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Abstract— The volume of the data and information traffic
generated in warehouse management operations is exinely
high. They are driven by such frequent events as mpts to
locate inventory status files, associated inventoryocation
and integration of specific customer order statusables (such
as order payment, and order fulfilment status). The
information technology infrastructure required to handle
large data volume is expensive with additional cosfor
complex operations, limiting the operations of smal
businesses. In addition, any compromise with the
infrastructure design may have further implications on the
data storage and retrieval affecting productivity. In this
research, we seek to investigate the feasibility & Cloud-
based warehouse management system (WMS) that
continuously and autonomously captures “RFID” tagge
inventory and distributes data handling processes.The
purpose of this research paper is to investigate RFID based
WMS (R-WMS) application for mobile devices, includng
smart phones (such as iPhone, Android, Microsoft Maile
Phone, HTC smart phone, Blackberry, etc) and other
handhold smart devices (such as iPad and some
light/portable TabletPC) exchanging real-time infomation
through the cloud which is being used to make neawptimal
decisions and send information back in an acceptabltime
period. In order to research these possibilities here is a need
to investigate the capacity and dynamic adjustmentof
workloads for reducing costs and saving energy. Ftiner
development of a mobile application of such data tensive
operations necessitates exclusive multiple regresai data
manipulating techniques to provide the most critich
information for decision makers. The broader impactof this
research paper is the enhancement of mobile user
capabilities driving improved productivity. This research
will also add to the development of novel warehouse
management techniques impacting world-wide business
operations helping to realize the world is flatter than
anticipated. Further, this multi-disciplinary research will
enhance the Computer Science, Industrial and System
Engineering curriculums by providing greater exposue to
emerging areas in supply chain management, mobile
computing, operations research, and cloud architeate and
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computing. The intellectual merit from this researd will
include ramifications on cloud-based mobile computig,
which is the future of modern business operationsThis
research will train undergraduate and graduate stu@nts
from both computer science and industrial engineerig in the
field of supply chain, logistics, mobile computingand cloud
computing.

Keywords— RFID WMS, Mobile applications, Cloud
Computing;
1. Introduction

Warehouse Management System (WMS) is software that
has been designed to provide instructions to thieuser

on the many warehouse activities needed for furgll
customer's orders. The volume of the data and
information traffic generated in warehouse manageme
operations can be extremely high. They are driveauzh
frequent events as attempts to locate inventotysties,

the associated inventory location and the integnatf
specific customer order status tables (such asrorde
payment and order fulfilment status). The inforioat
technology infrastructure required to handle thgdadata
volume can be expensive and the cost of the sagtwar
manage complex warehouse operations may be vehy hig
and can limit the adoption of these systems by Ismal
businesses. In addition, any change to the infresire
design or software may have further implicationstioa
data storage and retrieval productivity of the eystand
ultimately limit the system functionality for then@ user.

In this research, we suggest using web based cloud
computing infrastructure for meeting the computiegds

of warehouse management systems (WMS) designed for
mobile applications. We seek to investigate lingtiand
optimizing the WMS subroutines required for the ifeob
application through identifying the required adig$ for
small business operations and capitalizing on Radio
Frequency Identification (RFID) technologies. We
theorize that as user demand increases, the clwits
provider could instantly scale up the huge required
resources. This lowers organizational overhead of
investing on new infrastructure, training new perss,
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and getting licenses for new software. The useraldvo
use Web services for running the application oris¢othe
data in the cloud only when necessary and then pail
for only what they use. The users do not have toryo
about the maintenance of the networks and serversa
the fact they do not own the platform, infrastruetand/or
software in the cloud. They access multiple sereerd
storage media stored somewhere around the globe@nd
not know where they are and which ones they anegusi
The resources are allocated and de-allocated oarm:m

The goal of this research paper is to develop an
interactive framework of mobile application thapports
and develop computing of a data-driven warehouse
management system through cloud architecture. This
research goal will be addressed through the fotigwi
specific objectives. Firstly, we have been trying t
investigate the feasibility of radio frequency it&cation
(RFID) technologies for inventory location and work
optimization for warehouses as well as attempting t
identify the key functionalities of warehouse preses
both from development and end user perspectives to
develop a mobile application for operational e#ity.
Moreover, the proposed methodology can help idgiiié
limitations of the minimal functionality provided tthe
RFID WMS Mobile application with an enhanced Cloud
Computing Infrastructure. In this research, we have
performed a comparative analysis among three difiter
picking methods such as Voice picking, Pick to tighd
Mobile RFID Warehouse management System based on
Cloud Computing by using multiple linear regression
analysis procedure. Multiple linear regression sedias
tool in analyzing the significance of two predictor
variables i.e. Number of Picks (X1) and QuantitysefUs
picked (X2) in determining the total labor cost. ddys of
data on above two factor variable and one response
variable has been taken from ABC Inc. Corp. hasnbee
taken as a reference. This analysis has been wsed t
Benchmark Cloud Computing Performance Categories
Relative to Warehouse Management.

By addressing these specific objectives, we seek to
investigate a RFID based WMS (R-WMS) application fo
mobile devices, including smart phones (such asneh
Android, Microsoft Mobile Phone, HTC smart phone,
Blackberry, etc) and other handheld smart devisesh
as iPad and some light/portable Tablet PC) excimgngi
real-time information through the cloud which isigfel
to make near optimal decisions and send informaiamk
in an acceptable time period.

2. Background
2.1 Warehouse Management System

Warehouse Management Systems (WMS) are decision
support systems that utilize complex algorithmglirect
personnel to perform warehouse tasks such as neggiv
stocking, picking, packing and shipping of invegtor
Similar to Enterprise Resource Systems (ERP), WKS a
comprised of different software applications andbr/
subroutines that access multiple databases to rperfo

different functions. For example, there may be fawsoe
application that identifies the location of a perseho is
stocking inventory in a rack so that it can deteenthe
next task he must complete based on his proxinuoty t
other inventory, while another routine is identifgi the
amount of inventory that has been placed in th& sx
that it can determine the amount of inventory itet be
chosen or picked out of that location by anothepleyee,
and another routine that may determine what order
inventory should be acquired so that all of theemery
picked that day will have time to be loaded atghiping
dock. WMS systems oftentimes transmit granular tiata
ERP inventory modules so that the back office tessksh
as accounting can be performed. They differ wittPER
that they use many complex subroutines to tell the
warehouse personnel exactly what to do and whegoto
through the use of scanners and or handheld devibey
are considered execution systems. WMS systems have
been driving large complex operations for largeiress
for over thirty years. The typical savings for WMS
systems in operations with over 20 personnel iscifly
greater than 20% through labor reduction and réclucif
excess inventory. Smaller companies oftentimes nieed
benefits of these types of systems in their warsé@nd
distribution operations but the cost and the comipjeof
these systems limit their adoption of these systems

Often the complexity of some of these systems
contributes to small businesses not being ables¢othiese
systems. For example, these systems have theyatuilit
control complex conveyor systems, Automated and
Storage Retrieval Systems (AS/RS), and robotic ipgck
systems. We theorize that the cost and the cont@es»of
these systems can be reduced for the small business
through using modern technology. Then later as the
organization needs the complexity it can leverage t
power of the cloud computing and network computing
scale up to the more complex systems.

2.2 RFID and RTLS Localization

RFID is defined as the process of identifying ajecbby
means of radio frequency transmission. Items can be
tracked, identified, sorted, and detected in a widgety
of applications only limited by a person’s imagioat
Although, the applications of RFID include an emsdle
amount of possibilities, there are three distingplization
groups of RFID: item tagging and tracking, transtér
further data, and localization.

RFID works via electromagnetic communication
between a reader (interrogator) and a tag (trarggrdnA
tag is attached to an object with some internal prgm
storage which contains information about the objsath
as a serial number, manufacture date, or othernr#tion
that might be important to the object. A readertern
electromagnetic field and when a tag enters thie,fié
transmits back the information stored on the tag. |
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general, when the reader emits a radio frequergryaki
any corresponding tag within range of the readdt wi
detect the signal. Once a tag has verified theasigh
replies back to the reader indicating its preseAcgecond
major application of RFID technology involves natly
retrieving an identity from a tag, but also readiagd
writing data. Some products may provide instructiéor
operation or handling; for instance, food tags doul
instruct an oven the optimal cooking time or terapene.
The third application, localization, is a mechanigon
discovering spatial relationships between objects.
Localization is accomplished by ranging, which e t
process of determining the distance between objects

Localization for RFID is the focus of this papeadi
enabled localization has been used for medical Igupp
tracking, finding lost golf balls, and determinirtge
location of hospital patients. Triangulation metsoare
generally implemented where distances from static
reference readers are measured. The continuous
monitoring of movable items using the localization
techniques is referred to as a Real Time Locatigstesn
(RTLS). RTLS systems are typically active systeosng
battery operated tags) to detect presence andidacat
within a 2D coordinate system (XY position only,tno
height).

Most current RTLS systems rely on the signal stileng
as an indicator for distance approximation. Thetesys
works by using received signal strength indications
between multiple access points throughout the ingck
area. This provides accuracy indoors of 3 to 9 fe€tlm
to 2.74m). The system does not cause any intexerem
the existing network traffic because the tag comicatas
only about 60 bytes of data per location updates Hys
generally require a 4-6V power source. The tag® Hoanlt
in accelerometers and can be configured to idertifg
report tag location every time it is moved. ActiRé&ID
RTLS and infrared (IR) systems generally have area
range of up to 10 meters. Some passive RFID RTLS
systems have reported accuracies within 0.6 m ef th
actual location using advanced statistical modetsnf
data collected from multi-reader configurations.

2.3 RFID and WMS

For efficient warehouse operation, it is criticalitlentify
the optimum order waves (order grouping) and wadero
release schedules that will minimize order picKadgpr as

it influences how customer orders are organized and
presented in software that is used for distribution
operations. Grouping orders into logical sets isicwnly
called wave batching. These grouping algorithmsvall
for picking and labor to be coordinated with other
operations, such as shipping, to optimize functiams
distribution centers. For example, orders may lo&qd in
reverse delivery order so shipping trailers aredéuh
optimally. The first order picked goes into the baf the

trailer to be delivered last. The importance ofeprdiave
batching is critical in high speed operations, inuentory
inaccuracies can reduce the quality of these bagcbf
orders and reduce their effectiveness. Specificalg
seek to influence order bid process within the oekw
schema defined as the framework in which order &gen
compete against one another for resources to rheet t
specific goals, described as the bid process in the
negotiation schema. The real-time ability of RFID t
provide inventory accuracy and identify secondary
location of the inventory immediately can improvee t
accuracy of the wave batches.

Generally, complex WMS systems use barcode
scanners that emulate the screen of different nesdaf
the software. Barcode systems are currently being
upgraded to RFID based scanning due to the current
adoption of RFID tags in Logistic operations. Cuthg
many readers are being upgraded to read both the@a
and RFID tags. Using RFID instead of the barcotanel
operations to capitalize on the labor savings afhaving
to see the barcode to capture the location androwation
of the inventory. For example, in a typical “Bucket
Brigade” pick to belt operation utilizing a WMS $§m,
the workers are assigned zones in which they pick
inventory. After the inventory for an order in onene has
been captured by one worker, they move the order
container (case or pallet) to the next worker tectethe
inventory in their zone. When inventory is inacdarahe
worker often takes excessive trips within a zone aften
moves the container to the next without the correct
inventory. RFID technologies can reduce labor iro tw
ways. First, RTLS can provide a triangulated lauatof
the order selector and optimize his/her travel pgethed
on the selector's current real-time position, neguaned
work area. Next, real-time inventory status upd#sesh
as damaged, missing, or spoiled inventory) can be
incorporated into the order picking schedule toowll
workers to bypass inventory locations with bad irteey.
The promise of these two RFID functions can save
operations labor and provide extreme flexibility in
directing distribution labor. Thus, the contributicof
RFID systems to the overall logistics model is expd to
produce significant contributions in the three area
mentioned above: 1) inventory reduction with resgec
safety stock reduction, 2) optimization of ordeowgring
and releases, and 3) and labor reduction with otsjoe
picking and stocking labor. The contribution tosthtiody
of knowledge is significant in that it will allowhé
intelligent based aspects of RFID to be introduted
research models. The broader impacts to compamées a
that it will introduce and quantify the real-wordfects of
reducing the inventory bull-whip effects in supjlyains,
further optimizing orders in the supply chain, niegt
customer services, and reducing operational labsisc
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The incorporation of RFID system in warehouse
operation has implied a significant change in watse
procedures. Rawal (2010) established that thegesafor
the use of RFID technology begin with the fact of
processing the information in real time and autéomabf
the activities. The benefit could be summarizedttes
capacity to process a big amount of data, decréase
labor cost, and increase accuracy in collecting and
processing the information. Furthermore, RFID repras
the opportunity to improve the production planning
control in the warehouse with advances in the obrmf
demand and supply planning. These are in direatiosl
with activities as pick, pack and ship control.

Bukchin addressed the design of an assembly system
facility consisting of multiple assembly lines affdrent
shapes [32]. To achieve this, a facility layoutlpeon was
solved using an MIP formulation that models eaok ks
a set of rectangular sub-lines. The efficiency fiem
approach was applied to analyze the trade-off betwe
facility area and the transportation distance amd a
algorithm with the ability to generate a set ofi@ént
solutions was presented. The resulting approach was
recommended to provide solutions to small-to-moera
sized problems using a reasonable amount of
computational effort in order to enable designersde the
whole picture and consider complex trade-offs betwe
facility area costs and material handling costsrgea
problems were left to heuristic approaches thatdede
further research at the time. Later a number din&pies
were used to solve the Facility Layout Problem (FLP
such as the SLP. The companies looked systems more
productive and efficient. Generally, these systémrge a
direct connection with the generation of new layout
designs. Hammad expresses that “The evaluatiomef t
production system efficiency in the factory is ed&e for
meeting the growing demand of customers with resjgec
design and size of the housing product. It is irapee to
explore alternative layout designs that would beremo
efficient and productive.

We believe using RFID in our paper is important not
only, because it is currently being adopted andices
costs for small business. It also provides an dppdy to
locate the user of the reader. This localizatiqratdity or
Real time location system ability will allow thesearcher
to re-optimize the worker location and minimize the
computing needs for the WMS software applicatidmerg
are several research challenges to this problewmifgpto
the RFID technologies including the type of tagat tban
be utilized to perform these RTLS functions.

2.4 Cloud Computing

Cloud computing is a sophisticated three-layer
infrastructure as shown in Figure 1 that provides o
demand computing for anyone within a network
connection using a third party service.
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Figure 1. Cloud Computing Reference Architecture [34]

The advantage of using a cloud is the accessilnlity
the data and application from anywhere, at any,tiamel
with any web-allowed device. This feature of theucl
eliminates the costs and complexity associated with
acquiring and managing any information infrastruetu
Cloud computing also provides scalable and elastic
computing resources that are served from the shared
resource pool, the resources being physical oualied
resources. However, these resources should bebatb
consumers with integrated dynamic resource schegluli
strategies for proper allocation of resources acribe
network.

Cloud computing allows organizations to run custom
applications through platform as a service (Padfa} t
offers storage, computing power, and network
infrastructure as a service along with runtime esrvinent
for compiled application code. The advantage ofSaa
over other service types is that only the appliwatode
needs to be uploaded, configured, and run, which
eliminates the need to upload virtual machines.rd&oft
provides PaaS service as Microsoft Azure Platforith w
Windows Azure as the runtime environment. Windows
Azure provides a Windows-based environment to caepu
and store services for cloud applications. Thistuiea
allows programmers to develop applications using
ordinary Windows-compatible languages (Visual Basic
C++, C#, Java, Python, or others that can generate
Windows binaries) or Web applications (ASP.NET, PHP
Windows Communication Foundation (WCF)). The
database management system is a Microsoft SQL Serve
which is the most common one used in RFID apphbceti
The Windows Azure Platform not only provides a 8tyo
cloud offering for Windows/.NET applications busalfor
some dynamic language applications. The services ar
provided at a competitive market price with a flégiPay
As You Go plan. Only the custom code needs to hk bu
and uploaded to the Cloud rather than building and
loading virtual host machines. As the applicatidarts,
third party software packages do not need to bpatged,
those being managed by Windows Azure services; only
the application itself needs to be supported.
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Cloud Computing has attracted much attention from
industry and academia in recent years. It has been
developed to be a successful business model te shar
cost and resources among different companies and
communities. How to effectively share the resoufcesa
variety of applications with different characteidstis still
an open research problem. In this research, weopeoto
explore new scheduling strategies for workload-ayica
real-time, data-intensive tasks on a Cloud Computin
environment. Some key research questions are worth
further studying, including how scalable Cloud
Computing can offer to such data-intensive reaktim
applications, and what configuration we need tangleaon
the Cloud server to meet the application’s requéaets?

We plan to investigate the challenges of deploysngh
applications on Cloud Computing environment and
provide our insights to these questions.

2.5 Applications for Mobile Device Using
Cloud Infrastructure

There have been a number of projects and papers
addressing the opportunity of outsourcing mobile
applications to improve performance or energy sga/in
The case for mobile outsourcing to the cloud toesav
energy has been made [14] and the trade-offs of
computation offloading in terms of energy usageehav
been investigated by Miettinen and Nurminen [12hc8
the cloud is so new, most of the prior work relevianus
concerns outsourcing of mobile applications to ek
server resources. The Spectra and Chroma projests h
focused on compute-intensive interactive applicetib]—
[7]. Spectra supports coarse-grained full-applarati
migration and the programmer identifies the objects
eligible for remote execution. Chroma extends Spettt
allow pre-specified user tactics for adaptation and
placement and the use of multiple servers. Howether,
application must provide methods for decompositilon.
contrast, we treat the application as a black-box a
consider the interaction between multiple apploragi

Other projects are based on virtualization. Chud an
Maniatis present the idea of full VM cloning of ahile’s
image to a remote server at a very coarse-grail, léut
no implementations have been evaluated [6]. Clasdle
allow a dynamic outsourcing of a VM to a local “etf
(server at a network access point) to promote mitwo
locality vs. a commercial cloud [10]. However, thi
transfer/load times may compromise the low response
objective. Protium addresses the issue of sessaility
and universal data access from any client [15hdShot
evaluated the use of a surrogate running at a bbtsp
coupled with a remote server [11].

The idea is to use the hotspot for outsourcing when
Internet connections between it and the servepaoe but
to use the remote server when the user is moviry an
connection to the hotspot is lost. Our approacimise

general and considers a wider-range of resource
availability beyond networking. Compiler-assisted
approaches have also been proposed [16]-[9] — [13].
These works are limited either to static mappingisiens

or single application optimization only. Wang cafesied
dynamic placement but only the metric of energyssd
and is limited to single applications [9]. Diet sse Java-
based program analyzer which can partition Java
programs at the method-level [13].

2.6 Voice Picking

A pick to light or light directed system is suitablor a
warehouse in which pickers need to move fast and
accurate between multiple picking locations. Thistem
can improve employee capabilities. In this systéght$

will be placed directly above the racks from where
operators pick items. Barcodes are placed on thanm
containers which represents the customer order.
Depending on the order, operators will pick an iteom

the bin. The quantity of the order will be disgdyby
lights above the bins. The operator will presstligldictor
above the bin after picking an item. This will cionf the
pick. Picking of the order is complete when there
lights illuminated [31]. In this system, quantitf the
order will be displayed constantly. The implemeiotaiof
voice picking method costs about $ 188,000 and a@nnu
savings approximate $ 33,683.9 per year. The p&ybac
period takes up to six months and twenty one days.

2.7 Pick to Light

This process utilizes speech recognition softwand a
voice direction which allows workers to communicate
within warehouses. In this system, operators useaalset
which is connected to small portable computer. This
computer will guide the operator within the wares®ly
verbal commands. Once tasks are done, operatots wil
confirm their tasks by speaking and reading cordiion
codes which are printed on products or locatione Th
operators need to confirm their tasks by readindeso
instead of scanning bar codes and entering key
information [31]. Pick to light implementation cesip to
$300,000 and this option saves up to $342,210 par.y
The payback period is within ten months and sixsday

2.8 Mobile RFID Warehouse management

System based on Cloud Computing

Currently there have been WMS suppliers who are
looking to move to an open source architecture alatvs

the users to capitalize on cloud computing. Butyttle

not adequately address the complexity problem reor d
they discount the cost of the WMS. In fact whenythe

move to a transaction based model it costs the lsmal
companies more than the large company as a pergent
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sales volume. We propose leveraging the cloud adete
and finding that point when it makes sense. We dlzo
not propose a more complex system when it doeizauitil
cloud computing. We seek to design a mobile apitina
that initially will provide only the need functioligy
necessary for the small business that has the iiapalb
updating architecture first with the less complexXvV®/
and maybe later if necessary to the more robust WMS
system.

3. Methodology

For a particular distribution center (DC) settifgybut/
order picking system), we are interested in deteimgi if
the cloud infrastructure based warehouse pickirgjesy

is significant in reducing the total cost and itpiok time

in a day. A particular picker may pick in differemtiys. If
pickers pick many items per picking tour then tdéddor
hours for that day may be less resulting in lebsraost.
However, the picking methods of each picker may
diverge. Hence, by observing a 40 day data forrticpdar
DC on three different picking methods; Voice Pigkin
Pick to light and Mobile RFID WMS System based on
Cloud Computing and conventional picking methods, w

Hypothesis No. 1

Ho: Mobile RFID Warehouse management System based
on Cloud Computing doesn’t reduce item pick time.

H1: Mobile RFID Warehouse management System based
on Cloud Computing reduces item pick time.

Hypothesis No. 2

Ho: Mobile RFID Warehouse management System based
on Cloud Computing doesn’t result in cost savings.

H1: Mobile RFID Warehouse management System based
on Cloud Computing results in cost savings.

Figure 2 presents the architecture of the mobil¢éDRF
Warehouse management System based on Cloud
Computing. The system consists of mobile clientvsaife
to deal with RFID data from warehouse operations|, @
Cloud based data center to handle intensive databas
transactions. The pervasive mobile computing appba
for WMS and explore how to best schedule real-time
WMS transactions on the dynamic configurable,
heterogeneous Cloud Computing environment. The WMS
cloud scheduler will dynamically reconfigure the
resources and schedule tasks based on the cuerprests
demand, client budget, and system loads.

Dynamically
reconfigure
resources when
needed

=
Oos OS

Machines

\

virtuai

Ap Ap
OS OS
Machines ,/

Distribute transactions to virtual machines

Cloud Computing Service

Ap App \
OS OS

virtuai I
Machines \ 4
\

RFID WMS Mobile
Clients

came up with the following hypothesis.

Figure 2.The Proposed Mobile RFID Warehouse Management BysteTop of Cloud Computing

The diagram shows the interconnection between
automatic devices such as RFID with Cloud basetésys
Traditionally, RFID technologies have been used in
warehouse operations for automated inventory
information. However, the volume of data generateth
RFID technology is humongous, mandating an
investigation of the database size and optimizatiodata
transfer between the database and the smart phitee.

memory capacity of the smart phones is limited, arisl
necessary to develop an efficient decision-making
protocol to provide the most critical informatioarfthe
end user. We envision that the outcome of thisarese
will be a series of decision options for superssto
effectively schedule work based on real-time infation
from the RFID system on activity, inventory and i@er
location.
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To identify the key functionalities of warehouse
processes both from development and end user
perspectives and also to develop a mobile applictr
operational efficiency, an advisory board consistiof
warehouse management experts and users will provide
input on work scheduling, manpower planning, andORF
based inventory management. We are using valuanstre
mapping to identify the key functionalities for tfd~ID
based warehouse management system within our grdpos
Design for Six Sigma — Research (DFSS-R) methodolog
Moreover, the standard application development stool
including the Xcode 4 (for Apple smart devices),dfwid
SDK and Eclipse (for Google Android smart phonasy
Visual Studio 2010 and Windows Mobile SDK (for
Microsoft Mobile) will be used. The developmenttbk

application involves extensive coding to provide
customization features for specific businesses.

A set of the prototype smart device apps are erpletct
be delivered as a software platform for testing iheob
(smart) devices in the warehouse management system.
Our preliminary analysis conducted with our collediimg
company tests of an open source system is thaytem
will be limited to approximately, 10 workers, 500
inventory items, and less than 2,000 transacti@rsdpy.
This system would support a small business and then
would have to be scaled with server capacity. Welldvo
then have to adapt or enhance the application sshem
work more like an open source system.

Develop Seheduling
Algorithm for
Heterogeneous Syslems

|

Hadoop

Framewiark

[mvestigate Fensthility of Identify key Develop Application B
RFID fior Warehouse Functionalities with Key WMS Implement Algorithm
of Warehouse Processes  Funetionalities an (he Hadoop
Framework

Task Cast Mode]

Methodolegy for Mobile RFID Warehouse management System based on Cloud Computing

Moncy Cost Model

Parlition the WMS
Processes biw Developed
Application and Clond

Evatluate the Perlonmunce of
1he Clowd Based WMS

/ Application

Identity un
Benchmurk Clowd
Computing
Performance
catggoriey
Relutive to WMS

Primary
Cloud
Testing

Platform

Thirg-Party
Clowsd Testing

Platform

Identify the Limiations

Figure 3. Methodology for Mobile RFID Warehouse Managemergt&ym based on Cloud Computing

3.1 Activity 1

Task cost model: We propose to use compiler arglysi
information to estimate the execution cost of & tasd
create its related properties. The assumption ioiilai
workloads of different tasks is not realistic foeaf
applications. We need to create a methodologytimate
the execution cost of different kinds of tasks in a
application. A compiler can analyze a task (a negid
code) statically to estimate its execution costhwit
symbolic representation and summarize its propgrtie
such as computation intensive, memory intensi, &hd
cache behaviors. The information is evaluated atime

when a task is submitted to the Cloud scheduleis It
critical to obtain accurate information in ordersichedule
a task efficiently. We will also use historical anfmation
to correct task estimation.

3.2 Activity 2

Money cost model: We will model the money cosngsi
two scenarios: fixed budget and minimized cost with
required performance. Since the Cloud is “pay fee,u
the money cost is a key factor to attract users. Wille
also use it to select the two different scenariosl a
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schedule tasks accordingly. It is an additionalapaeter
for the scheduler to take into consideration.

3.3 Activity 3

System Model: The scheduler needs to have a global

of the entire Cloud system and the ability to sctedasks

to best utilize the variety of computing resoura#sa
heterogeneous Cloud. Moreover, it should be able to
reconfigure resources according to the real-time
application demands. The system model will have the
entire system configuration, as well as the current
allocations of virtual machines/services. It pr@sddthe
characteristics of different computing nodes on the
heterogeneous system to let the scheduler to &ldaaks
that are able to best utilize the computing resesien a
virtual machines/services. It needs to promptlypoesl
the dynamic real-time performance requirements by
expanding or shrinking the resource allocationwill
invoke task/data/service migration. To Integratethwi
RFID WMS mobile app to test the scheduling efficign
on the PVAMU heterogeneous Cloud system. The
scheduler will evaluate a pool of current tasksedasn
these models to schedule them according to differen
policies. In this research paper, we will be ahlleget
feedback from the user community to evaluate the
algorithm efficiency, which is very valuable to scluling
algorithm improvement.We will seek to use the Clasdc
flexible component for the mobile phone applicatioie
seek to understand the limitations of the applarati
working as standalone system with a minimal need fo
downloading information to the I-phone. Once that
limitation has been exceeded, we seek to enhaecesthd
and capabilities of the mobile application by usiag
schema that allows the application to scale usarges
capacity and server software logic. Given the opmity

for unlimited capacity that Cloud Computing mayoal|

we seek to test the limitations and opportuniti€ghis
technology. The traditional schema provided by gpla
application, we seek to identify the limitations tfe
system with respect to number of workers, the nunobe
tasks, and the amount of inventory.

3.4 Activity 4

For Benchmarking the Cloud Computing Performance
Categories Relative to Warehouse Management, &alini
set of measures that are generic to cloud computitig

be reviewed and used to guide the evaluation aisalys

date, a few of the measures that have been used to

benchmark the performance of a cloud computing
application are: (1) end-to-end response time auothiog;

(2) CPU performance; (3) storage I/O; (4) memo@; I/
(5) network throughput and congestion; (6) com portei

performance (CPU-intensive tasks); and (7) cost. To
further refine benchmarking the warehouse managemen
system application performance criteria, input fram
Technical Working Advisory Group (TWAG) will be
obtained. The TWAG will be 8-10 individuals conBigt

of cloud computing software subject matter experts
(SMEs), engineering and computer science
graduate/undergraduate  students, and  warehouse
management stakeholders. Their role here is to Utat®
input on the integration of warehouse processeschnadi
computing. This form of partnering will facilitate
clarifying performance of the application as wedl assist
with developing specific and realistic warehousenseios

to use in testing and measuring performance. Atlse,
TAWG will have a role to play in our research eion
plan as well.

A comprehensive analysis will be performed to
compare results of three different types of picking
processes. When testing the performance of cloud
computing platforms, it is important to test mukip
instances simultaneously, during different times tioé
day, and over multiple weeks to get a real measdire
system performance. The reason is that the capa€ity
each cloud platform could vary dramatically given
different times of day and load on the platforms.
Ultimately, good resource-distribution algorithnsystem
architecture, and capacity planning will shine tigio in
the performance results between platforms. It shdd
noted that the amount and timing of samples is mapd
to get a measure of overall system performanceltard
platforms.

The results for all test runs will be averaged,pbe,
and compared. A cost analysis of the performaniterier
will be performed as well. This information will lshared
with the TWAG for review and to seek input for
incorporating changes.

4. Results

Multiple linear regression is used as tool in analy the
significance of two predictor variables i.e. Numbefr
Picks (X1) and Quantity of SKUs picked (X2) in
determining the total labor cost. 40 days of dataabove
two factor variable and one response variable heenb
taken as a sample reference. It has been assurdedean
take 0.01 as the statistical significance level.chieck the
applicability of MLR model preliminary correlation
analysis of both the predictor variables were doneach
of the picking systems. X1 vs X2 plots for eachkjig
system and the confirmation is done by the calmnat
following the plots.
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Figure 4. Voice pick

Below are the results of multiple linear regressioe of

the picking system setting.
1. Voice picking system
Let,
L= Labor cost/ day
X1 = Number of picks
X2= Quantity of SKUs picked

Regress L vs X1, X2 to get the Ralues for independent
variables X1 and X2. Below is the ANOVA table aftee
regressing L with X1 and X2.

Table 2ANOVA Analysis

Analysis of Variance
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Figure 5. Pick to light
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Figure 6. Mobile RFID WMS System based on Clo
Computing

Below table summarizes the Pearson Correle
Coefficient value between theo variables each ca

Table 1.Pearson Correlation Coefficient va

Source | DF Sum of Mean F Value Pr >
Squares | Square F

Model | 2 | 1022485§51124200001973.08" >

Error 36 93281 | 2591.1305

Corrected 38 | 10318138

Total

Parameter Estimat

Parameter [Standar

\Variable [DF|Estimate  |Error t Value [Pr > [t|
N picks |1 [1.01258 [0.0677:000 [14.95 | <.0001
Quantity |1 |0.02471 |0.0006641 [37.21 |<.0001

Picking method Rho (X1, X2,
Voice picking 0.6400
Pick to light 0.641¢
Mobile RFID WMS Systgm 0.6400
based on Cloud Computing

Since none of the correlation coefficient valuesgreater
than 0.7 hence no serious problems of r-collinearity
are to be feared of (figure @nd the Multiple Regressic
model can be continued.

P- Value of FTest (0.001), which is less than the leve
significance assumed for the model, signifies Hideast
one of the factor variables is important. AlsP-Values
from individual t-tests of both the variables signifies t
both of the variables are important and cannotroppmked
from the model as both the values are less thaer lef
significance assumed. Hence Ho iejected at 99%
confidence level.

Similarly, Labor cost (L) is again regressed witlnet
two factor variables X1 and X2 for Pick to lightdaStock
to picker systems. The ANOVA results are as sunzed
below:

Table 3. ANOVA Result:

Picking
System

P- Value
for F test

P-
Value

P- Value for T-
Test for
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for for T- parameter(X1
model Test
for
parame
ter(X1)
Pickto | 4 5001 | 0.0001 0.0001
Light
Mobile
RFID
WMS
System 0.0001| 0.0032 0.0063
based on
Cloud
Computing

From the P- values for F-Test above for both the
picking systems we can conclude that at least dribeo
parameter is significant and further examining the
values or T- Test for each parameter, we see tbt b
values are less than the alpha value assumedédandidel
i.e 0.01. Hence we are 99% confident that both blerm
of picks (X1) and Quantities of SKU picked are
significant in the proposed model and cannot b@uied.

The null hypothesis were rejected in each of tlokipg
system, we conclude that Quantities of SKU pickad a
No. of picking tours done are both significant in
determining the total labor cost for a particulaarehouse
setting. Hence, we have arrived that none of tlsesaan
be dropped from the model.

As we need to make a choice for the particular rorde
picking type based on solid financial reasons angpexr
DC management requirements our selection critegia i
attractive payback period based on current requirgsn
We have conducted return on investment analysis and
have got the following results.

4.1 Mobile RFID Warehouse Management
System based on Cloud Computing

The Mobile RFID WMS System based on Cloud
Computing implementation is expensive and demamnds a
investment of $2,200,000. The Stock to pickers esyst
provides annual cost savings of $643,141.93. Tlybauzk
period is three years, five months and two days.

Table 4 Economical Analysis

Mobile
RFID
WMS

System

based on

Cloud

Computing

2017.740Q

Pick to
Light

Voice
Picking

Total Labor
hours

Total Direct
Labor Cost $

5255.5 5239.74

88986.8 | 88303.6 49702.80

Software $ 0.00000 0.00000  200000.00
Machine Cost $| 188000 300000  2000000/00
Total Cost $ 276986.8 388303|6 2249702.2
SavingsfordC | 0515 4| 43895.6  82496.400
days $
Savings pe 336883.9| 342210.1 643141.98
year $

4 Conclusion

Cloud computing is a large number of highly virinad
managed resources such as applications, data laleaita
users over the web. This system is highly reusable,
sustainable, scalable, and customizable. In ouvique
study, we found out that the efficiency of scheulyli
heavily depends on system workloads, data locadiuh
computation affinity [17], as well as tasks allaoas [18].
In this research the developed methodology hasetblelp
understanding the activities of mobile RFID wared®u
management system based on cloud computing to take
decision and necessary action to improve the guid&ing
and warehouse activities. Also, we have performed
regression analysis to measure and compare thelmode
validity of three different types of picking mettgdroice
picking, pick to light and the proposed method. &torer,
economic analysis has been used to estimate thaabnn
savings respect to three different methods. Orudlo
more factors need to be considered, such as budget,
dynamic system configurations, and task and data
migration. Moreover, we are working on research of
programming and scheduling tasks on heterogeneous
cluster equipped with combined multicore CPUs and
GPGPUs [19]. This area needs to be further invat)
in order to efficiently utilize the Cloud resources

The proposed system is being helpful for virtualaa
and simulation projects, experiments, clusterindne T
authorized users those are accessing remotely tiveer
Internet; being provided the convenience of thegasand
availability of advanced technology without phydiga
being at the warehouse. With the help of RFID neobil
warehouse management system, the warehouse process
can be accessible from anywhere and anytime asdsng
the network connection exists. Cloud computing large
number of highly virtualized managed resources sagh
applications, data available to users over the \Wéts
system is highly reusable, sustainable, scalabte] a
customizable.The analysis showed how the impact of
location would affect the future layout of the waoese.
This research was built upon Cloud Computing based
Mobile RFID Warehouse management System that were
used for determining the ability of RFID of asgigtin the
automation of facility layout planning by using RFI
Portal to optimize Systematic Layout Planning. We
utilized a combination of a multiple linear regiiess
approach by which a warehouse performance was
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evaluated and the baseline for comparison wasexteatd
applied multiple linear regression approach forckhive
sought two basic objectives: one aims at minimizing
item pick time, while the other aims at maximiziogst
saving.

We theorize that we can build off of the resultsttoé
previous studies including our study with RFID lhse
optimization of travel paths. We can extend thelyais
from a RFID enabled system to a person holding {DRF
enabled mobile device. By using the informationain
different way, we would capitalize on the layout tbe
facility to determine the optimal path for the pmrsto
travel and attain prioritized work tasks.
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