USING FUZZY LOGIC WITH RADIO FREQUENCY IDENTIFICATION TO DEVELOP A
THEORETICAL MODEL FOR MONITORING
PACKAGE PLACEMENT
______________________________________
A thesis
Presented to
The College of Graduate and Professional Studies
Department of Electronics and Computer Technology
Indiana State University
Terre Haute, Indiana
______________________________________
In Partial Fulfillment
of the Requirements for the
Master’s Degree
______________________________________
by
Shruthi Reddy Sarikonda
August 2010

ii

COMMITTEE MEMBERS
Committee Chair: David P. Beach, Ph. D.
Professor of Electronics and Computer Technology
Indiana State University
Committee Member: Nicholas Farha, Ph. D.
Assistant Professor of Electronics and Computer Technology
Indiana State University
Committee Member: Marion D. Schafer, Ph. D.
Associate Professor of Packaging
Indiana State University

iii

ABSTRACT
Europe, the Middle East, Africa and the United States face problems of supply chain
management and inventory control. Warehouse management is one of the biggest problems
faced by pharmaceutical companies. Pharmaceutical companies maintain warehouses based on
customer demands. Using several warehouse management systems in order to satisfy customized
requirements of customers is an expensive process. Pharmaceutical companies seek for
warehouse management solutions that support dynamic user defined configurations with
variations in warehouse procedures including label printing, picking and sending the materials
for processing and several others. Dealing with inventory control problems accounts for the
largest cost component for the pharmaceutical industry. The challenge is to cut down these costs
and simultaneously provide better management solutions.
This thesis deals with the theoretical design of a fuzzy logic model interfaced with a radio
frequency identification system that monitors drug placements in a pharmaceutical company’s
warehouse. Fuzzy logic is the key interface that deals with the waste of pharmaceutical products
while supplying to the customers.

iv

ACKNOWLEDGEMENTS
I would like to thank Dr’s David Beach, Marion Schafer and Nicholas Farha, for serving
as members of my thesis committee. They have provided guidance for choosing the topic, setting
up a timeline, and providing contacts for my visits with Eli Lilly and Company. I would like to
thank Mr. John Brasker, Process Control Engineering Manager and Mr. Kent Gerbers, Materials
Management Manager for providing information and material regarding related packaging
processes utilized by Eli Lilly and Company.
I would like to extend my special appreciation to Dr. Nicholas Farha for the thorough
editorial review and suggestions that he provided regarding my investigation procedures and
documentation
Finally, I would like to thank my family and friends for their encouragement and for
believing in me and my potential. Thanks to you all.

v

TABLE OF CONTENTS
COMMITTEE MEMBERS ............................................................................................................ ii
ABSTRACT................................................................................................................................... iii
ACKNOWLEDGMENTS ............................................................................................................. iv
LIST OF TABLES ........................................................................................................................ vii
LIST OF FIGURES ..................................................................................................................... viii
CHAPTER 1: THE PROBLEM AND ITS SETTING ....................................................................1
Introduction ......................................................................................................................... 1
General Statement of the Problem ...................................................................................... 5
Objective of the Thesis ....................................................................................................... 5
Definition of Terms............................................................................................................. 5
Limitations .......................................................................................................................... 6
CHAPTER 2: REVIEW OF RELATED LITERATURE................................................................7
Radio Frequency Identification........................................................................................... 7
RFID's Green Credentials ................................................................................................... 7
Packaging Location ............................................................................................................. 8
Fuzzy Logic ...................................................................................................................... 10
CHAPTER 3: METHOD OF INVESTIGATION .........................................................................12
Introduction ....................................................................................................................... 12
Overview ........................................................................................................................... 13

vi
Research and Design Procedures ...................................................................................... 13
Scope of Investigation....................................................................................................... 16
CHAPTER 4: RESULTS ...............................................................................................................18
Derivation of Fuzzy Logic Model for Insulin Supply Plant ..............................................17
Logical Operations Required to Understand the Fuzzy Inference .....................................19
If-Then Rules .....................................................................................................................20
Application of the Fuzzy Logic Model Using the FIFO Method ......................................21
Analysis of the Observations Made at Eli Lilly and Company .........................................22
Work Flow at Eli Lilly and Company................................................................................25
Observations and Analysis Made at Dr. Reddy's Laboratories Limited ............................28
Summary ............................................................................................................................29
CHAPTER 5: SUMMARY AND CONCLUSIONS .....................................................................30
Overview ............................................................................................................................30
Conclusions ........................................................................................................................31
Recommendations for Future Study ..................................................................................33
Summary ............................................................................................................................35
REFERENCES ..............................................................................................................................36

vii

LIST OF TABLES
Table 4.1 Logical Operations.........................................................................................................20
Table 4.2 The If-Then Rule Set. ....................................................................................................21
Table 4.3 Dating Requirement of Eli Lilly and Company’s Customers. .......................................28

viii

LIST OF FIGURES
Figure 1.1 Model of a Radio Frequency Identification System. ......................................................2
Figure 1.2 RFID tag that is embedded inside a regular adhesive label............................................3
Figure 1.3 Three RFID tag examples. ..............................................................................................3
Figure 1.4 Controller reading the tag in a packaging Laboratory. ...................................................4
Figure 3.1 Investigation Sequence. ................................................................................................12
Figure 3.2 Preliminary Investigation Activites. .............................................................................14
Figure 4.1 Membership Functions I. ..............................................................................................18
Figure 4.2 Membership Functions II. ............................................................................................19
Figure 4.3 Two Valued Logic. .......................................................................................................20
Figure 4.4 Fuzzy Logic Control System for SAP movements.......................................................23
Figure 4.5 Division of Customers Based on Dating Requirements. ..............................................24
Figure 4.6 Line Chart. ....................................................................................................................24
Figure 4.7 BHI flow of Insulin ......................................................................................................25

1

CHAPTER 1

THE PROBLEM AND ITS SETTING
Introduction
The pharmaceutical industry operates under strict quality regulation and product tracking
guidelines. The European Union and US Food and Drug Administration (FDA) require extensive
documentation of pharmaceutical production lines to ensure that electronic files related to drug
products are accountable, auditable and not mislabeled or misrepresented at a later date. While
automated examination and verification remain top priorities, new drug packaging developments
and product tracking requisites are pushing the limitations of automated inspection systems as
they keep up with a changing industry (Hardin, 2009).
Radio Frequency Identification technology (RFID) facilitates the automated assembly
and distribution of asset information that includes equipment settings, meter readings and
safeguarding conditions in the pharmaceutical industry. This can be done in the absence of a
person in direct line of sight or contact with the asset (Plant Services, 2004).
Once the RFID reader collects data, the information is passed to the organization's
maintenance function. The maintenance function may be the database that the organization
maintains for inventory records. As a result, the organization may generate an alert, release a
work order, revise inventory, conduct verifications or locate an asset (Infor Global Solutions,
2007).
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Pharmaceutical industries employ barcode tags, warehouse automation systems, digital
signature transponders, cryptographically-enabled RFID devices and several handheld devices
for security analysis, tracking of products in the inventory, time and attendance and inventory
control (Bono, Green, Stubblefield, Juels, Rubin, & Szydlo, n.d.).
Figure 1.1 explains the working of a simple RFID system. A basic RFID system consists
of a transponder (commonly known as a tag), a transceiver, an antenna and a reader interface
layer. The transponder is programmed with information that uniquely identifies itself, and sends
out a programmed response when it passes through a radio frequency field that is generated by
the antenna and the reader. The transceiver handles radio communication through the antenna
and passes the information contained in the tag. The antenna then detects the response. The
transceiver then sends the data to the reader interface layer. The reader interface layer finally
sends the information contained in the tags to the database.

Figure 1.1. Model of a Radio Frequency Identification System
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Figure 1.2 shows an RFID tag embedded inside a regular adhesive label. The information
that is encoded within the RFID tag can only be read when the object is brought into the
proximity of the scanner.

Figure 1.2. RFID tag that is embedded inside a regular adhesive label
Figure 1.3 shows three RFID tags. The tags in the image are of different sizes. A coin is
placed in order to compare the see the sizes. They are made up of sensor chips. These sensor
chips test the specific conditions and report back with data on those conditions.

Figure 1.3. Three RFID tag examples
The difference between an RFID tag and a barcode is that an RFID tag can be read from a
distance, anywhere in the range of the controller whereas a barcode tag can be read only when
placed in very close proximity (line of sight) to the scanner. RFID tag need not be placed in
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direct line of sight or in a specific orientation for it to be read by the controller. An analog system
consists of tags, readers and a server. The tags communicate with the reader and send
information to the server. The server directs interrogation, tracks the tags and takes the respective
actions. Direct interrogation refers to the transfer of information that is obtained from the tag
which is stored in the database.
Information about the dates of manufacture and expiry of the batches of chemicals is
contained on the boxes that are placed on the pallets. These pallets might be stored in the
packaging location. Packaging location refers to the inventory of the organization. Handheld
RFID devices keep track of damaged batches of chemicals and update the database regarding
chemicals that are in usable condition.
Figure 1.4 illustrates an example of a working RFID system in a packaging laboratory. A
controller processes the tag contained on the pallet reading and updating the information encoded
in the RFID.

Figure 1.4. Controller reading the tag in a Packaging Laboratory
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General Statement of the Problem
The problem facing the pharmaceutical industry is the disorganized arrangement of
pallets that might lead to the damage of chemicals and other raw materials which in turn leads to
losses that these industries often incur. A conveyor belt is used to transport pallets into a storage
area. These pallets need to be placed in an orderly manner, considering the raw material that
might be contained on a pallet, and the pallet’s durability of the contents.
Objective of the Thesis
The primary goal of this investigation is to develop a model for monitoring package
placement. This model would be able to identify the information from the radio frequency
identification tag and update the inventory database with the help of fuzzy logic. Usage of this
method might lead to the prevention or reduction of losses.
Definition of Terms
Barcode: A set of machine-readable lines that give a coded representation of data.
Cycle stock: The insulin that is sent is left over from the supply batch that is sent for reevaluation.
Fuzzy logic: A way of analysis that can deal with uncertain or partial information. It is an
attribute of human thinking and expert systems.
Pre-build stock: The insulin orders that are placed in advance by international customers.
RFID System: Radio Frequency Identification is the equipment that employs the use of
electromagnetic coupling in the radio frequency portion of the electromagnetic spectrum to
exceptionally spot an object.
Safety stock: The insulin that is reserve for the customer supply.
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Security stock intensity: The valuated insulin that is present in the warehouse for supplying to
the customer requirements.
Supply chain: The chain that the products travel from the raw material stage to consumption
stage.
Tag: A tag gives the information on the dates of manufacture and expiry for an asset and other
pertinent information.
Limitations
Developing a preferable model that is intelligent for monitoring package placement might
be an improvement over a regular RFID system, but may not solve the inefficient usage of space
in an inventory system in use by pharmaceutical industries.
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CHAPTER 2

REVIEW OF RELATED LITERATURE
The model for this investigation is an intelligent Radio Frequency Identification system
for the inventory. The Radio Frequency Identification system incorporates fuzzy logic which
makes it an intelligent system. This intelligent system is employed in maintaining the database of
the inventory, by updating it with the information that is processed through it.
Radio Frequency Identification
According to the RFID Journal (Collins, 2009), Radio Frequency Identification is a
technology that is used to tag and track assets within a facility. RFID is a method of
identification through the use of radio waves. This identification takes place through the use of
transponders that allow the storage and retrieval of data. The transponder can be incorporated
onto any physical object, which will allow identification through the radio waves (TechTerms,
2009). RFID technology is quickly becoming ubiquitous as businesses seek to streamline supply
chains and respond to customer satisfaction. But RFID and other new wireless identification
equipment can raise significant privacy issues (Sterling, 2003).
RFID’s Green Credentials
The following provides an example to describe how precise information can be recorded
by a radio frequency identification system in order to monitor wildlife threat. This example gives
the deeper understanding of the use of RFID in today’s world. Bonneville Power Administration
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(BPA) is a federal agency that works under the auspices of US Department of Energy. The
Portland, Oregon based BPA administers the Columbia and Snake River federal hydroelectric
projects. Salmon are a vital resource for the local community in these rivers. According to
investigation, the existence of an intricate network of dams has drastically reduced their numbers
by making it difficult to reach their spawning grounds far up river from the ocean. Therefore
BPA has initiated a scrutinizing program, which has become an essential element in salmon
survival. It has contracted with the Digital Angel Corporation(DAC) to supply RFID equipment,
including the installation of the world's largest RFID reader system, a 16-foot by 16-foot RFID
antenna designed to electronically track aboriginal salmon. Since the late 1980s Digital Angel
has worked with BPA and has developed implantable passive integrated transponders in the
native salmon population, DAC manufactures and installs these transponders. Digital Angel's
largest RFID antenna located at the Bonneville Corner Collector, a route built to let the salmon
move safely past the Lock and Dam, can electronically identify tagged fish in a fraction of a
second. When tagged fish pass through the observed areas, their transponder electronically
activates and sends their exclusive identification number to BPA's operations center where
important data on species, journey origin, and age is recorded. This information is crucial to
biologists and local conservationists striving to maintain a healthy ecosystem for the aboriginal
fish population (IDTechEx, 2009).
Packaging Location
The pharmaceutical industry conventionally does not feel the economic pressure to cut
inventory costs, but the norm has been to always make sure that each product meets customer
needs. The requirement to meet these service levels will yield to extreme over-buffering of
inventory levels in the supply chain of a pharmaceutical company. As competitive pressures are
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rising, pharmaceutical companies are developing ways to advance their performance, diminish
waste in supply chains, and preserve the highest possible service levels essential for the industry.
This implies that reliable, measurable analytics are needed to determine the objectives required
for the inventory. Developing software solutions that provide a comprehensive and analytical
view of the global supply chain is crucial for determining continuous optimal target inventory
positions. As a result, the pharmaceutical industry takes the assistance of SmartOps in order to
obtain solutions for the calculation and understanding of the quantity of inventory that must be
kept in the warehouse, so that they can deal with ordinary challenges that have inhibited
improvements in supply chain performance.
The global nature of the pharmaceutical industry is characterized by abundant product
supply chains with diverse markets that make it complex to understand and optimize the
inventory requirements on a periodic basis. Companies do not provide a measurable, enterprise
platform that simultaneously synchronizes plans across all nodes, from active/inactive raw
materials through primary and secondary manufacturing, packaging and warehousing. A node
refers to the units of the industry that are involved in the supply chain.
The pharmaceutical industry tolerates little risk when it comes to service levels, but
throwing more inventories at the supply chain does not always meet the required targets.
Inventory is needed in the supply chain, safety stock, cycle stock, pre-build stock, and in-transit
inventories. Thereafter, industries can more precisely calculate optimal inventory objectives,
given capacity margins. Variations in demand over a period of time and unanticipated supply
chain interruptions make it difficult for executives to come to a decision with confidence
concerning how much inventory they require at any point in their supply chain. The solution for
such difficulties is to be able to account for the inventory to sufficiently administer security stock
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intensity. The industry optimization algorithms handle any uncertainties in the information and
provide solutions to manage inventory.
Multistage Inventory Planning & Optimization is a sophisticated software solution for
enhancing total supply chain inventory targets to meet preferred customer objectives, though
considering capacity constraints, and supply and demand inconsistency (SmartOps Corporation,
2005).
Fuzzy Logic
Aristotle and his predecessors develop theories of logic, in which they came up with the
Law of the Excluded Middle. This law states that every proposition must either be true or false.
According to Aristotle, logic deals with two values (Kay, 2004).
In the 19th century, George Boole formed a method of algebra and set theory that dealt
with two-valued logic, mapping true and false to 1 and 0, respectively. Then in the early 20th
century, Jan Lukasiewicz proposed a three-valued logic. These three values are true, possible and
false (Kay, 2004).
In 1965, Lotfi A. Zadeh from Berkeley published "Fuzzy Sets,” extending the fuzzy set
theory by observing that conventional computer logic cannot manipulate data that represents
subjective or vague ideas. He then created fuzzy logic to allow computers to determine the
dissimilarities among data with shades of gray, similar to the process of human reasoning (Kay,
2004).
The technology for fuzzy logic was first introduced in the U.S., but U.S. and European
scientists and researchers ignored its importance for years. Some mathematicians argued that
fuzzy logic was merely probability in disguise. But fuzzy logic was used extensively in Japan,
China and Asian countries. The Chinese University of Hong Kong surveyed consumer products
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using fuzzy logic around ten years ago, fabricating a 100-plus-page report listing washing
machines, camcorders, microwave ovens and dozens of other kinds of electrical and electronic
products (Kay, 2004).
By incorporating a fuzzy logic module in the Multistage Inventory and Optimization
Software, a system can be designed which reads the degree of membership based on the usability
condition of the chemicals on the pallet. When the system reads a zero, it indicates that the
contents in the pallet are not in usable condition, whereas the contents on the pallet are in usable
condition if the system reads one.
Fuzzy logic module when interfaced with the drug monitoring software will provide for a
better management of the drugs contained in the inventory. Even though this investigation is
theoretical in approach, it provides a scope for further insight and investigation into the drug
packaging and monitoring software for effective inventory management.
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CHAPTER 3

METHOD OF INVESTIGATION
Introduction
In order to implement a preferable model for monitoring package placement that
incorporates a fuzzy logic system, an appropriate model for the system design could be designed.
This section describes the methods necessary for conducting the investigation in order to design
the model.
Figure 3.1 describes the design, preparation, and implementation of the preferable model,
and for evaluating the system’s effectiveness.

Figure 3.1. Investigation Sequence
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Overview
For this study, the primary focus will be to investigate the components for developing a
system to monitor package placement. Procedures include setting up and programming an RFID
system to identify and read the tag, researching the design of the Multistage Inventory and
Optimization software and how the fuzzy logic module of the software can be employed to
interpret the information and status of the pallet and store this information in a database.
The warehouse of a pharmaceutical company typically contains stacks of stationary
pallets. The raw materials may be identified uniquely by affixing RFID tags. Individual units
might contain a batch number, a sequential number, along with other relevant information
attached to it. Each batch may be uniquely identified using its date of manufacture and
expiration. The information contained on the RFID tag identifies the product contained within
the box on the pallet. This information is extracted from an inventory database that contains
complete information about all the raw material present in the warehouse. For some situations, a
logical handheld device could be employed to specifically identify the required product in the
warehouse by providing the location of the box along with its batch number and the present
condition of raw material in it.
Applicability of incorporating the fuzzy logic module into the Multistage Inventory and
Optimization Software will be studied. The fuzzy logic is then implemented to design the model
for interfacing it with the already present RFID controller.
Research and Design Procedures
In order to complete the investigation, it will be necessary to:
1. Identify the major requirements to develop a Radio Frequency Identification system: The
initial activity is to acquire the knowledge to build an RFID system. The specifications
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that need to be incorporated in the system in order to perform the data acquisition and
identification must be satisfied by the RFID system. In order to design the model,
research will be done at a major pharmaceutical company in Indiana. These on-site
observations will provide knowledge about the procedures that should be employed to
incorporate fuzzy logic into Multistage Inventory Planning and Optimization software.
2. Review the related literature for an RFID system, packaging locations and fuzzy logic:
All the information that is required in order to develop an RFID system that incorporates
fuzzy logic is reviewed. The following topics should be studied in depth:
a. The fundamentals of an RFID system
b. Fuzzy logic and how it can be incorporated into the RFID system.
Preliminary review activities are illustrated in the Figure 3.2 below
Y

Review of the
areas related to
RFID

Identify primary
characteristics

Select preferable
design for
integrating fuzzy
logic

Specialized review of
literature for
pharmaceutical
industries facing the
problems of packaging

Proposal
defense, May
27st, 2009

Figure 3.2. Preliminary investigation activities
3. Select possible solutions. The following describes basic RFID functionality:
a. The tag should be activated when it passes through the radio frequency field. This
radio frequency field is then produced by the antenna and reader.
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b. The tag sends out a programmed response.
c. The antenna is attached to the reader and detects the response.
d. The reader therefore sends the data to the system that requires the information.
4. Prepare a system model for monitoring package placement, including the following
procedures:
a. Develop an algorithm for RFID data collection: Data collection refers to the
information entitled to the drugs contained on the .
b. Prepare a fuzzy program model for product investigation: This will primarily
involve the RFID system to read the dates of manufacture and expiry on the tag
attached to the contents of the pallet. Once this information is read, it is then
entered into the database that contains the details of the inventory. The system
will then interpret the urgency of that pallet to be moved out of the inventory with
the help of fuzzy logic. The fuzzy logic present in the Multistage Inventory
Planning and Optimization software will interpret the data that is obtained from
the RFID system and send 0,1 or the degree of membership back to the system.
This will be displayed on the controller of the handheld RFID device. Also, the
number of days that are left for the removal of the pallet from the inventory is also
displayed.
c. Establish a paradigm for monitoring package placement
i.

Considerations for the system’s user interface:
The Multistage Inventory Planning and Optimization software needs to be
programmed in order to display 0 or 1 and the number of days left for the
pallet to be removed from the inventory.
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ii.

Necessary components for the data acquisition phases: The software that
will allow data transfer to the RFID controller and the fuzzy logic
software.

5. Establish a prototype for implementing the fuzzy logic model.
6. Collect data about the monitoring system.
7. Evaluate the results obtained from the data collected.
8. Document the investigation performed.
Scope of Investigation
Eli Lilly and Company provides scope of applying the fuzzy logic module to the SAP
software. The SAP software along with the FIFO method updates the material stock data after
the valuation is performed. Dr. Reddy’s Laboratories employs drug monitoring software which
does not allow fuzzy logic interfacing. This removes the scope of further investigation in this
case. Altogether, the scope of the investigation makes this a theoretical investigation where
observations made help in deriving the fuzzy logic module. This fuzzy logic module derived help
to efficiently manage the drugs contained in the inventory for production and supply purposes.
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CHAPTER 4

RESULTS
Observations for this study were made at two pharmaceutical companies, namely Dr.
Reddy’s Laboratories Limited, Hyderabad, Andhra Pradesh and Eli Lilly and Company,
Indianapolis, Indiana. Both of the companies consist of merchandise warehouses, where the final
product is dispatched to various customers. Dr. Reddy’s Laboratories is a well-established
pharmaceutical company with its manufacturing plant in Hyderabad that manufactures APIs,
generics and branded formulations. Eli Lilly and Company’s manufacturing plant in Indianapolis
produces and supplied Insulin to major customers across the globe (About Us, 2010).
Appropriate observations were made at both plants concerning the movement of supply chain
and package monitoring. This chapter explains the results obtained for improving package
monitoring in both the companies.
Derivation of Fuzzy Logic Model for Insulin Supply Plant
The Fuzzy Logic Model developed to improve package monitoring mainly consists of
components such as fuzzy sets, membership functions, logical operations and if-then rules
(Fuzzy Inference Sytems, 1984-2010).
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Figure 4.1. Membership Functions I
Figure 4.1 is the plot of membership functions where the degree of membership is plotted
against customer dating requrements. If the dating requirement is 2 months, then degree of
membership for the corresponding dating requirement is 1. In the similar way, degree of
membership for 2, 4, 6,8,10, 12, and 14 months is defined in the plot. The color represents the
customer that is recognized for a particular dating requirement. For example, if the dating
requrement is 14 months, degree of membership is 0.75 and customer is identified as India.
The plot of Membership Function curves (see figure 4.2) define every customer’s dating
requirement mapping to a degree of membership value between 0 and 1. The universe of
discourse for this curve is Customer Dating Requirements. The insulin supply to customers
corresponds to the degree of membership. Dating requirement for every customer is provided in
the form of a chart in the observations section which would help to clearly relate to the result of
the derivation.
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Figure 4.2. Membership Functions II
Logical Operations Required to Understand the Fuzzy Inference
Fuzzy logical reasoning can be understood if the fuzzy values are at their extremes of 1
and 0. The following are the interpretations of the inputs.
1.

Input “A” is customer with or without a dating requirement.

2.

Input “B” is the customer that accepts re-evaluated material.
Outputs for all the logical operations are interpreted as the insulin supplied to the

customer. Table 4.1 gives the list of logical operators that are required to understand the logic.
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Table 4.1. Logical Operations
A

Min(A,B) A

B

B

Max(A,B) A

1-A

0

0

0

0

0

0

0

1

0

0

1

1

0

1

1

0

0

1

0

1

1

0

1

1

1

1

1

1

The figure 4.3 shows the basic conversion of the truth table to a plot of fuzzy sets. Here
the fuzzy sets A and B are applied together to create one output fuzzy set.

Figure 4.3. Two Valued Logic
If-Then Rules
The fuzzy sets A and B are arbitrary to a particular degree and therefore while writing the
If-Then rules, additional factors are used such as
1. Customer Dating Requirements is given in number of months as CDR.
2. Revaluation is given in binary form as REVAL.
3. International Customer Service Representation is given in binary form as SERVREP.
4. Expiry dating on the label is given in binary form as EXPD.
5. Non SAP requests are given in binary form as REQ.
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Table 4.2. The If-Then Rule Set

Table 4.2 represents the if-then rule set which are applied to the various inputs that are
listed above. The fuzzy inputs in the antecedent part of the if-then rules are resolved to a degree
of membership between 0 and 1. Fuzzy Logical Operators are applied to the inputs and the
consequent of a fuzzy rule assigns the fuzzy set to the membership function of the output. The
output fuzzy set is truncated whenever required.
Application of the Fuzzy Logic Model Using the FIFO Method
Systems, Applications and Products in Data Processing commonly known as SAP was
the software solution provider for material management at Eli Lilly and Company. SAP
incorporates fuzzy logic which provides the input of the data. The logic was then associated with
the already existing Customer Dating Requirements table and executed accordingly. The output
of this program was then associated with the First-In First-Out valuation (FIFO) method. FIFO
valuation method notifies the system software that the first prepared stock of insulin that enters
the warehouse should be the first stock of insulin that is sent to the customer. Therefore the

22
system calculates the FIFO values of insulin and the results are displayed (FIFO Valuation,
2010). The FIFO valuation method updates the results in a table that displays the following:
1. Material
The total insulin stock present in the warehouse B80 is updated. When the FIFO
valuation is carried out, the total quantity of insulin keeps varying with freshly prepared
insulin coming into the warehouse. Batches of insulin sent for QA and quantities of
insulin that are sent into processing depend on customer supply.
2. Valuation Date
Every batch of insulin comes with the date of manufacture. Insulin contained in 1.6 liters
jars are sent for re-evaluation every 24 and 42 months. The FIFO valuation method
updates the valuation dates for re-evaluated material.
3. Valuation stock
Insulin present in the warehouse is segregated into three groups: the freshly prepared
insulin batches; insulin with manufacture dates that range from 2 to 23 months and 25 to
41 months; and the third group consisting of re-evaluated insulin. The net totals of the
three groups are updated with the FIFO valuation method.
4. Valuated stock
FIFO valuation periodically updates the total insulin stock present in the warehouse.
Analysis of the Observations Made at Eli Lilly and Company
The materials management department of Eli Lilly and Company was concerned about
one warehouse issue concerning insulin during the process of the planning of SAP movements.
Material that was already present in the warehouse keeps getting re-evaluated, but remains
stagnant due to the requirements of the customers. In order to solve the problem of waste of
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insulin from previously manufactured batches, we considered the Fuzzy Logic control system
(Kaehler) that is implemented in SAP movements as shown in Figure 4.4.

Figure 4.4. Fuzzy Logic Control System for SAP movements.
The customers of Eli Lilly and Company were also categorized based upon their dating
requirements (see Fig.4.5). From this researcher’s observations, an analysis was made in the
form of a line chart where the X-axis represents the insulin that was present at the B80
Merchandise Warehouse against the Customer dating requirements for Eli Lilly & Company.
Customer Dating Requirements can be considered as the input variable states that are defined
using the membership functions.
Figure 4.5 shows block where customers of Eli Lilly and Company are broadly
categorized into groups and subgroups consisting of customers who require and do not require
dating requirements and customers who accept and do not accept re-evaluated material. Figure
4.6 that follows shows a block representation of the membership function curve. Insulin required
is represented by its age that is plotted against the customer dating requirements. We can
determine the age of the insulin that should be supplied to customers using the line chart in
figure 4.6.
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Figures 4.5. Division of Customers Based on Dating Requirements

Figure 4.6. Line Chart
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Work flow at Eli Lilly and Company

Figure 4.7. BHI Flow of Insulin
Biosynthetic Human Insulin (BHI) flow was observed at Lilly’s insulin manufacturing
unit located in Indianapolis. Freezers B132, B132 172 and B132 173 are small sized temporary
freezers. The word “temporary” is associated to these freezers because insulin is stored in these
freezers for a short period of time during the synthesis. The raw materials required for preparing
Insulin were sent to B132 BHI in the preliminary stages. They were then processed by passing
the materials through a dryer. The final product obtained from the dryer was transferred into two
drums with the capacity of 58 kilograms each. Every batch contained 116 kilograms of freshly
prepared Insulin. The Insulin from these two 58 kilogram drums was then transferred to small
jars for storage. Temporary freezer B132 was used for storage of the jars during this stage. The
first batch of Insulin prepared would be stored in freezer B132 until customer dating requirement
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was known. Once the order information is received at the facility, these jars are carefully
transported in a freezer truck to the next stage of processing.
The next stage is the division of Insulin jars into two freezers. The Quality Assurance
(QA) personnel make the decision of approval into two categories during this stage.

Figure 4.8. Division of Insulin
QA approves the insulin present in the jars for every 30 day period. This 30 day period is
called the Lead Time (LT). After the approval stage, insulin is then transported to the
merchandise warehouse B80 in freezer trucks. When the approved insulin is transported to the
warehouse, the complete SAP movements are planned simultaneously. Planning of SAP
movements is followed by planning of the schedules, dispensing and secondary stage SAP
movements. Based on the requirements of the customer, the insulin is then moved to freezer
B139 173 (approved). Freezer trucks were employed to move the insulin from B139 173 to B132
as indicated in Fig.4.8. In freezer B132, insulin was dispensed into 36 bottles per 58 kilogram
drum. Each of these 36 bottles weighs 1.6 kilograms. After the dispensing is performed, insulin
undergoes another round of planning completion of SAP movements. This approximately takes
30 to 40 days until insulin reaches the B80 merchandise warehouse. QA re-approves every batch
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of insulin after it reaches the B80 merchandise warehouse where insulin was dispatched to
customers worldwide.
Customers of Eli Lilly and Company include Fegersheim (France), Pharma, Egypt, India,
Iran, Lonza (Swiss), Ukraine, Algeria, Syria, Hospira, Bioclimate Research & Development
(BR&D) and Production & Development (PR&D). Every customer specifies their individual
requirement for the insulin to Eli Lilly and Company which gives the production department
enough time for preparation of insulin. For example, in the case of Fegersheim (France), they
require insulin that was prepared according to a precise assay that would not include a few
chemical iodides that are otherwise used in Assay preparation for insulin. In a similar way, every
customer (country) specifies its assay requirements, shelf life requirements and numerous other
specifications pertaining to expiration dates. Eli Lilly and Company supplies to all its customers
based on their dating requirements.
When insulin completes first round of the QA approval, it reaches the distribution facility
and thereafter undergoes a set of planned SAP movements. After this stage, the distribution
facility makes the decision regarding the supply of insulin to the customers. Depending on the
customer order, the distribution facility chooses from the material present in the warehouse. The
decision is based on the dates of manufacture of the material, country requirements, customer
dating requirements and acceptance of re-evaluated material. The dating requirements of
countries range from two months to 22 months, and only four out of 14 customers accept reevaluated material. There is also an exception with Algeria because they have no dating
requirements, but accept material that is not older than 12 months. The data that was collected
from Lilly’s material management department is presented in Table 4.3.
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Table 4.3. Dating Requirement of Eli Lilly and Company’s Customers

Observations and Analysis Made at Dr. Reddy’s Laboratories Limited
Active Pharmaceutical Ingredients (API) manufacturing was observed in Dr. Reddy’s
Laboratories Limited located in Hyderabad (Generics, 2001-2009). APIs were prepared by
chemical synthesis and classical fermentation. The products resulting from the API
manufacturing were carefully monitored during production scheduling stages. Customers of Dr.
Reddy’s Laboratories Limited included the USA, Europe and Japan. API manufacturing products
require the following Labeling Requirements:
1. Country-specific requirements
2. Pharmacode
3. Barcode

29
4. Part peel labels
5. National Drug Code (NDC) Number
6. Blister pocket to have barcode, lot number
7. Braille script on carton
Few constraints exist in Indian Packaging Industries like few vendors with
Dimethylformadide (DMF), manufacturing, documentation, quality assurance and low
investment in Research & Development (R&D). Monitoring drug placements is affected because
of these constraints. Due to expectations such as facility up-gradation, infrastructure, DMF
approvals and alliancing on key components, the possibility of finding an environment for
improving package monitoring was not feasible for this research project.
Summary
Result is obtained in this study as the researcher carried out observations at two leading
pharmaceutical companies. Firstly, Ely Lilly and Company used the SAP software and barcoding
for drug monitoring purpose in the BHI flow. The fuzzy feature of SAP software provides
indication for the possibility of designing fuzzy logic model. The application of the designed
fuzzy logic module indicates the difference in the drug monitoring system’s outcome at Eli Lilly
and Company. This model can be enhanced by adding new features into the program in order to
deliver to the requirement.
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CHAPTER 5

SUMMARY AND CONCLUSIONS
Overview
The goal of this investigation was to determine if a fuzzy logic module can be designed
for implementation in a package monitoring system in a pharmaceutical company’s warehouse.
This investigation was performed at two leading pharmaceutical companies to accomplish this
goal. Analysis and results obtained from the investigation were discussed in detail in Chapter 4.
A theoretical model was designed for the package monitoring system employed in the insulin
plant of Eli Lilly and Company. This chapter discusses the conclusion and recommendations of
the model.
A fuzzy logic model was designed to meet the dating requirements provided for the
customers. With the help of this model, the insulin stock, valuation date, valuation stock and
valuated stock are updated. In the analysis phase, the needs of the customers were defined and
their requirement goal was established. The dating requirement of the customers provided by the
material management department of Eli Lilly and Company were carefully analyzed with respect
to the valuation period, international customer service representation, expiry date and non-SAP
requests. A theoretical model was developed for monitoring the drug production and inventory
control.
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Conclusions
Barcoding system software employed by Eli Lilly and Company identifies the batch of
insulin and displays the batch number that has to be processed before it is supplied to the
customers. From the analysis of the fuzzy logic design, it is possible that a fuzzy logic system
could be employed to help prevent losses incurred by pharmaceutical industries due to waste of
drug products through more efficient inventory management. However, the effectiveness of this
model cannot be measured due to the following reasons:
1.

Eli Lilly and Company was interested in trying the fuzzy logic module for their SAP
software for the better management of insulin. The theoretical fuzzy logic model was
designed and conclusions were made based on the requirements. The results of this model
also yielded further recommendations related to package monitoring systems and
inventory control in pharmaceutical companies. The fuzzy logic model could not be
tested by a SAP expert and therefore this researcher had to rely on Eli Lilly and Company
for the testing of the model. The Material Management department of Eli Lilly has
accepted this model but has not given any information as to its testing and
implementation.

2.

The SAP software that is deployed by Eli Lilly and Company provides inventory
management solutions. This allows the company to accurately track inventory levels,
automate processing of insulin and efficiently provide the dating requirements of their
customers. The fuzzy module of SAP considers the default parameters that are initially
entered into the system software. Customers of Eli Lilly and Company that were
segregated in the early stages of development of the model were initially entered into the
fuzzy module. This step is considered the initialization of fuzzy module in SAP. Once
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this data is entered, SAP presents a prompt that requests the if-then rule set. The
parameters of the if-then rule set are then entered into the system software. In the final
step, SAP incorporates the data that was entered while performing inventory
management. Therefore, this researcher was provided with only the data entry procedures
explained above. There are more parameters that could be considered while performing
inventory management in SAP, however Eli Lilly and Company did not allow this
researcher access.
3. The cost and installation of SAP software is a very expensive procedure. This is one of
the other reasons why testing and implementation of the theoretical fuzzy logic model
could not be performed on the live production system.
In addition, feasibility of performing research in Dr. Reddy’s Laboratories was not possible
due to the following reasons:
1. Facility Upgrade: Dr. Reddy’s Laboratories employ basic barcoding techniques for
manufacturing and production of Active Pharmaceutical Ingredients (APIs). According to
the Material Management and Inventory Control authority of the company, they would
require a major facility upgrade of their company’s hardware to support the incorporation
of a fuzzy logic model. The cost of such an upgrade is not feasible at the present time and
therefore it was not possible for this researcher to pursue the project further with Reddy.
2. Infrastructure: The infrastructure of the warehouse at Dr. Reddy’s Laboratories does not
support fuzzy logic control devices. The infrastructure required to employ fuzzy logic
control devices would cost in millions and the company’s administration is not prepared
to make major upgrades to the infrastructure. This is the second reason for this researcher
could not to pursue the project further at Dr. Reddy’s Laboratories.

33
3. Collaboration of on-key components for DMF: Dr. Reddy’s Laboratories manufactures
generic Active Pharmaceutical Ingredients (APIs) amongst which Dimethylformadide is
considered the primary API. DMF is supplied to the company’s vendors, the production
and development department for manufacturing of drugs and the research and
development department for further research. Due to this division, feasibility of research
was not possible in Dr. Reddy’s Laboratories.
Thus for these reasons, Dr. Reddy’s Laboratories, a perfectly legitimate site, did not
prove beneficial for this research project.
From the observations and analysis performed, Eli Lilly and Company and Dr. Reddy’s
laboratories, barcoding techniques were employed rather than RFID for monitoring package
placement in their respective warehouses. This provided no opportunity for associating a fuzzy
logic module with RFID monitoring. However, it instead provided the opportunity for
associating a fuzzy logic module with the barcoding monitor system when interfaced with SAP
software. RFID is a superior technology when compared to barcoding systems and therefore
using RFID would be a more beneficial, efficient and inexpensive software in the future. What
follows are several recommendations for application of the designed theoretical model for future
consideration.
Recommendations for Future Study
This research study investigated the feasibility of using a package monitoring system
while incorporating a fuzzy logic model into SAP which is considered a user interface software.
The application of fuzzy logic may very well provide improved warehousing techniques for drug
monitoring and inventory control. A future investigation could investigate the application of
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fuzzy logic model into RFID monitoring system used in pharmaceutical companies. The
following are recommendations for consideration:
1. RFID can be used in various technologies which employ radio waves to automatically
identify objects. RFID identifies objects that are not present in the line-of-sight of the
scanner. This is considered as a major difference between RFID and barcoding software.
This feature of RFID enables a company to scan the boxes entering and leaving the
warehouse without being manually scanned. Considering the massive size of
pharmaceutical company warehouses, RFID would be considered an improvement over
barcoding software techniques. Warehouse personnel need not be employed to scan and
record every box present in the warehouse.
2. Barcoding system software is a technique which employs a scanner to scan one drug
package at a time. As observed by this researcher, Eli Lilly and Company’s warehouse
had several security and warehouse personnel constantly moving around the warehouse
in mini-vans scanning individual barcode tags contained on the boxes of raw-material and
bottle packages of insulin. RFID system software is recommendation in place of
barcoding because of its capability of reading multiple tags at a time. This would reduce
the efforts of warehouse security personnel and provide accurate automated information
at the same time.
3. Barcoding systems are sensitive to dust and dirt present in the company. Insulin
manufacture, storage and supply involve working conditions where the company’s
operating personnel wear security gear when entering the unit. Harmful gases and dust
are deposited by the machines during fermentation and transpiration. Warehouses and
manufacturing equipment are cleaned from time to time to avoid faulty readings of the
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equipment. RFID has an advantage when compared to the barcoding relative to the
environment. RFID systems can be used in harsh environments where dirt and chemical
disposals regularly occur.
4. Barcoding tags on the raw-material boxes and insulin bottles cannot be re-written.

Security personnel are specifically employed whose job is to manually re-tag the reevaluated material present in the warehouse. This is considered a highly strenuous job,
because any batch of insulin that is re-tagged incorrectly will cost the company. These retagged bottles and material are scanned using a barcode scanner, and the data is recorded
in a database. RFID system software would be a major improvement relative to rescanning because of its capability of over-writing information.
Summary
Fuzzy logic is a technology that can be incorporated into drug monitoring software
provided the software has a fuzzy logic interface. Also this model can be further tested with SAP
to check its implementation. RFID can be considered a superior technology to barcoding
software due to its improved cost and man-power reducing features. Pharmaceutical industries
would benefit in greatly if they employed RFID technology as their drug monitoring software.
As mentioned earlier, Multistage Inventory Planning and Optimization software, which is
considered emerging software, incorporates a fuzzy logic module and this might create a
revolution in the world of inventory control at pharmaceutical companies.
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