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ABSTRACT

This research proposes the method to measure and collect wind speed data at the
selected areas by applying wireless sensor network. The wind speed data will be processed and
useful for decision making of installation wind turbines at those areas which are used to generate
electricity. This is not only helpful by protecting the missing installation of wind turbines in the
appropriate areas having not sufficient wind speed, but also helpful by selecting the appropriate
wind turbines for those areas.

This research uses an anemometer equipped in a measure node in order to measure
wind speed from the selected areas. The data will be processed, periodical averaged, and
transmitted to the gateway node by using wireless sensor network. The gateway node is
functioned to collect data from the measure nodes via wireless connection. The collecting data
will be stored in a memory. The gateway node is designed to store data for many months.
Consequently, the longer data period, the integrity of analysis is obtained. The results of the
prototype from testing areas: Pranakorn Sri Ayutthaya and Chonburi provinces, found that the

prototype can work continuously more than 6 months and the measured data can be useful.
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AN R

Wi-Fi 11 Mbps 13 Fixed Channel 22MHz (Static)
Avoidance

Bluetooth 723 Kbps 79 Adaptive Frequency | 15MHz (Dynamic)
Hopping

Wireless USB 62.5 Kbps 79 Frequency Agility IMHz (Dynamic)

Zigbee 128 Kbps 16 Fixed Channel 3MHz (Static)
Avoidance
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temp = count/3600;
count = 0;
test=1;
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ET-PIC USB/4550
4 o a o
ET-PIC  USB/4550 uvesalulasaeulnsamesluaszga PIC  vpeu3in
. . ul Y o s P4 w 'ﬂ s :1 Y £
Microchip 10 latiue1luTasneuInsamesiues PICISF4550 uwmuwiluvesaldau &
wa 1 o 4 £
auauiAiauves PICI8E4550 A fio Tugan1s@eaisuuy USB (Universal Serial Bus) daiifu
= A a v a Q’.l’ § A& < 4 9/
maluladvesmsdearsnunsnateluilegiu Melusewesnnuislunmsiearsdeya uaz
d' ) 9 P a 1w 9 ‘1 A a '8 Y
anwazanlumsioune 199 Gelfers bildaen nsesneununes o Jegliu uny e
[F=) : @ o A ' ] | X1
lifiwesadoasuuy RS-232 1158 LPT Port 1%1dMuuds gilnsalivoudenisg diulngingn
3 £ 4 . ¢
sanuuulilinmsifeudenuy USB aailu ET-PIC USB/4550 Tunuized1e8e neglinwann
TwasmsluTasaouTnsames I lilldan neSoudinerdumaTuTaimsisouredoms

uyy USB

AMauDA PIC18F4550

Operating Frequency DC — 48 MHz

Program Memory (Bytes) 32768

Data Memory (Bytes) 2048

Data EEPROM Memory (Bytes) 256

Interrupt Sources 20

I/O Ports Ports A, B, C, D, E

Timers 4

Capture/Compare/PWM Modules 1

Enhanced Capture/Compare/PWM Modules 1

Universal Serial Bus (USB) Module 1

Serial Communications MSSP Enhanced USART

Streaming Parallel Port (SPP) Yes

10-bit Analog-to-Digital Module 13 Input Channels

Resets (and Delays) POR, BOR, RESET Instruction, Stack Full, Stack Underflow
(PWRT, OST), MCLR (optional), WDT

Programmable High/Low-Voltage Detect Yes

Programmable Brown-out Reset Yes

Instruction Set 75 Instructions; 83 with Extended Instruction Set enabled
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Packages 40-pin PDIP
44-pin QFN

44-pin TQFP

auauilaeialuveswesn

- 191y TnsnouTnsiaes PICI8F4550 ¥u1n 40 PIN

- dyanaRnnsaneasoagamneivua 20 MHz (@1u15ald PLL Su'ldf 48 MHz)
- /O Port 4119 10 PIN (3Ri304amanasguues 89#) 4112u s wesn

- 4A2995 1ns1105 RS232 $1WU 1 NoTA

- wesndmTune LCD SoamuinasgIuued d9H (ET-CLCD) 1174 1 Wosa

~ frsedyaaaniInan Wlsinsumy 1CD2 uaz aiadadedaaie: Run/ Program
- 2995 LED dwsuldnaasueianadiuiug voq

- 1995830% BUTTON d13uldmaansdunasuiu 4 ¥oq

-2995a319us 90U 0-5v mndadunuilSuald dimsuneaseluga A/D $1uau 4 Feq

o o
- 299581 IWgvUIALan (Mini Speaker)

-4 a da ° @ @ ’ Y
- gas s Suuuaia g dmsunalaedayns W DC Input 1Hdu 5 v

b4
@ '

-vaseuseau 'l vee way GND
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YAWBNADHHIIAIINS1 SD/MMC CARD

(ET-MINI SD/MMC)

ET-MINI SD/MMC fio gaginsaidmsuldlunsideusdesuglnsainiiasnin
SD nay MMC CARD @1 msiFeudeszniielyTnsneuTnsamedfuniioaiws1 Memory
Card(SD/MMC) Hudu molugaisznoudo 904 (Socket) Fm5uld CARD Uszinn SD uay
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@ @ ' 9y
HAZINTIWAOW (Pull-Up) Faygy1ausinee) 8nAIY

AnauAvesa ET-MINI SD/MMC

- 5995UM3As LA SD tag MMC

- d1saiien 19 (Enable) N30 1114 (Disable) 21995Wadw (Pull-Up) daygnasineg 1a

- WITOUAAIANIUEMIFIUNSA (CARD DETECT) answa las LED uay THdayaauey
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favann

¥
Iy 1M CD lavliguauiinnal
CD =1 fip 14 Card

A A 4
CD=0fa9 UN13IA

~ o

a o
« AWITOUAAIADIUZVOIAIAT Write Protection VU SD/MMC CARD 14 Tawvziidayn o
e P
l1anAeany
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VIFYY I WP A9l
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Tl o v

o ] a o .
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PL Setlings  Flange Test | Teuminal | Modem Canfiguration
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Transmit || Receive

Transmit Recaiv;

st Peicent :
o 00 . .. .
ﬂ PN, ie ‘,H P
a ‘a
Cloar Stats ; Clear Stats :;
e e
Advanced >>> T Advanced >>> ET
‘e : 7 ‘e
Test I Good ‘ Test s Good
I to0 Lo e
Bad _ Bad
9 I 5
Timeout waling for data fam Xbeel
Timeout waling for data 1 am Xbee 1
Timeowt waling for data | am Xbee 1
| am Xbeel 1am Xbee 1
{am Xpee? | am Xoee 1
tam Xbae2
1am Xbee?
iam Xbze?
! am Xbeel

COM3 9600 8N-1 FLOW:NONE

COM4 9800 B-N-1 FLOW:NONE
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About

PC Settings | Range Test  Teminal | Modem Configuration | PC Setlings | Range Test  Temnal |Mode.m Configuration |

Line Slatus Assent Line Status Assert

ey > —  Cose | Assemble| Clea | Show - . Close | Assemble| Cleas | Show
RSEQIBE OTRW RISV Bek(™ ComPut| Packet | Scieen| Hex KSR OTRI RTSW Bieakl™ CnmPalJ Packet | Scieen| Hex
AAAAAAAAABBBBRBBB ii AAAAAAAAABBBBEBEB ’ ) ;‘1
aaaaa raaaaa -
aaaaa ‘aaaaa
aaaaa : aaaaa
T am Xbee2 I am xbee2
I am Xbeel ‘I am Xbeel

Fhadudaiiain Seasiedailed ooty

COM3  96008N-1 FLOW:NONE R 22 bytes COM4 9600 B:N-1 FLOW:NONE Rx: 39 bytes
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AT Command d3015 Xbee

{ [] { as 4 é 3 ] 9/ |
msfsvzdadeyalaely Xvee T Tugaddusuiiudaomaiu s1degiudriusrvzdes

o YYao . . A ' 2 ° o Ya  aa
(i Tuga Xbee 19390 Destination Address %39 DH,DL Aou Fusidmisniinisdenis 1wonis lay
1% AT-Command

1 - S/ 9/ LY . = T ] & 3 ® Y]
VIneIUNUa AT 1% X-CTU 1un158W Firmware uagidmaa1ee 49 lugaiiuszgnassgnu
a o, ° 1 1A ° i [
aoun Ao ez dmuant ] ualiom e AT Command e ldisiaunsonldoust Xoee 181u
3 1 . ' 3 1 4 4 o < @
yauziu Tnolidealdiaa write 1 Tihgiu msnldouwilasa DH DL iionlduuass Xbee Nvznofu
14 ]
@ v 9 . @ a %
Tugadnaalaae Taolidesldia1 write udoyady n1514 AT Command e w15099914 Xbee

1 a9 o 3 [ & 1Y Y a
vous1ladwlasiided muanislded luunndgsawisog laninadie

adod n'J ° 9 o dy
801309 AT Command 111 1AR311

Sample Configuration: Modify RF Module Destination Address
Example: Utilize the X-CTU "Terminal” tab to change the RF module's DL {Destination Address
Low) parameter and save the new address to non-volatile memory.

After establishing a serial connection between the RF module and a PC [refer to the ‘Setup' sec
tion above], select the "Terminal” tab of the X-CTU Software and snter the following command
lines ('CR’ stands for carriage return):

Method 1 {One line per command}

Send AT Command System Response
+++ OK <CR> {Enter into Command Mode)
ATDL <Enter>» {current value} <CR> (Read Destination Address Low)
ATDL1AOD <Enter> OK <CR> (Modify Destination Address Low)
ATWR <Enter> OK <CR> (Write to non-volatile memory)
ATCN <Enter> OK «<CR> (Exit Command Mode)
Method 2 (Multiple commands on one line)
Send AT Command Systent Response
+++ OK <CR> (Enter into Command Mode)
ATDL <Enter> {current value} <CR> (Read Destination Address Low)

ATDL1AOD,WR,CN <Enter>» OK<CR>» OK<CR> OK<CR>

5UA70619m135M15 19 AT Command Ana® Xbee

1. a9 +++ 19 ud 150 Xbee noURAY OK
3 1 - (=) 1 P
2. 9101 1A a9 AT Command 1111/ 181ae Tnginusidndefiefodesds AT Command 19111 Tunah

o A ;’ [} H
Mruadaau1s0aea1 1N AT Command Mode Timeout
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iﬁlﬂ AT Command

5110M1d3 AT Command ¥84 Xbee

901U hHYA0 AT.....

1. BD fi® Set Baudrate 1d 18 0-7 gA1a199 18910 Datasheet Imu1viieoz 15 3 fio 9600 bps
2. CH 0 Channel

3. CN fio 990 IMUA Command Yu# 18@0950 Command Mode Timeout #af 192191 111id0q +++8n
afy

4. CT 7o Command Mode Time Out %Qmﬁnltﬂ‘i’llﬂﬂf:%gﬂ@mﬁ’m 100 ms

5. DH 719 Serial Address A31a19n13 1ing9

6. DL fl® Serial Address ¥2tla16m1a Tad amﬁuﬁaauagiuwmmﬁué’i

7. 1D fio nfSoumdouraLAN 811D Foanunezde-su doyanuld

8. SH /10 Serial Number A @9 Set 111910 15397

. a o 4 f
9. SL. fi® Serial Number UAR1 %9 Set A111910 153974

' [ E 4
10. WR fio Write Joya Set a3 Xbeet lajlamdall woau 1d Xvee szndu T 1dauaw

] Vv
" g 1 =

3 i Qs a L4 (Y] (] ]
#1909 AT Command 711971 Xbee HOMUW D6191A87 9NA0U1UTY

¥
ATCH f9gv1n8899814A1 CH vaiziioanin
¥
Uad1 ATCHI4 92MN18A10 1 9981 CH (101 14

o119 06181 Enter 1309 W Enter 1911110
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3.1.2. Command Reference Tables

Table 3-01. XBee/XBee-PRO Commands (RF modules expect numerical values in hexadecimal. Hexadecimal values are designated by the

“0x" prefix. Decimal equivalents are designated by the “d" suffix }

AT Command Name and Description Parameter Range Default
Command | Category
BD Serial Interfacin Interface Data Rate. SetRead the serial interface data rate for communications 0-7 3
. i 9| petween the RF modute seral port and host, {cusiom rates also supporied}
AT Command Command Sequence Character. SetRead the ASCHl character value to be used 028
cC Mode Options beiween Guard Times of the AT Command Mode Sequence (GT+CC+GT). The AT 0-0xFF ' ASCIH
Op Command Made Sequence enters the RF module to AT Command Mode. ( )
oH Networking & | Channel SetRead the channel number used for transmitiing and receiving between | 0x0B - 0x1A (XBee) 0x0C (12)
Security RF modules. Uses 802.15.4 profocol channet numbers. 0x0C - 0x18 (XBee-PRO})
, AT Command : . R
CK Mode Options Exit Command Mode. Explicitly e'xi AT Command Mode. -
AT Command Command Mode Timeout. Set/Read the period of inactivity (no valid commands
cT Mode Options receved) after which the RF module automaticalty exits AT Command Mode and 2- OxFFFF [x 100 ms] 0x64 (100d)
P retums (o idie Mode.
Received Signal Strength. Read signal level fin dB] of ast good packet received
o8 Diagnostics (RSSi). Absolute value is reporied. (For example: 0x58 = -88 dBm) Reported value 1s | 0 - 0x64 [read-only] -
accurate between 40 dBm and RX sensitivily.
Destination Address High. Set/Read the upper 32 bits of the 64-bit destination
OH Networiing address. When combined with DL, it defines the destination address used for 0-OXFFFFFFFF 0
& Security transmission. To transmit using a 16-bit address, set DH parameter to zero and DL less
than OxFFFF. 0x000000000000FFFF is the broadcast address for the PAN.
Destination Address Low. Set/Read the lower 32 bits of the 64-bit destination
oL Networking & address. YWhen combined with DH, DL defines the destnation address used for 0- OsFFFFFFFF 0
Security transmession. To transmit using a 16-bit address, set DH parameter 10 zero and DL less
than 0xFFFF 0x00000000CCAOFFEF is the broadcast address for the PAN.
o AT(;omm;nd | Guard Times. Set reguired period of silence before and afier the Command Sequence 0X3E8
GT Mode Optionss Characiers of the AT Command Mode Sequence (GT+ CC +GT). The period of sitence | 0x02 - OxFFFF [x 1 ms] 10004
prions 1$ used o prevent inadverent entrance into AT Command Mode. { )
9 Networking & PAN ID. Set'Read the PAN {Personal Area Network) [D. OXFFFF 0x3332
- Securny OvFFFF indicates a message for all PANs. (13106d)
Networking & 16-bit Source Address. Set/Read the RF module 16-bit source address. Sei MY =
MY Securtly 9 OxFFFF 10 disable receplion of packels with 16-bil addresses. 64-bit source address | O - OxFFFF 0
{serial number} and broadcast address (0x000000000000FFFF) rs always enabled. ,
PO Diagnostics PWMo Configurations. SelectRead function for PWMO. 0-1 1
PL RF inierfacing | Power Level. SelectPead power level at which the RF module transmits. 0-4 4
RE (Special Restore Defaults. Restore RF module parameters 10 factory defaults. Follow wim WR |~
- topecal commang 0 save values to non-volatile memory.
: Networking & ha'mlom"Delay Slots. SevRead he minmum value of the back-oft expanent n the
RN Secmey T | CSMA-CA aiguritnm that i used for colision avoidance. If RN = 0, colision avoidance | 0-3 9
Securty is disabled during the first iterabon of the algorthm (802.15.4 - macMinBE).
Packetization Timeout SevRead number of character times of inter-character delay
RO Seral Interfacing | required before iransmission. Set fo zero lo iransmif characters as they arrive instead of | 0 - OxFF [x character times} | 3
buftering them inw one RF packet.
) RSS1 PWM Timer. Enabie a PWM {pulse widih modulation) output {on pin 3 of the RF | .
RP Dagnostcs mogdules) which shows RX signal streng(h. 0- 0FF [x 100 ms; 028 (40d)
’ . Serial Number High. Read high 32 bits of the RF module's unique IEEE 64-bit ~
SH Dragnostics address. 64-bit source address is always enabled. 0-OxFFFFFFFF |read-only] | Faclory st
Serial Number Low Read low 32 bits of the RF module’s unique IEEE 64-bit address.
SL D-agnostcs £4-bit SourCe address 15 always enabied. 0 - OxFFFFFFFF jread-only} | Factory-set
Sleep P )
SM {Low Powerl Sieep Mode. Set/Read Sieep Made configurations. 0-5 0
»"Sié—éo » 1 C'jéii'c.ﬂs_lee/bﬂ P;r?db(»ITSEe‘UﬁEé'd-s.lzep period for cyclc sleeping remotes. Maximum )
SP (Low Power) sieep period i1s 268 seconds {0x6880). = RIS 0x64 (100d)
Time before Sleep Setv'Read time period of inactivity (no serial or RF daia is sent or
57 Sleep recesved) before activating Sieep Mode. The ST parameter is only valid with Cydlic 0X01 - OXFFFF [x 1 ms Ox1388
2 {Low Power) Sleep seftings [SM = 4 - 6). Set ST on Cyclic Sleep Coordmator to match Cyciic Sleep - OXFFFF ] {5000d)
Remotes.
VR Dragrostics Firmware Version Read frmware version of the RF module. 0 - OxFFFF fread-only] Factory-set
WR (Specialt Write Write parameter values to RF module's non-volatle memory 5o that . .
topecias modifications persist through subsequent power-up of resel.

71/@29613 140 AT-Command 1918y
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q’/’ ° ] 19 a 4 q’/’ g o

Tusn 199101509 Xbee 19170 USB 494A0uR 1003 PC URUNT Xbee uZ1010TUATINS
o Tt o Y a 4 d . 1 EY }Y @ ' '
@NAI9Y) 3159 LAINBNNUNY Terminal a9 +++ $111) 1A Xbee 9znOUNAUNNI OK HAAII
Command Mode Wiouuda fsuusiae ATVR @1 lililiea1ud1vertion 92'ls Xbee aounauLT 1220

) e’:’ g 1 Y t J o (Y 1 '
VINUUNUNTI ATDL L'ﬁ@'ﬁ]UWﬂ‘VﬁﬂJ’ﬂ DL ﬁﬂuﬁﬁ'ﬂ'ﬂzvli Xbee NADUNALNIIO llé”J ATDH @z Xbee
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1229 5132323000
0 #6174 64 6C 0D
atdh 130 00
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] 200D
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NHI9INTUII19Y Set A1 DL 1y DH IH Xbee
ATDL12344511aA1 DL = 1234 woldi56u508 Xbee 9200171 OK

udns1Ald DH Tasde ATDHS678 197114

9 o a 3 1 ) g o 1 o o oA EY,
UaNINNAINTN Xbee 8NAI331 DH NU DL rﬂuaz"lsagn%mmmumﬂn‘ummﬂ Set"lﬂuﬁauusn

2B 28 2B 4F 4B 00
174 76 72 00

1220 132323000
0
atdh
+++0K
atd11234
oK '
atdhS678 , ] L ¢ty D
OK Bt it e o 7oor | Nm
atyr 6174 64 68 35 36 37 35 (D
1220 4F 4B 0D
atd) 6174 76 72 0D
atdh 3132 32 30 00
5678 16174 64 6C 0D
13132333400
6174 64 68 00

13536373800
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I PKG-R
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