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ABSTRACT

Nowadays organizations challenge each other inhhigtmpetitive market, in which
customer's demands change frequently and swiftly. these circumstances,
organizations have to be very flexible in respam@dstomers to be able to survive
and prosper. This flexibility lies within the coakmechanism in production. Current
control systems in production and manufacturingoemgass some deficiencies in
providing highly flexible systems. In this thesiEID technology has been used in
manufacturing control system to overcome some ef deficiencies of current
control systems. A RFID enabled control systemesighed and implemented for a
manufacturing cell. The proposed control systemrhasy advantages brought by
RFID technology including: bringing the real-timeonitoring ability to the system,
facilitating quality control and fault finding, rading errors in management of raw
material handling, production operations and fiagstproducts, enabling product
customization, providing capability of reacting tecidents at production time,
creating the chance of real-time customizationrofipcts and improvement of just
in time manufacturing paradigm and at last progdoapability of simultaneous
multiple type production with no predefined ordédl the proposed beneficial
characteristics of the system are tested and edrdt implementation phase and it is

observed that the control system is absolutelyiegiple in industry.

Keywords: ManufacturingControl System, Radio Frequency Identification (BF|

Flexible Manufacturing Cell



Oz

Bugunki kurulglar, misterilerin hizla ve sikhkla dgsen ihtiyaclarindan dolayi
olusan yuksek rekabetli piyasada birbirlerine meydaanns&ktadirlar. Bu durumda,
kuruluslar hayatta kalmak icin ngterilere ¢cok esnek davranmaktadirlar. Bu esneklik
dretimdeki kontrol mekanizmalarini da icermektedikkim kontrol sistemleri,
uretimde ve Uretimi kapsayacak bazi eksikliklerdggeslerdeki yiksek esnekii
sazlamaktadir. Bu tezde kullanilan RFID teknolojisietim kontrol sistemlerinde,
akim kontrol sistemlerinin  bazi eksikliklerinin  &stnden gelmek igin
kullaniimaktadir. RFID etkin kontrol sistemleri, efitm hcreleri icin kontrol
edilmektedir ve uygulanmaktadir. RFID teknoloji adndan 6nerilen kontrol
sistemleri ¢cok avantaj kazandirmaktadir. RFID téémcisteme izleme yetegie
kolaylastirilan kalite kontrol ve ariza tespiti, Uretimdeullman ham materyal
tutumunda hatalarin azalmasi, Uretim operasyoniaritrin bitimi, etkin Grin
Ozellestirme, Uretim zamaninda olaya tepkinirglsmmasi, gercek zamanli tretimin
yaratiimasansi ve sonda onceden tanimlanmasipargle es zamanh cgoklu cgt
Uretim yetengi saslamasi getirmektedir. Butiin 6nerilen sistemin kérektigi test
edilmistir ve uygulama gsamamasinda onaylangtir ve gozlemlenmnsiir. Uretimde

kontrol sistemi kesinlikle uygulanabilmektedir.

Anahtar Kelimeler: Uretim Kontrol Sistemi, Radyo Frekans Tanima (RFIE§nek

Uretim Huicresi.
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Chapter 1

INTRODUCTION

Due to the increased pace of changes in the mdédreands, global competition and
also the rate at which technology alters, manufacsumust seek a way to be able to
deal with uncertainties. It is believed that flakilp in manufacturing is a proper
solution to the mentioned problem (Sethi & Set®i9@). The definition of flexibility
in general is given by Upton, (1995) as "the apitt change and react with little
penalty in time, effort, cost, or performance”. \Weaaction to changes will lead to
longer production life and delays in answering tstomer demands. Traditional
manufacturing control systems are not competitivough to adapt to present
circumstances. Developing a manufacturing contsaitesn to satisfy flexibility
needs, as well as productivity and quality, is¢hallenge faced. RFID and Auto ID
technology has been used in overcoming the challelkghn, Brayman, & Littleton
(2005) have proposed architecture to improve privdbc and efficiency by
implementing RFID data into planning and scheduldfigan enterprise. The use of
RFID in Ford Company to enable just in time mantifeng is presented by Johnson
(2002). Huang, Zhang, & Jiang (2007) have shownirtiggovement in productivity
and quality based on the real-time traceability arsibility RFID provides. Hua,
Sun, Liang, & Lei, (2008) have discussed use of[RFal-time information to
achieve lean production. Sun (2011) has appliedDRF control of product
assembly. Liu, Zhang, Ni, & Tseng (2004) have stddRFID application in

customization of parts in mass production.



This work proposes a manufacturing control systesed on implementing RFID
technology in the manufacturing cell to improvexitglity as well as manufacturing
efficiency. First an introductory description oéXibility and flexible manufacturing
system is presented. Then control system mechanisisIC are introduced along
with an introduction to RFID technology. Second milea analysis current control
systems and their deficiencies and what RFID camghto the control system. In
chapter three RFID enabled control system is preg@nd described in detail. In
chapter four the proposed system implementation taedverification of claimed

benefits and functionalities are presented.

1.1Flexible Manufacturing System

In the field of manufacturing which is the subjadft this work, the concept of
manufacturing flexibility is investigated. It is fiteed by ZELENOVL (1982) as the
manufacturing system adaptability to environmeatalditions changes and changes
in the process requirements. Browne, Dubois, Rdth8gthi, & Stecke (1984) have

classified manufacturing flexibility in eight catenes as below:

* Machine flexibility: is referred to how easily clgas are applied to produce
a new set of part types, or in other words how m@pgrations machine can
perform with the same set-up.

* Process flexibility: the number of part types tlean be produced in the
system without considerable change in the systemse

* Product flexibility: the amount of time and costietnis required to change

processes to add new part types to existing mpraducts.



* Routing flexibility: the number of different avalike routes to produce a
part.

* Volume flexibility: the vastness of range of volusrat which the system can
work profitably.

» Expansion flexibility: the ability to expand the s¢§m functionality by
altering the physical set-up

* Operation flexibility: difference process plans pooduce the same part,
which means ability to change the order of operatiof a part.

*  Production flexibility: the total number of parigs which can be fabricated

in the manufacturing system.

Flexible manufacturing systems and manufacturiniy teve been developed based
on the need for attaining flexibility and efficignsimultaneously through reducing
cost and setup time, improving quality, and boagti@iability of equipment (Chan

& Bedworth, 1990).

Flexible manufacturing system is defined as a kihgeoup of machines by a material
handling system which is controlled by computertoarsystem and can respond to
the changes, which bring flexibility to the systd®hivanand, 2006). A flexible

manufacturing system is shown at Figure 1.1.



Figure 1.1: Flexible Manufacturing System

Each flexible manufacturing system consists ofghr&in components:

* Workstations, which are usually computer numer{€&MNC) machines, but
can also include assembly workstations, inspecsi@ations, or any other
processing stations.

* Automated material handling system which is resii@dor carrying parts
between workstations and/or storage and optimiezeért flow.

» Computer control system which acts as the contraifeeach workstation

and the material movement and do the monitorintp@$asic functions.



Flexible manufacturing systems provide many adgeddor the production system
based on the amount of each type of flexibilityytlvan possess. These advantages
include lowering the cost of production at eacht b&cause of higher productivity,
more rapid changes in part type production withapee cost that leads to more
monetary benefits, less inventory costs due tontloee precise planning, reducing
labor costs as a result of automation and less eumibworkers needed, improving
the quantity of production due to automation antiebecontrol system, and omitting

a great deal of cost of errors in the productiongi€& Adam Jr, 1991).

1.2 Control Mechanisms in FMS

Control systems in manufacturing are divided im0 general categories; low-level
control and high-level control. Low-level contradals with how to interact with the
manufacturing hardware components such as robothimes etc. to manipulate
them in the desired manner. This type of contralusof the scope of this work. The
high-level control is about coordinating activitiasd resources in manufacturing to
reach the aims of the production system in produgarts. High level control

systems are categorized into two groups namelyaerdd and decentralized.

1.2.1 Centralized Control System

This control system is based on a hierarchical isecture that includes variant
control units. These control units are organized pyramidal design and each level
of the system has defined functionalities and dhjes. Control units are linked to
each other in a way that each unit in upper hiésasends control order to the lower

units and each lower unit sends the feedback topper one.



There are some forms of modified central hiera@htontrol architectures which are
distributed in a way that lower control units cawclgange data and strict hierarchy
order is replaced by a more coordinating one (BertgaMonostori, McFarlane, &

Kadar, 2000).

The centralized control approach offers a good goerhnce which is well
predictable and results in a fine production optation. For the reason that this
control system has a high rigidity, it responds kiy#@o changes. Furthermore, the
performance of hierarchical control systems redueesy fast when facing
disturbances (Dilts, Boyd, & Whorms, 1991). Thesmafor that lies in the nature of
these control system; at the face of disturbanedd@dback is provided to the upper
control levels until the problem can be solved amgew schedule can be devised and
sent back to the lower levels to react to the distnce. Thus the robustness and their
reaction time are very low. Furthermore the reaunability of this control system

in case of change in the production type or chamaged on introducing another
manufacturing technology into the system is refddoth from the hardware and

software point of view (McFarlane, Sarma, Chirn,yp& Ashton, 2003).

1.2.2 Decentralized Control Systems

This type of control system has been developedveyoome the disadvantages of
central control systems and follow heterarchicalhdecture. There is no central

control unit, and the control units in this systara greatly distributed. Decisions are
made by the interaction of control units which wjile this system the advantages of
low complexity and better response to changes asidirdances. Architecture of

centralized and decentralized control systems epéted in Figure 1.2.
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Figure 1.2: Centralized and Decentralized Contnalhiecture

To achieve the largest amount of machine and ressuwrsage and Swift adjustment
to product changes, flexible manufacturing systept@hning and control must act
very efficiently. This requires flexibility to bengbraced in the control system in a
way that it can be adjusted properly and with I&@stble at facing disturbances, and
this is the fact that moves flexible manufactursygstems towards decentralized

control systems (Wong & Leung, 2010).

1.3Radio Frequency ldentification (RFID)

RFID is the leading technology in automatic idecéifion and data collection. This
technology makes use of radio frequency in idargtfon, tracing and controlling
objects (Hagl & Aslanidis, 2009). When any applicatneeds to communicate with
an object(which a tag is attached to it), it seadsommand to the middleware and
middleware sends a proper command to the RFIDereadsend radio wave signals
to electronic tag which contains some data suddegtification number. Tag sends
back a signal to reader which reveals its datataaeddata is sent back in the same
way. By this way the system can identify the preseof the object which the tag is
attached to, and the information about the objentoverview of a RFID system is

shown in Figure 1.3.
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Figure 1.3: Overview of a RFID System

RFID systems consist of hardware components inctudiag, antenna, reader and
host system, and software components including:DR&ystem software, RFID

middleware and application software.

1.3.1 Hardware Components

1.3.1.1 RFID Tags

Tag functionality is keeping data and transmittingp the reader. There are three
parts inside a tag; an IC (integrated circuit), regmwhich is optional, and an

antenna.

The IC of a tag itself consists of a memory andieroprocessor. The responsibility
of microprocessor inside IC is to process the datpreceives from the reader, to
make a decision for necessary action. This acteonlze, for instance, ordering the
identification number present in the IC memory o dent back to the reader. The
above communication is feasible through using #ttgeantenna, which provides and

amplifies the radio waves and expand the commubicéeld.



Memory of a passive tag is divided into four paats shown in Figure 1.4. The
reserved tag memory contains passwords which @&gedewhen the reader wants to
write data on the tag memory. So the data on thitip used at the time of writing
on the tag and if tag does not have a passworsl ptnit of memory will have zero

value.

Bank Data Memory Bank
Reserved Memory Bank 0
EPC Memory Bank|1
Tag ID Memory Bank 2
User Memory Bank 3

Figure 1.4: Passive Tag Memory Structure

EPC part of the tag memory (Electronic Product Gaslehe part which the unique
data used to identify the tag is stored at. Thishess main part of a passive tag
memory. Next is the Tag ID memory part. This pamtains information about the
manufacturer and type of the tag. The user pamefmory of the tag is where data
can be written by the user, and depending on thdyi@e, can have different sizes
which give different writing capabilities. The maspace on this part, the more data

user can save on tag memory (Bolic, Simplot-RyGS#&jmenovic, 2010).

Tags are also classified based on their power sdorpassive and active tags.



1.3.1.1.1 Passive Tags

This type of tag uses the energy of the radio wavesceives, to energize itself and
operate the actions, in other words the tag hasteonal power source. This gives
the tag unlimited life from the power source pahtview, since there is no battery
implemented in tag to be depleted. The other adems of passive tags are their
cheaper price and their smaller size. The shogeaaf operation of passive tags is

their disadvantage in comparison with Active tags.

Passive tags can have battery in some types buiattery is not used to send the
signal. The responsibility of battery is to provideaough power for the onboard
sensors which are used to sense the environmeamtditions like temperature. Some

of the passive tags types are shown in Figure 1.5.

Figure 1.5: Passive RFID Tags

1.3.1.1.2 Active Tags
This type of tags are supplied with internal poveeurce like batteries, which

enables it to have longer range of communicatiom tuhigher power and a higher

10



signal strength. These tags can be read even wbkgrate not in the reader’s field of
power. They send signals in a periodic manner aitkd & constant frequency. So
their life span depends on the frequency of sigigalvhich uses the battery. There
are drawbacks for active tags including their hagist, and large size, due to the

internal power source cost and size.

P
\

84 mm

»
>

<&
<

@ 4,9 mm

IZl mm

Figure 1.6: Active RFID Tags

1.3.1.1.3 Semi-active Tags

This type of tag contains batteries on board baithittery is in sleep mode until tag
receives the signal from the reader power field.tii$ time the onboard battery
activates and tag uses its internal power sourceetml back the signal. After the
operation, the battery gets dormant again whictidda the much longer battery life
compared to active tags and much larger commupitatinge compared to passive

tags. Semi-active tags are also smaller and chéapeoduce than active tags.

11



Table 1.1: Active vs. Passive RFIDTags

Active RFID Passive RFID
Power Battery operated No internal power
Required Signal Strength Low High
Communication Range Long (more than 100) Short (Up to 3-5m)
Data Storage Large read/write data Small read/write data
(128kb) (128b)
Per Tag Cost $15 to $100 $0.15 to $5.00
Tag Size Large Small

1.3.1.1.4 Read Only versus Read/Write Tags

Based on the type of memory included in tags theydsferentiated into read only

or read/write tags. Read only tags have a fixedtidlenumber which can be read by
the reader but cannot be changed. This identitybauns encoded inside tags in their
production time. In addition there are some typésead only tags that can be
written only once after the production and durihg setup, where they are going to
be implemented. This possibility let the user t@liement desired coding system for

tags.

Read/write tags are capable of being written mamgg during their lifetime. Their
memory contents can be changed and can be usedobadlentification and also for

holding the data related to the state of the tabather information.

1.3.1.2 RFID Reader and Antenna

Reader is a device that by the help of antennasstedsignal to tags and reads the
signals sent by the tags. It provides the hosesystith the data of the tags. Readers
are produced in different types based on their titpbHandheld readers can be used

for mobile jobs whereas fixed readers can be usedhé stationary positions.

12



Readers can be internally powered or use extemakpsource. To communicate

with the host system, reader uses a serial or @gsatommunication.

Readers are composed of two main parts: antennadrzbard. Antenna is the

device that converts the electric signal of reddezrlectromagnetic waves sent to the
tag. Different types of antennas are designedferating different wave frequencies
and based on the required size and shape. Somerseaxkn implement antennas
inside the reader for the ease of handling. Sorpestyf readers support multiple

number antennas. RFID reader antennas are shokigure 1.7.

Figure 1.7: RFID Reader Antennas

IC board of the reader arranges the informatiotesgary in communicating with
the tag. So it contains a microprocessor to detl thie complex circumstances and
communication (Miles, Sarma, & Williams, 2008). Ftample when reader wants
to send a reading signal to the tag, to get thatiiiteation number of the tag, the
microprocessor handles the signal calculationssamdling activities. Some types of

RFID readers are shown in Figurel.8.

13



Figure 1.8: RFID Readers

1.3.2 Software Components

RFID system software components differ to a largjer® by the type of system they
are integrated in. The first component is RFID 8ystSoftware, which executes
operations between the tag and the reader. Thesatams between tag and reader
demand all hardware, firmware (or low-level softejarand high-level system

software. System software carry out read and wtitetions between reader and

tags.

The other software components in RFID system iDR#iddleware. Middleware is

responsible to filter all the tag data coming fréme reader and format it in a way
that is readable and useful for the applicationvefe. It should be considered that
there can be a huge amount of tag data duringetheing process (Cheong & Lee).
Take into consideration that each RFID tag canda& rmore than 10 times in a
second and if there are 100 tags in the reading pbmeader, in a minute there will

be information of 60,000 tags in the reader, wlidchseless without proper filtering.

14



Host application is other software component oflREystem. This is the application
software which makes use of RFID data received fileenmiddleware application to
achieve the system goals. For instance inventomralsoftware in an enterprise is

the host application which uses the RFID datagdoktimaterials and inventory.

1.3.3 Basic Communication Process for Passive Tags

When the enterprise application software sendsehd command to the middleware
layer of the RFID system, middleware sends thisroamd to the reader at the RFID
system software layer, and reader sends an activaignal through antenna to the
passive tag. Then tag receives this signal andgesewenergy for its action from this
signal. Next the reader sends the data signal dothieough the antenna which
contains the command, the tag carry out this conghadnhis step and then sends the
signal back including the results of the commerggiBer, Simms, & Venkatesh,

2009). The steps of these operations are desdnldedure 1.9.

Host System Middelware
[\/\/\/\/ | RFID Reader
1101011001
2
© ~oromecs
1001110100 \‘\ )

RFID passive Tag

Reader Antenna

Figure 1.9: Basic Communication Process for PasEags
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1.3.4 Advantages of RFID System

RFID is used in many different applications inchglimanufacturing, supply chain
management, inventory control, access control, raatic payment etc.
Characteristics of RFID which have made it thedyathoice in these applications in

comparison to existing identification systems in@udollowings:

Communication without line of sight requirement

« Large area of communication and operation

» Faster communication speed

*  Write ability on memory and high memory capacity

* High security of the information and encryption aeity of data
* Reliability of the system

*  Ability of multiple tag reading

* Low power requirements

* No human intervention

* Small size of the tags

* Cost efficiency

16



Chapter 2

CURRENT CONTROL SYSTEM STUDY

Current manufacturing systems either using ceamgdlior decentralized control
systems embody some structural deficiencies. & ¢hapter those deficiencies and

the way RFID can help improve flexible manufactgris discussed.

First of all in the current manufacturing systerocess to activities and the state of
the system and parts, and since the real time oramgt capability, are limited in
comparison to RFID enabled systems. The informataeived from RFID is timely
and accurate so movement of parts and the systenbeanonitored in real-time

much more accurately.

Secondly, in the production line of current shayofk, parts cannot be differentiated
from other similar ones. This problem has blockeanhynopportunities improving
manufacturing systems. Implementing RFID technoltgymanufacturing system
would make each part a unique and identifiable et can carry its own data in

itself thus providing below opportunities:

« Data available on tag attached to parts, recorderhg the production, are
the source which errors and quality control isstees be tracked from. This

option leads to easier fault finding in the system.
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By the help of product information such as identggecification and states
which are available on time by RFID, errors andagelin the management
of raw material, production operations and alstsfiad products are reduced
(McFarlane et al., 2003).In the flexible manufaitgrcell using centralized
control systemRFID information make it possible to assure corrpatt
arrives to the cell. If parts that are not planfadthis manufacturing cell or
station are presented at the entry point of thethel will be removed. In
the same way part types with specific order of yecan be sorted before
entering to the cell. This function reduces th& aéproduction errors which
insert long delays in the production.

In the flexible manufacturing systems using decdizied control system
customization of products is made much easier REID. For instance,
when a product which has different options of cosgation is going to enter
the production phase, a RFID tag containing infdromaabout the specific
details of product is attached to it and during piheduction it will guide it
through the stations which produce those speafitures. In this way errors
will be eliminated and the process will be muchie&aand faster.

Another advantage of RFID in Decentralized conggdtem, where control
units are distributed and decisions are made Wgréifit units, is the ability
of decision-making or reacting to incidents durihg production. If part
types which are not supposed to be operated irefgpmanufacturing cell
or workstation accidentally arrive, the irrelevaragn be detected and parts
will be rejected to enter to the cell or workstatiand can be put out and
return to its original root for production. Thises@rio is also true for

finished parts which might enter the productioniagand also in assembly

18



cells. In assembly operations, subassemblies cadebected and chosen
properly to go into the relevant workstations. Hrgment parts for this
assembly are not arrived at the relevant statiogy tvill not be processed
and fault in the assembly operations will be préedn
Thirdly, concurrent manufacturing approach whigegto reduce the elapsed time to
answer to customer orders and needs, can be gremplyoved using RFID
technology. The real-time customization of partsclmange of production plans for
some parts is also feasible when RFID is appliedetmentralized control systems. If
an order changes during the production based ondhkds of customer or technical
issues, the new data relating to changed operatianse written on tags and parts
will continue to be produced with the new produetman. Hence in the middle of
production parts can be customized and there wal d@n overlap between
manufacturing and design process. By creatingdieslap, the total time from the

customer order to finishing production is shortened

Finally, in current manufacturing systems, abibfyproduction of various part types
at the same time without a specific order is resd if not possible. By means of
RFID in the distributed control, multiple part typpean be produced without any
predefined order of production at the same timeéhéncentralized system, operations
were decided for a specific number of each paretygnd workstations where
scheduled to produce each part type with a cenlamber and a fixed arrangement.
However through identifiability of parts with theFRD system, the distributed
control system allows different part types to ertte¥ manufacturing cell with no
particular order simultaneously, and each workiatawill detect the part type from
the information of the RFID tag attached to it. 8sesult multiple parts routing will

exist in the manufacturing cell.
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Chapter 3

RFID ENABLED CONTROL SYSTEM DESIGN

To achieve advantages of RFID technology in thellle manufacturing system and
prove the possibility of benefits argued earlietha system section, a control system
in a flexible manufacturing cell is proposed. Theogmsed architecture and its
functionality are demonstrated in the following ts@es. The new architecture of

RFID enabled flexible manufacturing cell is showrFigure 3.1.
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RFID Reader
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Figure 3.1: Feasible RFID Enabled Manufacturing Cayout
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There are stations in the cell, each composed & @fdchines, industrial robots and
PCs. Stations are placed next to the conveyorDRE&der is installed in the cell
and is connected to a PC. A RFID antenna is pladedeach station’s entrance. The
conveyor is connected to PLC which itself is conedcto the PC through an
interface. All PCs are connected together on a odd¢wand can exchange

information.

Hardware and Software components of the propos&térsyare described in detail in

coming pages.

3.1 Hardware Components

3.1.1 Computer Numerical Control Machines (CNC)
CNCs are present in each workstation to processreliit parts. CNC machine are
capable of being set up for different types of agiens and on different part types

which makes them functional in flexible manufaatgricell.

3.1.2 Industrial Robots
Industrial robot’s duty is to move products betweemveyor and stations. It also

moves products into and out of the manufacturirlg ce

3.1.3 Conveyor
Conveyor functionality is to move parts between skegtions and to bring finished

products to exit point of the cell
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3.1.4 Station PC

This part of system hardware’s task is to contte stations machine state of
operation (whether machine is busy or in the idke3. It is also connected to

station’s robot and conveyor and controls themti@taPCs are also connected to the
PC which is connected to the reader, over the nétimoreceive RFID data and to

send stations’ state.

3.1.5PLC

PLC is controlling the conveyor movement througtieus it receives from stations.

3.1.6 RFID Reader
Reader collects data from tags through using aateand provides this data to the

PC it is connected to.

3.1.7 Reader Antennas
This piece of hardware sends the data to tag irffdime of radio waves and returns

data which come back from tags to the reader.

3.1.8 Tag
Tags are attached to parts and provide the ideatidin code, and read and write

ability of the data, so the system can detect parts

3.1.9 PC Connected To Reader
This PC receives tag data from the RFID reader@andceans of software system
analyzes and separates useful data, then sendiathigo the related station. It also

receives a station state and show the real-tinte sfahe system.
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3.2 Software Design

Software suits are essential within the controtesysfor it to be operational and are

comprised of different parts.

First is the application software which is the wa@ite installed in each station, to
control it by making proper decisions, based onsibféware internal logic and based
on number and type of operations the station’s mmacban perform, and the data
received about the part which is present at th@sta entrance. Hence this software
decides if the part can be entered to the statiamoband is responsible for writing
the data of the operations performed on part td@his software must be able to
interact and send control orders for industrialotsbCNC machine and conveyor. It
also must be able to communicate to other softwsaits on the network to exchange

data about the station and data related to tags.

The other application software which is used in 8ystem is the monitoring

software, which collects parts and stations statek provides real-time monitoring
of the system to the user. This software shows hvktations are busy or idle and
which part type is under operation in the statiod Aow much time is required for
the process to finish and how long does it taketferstation to be free for the next

part.
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Figure 3.2 Software Suits within the Control System

The next important software in the control systenthie software responsible for
controlling RFID reader information, named middlegaMiddleware in this system

must be able to filter multi-tag readings. As edaalj when is in the entrance of
station will be read many times in every seconds iital for the system to have a
middleware to separate useful readings. Moreovaltdleware must filter tags based
on the antenna they are read from because eaagmarneinstalled in one station and
represents the entry point of that station. Soféwsaurits and their relations are shown

in Figure 3.2.

3.3 System Behavior Description

When a part arrives into the flexible manufacturoedj entry point, reader detects it

through antenna and will send its information te thiddleware, middleware selects
the first reading and ignores next readings oftdgeand sends its data to the PC
connected to the reader, at this point if part tigpproper for the production plan of

the cell, it evaluates part information and basedhe state of stations(free or busy)

and based on the type of parts and operationsstatibn can process, puts the part
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on the conveyor to be sent to the desired statiopart type does not match cell
production plant it will be put out of the entrance this way one of the
requirements which were introduced during the sgstmalysis phase which is
preventing wrong production and incidents in pradaurc will be fulfiled and no

wrong parts will enter the cell. The UML activityagram for this process is shown

in Figure 3.3.
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Figure 3.3 Process of Entering Part to Cell
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When the part is on the conveyor, as it passes f@tons entrance, reader sends
part’s data to the middleware and then middlewarels it to the same station, so if
part type is not proper for the station, nothingl nappen. But when it reaches to the
desired station which can process the part, statibbstop the conveyor and take the
part. This last process would be done by contretesy of the station ordering
conveyor to stop then order the industrial robopittk up the part and put it in the
CNC and after that ordering the conveyor to stgdim The UML activity diagram

for this process is shown in Figure 3.4 and Fidlite

When the operation of part in each station finislles data on tag will be changed
and the new state of part and information aboutaifmns done on it will be added
to its tag memory, then station controller will gtoonveyor put the part on it and
start conveyor again then sends the state of #imst(station is free and ready for

new part) to the monitoring software and otheliatat over the network.

If this part needs other operations in the otherkat@ations of the cell, the new
information on its tag will make it possible forathstation to detect part when it
passes from the stations entrance and by the samess which is described, part

will go to the station and required operations Wwél performed.
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[Station is free and Part type matches station |
[Station is busy or part type does not match]

K _

Figure 3.4: Process of Entering Part to Station
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[Station is busy or part type does not match]

Figure 3.5:Process of Entering Part to Station

If a finished product or part reaches to the ekithe cell it would be put out of the
manufacturing cell by the same manner mentionedieeaiThe UML activity

diagram for this process is shown in Figure 3.6.
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[All part operati

[There are still operations to be performed]

=

Figure 3.6: Process of Exiting Part from Cell
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For the reason that in time of all of the operatitime state of part and the station is
sent to the monitoring software, real-time moniigris enabled through the system

design.

Furthermore, as a result of writing data on pdrat teach operation possibility of
tracking errors and faults in the production systemprovided and quality control is

made simpler and faster.

Since part types can be detected in the systeneactd part will go to related station,
there is no fixed input order of parts to the cBlrts from different types can enter
cell and will go through their planned operatiomeence and proper stations

automatically.

Another requirement to be satisfied by this systems adding customization ability
to the system. By defining and writing the propede in the part’'s tag memory,
including information about the specific operatidnsbe done, part goes through

those specific operations and any customizatiopashwill be obtainable.

Even real-time customization is possible by writittge new information about

customized operations on tag during the produciimh between different operations.
For instance, if some parts are decided to haverd#atures after they have gone
under some operations, new information can beewritin part’s tag to go under new

operations.
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As it can be seen all system requirements indiciztede system analysis phase can
be reached. These results have been verified bylemgnting the system.

Implementation is discussed in the next chapter.
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Chapter 4

IMPLEMENTATION

In the implementation phase, the proposed conysiesn is developed and tested to
exhibit advantages and benefits of RFID enabledrobfor a manufacturing cell and
display the behavior of control system in practiteplementation consists of two
phases, hardware design and execution and softlemeopment. These phases are

explained in detail in this chapter.

Initially the layout of the implemented system, dwmare and software systems are
described and then the scenario which is implendergepresented. The flexible

manufacturing cell layout is shown in Figure 4.&liing the hardware connections.
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Figure 4.11mplemented RFID Enabled Manufacturing Cell Layout

Based on the availability of resources like CNC hiaes in the computer integrated
manufacturing laboratory and considering the fhat it is not required to have PC
for each station when there is no CNC in each ®tato be controlled, system
hardware architecture is altered to the one in Figure 4.1. Instead of CNC
machines and to show the state of each stationimgch LED is utilized, and the
application software of all stations is installedthe same PC which is connected to
RFID reader. The entrance of the cell is locatesideestation number one and robot
in this station is responsible for inputting padshe cell. The exit of the cell also is

located beside station number three and robot ef dtation number three is

responsible to put part out of the cell.
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There is no change in holistic procedure of systations and this architecture

clearly presents the benefits and advantages dfat@ystem designed.

First phase of implementation is hardware phaserdid@e components, their

functionality and specifications and their connecsi are described.

4.1 Hardware Development

Some basic hardware components like PC connectetthetoreader, LEDs and

conveyor are conventional hardware which doesemptire detailed description.

The RFID reader installed is Motorola FX7400 fiXeBID reader which is shown in
Figure4.2. Its communications capability is over10D Baset Ethernet (rJ45) w/
PoE support and also USB Client (USB type B). Is lZainputs and 2 outputs
General Purpose port which are optically isolatedhiinal Block). Its Power Supply
is +24Vdc or PoE (IEEE 802.3af) and it has 4 motatis antenna ports (reverse
Polarity tNC) and the Frequency (UHF Band) of Reasl®02 MHz~928 MHz, 865

MHz~868 MHz with the Power Output of +15dBm to +8@al. Its IP addressing can
be Static and Dynamic. Application programming iifgtee it supports are .NET and

C.

Figure 4.2Motorola FX7400 fixed RFID Reader
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RFID antennas are made by Alien Company (shown igurE4.3) and their
frequency range is 865 - 965 MHz with circular p@ation and gain of 5.5dBiL
max. Their cable is 6 Meters LMR-195, 50 ohm colaxigh reverse polarity

connector. Their dimensions are 25cm x 25cm x 3.8cm

Figure 4.3: Alien ALR-8610-AC

Tags used are Confidex Steelwave Micro passive BRI transponder, working
with 865-928 MHz frequency with 96 bit EPC memoFeir read range is up to 3

meters when they are installed on metal. Thisgaown in Figure 4.4.

Figure 4.4Confidex Steelwave Micro Passive UHF RFID Transmond

PLC implemented is Siemens Simatic s7-200 with @ague input and 6 output. It

can be set-up by AC or DC power source and itésvshin Figure 4.5.
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Figure 4.5: Siemens Simatic s7-200 PLC

There are 2 kind of robots used. First is EduBd 8C which has 5 axes, plus 1
gripper (suction type), each with 270 motion ramgéh accuracy of 2 mm and total
vertical reach of 475 mm and total horizontal reatB45 mm. and is connected via
RS232 serial port. The second type is EduBot 2%GhEh also has 5 axis, plus 1
gripper, but the gripper is also servo motor drjvesich with 270 motion range with
accuracy of 2 mm and total vertical reach of 475 amd total horizontal reach of

345 mm. and is connected via RS232 serial port.s&heobots are shown in

Figure4.6.

Figure 4.6: EduBot 100 SC and EduBot 250 S RobotsAr

To connect PC to PLC hardware interface is desigaedl built for this control

system which translates the output of PC’s paraltet to analog input of PLC. The
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electronic circuit design based on the output o Lgorts and required 24 voltage
DC input of PLC is designed and developed to fijuisements of control system.

The hardware interface is shown in Figure4.7.

Figure 4.7: PC to PLC Hardware Interface

All hardware components have been installed in adgerpntegrated manufacturing

laboratory and connections are made as illustiat&igure 4.1.

4.2 Software Development

Second phase of implementation is software devedmpnSoftware development
itself is divided to planning and implementing péssin the planning phase there
have to be a requirement analysis for the softwianelopment, or in other words,
what are the functionalities which software mustf@en. The requirements of
software developed for this control system is théitg to interact with external
systems and controllers, likes robots, PLC andeeddoreover it needs to possess a
graphical user interface (GUI) to provide the riale system monitoring and to let

the user run the application and give required camus. Software also must contain
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internal logic of the control mechanism to conduaper orders to external systems.
The internal logic uses data coming from exteryatesms and sends them resulted

commands. Software architecture of control systgeshown in Figure 4.8.

Internal Controller Logic
L/ L 7] L -
Robot 8= ’ Station 1 |<— Part Input % 5 Reader
L/ | 4 9 v
7S
L Y L
AL y
Station 2 5 Buffer 4
PLC | / GUI
~ V ' / V
L U 7)) L
4 3 - é
Station 3 |<-— Part Output
LED Conveyor |4
V

Figure 4.8: Software Architecture of Control Systenplemented

As it is shown in software architecture, programgnimnguage must have the ability
of connecting to reader, robots and PLC. It is nomed in hardware specifications
that the reader used in this control system carcdrgrolled by .NET software
collection and C#. C# is one of the powerful modebfect-oriented programming
languages which is the best fit for this work. Timeernal controller part can
communicate to robots ordering them to move evgiy t@ the desired direction and
angle. It also can send control commands to PLGhe®movement of conveyor and
turning on and off LEDs. PLC is programmed beforehasing STEP7 Micro/Win

software to control conveyor and LEDs based orrdkeiving order from C#.

Internal controller is able to connect to the readed send commands to start

reading, configuring reader antennas, and writmogper data on tags.
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Software of each station is capable of making d@tssbased on the type of tag, to
perform proper operation through communicating wetader, PLC and robots. It
also sends data to be written on tag. It sendsttteon’s state to the graphical user

interface (GUI).

Part input software piece is able to communicaterdader to get tag data,
communicate to the stations’ software to be infarogtheir states, then makes best

decision to put part into the cell for the systemvbrk optimally.

Part output software also is capable of commumgawith reader, PLC and robots

to put finished parts out of the system.

Buffer software is capable of communicating withtsin number three software |,
reader, PLC and robots to take parts from stationber three when the station that

part should go to are busy.

Graphical user interface (GUI) of the softwareiigded into four areas and is shown
in Figure 4.9. Menu bar which contains: antennafigamation, change part status,

options, help and exit.
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Figure 4.9: FMC Controller GUI

At antenna configuration the transmission poweeath antenna can be adjusted to
adjust the reading range of each antenna to fiesysln change part status, data can
be written on tags to change their part type. la dption menu there are three
choices to show or hide, tag readings (which ist#ide at the lower part of GUI),
status message (which shows messages softwaretsesmse of the order sends by
the user), and station control which gives the ohdd control the station number

two manually. Finally, help provides some informatabout the software.
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] ' NO PART
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[ Connect To The Reader H ’/: Station Control
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Lo xw
[
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Figure 4.10: GUI Option Menu

Control buttons, which perform basic software opers, are the next part in GUI.

First button connects the system to RFID readeedtler is successfully connected,
the text of bottom will be changed to “disconnewnfi reader”. The start system
button starts the flexible manufacturing cell opierss and by pressing this button
system waits for parts to arrive at input of thetegn to perform other actions. Clear

data button deletes data in the software aboupdnes produced in previous system

run.
Antenna Config @
a5/ ChangePart
Antenna ID Transmit Power
Choose Part Type Wiite
[ Apply Changes ] [ Close ]

Figure 4.11: GUI Antenna Config and Changepart sl

Station number two control panel lets user makestation number two busy or free
manually to see the reaction of the system to disnces. The monitoring part of

GUI shows the system hardware layout and theiestdvery station is shown and
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its state is shown by a green or red box next.tdhere is a progress bar in each
station which shows how much work is done in eguération and when the work on
one part would be finished. The part type whicmgde each station is also written
in GUI. The conveyor state (moving or stopped)Is ahown by the green or red
color around it. Input, output and buffer zone tatisn number three, are also shown
in monitoring part of GUI. The tag reading part &Ul shows the detailed

information of tags read during the manufacturiredl operation. This part also

provides administrative actions performed on tagsecessary occasions, like if user

wants to define new tags for the system.

4.3 Scenario

To observe system functionality a scenario is aeli®r the flexible manufacturing
cell which describes operations in the stationg, fyaes, number of the stations and

other manufacturing related specification.

Three part types are defined to be produced ircétle namely part A, part B and

part C. Each of these three parts has differerdymtoon plans and must go through
different processes with different operation timesreach to the desired finished
product. In the same manner, stations have diffecaypabilities in performing

operations needed for parts. Part A is consideedd processed during one
sequence of operations and all the stations arseidened to be able to perform those
operations, thus if a part of type A enters anyhaf stations it will be processed
thoroughly and would get to the finished staterafseds. Part C is also considered to
be processed during one sequence of operationsribytstation number two and

station number three are capable of performingetsegjuence of operations. So if a

part of type C enters the station number two otistanumber three it would be
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processed thoroughly and get to the finished stdteswards. Part B is considered to
be processed during two sequences of operatiomsfifsh sequence is considered to
be performed in either station number two or statimmber three and the second
sequence is considered to be performed in eitre@rost number one or station

number two. If part B enters station number thogelie first sequence of operations
it has to enter one of the other stations for theoed sequence of operations and
then parts B is at finished state. But if a parerBers station number two which is
capable of performing both sequences of operatonpart B, then parts B will be

thoroughly processed in station number two and lvéliat finished states afterwards.

Figure 4.4 shows part types and stations abilifyeildorm operations on them.

Part A Station One

~

First Sequence of
Operations

Part B Station Two

Second Sequence
of Operations

Part C » Station Three

Figure 4.12: Part Types and Stations CapabilitidRdarforming Operation
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When software is run and user pushes the “ConnecTile Reader” button and
reader gets connected, then “Start System” button be pushed and system will
wait for a part to enter to the entrance zone. rAdt@art of defined type (A, B or C)
arrives to the entrance (if other parts arrive tidy be put out), controller decides
which station is best choice to produce this pasgeld on the least time spent on the
conveyor and type of operations stations can perfand then sends the part to that
station. For the next parts coming to the entraggstem also checks the availability
of stations, not to send a part to a busy statioeach station if the part production
is finished and part is at finished state, statipusthem on conveyor to go to exit
and be put out. If part is of type B and the secemguence of its operations is left,
then station’s controller checks if it can be pssm®l at the moment based on the
availability of other stations or not. If other tidas capable of performing second
sequence are busy, part will be put to buffer adaon as one of them is free, part

will be sent to that station.

In the same way described above, if parts entercélewith any order, system
automatically make decisions and perform the opmrat To show the way system

works one possible case of cell operation is studie

The first part which enters the cell is of type Adasince the shortest route to a
station which is capable of performing this padfgerations is to station number one,
system sends part to station number one. Nextipait type B that comes to the
system entrance and since station number two isbtapof performing both

sequences of this part’s operations, part is gestation number two. Next part is of
type C and since only station number three is & it is able to work on part, then

part is sent to station number three. After thpaie of type B is received to the cell
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entrance and since all stations are busy it wiit watil station number three finishes
its operation and then part is sent to that statitation number three can only
perform first sequence of operations of part typehBnce when it finishes this
sequence, controller check for the availabilityotifier stations, meanwhile station
one has finished the operation on part type A anfide, so station number three
sends part type B to station number one for thersesequence of operations. When
each station finishes its operation it sends th# foathe exit. Figure 4.13 shows

these steps.
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In the proposed and implemented system, if ond@f&tations stops working for any
reason, for instance incidents during the prodactio even machine maintenance,
other stations are capable of continuing the prodoomf all part types and system
automatically distribute parts between two otheatishs. This feature can be
observed through making station number two busyualiywfrom the software GUI.
The changes in routings of parts in the previoudistl case based on making station

number two busy are shown at Figure 4.14.
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Chapter 5

CONCLUSION

For organizations to remain in the market competjtithey have to possess
flexibility in manufacturing. Current control systs lack enough flexibility to adapt
to present market conditions. This dissertationihasstigated application of RFID
into manufacturing control system to increase thexilbility while maintaining

productivity of the manufacturing system and thaliy of the production.

This project was undertaken to design and develoRF¥D enabled flexible
manufacturing cell control system to overcome deifficies existing in current FMC
control mechanisms. The results of this implemématave shown the control
system proposed provides various benefits includbminging the real-time
monitoring ability to the system, facilitating qitglcontrol and fault finding based
on the unique identification code of each partyodug errors in management of raw
material handling, production operations and fiaglproducts, enabling product
customization, providing capability of reacting tecidents at production time,
creating the chance of real-time customizationrotipcts and hence practicality and
improvement of just in time manufacturing paradignd at last providing capability

of simultaneous multiple type production with negefined order.
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Appendix A: Write Data on Tag Code

nanespace Maji d_RFI D _Project

{

public partial class ChangePart : Form

{

private AppForm m AppForm
i nternal TagAccess. WiteAccessParans m Wit eParans;

string thistagidforhere;

internal WiteProbl enForm m Wit eProbl enfForm
internal WiteSuccessful Form m WiteSuccessful Form

i nternal RFI DReader m Reader API ;
i nternal Antennal nf oForm m_Ant ennal nf oFor m

publi ¢ ChangePart ( AppFor m appForm Ant ennal nf oForm

m_Ant ennal nf oForm RFI DReader m _Reader API )

{

InitializeConponent();

m_AppForm = appForm

this. m Reader APl = m Reader API ;

t hi s. m Ant ennal nf oFor m = m_Ant ennal nf oFor m

m W iteParanms = new TagAccess. Wit eAccessParans();

m Wit ePar ans. Menor yBank = MEMORY_BANK. MEMORY_BANK_EPC;

m Wit ePar ans. AccessPassword = 0;

m WiteParans. ByteO fset = 14;

m WiteParanms. WiteDatalLength = 2;

conmboBox1. Sel ect edl ndex = O;

t hi stagi df orhere = "";

m Wit eProbl enfForm = new Wi teProbl enform();

m WiteSuccessful Form = new WiteSuccessful Form();
}

private void WiteButton_Click_1(object sender, EventArgs e)
{

try

{

m WiteParans = new TagAccess. Wit eAccessParans();
m Wit eParans. Menor yBank =

MEMORY_BANK. MEMORY_BANK_EPC;

m Wit eParans. AccessPassword = 0;
m Wi teParans. ByteOf f set = 14;
m WiteParans. WiteDatalLength = 2;

byte[] witeData = new

byte[m WiteParans. WiteDatalLength];

i f (conboBox1. Sel ect edl ndex == 0)
t hi st agi df orhere = "1A00";
el se if (conmboBoxl. Sel ect edl ndex == 1)

{
t hi st agi df orhere = "2A00";
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el se i f (conmboBox1. Sel ect edl ndex == 2)

t hi st agi df orhere = "3A00";

el se i f (comboBox1. Sel ect edl ndex == 3)
{ t hi st agi df orhere = "4A00";
el se i f (conmboBox1. Sel ect edl ndex == 4)
{ t hi st agi df orhere = "5A00";
?I se if (conboBox1. Sel ect edl ndex == 5)

t hi st agi df orhere = "1B00";
el se if (conmboBoxl. Sel ect edl ndex == 6)

t hi st agi df orhere = "2B00";

el se i f (conmboBox1. Sel ect edl ndex == 7)
{ t hi st agi df orhere = "3B00";
el se i f (conmboBox1. Sel ect edl ndex == 8)
{ t hi st agi df orhere = "4B00";
{el se if (comboBox1l. Sel ect edl ndex == 9)

t hi st agi df orhere = "5B00";

}

el se if (conmboBox1l. Sel ect edl ndex == 10)
t hi st agi df orhere = "1C00";

el se if (conboBoxl. Sel ectedl ndex == 11)

{
t hi st agi df orhere = "2C00";

else i f (conboBox1. Sel ect edl ndex == 12)

{
t hi st agi df orhere = "3C00";

}
else i f (conboBox1. Sel ect edl ndex == 13)

{
t hi st agi df orhere = "4C00";

else i f (conboBox1. Sel ect edl ndex == 14)
t hi st agi df orhere = "5C00";
}
for (int index = 0; index <
m WiteParans. WiteDataLength; index += 2)

{
writeDatalindex] =
byt e. Par se(t hi st agi df or here. Substring(i ndex * 2, 2),

System d obal i zati on. Nunber St yl es. HexNunber) ;
witeData[index + 1] =
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byt e. Parse(thi stagi df orhere. Substring((index + 1) * 2,

System G obal i zat i on. Nunber St yl es. HexNuber) ;
}

m WiteParans. WiteData = witeDat a;
i f (conboBox1. Sel ect edl ndex == 0)
{

try

{

2)

m_Reader APl . Acti ons. TagAccess. WiteWit (

*200498000000000000001A01",
m Wit eParans, m Antennal nfoForm getlnfo());

m Wit eSuccessful Form ShowDi al og() ;

}

catch

{
try

m _Reader API . Acti ons. TagAccess. WiteWit(

*200498000000000000001A02",
m Wit eParans, m Antennal nfoForm getlnfo());

m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wit eProbl emFor m ShowDi al og() ;
}
}
else i f (comboBox1. Sel ect edl ndex == 1)
{
try
{

m_Reader API . Acti ons. TagAccess. WiteWit (

"200563000000000000002A01",
m WiteParans, m Antennal nfoForm getlinfo());

m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (

" 200563000000000000002A02" ,
m Wit eParans, m Antennal nfoForm getlnfo());

m Wit eSuccessful Form ShowDi al og() ;

}
catch
{
m Wit eProbl enFor m ShowDi al og() ;
}
}
el se i f (comboBox1. Sel ect edl ndex == 2)
{
try

m _Reader API . Acti ons. TagAccess. Wit eWit(

"200563000000000000003A01",
m WiteParans, m Antennal nfoForm getlnfo());
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m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m _Reader API . Acti ons. TagAccess. WiteWit(
"200563000000000000003A02",

m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og();

catch
{
m Wi t ePr obl enFor m Showbi al og() ;
}
}
el se if (conmboBoxl. Sel ect edl ndex == 3)
{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000004A01",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;
}

catch

{
try

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000004A02" ,

m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wi t ePr obl emFor m Showbhi al og() ;
}
}
el se i f (conmboBox1. Sel ect edl ndex == 4)
{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (
"200563000000000000005A01",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m_Reader API . Acti ons. TagAccess. WiteWit (
" 200563000000000000005A02" ,
m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;
}

catch

{

59



m Wit eProbl emFor m ShowDi al og() ;

}

el se i f (conmboBox1. Sel ect edl ndex == 5)

{
try

m_Reader APl . Acti ons. TagAccess. WiteWit (
"200563000000000000001B02",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wit eProbl emFor m Showbi al og() ;
}
else i f (comboBox1. Sel ect edl ndex == 6)
{
try
{

m _Reader API . Acti ons. TagAccess. Wit eWit(
"200563000000000000002B02" ,
m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;

}
catch
{
m Wit eProbl emFor m ShowDi al og() ;
}
else i f (comboBox1. Sel ect edl ndex == 7)
{
try

m _Reader API . Acti ons. TagAccess. Wit eWit(
"200563000000000000003B02",
m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wit eProbl emFor m ShowDi al og() ;
}
else i f (conmboBox1. Sel ect edl ndex == 8)
{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000004B02" ,
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wit eProbl emFor m Showbi al og() ;
}
el se if (conmboBoxl. Sel ect edl ndex == 9)
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try

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000005B02" ,
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wit eProbl emFor m ShowDi al og() ;

}
}
el se if (conmboBox1l. Sel ect edl ndex == 10)
{

try

{

m _Reader API . Acti ons. TagAccess. Wit eWit(
"200563000000000000001C01",
m WiteParans, m Antennal nfoFormgetlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m_Reader API . Acti ons. TagAccess. WiteWit (
"200563000000000000001C02",

m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og();

}
catch
{
m Wi t ePr obl emFor m Showbi al og() ;
}
}
el se if (conboBoxl. Sel ectedl ndex == 11)
{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000002C01",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m_Reader APl . Acti ons. TagAccess. WiteWit (
" 200563000000000000002C02",

m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
}

m Wi t ePr obl emFor m Showbi al og() ;
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else i f (conboBox1. Sel ect edl ndex == 12)
{
try

{
m_Reader API . Acti ons. TagAccess. Wit eWit(

"200563000000000000003C01",
m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;
}

catch

{
try

m _Reader API . Acti ons. TagAccess. WiteWit(
*200563000000000000003C02",

m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;

catch
{
m Wi t ePr obl emFor m Showbi al og() ;
}
}
}
el se if (conmboBox1l. Sel ect edl ndex == 13)
{
try
{

m_Reader API . Acti ons. TagAccess. WiteWit (
"200563000000000000004C01",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{

m _Reader API . Acti ons. TagAccess. WiteWit(
"200563000000000000004C02",

m WiteParans, m Antennal nfoForm getlinfo());
m Wit eSuccessful Form ShowDi al og() ;

}
catch
{
m Wi t ePr obl emFor m Showbi al og() ;
}
}
else i f (conboBox1. Sel ect edl ndex == 14)
{
try

m_Reader API . Acti ons. TagAccess. WiteWit (
" 200563000000000000005C01",
m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og() ;

catch

{
try
{
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m_Reader APl . Acti ons. TagAccess. WiteWit (
"200563000000000000005C02",

m Wit eParans, m Antennal nfoForm getlnfo());
m Wit eSuccessful Form ShowDi al og();

}
catch
{
m Wit eProbl emFor m ShowDi al og() ;
}
}
}
catch
{
}

private void button2_Cick(object sender, EventArgs e)

this.d ose();
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Appendix B: Station Three Code for Part Type B

private void S3B1BackgroundWorker_DoWork(object sender, DoWorkEventArgs e)
{

if (Conveyor_Status == "START")

{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutInS3();
Thread.Sleep(3000);

}
else
{
while (true)
{
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutInS3();
Thread.Sleep(3000);
break;
}
}
}

LPTPort = Conveyorl.Start(LPTPort);
Conveyor_Status = "START";

nn o,
B

string thistagid =

m_WriteParams = new TagAccess.WriteAccessParams();
m_WriteParams.MemoryBank = MEMORY_BANK.MEMORY_BANK_EPC;
m_WriteParams.AccessPassword = 0;

m_WriteParams.ByteOffset = 14;
m_WriteParams.WriteDatalLength = 2;

byte[] writeData = new byte[m_WriteParams.WriteDatalLength];

if (tagIDforwritingS3BO == "200563000000000000001B00")

{ thistagid = "1BoO1";

else if (tagIDforwritingS3BO == "200563000000000000002B00")
{ thistagid = "2Bo1";

else if (tagIDforwritingS3BO == "200563000000000000003B00")
{ thistagid = "3BoO1";

llse if (tagIDforwritingS3BO == "200563000000000000004A00")
{ thistagid = "4Bo1";

llse if (tagIDforwritingS3BO == "200563000000000000005B00")
{ thistagid = "5BO1";

}

for (int index = @; index < m_WriteParams.WriteDatalength; index
+= 2)
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writeData[index] = byte.Parse(thistagid.Substring(index * 2,
2),
System.Globalization.NumberStyles.HexNumber);
writeData[index + 1] = byte.Parse(thistagid.Substring((index +
1) * 2, 2),
System.Globalization.NumberStyles.HexNumber);

}

m_WriteParams.WriteData = writeData;
if (m_ReaderAPI.Actions.TagAccess.OperationSequence.Length > 0)

{
m_ReaderAPI.Actions.TagAccess.OperationSequence.StopSequence();
}
else
{
m_ReaderAPI.Actions.Inventory.Stop();
}
if (tagIDforwritingS3BO == "200563000000000000001B00")
{
try
{

m_ReaderAPI.Actions.TagAccess.WriteWait(
"200563000000000000001B00", m_WriteParams,
m_AntennaInfoForm.getInfo());
tagIDforwaitongnextstep = "200563000000000000001B0O1";

}

catch (Exception)

{

MessageBox.Show("Could Not Write On Part");

}
}
else if (tagIDforwritingS3BO == "200563000000000000002B00")
{

try

{

m_ReaderAPI.Actions.TagAccess.WriteWait(
"200563000000000000002B00", m_WriteParams,
m_AntennaInfoForm.getInfo());
tagIDforwaitongnextstep = "200563000000000000002B0O1" ;

}
catch (Exception)

{
}

else if (tagIDforwritingS3BO == "200563000000000000003B00")
{

MessageBox.Show("Could Not Write On Part");

try
{
m_ReaderAPI.Actions.TagAccess.WriteWait(
"200563000000000000003B00", m_WriteParams,
m_AntennaInfoForm.getInfo());
tagIDforwaitongnextstep = "200563000000000000003B01" ;

}
catch (Exception)
{
MessageBox.Show("Could Not Write On Part");
}
else if (tagIDforwritingS3BO == "200563000000000000004B00")
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try
{
m_ReaderAPI.Actions.TagAccess.WriteWait(
"200563000000000000004B00", m_WriteParams,
m_AntennaInfoForm.getInfo());
tagIDforwaitongnextstep = "200563000000000000004B01" ;

}

catch (Exception)

{

MessageBox.Show("Could Not Write On Part");

}
}
else if (tagIDforwritingS3BO == "200563000000000000005B00")
{

try

{

m_ReaderAPI.Actions.TagAccess.WriteWait(
"200563000000000000005B00", m_WriteParams,
m_AntennaInfoForm.getInfo());
tagIDforwaitongnextstep = "200563000000000000005B01" ;

}

catch (Exception)

{

MessageBox.Show("Could Not Write On Part");

}
}
if (m_ReaderAPI.Actions.TagAccess.OperationSequence.Length > @)
{

m_ReaderAPI.Actions.TagAccess.OperationSequence.PerformSequence(m_AccessFilter
Form.getFilter(),

m_TriggerForm.getTriggerInfo(),
m_AntennaInfoForm.getInfo());

telse{
m_ReaderAPI.Actions.Inventory.Perform(

m_PostFilterForm.getFilter(),

m_TriggerForm.getTriggerInfo(),

m_AntennaInfoForm.getInfo());

}
for (int 1 = @; 1 < 28; i++)
{
if (S3B1BackgroundwWorker.CancellationPending)
{
e.Cancel = true;
return;
}
Thread.Sleep(214);
(sender as BackgroundWorker).ReportProgress((int)(10e / 28) *
i, null);
}
if (Stationl.Station State == "Free")
{
Stationl.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")
{

Conveyor_Status = "STOP";

LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
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}

else

while (true)

{
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
break;
}
}

}
LPTPort = Conveyorl.Start(LPTPort);

Conveyor_Status = "START";
LPTPort = Station3.Free3(LPTPort);
}
else if (Station2.Station_State == "Free")
{
Station2.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
}

else

{
while (true)
{
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
break;

}

}
LPTPort = Conveyorl.Start(LPTPort);

Conveyor_Status = "START";
LPTPort = Station3.Free3(LPTPort);

else

if (BufferVar == "empty")
{
Robot3.PutOnBuffersS3();
BufferRed();
Buffervar = "full";
Thread.Sleep (3000
LPTPort = Station3.Free3(LPTPort);
BufferBackgroundWorker.RunWorkerAsync();
}
else
{
while (true)
{
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if (Stationl.Station State == "Free")

{
Stationl.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")

{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
//BufferGreen();
break;
}
else
while (true)
{
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
//BufferGreen();
break;
}
}
}
LPTPort = Conveyorl.Start(LPTPort);
Conveyor_Status = "START";

}

if (Station2.Station State == "Free")

{
Station2.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")

{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
//BufferGreen();
break;
}else{
while (true)
{
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromS3();
Thread.Sleep(3000);
//BufferGreen();
break;
}
¥
}
LPTPort = Conveyorl.Start(LPTPort);
Conveyor_Status = "START";
}
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Appendix C: Code for Buffer Station

private void BufferBackgroundWorker_DoWork(object sender, DoWorkEventArgs e)

{
while (true)
{
if (BufferBackgroundWorker.CancellationPending)
{
e.Cancel = true;
return;
}
if (Stationl.Station_State == "Free")
{
if (BufferBackgroundWorker.CancellationPending)
{
e.Cancel = true;
return;
}
Stationl.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromBuffers3();
Thread.Sleep(3000);
break;
}
else
if (BufferBackgroundwWorker.CancellationPending)
{
e.Cancel = true;
return;
while (true)
if (BufferBackgroundWorker.CancellationPending)
{
e.Cancel = true;
return;
¥
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromBuffers3();
Thread.Sleep(3000);
break;
¥
}
}
LPTPort = Conveyorl.Start(LPTPort);
Conveyor_Status = "START";
}
if (Station2.Station_State == "Free")

if (BufferBackgroundWorker.CancellationPending)
{

e.Cancel = true;
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return;
}
Station2.Waiting(tagIDforwaitongnextstep);
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromBuffers3();
Thread.Sleep(3000);
break;
}
else
{
if (BufferBackgroundWorker.CancellationPending)
{
e.Cancel = true;
return;

while (true)
{
if (BufferBackgroundWorker.CancellationPending)
{
e.Cancel = true;
return;
}
if (Conveyor_Status == "START")
{
Conveyor_Status = "STOP";
LPTPort = Conveyorl.Stop(LPTPort);
Robot3.PutOnCFromBuffers3();
Thread.Sleep(3000);
break;

}
}
LPTPort = Conveyorl.Start(LPTPort);
Conveyor_Status = "START";
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Appendix D: Code for Connecting to Reader

private void connectBackgroundWorker_DoWork(object sender,
DoWorkEventArgs workEventArgs)

{

connectBackgroundWorker.ReportProgress (0, workEventArgs.Argument);

if ((string)workEventArgs.Argument == "Connect To The Reader")

{
m_ReaderAPI = new RFIDReader(ReaderIP, ReaderPort, 9);

try

{
m_ReaderAPI.Connect();

m_IsConnected = true;
workEventArgs.Result = "Connect Succeed";

}

catch (OperationFailureException operationException)

{
}
catch (Exception ex)

{
}

workEventArgs.Result = operationException.Result;

workEventArgs.Result = ex.Message;

else if ((string)workEventArgs.Argument == "Disconnect From The
Reader")

{
try

{

m_ReaderAPI.Disconnect();
m_IsConnected = false;
workEventArgs.Result = "Disconnect Succeed";

}

catch (OperationFailureException ofe)

{
}

workEventArgs.Result = ofe.Result;

}

private void connectBackgroundWorker_ProgressChanged(object sender,
ProgressChangedEventArgs progressEventArgs)

{
m_ConnectionForm.connectionButton.Enabled = false;
buttonl.Enabled = false;

}

private void connectBackgroundWorker_RunWorkerCompleted(object sender,
RunWorkerCompletedEventArgs connectEventArgs)

{
if (buttonl.Text == "Connect To The Reader")
{
if (connectEventArgs.Result.ToString() == "Connect Succeed")
{
/*
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* UI Updates
*/
buttonl.Text = "Disconnect From The Reader";
m_ConnectionForm.hostname_TB.Enabled = false;
m_ConnectionForm.port_TB.Enabled = false;
m_ConnectionForm.Close();
this.readButton.Enabled = true;
this.readButton.Text = "Start System";
blockEraseToolStripMenuItem.Enabled =
m_ReaderAPI.ReaderCapabilities.IsBlockEraseSupported;
blockWriteToolStripMenuItem.Enabled =
m_ReaderAPI.ReaderCapabilities.IsBlockWriteSupported;

/*

* Events Registration

*/
m_ReaderAPI.Actions.PreFilters.DeleteAll();

m_ReaderAPI.Events.ReadNotify += new
Events.ReadNotifyHandler(Events_ReadNotify);
m_ReaderAPI.Events.AttachTagDataWithReadEvent = false;
m_ReaderAPI.Events.StatusNotify += new
Events.StatusNotifyHandler (Events_StatusNotify);
m_ReaderAPI.Events.NotifyGPIEvent = true;
m_ReaderAPI.Events.NotifyAntennaEvent = true;
m_ReaderAPI.Events.NotifyReaderDisconnectEvent = true;
m_ReaderAPI.Events.NotifyBufferFullEvent = true;
m_ReaderAPI.Events.NotifyBufferFullWarningEvent = true;
m_ReaderAPI.Events.NotifyAccessStartEvent = true;
m_ReaderAPI.Events.NotifyAccessStopEvent = true;
m_ReaderAPI.Events.NotifyInventoryStartEvent = true;
m_ReaderAPI.Events.NotifyInventoryStopEvent = true;
m_ReaderAPI.Events.NotifyReaderExceptionEvent = true;

//this.Text = "Connected to " + m_ConnectionForm.IpText;
this.connectionStatus.BackgroundImage =

global::Majid_RFID_Project.Properties.Resources.connected;
configureMenuItemsUponConnectDisconnect();
configureMenuIltemsBasedOnCapabilities();

m_ReaderAPI.Actions.TagAccess.OperationSequence.DeleteAll();
if (memBank_CB.SelectedIndex >= 1)
{
TagAccess.Sequence.Operation op = new
TagAccess.Sequence.Operation();
op.AccessOperationCode =
ACCESS_OPERATION_CODE.ACCESS_OPERATION_READ;
op.ReadAccessParams.MemoryBank =
(MEMORY_BANK)1;//memBank_CB.SelectedIndex - 1;
op.ReadAccessParams.ByteCount = 0;
op.ReadAccessParams.ByteOffset =
m_ReadForm.m_ReadParams.ByteOffset;
op.ReadAccessParams.AccessPassword =
m_ReadForm.m_ReadParams.AccessPassword;

m_ReaderAPI.Actions.TagAccess.OperationSequence.Add(op);
}
Robotl.Referencel();
Thread.Sleep(500);
Robot2.Reference2();
Thread.Sleep(500);
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Robot3.Reference3();

}
else if (buttonl.Text == "Disconnect From The Reader")
{
if (connectEventArgs.Result.ToString() == "Disconnect
Succeed")
{
}

//this.Text = "CS_RFID3_Host_Sample2";
this.connectionStatus.BackgroundImage =

global::Majid_RFID_Project.Properties.Resources.disconnected;

buttonl.Text = "Connect To The Reader";
m_ConnectionForm.hostname_TB.Enabled = true;
m_ConnectionForm.port_TB.Enabled = true;
this.readButton.Enabled = false;
this.readButton.Text = "Start System";
configureMenuItemsUponConnectDisconnect();
m_IsConnected = false;

}
functionCallStatusLabel.Text = connectEventArgs.Result.ToString();

//m_ConnectionForm.connectionButton.Enabled = true;
buttonl.Enabled = true;

updateGPIState();
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