volumens
von jedem in den Behälter abgegebenemTröpfchen
umfasst.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner umfassend das Beenden des Abgebens
der Flüssigkeit basierend auf dem in den Behälter
abgegebenen Flüssigkeitsvolumen, optional umfas-
send das Beenden des Abgebens der Flüssigkeit,
wenn eine Gesamtmenge an in den Behälter abge-
gebener Flüssigkeit einem vorbestimmten Volumen
entspricht.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Erhalten einer Vielzahl von Bildern
von mindestens einem der Vielzahl von Tröpfchen
entlangdesTröpfchenwegesausdemBildgeberdas
Erhalten der Vielzahl von Bildern mittels Licht, das
von einem Retroreflektor (256, 256’) an den Bildge-
ber reflektiert wird, oder das Erhalten der Vielzahl
von Bildern mittels eines telezentrischen Objektivs
umfasst.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bewegen des Behälters das Bedie-
nen eines Roboterarms (800) umfasst, wobei optio-
nal das Bedienen eines Roboterarms das Bedienen
eines Gelenkroboterarms umfasst.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, ferner umfassend das Bewegen von mindes-
tens einem des Abgabekopfes und des Behälters,
um eine Öffnung des Behälters unter den Abgabe-
kopf zu positionieren, um die Tröpfchen entlang ei-
nes Tröpfchenweges aufzunehmen.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bewegen des Behälters das Bewe-
gen eines Behälternests (500) umfasst, das den
Behälter hält.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bewegen des Abgabekopfes das
Bedienen eines Roboterarms (170’, 170") umfasst.

13. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bereitstellen eines aseptischen
pharmazeutischen Behälters innerhalb der sterili-
sierbaren Kammer das Bereitstellen des asepti-
schen pharmazeutischen Behälters innerhalb eines
Behälternests umfasst.
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14. Computerprogramm, umfassendAnweisungen, die,
wenn das Programm von einer Steuerung (400,
400’) ausgeführt wird, bewirken, dass die Steuerung
die folgenden Schritte ausführt:

Erhalten eines Tröpfchenüberwachungssys-
tems (250, 250’), einer Vielzahl von Bildern
vonmindestens einem einer Vielzahl von Tröpf-
chen (700) einer pharmazeutischen Flüssigkeit
entlang eines Tröpfchenweges aus einem digi-
talen Bildgeber (252, 252’)
wobei die Vielzahl von Tröpfchen von einem
Abgabekopf (174) für eine pharmazeutische
Flüssigkeit in einen aseptischen pharmazeuti-
schen Behälter (510) abgegeben wird, der in-
nerhalb einer sterilisierbaren Kammer in einem
aseptischen Zustand bereitgestellt ist; und
Bestimmen eines in den Behälter abgegebenen
Flüssigkeitsvolumens aus der Vielzahl von Bil-
dern.

15. System (1000) zur aseptischen Abgabe einer phar-
mazeutischen Flüssigkeit in einen Behälter (510),
wobei das System umfasst:

eine versiegelbare und sterilisierbare Kammer
(100), die einen aseptischen Zustand aufrecht-
erhalten kann;
in der Kammer einenAbgabekopf (174, 174’) für
eine pharmazeutische Flüssigkeit, der zum Er-
zeugen von Tröpfchen der pharmazeutischen
Flüssigkeit ausgelegt ist;
in der Kammer ein Tröpfchenüberwachungs-
system (250, 250’), umfassend einen digitalen
Bildgeber (252, 252’), der dazu angeordnet ist,
Bilder von Tröpfchen (700) zu erhalten, die von
dem Flüssigkeitsabgabekopf abgegeben wur-
den;
eine Steuerung (400, 400’), die einen Speicher
und einen Prozessor umfasst, wobei die Steue-
rung mit dem Flüssigkeitsabgabekopf und dem
digitalen Bildgeber in Verbindung ist; und
Software,die zumSteuernderAbgabederphar-
mazeutischen Flüssigkeitströpfchen durch das
Verfahren nach Anspruch 1 ausgelegt ist.

Revendications

1. Procédé pour distribuer de manière aseptique un
fluide pharmaceutique dans un récipient pharma-
ceutique (510), le procédé comprenant :

la fourniture d’une chambre stérilisable (100)
capable de maintenir un état aseptique, la
chambre comprenant une tête de distribution
de fluide pharmaceutique (174) configurée pour
produire des gouttelettes (700) du fluide phar-

maceutique et un système de surveillance des
gouttelettes (250, 250’) comprenant un imageur
numérique (252, 252’) ;
l’établissement à l’intérieur de la chambre sté-
rilisable d’un état aseptique ;
la fourniture à l’intérieur de la chambre stérili-
sable d’un récipient pharmaceutique aseptique
(510) ;
la distribution d’une pluralité de gouttelettes du
fluide à partir de la tête de distribution dans le
récipient le longd’un trajet degouttelettes (710) ;
l’obtention à partir de l’imageur d’une pluralité
d’images d’au moins une de la pluralité de gout-
telettes le long d’un trajet de gouttelettes ; et
ladétermination, àpartir de lapluralité d’images,
d’un volume de fluide distribué dans le récipient.

2. Procédé selon la revendication 1, la détermination à
partir de la pluralité d’images d’un volume de fluide
distribué dans le récipient comprenant la détermina-
tion d’un volume d’au moins une de la pluralité de
gouttelettes.

3. Procédé selon la revendication 2, la détermination
du volume de l’au moins une de la pluralité de
gouttelettes comprenant :

l’identification de première et seconde parties
totales de l’au moins une gouttelette apparais-
sant respectivement à gauche et à droite du
trajet de gouttelettes dans au moins une image
de l’au moins une gouttelette ;
le calcul des premier et second volumes de l’au
moins une de la pluralité de gouttelettes en
faisant tourner mathématiquement séparément
les première et seconde parties totales de la
gouttelettede2πautourdu trajetdegouttelettes ;
et
l’égalisation du volume de l’au moins une de la
pluralité de gouttelettes à la moyenne des pre-
mier et second volumes.

4. Procédé selon l’une quelconque des revendications
précédentes, l’obtention à partir de l’imageur d’une
pluralité d’images d’au moins une de la pluralité de
gouttelettes le long du trajet de gouttelettes compre-
nant l’obtention de la pluralité d’images sur une
partie prédéterminée du trajet de gouttelettes.

5. Procédé selon l’une quelconque des revendications
précédentes, l’obtention à partir de l’imageur d’une
pluralité d’images d’au moins une de la pluralité de
gouttelettes le long du trajet de gouttelettes compre-
nant :

ladétermination, àpartir de lapluralité d’images,
d’une partie du trajet de gouttelettes où les
gouttelettes ont une forme stable ; et
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la sélection de l’au moins une image de l’au
moins une gouttelette parmi les images de la
gouttelette prises lorsque la gouttelette se
trouve dans la partie du trajet de gouttelettes
où les gouttelettes ont une forme stable.

6. Procédé selon l’une quelconque des revendications
précédentes, la détermination à partir de la pluralité
d’images d’un volume de fluide distribué dans le
récipient comprenant la détermination d’un volume
de chaque gouttelette distribuée dans le récipient.

7. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre l’arrêt de la dis-
tribution du fluide en fonction du volume de fluide
distribué dans le récipient, comprenant éventuelle-
ment l’arrêt de la distribution du fluide lorsqu’une
quantité totale de fluide distribué dans le récipient
est égale à un volume prédéterminé.

8. Procédé selon l’une quelconque des revendications
précédentes, l’obtention à partir de l’imageur d’une
pluralité d’images d’au moins une de la pluralité de
gouttelettes le long du trajet de gouttelettes compre-
nant l’obtention de la pluralité d’images en utilisant la
lumière réfléchie vers l’imageur par un rétroréflec-
teur (256, 256’) ou l’obtention de la pluralité d’images
au moyen d’une lentille télécentrique.

9. Procédé selon l’une quelconque des revendications
précédentes, le déplacement du récipient compre-
nant l’actionnement d’un bras robotique (800), éven-
tuellement, l’actionnement d’un bras robotique
comprenant l’actionnement d’un bras robotique arti-
culé.

10. Procédé selon l’une quelconque des revendications
précédentes, comprenant en outre le déplacement
d’au moins l’un de la tête de distribution et du réci-
pient pour positionner une ouverture du récipient
sous la tête de distribution afin de recevoir les gout-
telettes le long d’un trajet de gouttelettes.

11. Procédé selon l’une quelconque des revendications
précédentes, le déplacement du récipient compre-
nant le déplacement d’un emboîtement de récipient
(500) maintenant le récipient.

12. Procédé selon l’une quelconque des revendications
précédentes, le déplacement de la tête de distribu-
tion comprenant l’actionnement d’un bras robotique
(170’, 170") .

13. Procédé selon l’une quelconque des revendications
précédentes, la fourniture à l’intérieur de la chambre
stérilisable d’un récipient pharmaceutiqueaseptique
comprenant la fourniture du récipient pharmaceu-
tique aseptique à l’intérieur d’un emboîtement de

récipient.

14. Programme informatique comprenant des instruc-
tions qui, lorsque le programme est exécuté par un
dispositif de commande (400, 400’), amènent le
dispositif de commande à effectuer les étapes sui-
vantes :

l’obtention, à partir d’un imageur numérique
(252, 252’) d’un système de surveillance de
gouttelettes (250, 250’),
d’une pluralité d’images d’au moins une parmi
une pluralité de gouttelettes de fluide pharma-
ceutique (700) le long d’un trajet de gouttelettes,
la pluralité de gouttelettes étant distribuée à
partir d’une tête de distribution de fluide phar-
maceutique (174)dansun récipient pharmaceu-
tique aseptique (510) prévu à l’intérieur d’une
chambre stérilisable dans un état aseptique ; et
ladétermination, àpartir de lapluralité d’images,
d’un volume de fluide distribué dans le récipient.

15. Système (1000) permettant de distribuer demanière
aseptique un fluide pharmaceutique dans un réci-
pient (510), le système comprenant :

une chambre scellable et stérilisable (100) ca-
pable de maintenir un état aseptique ;
dans la chambre, une tête de distribution de
fluide pharmaceutique (174, 174’) configurée
pour produire des gouttelettes du fluide phar-
maceutique ;
dans la chambre, un systèmede surveillance de
gouttelettes (250, 250’) comprenant un imageur
numérique (252, 252’) disposé pour obtenir des
images des gouttelettes (700) distribuées par la
tête de distribution de fluide ;
un dispositif de commande (400, 400’) compre-
nant unemémoire et un processeur, le dispositif
de commande étant en communication avec la
tête de distribution de fluide et l’imageur numé-
rique ; et
un logiciel configuré pour commander la distri-
bution des gouttelettes de fluide pharmaceu-
tique par le procédé selon la revendication 1.
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