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ABSTRACT

Radio Frequency ldentification (RFID) technology can be used in many different applications. There are humerous instance
of RFID being used in everyday life. For instance, anyone who works in a secure office, goes tadyrdviees a car with

an immobiliser or parks in a secure car park. Other scenarios include the tracking of animals in the farming industry whel
cattle and sheep need to be identified by the farmer. Another instance where RFID can be used, is in dctummgnuf
industry. Tags can be attached to items that are moving through the factory on conveyer belts or being moved around by st:
on trucks or forklifts. As the tags move around the factory floor or the warehouse they pass by readers and tHeetdgsncan
tracked using intelligent software and database application. In fact, radio Frequency Identification systems are bemming mo
and more embedded in the supply chain. Tracking goods in the work place has been identified as one area where product

can be improved. In fact, in almost all non fAgreen sfiel
that can be i mproved to reduce the overall wor k | oald an
l'ifeo manufacturing facility, assess its current wwork f

integrate RFID to help stream line work flow. After assessment, the RFID solution will be implemented to tackle the
highlighted ar eas . This will be achieved by understanding t he
technology can be implemented now and modified in the future to continue to maximize efficiency. The expected outcome ©
the researchsithat RFID can contribute to modern work flow systems, however all systems will be inevitably based on a
software database, and it will be how the RFID technology is used to create additional database entries and manigulate or li
existing data that wilkee its true value.
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1. INTRODUCTION

It is often said in the automation industry that to
control, you must first measure. RFID is a non contact,
long distance, water proof, high tempeirrat resistant, data
storage, automatic identification system. These attributes
make RFID the ideal solution for tracking and measuring
the flow of physical items throughout a plant. The RFID
system comprises of an integrated collection of
components, thdag, the reader, the reader antenna, a
controller, a sensor, actuator and annunciator (optional),
host and software system and communication
infrastructure ahiri, 2005) These qualities allow RFID
to play an important role in allowing the physical flof
equipment throughout a plant to be linked to, or create an
information flow that is realime. This type of
information used in the correct way can allow for a
transparent plant wide view of how the plant runs,
enabling users to see and predict battgks and backlogs.

In acquiring this data, the plant is then in a position to
allow for data interrogation in order to optimize plant or
process activities. Lean Manufacturing is a process of data
interrogation in order to eliminate any non value adding
tasks (NVAT) thus improving efficiencyWong et al.,
2009).
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All manufacturing facilities must possess and
adhere to their own manufacturing systems. These
systems are the foundation on which any industrial
accreditations are built, they define the waldwf process
and are therefore critical to all aspects of how the company
operates. The tools the systems are built on usually refer
to two types, electronic tools, such as software packages
and written documents manually created, maintained and
archived. A vast majority of these systems operating
today have been developed onsite by skilled employees
knowing their own responsibility and therefore produced a
tool that delivers what his or her department needs to.
These tools have been developed in a simfdahion, as
quality controls or accreditation standards increase or the
business changes. It is therefore accepted that a vast
majority of these tools certainly serve their purpose, but
are not as efficient or as transparent as they could be.

| n t agbkalyn@sufacturing environment the
western world is at a disadvantage because of , high labour
costs, high land rates, stringent environmental rules and
regulations. These factors make it difficult for
manufacturing facilities to compete with its ndigliring
Asian counterpart. It is no surprise then that our
manufacturing industry is in a consolidation period and
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looking to maximizing efficiency by increasing utilization
of their current assets. This is clearly reflected in
industrial management buzprds. These buzz words are
encapsulated by two ideas, Lean manufacturing and Total
Cost of Ownership. Lean Manufacturing was a system
originally developed by Toyota and defines wastefulness
as any activity that is non value adding. It was claimed by
implementing lean manufacturing, you can use less of
everything compared to mass productibalf the human
effort in the factory, half the manufacturing space, half the
investment in tools, and half the engineering hours to
develop a new product. In additioit requires keeping less
than half of the needed inventory on site, results in a lot
fewer defects, and produces a greater and-gnsving
variety of products. In short, it is called lean because it
uses less, or the minimum of everything required to
produce a product or perform a service (Wong et al.,
2009).

Al this can be achi
every stage in the system. Total cost of ownership
analysis then looks at the total cost of the system for its
life time. These costs include bukanot limited to, cost
of installation, preventative maintenance, corrective
maintenance, operational costs, repair costs and end of life
costs and expand the
initial purchase costRitsma et al., 2009).Therefore for
manufacturing facilities to address the problem areas they
must first find them, thus the solution requires gathering
more data, gathering the data quicker, making the data
more transparent and easy to access, increase
communication ability and increase traaility. In
comparing RFID technology to the traditional barcode
system to provide the technology for the solution it has
many advantages including but not limited to, short scan
times, anti pollution and durable, flexible data,
penetrability through o#tr materials, usable user data and
better securityHui, 2008) Given these advantages it is
easy to see why the technology has been adopted in a wide
range of industries such as logistic, Health care, toll
systems, retail, security and identificationname a few.
This project will look to integrating RFID into the current
manufacturing work flow system to expose these
advantages thus reducing waste and the TCO.

The fireal l'ifedo facilit
LTD, a local manufacturing company who méaaiure
labels. NuPrint management have highlighted that there is
an opportunity to reduce waste in two key production
stages. These stages are known as-pRe and
Production. Prerep, as the name suggests prepares the
equipment before use in prodigct, and maintains it after
the job is complete. The equipment is in the form of plates
and rollers. The plates must be wrapped around the roller
and aligned. Production fit the plates to automated
printing machines and produce the required label. The
pre-prep process is not as straight forward as it may seem.
This is due to a multiple of variables including, damaged
or weakened plates, plates being difficult to align,
prioritisation of batch jobs, sourcing and reserving
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common plates to multiple jolas well as keeping in touch
with Operation control and Production to continually
evaluate the job status.

The aim of this project is to integrate an RFID
solution into a manufacturing execution system (MES). It
is hoped that the RFID solution will allovhé MES to
view the process in greater detail in terms of job and
equipment location in real time. The real time MES will
provide a transparent view of the process to-p?ep,
Production and Operation Control. This electronic view
will allow each departent to have up to date process
information with no need to ask the other department, thus
greatly reducing the requirement for personnel interaction.
Personnel interaction is a major fluctuating unknown,
which can be very wasteful. The real time viewhalso
build a history database of the information gathered, as
well as having the ability to hold any additional notes the
operators may want to add.
by reducing NVATO6s at

2. RFID & LEAN MANUFACTURING

The focus of this project is to integrate automated
tracking technology inta factory in order to streamline
the production phase. As a consequence, we provide a

g fo th® Kep &sBebts$ of thee prdjebt Which h €

are RFID, tracking goods in the workplace and lean
manufacturing.
21 RFID
Ernst F.W. Alexanderson moved frorw&len to America
in 1901, and began working for General Electric
Company, N.Y. Here Alexanderson designed an alternator
to be used with a high frequency generator pioneered by
Reginald A. Fessenden. The combination of both these
inventions lead to the rBt radio signal generation and
transmission known as continuous wave (CW). This
happened on Christmas Eve
radio program was broadcast. This technology was
superior to the existing fASp
signals of dts and dashes in a Morse code fashion (Bellis,

2007)
. Worrllj\fi ar 2 exploiteji the advantages of radio
Yreqlerty rhaflipulato® tin p eﬁa?a?ibﬂ fot Rriliihg® the
German pilots would roll their planes, changing the radio
signal reflected back to the radar crelug identifying
themselves. It was here the first crude passive RFID
system was born. This concept was further developed by
the British, Identify Friend or Foe (IFF) system which
became the first basic active RFID system. It was
implemented by instaling tr ansmitter on
plane so as when the plane came within a reachable
distance of a radar ground station, the transmitter would
broadcast their identification and identify them as a
Afriendo. The 19506s and
academicsalike research and develop Radio Frequency
(RF), focusing on remote identification and the remote
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object having usable data storage, this was of particular the AuteID Centre closed in 2003 after passing all its
use in anti theft systems where an object could be tracked original research goals (RFID Journal, 2004).

leaving a shop but indentified as a puséd or stolen The market has grown ever since to a point where
item because of a modified data bit during purchase. RFID products and services amounted to more $&6
Devel opments in the 197 0bifionin Y and even linethe veecent difficaltr economic

large companies to take note of the potential in RFID and times do not look like reducing on that with major
such companies as Gener al ingdsters suchi as IBM, n"SAP aRda Midrasadt camddnsajor
Raytag invested in developing thechnology. This large purchasers such as Wdllart (Wu et al., 2009).

distance passive tag range had unlimited advantages for

such applications as toll roads and was implemented 2.2 Tracking Goods in Factories

commercially for the first time in 1987 in Norway,
followed by the Dallas North Turnpike in 1989. The

i : o As previasly discussed every manufacturing facility has
19906s a g a aten sectoa eompanies guch as

Phillips, Microdesign, Bosch, IBM and CGA invest and manufacturing systems in place to define the work flow

develop applications that would enhance the supply of Process, these systems are usually referred to as
their product or the pr odu Manufactyrigge Execution Systgraso(BES). sla @enefah e s
private investments continue, focusing on reducing the these systems are open loop systems or at best shohe

cost of tlis expensive technology. In an attempt to achieve  production feed back to indicate the status or whereabouts

this, Gillette and Proctor & Gamble funded the Al of a particular job. This one shot feedback is usually in the
Centre. This centre based in the Institute of Technology form of the operator confirming their task is completed

Massachusetts, had a vision of reducing the tag price by .
reducing its data storage capaksit but linking the small and ready for the next stage or department. Although this

data ID on the tag to an extensive database hosted on the information & valid and useful, it is somewhat too late i.e.
internet, in effect reducing the tag capability but exploding  if department one enters that it is finished with job one,
the overall technology scope. The A4 Centre gained department two will in many cases already know because
over 100 large end user customers and showcasee to th  job one will be in their department.

manufacturing industry the advantages of RFID, however Figure1 illustrates this in practice.

PrePrep Operator Production Operator

P Production

PrePrep

P Production

PrePrep Operator

Figure 1: Time Frame of One Shot Feed back
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So the question is what can be done better? The
answer is more interaction at multiple steps within each
department. The angme n t against
same resulto as the
work load it would give to the department. It is therefore
clear that RFID with its automatic detection provides the
answer to allow greater data input to an ME&haut
burdening the department.

At this stage it is important to evaluate this
technology. Here we will review how and where this

technology has been implemented in similar settings to
NuPrint and evaluate the advantages and disadvantages of

t hi s the soluiins arheeDepartment ofilndlustrial Engineering,
pr evi o uTsinghua Oniversityp Beijing, rsdt upoanmicto plant a& dod e c

best simulate a real plant situation. RFID technology was
used to support the MES to automate the tracking of
materials, Work in Progress (WIP), fixeand mobile
resources.Tablel shows where the RFID equipment was
located and the data it was able to provide the MES.

Table 1 : Deployment of RFID Devices

Objects

Materials & WIP's

Workers

Facilities and Conveyors

Deployment of RFID readers and tags

Stick tags to their containers (pallets, bins and boxes, etc)

Embedded tags into personnel identification badge

Deploy RFID readers to the shelves in the warehouse and thregsmntre,

the sorting tunnel in the sorting centre, the work benches in the assembl
the material reservation boxes by workstations, and the vehicles conveyi
materials and products, the ceiling of the laboratory for tracking workers

above.

Operators

They designed and implemented the solution to
target three key areas. These were Data Collection and
Document Control, Labor Management and Production
Control and Performance nalysis. Data Collection and
Documentation Control is a continuous task throughout the
manufacturing process, but are of particular advantage in
the job scheduling and inventory control. The best
example of this advantage comes at the beginning of the
marufacturing system, after a customer places an order, an
operator scans the RFID labeled inventory stock, this real
time scan, allows the MES to decide if the required
inventory is available to complete the customer request. If
it is, the job is sent to &hsorting centre for packaging
before being sent to the assembly line. However, if the
required inventory is not available the MES system
automatically generates a Purchase Order (PO) and
produces it for review before emailing it to the supplier.

Labor Management and Production Control in
this solution were encapsulated by visibility. Two
billboards where utilised, one for the assembly line
operator which updated them on the current job
information and segment procedure. After the job is
completed theoperator interfaced with the MES system
and indicated if it was finished or scrapped, triggering a
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Allocate portable readers for material checking

job status change. The second billboard allowed
management visibility of the production schedule being
completed, including the current status of jobs.
Peformance Analysis is achieved as a byproduct of the
previous two implementations. The system now is data
rich, and is used to target key performance indicator (KPI)
matrices such as work station load and production
efficiency. Any target change made a@ow be evaluated

on tangible numeric data that is non intrusive (Chen et al.,
2009).

RFID MES system can be flexible and responsive
to continuous, changing customer requirements (Huang et
al., 2010). (Huang et al., 2010) outlines an RFID MES
implementatbn in JAC, an automotive production
company based in china. JAC manufacture a full line of
brand vehicles including trucks, Special Reconnaissance
Vehicleds (SRVOs) and
(MPVés) . JAC already had
traditional data acquisition methods such as manual input
and barcodes. However, they believed the gap between
physical flow of product and information flow in the MES
was too great to properly monitor and manage the
production system. The additional data asifioin
obtained by attaching RFID tags to tools, materials,

me c h an
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personnel and equipment ensured the MES turned into a
real time MES (RTMES). Figure 2 shows where RFID

Electronic

plays its part in producing real time data to KhES.
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Figure 2: JAC RT-MES System Architecture

The enhanced RMES decreased SRV cycle
time from 5 days to 4 days, increased production
efficiency by 20% and increased the MES data accuracy
rate to 99.9%. It is importanto look at what the
technology has in store for the future. One key area for
future development is combined logistical tracking with
RFID & GPS (He et al., 2009)The advantage here is the
ability to link both business process info and geographical
locations, this specifically targets the time consumed for
sales, customer service, operation and warehouse staff to
locate specific cargo in transit and provide the customer
with the most accurate data in a time frame that is
acceptable. This data could @lde shared between
manufacturers, logistics and purchasers on the web so that
better planning and scheduling can be done for incoming
inventory.

For this project, it is important to note that the
solution was purely a prototype and some known issues
would still need to be resolved before this type of solution
would be made viable. The two biggest issues being,
integration at both hardware and middleware level as well
as data privacy (He et al., 2009).

As mostly all the research has shown positive
resuls for the application it is important that negatives are
actively looked for in order to clearly grasp the
technology. The known limitations are poor performance
with RFOpaque and RAbsorbent objects, Impacted by
environmental factors, limitations on teal tag reads,
Impacted by hardware interference and limited penetration
power of the RF energy. RBpaque materials such as

Copyright IJET © 2011 - IJET Publications UK 37

metal and RFAbsorbent objects such as water can cause
issues with the RFID technology resulting in partial or
failed reads. RIOpaque materials cause the radio signal
to bounced or reflect, causing the reader to receive
multiple reads or incomplete reads. This is known as
multipath and can cause reliability issues especially when
the surrounding materials are constantly changing.
Environmental Factors, such as rain, human traffic, vehicle
traffic, electrically noisy equipment and existing older
wireless LANG6s on the 900
interference for the RFID system. Actual tag reads are
limited. The reader employs apty of anti collision
algorithm to identify tags; therefore the reader has to
interact with the tag several times before the tags
information can be confirmed. This extra communication
limits the readable amount of tags per second. This limit
differs gredly between manufacturers but is steadily on
the increase. Hardware Interference is seen when two
readerdés signals overlap ¢
usually seen on poor installation and usually easily
avoided. Penetration Power is determined langmitted
power of the reader. This power level determines the
signal strength of the reader and therefore directly
proportional to the distance and penetration levels. This
power level is determined by individual country laws and
therefore not universglahiri, 2005).

a L
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2.3  Lean manufacturing

Toyota is widely credited with devising Lean
Manufacturing. Toyota created a work flow process called
Toyota Production System (TPS) or Just in Time (JIT).
The TPS system was developed between 1949 and 1975
and was an amalgamation of the Ford production system
and other techniques. Shingo and Ohno refined these
techniques taking into consideration the up and coming
labor unions and with a different outlook on factory
workers giving them more ownership resulting better
team development and cellular manufacturing. However,
the single biggest refinement from the Ford Production
came from the need for the system to be flexible. The
Ford system was designed for a single, never changing
product. TPS reduced setupmés to minutes which
allowed for small batches but resembled a continuous flow
allowing for greater flexibility within each small batch
(Strategos Inc. 2010). As Toyota started to reap the
rewards of it manufacturing system, like minded Japan and
American businesses tried to learn and implement the
system with mixed results. Some of the reasons being the
lack of understanding of the underlying principles of TPS,
or the system was not integrated into the complete system.
The system was relabeled Lean wmi@cturing by
Womack, Jones and Roos (Womack et al.,1990).

Today Leands accepted
reduce waste by producing only what is needed when it is
needed. In doing this the desired outcome is to reduce
lead time and cost, improve qualitand increase
productivity. This principle is broadly accepted and so,
has been adopted into many manufacturing disciplines.
The single biggest down side of this, is that Lean seems to
have many faces and interpretations, it is not a single set of
guidelines that can be rolled out across any industrial
environment, in fact the complete opposite, each situation
must be evaluated on its own merits and implemented as
such to achieve the end goal. In taking the fundamental
principle of
types of waste are. Again, lean breaks these down into
seven important areas which are overproduction, excess
inventory, over processing or incorrect processing,
waiting, unnecessary transport or conveyance, unnecessary
movement and detts. However clear the fundamental
principle and the types of waste; it is clear that the areas to
practice are not so. We have seen how the Lean system
has changed between Ford Production to TPS to allow
more flexibility for employees. This continues ehsafety
in the workplace was at the forefront and even today
where people management and culture is at the forefront,
this is easily seen when comparing different approaches to
practice for the lean manufacturing system.

Table 2 : Authors Perspective View on Lean Areas (Wong et al., 2009)

Practice
Author(s) Purpose Areas Study Sector
Sohal & To Investigate the extent of lean 5 areas Wide range of Australian
Egglestone implementation companies
Panizzolo To explore howean production has been | 6 areas with| Italian own brand
adopted by firms 48 practices manufacturers
Shah & Ward | To examine the effects of three contextua 22 practices' US Manufacturing firms
factories: plant size, plant age and in4
unionization on the plant likelihood of bundles(JIT,
implementing lean @nufacturing practices, TQM,
HRM,
TPM)
Doolen & To assess both the number and the level ( 6 areas with Electronic manufacturers
Hacker implementation of lean practices 29 practices| in the Pacific Northwest
Shah & Ward | To develop and validate a multi 6 areas with| Manufacturing firm
dimensional measure of lean production | 29 practices implementing lean with
more than 100 employees
Taj To investigate the adoption Efan 9 areas Wide range of

production and assess its current state of

practice in selected plants
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Table2 summarizes a range of studies in the area,
and concludes that thereeald key areas to assess waste
(Wong et al., 2009). These areas are:

Work Processe$ Standardization allows better
quality control and less job deviation, resulting in
better time management.

Schedulingi Adopti on of t he
and method heks to control inventory both
coming in and out.

Inventory 1 Controlled to a minimum, thus
reducing roof space required as well as reducing
depreciation value on stock.

Equipment i Uptime and availability of
equipment is critical to the plant operations so
any activity such as preventative maintenance to
ensure when equipment is needed it is ready will
greatly improve plant performance.

Layout i Determines the flow of parts or
equipment throughout the plant. The closer each
location is to where it is recéing and sending
stock the better.

Material Handlingi Key to reducing waiting
times and damage to goods in transit.

Employees i Empowered and motivated
employees are the best tool any facility can have
and critical to all aspects of the business.

Quality 7 Essential in reducing waste in the truest
meaning of the term.

Product Desigri Producing the required quality
of product with the cheapest materials.

Suppliersi Suppliers with the Just in Time (JIT)
mentality help reduce need for inventory stock.
Tools and Technique$ Aids to implement and
control examples of such tools are 5S, Steam
mapping, pokayoke, lean 101 and cellular flow
to name a few.

Customersi Relationships and understandings
allow both parties to meet each other's needs as
well as predictiemands

Ergonomics and Safety The foundation of all
activities, keep employee morale and available
work time to a maximum.

Management and Culturei Critical in
implementing and supporting any lean activities.

|l

An example of how Lean Manufacturing
methoddogy and principles help in a real world case is
documented in (Willhite, 2004). They claimed that their
traditional work system encouraged large batch sizes and
high inventory all to
both them and their customers. Hiagc analysis included
identifying Non Value Added Tasks (NVAT) and Value
Added Tasks (VAT) using the Value stream mapping tool.
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The mapping out of the current physical work flow
throughout the factory floor and the redesign of a more
stream line layouvas devised; this was accompanied with
the 5S tool to allow minimum obstructions and
distractions. They also reduced batch sizes by 35%,
reduced and standardized batch time by documentation
and operation standardization, and turned process flow
pottlenecs in teesuperanarkett pyll systems. Visual aids
throughout the facility al
forefront of everyoneos mi
motivation and moral. As a result of this implementation,
on time delivery has increased to 100%, ireeyis now
controlled by demand, labor capacity has increased and all
excess work has been eliminated (Willhite, 2004).

In conclusion, there are three key areas for
reflection. The first of
the eyes and ears of the MEBhe technology is at a point
now of maturity, this maturity brings with it a host of
advantages including mass information and technical data,
multiple manufacturing vendors and the ever lowering cost
to purchase. The second key area is the MES systéiis. T
is the information processing system that will allow for
quality data to be gathered. The system must be data rich,
with accurate real time data. Entering data into the system
must not be an extra work burden on the department. The
system must be finitive and flexible in its ability to
produce reports to target
implementing the solution and adopting the solution must
be clear and motivated to the end goal, with the
understanding that one of the keys is continuous
improvemen  This continuous improvement inevitably
means the first solution may not always be the best but
more a base on which to improve. There is no single recipe
for successful implementation.  Each facility is unique
and in turn requires a unique solutiofihe best solution
will be gained by firstly fully detailing the end result, fully
analyzing what is currently happening and targeting the
most wasteful areas that hinder the end result to find a
solution that can reduce the waste. After implementation
the solution must again be analyzed and further
improvements made to continuously improve the solution
until an optimum is reached.

3. REQUIREMENT ANALYSIS

The client for this project is NuPrint, a local label
manufacturing facility based in Springtown Irstiial
Estate. NuPrint is a relatively small company employing
approximately twenty staff. Although small they have a
worldwide client base, current clients include M&S,
Guinness, Seagate and Spelga to name a few. NuPrint was

9?84{‘ §s 1 Bubeh B Othe Mécd teiBthirgt Y
industry, The | ate 9006s and
coupled with NuPrint innovation and ability to deliver, this
allowed for 100% growth between 1998 and 2003, exports

w h
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making up 65% of that businessThe company
transitioned fom local ownership in 2000 to ITL PLC but
was later bought back into local ownership in 2004.

The requirement is toincorporate RFID
technology into a new or existing MES to alleviate
repeated paperwork, reduce the data recorded,
automatically assign reepsibilities, reduce material
wastage, identify potential holdups and generally
increase/improve communication. The MES will address
the management, manufacturing and purchasing
departmentsln order to get the most from any solution it
must be applied ithe worst affected area. This can only
be done by fully analysing the current facility and how
physical work flow and data flow is monitored and
captured. As an introduction to this, each department is
detailed with its own duties and responsibilities.

Front Officei This is the where the interaction between
NuPrint and its customers and suppliers happen. All
customer requests are made directly to the front office as
well as raw material purchases.

Operations Control This department manages storage,
production and prerep. It is the central point of decision
making. Operations control must evaluate each managed
departments schedule, inventory and resources and make
production decisions.

Preprep i Stores, prepares and maintains the printing
plates Plates are a type of stencil that are approximately
the size of an A4 page, they are made of a flexible rubber.
Each plate applies only one colour; there can be up to a
maximum of seven colours or plates per label. The plates
must be mounted on a reil and aligned. Once this is
completed the plates are ready for production. When
production is finished with the mounted plates,-prep
dismount the plates, clean them and put them in uniquely
marked plate files for storage.

Productioni Run the prirgr, this task includes mountings
the printing plates, raw paper roll and ink trays to run the
printer.

Storagei Holds manufactured inventory until orders are
complete, then dispatches to the customer. Storage also
hold raw material inventory.

Figure 3 shows how the facility is laid out and the typical
personnel movement required to get a label batch
produced from start to finish.

First Floor
Front Office Q
Operations Control
Ground Floor
J 6
Storage ) ?/ﬂ@/
Production =
«——»
PrePrep
Figure 3 : Nuprint Facility L ayout
After initial analysis, it is clear from the

personnel movement that there are areas of concern i.e. the
work flow is not fluid and there is a lot of required points
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of contact for each department to allow them to complete
their individual tasks. This gives ground for a detailed
analysis of both physical and data flow for a complete
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label batch production. It is clear that the area of greatest
concern in the system is the communications between pre
prep and the production area. In order to fulhderstand

why this is, we further analyse this sub areigure 4
shows what these communications entail and why they are
needed.

PrePrep

Where are you ?
What is the Next Job ?
Do you have the required Plates ?
Condition of Plates ?
Are there common Plates involved ?
Is there any problems associated with mounting the
plates ?
What is the hold up ?
Why is housekeeping so poor ?
Who washed and mounted the plates ?

A

Where are you ?

When do you need the plates ?
When will the cylinders be available ?
Do you remember any issues with this

Job ?
What is the hold up ?

Why is housekeeping so poor ?

Production

Figure 4 : Detailed Analysis of biggest Concern

3.1 Factory Production Issues

Now that the target area has been highlighted it

must be assessed what issue this causes the running of the

current manufacturing system. The issues are outlined and
explained below.

Time: Plate filesare ordered / numbered according to
product codes; it is time consuming to locate plate files.
Also, in differing jobs for the same customer, common
plates occur and there place of location can be in any of
that particular customer files E.g. Nuprint magve 5
differing files dedicated for the same customer and one
plate may be common and used for each of these jobs.
This plate is usually situated in the file of the job last
produced and so must be located for each of the 4
remaining jobs. Locating thislgie requires research into
the last job ran for that customer which is time consuming
T particularly if the plates have not been washed, placed
back in the file and returned to the rack.

Records: Records regarding file usage are written
manually, this isnot only time consuming but open to
operator error.

Aesthetics: Stickers indicating if plates have been
damaged and replaced are located on the file exterior
which is untidy and confusing

Traceability: Knowledge of plate preparation or printing

status an only be established by intervening / chasing up.
There is no record in terms of plate usage, date, job
number and the machine; who located, mounted, removed,
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washed or last stored the plates; difficulties associated
with plate mounting and the total rees the plates may
have printed since purchase

Individual Issues: A typical example of an individual
issue was, during a period when the-prep operator was

off ill the pre-prep operators duties fell on the production
operators. However, the processwishing the plates is

an undesired task coupled with the limited time the
production operator had, it was decided the plates would
be left unwashed in a pile and not cleaned or filed away.
The consequence of this was that when an urgent job came
through,a delay was incurred in locating the plates. When
the plates were located a further delay was incurred
because they had to be washed and mounted. Once the
pl ates were placed on the
ready for oOsignof f@damagedasr an
they had been situated at the bottom of the pile and were
subsequently compressed. This necessitated the re
purchase of two £70 plates at a £10 delivery cost. The
operations control was also faced with the dilemma of
cleaning down the machinéo run a job while the
replacement plates were being manufactured and delivered
or to hold off on the washp / setup and run the job the
next day. This expense was in addition to delaying
delivery of the labels. The result of this bad relationship
wasa escapade wasting A1006s
with a customer.

3.2 Evaluation

In order to see the effects this has on the business it is
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important to equate the waste accumulated in this stage of

Table 3 breaks down the questions asked between
production and prprep, into the time taken to ask and
answer, it goes further to evaluate the risk of each question
i.e. how often it is conceivable that the given time would

the process.

adequately answer the questioRisk = 1 + the probability
the time allocated is sufficient.

Table 3 : Business Evaluation

Occasions Time Taken to Total Time _ Aqtual

- Asked Ask/Answer Taken to Agk/ Risk Time
Production to Preprep (min) Answer (min) (Pre)
Where are you 2 2 4 1.1 4.4
What is the Next Job 1 2 2 1 2
Do you have the required Plates 1 1 1 1.2 1.2
Condition of Plates 1 2 2 1.3 2.6
Are common Plates involved 1 0.5 0.5 1 0.5
Problems associated with mounting the
plates 2 3 6 1.3 7.8
What is holding you up 1 1 1 1 1
Why is the place so messy 1 1 1 1 1
Who washed & mounted plates 1 3 3 1.2 3.6
Preprep to Production
Where are you 2 2 4 1.1 4.4
When do you need the plates 1 2 2 1 2
When will the cylinders be available 2 1 2 1.1 2.2
Do you remember issues with Job 1 2 2 1.2 2.4
What 6s hol ding you 1 1 1 1 1
Why is the place so messy 1 1 1 1 1
Time taken to Ask/Answer (min) 325
Actual time taken pre solution
installation 37.1

This data must now bequated to financial waste.
From the above data, we can see that the dispersion of the
total waste 37.1 minutes is broken down into 24.1min for
Production and 13 min for pigrep. Assuming that
NuPrint run 1.5 batches a day these times increase to 36.1
min for production and 19.5 for pgaep.

Taking a preprep value at £30.00 per hour, the waste can
be calculated as:

Financial Waste = (Waste Time (min) / 60 ) x 30
=(19.5/60)x 30
= £ 9.75 per day

Taking a Production value at £120.00 peuh the waste
can be calculated as:

Financial Waste = (Waste Time (min) / 60 ) x 120
=(36.1/60)x120
= £ 72.2 per day
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This equates to a total 6f81.950f financial waste per
day.

4. RFID SYSTEM DESIGN

The design of this solution is tmplement RFID
in a manufacturing environment, to aid in the stream lining
of production work flow. The incorporation of RFID itself
may not achieve this, but using RFID as a data gathering
tool to enrich databases with réahe information can
target mportant areas to the business. These areas of the
business include real time information which will highlight
work flow bottlenecks. Monitoring this information during
and after an operational fix has been implemented to
reduce the bottleneck which willllew management to
evaluate the fix and continue to improve it or move on to
the next high priority bottleneck. In addition, operational
procedures are stream lined whereby operatives must
complete the previous task before moving on to the next
stage. Figure 5 shows the conceptual overview of the
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system. The database server provides data storage and
manipulation; clients provide operator and management
interfaces, RFID scanner provides réale data input,
while the management display monitor provides a clear
operational view to high level management.

Database Server

) o

y ———
Management Display Monitor

Client 1

Cat 5 Ethernet
HDMI
UsB

Client 2

RFID Scanner

Figure 5: System Architect Overview

4.1 Management Information

Integration

System

During the design ofthis solution, the client
(Nuprint) bought an iof f
I nformation System (MIS)
MIS was implemented to control the production area and
gathers a lot of critical information via user interfaces
regarding tle running of the printing presses. It was clear
that if we could extract already gathered information from
the Tharsten system we could greatly improve the richness
of data in the Access database and therefore achieve better
results. In light of thisFigure 6 shows a more detailed
architectural overview of how data is gathered and shared
between both systems. Data transfer is broken down into
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two types, same system communications and sub system
communication.

Same system communications is the server
interacting with its own type of client to enable database

hqrs e Sld |§ |§1r}ergrﬁvm the sygt d th

e
relatlvely stralght forward hat isoh as usua |s t
passing of data between the systems, i.e. sub system
communications. The Tharsten system is an SQL based
server and after some research and testing it was decided
that the sub system communications could be reliably
delivered via an Ope Database Connectivity (ODBC)
link, note during discussions with Tharsten technical
engineers it was clear that to maintain the Tharsten system
integrity and support we could only read data from their
system with no function of writing data to their syste
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Figure 6 : System Communications

Given financial waste outlined earlier, it is clear
there is an opportunity to introduce a system that will aim
to tackle this area of high waste. It was decidet the
specification is to incorporate an RFID system to operate
as follows:

I Scan in Preprep to locate plate file and log time
and confirm job is mounted ready for production
and log time

I Scan at Production to identify and acknowledge
receipt thus loggig time beginning job
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production and indicate job completion and log
time

1 Scan in PréPrep to confirm receipt of plates and
log time and to confirm plates have been cleaned,
restored and log time

Figure 7 depictswhere RFID scanning will be
implemented and gives an overview of the final RFID
setup.
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Figure 7 : RFID Installation in factory
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Storage
The incorporation of RFID should enable

production control to estéibh the overall job status. These
include the time taken to mount job, time spent in
transit/waiting from preprep to the press, time spent on
press and backlog of plates to be cleaned byppp. The
system should increase communication between
producton and preprep i.e. it should enable ppeep to
see the press status i.e. when the previous job has been
scanned in by the printer to anticipate when a new job
should be prepared. It should also allow-prep to see
when the printing has finished andhen the used
plates/cylinders should be collected and production to
check on the status of their next job. The system will
provide traceability and accountability. It will enable JIT
production with preprep preparing the next job only when

the previous pe has been scanned / received by the press.
This will prevent wasted time caused by -prep
mounting jobs too early in advance and potentially having
to dismount them for an urgent job.

4.2 System Operation

After consultation with Nuprint and considegi

the new benefits the Tharsten system would have on the
RFID system, the system operation was designed and a
clear vision of how the final solution should interact with

the operations team. The system operation is outline in
Table4 and gives a walkthrough of the system.

Table 4 : System Operation

System Operation

Operative logs offharsterto input mount start time for job ###H#

Active job status table updates Job No., Custoide. of plates, Operative

Operative scans plate file ###### to mount job
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Tharsten
Interactions

RFID
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Interactions

Operative

Active job status table confirms selected plate file ##### corresponds with that seletredsian Actions

Systemloads 'Job History Sheet' to alert the operative of any previous issues with the plates and indi

total meters the plates have produced to date

Operative prepares everything involved in preparing job, locating cutter dies, Ink, amending.spec etc

Operative logs oiTharsterto input mount completion time and enters any comments regarding difficul

or observations

System acknowledges mount completion time

Job leaves Preprep and goes out to production

System updates active jobtstatable according to job progress in production
System acknowledges when job enfBnarstenoperative selects job drharsterto print)

Printer runs job

System acknowledges when job is completed (operative specifiisapsterthat job iscomplete)

Job leaves production and goes in to Preprep

Operative logs oiTharsterto select wastup begin

Active job status table updates wagh start date/time

Operative completes everything associated with clearing away job

Operativescans plate file ##### to indicate waghcompleted and plate file returned to hold
Active job status table updates waghfinish date/time

System updates job history sheet

Operative logs offharsterto state finished washing up

Given these interactions the complete system is  measuring parameters.

now collecting critical manufacturing performance Tableb.

Table 5 : Performance Paraneters
Active Job key parameters

These parameters are outlined in

Job Number 19620 19621 19635 19622
Customer O'Kanes Utterly Butterly Tesco Donegal C

No. of plates 5 8 7 6
Operative Fiona Curran Paul Lynch Fiona Curran Fiona Curran
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Scan Plate

Out of Hold Time .
File

27/01/201113:15

Job Dispatch Time 27/01/2011 13:50

Production Start Time 27/01/2011 14:20

Production Stop Time 28/01/2a1 10:30

Operative Paul Lynch

Wash Start Time 28/01/2011 15:40
Scan Plate

In Hold Time .
file

28/01/2011 15:55

This array of data immediately brings clarity to
operation& performance. For example, we can see that
operative Fiona Curran initially mounted and dispatched
the O6Kanes job and then
mounted the Utterly
production. Both jobs ran over night, then Payhch
signed on to Tharsten at 15:40 to begin washing plates and
the time he put them into hold was recorded, Paul Lynch
can see how long it took himself to wash plates according
to the 'In hold' times, Fiona Curran mounted the Tesco job

27/01/2011 14:05 26/01/2011 13:00, 27/01/2011 13:00
27/01/2011 14:55  26/01/2011 15:40| 27/01/2011 14:00
27/01/2011 15:05 26/01/2011 16:10
28/01/2011 15:30

Paul Lynch

28/01/2011 15:40

28/01/2011 16:25

on the 26th andtiis still on the press, Fiona began the
Donegal C job but was delayed on the dispatch, she
however completed the job before Paul took over. The

P a Ddnegdl § jokcishstill wéitimgito gb onaHe press and it tomkn d
Butt er | 15 mjnuels to wash plates 1062K aneh 2 sminutegash i n

plates 19621.

In addition to this information, the system must
also be capable of displaying any history associated with
the plate file. Table6 shows what these parameters should
be.

Table 6 : Plate File History Parameters

Plate File History Parameters

Previous Job Date when Meters Running
No. previously ran Printed Total
19501 21/09/2010 11:20 2500 2500
19620 27/01/2011 14:20 3000 5500

There are two important reasons for displaying
these parameters to the operative. The first is to allow the
operative a quick view of the total meters printed by the
plates. Plates have a life span and do shatter when worn,
the ability to view the meters printed by the plate already
(Running Total) will allow the operative to call if the
plates are good enough to go into production avoiding the
current and likely case wher plates shatter during
production causing many manufacturing issues and wastes.
The second reason is to allow the plate mounting operative
to see if there is a history of any mounting issues (Previous
Comments) associated with the plates. Plates caimex
be difficult to align on the roll and this will allow the
operative to call if it would simply be more cost effective
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Mounted
By Washed By Previous Comments
RW RW Plate 4 crosshairs misaligned
Same problem with plate 4.
FC PL Notified Laura

to order a new plate or consider if there is a quality
concern with the plate supplier.

4.3 RFID Reader and Integration

The RFIDreader came with its own supporting
software to enable users to read RFID tags, however to
ensure user interaction was kept to a minimum this
functionality needed to be integrated into an Access form.
The design of this was based around the mscomm control
Although the desktop reader is a USB device its internal
software makes it appear as a serial connection to the
machine. Mscomm control allows Access to take control
of t he machi neds seri al
communication protocol and traesfor read data from the

cCoOor
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connected device. During the design period it was also
important to have a clear idea of the reader and tag
capabilities in terms of scan able distances and amount of
tags scanned at one time. The outcome of which would
drive theprocedure used when the operative would scan in
and out the job from hold.Table 7 shows the results of

tests specifically looking at these capabilities. From the
results it is apparent that for reliability reas tags will
have to be read individually and be physically on the
reader when scanned.

Table 7 : Scanner and Tag Capabilities

Label Information Type

Air Interface Protocol

Operation Frequency

Frequency Sector

Memory

HF 18x18 mm Wet Inlay
1IS015693

1365 MHz

High Frequency (HF)

1K bit

Reader Testing Amount of Labels Read Reliability
1 Label laid Flat on the Plkat 100%
2 Labels laid Flat on the Plate 80%
4 Labels laid Flat on the Plate 50%
6 Labels laid Flat on the Plate 60%
Distance Reliability
On the Plate 100%
10mm Away from the Plate 90%
15mm Away from the Plate <10%
>15mm Away from the Rlte 0%

4.4  Database Design

The implementation of the databaseist adhere

to the principlesinder pinninggood database design. The
first of these principles is that redundant data (aaydi
information) is not desirable, duplicate information
significantly increases the likelihood of errors and
inconsistencies and wastes space. The second principle is
that the correctness and completeness of information is
important. If the databassontains incorrect information
then all subsequent reports and queries will also be
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incorrect. The databag#ivides information into subject
based tables, reducing redundant ddteprovides each
table with the information it requires to create tangible
relationships. The Job number or UID will be thesed to
achieve thislt also acommodate all queriesFigure 8
shaws an overview of the databasete the ODBC linked
read only tables from Tharsten are called,
dbo_MainJobDetails_Link, dbo_JobSubOperation_Link,
dbo_TimeSheetEntries_Link, dbo_JobSchedule_Link,
dbo_ScheduleOperation_Link.  The Access tables of
concern are called Jobs and Plates.
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Figure 8 : Database Design Overview

After the database is assembled relationships can
be implemented to amalgamate data into usable structures.

4.5Form & Query Design

After consultation with Nuprint it was clear that
they required two main interfaces, orie maintan their
plate fle database allowing the RFID labels to take over
the oldlabellingsystem of Plate File numbers. The second
interfaceis to allow production information to be inputted
for the beginningand endof a job cyclein the Preprep
area Theseinterfacesmust be unambiguous, and simple
to use. Theymust not increase the work load of operations
and vhether gathering information from Tharsten, RFID
or Accessaappeardo be one coherent system.

Interface one,the Nuprint RFID Plate File
Record,is available to operations to associate RFID labels
with the Plate File details. These details include, number
of plates, Customer, supplier reference, number of colours,
die size and product code. The interface will allow all
relevant information to beshown with a simplescan
button to associate a label with the plate file detallkis
interface willbe used heavily on system implementation as
Nuprint has approximately 350 current plate files, after
this initial use the interface will only be used wihe& new
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job has been created for a customer or the RFID tag needs
updating for an existing plate file.

Interface two, the Nuprint RFID Plate File
Record,is the main operative interfaceThe interfaceis
broken down into three main sections. Sectioa simove
the operative interactions broken down into four main
steps. Step one is for the operative to select an appropriate
job, the choice available must only be jobs dispatched
from Tharsten not yet picked up by Access. new jobs.
Step twois to s@an the plate file out of holding, there
should be logical checks done in the background that
ensures the correct plate file has been removed from
holding by the operative, if the wrong one has been
removed the operative should be prompted and not
allowed b continue. Stephreeis to associate a plate
cleaning operative and time with the plates after
production has taken placeStep fouris the scanning of
the plate file back into hold and thus completing the job
cycle. All steps must belear and conce as to the
operative actionsSection two of the interface will display
the active job status the details contained in this view is
outlined inTable5. Section three displaythe plate file
history of the curmet plate file the details contained in this
view is outlined inTable6. Figure9 shows how the form
was developed from early revisions to ensure user
friendliness and atitional work was kept to a minimum.
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Figure 9 : User Friendly form design

The solution requirg multiple queries to provide

operations and management with quality data to help 5. RFID SYSTEM IMPLEMENTATION
improve work flow. The outputs of which provide

This sectioroutlinesthe implementation required

I Dispatched jobs not yet picked up by operations to achieve thegoalsoutlined in the design section. It is

T Active jobs currently being manufactured decided that this section witamiliarize key components

1 Number of plates required per job and talking points fothe document, thefook at the end

1 Dates and times of specific actions product, the two interfaces and work back into and thought

1 Operator responsible for specific actions them to see the database workings behind thess a

f  The accumulative meters a plate has produced means of familiarizatiorthe following imagesshow key
and suldivided into the specific jobs componentseferencedhroughout this document.

Figure 10: Selection of RFID Tags

Figure 10 shows a selection of RFID tags purchased by
Nuprint, the tag outlined in red is the tag used for
implementation.
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Figure 11: Nuprint Plate File Storage

Figure 11 shows the plate file storage arda organization and upkeep of them can cause so many issues
highlights the volume of plate filesnd therefore howhe for Nupiint.

Figure 12: Plate File Details

Figure 12 shows the current method of keeping the plate  in handwriting or plate files &ew years old can lead to
file record details. This highlights clearly how ambiguity traceability issues.

Figure 13: Plate & Mounting Cylinder

Figure 13 shows an individual plate file and how it is
mounted onto a cylinder. This also givesagpreciation
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of how mounting and aligning can be difficult and Figure 14 shows the Nuprint RFID plate file
important to document and flag when next running that record interface where the operative ukb associate an
particular job. RFID tag with theplate fileand its details The interface

is laid out in three steps. Step one is to read the RFID tag,
step two is to fill out the plate file details, finally in step

5.1 RFID Plate File Record Interface three saving the data and searching for a new plate file to
associate an RFID tag.

Nuprint RFID Plate File Record
Taig [0 E0O4 (1 0091 E7 2620
Read D

Plste Ret ﬁmﬂ No. Of Pletes I
Product Code FFi(049 Plates Received 712412008
Customer Ref Fressh Food Kitchen Ireland | Description |New Iinporaed Recioe

o o

Figure 14: RFID Plate File Record Interface

Preprep areaAs discussed ithe design sectigrsome of
5.2 RFID Job Statusinterface the datashownis gathered by the Tharsten system, this
interface must allow for those relevant parameters to be

Figure 15 shows the second operative interface. ~ Viewed and allow additional Accesslatabase only

This interface is designed to allow an operativetsot and parameters to be enterdulit presented as one coherent
complete the full job cycleactivities that occur in the system
Area 1
Area?2
Area3
Area4d

Figure 15: Nuprint RFID Job Status Record
The critical information these tables do not hold Operatod i Wa s h Start Ti meod filn
is the Preprep area deoMashi | sassdheacedefi€bommennsbudeéel! awi
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