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1 Introduction

Wireless technology is used in our everyday lives. It can be used for tracking objects within an enclosed
area. A popular wiless technology is RFID, which uses radio waves to exchange data between readers
and electronic tags that are attached to any object. Xbee is another wireless technology that uses radio
frequencies to transfer serial data. Most RF tracking systems raioly whether the tagged object is in

a specific area, for this project the RF system will locate the exact position of a tagged object indoors.
Making a system convenient, easy to use and accurate are the general requirements. The device
components, suchs the readers and the electronic tags are small, which makes the system convenient.
User friendliness will come from the RFID detection device, which will allow the user to scan a card to
find the object they are looking for. Detecting the tag withiméter of the actual location is the

accuracy is expected the indoor positioning system produce.

The Technical requirements consist of power, tracking, and time. The expected life time of the will be at
least one year off battery power. The system ddalso be able to hold and track at least 10 tags. The
last technical requirement is the system will provide riéiale direction and distance to the user. The
marketing requirements consist of an estimated cost of $1000, which includes four readevsand

tags.

The final design review shows the progress of our work through the past year. Xbees and Arduinos are
integrated together using trilateration shows how the system will find the location of the object. This
review will also show how the RFIDtggtion device is integrated into the system. Next, the battery

power indicator is created to make the power last at least a year for each tag. The graphical user
interface is also implemented into the system to show the user where the object is loch#sts and

results for each of the systems are explained in detail through this review.



2 Hardware

2.1 Xbee Specifications:

The Xbee, or Zigbee, RF module is an embedded solution that provides wireless connectivity between
devices. The modules use thgnesh networking protocol for peer to peer networking using 2.4GHz
or 900Mhz frequency bands. The Xbee is connected to an Arduino (ATmega microcontroller) that
contains the programming on nerolatile memory. An Xbee mesh network can transfer data ate r

of 250kb/s at a range of up to 100 feet indoors. The Xbee module also has lower power consumption
than the competing peeto-peer communication technologies, such as Bluetooth andFMWThe Xbee

has a consumption of 30mA while transmitting antA3atrest while the similar Bluetooth device
consumes 40mA transmitting and 0.2mA while at rest. The reason for this difference in power
consumption is the fact that Xbee system stays in sleep mode, like active RFID tags, most of the time.
Bluetooth devices muslways be transmitting or receiving and-YAlidevices are designed for high

power devices and not suitable for lobgrm battery life. The XBees in use at the conclusion of this
project were using IEEE 802.15.4 (Series 1) networking protocol and dlstechan RPSMA connector

for use with the Titanis antenna.

Figure 1 Xbee Module
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Figure 2 Mechanical Drawing of RPSMA XBee



2.2 Arduino Specifications

2.2.1 Arduino Uno

The Arduino Uno is a microcontroller board based on the ATmega328. The boarmhsdwtaigital

input/output pins, 6 analog inputs, a 16 MHz oscillator, a USB connection for serial data communication,
and a power jack. The Arduino Uno board will be used for the host computer connection and used for
readers, or the locater nodes. Foretluno connected to the host computer, it will be able to

communicate with the computer, which includes transferring data from the Arduino and uploading code

to the Arduino, and powered using the USB connection. For the Uno used as locaters, power will

supgdied by an AC to DC converted. The board contains 31.5 KB of usable Flash memory, 2 KB of SRAM, 1
KB of EEPROM.

To simplify the connection to an Xbee module, the Arduino Uno will use an XBee shield to interface. The
shield connects the serial pins (DIN &@UT) of the Xbee to the serial pins (DO, D1) of the Arduino or

to any digital pins. The board has antorard regulator that takes 5V from the Arduino and regulates to
3.3VDC before being supplied to the XBee. The shield will also take care of I¢ingj shithe DIN pin

of the XBee. The shield also includes LEDs to indicate power and activity on the DIN, DOUT, RSSI, and
DIO5 pins of the XBee.

Figure 3 Arduino Uno



2.2.2 Arduino Fio

The Arduino Fio is a microcontroller board based on the ATB®8Fa The board is designed to

interface with an XBee module. It includes 14 digital input/output pins, 8 analog inputs, 8 MHz oscillator
and an onrboard resonator. The power is provided either by USB connected or by a Lithium Polymer
battery. There is atsan onboard battery charger to charge the battery over a USB connection. A user
can upload code with an FTDI cable or wirelessly through a modifiedo)8ie adaptor such as XBee
Explorer USB. The input voltage for operation is 3@%2V. The input vtage to charge a lithium

polymer battery is 3.% 7V.

+ - 5U -
Sparkfun.comy, '
.

Figure 4 Arduino Fio

2.2.3 Arduino Mega

The Arduino Mega is a microcontroller board based onAfienegal28dt has 54 digital input/output
pins (of which 14 can be used as PWM outputs), 16 anapngs, 4UARTghardware serial ports), a
16 MHzcrystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button.
TheATmegal28bas 128 KB of flash memory for storing code (of which 4 KB is used for the
bootloader), 8 KB of SRAMd#A KB of EEPRONIheATmegal28@rovides four hardwar& ARTs$or
TTL (5V) serial communication.

Arduino MEGA

wuwu.arduino.cc

Figure 5 Arduino Mega



2.3 XBee Shield

The XBee shield allows for an Arduino board to communicate wirelessly using XBee modules, series 1 or
series2. Thae KASf R OoNBIl 1a 2dzi SFOK 2F GKS - .S8S8SQa LAya
be soldered in this solder pad to simplify interfacing the Arduino with external hardware. The serial pins
of the XBee are connected through an SPDT switch, wh@lisathe user to select a connection

between the DIN and DOUT of the XBee to either the UART pins, DO and D1, or any digital pins, D2 and
D3 by default. Power is supplied to the XBee by taking voltage from the 5V pin on the Arduino and
regulating it to 33 VDC and fed into the XBee Vcc pin. The shield also takes care of level shifting on the
DIN pin of the XBee. The shield also includes LEDs to indicate power and activity on the data pins, rssi
pin and DIO5 pin of the XBee.

Figure 7 XBee Shield Eagle Schematic
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3. Trilateration

3.1 Introduction to Trilateration

To locate an object that is in the fieddsystem was createtthat uses radio frequency signalEhe

strength of the radio frequency signal is measubetiveen the tagged object and the readethat are
stationed in the field. Once the signal strength is gathered, it can be converted into a distance using the
distance formula which will be explained in further detail later in this report. When the distérases

been calculated they are plugged into a system on quadratic equations called trilateration. Using
trilateration makes it is possible to find the tagged object on the XY plane and it will also allow us to find
the z axis of the object as well. Thene two types of trilateration, the first one is2 trilateration,

which only allows you to find a tagged object on the XY plane and then there is 3D trilateration. 3D
trilateration allows you to find a tagged object on theYXand Z coordinate system.

3.2 Trilateration in 2D

For the indoor location systerD trilateration is usedd find a tagged object that is located on a
surface, which will be on an XY plan€he location of three readers has to be known along with the
distances between the readeend the unknown tagged object for 2D trilateration to work correctly.
Onecan visudize this by looking at figure (xhyherethe red dot in the center has amknownlocation.
The red dot will represent the location of the object that is being seardbed The reference nodes
also known as the readerare labeled 4 A, andAg, the distances between the reference nodes and
the tagged node are labeled,dd and . The intersection between all three nodes is the location of
our unknown tag.

Eachtag and reader will consist of a transceiver and an antenna. The tag transmits a signal and the
signal strength, also known as RSSI (Received Signal Strength Indication) is measured between the tag
and the stationed readers. The signal strength can beeded into distance, which gives us the three
known distances that are needed for trilateration. The downsideuiing signal strength is that the
calculated distanceavill not always have the exact distance between the reader and the tagged object.
Thereason for this is because the signal strength coming from the tag could be interfered with other
signal frequencies, room temperature, humidity, construction within a building and metal interference.
The equation converting signal strength to distanes ®e tuned for some of the parameters listed
below, but there are some things that cannot be controlled, therefore with every distance that is
calculated there will be a small error.

Once the distance is calculated, trilateration will be used to firedgbsition of the tagged object. The
way 2D trilateration works is shown below. In the following equations Xi and Yi represent the position
of Ai (readers), wher@® pitfv.

11
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Figure 8 Trilateration in 2D

O o ® o 0 OR 6 &PQE &
® o ® o 0 OR 6 H&'QE &
O o ® 6 0 OR 6 &&'QE &

To simplify this system of quadratic equations, equaBamill be substituted into equation land2,
which will leave two linear equations.

Cw Ww ¢w ww Q Q W W W W on o6 waQé ¢

CO Ww ¢w ww Q Q W W W OnoéwwQet ¢

The X and Y coordinatesediound by solving equation 4 and equatiodZ A Y3 / NI YSNX A NMz S ¢

Q Q 0w 0 Cw o
. Q 0Q 0w W w W CWw
W - - ; ; Oon o wapQce ¢
Cw Cw
Cw Cw
Cw o Q Q 0w 0w
() s On o wyQce ¢
Cw Cw
Cw Cw
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Equations @&nd 7will be solved using Btlab. The simulation will be shown in the section called
Trilateration Simulation Resul(Section 3.7)

3.3 Trilateration in 3D

A(Xz Var 22)
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Figure 9: Trilateration in 3D

Originally the indoor positioning system was supposed to find an object within a warehowét this

in mind, it wagaken into consideration that there are items elevated idhfk LJ I OSR G K[ {
orreached. To do thjs 3D systenis neededhat will have a Z component along with the X and Y
components. As you can sedigure 9, there is a fourth reader. This fourth reader gives us an extra
component; therefore linear algebra can be used to find the height of the tagged object. The 3D
trilateration quadratic equations are similar to the 2D trilateration quadratic equati@iso, because

of the quadratic equations every reader can be at a different height. The equations for 3D trilateration

are as follows:

0w w W W a a Q 0on o6 waQe &

W ® W W a a Q OnR 6 OWwQE ¢

W W W a a Q Oon o6 wp@e &

W W W a a Q Oon o6 wpQE ¢

The above equations can be simplified into 3 linear equations.

CO O CWw WO ¢ aa Q Q ®» o W a a Orp ¢
CO WO CH OO cd aa Q Q o o o ® o & Orp o
CO OO CWw W ¢d aa Q Q O o 0 a a Op 1
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Now, the X,Y and Z component® &und by solving equations 11,12, anddi& A y 3 / NI} YSNIR &

Q Q 0w 0w W a a Cw o ¢a a
Q Q W 0w a a COw W ¢a o
. Q Q 0w 0 W a a 0w W a aq
@ ; : — ,C, S On o6 was ¢
CO ® (W ® ¢a &
CO ® O ® ¢a a
CO ® ¢ W ¢a a
Cw o Q Q [ 0w a a C a
Cw o Q Q 0w [ a a C a
®w ® Q Q W ® () a a a
w S - . ; ; ; ; S Onowepet ¢
Co ® (W ® ¢a a
C® ® (W ® ¢a a
GO ® (W W ¢a a
Cw ®W CW o Q Q 0w [ a a
Cw ®W C0W W Q Q 0w ® [ ) a a
" 0w 0w W Q 0 0w 0w W a a
w S G : - - - ; ; ON o6 weQe ¢
C® ® (W ® c¢a &
COw o (W W ¢a «q
COw o (W O ¢a «q

Both 2D and 3D trilateration have its pros and cons. Adding an extra reader to tiwe svidl increase
the accuracy of the location of the tagged objact2D However in 3D trilataration, the fourth reader is
needed for the extra unknowna@mponent. 3D trilateration will also be less accurate and more
complex than 2D trilaterationThemore complex the system;ithe longer the computational time will
be, which is anotheadvantage that 2D trilateration has over 3D trilateration. But there is a way to
execute a 3D system by expanding 2D trilateration and this system is called CObAyiWbi
explained in further detail ia section calle€COLA (Complexity Reduced 3D Trilateration Localization
Approach)Section 3.5)

14

NIzt



3.4 Matlab code for Trilateration in 2D and 3D

The 2D trilateratioMatlab code has to have two different Matldiles for it to work correctly. One file

is the actual trilateration code, which is called two_tri.m and is locaté&pipendixB, the other Matlab

file stores the distances between the node we are searching for and the known readers locations. The
file that stores the reader coordinates and distances will be called Test2D.m and is locAfgueimdix

B. The Test2D file has to have the known locations of the three readers and the node with the unknown
location. The location of the reader will be manually imto the host computer by the user when the
system is set up. However, the three distances will be fédatab by the Arduinoconnected to the

host computer. Thérduinois converting the RSSI signal into distance and sendind/iatiab through

the serial port. Both Matlab fileshare information with each other, so, therefore once all the X and Y
components of the readers as well as the distances are known, the X and Y component of the unknown
node can be found using the two_tri.m file. When firegram is done executing a screen will be
displayed with three circles, one around each reader node, intersecting at the location of the unknown
node.

TheMatlab code for 3D Trilateration is very similar to the MATAB code for 2D trilateration. Yoe€an s
the 3D trilateration code il\ppendixB, and see how much larger and complex it is compared to the 2D
trilateration code. This is why the 3D trilateration computational time is exponentially larger than the
2D trilateration computational time. Also yawill notice in the simulations that there are circles around
each reader node in 2D trilateration and where those circles intersect is where the unknown object is

f 20 SR o6dzi F2NJ o5 GNRARTIFGSNI GAZ2Y OKiSeaskods y 2
spheres instead of circles and since we were under time constraints we decided to put a dot where the
unknown obiject is located. Other than the computational time and the extra component, the basic idea
of the 3D trilateration code anthe 2D trilateration code is the same. F® 8ilateration there are two
Matlab files, one Matlalfile stores the distances between the node that is being searched for along with
the known reader nodes, and thidatlab file can be seen iAppendixB, the other Matlabfile was

mentioned before and it has the actual 3D trilateration code. The simulation for both the 2D and 3D
trilateration are located in the section call@dilateration Simulation Resul(Section 3.7.1 and 3.7.2)
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3.5 COLA (Complexity Reduced 3D Trilateration Localization Approach):

A1(X1.Y1.21) 4

A3 (x,y1,71) :

a

A(xy,y1.h) l

Figure 10: COLA 2D diagram
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Figure 11: COLA 3D diagram

As mentioned before inthe sectid@3,/ h[ ! OFy 06S dzAaASR F2NJ o5 | LJLX AOF dA
is much shorter than the traditional 3D trilateration, but COLA is much more expensive. Thewégson

it is more expensive is because three additional readers have to exist at the same XY axis as the original

3 readers, but have to be at an elevated location. This is the ideal method for tracking a tagged object

indoors due to the fact that it is §8ercent more accurate than trilateration in 3D, the more readers, the

more accurate the system will be. To find the height using COLA, complex algebra will be used and is

shown below. To make this process easier to understand,figitee 10and dissecttiinto 3 parts. To

show how tofind the height the readers at@ will be considered
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Q
O QAI-O & a On 6 &P &
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Using equatior20, co$ can be solved for and gives the following equation:

- . . Q Q a a
Al-O - —— OonowxQe ¢
¢cag o Q

The height equation is the following:

MW q W a q ON o @ae ¢
where
O a a QAT-O a a a On 6 O&@ReE ¢
w Qo a Q - — Oon o waxQe ¢
ca aQ

Substituting equabn 23 into 22gives us the height of the tagged object:

e . Q Q9 a a
MW a - - ONnowxQs ¢
ca a

To find the distance , which is the distance between the taggedeatt and the XY coordinate of the
readers is as follows,

i Qp AI-O 0n o6 waRE €

Substituting equation 201 for'Q and equation 21n for A T -@he distance can be calculated with the
formula below

. Q Q ¢&d a Q ¢ a Q cQQ a a
i OoNowxQe ¢
Ta o

The last step of COLA is performing 2D trilaieratising the distances Y between the tagged object
and the reference readers.
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3.6 Matlab Code for COLA

The COLMatlab code has two Matlaliiles. One Matlalfile is used for finding distance between the
known realer and the unknown tag, this Matldle is called COLA.m and can be foundpendix B

The other Matlalfile is used for finding hght of the unknown tag, this Matlafile is called

Cola_Height.m and can be foundAppendixB. You can see that this code is less complex than the
traditional 3D trilateration code and this means that the COLA computation time is much faster. The
location of the unknown tag will be known so we can find the distances between the readers and the
tagged object. But when the whole Indoor positioning systeset up the distances will be known from
the RSSI signal strength conversion coming fromAttdelina  Once the distances between the readers
and the tags are known, the distance between the XY coordinate of the reader and the unknown tag will
be knownby using COLA.m. Once the distances between the readers XY coordinate and the unknown
tags are known then the two_tri.m file will be run to find the XY coordinate of the unknown tag. The
height of the object will be found using the Cola_Height.m file iamvill take the data from the COLA.m

file to solve for height. Once the height is found it will be stored as a variable. After the program has
been completed, the location of the object will be displayed to the screen. The simulation results of
COLAwill be shown in the section calldtilateration Simulation ResujtSection 3.7.3

3.7 Trilateration Simulation Results

3.7.1 Simulation for 2D Trilateration

Location of Reader 127, 2]
Location of Reader 2: [2, 1]
Location of Reader 3:1],-2]
Locaton of Unknown Tag: [1, 1]

In figure 12each red dot symbolized one reader and the location of the unknown tag is located where
all three circles intersect.

< Figure 1 =] =3

File=  Edit  Wiew Insert Tools Deskbop  Window Help
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L = T I I

Figure 12: Simulation for 2D Trilateration
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3.7.2 Simulation for 3D Trilateration

Location of Reader 14, 2, 2]
Location of Reader 2: [2, -1]
Location of Reader 3:1},-2, 2]
Location of Reader 4: [3, 3, 3]
Location of Unknown Tag: [0, 0, 0]

For 3D trilateration, refer téigure 13. Each outer dot symbolized a reader. The location of the object is
not shown with the intersection of sgnes, but it is shown by a dot within the outer dots. Alsote
that the readers are at different heights and the system still works correctly.

wd o LA e o N ow

Figure 13: Simulation for 3D Trilateration

3.7.3 Simulation for COLA

Location of Lower Reader 12[ 2, 2]
Location of Lower Reader 2: [1, 1, 2]
Location of Lower Reader 33| 0, 2]
Location of High Reader 12[ 2, 4]
Location of High Reader 2: [1, 1, 4]
Location of High Reader 33[ 0, 4]
Location of Unknown Tag: [4, 5, 1]

For the COLA simulatiprefer to figure 14 Each red dot symbolizageader. Again, we are not able to

use spheres to show the location of thelumown tag because this is in 3Derefore, we show the
location of the unknown tag with a black dot.
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Figure 14: Simulation for COLA

3.8 Reader Stands for Trilateration

The reader stands were built origilty for COA, as you can see in figure,1Bere is available space for

a lower reader and a higher reader on each of the three stands. The original design was only about 2ft
high. The reasofor this desigris because for COltflateration, as long athere are two different

readers at two different elevations and have the same XY coordinate, height of the unknown tag can be
found. With that in mind, the more compact the system is the more convenient it would be while we
were demonstrating the indogpositioning system. Although it would be more convenient to have
smaller stands, every time we tested the signal strength with the readers close to the ground the signal
strength was inconsistent and weak. After doing some further research we rethlageitie ground is a
good reflector of electromagnetic radiation. With the understanding that the earth could have possibl
been reflecting our signal, it was decided to build siends at approximately 5ft high. The height of

these stands is wherdné lower readers will be. IEOLArilateration was to be testedhe stands would

have to be extendetb approximately 9 to 10 ft high for it to work properly.

Figurel5: All Three Trilateration Stands Figure 16: Trilateration Stand20



3.9 Trilateration Conclusion

Using trilateration was auccess in this project and the actual testing anabfswill be shown in detail

later in this report. Although trilateration does not give us the exact location of the object in the actual

field, it does get the user in very close proximity. Throughbistsemester we were not able to get the

COLA working in the indoor positioning system due to time constraints, but the 2D trilateration is

working better than expected. We hope another group can compound on our studies and hard work to

make COLA a sugss for the indoor positioning system. As | mentioned before, COLA is the ideal way to
f20LG6S Iy 202S000o LGQa 2dzad | aeadsSy GKIFG dzasSa w
also used six readers, which makes it much more acctiatethe traditional 2D and 3D trilateration.

4 RFID Detection Device

4.1 Introduction to the RFID Detection Device

The detection device was created to make the Indoor positioning system much more uselyfridhe

projecthad to keep in mind that not Bbeopleusing our system wiave computer skills and may not

have any type of technical backgrouniistead ofa usertyping in the dject that they want to findpne

could use an RFID reader with RFID cards to bring up the location of a taggedTdtgdusic idea

behind the detection device is, for every item that is tagged in the field, it will have a RF card that is

linked to it. Each RFID card has a unique 12 digit hex number. For exampl2 cduRF1 =

4500B8E95541ve can link Box #1 to RF-card #1 by referencing Box #1 with the same unique 12 digit

ID in our database For this system to work correctlyt will need RFID cards, an1R2 detection chip,

and anArduinoUno. The datasheet for the D2 chip is listed idppendixA. Therewere several issues

that came up while building the device. The first one tihat will be discussed figuring out the

unique ID for each RF card, the second challenge to overcome was sending the unighatialico

the host computer would know whicobjeO i G KS dza SNJ A & f &nal thaliérige vila® NI ¢ KS
YFE{Ay3 GKS a2adadSYy 4KSNB YdzZ GALX S dzyAljdzS L5Qa I NB
each card and find each item in the system.

4.2 RF Card 12 DigitUnique ID

Finding out the 12 digit unigue ID was an unexpeatédllenge for this semester. It wassumed that

GKS YIydzF OGdzNBENJ 62dz2f R 3IA DS  dpen.(Ti Solvé this pfodledd, t&el OK O
ID-12 chipwasconnectedto an Arduino as shown in@ure 17 The Arduino bo can transmit serial data

using the TX pin and receive serial data using the RX pin, due to the built in serial communication library

Pin 9, also known as the datgih of the 1B12 chip will output at 9600 baud serial everyrie it readsa

card being scanned. The ddlgin isconnected to the RX pin of theduino and the RF cdrdata will

be stored intothe NRdzA Y2 Q& MHy 080S aSNRAIf NBOSADS 0dzFFSNO
buffer, the next goal is to displato the screen.

To program the Aduino to display to the screen, we used the serial libthat is already built into the
Arduino. There are some key functions that are used in the program and they are listed below.

9 Serial.begin(), opens the serialrpand sets the data rate at some value of bits per second, for
the serial data transmission.
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1 Serial.read(), tells thArduinoto read the incoming serial data.
1 Serial.avaliable(), checks to see if there is any data in the 128 byte serial buffer
9 Serial.pint(), prints the data to the screen as a human readable ASCII character

The code that was used to find the 12 digit unique ID for the RFID cards is lisygeeindixC. The code

is written to open the seal port of the Arduino do and set the outputate at 9600 bps. Next, the code
will check to see if there is data in the serial receive buffer. If nothing is returned at this point the RFID
card was not detected and it will need to be rescanned. Otherwise, if it returns the number of bytes
available the unique ID number will be read and printed out to the screen.

Innovations

Figure 17: IEL2/Arduino circuit connection for Detection Device

4.3 Testing/Results for Finding 12 Digit Unique ID

The initial test with the circuit configuration in figure X10 and the original code, fallefirst,
troubleshooting started vih the ID12 chip. To test the chip we connected a resistat a LED light to

PIN 5 of the Arduinoib. A simple code was written to set pin 5 to a high voltage when a RFID card is
detected. The experiment was tested and when the RFID card was sdaereelD would come on 50
percent of the time and stay off 50 percent of the timEhis led to the conclusion of a bad connection
within the breakout board or breadboard. With that in mintde ID12 chipwas takeroff the brealout

board and soldered thelRS of the IEL2 chip directly to the wes that are connected to the Arduino

Uno. Then we executed the test again and the LED light came on every time the RFID card was scanned.
The conclusion from this test was that the1R chip had good connectiom®w; therefore, he original
code was then uploaded to therduino. The originaéxperiment was tested once again and when the
RFID card was scanned the 12 digit unique ID was displayed on the screen as dlipwa 18 This
allowed the grougo moveforward with theproject knowing the ID number that will link the RFID card
to the tag that is out in the field.
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Figure 18: Display of Unique ID

4.5 Sending 12 Digit Unique ID to Host Computer

Sincethe ID for each RF card is kngwdatabase is madeithin the Matlab program and his will allow

us to run a comparison to know which tagged object the user is looking gt digt unique IDmust be
sentto Matlab from the Aduino Uno through the serial portor comparison of tags in the database

The newer versions dflatlab are cgable of receiving and sending serial data using the communications
port on a computer. For the 12 digit unique ID to be sent serially, eparmmte codes were written; an
Arduino code and Matlab code. Both codes are shownAppendixCand B respectivdy.

For the Aduino code, additional code was addedthe code that was written to display the ID number

on to the screen. Instead ofgtilaying it on to the screen, it is sentthe Matlab program. This is done

by taking the ID number that is storedlthe buffer and sent it through the communications port one

oedsS 4 + GAYSO CKS NBIYE2 W 40 &S OX WAB & Kefolis QAYy $ Kd &
programmed to do internally. For thdatlab code, Aduino COM port is openeds a file whik allows

the Matlab program to receive the data coming from the communications port. Nlagtab code is

written to receive the 12 digiD one byte at a time since theduino is sending it at that rate. 1bth

the Matlab program and the Aluino programare not sending and receiving the data at the same rate, it

will not be effective. The proof that these two codes work together is shown belofiguhe

18 located in the previous sectionne can see the unique ID (4500BE9285&@)the 12 digit uniquéD

in Figurel9are the same.The uniqudD is sent tdViatlab from the Aduino as a string of characters.
CKSNBET2NE 6KSyYy (KS dzyAlj di8atldbBabasel thel ard StoBEaNStrivigsS R A Y
This allowghe userto write a string compason code to find the tagged object that the user is looking

T2 N b2¢ GKI G {KMRatlatzyfe sydasn idble @ dompathend 8 g/kinow tivBich

object the user is looking for.
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Figure 19: Display of Unique stored in Matlab

4.6 Detection Device Conclusion

The detection device isewy simple to use. Once the user knows which object he/she wants to locate all
they have to do is select the RFID card that is linked to that specific object. The card will be scanned by
the ID12 chip which is on the host computer box. After the carscanned a graphical user interface

will be displayed with the location of the objecAs you can see in figure 20, thel®chip is mounted

2y GKS 2dziaARS 2F (KS K2ad 02YLMziSND& 62E F2NJ S| a
readers, tle host computeR Arduino(the ArduinoMEGA) and the HD2 detection device. Although,
there were some difficulties with finding the unique ID numbers and sending that datatiab, the
challenges were overcome and the system was successfully completed.

Figure 20: Host Computer Box
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5 Batteries

5.1 Technical Specifications of batteries

The battery used in the design will be a lithimm polymer (L-poly) battery due to its high density, long

life cycles, and its ability to be thin. A typicabpbly battery is essentially cossed of three parts or
layers: the negative electrode, separator, and the positive electrode. The negative electrode consists of
either LiCo@or LiMnO,. The typical reaction for the negative electrode ig CoQ + xLi" + xe® lp)

LiCoQ. The separator ia conducting polymer electrolytthat performs Li+ conductio The positive
electrode is constructed with a Li or carbbhnintercalation (the reversible inclusion of a molecule or
groups between two other molecules or groups) compound. The typical ogadt the positive
electrode is LM / xLi't- xe". Once each of the layers is constructed, an aluminum or laminate casing
is used to encase the full battery. Each of the layers is extremely thin and thus gives the battery its small
and unique shapes. Figure 8lhows a crossection of a_ipoly battery and how each of the constructed
layers is built upon each othefable lalso shows the advantages and disadvantages of a litioam
polymer battery.

@® Cross section

@ Casing / Aluminum laminate film —_

@ Positive electrode collector
@ Positive electrode

0 Gel type electrolyte

® Separator

® Negative electrode

/
® Negative electrode collector 2

Figure21: Cross Section of Lithiuian polymer battery.

Tablel: Advantages and disadrtages of lithiurAon polymer battery.

Advantages Disadvantages
High energy density. Ageing on storage or use.
No memory effect. Protection circuit recommended.
Low seldischarge. Limited rate capability at low temperatures.

The design and size arasy and flexible. | Generally the highest cost but much cheaper recent

Long life cycles (more than 1000 cycles). | Some safety issues (Flammable).

The lamination structure of electrode and
electrolyte has high reliability for impact
and vibration.
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The selected battery for this design is the Polymer Lithium lon Battery SKUO82B3J from
http:/iwww.sparkfun.com/products/8483 The battery has 2000mAh (milliamp hours) and is extremely
light with a weight of 36g (1.270z.). The average battery size agtdbur quarters in a 2x2 matrix
configuration for reference with an actual dimension of 0.25x2.1x2.1" (5.8x54x54mm). The battery is
extremely thin and lightweight and would provide the needed power for our design and the flexibility to
be put in small cofined spaces in order to designettmost economic tags. Figure 82ows a picture of

the battery that will be used in the design.

Figure22: Lithiumion polymer battery2000mAh

5.2 Battery Connectors

The Arduino Fio/XBee combination will work corre¢tiyough the standard in JST connector, with
2mm spacing between the pins, from the battery to the Arduino Fio board. The high energy density cells
are able to output 3.7v at 2000mAh with a discharge rate of fA2fischarge. The current tag system
requires only around 3:3.4v so the battery should be able to sustain the voltage with a little bit of head
room.

5.3 Battery Testing

Il OO2NRAY3 G2 GKS o0FddSNRARSAQ RPahdidyedpeaturesiofoK A 3 K
the battery performedeally well when the battery was initially charged and then discharged at a rate of
0.2GA. At normal room temperatures and humidity, the battery had no distortion or electrolyte leakage
for a discharge rate of 0.2& Temperature shock was also tested lwihe battery from-20°C for 2

hours to 50C for 2 hours repeating ten times and no electrolyte leakage was detected. This means that
the battery is able to sustain both high, low, and shock temperatures without any problems. Since our
position system is esigned for areas such as warehouses, extreme temperatures should generally not
be a problem. In case a situation does occur where extreme temperatures come into play, the battery
should not have any major issues. The mechanical performance was also kiokben determining
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the battery for our design. Vibrations were tested on a vibration table for 30 minutes and no influence

G2 GKS o0F0GSNASAQ St SOGNAROFE LISNF2NXIYyOS |yR | LWLIS
looked upon in case backup thexries were needed to be encased in the tags. Multiple collisions were
0§SaA0SR yR y2 AyTFTidsSyOS G2 GKS oFddSNASaQ St SO
Dropping the battery was also tested with random drops 10m in height onto concrete tauiitipes

with no explosion or fire.

5.4 Battery Safety

Safety of the user must also be taken into consideration when generally dealing with lithium batteries
since they can be very volatile and dangerous whecharged incorrectly or overheated. The dat
sheet showed a multitude of tests conducted to determine the safety of the battery in case any of the
situations should arise. The first situation was over charging the battery by sending a constant voltage of
4.8v with a constant current of 3& till it declined to 0. There were no explosions or fire. The second
situation was over discharge with a rate of G&Ccontinuously and no explosions or fires were
observed. A short circuit situation was also tested to see if it would cause any problems bobiens

were found. The next test was to add pressure to the battery of about 1kN and no fire or explosions
were also observed. Finally, the battery was subjected to thermal shock by being put into an oven and
the temperature was raised by°6 for every miate until it reached 12C and remained at that
temperature for 60 minutes. By looking at these tests, the battery seems to be a perfect fit for any types
of situations that may occur in a typical work area or warehouse. Therefore, it is safe to asstithe tha
battery should fit our and the users safety needs when dealing with power.

5.5 Battery Life

Once the safety requirements of the batteries were met, the amount of discharge that the battery
provides will need to be determined in order to determinesthours of battery life and the amount of
stress on the battery. Discharge rates must be taken into account since high discharge rates could
potentially shorted the lifespan and capacity of the battery. The battery must also not be discharged too
low or owr discharge. For-pioly batteries, the general range is to have the equipmentaftiait around
2.7-3.0v per cell. Anything lower than the given range of the voltage and the battery would be severely
damaged and potentially put in a permanent sleep medere even attempting to charge the battery
would not bring it back to a useable condition. Therefore, most battery manufactures will ship batteries
with around a 40% charge. In order to prevent to battery from reaching the state of no return, two
preventdive measures will be taken. The first will be discussed in the sections below by having a battery
indicator ping the user that the battery has reached a certain percentage and must be replaced. The
second measure is to shut the device off when a voltaig2. ov is reached which can be accomplished
through the Arduino Fio and programming code. Theoly battery PRT08403 for the indoor
positioning system design has a recommended average discharge rate @A (RR@ a maximum
discharge rate of 2.08 whichis acceptable because the maximum discharge that will be needed is
52.1mA (45mA from the Arduino Fio and 7.1mA from the Xbee in transmitting mode) which should help
to prolong the battery life as well as provide less stress for the battery.
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Once the didearge rates were determined from the tag design, the amount of hours that the battery
would be able to power the Arduino Fio and Xbee needed to be determined given the mAh that was
provided with the battery. The battery is able to provide a 2000mAh, burdter to determine the
amount of hours it would sustain; the amount of current will need to be determined. The best method
to this approach is to average the amount high and low current that the circuit will draw when the
Arduino Fio and the Xbee are imhsmitting and noftransmitting mode. The Arduino Fio will use 45mA
when transmitting at 8 MHz and <50uA in Powdewwn mode (Cyclic sleep). The Xbee will have an
average current of 7.1mA when it is turned on and an average current of 1.1UA in sleep fittodéRT
(Watch Dog Timer) disabled. Since our indoor positioning system uses a cyclic sleep method, each of the
tags will only be transmitting for 1.932s then they will return to sleep or pedieevn mode. The hours

that the batteries are able to supply Wile based on our cyclic sleep method and the set time for each
cycle. When the tags are not sleeping, they will be in idle mode in order to be ready to receive or send a
signal. Therefore, we must also calculate the idle current which is also 1.1uAefiémlgequation for
calculating current based on the cyclic method is:

8

Current=uv @ | !z gruppliz! +

8

(50mA) * +(.0511mA) Onf 6 O&'PE &

Once the total amount of current is found, the equation to determine hours based on mAh is:

Hours of battery life = Ono6 woa &

Exanple:

If we have a cyclic sleep cycle of 2 minutes with a total cycle of 10 minutes at a frequency of 4
MHz, the previous equations should help determine the amount of hours a 2000mAh battery will last.

8 8

Current=v @ i !z gruppliz! + (50mA) *8—+(.0511mA)*— On 6 woae &

Current = .255mA

Hours of battery life = On 6 OwQE ¢

Hours of battery life ¥853.59%hours(a little under one full year of battery life)

The life cycle of the battery will also need to be taken into consideration because if the battery can last
one year but only charge two times before it is rendered useless, it will cause a massive economic and
inconvenience to the consumer. It is alsoadhdea to run the battery down past a certain percentage

as that will reduce the life cycle of the battery. The best way to keep a high life cycle for the battery is to
do a partial discharge. Unfortunately, this would limit the amount of battery hoursvagld be able to
sustain. The threshold in which we would run the battery down would be 3.4v even though the batteries
own charge would hold until 2.7v. This is due to the Xbee and Arduino Fio needing at least 3.35v in order
to function correctly. Theref®, we also would not run the battery all the way down which would

28



increase the life cycle of the battery. For a partial discharge, {pelyi has an estimate of 860000 life
cycle charges. It is believed that if the battery is kept at 3.35v as theherdhold; the battery should
also be able to obtain a life cycle of around @O charges and be able to function close to one year.

5.6 Battery Storage

When storing the batteries for a long time, it is generally a good idea to store it with a padiglecko

that even with a selflischarge; the battery is able to maintain a good capacity and life. The best
environment for long time storage of the batteries would be a temperature of arourf€ 20ith a
humidity of 4585% and the battery charged to €0%in order to maintain the best quality and
increase the life cycle of the battery.

5.7 Lithium -ion Polyme r Recharging

Generally recharging a battery is done through a chemical reaction but in-plodylbatteries case it is

different. It is mainly the fiw of ion movement between anode and cathode. Thgoly battery is a

GOt Sty¢ aeaidSYy Ay GKIG AG 2yte G11Sa gKIG AdG OFry
stress on the batteryFigure 23hows the charge stages of a lithitian battery inwhich our design will

follow.

Voltage per cell
- Charge current
Stage 1 " Stage 2 , Stage3 Stage4
Constant current ! Saturation | Ready; Standby
charge : charge ] no current mode
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\ | |
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0.25 ‘ \\ rated cum?nt 1
\ ~
1 2 3
Time (h)
Stage 1 Stage 2 Stage 3 Stage 4
Voltage rises at Voltage peaks Charge Occasional
constant current current decreases terminates  topping charge

Figure23: Charge stages of a lithidion battery.

If too much stress or an overcharge occurs only battery; it could become unstable and catch on

fire. Fortunately the battery was already tested with over chargeb&dh and no explosions or fires

were detected. However, over charging could also cause damage to the cells which is why preventing
over charge is a large issue even if the battery does not catch on fire. The design will use the MAX1555
integrated circuit & shown irfigure 24
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Figure 24 Pin configuration and typical operating circuit of MAX 1555

The design will able to charge through USB (pin 1) or DC Source (Pin 4) and the Arduino Fio already have
this chip implemented into its design. The Arduino Bi@apable of using this integrated circuit in its
system in order to charge the battery and it will automatically select between a USB or DC source if both
are connected. The max current will be limited to 300mA using an external wall supply (3.7vt@o 7v)
prevent any problems that may occur. The RB#03 lipoly battery will charge at a constant current of

0.2C until the battery has reached 4.2vpc (the max voltage a cell can withstand before problems occur).

It will hold the voltage at 4.2v until the ahge of the current has dropped to around 10% of the initial
charge rate (30mA) which is also known as trickle charging.

5.8 Results

In the end, the Spark fun Lithision Polymer battery gave the best results and showed through
calculations that it was db to handle the load and abuse the system would put on the battery. It was
also very thin and mobile so it would make the tag much easier to move around and have a smaller form
factor. It would also be able to recharge very quickly using the Arduin@gsdotilt in chip.

6 Power Supplies

The readers (Arduino Uno + Xbee) and the tags (Arduino Fio) will require different power sources for
each. The readers will be plugged into the wall using an external source which will operate at 5v. The
host reader wilbe powered and connected through USB connection which will help to power and
transmit data between the host computer and host reader. Both types of powaptidns are shown in
figure 25

DICTTAL (Pwee~)

O UNo),

Tav
sxsme ARDUINO
e

Figure 25Arduino Uno reader. The red rectangle displays the pSEr connection and the yellow
rectangle displays the external wall powered connection.
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The tags will be powered by lithiuman polymer batteries connected through JST connectors to the
Arduino Fio as shown in figure 26

Figure 26 Arduino Fio and ltium-ion polymer battery JST connection.

Two batteries were initially ordered in order to test the products. The batteries have an average voltage
of 3.7v with a maximum of 4.2v and a charge of 2000mAh. Theftubltage for the battery is 2.75v.

Each othe batteries was tested with a multimeter to see if they were already charged and each battery
had around 4v. If the battery ever dropped to the -@if voltage, it would need to be recharged. The
Arduino Fio already has an Integrated circuit which coeddharge the battery. In order to determine

when the battery needed to be recharged, a battery power indicator would need to be built in order to
notify the user through the GUI that the battery would need to be changed.

7 Battery Power Indicator

The bdtery power indicator essentially uses a comparator and a voltage divider in order to determine
when it would notify the user of low power. Instead of completely building another circuit, the Maxim
8212 Integrated circuit wassed instead shown in figurer2

DIP/SO

Figure 27 Maxim 8212 chip and pin layout.

7.1 Battery Power Indicator Revision 1

By using the Maxim IC, the comparator was complete and the only thing that needed to be determined
was the values for the voltage divider and the hysteresis. In ordeséahe correct values for resistors,

we needed to determine all the voltage usage andaifftpoints of the Arduino Fio and the lithiuman
polymer battery. The Arduino Fio could operate from 1.8v to 5.5v but since our battepffodltage

was 2.75vit was decided that an estimate of 2.9v would be perfect. This leaves a little breathing room
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in case the battery was not immediately taken and charged. For the voltage divider and hysteresis, we
chose R=1MK and used the equations:

8

=RX—

8

R=R X Equation 2: Determine R

R=Rx

3 Equation 3: Determine Hysteresis

ThusRI' mdnnppdd Kid KR hw OS (G KS @I fcizSitiwassbBimNmBingRS § SNXY Ay S
breadboard in case any changed needed to be made as show in E&ure

R3
47Kohm

R2.2
1Mohm

Figure28: First iteration schematic and built battery indicator on breadboard

In order to test the battery power indicator, a variable voltage supply weasl simulating the lithium

ion polymer batter. The voltage was set to 4v and gradually decreased until we hit a point in which the
output gave a high. Ideally, it would have been the calculated 2.9v. In reality, the point at which it gives
a high is 2.907 which is still extremely close to our ideal point. Then, the voltage supply was gradually
increased and once the voltage hit 2.951v it went back to low. By subtracting these two values 2.951v
2.907v we notice that our hysteresis is .044v. This meandfttia battery drained to 2.907v and

somehow received extra voltage to bump it to 2.922v it would still stay high instead of toggling between
low and high constantly causing false alarms and stress on the circuit.

7.2 Results

There were some issues wheuilding this circuit. Originally an LED was put at the output so it would be
able to notify the user visually that the battery was low. It was realized that our Maxim 8212 chip was
inverted. In other words, the LED lit up when a low value was given amdheff a high value was given.
This would cause too much of a drain on the battery if the LED was constantly on. In order to solve this
problem, an inverter was created using BS170 mosfet transistor. Unfortunately, under many tests and
circuit redesigns, th voltage needed to fire the LED was too low and the transistor was unable to
provide the voltage. Thus, the idea was finally scrapped and an LED will be routed and attached to the
Arduino Fio instead.
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7.3 Batter Power Indicator Revision 2

The previos battery indicator needed to be revised since the team had underestimated the amount of
voltage that the Arduino Fio and XBee system used. Also, the previous battery indieatted to be
adjusted into a much simpler version in order to be attachedh® Arduino Fio for the device to be
more mobile and the resistors were adjusted to give a more precise value for our threshold. By using the
Maxim IC, the comparator was complete and the only thing that needed to be determined was the
values for the voltag divider and the hysteresis. In order to use the correct values for resistors, we
needed to determine all the voltage usage and-efftpoints of the Arduino Fio and the lithiuion
polymer battery. The Arduino Fio could operate at 3.3v but since ouehjatiutoff voltage was 2.4v, it

was decided that an estimate of 3.4v would be perfect. For the voltage divider and hysteresispse

wM I M a Kusdd yh& previous equations 31 and equationt8Zecalculate the resistor values. Thus,
RIfMdychppTdWM{IKER hw OS (KS @I fdzSa 6SNBE RSGSNX¥YAYSR
in case any changes needed to be made as shdwgure29. The battery indicator circuit was reduced
dramatically in size and the circuit works just as well as the previous iteration.
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Figure29: iteration 2 revised schematic and built battery indicator on breadboard

7.4 Battery Power Indicator Test ing

In order to test the battery power indicator, a variable voltage supply was used simulating the Jithium
ion polymer batter. The voltage was set to 4v and gradually decreased until we hit a point in which the
output gave a high. Ideally, it would havedn the calculated 3.3v. In reality, the point at which it gives

a high is 3.308v which is still extremely close to our ideal point. Then, the voltage supply was gradually
increased and once the voltage hit 3.35v it went back to low. By subtracting tweseatues 3.35v

3.308v we notice that our hysteresis is .05v. This means that if the battery drained to 3.308v and
somehow received extra voltage to bump it to 3.31v it would still stay high instead of toggling between
low and high constantly causing fals@rms and stress on the circuit.

The power requirements for this design are one of the most important aspects due to the design. The
design must be able to incorporate a battery that is small enough to be lightweight and portable, to be
able to last an stimate of one full year before needing to recharge, and to be as-aftesttive as
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possible. Other components that would benefit the power design requirements are being able to notify
the user when the battery is low and the ability to recharge the bttehen needed.

7.5 Results

The second revision battery indicated that was built fit every specification the team had for the
indicator. It was very small and mobile once attached to the Arduino Fio and the voltage requirement
was spot on and hit 3.3v with hysteresis to prevent false alarms. Although, one issue was still not
resolved and that dealt with the battery indicator being inverted. This means that when the battery had
power then the light would stay on. This would drain the battery a lot. A maegds added during the
testing to see if it would reverse the situation but in the end, there was no LED that would power on
with a voltage that low. Thus, this shows that a proof of concept and it could work perfectly if we had
better components.

8 XBee Rogramming

8.1 Introduction to XBee Programming

Using factory default settings and the XBee shield interface to the Arduino, the Arduino can be
programmed to send and receive data between two XBee modules using thénbBétial library. A
programmer caruse serial.print() to send data and serial.available() , serial.read() to detect and read
data. The default factory settings also determine what ISM band the modules operates with, the
destination address (default is set to broadcast to all available siatleange), and the channel the
module is in.

8.2 Testing and Verification of XBees

After the XBees were received framww.sparkfun.comtwo modules were inserted in XBee shields
interfaced with Arduinos. One moduivas programmed to continuously broadcast a byte of
information. Another module was programmed to check the serial input buffer for any serial output
from the XBee, read this data into a variable, and output the variable to the serial monitor on the
deskbp.

8.2.1 Results
Theresultfrom this test was every XBee module was verified for functionality upon arrival in the mail.

8.3 AT Command Programming

To change the settings of an XBee, you must put the XBee into AT command mode. This is done by
sendinghe 30K NI OGSNJ O2YYlFyR &aSIljdzSy0S abbbé (2 GKS - . S
before and after the command characters. The Guard Times parameters have a default value of OXx3E8 or

1 second.

Once the AT command mode sequence has been issuel;#h&® dzf S NB A L2 Y RA\ND & 2dB Y RA
of the DOUT pin. Once this response is received, AT commands can be sent to the XBee through the DIN

pin.

There are two separate ways of sending AT commands to the XBee module. The first way is to send an
ATcommg R adzOK |a a! ¢5[ ¢ gAGK y2 @lfdzS® ¢KS Y2RdA S ¢
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destination low address. The second way is to send an AT command with a value such as

G!' ¢5[ nnnnCCCCéd ¢KAa O2YYlI YR gAff gO&lbwpar§32bicS O f dz
2F cn O0AG RRNBXaaov 2F GKS RSaldAaAylGAz2y FRRNBaa (2

O2YYl yR dzLll2y &dz00Saatdzx SESOdziazy 2F GKS O02YYIl yR

Commands will not take effect until the AC (Apply Qs command is issued or the WR (Write)
command is issued. The WR command will write the new value tevatatile memory on the XBee
module so that the value will remain on the XBee after the XBee is powered down. To exit command
Y2RSZ (KS da&! musbbése@2 YYI YR

"AT" + ASCII Space Parameter + Carriage
Prefix Command (Optional) {Optional, HEX) Return
| —— |
1 L

|
Example: ATDL 1F<CR>
Figure 30AT Command Syntax

8.3.1 AT Command Test

Usingthe AT command code in Appendix [x], AT commands were sent to an XBee module and 64 bit
destination address was changed from broadcast (DL = 0xO000FFFF) to the 64 bit addrebeof ano
XBee module. Using the&XTU software provided by Digi International, the natatile memory on the

XBee can be read and displayed. An XBee module was plugged into an XBee Explorer and connected to
X-CTU. An XBee explorer is a USB to serial bas®uttie XBee line. Using a mini USB cable, the

explorer can be attached directly to a computer for use with the DU software. The memory settings
were readinto XCTU as seen in figure 88d confirmed to be correctly saved on the reoiatile

memory d the XBee. Data was then sent between two modules, similar to the test in 8.2. The sender
was the XBee with the updated destination address of the receiver. A third XBee was interfaced with an
Arduino to ensure that only the receiver received data from sender. Since every XBee has a unique
64-bit address, the only module that should receive information is the receiver.
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Modem  Parameter Profile Remote Confi
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n
Frofile

Far Versions
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I~ Always Update Fimmare Show Defauls| | Load versians..
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Modem XBEE___ Function Set Yersion
[xB24 | |«BEE 602154 | [10E8
EHZ3 Metwarking & Security

B ICICH - Chanrel

B (333210 PN D
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Figure 31USB Explorer Figure 32X%CTU Screenshot
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8.3.2 Results
The result from this test was that AT commands were successfully saved into the memory of the XBee.
By using the XCTU software and XBee explorer, the vatatile memory was checked for correctness.
Also,the receiver successfully received information from the sender. While this was happening, the

third XBee received no information. This is the correct result because the sender is no longer

broadcasting the data to all available modules, only sendingthie¢d4 bit destination address.

8.4 APl Programming

API operation is an alternative to transparent (AT) operation. The ftassed API extends the level to
which a host application can interact with the networking capabilities. When in API mode,aall dat
YR fSIFI@Ay3 GKS Y2RdzZ SQa !!we¢ Aa

SyidSNRy3

2y il Ay

the module. A host application, an Arduino for example, can send data frames to the module that
contain address and payload information instead of usimgmand mode to modify addresses. The
module will send data frames to the application containing status packets; as well as source, and
payload. The reasons for the use of APl programming in the positioning system is: the transmission of

data to multipledestinations without entering Command Mode, to be able to identify the source

address of each received packet, and to retrieve the RSSI information from memory. The following data
frames are using the Digimesh networking scheme and modules.

8.4.1 API Data Frames

8.4.1.1 AT Command
The AT Command $ame command used in Sectioi3.8The frame as seen in figure B3wvhat the host

application needs to use to query or set module parameters on the XBee. The APl command applies
changes after executing the conamd.

-

=0 X0

Start Delimiter 0 lxTE
J— M3E 1| (el
o 158 2| 0x04
Frame Type 3 (0B
Frame ID 4 52 (R)
Frame-specific Data AT Command 5 edE (M)
B (wedB (H)
Parameter Value
(optional)
Checksum 3 OlF

Mumber of bytes between the length and the checksum

Identifies the UART data frame for the host to correlate
with a subsequent ACK (acknowledgement). If set to 0,
no response is sent.

Command Mame - Two ASCIl characters that identify the
AT Command.

|f prezent, indicates the requested parameter valus to 2=t
the given register. If na characters present, register is
querned.

(xFF - the 8 bit sum of bytes from offset 3 to this byte.

Figure 33AT Command Digimesh API Frame
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8.4.1.2 AT Command Response
In response an AT Command frame, an XBee will respond with an AT Command Response frame. This
frame will indicate if the settings were set successfully or will respond witkteggiata if memory was

NBIljdzSaid SR
NBalLR2yRAY3

e b

-0 0o

i2 0S5
g AGK

NEBI Ro
AnEn/ ¢

Iy SEI YLX S
iKS

Ay

g2 dzf R

Number of bytes between the length and the checkzum

Response will be given.

|dentifies the UART data frame being reported. Note: If
Frame ID = 0 in AT Command Mode, no AT Command

AT Command.

Command Name - Two ASCII characters that identify the

0=0K

1=ERROR

2= Invalid Command
3 = Invalid Parameter

Register data in binary format. If the register was s=t,
then this field is not returned, as in this example.

(xFF - the 8 kit sum of bytes from offeet 3 to this byte.

Figure 34 AT Command Response Digimesh API Frame

8.4.1.3 Transmit Request
The Transmit Rpuest API frame will cause the XBee module to send data as an RF packet to the
specified destination. A host application specifies a destination by tHet@&tdress field in the data
frame. To send a broadcast signal, you can set the 64 bit addres8Q6@O000000FFFF. In series 1
modules, you can also use a 16 bit address transmit request. Digimesh protocol only supports 64 bit
address transmit request frames.

~oxowmW —UO>

Number of bytes between the length and the checksum

Identifies the UART data frame for the host to correlate
with 3 subsequent ACK (acknowledgement). If set to 0,
no response is sent.

Setto the 64-bit address of the destination device. The
following address is also supported:

0x000000000000F FFF - Broadcast address

Setio (xFFFE

number of hops a broadcast

can ocour. If s2t to (1, the broadcast radius will
be set to the maximum haps value.

Bitfeld:

bit{): Disable ACK

bit 1: Don't attempt route Discovery.
All other bits must be set to 0.

Data that iz sent to the destination device

0xFF - the B bit sum of bytes from offset 3 fo thiz byte_

Figure 35 Transmit Request Digimesh APl Frame
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8.4.1.4 Receive Packet
When an XBee receiveth RF packet, thdata frame shown in figure 36 sent out of the UART to the
host application.

Start Delimiter 0] 0<7E
B0
Length \C;g ; zig Number of bytes between the length and the checksum
Frame Type 3080
Identifies the UART data frame for the host to correlate
Frame ID 4 0x00 wi quent ACK (acknowledoement). 1 setto 0,
no response is sent.
V5B 5 0x13
B 02
4 B4.bit Source 7] 0:00
1 Address 8| 0x40 B4-bit address of sender
5[ 0x52
P 10] 022
a
¢ | Frame specific Data LSB 11 0xAA
k Reserved 12| xFF R "
o 13 OxFE e
o o 001 - Packet Acknowiedged
bt 4 00 002 - Packet was a braseast packet
) 052
) 078
17 0ol
Received Data - Received RF data
18{ Ox61
EC
70[ 0461
Checksum 21| 011 (xFF - the 8 bit sum of bytes from offset 3 to this byte.

Figure 36 Receive Packet Digimesh API Frame

8.4.2 Arduino -XBee API Library

A usermade open source library that was made for APl mode operation was found
(http://code.google.com/p/xbeearduino/) and researched. It supports both Series 1 and Series 2 XBee
modules with support for a majority of packet types (Transmit Request, etc) supported. To use this
library, the XBees must be set to APl mode 2 (escaped characters enabled).

8.4.2.1 API Library Test

Since the Digimesh modules have the specifications as the Series 1 modules, it was expected that the
library would work with the Digimesh modules. An Arduprogram was written to send an APl AT
Command to a module and retrieve data from memory sintidethe test done in section.8.1 Another
program was written to do a sender/receiver test samilo test done in section 8.2

8.4.2.2 Results

The AT Comand test was a success. The Arduino successfully sent an AT Command data frame and
successfully received an AT Command Response data frame back and read the data from memory. The

GNF yaYAaarzy GS&ad 61 a | Tl At dzNB dorthesdngeHandreceiven Jt S O 2
the receiver never received any RF data and did not connect with the sender XBee. The conclusion from
GKA&a GSad Aa GKFGO GKS fAONINEQa O2RS FT2NJ AaSNASaE wm
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8.4.3 API Library Programm ing

From the results of the API Library Test, research was done to troubleshoot the transmission failure. The
result of that research indicated that the Series 1 module and Digimesh modules have different Transmit
Request and Receive Packet data frames. i8ermade library did not support these Digimesh data
frames.

8.4.3.1 Series 1 vs Digimesh Data Frames

Comparing the Series 1 TransiRiquest data frame in figure 3@ the Digimesh Transmit Request in
Section 8.4.1.3, the reserved bytes (OXFFE) apddwmast radius byte was inserted into the Digimesh
data frame.

Sitart Dellmiter Langih Frame Data Checkeum

‘ 0xTE | | M5B | LSB | ‘ APlspecific §tructune | | 1 Byte |
AP lderifer eniifier-apecific Data
0x00 | ‘ cmdData
Frame ID {Byte 3) Destination Address (Bytes 6-13) Options (Byte 14) RF Data |Byte(s) 15-n
Identifies the UART data frame for the host to MSE first, LSE last. (01 = Disable ACK
comelate with a subsequent ACK (acknowledgement). Broadcast = D04 = Send packet with Broadcast Pan 1D Up to 100 Byles per packet
Setting Frame |D to ‘0" will disabie response frame. (e D00000000DNOFFFF All other bits mist be setto 0.

Figure 37 Series 1 Transmit Request

Comparing the SeriegsReceive Packet in figure 88the Digimesh Receive packet in Section 8.4.1.4, the
RSSI byte was removed in the Digimesh datanér and the reserved bytes (OxFFFE) were inserted.

start Dedimiter Lengn Frame Data CheckeEum
| 0x7TE | | MSE ‘ LSB ‘ | APl-specific Structurs | | 1 Byte |
m Ideniifer-specific Dats
080 | | cmdData
Source Address (Bytes 3-12) R551{Byte 13) Options [Byte 14) RF Data [Byte{s) 15-n)

Received Signal Strength Indicator - bit O [reserved]

MSE (most significant byte) first, Hexadecimal equivalent of (-dBm) value. bit 1 = Address broadcast

LSB (least significant) last (For example: If R signal strength = 40 | | bit 2 = PAN broadeast Up to 100 Bytes per packet
dBmn, “0x28" (40 decimal) i2 retumed) bitz 3-7 [reserved)

Figure 38Series 1 Receive Packet

Using this information, the library was updated with the DMTxRequest and DMRxResporignfunc
(seen in Appendix)D
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8.4.3.2 APl Library Test 2

A second transission test was done using the updated API library. The programs used for the sender
and receiver were similar to programs used in section 8.4.2.1 except for the use of DMTxRequest
instead of Tx64Request and DMRxResponse instead of Rx64Response.

8.4.3.3 Results

The XBees correctly transmitted data between the sender and receiver modules. Data was read from the
receive packet and outputted to the serial monitor on the host computer. With API transmission

working, distance testing can begin.

9 Tag/Reader Dtance Tests

9.1 Tag/Reader Testing Introduction

In order to make sure the system worked correctly, a distance test was needed. This involved placing a
tag at a set distance away from the reader. And through computation and programming, obtaining a
hexade@mal value that will then be converted into meters in order to determine the distance. This
testing was necessary seeing how this is the main reason for our system; calculate the distance between
an object in the field in relation to readers throughoutigemn room or area.

9.1.1 Distance Formula
From previous testingt was concluded that

zZ zZ z 8
Q pr z On o6 Owae ¢

was the most accurate distance formwaaailable. The variables the formula are as follows:
O OO DWiI QMEN
0 0@ ¢ i0idn £ & Xad QOBE®Q
0 YUY'YQ O 'QQUYNOWD QY RE0 | Q6 Q¢ &
0 YYYQOQOWA® Qi i o
MV QRo0oBOCT T

Using this formula, the next tests were performed where a distance was calculated between a reader
and tag using RSSI data.

9.2 Test 1

Testing of the system began inside one of the rooms located in the ERAIhdp Every meter was
marked off using a tape measure and a yardstick. Also, blue scotch tape was used to designate each
meter. Over the course of a few weeks, the system was tested at least 10 figesse 39%shows the

results of the first test thativolves the one tag and only one reader:
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Figure 39Varying distance testing between tag and reader 1
9.2.1 Results

Test 1 was measured at a distance of 7.5 meters. Test 2 at 1m, test 3 at 9m, and test 4 atagiphpxi

5m. As shown from figure 3%he results are non consistent, yet some are closer to their actual
approximated measurable values. It can be seen that test 3 produced the most accurate representation
of distance comparatively to how far apart the tag and the reader were. Test 4 also pcbdimitar
results.

The system was tested at different lengths to also see how accurate the readings would be depending
on the distance between the tag and the reader. This is one of thia measons to why the distanse

vary each test. Another reason stest the theory that at further distances, the readings would become
more accurate rather than at closer distances. For this test, that theory was proven to be true.

9.3 Second Distance Test

This test was conducted outside in the hallway of the ERAQihgihext to the main lab. This area was
chosen because of the open space as well as the possibility of less interference from metallic objects
such as lockers, wires, and metal stands. For this test, five distances were me&sgueedO displays

the results of each test:
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9.3.1 Results

From the results in Figure 4the conclusion is that the most accurate reading for each testing sequence
is when the devices are both facing away from eadient The one exception is when the distance is
stretched further than 9 meters such as that shown for test 3. However, once the reader was facing
away from the tag, which was facing towards the reader, the resulting distance shot up dramatically
leading toan inaccurate reading.

Throughout the testing process, it was observed that the system was not omni directional. This is
y20A0SIo0ftS FNRY (GKSNB o0SAy3a SyLiie NBadzZ Ga F2N
gl & ¢l 3a Cl eeiebits welBithaliziely Endall, largekK @ too unstable to be read in as
actual results. In order to make sure of the results that were received, it was decided to do another
testing indoors which involved other methods.

9.4 Third Distance Test

For thistesting series, our goal was to see if the devices would either read better or worse if they were
placed on their sides or held in the air. This was also attempted in order to obtain a better range from
the antennas as well as possibly increasing the raoguof their radiation spangigure41 shows the
results of the testing:
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Figure 41 Single distance testing between tag and reader

9.4.1 Results

When the devices were placed on their sides, facing towards each other and facing away, they both
producedthe same results of 14 meters. These results are obviously off by 4 meters for both sequences.
Therefore, placing the devices on their sides has a detrimental effect on the results of the system. Lastly,
the devices were held upward by at least 4 incheswéler, numerous problems occurred. The values
tend to jump around rather than stay consistent. There was also an issue in which the signals strength
was not strong enough. Lastly, there could have been added interference from our hands holding the
devicesupward. Consequently, holding the devices upward produced nothing as far as distance was
concerned for the project.

9.5 Conclusion

The conclusion from these tests was that the chip antennas that came with the Digimesh XBee 2.4 GHz
modules were not suitde for use in a location system. From the distance tests in Section 9, it was clear
that the antennas were not omsdirectional, which is a requirement for a location system. This is a
requirement because the system will not know the orientation of the. tRgsearch was done (see
Section 10) and a decision was made to switch XBee modules and antennas to equipment provided by
the Cameron group.

10 Antenna Comparisons

In order to provide a better signal and receive all the data/packets from each of the Arduin

readers we had use antennas designed for 2.4GHz applications. The team noticed a big difference
between the onboard chip antennas of the XBee and the dedicated external antennas that the Cameron
group helped purchase and fund. The main differencds/éen the two antennas are the range and the
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radiation pattern. The ideal or standard radiation pattern would be perfect oval shapes in all directions
but there are many environmental affects that could distort the radiation pattern.

10.1 XBee Antennas
Initially, the chipantennas were already embedded into tbegimesh XBee modules.

Figure 42 XBee with an integrated chip antenna show in the red box

Antenna location is very important for optimal performance. In general, the antennas radiate and
receivebest perpendicular to the direction in which they are pointing. Therefore, a vertical antenna
radiation pattern is strongest across the horizon. Metal objected near the antenna may also distort the
radiation pattern of the XBee antenna. Metal objects betn the readers and the tags will also block

the radiation path or reduce the transmission distance so all the readers and tags should be positioned
away from them if possible. When testing the antenna in a room. The team originally overlooked
ventilationducts, metal poles and studs, and even concrete due to the metal reinforcement usually
embedded inside them. Thus, the readers should not be placed inside a metal enclosure and make sure
that the embedded XBee is placed at the edge of the host PCB wh&radunted. Due to all these

issues that were overlooked when testing and the radiation pattern was already distorted toviadgin

as seen below in figure 43
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Figure 43 Chip antenna radiation pattern from XBee

By looking at the figure, the team deeidl that using these antennas were not going to give us the
precise and accurate measurements that we needed in order to make our indoor location system work.
During the many days testing our setup, we were never able to get any decent readings that arere ev

close to our percent error that the team had estimated.

10.2 Titanis Antennas

The new antenna is the Titanis 2.4 GHz Swivel SMA Antenna by Antenova. The Titanis antenna is also

designed for 2.4 GHz applications and meets the FCC regulation with fidigney. The Texas

LyadNHzySyidaQ t20FGA2y a2adSyYy dzaSR FT2N 4KSas$s

byasy

backing of the Cameron group, new XBees were purchased and these antennas were put into use. A
model of the antenn@an be seen below ifigure 44
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Figure 44 Titanis antenna used to attach to the XBee

The Titanis antenna is very configurable and can swivel in any direction in order to provide the best
radiation pattern. The radiation patters for all the plare be seen below in figuds:

XY plane ZY plane XZ plane

Figure 45 Titanis antenna radiation pattern from different planes

With a dedicated antenna instead on the onboard antenna, the radiation patterns are much rounder
and stronger. Although the metal and concrete interference still apply, the Titares edarger area
than the regular XBee antennas and give us a much better and accurate reading.

10.3 Results

In conclusion, it was decided that the Titanis antenna was much more accurate and gave a much wider
range for our indoor positioning systeuel 2 Ff 22 RAy 3 |0 5A3AQa T O02NR
modules, the decision to switch to 802.15.4 XBee modules for their RPSMA connectors was made.
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11 Distance Tests with New Antennas

11.1Test 1

Due to the bad radiation from the old antennas, neantennas were obtained from the Cameron group.
As mentioned, these antennas provided a better radiation allowing for a stronger signal between
devices. Also, due to the better radiation, testing the system at further distances was now possible.

Problems wee encountered during the initial testing period. It was discovered that doing the distance
testing indoors with the new antennas caused for inaccurate results. This was mainly due to the new
FydSyylQa aSyairaAragride G2 Y &ilwhieh opesatesSoONEas&ISM Gedd. | Y R
Therefore, the testing was takemnutside in front of CEBA. TableBplays the results:

Table 2: Distance testing with new antennas 1

Actual Distance Calculated Distance
10m 10.5m
6m 6m
19.1m 19m
21m 25m
11.11 Resllts

From these four testing sequences, it can be seen that the results were more accurate due to the new
antennas. None of the results match exactly the distance to which they were placed, but the degree of
error remained so small that it was not a bigicern.

11.2Test 2

Due to the fact that cars were passing by while the system was being testing in front of CEBA, testing
was postponed and resumed on the parade grounds. As testing commenced, it was noticed that the
measurements would vary off by at leds meters and at most 6. The environment was considerably
more humid and highetemperature than test 1. Figure 4Bsplays and shows the results:

40
\‘
30 —o—Test 1: 29m
25 =fl=Test 2: 25m
20
X N Test 3: 20m
15
=>e=Test 4. 15m
10 2
==Test 5: 10m
Facing 1 Facing 2

Figure 46 Distance testing with new antennas 2
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11.21 Results

The calculated distances were off by atde& meters to 6 meters. The changes in environment
attenuated the signal strength and made the signal strength weaker than Test 1 for the same distances
apart. The conclusion from this test was the distance formula needs to be tuned to the environment
evey time we test.

11.3 Conclusion

From the distances tests, it was concluded that the Titanis antennas would work with a location system.
The antennas are omugiirectional on the XY plane. The lesson learned from these tests was that the

distance formula pth-loss exponent needs to be tuned to the environment. Factors that can affect RSSI
are: temperature, humidity, elevation, and interference from objects.

12 2-D Trilateration Location Tests

Every test below was conducted using the Arduino Tag, ReadediGator, and Mega codes in

Appendix Gind the Location Syem Matlab Code in Appendix Bhe coordinator is reader 2, which is
connected to the Arduino MegéaEach of these tests is performed the same way: the coordinator will
send a signal to the readeand reset the RSSI array, coordinator will send a signal to tag, tag will send
150 packets to each reader and delay 1 second between every 50 packet burst cycle, and RSSI
measurements will be sent to coordinator and subsequently sent to Matlab througAttiuino Mega.

12.1 Test 1

This test was located at the parade grounds on university grounds. A 10 meter x 10 meter coordinate
system was measured out and marked. After measuring out 10 meters and tuning the distance formula
to the environment, the sysim was set up for-D trilateration. Reader 1 was placed at [10, 0], reader 2
was placed at [0, 10], and reader 3 was placedd, [0]. A tag was placed at [0, 4] and the system was
started from the host computer with the Matlab program in Appendix {xjring. This test was done at
ground level and the antennas aimed orthogonally to the ground.

12.1.1 Results

The result of this test was inconclusive. The signal strength of signal strength of reader 3 was too low for
the actual distance of the reader tbe tag. The conclusion from this test is that the water system and
pipes underground could be attenuated the signal from the tag to reader 3. The water meter for the
parade grounds was directly in between the tag and reader 3.

12.2 Test 2

Test 1 was repated except every reader and tag was raised into the air 5 feet, thus-Blittifateration.
The location of the tag and readers did not change. The orientation of the antennas did not change. This
was done to eliminate any external attenuation of thgrel from being ground level.
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12.2.1 Results

This test was a sucsg. As you can see in figure e tag was shown at [1, 4]. This is within 1 meter of
the actual location of the tag and considered a success for our system. Comparing the actutd result
the simulated result, the actual result is relatively close to the simulated, perfect result. The reason for
this error is the error in the distance measurement of each reader. The error in the distance
measurement is ~.5meters for each reader. Thasere compound with each other when the

trilateration algorithm is performed and provides an error of 1 meter in the tag location.
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12.3 Test 3

Test 3 was conducted in the parking lot of #lectrical engineering building. The temperature was 75
degrees Fahrenheit and light humidity. Reader 1 was set up at [0, 10], readed 2,81,[reader 3 at

[10,0], and the tag was placed at the [0,0]. The readers were strapped to the reader stands faci

towards the origin while the tag was held up at the vertical level of the readers with its antenna
orthogonal to the ground. The distance formula was not yet tuned to the environment and the system
was tested using the same distance formula as tesoRtis test, the RFID reader was integrated into

the system. After the location process, the RFID card linked to the tag in the field would be scanned and
the plot would appear.

12.3.1 Results

The distance formula not being tuned affected the resultsaatye Since there was less humidity during

the test than test 2, the signal strengths of each reader was smaller. Therefore, the distances were
calculated to be shorter than they agtlly are (as seen in figure ¥The small error in the calculated
location of the tag is an unexpected result since the distance formula calculated smaller distances than
the actual distances. The RFID integration was a success since the plot below only appeared after the
RFID card was scanned and its ID sent to the Matlagrano.
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12.4 Test 4

Test 3 was repeated with the distance formula tuned to the environment.
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12.4.1 Results

This test was a success. Once the distance formula was tuned to the environment, the distances
calculated were relativelglose. Reader 1 and 2 calculated a distance of 12 meters between itself and

the tag instead of 10 meters. This caused the error in the calculated position of the tag of 1 meter, which
is acceptable for this test. Comparing the two figures below, onesearthe accuracy of the actual

results against the simulated results.
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12.5 Test 5

In this test, the tag was moved to [2, 4] and the system was once again activated. The tag orientation is
the same as the previous 2 tests.

12.5.1 Results

The result was this test was once again a success. The tag was calculated to be at [1, 3], which gives an
SNNENJ 2F M YSGSNI FNRY GKS |OhGdzZt t20FdA2eb ¢CKAG &
error in its calculation.
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12.6 Indoor Test 1

¢tKAA (Sad ¢61ra O2yRdzOGSR il %2F N . FLIGAAG / KdzZNOKQa
[0, 10], reader 2 at-10, 2], and reder 3 at [10, 2]. The tag was located at [0, 5] and had the same

orientation as previous tests 3 through 5. The indoor environment included metal bleachers surrounding

the basketball court with metal basketball goals. A distance test was performed disteace of 10

meters between tag and reader. Then, the distance formula was tuned to be correct for the indoor
environment. Once the distance formula was tuned, the system was set up and tested.

12.6.1 Results

These indoor tests were inconclusive. Tiistem provided the correct location of the tag about ene
fourth of the time that the system was activated. For the rest of the tests done indoors, the tag was
calculated to be anywhere from3 meters away from its actual location. This could be causetey
interference of the metal bleachers and goalshiitthe gymnasium. In figure B&low, the best result
of the group of tests indoors is shown.
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13 Graphical User interface

13.1 Introduction to GUI

It wasdecided tha having one would not only allothe opportunity to easily utilize and use the system,
but also the end user once the system is up and operational. |d&a#yGUI should be able to operate
on any working computer that has the capabilities of handlireggbftware.

13.2 GUI layout

The GUI was given a basic layout that would be easy to use and view. For viewing purposes, the GUI was
fitted with a gridded type layout alongits Xand YES & ® | &1 SAIKGE LI L yS 61 & |-
once it was decidéto try 35 GNAfFGSNI GA2yd . & (GKAAX GKSD D! LQa
representation of the field where the system will be set up and operational.

13.2.1 Layout design

Alongside a gridded system, the figure was also enabled to rotateln Bhis was to allow the user to

move the figure in any direction they want in order for them to better view the area and where the

object was in relation. One problem encountered was that during rotation, one would not be able to

notice which side or face wawhich. Therefore, the axes were colored and labeled accordingly.-The X

axis colored as red and thelYEA & O2f 2 NBR | & @fisdz8stleft th& Samay blddly BK (1 ¢ 2
order to have a base of color and not to make the figure too colorful or pigedefrigure 55hows the

resulting layout of the figure that is used in the GUI:

=

Height

So o M oW B o @ N @ ©
Wy

Y Axis R O X Axis

Figure 553-D Figure

Each grid was labeled numerically in order to give the user an idea of distance. The numeric system is
depicted in meters because the system is setdad in as meters. Because the system is meant to work
indoor, 10 meters distance given for each axis, including the height®isZA dot was included into the
layout to depict where, in the given, area the object was. Once the system begins towilhsénd the
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code will plot that objects location on the figure within the gridded field. In order to distinguish the dot,

it was given a simple nganta color and blue outline. This was also done to allow it to stand out to the

user. As the figure is rotated, the object will remain in its same relative space without moving or
disappearing.

There was also a need to have a layout of the room andtugithin the 3D figure. To do this, a built in
Matlab rectangle function was used. By using this function, rectangular objects would be able to depict
tables, desk, and chairs. These rectangular objects would represent these pieces of furniture throughout
a given room. The only issue with using this function is that it worked onhpbimddels, therefore not

3-D. Figure X shows thel2figure in which the rectangular pieces were used:

13.2.2Information layout

Along with the rotation figure, a small infoiation gathering area was added on its left. This area

O2y il AYySR GKS &LJ OS axisT@nbddthé gy§tem issonlineandliriggereditd bedina K § ¢
g2NJAy3s GKS NBFRSNA gAff FAYR (KS GFr3IIKJEéBHEKBAFAS
be sent through to the GUI via MATLAB. The actual numeric information or each axis will be placed in its
designated area. Information sent into these fields will be read in using a particular function that will be
discussed later. Appendix X st®the code used in order to make this happen

13.2.3 Results

The end result is the rotatable figure being represented on the left and the information field containing
the axis fields on the right. The layout was made simple in order to not over compdiogteing or
confuse the user with clutter. The main goal was to make sure the basics were in line and working
before adding detail as far as its presentation was concerned.

13.3 GUI Built in Functions

The GUI comes equipped with preset functions in otdeallow the programmer to program what they

want to have happen once the GUI is called on or made into an .exe file. The user also has the ability to
add functions to the GUI as such were added when the GUI was given X, ¥, A Qad ¢KSNBQA
limit on the amount of functions that can be added to the interface in the making of a GUI.

13.3.1 Opening function
The main function in which was used to program the GUI was the opening function as shown in Code x:

function GUI_RFID_OpeningFcn(hObject, even tdata, handles, varargin)
Figure 56 Opening function for Matlab GUI

This function is the first function that gets called upon when the GUI opens. Therefore, everything that
needed to happen with the figure and the information needed to go in this arethiWthis function,

the GUI was given its layout as well as the section where the information were to be placed. Appendix X
shows the code that was used.
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the opening function. Those functions controlled the information flowing into the GUI as well as the
distance configuration that measured the distances between the readers and the tag. These were placed

in the opening function because the system is resbdo work automatically; once the GUI was called

on.

If the program were not configured to work this way, a push button command would be needed in order
to enable the indoor system to operate. This became problematic, mainly because the system riins off o
battery power. Meaning the system would have to remain on while draining power until called upon or

activated by the push button. The push button method would drain the battery power causing the

system to only operate for approximately days at a timené¢dg the automatic method was decided on.

13.3.2 Additional Builkin Functions

The GUI can have functions added to it by the programmer in the initial stage of its building based on
what they need. For this project, the GUI needed sections to read imniation for the X, Y, and

G | S A-akiK. (Tkere was also a need for the points on the figure to be plotted. Because of this, six
additional functions were created as shown in Code X:

function X_plot_Callback(hObject, eventdata, handles)

function X_plot_Crea teFcn(hObject, eventdata, handles)

function Y_plot_Callback(hObject, eventdata, handles)

function Y_plot_CreateFcn(hObject, eventdata, handles)

function Height_plot_Callback(hObject, eventdata, handles)

function Height_plot_CreateFcn(hObject, eventdata, ha ndles)

Figure 57 Functions for different elements of Matlab GUI

Each function is designed to handle the specifics of what they were made for. For instance, the function
X_plotis designed to handle how the object is plotted along thexis. ForthispdJi A 2 Y~ G KS 3 NP dzL.
task was being able to have the builtfnplotfunction read in a function that was built that will bring in

the information from the Arduinos and Xbees.

13.4 Implementation into Location System

After 2D trilateration testing wasompleted, the only remaining step before the end of the semester

was to implement the Matlab GUI into the existing location system. This is done by calling the GUI as a
function and passing variables to the GUI as parameters. The GUI has a parametedin@rheNJ NH A y £
which is an array which holds a variable number of input arguments. The variables passed from a Matlab
program to the GUI will be held in this array. Using this knowledge, the calculataatdinate of the

tag, ycoordinate of the tag, readeroordinate matrix, and distance matrix variables were passed to the
GUI. The GUI will then plot and output information that is tfsiendly. The code for this

implementation can be seen in Appendix B (Matlab GUI) and Appendix C (Location System).
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14 Conclusion

Overall, the group considers our positioning system a success even though the system is inconsistent
indoors. The goal of the project changed from indoor twdmor during the year with the partnership

with the Cameron group. Without their funds, this project so far would not have made any progress
during the semester.

When the system is setup, calibrated, and tested outdoors, the accuracy of the locatiantagtis

within 1 meter, which is within our accuracy requiremente system is completely user friendly by

being a one click operation in Matlab and easy to use RFID card system. The tag is small and light weight
for easy attachment to objects to be tked. The system is easy to update and can easily handle up to

10 tags. The group met the marketing requirement by keeping the cost under 1000 dollars, as seen in
Section 15. The system also meets the technical requirement of real time location sincdiidctne

location of a tag in the field within 10 seconds of startup. These 10 seconds can be easily sped up
through editing tag and coordinator code of the Arduino, which are currently slowed down for

debugging.

The last technical requirement involveree battery life of the system. This is the one requirement of the
project that did not get completed during the semester. The reason for this is the switch of hardware
from Digimesh XBee modules to 802.15.4 (Series 1) modules. This switch of hardwaiestype be
made during the semester due to the flooding of a Digi factory in Thailand during the semester. The
flood caused a shortage of modules with the RPSMA connector and the hardware switch had to be
made to series 1 because they were currently ockt If the group waited for the Digimesh RPSMA
modules, the project would not have been completed. The series 1 modules do not have the
synchronous sleep mode that was proposed to save the battery for the Project Design Review.
future, the group walld like a wakeup circuit calibrated for 2.4 GHz attached to the tag and used for
battery life.

For the project moving forward, the group would like to see 3D trilateration for an outdoor

environment. This would involve adding another reader and standestthg how the RSSI is affected

by the tag being higher/lower than the reader. Also, the Matlab GUI can replace the RFID card system

and become even more user friendly by having a drop down menu listing all the tags to find. Another
future goal ofthispg@ 2SO0 A& G2 YSNHS (KA& LINRB2SOG 6AGK (KS
SQL database to send coordinates of tags to their system.

Overall, this XBee location system is considered a reliable, working prototype for a location system used
in an outdor environment.
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15 Budget
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and adapters were provided by the Cameron group funds, thus costing our group nothing. This
collaboration was done becausiae Cameron group wanted to use our location system for their

augmented reality. The antennas were left over pieces from the Texas Instruments location system used
| NRdzA Y

Ay GKS fFad &@SEFENR& /FYSNRY 3IANRdzZLIP ! f a2 nmslyl y
owned by members of the group were used but not included in the budget.
Table 3: Budget for Parts Ordered
Product Individual Price Number Ordered Total Price
Lithium lon Polymer $16.95 2 $33.90
Batteries
Arduino Uno $29.95 3 $89.85
Arduino Fo $25.00 1 $25.00
Arduino Fio Cable $20.00 1 $20.00
Maxim 8212 Chip $3.75 2 $7.50
ID-12 Chip $29.95 1 $29.95
RFID Card $1.95 2 $3.90
DC Power Supplies $1.90 6 $11.40
Project Enclosure Box $5.95 1 $5.95
Digimesh XBee 2.4 GHz $21.00 4 $84.00
Xbee Shield $24.95 4 $99.80
802.15.4 Xbee 2.4 $21.00 8 $168.00
GHz(RPSMA)
Titanis Antenna $30.00 8 $240.00
RPSMA to SMA Adapter $6.99 8 $55.92
Total with Cameron support: $408.25
Total: $872.17
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Appendix A: Datasheets

Titanis Antenna

antenova’

Titanis 2.4 GHz Swivel SMA Antenna

Part No. B4844 / B6090 Product Specification

1 Features

+ Designed for 2.4 GHz applications: Bluetooth®, Wi-Fi® (802.11a/b/g/n), ZigBee®, etc. as
well as 2.3 GHz WiMAX ", 2.5 GHz WIMAX "™ and WiBro.

Antenna with a SMA male connector

Also available as SMA reverse thread to meet FCC regulations, part 15

High efficiency

Supplied in bulk

s & & @

2 Description
Titanis is intended for use with all 2.4 GHz applications. The antenna is fitted with a SMA
male connector and a blade made of flexible material that can be rotated 360 degree.

No external matching network required.

3 Applications

« Development tools

e Test equipment

* Access points, routers, etc

+ Printers

N,
J
Integrated Antenna and RF Solutions
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Titanis 2.4 GHz Swivel SMA Antenna
Part No. B4844 / B6090

4 Part number

Titanis Standard SMA — male: B4844

Titanis Reverse thread SMA — male: B6090

5 General data

Product name Titanis 2.4 GHz
B —mal
FErNGmbeT 4844 (Standard SMA — male)
B6090 (Reverse thread SMA — male)
Frequency 2.4-25GHz
Polarization Linear

Operating temperature -40°C to +85°C

Impedance 500

Weight 719

Antenna type 'Swivel external
Dimensions 20 x 19.5 x 62.5 [mm]

"The blade of the antenna is the only part that swivels. DO NOT twist the plastic housing of the antenna
blade. The housing is NOT designed to twist or turn and any attempt to do so will likely result in permanent
damage to the antenna and its performance and will not be covered by warranty. Installation and removal of
the antenna should only be done by turning the metal SMA connector.

Titanis is not suitable for outdoor use or applications.

6 Electrical characteristics

Typical performance Conditions
Peak gain 2.2 dBi
Average gain -1.0 dBi
Average efficiency 80% Data given for the 2.4 — 2.5 GHz frequency range
Maximum Return Loss -13 dB
Maximum VSWR 1.6:1

Infegrated Antenna and RF Solutions
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Titanis 2.4 GHz Swivel SMA Antenna
Part No. B4844 / B6090

7 Electrical performance

7-1 Return Loss

\v-/_/)
749200 2]‘00 2400 2500 2600 [MH??OO
7-2 VSWR
\f-/-/-"
21200 23‘00 2400 2560 2600 [MH;JND
Integrated Antenna and RF Solutions
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Titanis 2.4 GHz Swivel SMA Antenna
Part No. B4844 / B6090

7-3 Antenna patterns

/ v ,“ oy
/ » s
| >
//' SN— e ~ \\"- = _\" ,_//
N : |

XY plane ZY plane XZ plane

Patterns show combined polarisations

Integrated Antenna and RF Solutions
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8 Antenna dimensions

H,

Titanis 2.4 GHz Swivel SMA Antenna
Part No. B4844 / B6090

-

l\
e

5 OB g%
\ 9 |
‘_Frl \ /
\ /
H ‘ ’
\ /
\ /
\ /
N 7
L8 . =0 ¥
W, W. T==p---
A B H1 H2 H3 w1 W2
Height Height Height Width Width
7+0.2 125+05 | 625+05 | 483+05 | 95+0.5 20+0.3 19.5+0.3

Dimensions in mm

Warning: The blade of the antenna is the only part that swivels. DO NOT twist the plastic
housing of the antenna blade. The housing is NOT designed to twist or turn and any attempt
to do so will likely result in permanent damage to the antenna and its performance and is
not covered by warranty. Installation and removal of the antenna should only be done by
turning the metal SMA connector.

9 Hazardous material regulation conformance

The antenna has been tested to conform to RoHS requirements. A certificate of

conformance is available from Antenova’s website.

Integrated Antenna and RF Solutions
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Titanis 2.4 GHz Swivel SMA Antenna
Part No. B4844 / B6090

10 Packaging

10-1 Optimal storage conditions

Temperature -10°C to 40°C

Humidity Less than 75% RH

Shelf Life 48 Months

Storage place Away from corrosive gas and direct sunlight

10-2 Packaging information

The antennas are delivered in bulk, enclosed in plastic bags.

10-3 Bag label information

antenova Antenova Ltd antenova Antenova Ltd

Far Field House, Albert Road, Far Field House, Albert Road,

Stow-cum-Quy, Cambridge, UK, CB259AR S Stow-cum-Quy, Cambridge, UK, CB259AR &

info@antenova.com / www.antenova.com g info@antenova.com / www.antenova.com g

Description:Titanis 2.4Ghz SMA Swivel antenna D Description: Titanis 2.4Ghz SMA Swivel antenna \p
Part Number: A4844 Part Number: B6090

Qty: XXXX Pieces Qty: XXXX Pieces

Date Code: Date Code:

Manufacturers code number: \ Manufacturers code number: {
- 90.00 - - 90.00 -

Dimensions in mm

Integrated Antenna and RF Solutions

6
Product Specification AE030054-1



Titanis 2.4 GHz Swivel SMA Antenna

Part No. B4844 / B6090

antenova’

www.antenova.com
Antenova Ltd. Antenova Ltd. Antenova Asia Ltd.
Far Field House Rogers Business Park 4F, No. 324, Sec. 1, Nei-Hu Road
Albert Road 2541 Technology Drive Suite 403 Nei-Hu District
Stow-cum-Quy Elgin, IL 60124 Taipei 11493
Cambridge Taiwan, ROC
CB259AR
+44 1223 810600 +1 (847) 551 9710 +886 (0) 2 8797 8630
+44 1223 810650 +1 (847) 551 9719 +886 (0) 2 8797 6890
info@antenova.com info@antenova.com info@antenova.com

Copyright® 2011 Antenova Ltd. All Rights Reserved. Antenova® and gigaNOVA® are trademarks of
Antenova Ltd. Any other names and/or trademarks belong to their respective companies.

The materials provided herein are believed to be reliable and correct at the time of print. Antenova does not
warrant the accuracy or completeness of the information, text, graphics or other items contained within these
information. Antenova further assumes no responsibility for the use of this information, and all such
information shall be entirely at the user’s risk.

ky

UKAS
QuALITY
MARAGEMENT

026
Certificate No: 4598
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Lithium lon Battery

585460

LI-POLYMER BATTERY PACKS

Specification

Type:585460 2000mAh

Prepared/Date Auditing/Date Approved/Date
WANG LI XIONG
MAR 16, 2006 MAR 16, 2006 MAR 16, 2006
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Doc. No. 2006.3.16
UNIONFORTUNE Edition No 2.0
PRODUCT SPECIFICATION Sheet . 1,;5

1 Scope

This product specification describes UNIONFORTUNE polymer lithium-ion battery. Please using the test
methods that recommend in this specification. If you have any opinions or advices about the test items and
methods, please contact us. Please read the cautions recommended in the specifications first, take the credibility

measure of the cell’s using.

2 Product Type, Model and Dimension

2.1 Type Polymer lithium-ion battery

2.2 Model 585460

2.3 Cell Dimension(Max, ThicknessxWidthxLength mm?’) _ 5.8x54x60

Pack Dimension(Max, ThicknessxWidthxLength mm®) None
3 Specification
Item Specifications Remark
Nominal Capacity 2000 mAh 0.2CsA discharge
Nominal Voltage 3.7V Average Voltage at 0.2CsA discharge
Charge Current Standard 0.2 C;A Max 1CsA Working temperature 0 40
Charge cut-off Voltage 4.20+£0.03V
Standard Discharge Current 0.2CsA Working temperature -20 60
Max Discharge Current 2.0CsA Working temperature 0 60
Discharge cut-off Voltage 275V
Cell Voltage 3.7-39V When leave factory
Impedance <300 mQ AC 1KHz after 50% charge
Weight Approx: 37¢g
<Imonth =20 45
tezgﬁ:ﬁim =Smonth 030 Best 20+5  for long-time storage
<6month 2045
Storage humidity 65+20% RH

4 General Performance

Definition of Standard charging method At 20£5
0.2CsA till voltage 4.2V, then with constant voltage 4.2V till current declines to 0.05CsA.

charging the cell initially with constant current

Ttem Test Methods Performance
. After standard charging, laying the battery 0.5h, then discharging at .
41| 0.2C Capacity 0.2C;A to voltage 2.75V, recording the discharging time. 2300min
. After standard charging, laying the battery 0.5h, then discharging at .
4.2 1C Capacity 1C;sA to voltage 2.75V, recording the discharging time. 25Imin
Constant current 1CsA charge to 4.2V, then constant voltage charge
. . to current declines to 0.05CsA, stay Smin constant current 1CsA .
43 Cycle Life discharge to 2.75V  stay Smin. Repeat above steps till continuously 2300times
discharging time less than 36min.
Callz::l];;y of 20+5 , After standard charging, laying the battery 28days,
44 elcctlraici%y discharging at 0.2CsA to voltage 2.75V, recording the discharging 2240min
time.
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UNIONFORTUNE

Edition No. 2.0
PRODUCT SPECIFICATION
Sheet 2/5
5 Environment Performance
Item Test Methods Performance
Hioh After standard charging, laying the battery 4h at 60 ,
5.1 e then discharging at 0.2C;sA to voltage 2.75V, recording the 2270min
temperature . S e
discharging time.
Low After standard charging, laying the battery 4h at 0.2C;A,
5.2 then discharging at 0.2C;A to voltage 2.75V, recording the 2210min
temperature . . .
discharging time.
Constant No distortion

53 | humidity and After standard charging, laying the battery 48h at No electrolytes leakage

40+2 , RH 93+29%. Recording 0.2CsA discharging time

temperature 2270 min
Temperature After standard charging, battery stored at -20 for 2 i
54 shock hours, then stored at 50 for 2 hours. Repeat 10 times. No electrolytes leakage

6 Mechanical Performance

Item Test Methods Performance

After standard charging, put battery on the vibration
table. 30 min experiment from X.Y,Z axis. Scan rate: 1
oct/min; Frequency 10-30Hz, Swing 0.38mm; Frequency 30-
55Hz, Swing 0.19mm.

After vibration test, batteries were laying on the vibration
table about X, Y, Z axis. Max frequency acceleration:
100m/s%; collision times per minutes: 40~80; frequency
keeping time 16ms; all collision times 1000£10.

No influence to batteries'
electrical performance and
appearance.

6.1 | Vibration

No influence to batteries'
electrical performance and
appearance.

6.2 | Collision

Random drop the battery from 10m height onto concrete

6.3 | Drop one times.

No explosion or fire

7 Safety Test

Test conditions The following tests must be measured at flowing air and safety protection conditions. All

batteries must standard charge and lay 24h.

[tem Test Methods Performance

At 20£5 , charging batteries with constant current
3C;A to voltage 4.8V, then with constant voltage 4.8V till
current decline to 0. Stop test till batteries’ temperature 10
lower than max temperature.

At 20%5 | discharge battery with 0.2CsA continuously
12.5h.

At 205 , connect batteries” anode and cathode by
wire which impedance less than 50mQ, keep 6h.

At 2015 , put the battery in two parallel steal broad,
add pressure 13kN.

Put the battery in the oven. The temperature of the oven
7.5 | Thermal shock | is to be raised at 5t1 per minute to a temperature of | No explosion or fire
1302 and remains 60 minutes.

7.1 Over charge No explosion or fire

7.2 | Over discharge No explosion or fire

73 Short-circuit No explosion or fire

7.4 Extrusion No explosion or fire
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UNIONFORTUNE Edition No. 20
PRODUCT SPECIFICATION Sheet 3/5

8 Cautions

1.

3.

Cautions of batteries’ operation

The batteries must be careful of proceed the operation for it’s soft package.

Aluminum packing materials

The aluminum packing material was easily damaged by the sharp edge part, such as nickel-tabs.
forbid to use the sharp part touching the battery;

should cleaning working condition, avoiding the sharp edge part existence;

forbid to pierce the battery with nail and other sharp items;
the battery was forbidden with metal, such as necklace, hairpin etc in transportation and storage.

Sealed edge

Sealing edge is very easily damaged and don’t bend it.
The Al interlayer of package has good electric performance. It’s forbidden to connect with exterior

component for preventing short-circuits.

Folding edge

The folding edge is formed in batteries’ processes and passed all hermetic tests, don’t open or
deform it. The Al interlayer of package has good electric performance. It’s forbidden to

connect with exterior component for preventing short-circuits.

Tabs

The batteries’ tabs are not so stubborn especially for aluminum tabs. Don’t bend tabs.

Mechanical shock
Don’t fall, hit, bent the batteries’ body.

Short-circuit

Short-circuit is strictly prohibited. It should damage batteries badly.

Standard Test Environment for polymer lithium-ion batteries

Environment temperature: 20+5
Humidity: 45-85%

Cautions of charge & discharge

charge

Charging current should be lower than values that recommend below. Higher current and voltage
charging may cause damage to cell electrical, mechanical, safety performance and could lead heat

generation or leakage.

Batteries charger should charging with constant current and constant voltage mode;
Charging current should be lower than (or equal to )1CsA;
Temperature O 40 is preferred when charging;

Charging voltage must be lower than 4.25V.
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