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MEDCAMENT INVENTORY SYSTEMAND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/396,400 entitled “MEDICAMENT INVEN 
TORY SYSTEMAND METHOD filed on Mar. 2, 2009, 
which is a continuation of U.S. application Ser. No. 11/056, 
521 entitled MEDICAMENT INVENTORY SYSTEM 
AND METHOD, filed on Feb. 11, 2005, now U.S. Pat. No. 
7,630,790, which is a continuation of U.S. application Ser. 
No. 10/939,620 entitled “Smart Tray For Dispensing Medi 
caments.” filed on Sep. 13, 2004, now U.S. Pat. No. 7,080, 
755, the contents of which are incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a method and sys 
tem for automatically dispensing medicaments. More par 
ticularly, the invention relates to a method and system that 
utilizes one or more cassettes ortrays, which hold one or more 
types of medicaments, the cassettes ortrays being configured 
for secure and intelligent dispensing of the medicaments. 
0004 2. Description of the Related Art 
0005 Conventionally, medicaments have been distributed 
or provided to patients in a manual fashion. In Such manual 
distribution methods and systems, a patient receives a pre 
Scription from a medical practitioner in writing and the pre 
scribed medicaments may thereafter be purchased at a phar 
macy. This method of manual distribution of medicaments 
has several problems associated with it. One problem is that 
wrong medicines or wrong dosages may be dispensed due to 
human error, potentially causing serious injury to the patient 
or even death. Another problem with manual distribution 
methods is that unauthorized medicines that have not been 
prescribed by a medical practitioner can be dispensed in error 
or the medicaments can be stolen due to inadequate tracking 
and non-secure storage and transit of the medicaments. Fur 
thermore, current manual distribution methods do not moni 
tor for counterfeit medications, medication side effects and 
timely intake of prescribed medicines by the patient. For 
example, a patient may skip or delay the intake of a medica 
ment, or take the medicament too frequently, which could 
reduce the effect of the medicament or even be harmful to the 
patient. 
0006. In order to overcome the above-mentioned prob 
lems, several automated medicament distribution systems 
have been developed. Typically, these automated drug dis 
pensing systems are isolated units, placed at specified loca 
tions within a hospital, pharmacy, a patient's home, or other 
strategic location. These dispensing systems may be pro 
grammed for scheduled dispensation of medicines. To ensure 
authorized dispensing of medicaments, one or more auto 
mated drug dispensing systems can be connected to a remote 
computer or processor that monitors the activities of each 
dispensing machine. Such remote computers/processors 
serve an authorization node, which allows a practitioner or 
other authorized personnel to control the dispensing of medi 
caments to one or more patients. Additionally, each remote 
computer may be connected to a central computer or node that 
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controls and monitors a larger number of automatic dispens 
ing machines in a wider geographic area. 
0007 U.S. Pat. No. 6,564,121, entitled “Systems and 
Methods for Drug Dispensing, assigned to Telepharmacy 
Solutions, Inc. (North Billerica, Mass.), filed on Dec. 3, 1999, 
discloses a system and method for remotely dispensing medi 
cal products using a networked communications system. The 
disclosed system utilizes a computer network for delivery of 
patient information and dispensing instructions to a remote 
dispensing station. The system includes an authorization 
node to authorize dispensing, a dispensing node to dispense 
the medical product and a controlling node, which interfaces 
with the authorization and dispensing nodes. Similarly, U.S. 
Patent Publication No. 2003003.6683, entitled “Method, Sys 
tem and Computer Program Product for Internet-enabled, 
Patient Monitoring System.” provides a health status and 
pharmaceutical compliance monitoring system. The system 
comprises a medication storing system that is linked to a 
medical information management system and database. 
0008. However, the above systems have certain limitations 
associated with them. For example, especially when used at 
the patient's end, these systems do not provide adequate Secu 
rity against tampering or theft. Moreover, in these systems, 
medicaments have to be sorted into numerous compartments 
or cups and loaded in the correct order so that they can be 
dispensed at the scheduled times. 
0009. In order to address the above-mentioned problems, 
several cassettes for use in conjunction with an automatic 
dispensing device or system have been developed. For 
example, U.S. Pat. No. 6,578,733, entitled “Cassette for Stor 
ing and Feeding Discrete Objects', assigned to Kirby-Lester, 
Inc. (Stamford, Conn.), filed on May 31, 2001, discloses a 
cassette for counting and dispensing objects. The cassette is 
adapted to feed and guide tablets having a range of sizes and 
shapes towards an exit. Another such patent is U.S. Pat. No. 
4.018,358, entitled “Cassette Pill Storing, Dispensing and 
Counting Machine', assigned to Medicine Innovators, Ltd. 
(West Union, Iowa), and filed on Sep. 18, 1975. This patent 
relates to a system that includes separate cassettes for storing 
different pills. The cassettes are operated by a dispensing 
machine. The dispensing machine provides a vacuum Supply 
and a drive for operating a wheel in the cassette to pickup pills 
in the bottom of the cassette and carry them to a discharge 
opening under the vacuum pressure. The system further com 
prises a fiber optic scanner at the discharge opening that 
counts each pill. 
0010 Various other prior art patents have disclosed simi 
lar mechanisms for dispensing medicaments. These include: 
U.S. Pat. No. 6,332,100, entitled “Apparatus and Method for 
Medication Dispensing and Messaging, assigned to Interac 
tive Medical Developments, L.C.; U.S. Patent Publication 
No. 20030183642, entitled “Pill Dispensing Apparatus'; and 
U.S. Pat. No. 6,554,157, entitled “Cassette Systems for Feed 
ing, Counting and Dispensing Discrete Objects.' assigned to 
Kirby-Lester, Inc. 
0011. However the above cited patents suffer from one or 
more of the following drawbacks or limitations. Firstly, in the 
case of existing cassettes or compartments for dispensing of 
medicaments, it is difficult to identify the content of each 
cassette to ensure that the correct medicament(s) are stored 
therein. Secondly, in these systems, cups or cassettes contain 
ing the medicament units have to be manually filled, requiring 
significant manual labor which is prone to errors. Thirdly, 
these systems have to be programmed manually to indicate 
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the positioning of each tray and the medicaments stored 
therein. Any error during the manual programming of the 
dispensing machine may lead to a wrong medication being 
dispensed. 
0012. In view of the above mentioned drawbacks and limi 
tations of the existing systems, there is a need for a cassette or 
tray that, when used in conjunction with a dispensing 
machine or system, provides improved security against tam 
pering or theft. Further, there is a need for a system, which 
minimizes manual operations (e.g., programming of the sys 
tem) and is therefore less prone to errors. There is also a need 
for a method and system for automatic dispensing of medi 
caments, which is capable of correctly identifying the medi 
caments it is dispensing. Additionally, there is a need for a 
method and system that can identify the correct cassette or 
tray for dispensing a particular medicine, irrespective of the 
cassette's or tray's loading position in the dispensing 
machine. Furthermore, such systems should be hermetically 
sealed, so that they may be returnable to a pharmacy or other 
Vendor or institution if not used by a hospital or patient. 

BRIEF SUMMARY OF VARIOUS 
EMBODIMENTS OF THE INVENTION 

0013 The invention provides a cassette or tray that can be 
used in conjunction with an automatic medicament dispens 
ing machine for secure and intelligent dispensing of medica 
ment units. 
0014. In one embodiment, an automatic medicament dis 
pensing System stores and communicates information regard 
ing its contents, operations and/or functions to at least one 
remote device or computer. This information can include 
information Such as, for example, inventory information per 
taining to a number of medicament units in a medicament 
dispensing tray. 
0015. In one embodiment, the tray is capable of counting 
the medicaments being dispensed and stores the inventory of 
the tray in a storage device, which in one embodiment is a 
wireless communication device which can be read by a wire 
less communication device reader within an automatic dis 
pensing machine or system or external to the machine or 
system. Information from the wireless communication device 
can also be relayed or transmitted to one or more external 
computers or devices that may be monitoring the contents, 
operations and/or status of the automatic dispensing machine. 
0016. In a further embodiment, a medicaments dispensing 
tray for dispensing medicament units, includes: a housing 
configured to contain the plurality of medicament units; an 
information storage device configured to maintain informa 
tion pertaining to the plurality of medicament units in the 
medicaments dispensing container, the information pertain 
ing to the plurality of medicament units comprising inventory 
information for the plurality of medicament units in the medi 
caments dispensing container; and a communication device 
communicatively coupled to the information storage device 
and configured to allow communication of the inventory 
information between the information storage device and a 
server to facilitate automated inventory tracking for at least 
one of a plurality of medicament units. In one embodiment, 
the inventory update logic can include a sensor unit, to sense 
a medicament unit being dispensed from the medicaments 
dispensing container, which can be implemented, for 
example as an optical sensor. 
0017. In one embodiment, the tray can be configured to 
track a number of medicament units dispensed from the medi 
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caments dispensing container using Software, firmware, hard 
ware or any combination of the three. The inventory informa 
tion can be updated to reflect a quantity of medicament units 
dispensed from the medicaments dispensing container, or the 
number of medicament units remaining in the medicaments 
dispensing container. 
0018. In another embodiment, the system, through either 
the tray or an external computing device, is configured to 
determine whether to reorder additional medicament units 
based on the updated inventory information. In embodiments 
in which the medicaments in the medicaments dispensing 
container are provided to a recipient (e.g., a patient) under a 
prescription, the system can be implemented to determine a 
number of refills remaining under the prescription. The sys 
tem can be further configured to determine whether a patient 
for whom the medicament units in the medicaments dispens 
ing container were prescribed is authorized to receive a refill 
of the prescription. 
0019. In a further embodiment, the tray is configured to 
send a signal to the server to reorder additional medicament 
units. The tray can also be configured to send a signal to the 
server indicating a quantity of medicament units remaining in 
the medicaments dispensing container. 
0020. In yet another embodiment of the invention, the 
medicaments dispensing tray is configured to determine a 
quantity of medicament units dispensed from the medica 
ments dispensing tray; and to determine whether to reorder 
additional medicament units based on medicament informa 
tion when a quantity of medicament units remaining in the 
medicaments dispensing tray reaches a predetermined level. 
The medicaments dispensing tray can be configured to deter 
mine a quantity of medicament units dispensed from the 
medicaments dispensing container, and to determine whether 
to reorder medicament units based on patient information 
when a quantity of medicament units remaining in the medi 
caments dispensing container reaches a predetermined level. 
0021. In still another embodiment of the invention, the 
medicaments dispensing tray is configured to receive updates 
from a dispensing machine by way of the communication 
device. The updates can be entered by a caregiver in one 
embodiment. Additionally, in one embodiment, information 
pertaining medicament units in the medicaments dispensing 
container is communicated to an insurance agency to facili 
tate claim processing. 
0022. In still other embodiments, the medicaments dis 
pensing container includes an indicator configured to be acti 
vated when a quantity of medicament units remaining in the 
medicaments dispensing container reaches a predetermined 
amount. The indicator can be implemented using, for 
example, a luminous indicator, an audible indicator, a radio 
frequency indicator or other like device. In one embodiment 
the indicator is configured to be activated upon a determina 
tion by the inventory control logic that the quantity of medi 
cament units remaining in the medicaments dispensing con 
tainer has reached a predetermined amount. 
0023. In another embodiment, a server or other external 
computing device is configured to receive the inventory infor 
mation and to determine a quantity of medicament units 
remaining in the medicaments dispensing container. The 
inventory information can include a quantity of medicament 
units dispensed from the medicaments dispensing container 
and a quantity of medicament units remaining in the medica 
ments dispensing container. In embodiments where a server 
or other external computing device does the reordering, the 
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server can be further configured to determine whether to 
reorder additional medicament units when the quantity of 
medicament units remaining in the medicaments dispensing 
container. 

0024. In still another embodiment of the invention, a 
method of dispensing medicament units from a medicament 
units container, is provided, wherein the method includes the 
steps of dispensing at least one medicament unit from the 
medicament units container; tracking dispensation of the at 
least one medicament unit from the medicament units con 
tainer, and determining, responsive to dispensation of the at 
least one medicament unit from the medicament units con 
tainer, inventory information indicating the quantity of medi 
cament units remaining in the medicaments dispensing con 
tainer. The method can include the step of communicating the 
inventory information between the medicaments dispensing 
container and an external computing device to facilitate auto 
mated inventory tracking for the medicament units. 
0025. In one embodiment, communicating the inventory 
information signal to an external computing device thereby 
facilitates a reorder of medicament units in the medicaments 
dispensing container by the external computing device. The 
inventory information can be maintained at the medicaments 
dispensing container and an external computing device. 
0026. In yet another embodiment of the invention, the 
method further includes generating a reorder signal when the 
quantity of medicament units remaining in the medicaments 
dispensing container reaches a predetermined amount, 
wherein the reorder signal causes an order to be placed for 
additional medicament units. The reorder signal can be gen 
erated by the medicament units container or the server. 
0027. In still another embodiment of the invention, the 
method includes verifying that a refill of a prescription for the 
medicament units in the medicaments dispensing container is 
authorized for a patient being served by the medicaments 
dispensing container. 
0028. In yet another embodiment of the invention a com 
puter program product for use in a medicaments dispensing 
container is provided. The computer program product 
includes machine readable code configured to cause a com 
puting device to track dispensation of at least one medicament 
unit from the medicament dispensing container, and deter 
mine, inventory information indicating the quantity of medi 
cament units remaining in the medicaments dispensing con 
tainer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1A is a perspective view of a medicaments 
dispensing machine for domestic use, in accordance with one 
embodiment of the invention; 
0030 FIG. 1B is a perspective view of a medicaments 
dispensing machine for professional healthcare use, in accor 
dance with one embodiment of the invention; 
0031 FIG. 2 is a perspective view of the tray illustrated in 
FIGS. 1A and 1B, in accordance with one embodiment of the 
invention; 
0032 FIG.3 is a front view of the tray illustrated in FIG.2: 
0033 FIG. 4 is a back view of the tray illustrated in FIG.2: 
0034 FIG. 5 and FIG. 6 are side views of the tray illus 
trated in FIG. 2; 
0035 FIG. 7 is a bottom view of the tray illustrated in FIG. 
2: 

Oct. 11, 2012 

0036 FIG. 8 is a perspective view of a sorting and dispens 
ing mechanism, in accordance with one embodiment of the 
invention; 
0037 FIG. 9 is an exploded view of the sorting and dis 
pensing mechanism illustrated in FIG. 8: 
0038 FIG. 10 is a cross-sectional view of the sorting and 
dispensing mechanism illustrated in FIG. 8: 
0039 FIG. 11 is an exploded view of the tray illustrated in 
FIG. 2, in accordance with one embodiment of the invention; 
0040 FIG. 12A is a perspective view of a fiber-optic scan 
ner that may be used within a medicament dispensing tray, in 
accordance with one embodiment of the invention; 
0041 FIG.12B is a bottom view of the fiber-optic scanner 
illustrated in FIG. 12A; 
0042 FIG. 13A is a top view of a pneumatic compressive 
bellow that may be used in a medicament dispensing tray, in 
accordance with one embodiment of the invention; 
0043 FIG. 13B is a bottom view of the pneumatic com 
pressive below illustrated in FIG. 13 A: 
0044 FIG. 14A and FIG. 14B are cross-sectional views of 
illustrating engagement gear-toothed Surfaces on conical 
disks used in a medicament dispensing tray, in accordance 
with embodiments of the invention; 
004.5 FIG. 15 is a perspective view of fiber optic cables 
with end shaped lens used in a medicament dispensing tray, in 
accordance with one embodiment of the invention; 
0046 FIG. 16 is an illustration of the main conical disk 
encoder layout used in a medicament dispensing tray, in 
accordance with one embodiment of the invention; 
0047 FIGS. 17A, 17B. 17C, 17D and 17E illustrate lay 
outs of a patient memory table that may be stored within a 
medicament dispensing tray and/or an automatic dispensing 
machine, in accordance with one embodiment of the inven 
tion; 
0048 FIGS. 18A, 18B, and 18C illustrate layouts of a 
healthcare professional memory table that may be stored 
within a medicament dispensing tray and/or an automatic 
dispensing machine, in accordance with one embodiment of 
the invention; and 
0049 FIG. 19 is a block diagram of electronic components 
and/or circuitry residing within a Smart tray, in accordance 
with one embodiment of the invention. 
0050 FIGS. 20A-20E illustrate flowchart diagrams of 
various logical functions performed by Software, firmware 
and/or hardware residing within a Smart tray, in accordance 
with various embodiments of the present invention. 
0051 FIG. 21 provides a perspective view of a tray for 
sorting and dispensing bottles or containers of medicaments, 
in accordance with an alternative embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

0052 Preferred embodiments of the invention are 
described in detail below with reference to the figures, 
wherein like elements are referenced with like numerals 
throughout. In one embodiment, the present invention pro 
vides a Smart dispensing tray for storing, Sorting and dispens 
ing medicaments. The Smart dispensing tray is used in con 
junction with a medicaments dispensing machine or system 
configured to hold or carry one or more trays. Each tray can 
store, sort and dispense one or more types of medicament, 
which may include pills, tablets, capsules, bottles and other 
uniformly sized articles. 
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0053 FIG. 1A is a perspective view of a medicaments 
dispensing machine 106 which holds a plurality of medica 
ment dispensing trays 100, in accordance with one embodi 
ment of the invention. As shown in FIG. 1A, medicaments 
dispensing machine 106 comprises a vertical column in 
which several trays 100 may be inserted. Medicaments dis 
pensing machine 106 may be used as a table top unit, may be 
mounted on a wall, under a kitchen cabinet or other desired 
positions. The vertical column of medicaments dispensing 
machine comprises a plurality of slots 102, where trays 100 
may be inserted. In preferred embodiments, a tray 100 may be 
inserted in any available slot 102. As soon as a tray 100 is 
inserted in a slot 102, medicaments dispensing machine 106 
automatically identifies the medicaments stored in tray 100 
and tray 100 is automatically locked into the slot 102. These 
steps of automatically identifying the medicaments and lock 
ing the tray into slot 102 are discussed in further detail below 
with reference to FIGS. 4-6. 

0054. In another embodiment of the invention, medica 
ments dispensing machine 106 comprises a horizontal col 
umn having a plurality of vertically oriented slots configured 
to receive trays 100 therein. In one embodiment, trays 100 are 
configured to be inserted into a vertical or horizontal column 
of a dispensing machine 106 without any change in design of 
tray 100. In prior systems and trays, if a tray is not level or 
installed in a pre-specified orientation, Such systems and trays 
are prone to jamming or malfunctioning because their sorting 
and dispensing mechanisms are not designed to operate in 
different orientations. Thus, as discussed in further detail 
below, the tray of the present invention provides a significant 
advantage in that it is designed to operate in various orienta 
tions while being less prone to getting jammed with medica 
ments or otherwise malfunctioning. 
0055. In one embodiment, medicaments dispensing 
machine 106 also comprises a see-through, shatter-proofdoor 
104, which can be locked using an electronic lock, for 
example, to protect medicaments from theft or unauthorized 
dispensing. In a further embodiment, medicaments dispens 
ing tray 106 comprises one or more biometric sensors for 
identifying authorized persons prior to dispensing medica 
ments and unlocks the electronic lock upon authorization. 
Biometric sensors for matching fingerprints with authorized 
fingerprint patterns stored in a memory, for example, are 
known in the art. Other types of biometric sensors such as 
Voice recognition, retinal scanning, face recognition, etc., are 
also known in the art and may be utilized in the present 
invention. 

0056 FIG. 1B is a perspective view of a medicaments 
dispensing machine 106 configured for use in a professional 
healthcare facility, in accordance with another embodiment 
of the invention. Such professional healthcare facility may be 
a medical practitioner's office, a nursing home, a hospital or 
other professional healthcare location. Medicaments dispens 
ing machine 106 for professional healthcare use comprises a 
long vertical column 108 which can accommodate a large 
number of trays 100. Medicament dispensing machine 106 
also comprises a secure storage cabinet 110 for storing an 
inventory of trays 100 for future use. The medicaments dis 
pensing machine 106 further includes a computer 112 having 
a monitor/display and a keyboard. Via computer 112, a user 
can access, read and/or write data pertaining to one or more 
trays 100 held within the dispensing machine 106. Addition 
ally, the computer 112 can upload information from a 
memory/data storage device (discussed in further detail 
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below) contained within the tray 100, process sensor data 
(also discussed in further detail below) received from the tray 
100, and also communicate with other network computers 
and devices to provide various functions. For example, if a 
central network computer (not shown) sends out a message 
recalling a certain type of medicament determined to be dan 
gerous, the computer 112 can receive this information and 
upon communicating with a tray 100 containing the recalled 
medication, the computer 112 can disable dispensing of the 
medicament from that tray 100 and thereafter notify the cen 
tral network computer of the status of tray 100. 
0057 Thus, via a computer network (e.g., the Internet), 
medicament dispensing machines dispersed in a wide geo 
graphic region may be monitored and intelligently controlled. 
This provides significant advantages in that medicament dis 
pensing machines located in patient's homes as well as hos 
pitals may be effectively monitored and controlled. As shown 
in FIGS. 1A and 1B, the medicaments dispensing machine 
106 for home use (FIG. 1A) is a smaller and portable device, 
while medicaments dispensing machine 106 for professional 
healthcare use (FIG. 1B) is a taller device. 
0058 FIG. 2 is a perspective view of tray 100 in accor 
dance with one embodiment of the invention. The tray 100 
comprises a plastic casing 202 made, for example, of a modi 
fied copolymer material, which is a tough, non-brittle and 
bio-friendly plastic. Further, this material possesses anti 
static properties and has a UV-filtering capacity, which can 
extend the shelf life of medicaments stored within tray 100. 
Such materials are well known in the art and commercially 
available. For example, Provista copolymerTM manufactured 
by Eastman Chemical Company may be utilized. This mate 
rial has been tested so as to not produce toxic gases if burned 
in a fire. Additionally, this material has been demonstrated to 
be flame-retardant and, therefore, does not constitute an 
“exciter for fires. 

0059. In one embodiment, casing 202 is made of two 
halves: a bottom casing 204 and an upper casing 206, which 
are hermetically sealed to each other. In a further embodiment 
of the invention, casing 202 has an octagonal shape (as shown 
in FIG. 2). Casing 202, however, may be configured in the 
shape of a square, circle, rectangle or any other desired shape. 
In the exemplary embodiment shown in FIG. 2, the dimen 
sions of the tray are seven inches in diameter and three 
quarters of an inch in height or thickness. Additionally, in one 
embodiment, the thickness of the casing walls 202 and 204 
are 0.005 to 0.040 inches thick and reinforced with emboss 
ments 222 to provide additional strength and durability to the 
casing halves 202 and 204. The thinness of the casing walls in 
preferred embodiments allows the tray 100 to be manufac 
tured more cheaply and efficiently. It is appreciated that the 
casing thickness is verythin for reducing the cost of materials 
and speeding up the rate of injection cycles of an injection 
molding process. In one embodiment, the shape, protrusions 
and/or depressions (e.g., the integral handle 240 and emboss 
ments 222) provided on the casing are engineered strength 
ening elements having a dual role of strengthening the casing 
and providing functionality to the operation of the Smart tray. 
In one embodiment, the casing is made from a nonbrittle, anti 
static, fire retardant and bio-friendly plastic that does not 
produce harmful gases to humans in case of fire. In a further 
embodiment, the plastic provides ultra-violet (UV) and sun 
ray filtering to protect medications stored within the tray from 
the UV and sun ray exposure and prevent heat build-up inside 
the tray that can potentially damage the medicaments. Addi 
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tionally, since the tray is bio-friendly, it can also be easily 
discarded in a waste dump or recycled for its materials. 
0060 Casing 202 further comprises an inlet 208 to load 
the medicaments in tray 100 and an outlet 210 to dispense the 
stored medicaments. A one-way Snap door 212 closes inlet 
208 and hermetically seals inlet 208. A self-sealing door 214 
closes outlet 210. In one embodiment, door 214 is a spring 
loaded door, which is kept closed by a spring (not shown) and 
is opened only at the time of dispensing a medicament. Cas 
ing 202 also comprises an opening 216 for admitting a rota 
tional energy engagement mechanism or element Such as 
drive gear into tray 100. The drive gear provides a driving 
force to a sorting and dispensing mechanism (discussed in 
further detail below with reference to FIG. 8), present within 
tray 100. As discussed below, this sorting and dispensing 
mechanism is used to dispense medicament units stored in 
tray 100. 
0061. In one embodiment, opening 216 is closed by a 
lower shutter 218 and an upper shutter 220 both of which are 
self-sealing spring loaded shutters. When tray 100 is inserted 
in the dispensing machine 106, shutters 218 and 220 open to 
allow an external rotational energy engagement element (e.g., 
a drive gear) to enter an internal compartment of tray 100 and 
engage an internal rotational energy engagement element 
(e.g. an internal drive gear), which is discussed in further 
detail below. 

0062. As mentioned above, in one embodiment, the outer 
Surface of casing 202 comprises hollow embossments 222, 
which serve to strengthen casing 202. Embossments 222 also 
serve as guide-rails for a compression means (discussed in 
further detail below with reference to FIGS. 13A and 13B) 
inside tray 100. The surfaces of casing 202 and 204 further 
each comprise depression walls 224 and depression walls 
226. In one embodiment, two depression walls 224 are pro 
vided at corresponding locations on casing half 202 and cas 
ing half 204 So as to provide Support walls for desiccant and 
oxygen absorber canisters 1108 and 1110 (FIG. 11) inside 
tray 100. The chemical absorbers such as desiccants and 
oxygen absorbers are used to absorb moisture and oxygen 
from within tray 100, and thereby increase the shelf life of 
medicaments significantly and prevent stored medicaments 
from disintegrating and/or adhering to each other. Depression 
walls 226, also located at corresponding locations on casing 
halves 202 and 204 provide Support for an engagement gear 
(discussed in detail below with reference to FIGS. 8 and 11) 
inside tray 100. 
0063. The top surface of casing 202 comprises a wall 228, 
a wall 230, a wall 232 and a wall 234. Wall 228 and wall 230 
together form a double stepped wall that helps in filtering and 
sorting the medicaments. Wall 232 is a conical wall, which 
helps in guiding the movement of medicament units inside 
tray 100 while dispensing them. Wall 234 is a vertical wall 
that prevents the medicaments from entering into the sorting 
and dispensing mechanism inside tray 100 from the wrong 
direction. Hence wall 234 prevents the medicaments from 
jamming or back-filling into the sorting and dispensing 
mechanism. The top Surface of casing 202 also comprises a 
projection 236 protruding outwards. Projection 236 prevents 
the medicaments from jamming in the central adjustment 
portion of the sorting and dispensing mechanism. Projection 
236 further comprises a projection 238. Projection 238 
includes an internally threaded wall that accommodates a top 
adjustment portion of the sorting and dispensing mechanism 
(discussed in further detail below). Because the top adjust 

Oct. 11, 2012 

ment portion of the Sorting and dispensing mechanism fits 
into projection 238, the Sorting and dispensing mechanism is 
held in position inside tray 100. 
0064. As shown in FIG. 2, casing 202 comprises a pull 
handle 240 at the frontend of tray 100. Pull handle 240 is used 
for manually handling tray 100 while inserting or removing 
tray 100 from the medicaments dispensing machine 106. In 
one embodiment, casing 202 further comprises a frame area 
242, which acts as a location guide for holding a detachable 
coupon for displaying information concerning, for example, 
rebates, discounts or other advertising information. It is 
appreciated that allowing third parties to place human or 
machine readable advertisements and/or redeemable, detach 
able coupons in the frame area 242 will provide a revenue 
stream for manufacturers or vendors of the Smart trays. In one 
embodiment, frame area 242 is formed of positive emboss 
ments, which also help in strengthening casing 202. 
0065. A multi-colored multi-functional display 244 is 
present on pull handle 240. In one embodiment, display 244 
can display multiple different colors and/or characters. For 
example, display 244 changes colors and blinking status to 
indicate the working status of tray 100. Additionally, display 
244 may show a solid greenlight to indicate that everything is 
working properly or a yellow light to indicate that tray 100 
needs to be replenished soon. To indicate that tray 100 is 
empty, display 244 may flash a blinking red light. Thus, 
display 244 visually reports the status of tray 100. 
0066 FIG. 3 is a front view of tray 100, which further 
shows a frame area 302 that provides space to attach a label 
(not shown). In one embodiment, the label contains informa 
tion regarding the medicaments in tray 100 that are present on 
an ordinary medicine bottle. The information on the label 
includes, for example, medicament name, medicament type, 
usage instructions, medical practitioner name, patient name, 
batch number, manufacturer expiry date and other such infor 
mation. The label may also include a bar code containing 
similar information. Frame area 302 is formed of positive 
embossments, which also help in strengthening casing 202. 
0067 FIG. 4 is a rear view of tray 100. An alignment lock 
402 is present on the back end of tray 100 in order to provide 
a self-alignment, auto-locking mechanism fortray 100 when 
inserted into a slot 102 (FIG. 1A) of a dispensing machine 
106. In one embodiment, alignment lock 402 includes a ball 
pin that guides tray 100 into a slot 102 and then automatically 
aligns and snap locks tray 100 in place. Further, FIG. 4 shows 
two metallic contacts 404 that, in one embodiment, comprise 
two single wire serial communication links for communicat 
ing directly with optical sensors in the dispensing machine 
106. These communication links also allow the circuitry 
within the Smart tray to connect directly to, for example, an 
electronic network modem, to the dispensing equipment 
clock system, servo driver circuitry and database, or any other 
desired external circuitry to implement various desired func 
tions as described herein. It is understood that any suitable 
programmable and readable non-volatile memory or data 
storage device may be used in the tray 100. In one embodi 
ment, alignment lock 402 can be made of a conductive mate 
rial and function as a ground pin. Thus, the metallic contacts 
404 and the alignment lock 402 provide a three-contact inter 
face for communicating with circuitry/devices in the dispens 
ing machine 106. 
0068. In further embodiments, an electromagnetic field 
communication device Such as a wireless communication 
device (not shown) may be alternatively or additionally 
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employed in the tray 100 to store and communicate informa 
tion pertaining to stored medicaments to the dispensing 
machine and enable various functionalities in accordance 
with the present invention. Exemplary types of information 
that may be stored in the wireless communication device 
and/or other memory device are described in further detail 
below with reference to FIGS. 17A-18C. Thus, information 
stored within each tray 100 pertaining to the medicaments 
stored therein can be automatically provided to the automatic 
medicament dispensing machine 106 by direct wired contacts 
to a memory device within tray 100 and/or via electromag 
netic transmission such as radio frequency transmission 
between a wireless communication device within the tray 100 
and corresponding reader circuitry, hardware and software 
within the medicament dispensing machine 106 and/or other 
external devices. Various types of electromagnetic communi 
cation devices (e.g., RFID tags, Smart cards, infrared, Blue 
tooth devices, other two-way full-duplex electromagnetic 
field communication devices, etc.) and corresponding read 
ers, which may be used in the present invention, are known in 
the art. As used herein, electromagnetic communication 
refers to both wired and wireless communication and 
includes the entire range of electromagnetic radiation, which 
includes frequencies of 10° cycles per second to 0 cycles per 
second, and wavelengths from 10 centimeters to infinity. 
From the lowest frequency to the highest (or the longest 
wavelength to the shortest) the spectrum includes electric 
current, heat, radio waves, microwaves, infrared radiation, 
visible light (colors), ultraviolet radiation, X-rays, gamma 
rays, and cosmic-ray photons. 
0069 FIG. 4 also shows a plurality of electromagnetic 
communication ports for communicating with external 
device that can be coupled to one or more of the ports. In one 
embodiment, these ports comprise fiber optic ports 406P. 
408P, 410P and 412P, which hold one end of a fiber optic 
cable. The other of the fiber optic is located within the tray to 
analyze either contents of the tray or monitor operation of the 
tray (as discussed in further detail below. In one embodiment, 
each end of each fiber optic cable comprises molded or 
shaped optic lens (e.g., a plano-convex lens) for focusing the 
electromagnetic field for optimal operation. Such molded or 
shaped optic lens are known in the art. In one embodiment, 
port 406P connects the medicaments dispensing machine 106 
to a fiber optic cable (discussed in further detail below with 
reference to FIG. 15) that checks the positioning and func 
tioning of tray 100. Port 408P connects the medicaments 
dispensing machine 106 to a second fiber optic cable that 
connects to an electromagnetic reading device such as a scan 
ner (discussed below with reference to FIGS. 12A and 12B). 
In various embodiments, the scanner can function as a bar 
code scanner and/or as a spectrometer that identifies the color, 
shape and/or size of the medicament units while they pass 
through the sorting and dispensing mechanism 800 (FIGS. 8 
and 9). The scannercantherefore check and verify the authen 
ticity of the medicaments stored in tray 100. Port 410P con 
nects the medicaments dispensing machine 106 to a third 
fiber optic cable that connects to a second scanner (discussed 
below with reference to FIG. 15) at outlet 210, which checks 
the color, size, shape and/or chemical composition of the 
medicaments at the time of dispensing. As used herein, the 
term “scanner” refers to an electronic device that detects or 
scans for some signal, condition or physical characteristic. 
0070. In preferred embodiments, ports 406P 408P and 
410P connect to sensors present in medicaments dispensing 
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machine 106. These sensors include color sensors and spec 
trometer sensors that are not only capable of detecting the 
color, shape and/or size of the medicament units but are also 
capable of detecting a counterfeit medicine by comparing 
sensed data to data stored in a memory device within the 
smart tray 100. In other embodiments, the data stored in the 
memory device in the Smart tray is uploaded to memory, e.g., 
RAM, (not shown) within the medicament dispensing 
machine 106. Port 412P connects circuitry within the medi 
caments dispensing machine 106 to a fourth fiber optic cable 
(discussed below with reference to FIG. 15) that connects to 
display 244. Thus, circuitry within the medicament dispens 
ing machine 106 and/or the smart tray 100 can control opera 
tion of the display 244. Alignment lock 402 ensures correct 
alignment between the drive gears and fiber optic connections 
of the tray 100 with corresponding structures/contacts in the 
dispensing machine 106. 
(0071 FIGS. 5 and 6 illustrate side views of tray 100 and 
further show LED display 244 present on the front end of tray 
100 and the alignment lock 402 present on the back end of 
tray 100. FIG.5also shows the position of frame area 242 and 
opening 216 as visible from a right side of tray 100 while FIG. 
6 shows frame area 302, as viewed from a left side of tray 100. 
0072 FIG. 7 illustrates a bottom view of tray 100 that 
further shows embossments 222 on a bottom side of casing 
204. The bottom side of casing 204 has a channel 702 for the 
third fiber optic cable that connects to the scanner at outlet 
210. Hence, each medicament unit being dispensed can be 
viewed from port 410P through the fiber optic cable in chan 
nel 702. Channel 704 holds the fourth fiber optic cable, which 
connects port 412P to display 244. As shown in FIG. 7. 
channels 702 and 704 merge together to form a single chan 
nel. The casing 204 further comprises a channel 706 that 
holds the first and second fiber optic cables, which connect to 
ports 406P and 408P, respectively. FIG. 7 also shows an 
opening 708 at the bottom of casing 202, through which a 
bottom portion of the sorting and dispensing mechanism 800 
is exposed outside casing 202. As discussed in further detail 
below, opening 708 is used to adjust the spacing of structures 
within the sorting and dispensing mechanism in accordance 
with the shape and size of the medicament being dispensed. 
0073. The bottom surface of casing 202 further comprises 
an indented portion or depression 710, which forms an inter 
nal protrusion that functions as a loading ramp on an inner 
surface of casing 202 for loading of medicaments into the 
sorting and dispensing mechanism 800. A one-way valve 712 
is present on the bottom surface of casing 202 and provides an 
inlet for air or other gas for expanding a compressible 
medium, airbag or bellow within the storage compartment of 
the tray 100 in order to push medicament units into the sorting 
and dispensing mechanism 800. Alternatively, in other 
embodiments, the compressible medium may be a spring 
loaded mechanism for exerting a pressure on the medica 
ments in a desired direction. The compressible medium (1) 
serves to load medicaments into the dispensing portion of the 
tray and (2) stabilizes movement of medicaments within the 
tray during transit, which helps prevent breakage or chipping 
of the medicaments (e.g., pills). 
(0074 FIG. 8 is a perspective view of the sorting and dis 
pensing mechanism 800 in accordance with one embodiment 
of the invention. The sorting and dispensing mechanism 800 
comprises a conical disk assembly 802, which further com 
prises a gear-toothed periphery. Medicament units 804 are 
stored in a storage portion of tray 100. The surface walls of 
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tray 100 and a wall 806 formed within tray 100 define the 
storage portion of the tray 100. Wall 806, the boundaries of 
which are illustrated by dashed lines 806, prevents medica 
ment units 804 from entering into Sorting and dispensing 
mechanism 800. 
0075. The conical disk assembly 802 further comprises 
radial grooves 808 for receiving and carrying medicament 
units from the storage portion to an outlet 210. Although in 
the exemplary embodiment shown in FIG. 8, four radial 
grooves are illustrated, any desired number of Such radial 
grooves may be incorporated in the conical disk assembly 
802. In one embodiment, grooves 808 have an adjustable size, 
which can be changed according to the shape and size of 
medicament units 804. A slidably fitted door 810 is present 
along each groove 808 So as to maintain a desired size and 
shape of groove 808, as well as maintain the parallel configu 
ration of the adjustable opening or groove to accurately con 
trol sorting and alignment of the medicaments during dis 
pensing. This permits only one pill to be dispensed at a time 
and allows more accurate counting and analysis of each pill 
that is dispensed. 
0076. In one embodiment, conical disk assembly 802 is 
made of clear plastic. Therefore, the medicament units 
presentingrooves 808 are more easily visible to a scanner 812 
present at the periphery of conical disk assembly 802. Addi 
tionally, as described in further detail below, the rotating disks 
902 and 904 are set apart from one another by a predeter 
mined distance (e.g., 50% of the height of medicament unit) 
so that a space is provided between the disks 902 and 904. 
Through the space between the disks 902 and 904, the scanner 
812 can directly view at least a portion of the radial side 
surfaces of medicament units contained in the groove 808 as 
they are being transported to the outlet 210. In this way, 
scanner 812 can identify the color, shape, size and/or chemi 
cal composition of the medicament units present in grooves 
808 and can also identify barcodes or other marks present on 
the medicament units 804. Scanners or other electromagnetic 
reading devices capable of performing the types of functions 
of scanner 812 are well known and commercially available. 
0077 Conical disk assembly 802 further comprises one or 
more latches 814 adjacent to each groove 808. When conical 
disk assembly 802 rotates to dispense a single unit of medi 
cament, latch 814 interacts with scanner 812 to make it scan 
the groove 808 and any medicament units contained therein, 
as described in further detail below with reference to FIG. 9. 
Furthermore, a projection 816 extends downwardly from 
each latch 814 for facilitating the opening of door 214 (FIG. 
2) when a medicament unit 804 is being dispensed by tray 
1OO. 

0078. An idler gear 818 is present inside casing 202 that 
provides engagement of the gear teeth present on the periph 
ery of conical disk assembly 802 to a drive gear in the medi 
caments dispensing machine 106. Idler gear 818 provides 
drive force for rotating the sorting and dispensing mechanism 
800. A compressible medium or mechanism Such as a spring 
washer 820 presses idler gear 818 downwards and provides a 
locking mechanism for idler gear 818 as described in further 
detail below. 

0079 FIG. 9 is an exploded view of the sorting and dis 
pensing mechanism 800. Sorting and dispensing mechanism 
800 comprises a conical disk assembly 802 (FIG. 8), which 
further comprises two rotatable conical disks 902 and 904, 
and a stationary conical disk 906. Conical disk 902 and coni 
cal disk 904 are free to rotate on a central axis and are there 
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fore referred to as rotatable conical disks. Conical disk 904 
comprises a Snapping mechanism 904A that passes through 
the center of conical disk 902 and snaps into a threaded cap 
908. Snapping mechanism 904A holds conical disk 902 and 
conical disk 904 together. Furthermore, conical disk 904 
comprises a gear-toothed surface 904B on a top surface of the 
conical disk 904. Conical Disk 902 also comprises a similar 
gear-toothed surface (not shown) on the bottom of the surface 
designated as 902A of conical disk 902. 
0080. Two embodiments of gear-toothed surfaces 902A 
and 904B are illustrated in FIGS. 14A and 14B. Gear-toothed 
surface 902A and gear-toothed surface 904B engage each 
other such that conical disk 902 and conical disk 904 rotate 
together in unison. It is understood that the gear-toothed drive 
mechanism described above is exemplary only and other 
types of rotational energy engagement elements or mecha 
nisms may also be employed in accordance with the inven 
tion. For example, a belt drive assembly or a custom config 
ured transmission system, similar to those implemented in 
automobiles, may be implemented by those of ordinary skill 
in the art without undue experimentation. Alternatively, or 
additionally, magnetic coupling engagement mechanisms or 
drive assemblies may also be employed in accordance with 
the invention. 
I0081 Sorting, separating and dispensing mechanism 800 
further includes an end cap 910, which snaps into cap 908 to 
hermetically seal the dispensing mechanism enclosure. Cap 
908 and cap 910 are accommodated in projection 238 (FIG.2) 
in casing 202. Threads on the inner surface of projection 236 
match with the threads on cap 908. 
0082. The distance between conical disk 902 and wall 232 
(FIG. 2) can be adjusted by rotating disk assembly 802 and 
moving cap 908 up and down along the threads of projection 
236. In one embodiment of the invention, the distance 
between conical disk 902 and wall 232 is adjusted equal to 
70% of the height of medicament units 804. Further, the 
distance between conical disk 904 and conical disk 906 is 
adjusted to 50% of the height of the medicament units 804. In 
one embodiment, when medicament units 804 are being 
sorted in grooves 808, conical disks 902 and 904 are set apart 
by approximately 50% of the height of medicament units 804. 
Further, there is a space of at least 20% of the height of 
medicament units 804 between the wall 232 and medicament 
units 804 when they are positioned within grooves 808. This 
prevents jamming of medicament units 840 in Sorting and 
dispensing mechanism 800. The adjustment of the height of 
conical disk 906 within casing 202 is discussed in further 
detail below. 

I0083. A radial groove 902B and a radial groove 904C are 
present on conical disks 902 and 904 respectively, corre 
sponding to each of the grooves 808 shown in FIG.8. Each of 
the doors 810 have a groove or slit 810A for receiving therein 
corresponding pins 904D present on the top surface to conical 
disk 904. A door-guiding rail is present on the bottom of 
conical disk 902 (not shown) corresponding to each of the 
doors 810 such that the doors 810 slide on pins 904D and are 
guided by the door-guiding rails to maintain a consistently 
parallel rectangular groove 808 as shown in FIG.8. The width 
of grooves 808 can be adjusted by twisting conical disk 902 
with respect to conical disk 904 such that the width of the 
grooves 808 is adjusted substantially equal to the diameter of 
medicament units 804. 

0084. In one embodiment of the invention, conical disk 
902 and conical disk 904 rotate in an anti-clockwise direction 
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(as viewed from the top). When conical disk 902 and conical 
disk 904 rotate while carrying medicament units 804 in 
grooves 808, the double stepped wall, formed of wall 228 and 
wall 230, assist in sorting medicament units 804 and prevents 
them from jamming in the sorting and dispensing mechanism 
800. Wall 234 on the other hand prevents medicament units 
804 from entering into sorting and dispensing mechanism 
800 from the wrong direction. 
0085 Conical disk 906 remains stationary throughout the 
dispensing of medicament units 804. Conical disk 906 pro 
vides surface support for medicament units in grooves 808 
that are dragged as conical disk 902 and conical disk 904 
rotates. As shown in FIG. 9, conical disk 906 comprises a 
projection 906A at the center of conical disk 906, which 
provides alignment to conical disk 906 with conical disks 902 
and 904. Conical disk 906 further comprises a slot 906B that 
further comprises guiding rails or channels on opposite sides 
of the slot 906B for accommodating a “living hinge' 912. 
Living hinge 912 comprises several rectangular pieces 
attached to each other through living hinge connections 
912A, which provide flexibility to living hinge 912. The top 
surfaces of the rectangular pieces of the living hinge 912 are 
substantially planar with the top surface of the conical disk 
906 So as to prevent jamming of medicament units that pass 
over the living hinge as the disks 902 and 904 rotate. Living 
hinges are well-known in the plastic industry. 
I0086 A pin (not shown) is present at the bottom surface of 
the rectangular piece 912B which is closest to the center of 
conical disk 906 (shown in better detail in FIG. 10). The pin 
extending downwardly from rectangular piece 912B fits into 
a spiral groove present on the top surface of a disk 914. Disk 
914 snaps into a snapping mechanism 906C present at the 
bottom of the conical disk 906. When disk 914 is rotated, the 
pin moves in or out in a radial direction following the spiral 
groove on the disk 914. The length of living hinge 912 may 
therefore be adjusted by rotating disk 914. Furthermore, liv 
ing hinge 912 comprises a small stopper 912C at an opposite 
end of the living hinge 912. In one embodiment of the inven 
tion, the length of living hinge 912 is adjusted such that the 
space between stopper 912C and the diameter of conical disk 
906 is equal to 70% of the length of medicament units 804. 
This allows dispensing of only one medicament unit 804 
when groove 808 reaches the slot 906B. The stopper 912C 
pushes upwardly and tilts a pill contained at a radial, outer 
most portion of the groove 808 so that the pill falls out an exit 
aperture 913 and into outlet 210 (FIG. 2). Thus, as shown in 
FIG. 10, by adjusting the position of stopper 912C within the 
tray 100, the size of the exit aperture 913 may be adjusted so 
as to allow the dispensing of only one pill at a time. Stopper 
912C also prevents medicament units 804 from sliding down 
the living hinge 912 into outlet 210. It is appreciated that the 
accurate dispensing of only a single pill at a time allows for 
accurate counting, dispensing and monitoring of inventory of 
medicament units. 

0087 Snapping mechanism 906C further snaps into a 
threaded cap 916 and holds conical disk 906, disk 914 and 
threaded cap 916 together. The threads present on the outer 
surface of cap 916 engage with threads present on the inner 
Surface of casing 202. The entire assembly comprising coni 
cal disk 906, disk 914 and cap 916 may therefore be moved up 
or down by rotating cap 916. In one embodiment, the height 
of the entire assembly comprising conical disk 906, disk 914 
and cap 916 is adjusted such that the distance between conical 
disk 906 and conical disk 904 is equal to 50% of the height of 
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medicament units 41. A cap 918 snaps into cap 916 to provide 
hermetical sealing of tray 100. 
I0088. Idler gear 818 rotates on a cylinder 920, which is 
attached to a lower wall of casing 202. Furthermore, small 
cylinders 922 are present on the lower wall of casing 202 that 
fit into matching grooves (not shown) present on the lower 
surface of idler gear 818. When cylinders 922 engage in the 
grooves present on the lower surface of idler gear 818, idler 
gear 818 is locked and cannot rotate. In this way, the tray is 
“locked' when it is not positioned within a dispensing 
machine 106 So as to provide security against tampering and 
theft of medicaments stored in the tray. The drive gear 902D 
present in the tray 100, engages the gear teeth of idler gear 
818. As shown in FIG. 9, the gear teeth of idler gear 818 are 
configured at a specified angle so as to provide a lifting force 
when engaged by an external gear (not shown) provided by 
medicament dispensing machine 106. Thus, in addition to 
providing a rotating force to the idler gear 818, the external 
drive gear provides a lifting mechanism for idler gear 818. 
This lifting mechanism disengages idler gear 818 from the 
locking mechanism provided by cylinders 922, thereby 
allowing the idler gear 818 to engage and rotate the drive gear 
902D within the tray 100. In one embodiment, the idler gear 
818 is a helix gear, which is a well-known type of gear for 
providing a quiet rotational drive element. Thus, in one 
embodiment, the Smart tray of the present invention reduces 
operational noise and minimizes potential disturbance to 
nearby patients or caregivers. 
0089 FIG.10 illustrates a cross-sectional view of the sort 
ing and dispensing mechanism 800, in accordance with one 
embodiment of the invention. Cap 910 comprises an axial 
receptacle 910A (e.g., an Allenkey receptacle), which adjusts 
the height of cap 910. A similar receptacle, receptacle 904F is 
present at the center of conical disk 904 for adjusting the 
height of cap 904. Disk 914 comprises a spiral groove 914A 
and an axial receptacle 914B. The pin which extends down 
wardly from rectangular piece 912B of the living hinge 912 
fits in groove 914A, and as disk 914 is rotated, the pin is 
moved radially inwardly or outwardly. Receptacle 914B pro 
vides space for rotating disk 914 and therefore facilitates 
adjusting the length of living hinge 912. Cap 916 further 
comprises an axial receptacle 916A, which helps in rotating 
cap 916. Receptacle 916A therefore facilitates adjusting the 
height of conical disk 906. 
0090. In one embodiment, to accommodate high-speed 
adjustment of the Smart tray in accordance with the size and 
shape of the particular medicament units to be stored within 
the tray, all adjustments may be performed at one central 
location of the tray using only one engagement key. In order 
to adjust the levels of all components of the conical disk 
assembly, an engagement key (e.g., an Allen key or slot key) 
is inserted into the conical disc assembly through receptacle 
916A such that the key passes through receptacles or spaces 
916B,914B, 904F,904E and 910A. Firstly, adjustment of the 
height of cap 910 is made by rotating the engagement key in 
receptacle 910A. Subsequently, the engagement key is pulled 
away from receptacle 910A such that an end of the engage 
ment key is positioned within an empty space 904E. The 
engagement key is then aligned such that it may be pulled into 
and received by key receptacle 904F. Thereafter the engage 
ment key is rotated in receptacle 904F in order to adjust the 
height of conical disk 904. Once the height of conical disk 
904 is adjusted, the engagement key is realigned to receptacle 
914B and is pulled into receptacle 914B. The engagement key 
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is rotated in receptacle 914B to adjust the length of living 
hinge912. Subsequently the engagement key is pulled into an 
empty space 916B and rotated in empty space 916B so that it 
aligns with receptacle 916A. The engagement key is then 
pulled into receptacle 916A and the last adjustment is made 
by rotating the engagement key in receptacle 916A, in order 
to adjust the height of conical disk 906. 
0091 FIG. 11 is an exploded view of the medicaments 
dispensing tray 100, in accordance with one embodiment of 
the invention. The Sorting and dispensing mechanism 800 is 
positioned within casing 202 of the tray 100. Tray 100 further 
comprises an electromagnetic communication device 1102, 
which has a memory/data storage device and the ability to 
communicate data to other devices. Further details regarding 
the information that may be stored in the memory/data stor 
age device of electromagnetic communication device 1102 
are provided below with reference to FIGS. 17 and 18. It is 
understood that any type of Suitable data storage device or 
reprogrammable electron Valve device (e.g., any device 
capable of controlling the storage and flow of electrons) may 
be utilized to store information in accordance with the present 
invention. 
0092 Electromagnetic communication device 1102 is 
capable of electromagnetic communication with other 
devices such as RFID or smart card readers, infrared and/or 
other circuitry (not shown) within medicaments dispensing 
machine 106. Tray 100 may be located and identified using 
electromagnetic communication device 1102, for example, in 
a shelf in a pharmacy or during transportation. Electromag 
netic communication device 1102 further comprises an 
antenna 1102A for enhancing the communicating ability of 
tray 100. Many types of electromagnetic communication 
devices and corresponding readers are known in the art Such 
as RFID tags, smart cards, Infrared, Bluetooth devices, etc., 
and their corresponding readers. 
0093 Shutter 218 and shutter 220 that fit in bottom casing 
204 and top casing 206 respectively are also shown in FIG. 
11. Shutter 218 and shutter 220 are pressure or spring-loaded 
doors that cover opening 216 (FIG. 2). As discussed above, 
opening 216 is used for engagement of idler gear 818 with the 
drive gear inside medicaments dispensing machine 106. 
0094 FIG. 11 further shows a compressible medium, air 
bag or bellow 1104 (in its compressed state) that pushes 
medicament units 804 towards sorting and dispensing mecha 
nism 800. Further details regarding the air bellow 1104 are 
provided below with reference to FIGS. 13A and 13B. FIG. 
11 further shows threads 1105 on the bottom surface of casing 
202 that accommodates cap 916 (FIG. 9). It should be noted 
that threads 1105 present on the bottom surface of casing 202 
are inclined at a certain angle. In one embodiment of the 
invention, whereintray 100 is being used for dispensing small 
tablets, the axis of the conical disk assembly makes an angle 
of 10 degrees from the vertical. 
0095 Door 214 present at outlet 210 comprises a spring 
1106 that keeps door 214 closed when medicament unit 804 
is not being dispensed. When medicament unit 804 is being 
dispensed, projection 816 present on conical disk 904 (FIG. 
9) interacts with a projection 214A on door 214 to push open 
the door. Further, FIG. 11 shows chemical (e.g., oxygen) 
absorber canisters 1108 and desiccant canisters 1110 present 
inside tray 100. Chemical absorbers 1108 are typically in the 
form of bags or Sachets containing chemical compounds, the 
active ingredient of which is powdered iron oxide. For 
example, oxygen absorbers bring the oxygen level in tray 100 
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down to 0.01% or less. Such oxygen absorbers are well 
known in the art and are made available by vendors like 
SorbentSystemsTM. Oxygen absorbers 1108 and desiccants 
1110 are present under the depression 224 on the top surface 
of casing 202, as shown in FIG. 2. 
0096 FIG. 12A is the perspective view offiber-optic scan 
ner 812 comprising a C-shaped element 812A that fits on the 
periphery of conical disk 902 such that the peripheral gear 
902D (FIG. 9) freely rotates through the C-shaped element 
812A but adjusts the height of the element 812A when the 
height of the conical disk 902 is adjusted. Thus, when conical 
disk 902 is moved up or down, scanner 812 follows conical 
disk 902 in the vertical direction. Hence the position of scan 
ner 812 is maintained parallel to the periphery of the conical 
disk assembly. A pair of fiber optic cables 408E and 408R are 
attached to scanner 812. The other ends of fiber optic cables 
408E and 408R emerge at port 408P, discussed above with 
reference to FIG. 3. The light emitting and receiving surfaces 
(not shown) at the end of fiber optic cable 408E and 408R, 
respectively, face a reflecting surface 812B. Reflecting sur 
face 812B may be a high polish plastic or may include a thin 
coating of reflecting material. A beam of light is emitted 
through fiber optic cable 408E. This beam strikes on surface 
812B. The reflected light from 812B is received by fiber optic 
cable 408R. 

0097. Reflecting surface 812B is suspended on scanner 
812 by a two-point support. A spring mechanism 812C is 
present at the lower and upper points of the Support and holds 
reflecting surface 812B at a particular angle. When reflecting 
Surface 812B is rotated from its position, spring mechanism 
812C restores reflecting surface 812B to its original position. 
An arm 812D is attached to reflecting surface 812B such that 
when conical disk assembly 802 rotates to dispense medica 
ment unit 804, latch 814 interacts with arm 812D to rotate 
reflecting surface 812B. Once reflecting surface 812B is 
rotated, spring mechanism 812C restores reflecting Surface 
812B back to its original position. Hence every time medica 
ment unit 804 is dispensed, reflecting surface 812B sweeps a 
certain angle. This angle provides a wide field of view to fiber 
optic cable 408R and as the reflecting surface sweeps through 
the angle it provides a view of the entire groove 808 and the 
medicament units 804 present therein to fiber optic cable 
408R. In this way, the color, shape and/or size of medicament 
units 804 present in groove 808 can be identified by a sensor 
present in medicaments dispensing machine 106 that is con 
nected to port 408P. In a further embodiment, explained in 
greater detail below with reference to FIG. 15, an additional 
scanner can be positioned above a top Surface of the conical 
disk 802 to scana surface of a medicament unit 804 stored in 
radial groove 808. By providing this additional scanning per 
spective and associated Scan data, the method and system of 
the present invention provides more accurate identification of 
incorrect, counterfeit or tampered-with medicament units. 
0098. In one embodiment, appropriate processing cir 
cuitry and memory for storing comparative data and Software 
reside within the dispensing machine 106 for processing the 
optical data provided by fiber optic cable 408R, and compar 
ing the data to known optic parameters in order to make a 
decision as to the authenticity of the medicament units being 
dispensed. Such optical scanning and processing technolo 
gies are well known in the art. Furthermore, it is also under 
stood by those of ordinary skill in the art, that other types of 
machine readable devices and their corresponding reader 
may be utilized instead of the fiber optic cables and scanners 
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described above. For example, electromagnetic reading 
devices such as a charge-coupled device (CCD), or a CMOS 
optical array reading device, or an array of photo-diodes, or a 
Hall-effect device or other magnetic flux reading device may 
be utilized in the present invention. 
0099 FIG. 12B provides another perspective view of the 
fiber-optic scanner 812 and further shows a groove 812E 
present on scanner 812. Groove 812E engages on an internal 
wall present in casing 202 in order to retain and secure scan 
ner 812 in place. Another groove 812F is present on the back 
side of scanner 812 that engages another portion of an internal 
wall inside casing 202 So as to provide further Support and 
stability to the scanner 812 inside the tray 100. It is appreci 
ated that when the height of the scanner 812 is adjusted in 
accordance with the height of the conical disk 902, as 
described above, the grooves 812E and812F allow movement 
in the vertical (or height) direction but securely holds the 
scanner 812 in place in the horizontal or lateral direction. 
0100 FIG. 13A illustrates a top view of a pneumatic com 
pressive bellow 1104. In one embodiment of the invention, 
compressive bellow 1104 is an air bellow that is used for 
pushing medicament units 804 towards sorting and dispens 
ing mechanism 800 (FIGS. 8 and 9). The bellow 1104 com 
prises a front wall 1104A that covers the complete cross 
section of the medicaments storage section of tray 100. A wall 
1104A ensures that no medicament unit 804 goes under or 
above compressive bellow 1104. Compressive bellow 1104 
also comprises a series of buttons 1104B, formed in shape of 
Small spheres, which move linearly in embossments 222 as 
compressive below 1104 inflates or deflates. Embossments 
222 provide guiding rails to buttons 1104B so that bellow 
1104 is held in a correct position and alignment. 
0101 FIG. 13B illustrates a bottom view of the pneumatic 
compressive bellow 1104 and further shows a one-way valve 
712 present on the bottom surface of compressive bellow 
1104. Valve 712 provides an inlet for air into the bellow 1104. 
An opening to valve 712 is present on the lower surface of 
casing 202 (shown in FIG. 7). In a fully inflated state, com 
pressive below 1104 occupies the entire area of the storage 
compartment and thus allows complete dispensing of all 
medicament units 804 within the storage compartment. 
0102 FIGS. 14A and 14B are cross-sectional views of two 
embodiments of gear-toothed surfaces on 902A, present on 
the bottom surface conical disk 902, and gear-toothed surface 
904B, present on the top surface of conical disk 904 (shown in 
FIG. 8). The gear-toothed surfaces 902A and 904B engage 
each other to facilitate combined movement of conical disk 
902 and conical disk 904. 

0103 FIG. 14A shows a ratchet arrangement for engage 
ment of gear-toothed surface 902A with gear-toothed surface 
904B that is used in one embodiment of the invention. This 
ratchet arrangement locks conical disk 902 and conical disk 
904 such that they rotate together when rotated in a direction 
for dispensing medicament units 804, while allowing conical 
disk 902 and conical disk 904 to be rotated against each other 
in the other direction. In this way, as discussed above, the 
width of grooves 808 can be adjusted by rotating conical disk 
902 and conical disk 904 against each other. 
0104 FIG. 14B shows another embodiment of the engage 
ment mechanism between gear-toothed surface 902A and 
gear-toothed surface 904B. In this embodiment, gear-teeth of 
gear-toothed surface 902A and gear-toothed surface 904B are 
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modified Such that they engage into each other and lock 
conical disk 902 and conical disk 904 from rotating against 
each other in either direction. 

0105 FIG. 15 is a perspective view of fiber optic cables 
406, 408, 410 and 412 discussed above. A pair of fiber optic 
cables 406E and 406R is connected to port 406P on one end. 
The other end of fiber optic cables 406E and 406R face 
conical disk assembly 802 and acquires a top surface view of 
conical disk assembly 802. Fiber optic cable 406E is used to 
emit light on conical disk assembly 802 and fiber optic cable 
406R is used to receive reflected light from conical disk 
assembly 802. Fiber optic cables 406E and 406R communi 
cate information regarding the positioning of conical disk 
assembly 802. In one embodiment of the invention, conical 
disk assembly 802 carries markings on the top surface of 
conical disk assembly 802 (discussed in further detail below 
with reference to FIG. 16) which are identified by a sensor 
connected to port 406P. Sensors for receiving optical data 
from a fiber optic cable are well known. For example, Tri 
Color sensors manufactured by MAZeT GmbH, Germany, 
may be utilized. Additionally, light emitting devices for pro 
viding light to fiber optic emitter cables having molded or 
shaped optic lens at the end of each fiber optic cable are also 
well known. For example, Sony's RGB 3 Chip LED, model 
no. GM1 WA55360A, may be utilized in accordance with the 
present invention. 
0106 Inafurther embodiment, the fiber optic cables 406E 
and 406R can also be used to scan medicament units 804 
positioned within radial grooves 808 to assist in identifying 
color, shape and/or size of the medicament units stored 
therein. The cables 406E and 406R can alternatively or addi 
tionally be used to read one or more bar codes and/or mark 
ings present on each medicament unit 804. In this way, the 
method and system of the present invention further provides 
accurate detection of incorrector counterfeit medicaments or 
detects when medicament units have been tampered with. 
0107 Fiber optic cables 408E and 408R connect port 408P 
to Scanner 812 and communicate information Such as bar 
code information and/or the color, shape and/or size of medi 
cament units 804 being carried in grooves 808 of conical disk 
assembly 802. 
(0.108 Fiber optic cables 410E and 410R connect port 410P 
to a scanner 1501 present at outlet 210. Scanner 1501 com 
prises two reflector elements, 1502 and 1504. Fiber optic 
cable 410E emits light that is reflected by a curved and/or 
multi-faceted reflective surface 1506. In one embodiment, 
multiple facets (not shown) can be arranged along a curve or 
arc (as indicated by surface 1506) or, alternatively, along a 
straight line. The multiple facets divide an incident light beam 
into multiple reflected beams each traveling a different path 
toward a series of angular reflective surfaces 1506B. The 
beams reflect off the multiple angular reflective surfaces 
1506B and become incident on a series of corresponding 
angular reflective surfaces 1508B on reflective element 1504. 
The beams are then reflected off of the angular reflective 
surfaces 1508B and become incident on curved and/or multi 
faceted reflective surface 1508. In one embodiment, each 
facet of reflective surface 1506 has a different height to pro 
duce different light intensities or distributions. Alternatively 
or additionally, each of these facets could have a different 
reflective finish to produce different intensities. In contrast, in 
one embodiment, each facet of reflective surface 1508 is 
designed to maintain, as close as possible, the original beam 
intensities of the incident beams. 
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0109. In another embodiment, reflective surface 1506 
includes a holographic reflective surface with one or more 
facets for producing different intensities and guiding each 
light beam to a proper location. This scattered light is again 
reflected by the series of reflector surfaces 1506B present on 
reflector element 1502 towards a series of reflector surfaces 
1508B present on reflector element 1504. The holographic 
reflective surface 1506 scatters the light to bands of different 
intensities. For example, a band of light 1510 that is reflected 
towards the bottom most reflector surface 1506B on reflector 
element 1502 has maximum intensity. On the other hand, a 
band of light 1512 reflected towards the top most reflector 
surface 1506B present on reflector element 1502 has mini 
mum intensity. As indicated in FIG. 15, the band of light 
1510, which has maximum intensity is shown by a darker, 
wider dashed line. The band of light 1512, which has mini 
mum intensity is shown by a lighter, thinner dashed line. The 
bands of light reflected towards the series of reflectors 1508B 
present on reflector element 1504 are again reflected by the 
series of reflectors 1508B toward a holographic reflective 
surface 1508. In one embodiment, the holographic reflective 
surface 1508 is the minor image of the holographic reflective 
surface 1506 and converges the different bands of light and 
reflects it towards fiber optic cable 410R. In contrast to the 
holographic reflective surface 1506, however, the surface 
1508 is not designed to change the intensity of the incident 
light beams. In other words, the reflected beams are of the 
same, or nearly the same, intensity as the incident beams on 
the holographic reflective surface 1508. Holographic reflec 
tive surfaces are well-known in the art. In one embodiment, 
the holographic reflective surfaces can be an integral compo 
nent of the respective reflector elements 1502 and 1504, e.g., 
via plastic injection molding or laseretching, so as to form the 
reflective surfaces 1506 and 1508. In other embodiments, the 
holographic reflective surfaces can be attached, e.g. via glue 
or snapped on, to the surfaces 1506 and 1508. Alternatively, 
the holographic reflective surfaces can be sandwiched 
between a bottom surface of the tray casing 204 (FIG. 2) and 
respective underside surfaces of the elements 1506 and 1508, 
or other desired location on reflective 1502 and 1504. 

0110. When medicament unit 804 is being dispensed out 
of outlet 210, it cuts across the bands of light that travel from 
the series of reflective surfaces 1506B to the series of reflec 
tive surfaces 1508B. According to the size of the medicament 
unit, different number of bands would be cut across by medi 
cament unit 804 and therefore the intensity of light received 
by fiber optic cable 410R would depend on the size of medi 
cament unit 804. 

0111. A sensor in the medicaments dispensing machine 
106, connected to port 410P and coupled to the scanner 1501, 
detects medication properties and sends to the proper Smart 
tray 100 the information for the smart tray circuitry to count 
and update the number of medicament units being dispensed 
and/or that have been dispensed. This data also allows the 
smart tray 100 to calculate and compare the size of medica 
ment unit 804 being dispensed with data stored in its memory 
to further verify the authenticity of the medicament units 
being dispensed. Additionally, in further embodiments, the 
sensor is capable of determining if there are any problems 
with the dispensing of medicaments. For example, if more 
than one medicament unit is being dispensed each time or 
there is a jam at the dispensing outlet of the dispensing tray, 
the sensor, via scanner 1501, can detect these conditions. 
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0112 Fiber optic cable 412 connects port 412P to display 
244. In one embodiment, all display information, including 
colors and digits displayed by display 244, are sent by the 
medicaments dispensing machine 106 through port 412P and 
fiber optic cable 412. 
0113 FIG. 16 is an illustration of a main conical disk 
encoder layout, in accordance with one embodiment of the 
invention. Conical disk assembly 802 carries a marking pat 
tern 1602 on the top surface of conical disk assembly 802. 
Marking pattern 1602 may be imprinted, put on a label or may 
be made by injecting a colored Substance into the conical disk 
assembly 802 material. In one embodiment, markings 1602 
are preset in each section between grooves 808. Cables 406E 
and 406R are placed such that the end surfaces of cables 406E 
and 406R, away from port 406P face marking pattern 1602. 
Marking pattern 1602 comprises a marking 1602A at one end 
of the marking pattern 1602 and marking 1602B on the other 
end. For example, when the sensor connected to port 406P 
reads marking 1602A, the sensor identifies that the position of 
conical disk assembly is just after dispensing of medicament 
unit 804. When the sensor connected to port 406P reads 
marking 1602B, the sensor identifies that the position of 
conical disk assembly is just before dispensing of a medica 
ment unit 804. Furthermore, marking pattern 1602 comprises 
several markings 1602C. In one embodiment of the invention, 
markings 1602C are uniformly distributed such that when 
conical disk assembly 802 is rotating, the sensor connected to 
port 406P identifies the speed at which conical disk assembly 
is rotating. Marking pattern 1602 therefore allows the medi 
cament dispensing machine 106 to determine the motion and 
position of conical disk assembly 802, which further assists in 
determining any error or malfunctions during operation of 
tray 100. 
0114 FIGS. 17A, 17B. 17C and 17D provide exemplary 
layouts of various patient memory tables and microinstruc 
tions in accordance with one or more embodiments of the 
invention. FIG.17A shows exemplary data that may be stored 
in the wireless communication device 1102 and/or other 
memory present in a dispensing tray 100 for use by a patient. 
Table 1702 includes exemplary information typically pro 
vided in a non-encrypted format. This information includes 
inventory and tracking information for the use of a pharmacy 
or may be used for transportation of tray 100. This informa 
tion is available even when tray 100 is in a non-dispensing 
mode and provides automated shipping logistics fortray 100. 
This information also allows for automated tracking of tray 
100 when tray 100 is at a filling stage at a pharmacy or being 
shipped. Thus, in one embodiment, this information permits 
synchronization of commerce between distributors, mer 
chants, shipping logistic companies and end users. For 
example, after an end user receives a smart tray 100 and 
inserts it into a dispensing machine 106, the inventory and 
tracking information will be sent via an electronic communi 
cation network, coupled to the dispensing machine, to a phar 
macy, manufacturer and/or caregiver. In this way, all parties 
concerned can verify safe arrival of the Smart tray 100 to its 
intended destination and compliance with prescription refill 
protocols, etc. 
0115 Table 1704 represents exemplary data regarding 
tray logic functions that may be present in the electromag 
netic communication device 1102 and/or other memory. Data 
regarding tray logic functions include information Such as 
intended use of medicament units present in tray 100, the 
identity of authorized personnel that may dispense the medi 
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caments in the tray, etc. Table 1706 illustrates drug interac 
tions information. Table 1708 illustrates information regard 
ing the side effects of the drug contained in tray 100. Table 
1710 illustrates verification data for medicament units stored 
in tray 100 Such as dimensions, color, shape, size and other 
identification marks present on medicament units 804. This 
information is used for identifying authenticity of medica 
ment units 804 as discussed above. Table 1712 illustrates 
internet protocol (IP) information required for allowing tray 
100 to communicate via the Internet with other network 
devices. Table 1714 illustrates tray data functions such as date 
on which tray 100 was filled, prescription name, dosage, and 
other information. Table 1716 illustrates information regard 
ing vitamins and Supplement interactions of the drug present 
in tray 100. Table 1718 illustrates additional information 
regarding intake of the drug present in tray 100. For example, 
this information may include instructions such as the drug 
present in tray 100 should not be taken with milk. Table 1720 
illustrates that the electromagnetic communication device 
1102, for example, stores a three-dimensional (3-D), color 
picture of medicament unit 804. This allows a more compre 
hensive analysis of the entire pilland its dimensions and other 
characteristics. Table 1722 illustrates information regarding 
side-effect feedback templates. A medical practitioner can 
update this information. Table 1724 illustrates information 
regarding the expected vital signs of a patent when the drug or 
medicaments in tray 100 are used. Via password protection 
and/or other security techniques, the information illustrated 
in tables 1704, 1706, 1708, 1710, 1712, 1714, 1716, 1718, 
1720, 1722, and 1724 can be updated or changed by an 
authorized pharmacist or medical practitioner and cannot be 
changed by a user. 
0116 FIGS. 17B. 17C and 17D illustrate exemplary data 
pertaining to the users of tray 100 that is present in wireless 
communication device 1102 and/or other memory residing 
within the tray 100. In one embodiment, nonvolatile memory 
within wireless communication device 1102 may store infor 
mation for multiple users. For example, a tray may be used by 
a patient A and a patient B. Table 1726 illustrates personal 
information for patient A. Table 1728 illustrates information 
regarding allergies for patient A. Table 1730 illustrates infor 
mation regarding the medical condition of patient A. Table 
1732 illustrates personal information for the authorized medi 
cal practitioner who prescribes the medication or treatment to 
the patient. The medical practitioner is hereinafter referred to 
as the prescriber. 
0117 Table 1734 illustrates prescription insurance infor 
mation for patient A. This information can be directly com 
municated to the insurance agency and required insurance 
claims may be made automatically. Tables 1736, 1738, 1740, 
1742, and 1744 in FIG. 19C and FIG. 17D illustrate similar 
information for patient B as the information illustrated by 
tables 1736, 1728, 1730, 1732, and 1734 for patient A. 
Though only two exemplary users for tray 100 have been 
illustrated, several users may use tray 100 and wireless com 
munication device 1102 may contain information for several 
users. Table 1746 illustrates the drug store orpharmacy infor 
mation. Table 1748 illustrates payment information such as 
credit card information and address for delivery etc. Table 
1750 and 1752 illustrate contact information in case a patient 
misses a dosage of medication, in case of adverse side effects 
of a medicine or in case the patient needs help. This contact 
information is used in case of a non-emergency situation. This 
may include contact information for hospitals, ambulance 
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agencies, relatives, friends etc. Though only two tables for 
alarm contact information have been provided in FIG. 17E, 
wireless communication device 1102 may store contact infor 
mation for any number of people provided that enough 
memory resides within wireless communication device 1102. 
0118 Tables 1754 and 1756 illustrate emergency contact 
information. This information includes contact details for the 
prescriber, hospitals, ambulance agencies etc., which are 
required to be contacted in case of an emergency. Though 
only two tables for alarm contact information have been pro 
vided in FIG. 17E, wireless communication device 1102 may 
store contact information for several people. Tables 1758 and 
1760 illustrate biometric information for the users of tray 100. 
Biometric information may include thumbprints, Voice rec 
ognition information and retina identification information. 
This information is used to identify the rightful user of tray 
100. The medicaments dispensing machine 106 may check 
for one or more of these biometric information to identify the 
user before dispensing a medicament unit. Wireless commu 
nication device 1102 may include biometric information for 
multiple users. 
0119. In one embodiment, the information illustrated in 
tables 1704,1706, 1708, 1710, 1712, 1714, 1716, 1718, 1720, 
1722, 1724, 1726, 1728, 1730, 1732, 1734, 1736, 1738, 1740, 
1742, 1744, 1746, 1748, 1750, 1752, 1754, 1756, 1758, and 
1760 is in an encrypted format. This information is available 
only when tray 100 is in a dispensing mode, i.e., when tray 
100 is inserted in the medicaments dispensing machine. Fur 
ther, this information is revealed only when the authenticity 
of a user has been verified. 
0.120. The information illustrated in tables 1726, 1728, 
1730, 1732, 1734, 1736, 1738, 1740, 1742, 1744, 1746, 1748, 
1750, 1752, 1754, 1756, 1758, and 1760 may be changes or 
updated by a patient or a care giver. The patient or the car 
egiver may change this information through phone, Internet 
browser, fax, email, pager or other means. 
I0121 FIGS. 18A, 18B, and 18C illustrate exemplary lay 
outs of a healthcare professional memory table. FIG. 18A 
shows exemplary data that may be stored in a wireless com 
munication device 1102 and/or other memory present in a 
dispensing tray that is used for professional healthcare by a 
caregiver. Tray 100 may be used for professional healthcare in 
places like hospitals, clinics, a nursing home, a medical prac 
titioner's office, or a pharmacy. Table 1802 includes informa 
tion present in a non-encrypted format. This information 
includes inventory and tracking information for use by a 
pharmacy or during transportation of tray 100. This informa 
tion is available even when tray 100 is in a non-dispensing 
mode. This information provides automated shipping logis 
tics for tray 100 and also provides an automated tracking 
system for tray 100 when tray 100 is at filling stage, at a 
pharmacy or being shipped. 
0.122 Table 1804 represents exemplary data regarding 
tray login functions that may be present in wireless commu 
nication device 1102. Data regarding tray logic functions 
include information Such as intended use of medicament units 
present in tray 100. Table 1806 illustrates drug interactions 
information. Table 1808 illustrates information regarding the 
side effects of the drug contained in tray 100. Table 1810 
illustrates verification data for medicament units stored in 
tray 100 Such as dimensions, color, shape, size and other 
identification marks present on medicament units 804. This 
information is used for identifying authenticity of medica 
ment units 804. Table 1812 illustrates Internet protocol (IP) 
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information required for tray 100 to communication via the 
Internet with other network devices. Table 1814 illustrates 
tray data functions. Tray data functions include information 
such as date on which tray 100 was filled, prescription name, 
dosage, and other information. Table 1816 illustrates infor 
mation regarding vitamins and Supplement interactions of the 
drug present in tray 100. Table 1818 illustrates additional 
information regarding intake of the drug present in tray 100. 
For example, this information may include instructions such 
as the drug present in tray 100 should not be taken with milk. 
Table 1820 illustrates that wireless communication device 
1102 stores a 3-dimensional, color picture of medicament 
unit 804. Table 1822 illustrates information regarding side 
effect feedback templates. A medical practitioner can update 
this information. The medical practitioner can update this 
information using phone, Internet browser, fax, email, pager 
or other means. Table 1824 illustrates information regarding 
the pharmacology data for the drug or medicaments in tray 
1OO. 

0123. In one embodiment, the information illustrated in 
tables 1804, 1806, 1808, 1810, 1812, 1814, 1816, 1818, 1820, 
1822, and 1824 can be updated or changed by an authorized 
pharmacist or medical practitioner and cannot be changed by 
a user. Much of the information not pertaining to dosages and 
medication type prescribed can be updated automatically by 
the main server to insure security and safety to the end patient. 
For example, FDA recalls, side effect templates, instructions 
how to take a medication, health insurance policy changes, to 
name a few, can be automatically updated with the latest 
available information If, for example, an insurance company 
decides to no longer pay for aparticular brand medication, the 
end user and/or the caregivers can be promptly notified. 
0.124 FIGS. 18A and 18B illustrate exemplary data per 
taining to the prescriber and the operators of tray 100 that is 
present in wireless communication device 1102. Table 1826 
and 1828 illustrate the personal information of the prescribers 
for the medicaments in tray 100. Though information for only 
two prescribers has been illustrated in FIG. 18B, wireless 
communication device 1102 may store personal information 
for a multiple prescribers, depending on its memory capacity 
and/or the capacity of other memory residing inside the tray 
100. As discussed above, any suitable form of programmable 
memory or data storage device may be used in the present 
invention. Table 1830 illustrates information regarding 
acceptance of payment for the medicaments. For example, 
this information includes mode of payment Such as credit 
card, check or cash. Table 1832 illustrates information 
regarding approval of the prescription by insurance company. 
Table 1834 illustrates contact information for the drug store 
orpharmacy that has provided tray 100. Tables 1836 and 1838 
illustrate the information regarding the insurance for the 
medication, including the prescription insurance form. 
Though only two tables representing prescription insurance 
forms and information have been provided, wireless commu 
nication device 1102 may include information for multiple 
prescription insurance forms and information. Tables 1840 
and 1842 illustrate biometric information for the operators of 
tray 100. Biometric information may include thumbprints, 
Voice recognition information and retina identification infor 
mation. This information is used to identify the rightful user 
of tray 100. The medicaments dispensing machine may check 
for one or more of these biometric information to identify the 
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user before dispensing a medicament unit. Wireless commu 
nication device 1102 may include multiple biometric infor 
mation for multiple users. 
0.125. At each stage of transit and operation of each tray 
100, wireless communication device readers (e.g., those com 
parable to RFID tag and/or “smartcard readers) are provided 
at desired locations during transit, at pharmacies, at hospitals 
and within automatic medicament dispensing machines Such 
that information stored within the memory of the wireless 
communication devices may be accessed, read and or 
changed for each tray. In this way, a secure, intelligent and 
automated process of tracking and dispensing medicaments is 
provided by the present invention. In one embodiment, the 
wireless communication device readers are communicatively 
coupled or networked to other readers and network devices 
(e.g., computers, servers, etc.) Such that information pertain 
ing to many trays at various locations may be tracked, 
accessed and stored at various locations where a communi 
catively coupled network device resides. 
0.126 Inafurther embodiment, when a tray 100 is inserted 
into a medicament dispensing machine 106, all necessary 
information contained in the wireless communication device 
1102 within the tray 100 is automatically shared by serial 
circuitry (not shown) within the dispensing machine 106. In 
other words, the circuitry within the dispensing machine 106 
can access the memory within the smart tray 100, thereby 
increasing the amount of memory useable by the dispensing 
machine 106. Conversely, circuitry within the smart tray 100 
can access one or memories within the dispensing machine 
106 to process and/or store data contained therein. In alter 
native or additional embodiments, data may be downloaded 
or uploaded between the memories contained in the Smart 
tray 106 and the dispensing machine 100 for processing and/ 
or storage. The dispensing machine 106 thereafter uses this 
information to monitor and control access to medicaments 
stored within that tray 100. In this fashion, a sort of “plug and 
play functionality is provided for medicament dispensing 
trays 100, which requires a minimum amount of manual 
operations by a human. 
I0127 FIG. 19 is the block diagram of a custom integrated 
circuit (IC) including known RFID technologies and micro 
circuitry. The unit is comprised of four sections: 1900, 1905, 
1910 and 1915. Section 1900 provides contacts to an external 
antenna (e.g., an inductor coil) which may be located on an 
external printed circuit board on which the custom IC is 
placed. 
I0128 Section 1905 is the electromagnetic transmitter and 
receiver decoding section for transmitting, receiving, encod 
ing and decoding data/information. In one embodiment, sec 
tion 1905 operates in accordance with standard RFID tag 
communication protocols, which use a standard 13.68 mega 
hertz frequency to transmit and receive data. As is known to 
those of ordinary skill in the art, current RFID communica 
tion protocols implement "anti-collision' routines and tech 
niques which permit multiple RFID tags within a given proX 
imity to operate simultaneously and communicate with 
external devices without interfering with each other. As is 
shown in section 1905, an Anti-Collision Command Control 
ler is provided to provide anti-collision functionality to the 
Smart tray. Because multiple Smart trays can simultaneously 
(or near-simultaneously in an interleaving fashion) commu 
nicate with an external device (e.g., a RFID tag reader), inven 
tory control and/or tracking of multiple Smart trays during 
transit can be simplified. Section 1905 can comprise well 
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known transceiver circuitry and/or components for transmit 
ting and receiving data. In one embodiment, as shown in FIG. 
19, section 1905 includes standard components such as a 
time-slot generator, time slot counter, a data encoder, a CRC/ 
Parity Generator and Checker, a demodulator, a PPM 
Decoder, a Command Decoder, a Fast Mode Oscillator, a 
modulator, clock generator, power-on-reset circuit, a detun 
ing circuit and a Voltage regulator. All of these components 
are standard components that are well known in the art and, 
therefore, a discussion of their operation and functionality is 
omitted herein. It is understood, however, that the circuit 
architectures and components illustrated and described 
herein are exemplary only and that other circuit architectures, 
devices and components may be designed and implemented 
by those of ordinary skill in the art to perform the functions 
described herein, without undue experimentation. 
0129. Section 1910 comprises a memory array and logic 
section, which includes a reprogrammable electron valve 
array for storing data, programs and encryption data, status 
registers, and a programmable logic array and interface for 
executing desired logical functions or operations. Such 
devices and components are also well known in the art. 
0130 Section 1915 is the Input/Output section which pro 
vides an interface and contact terminals or pins for commu 
nicatively coupling a Smart tray to a dispensing machine or 
other desired external device (e.g., an inventory tracking or 
medicament loading machine). The Input/Output section 
1915 includes pins 1920 which provides contacts for an 
optional external battery (not shown). Standard RFID tags 
normally operate without any battery power but instead 
receive their power from an external electromagnetic field 
provided by an external reader device. This may pose a prob 
lem, however, if RFID tags are used in hospitals, military 
bases, etc., where other equipment that is sensitive to electro 
magnetic radiation may be located. In Such environments, it 
may be desirable to limit the level of electromagnetic radia 
tion. Therefore, having an optional battery power Supply 
allows the operation of RFID tags or circuits in these loca 
tions without using electromagnetic fields to power the RFID 
tags/circuits. 
0131) A direct communication path can be established 
between a Smart tray and a dispensing machine via serial 
input and output pins, 1955 and 1950, respectively. In one 
embodiment, the serial input and/or output pin 1955 and 
1950, respectively, can provide power as well as data to the 
smart tray 100. Pins 1930, 1935, 1940 and 1945 are provided 
for future expansion or different functions of the smart tray 
circuitry. Pin 1960 provides an output contact directly to an 
LED which can be used to provide visual alerts to persons 
who are adding and removing trays so they have additional 
information rather than just a written label on the Smart tray to 
make sure that they are dealing with the correct tray. For 
example, circuitry within the tray can send a signal to the LED 
so that it provides ared light, for example, if it is in inventory 
mode waiting to placed into a dispensing machine 106. In this 
way, a person retrieving a tray to be inserted into a dispensing 
machine is informed of which tray is the correct tray. 
(0132 FIGS. 20A-20E illustrate flowcharts of various 
functions implemented by the programmable logic array of 
section 1910 (FIG. 19), in accordance with one or more 
embodiments of the invention. It is understood, however, that 
other known processing circuitry (e.g., a microprocessor, 
ASIC, etc.) may perform these functions via software and/or 
firmware residing within an internal memory of the Smart 
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tray. The flowcharts are divided into one main program or 
routine and four Subroutines, in accordance with one embodi 
ment of the invention. FIG. 20A (starting at 20000A) is the 
main program. FIGS. 20B and 20G (starting at 20245B) illus 
trate an In Dispenser Subroutine when the smart tray is 
inserted into a dispensing machine. FIG. 20D (starting at 
20095D) is a Re Order Subroutine when a smart tray is 
empty or near-empty, or before it is discarded. FIG. 20E 
(starting at 20190E) is a Discarded Stray Subroutine when a 
tray is either empty or removed from the dispensing equip 
ment. Smart tray 
I0133) Referring to FIG. 20A, at step 20000A, electronic 
circuitry within the smart tray is powered up. In preferred 
embodiments, this occurs either: (a) when the Tray is placed 
into the dispenser and is activated by signals and/or power 
supplied by the dispenser, or (b) when the Tray is placed 
within proximity of an external device that provides an elec 
tromagnetic field to energize circuitry (e.g., RFID circuitry) 
within the Tray, or (c) by using a battery to power the internal 
circuitry of the tray. 
I0134. The main program starts at step 20005A which first 
determines whether the tray is in “disk drive mode.” In one 
embodiment, it makes this determination at step 20005A by 
checking whether a pin on the IC chip within the smart tray is 
set to low or a designated bit in a status register is set. If the 
designated pin or register bit is set, at step 20010A, the smart 
tray is placed in disk drive mode. The disk drive mode is the 
mode wherein the Smart tray is ready to provide requested 
data stored in its memory array and store data received from 
an external device (e.g., a medicament loading machine) in its 
memory array. At step 20015A, the program periodically 
checks the status of the designated pin orbit and determines 
whether the tray should still be in disk drive mode. If the 
status of the pin orbit has changed, the process returns to step 
2OOOSA. 

I0135) Ifat step 20005A, it is determined that the desig 
nated pin or register bit is not set to low (or alternatively to 
high), then at step 20020A, the smart tray determines whether 
it is in a loading mode. In one embodiment, this determination 
is made by checking whether the Voltage on the designated 
pin is set to high or the designated bit in the status register is 
set to high. Alternatively, a different pin and/or register bit 
from that discussed above can be used to make this determi 
nation. If it is determined that the Smart tray has been inserted 
into medicament loading equipment, the tray is then ready to 
receive medicaments from the loading equipment. While the 
tray is being filled with medicaments (e.g., pills), at Step 
20025A, the tray is set to disk drive mode so that the loading 
equipment can communicate with the tray. In one embodi 
ment, the disk drive mode places the tray into a direct memory 
access (DMA) mode for faster reading and writing of infor 
mation from and to memory within the tray. Various DMA 
schemes and protocols are known in the art. For example, 
information Such as quantity and type of pill, designated 
patient information, transit information, may be communi 
cated between the loading equipment and the tray. The load 
ing equipment receives all necessary and/or desired informa 
tion from memory within the tray. Conversely, the tray 
receives and stores all pertinent information from the loading 
equipment. Thus, by utilizing DMA protocols, the tray can 
facilitate high speed loading of medicaments into the Smart 
tray 100 and reduce medicament filling time and costs. At step 
20030A, the tray determines if it is still coupled to the loading 
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equipment. If not, loading of medicaments has been com 
pleted and the process returns to step 20005A. 
0136. At step 20035A, the smart detects if it has been 
loaded into medicament dispensing equipment (e.g., a medi 
cament dispensing machine 106 (FIG. 1A)). If the tray is in a 
dispensing machine, at step 20040A, the program calls an 
In Dispenser Subroutine, described in further detail below 
with reference to FIG. 19D. After the In Dispenser Subrou 
tine has been completed, the main program returns to step 
1900SA. 

0137. At step 20045A, the smart tray determines if it is in 
a transit or shipping mode. Again, appropriate pins and/or 
status register bits may be set to control and determine 
whether the tray is in this mode. If it is in the shipping mode 
(“yes”), the program proceeds to step 20050A, wherein non 
encrypted data is transmitted and received between the smart 
tray and shipping/tracking equipment (e.g., a RFID reader 
device) (not shown). The nonencrypted data can include data 
Such as manufacturer, lot number, number and type of pills, 
etc. that is not confidential health data. Each tray, among 
multiple trays in a single RF communication Zone, can be 
detected using the standard of 13.68 megahertz in that Zone. 
This allows various members of the supply and distribution 
chain including the manufacturer, carrier, distributor and 
retailer to access that information from a RFID tag or circuitry 
within each tray and to synchronize and speed up the move 
ment and tracking of each tray from the manufacturer to the 
end-user. At step 20055A, the program determines if all 
required or requested data has been transmitted to the ship 
ping/tracking equipment. If so, the process returns to step 
2OOOSA. 

0.138. At step 20060A, the smart tray determines if it is in 
an inventory mode. In one embodiment, a status register bit is 
set by a signal from a external device (e.g., a RFID tag reader) 
to place the tray in inventory mode. Inventory mode accom 
modates situations where the pharmacist or distributor knows 
that there will be a continuing demand fortrays containing a 
standard number of a specified pill. For example, many dia 
betics need to take two pills each day so there will be a 
continuing demand fortrays loaded with 60 pills to provide a 
30 day Supply. Those trays would be prepackaged and main 
tained in inventory at the pharmacist or other distributor. If the 
tray is in Inventory Mode and activated by a standard RFID 
reader device (e.g., via an electromagnetic field emitted by 
the reader), at step 20065A, a strobe light or LED attached to 
an external surface of the tray is turned on for a predetermined 
length of time in order to facilitate identification of the tray 
and ensure that a person looking for the inventory retrieves 
the right inventory. In one embodiment, the “time out of the 
strobe LED circuitry is adjustable and is set to provide a 25 
second lead time, for example. At step 20070A, the program 
determines if the “time out period has expired and/or 
whether all desired inventory data has been transmitted to a 
reader device. If yes, the program returns to step 20005A. 
0.139. At step 20085A, the program stores all error codes 
corresponding to errors that occurred during any of the opera 
tions described above. For example, if information transmit 
ted or received by the Smart tray is corrupted, or the tray is not 
functioning properly, or was not loaded properly into a dis 
pensing machine, or the color of the pill does not match an 
indicated color, or any other predefined condition occurs, 
Such condition can be designated to generate a pre-specified 
error code. If an error was detected, then at step 20085A the 
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program identifies a proper error code and stores the error 
code in memory within the tray. The program then returns to 
step 20005A. 
0140. In one embodiment, as described below with refer 
ence to FIG. 20B, any error codes stored within memory of 
the tray are handled at the time the tray is inserted into a 
dispensing machine. However, it is understood that in other 
embodiments, such errors may be addressed when the tray is 
in a loading machine or communicatively coupled to an exter 
nal device (e.g., an RFID reader). 
0141 FIG. 20B illustrates a flow chart for the In Dis 
penser Subroutine called at step 20040A (FIG. 20A), in 
accordance with one embodiment of the invention. At step 
20250B, it is determined whether the tray was previously 
inserted and removed from the dispenser. It is important to 
determine if the tray has been aborted or recalled due to 
cancellation of medication, malfunctioning of the tray, or any 
other reason. If so, the tray should not be reinstalled into the 
dispenser without proper authorization and precautions. 
0142. If the tray had not previously been in a dispenser 
machine (“no” at 20250B), then at step 20255B, the subrou 
tine determines if the tray has been designated for the dis 
penser into which it is being inserted. If the tray belongs to the 
particular dispenser into which it is being inserted. (“yes” at 
20255B), the subroutine jumps to point S1, which is the 
beginning of the subroutine illustrated in FIG.20C. 
0.143 If the tray does not belong to the dispenser into 
which it is being inserted, (“no” at 20255B), at step 20260B, 
an email and/or page is sent to an appropriate pharmacist or 
caregiver to alert that person. As described above, in one 
embodiment, the dispenser is connected to a main server via 
a computer network. Via this connection and appropriate 
Software residing within the dispenser and main server, an 
e-mail and/or page can be sent to a designated pharmacist 
and/or caregiver to alert them that the tray is being inserted 
into the wrong dispenser. In one embodiment, the dispenser 
ortray itselfcan display a warning, either via it's optic display 
on the tray or a display screen coupled to the dispenser, for 
example, to inform the person inserting the tray into the 
dispenser that the tray is not authorized for this particular 
dispenser. If the tray is still inserted after this warning, an 
email and/or page can then sent to appropriate personnel. 
0144. At step 20265B, an error code number correspond 
ing to the tray being inserted into an unauthorized dispenser is 
determined and a warning or instruction is provided on a 
display of the dispenser to not insert or remove the Smart tray 
from the dispenser. At step 20270B, data concerning this error 
is uploaded to the main server coupled to the dispenser via a 
computer network or electromagnetic communication net 
work. At step 20275B, the tray is disabled so that no medica 
tion can be dispensed or information transferred from the tray. 
In one embodiment, the error code stored in the tray will 
prevent the dispenser from engaging the tray and/or commu 
nicating with the tray. This is one of the many safety features 
of the tray and overall system. 
(0145 Going back to step 20250B, if the tray had previ 
ously been in the dispenser (“yes” at 20250B), the subroutine 
proceeds to step 20285B to determine if there was a previous 
error associated with the tray. If there was an error (“yes” at 
20285B), at step 20290B, all the information in the tray is 
shared with the dispenser. If there was no error (“no” at 
20285B), there is no need to share that information from the 
tray to the dispenser because it is already there. 
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0146. At step 20295B, the process determines if the data in 
the tray is older than 6 hours, for example. It is desirable to 
ensure that all data is current and that there has not been some 
recent change Such as a change in the prescription dosage, 
discontinuation of the medication due to side effects, interac 
tion with other medications, FDA recall, etc. To make sure 
that the information is always current, in one embodiment, 
information is downloaded every 6 hours from the main 
server. This time period is adjustable depending on the 
desired frequency of checking for updates. 
0147 If the data is older than 6 hours (“yes” at 20295B), at 
step 20300B, a communication link is established between 
the dispenser and the main server in order to download all 
microinstructions and other desired data to be inserted in the 
tray. If the data is not older than 6 hours (“no” at 20295B), 
then the process proceeds to step 20305B, which determines 
if the dispenser is downloading data to the tray. If the dis 
penser is downloading data (“yes” at 20305B), then as soon as 
that downloading is completed, at step 20310B, a service 
dispenser request is initiated wherein the dispenser verifies 
that all the sensors and the engagement and sorting mecha 
nisms of the Smart tray are functioning properly. After that 
check or if the dispenser was not downloading any data ('no' 
at 20305B), the process proceeds to step 20315B which per 
forms a maintenance check on the Smart tray. This mainte 
nance check can be more comprehensive than the service 
request described above and can check Such things as how old 
the tray is, how old the pills are, whether there have been any 
status change regarding the pills (e.g., a recall) or the patients 
designated to receive the medication, etc. Thus, the dispenser 
is capable of performing a totally automatic maintenance 
verification of the Smart tray. 
0148. At step 20320B, the program determines if there is a 
Smart tray maintenance problem. If the answer is “yes” and 
there is a maintenance problem, an error code corresponding 
to the problem is identified and stored. This error code is then 
uploaded to the main server. This enables the automatic and 
immediate scheduling of service calls without intervention of 
any person because the system can automatically generate an 
alert describing the problem, the location of the equipment 
and the contact persons at the end user that need to be notified. 
0149 Next, at step 20330B, the program determines if the 
Smart tray is in dispensing mode. If it is in dispensing mode 
(“yes” at 20330B), at step 20335B, all instructions including 
any voice and text data to tell the end user how to take the 
medication is shared from the tray to the dispenser. In one 
embodiment, also shared are side effect voice templates to 
inform the patient of side effects. Alternatively, text and 
graphics may be provided to a display coupled to the dis 
penser to inform the patient of side effects or other desired 
information. In one embodiment, for hearing impaired 
patients, the dispenser also includes a vibrator and Voice 
recognition Software to convert Voice data into text that may 
be displayed on the display screen. For example, blind or deaf 
patients may be able to receive signals from the dispenser 
based on predefined and distinct vibration patterns. Such 
vibrators are well known in the art and are used in cellphones, 
for example. 
0150. At step 20340B, the tray also shares with the dis 
penser quality control data such as drug interaction data to 
Verify no adverse reactions with drugs contained in other 
Smart trays in the dispenser. This interaction data may further 
include information pertaining to interaction with certain 
foods, vitamins or herbal remedies that would be detrimental 
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to the patient. At step 20345B, the Smart tray receives from the 
dispenser any inventory updates and side effect data with a 
date stamp. Thus, there is a two-way communication protocol 
established between the Smart tray and the dispensing equip 
ment such that both the tray and the dispensing equipment 
have the most up-to-date information. 
0151. At step 20350B, the program asks if the smart tray is 
being returned for credit. If yes, at step 20355B, the main 
server is updated with the information that there is a request 
for credit for the tray and all operations of the tray are stopped 
and/or the tray is disabled. So the tray can be removed and the 
inventory information in the tray will be accurate since it 
cannot dispense anymore. This provides accurate inventory 
control. 
0152. At step 20360B, the program determines if reorder 
ing has been completed for medicaments contained in the 
tray. If the answer is “yes”, the subroutine ends at step 
20375B and returns to the main program (FIG. 20A). If the 
answer is “no at step 20365B, the subroutine determines if 
the inventory in the tray is equal or below a specified reorder 
level. That reorder level will depend upon the number of pills 
to be taken each day, the expected lead time to get the new tray 
delivered to the end user and some additional time to provide 
a margin of safety. 
0153. If the inventory level in the tray is greater than the 
specified reorder level (“no” at 20365B), the subroutine ends 
at step 20375B and returns to the main program (FIG. 20A). 
If the inventory level in the tray is less than or equal to the 
specified reorder level (“yes” at 20365B), at step 20370B, the 
Re Order Subroutine is called. As described in further detail 
below with respect to FIG. 20D, this will cause dispenser to 
send a re-order request to the main server. After completing 
the Re Order Subroutine, the In Dispenser subroutine ends 
at step 20375B. 
0154 FIG.20C is a continuation of the In Dispenser Sub 
routine that begins in FIG.20B. At step 20255B (FIG. 2B) if 
the tray is determined to belong to the dispenser, then there is 
a call to subroutine 51, which deals with the situation when 
the tray was not previously in a dispenser and is now placed 
into a proper dispenser. As shown in FIG.20C, the subroutine 
S1 begins at step 20380C, which determines if the tray was 
previously discarded. If it was previously discarded (“yes” at 
20380C), at step 20385C, an appropriate error code is set and 
an error message is displayed to an appropriate end user. At 
step 20390C, data pertaining to the error is uploaded to the 
dispenser and ultimately to the main server. At step 20395C, 
all further operations pertaining to the discarded tray are 
stopped and/or the tray is disabled. 
0155 If the tray was not previously discarded (“no” at 
20380C), at step 20400C, it is determined whether the tray is 
being removed from the dispenser. If yes, then at Step 
20397C, the Discarded Stray Subroutine is called. This sub 
routine is described in further detail below with reference to 
FIG. 20E. If the tray is not being removed from the dispenser 
(“no” at 20396C), than step 20400C determines if all neces 
sary data and microinstructions were loaded into the Smart 
tray memory when it was loaded with the medications. If the 
data and microinstructions were not loaded (“no” at 20400C), 
at step 20405B, a communications link is established between 
the dispenser and the main server and all the necessary data 
and microinstructions are downloaded from the main server 
to the dispenser and to the tray. The main server knows which 
data and microinstructions to send by a unique identification 
code associated with the Smart tray. This unique identification 
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code may be stored in a memory within the Smart tray or 
provided on an external surface or label affixed to the smart 
tray in a human and/or machine readable format. Thus, even 
if desired data is not stored in the Smart tray, an external 
device (e.g., a dispensing machine, a loading machine, or 
reader at a pharmacy) may be able to retrieve the data from a 
server computer via an electronic communication network 
based on the unique identification code. Such data can 
include, for example, all medical data pertaining to the medi 
caments and patients, quality control data, microinstructions 
for dispensing equipment etc. 
0156. At step 20410C, the program determines if the data 

is older than 6 hours. This step and the following step 20415C 
function the same as steps 20295B and 20300B, respectively, 
described above with respect to FIG.20B. 
(O157 At step 20420C, the process determines whether the 
dispenser is a commercial dispenser or not. A commercial 
dispenser would be a dispenser used in a physician's office, 
pharmacy or other location where the dispenser is dispensing 
medications into a bottle that will be given to the patient. A 
noncommercial dispenser is one that will be used directly by 
the patient or caregiver to manage the medication regimen of 
the patient. If this dispenser is a commercial dispenser (“yes” 
at 20420C), then the subroutine proceeds directly to step 
20445C (discussed below). 
0158 If this dispenser is not a commercial dispenser (“no' 
at 20420C), then at step 20425C, the subroutine determines if 
there is any drug interaction with medications in the other 
Smart trays in the dispenser. If there are no drug interactions 
with the medications in the other Smart trays in the dispenser 
(“no” at 20425C), the process proceeds directly to step 
20445C (discussed below). 
0159. If there is a drug interaction with a medication in 
another smart tray in the dispenser (“yes” at 20425C), at step 
20430C, a corresponding error code is generated and stored in 
the smart tray. Additionally, the error code information is sent 
to the dispenser for display on the display of the dispenser for 
the end user to see. At step 20435C, the error code informa 
tion is also uploaded to the main server so that proper action 
can be taken by an employee or administrator of the overall 
system. Next, at step 20440C, all operations pertaining to the 
tray are halted and/or the tray is disabled such that it can no 
longer dispense medicaments. At this point, the dispenser can 
wait for instructions from the main server or a designated 
doctor, caregiver or other official. For example, an authorized 
physician at the dispenser site can enteran appropriate autho 
rization code and thereafter enable the tray and/or dispenser 
to dispense medicines and remove or update the error code 
information. It is appreciated that many different scenarios, 
criteria and methods of disabling and enabling the tray and/or 
dispenser are possible and could be readily implemented by 
those of ordinary skill in the art, without undue experimen 
tation. 

0160. At step 20445C, the subroutine decrypts all infor 
mation and shares all necessary data and microinstructions 
from the tray to the dispenser. It is appreciated that the encryp 
tion and decryption of information performed by the present 
invention allows for compliance with Health Insurance Port 
ability and Accountability Act (HIPAA) privacy laws. Thus, 
the dispenser is automatically provided with all necessary 
information concerning the operation and quality control of 
the tray. 
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0.161. At step 20450C, the dispenser communicates with 
the main server and tells it that the smart tray has been 
received and has been installed and is functioning properly. 
0162. At step 20455C, the subroutine sets all proper vari 
ables in the Smart tray for error flags, alarms, and other 
instruction parameters and direction of process flow param 
eters depending on particular error codes as may be designed 
by a programmer for a particular application. For example, an 
FDA recall may trigger a certain error code resulting in a 
pre-specified process flow. 
0163 At step 20460C, subroutine S1 ends and returns to 
the main program (FIG. 20A) at step 20005A. 
(0164 FIG. 20D illustrates a flow chart for the Reorder 
Subroutine called at step 20370B (FIG. 20B), in accordance 
with one embodiment of the invention. If the inventory in the 
Tray goes below a predetermined number of pills, the tray or 
dispenser will automatically send a reorder request to the 
main server. Of course, the main server is programmed to 
alert an appropriate person (e.g., send an automatic email, 
provide a message on a display, etc.) So as to ultimately 
communicate to a designated pharmacist or medicine dis 
tributor that a new tray is being requested. The main server 
can also facilitate making arrangements for payment. 
0.165 Because there can be errors in communications with 
the main server, at step 20100D, a permitted number of com 
munication retries is set and initiated (as necessary) to accom 
modate such possible communication errors. In one embodi 
ment, up to 8 retries are performed before the communication 
is terminated and it is reported as an alarm back to the dis 
pensing machine. At step 20105D, the subroutine determines 
if the communication try was the last one. If it was the last try 
and it failed, at step 20110D, an error code is set and stored in 
the tray and a corresponding message is displayed on the 
dispenser's display. The subroutine then ends at step 20115D 
and returns to the main program (FIG. 20A). 
(0166 In addition to the number of tries, a “time out” timer 
is also set to control the length of time required for each try to 
establish a connection with the main server. This “time out 
timer is set/reset at step 20120D. If a connection with the main 
server is established, at step 20125D, the tray or dispenser 
reorders the appropriate prescription(s). At step 20130D, it is 
determined if the order was acknowledged by the pharmacy 
or distributor with which the order was placed at 20125B. If it 
was acknowledged (“yes”), at step 20135D, the main server 
assists in processing the order, making payments and sending 
notification of the processed order and payment. At step 
20137D, a memory flag for the tray is cleared and an error flag 
is reset to 0, indicating that all pending re-orders have been 
taken care of. At this point, the re-order subroutine returns to 
the main program (FIG. 20A). 
0.167 Ifat step 20130D, the order was not acknowledged, 
then at step 20140D, it is determined whether payment infor 
mation is needed. For example, if credit card information 
from the payer is not valid (e.g. the card has expired, been 
reported Stolen, over its credit limit, incorrect information, 
etc.), this would prevent the reorder transaction from being 
completed. If additional information is needed, at step 
20145D, the subroutine sends an e-mail and/or page to the 
patient or its designated caregivers to inform them that addi 
tional payment information is needed. Next, at step 20150D, 
appropriate Smart tray error reporting codes are stored in the 
tray sent to the display of the dispenser for reporting the need 
for additional payment information. At step 20153D, it is 
determined whether the prescription needs to be renewed. If 
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the prescription does not need to be renewed, the subroutine 
terminates and returns to the main program at step 20005A 
(FIG. 20A). 
0168 Alternatively, ifat step 20140D, it is determined that 
payment information is not needed, at step 2016.0D, it is 
determined whether the prescription needs to be renewed. For 
example, if the prescription was for four months and one 
refill, the current reorder might exceed that limit and the 
patient would need to get a renewed prescription from the 
doctor. If at either step 20153D or 2016.0D it is determined 
that the prescription needs to be renewed, the process pro 
ceeds to step 20165D where an e-mail and/or a page is sent to 
a designated doctor and/or all the designated caregivers to the 
patient to inform them that the prescription needs to be 
renewed. Next, at step 20170D, appropriate error reporting 
codes are set and stored in the Smart tray and a message 
describing the need for prescription renewal is displayed on 
the dispenser's display. Thereafter, at step 20175D, the sub 
routine returns to the main program (FIG. 20A). 
(0169. At step 20180D, the subroutine determines if the 
re-order process has “timed out.” In order to avoid unreason 
able delays, if a predetermined time period has elapsed, the 
re-order attempt is determined to have failed and, at step 
20185D, the number of retries is decremented by 1 and the 
process returns to step 20105D. If the time out period has not 
expired, the subroutine returns to step 20130D and continues 
to wait for an order acknowledgement. 
(0170 FIG. 20E illustrates a flow chart for the Discarded 
Stray Subroutine which is called at step 20397C (FIG.20C) 
before the tray is removed from the Dispenser. There may be 
several reasons why the tray is being removed, with different 
actions to be done to the information stored in the tray 
depending on the reason for the tray's removal. For example, 
the tray might be removed because it is empty, in which case 
the patient information contained in the tray's RFID tag will 
need to be deleted. Or the tray might be removed to be placed 
back in inventory or returned for a credit. This Subroutine will 
make those determinations and take the appropriate action. 
(0171 The Discarded Stray Subroutine starts at 20190E 
and immediately proceeds to step 20192E, where it deter 
mines if the Smart tray is being removed only temporarily. For 
example, a Smart tray might be temporarily removed to 
replace it with a different Smart tray containing different 
medications prescribed for a limited duration and then later 
the original Smart tray is reinserted back into the dispenser. 
On the other hand, a Smart tray might be removed perma 
nently because it is empty or the patient's medication regimen 
has been permanently altered. Appropriate codes received 
from the main server, or entered by an authorized physician or 
caregiver can be utilized to determine if the removal of the 
tray is only temporary, or the dosage of the medication is 
changed or should be completely aborted, or whether the tray 
should be discarded or returned for credit. 

0172. If the Smart tray is being removed for a temporary 
reason (“Yes” at 20192E), then the function at 20194E will set 
the error number in the Smart Tray. The subroutine then 
jumps' to a point designated by “E100” where at step 

20214E, information pertaining to the temporary removal of 
the original Smart tray and all required data and information 
pertaining to the replacement tray (if any) is uploaded to the 
main server and dispenser (where it can be displayed on the 
dispenser's display Screen for the user to view). At step 
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20216E the subroutine stops all further operations with 
respect to the original Smart tray. The Subroutine then returns 
to the main program. 
0173 If the smart tray is not being removed for a tempo 
rary reason (“No” at 20192E), the subroutine proceeds to step 
20198E where it determines if the smart tray is being returned 
for credit. That would occur in several circumstances such as 
an FDA recall or where a patient died or his or her medication 
regimen changed (e.g. patient was experiencing side effects 
or got a different prescription that caused an older prescrip 
tion to be terminated) or the patient had a Smart tray contain 
ing medications that were no longer required. Because the 
Smart trays are hermetically sealed and an accurate inventory 
of the pills in the Smart tray is maintained, along with infor 
mation Such as the lot number, expiration date, etc. It might be 
possible to return that smart tray with those unused pills for 
credit. 
0.174. If the Smart tray is being returned for credit (“Yes” at 
20198E), then the function at step 20200E will set the error 
number in the smart tray. The program then proceeds to E100 
where at step 20214E information concerning the return of 
the tray for credit is uploaded to the server and dispenser 
(where it can be displayed on the dispenser's display Screen 
for the user to view. At step 20216E all further operation 
pertaining to that Smart tray are stopped. The Smart tray can 
then be removed and the inventory information in the smart 
tray will be accurate since it cannot dispense any more pills, 
thereby providing exact inventory control. 
(0175. If the Smart tray is not being returned for credit 
(“No” at 20198E), the subroutine proceeds to step 20204E to 
determine if the Smart tray is being removed from operation. 
That could result from the same factors discussed above with 
regard to 20198E (e.g. FDA recall, patient death or medica 
tion regimen change) where the Smart tray is to be removed 
without being be returned for credit. If the smart tray is being 
aborted (“Yes” at 20204E), then the function at step 20208E 
will set the error number in the Smart Tray. It will then 
proceed to point E100 in the flow chart where at step 20214E 
corresponding information is uploaded to the server and dis 
penser (where it can be displayed on the dispenser's display 
screen for the user to view. At step 20216E, the subroutine 
will then stop further operations pertaining to that Smart tray. 
(0176). If the Smart tray is not being aborted (“No” at 
20204E), then we proceed to point E50 in the flow chart. Point 
E50 starts at step 20218E to determine ifa reorder request was 
sent for a new smart tray. It will verify if a previous reorder of 
the medication has been sent out before removing that Smart 
tray from the dispensing equipment. If the reorder had not 
been sent (“No” at 20218E), it will go to 20226E which calls 
the Re Order Subroutine, as described above with respect to 
FIG. 20D, in accordance with one embodiment of the inven 
tion. If the reorder was sent out (“Yes” at 20218E), at step 
20222E, the subroutine determines if the information stored 
in the memory in the smart tray was previously cleared. If the 
information had been cleared (“Yes” at 20222E), at step 
20224E, the subroutine terminates and returns to the program 
that called it. But if the information had not been cleared 
(“No” at 20222E), it goes to step 20226E which calls the 
Re Order Subroutine described above with respect to FIG. 
2OD. 

(0177. After the Re Order Subroutine is completed, at step 
20228E, the subroutine reads the memory of the Smart tray 
and determines if there was an error during the reordering 
process (as would be indicated by an error code stored in the 
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smart tray memory). If it is determined there was no error 
(“No” at 20228E), then the subroutine proceeds directly to 
step 20232E. If there was an error (“Yes” at 20228E), at step 
20230E, the subroutine calls the In Dispenser Subroutine 
described above with respect to FIGS. 20B and 20O. During 
the In Dispenser Subroutine, those errors will be displayed 
on the dispenser display and uploaded to the main server. 
After the In Dispenser Subroutine is completed, the Discard 
ed Stray Subroutine will proceed to step 20232E. 
0.178 At 20232E it determines if there was an "error 
during one of the previous subroutines. If there is no error 
(“No” at 20232E) then the subroutine proceeds to step 
20234E and returns to the calling program or subroutine. If 
there was an error (“Yes” at 20232E) this indicates that the 
smart tray is to be removed to be discarded (i.e., thrown away 
in the garbage) rather than being putback in inventory and the 
subroutine proceeds directly to step 20236E. At that point, all 
variables indicating status of the tray (i.e., discarded) and all 
personal information is erased to protect the privacy of the 
end user of the Smart tray. This is done to ensure that, even if 
the Smart tray has been discarded, no other person can invade 
the personal data of the patient or the end user. Thus, in one 
embodiment, the Smart tray is designed to comply with the 
HIPPA privacy standard. At step 20240E, the subroutine ends 
and returns to the calling program or Subroutine. 
0179. As described above, various exemplary functions of 
the Smart tray in conjunction with a dispenser machine and a 
main server, communicatively coupled to the dispenser, have 
been described. It is understood by those skilled in the art that 
these various functions can be implemented via Software, 
firmware and/or hardware residing in the tray, dispensing 
machine and main server to perform and coordinate the func 
tionality and communication protocols described above. 
Such software, firmware and/or hardware, and various modi 
fications thereof, can be designed and implemented by those 
of ordinary skill in the art without undue experimentation. 
0180 FIG. 21 illustrates a perspective view of an alterna 

tive embodiment of the invention. This embodiment of the 
invention is used to dispense uniform sized bottles 2104 filled 
in tray 100. Conical disk assembly 802 is modified to accom 
modate bottles 2104 in grooves 808 rather than individual 
medicament units (e.g., pills or tablets). In this embodiment, 
the height of tray 100 is increased (e.g., to three and a half 
inches) in order to accommodate bottles 2104. Such modifi 
cations to the conical disk assembly 802 and tray 100 can 
easily be made by those of ordinary skill in the art, without 
undue experimentation, so as to comport within the teachings 
of the present invention. 
0181. Thus, as illustrated by the exemplary embodiments 
described above, the Smart dispensing trays of the invention, 
and associated methods and systems, have several advantages 
over existing automated medicaments dispensing systems. 
The Smart dispensing tray provides an accurate, low cost, 
compact and high storage capacity medicaments dispensing 
mechanism. The tray has a precise central adjustment mecha 
nism which allows for automated filling at high speed. Fur 
ther the invention allows remote and automatic detection of 
counterfeit medication. The tray enclosure has a hermetically 
sealing mechanism that permits the return of unused medica 
tions to their distributors for a refund. The tray is further 
capable of automatically providing medical information data 
for use during filling, transport, and dispensing of medica 
ments. Additionally, other desired information about the 
medicaments, intended patients, authorized caregivers, etc. 
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may also be provided by the tray. The tray can also provide 
information regarding the side effects of one or more medi 
cations. This information can be updated by feedback 
received from patients and caregivers. In some embodiments, 
this information is automatically downloaded to processing 
devices (e.g., RFID tag readers and/or computer memory) for 
use by pharmacist, hospital, patient, caregiver, shipper, etc. 
Further the tray provides a means for communicating over a 
computer network and hence may be operated and monitored 
via a remote network computer. 
0182 While various embodiments of the invention have 
been illustrated and described, those of ordinary skill in the 
art will appreciate that the above descriptions of the embodi 
ments are exemplary only and that the invention may be 
practiced with modifications or variations of the devices and 
techniques disclosed above. Those of ordinary skill in the art 
will know, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodi 
ments of the invention described herein. Such modifications, 
variations and equivalents are contemplated to be within the 
spirit and scope of the present invention as set forth in the 
claims below. 

What is claimed is: 
1. A system for dispensing medicament units, comprising: 
a dispensing apparatus having a plurality of slots; 
a plurality of medicament containers received within a 

respective one of the plurality of slots, each medicament 
container containing a plurality of medicament units for 
dispensing by the dispensing apparatus, and wherein 
each medicament container comprises: 

a housing: 
a chamber within the housing to store the medicament 

units: 
an outlet defined in the housing to dispense the medica 

ment units: 
a rotatable structure within the housing comprising at least 

one radial groove configured to hold at least one medi 
cament unit, the rotatable structure being positioned 
between the storage chamber and the outlet whereby 
when the rotatable structure rotates, the at least one 
radial groove carries the at least one medicament unit 
from the chamber to the outlet; and 

a drive mechanism located within the housing for rotating 
the rotatable structure, 

wherein when each medicament container is inserted into a 
respective one of the plurality of slots a respective 
engagement mechanism of the dispensing apparatus 
engages the drive mechanism to drive the drive mecha 
nism to dispense medicaments units from each respec 
tive medicament container, and wherein 

the dispensing mechanism comprises a biometric sensor 
for authenticating authorized personnel before dispens 
ing medicaments from one or more medicament con 
tainers. 

2. The system of claim 1 wherein the dispensing apparatus 
further includes a first communication module and each of the 
plurality of medicament containers comprises a second com 
munication module for exchanging data with the first com 
munication module. 

3. The system of claim 2 wherein each medicament con 
tainer further comprises: 

a memory module adapted to store the number of medica 
ment units contained within the chamber; 
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an update module adapted to update the number medica 
ment units contained within the chamber upon dispens 
ing of one or more medicament units from the chamber, 
wherein updating comprises storing the updated number 
of medicament units in the memory module and com 
municating the updated number to the first communica 
tion module. 

4. The system of claim 2 wherein each medicament con 
tainer further includes a memory configured to store identi 
fication information for each medicament container, wherein 
the identification information is communicated by each of the 
respective second communication modules to the first com 
munication module when each of the medicament containers 
are inserted into a respective slot of the medicament dispens 
ing apparatus. 

5. The system of claim 2 wherein the first communication 
module is further configured to transmit and receive informa 
tion from a computer network. 

6. The system of claim 1 wherein the biometric sensor 
comprises a fingerprint Scanner. 

7. The system of claim 1 wherein the biometric sensor 
comprises a retinal scanner. 

8. A system for dispensing medicament units, comprising: 
a dispensing apparatus; 
a plurality of medicament containers coupled to the dis 

pensing apparatus, each medicament container contain 
ing a plurality of medicament units for dispensing, and 
wherein each medicament container comprises: 

a housing for containing a plurality of medicament units; 
a rotatable mechanism configured to move at least one 

medicament unit to an outlet of the housing; and 
a drive mechanism located within the housing for rotating 

the rotatable mechanism, 
wherein the dispensing apparatus is configured to actuate 

the drive mechanism of each medicament container to 
dispense medicaments units from each respective medi 
cament container, and 

wherein the dispensing mechanism comprises a biometric 
sensor for authenticating authorized personnel before 
dispensing medicaments from one or more medicament 
containers. 

9. The system of claim 8 wherein the dispensing apparatus 
further includes a first communication module and each of the 
plurality of medicament containers comprises a second com 
munication module for exchanging data with the first com 
munication module. 

10. The system of claim 9 wherein each medicament con 
tainer further comprises: 

a memory module adapted to store the number of medica 
ment units contained within the housing: 

an update module adapted to update the number medica 
ment units contained within the housing upon dispens 
ing of one or more medicament units from the housing, 
wherein updating comprises storing the updated number 
of medicament units in the memory module and com 
municating the updated number to the first communica 
tion module. 

11. The system of claim 9 wherein each medicament con 
tainer further includes a memory configured to store identi 
fication information for each medicament container, wherein 
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the identification information is communicated by each of the 
respective second communication modules to the first com 
munication module when each of the medicament containers 
are inserted into a respective slot of the medicament dispens 
ing apparatus. 

12. The system of claim 9 wherein the first communication 
module is further configured to transmit and receive informa 
tion from a computer network. 

13. The system of claim 8 wherein the biometric sensor 
comprises a fingerprint Scanner. 

14. The system of claim 8 wherein the biometric sensor 
comprises a retinal scanner. 

15. A method of dispensing medicament units, comprising: 
inserting a plurality of medicament containers into respec 

tive slots of a dispensing apparatus configured to receive 
a plurality of medicament containers, wherein each 
medicament container contains a plurality of medica 
ment units for dispensing by the dispensing apparatus; 

engaging a drive mechanism located within a housing of a 
medicament container to rotate a rotatable mechanism 
within the medicament container by an engagement 
mechanism contained within the dispensing apparatus, 
wherein the engagement mechanism is configured to 
actuate the drive mechanism of each medicament con 
tainer to dispense medicaments units from each respec 
tive medicament container, and 

authenticating an authorized user of the dispensing appa 
ratus with a biometric sensor prior to dispensing any 
medicament units from one or more of the plurality of 
medicament containers. 

16. The method of claim 15 wherein the dispensing appa 
ratus further includes a first communication module and each 
of the plurality of medicament containers comprises a second 
communication module for exchanging data with the first 
communication module, and wherein the method further 
comprises communicating identification information stored 
in each of the plurality of medicament containers from each 
respective second communication module to the first com 
munication module. 

17. The method of claim 16 wherein each medicament 
container further comprises a memory module adapted to 
store the number of medicament units contained within the 
housing, and wherein the method further comprises updating 
the number medicament units contained within the housing 
upon dispensing of one or more medicament units from the 
housing, the updating comprising storing the updated number 
of medicament units in the memory module and communi 
cating the updated number to the first communication mod 
ule. 

18. The method of claim 16 further comprising communi 
cating the identification information from the first communi 
cation module to a remote computer via a computer network. 

19. The method of claim 15 wherein the biometric sensor 
comprises a fingerprint Scanner. 

20. The method of claim 15 wherein the biometric sensor 
comprises a retinal scanner. 
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