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distribution machine (10) includes a housing (12) enclosing a plurality of bins (128) for storing medical items (224) mounted on

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 2810338 A1 2013/09/26

en 2 810 338
13) A1

(57) Abrege(suite)/Abstract(continued):

carousels (70). Once the distribution machine (10) has been provided with user identification data, patient identification data, and
an item selection, the plurality of carousels (70) Is actuated to move a bin (74) holding a selected medical item to a location behind
an access door (130) In the housing (12). The user can then reach into the housing (12) to manually retrieve and then verify the
removal of the selected medical item. Only one access door (30) into the housing (12) Is opened at any time, thereby preventing
unauthorized removal of medical items (224) stored in any other bins (74) within the housing (12).
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ABSTRACT

Secure access distribution machines and methods for distributing a plurality of medical
items (224) to an authorized user. The distribution machine (10) includes a housing (12)
enclosing a plurality of bins (128) for storing medical items (224) mounted on carousels (70).
Once the distribution machine (10) has been provided with user identification data, patient
identification data, and an item selection, the plurality of carousels (70) is actuated to move a bin
(74) holding a selected medical item to a location behind an access door (130) in the housing
(12). The user can then reach into the housing (12) to manually retrieve and then verify the
removal of the selected medical item. Only one access door (30) into the housing (12) is opened
at any time, thereby preventing unauthorized removal of medical items (224) stored in any other
bins (74) within the housing (12).
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METHOD AND APPARATUS FOR ONSITE DISTRIBUTION
OF MEDICATIONS AND MEDICAL SUPPLIES

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001] This application claims the benefit of U.S. Provisional Application No. 61/615,711,
filed March 26, 2012, the disclosure of which is hereby incorporated by reference herein in its

entirety.

BACKGROUND
{0001] The 1nvention relates generally to a distribution machine and associated methods, and
more particularly, to a distribution machine for distributing medical supplies and medications
(e.g., "medical items"), including controlled substances, at a remote location such as a healthcare
facility where the patient or recipient is located, a community center of a residential complex,
and similar direct or indirect distribution locations.
[0002]  Medication supply companies have commonly provided Automated Dispensing
Cabinets (ADC's) at hospitals and other healthcare facilities to extend the inventory of non-
prescription medications to locations proximate to the patients that may require such
medications. These Automated Dispensing Cabinets enable a nurse or another authorized user to
request medications on demand for rapid delivery to a patient. One known type of Automated
Dispensing Cabinet includes a plurality of lockable drawers with a plurality of lockable bins in
each drawer. In this drawer-type of Automated Dispensing Cabinet, an authorized user selects a
particular medication and then a corresponding drawer and bin containing that medication are

unlocked so that the user can retrieve the medication and remove it from the ADC. These

conventional Automated Dispensing Cabinets have improved the ready access of medication and
medical supply inventory in hospitals and other facilities.

[0003] Depending on the relative sizes of the bins and the drawers, a drawer-type Automated
Dispensing Cabinet generally includes up to 300-400 bins for holding doses of medication. In
order to maximize the inventory available onsite, many of the bins typically receive multiple
doses of a medication. As a resuit, any time a nurse or other authorized user accesses a particular
bin, that user has access to a plurality of doses of the requested medication. These Automated

Dispensing Cabinets therefore provide additional inventory that can range into the thousands of
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unit doses of up to 300-400 different types of medication. One continuing problem with these
cabinets is the retrieval of multiple doses from the bin when only a single dose has been
requested. A user may take extra doses from the cabinet by accident or for a plurality of
malicious reasons, including unauthorized distribution or sale to other persons. This diversion of
inventory affects the management of the available inventory and may significantly delay the
delivery of a needed medication or medical supply to a patient when the loss 1s discovered.
Furthermore, with multiple users accessing the cabinet regularly, it can be difficult to determine
which authorized user diverted the inventory to hold that user accountable for the loss of
inventory. When a controlled substance is diverted, the facility is subject to an intense
investigation with a high burden of paperwork to determine the offending party and correct the
problems with the dispensing of inventory. These problems have caused a lack of confidence in
these Automated Dispensing Cabinets in state and federal agencies that would normally approve
such devices for use in many settings.

[0004]  More recently, medication supply companies have extended the use of Automated
Dispensing Cabinets to long-term care facilities, which may be located in a remote area that is a
significant distance from the closest pharmacy or hospital. In these remote areas, the accurate
monitoring and control of inventory is even more critical. In addition, these long-term care
facilities generally require the distribution of a higher number of different medications because
these facilities manage both the various prescriptions that patients are taking as well as non-
prescription medications such as pain medication for on demand use and medical supplies. To
this end, a long-term care facility may actually require up to 1400-1500 different medications or
groups of medications (e.g., in patient-specific blister packages or pouches) or more compared to
the 300-400 medications that are desirable to have on demand in a traditional hospital or other
healthcare setting. Conventional Automated Dispensing Cabinets simply do not have enough

bins or compartments, within an acceptable or allowable footprint, to accommodate these

potential needs regarding the breadth of inventory necessary in a long-term care facility.
Moreover, the higher number of medications needed by a long-term care facility 1s likely to

‘include a number of controlled substances, which must be carefully regulated and monitored to
comply with federal and state regulations. In addition, the Automated Dispensing Cabinets have
not included monitoring or sensing systems that can accurately detect the diversion of additional

or incorrect medications from a bin of a drawer containing multiple doses or medications. In
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sum, known Automated Dispensing Cabinets are not suitable for the provision of the high
number of medications needed while also ensuring acceptable levels of regulation and
monitoring of controlled substances.

[0005] Additionally, several known Automated Dispensing Cabinets include complex drive
mechanisms and/or sensors for controlling an automated dispensing of medications from the
cabinet. These complex systems add significant cost and time to the manufacturing of the
Automated Dispensing Cabinet and also provide significantly more elements that can fail and
stop proper operation of the Automated Dispensing Cabinet. These additional failure modes
increase the rate of maintenance and repairs necessary to keep the Automated Dispensing
Cabinet 1n operation, thereby increasing the likelihood that the cabinet will not be available to
dispense medications when needed by patients.

[0006]  Consequently, it would be desirable to provide an apparatus and method for onsite

distribution of medications and medical supplies that addresses one or more of these concerns

with conventional Automated Dispensing Cabinets.

SUMMARY OF THE INVENTION
[0007]  According to one embodiment, a method is provided for selectively distributing a
plurality of medical items stored in a secure access distribution machine. The distribution
machine includes a housing enclosing a plurality of bins behind at least one access door and also
includes a controller with a processor and a memory. An input device receives first
identification data associated with a user, second identification data associated with a patient,
and item selection data that identifies at least one medical item that is selected for distribution to
the user and administration to the patient. The processor compares the first identification data to
information stored in memory to confirm that the user is authorized to distribute medical items
trom the distribution machine. In response to receiving the second identification data, the
processor also actuates the display of a patient record stored in the memory and associated with
the patient on a display. The patient record includes a list of medical items that are previously
prescribed or approved for distribution to the patient. The item selection data identifies at least
one medical item from this list of pre-approved or prescribed medical items. In response to

receiving the item selection data, the distribution machine rotates a bin holding a first medical

item to a position behind a corresponding one of the access doors and unlocks the corresponding
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access door so that the access door opens. This opening of the access door provides access for
the user to reach into the bin to manually retrieve the first medical item from the bin. The
processor then verifies that the user received the first medical item (e.g., the correct medical item
that should have been retrieved) after it has been manually retrieved from the bin. The process
of distributing and verifying repeats for each other medical item identified in the item selection
data, thereby limiting the user to access to the medical items individually on an bin-by-bin basis.
The patient record 1s then updated to assign to the patient the at least one medical item that has
been distributed to the user for administration to the patient.

[0008]  The distribution machine may also include a plurality of access doors stacked on top
of each other in the housing. In such embodiments, the housing and access doors block access to
all bins within the housing except for the bin holding the first medical item when the distribution
of the first medical item is to occur. In this regard, the other access doors remain locked and
closed to limit the user to manual retrieval of only the first medical item. At least some of the
access doors also include stationary blocking baffles rigidly mounted to the housing adjacent to
the access doors, the blocking baffles preventing access to adjacent bins next to the bin holding
the first medical item.

[0009] In another aspect, the verification of the user receiving the first medical item includes
prompting the user to scan a machine readable indicia associated with the retrieved medical item
using a scanner located at the housing. The processor receives the scanner input from the
scanner and determines whether the retrieved medical item that has been scanned is the first
medical item. If the retrieved medical item is incorrect (e.g., is not the first medical item), then
the error 1s reconciled by prompting the user to insert the retrieved medical item into a return
receptacle mounted on the housing. The return receptacle includes a one-way door providing
access to Insert, but not remove, rejected medical items. After verifying that the correct first
medical item has been removed and scanned, the processor may update the patient record to
reflect distribution of the first medical item to the patient. In embodiments where the access
door 1ncludes a latching mechanism with an engagement drum and a locking device, the locking
device 1s disengaged from the engagement drum using an automated drive actuator when the
access door 1s to be unlocked and opened for distribution of a first medical item. The locking
device 1s re-engaged with the engagement drum only after receiving the scanner input to verify

the correct first medical item was removed, therefore preventing closing and locking of the
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access door until the verification process is completed. This process limits the number of total
medical items that may be removed without verification to one.

[0010] In another aspect, the access door also includes a camera. In such embodiments,
verifying that the user received the first medical item also includes capturing image data using
the camera and analyzing the image data with the processor to confirm whether the first medical
item has been removed from the bin. This analysis may include retrieving a previously-stored
pixilated digital image of the bin from memory and then pixilating the captured image data to
compare the two images. The comparison determines whether enough pixels have changed to
verity the removal of the first medical item from the bin. It will be understood that a plurality of
the bins within the housing may be positioned next to the camera so that the camera can capture
digital images of each bin to store these images for use later in the comparison described above.
Thus, the provision of a camera on the access door enables another method of double checking
that the first medical item has been removed from the housing.

[0011]  Prior to distributing the first medical item to the user, a plurality of additional steps
are required if the processor determines that the first medical item is a controlled substance. To
this end, the user record associated with the user is analyzed to determine whether the user is
authorized to receive a controlled substance. If the user is authorized, then a prompt is given for
a witness to enter witness identification data, and the user record associated with the witness is
received and analyzed to make certain that the witness is authorized to witness distributions of
controlled substances. If both the user and the witness are authorized, then the distribution of
first medical item is allowed. However, the controlled substances are not presented for removal
if either of these persons fails to be authorized. In addition to the controlled substances context,
there are a plurality of conditions that can lead to a prompting for a witness to input witness
identification data. These conditions include when the first medical item exceeds a threshold
schedule level stored in the patient record, when the first medical item is not on the patient's
profile, and when a distribution is canceled during retrieval of the first medical item.

[0012] A restocking process may also be used with the distribution machine. During this
restocking process, the processor receives a scan of a machine readable indicia on a purchase or
shipping order that is associated with a plurality of medical items to be stocked inside the

housing. The processor then prompts the user to provide a verification scan of the machine

readable 1ndicia on a first item to be stocked. A first available bin 1s identified and rotated to a
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position adjacent an access door, and this access door is unlocked and opened to provide access
into the first bin. Once the user has placed the first item in the first bin, the access door 1s locked
following closing of the door by the user. An image of the first bin with the first item is captured
to verify that the manual placement of the first item has occurred. The process of receiving the
verification scan, rotating, opening, locking, and scanning is repeated for each other item
associated with the purchase or shipping order. Consequently, the restocking process works
similarly to the distribution process in that the medical items and items are individually scanned
in and out with only access to one bin or medical item at a time.

[0013] In another aspect, 1n response to receiving the scan of the purchase or shipping order,
the processor may automatically update an inventory record stored in memory to include various
information about each of the plurality of medical items to be stocked, including a lot number, an
expiration date, a National Drug Code, and a UPC, thereby not requiring separate manual entry
of these items of information for each of the plurality of medical items to be stocked. This
simplifies the process of restocking the distribution machine. Whenever multiples of a medical
item are stored 1n a single bin, the method further includes updating a bin record stored in
memory for the bin holding the first medical item to decrement a "bin quantity on hand” variable
stored in the memory by one.

[0014] If a plurality of medical items is selected by the user for distribution, then the
distributing and verifying steps are repeated individually for each of the plurality of medical
items needed by the patient. The plurality of bins may be mounted on a plurality of carousels on
carousel] drive axles collectively centered at a central drive axle in the interior of the housing.
Distributing the first medical item in these embodiments further includes rotating all of the
plurality of carousels around the central drive axle with a first motor, and rotating each of the
plurality of carousels simultaneously around their carousel drive axles with a second motor. As a
result, the carousel carrying the bin with the first medical item is moved near the access door and
then the specific bin is rotated into position behind the corresponding access door. An outer
camera may be mounted on the housing so that still or moving images of the user at the
distribution machine can be taken during the distributing and verifying steps described above.
The captured still or moving images are stored in memory with a transaction record so that this

information can be reviewed later if necessary.
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[0015]  In a further aspect, the distribution machine includes a document scanner at the
housing. When a prescription document for a patient comes into the facility, the processor may
receive a scanned image of the prescription document from the document scanner. This scanned

image is then sent to a remote location for approval by a pharmacist, and if approved, the
medical item(s) 1s added to the list of scheduled or prescribed medical items on a patient record.
In addition, the patient records stored in memory and displayed on the display are those approved
for distribution to the patient already. That simplifies the process of selecting medical items to
distribute to a number of patients that may be located in the same facility serviced by a common
distribution machine. In addition, the document scanner may also be used to scan in other
documents that need verified or reviewed offsite, such as a new patient admission document
when a new patient 1s admitted to the facility. In such a circumstance, offsite pharmacy
personnel can review and approve the new patient and a new patient record may be created in
memory automatically after this approval.

[0016] In another embodiment of the invention, a secure access distribution machine is
provided for distributing a plurality of medical items. The distribution machine includes a
housing enclosing an interior and including at least one access door and an input device. A
plurality of carousels 1s located within the interior, and each carousel includes a plurality of bins
for storing the plurality of medical items. A drive mechanism is configured to rotate each of the
plurality of carousels such that each of the plurality of bins may be positioned adjacent to the at
least one access door. The distribution machine also includes a controller having a processor and
a memory, the controller operatively coupled to the access door, the input device, and the drive
mechanism. The controller 1s configured to perform a series of operations to distribute medical
items from the housing. This series of operations includes (i) determining that a user is an
authorized user permitted to distribute medical items, (ii) identifying a bin holding a first medical
item selected for distribution from a list of pre-approved or prescribed medical items from a
patient record, (111) actuating the drive mechanism to move the bin holding the first medical item
to a position behind a corresponding access door, (iv) unlocking and opening the corresponding
access door to enable the user to reach into the housing and manually retrieve the first medical
item, (v) verifying that the first medical item was removed by the user, and (v1) updating the

patient record to assign to the patient the first medical item.
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[0017] In one aspect, the housing may include a plurality of access doors stacked on top of

each other so that access to all other bins within the housing 1s blocked when the corresponding
access door 1s unlocked and opened. Each of these access doors may also include a camera that
may be used to capture still images of bins within the housing to verify removal of the first
medical item after a distribution. Stationary blocking baffles may also be rigidly coupled behind
at least some of the plurality of access doors. The stationary blocking baffles prevent access to
bins adjacent to the bin holding the first medical item when the corresponding access door is
unlocked and opened. In addition, each of the access doors includes a latching mechanism for
selectively locking the access door in a closed position. The latching mechanism has an
engagement drum manually rotated by opening or closing the access door and a locking member
moved by an automated drive actuator.

[0018]  In another aspect, a scanner is located at the housing for reading machine readable
indicia on medical items to be placed within one of the plurality of bins or distributed from one
of the plurality of bins. The distribution machine also includes a digital outer camera mounted
on the housing and configured to record still images or moving images of an user at various
times during access and use of the distribution machine. A return receptacle may also be
positioned on the housing with a one-way door enabling insertion, but not removal, or rejected or
incorrect medical items from the housing. The drive mechanism may be limited to a first motor
that rotates all of the plurality of carousels around a shared central drive axle and a second motor
that simultaneously rotates each of the carousels around corresponding carousel drive axles.
Therefore, the drive mechanism is simplified compared to conventional designs.

[0019]  Various additional features and advantages of the invention will become more
apparent to those of ordinary skill in the art upon review of the following detailed description of

the 1llustrative embodiments taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0020]  The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate various embodiments of the invention and, together with a general
description of the invention given above and the detailed description of the embodiments given

below, serve to explain the embodiments of the invention.
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(0021} FIG. 1 is a perspective view of one embodiment of a medication distribution machine
in accordance with the present invention, showing external features of the distribution machine.
[0022] FIG. 2 is a perspective view of the distribution machine of FIG. 1, with the housing
and external features shown in phantom so that a plurality of stacked layers of carousels
including platforms for holding medical items and medications 1s shown.

[0023] FIG. 3 is a perspective view of one of the platforms of the carousels shown in FIG. 2,
the platform including a plurality of dividers and an intermediate annular wall for defining a
plurality of storage bins on the platform.

[0024]  FIG. 4 is a cross-sectional side view of the platform of FIG. 3, taken along line

4-4.

[0025] FIG. 5 is a perspective view of the platform of FIG. 3, with a number of the dividers
and the intermediate annular wall removed to modify the bin configuration.

[0026] FIG. 6 is a perspective view of two of the platforms of the carousels in FIG. 2, with
one of the platforms omitting a bottom wall to enable communication between the bins of the
two platforms.

[0027] FIG. 7 is a front view of the distribution machine of FIG. 1 at a first access door, with
the first access door opened to reveal a bin and first baffle plates blocking access to adjacent
bins.

[0028] FIG. 8 is a front view of the distribution machine of FIG. 7 at a second access door,
with the second access door opened to reveal another bin and second baffle plates blocking
access to adjacent bins.

[0029] FIG.91s a perspeétive view of the distribution machine of FIG. 1, with an access
door opened and a medication being removed from a bin adjacent the open access door.

[0030] FIG. 10 is a perspective view of the distribution machine of FIG. 9, with a portion of

the external structure shown in phantom to reveal a taller bin defined by two adjacent platforms
on two adjacent carousels and configured to hold a larger item as shown.

[0031] FIG. 11A is a cross-sectional top view of a door latching mechanism used with the

access door of the distribution machine of FIG. 9, taken along line 11-11 with the access door in

an opened position.
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[0032] FIG. 11B is a cross-sectional top view of the door latching mechanism of FIG. 11A,
with the access door closing without engagement of a lock member of the door latching
mechanism.

[0033] FIG. 11C is a cross-sectional top view of the door Iatching mechanism of FIG. 11B,
with the access door closing during engagement of the lock member.

[0034] FIG. 11D 1s a cross-sectional top view of the door latching mechanism of FIG. 11C,
with the access door in a closed and locked position by the door latching mechanism.

[0035]  FIG. 12A is a schematic view of a first image detected by a camera located 1n one of
the access doors of FIGS. 9 and 10, the first image revealing an empty bin.

[0036] FIG. 12B 1s a schematic view of a second image detected by the camera of FIG. 12A,
the second image revealing a bin with a medication or another item in the bin.

[0037] FIG. 13A 1s a top view of the distribution machine of FIG. 1, with the housing shown
in phantom to 1llustrate portions of a drive mechanism used to move the carousels and the
platforms.

[0038]} FIG. 13B 1s a cross-sectional top view of the distribution machine of FIG. 13A, with
further portions of the carousels and a bottom support plate shown in phantom to illustrate a
serpentine belt drive used with the drive mechanism.

[0039]  FIG. 13C is a detailed perspective view of the distribution machine of FIG. 13B, with
a portion of the bottom support plate shown in phantom to illustrate support features of the
bottom support plate and a drive motor used with the serpentine belt drive.

[0040]  FIG. 14 is an exemplary block diagram of a system including the distribution machine
of FIG. 1 and a server consistent with some embodiments of the invention.

[0041] FIG. 15 1s a flowchart illustrating a sequence of operations that may be performed by
the distribution machine of FIG. 1 to distribute one or more medical items.

[0042] FIG. 16 1s a flowchart illustrating a sequence of operations that may be performed by
the distribution machine of FIG. 1 to facilitate restocking of the distribution machine.

[0043] FIG. 17 1s a flowchart illustrating a sequence of operations that may be performed by
the distribution machine of FIG. | to transmit a prescription to an associated pharmacy.

[0044])  FIGS. 17A through 17T are exemplary output screens of a graphical user interface for
the distribution machine of FIG. 1 that may be displayed to a user.

10
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[0045] FIG. 18 is an exemplary block diagram of a system including the distribution machine
of FIG. 1 and a server consistent with another embodiment of the invention.

[0046] FIG. 19 is a flowchart illustrating a sequence of operations that may be performed by
the distribution machine and server of FIG. 18 to distribute one or more medical items.

[0047] FIG. 20 is a flowchart illustrating a sequence of operations that may be performed by
the distribution machine of FIG. 1 to verify stocking and/or removal of a medical item 1n the

distribution machine.

DETAILED DESCRIPTION
[0048] With reference to FIGS. 1 through 13C, an exemplary embodiment of a medication
distribution machine 10 is illustrated. Although the term "medication distribution machine"
(hereinafter "distribution machine") is used throughout the following description, it will be
understood that the distribution machine 10 is operable to distribute medications, medical
supplies, and other related items (also referred to collectively as "medical items") needed in a
remote facility (hereinafter "healthcare facility"). The distribution machine 10 operates to extend
inventory supplies closer to the location of one or more patients, such as in the long-term care
facility setting. Advantageously, the distribution machine 10 contains about 1,050 to 4,000 bins
or compartments (e.g., storage locations) for holding medications and other items, each bin being
separately and individually accessible to control the distribution of medications (including
controlled substances) to authorized users. It will be understood that multiple distribution
machines 10 may be linked together by a single control module to further extend or reconfigure
the available number of bins or compartments available to a healthcare facility, thereby
providing any level of inventory breadth required for a particular facility. As a result, the
likelihood of an accidental or malicious diversion of medications 1s reduced compared to
conventional Automated Dispensing Cabinets. Furthermore, as detailed below with reference to
FIGS. 15 through 17T, the work flow experienced by users when operating the distribution
machine 10 enables quick and convenient identification of available medications and accurate
selection of those medications for distribution to the user.
[0049]  With particular reference to FIG. 1, the distribution machine 10 includes an outer
housing 12 defining a closed interior 14 for storing the plurality of medications and other items.

The housing 12 includes a front wall 16 configured to face a user, side walls 18 extending from

11
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the front wall 16, a rear wall 20 opposite the front wall 16, and top and bottom walls 22, 24
connected to each of the front, side, and rear walls 16, 18, 20. The top wall 22 of this
embodiment includes a service panel 26 hingedly coupled to the top wall 22. This service panel
26 1s locked 1n a closed position during normal operation and cannot be opened by anyone other
than authorized service personnel. To this end, any medications or controlied substances
contained within the closed interior 14 are not accessible by thieves or unauthorized persons
without cutting through the housing 12. In the illustrated embodiment, the housing 12 defines a
generally rectangular footprint of about 36 inches by 39 inches (0.914 meters by 0.991 meters).
It will be understood that the housing 12 may define any other shape or size that is convenient to
the desired healthcare facility setting without departing from the scope of the present invention.
It will also be understood that the size of storage locations (bins or compartments) may be sized
and shaped 1n various different configurations that are convenient to the storage of medications
and other items as required by the particular healthcare facility. Regardless of the particular

shape and size of the housing 12 and the storage locations, the distribution machine 10 of the
current invention advantageously maximizes the density of storage locations available within the
chosen footprint as described in further detail below.

(0050] In some embodiments, the distribution machine 10 may be used to store medications
and other items that may require storage at a cool or cold ambient temperature (e.g., insulin). In
these embodiments, the distribution machine 10 may include an insulated housing 12, seals at
any access location or door, and a conventional refrigeration unit 29 connected to the housing 12.
In the 1llustrated embodiment of FIG. 1, the refrigeration unit 29 is shown schematically as a box
on the rear wall 20 of the housing 12, although it will be understood that a coil-type or similar
conventional refrigeration unit 29 may be positioned along any wall of the housing 12. The
refrigeration unit 29 is monitored by a thermocouple (not shown) and/or other sensors connected
to the controller of the distribution machine 10 such that the closed interior 14 may be
maintained at a desirable temperature and possibly also at a desirable humidity relative to the

external environment. Further explanation of the conventional refrigeration unit 29 and its

operation are not provided as these units are well understood in the art of vending machines.

[0051]  The front wall 16 of the housing 12 contains a plurality of input/output devices
configured to interact with a user and a plurality of stacked access doors 30 located adjacent the

plurality of input/output devices. In this regard, the housing includes a user interface 32 located
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on the front wall 16 adjacent to the right hand side wall 18. The user interface 32 includes a
graphical display screen 34 for delivering information visually to a user and a keyboard 36
located immediately below the display screen 34 for receiving manual input from the user. The
graphical display screen 34 includes a touch screen interface that enables users to manipulate the
operation of the distribution machine 10 either with touch commands or with keyboard
commands, when applicable. For example, the graphical display screen 34 may provide a digital
numerical entry pad when a quantity of medications needs to be entered during the workflow
described below. A document scanner 38 is located above the display screen 34 and includes an
input slot 40 for receiving documents to be scanned such as prescriptions received from
physicians. The document scanner 38 projects slightly outwardly from the housing 12 above the
display screen 34.

[0052] A one-touch call button 42 is positioned on the lower half of the document scanner
38. The call button 42 may be used to initiate an immediate conversation with one or more
pharmacists working in a centralized location. These centralized pharmacists review, verity, and
approve new prescriptions submitted at the distribution machine 10 and are available via the one-
touch call button 42 to answer any questions a user might have about distributing a particular
medication for a particular patient. It will be understood that the housing 12 also contains a
microphone and speaker (not shown) for conducting these calls with the centralized pharmacists,
as well as providing audible feedback during normal operation of the distribution machine 10.
[0053] The front wall 16 of the housing 12 further carries a receipt printer 44 located
adjacent to the keyboard 36. The receipt printer 44 i1s operable to provide a printed record of
medications and supplies removed for a patient from the distribution machine 10. The keyboard
36 and receipt printer 44 are each mounted above of a return receptacle 46, also referred to as a
reject bin. To this end, the receipt printer 44 includes a printer outlet 47 located on a printer
access door 48. The hardware (not shown) of the receipt printer 44 is located along an inner
surface (not shown) of the printer access door 48, which may be opened by an authorized user or
by maintenance personnel to replace ink cartridges or a paper roll when necessary. If any
medications are accidentally retrieved from the closed interior 14 or are not used by a patient,
these medications can be collected in the return receptacle 46 for later removal by authorized

service personnel. More particularly, the return receptacle 46 includes a moveable inlet tlap door

50 configured to receive any rejected medications from a user. The inlet flap door 50 1s sized
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and oriented to open inwardly to receive only medications or items being returned by a user, and
this opening movement does not enable unauthorized entry of a user's hand into the return
receptacle 46. The return receptacle 46 also includes a lockable outlet door 52 adjacent a bottom
of the return receptacle 46. Each of the inlet flap door 50 and the outlet door 52 are in a closed
position during normal operation and the outlet door 52 cannot be opened by anyone other than
authorized service personnel (because the inlet flap door 50 is sized and oriented to prevent
unauthorized access into the return receptacle 46 by a user's hands). Accordingly, any returned
or rejected medications, including but not limited to controlled substances, are securely stored
and cannot be removed by thieves or unauthorized personnel without cutting through the housing
12 at the return receptacle 46.

[0054]  The front wall 16 of the housing 12 also includes an outwardly-projecting ridge 54
located between the plurality of access doors 30 and the previously-described input/output
devices. The ridge 54 provides one or more receptacles for receiving additional input/output
devices as selected for the particular healthcare facility. In the illustrated embodiment, these
devices include an identification card swipe reader 56 and a barcode reader 58. The card swipe
reader 56 1s configured to provide one identification of a user during the authorization process
before any medications may be removed from the distribution machine 10. It will be understood
that additional or alternative identification sensors may be positioned along the ridge 54 in other
embodiments of the present invention, including but not limited to biometrics scanners (e.g.,
fingerprint readers), a radio frequency identification (RFID) detector, an HID access control
reader for use with tags, key fobs, or cards, and other known sensor devices. It will also be
understood that the barcode reader 58 may be replaced by any scanner that is used to read
machine readable indicia of all types, including, but not limited to, barcodes, images, 2-D
barcodes, and other known indicia. The barcode reader 58 is configured to detect machine
readable indicia placed on various items, including the packaging of every medication held
within the distribution machine 10. As explained in further detail below, the barcode reader 58 is
used to verify the removal of the appropriate medication from a particular bin during normal
operation. It will be understood that the barcode reader S8 may also be used to identify a user
during the authorization process if the user is authorized using personal identification badges

with barcodes, for example. The ridge 54 also contains a digital camera 60 configured to record

the images of a user standing at the user interface 32 of the distribution machine 10. Thus, an
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image record of each user who removes medications from the distribution machine 10 is retained
for later review should such a review become necessary (i.e., during the investigation of a
medication diversion). It will be appreciated that the digital camera 60 may be operable to
record still images or video recordings (live action images or streaming images) for retention in
the records of the distribution machine 10 and for use during live communication with a
pharmacist initiated by the one-touch call button 42. The digital camera 60 may be triggered by
actions of a user at the machine 10 or remotely by an offsite pharmacist or other pharmacy
personnel.

[0055] The plurality of access doors 30 are arranged in a stack as shown in FIG. 1 such that
each access door 30 is adjacent to the next access door 30 in the stack. This arrangement of
access doors 30 enables a plurality of carousels 70 to be accessed from the exterior, each
carousel 70 including a series of stacked platters 72 defining bins 74 within the closed interior 14
as shown 1n FIG. 2. Each of the access doors 30 1s sized to permit access to a bin 74 in only one
of the carousels 70, thereby protecting the remainder of the carousels 70 within the housing 12
from unauthorized access. Each access door 30 1s hingedly coupled to the front wall 16 and is
locked in the closed position by a latching mechanism described in further detail with reference
to FIGS. 11A through 11D below. It will be understood that the plurality of access doors 30 may
be replaced by a moving access door mounted on an endless belt or a similar device in other
embodiments consistent with the scope of the current invention but not shown in the Figures.
[0056] Returning to FIG. 1, the front wall 16 also includes an indicator panel 76 with an
indicator light 78 located adjacent to eéch access door 30. The indicator lights 78 are illuminated
to indicate when the nearest access door 30 is unlocked. Thus, a user can readily determine
whether an access door 30 is locked or unlocked by reviewing which indicator lights 78 are
illuminated on the indicator panel 76. The access doors 30 and the housing 12 are generally
opaque such that none of the carousels 70 or medications held within the closed interior 14 1s
visible outside the housing 12. The detailed operation of the access doors 30 and associated
latching mechanisms and door cameras is described 1n further detail below.

[0057]  With reference to FIG. 2, the closed interior 14 and the plurality of carousels 70
located within the housing 12 of the distribution machine 10 are shown. It will be understood

that a carousel-type layered storage system has been previously used in vending machines and 1in

tool dispensing systems for use on jobsites. For example, one carousel-type layered storage
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system 1s disclosed within U.S. Patent No. 5,337,920 to Clausen, the disclosure of which is
hereby incorporated by reference in its entirety. In another example, a carousel-type layered
storage system 1s disclosed within U.S. Patent No. 7,086,558 to Pixley et al., the disclosure of
which is hereby incorporated by reference in its entirety. Although each of these carousel-type
storage systems 1ncludes a plurality of bins individually accessible by using a drive mechanism,
the drive mechanism of the current invention (described in further detail with reference to FIGS.
13A through 13C below) simplifies and reduces the number of elements necessary to reliably
move each bin 74 into position adjacent one of the access doors 30. Furthermore, the carousels
70 and platters 72 of the current invention have been modified to maximize the use of the closed
interior 14 and maximize the number of available bins 74 for storing unit doses of medication or
other medical supplies. As briefly discussed above, each of the bins 74 may be reconfigured to
define a desirable shape and size for particular medications and other supplies needed at the
healthcare facility in which the distribution machine 10 is to be used. It is believed that such a
carousel-type storage system has not been previously applied to the Automated Dispensing
Cabinet field, and thus represents an advantageous improvement over conventional Automated
Dispensing Cabinets. The distribution machine 10 permits the bins 74 to be densely packed as
inventory locations in a comparatively compact space and then be moved and presented for user
access at a particular access door 30.

[0058] Returning to FIG. 2, the plurality of carousels 70 includes five carousels 70 located in
close proximity with each other about a central drive axle 80. It will be appreciated that the size,
shape, and number of carousels 70 may be decreased or increased in other embodiments without
departing from the current invention. The central drive axle 80 and each of the carousels 70
extend along substantially the entire height of the closed interior between a bottom support
turntable 82 and a top connection plate 84. To this end, each carousel 70 includes a plurality of
closely-stacked platters 72 corresponding in number and location to the stack of access doors 30
in the front wall 16 (i.e., about thirty layers as shown in the illustrated embodiment). The top
connection plate 84 is formed from a unitary planar piece of material or a plurality of links

coupled together, as shown in FIG. 2. A carousel drive axle 86 extends through each of the
platters 72 of a carousel 70 and is secured in position at the top connection plate 84. Each of the
carousel drive axles 86 is secured so as to be free to rotate in position with respect to the top

connection plate 84 such that the various bins 74 on the platters 72 can rotate with respect to the
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corresponding access doors 30. The central drive axle 80 and the carousel drive axles 86 also
extend through the bottom support turntable 82 to engage with components of the drive
mechanism described with reference to FIGS. 13A through 13C below. In general, the central
drive axle 80 operates to rotate the plurality of carousels 70 collectively in combination with
rotation of the bottom support turntable 82 and the top connection plate 84, while the carousel
drive axles 86 operate to rotate the carousels 70 individually in position. As clearly shown in
FIG. 2, the arrangement of carousels 70 about the central drive axle 80 enables a maximum
number (e.g., up to 2,100 or more in the exemplary embodiment) of bins 74 to be located within
the closed interior 14,

[0059] Also shown in FIG. 2, a plurality of stationary support rods 90 extends between the
top connection plate 84 and the bottom support turntable 82 and is positioned in the spaces
between adjacent carousels 70 on the outboard or outer radial portion of the bottom support
turntable 82. These support rods 90 provide additional rigidity to the plurality of carousels 70 to
thereby assist with maintaining alignment of the top connection plate 84 and the bottom support
turntable 82 without applying significant bending stresses on the carousel drive axles 86. To this
end, each of the support rods 90 is rigidly secured to both the bottom support turntable 82 and to
the top connection plate 84. In addition, each of these stationary support rods 90 supports a
stationary partial carousel 92 having a plurality of layers of storage locations or bins 94
substantially similar to the previously described storage bins 74 on the moveable carousels 70.
By the terms "stationary” and "moveable", it is understood that this refers to the relation of the
carousels 70 or partial carousels 92 with respect to the bottom support turntable 82. Each of the
partial carousels 92 on the stationary support rods 90 does not need to rotate because such
rotation would interfere with adjacent carousels 70 and because the bins 94 on those partial
carousels 92 already is directed radially outwardly from the plurality of carousels 70. The bins
94 on the stationary partial carousels 92 may be resized by moving divider plates 96 similar to
the process described below for resizing bins 74 of the rotatable carousels 70. In the illustrated
embodiment, each stationary partial carousel 92 defines about 1/6 to 1/3 of a c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>