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1. INTRODUCTION

1.1 Motivation

Materi al handling generates something | ike
Materi al handl i ng #hirdito dnehalfrofahe fotalicostiob | e f or  on

1

1

production in some plants. o

=]

An uninterrupted f | ow iodreasmthé peoductaity of existing o u g h
men and equi @Ament by 15%0

Material handling angrocessing halseen a critical branch of amypods producing
organizationStorage yards and warehouses play a vitalinolee chain of procurement and
supply forany industry. They hold a vital key to store, lock and then dispatch the goods when
a particular ordehas to be shipped aukhey can prove to be very profitahlgit of the entire
system if managed properly, but it has beemghat if the material hahdg is not done
properlyand inrequiredtime thenit turnsinto a bottleneck retumg in as loss making part of

the flow of the chain for the company.

The time factor plays a very critical role in determining whether material handling turns
profitableor brings loss to the company. The time factor here is defined by the time taken to
locate, retrieve and deliver the required entity from the warehouse to the delivery area or the
shipping department. The time wasted in locating the required packagdetveeed costs a

lot in terms of money to the company over the year, which is discussed in this thesis report as

well.

Nowadays, there is growing demand for a reliable method for assets tracking and its
management to be able to use in a warehouse argstgardin any warehouse the most
time consuming activity is sorting/picking of any package and is subjected to have the most

recurring errors.

In the current technologically challenging world there is a high competition to come up with a
newtechnology that has to be developed to decrease the time wastage and the recurring errors

in asset management, for storage yards in particular.
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This thesis research has the objective to compare and evaluate the current existing
technologies used for indoasset trackingaking in consideration the various kinds of
purpose that they are used for and the different environment that they work under. Further
than just comparing the technologies to come up with a very effective and a reliable method
to manage, track and disphatthe goods from the warehouse taking in consideration the initial

cost, operating coshd effectiveness of the system.

1.2 Overview of the topic, tasks and previous research

Material handlindhas a vast history and importance in human existence, aneignt or
modern work humans do have one aspect in common between them i.e., the time which is

taken to complete the work.

Let us take example of any engineering wonder in the world, from the great Pyramids, sturdy
Eiffel Tower to recenThe Large Hadno Collider (LHC)whichis the world's largest and

most powerful particle collider, the largest, most complpeemental facility ever built by
humans. They all took years to build, but as we go through the history, the size of what
humans built becamedmer and the respective time taken to build it became less. If we wish
to construct these ancient wonders today they might take a few months to build. So what

brings upon such a difference in the time taken? Answer is very simple: Materials Handling.

During the past few decades the focus on materials handling has risen drastically and varies
from industry to industry. The importance of materials handiffigiency is much higher in

the industries where we see a high ratio of holding and handling cbsttimtal processing

cost such as warehouses which are used to hold the produced goods and then are dispatched

further when the demand arises.

Thus, materials handling needs a lot of attention to make it a productive link in the chain of
events in any indstry. The biggest factor that we need to focus is the time taken in the
materials handling, excessive time consumption is considered as the biggest falloyt for

system. Time in itself is considered equivalent to money, which is discussed in detads furt

11



Tasks in the thesis report consist of explanatiothe chosen method for mapping and
tracking of materials in a warehouse using RFID (Radio Frequency ldentificetatmology
in comparison to different methods such as WPSKWiased positioningystem),

Bluetooth, Grid tacking, Long range sensors etc.

Each of the above system has its own advantages and disadvantages above each other, and on
comparison over different aspects a conceptual RFID tracking system is presented which

serves the purpesequired.

All the above mentioned tracking systems were investigated, the performance of the tracking
systems in a controlled environment like a warehouse or a storage yard configuration in
consideration the various aspects of results that were nesded,with it the basic

acquisition of the sensor information for an antenna based sensor tag for the reliability and

working distance measurements.

In this study, the main features@RFID based tracking system that can be used inside a
storage facilityincluding the setp, configuration based on the test environment are
simulated and the results of this model are discussed further. To verify the validity of the
mentioned system, @asic RFID field test with various conditions were done using passive

RFID tags and a cellphone with RFID sensor acting as a reader.

12



2. LITERATURE REVIEW

2.1 Materials Handling

Materials handling is defined as movement of material of any form (raw, finiphekaged,
solid, liquid, gas, light and heavy) from one location to another location either in a restricted
path by manual or mechanical aids. The movement may be horizontal, vertical or maybe a

combination of both. [1]

Any type of industry whether bigr small, of any king from service sector or production plant
there is one common thing that they all ponder upgpymaterials handling and movement of
material in and out of the working environment. Thus material handling directly affects the
productivuty and efficiency of any plant. Inventory costs are the costs that are related to the
storing, maintaining and then dispatching the inventory over a certain period of time.
Assessing inventory costs is therefore essential and has repercussions omc¢es bhthe
company as well as on its management. It helps the companies determine how much profit
can be made, how inventory costs can be reduced, where changes can be made etc. It is
commonly calculated that the carrying costs alone represent roughlgfZG&inventory

value in hand. [2]

One notable reference is the calculation of the total inventory cost can be classified into:
Cost of money: 6 12%

Warehouse expensesi 5%

Physical handling expensesi 5%

Clerical and flow control: 3 6%

Taxes:21 6%

Insurance: I 2%

Obsolescence: 512%

=4 =4 4 A4 -4 A - -2

Deterioration: 3 6%

This can be simply deduced as, in most favorable conditions a warehouse would spend
roughly 25% of the total inventory carrying cost in just handling it. [4]

13



In our study we mainly foion the reduction of handling expenses and the flow control

which accounts for 5 11% of the inventory costBurthermorean additional cost adds up as

inbound logisticxostswhich isrelated to transportation and reception (unloading and

inspecting). hose costs are variabl

total volumeneededthus producing sometimes strong variations on the cost per unit of order

for the handling unif3]

e .

Then,

t he

Of everything discussed a question arise, why doeesl better materials handling and what

are the advantages of it.

There are various advantages of good materials handling system, some of the important

advantages are listed as:

l

= =2 4 A4 A A -

Reduction in flow movement and indirect labor cost.
Reduced costs of transpatibn.

Better use of floor space and facilities.

Less fatigue to the workers.

Reduction in bottlenecks.

Greater flexibility.

Improvement in the safety and reduction in accidents.

Less backtracking of inventory, etc.

2.2 Major principles

Major principles m the material handling are categorized into three types in our study:

Reduction in time.
Reduction in handling.

Equipment design and implementation.

14
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2.2.1 Reduction in time

As we all knowthat time is money, any time lost during any stage in produotitvandling
will not help any organization to achieve its targets and every effort should be put in to save
the time utilization in each step. For this very purpose it is very important to analyze and
deduce where the idle time (rpnoductive) is. In oucase, the time under consideration is
principally in three main categories namely:

1 Waiting time.

1 Loading and udoading time.

M1 Travel time.

Waiting time in our case is considered to be the time that is utilized in recalling where a
particular asset is plad in the warehouse. This time is the biggest bottleneck in the supply

chain as there are thousands of assets and the time wasted in figuring out where the demanded
asset is located in the warehouse which is at times a hit and trial method, and teritie to be
cause of major held ups.

Loading and udoading time here is the time that taken by an operator to load the required
asset and then furthermad it to the dispatching area. We consider this time to be perfectly

managed in our study and is not caage

Travel time is thdéime lost in traveling from one point to another point in or outside the

storage facility. This time can be reduced by using the tracking system to plan the shortest and
the quickest path to locate the asset and thus send itdesgisching area. Ideally, asset flow
should be a smooth transition from point A to point B, and should be handled only once.

Thus in a warehouse or storage yard it is critical to consider the layout and flow to minimize

the waste movement and time izgltion. In reality, the travel distance inside the facility and

the waiting time adds up to unnecessary costs throughout the course of a year.

15



According to the Peerless Research Groupobs
[5], Bar code scanne(65%), labels(56%)are the tof the list technologies useal the
warehouse and distribution centers, and none of these provide a solid system to reduce the

above mentioned issues.

The same study suggests that the coming technologies that are gtapnadde a better
solution include smart phones or tablets (62%), RFID readers (25%) and tags (22%), and
voice technology (13%).

According to resultsf the findings one intenusercurrently uses an AGYAutomated

Guided Vehiclesjor tasks includingransportation (41%), storage (38%), bin picking (23%),
truck loading (20%) and unloading (14%), and order fulfillment (20%). About 18% use
robotics for functions like palletizing (42%), pick and place or part transfer (36%),
packing/packaging (36%), ¢mlletizing (19%), and unpacking (12%).

2.2.2 Reduction in handling

Handling ofmaterial should be done in such a way thahould minimize the number of
times an asset is handled. Reduction of handling directly reduces the time cycle for one cycle.
It canbe mainly done by the means of:

1 Proper containerization.

1 Minimizing backtracking.

1 Layout improvement.

Proper containerization directly indicates to the way assets are contained in the particular
facility, instead of random selection of placement the phace should be carried out in a
proper manner based on either type, size, dispatch date etc. This in return reduces the

handling time for the material.

Backtracking any asset in the storage yard is the major issue thacdity faces.
Backtracking meas either the method to track back the agséd return a particular asset

back to the holding are due to many reasons including wrong asset selection.

16



Layout improvement is one method to reduce the handling, but it is a method that has to be
taken duriig the planning of the warehouse/ storage yard but improves a lot in terms of

handling and time saving for a warehouse.

2.2.3 Equipment design and implementation

Equipment design and implementation consists of the designing and implementation of the
equipmens either used for the handling or tracking of the assets in the warehouse along with
the implementation to which they are put to. Many a times these equipments are either not
used to the potential or ar e us etdeyareameant way

to and the extent that they should be utilized.

A proper design and implementation is the key to having a smooth running and functioning of

any warehouse because any potefiigaV in the design can have long term impact.

There are a lodf different kind of equipments currently in use including manual labor,

forklifts and AGVOs, al |l of which have thei

discussed further ahead.

17
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3. INDOOR POSITIONING SYSTEM (IPS)

An indoor positioning systems themethod of I@alization/positioning of a person/object in
an indoor environment by identifying the orientation and direction of a person/object to
provide the correct location of the person/object in concern without navigational errors.

There are variougays to determine the position of a person/object in an indoor environment
using radio waves, magnetic fields, acoustic signals, or by using other sensory information
collected by various devices. There are various commercial system available in the market
but none of them follow or uses any standard for an IPS system since there are no standards

yet thus signifying the relative newness of this field of research.

All the technologies used in IPS, be it a passive technology or active technology, they have
different methods but for any kind of measurement or localization/positioning they share a
common mathematical principle needed to unambiguously find a location; trilateration. With
trilateration method the compensation for unpredictable errors reduséisally making the

overall localization/positioningwuch accurate.

The conventional Global Positioning System (GRS)jot suitable when it comes to
localization/positioning indoors due to the reason of attenuation and scattering caused by the
building material and the multiple reflections due to the various objects/walls cause multi

path propagation of waves which arises the issue of uncontrollable errors.

Despite a lot of various technologies available in IPS, most of them are too coarse to be used

as a reliable method to determine the orientation or direction of a person/object.

18



3.1 Trilateration

In termsof geometry, trilateration is the process of determining an absolute or relative
location of a person/object/point by measuring the distanceg tie geometry of circles,
triangles (for 2dimentional trilateration) or spheres (fodBnentional trilateration).

Intersections

Figure 1- Geometry of twedimensional trilateration.

In two-dimensional trilateration, the centers andridudii of the circles provide the

information to determine the location. It is possible to determine the position using two circles
but with the inclusion of the third circle it narrows down the position to a uniqu@ene

shown inFigure 1), thus increasig the reliability, just like two points are enough to

determine a line but three points always give a unique line.

19



The distance from theaobile target to the measuringit is directly proportional to the
propagation time. lorder to enable-B positicning, TOA measurements musti@de with
respect to signals front Beast three reference points, as showRigure 1[6].

A straightforward approach usa geometric method to comptite intersection points ofi¢
circles of TOA. The positionf the taget can also be compudt®éy minimizing the sum of
squares of a nonlinear cost functiae., leastsquares algorithm [6[7].

It assumes that the mobile terminal, locatedialto htransmits a signal at timé (, theN
base stations located @abhw hwho B & @ hd  receive the signal at timdp B 8O .
As a performance measure, the cost function can be formed by

Ow B woQ weé (1)

Whered can be chosen to reflect the reliability of the signal received at theurirepsnit'@

andQw is given below:

Qw wo o W W w 8 ¢

Whereis the speed of light, and ~ ofufd . The function is formed for each measuring
unit,’Q pB &) and’'Q @ could be made zero with the proper choicéhef

variablesafudod . The location can be estimated by minimizingftimectiorfO .

20



3.2 Various IPS systems

Havingdetermining the importance of requirement of an IPS over GPS in terms of

localization/positioning any object/person in an indevironment we have to put some light

on various approaches to designing a wireless geolocation system. There can be two basic

approaches to develop a wireless geolocation sysiestis to develop a signaling system

and infrastructuréo be used for lation mapping using wireless applications, the second and

the easy approach is to use an already existing wireless network infrastructure to locate a

person/dject. Both the approaches have their own advantages and disadvantages

second approach i@ bigger advantage as that it helps in avoiding expensive and time

consuming (research) deployment of the infrastructure.

Scale

Outdoors Remote

Indoors

v

GPS

WLAN,
Bluetooth,
Zighee

RFID,
Infrared,

Ultrasonic

01
meter

> Resolution

10
meters

1 meter

Figure 2- Current wireless positioning systems and their fields.
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There are several typeswireless technologies used for indoor localization/positioning,
some of them which we discuss further are depicted abdvgume 2according to their
range and classification based on a field of use.

In the next section we shall discuss the variousstyfpéechnologies mentioned above in the
Figure 2

3.2.1 GPS based

Global poisoning system (GPS) is used wydebrldwide and is one of most successful
positioning system in outdoor environmeldsing GPS for outdoor position localization and
informationabout the position along with the direction for guiding has been on a very high

note since a few years and has become a very essential part of GPS application.

While as like many technologies GPS comes with a lot of drawbacks as well, the biggest and
mostprominent being the incapability of using GPS in closed environment. The signal
strength weakens and it is practically impossible to use GPS for the same purpose indoors, as

it serves no real use while navigating within buildings.

Though there have beeecent progress in terms of making GPS work in the closed
environmentLocata Corporation has invatt a new positioning technology namextata
[8], for precision positioning with works in indo@nd outsideenvironmentThef bcata

t ec hnol o gofatimespnohsonized pseudo lite transceiver called a taddte. A
network of Locatal.ites fons a LocataNet, which transm@PSlike signals that allow
singlepoint positioning usingarrierkphase measurements for a mobile device (a Locata).
[16]

3.2.2 Cellular based

Over the yena lot of different kind of systems have used global system of Code Division
Multiple Access (CDMA) and mobile (GSM), mobile cellular network to estimate the
location of the device or clients outdoor. It has been seen gertbetliyne accuracy varies a

lot with such kind of positioning and is generally low (in the range around 50 to 200 meters).

22



Even the accuracy depends upon the cell size which has been seen to be much more accurate
when used in a densely covered areas litiescand urban places, and much lower in rural

places[9]

In terms ofusing this technology as IPS, it must be noted that it is only possible if the
building is covered by several base stations or can also be done by having one base station
which has arery strong RSS received by the clients inside the buildihg.system that is

used to do indoor localization uses the conceptidé signali strength fingerprintlt

analyses the 6 strongest signals from the reading of up to 29 GSM channels, arfdimesst o
channels are strong enough to get detected by the station but are too weak to be used as a
mode of communication. Higher accuracy can be achieved with introduction of more
channels, and can be accurate enough to differentiate between differenoflte building

along with a floor accuracy as low as 2.5 meters.

3.2.3 Wi-Fi-based IPS

Wi-Fi based positioning method uses a few different ways namely Cell IdentityiDgell
Angle of Arrival (AOA), Time of Arrival (TOA), Time Difference of Arrival @OA), and
signal strength aspects. All these systems use triangulation method to estimate thegbosition

the required object, as shown belowrigure 3

Over the past few years, many researchers have experimented with indoor positioning

systems usingireless networks, the commercially available-M/based systems consists of

a manager, a client and a server. The server serves a purpose of responding to the calculated
position based on manager 6s posrFibesedni ng mode

paositioning varies between 1 to 3 meters depending upon thg Hé¢a.

The biggest disadvantage with the-Winetwork must always exist as a part of the
communication infrastructure, otherwise it will always need an expensive and time
consuming developmenAlong with it the other issue that arises with-Wibased IPS is the

development cost in its designing. Given the fact that most of the IPS are designed to track

23



small quantities of items, \AK | based I PS doesnét give a cost

guantities of items.

(b)

L--------‘

(c) (d)

Figure 3: Various types of Wi based techniques. (a) GéD, (b) AOA, (c) TOA, (d) TDOA
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3.2.4 Bluetooth based IPS

The Bluetooth based IR8esents a technology which is wallited as an application which
can be used in the indoor area for position localization. The position estimation in the mobile
terminal without the need of changes in the already fixed installed network topology in the

area.

Bluetooth based system is also based on the triangulaBonimods wusi ng the rec
strength from the surrounding Bluetooth access points. For the precise location one must

consider the interdependence between the signal strength that is recel\tbd distance.

When using the technology indoors, bdary conditions like reflections, wall damping
d o e s n 6the uselofifreeviield propagation. Thus, there is the requirement of use of

approximations of the RSYIL5]

Sections- RSSI-
p:!t'tiﬁ on Imeasurement
v RSSI- *
Definition of measurements in Determination of the
an x-v plain different sections Distances to APSs
Placing of the Approximation Triangulation
Access Points of the RS55I Methaod
Preparatory =D Training Phase oS Location Phase
Phase

Figure 4: Structure of Bluetooth based IPS

25



Bluetooth @erates in the 2.4 GHz ISM band, as compared to WLAN it has a lower bit rate of
around 1 Mbps along with having a lower range around I meters. Ease of Bluetooth

come with a fact that most of the personal computing devices such as cellphones, PDAs
already have Bluetooth in them, furthermore Bluetooth technology is a lighter technology to

use as compared to WLAN.

The usual accuracy of Bluetooth based IPS systems is around 2 meter with a reliability of

approximately 95% with a delay of 150 seconds.
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4. RADIO FREQUENCY IDENTIFICATION (RFID) AS IPS

Indoor positioning systems (IPS) locate the objects in the closed structures where Global
Positioning System devices generally fail to work like stores, offices and buildings. Most
widely available IPS systems use optical tracking, wireless conceptsasouihd technology
to serve the purpos&o enhance the ability of RFID technology being viable indoors with
low cost has seen it been recognized as the next promising technology in serving the

positioning purpose.

The concept presented here is basederfdct that it has to be used in a warehouse thus the
forklifts would carry an RFID reader module, which would read the passiveorgadags

installed in the pathway, the entire concept with details is explained in the next few chapters.

Compared to th conventional active technology method which are very high cost solutions,
the study also features the feasibility of using passive RFID tags for indoor positioning at a
lower cost and to locate the object to provide the real time information on po&itoi.

with it, it also shows the readability of the passive RFID tags, and its performance being

satisfactory to provide the required resyiif]

RFID technology is a very effective and efficient reomtact, automatic identification
technology that wes the basis of radio signals to track, identify and sort various kinds of
objects like people, goods and assets through a network of radio enables scanning device over

a distance of several meters (depending upon the RFID tag).

RFID technology hasbeenr ound since 19706s but wuntil rec
be used on a large scale as a localization method. Originally they were used for the tracking of
large objects like livestock, airline luggage and railroad cars that were shipped awgr a lo

distance. They were then called inductively coupled RFID tags, and were a complex system

of coils, antenna and glass.
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At basic level all kinds of RFID tags available work on the same principle and the way:

1T Data is stored i n andhteait®bdréad.t agds mi cr ochi

T When the RFID reader comes in the proxi mi
el ectromagnetic energy from the reader os

1 Depending on being an active or a passive tag the power generated from the internal
batteryorthg ower harvested from the readerds el
the radio waves back to the reader.

T The radi o waves received by the reader fr

frequencies as meaningful data.

Every RFID system can be broken down on the frequency band that they operate on, whether
it is low, high or ultrahigh frequencyThe frequency refers to the size of the radio that is used

to communicate between each of the RFID system components. HerREID systems are

able to operate in low frequency (LF), high frequency (HF) and-bitfa frequency (UHF)

bands. The radio waves are able to behave differently in each of these frequanci¢sere

are pros andons of each frequency band.

Dependimg on the type of energy the tag uses RFID can be divided into three basic categories:
1 Active RFID
1 Passive RFID
1 BatteryAssisted Passive (BAP)

The comparison table between these types is listed below:
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Active RFID

Passive RFID

Battery-Assisted
Passive BAP)

Tag power source

Internal to tag

Energy transfer fron
the reader via RAF

Tag uses internal
power source to
power on, and
energy transferred
from the reader via

RD to backscatter

Availability of Tag Continuous Only within field of | Only within field of
Power reader reader
Required Signal Very low Very high (must Moderate (does not
Strength from power the tag) need to power tag,
Reader to Tag but must power
backscatter)
Available Signal High Very low Moderate

Strength from Tag

to Reader

Communication

Range

Long range (100 m

or more)

Short range (up to 1

m)

Moderate range (ug
to 100m)

Sensor Capability

Ability to
continuously
monitor and record

sensor input

Ability to read and
transfer sensor
values only when ta

is powered by reade

Ability to read and
transfer sensor
values only when ta
receives RF signal

from reader
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As per the comparison above stated and the practicality of the toss@ge our purpose we

choose to use a passive RFID tag. Passive RFID tags work on the principle that when radio
waves from the reader are introduced in the field, the coiled antenna present in the tag forms a
magnetic field. The tag powers itself frotrby energizing the circuit. This energy enables the

tag to send the information across to the RFID reader.

The functioning diagram of a passive RFID tag is shown below:

—~

[TRAREVERRED > |

A RFID
RFID READER [ \ | TRANSPONDER
Iy ‘ \
I l I l I l I b ‘“".;‘."..l \ . B '
RECEIVED DATA | TRANSCEIVER | 18 .J_ =i | PASSIVETAO
., §
>— W/ o
‘ <G I\ \
( TAOQ MODULATES
RF FIELD WITH DATA

' 1Ed
MODULATED FF FIELD

Figure5: Passive RFID working concept

Figure 6belowillustrates the architect of the proposed RFID based indoor positioning

system. The entire system basically consists of the passive RFID tags, a smartphone/PDA for
the purpose of RFID reader in form of NFC and act as a processing module alone with a
RFID reader which can be connected to the PDA/smartphone if in the case needed. The
passive RFID tags are set up as fixed data tags in the working environment. The simple setup
helps in reducing any additional information source, signal strength or the direttlze tag.

The backend information can be handled easily by the mobile application (explained in the

next chapter) thus saving the use of a server or control center.
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Figure 6: Architecture of the RFID based indoor positiogisysten{13]

The passive RFID tags used in for the stadyya NXP MIFARE Ultralight (Ultralight Cj)
NTAG213 mode[11], which have a memory size of 137 bytes, writable and can be made
into a reaebnly tag if required.

These tags can hold the locatimemory of the position that they are set to along with the

possibility of adding the additional information required as per the need.
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Figure 7: NXP MIFARE Ultralight (Ultralight C; NTAG213 moddRFID tag

The workingconcept of the architecture above mentioned is provided when the location of a
certain object is determined by the detection of the RFID tag present on the ground. The
location of each RFID tag is already known to the system and can be utilized forgdhatin
required object. The system uses RFID technology stand alone to determine the required

position without the need of any other additional information or so[ik2g.

The setup for the system requires one fixed RFID reader (if in case required)tedrioghe
smartphone/PDA which is mounted on the forklift, a series of passive RFID tags are installed
on the ground in the fixed projectian determined intervals that the forklifts follows. The

distance between the tags can be determined on thesfattiwe total floor area of the
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warehouse along with the accuracy of the measurement that is needed to be achieved, the

more densely populated area with RFID tags increases the reading accuracy of the system.

RFID tag

Ground

Figure 8: Modelof RFID tags in ground

To localiz any RFID tag on the groumal the overall reference frame that we create for the
entire floorneed an estimation, and the significant advantage of the RFID tag is the non
contact and nodirectional nature additionglithe ability of being more scalable, ability te re
write the information on them, more reliable and the ease of multiple tag detection at once.
The one thing about the RFID tags that works particularly well in our case is that its
performance is rarely evy affected by any external noises like ambient liglgo another
experimental advantage of the tags was seen to be that they could work with the introduction
of dirt, wear (as they were covered with a film), and moisture only reducing the performance

(detection distance) by a very marginal value.
According to some of the basic experiments conducted the detection distance of the tag was
from a distance at least 6 cm when the tags were laid on the floor. The detection distance can

be increased with thesa of a tag with a bigger antenna.

The flowchart below signifies the flow of communication in when a forklift has to reach to a
goal destination using the RFID tag sensors.

33



Communication with RFID tag

Y

Input the goal position

A 4

Movement of forklift

v
| Communication with next RFID tag ] «—

A4

[ Final position J
Yes /
v No
[ Stop I

Figure 9: Communication flow between Forklift anBFID tag to reach a marked point
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5. SOLUTION ONE: CREATING MOBILE APPLICATION

Mobile applications have been a great in terms of next generation technolagyibtars
customer based needs. For serving the purpose here as IPS for the warehousebasedbile
application has been created. Mobile phone applications have been a very reliable and are

easy to create and-theig in case if the application gets affected by a bug.

Here in the chapter it has been explained about creating a mobile based apgloadioid
Operating System) using Near Field Communication (NFC) feature which is widely available
on Android operating system based phoh#3C technology is relatively simple to operate, it

is evolved from RFID. A NFC chip operates as one end of thedess link wherein on the

other end we have a RFID tag (in our case) completing the communication and sending the
requireddata from one end to the other, as explained in the previous chapter. We can widely
see the use of NFC technology in the mobile Bgmg/ment between smartphones. There can
be various more possibilities to use NFC like paperless tickets, accesdscantt even

wireless car keys.

There arevarious kinds of NFC/RFID tags that can be read using the application from simple

sticker taggo the complex cards with integrated cryptographic security hardware.

In the next section | have explained how to build android application which | have named
NFC Tool.It guides and helps anyone to build and access the application to use it as indoor
paositioning system. The used codes are also available at the end of this report, but the basic

build up and codes are explained ahead.
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5.1 NFC Tool

NFC Tool is & android based application which is free to download from the Google Play
Store which was made read RFID tags and communicate using NFC technology, but we
use it in a different way to solve our purpose, | have explained a bit on how to create the
application using Android Studio and the codes that can be used to make theiapreat

also avdable in the Appendix.

As the name suggests, NFC tool application will use the NFC technology already present in
most of the Android based smartphones/tablets. The various tools that will be added in the
application will include the options to read thelRFag, protect the RFID tag information,

set a location point information in the RFID tag, link to the navigation application.

The flow in which the system works has been shown below:
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[ RFID tag (ground) ]i-ﬁ

[ NFC reader smartphone ]

[ NFC Tool application ]

[ Location database ]—J

Figure 10: Application flowchart

To getstarted waneed to download Android Studio, | will be using Android Studio version
2.2.2.0 for Apple MacBook to develop the application. The software is free to download and
use, which can be downloaded framitps://developer.android.com/studio/index.html
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https://developer.android.com/studio/index.html

®=0 (1+7] ¥ developer.androki.com

Q Android Studio FEATURES  USER GUIDE

& Back to Developers

Android Studio
FEATURES
The Official IDE for Android

USER GUIDE

Android Studio provides the fastest tools for budding apps on
every type of Android device
World-class code editing, debugging, performance tooling, a

flexible buil

stemn, and an instant build/deploy system all

allow you to focus on building unique and high quality apps

> Read the docs > See the release notes

Figure 11: Android Studio download

It must be noted that once we download and install the Android Studio, we also must have
Java installed on the computercause we would use Java programming to make the
applicationWe have to make sure that we have Java Development kit 7.0 or higher (I have

used Java Development kit 8.0 which is also free license product.

In Figure 7below we can see the stap screerfor Android Studio, in which we can choose
between various different options to start, edit or import an Android project. Before we start
building up the code and configure the apgtiien we can also go onto check the SDK
(Software Development Kit) manag®e check the compatible version of operating system
that the application can run on as showfrigure 8andFigure 9.
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Welcome 1o Androd Studio

i ﬁ‘

&

Android Studio

¥ Start a new Androld Studio project

£ Open an existing Android Studio project
& Check out project from Version Control «
¥ Import project (Eclipse ADT, Cradle, etc.)

¢ Import an Android code sample

# Configure « Get Help ~

Figure 12: Android Studio startup

Welcome 10 Android Studio

®

\ 4
a

Android Studio

1% Start a new Androld Studio project

= Open an existing Android Studio project
& Check out project from Version Control «
¥ Import project (Eclipse ADT, Cradle, etc.)

' Import an Android code sample

% Configure «+ Get Help
Preferences
Plugins
Import Settings

Export Settings
Settings Repository
Check for Update
Project Defaults

Figure 13: Android Studio configurenanager
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) ® Démun Preferences - '
Q Appearance & Behavior » System Settings » Android SDK .

¢ Appearance & Behavior Manager for the Android SDK and Tools used by Android Studio
Appearance Androld SDK Location:  /Users/ishansharma/Library/Androld/sdk Edit
Menus and Toolbars SDK Tools  SDK Update Sites
v System Settings
P 4 Each Androld SDK Platform package Includes the Androld platform and sources pertaining to
ASSWiOs an API level by default. Once installed, Android Studio will automatically check for updates.,
HTTP Proxy Check "show package details" to display individual SOK components.
Updates Name AP Level Rewision Starus
Usage Statistics Androdd 7.1.1 (Nougat) 25 2 Partially installed
Android 7.0 (Nougat) 24 2 Not installed
Androld SOK Android 6.0 (Marshmallow) 23 3 Not installed
Notifications Android 5.1 (Lollipop) 22 2 Not installed
Quick Lists Android 5.0 (Lollipop) 21 2 Not Installed
Android 4.4W (KitKat Wear) 20 2 Not installed
h Vari
T Yaans 8y Android 4.4 (KitKat) 19 4 Not installed
Keymap Android 4.3 (elly Bean) 18 3 Not installed
Editor Android 4.2 (Jelly Bean) 17 3 Not installed
Plugins Android 4.1 (Jelly Bean) 16 S Not installed
o 3 Android 4.0.3 (tceCreamSandwich) 15 5 Not installed
RS ICION 18 PR Android 4.0 iceCreamSandwich) 14 4 Not installed
* Tools Android 3.2 (Honeycomb) 13 1 Not installed
Android 3.1 Honeycomb) 12 3 Not installed
Android 3.0 (Honeycomb) 11 2 Not installed
Android 2.3.3 (Gingerbread) 10 2 Not installed
Android 2.3 (Gingerbread) 9 2 Not installed
Amdonid DD e A © 2 Mt fmetrallad

Show Package Detalls

Launch Standalone SOK Manager

Figure 14: Android manager SDK configuration

As we can see abovefigure 9 the initial setting is for the application to work on Android
7.1.1 (Nougat) version which supports4¥ of all Androidsmartphones/tablets in use
currentlyas shown below ifrigure 1Q But it is recommended to install a few older versions
as well as some devices may face compatibility isstiakso gives option to build the
application for Android based watches and Tisiewns which in our cases will remain
unchecked.

Phone and Tablet
Minimum SDK ~ AP1 15! Android 4.0.3 (lceCreamSandwich) H

Lower AP1 levels target more devices, but have fewer features available,

By targeting AP1 15 and later, your app will run on approximately 97.4% of the devices
that are active on the Google Play Store.

Help me choose

Figure 15: Compatibility search

40



To start building the application, askigure 7click on to start a new android project.

Once we start building the project, we need to declare the Application name, Company
domain and project location. As showrFilgure 11 | named the application as NFC Tool,
since it is an application owned by me | named the domain as ishansharma.

® O Create New Project

£ New Project

Y
"\ Android Studio

Configure your new project

Application name:  NFC Tool
Company Domain: | ishansharma
Package name: ishansharma.nfctoo!

Include C++ Support

Project location: [Users /ishansharma/ AndroidStudioProjects /NFCTool

Figure 16: Project configuration

Next we need tehoose the kind of activity the application would be for the phone. The
software allows a variety of application type, but we chose it toBase Activity as we
would configuret according to our needs, as showrrigure 12 Basic activity gives an
advantage of referencing existing codes and bits to the Java programming.
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Add No Activity

Google Maps Activity

Basic Activity

Login Activity

Create New Project

Empty Activity

€ r
L)

Fullscreen Activity Google AdMab Ads Activity

=

Master/Detail Flow

Navigation Drawer Activity Scrolling Activity

Cancal  Provious (SN

Upon selecting the Basic activity, Android Studio creates a new basic activity with an
application bar where we can give the Activity name, Layout name and the title of the
activity, as shown ifrigure 13 We leave the settings unchanged to finish builtiasgjc steps

to set up the application which then gives us the platform to work on Java, XML files and
along with it create a user interface for the activity. Android Studio takes a few minutes to set

Figure 17: Application activity selection

up and build the application editing mode.
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Creates a new basic activity with an app bar.

Activity Name: MainActivity
Layout Name activity_main
Title: MainActivity

Menu Resource Name:  menu_main

Use a Fragment

Basic Activity

The name of the activity class to create

Cancel Previous Next [ Finish |

Figure 18: Activity customization

Once we finish the basic butap of the application in terms of setting it up, we are then
get the access to the main application bujdscreen where we can work on the Java script,

XML and the visial representation of the application.
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o content_mainxml - NFCToo! - [+/AndroidStudioProjects/NFCTooi)

® ®
0 . A ¢ A Cw-bdicE B i ? Q
"4 NFCTool a0p e main | Tgres B layout - o content_main xmi
i- < AT oY . tan1_main xmi X >
- = e
g iapp Palette o1 HE B O UNexusdr mu2s- (PNoActionter Foerces < "é
-+ 1 manifests W = =
” Djava It0gets LB @8 0
" A TextView
s
v g Butron
5 [£) drawable « ToggleButton
3 Ellayout | CheckBox
A & activity_main.xml » RadloButton
1 menu Spinner
¢ Emipmap : :“9:"‘*:-‘: (Large)
2 Elvalues UgReRRS
2 > Gradle S = ProgressBar (Small)
— Gradle Scripts w= Progress8ar (Horizon
. 6 SeekBar
O SeekBar (Discrete)
+= QuickContact8adge
& RatingBar
Component Tree
g g =)
H icontent_main (Relat _
3 A& TextView - "Hellc
e
2 *
£ 4
5 »
- s
2 &
L £
" Design | Text B
B Terminal 5 Androld Monitor 0 Messages 5 TODO Eventlog [ Gradle Console
[1] Gradie buid finsshed in 165 552ms (5 minutes aga)

Figure 19: Application development mode

In Figure 14 is the application development screenshot with highlighted areas that define
different windows or work area needed for application development. The black highlighted
area defines the root directory in which we are currently working, for the above tage be
NFCTool > app > src > main > res > layout > content_main.xml; area highlighted in red being
the project window; yellow being the Pallet and Component tree; blue the visual of the

application and green being the property window where we define widget.ac

When the application is launched it searches for the list of defined activitiesk on,

which is the tree under the column called Manifest. The applicadiblook all of the

activitiesand look forproperties called launcher nolauncher isapgicationsstarting point

Once the launcher runs, it moves to the main activity where all other activities get defined.
The main project heading are manifest, Java (where all the java scripts are added), and layout

(where the app design is defined).
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5.1.1 Getting NFC started

To get access to the NFC hardware ondiénace we need to add a permission first and
foremost in the manifest. If NFC is not started when the application starts the application

holds nouseand will not serve out purpose.

To start te NFC in the device we need to add the following code in the manifest:

<uses - permission android:name="android.permission.NFC" />

<uses - feature
android:name="android.hardware.nfc"
android:required="true" />

Along with it we need to add Javasfiin the MainActivity to make sure that the device that
we are using for the application suppd¥sC, or else it warns the user about the device being

a nonsupportive. The Java file is mentioned in the Appendix.

The further files for coding are alseentioned in the Appendix and are available separately

as well.

The next step after making the application is to link it with another appliddf@hTasks

which is also available freetousen Googl e 6 s PRPUpmyinstallatomteis as wel |
applicaton automatically connects itself to NFCToalsplication and theallows us to write

data on the RFID tags, this data includes naming the tag and as well as aelidipates in

a location talof the applicationAdding location data to the tab makepassible for the tag

to have its position determined with the help of any map based application.

This location data is all saved in the passive RFID tag which can be used to solve the purpose

of asset tracking.
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6. SOLUTION TWO: RFID READER via USB

This solution for the problem uses a basic connection of Arduino along with a RFID reader

which allows the user to use a simple end user to detect the RFID Tag and thus the location.

We need the system to process and save the data from and to the datahasgycle to run.

The idea that goes into this includes a central database (location and tag number) which the
microcontroller uses to process the information from. Each RFID tag has a unique code to it,
this unique identity acts as the main locafbotter. In the database which is created during

the setup of the system, each tag number is linked to the particular location in the warehouse

which acts as the unique location identity for it.
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Figure 20: Floor placement of RID tags
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In the above figure we define the position of the RFID tags on the floor of the warehouse, the

tag separation distance depends on the size of the warehouse and the accuracy required for the

system. The number of tags is directly proportionah&daccuracy achievable for the system.

6.1 Arduino to RFID reader connection

The RFID reader that we are using for the system is RDM 125 kHz card mini module which

is designed to read RFID tags from 125 kHz compatible read, read and write-onkgad

cards. This is a very widely used reader which can we used for various purposes in homes,

offices for security, personal identification, access control and in our case make a useable IPS

system.

Some of the important features of the model we used (RFRIA) Are:

T

1
1
il

Small outline design, which allows us to mount it to the forklift easily.

Decoding time of less 100ms.

Effective reading distance of 50mm.

Support external antenna which helps us to increase the effective reading distance as
well.

Very low cost (2 USD)

Technical details of the reader are:

= =4 4 A4 -

Power supply: 5V DC (N5 %)
Current: <50 mA

Operating range: > 50 mm (depending upon card/ tag size)
Working temperature10 to +70

Storage temperature2 0 to +80

Size: 38.5 mm I 19mm I 9mm
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Figure21: Size and pin layout of RFID reader

Figure22: RFR101A1M RFID reader along with antenna

The final connections about the system can be seen beleigure23.
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Since we are applying the useAxtiuino, we shall know the basic of using the

microcontroller as well as the basic hardware configuration that goes along with it. Arduino is
one of the most widely used microcontroller by hobbyists to make projects because of being
very easy to program drbeing open source, meaning that all the design files that Arduino
uses are public and anyone can use it for their use. Arduino in itself has digital pin headers
that are series of plastic lines with holes which gives the access to the chip below.ifhese p
are numbered from O to 13 along with a GND (ground).

There are 6 analog pin headers in Arduino board marked from 0 to 6, it also consists of a reset
button which enables the microcontroller to end the program and run it from the beginning
without deléing the files thus enabling to give the user a soft reboot button.

Since it is an open source program it can be used very easily and can be found for free for
download.The program called integrated devaieent environment and (IDHjor installing
Arduino, goto Browser >> Arduino Home page. arduino.cc> go to downloads>> select
operating system (Arduino is available for all operating systems, we test it on Windows OS
and MacOS).

Figure 23: Arduino and RFID Readeonnection
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Before setting up the microcontroller via. USB, | would like to explain how the structure of

the system work with a help of a flowchart depicted in the Figure below.

RFID Reader ON

RFID Tag read }: ~
]
; Is the tag
Location database registered?
No
Yes

:[ Error message

Location information,
add package
information

Figure 24: RFID via USB flow structure

When theRDIF reader is on, it activates the passive RFID tag which should upon activation
share the tag information which includes its location as well as any package data that it might

be registered with.

If in case there is any package information it can be asal edited to remove it if needed, if

a new package is to be registered to any location point the same information is added to the
database which is accessible to all units or forklifts. If there is a case wherein the tag is read
by the RFID reader antiére is no location information for it, an error message informs for
the same thus helping in bringing the accuracy up. All the location information can be
password protected to make sure that there repeated location points in the system by

error.
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For setting up the whole system, we connect the microcontroller, the antenna and the reader in
the following way:
1 RFID reader is connected to the breadboard.
1 Further connections are needed on RFID sensor: PIN 1 to Tx
1 PIN2toRx
1 PIN3toNC
1 PIN 4to GND
1 PIN5 to VCC (+5V)

Along with it, Tx from RFID board goes to the digital PIN 2 on Arduino board.

This setup lets us work for using the RFID reader connected to the antenna.

Figure 25: Setup of the systemith Arduino, RFID reader and antenna
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The connections can also be explained as, we simply insert the RFID reader main board into

the breadboard as shownHRigure 24 Using jumper wires we connect the pins from RFID

board to Arduino 5V and GND as pi&e list above. The RFID antenna coil connects to the

top tworight pins (they can be connected either way). Lastly we need to connect jumper wire

from the bottormpin on the RFID reader board to the Arduino digital pin 2.

RFID_read | Arduine 1.6.13
File Edit Sketch Tools Help

RFID_read

i #include <SoftwareSerial.h>
SoftwareSerial RFID(2, 3); // RX and IX

| void

11

setup()

RFID.kegin(9600); /7
Serial.begin(9600); //

start serial to
start serial to

41 void loop()
i

if (RFID.available() > 0)
2

{

i = RFID.read():

I Serial.print (i, DEC):
fl Serial.print("™ ");

f program storage s

(14%)

of dynamic me

RFID reader
PC

Arduino/Genuino Uno on COM1

Figure 26: Arduino sketch for setting up RFID reader

We will use SoftwareSeriah the Arduino sketch because if we connect the data line from the

RFID reader board to the RX pin on the Arduino board then we would have to remove the

pins when we update theetkh at any point of time during coding, thus this becomes a

convenient step.

52



The code mentioned in Appendix 3 (as well as figure 25) can be used to start the RFID reader,
and when the RFID tag is passed over the antenna the unique code of the taglggesidis
the Arduino IDE serial monitor.

Besides that we also need to work on the RFID tag data that we receive i.e. we need to create
some functionso retrieve the card data when it is brought close to the reader and then to

place the same in an arragd then compare the card data to against the existing data in the
array (for example in our case, the location data) so that the system knows which place is the
tag being read from. Using such functions we can make our own system and location database

for the array to work on.

For the array to work on first of all we nee
the code in Appendix 3 to read the |1 Dbéds. Onc
related to the location of each tag with theique ID. The code that we can use for the same

has been explained in Appendix 4, with an example of location ID for three such tags.

In the sketcimentioned in Appendix 4ye have a few functions thate used foreading and
comparing RFID tagdf we notice it, there arie allowed tag numbe(#/hich have the

location added to thenaye listed at the top of the sketee can always addhore of our own
tagsi as long asve add them to the list in the function checkmytags() which determines if the

card being read iegistered with a location or should give an invalid location prompt

To get all the information we save the data in an excel sheet which also can servpdbke pur
of managing the package data. All the data (package ID and tag ID) are saved in the excel
sheet which are further used when it is necessary. The data can be send to the sheets via
different methods like adding Arduino code (using CreateWrite () fomctr using simple
software of data acquisition like PERAQ.

The main aim behind using this is to use a simple method for our solution instead of using

complicated technology.
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CONCLUSION

In concluding the thesis report | would like to point ofg\& very important aspects that

came into light during the study. The conclusion is summarized in four parts as follows:

1 The principle of using RFID as Indoor Poisoning System: This passive RFID Indoor
Positioning System is based on the measurement &d¢hton that is preet in the
RFID tag. The relation between the tag, its placement and the unique location entry

helps in the determination of the position of an abject accurately.

1 The trend in using RFID dadoor Poisoning SystenRFID has alreadipeen used to
track goods in earlier times to being used for security and access control systems in
recent times. There is trend of developing more use for this technology because of the

ease of use and the wide application area this technology brings.

1 Cod effectiveness of RFID dadoor Poisoning Systendpon comparison of various
tracking technologies and the maintenance cost each has it can be deduced that using
RFID is a very coseffective method. With low initial cost and at the same time low
labor @st improves the use of RFID.a large area of warehouse has to be covered it
brings down the overall cost as well because of lowering of variable cost, i.e., passive
RFID tags. Thus, this passive RFID Positioning System can be used to determine the

locaion of an object at very low cost.

1 Feasibility of RFID asndoor Poisoning Systenthe conclusions of the thesis for
using RFID is feasible to measure the position of the object effectively. The overall
low cost and the almost zero running cost for impating the system makes it very
effective for industrial use in warehouses. Also, we use standard codes for the passive
tags thus making it easy to implement, even any kind of supply chain industry can
implement this as they can locate the objects withtiathing tags to each object.
Another factor that helps RFID is that it can withstand harsh conditions or change in

the working environment.
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KOKKUVI TE

Selle | »put®°® eesm?2rk on |l uua siseruumides t
kasutada lacakendustes. Esmalt uuriti olemasolevaid tehnoloogiaid ja nendega kaasnevaid
probl eeme. Eesm2rgi ks oli arendada selline s
nutitelefoni/PDAd kasut avale t°°tajale. Nuti seadmed n
lihtsamini kasutatavaks ning funktsionaalsusest tingitud puudused on viimaste aastate jooksul

viidud minimaalseks.

Positsioneerimiss¢gsteem | aoruumidel e, mi s su
mi s ol eks v»imel i ne ti°° tva@nmnae nsdiasnearkusu naijdael si sotn |
operatsioonidel e. Erinevad positsioneeri miss
s22gstavad raha, | isaks v&2hendavad vigu, mis

suurendavad t°°prodtkeans ird em eaveag a. tMihchaolroogi ai
suudetakse panna omavahel koos t°°tama seda

usal dusva&a2arsust.

Ka2esolevas | »put©°©°s ¢ritasime kasutada v»i ma
seadmeid. Selleks kasutamea s si i vsei d asukoha markereid vai
muude signaaliallikate peegel dusi | aohoones.
osadest: RFID lugemi sseade, RFID markerid mi
Asukoha informatsiook i r j ut at akse mar ker.i ma&| ual asse. T
RFID Ilugemi smoodul koos antenni ja mikrokont

kindl aksm22ratud teid pidevalt kogudes ja uu

kirjutatud markeritesse.

Paki andmed on lisatud andmebaasi koos RFID asukohainfoga, mis aitab leida pakki kui seda

on vaja va@l]j)ja saat a. Paki infot on v»imal ik
andmebaasi mahtu uuele infole. Apkas&kihbasi st
| aohoones see s22stab paki | ei dmi seks kul uva
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T°©°s on kasutatud kahte | 2henemi st cheks | a

arenduspl atvormi, kus | uuakse mremkreldudsens asuko
eespool ni metatud. Kui gi on palju asju, mida
Maj andusl i kus m»ttes on see ¢(¢ks odavamaid | a

jooksva kuluga.

Kasutusmugavuse seiesmudkuwshtal mi tome lv »vimadiilk e dass
v»imali kuks edasiarenduseks on h22a]juhtimise
sihtpunkti wvalikuks kasutades k&2edvabad sg¢st
navigeerimine haa] juhisajeapbhomrdonens spaliihmit a
kiiremaks ja efektiivsemaks.
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SUMMARY

Indoor positioning system (IPS) for a warehouse which works a dual purpose of IPS along
with a logistic entry to reduce the time takertrack the needed package is a neati@hour

for warehouse logistic operations. Such kind of technology is gaining the implementation day
by day because of the money saved in terms of time that occurs due to the misplacement or
wrong retrieval of a package which increases the work cycl&éamdling time for the

warehouse. With more technologies coming into work in sync with each other, there is a

drastic decrease in the errors and increase in the reliability of the system.

This thesis worlhad a goal omaking an indoor positioning systameful for average
smartphone/PDA user for managing logistics in the warehouse by understanding the issues of
the already existing technologies and their drawbacks in functionalitiz the increase in

the reliability over the few years and with the irsstin of smartphones along with it, the

drawbacks of functionality has come down to a minimum.

In this thesis work we try to use as less possible radio signals tolmakdcattering of
signals in the warehouse and other noises that gets induced thee passive RFID tags as

location markers.

The system includes basic parts, i.e. RFID reader module, RFID tags with a capability of read,
write and lock, Arduino microcontroller and a smartphone/PDA device. The location
information is written on the tagsd then they are locked to avoid any location errors that

can occur while in use. The RFID reader module along with the antenna and the
microcontroller are satp on the forklift which continuously gets the location data as it passes

over the preset pathver the RFID tags.

The package data is added to the database along with the RFID location which helps in
finding the preferred package when it is needed to be dispatched. Upon dispatch the package
data can be deleted thus making room for new datafeedhe for the next package. From the
database it is very easy to find the location of the package when it is needed to be collected
for dispatching purpose, thus saving on the time wasted in finding the package in the

warehouse.
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The work is divided intawo solutions, one that uses android development to create an
application which serves the purpose of IPS and the other system which is explain above. This
system has a lot of potential along with a lot to be done in future to improve its functionality.
This system has a very good financial factor backing it up as it is one of the cheapest system

to implement with almost zero running costs.

The application could be extended in sever al
could implementoice control, letting the user choose a destination by voice commands.
Also, it could use audio feedback, telling the user where it is heading, what the next move is

and when it has reached its destination.

58



FUTURE WORK AND IMPROVEMENTS

The future forsuch kind of application holds a wide scope in terms of precision and ease of
use. First of all I would like to mention the possibility of having a better readable distance for
the RFID tags. Currently the readable distance for the passive RFID tagsaisddhe reader
should be within a very close proximity of the tag to be able to read the tag. With the help of

better antennas and tags the distance can be increased.

Secondly, the other major factor that should be looked upon in near future shdwd be t

ability to communicate the different tags at once i.e. the ability to read multiple tags at once
and using trilateration methad be able to make the precision of the system be better. Along
with it the possibility to add the orientation of the vehigtach would provide the

information about the direction of the movement of the vehicle enabling the different vehicles
to interact with each other. The interaction of various vehicles would make it possible to have
a smooth flow of traffic inside the staye yard thus helping in reducing the ideal time on

floor.

Another improvement that we can add on is the use of RFID tag in form of nails instead of the
ones using in the experiment which were stick on. Currently there are unique RFID tag nails
availablewhich are used for pallet tracking. The reason these nails are not effective in our
case is that they are too fragile to be used on the concrete floor of the warehouse, they can be
hammered into the wooden pallets but not to the floor. Another reasolpeifig non

effective is that the signal strength reduces due to the high density of concrete, it is only

effective for less dense materials like wood.
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7. APPENDICES

Appendix 1

package net.example.android.NFCTool;
import android.app.Activity;

import android.nfc.NfcAdapter;

import android.os.Bundle;

import android.widget. TextView;

import android.widget.Toast;

/*

Activity for reading data from an NFC Tag.
*/

public class MainActivity extends Activity {

public static final String TAG = "NFCTool";

private TextView mTextView;

private NfcAdapter mNfcAdapter;

@Override

protected void onCreate(Bundle savedinstanceState) {
superonCreate(savedinstanceState);
setContentView(R.layout.activity _main);

mTextView = (TextView) findViewByld(R.id.textView_explanation);

mNfcAdapter = NfcAdapter.getDefaultAdapter(this);
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if (mNfcAdapter == null) {
Toast.makeText(this, "This device doesn't support NFC.",
Toast.LENGTH_LONG).show();
finish();

return;

if !'mNfcAdapter.isEnabled()) {
mTextView.setText("NFC is disabled.");
} else {

mTextView.setText(R.string.explanation);

handlelntent(getintent());

private void handlelntent(Intent intent) {
// TODO: handle Intent
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Appendix 3

#include SoftwareSerial.h>
SoftwareSerial RFID(2, 3); // RX and TX

inti;

void setup()

{
RFID.begin(9600); // start serial to RFID reader

Serial.begin(9600); // start serial to PC
}

void loop()
{
if (RFID.available() > 0)
{
i = RFID.read();
Serial.print(i, DEC);
Serial.print(" ");
}
}
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Appendix 4

#include <SoftwareSerial.h>
SoftwareSerial RFID(2, 3); // RX and TX

int datal = 0;
int ok =-1;
int yes = 13;

int no = 12;

I use first sketch ilppendix 3to get tag numbers

int tag1[14] = {2,52,48,48,48,56,54,66,49,52,70,51,56//B)ypothetical tag ID 1
int tag2[14] = {2,52,48,48,48,56,54,67,54,54,66,54,66/Bypothetical tag ID 2
int newtag[14] ={ 0,0,0,0,0,0,0,0,0,0,0,0,0,0}; // used for read comparisons

void setup()

{
RFID.begin(9600); // start serial to RFID reader
Serial.begin(9600); // start serial to PC
pinMode(yes, OUTPUT); // for status LEDs
pinMode(no, OUTPUT);

}

boolean comparetag(int aa[14], int bb[14])

{
boolean ff = false;
int fg = 0;
for (intcc =0 ; cc < 14 ; cc++)
{
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if (aa[cc] == bb[cc])
{
fg++;
}
}
if (fg == 14)
{
ff = true;
}

return ff;

}

void checkmytags() // compares each tag against the tag just read
{
ok = 0; // this variable helps decisiomaking,
/I if it is 1 we have a match, zero is a read but no match,
/[ -1 is no read attempt made
if (comparetag(newtag, tagl) == true)
{
ok++;
}
if (comparetag(newtag, tag2) == true)
{
ok++;
}
}

void readTags()

{
ok =-1;

if (RFID.available() > 0)
{

/] read tag numbers
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delay(100); // needed to allow time for the data to come in from the serial buffer.

for (intz=0;z<14; z++) // read the rest of the tag
{

datal = RFID.read();

newtag[z] = déal;

}
RFID.flush(); // stops multiple reads

checkmytags();
}

/l now do something based on tag type
if (ok > 0) // if we had a match
{
Serial.printin('Location A1'); // Hypothetical location that | used for a place and named it
Al for the example
digitalWrite(yes, HIGH);
delay(1000);
digitalWrite(yes, LOW);

ok =-1;
}
else if (ok == 0) // if we didn't have a matidr a location
{

Serial.printin("Unknown locatiofy); // In case if we do not find a location registered to that
tag, and should have a notification to tell about the unknown location

digitalWrite(no, HIGH);

delay(1000);

digitalWrite(no, LOW);

ok =-1;
}
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void loop()

{
readTags();

}
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Appendix 5

Technical specification sheet:
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