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1 INTRODUCTION

In this chapter the aim of the project, the strietand the background of the will be introduced.

1.1 BACKGROUND

Technology in the last twenty years has made sagmif steps forward. One of the most important etspie the
wireless and mobile technology. Everything beconmimapile and uses wireless communication. In they edr90",
Internet made a big revolution. Nowadays, in gelnéne communications and mobile communicationgiogless
communications becoming the most noticeable tedgyolAs the needs of wireless communications asevigg,
the requirements will also grow and changes.

Many protocols and devices have invented. Genenalhgless communications made using radio frequémc
different ranges. Some uses low frequency and dtiglérfrequency as Infrared. Each protocol and edotless
communications has their advantage and disadvantage

The needs of wireless communications of periphavéls computers were the motivation behind efforfihd out
more and more way of communications between thegees and the computer. Infrared and Bluetootinés of the
most famous that replaces the cable in connectifeyeht devices to computer like phones, mice daard...etc.

This project is a research based on XBee moduletermine and acknowledge the characteristics weaed
properties, Mode of operations and its effect agbwer consumptions. The research will try to fand the best
condition for running the modules, and the advamtagisadvantage in using XBee as a product of Digi
international.

1.2 STRUCTURE

The report starts with a brief detail about the afrthis project. Chapter 2 is a short history dliba Zigbee and
XBee modules and other hardware that is not XBé&lgloee compatible. Chapter 3 is about the doctatem and
tests done by the producer to get mandatory aatés as CE and its input to our research. Chédpsefor the
equipments used in the research.

From Chapter 5 the research starts with descritiedest setup and configurations used in the relseand different
scenario used in the research. Chapter 6 contallested results from the tests made during thiedifit project
parts.

Chapter 7 will summarize the results, and clar@fyne results with graph. Then comes chapter 8 wtociains
some suggestions and future works might be requirdee same field. And last chapter will be chatevhich is
the conclusions obtained in the project.
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45. Figure 6-17 Range test between two XBee with tineesdistance of 800 cm But different angel - effact
reception

46. Figure 6-18 Range test between two XBee with destasf 200 cm Lowest power transmission

47. Figure 6-19: Signal Strength vs. Distance - H10u@bFloor
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53. Figure 7-4: Angle effect on the reception

54. Figure 7-5: Height effect on the reception

1.5 PROJECT AIM

The aim of the research is to find out facts abte power consumption and range of usage. Thegrwjill also
try to find out the facts about XBee as a low poe@mmunication device how it can be used in aédigtay. There
are some issues that are not clear how it affeckee. The research will try to find out thesegaadvantage and
disadvantage of each mode of running the XBe&®o subjects are the aim of this project, the eleait characteristic
of the XBee device and the Signal strength Randbeoinodule and Max range could be achieved.



2 HISTORY

In this chapter, history of Zigbee protocol and tieed of the protocol will be described in brieternal hardware
and configuration attributes of XBee module, whiglh Zigbee compatible module, will be the subfdhe capital.
Some facts about XBee module as hardware will betioreed also.

2.1 ZIGBEE

Zigbee Alliance established in 2002. The aim ofZigbee Alliance is for setting standards for egezfficient
Control Networks.

Zighee as name comes from the zigzag path of be¢$arm mesh networks between flowers. As the nanee
Zigbee is a networking protocol based on the IEBE 85.4 standard. This type of networking becanmmiceing
when engineers and companies realized the facBthatooth or WI-FI will fail to provide network séces in a
variety application when low power consumption aattery powered devices will be come a requirerfamiuture
devices and technologies. The aim of Zighee prétsawot to provide faster communication channedgher than
creating a standard for control and sensor netwgrkt means that Zigbee is not a replacement faF\M\Both
standards will work parallel in different applicats.

2.2 XBEE MODULE

XBee is the trade name from Digi internationalfadio modules with some compatibility form. The mtd
originally owned by MaxStream brand in 2005. Thes#io communication modules based on IEEE 802.2608
protocol. It aimed to provide point-to-point, pototmulti point, and multipoint to multi point comumications. Digi
International acquired MaxStream 2006.

Initially there were two modules introduced wittnigost and low power consumptions. The first orlledaXBee
with 1 mW power transmission and the other call&eX Pro with 100 mW power transmissions that alltanger
range. They are compatible in pin layout and ed¢heam possible to replace with the other type veven needed.
Care must be taken when XBee is replaced XBee #KBae Pro has higher power consumption and higberer
transmission. XBee Pro is slightly more sensitivegception also.

Some members of XBee: (XBee® Wi-Fi, XBee® 802.1%XBgee-PRO® 802.15.4, XBee-PRO® 900, XBee-PRO®
XSC, XBee-PRO® 868 XBee ® ZB SMT, XBee-PRO® ZB SMT, XBee® ZB, XBee-BR ZB, XBee ® SE,
XBee-PRO® SE, XBee-PRO® DigiMesh® 900, XBee® Digdh® 2.4, XBee-PRO® ® DigiMesh® 2.4, XTend).
This large range of XBee is because of the need#fefent communications. It starts from low povsmsceiver to
high power transceiver with small range to largmownications range. However, in this research werdaerested
to XBee® ZB that has hardware S2.

XBee module has different type of configuration jethdetermines the property of the communicatidme T

complexity will be also different depending on @ireperty of each configuration. Looking to the X-Ctthese
different configurations are possible (see Figudg:2

10
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Read | drite: | Festore i Clear Screen Save Rl rien
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Modenm: <BEE Function Set ‘Yersion
|=B248 \»| |ZMET 25 ROUTER/END DEVICE AT 2

=3 Netwarking |ZIGBEE COORDINATOR AFI a
. . [ (0)CH - 0|ZIGBEE COORDINATOR AT
. B FFFF) OF{2IGBEE ROUTER SENSOR
ZIGEEE ROUTER/END DEVICE AP
- [ (234)10 - |Z|GBEE ROUTER/END DEVICE AT
- B (1FFE] 50ZHET 25 CODRDINATOR API
- [ (3150 - 5|2NET 2.5 COORDINATOR AT
- B (FF Ny -/ 2NET 25 ROUTER SENSOR =
ZMET 2.5 ROUTER/END DEVICE ANALOG 1D
- B 10 - CHZNET 25 ROUTER/END DEVICE AP
-2 Addressing  |ZNET 25 ROUTER/END DEVICE AT
- B [FFFE] MY{ZMET 25 ROUTER/END DEVICE DIGITAL IO
[ (134200) [ZNET 25 ROUTER/END DEVICE PH

~ [ [4071C047) SL - Serial Murnber Low
-~ @ [01DH - Destination Address High
-~ [ [010L - Destination Address Low

- [ (0124 - Zighee Addiessing

- [l [EB)5E - Source Endpoint

— [l [E8)DE - Destination Endpaint

- [l (117 C1 - Cluster ID

- B (1M1 - Node |dentifier
H . BRI AL Breade set Badie LI
Read parameters. Ok

Figure 2-1A X-CTU

Note:

The research will mention only attributes that @enduring the tests, the rest of the attributesaarthe default
values, which could be retrieved, using, restooenfiX-CTU. The following is a list of the possildenfigurations
for the XBee module:

1. ZIGBEE AT MODE
a. COORDINATOR
b. ROUTER/END DEVICE

2. ZIGBEE API MODE
a. COORDINATOR
b. ROUTER/END DEVICE

3.ZNET 2.5 AT MODE

a. COORDINATOR

b. ROUTER /END DEVICE
4. ZNET 2.5 API MODE

a. COORDINATOR

b. ROUTER/END DEVICE

5.ZNET 2.5
a. ROUTER SENSOR
b. ROUTER /END DEVICE ANALOG IO
c. ROUTER /END DEVICE DIGITAL IO
d. ROUTER /END DEVICE PH

There are two major different modes. The first misd@IGBEE and the other is ZNET 2.5. Each modeditisrent
sub mode and under each sub mode, there are diffeyafigurations. Before we describe how the aqunfations
should be, some other attributes needs some chtrdns.

Under each Function set that X-CTU provides, tla@ee6 major area of configurations each XBee naedst
before the communication could be started. Her#l nmention and select only attributes that we needodify for
our network to works.

11



* NETWORKING : Determine the configuration of the networks parts
0 CH - Operation channel: the Coordinator determihiss which coordinate all communications. If
the value =0 it means that the device is not joitoeginy network.
o PAN ID: This is the most important value, which @dlvices in the network should have it.
0 DH - Destination address extended (64-bit) address: This should be deteunwhen the XBee
module wants to send a message to another XBeelenodu
0 DL - Destination address- extended (64-bit) address: This should be déteashnwvhen the XBee
module wants to send a message to another XBeelenodu
0 MY — 16 bit address for the XBee module (unique)
0 SH - 64 bit address for the XBee module (unique)
0 SlL-— 64 bit address for the XBee module (unique)
* RFINTERFACING
o BD- Baud rate. Communication speed between the XBedules and connected devices
(microcontroller).
o D7: CTS FLOW CONTROL
o D6: RTSFLOW CONTROL
*  SERIAL INTERFACING
e SLEEP MODES
0 SM : Sleep Mode - Determine if the XBee modulegto sleep mode or not.
0 ST : Time before sleep . Applicable for cyclic glesnd devices only.
e /O SETTING
« Diagnostics Commands

2.3 XBEE® SERIES 2

This research uses XBee® Series module as show#gir2-1B.

B G nnms

°N|5‘31 c 6

XB24-BCIT-

|

Figure 2-1B XBee Series Top and Bottom view

This XBee module has S2 hardware. The Top sideggtthe antenna chip, which replaces the reguiterma. In
the left side, there is a place for a little antemhen the antenna chip is not used. GenerallyXBex module
consists of the following internal parts as theckldiagram describe.

TE_ACTIVE
™1

rF_P.N[ ]
Bas_r[ ] m
DI RF TX ’
o O O gt [ Buffer [T @Mt 19 RE Switch
I - [ srF_cix TS P~
==t [ ]sF miso  |vee = Antenna
onop—] Port
\ [ ]sF_mosi
l _ PO Do . RFRX Receiver
L Insw_Lano Buffer Buffer
OsC32A
OSCIE
Microcontroller
WREG_OUT
. 5 16-bit XAP2b
T - microprocessor
GPIOj1E)

Figure 2-2 XBee Internal Block diagram
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A 16-bit Microcontroller with all parts that any 6bit microcontroller could have (ADC, Timer, Whttog, Sleep
timer, UART, General-purpose I/O port, 128kB céi$h , 5kB of SRAM ...etc.). Beside the Microcontollsome
other parts are for communication. The microcotgralesigned by Cambridge Consultants Ltd. The
Microcontroller runs on a 12 MHz clock speed. Adware AES encryption engine is included also inEM250.
[19]

Table 2-1 XBee specification for Series [87]

XBee Series 2
Indoor/Urban range up to 133 ft. (40m)
Outdoor RF line-of-sight range up to 400 ft. (120m)
Transmit Power Output 2 mW (+3dbm)
RF Data Rate 250 Kbps
Receiver Sensitivity -98dbm (1% PER)
Supply Voltage 28-3.6V
Transmit Current (typical) 40 mA (@ 3.3V)
Idle/Receive Current (typical) 40 mA (@ 3.3V)
Power-down Current 1uA
Frequency ISM 2.4 GHz
Dimensions 0.0960" x 1.087"
Operating Temperature -40t0 85 C
Antenna Options Chip, Integrated Whip, U.FL, RPSMA
Network Topologies Point to point, Star, Mesh
Number of Channels 16 Direct Sequence Channels
Filtration Options PAN ID, Channel & Source/Destina

This was a brief internal view of the XBee module.
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CARRIER FREQUENCY

Here we can take benefit of FCC documentationgestdhey made for the XBee. We can borrow theigdim for
the spectrum analyzes as we by ourselves doesmetany spectrum analyzes and we are forced tthasdests.

@ marsar 1 [T1] )] 1 Pz RF &1L 10 as
3 Ref Lul 92 _SE d8uNsn WER 3 FMz
110 dis 2.47TER4310 GHz BT 5 ma it BV n
14

-

11.3 g8 OrFfa

] Jj‘f Kk‘"‘m

¥l .
I NN
:lw‘ ) . f’“\!fﬂ .\/-‘P"'-tu & " T

Fia_z4 R ‘rfuw ”f_,f"“#f HRH“H-_\_!':UL"‘-.LLH. Tor

"]
oo P TET w
fla |
Cenfar 2,48 GHz I HHz- Span 10 HHz
b R1CH 23.WH0V.2011 DE:53:01

Figure 2-3 XBee-Band-Edge RF Radiated Emissions, ¥&al Polarization
Upper End of Frequency Band Transmitter Frequency:2480 MHz

TRANSMITTER
Equipment Type: +« Mobile
» Base Station (fixed use)
Intended Operating Environment: | » Commercial, industrial or business
+ Residential
Power Supply Requirement: 28-34VDC
RF Output Power Rating: 1mW (0 dBm)
Operating Frequency Range: 2405 — 2480 MHz
RF Output Impedance: 50 Ohms
Channel Spacing: 5 MHz
Duty Cycle: 100%
6 dB bandwidth: 1.61 MHz
Modulation Type: O-QPSK
Oscillator Frequencies: 16 MHz
New Antenna Type: External Phantom Antenna
Make: Laird
Gain: 3.0 dBi
Part No.: A24-H3UF

Figure 2-4: some measurements from FCC final reporshows the most important parameters

The data packets modulate over the carrier sigsinbithe O-QPSK (Offset Quadrate Phase-shift kgying
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A QPSK means that each element represents moretteahit and it is as below:

Aco{Zn‘ 1+ IZT] 00

Aco{Zn‘ I+ 37”) 01
S(t)=

Aco{Zﬂ it —%Tj 10

Aco{Zﬂ it —%ﬂj 11

There is a difference between O-QPSK and QPSK-QR3K, the data streams are offset in time bythalsymbol
period after S/P conversion, avoiding simultandeoassitions in waveforms at node A and B. The pltasechange
only for 90° every Ts.[25]

2.4 OTHER ZIGBEE COMPATIBLE MODULES

There are many other modules admit to be Zigbegatibie also. These modules have too many shapese §f
these modules made as USB — Dongle. It is posihise them with any computer without needs ofather
hardware. Others come with RS-232 convertor. Thegealso some other modules that likes the XBawa figi
international. Searching for Zighee Modules in iitgpwvw.alibaba.com/ will result in 1,967 Productaihd.
Unfortunately, it was not possible to get any othigbee compatible module from the University tokena
comparison between what Digi international prodaicé other manufactures. This may be the subjedtifaore
research.
Some examplesCC2530-L Zighee Modules, VT-CC2530-M1, cc2531 Zghwireless transceiver module USB
dongle

2.5 HARDWARE AND SOFTWARE

13820040767 431
Device 1

13A2004071CDAT
Device 2

13A2004071CEFF
Device 4

1382004071CEFE
Device 3

Figure 2-5 : XBee modules with their addresses used the research

The power supply of the XBee modules is 3.3 Vditds means that the signal from the XBee is alsoéen 0 and
3.3 Volts theoretically. Connecting any Microcotigowhich have a 5Volt power supply directly to ¥8 modules
could cause problems as their signal voltage lakehot the sani0].

For commercial application, care is necessary inveding the signals-voltage-level, to make sugd,tarrors are
avoided and the XBee will run in safe conditions.
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é Ri3.3 é RI5.0
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—— 3.3VO0lts 5Volts

Figure 2-6 Different logical level results in unwated
current flow between Microcontroller and XBee

Theoretically, we can calculate the current is gdinom the Logical 1 from microcontroller which%sVolts, to
logical 1 from the XBee which is 3.3 Volts. Therdlwe a current flow from the Microcontroller the XBee
module as symbolized in figure 2-6. The internaistance of each part (microcontroller and the X®#kedecide
the actual current, but theoretically is as bellow:

5-33 _ 17

Ri 3.3+Ri 50 RI 3.3+Ri 50

Using Multimeter | measured the current that flawhe XBee module and it was equal to 20.7 mA (thishen
Arduino external power supply was equal to 8 Valtdl the Logical voltage output was 4.95 (see figudd
We can calculate the R3t+Ris = 17 _ 820

0,0207
Soon or late, the extra voltage will damage the XB®dule.
For configuring XBee modules, there is a prografmictv called X-CTU. Digi international made the prag and it
is downloadable from their home site.

X-CTU gives user a variety of choices to make défe test. In the research, two Laptops and twaikal will be
used in testing the XBee modules and for commuinigdtetween different XBee's in different conditfon
Generally, Device 1 will be as Coordinator, spedi&fice that other wants to send message to. Bywhimake it
easy to determine the address which is important.
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3 CE

In this part we briefly talk about the CE certifieand it's effect on any product produces in tloelav The
importance of the certificate and what informatoould be achieved by this certificate will be désed in the
following parts.

3.1 WHY CE

CE stands for Conformité Européenne. It is a mammglanark for certain product groups that confitme £ssential
health and safety requirement put by European Bwesx CE is not to confirm the quality as muchteshealth
safety. Any product consists of many chemical sarxsts that may be health hazardous chemicals ssiemias in
radio frequency emitter. The CE certificate hassaivgoals as bellow:
1. Simplify and unify regulation of customer and inttigd for all EU members in single regulation andine
certificate
2. Reduce the cost while CE becomes mandatory to ecithecoverall cost of the product that will help th
producer to accept the marketing.
3. Ensure and enhance the safety of the products
4. Define and documenting procedures taken when eaxtupt tests that it is possible to recheck and
reproduce the reports by other member of the EU.

CE certificate is to protect environment, custoamed countries from hazardous products, any kinreducts that
may harm customers. The regulation is much hartenvproducts are targeting children. Each groypraducts
gets its own sub certificate that must be fulfilleefore the product can be allowed to see the Eilketa

Noter: CE is not about the quality of the prodaselif. Products gets CE is not by default perfe¢he quality. The
CE is only for providing safe products, for humaua dor environment.

3.2 XBEE AND CE

Why do we talk about CE for a module that is a $pralduct and runs only on 3.3 volts?
There is a special requirement that low voltagelped should fulfill before it gets their CE certifite. Two major
certificates will be required

1. Low Voltage Directive (LVD) (limit is 50V AC or 75\DC)[01].

2. Electromagnetic Compatibility Directive (EMC)
In simple words, the product must be safe to uslediin’'t harm our environment, and electromagnedigabilities
of the product should be under the acceptance.level
XBee has got the CE certificate, which means tmafptroduct have been under several kind of testsitdas
fulfilled the requirement puts on such a produet tltorks on low level voltage and emit electromaigneaveform.

Two kind of electromagnetic waveform is availaldaizing radiation and non-ionizing radiation. lengral, all
ionizing radiation, even at low levels, are dangsrdut the non-ionizing radiation could be safiadfy are not in at
very high levels [22]. lonizing radiation can causenage in DNA and permanent damage to them isljp@ss
lonizing radiation generally is caring high levélemergy.

The non-ionizing radio nation is what we are atand XBee has this kind of radiation. Simply, thdiation is safe
if it does not pass levels made for each groupegfifencies. High-energy electromagnetic emissiorcease
burning and other serious problems. In the othadleven if the energy emitted is not so much, bhaitcontinuity of
emitting could be the other factor that may cabseproblem.

WI-FI or Bluetooth is using the same range of femugy that some XBee uses. Each device is not amith much
energy if we compare it with any mobile phone. Hegre having 20 to 30 laptops in an area of 30 sjuaater
means that the level of the electromagnetic emittidicbe more than what nay mobile phone could effiite same is
true for the XBee modules. There are no evidenaehthving many WI-FI devices will be harmful bueté are no
evidence either that they will not cause problg28]

Definitely, we need more research in this field. Wéed to take the problem seriously before it bexolate. The
concern is bigger with XBee as we may have mangyxts emitting signal in a small environment whigluse to
rise the level of the emitted energy in that envinent which children may be apart of it. If an XBgemitting only
10 to 63 mw, 100 XBee devices that could be redsdena some environment will emit a mount of enetiggt is
equal to 6,3W that is a lot.
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RF emissions limits:
There are standards that describe the limits ofv@tl EMF.EN 550XX series that are some of the standard® hav
harmonized limit levels for conducted and radisgetdssion. Here are some graphs that show theslimit
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Figure 3-1 Radiated emission limits [1]

This document [24] put the max limit of the powleatt transmits by any product with different fregoyejumping
possibilities; the power limit for this group ofqatucts is as below

Permitted operating

Class of frequency band (MHz) Maximum Limitations
transmitter (lower limit exclusive, EIRP
upper limit inclusive)
Frequency - .
hopping 2400-2483.5 500 MW A minimum of 15 hopping

. frequencies must be used.
transmitters

Our XBee module that uses in the research hadl@ssame power emitting level.
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3.3 FCC:

FCCJ[16] is abbreviation of The Federal Communications @ossion, which is an s an independent United States
government agency. The FCC established by the Comeations Act of 1934. The FCC has the duty to fztgu
interstate and international communications byaatdilevision, wire, satellite and cable. The FG@'sdiction
covers the 50 states, the District of Columbia, drfel. possessions. They have the following funétiities:

» Executes on-scene investigations, inspectionsaadds.
» Immediately responds to safety of life issues.

* Investigates and resolves interference.

* Investigates violations in all communications s&zs

The reason we are talking about FCC is that therelacumentations were registered and saved thireeCE
certificate, the internal hardware of the XBee, Ebttificate..etc. There is much good informatibattcould help
in understanding the XBee modules. Any producstbgtFCC will be registered and get an FCC numthegris
possible to search for in their database. Herddsing some picture of their documents describinganant
information about XBee.
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ANNEX 1 - TEST SETUP PHOTOS

(Orthogonal Pesition 2)

MaxStream, Inc.
XBee, Model XB24
FCC ID: OUR-XBEE
IC: 4214A-XBEE

Figure 3-2 Test equipment - EMC

Al1-3
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ANNEX 1 - TEST SETUP PHOTOS

(Orthogonal Position 1)

MaxStream, Inc.

XBee, Model XB24

FCC ID: OUR-XBEE

IC: 4214A-XBEE Al-2

Figure 3-3 Test equipment - EMC
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3.4 SUMMARY

This section was to describe some information abmICE certificate and documentations that coiud gesearcher
better understanding of the XBee modules. In th€ p&rt, we described that there are documentafitests made
by FCC that contains different tests and detaifstiication for these modules. It is importanktow that any
product will need to get a new CE and FCC certiighany change made in their hardware. Each CEQE is for
the product sent for the test, any modificatiothi@ hardware results in a new product and needsGteeertificate.
To minimize the money losses, designer needs tehiain when they require certificate for theirghuot as it costs
them money each time they make modification topttosluct.

This documentation cannot be included in this re@x it is large and unnecessary; however, thevgagto give an

idea about this source of information for otheessher.
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Figure 3-4 internal view of an XBee module from FCQlocumentation
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4. EQUIPMENTS

The electric characteristics of XBee modules am afrthe goals of the research. In the researchesd some
different measuring equipment. Two different Mukiters will be used in measuring the current, veltagd power
consumption by XBee modules. To figure out the Wanme of received signal and sent signal an osaithpe with
screen capture possibility will be used. The ossdbpe will be used also to measure different patars like
current and voltage where it is not possible tosueathem using Multimeter. | will explain later.
Here is a list of the equipments uses in the rebear

1. Oscilloscope (Type Tektronix TDS 2001C 50MHZ 50085/

2. Oscilloscope (Type UTD2102CEL)

3. TENMA 72-7755 Multimeter (Measure only average + R¥S)

4. MY-68 Multimeter (Measure only average - not RMS)

4.1 ARDUINO
Arduino board UNO is used in many application, mjgcts done by students in different levels. efhtoo much
trouble using the Arduino with XBee in the past.nyigoeople thinks are not as supposed to and nedusdlarified
in this research so other researcher will not gafused in their measurement and unwanted behavior.
I. The 3.3 Volts should be able to give max 40mA. Nmercurrent is possible to load from the 3.3 Voliis is
only true if recommendations described in poirg fuifilled.

Il.  Many people, as | did by myself also, think tha éxternal power source should be 5 volt as it lshbel
possible to use the Arduino using an usb-cableteep up the Arduino module. This is a false expinta as
the Arduino needs at least 7.5 Volts external pcamet will never be safe using only a USB-cable ¥io8is.
When the input power voltage source is less thar{lét we say it is 5 volt), the five Volts on theard is not
giving 5 Volts. In fact, it will deliver only 3.4 ®lts. You get the same result whatever you usévthe
power voltage to the Arduino, when the input vodtagjonly 5Volts. Figure 4-1 shows the input voéand
the Vcc on the ATMEGA microcontroller, which is tkeame voltage on the 5 Volt female contact on the
Arduino board. The problem could occur on the auirras the input voltage source is not enoughgtine=nt
cannot either be as enough. | consider This asladbsign for Arduino and bad component (regulaised in
Arduino also for the reasons below:

a. The power, which is coming form the USB port, skl trusted and it does not need regulating
through the regulator. That is the case and theepfnam the USB is taken to the regulator for
further regulating which will fail.

b. The regulator cannot pass 5 volts when it is réaNyplts; this is also a bad choice of a regulator
that cannot work when the voltage source is equalYolts.

I

~
=
-
-
-
-
.

NFEEEERRIY;

Figure 4-1 Left side is the Voltage supplied to thATMEGA microcontroller at pin 7.
Rights side is the external power voltage supplie the Arduino
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Ill. Using a 7.5 — 12 Volts external power supply to poup the Arduino, it gives a correct voltage te th
ATMEGA microcontroller and to the

Figure 4-2 Left side is the Voltage supplied to thATMEGA microcontroller at pin 7.
Rights side is the power supplied to the Arduino

IV. Asthe ATMEGA gets 5 volts as power supply to theeMoulses comes out from the ATMEGA
microcontroller is depending on that voltage. Igufe 4-3 can we see clearly that the output sifyoad the
Arduino at the TX has 0 to 5 volt p-p.

Tek JL. Trig'd b4 Pos: 0,000 BUTOSET
+

fnn
. Ba

“_

S — s LEnda
i ) . Alutoset
5 ) I 250 s | Ly
29-Apr—12 06:23 G Rl
TDS 2001C - 00:33:00 2012-04-29

Figure 4-3 ATMEGA microcontroller is getting 5 Volts at Vcc and
the generated signal from the TX is between 0 andlt. p-p

1. Referring to point four, | connected the XBee medial the Arduino. Figure 4-4 clarifies that the AERA
microcontroller must get down with its voltage letea lower voltage level as the XBee module catsme
to the Arduino. It is clear that the TX is loadetihasome load, which pushes down the signal levdl t
volts p-p. This is not good and XBee module soolater will damage. See figure 4-4
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Figure 4-4 ATMEGA microcontroller has 5 Volts logical level but when
it is connected to XBee it goes down to about 3Wlts
4.2 OSCILLOSCOPE
The oscilloscope used in the research is Tektrdbi$ 2001C. It has an USB port that, which givespbssibility to

connect to computer, and there is software thabitrgrreen capture from the Oscilloscope. The @scibpe will
be useful in capturing the power consumption ahdrovaveform in the research.

4.3 MULTIMETER

Two different kinds of Multimeter were used in thésearch. The first one is 72-TFNMA 7755 and #eosd one is
called MY-68. These Multimeters are not claimingn@asurement of true RMS, which means that theyausmge
measurements.

4.4 OTHERS

« Atleast two computers is necessary in this reseasdt will be used during the “range test” of ¥igee
modules in AT mode or APl mode networking.

« Aregulator needed to produce 5 volts as a powgplguo the Arduino to make the Arduino mobile. The
regulator will get power supply from a 9Volts bagteand will be stepped down to 5 Volts as we dotést
in this range.

1.2V-45V Adjustable Regulator (To-220)

Plastic Package
LM Thi 2

1 Vi
Vot Q o

Wiy -18¥ Vin Your
Al

Al ViN

OahMed1 Vour

Demae3

Figure 4-5 regulating of 9Volts battery to 5 voltse suitable for Arduino

Actually, | discovered later that no regulator wibbe needed as the Arduino could get 9 Volt as peweply
voltage. This fact discovered during week 2 inreearch while testing the characteristic of thipaiwaveform of
the XBee.
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5 SETUP & CONFIGURATIONS

In this chapter, configurations were used in tlseaech for each part of the project will be desatitResults shown
in the result chapter needs to come back to thistp&now what configuration was selected whatremtions are
used. There are two major parts, Range test angiPammsumption and Electrical characteristics efXBee
modules.

5.1 Electrical Characteristics and Power Consumption

Power consumption for the different types of moaled states will be the subject of this part. hésessary for
every designer to know how the power is consumethéyBee and how the XBee is acting during diffietteme
and different situations or modes. We use two (RER/END DEVICE): s AT Mode to measure the power
consumption.

A. Power Supply Setup:

In this section, the voltage supply and requirenaénihe power supply to XBee module are the ainthefresearch.
The power supply voltage of the XBee should bedtwleen 2.8 to 3.4 volts as the documentations Hay.
important to have a very stable power supply toXBee modules as ripple could result in unwantecXBehavior.
At the input, a 0.1.F 10 Volts capacitor is required and at the outfthe regulator a tF 10 Volts Capacitor needs
and an 8.2pf (Figure 5-1). This is what the docutaigons suggest to use with regulator power seppli

In our project, we use the regulator to step ddvend battery voltage to 5 volt. This power will bged with the
Arduino to provide the mobility of the module. Figub-1 shows the regulator circuit.

9 - 5 Volts Regulator 3.3 Volts
uF IN ouT
0.1 + 1 uF
R S GND + _L 8.2 pF

Figure 5-1 regulating of XBee power source needsrie
capacitors

B. Current Measurements:

Before starting the measurements, we need to nmetitad the power supply voltage of our XBee modidimg the
XBee USB-Module card is 3.3 Volts. There will bem®ed to mention this voltage in the research pastthat will
be the pre-known, unchanged voltage for all parte@research. When power consumption is calotttis
voltage will be used.

The current supply to the XBee modules varies astimdition of the XBee module itself varies frorstate to
another. Generally, we can say that the currenswoption is not DC. It could be difficult to calatg exactly how
much each module consumes during each kind of garrgtion as the current consumed varies per conaigun and
state. However, we will put some facts here andsuneanents.

To capture the current waveform, an Oscilloscofdkebei used. However, Oscilloscopes have no podyilhd show
current waveform directly. To show the current flasveform we need to convert the current to voltagesing a
very small resistor. Waveforms in this sectiondptared by using 3 resistors having values af22#hd connected in
parallel and they will be connected in series g XBee power supplier.
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Resistor in parallel = 1 1 =7.3Q

1,1 1 0045+ 0045+ 0045

I = _ [
RL Rz RS El% EE% %EE
(w2

Figure 5-2A Resistors in parallel
Since the current consumption is related to theggamwensumption. Here we described how these wawvsfare
captured and how we can convert them to currerdgwoption and later to power consumption. We knaeaaly the
voltage power supply to the XBee modules to be 3.3

In order to get a DC equivalent voltage, curremt pawer consumption from the pulses or differetpst
waveform, there are two ways of calculating the &fivalent:

1. The effective voltage/current/power (which is cdllso RMS): This is the correct way in calculatihg
effective power consumed by any device gets itatgypource in different shaped waveform.

2. The average voltage/current/power: Most of the ihéter uses the average measurements. This
measurement will not be correct always and it faill if the input waveform is not a pure sinusoidahis
project | will write down both measurements forereince comparison.

Note:

All tests done in the research are based on ukin§ Voltage from the Arduino as power supply asitdigithe USB
shield (adapter) for connecting the XBee to powgapsy and connecting the D-IN/D-OUT. To be mentidiere
also, the adapter consume 9.9 mA ~ 12 mA whencibimected to the USB-Port of my Laptop.

5.1.1 AT MoDE
Starting with AT mode configuration, electrical cheteristics and power consumption will be the sabpf this
part. Under AT Mode there are many other sub moties.following section is the detailed modes.

5.1.1.1 AT STANDBY

It is important to know that when there is only offgee in the area got powered ON. Such setup carenoalled
“STANDBY” as the XBee is trying to make contactanother device in the surrounding. In order to stioev
difference we will make our setup in two differestétes: This is why there is a big difference betwhe following
figures (Look at figure 6-4 and 6-8):

There are different standby states:
1- Only one XBee is powered ON
2- More than one XBee is powered ON.

5.1.1.2 AT SLEEP MODE
In this research only the cyclic sleep mode willused. It is impossible to use all other optionthasresearch will
be too big. The XBee documentation (page 90) daessithe roll of these confiauration bvtes as is thicture:

On/Sleap
Having XBee configuration as below: At=SP*SN
SM=4 : I
ST=100 =43 Sleep Modes
SP=100 n (0] 5K - Sleep Mods |[IENSSRNS S5
SN=1 C L Tii
At = SP*SN= (100)*(1) =100 ms - i : 1-PIN HIBERMATE
This configuration gave us a 100ms cycle periodh&itlOms pulse = B (1151 1 ) %:EISSE%ED

width (which is the minimum you can configure). [¥8 manual =43 140 Settings

iy pome R BB SEEER
page 89]. : V1L PN i ramm

Even when we have sleep mode configuration, thdtdevtwo further options:

1- More than one XBee is powered ON:

2- Only one XBee is powered ON:
We have the same configuration as above, howeveemeve the second XBee module. But we will notchwi
OFF/ON the first Module. This could be the situatigith any XBee module when it lefts alone aftegfe
working (battery down situation).
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5.1.1.3 AT SENDING — NO SLEEP MODE

When XBee is in transmitting state, it is consumimgre power compared with standby or sleep mode.Arduino
device will send a character-one byte (which is) gbntinuously. At the other side a computer use3TU to
receive and resend the “M” to the Arduino via thBe¢ modules. We will try even sending only one @btar and
capture the power consumption to determine theofip@wer consumption for one byte.

5.1.1.4 AT RECEIVING
Here we have the same configuration and setuprdbdsending.

5.1.2 APl MODE

We have two XBee modules with one coordinator ganid in APl mode. All sends with full power andsieep
mode activated. Totally there will be 3 XBee modul€he power will be captured on one of the END iPes. They
are all connected to a computer and X-CTU is useddnding receiving.

For continuous sending, | used the program thaadeanwhich is shown in figure 5-10 .

The packet that will be sending is containing a byte data which is the symbol “+”. Each 2.45 thecbyte will be
sent and measurements will be recorded (7E000FDAGE®004071CEFEFFFE00002B94) which represent’a “
symbol.

5.2 AC CHARACTERISTICS / BAUD RATE CONFIGURATION

In this section, the AC characteristics of XBee mled are our goal. Baud rate or how many symivatssport in a
second is a way of computing the speed of commtiaitaas a direct affect on the power consumptiuah the
quality of the communication. Looking to the XBeedules, there are lists of baud rates that arevatio

« 1200

e 2400

* 4800
9600

« 19200
38400

« 57600

« 115200
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Figure 5-3 Baud rates available for XBee Modules

We use Arduino Uno with an ATMEGA microcontrollealled ATMEGA 328P, which has a frequency clock at
16MHZ. to calculate correct baud rate we use thisadon in our code:

Baud Rate= (CPU_CLOCK_SPEED/ 16 / BaudRate ) — 1

As we can see, Microcontrollers clock speed divalasys by 16. This division will not generate ateper
numbers. In our case:

Baud Rate =(16000000/16/9600)-1= 103,1666666

The baud Rate calculated here to be used with TMEGA is =103 with an error factor of %0.2 sinbete is a
reminder in the division of the microcontrollereck speed.

Now if we choose another baud rate for the XBeavketake a faster baud rate and calculate whatidoduill get.
Here is an example:

If we configure the XBee to have 115200

Baud Rate Error :(BaudRatétIosesMatch_l) x100%
BaudRat
=(125000_,yx1006= %8.5

11520(
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Table 5-1 Baud Rate Table vs Error

ATMEGA Baud Rate Baud Rate
clock (XBee) calculated =clock Integer Nearest Error
frequency freq/16/Baud rate
16 000 000 1200 833,33 833 1200 0.0%
2 400 416,67 416 2404 0.2%
4 800 208,33 208 4808 0.2%
9 600 104,17 104 9615 0.2%
19 200 52,08 52 19231 0.2%
38 400 26,04 26 38462 0.2%
57 600 17,36 17 58824 2.1%
115 200 8,68 8 125000 8.5%

As we can see from the table 6-1, when the baedimateases, the error also increases also ande®8c%. This
could generate much trouble in the communicatiahpacket may be lost more often when the sendiagdsfrom
the microcontroller is mismatching the XBee.

What make the problem even worse, the Arduino doésise a real Crystal Oscillator for the Cloclgfrency of the
ATMEGA 835P. The Arduino uses a 16 MHz ceramic nagor. It means that the frequency that generatasti
accurate and may vary. All these could make unknoevrditions and unknown errors for the XBee comrmaitidons.
Definitely it could affect the quality of servicerfthe communications, especially when faster bratelis chosen.

. Rrx*m* ARDUINO
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150 mA 3.3Volts Regulator

Figure 5-4 Arduino uses Ceramic resonator
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5.3 COMMUNICATION RANGES TEST

5.3.1 INTRODUCTION:

The range test consist of the effect of the distapower emitted, disturbance effect of differdat&onic devices,
and barriers on the reception of the XBee modes1y instruments used in these tests. Some o&8ie imade
more than one time to ensure the correctness okthsts.

Tools used in testing the range are an Arduino -eXBedule programmed to send back a messages tiust fsem
a computer using X-CTU. Different configurationglatifferent environment were chosen.

Before we start, This project has been done iretlifferent location for different purposes. Fig&-5A, 5-5B, 5-
5C are maps of the apartment, ground floor - gpiap of H10 (Near to the restaurant), and Sal 8316, these
locations were selected to carry out the testsh l@mation has different environment which maksuitable place to
choose. The following is the reasons behind ealettsen:

1. The apartment is a normal home for any house adiomeould be proper to compare. XBee is supposed t
be used in home automation.

2. Entry plan is a large location and has a wide dtezn be compared with any industry local. Thene
different devices, walls, other barriers which ebaffect the signal. It has a length of about 40 m

3. The last location was a normal classroom called 83LIn this room, there were also some deviceslaad
XBee got different environment for the test. As &R&Vrouter was in the room also, it was a perfadate to
do the third test. The classroom is chosen as masjgcts at the university will be tested and dione
normal classrooms. This part will be as a referdacéhem.

Apartment — Figure 5-5A:

This is a map of the apartment that | did soméneftésts. There are locations on the map that arkeah with red
dots are places were test and measurements ardeddn the research. Some information about tlaetagent needs
to be declared:

1. Largest distance (without barrier) is only 12 misTis due to the size of the apartment.

2. The red points are places were the XBee moduleteated, and data were recorded in the research.
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Figure 5-5A Map of apartment where testes took plaz
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H10 — Ground floor— Figure 5-5B:
| selected this hall as it is big and there areythings that could affect the signal receptiortig XBee.. There are
walls, barrier, and many devices that emit elecignetic waves. Kitchen machines, WI-FI, etc...san@e of the
objects that may affect the reception.

1. Largest distance (without barrier) is more tham#0

2. The red points are places that the XBee modules tested, and data were recorded in the research.

TN E\

Lo ; . Lt T ey S
T % = = ——
HiFem—r z

S AT

HL ®

t Restaurant ¢l

Figure 5-5B Map of Ground floor — H10

SAL 83 — Figure 5-5C:
This is a normal classroom with a big area. Mangspie threats to the reception are included irdloen, such as
WI-FI router. It is perfect environment for testitige XBee range since we can see the effect of tthegices on the

reception.
3. Largest distance (without barrier) is about 18 m.
4. The red numbers represents places that the XBeealewdere tested, and data were recorded in the

research.
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| (e |

Fih _Fh F13
_Hao LT]OI/]UG'J L?10L 1970 ‘[/ 2490 L

5.3.2 ZIGBEE
In this part, different types of connections wi the target of the research. It is about detengittie advantage and

disadvantage of each type of network configuratibhich one is simple and what are the complex gométions.
What are the attributes...and so on?
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5.3.2.1 AT MODE

Even in AT mode there are some other sub modedigcoations). In this part these modes will exptain details.
The explained connection will be used later indtteer parts of the research. Configuration which part of the
tests will should be one of these listed here i plart. Because of that, the other parts will ptorthis part.

5.3.2.1.1 ROUTER/END DEVICE
The simplest configuration is to use XBee moduteBT mode with sub mode called Router/End devidesE
configurations are tested and it works fine Figia-®).

Note:
The XBee modules | use in this project have gat tiemes in the beginning of this report. These eaitl be used
in the report every where.

13A20040767431
Device 1 13A2004071CEFF
Device 2

Figure 5-6 Two AT END DEVICE

To connect two XBee modules using AT modes thesfigurations are necessary:

1-Each device has an address for destination ddviireexample Devicel which has the address
(13A20040767431) should have Device2 s address which is equabizr§o4071CEFF) as destination. By
writing, these configurations both devices simmy communicate with each other. Without doing sitép
it will not be possible to get communication betwelese devices. For this peer-to-peer communitatio
coordinator or extra router needed as the commtioicis only between two devices.

2-If multiple devices need to communicate to onéae as shown in Figure 5-7. The same steps cappked to
these three devices. Every one of these devicésdB@d 4) should has Device 1's address but foicdelit will not
be possible to communicate with all of them in dilewithout changing the address of the destimatitienever it
needs to communicate to one of them (2,3 &4).

END DEVICE

13A20040767431
Device 1 13A2004071CD47
Device 2

13A2004071CEFE
Device 3

13A2004071CEFF

Device 4

Figure 5-7: Multi points to one, AT- XBee network

5.3.2.1.2 COORDINATOR/ ROUTER/ END DEVICE

To establish a network using AT mode, an AT coatlinis an obligation. The coordinator is the mastdéhe
network; and must be the first module that getddsfiguration and power.. No networking will wafkkhe
coordinator does not start first. This is the mogiortant step in building any XBee network. It do®t mater if the
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networking is using AT mode or API. Missing or dgithe steps in other order will cause malfunctigrofthe
XBee networks.

PAN ID is the Personal area network identificatibat will be common between all devices. Withoutihg the
same PAN ID, XBee modules cannot join a networle €bordinator could automatically decide PAN 1D witlee
PAN ID will be equal to zero. We must remember thatcommunication channel should be the samdlfBze
modules in the network or they cannot hear eacérofthe following is an AT network that 4 devices a
participated in establishing the network.

Device 1 becomes a coordinator and Device 2 andcB&will communicate to each other as in therfgb-8.

Coordinator

END DEVICE / &
</ T
13A2004071CEFE
13A2004071CD47 Device 3
Device 2

Figure 5-8: Two end devices with one Coordinator

Figure 5-6 shows the AT Mode peer-to-peer commuioisgaBoth modules must be configuring to have idetibns
of the other. Coordinator is not required. Thithis simplest way to communicate between two XBedules.

When configuration of Figure 5-7 is required whdmee XBee modules need to send message to anBleer
module (3 End devices to one end device). The tmagules need to configure the destination addoedse XBee
module in the right side. However, for XBee modul¢he right hand cannot send to all right sidehwitt changing
the destination address. However, this is a passinario in communications.

For figure 5-8, it is important to program each miedo get the same PAN and Channel of communicatdthout
having the same channel nothing will work, evenRIAd address is the same. Documentations say tatd@ator
will force Router and END DEVICE to join to the samhannel. This is not working, as it should. Paogmer
should do this job by sending AT commands in thdecdJnknown behavior will be faced if everythinghist
controlled by the code and confirmed.
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5.3.2.2 APl MOoDE

API mode is the configuration that allows establishing real networking with different complexity of the
network. From very simple network, that consist of only one coordinator which supervise the members of
the network that are END DEVICES to a very complex network that multiple mesh networks connected
together. In this research, we are going to use four XBee devices, two of them as END DEVICES, one as
a coordinator and the other is as a router.

- Coordinator

13A2004076T431
Device 1

!

API - Router

API - End Device 13A2004071CD47 API - End Device
Device 2 =

S, / \

Device 3

13A20040T1CEFF
Device 4

Figure 5-9: API MODE SYSTEM

In our XBee network, we have two end devices, amelaordinator. The coordinator is the responginrenany
important things like channel selection and foter@mbers to choose the same channel, and botRaheer and
The coordinator can save a message for a limited ¥hile one of the member of the network is nattiag to the
message.

It is important to know that the number of symbamidytes sends in this mode increase dependingeon t
communication protocol. Never the data sends mniode will be equal to the same size as it wath®AT mode.
This means that power consumption is much morarardase dramatically. However, the AT mode isgiging
the possibilities that API mode is giving that iBythis mode is important. We will try to find otlite differences in
using this mode and how difficult is to establighge communication between two END DEVICE XBee&AR|
Modes.

Testing APl mode is not the AT mode. Developing pater software is necessary. The program will Jardsages
to the other XBee, which is connected, to the AnduiAnother program will use Arduino to receive thessages
and send it back to the computer using the XBe&hmode. Loosing messages between the two palttbevi
noticed and calculated during a dedicated periazhtoulate the total packet lost in different eamiment as we did
for the first part (Figure 5-10).
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Sent
0

Rx ()

Feceived Messages COM pl:urtli

Open Comport

# ED 2
& ED 4

Send el

Send a Message

Figure 5-10: Computer software for communication inAPI mode

The program can send a single message or contimue white widget under “Send a Message”, canraassage
sends by pressing “Enter key”. Continues messaggsssible to send by pressing the red coloredhattd the
program starts to send cautious messages to the XBee using com-port of the XBee module.

5.3.3ZNET 2.5
This configuration is possible for this kind of X8enodule which has the HD XB24-B. This research mdt use
this mode and it is mentioned here only for refeeen

5.4 SUMMARY

In this chapter we described kind of tools, envin@mt and configurations that will be used in treeegch. XBee
modes, measurement sett and maps over the locatiected were some of the information described.Herorder
to understand the result, reader needs to cometbahls chapter and read about how things weréiguned.
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6 RESULTS

The following observations were made as a resudixperiments conducted by this research. Diffesention will
represent different kind of test. Generally thexetao major tests this research had as goal, lewtrical
characteristics with power consumption measuretimetifferent modes, and range test of XBee modules.

6.1 ELECTRICAL CHARACTERISTICS AND POWER CONSUMPTION
This also divides to different parts as follow:

6.1.1 USB Shield power consumption.
In order to get the power consumption for the XBemlule itself without this module, user should sai the

amount of the power measured for this USB-modld¢est of the USB model shows a current consumpiion
~2.66 mA using the Multimeter, and the oscilloscepews a 29.9v RMS over the T33see the following picture

Tek I Trig'd M Pos: 00005 MEASURE Tek S M Pos: 0,000s MEASURE
+ +

M 25.0ms M 25.0ms
14-May-12 1872 14=May-12 1614

-12:15:53 2012-05-14 -12:17:25 2012-05-14

—

Figure 6-1 Power consumed by USB-module used formoecting the
XBee

Calculating the consumed power by the USB moduieguascilloscope, which is shown in left part, ssfallow:
1= 299 4

7.3
Power consumed by the USB-module (using oscillogkap= 5volt * 4mA=20 mW

Power consumed by the USB-module = 5volt * 2.66m&3ImW

There is an accuracy factor of 6 mW between therhgasurements. The most accurate power consunigtibe
one measured by the Oscilloscope and the averaggicgption is about 20 mW.

Power consumed by the USB-module (when connectedrtgputer port) = 5volt * 9.9 mA=49.5 mW
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6.1.2 XBEE POWER CONSUMPTION

6.1.2.1 AT STANDBY — ONE XBEE MODULE

Only one XBee module in this section is switched, @bl further XBee modules is in the surrounding:

Tek S Arriie B Pas: 0,0003 MEASURE
+*

h Si0L0mns
26-Apr-12 04:34

TDS 20010 - 22:37:36  2012-04-27

Figure 6-2 Current flow to the XBee - without sleepnode
configuration — one XBee module

The RMS current will be equal =40.2 mA

| 294mV
30

The Average voltage over the R 3vill be equal 316+ 288+ 260 =288mV
3

The Average current 288MV _ 39 45 mA
7.3Q

Consumed powgf,<= 0.0402A*3.3V=0.13 w
Consumed powey,,=0.3945A*3.3V=0.13 w

6.1.2.2 AT STANDBY — TwO XBEE MODULE

More than One XBee modules are available in thevordt but they are not communicating. The sleep erisdhot
either activated. We will calculate both average ams power consumption as follow:
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Tek o K I Pos: 00005 MEASURE

rA SO0.0mns
28-Apr=12 0443

TDS 2001C - 22:46:28  2012-04-27

Figure 6-3 Current flow to the XBee - without sleepmode
configuration — 2 XBee modules in the network

The required current,s= 299V _40.41 mA
7.3Q
Consumed powsgf,s = 0.04041A*3.3V=0.133 W

Now for the Average:

The Average supplied voltage 295+ 3333+ 262mv =2966mV

The required curre

Mt = ngﬂ = 40630mA

Power consumeg,g=0.0406rﬁA*3.3V=O.134W

In order to be sure that we calculate the currerectly, | used even another Multimeter that hasma-port and
there is software to capture the current/voltaggure 6-4 shows the same result as previously tzekd by

oscilloscope and three parallel resistances.

When the two X bee communicate the captured cuoemsumption is as follow using the M-980T Multirmet

Captured current = 0.053 A
Power consumed 3.3V x 0053A=0.1749W
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Figure 6-4 Current flow to the XBee module measuretdy special Multimeter
connected to compute with no sleep mod

6.1.2.3 AT SLEerP MoDE — ONE XBEE MODULE

Even when we have Sleep mode activate, but whea tre no other XBee in the surrounding of this XBee
power consumption will be slightly higher.

Tek JL. @ Acq Complete M Pos: 280.0ms MEASURE
+* 13

! I 1.00s | R
28-hpr=12 21152 F2G045H

TODS 2001C - 15:65:34  Z012-04-28

Figure 6-5 One-XBee Module Configured with Sleep Made

Now we need to calculate the current consumedisnsituation. The period is 6.5 squares - one sp@n square
division. The Multimeter measures two differentremts (9.40 mA and 32.08 mA). We will calculate tturrent
also using the oscilloscope.
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Consumed current during sleepingggv = 1095mA

T=5.6 sec
t;=1.7 sec
Vp=300 mV

Consumed Currem;m ir +10.95 mA=15.09+10.95 = 26.45 mA
73 56

Power consumeg,s = 0.02645*3.3=0.0872 W

Now the Average power:
200mvx 1.7 » 1

5.6 7.3Q
Consumed Powg(,~19.267mA * 3.3V=0. 06358 W

Consumed Current +1095mA =19.267mA

6.1.2.4 AT SLEEP MODE — Two XBEE MODULE

The periodic current consumption is representefiguye 5-6. It wakes up each 100 ms for 10 ms. dureent
consumed is as follow:

Consumed current during sleepingggﬂ =10.95 mA
7.3

The current waveform is a square pulses, the aloul of the current will be done using this ecomati

RMS equivalent of a square wavdas] = Vv, ><\/E
T Vp R

Where Vi is the peak voltage
t;: is the Pulse width (Minimum allowed is 10ms)
T: is the cycle period

Total required current would b(g:m 10ms +10.95=19.61 mA
73 \V100ms 0 t1 T
Consumed Powgys = 3.3*0.01961=0.0647 W Figure 6-6A Pulse Waveforms
OR: Total Power consumption
tl w
Vaverage: lJ'V dt = V. x t_l =200m £ =20mV 0,1400
Ty P T 100

Consumed poweg,, = I*V = 0,1200 /
(ZOLV +1095mA) x 3.3V = 0.045176 W 0:4000
7 3 0,0800 +
Consumed power during sleep mode is = 0.0361W
0,0600

Consumed power at wake up zone =0.045176W

This is the lowest power consumption that an XBeeufe 0,0400 /
consumes when sleep mode is activated. Lookitigetaliagram,
it shows how the power consumption increases \mighiicrease
of the “wake-up” time to be full ON. 0,0000 : : : :
The minimum value fortis actually is 10ms if you need to 0 20 40 60 80 100

activate the sleep mode [Xbee manual page 89].

0,0200

Figure 6-6B ST value affect on the power
consumption
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Tek J.. @ Acq Complete B Poss 00003 BUTOSET
+* "

IEndo
Autoset

I 100mms
2B-Apr-12 1514

TDS 2001C - 091744 2012-04-28

Figure 6-7 Two-XBee Module Configured with Sleep Mde
Captured current waveform over the resisto

6.1.2.5 AT SENDING
The following is what we get when on XBee moduledseone character (which is ‘M’) continuously.

Tek AL e i Pos: 0,000 MEASURE

1 10.0m0s
26-hpi—12 0554

TDS 2001C - 233751 201 2-04-27

Figure 6-8 continuously sending a letter

The required currents = 294mvV, =40.2 mA
7.3Q
The power consumptiohps = 0.0402*3.3=0.132 W

328+308+388nV « 1

3 7.3Q
Power consumptiog,4 0.04219 A*3.3 V= 0.1392 W

Now the required currepis = 4219mA
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However, for sending only one letter we see thafciirrent is jumping to the same as for the contistsending but
only for a short time, which is about 350 mSecrbant of 20mV.

The required current rms/avg%?h;V — 27397MA

The Consumed power = 0.0027émA*3.3V=0.009041 W {{ua time base of 350 mSec).

Tek JL. @ Stop I Pos: 38005 MEASURE
+

M 1.00s
29-4pr-12 1931

TDS 2001C - 13:35:00 2012-04-28

Figure 6-9 sending only one letter

To calculate the amount of power consumes in sgnalie letter:

15 mV the waveform rises up.

The required current,s = 15mV _5 54 mA
7.3Q
The power consumptiaps = 0.00205479A*3.3V=0.00678W

15+ 145+14mvV » 1

3 7.3Q
Power consumptiogq - 0.00198A*3.3 V= 0.00655W

Now the required currepis =1.98nA

6.1.2.6 AT RECEIVING
No big difference could be notice when the XBee Meds in listening and receiving state. The diagiblow
shows the difference and we will calculate it.
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2
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Figure 6-10 at irregular intervals receiving a leter

At receiving we see that the pulse has a val@&sguarex 50.0mV =300 mV

The current consumed is 3_(7)?32\/ — 4109TA

The consumed power is =0.’04109 A*3.3V=0.135 W

When nothing is sent and the XBee is not receiaimg signal 5.3squares 50.0mV =265 mV
The current consumed is E;z“QV ~ 3630MA

The consumed power i:0.0'36 A* 3.3=0.1188 W

The Multimeter is measuring as follow.

W\\\\\\\\mmn m iy

MAX MIN RS232C

RELA ) ‘
°C
. °F
°

uA:

\ o MA=]

\0\

Figure 6-11 at irregular intervals receiving a leter measured
by Multimeter
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6.1.2.7 SENDING RECEIVING USING USB-SHIELD

Captured current requirement using a Multimetemeated to the com-port of a computer. As we meastidoefore,
it will be higher current since the USB-Shield itseeeds power.
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Figure 6-4 . Using X-CTU — Range test to measureelcurrent consumption of the XBee module.
The plot includes both sending and receiving

6.1.2.8 API Mope

We have a picture shows the waveform captured usitignode for sending-receiving a message. Thegiack
contains only one real byte but as we know theadqtacket is much bigger. It is too difficult tolcalate the exact
amount of power consumed as the shape is too cample
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Figure 6-12: XBee in API mode receiving one char () in a packet of
19 bytes and sending acknowledge of 11 bytes witlesp mode

6.1.3 UART Waveform Characteristic

This section is to figure out the characteristi¢haf waveform comes out by the communication pfrte@ XBee
module. The waveform comes out from ATMEGA and ¥Bginversed. The figure below shows receivingarhe
charterers by the XBee and sends to the Arduirus means that if the Voltage level is not fixedrewill be a
constant current coming from the microcontrolletite XBee, as in the standby state it has ha leigél Which is 3.3
Volts for the XBee and 5 Volts for the Arduino.

Tek JL. @ Acq Complete M Pos: 0.000s MEASURE
+ 1

I 10.0m0s
29-Apr-12 0640

TDS 2001C - 00:43:06 2012-04-28%

Figure 6-13 Arduino connected to XBee and their waaform when they
communicate via UART
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6.2 RANGE TEST MEASUREMENTS
In this section, we write down the data collecteteist done in different locations.

6.2.1 INSIDE THE APARTMENT — NO BARRIERS:

The tables below (6-1A & 6-1B) represent the saesellts, but in 6-1B the X-CTU is shown in the table

Note:

1. The first six rows shows the range test for two EBad devices with different distance between tid@n
there were no Barriers in between them. As weiseesafe only when the distance up to 800 cnerafiat
will be packet lose between the two XBee. Thisug in normal apartments when at least one WI-&leto

is active and two or more wireless portable devative and sends signal.

2. The last two row is for the same XBee modules lmgt of them is put in a plastic box to make a plalsic
Barriers between them, no directly effect was reaide in this test. There will be no need for aiaghm
as the result is obvious.

Table 6-1A: Range test - AT Configurations

Distance Packet Packet Signal
Module 1 Module 2 Baud rate lost lost Duration Barriers 9
(cm) Strength
module 1 | module 1
3 9600 0 0 1 min no 100%
i 0,
ZIGBEE ZIGBEE 100 9600 2 2 1 min no 68%
ROUTER/ | ROUTER/ 200 9600 4 2 1 min no 67%
END DEVICE | END 400 9600 2 2 1 min no 59%
AT DEVICE AT
800 9600 8 2 1 min no 50%
1200 9600 46 40 1 min no 22%
3 9600 2 5 1 min 100%
ZIGBEE ZIGBEE Yes One of
ROUTER/ ROUTER/ the modules
was inside a
END DEVICE | END EVICE 400 9600 6 2 1 min box 63%
AT AT
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Figure 6-14: Signal Strength vs. Distance dependingn table 6-1
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Table 6-1B: Range test - AT Configuratio ns
Packet | Packet
Module 1 Module 2 Distance Baud lost lost Duration Barriers Range
rate [ module | module
1 2
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE |END DEVICE| 3¢M | 9600 0 0 1 min no
AT AT
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE | END DEVICE| 100¢M | 9600 2 2 1 min no
AT AT
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE | END DEVICE| 200¢M | 9600 4 2 1 min no
AT AT
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE | END DEVICE| 400¢M | 9600 2 2 1 min no
AT AT
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE | END DEVICE| 800¢M | 9600 8 2 1 min no
AT AT
ZIGBEE ZIGBEE
ROUTER/ | ROUTER/ .
END DEVICE | END DEVICE 1200cm 9600 46 40 1 min no
AT AT

ZIGBEE ZIGBEE Yes One of

ROUTER/ ROUTER/ . the modules

END DEVICE |END DEVICE| 3¢M | 9600 2 s Lmin s inside a
AT AT box

ZIGBEE ZIGBEE Yes One of

ROUTER/ ROUTER/ . the modules

END DEVICE | END DEvICE| 400 ¢m | 9600 6 2 Lmin 1 s inside a
AT AT box
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6.2.2 INSIDE THE APARTMENT — WITH BARRIERS:
The tables below (6-2A & 6-2B) represent the saasellts, but in 6-1B the X-CTU is shown in the table

Table 6-2A: Range test - AT Configurations — Barrie  rs between the modules

Module 1 Module 2 Distance Baud rate | Barriers Signal Strength

500 9600 Wall

0
ZIGBEE ROUTER 63%

ZIGBEE ROUTER

/ ! 650 9600 Wall
52%
AT MODE
1400 9600 V\:ja" and
oors 45%

Siganl Strength vs Distance

70%
60% ‘\

50% \’\ >

S

40%

30%

20%

10%

0% ‘ ‘ ‘ ‘ ‘ ‘ ‘ cm
0 200 400 600 800 1000 1200 1400 1600

Figure 6-15: Signal Strength vs. Distance
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Table 6-2B: Range test with Barriers between the two XBee - AT

Configurations

Module 1 Module 2 Distance Baud rate Barriers Range
Percent 63
h 0o "
2 5
ZIGBEE ROUTER /|ZIGBEE ROUTER / 8 s
END DEVICE AT |END DEVICE AT 500 9600 wall T |
? Good
t a
Eaaéj l7
| Percent 71
R 0.0 R
n s
9
ZIGBEE ROUTER /|ZIGBEE ROUTER / E E
END DEVICE AT |END DEVICE AT 650 9600|Wall U !
Is G%nd
Bgd =
| Percent 72
h 0.0 R
2 5
ZIGBEE ROUTER /|ZIGBEE ROUTER / 3 5
END DEVICE AT |END DEVICE AT 900 9600[Wall o !
tS Gouod
-
| Percent 75
A 0o 5
& 5
ZIGBEE ROUTER /|ZIGBEE ROUTER / Wall and 5
1400 9600 .
END DEVICE AT |END DEVICE AT doors T I
s T
T
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6.2.3 ANGEL EFFECT ON RECEPTION
In this research, | found that XBee module are genysitive for the angle they where sending. Indifferent tests

in this section the result becomes obvious. Tist fiart, both XBee have only some centimeter digtdretween
them and the effect is obvious.. About 35% of #ngeption will be lost only by changing the angléha module.

- Bt ) bl bl Lo e ol = AL~ e _§

f

,,“
EE K
i
ilg
BRLECTE S
 t

]

e =
|l
slu_pa..lgnm, R | LT ;qu. B

N

6-16 Range test between two XBee — Angel effect eptin

This effect becomes much clear when there is agbidigtance between the modules, for example 800 cm
See picture below Figure6-17

T e
= A
g 5
g 5
| I

F ~

Figure 6-17 Range test between two XBee with thersa distance of 800 cm
But different angel - effect on reception
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6.2.4 LOWEST POWER TRANSMISSION

When XBee configures as lowest power transmissf@reception and transmission becomes bad réadjyre
6-18 shows the reception level only after 200 drmill be totally useless after 2 m, no receptiorsending will

be possible.
Percent =T

. ] R
a
h 5
g
a 5
T I
E —
% Good
t 1]

Bad
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Figure 6-18 Range test between two XBee with distea of 200 cm
Lowest power transmission
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6.2.5 Inside H10 — Ground floor

In this location, we have longer distance betwéenXBee modules.

Table 6-3ARange test with Barriers between the two XBee - AT
Module | Module |Distance | Baud . .
1 5 (m) rate Barriers | Signal Strength
15 9600 No 60%
ZIGBEE | ZIGBEE
ROUTER/ | ROUTER /
END END
DEVICE | DEVICE
AT AT 4 9600 No 62%
6 9600 No 50%
8 9600 No 34%
25 9600 No 36%
40 9600 No 25%

Configurations

70%

60%

50%

40%

30%

20%

10%

0%

0 500

1000

Siganl Strength vs Distance

1500

2000

2500

3000

3500

4000

cm
4500

Figure 6-19: Signal Strength vs. Distance - H10 Gund Floor
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Table 6-3BRange test with Barriers between the two XBee dista
- AT Configurations

nce in meter

Module 1

Module 2

Distance

Baud rate  Barriers

ZIGBEE
ROUTER / END
DEVICE AT

ZIGBEE
ROUTER / END
DEVICE AT

15

9600 60%

~om— eosoD

Good
225 -

Bad
15 2l

9600 62%

“em— no3wDd

— w w3

Percent
93.8

9600 50%

~va-o cozad

9600 34%

~va- @osad

25

9600 36%

~va- eosam

40

9600 25%

87
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6.2.6 INSIDE THE CLASSROOM - SAL 83
Max distance for good reception in the classroors 9 in some configuration. The table bellow shtves
differences in reception while having different figorations.

Table 6-4Range test with Barriers between the two XBee - AT  Configurations (SAL83)

XBee 1 | XBee 2 |Distance(cm) Condition Signal
Strength
2 5 900 XBee 1 on the table in X direction 17%
2 5 900 XI_3e_e 1's height changed to 30 cm while XBee 5506
2 is in the same place (table)
1 10 1400 XBee 2 on the ground at point 10 - No barrier A47%
1 10 1400 g&:mo - XBee on a high place - Other on the 50%
3 4 1200 Both near to the window — opposite sides 40%
1 10 1400 Searching for best reception 63%

The figure bellow shows the reception after 900vamen all packet were lost (The picture is capturbédn
it started to loose packet while before that tigmal was good).

Percent | 93
. B9.2 n
a
F 5
d
& 5
T |
E o}
% Good
bl 18
Bad
¢~

Figure 6-20: Signal Strength vs. Distance — SAL83
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7 SUMMARY OF RESULTS

This section will be divided in to two main partse Electrical Characteristics/Power ConsumptiothefXBee
module and Range Test. Data input to this sectidrbe/from the previous section, section 6. Withre other
calculations and diagrams for the purpose of coispar which the summary becomes more useful.

For the Range test, most of the collected datdbased on AT mode. The APl mode was not possiblsédn the
range test. The fact that the module’s senderriswming the same amount of power in sending oreibydifferent
mode make it sure that results collected from ATenoould be used in understanding APl Mode alse.sEmder
hardware (modulator) is a separate part of the XBaeworks always in the same way. There is onky o
configuration which makes a difference in sendthgt configuration is the power sends by the madiilee only
different is when and how long the microcontrolteside the XBee module uses the sender (modulpéot)of the
XBee hardware.

57



7.1 ELECTRICAL CHARACTERISTICS AND POWER CONSUMPTION
This section will contain the results of power aamgtion and current requirements in different ditures.

Table 7-1: Electrical Characteristics and Power Cosumption of the XBee

module
_ Average Current Voltage
No Descriptions IRMS A) supply (V) (W) Page
1| Single XBee module - no sleep mode RMS 0.0395 3.3 0.1302 38
2| Single XBee module - no sleep mode Avg. 0.0402 3.3 0.1327 38
3| Two XBee modules - no communications Avg. 0.04406 3.3 0.1341 38-39
4] Two XBee modules - no communications RMS 0.0404 3.3 0.1334 38-39
Two XBee modules - communicating (connected to
5| computer) Avg. 0.053 3.3 0.1749 39
Two-XBee Module Configured with Sleep Mode -
6 | no communications Avg. 0.0123 3.3 0.0407 41
Two-XBee Module Configured with Sleep Mode -
7 | no communications RMS 0.0187 3.3 0.0451 41
8| One-XBee Module Configured with Sleep Mode Avg. .01®3 3.3 0.0636 40
9| One-XBee Module Configured with Sleep Mode RMS 0265 3.3 0.0873 40
10| Two XBee - One of them sends continuously Avg. 407 3.3 0.1327 42
11| Two XBee - One of them sends continuously RMS 204 3.3 0.1392 42
12| Sending one character "M" between two XBee Avg 0P7 3.3 0.009 43
XBee module receiving a letter at irregular intérva
13| (Oscilloscope) Avg. 0.0411 3.3 0.1356 43
XBee module receiving a letter at irregular intérva
14 (Multimeter) Avg. 0.0322 3.3 0.1063 43
USB-Shield (adapter) without XBee (Connected to
15| computer USB port) Avg. 0.0099 5 0.0495 37
USB-Shield (adapter) without XBee (Powered by
16| Arduino) - using Oscilloscope RMS 0.0p4 5 0.02 37
USB-Shield (adapter) without XBee (Powered by
17 Arduino) Avg. 0.0026 5 0.013 37

58




7.2 RANGE TEST

As we described in section 6, Range Tests affgctadny parameters, from the simplest configuratiothe
complex conditions. This section will make a conigam between each result to find out the best enwient and
configuration for XBee communications. It aims itedfout a reliable communication between the différXBee
modules.

7.2.1. MAX POWER (PL) AND MAX RANGE RECEPTION:
I have two different distances depending oretinéironment and XBee modules positions. These diagr
represent results when no barrier is isolatingweeXBee modules.

7.2.1.1 INSIDE MY APARTMENT :

Distance vs Range

120%

100%

100%

80% +—
68% 67%

59%
60% +—

50%

40%

22%

20% -

0% . l . l . . . .

3 100 200 400 800 1200

Figure 7-1A: Distance effect (in cm) on the receptin - Apartment

Distance vs Lost packet

50 467
« T
40 -

30
25 1

20 1
15 —

il
5 2 4 2 |

0 = [ =
3 100 200 400 800 1200

Figure 7-1B: Distance effect (in cm) on the lost ket - Apartment
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7.2.1.2 AT UNIVERSITY (GROUND FLOOR- H10):

Signal Strength vs Distance

70%
60% 62%
60% - [ |

50%

50% -

40% A 340 36%

30% A 25%

20% A

10% -

0% -

150 400 600 800 2500 4000

Figure 7-2: Distance effect (in cm) on the receptio
H10 ground floor

7.2.2 MAX POWER /LOWEST POWER EMISSION CONFIGURATION (PL):

Distance (200 cm)

80%

70% 67%

50%

40%

o
30% 25%)

20%

10%

0%

Lowest Highest

Figure 7-3: Difference in power emission — the sandistance

The diagram shows how lowest power emission by XiBemmes unreliable. 200 cm is the critical poirdt &hat
the max distance for reception is. After this poimbst of the packet will be lost. Critical meahattit is not a
recommended range to use with the lowest powerirsgrdnfiguration.
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7.2.3. Different Angels but the same distance:
In this section we will proof the effect of the dmpetween the XBee

A. The Distance is only 2 cm:

Angel effect on the recieption- the same distance
(2.cm)

100%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Xbee 1 &2 on the same Xbee 1 & 2 on different
direction (parallel) directions (90° angle)

Figure 7-4-A: Angle effect on the reception 2cm

B. The distance is 8M:

Angel effect on the recieption- the same distance
(800cm )
100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Xbee 1 & 2 on the same Xbee 1 & 2 on dif ferent
direction (parallel) directions (90° angle)

Figure 7-4-B: Angle effect on the reception 800cm



7.2.4DIFFERENT HEIGHT FOR ONE OF THE MODULE (900CM):

In this test, the distance is the same, | had ception when the XBee modules where in the saned I;\GAL 83

Hight effect on Signal Reception

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Xbee both on the table Xbee 1's hight changed to 30
cmw hile Xbee 2 is on the
same place (table)

Figure 7-5: Height effect on the reception
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8 SUGGESTIONS AND FUTURE WORK
In this chapter, some suggestions and some futarks will be explained in details. Suggestion that
could help other students and researcher to awoiek ©f the mistakes | discovered. Future works will
explain the need for further research in differrject related to this research.

8.1 SUGGESTIONS:
Here are some suggestions the research comastbut

8.1.1 AT MODE:

1-

X-CTU is usable but not perfect for testing the XBrodules, as many parameters are not possible to
change using the terminal from the X-CTU. For exknhe communication channel is not changeable
manually using the X-CTU. However, the programasdjfor range testing and other test done by this
research.

XBee transmitting channels could cause too muchlpro when they do not get correct values or they
mismatch. Coordinator should force the router at @@avice to take the channel the coordinator dscide
however this is not working always. Programmer sthéake in consideration this problem.
Acknowledgement system should assure a healthy eoncations channel.

To get the network working, user needs to recoméighe XBee using the embedded system and sending
AT commands to remote XBee modules. It is defigitdéar that XBee Coordinator, Router is not ddimeg
job as the documentations describe. One of thibaittrthat Coordinator should force the XBee moslite
the PAN networks is the Channel. This behavioretksising AT mode and it is not working at all. The
problem is the communication channel cannot may@eisign. This is a bad property of the XBee. ARVI-
router gives the opportunity to change the chawaeks fine for that environment. This should be glole
for the XBee also.

Using Coordinator and Router in AT mode did not smaky noticeable effect in improving the quality of
the signal.

It could be possible to make a library that useMdde for making a network. A library that takesecaf
addressing issue and other issues that made ivagrdn the APl mode. If a system doesn’t needsto u
API mode as it is complicated, it should be posstbldo that in the embedded software.

Note:

| tried this setting by using two XBee END DEVICHaving different channels, but the same PAN
address, and a coordinator with the same PAN,Hirsttarting the coordinator and later the two
XBee module and start doing some communications.cbordinator could not force the END
DEVICE:s to get the same communications channeth Wiultiple power try and powering ON and
OFF END DEVICE:s, at last they did get the sammmainication channel. However, this behavior
is not trustable in real application as these XBs¥ DEVICE modules might be used with an
embedded system, and debugging such a systemenilhfnl, bugs are not easy to find either.

63



8.1.2 APl MODE:

1-
2-

To test APl mode, special program (code) needbdtit Arduino and Computer.
It is possible to calculate the amount of the poemrsumes by API-MODE compared with the results we
got from the ATI-MODE simply by calculating the ie@ase of sending one character, look at figure)(6-9
The following equation is the total character whégth packet will encapsulates in a packet of :

If data = n bytes

18 bytes needed

Total bytes will be= 18 +n

An Example:
7EO00F100108A2004071CEFIFFFEO00A@D71

The Red letters is the address hadlue letter is the character “M” that is thel rmassage content.
Coordinator will work continuously without been alb go to sleep mode. The power consumption of the
Coordinator is difficult to calculate exactly ag ttoll of the coordinator is much more complex thag end
device XBee. However, there is max and min powesamption. This calculation and measurements of
max and min power consumption gives an idea angld®y developer to make proper assumption of total
power consumption and.
Given that the APl mode is more complex, findingger position of the modules are necessary. Best
positions for different distances (as height, angaltc) must be decided before leaving the embedd
system. Not doing proper test could lead to malioning overall system and a behavior that is umkmo
Coordinator is supposed to select communicatiomméla and supervise the network. Any problem in the
Coordinator will result in malfunctioning XBee neivk. This is true especially when no router isha t
network.
It was not possible in this research to find oettbason behind the problems occur in the API matte
the XBee modules. More tools and more hardware tedd such tests. It needs much more time and much
more feedback from the producer.

8.1.3 ARDUINO:

For developers that use Arduino as a platform wretbping XBee networks, there are
many critical issues that need to find out plathiir calculations. The following are
the issues | wish to rise up:

1.

2.

Developer needs to select the communication Baue €&aefully, since Arduino does not use crystal
oscillator as clock generator for the microconeolFigure 5-4).

Any XBee device connects to TX and RX pins of therotontroller should have the same voltage lelvel.
it uses another voltage levels for the logicalestg0 and 1) there should be a convertor betwessettwo
devices. This is true for all XBee modules. It ¢ safe to connect directly XBee to Arduino or axiyer
microcontroller uses 5 Volt VCC. Look at the sest{@-5)

Arduino has limited power supply ability to extekdavices. For proper operation of external devites
recommend using separate external power supply.

The microcontroller will not get enough voltage\Vslts) when only a USB cable is the feeder of tbever
to the Arduino Uno module. Using 6 volt or USB aablill gives only 3.4 Volts to the Atmega IC. Loak
section (4-1)

Given that synchronization between different XBemdmies could be lost, resynchronization via reistgrt
the system (all members of the network or one énsystem) should take place in calculations. Eméeédd
software need to have a kind of checking on themuanications status. And making proper reset of the
device to restart both XBee module and the Ard@xbmega IC) program.

Arduino works just fine in the AT mode. Howevefated too much problem using the APl mode. | tried
everything possible to find out the reason. It waspossible to find out the reason. The RSSI LEDat
becoming ON. This means that the Module cannobbcommunicating to other XBee modules. The signal
coming to the XBee from the Arduino was correct] @was correctly connected to the XBee but the
module did not send any message. There are hiddans ¢hat make this to happen. More research ghoul
be done in this field.

API mode worked fine using XBee USB-shield and catap This confirms that the software is not the
problem. | used the same code in both cases.
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8.2 FUTURE WORK

1. The results clarified many issues concerningdBee usage and power consumptions. Calculating
power consumption is almost impossible for a carirs communication using APl mode, since the
sending — receiving has a quite complex currentefiam. Using special computer program which
should be developed could do this calculation. €hresults in this document give researcher an idea
about the amount of the current required by sendimgceiving. Putting those numbers in equation
that take care of the captured waveform should nitgk@ssible to calculate packets power
consumption.

2. XBee Sleep mode consume less power, but itdkeanif a load with a variable sate in form of
pulses, cause problems for batteries and causéfédsge if the XBee is powered by batteries. To
get a clear picture about the effect of such Iéadher research will be required.

3. In a variable-load high power device such amgydiall camera, the battery level indicator gives a
prediction of remaining battery life, based on eutrrate of consumption. Since different operations
consume different amounts of power, the batteryggauay appear inaccurate if changing the
operations being performed by the camera, whichgbésithe rate of power consumption.

4. In this research, it was not possible to compdee with other Zigbee hardware implementation. |
suggest that the university bring other Zigbee catibfe modules and make similar research to
figure out if the problems | faced are a generabfem with the Zigbee protocol or it is only XBee
problems.

5. Using Multimeter to measure current flow to XBe@&dd the correct way as it fails. The matter is
too complicated and needs very accurate devicemtsure and have an acceptable accuracy. In my
calculation | depended mostly on the Oscilloscapmeasure the current required by the XBee.

6. APl mode communication needs a special researfiguiee out the problems. | couldn’t find any
difference in range test using a coordinator. dittimake the covering better. More than one
student should participate in a project uses AR @gjuire more computers and more observations.
This was impossible for me.

7. Range test using XBee module that have other Kikkhtenna. It should give a better range. It will
be good to make a comparison with this research.

8. These entire problems made it impossible for menasstudent in this project, to manage use the
API mode in range test. There are many problemardéngg the API mode that make it difficult for
one student to manage the tests.
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9 CONCLUSIONS

9.1 ELECTRICAL CHARACTERISTICS AND POWER CONSUMPTION

1. Using sleep mode configuration to get standby msa®t working as it should when there is only
one XBee in the area and powered ON. It will tryital another XBee module regularly which
increases the power consumption. The same resaultt be found when an XBee module looses
contact with the rest of the network, and it wdhsume much more power.

2. Inthe sleep mode, the minimum time needed foiXfBee is 10 ms. Sleep mode configuration
should be carefully selected, and a good calculatimuld be made between the End devices, router
and coordinator. As router/coordinator save and pakcket while an end device is in standby, but
the sleeping time shouldn’t be more than the tingerbuter/coordinator can keep the packet. The
Minimum time that XBee will be ON during the sleeypde — cycle configuration is 10ms. XBee
Datasheet describes these configurations in details

3. One of the factors that affect the power consumgsdhe baud rate. As a higher baud rate
generates more packets lost, it means also morerpmwmsumption since the network or the system
needs to deliver the packet and send it again.

4. | prefer not to use the XBee USB- shield in meagpgower consumption. And | prefer to use
XBee with a separate power supply. But it shoulé Ipeoper power supply source with minimum
ripple. Filters (capacitors) between the regulatwt the VCC pin of XBee should be used or the
XBee will not work well since noise will affect tttemmmunication.

5. The measurements obtained in the current sectiold & used in measurements for complicated
systems. By using each part of the configurationts@ower consumption obtained in this research,
researcher will be able to calculate the consuneseep for any other system that XBee is the
communication module.

6. Care must be taken when two different logical Is\@innects together. XBee modules need a level
converter if the microcontroller has 5Volts logitevel.

7. Arduino has hardware bugs. The clock generatooti@ocurate which results in an accurate baud
rate. An accurate baud rate will increase the pgdokeand power consumption.

8. Regardless which mode uses, power consumption eeXfll be the same. The only factor affect the

power consumption by the sender is the configunatigte called PL (Power Level under the RF
configuration).
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9.2 RANGE TEST

1.

XBee used in this research is not giving the distamentioned in the documentation. It says that
XBee should works for a range of 40 m. But in pagtthe XBee didn't work at this range or even
shorter range and failed to deliver packets segugscured range is only 8m without loosing
packets. Up to 8 m distance there will be no pnohifefull power transmission is used. Signal
receiving which is fewer than 40% is not good aadrot be trusted.

XBee modules are sensitive for the physical dicgctind the 3D angle they have with each other.
This angle-sensitivity questions the XBee hardveseply. If any embedded device uses XBee
modules with in different angels to each otheis ttould result in uncertain conditions. It cannet b
guaranteed that they work together. Because of thajgest to make filed test for any produced
embedded devices before installing the system cedpeif the range is more than 8m.

Communication failure and resynchronization betw¥Bee should be managed in the code. There
should be a regular checking of status of the ne¢éw@hannel communications should be also
manually controlled by software as it will fail sertimes. My research proved that Coordinator is
not always forcing the XBee end devices to conthécssame channel. Only by several power
cycling (Power OFF/ON) | could bring the end devicghe same channel. X-CTU will not provide
full configuration of the XBee.
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APPENDICES

APPENDIX A

Code used in the research for both AT and API mode:
1. ATMEGA:
2. Computer:
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