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Abstract- Radio Frequency ldentification (RFID) systems
have been successfully applied and proved its
trustworthiness in various fields including manufacturing,
transportation, agriculture, healthcare and supply chain,
just to name a few. The use of RFID in healthcare and
hospital services has increased significantly over the years
duetoitscredibility and accuracy and plays a crucial rolein
item level tracking and identification of hospital assets. The
objective of this paper is to explain the role, RFID
technology can play to ensure patient safety by appropriate
handling of medications and to maintain reasonable safety
stock of crucial medications and surgical items in hospital
phar macies by tagging the items and integrating RFID into
an ERP system. Inventory management in healthcare is
crucial such that a certain level of stock of medications and
surgical items should be made available at any point of time
to meet emergency and non-emergency type situations. The
implementation of RFID technology is seen as the solution to
ensure patient safety and satisfaction by real time asset
management.
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1. Introduction

Radio Frequency ldentification (RFID) technologyesis
wireless technology of electromagnetic fields t@nsfer
data in order to identify and track tags that dtached to
remote objects. RFID is existent for over 50 ye#rs;use
of radio waves to identify a friend or foe aircralfiring
World War Il is often viewed by historians as asffir
application of using RFID [7]. Now, RFID is put tese
everywhere including airline luggage tracking, toll
collection, library book tracking and considereé tiext
revolution in supply chain management.

The major components of a RFID system are tags,
reader and antenna. Tags are the objects thattaohed
to the items that needed to tracked or identifi€te
readers are the transmitting and receiving devites
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sends the signals to the tag and also reads immes.
The RFID systems vary based on the type of tags and
readers used. There are three types of tags tlat ar
available active, passive and semi-active tagssitRas
tags are cheap and low range that have no on-board
battery to power the tag, it relies on the readsigsal to
respond. The active tags have on-board battery that
powers the tag emitting its known signal and resigaio

the reader’s signal. The active tags are costlyHave
long reading range and the battery lasts a fewsyear
Active tags have greater storage capacity (2 KB)
compared to passive tags. The semi-active tagitatiest
technology that combines both the tags. It hasrabaard
battery but uses the reader’s signal to respond. It
combines the advantages of both the tags it hageton
battery life than the active tag and cheaper thaft is
cheaper and has a better range than the passive tag

Healthcare industry is one of the fastest growing
industry in the U.S and over the past decade,stdtled
2.6 million jobs worldwide [9]. The healthcare irsity
comprises of complex network of physicians, nurses,
staffs, hospital management, insurance providers,
pharmaceutical suppliers, policy makers etc. Thiistry
faces many unigue challenges in providing safevegli
of care for the patients. Specifically, some errtirat
occur during the patient’s processes of care sukh a
medication dispensing errors, use of expired andnja
incorrect inventory stock information of medicatiand
drugs, needs special attention. A situation like &bove
can put the safety of the patients in jeopardy aptoper
system must be in place to overcome these situsmtion
since it involves with precious lives of patientbeir
safety and satisfaction.

This article deals with the use of RFID technoldgy
item level tracking and identification of hospigl’
pharmaceutical inventories and integrating with RPE
system as a solution for the aforementioned chgdlenn
a healthcare system. In order to execute this tadl t
materials in the warehouse should be tagged, readest
be installed in strategic locations to monitor thaterial
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flow apart from the handheld readers those carabged
by personnel and all these details should be imratpd
to the ERP system so that it can be managed.

2. Background

RFID has already gained its prominence in several
industrial applications over the years. One of dagly
applications of RFID technology was previously éeist
and was used in tracking animals to a certain éxed it
proved to be precursor of using RFID technologyr&ck
many players in the hospital environment [2]. Only
recently, RFID has got the foothold on the healthca
industry and is already been used in several haspit
applications. Some of the prominent application®BfD

in hospitals include Asset Management, Patient
Management and Staff Management. With Asset
Management, critical hospital assets including tmes

used in emergency procedures such as hospitals beds

oxygen tanks, evacuation chairs, fire extinguishers
automated external defibrillators, IV pumps andeoth
assets including blood bags, medicine tracking has
already been in place in hospitals. For exampke,Tiexas
Health Presbyterian Hospital in Dallas, TX used RFI
systems to track over 7000 items and has alreadizee
some benefits including nurses saving 15% of time i
searching critical assets and $30,000 of monthlynga
from rental equipment [8]. The Patient Management i
centered on improving patient management in withi
healthcare supply chain by increased accuracy fierga
identification, tracking of drugs and supplies and
procedures intended for each patient, dementiaatiatg
tracking and tracing etc. With Staff Management th
applications of use of RFID lie around better staff
utilization, error prevention, improving productiyi
improving workflow, staff identification and tracgig. For
instance, the Royal Wolverhampton hospital in Endja
has implemented an RFID system for Real Time Locati
System (RTLS) for multiple purposes including kckiag
patients inside the hospital to better enable ttedf s
members to guide the patients, 2.track staff member
identify which patient a physician or a nurse hisited,
as well as where and for how long, and by doing it,
improves the visibility of the services received the
patients and 3. Ability to track hand hygiene o&ffst
members [12].

RFID technology has also been used in pharmacéutica
supply chain industries to help in drug flow traasmcy

As there is a potential situation of items contagni
materials are hostile to electromagnetic propagatio
performance of several Ultra High Frequency (UHF)
RFID tags were tested in each test of the pharntized¢u
supply chain has been evaluated. On these testalisiea
new guideline for high performance tags that wéie $o
handle those critical situations have been desighbis
article opens a lot of interest on Item Level Tnac{ILT).

Apart from these, there have been attempts to eehan
medication security by using Inpatient Medicaticafely
(IS) RFID systems [4]. In this system the RFID tags
linked to the inpatients and the medication dosafie
those patients. This helps to reduce the medica&tioors
during prescribing, order communication, dispensing
distribution and administration stages of the mafitin
process.

Although RFID technology has enabled good vijbi
in the supply chain networks with improved product
tracking, better inventory management and hadelketp
reduce the labor cost and human error involved|lso
involves some issues and challenges when it isgbein
considered to be implemented in an organizatiomeSof
the issues to be taken in to consideration arectis¢ of
the RFID system, uncertain ROI, change management,
training etc. Such a crucial point was discussed an
different key issues in implementing the RFID irpgly
chain network [1] are needed to be recapped.

In this paper, we plan to discuss the implemermatio
steps of RFID technology in the hospital environtnen
With reference to cost, Return on Investment (ROI),
change management was used to understand the tbenefi

of implementing RFID technology in hospital
environment.

3. Resear ch Objective
This paper concentrates on hospital supply chain

management by implementing RFID. In this paper we
propose to integrate RFID to an existing ERP system
improve the hospital supply chain management efficy.
It's obvious that every enterprise is facing chadles in
managing their supply chain to balance the supply a
demand. In today’'s world managing the hospital §upp
chain has become highly critical and has attraatéaige
interest for developing a better system to mandge i
supply chain in an effective way.

Hospitals as an enterprise has completely comigsti
environment when compared to other enterprisesuseca
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Integration Phas

Figure 2: Integration Vs. Degree of Benefit

it's all about saving human life and well-being o
becomes very critical to manage its supply chaereHhe
criticality is not just to ensure the availabilitgf
medicines & surgical equipment’s but we should rrein
the required stock level such that the investmemt o
inventory will remain low. To address this issuestof
the hospitals use ERP system to govern its enserpri
management, ERP is effective in data collectiooragfe
and retrieval but its efficiency depends on effextisage
of its employees, to overcome this issues this pape
narrates about the integration of RFID system te th
existing ERP system to manage the hospital enterpri
The use of RFID in hospital pharmacy’s warehousk wi
ensure automatic data update of any particular érich
will help to access the movement of individual iteemd
will help us for updating the stock level to the EER
system.

In this paper as stated above we have proposedkeanoin
hospital supply chain management by implementing
RFID to ensure cost effective supply chain managgme
We have proposed 3 phases to integrate RFID to the
existing ERP system. Phase 1: Analyzing the exjstin
system & Implementation of RFID in warehouse
operation, phase 2:

Monitoring the operation and collecting data, ph&se
Optimizing inventory levels to gain strategic olijees.

In phase | the ongoing process is monitored and the
current data are collected this process facilitdietier
understanding of ongoing system further the cadigct
data is analyzed to figure out the inventory bebiasiter
this RFID is implemented in the current system.
Implementation of RFID involves various tediouspste
and procedures. With the implementation of RFID the
Phase | integration will be done.

In phase 2 data are collected from present operatio
after implementing RFID. This is very important base
the implementation of RFID will provide better asseo
the material movement which will provide more aetar
data of the inventory and material movement acthes
hospital. Here by using the advantage of visibiitgareto
analyzes will be performed to identify the 20% intpaot
items which has 80% value in terms of importancd an
usage. By using the results form pareto analysiscare
perform ABC analysis to separate the parts undd &,

C category and handle them accordingly. By pregjreg
to phase 3 the hospital as an enterprise wiil avast of
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Figure 3. Internal hospital supply chain operation after Rifitegration (Phase Il)

the benefits thought this integration process ia ffhase
the inventories can be optimized accordingly toabeé
the cost and need, accurate demand predictionshean
made, since RFID provides better visibility of tihaterial
movement it facilitates to remodel the warehougeuaif
required to facilitate better storage and retriewl
individual items further various vendor's ERP sysse
can be integrated to the hospital's ERP systemsbean
integrated to the hospital’'s ERP system, and tloeqss
of continuous improvement can be implemented to
improve the supply chain’s performance.

5. Model Development (M ethodology)

The primary objective of this paper is to integrfelD to
the existing ERP system. To make it work, one dghoul
first understand the existing hospital supply chain
operation as shown in figure 1. Supply from vendtwck
received, arrange stocks, utilization of stockse&rder of
stocks are the following steps involved in warelgous
operation. In this paper we have proposed to iategr
RFID to this existing operation as shown in fig@re.
which depicts the phase | integration where one can
witness RFID tagging is done to the items oncerafte
receiving from vendors after that the stock ararsged in
the appropriate locations assigned to them afteictwh
they are utilized and a reorder level is reached @der

of new items are placed. Here the RFID is utilis@ttack

all the activities after tagging which facilitateesmplete
monitoring of items to avail the benefits. Since RFID

is connected to the existing ERP system of the itedsp
supply chain management we can

get automatic updates on material movement with@ t
hospital which in turn gives as an idea about grgous
inventory items utilization using that we can caout a
pareto analyses to figure out the vital 20% items a
make

sure that the hospital always have them in theiclkst
Further using this we can sort the entire itemsthe
inventory in to three category of A, B & C itemsbla 1
shows the criteria on which items are classifiedeunA,

B &C.

Figure 4 below shows the internal hospital suppigic
operation after RFID integration (Phase Il) here plareto
& A,B & C analysis are linked to ERP system whichl w
facilitates in the stock grouping as mentionedyearl

6. Reaults

In this paper we have proposed a RFID and ERP
integration model to improve the hospital entempris
management. This paper mainly focused in inventory
management to suggest that RFID implementation will
help in better management of inventory and ultityate
lead to optimize the inventory to a level where dath
and supply can be managed perfectly. This method of
integrating RFID to ERP will produce better resuts
places where the demand is uncertain. In this pager
have considered hospital and pharmacy system, Wisish
an uncertain demand characteristic in its requirgnfier
medication, drugs and surgical equipment.

Items Priority Utilization Time required by the
vendor to supply

Item A High High More than a week

Item B Moderate High 4-7 days

Iltem C Low Moderate 1-3 days

Table1. A, B & C grouping criteria table
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The most expected result from this integration he t
tracking which will help us to optimize the invengo
and on the other hand the limitations will be tust

incurred in the integration of RFID in to ExigiERP
system.
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Figure 4: Internal hospital Supply chain operation after Riifegration (Phase

7. Conclusion

In this papemwe have proposed a basic idea of integrating
RFID into hospital's existing ERP system to optienthe
hospital supply chain management to overcome tfwser
due to manual operations of dispensing wrong médita

to patients and identifying the items that has @dsss
expiration date, and also to have sufficient sasédgk to
meet the emergency and non-emergency needs. By
implementing RFID and tracking the items, the htapi
management are now in a better position to ideritify
critical items, place them in strategic positiomsl avould

be able to monitor its inventory level. By doingstha real
time inventory level is known all the time and tiyme
reordering of those items can be made without taein
out-of-stock situation.

This paper has some limitations. This is more arttical
paper in which we have not proved anything with
analytical approach this is mainly because we tadenl
time data on which we can do some mathematical
calculations.

We believe that some real time data’'s from hospital
which are currently implementing RFID technology in
their supply chain management system will be more
useful to reiterate the model to improve the result

If we can collect some real time data of a hospitih
reference to its inventory we can create a mathealat
model to arrive an Return of Investment (NPV) to
analytically drive a result on return on investmsitice
implementing RFID requires a lot of capital.
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