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Description
Background of the Invention
Field of the Invention

[0001] The present invention relates generally to the
field of automated oral solid pharmaceutical packaging
mechanisms for packaging oral solid pharmaceuticals in
packages in accordance with patient prescription infor-
mation. More specifically, the present invention is direct-
ed to systems and methods for automatically verifying
placement of oral solid pharmaceuticals within packaging
according to patient prescription data. A variety of sys-
tems and methods are disclosed which provide rapid and
efficient verification of oral solid pharmaceutical product
placement within packaging in accordance with patient
prescription data. The systems and methods which are
described below provide multiple independent verifica-
tions within a single piece of automation that ensure ab-
solute confidence that the placement of oral solid phar-
maceuticals within packaging strictly matches patient
prescription dosing information.

Description of the Related Art

[0002] Currently, various automated packaging sys-
tems exist for placing oral solid pharmaceuticals into
packaging solutions which correlate individual dosing
times with patient prescription dated. Examples include
United States patent Nos. 8,831,773 and 7,185,476
which are incorporated herein by reference. These is-
sued patents describe systems that are capable of plac-
ing one or more oral solid pharmaceutical products into
package cavities that correspond to patient prescription
data and are herein incorporated by reference in their
entirety. While the existing solutions describe various
systems that are capable of rapidly and efficiently placing
oral solid pharmaceuticals into packages, there remains
a need in the art for ensuring that the oral solid pharma-
ceuticals have been precisely placed into the packages
according to the patient prescription data with absolute
confidence and within a single system. Currently there
are no systems available that provide automatic verifica-
tion that oral solid pharmaceutical packaging has been
filled precisely according to patient prescription data with-
in a single system and blister carded packaging. Accord-
ingly, there remains a need in the field for systems and
methods that are capable of ensuring that oral solid phar-
maceuticals have been placed strictly in accordance with
predetermined patient prescription data within a single
system and in blister carded packaging.

[0003] The conventional approach to solving this issue
requires that a trained technician or pharmacist review
the packaged pharmaceuticals in order to ensure that
the oral solid pharmaceutical products have been prop-
erly placed within the packaging material. The conven-
tional approach is prone to errors and significant delays
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associated with the manual review process. Applicants’
innovation that is set forth below overcomes these defi-
ciencies of existing systems and obviates the need for
post packaging quality review. Applicants’ unique use
and arrangement of various sensors ensures that the oral
solid pharmaceuticals have been packaged properly.

Summary of the Present Invention

[0004] In accordance with a first preferred exemplary
embodiment of the present invention, robotic pick-and-
place automation is used to transfer oral solid pharma-
ceuticals from moveable trays or canisters that have
been quality checked by a pharmacist to package loca-
tions in accordance with patient prescription data. Ad-
vantageously, in accordance with the present invention,
a variety of sensors are used in order to verify that the
oral solid pharmaceuticals have been properly placed in
the desired oral solid pharmaceutical package locations
precisely according to the patient prescription data. In
accordance with a first preferred embodiment of the
present invention, a pharmacist places oral solid phar-
maceutical products within dispensing trays or canisters
which are used to present the oral solid pharmaceutical
products for picking and placing via the robotic pick-and-
place machinery. Once the canister or tray is located ad-
jacent the pick-and-place device, a further sensor or im-
aging unit associated with the pick-and-place device ver-
ifies that the oral solid pharmaceutical product presented
by the tray or canister matches the size and shape and/or
color of an expected oral solid pharmaceutical product
that is to be placed within the packaging material in ac-
cordance with patient prescription data that is stored by
a computer associated with the system.

[0005] Ifthe expected data matches the actual oral sol-
id pharmaceutical product sensed by the imaging unit
associated with the pick-and-place device, the robotic
pick-and-place continues to transfer one oral solid phar-
maceutical product to a desired package location which
has a dosing time corresponding to the patient prescrip-
tion data that is for the package that is currently being
filled. Once the robotic pick-and-place end of arm tooling
has transferred the oral solid pharmaceutical product to
the desired package location, additional sensing units
ensure that the transfer is completed into the desired
package location in order to verify that the robotic pick-
and-place unit has dropped the oral solid pharmaceutical
product into a desired package location. If the imaging
sensor of the robotic pick-and-place device determines
that the oral solid pharmaceutical product presented at
the tray or canister is not a match to the expected oral
solid pharmaceutical product according to the current pa-
tient prescription data, then the system issues an alert
to the system operator in order to prevent the erroneous
transfer of oral solid pharmaceutical products into the
packaging material and will not pick that oral solid phar-
maceutical.

[0006] In accordance with a preferred exemplary em-
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bodiment of the present invention, a med verification tray
or transfer sensing unit is located between the end of
arm tooling for the robotic pick-and-place mechanism
and a oral solid pharmaceutical product package or tem-
porary store having cavity locations corresponding to the
cavities of a solid pharmaceutical package that is to be
filled by the system. The med verification tray or transfer
sensing unit preferably includes a plurality of sensors that
operate to confirm transfer from the robotic pick-and-
place end of arm tooling and the package cavity location
corresponding to the prescription data that is currently
being filled by the system. It is preferred that the system
is able to ensure that a specific cavity location is being
filled by confirming the drop of the oral solid pharmaceu-
tical from the robotic pick-and-place end of arm tooling.
[0007] In accordance with a first preferred exemplary
embodiment of the present invention, one or more optical
sensing units are used to ensure that the oral solid phar-
maceutical product that is transferred by the robotic pick-
and-place device actually drops into the specific package
cavity location that is to be filled by the system, In a first
preferred exemplary embodiment, an optical sensor unit
includes an emitter that emits a wide beam that at least
substantially covers a region above the cavity location
thatis to be filled. One or more receiving units are located
opposite the emitting unit and sense the emitted beam
generated by the emitter. An interrupt signal is generated
when the one or more receiving units sense that at least
a portion of the beam has been interrupted. Because the
emitter and receiving unit are preferably individually as-
sociated with each package cavity location, it is possible
to confirm that an oral solid pharmaceutical thathas been
transferred by the robotic pick-and-place unit from the
dispensing tray or canister specifically into a desired oral
solid pharmaceutical package cavity location corre-
sponding to the patient prescription data. This technique
ensures strict compliance for packaging oral solid phar-
maceutical products in accordance with stored patient
prescription data. It is also preferred that the sensors of
the med verification tray or transfer sensing unit prefer-
ably sense any additional breach of the beam immedi-
ately after the drop of the oral solid pharmaceutical prod-
uct in order to ensure that the oral solid pharmaceutical
productdoes not bounce from the desired oral solid phar-
maceutical packaging location when the oral solid phar-
maceutical product is dropped by the robotic pick-and-
place device.

[0008] A further verification may also be performed by
imaging the packaged pharmaceuticals and matching
the oral solid pharmaceutical products located within
each package cavity with the corresponding patient pre-
scription data for the specific dosing time corresponding
to the package cavity location. In accordance with the
foregoing verifications, it is possible to ensure that the
individual oral solid pharmaceutical package cavities
have been filled with the appropriate doses correspond-
ing to predetermined patient prescription data with abso-
lute confidence. Conventional systems have not been
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able to provide this high level of confidence for the exist-
ing automated oral solid pharmaceutical packaging sys-
tems. The presentinvention overcomes these shortcom-
ings and deficiencies of the existing systems thereby pro-
viding a much more economical and efficient packaging
solution.

Brief Description of the Drawings:
[0009]

Figure 1 illustrates a first exemplary embodiment of
the overall robotic pick-and-place oral solid pharma-
ceutical packaging system of the present invention;

Figure 2 illustrates a first exemplary embodiment of
the med verification tray or transfer sensing unit of
the present invention;

Figure 3 illustrates a second exemplary embodiment
of the med verification tray or transfer sensing unit
of the present invention;

Figure 4 is a flow diagram illustration of the verifica-
tion process;

Figure 5 illustrates the end of arm tooling for the ro-
botic pick-and-place device;

Figure 6 illustrates a dispensing canister with its lid
in the open position;

Figure 7 is a cut-away illustration of the dispensing
canister illustrated in Figure 6;

Figure 8 illustrates robotic transfer of a dispensing
canister;

Figure 9 illustrates the robotic pick-and-place end of
arm tooling with the removable suction tip secured
for pill transfer.

Detailed Description of the Presently Preferred Em-
bodiments

[0010] Figure 1 illustrates a first preferred exemplary
embodiment of the present invention which is generally
shown at 10 in the illustration. A robotic pick-and-place
unit 12 transfers oral solid pharmaceutical products from
the transfer trays or cassettes 14, 15, 16 into individual
oral solid pharmaceutical package locations in accord-
ance with patient prescription data. The individual trans-
fertrays or cassettes 14, 15, 16 are preferably transferred
to the respective locations shown in the illustration by
another transfer robot from a staging location at which a
pharmacist or technician fills the individual trays or cas-
settes from bulk storage. An initial verification is provided
by a pharmacist or technician in order to ensure that the
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medications placed into the transfer trays or cassettes
14, 15, 16 match the medication designated for a specific
transfer tray or cassette. Bar coding verification or other
automatically verified visual coding is preferably used by
the automated system in order to confirm that an individ-
ual tray or cassette that is staged adjacent the robotic
pick-and place unit 12 for filling matches the designation
provided by the pharmacist or technician at the time of
filling.

[0011] An additional verification of the oral solid phar-
maceutical is performed by an imaging unit (not shown)
that is preferably associated with the end of arm tooling
portion 18 of the robotic pick-and-place unit 12. The im-
aging unit provides image data for comparison with a
library of image data that is used to ensure the oral solid
pharmaceutical actually picked up by the robotic pick-
and place unit 12 matches an expected oral solid phar-
maceutical designated by a prescription to befilled based
on a plurality of visual characteristics including one or
more of shape, size, and/or color of the solid oral phar-
maceutical. The imaging unit is also preferably used in
order to ensure that the end of arm tooling is placed prop-
erly above a specific oral solid pharmaceutical so that
the suction tip is able to grab and move an individual solid
pharmaceutical. An automated processing unit com-
pares the actual image data with expected image data
to determine whether there is a match, if there is no match
then an alert is issued to the system operator.

[0012] In accordance with a preferred exemplary em-
bodiment, the end of arm tooling initially engages a suc-
tion tip that is secured to the transfer tray or cassette from
which a solid oral pharmaceutical is to be transferred for
packaging. The suction tip is a soft rubber end that is
engaged and removed from the end of arm tooling of
each cassette so that each cassette or transfer tray has
its own dedicated suction tip thereby avoiding the poten-
tial for cross-contamination from different medications
that are filled by the system. Once all medications have
been transferred from a particular transfer tray or cas-
sette for a particular package that is being filled by the
system, the suction tip of the end of arm tooling is again
secured to its corresponding transfer tray or cassette so
that it is available for use the next time that a solid oral
pharmaceutical is to be transferred from the transfer tray
or cassette. The round suction tip is preferably tempo-
rarily secured at the transfer tray or cassette via a plastic
semicircular structure so that the end of arm tooling can
easily engage and disengage the suction tip of each cas-
sette or transfer tray.

[0013] Figure 1 also illustrates the location of the med
transfer verification unit 20 that is placed above a pack-
age or package template thatis to be filled by the system.
The med transfer verification unit 20 incorporates a plu-
rality of sensors that verify the transfer into a specific
package or package template cavity corresponding to a
patient prescription that is filled by the system.

[0014] Figure 2 illustrates a first exemplary embodi-
ment of the med transfer verification unit 20. The med
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transfer verification unit 20 preferably includes an array
of cavities 22 that each individually provide a transfer
path for a solid oral pharmaceutical that is packaged by
the system of the present invention. The array of cavities
22 of the med transfer verification unit 20 preferably cor-
respond with the individual cavities of an oral solid phar-
maceutical product package that is located beneath the
med transfer verification unit 20. Each cavity of the pack-
age or package template corresponds with a specific pa-
tient dosing time and the system automatically transfers
each required oral solid pharmaceutical into its specified
location strictly in accordance with predetermined patient
prescription data using the robotic pick-and-place unit.
[0015] Figure 2 also illustrates a plurality of electro-
magnetic emitter units 26 that are used to verify that med-
ication transferred by the robotic pick-and-place unit ac-
tually drops into a desired package cavity or template
location. In accordance with this first embodiment, an
electromagnetic energy receiving unit (not shown) is
placed opposite each of the electromagnetic emitting
units and a path is formed in the med transfer verification
unit 20 through the oral solid pharmaceutical transfer
path for each cavity in a given row or column of the med
transfer verification unit 20 in order to confirm that an oral
solid pharmaceutical has been deposited in a desired
cavity according to the predetermined patient prescrip-
tion data. In accordance with this first embodiment of the
med transfer verification unit 20, it is possible to verify
that an oral solid pharmaceutical has been deposited by
the end of arm tooling but verification is only possible for
rows or columns of the med transfer verification unit 20.
Those skilled in the art will appreciate that additional emit-
ters and receivers can be used in order to provide greater
resolution for pill drop verification into each individual
cavity. The med transfer verification unit 20 also acts as
a barrier between cavities to preventinadvertent transfer
of the medication between the cavities.

[0016] Figure 3 illustrates an alternate embodiment of
the med transfer verification unit 20 wherein each cavity
22 of the med transfer verification unit 20 includes its own
pair of electromagnet emitter and receiver units for spe-
cifically confirming that a solid oral pharmaceutical has
been dropped into a specific cavity of a package in ac-
cordance with patient prescription data. The electromag-
netic emitter units are not shown in the illustration of Fig-
ure 3. Figure 3 illustrates the med transfer verification
unit 20 and the individual electromagnetic receiving units
30 that are individually associated with each cavity of the
med transfer verification unit 20. When an individual solid
oral pharmaceutical is dropped by the robotic pick-and-
place unit through a specific cavity of the med transfer
verification unit 20, the med transfer verification unit 20
is able to sense and verify the drop of the solid oral phar-
maceutical based on a break in the beam that is received
by each of the electromagnetic receiving units 30. This
sensing of the drop at each individual cavity provides
confirmation that the oral solid pharmaceutical that has
been dropped by the robotic pick-and-place unit into the
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package strictly in accordance with the predetermined
patient prescription data. The individual electromagnetic
emitters and receivers can also be used to ensure that
pills have not bounced out from the cavities by verifying
that only a single break in the beam is associated with
each pill drop.

[0017] Additionalimage datafrom optical sensingunits
positioned above and/or below the package cavity may
be used to further confirm that each individual cavity has
been properly filled with the oral solid pharmaceuticals
strictly in accordance with the predetermined patient pre-
scription data.

[0018] Figure 4 is a flow diagram which illustrates the
overall process for automatically verifying the placement
of oral solid pharmaceutical products into specific cavities
of a package strictly in accordance with patient prescrip-
tion data stored in an electronic memory of a computer
controller that is used for controlling the packaging ma-
chinery. In step 44 a pharmacist or technician verifies
transfer of medication from bulk storage into the appro-
priate canister or dispenser for the specified medication.
The medication canister is returned to a carousel where
it can be automatically retrieved by a robot for transfer
to the robotic pick-and place device of the presentinven-
tion. Itis preferred that a bar code, QR code or rfid reader
associated with the system reads a code on the canister
before it is positioned at a specific location in a staging
area so a robotic retriever can transfer the desired can-
ister automatically to the robotic pick-and-place unit.
[0019] Instep44,abarcodeorother automatedreader
reads a code or data from the canister when it is trans-
ferred to the staging area of the robotic pick-and-place
packaging system in order to ensure that the system
transfers the desired medication. In step 46, image data
from the pick-and-place unit verifies that the individual
pill being transferred has physical characteristics match-
ing those of the expected pill. In step 48, the system ver-
ifies drop of the pill into the specific package cavity cor-
responding to the patient prescription data. Finally, in
step 50, the resultant package is labeled and sealed with
the patient specific data after all required medications for
all doses specified by patient prescription data have been
filled by the system into the cavities of the product pack-
age.

[0020] In an alternate more manual version of the sys-
tem, the med transfer verification tray includes one or
more lights that illuminate at a region of the tray corre-
sponding to a specific cavity of the package that is to be
filled with an oral solid pharmaceutical. This assists in
the manual transfer of oral solid pharmaceuticals into
specific package cavities according to patient prescrip-
tion data. The remaining operations associated with pill
transfer can then be performed in accordance with man-
ual transfer into a package cavity. The system cause one
or more lights in a specific region to illuminate in order
to guide the user to place a solid pharmaceutical in a
desired package location corresponding to patient pre-
scription data.
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[0021] Figure 5 illustrates the details of the end of arm
tooling for the robotic pick-and-place device which is
shown generally at 60. High pressure and low pressure
lines 62 and 64 operate to generate a vacuum at the
suction tube 65. A pressure sensor 66 located proximate
the suction tube 65 operates to ensure that a pill has
been picked up by the system based on a predetermined
pressure change at the pressure sensor 66. A valve 67
is a pneumatic solenoid switch that selectively applies
the vacuum at the suction tube 65. The switch is prefer-
ably a 2 msec switch which causes the pressure change
within 10 msec at the suction tube end within 10 msec.
The solenoid switch or valve 67 consists of four standard
ports and the port A and B are the supply of negative
pressure and positive pressure. Port A is directly coupled
to the vacuum ejector which supplies the negative pres-
sure and port B is directly coupled to a positive pressure
regulator which supplies low positive pressure. As a re-
sult, the P port is the port which supplies the vacuum
pressure and the positive pressure to the suction tube.
Ports A and B always have the vacuum and positive pres-
sure active during picking and placing operations. This
arrangement assures rapid pressure changes at the end
of the suction tube 65. The positive pressure is required
to simply and effectively remove the vacuum pressure at
the end of suction tube 65.

[0022] For performing pill drop verification, it is pre-
ferred to use emitters such as model LV S 62 manufac-
tured by Keyence as an optical emitter along with an op-
tical sensor. Alternatively a Fairchild semiconductor in-
frared emitting diode can be used as the light source in
conjunction with an optical sensor. Those skilled in the
art will appreciate that virtually any emitter and sensor
can be used to sense a break in the sensed emission
beam associated with the transit of an oral solid pharma-
ceutical into a product package cavity. In an alternate
arrangement, it is recognized that one or more imaging
units could be used to sense the transit of oral solid phar-
maceuticals into package cavities but this arrangement
requires additional image data processing in order to
identify transfer into a specific package cavity.

[0023] Figure 6 illustrates placement of a dispensing
canister or cassette at the staging area of the robotic
pick-and-place system generally at 70. The cassette 72
includes a rotating lid portion 74 and the removable rub-
ber tip 75 for the end of the suction tube of the robotic
pick-and place device. The removable rubber or neo-
prene tip 75 is secured into a plastic locking member
based on the resilient nature of the rubber or neoprene
tip 75 and the shape of the locking member which is pref-
erably semi-cylindrical in order to match the contour of
the removable rubber or neoprene tip 75. After the dis-
pensing canister or cassette 72 is secured into the stag-
ing area of the robotic pick-and-place system, the suction
tube of the robotic pick-and-place system is inserted into
the removable rubber or neoprene tip 75. Each dispens-
ing canister or cassette preferably includes its own re-
movable rubber or neoprene tip to ensure that there is
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no cross-contamination of medicines via the system.
Each medication therefore has its own removable rubber
or neoprene tip and cross-contamination is eliminated.
[0024] The dispensing canister or cassette 72 includes
a vision region 76 at which medications are picked up by
the robotic pick-and-place unit. The rotating lid portion
74 includes a barrier portion 77 that separates medica-
tions from a storage region during transit of the dispens-
ing canister or cassette 72. A locking base portion 78
mechanically secures the dispensing canister or cassette
72 based on interaction with a protruding portion of the
dispensing canister or cassette 72. Those skilled in the
art will appreciate that a variety of known mechanical and
electro-mechanical locking mechanisms may be used to
secure the dispensing canister or cassette 72 to the stag-
ing area.

[0025] Each location of the staging area includes a lin-
ear motor 79 for adjusting a resting angle of the dispens-
ing canister or cassette 72 when secured to the staging
area. In addition to adjusting the resting angle of the dis-
pensing canister or cassette 72, the linear motor 79 se-
lectively causes vibration of the dispensing canister or
cassette 72 in order to shake solid oral pharmaceuticals
from a storage region of the dispensing canister or cas-
sette 72 to the vision region 76 so that the robotic pick-
and-place unit can conveniently grab solid oral pharma-
ceuticals from the vision region for placement in packag-
ing as described above. A digital imaging unit that is pref-
erably secured to the end of arm tooling for the robotic
pick-and-place unit guides the suction tube and the re-
movable rubber or neoprene tip 75 in order to properly
secure a solid oral pharmaceutical located in the vision
region 76 for transfer to a package.

[0026] The preferred angle of tilt provided by the linear
motor 79 for the dispensing canister or cassette 72 in
order to easily transfer solid oral pharmaceuticals from
a storage portion to the vision portion of the dispensing
canister or cassette 72 depends on a number of factors.
The factors considered in selecting an appropriate tilt an-
gle include the relative fill level for the storage portion of
the dispensing canister or cassette 72. Greater fill indi-
cates less tilt and when the dispensing canister or cas-
sette 72 is almost empty, a greater tilt must be provided.
Additional factors that should be considered in making
this determination include the slope of the internal ramp
connecting the storage region and the vision region 76
of the dispensing canister or cassette 72 as well as the
size and shape of the medications that are stored by the
dispensing canister or cassette 72. Generally, a tilt of
approximately 10-20 degrees is preferable for transfer-
ring the oral solid pharmaceuticals to the vision region
by vibration.

[0027] It is preferred that the system monitors the
number of solid oral pharmaceuticals in the dispensing
canister or cassette 72 so that the angle of tilt can be
dynamically altered in order to provide the mostdesirable
transfer of solid pharmaceuticals into the vision region
76 of the dispensing canister or cassette 72. This is ac-
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complished by noting when the technician or pharmacist
has filled the dispensing canister or cassette 72 and the
pill count is then decremented based on the number of
oral solid pharmaceuticals that have been packaged by
the robotic pick-and-place unit from a particular canister.
[0028] The amount of vibration provided by the linear
motor 79 also depends on a number of factors including
pill size, shape and weight. It is preferred that a database
be maintained by the system so that an electronic con-
troller may access an electronic memory having this
stored information so that the controller can selectively
operate the linear motor 79 at a desired tilt angle and at
adesired vibration in order to conveniently transfer med-
ications from the storage region to the vision region of
the dispensing canister or cassette 72. The vibration am-
plitude is typically a few tenths of a millimeter and the
duration is typically a fraction of a second to several sec-
onds at a frequency of a few kilohertz. A database should
be maintained which stores the most desirable transfer
characteristics for the linear motor 79 including tilt, and
vibration parameters.

[0029] A mechanical cam 82 preferably engages a
static arm of the staging area for the robotic pick-and-
place unit so that placement of the dispensing canister
or cassette 72 in the staging area causes opening of the
rotating lid portion 74 and a barrier portion 77 when the
dispensing canister or cassette 72 is placed in the staging
area of the robotic pick-and-place unit. This arrangement
is very efficient and eliminates the need to open the lid
portion 74 with a separate motion of a robot.

[0030] Figure 7 is a cut-away view of an exemplary
dispensing canister or cassette 72. Gripping structures
81 are used by the transfer robot to transfer the dispens-
ing canister or cassette 72 to the staging area of the ro-
botic pick-and-place unit. This view clearly illustrates the
vision region 77 and the storage region 86 with the sloped
bottom between the vision region and the storage region
86. The sloped arrangement of the bottom for the storage
region 86 enables convenient transfer of the oral solid
pharmaceuticals from the storage region 86 to the vision
77 based on tilt and vibration of the dispensing canister
or cassette 72 as noted above.

[0031] Figure 8illustrates an alternate arrangement for
the dispensing canister or cassette which is generally
shown at 90. Figure 8 also illustrates the end of arm tool-
ing 91 for the robotic unit that transfers the dispensing
canister or cassettes from storage locations to the stag-
ing region of the robotic pick-and-place unit. According
to this alternate arrangement, the dispensing canister or
cassette includes a sliding lid 92 which the end of arm
tooling for placement the dispensing canister or cassette
engages via arm 93 once the canister has been placed
in the staging area in order to slide open the sliding lid
92. The barrier that is attached to the lid engages an end
of the vision region shown at 94 in order to ensure that
medications do not inadvertently fall into the vision region
during transit. This ensures that the vision region main-
tains a single layer of solid oral pharmaceuticals which
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can be easily grabbed via the end of arm tooling for the
robotic pick-and-place unit.

[0032] Figure 9 illustrates the robotic pick-and-place
end of arm tooling and the removable rubber or neoprene
tip 75 secured to the suction tip for grabbing medications.
The pressure sensor located at the end of arm tooling
adjacent the suction tip is preferably monitored during
pill transit in order to ensure that there is no inadvertent
drop of the pill during transit before the pill is place in the
container.

[0033] Those skilled in the art will appreciate that var-
ious substitutions and alterations can be made to the
systems and methods describedin the instant application
while still falling within the scope of the appended claims.

Numbered Embodiments
[0034]

1. A dispensing container for robotic pick-and-place
packaging of solid oral pharmaceuticals comprising:

a solid pharmaceutical reservoir portion having
a volume that is sufficient to hold a plurality of
solid pharmaceuticals;

a pick-and-place staging area adjacent the res-
ervoir portion providing a flat surface for receiv-
ing the solid pharmaceuticals transferred from
the reservoir and wherein the robotic pick-and-
place device transfers solid pharmaceuticals
from the staging area to a package cavity filling
location; and

wherein solid pharmaceuticals are transferred
from the reservoir to the staging area by tilting
the dispensing container.

2. The dispensing container for robotic pick-and-
place packaging of solid oral pharmaceuticals of em-
bodiment 1, further comprising a suction tip holder
portion that temporarily secures a suction tip for the
robotic pick-and-place device so that the robotic
pick-and-place suction tip is covered by a suction tip
corresponding to its respective dispensing canister
when transferring solid pharmaceuticals from the
dispensing container thereby prevent cross-contam-
ination by using suction tips with different medica-
tions.

3. The dispensing container for robotic pick-and-
place packaging of solid oral pharmaceuticals of em-
bodiment 1, further comprising a linear motor for vi-
brating the dispensing container in order to transfer
solid pharmaceuticals from the reservoir portion to
the staging area.

4. The dispensing container for robotic pick-and-
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place packaging of solid oral pharmaceuticals of em-
bodiment 1, further comprising a hinged lid which
covers the staging area.

5. The dispensing container for robotic pick-and-
place packaging of solid oral pharmaceuticals of em-
bodiment 4, further wherein the hinged lid includes
a barrier which prevents transfer of solid pharma-
ceuticals from the reservoir portion to the staging
area when the lid is in a closed position.

Claims

1. Asystemfordispensing solid pharmaceuticals, com-
prising:
a plurality of cassettes, a medication transfer verifi-
cation unit, and arobotic pick-and-place mechanism,
wherein:

each of the plurality of cassettes comprises a
storage region, and a vision region configured
to allow the solid pharmaceuticals to be picked
up by the robotic pick-and-place mechanism;
the medication transfer verification unit is con-
figured to be placed above a package or pack-
age template that is to be filled;

the medication transfer verification unit compris-
es a plurality of cavities that each provide a
transfer path for at least some of the plurality of
solid pharmaceuticals;

each cavity of the medication transfer verifica-
tion unit includes a pair of electromagnetic emit-
ter and receiver units;

the medication transfer verification unit is con-
figured to detect a break in the emitter beam that
is received by each of the electromagnetic re-
ceiving units to confirm that a solid pharmaceu-
tical that has been dropped by the robotic pick-
and-place mechanism is deposited into a spe-
cific cavity of the package;

the robotic pick-and-place mechanism is posi-
tionable above the medication transfer verifica-
tion unit;

the robotic pick-and-place mechanism config-
ured to transfer solid pharmaceuticals from the
cassettes into the package; and

the robotic pick-and-place mechanism compris-

ing:

an end of arm tooling portion that is config-
ured to grasp individual ones of the plurality
of solid pharmaceuticals; and

an imaging unit that is configured to verify
that each solid pharmaceutical picked up by
the robotic pick-and-place mechanism
matches an expected solid pharmaceutical
based onvisual characteristics of each solid
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pharmaceutical.

2. The system for dispensing solid pharmaceuticals of

claim 1, wherein:

each of the plurality of cassettes comprises a
suction tip that is removably secured to a re-
spective one of the plurality of cassettes; and
the end of arm tooling portion of the robotic pick-
and-place mechanism is further configured to
engage and remove a respective one of the suc-
tion tips that is associated with a particular one
of the plurality of cassettes prior to grasping in-
dividual ones of the plurality of solid pharmaceu-
ticals from the respective one of the plurality of
cassettes.

The system for dispensing solid pharmaceuticals of
claim 2, wherein:

the end of arm tooling portion of the robotic pick-and-
place mechanism is further configured to secure the
respective one of the suction tips with the particular
one of the plurality of cassettes once all of the plu-
rality of solid pharmaceuticals have been transferred
from the respective one of the plurality of cassettes.

The system for dispensing solid pharmaceuticals of
claim 1, wherein:

the imaging unit further is configured to ensure that
the end of arm tooling portion is placed above a spe-
cific solid pharmaceutical such that the end of arm
tooling portion is able to grasp the specific solid phar-
maceutical.

The system for dispensing solid pharmaceuticals of
claim 1, wherein:

each of the plurality of cassettes comprises a
rotating lid portion thatis coupled with a mechan-
ical cam;

the plurality of cassettes are securable to a stag-
ing area;

the staging area comprises a static arm that is
configured to engage the mechanical cam of one
of the plurality of cassettes when the one of the
plurality of cassettes is placed on the staging
area; and

engagement of the mechanical cam and the
static arm causes the rotating lid portion to open.

The system for dispensing solid pharmaceuticals of
claim 1, wherein:

each of the plurality of cassettes is securable to a
location of a staging area, each location of the stag-
ing area comprising a linear, the linear motor being
configured to adjust the angle of the at least one of
the cassettes.
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9.

The system for dispensing solid pharmaceuticals of
claim 6, wherein:

the linear motor is further configured to selectively
vibrate the at least one of the cassettes.

The system for dispensing solid pharmaceuticals of
claim 7, wherein:

the linear motor is configured to adjust a degree of
the angle based on a relative fill level of the storage
portion of the at least one of the cassettes.

A method for dispensing solid pharmaceuticals,
comprising:

positioning a suction tip of an end of arm tooling
portion of a robotic pick-and-place mechanism
over an individual solid pharmaceutical held
within one of a plurality of cassettes, each of the
plurality of cassettes holding a plurality of solid
pharmaceuticals;

grasping the individual solid pharmaceutical us-
ing the end of arm tooling portion of the robotic
pick-and-place mechanism;

verifying, using an imaging unit associated with
the robotic pick-and-place mechanism, that the
solid pharmaceutical picked up by the end of
arm tooling portion matches an expected solid
pharmaceutical based on visual characteristics
of the solid pharmaceutical;

depositing the individual solid pharmaceutical to
a specific cavity from a plurality of cavities de-
fined by a medication transfer verification unit
that is placed above a package or package tem-
plate such that the solid pharmaceutical drops
into the package or package template, wherein
the specific cavity is based on patient prescrip-
tion data using the robotic pick-and-place mech-
anism; and

automatically verifying that the solid pharma-
ceutical has been deposited into the specific
cavity according to the patient prescription data
by detecting a break in an emitter beam using
the medication transfer verification unit.

10. The method for dispensing solid pharmaceuticals of

1.

claim 9, further comprising:

sensing any additional break in the emitter beam im-
mediately after depositing the solid pharmaceutical
to ensure that the solid pharmaceutical has not
bounced out from the specific cavity.

The method for dispensing solid pharmaceuticals of
claim 9, further comprising:

drawing the plurality of solid pharmaceuticals of at
least one of the plurality of cassettes toward a vision
region of at least one of the plurality of cassettes by
using a linear motor to tilt, vibrate, or tilt and vibrate
the at least one of the plurality of cassettes.
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13.

14.
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The method for dispensing solid pharmaceuticals of
claim 9, further comprising:

automatically sealing and printing patient specific
data on the package once all solid pharmaceuticals
specified by the patient prescription data have been
transferred into the package.

The method for dispensing solid pharmaceuticals of
claim 9, further comprising:

engaging, using the end of arm tooling portion, the
suction tip to an end of the tooling arm portion and
removing the suction tip from one of the plurality of
cassettes associated with the individual solid phar-
maceutical.

The method for dispensing solid pharmaceuticals of
claim 9, wherein:

the end of arm tooling portion comprises a suc-
tion tube that is coupled with the suction tip; and
the end of arm tooling portion comprises a high
pressure line and a low pressure line that are
used to generate a vacuum within the suction
tube that enables the suction tip to grasp indi-
vidual ones of the plurality of solid pharmaceu-
ticals.
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Fig. 1
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Fig. 4
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Fig. 6
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