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(57) ABSTRACT 

The present invention generally relates to a method, appara 
tus, and computer program product for optimizing article or 
bin location in an automated storage device to increase the 
efficiency of article retrieval in filling an order. Methods of 
example embodiments may determine a number of touches of 
each of a plurality of bins of a storage system, where the 
touches are calculated over a predetermined period of time, 
identify a bin with more touches than a bin at a first location, 
where the bin with more touches is at a second location, and 
direct the bin with more touches than the bin at the first 
location to be swapped with the bin at the first location. 
Identifying a bin with more touches may include identifying 
a bin with a number of touches that exceeds the number of 
touches of the bin in the first location by a predetermined 
amount. 
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1. 

METHOD, APPARATUS, AND COMPUTER 
PROGRAMI PRODUCT FOR OPTIMIZATION 
OF TEM LOCATION IN AN AUTOMATED 

STORAGE SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to re-organizing the locations 
of articles in an automated Storage system, and more particu 
larly to providing a method, apparatus, and computer pro 
gram product to determine the location of articles and bins in 
an automated Storage system in order to optimize the effi 
ciency of item retrieval. 

BACKGROUND 

Automated storage systems are often used to store quanti 
ties of items and to present the items to a user for retrieval 
proximate an accessible loading/unloading point. Storage 
systems may include a carousel including a plurality of 
shelves, each shelf including a plurality of bins, where each 
bin may include one or more types of articles stored therein. 
Depending upon the size of the articles and the size of the 
bins, a plurality of each of the one or more types of articles 
may be stored in each bin for retrieval by a user. Automated 
storage systems may include a user interface in which a user 
may enter an article request or order by Some identifying 
indicia (e.g., by name, identification number, etc.) and the 
automated storage system may advance the carousel to 
present the bin containing the article, or shelf containing the 
bin, to the user. The user may be directed to the appropriate 
binthrough a display which identifies the location graphically 
or by alphanumeric indicator and to the appropriate article 
through a graphical or alphanumeric identifier. 

In Such automated storage systems, retrieval time for each 
article may depend upon how far the carousel must rotate or 
move between shelves or the "rotation time.” The speed of the 
carousel may be limited as the articles contained in the bins 
may be adversely affected by sudden movement or by fre 
quent start/stop cycles at faster speeds. Further, the bin loca 
tions and contents may be undesirably shifted by higher car 
ousel speeds. Thus, the distance the carousel must move 
between shelves may impart a significant time-delay in the 
retrieval of articles that are located further apart from one 
another (i.e., separated by a number of shelves). 

SUMMARY 

Embodiments of the present invention generally relate to a 
method, apparatus, and computer program product for opti 
mizing article orbin location in an automated storage device 
to increase the efficiency of article retrieval in filling an order. 
Methods of example embodiments may determine a number 
of touches of each of a plurality of bins of a storage system, 
where the touches are calculated over a predetermined period 
of time; identify a bin with more touches than a bin at a first 
location, where the bin with more touches is at a second 
location; and direct the bin with more touches than the bin at 
the first location to be swapped with the bin at the first loca 
tion. Identifying a bin with more touches may include iden 
tifying a bin with a number of touches that exceeds the num 
ber of touches of the bin in the first location by a 
predetermined amount. 

Methods of example embodiments may include where, 
upon directing the bin from the first location to be swapped 
with the bin in the second location, precluding the bin from 
the first location from being moved again. The storage system 
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2 
may include bins of multiple sizes and identifying a bin with 
more touches than a bin at a first location may include iden 
tifying a bin with more touches of the same size as the bin at 
the first location. The storage system may include a plurality 
of shelves, and each shelf may include a plurality of bins. 
Identifying a bin with more touches than a bin at a first 
location may include identifying a bin with more touches on 
a shelf different from that of the bin at the first location. 
Methods of example embodiments may increase the likeli 
hood that a picked article will be within three shelves of a 
next-picked article in response to Swapping the bin at the first 
location with the bin at the second location. A touch may 
include an instance of a user accessing a bin. 

Embodiments of the present invention may include a com 
puter program product which includes at least one non-tran 
sitory computer-readable storage medium having computer 
executable program code instructions stored therein, the 
computer-executable program code instructions including 
program code instructions for determining a number of 
touches each of a plurality of bins of a storage system has 
experienced over a predetermined time period, program code 
instructions for identifying a bin with more touches thanabin 
at a first location, where the bin with more touches is at a 
second location, and program code instructions to direct the 
bin with more touches than the bin at the first location to be 
swapped with the bin at the first location. The program code 
instructions for identifying a bin with more touches may 
include program code instructions for identifying a bin with a 
number of touches that exceeds the number of touches of the 
bin in the first location by a predetermined amount. 
Computer program products according to example 

embodiments may further include where the program code 
instructions for directing the bin with more touches than the 
bin at the first location to be swapped with the bin at the first 
location includes program code instructions to preclude the 
bin from the first location from being moved again. The 
storage system may include bins of multiple sizes and the 
program code instructions for identifying a bin with more 
touches than a bin at a first location may include program 
code instructions for identifying a bin of the same size with 
more touches as the bin at the first location. The storage 
system may include a plurality of shelves, and each shelfmay 
include a plurality of bins. The program code instructions for 
identifying a bin with more touches than a bin at the first 
location may include program code instructions for identify 
ing a bin with more touches on a shelf different from that of 
the bin at the first location. Computer program products of 
example embodiments may further include program code 
instructions for increasing the likelihood that the picked 
article will be within three shelves of a next-picked article in 
response to swapping the bin at the first location with the bin 
at the second location. 

Embodiments of the present invention may provide an 
apparatus including processing circuitry configured to cause 
the apparatus to determine a number of touches each of a 
plurality of bins of a storage system has experienced over a 
predetermined time period, identify a bin with more touches 
than a binata first location, where the bin with more touches 
is as at a second location, and direct the bin with more touches 
than the bin at the first location to be swapped with the bin at 
the first location. Identifying a bin with more touches may 
include identifying a bin with a number of touches that 
exceeds the number of touches of the bin in the first location 
by a predetermined amount. Upon directing the bin with more 
touches than the bin at the first location to be swapped with 
the bin at the first location, the processing circuitry may be 
configured to preclude the bin from the first location from 
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being moved again. The storage system may include bins of 
multiple sizes and identifying a bin with more touches than a 
binata first location may include identifying a bin of the same 
size with more touches than the bin at the first location. The 
storage system may include a plurality of shelves and each 
shelf may include a plurality of bins. Identifying a bin with 
more touches than a bin at a first location may include iden 
tifying a bin with more touches on a shelf different from that 
of the bin at the first location. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

Reference will now be made to the accompanying draw 
ings, which are not necessarily drawn to scale, and wherein: 

FIG. 1 illustrates a system that can be used in conjunction 
with various embodiments of the present invention; 

FIG. 2 illustrates a schematic diagram of an automated 
storage management System according to an example 
embodiment of the present invention; 

FIG.3 illustrates an example embodiment of an automated 
storage device according to example embodiments of the 
present invention; 

FIG. 4 illustrates an example embodiment of a carousel of 
an automated storage device according to example embodi 
ments of the present invention; 

FIG. 5 is a flowchart of a method for retrieving articles 
from an automated Storage device according to example 
embodiments of the present invention: 

FIG. 6 is a flowchart of a method for optimizing bin loca 
tion in an automated Storage device; and 

FIG. 7 is another flowchart of a method for optimizing bin 
location in an automated storage device. 

DETAILED DESCRIPTION 

Embodiments of the present invention now will be 
described more fully hereinafter with reference to the accom 
panying drawings, in which some, but not all embodiments of 
the invention are shown. Indeed, the invention may be embod 
ied in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. The terms top, bottom, side, up, down, 
upwards, downwards, Vertical, horizontal, and the like as 
used below do not imply a required limitation in all embodi 
ments of the present invention but rather are used herein to 
help describe relative direction or orientation in exemplary 
embodiments illustrated in the figures. 
As should be appreciated, various embodiments may be 

implemented in various ways, including as methods, appara 
tus, systems, or computer program products. Accordingly, 
various embodiments may take the form of an entirely hard 
ware embodiment or an embodiment in which a processor is 
programmed to perform certain steps. Furthermore, various 
implementations may take the form of a computer program 
product on a computer-readable storage medium having com 
puter-readable program instructions embodied in the storage 
medium. Any Suitable computer-readable storage medium 
may be utilized including hard disks, CD-ROMs, optical stor 
age devices, or magnetic storage devices. 

Various embodiments are described below with reference 
to block diagrams and flowchart illustrations of methods, 
apparatus, systems, and computer program products. It 
should be understood that each block of the block diagrams 
and flowchart illustrations, respectively, may be implemented 
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4 
in part by computer program instructions, e.g., as logical 
steps or operations executing on a processor in a computing 
system. These computer program instructions may be loaded 
onto a computer, Such as a special purpose computer or other 
programmable data processing apparatus to produce a spe 
cifically-configured machine. Such that the instructions 
which execute on the computer or other programmable data 
processing apparatus implement the functions specified in the 
flowchart block or blocks. 

These computer program instructions may also be stored in 
a computer-readable memory that can direct a computer or 
other programmable data processing apparatus to function in 
a particular manner, Such that the instructions stored in the 
computer-readable memory produce an article of manufac 
ture including computer-readable instructions for implement 
ing the functionality specified in the flowchart block or 
blocks. The computer program instructions may also be 
loaded onto a computer or other programmable data process 
ing apparatus to cause a series of operational steps to be 
performed on the computer or other programmable apparatus 
to produce a computer-implemented process Such that the 
instructions that execute on the computer or other program 
mable apparatus provide operations for implementing the 
functions specified in the flowchart block or blocks. 

Accordingly, blocks of the block diagrams and flowchart 
illustrations Support various combinations for performing the 
specified functions, combinations of operations for perform 
ing the specified functions, and program instructions for per 
forming the specified functions. It should also be understood 
that each block of the block diagrams and flowchart illustra 
tions, and combinations of blocks in the block diagrams and 
flowchart illustrations, can be implemented by special pur 
pose hardware-based computer systems that perform the 
specified functions or operations, or combinations of special 
purpose hardware and computer instructions. 

FIG. 1 provides an illustration of a system that can be used 
in conjunction with various embodiments of the present 
invention. As shown in FIG.1, an example embodiment of the 
system may include an automated storage device controller 
100, one or more networks 105, and one or more automated 
storage devices 110. Embodiments may include other net 
work entities from which data may be received from or trans 
mitted to as will be described further below. Each of the 
components of the system may be in electronic communica 
tion with, for example, one another over the same or different 
wireless or wired networks including, for example, a wired or 
wireless Personal Area Network (PAN), Local Area Network 
(LAN), Metropolitan Area Network (MAN), Wide Area Net 
work (WAN), or the like. Additionally, while FIG. 1 illus 
trates the various system entities as separate, standalone enti 
ties, the various embodiments are not limited to this particular 
architecture. 

FIG.2 provides a schematic of an automated storage device 
controller 100 according to one embodiment of the present 
invention. In general, the term “controller may refer to, for 
example, any computer, computing device, mobile phone, 
desktop, tablet, notebook or laptop, distributed system, 
server, blade, gateway, Switch, processing device, or combi 
nation of processing devices adapted to perform the functions 
described herein. The automated storage device controller 
100 may include, be associated with, or be in communication 
with a variety of computing entities, such as pharmacy inven 
tory management systems, medication dispensing units, data 
storage/facilitation computing entities, or other devices that 
may interface with inventory management, dispensing, 
replenishing, etc. While example embodiments of automated 
storage devices may be implemented in virtually any setting 
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which may benefit from automated storage and retrieval of 
articles, embodiments described herein will be described 
generally with respect to the field of healthcare in which 
medications, medical devices, and other articles may be dis 
pensed in a healthcare facility. However, it is appreciated that 
embodiments of the present invention may apply to various 
other embodiments of automated storage systems and 
devices. 
As will be understood from this figure, in one embodiment, 

the automated storage device controller 100 may include a 
processor 200 that communicates with other elements within 
the automated storage device controller 100 via a system 
interface or bus. The processor 200 may be embodied in a 
number of different ways. For example, the processor 200 
may be embodied as a processing element, processing cir 
cuitry, a coprocessor, a controller or various other processing 
devices including integrated circuits such as, for example, an 
application specific integrated circuit (ASIC), a field pro 
grammable gate array (FPGA), a hardware accelerator, and/ 
or the like. 

In an exemplary embodiment, the processor 200 may be 
configured to execute instructions stored in memory or oth 
erwise accessible to the processor 200. As such, whether 
configured by hardware or software methods, or by a combi 
nation thereof, the processor 200 may represent an entity 
capable of performing operations according to embodiments 
of the present invention when configured accordingly. For 
example, as discussed in more detail below, the automated 
storage device controller 100 may be configured, among 
other things, to receive medication or medical Supply orders. 
The automated storage device controller 100 may also be 
used to track the frequency with which each storage location 
within the automated storage device is “touched' or accessed 
by a user, for example, for the purpose of dispensing an article 
from or restocking an article to the storage location. A user 
interface 205 may be configured for user input of orders 
(medication, Supplies, etc.) or to otherwise interact with exist 
ing orders. The user interface 205 may include a keyboard, a 
pointing device, or other mechanism for a user to communi 
cate with the processor 200 and interact with the automated 
storage device controller 100. A display 210 may be config 
ured to present information to a user pertaining to previous 
orders, current orders, or future orders for medication or 
Supplies. The display 210 may also be configured to present 
information to a userpertaining to the status of the automated 
storage device, information regarding inventory, or any infor 
mation which may be useful to a user of the device. The 
display 210 may include a touch screen display which may 
partially or fully comprise the user interface 205. 
The automated storage device controller 100 may further 

include transitory and non-transitory memory device 215. 
which may include both random access memory (RAM) and 
read only memory (ROM). The ROM may be used to store a 
basic input/output system (BIOS) containing the basic rou 
tines that help to transfer information to the different elements 
within the automated storage device controller 100. 

In addition, in one embodiment, the automated Storage 
device controller 100 may include at least one storage device 
225, such as a hard disk drive, a CD drive, and/or an optical 
disk drive for storing information on various computer-read 
able media. The storage device(s) 225 and its associated 
computer-readable media may provide nonvolatile storage. 
The computer-readable media described above could be 
replaced by any other type of computer-readable media, Such 
as embedded or removable multimedia memory cards 
(MMCs), secure digital (SD) memory cards, Memory Sticks, 
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6 
electrically erasable programmable read-only memory (EE 
PROM), flash memory, hard disk, and/or the like. 

Furthermore, a number of executable instructions, appli 
cations, Scripts, program modules, and/or the like may be 
stored by the various storage devices 225 and/or within 
memory device 215. As discussed in more detail below, these 
executable instructions, applications, program modules, and/ 
or the like may control certain aspects of the operation of the 
automated storage device controller 100 with the assistance 
of the processor 200 and operating system, although their 
functionality need not be modularized. In addition to the 
program modules, the automated Storage device controller 
100 may store or be in communication with one or more 
databases. 

Also located within the automated Storage device control 
ler 100, in one embodiment, is a communication interface 220 
for interfacing with various computing entities. This commu 
nication may be via the same or different wired or wireless 
networks (or a combination of wired and wireless networks). 
For instance, the communication may be executed using a 
wired data transmission protocol, such as fiber distributed 
data interface (FDDI), digital subscriber line (DSL), Ether 
net, asynchronous transfer mode (ATM), frame relay, data 
over cable service interface specification (DOCSIS), or any 
other wired transmission protocol. Similarly, the automated 
storage device controller 100 may be configured to commu 
nicate via wireless external communication networks using 
any of a variety of protocols, such as 802.11, general packet 
radio service (GPRS), Universal Mobile Telecommunica 
tions System (UMTS), Code Division Multiple Access 2000 
(CDMA2000), CDMA2000 1X (1xRTT), Wideband Code 
Division Multiple Access (WCDMA), Time Division-Syn 
chronous Code Division Multiple Access (TD-SCDMA), 
Long Term Evolution (LTE), Evolved Universal Terrestrial 
Radio Access Network (E-UTRAN), Evolution-Data Opti 
mized (EVDO), High Speed Packet Access (HSPA), High 
Speed Downlink Packet Access (HSDPA), IEEE 802.11 (Wi 
Fi), 802.16 (WiMAX), ultra wideband (UWB), infrared (IR) 
protocols, BluetoothTM protocols, wireless universal serial 
bus (USB) protocols, and/or any other wireless protocol. 

It will be appreciated that one or more of the automated 
storage device controller's 100 components may be located 
remotely from other automated storage device controller 100 
components. Furthermore, one or more of the components 
may be combined and additional components performing 
functions described herein may be included in the automated 
storage device controller 100. 

In one embodiment, an automated Storage device can be 
used to hold/store/house various medications and/or Supplies 
(e.g., Syringes, intravenous bags, etc.). Such storage devices 
may be used in a variety of environments, including Surgical/ 
procedural areas, pharmacies, Stock rooms, etc. FIG. 3 illus 
trates an example embodiment of an automated Storage 
device 300 including a housing 310 enclosing a plurality of 
storage shelves 315, an opening 320 through the housing 
providing a user access to the storage shelves 315, and a 
controller including a display 325 and user interface 330. 
Each storage shelf 315 may include a plurality of storage bins 
335 disposed thereon. The storage bins 335 may be remov 
able and replaceable within the storage shelf 315. While the 
illustrated embodiment illustrates storage bins 335 as open 
top boxes, it is appreciated that storage bins which may be 
compatible with example embodiments of the invention may 
include containers of virtually any size and shape and may be 
fully enclosed, partially enclosed (e.g., an open top or front), 
or substantially unenclosed. Further, it may be beneficial for 
example embodiments of the present invention to include a 
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plurality of sizes of bins, such as Small, medium, and large 
bins which may facilitate interchangeability between bins in 
different locations. Further, bins may include one or more 
different types of articles stored therein. 
The shelves 315 of example embodiments of automated 

storage devices may be arranged on a carousel to rotate 
between an accessible position, where a shelf 315 is acces 
sible through the opening 320, and an inaccessible position, 
where a shelf 315 is located away from the opening 320 
within the housing 310. The housing 310 may be of any size 
to accommodate a plurality of storage shelves 315. The open 
ing 320 may provide access to one or more storage shelves 
315 at a time, however, not all storage shelves are accessible 
simultaneously. 
The storage bins 335 of example embodiments may be 

configured to hold medication or Supplies. The quantity of 
medication or Supplies to be stored within an automated Stor 
age device may be determined by an inventory management 
system and may be influenced by the cost of an item (e.g., 
higher cost inventory items may be stored in lower quanti 
ties), size of an item (e.g., larger items may be stored in lower 
quantities due to space constraints), and/or frequency of use 
(e.g., frequently used items may be stored in larger quantities 
in larger bins, or in multiple bins). Storage bins 335 config 
ured to hold small articles, such as individual blister-pack 
doses of a particular medication, may be configured to hold 
multiple types of articles, such as three different dosages of a 
particular medication or multiple articles which are unre 
lated. Different articles contained in a bin may be similar or 
dissimilar items. 
The controller, as described above, may be configured to 

receive an order for a particular article (i.e., a medication or 
supply) and rotate the carousel to present the shelf 315 on 
which the bin 335 storing the article is located. The specific 
bin 335 may be identified by indicia displayed on the bin, an 
identifier presented on the display 325, or a visual flag, such 
as a light emitting diode (LED) illuminated at the location of 
the appropriate bin 335. The display 325 may also display the 
appropriate quantity of the article to be retrieved to fill the 
order. 
The controller may receive orders containing multiple 

articles of different types (e.g., different supplies or different 
medications) such that to fill an order, a user must access 
multiple bins 335. For such an order, the controller may first 
present the shelf315 including the bin 335 for the first article, 
allow the user to retrieve the appropriate quantity of the first 
article, then rotate the carousel to present the shelf 315 which 
includes the bin 335 of the next article to be retrieved. If the 
next article to be retrieved is on the same shelf 315, the 
carousel may not need to rotate between the retrieval of the 
articles. However, in some cases, the next article to be 
retrieved may be disposed inabin 335 of a shelf315 that is not 
close to the opening 320, and the carousel may need to rotate 
the shelf 315 into the accessible position where the bin 335 is 
presented to the user. 

Example embodiments of automated storage devices may 
include a plurality of shelves 315 such that the greater the 
number of shelves in the storage device, the greater the pos 
sible distance between a shelf 315 that is currently presented 
to a user at the opening 320 and a shelfthat is located opposite 
the presented shelf 315. The shelves 315 may be arranged on 
a carousel that is substantially an endless conveyor which 
may allow for all of the shelves 315 to cycle through the 
conveyor path when the carousel is rotated in either a first 
direction or a second, opposite direction. The endless con 
veyor on which the shelves 315 may be carried may also allow 
continuous cycling in a first direction without requiring rever 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
sal of the rotating direction. An example embodiment of a 
carousel of an automated storage device is illustrated in FIG. 
4 which depicts a cross section of a profile an automated 
storage device housing 400 Substantially enclosing a carousel 
420 that includes a plurality of shelves 425 disposed about the 
perimeter of the carousel 420. The shelves each include one or 
more bins 430 disposed thereon. One or more shelves are 
presented at an accessible position proximate an opening 410 
in the housing 400. A user may retrieve the bins 430 or articles 
from the bins that are located on shelves 425 accessible at 
opening 410. The carousel may rotate in the direction of 
arrow 440, or opposite the direction of arrow 440, to move 
shelves 425 from a previously inaccessible position to an 
accessible position proximate opening 410. 

In the illustrated embodiment, shelf 427 is situated in an 
inaccessible location Such that bins located thereon are not 
accessible to a user. Shelf 429 is situated in an accessible 
position where bins located thereon are accessible to a user. 
For access to the bins of shelf 427, the carousel must rotate in 
a direction opposite arrow 440 past at least the four shelves in 
between shelf 429 and shelf 427 in order to place shelf 427 in 
an accessible position. Such a movement may take a consid 
erable amount of time, particularly when this transition must 
be performed multiple times during the course of fulfilling a 
single order. For example, if the time between shelves during 
rotation of the carousel is three seconds, a user would have to 
wait at least fifteen seconds to be able to access shelf 427. As 
will be appreciated, automated storage devices with greater 
numbers of shelves may incur greater delays as the number of 
shelves between article locations can be significantly higher. 
The time between shelves may be referred to as "rotation 
time' where the carousel is moving. 

In order to reduce delays in filling orders caused by waiting 
for carousel rotation, it may be desirable to position the most 
frequently accessed bins proximate one another to minimize 
the rotation of the carousel between articles as they are 
retrieved. The general process for filling an order may be 
represented by the flow chart of FIG. 5 in which an order is 
received at the automated storage device controller at 450. 
The order may be received, for example, from a central server 
of a network, such as an order processing unit in a healthcare 
facility, or the order may be entered at the controller by a user. 
The carousel of the automated storage device may be rotated 
at 455 to place the shelf containing the bin of the first article 
of the order in an accessible position. After the user retrieves 
the first article in the necessary quantity, the controller may 
receive an indication that the first article has been Success 
fully retrieved at 460. The carousel may then rotate to the 
shelf containing the bin of the next article at 465. Upon 
retrieval of the next article by the user, the user may provide 
an indication to the controller that the article was retrieved at 
470. A determination may be made as to whether the order is 
complete at 475. If the order is not complete, the carousel may 
rotate to the next appropriate shelf for the next article at 465. 
Once the order is complete at 475, the process may end. As 
can be appreciated, when numerous articles are to be 
retrieved, the delay introduced when rotating between 
shelves to retrieve articles can significantly reduce the effi 
ciency of a user fulfilling an order. The further apart shelves 
are containing the articles to be retrieved, the greater the 
delay. Therefore it is desirable to minimize the rotation time 
of the automated storage device to reduce the overall order 
fulfillment time and to increase the efficiency of a user of the 
automated storage device. In order to accomplish this, clus 
tering of the most frequently used articles, or most frequently 
accessed bins within proximity to one another may be desir 
able. 
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While access to bins has been described with respect to 
retrieval of articles there from, access to a bin may also be 
needed to re-stock an article in the bin, perform inventory 
checks, review product information, etc. Each time the bin is 
accessed it may be considered a “touch. Each bin in an 
automated storage device may have a number of “touches' 
that bin has received within a predetermined period of time. 
For example, a bin that has been accessed 25 times for article 
retrieval and twice for re-stocking within the last month may 
be considered to have had 27 touches within a month. In an 
example embodiment in which a bin holds three types of 
medication, if the first type of medication has been retrieved 
30 times in the last month and restocked once, the second type 
of medication has been retrieved 45 times in the last month 
and not restocked once, and the third type of medication has 
been retrieved 15 times in the last month and restocked twice, 
the bin would have experienced a cumulative 93 touches (30 
retrievals +1 restock--45 retrievals--0 restocks--15 retriev 
als+2 restocks=93 touches). 

Example embodiments of the present invention may be 
directed to the optimization of bin location based upon the 
number of "touches' of a bin as the number of articles dis 
pensed from a bin do not necessarily correlate to the number 
of times a bin must be accessed or “touched. For example, as 
noted above, the quantity of items stored in a particular bin 
may be determined based upon one or more of cost, size, 
frequency of use, etc. The number of “touches of a bin, as 
outlined above, may include retrievals, restocks, inventory 
counts, etc. Therefore, bin optimization performed exclu 
sively by item retrieval frequency may not provide the accu 
racy afforded by optimization using the number of touches of 
a bin. 
The predetermined period of time may be determined 

based upon a rolling window, such as the past seven days, or 
the predetermined period may be since a particular date. For 
example, if an epidemic occurred or a mild outbreak of a 
particular virus, the date determined to be at the start of the 
outbreak may be the date from which the “predefined period” 
is established to begin, thus providing an accurate record of 
touches for treating patients during the outbreak. 

Optimization of an automated Storage device may include 
moving bins between shelves in order to minimize the antici 
pated rotation time when filling orders by clustering the most 
frequently touched bins within close proximity of one 
another. Such optimization may be performed by an auto 
mated storage device controller according to embodiments of 
the present invention. Optimization according to an example 
embodiment may be performed based upon the number of 
touches of a bin. Additionally or alternatively, optimization 
may be performed based upon a “home shelf where the goal 
of the optimization is to have an area of the carousel that is 
considered “high use” where the majority of articles are 
retrieved from. The home shelf may be arranged to be the 
shelf containing the bins with the highest number of touches 
with the bins with the next highest number of touches located 
on the shelves before and after the home shelf. Embodiments 
of the present invention may provide specific instructions for 
Swapping bins between shelves to minimize rotation time of 
a carousel, thereby reducing the wait time of a user filling 
orders. 

FIG. 6 illustrates a flow chart of a method of optimizing bin 
location in an automated storage device. The process may 
begin at 500 and the current bin configuration of the auto 
mated storage device may be obtained at 502. The number of 
touches of each bin is determined at 504. This number may be 
based upon a predetermined time period, such as a day, a 
week, a month, or back to a particular date, for example. The 
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organization may begin at any bin on any shelf; however, the 
present example begins at Shelf 1, Bin 1 where Shelf 1 is the 
“home shelf and Bin 1 is a bin within that shelf at 506. At 508 
a determination is made as to whether there are any bins that 
have more touches than the current bin. If there is such a bin, 
a determination is made as to whether the new bin is on a 
different shelf at 510. If so, a determination is made as to 
whether the number of touches are significantly greater, Such 
as by a predetermined threshold (e.g., 50%) at 512. If the 
number of touches are significantly greater than the current 
bin, then a determination is made as to whether the bin is a 
candidate for moving at 514. If the bin with more touches has 
been moved previously in the optimization routine, the bin is 
not a candidate for moving. If the bin is a candidate for 
moving at 514, a Swap is planned between the current bin and 
the bin with more touches at 516. The moved bins are then 
flagged as invalid for future moves at 518, and the movement 
information is saved at 520. Methods may also require that the 
bins can only be candidates for Swapping if the bins are of the 
same size. For example, a small bin may not be able to be 
Swapped with a large bin. 
Upon storing the movement information (e.g., in memory 

device 215 of the controller 100) at 520, or if (1) the bin is not 
on a different shelf at 510, (2) the touches are not significantly 
greater at 512, or (3) the bin with more touches is not a 
candidate for moving, a determination is made as to whether 
the current shelf has more bins which have not been analyzed 
for optimization at 522. If the shelf has more bins, the opti 
mization routine goes to the next binat 532 and that bin is then 
analyzed to determine if there is a bin with more touches at 
508 through 514. If the shelf has no more bins, a determina 
tion is made at 524 as to whether the carousel has more 
shelves. If the carousel does have more shelves, a determina 
tion is made at 526 as to whether the current shelf is to the left 
of the start or “home shelf. If the current shelf is to the left of 
the home shelf, the next un-optimized shelf to the right of the 
home shelf is selected at 528 and if the current shelf is not to 
the left of the home shelf, the next un-optimized shelf to the 
left of the home shelf is selected at 530 for optimization. 

Operations 526, 528, and 530 ensure that the optimization 
routine begins at the home shelf and works outwardly from 
the home shelf, alternating sides of the home shelf that are 
optimized to place the next most touched bins on shelves 
directly adjacent to the home shelf on both sides. Upon deter 
mining which shelf to optimize at 528 or 530, the next bin of 
the selected shelf is selected at 532 and optimization of that 
shelf begins. While the flowchart describes shelves to the 
“left' or “right of a home shelf, the shelves may also be 
construed as “above' or “below.” The purpose being to ensure 
that the home shelf includes the bins with the highest number 
of touches, the shelves immediately adjacent the home shelf 
on either side include the bins with the next highest number of 
touches, the bins immediately adjacent those shelves receive 
the bins with the next highest number of touches, and so on. 

Referring again to FIG. 6, once all of the shelves of the 
carousel have been optimized, the optimization routine deter 
mines that no more shelves remain at 524 and step-by-step 
instructions for Swapping bins are prepared. The instructions 
may be presented, such as on the display 210 of the controller 
100, or the instructions may be printed for a user. The user 
may then use the instructions to Swap bins according to the 
instructions. The instructions for optimization may be pre 
sented all at once or printed all at once to provide a list of all 
bin moves required for optimization. 

Optionally, the instructions may be presented on a display 
one at a time Such that an operator may perform the Swap 
instructed, confirm on the display, and the next move may be 
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displayed. In Such an embodiment, the operator may perform 
only the moves that they may have time for. Moves not con 
firmed may be saved for future use, for example, when the 
operator next has an opportunity. Moves may be categorized 
to prioritize the most important or significant moves ahead of 
those that will have a smaller effect on the overall optimiza 
tion of the system. For example, a list of moves may be 
classified as “high priority Such that performing these high 
priority moves may produce a significant improvement in the 
efficiency of filling orders. Other moves may be classified as 
“medium priority” to indicate that the moves may further 
enhance efficiency, but possibly not as significantly as the 
“high priority” moves. Further moves may be classified as 
“low priority” indicating that the low priority moves may only 
slightly improve order retrieval efficiency. In such an embodi 
ment, an operator may perform only the moves they have time 
to perform while focusing on the most important or “high 
priority” moves first. 

FIG. 7 illustrates another flow chart of a method of opti 
mizing bin location in an automated Storage device according 
to an example embodiment of the present invention. A num 
ber of touches that each of a plurality of bins of a storage 
system has experienced over a predetermined period of time 
may be determined at operation 600. A bin with more touches 
than a bin at a first location may be identified at 610. The bin 
with more touches than the bin at the first location may be 
directed to be swapped with the bin at the first location at 620. 
Many modifications and other embodiments of the inven 

tions set forth herein will come to mind to one skilled in the art 
to which these inventions pertain having the benefit of the 
teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Moreover, although the foregoing descriptions and 
the associated drawings describe some example embodi 
ments in the context of certain example combinations of 
elements and/or functions, it should be appreciated that dif 
ferent combinations of elements and/or functions may be 
provided by alternative embodiments without departing from 
the scope of the appended claims. In this regard, for example, 
different combinations of elements and/or functions than 
those explicitly described above are also contemplated as 
may be set forth in some of the appended claims. Although 
specific terms are employed herein, they are used in a generic 
and descriptive sense only and not for purposes of limitation. 

That which is claimed: 
1. A method of optimizing the location of a plurality of bins 

of a storage system comprising: 
determining a number of touches each of a plurality of bins 

of a storage system has experienced over a predeter 
mined time period; 

identifying a bin with more touches than a bin at a first 
location, wherein the bin with more touches is at a sec 
ond location; and 

directing the bin with more touches than the bin at the first 
location to be swapped with the bin at the first location. 

2. The method of claim 1, wherein identifying a bin with 
more touches comprises identifying a bin with a number of 
touches that exceeds the number of touches of the bin in the 
first location by a predetermined amount. 

3. The method of claim 1, wherein upon directing the bin 
from the first location to be swapped with the bin with more 
touches, precluding the bin from the first location from being 
moved again. 
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4. The method of claim 1, wherein the storage system 

comprises bins of multiple sizes and wherein identifying a bin 
with more touches than a bin at a first location comprises 
identifying a bin of the same size with more touches as the bin 
at the first location. 

5. The method of claim 1, wherein the storage system 
comprises a plurality of shelves, and wherein each shelf.com 
prises a plurality of bins. 

6. The method of claim 5, wherein identifying a bin with 
more touches than a bin at a first location comprises identi 
fying a bin with more touches on a shelf different from that of 
the bin at the first location. 

7. The method of claim 5, further comprising increasing the 
likelihood that a picked article will be within three shelves of 
a next-picked article in response to Swapping the bin at the 
first location with the bin at the second location. 

8. The method of claim 1, wherein a touch comprises an 
instance of a user accessing a bin. 

9. A computer program product comprising at least one 
non-transitory computer-readable storage medium having 
computer-executable program code instructions stored 
therein, the computer-executable program code instructions 
comprising: 

program code instructions for determining a number of 
touches each of a plurality of bins of a storage system has 
experienced over a predetermined time period; 

program code instructions for identifying a bin with more 
touches thanabinata first location, wherein the bin with 
more touches is at a second location; and 

program code instructions for directing the bin with more 
touches than the bin at the first location to be swapped 
with the bin at the first location. 

10. The computer program product of claim 9, wherein the 
program code instructions for identifying a bin with more 
touches comprises program code instructions identifying a 
bin with a number of touches that exceeds the number of 
touches of the bin in the first location by a predetermined 
amount. 

11. The computer program product of claim 9, wherein the 
program code instructions for directing the bin with more 
touches than the bin at the first location to be swapped with 
the bin at the first location further comprises program code 
instructions to preclude the bin from the first location from 
being moved again. 

12. The computer program product of claim 9, wherein the 
storage system comprises bins of multiple sizes and wherein 
the program code instructions for identifying a bin with more 
touches than a bin at a first location comprises program code 
instructions for identifying a bin of the same size with more 
touches as the bin at the first location. 

13. The computer program product of claim 9, wherein the 
storage system comprises a plurality of shelves, and wherein 
each shelf comprises a plurality of bins. 

14. The computer program product of claim 13, wherein 
the program code instructions for identifying a bin with more 
touches than a bin at a first location comprises program code 
instructions for identifying a bin with more touches on a shelf 
different from that of the bin at the first location. 

15. The computer program product of claim 13, further 
comprising program code instructions for increasing the like 
lihood that a picked article will be within three shelves of a 
next-picked article in response to Swapping the bin at the first 
location with the bin at the second location. 

16. An apparatus comprising processing circuitry config 
ured to cause the apparatus to: 
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determine a number of touches each of a plurality of bins of 
a storage system has experienced over a predetermined 
time period; 

identify a bin with more touches than a bin at a first loca 
tion, wherein the bin with more touches is at a second 5 
location; and 

direct the bin with more touches than the bin at the first 
location to be swapped with the bin at the first location. 

17. The apparatus of claim 16, wherein identifying a bin 
with more touches comprises identifying a bin with a number 10 
of touches that exceeds the number of touches of the bin in the 
first location by a predetermined amount. 

18. The apparatus of claim 16, wherein upon directing the 
bin with more touches than the bin at the first location to be 
swapped with the bin at the first location, precluding the bin 15 
from the first location from being moved again. 

19. The apparatus of claim 16, wherein the storage system 
comprises bins of multiple sizes and wherein identifying a bin 
with more touches than a bin at a first location comprises 
identifying a bin of the same size with more touches the bin at 20 
the first location. 

20. The apparatus of claim 16, wherein the storage system 
comprises a plurality of shelves, and wherein each shelf.com 
prises a plurality of bins. 

21. The apparatus of claim 20, wherein identifying a bin 25 
with more touches than a bin at a first location comprises 
identifying a bin with more touches on a shelf different from 
that of the bin at the first location. 
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