duinMeayANaN NITIOUNNAANIZIN

suusnmanuasaseluhulaglsllnsnouInsaaes

MICROCONTROLLER APPLICATION FOR HOUSE SECURITY

g

Iag
WNAITINg . M5gee

WNAAASS  gane Loy

BRI, ccwvsccsoncson i
anzidou jg\;ZSSZ
fuhou ... 3 OY’ .......

a J

¥ 1
YsaaninusifludiunilavesmsdnmaundngasilSyaninnssumaasiiada
AVIFIAINITUTSVUAIVAY

@ =1 Yy 9 £
go1uma lu Tagwszasuna AN mITaIansz1a

Un1sdnmn 2551



Payaniinusilmsfinm 2551

MAIIININTTUTZULAIUNY AULIAINTTUAMAAT

aoniuma TuTagwszaoundudgunmsaianszii

15949 ssuusnmarasaselusiwlesld lulnsneu Insames

MICROCONTROLLER APPLICATION FOR HOUSE SECURITY

Adaii UNAVENS 3TN 48010543

WNANIAATS Faune lavi 48010876

............................................................

@ d.
(A3. UNea uATA)



vyusnuanudasassluthulaeld lulnsaeuInsaaes

Tag
ualons ¥sgn 48010543

UNAIAATY gaunolune 48010876

o (R
219158015

S o
AT UNAD UUIAU

Tnsfinui 2551

UNAALD

@ g 1y @ J a s < ~
Tuilagiiuszvunisdoms lidziluInsiniifiofoniodmaesida 1Al
aa o w 4 ¢§' A a 4 A ¥ a A o w
uninludiadszir Tuvesyudinndy issnnsaareemsserinedudiudadinalu
U] ) o Qs Y- | ~ A v a d 3 R S
msegimiuludnuileatiu szuu Insdwiindeufivazinsedrsdume fiiiasuiudn
A & 4 v P o O
madennilaiaansoausnouANuABINTveNYYY I sazalniazsaAls 2 Bnviads
=Y i d‘ o Vv A dy d‘ @ 1 Y 9 o At
gunsofaseiomsiuldnseunquineunniuniaTan duudoszislusuuniivilna
Y o ¢ ' ¥ o
Tasanuiiseldiuendse Temivosmsfeasisassuun wilszgnalsdlumsaiuguas
E4
o ] Y <
mamﬂjmqﬂﬂsmﬂlﬂﬁmw‘luﬁmiﬂﬂmusznm’fammﬁu (SMS) uagnUINI (Web Page)
oanuazadnuazilasassveudivestiu uazielvaunsaldau lReddidszaniam
~ 1 < & o 1 dyw aY o a kY 1y @ g =
nfige aos Isdeumsfeasisdesgeamsil dsnslidedinalunisldanediing duiuls

by ~t & 9/ 9 (Y 9 a 3 3/
dealinsdon s iz aunuansnaden luuTnatiug Al



MICROCONTROLLER APPLICATION FOR HOUSE SECURITY

By
Miss Piyaporn Harntujit 48010543
Miss Sasithorn Choonha-anothai 48010876

Advisor

Dr. Noppadol Maneerat

Academic year 2008

ABSTRACT

Nowadays, the communication such as mobile phone and internet become to an
important part of human lifestyle. Because of the communication is important for
cohabitation in social. Then mobile phone and internet become to a choice to respond
human demand in communication easily and comfortably, and they can communicate
each other everywhere in the world. This project applies both mobile phone system
and internet to control electrical equipments via SMS (Short Message Service) and
internet. A user can monitor the house security on webpage comfortably and

efficiently. However, the system performances depend on the environment conditions.
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2.3.4 n3vansadva Tl (Smoke Detector)
d‘ o Y 9 Q [ 1 Qs A v A =4
inTeeasrvduaiuld 1asresuniulduaz dedaanadonudodisinay
1 Y @ d‘g 1 v ‘ﬂ w a th Y A 9 2
ﬁmuuummmu'lmmummm"la t 'L!ﬂ'liﬂ’é]\iﬂﬂﬂ'lﬁlﬂﬂl‘ﬂﬁ\i MU IUTOSISUAY F3

G4 o [ v @ 4
gilnsainsaeduaiu 'l (Smoke Detector) witenniluaout duil

d (v v a q'J
2.3.4.1 gUnsainsieduniuyiinlesouliuwii (Tonization Smoke Detector)
¢ o dy o @ 9 YY) a A 9 PR
gilnsaisliadimuizdiviuldasssdudygruniulussozisudund
o <] a o 4 s
symavesnduanuin fremlasldnanmsuoundasnudnuaznedi
@ a ar o o T o 2 o
Taeldarsnuduanimisdismatsoniniogluusues (Chamber) Fa9zi1
T FY 9
igAseduomanegsznirdnInuazdray M ldanusir i (Conductivity)
ar A 2 a 9 v 9 A~ o W
liaunudu waldnszuaansovad i ld Tagazan delioymavesndudn
A o g @ @ @
W U w¥NV03 (Sensing Chamber) 1 aymnveniuss lilswwdanuloosu
A A o Q QU QU
(Ton) gawalvins Inavesnszuaana ¥z lidiasnduaTuudsaausifieu

o o ¢ m Y (Y 4
(Alarm) Uil Mmsinuvesginsalsiailuaasfagilhn 2.4



a 0 Cs [ @ a )
1l 2.4 msheuvesgilnsalasievuniusialessu luerd

2.3.4.2 gilnsainsredunTusliallAeidna3n (Photoelectric Smoke Detector)
7 Na dy ) s 9 - Q) ar A
gilnsalyietimingdmiuldassniudyaaniuluszoznlioyninves
U 4 lé’ o o o/ @ A
aduilngay findnasiesiasauuvie tuudamvemagazuuuldafuia

YINUA

23421 wuuaTudavauay (Light Obscuration) #1911 1agld
AR LTIALaS (Emitted Light) 89191 NA5U1Lae (Detector Light) tiio 13]
A w =y :; ¥ -& Aﬂ' =~ Y 9

fadu WS namasssasha amisiaue dolioyaian Iy synin
aJuszhllfavngdwas Mliuasndeudhdrsuuaedraasong

2 1 Ao b4 < o
%umm‘nmﬂuﬂ"hizmm‘nzmam

2.3.422 uUUvinMuad (Light Scattering) 11970 laglliuviassutlaues
unaz lugslindsuuasTaoase szordevannisni elieyninniu
Y 4 1% @ 1 Ao o A~
Whainluginsel synianTussinmuasuisdiu ldfdasuudas diedl
[ g =] Y Y o w ‘3 < 2 A
ATuINIULEIN I HIMEIEIS DuasInYUIuD gAY nilaNsEueE

111914

51 2.5 nFeemsiuaduli



d
2.4 lulasneulnsiaes
y o P i
Tassnuiidenldluinsnou Insaaesiues PIC16F877 Wunulsilszuianaluiees
o . . . A 4 A a 9 o ' v

18N (Main Circuit) 1199910 lu Tnsaeu Insames Pic16F877 Wunisnldfusdaunsnay
d’ 9y =1 g a [ =1 wa 9 @ 9 & wa
mide 14410 imsldaun ligeen uazlinuauiaasudiuminziums 1 sequauta

Man9 Y09 PIC16F877 aaendgli 2.6

: Program Data
Device FLASH Data Memory EEPROM
FIC16FET4 4K 182 Bytes 128 Bytes
PIC16FB77 BK 368 Bytas 255 Bytes
B © pamBus| 8 PORTA
FLASH =# Progan’f:m:erlm " 1
Program I 34 1
Memory - s
e At
[ 13-bit) * 1
14
Program -
B RAMAGARD 4y @ EORIE
I i '/ A e [<] RBAINT
[instruetion reg 1| el o +—=| RET
\ ' 4 £\ !‘m B ’-:" Rm
I Direct Ader 7 1 \elRe [ H—{ FEarcM
| : 1 | —_— l+—=]] RB2
FSRreg |5 H—<] res
] <] rBERGC
~leTaTus — [+—=1x] REVFPGD
5 ﬂ= Teg §-- —
I ¥ 4 ] RCOTIOSQMICK]
S ! RCTTIQSICCP2
va Tlmerup RCZCCP1
Instrucion | Oscilator : g&%sscc:
Decode & [<==1{ | Start-up Times iy i
Control H RCESDO
Power-on 4 RCAIMAICK
e M“*“"‘ H RCT/RYDT
. W L s i
51| Generaton = | vt ?
DSCUCLKEIN Brown-out RDOPSPO
QSCHCLKOUT Rezat E RD1/PSP1
In-Circuit I RD2PZE2
Debugger Loy x| RDIPSP3
Low-Voitage 4 RD4/PSP4
f el Slave Port}- - . ROSPSES
Programming Paralie} Slave Pont 1 i
3 RDTPSET
PORTE
WCIR Voo, Vss H—[=] RENANSFD
= H—=] REVANGTR
H REJANTCS
TimerD Timerl Tirmer2 10-bit AD
L L I Il
Il Ir T )
Dats EEPROM ceP12 il USART
= Seria Port

51l 2.6 vAen'lavziNTY (Block Diagram) Y84 PIC16F877



fsrdandlunyueamud 35 M

v
LY

Tu 1 frda e 1 892 lmda

o
o 9 o o a :/l T = ad
e '1d mqqﬂWﬁiyq,nmmwmmuﬂ"lﬂmam 20 wnneLdsa (MHz)
g 11 (Pipe-line) wnsainuaessedislunan@edu’ld
v o = ad
wieanusr Isunsudusnuuvan (Flash) Juue 8 Ala3sa (KWord)
(1 word = 14 bit)
¥ o 4
finisoanuddieya (Data Memory RAM) 41410 368 Tug
[] © ~ 4
fivissanuditeyauuuddwsey (EEPROM) v11a 256 1ud
a s 9 3 v
ABUAUBINITDUINDS TUA 14%19UA 14 UWas
liauan (Stack) 1914 1dgege 8 szdu
152UU Power On Reset, Power Up Timer, Oscillator Start-up 1482 Watchdog
Timer
115211 Code Protection AUAIIAAADA

IS

I Tnuatszndana 91U (Sleep Mode)

Qs L)

Faanauinuvats Inualiaenldnu As 0199214 XTAL 1592995 RC

Al

ansaldsunsudeld +s vpe 1a

1915 1151530 uY In-Circuit Serial Programming
i Iidss 2 vDe 84 5.5 vbe

T
o a8

11 Current Sink /a2 Current Source 8871 25 Hadueud] (mA)

a

=1

o P AT o ¢ o P

Flnwesamines (Timer/Counter) 3 62 A9 Tnwes 0 vuia 8 in, Tnwes 1
o o =

YA 16 19 1o 1Nwes 2 vuia 8 ia

flhl@ﬁ Capture/Compare/PWM (Pulse Width Modulation) 2 %@

= @ . [ o ~

3J’Ni]iu‘l_laﬂﬁfgﬂﬁmﬂumﬂﬂlﬂuﬂ%ﬁﬂa (A/D Converter) 4119 10 U#

115211 USART dwsusiensdoa1suuy RS-232

- ¢ a ¢ 7 o ¢ , ? Ao A Yo

flymesaduna1ing L0 weianianua 5 wosa uanzwosalisaudalil

MINU



10

2.4.2 VINBINBUNAGINNA (VO PORT)

€e

4

~ 1 4
TuTasnouInsameslueynsy PICI6F87x Hiwesalvldeu1ddud 3 895 wosn

=

d 1
JNDIAANN VO3

£D-

) = =Y 4? K o J
$mIu 20 8933 da Yusgduwesveslulnsasulnsaaes

U

PIC16F87x uaiaq lanagii 2.7

WCLR/YPP/THY —w 1 @ U 40 []+— RB?/PCD
RAD/AND +—s [ 2 3 []+—» RBB/PGC
RAI/BNI +—[]3 8 []+—s RBS

RAZ /AN /YREF- <—» []4 7 [J+—s RB4

RA3/ANS/YREFS +—s 5 % []+—» RB3/PCH

R&4/TOCKT «—s [6 %5 []+—» RE2
RAS/AN4/SS +—s 7 21 []+—s RBI
REO/RD/ANS +—s 8 % []+—» RBOJINT
RE1/WR/ANG 4—s []9 g 2 [ +— Yoo
RE2/CS/ENT +—e |10 = 3 [J+— Yss

Yoo —= [t W 20 [J+—s RDZ/PSP?
Y55 ——s 12 ) 29 [J+—» RDB/PSPB
0SC1/CLKIN —» 13 28 []+—« RD5/PSP5
0SC2/CLEOUT +—[J1a 27 []+—» RD4/PSP4
RCO/TI0S0/TICKI w15 26 []+—e RCT/RE/DT
RCH/TI0SI/C0P? +— [t % [+—s ROB/TH/TK
RCZ/CCP1 +—s 17 21 []+— RC5/SD0
RC3/SCK/SCL +—s-[18 2 [J+—» RC4/SDI/SDA
RDO/PSP0 +— 18 2 [J+—» RD3/PSP3
RD1/PSP1 +—s ]2 21 [)+—= RD2/PSP2
TOP VIEW

51 2.7 ndyanaveslulnsaeuTnsames PIC16F877

2.42.1 NBINA
=1 3 ay 1 A = o A A g Y
98U 6 ¥oIN3B 6 1A MruaFeu Ul RAO-RAS STamasnldlums
3 -~ ’ el o = 'l = 1
udeyafe PORTA fueamsaegi 0x05 (uusn 0) Huidamesvuia 8 in uald
UIsufins 6 Ia NMivasaesiiadesdmualiiiiu <0 drumssmuanianiaves
o dy o 1 o o &L A [P o ~ o
nosailnsziWIuSdames TRISA Feliusansaagi 0x85 (uen 1) Hyua 8 Tn
uazlNfios 6 daruiu aesdnuufiodia 6 uazia 7 dessmualiitiu <0” da o
© ~ d ¥ o @ =
99 TRISA ¥ vuafian1euesumesa RAO laiRosd1a19udaiin 5 Y99TRISA
o =Y L4 o o =Y
ISR IMUANANIUIINDI A RAS  windeemssmualdumesaluidaladiu
£
sunadesdoudoya <17 lldsdiniy uazlumsassdmindesmssmualfiiiy

[ IS o o q’:
yuomine Ididsudoya <0» Tldsdinniu
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wesa A ansainudiurimesaduyaeinalnauaziuuivesa
Sunadaanaezinaendmivisesulasdyanaesuaeniiufiaeavuin 10
fianelululasaouInsaned Tauur RAGRA3 oz RAS szlinmshiaudi
mifloufu dau RA4 szuandassiiniiuennnidurmesadunaeiyaing
ud SaldidlunBunadmsulnmes o melululnsneulnsaanidae uazu

o Qs

F4
rA4 i1 liimanse ¥ nuiluandunasudyanaesuiaenld

2.4.2.2 NO3A B
=y 3 ny -~ o & ﬂ Aa SaAq Y g 9 A
inedu 8 da Mrua¥evuilu RBO-RB7 Samnsh 19 lumsinudoyane
a Vet o I'4 A P
PORTB 1udatasaagn 0x06 (1140 0) 4ag 0x106 (HUND 2) Fusmmesuuia 8
oy T [-] =y ¥ (-] 1] ~ é 1 H
fia dumsimuaiirmvesmesafinsziruSiaaes TRISB Fliuoansdogh
' 4 = v = 1Y) I’4 =
0x86 (1LU9N 1) Loz 0x186 (114N 3) fHU11A 8 UA UASINUNDTA A 1A 0 VB
o a 4 1 o w o
TRISB l¥finuananisuesningsa RBo lamesdrdusuneiin 7 ved TRISB 14
o a 4 o o =Y a
fruafiAn e Inesa RB7 nindesms divualfimesaludaladiuduna
9 = 3 v o 3 9 9 o Y
Aosoudoya <17 Tildsdiariy wazluniassdunmindesmssinualididiuan
I's ~ @ A 3 4 [ T
wna Iddsudoya <07 lddsdimiu wosa B annsaldaudnuazang 18 5
-
wUURD
¢ o 4 ~
1) duswesasunmervinailnd
= @ a dar | & $74
2) dunduyadaygnudueessilannneuen Tagldu1 RBO/INT
d = o £y} a Y] o'
3) WuvimesaduyadmivuswuTdsunsussaud fow  voltage
programming) Tasl9v1 RB3/PGM
4y fundeyasynsunazdyananninmoynsudimiunis Tasunsy
¥ o o 2L 9/ A
nuzsanusimelulyInsaeuInsames #4914 2 v1de RB7/PGD uag
RB6/PGC

=

1 o o a s o {
5) MWiuumassuiadaygadumesSlduuuanaeumsulaounlas

3

Q

Joyanseszaudyaauiivl RB4-RB7
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2.42.3 W83IA C
ao & a o & aa JAq Y 3 9 A
fnedu 8 a Mnuavevuiu RCO-RCT SrmmesniFlumsinudoyade
v A o a o = ° =3
PORTC iiuoaasaegi 0x07 usd 0) Wusmasiuuia 8 ia mstmuadian
7 A o 1 Aa 4 ~ 't S ot S
veanoiatinsgiWusIcnes TRISC fiuoamsaogh 0x87 (1IN 1) Uvia 8 1ia
1 Y o ~ o = o
WuReatunesa A uazwesa B n 0 ¥es TRISC 19 vuafianisvesnwesa
(= o w =y ° - 4
rRCo laBasdrdusudadin 7 ¥oe TRISC ¥t muahinn1eussvinesa RC7 vin
9
o 4 =Y = @& A
Fosmstrualdvmedaluialadiuduyedesdoudeya «1» lufsdniv uazlu
o o = a & 3
meassumndesmsimualdureninalddoudoya <o~ Tudadain
o 9 Y ' Y] J A
wesa ¢ ansalFaludnvazaneg Tdvareluvy wazdiuvmesaitdl
i Jd a I3 a a '
anvansageann lihendiuvimesaduyaeinailnd vidunaevinaves
= d = ) @ e =
soadataineiuoelugalnwes 1 viduwadinivsudyanuuiinivesluga
4 Y ] L% g v
Tnwes 1 vuFousessuula I'C vUFouADHUY SPT (Serial Peripheral Interface)
4 v s a ¢
YUFDUADNOIABYATULUY USART 418 UNAIN5UA9DT (Capture) NTDI93
@ o 4 [ I'd
AT UdyaE YU IMNAYDNeIIFe LM aUdyaNw (Compare) HOZYHBINHA
v T o J o o
29935 PWM (Pulse Width Modulation) n3e019na12 189 mesa C iHluwesadmiuy

A ' e ’ 2 Aa o A
wousogUnsaineuen (Peripheral Function Port) NUANNSUYIBINULINANER

2.42.4 We3aA D

fadu 8 fin Smuaseviiu RDO-RD7 STmnes g lumsiiudeyadio
PORTD fiteainsangii 0x08 (uuar 0) fuiimmeivuna 8 fin daumsdmua
Famavpamesainsy NI sanes TRISD. Feiluoainsaogh 0x88 (uuaf 1) 3
y11a 8 ia mindesnsfnualfumesaludialaduduyadesdoudoya «17 1)
Sediat uazlumemssdumndesmsimualdiiuvnening Wivudeya «0»
Tulgednifu dmiunesa b ‘frﬂzﬁmmz‘lu"luTﬂiﬂauimamaﬁu 40 vy

wosa D amnsoldald 2 Tnuade Wuvmesadunaeninallnauas
SudauvenewesauuuvuIu (Parallel Slave Port: PSP) dmiuifoudefiuginsal
aeueniifinissaszuutauuy lulas Tsiwmaeide imedoya s 1du
medganuaugy 3 1dufo modya1unIUnLNITEIU (RD: Read) aiodaau
AIVAUMIEY (WR: Write) uazmaﬁ'qgtymmuqumnﬁaﬂqﬂﬂm‘f (CS: Chip

Select)
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24.2.5 WoiA E
ao a o A Aa Salq 9 3 v A
fssdu 3 Oa smuaFevuilu REO-RE2 S3mmesn1dlumsinudeyade
a 1l d a Jd o T P~ o
PORTE fieansaegi 0x09 (uusd 0) Husimansuun 8 fia udlFenuiies 3 Ga
9 ]
a1 fio da o0-d 2 winlu imdedmualifidlu <07 daumsimuafiameves
¢ & o T A~ 4 &L i g ~ o
wosatnsz i IUSTAMAeS TRISE Felluoansaagi 0x89 (1A 1) Hvuia 8 Ua
~ [ ° o "4 v ~ o
Taol¥eudaarelumstdmuafienmsvesnesa E dauiimdeldarugumsiau
4
TuTnua PSP veanesa D
I3 9} Jd a o a s
wesa E awnsaldnuiunesadunaenivalnd viduyaezuiasnues
@ [ aa a T W o
Tugauasdaygrivuesurnemiudsnsa uazvialruquaisaadenugilnal
3 1 1 o 3 T oSt o
AMouenuu PSP fstiuegiumssmuadoyaiamaes i 1¥nrugumsiiauves
¢ A1 A o ¢ ¢ P @1
wosatliguderiuneia D nesa B sxlimnwizlululnsaouInsamesqu 40

&
N1

2.4.2.6 WasAvUNMAIUVES PICIGF8TT
S a S aa = L Aa A ¢
WasaBUNALIINARInDaBnyanilaNleglu PICI6F877 Aanasauiw
) 3 1 o 4
(633 (Parallel Slave Port: PSP) %3eunansazendi wesalulas lilsiwayos
L4 Y (Y 4 1
(Microprocessor port) 19gWa3® PSP 13233u0giunein D uag E Inedauves
Jd g a 9 a 1 [y a9 s Y 9% @
wasadeya 8 davzldwesa D drudyanaalrvguiiaieny 3 duszldsuduy
¢ @ ' o o
WA E iAo a1ooudoyainnesa (RD: Read) doiioudoyalidsnesa (Wr:
o . o 3 4 = o
Write) 4aa 10120111911 (CS: Chip Select) ATHUNDIAVU AT UHTONDIA PSP
4 9
Falimwzlu PIC16F877 wiagu 40 v1yu lilmiiu
¢ o A o 4 '
wosa PSP 11lsz leanilunsdindesldauginsainligluuumsisoude
@ N < '
wvuiadeya 8 Taduisnldnlussunlylasldswmaes siufeiisdosns
1 4 o g ~
gwdeyaninglnsal Iduenavdyana €S waz RD niniudoyaszunilsingd
iiadeya 8 Tasiuil niedrdesmsilioudoya Iddidoyaliseniadeyn s fa
3 @ 4 | @ St
vinuuenandys v CS uaz WR Jeyandesmsdsussgndslilfsgilnsainde

1w L4 5 @ L4 ] 1 o
agnuf allnsaimeusnimunzazlddunesa Psp 1dun nieanud leduilas

U 9
o/

dygruesuneniluaineanseulasdyanadinoadivezinasnilideyauuy

g o

iy nseanun s 1089l Tas Tsaaedane
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w r 9 :3
2.5 MIFUTIVIANNAY (SMS)
v
o . a 2 v o ¥ o @ 1
deanudu (SMS: Short Message Service) Huusmsdeadasu-dedennudadnoys Wi
& 1 3 = 9 o o 1 ~ 9 & k)
msfeasszuuae neszuufisouaz 1¥ae Tasezgnina lnseenldlumsieasaly
24 o . 4 H v o
szuulds Inneammwiz Fedmua 13 1ddedu sMs Tumsdeas 1 ase 1809 160 d20nys
A v
¥3BUINNI Ing
@ QU o U =3 & (-] o s QU =y 1)
- 160 #dnys dmFumsIFaudeya 7 da Funuzdmiunsidardnusazau wu
NYIVINY
- 70 fdnusdmiumsiFaudoya 16 Tn voesragiilfa (Unicode) 15U n w1 Ing
=t 9/
Ay fudu
P & A { ] 4 v 1 Y o w
FegunsaidoarsilFlumsds sMs Rugedrrdeamidlaiiu 3 & fle gilnsaldasy-
v ) Ll 1 =) A o v A ‘f] 1 A
@4 SMS @032 LazgilnsaiNizendl Center DNNIISAI HagUaMsAOMTOOAIIM 2 99 A
[ i & o L @ [ { g
frausmilumsdoarsuesgilnsaidade SMS A1 Center wazsaenaeuiunmsdeaisves

dao o @
91n3016751 SMS iU Center

2.5.1 AT Command

ofinouuIug (AT Command) hugasmdunasgndildlumsadodonsdy
Tnseniifletie Tasdaanndnlflumsdearstugunsaldomsaeg wu Tudunse
91n50/Afi3 (Data Terminal Equipment: DTE) Tugmfrdeitugnaiunsein Hayes I8y

9/ Aa g A 9 o <3 J Aw Y a A A A Y ¥ 9 o
Nﬂ'ﬁ]ﬂlm‘ﬂﬂﬂﬂuLWi’)Gl‘lfﬂ‘UTillﬂiJ‘UﬂQﬂu LAZABNIUTHNANAANDNDYTBA N "lﬂ‘l.l'llﬁl'lll'l

U

4 ~ o

wanldfuniasusivesnmsuiy dumaldsideimmatide Litfiouduly
aafuaTmetReRL uazanvannsavesInsAniluegueshisessusidedandn
iiesninlil8TieesdmvesTuiduussyegmely delnsdwitledessdigluuylumsds
Hoyouun SMs mueiinemnus 2 guuuudeiy Aeing Tnua (Text Mode) uaziing

Tviua (PDU Mode)

1 v o A 4 @ o

2511 Text Mode Hunsdeadoyalugilvesdadnyslaoass FuniosInsindg
1 1 1 [y v 9 L!yl = J 2 ] 9/
daulng hisesfumsdadoyalugduvviimumaeiineuinua 39 lbausald
v ¢ A ;v g < H ) <
auldauysel dissnnmsdedonnuluing Inuaiuszidiumsihdennui
deamsdaudhsianou Tasduniouess udavededoynsen llugindy Inuadn

o’: & ] o o A [~ ] o v g [~ o ]
asanile ualuInsdnnuruaieed ldaduayumsdsdeanuuvumng Inuariu
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~ o 1 ] A ' g A&
NMIUDINADUUIUA ll.ﬂﬂ”lﬂﬂﬂﬂlﬂﬂ'J’]NlﬂUWWEJ,IﬂﬂJﬂ%z'd'lll'lﬁﬂﬁ\‘iblﬂluﬂ\'ﬁnﬂ

v
Q) 1 s QU é
Tnsfwdt hideslimsuasdeyadngumnile

. 44
2.5.1.2 PDU Mode (Protocol Data Unit) fig Inuamsinulssnnnilageaziin
ar hd 4 ¥ Q 4 & 04
msutlassiauedd (Ascr) vesisnvszudazdlfiilusWaiiay (PDU) Fesvia
- H ° o o & & o '
fagiuansaminnldoulddugadidueineuunualumidesMs uazannse
1185 InsAnviileodenniniesnsesfumduefinounua 1a laefimsdsiaiia
= tg L g
gllIuROUAY
1) zABINIIVITHALBAAULULAUF U 16 (Hexadecimal) YBIARTDNVTE
2) wilasvmsHaueanuuavg 16 usdaueafiuinuaygi 2 Binary)
9
3) thsvaueanuuavgy 2 datindnegad
0 wlaaihisaiag Tashiagaievesdnuszdan 2 urnemih 7 daves
ar o oA z§ Y o aa [y @ al o’l‘ ° = 9
8pusEAIN 1 FeeglasianAgyednusdm 1 1w 2 dagame
- @ A Y a A =1 ¥ o w R 9
Y918 YILAIN 3 219Nt 6 TefmBesgussdnuszdaf 2 davg lAsHa

T ¥ ]
#ag voesnusEiIN 2 niniiuth 3 Tegahovesdnusgdai 4 winenin

Q@

' 1 1
@ il L o

s oA L @ & 3 o
5 dafimdevednusyaan 3 Gz IAsHaRaguednvszaIN 3 1INt

g = A 3 @ AAa = v
muduaounyliGesg suldsvianas 8 Ua vemndnyse

5y wlassviaiiag 8 Tai lalddusdaifouuumugiu 16

U

5171 2.8 uaasetamadhs WaliRgueafiil ALERT sziiunsviafingues

#1791 ALERT 810 4166514A05

Format A L E R T
ASCII Hex 41 4C 45 52 54
ASCII Bin 0100 0001 | 01001100 | 01000101 | 01010010 | 01010100

ﬁﬂﬁﬁ]zﬁ’hiﬁ'ﬁ 100 0001 100 1100 100 0101 101 0010 101 0100

X x X y 3
PDU 0100 0001 | 01100110 | 0101 0001 0100 1010 0000 0101
PDU Hex 41 66 51 4A 05

510 2.8 msdIHaNAgYDIA1I1 ALERT
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2.5.2 ngumddlumsaaemduea

@ Y

' v } 4
frdaed asuuud nlFlumsdedennudu (sMS) Tegnarsmdedlenu iy

v
o a

' b4
e lumsdengiluuumsdedonruuaziidededonnu Asil

o Q'I d' 1 & 4
2521 AT+CMGF fhudmdefildifengluvuvesmsdadenny i 2 Tvua Ao

SMS PDU Mode 11l SMS Text Mode Tagiigiuvuvesdiidensil

M1519N 2.1 1unvsIfge AT+HCMGE

i MINeUEHD AInAsgId
AT+CMGF=[<mode>] 0
AT+CMGF? +CMGF:<mode>
AT+CMGEF=? +CMGF: (0,1)
<mode> 0 fedonldnagIvue (PDU Mode)

1 Aedenl4ing 1nue (Text Mode)

2522 AT+CMGS dlumdnlFlumsdueabuod

msan 2.2 3lunuvedIds AT+HCMGS

Mds fInBUaAUBY AENASgIH
Text Mode (+CMGF=1): Text Mode and sending OK: | Text Mode:
AT+CMGS=<da>[,<toda>]<CR> | +CMGS:<mr>[,<scts>] [,129/145]

text is entered<ctrl-Z/ESC>

PDU Mode (+CMGF=0): PDU mode and sending OK:
AT+CMGS=<length><CR> +CMGS:<mr>[,<ackpdu>]

PDU is given<ctrl-Z/ESC>

AT+CMGS=?

<da> AonunoavInsimidmemafiszdueadueelyl

2

N 9 Ay 1
<text is entered> ADYDAITUNADINTITIS AN

)

<length> Aeanuondeyavesdenduluiny Irua (8 1a = 1 length)

<PDUisgiven>  fodoyalugiluvusdaiaguuumugiv 16

= o I:4
<CR> f191]y Enter UNASUDIA

L]
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253 agumaslumsaluguuazgaeuzvedlnsdmiiiede

i o w o JA A v o o @ A
naufmdslumsnruguuazgaauzves Insdnnillede Uszneudisdidandng fie

o o 3 1 o o o w 1 v
fMdudondumiafumiieanuswesaya InsdniuaziidseudeyavinayaInsfni

4
TaedigUuuumsldauasi

o w A o 1 g 1 °
2531 AT+CPBS {lumdshlFlunmsidendumiufuniisanuivesaya

Tnssma (Select Phone Book Memory Storage)

3197 2.3 J1UUYRIT AT AT-+CPBS

fda MInvUAMLY ANNAIGIY
AT+CPBS=<storage> “SM”
AT+CPBS? +CPBS: <storage>,<used>,<total>
AT+CPBS=? +CBPS: (list of supported<storage>'s)
<storage> ﬁﬂ"lﬁi’lxi“] llﬁ'ﬁlﬁﬁf “DC”, “MC?, “RC”, “ME”, “FD”; “SM”,
“ON” and “EN”

2.5.3.2 AT+CPBR iludden 1dlumsdwdoyannaya Insanst

(Read Phone Book Entries)

M1319% 2.4 3UunUveIIde ATHCPBR

a9 NSADUTUOY

AT+CPBR=<index1><index2> | [+CPBR:

<index2>,<number>,<type>,<text>]]

<index 1>,<number>,<type>,<text>[[...]J<CR><LF>+CPBR:

AT+CPBR=? +CBPR: (<index>-list),[<nlength>],[<tlength>]

. % o ] { ° v
<index1>, <index2> ﬁf]lﬁmﬂ']ujuﬁﬂﬂﬁ531!?”““”\1”8\7“1”3“1”

LY L ] o v d
Tnsemn lu misganuivesaya Insfnmg

E0&218
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2.5.4 agumduImsnievia

vy o 1
1 s @ A g w

aguArdausmansedis iunquirdsiinoadosiunisfndedeaisfiusening

Q

o= o g

o a v ] o o w  da
TnsAnvidededudliusmsniedis wu fdslumsuaawanuieay Insdniia Insdh

Hudu

2.54.1 AT+CLIP Wusdaildlunsuaaswaninema Inssmann Insdn

(Calling Line Identification Presentation)

M3197 2.5 JUuUUYRIRIAY AT+CLIP

i fsABLaURY ANNAIZIU
AT+CLIP=<n> 0
AT+CLIP? +CLIP: <n>,<m>
AT+CLIP=? +CLIP: (0,1)

<> 0 Aotlamsuanwanuioay Insdwiainsish
1 Aodlamsuaasnaninony Insfneii Tnsidh

255 masudeanudy (SMS) lunaglnun
o A v s o A Y ar A ~ o o 1 9/ q’/’
mammsidouds Insdwidedadinunioswneunumes uazimseudennudy
i 1 ' [ 8 1 o da
(sMs) fiegnelunassdennuvas Insdniilederumsldsunsulalesineiiuea
¥ ) 4 o @ { ar U
(Hyper Terminal) Uogin3vsnouuaes Taeldmids AT+-CMGR doyanldsuazeylugy
vosaasanlsznendlodoynvssdds Jeya SMSC (SMS Service Center) tagdoanuign

1 kY {I 9 I 9/ 1 1 9/ (R ] 9/ s A o 1 T
GRISTEEUMISTARECEE] ﬂEIGUﬂﬂ'J']il‘Vlgﬂﬂ\uﬂﬂil'ﬁ]zﬂﬂﬁ?uﬂTﬂQﬂﬁlﬂﬂﬁﬁﬁﬂ HIVLUBYNAIVYN LAY

U

¥ a @ dM A A Aq g a a ¢ o Aa @ dA Y A o
319990 nInsAnniedomsoen ¥ T 1inusRivLAe InsANNIRoF N U d

g g

(-] 1 1

\ & d‘ 1 d' 1
(SIEMENS) §u C45  Gadoanufidinfien1d1 LIGHT oON sfig1dainTusunsy

J S - a o dy
]1ﬁl‘]J'l’)5&ﬂﬂﬁuu@au51ﬂﬁglﬂﬂﬂﬂﬁu

AT+CMGR =1<CR >

+ CMGR: "+6638212236F6 "
07916618160104F0040B916638212236F60000902050326594AA08CCE41149
053D9D



19

M1 2.6 manlannumnedeanui 1 suluiayTnua

Octet(s) Description

07 A718717989 SMSC information

91 stlnveuAYWINg SMSC 91 HINBAUAUNNIBLLIY
@1na(International format)

6618160104F0 [@unINY SMSC Fevziilaugiu 10 a§D nibble Tu
ﬂ'ii‘flﬂu'lﬂmﬂlil’;ﬁlﬂ dservice center ﬁ’ﬂ
+66816110400

04 First octet of this SMS-DELIVER message.

0B ATUIIVBIIBIAURAS (0B = 11 A0Y)

91 silUveUINIBRES 91 HINSAUAHINBULY
@1na (Intermational format)

6638212236F6 numnefdeiaziiiumug i 10 ady nibble Tunsdl
inemues e e +66831222636 ioady
nibble 2 lins v 1¥deed s F dlaasundaie
aaneiii 6618542899F4

00 TP-PID. Protocol identifier

00 TP-DCS Data coding scheme

902050326594 TP-SCTS. Time stamp Sunad 8sudennudu
S nibble TufiTunai 18 nudefud
05/02/09 1181 23:56:49

AA TP-Validity-Period. 338213 lumisahudenny
Tl AA naefs 4 u

08 TP-User-Data-Length. Length $14 U600 Y594
Fommuiidaluiiiiae 8

CCE41149053D9D TP-User-Data¥0n1213 LIGHT ON lugiuvusweriiag
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2.5.6 msdeendy SMs lunagivan
,‘sy Y (] o Ia v
Tufitivzuesndiosialaons 19 1usunsu lanlesmesiveadediony TEMP

ALARM lal1#d5umaneiny 0840043027

AT+CMGF =0 (feniaglvua)
OK

14 ¥
AT+CMGS =23 <CR> (Aosmsdasianua 23 lud lisauay 00 hegniiiga)

>0011000B916638212236F60000AA0AD462130A0A3283D226<ctrl-Z>

a v A aa
m3ad 2.7 msudaaauvmiedeanundeluity Ivua

Octet(s) Description

00 AEIVBI SMSC Information 00 #1804 1% 1% SMSC
Information MAuagmelumios (UndnTesiids sMsld

vzii sMsc molwn3eseguda)

11 First octet of the SMS-SUBMIT message.

00 TP-Message-Reference. The "00" value here lets the phone

set the message reference number itself.

0B AUGTIVDINIAVRAT (0B = 11 AtaY)

91 silivesaananegde 91 nanstuavmNeuLYTINg
(International format)

6638212236F6 runanedsudeziihiuaugiu 10 ady nibble 1unsdl

MINUIMYATIUBIATY Ae 0831222636 LilBAAL nibble A7

linsuglderedan F deadunditenateiiy

6638212236F6
00 TP-PID. Protocol identifier
00 TP-DCS. Data coding scheme.
AA TP-Validity-Period. szeziaanlumsiafiudennu Tudtil

AA ¥U1894 4 T

0A TP-User-Data-Length. Length $1127U@ @0 nysv0stonny

A A o
nasluntine 1087

D462130A0A3283D226 TP-User-Data. #9A210 LIGHT ON lugilunusriaiay
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2.6 msSudadeyauuylime

2.6.1 Wireless Sensor Network

L_.,ré e
¥

® oo "®

L _J

® P

| - Sezzir Node

¢ Hodeny }

| . Gatewsy |

gﬂﬁ 2.9 Wireless Sensor Network

A o’ij 1 o v Ao f-l%l 9 2 @ vy
w3 eauestiue udnaiihin 14 lumssIuTuTeyane N U WILIANDY
Q' 1 Y = T g % v 4 I
2aneatas Tssnu Thudeu ssuunisaadefoasuuuda ludauasaus annnlunsdl
¥ F 4 v
Ao intemuria liannsounnidonsldeie suiunietesrumestanaudud
9 ¥ 3 a q’:’ v (B v a o’; o I =
Zoamsodissanea Bnuns ot edenisaanazn1s 11395 1Bnd 0
v A 1Y) U v o do a
nSetuses inmsasavudeyastisduiuiiu mssausiudoya Yszdivuaz
a ) 9 o v A A v ' Ay Vo
Asimdeya myadenginast nsdaduluaznision foyannimsniaesms asuan
1 4 é d‘w a
91NN BYUUUNTLIWYDL WSNs (Wireless, Sensor Networks ) aafinennsuraren iy
1 Jd ar @ d o 1 Y ¥
A1sAedoyanINIFUITBTAINSD TSsimwivesniae llhieglndq
Routing table ¥3pa s adeyaimuaduniy Sndhigelumsdedeyaliis
9 AaA o | w A A N A a 94 o oA
dunenange rduindevieninmsnszaietuimuiiuau Inyagiminnaauaen
9 A Ao 2 A ~ < a oy
BumelunsAea1siiunnvy (150418 NxM _mesh 8 NxM links #autedun19vag
9 Y o a & A 1 Hda Yy a o ﬂ o o @S
Bumnmanndusuiiaatlaiong wievend InssahaSsefuilussausu ilvanse
9y 91 3 o 1 @
wnduma ety vazdu lUmungramusnsTIUNSUNINTEBVBITY YUY
v a o Yy 3 9 o Q’l’ q’: A A
nsdaguls mszuenszuaumsannsaiemifiade lalussduduiume insevion
a T @ 1 4 A i o o 1 o w
finsAerefusdeauyseiag] NP-hard dudou Tasfinmsmruadunisediesing
Y { A o oA @ ] a
80 s Tnneadilda uagfimsussanadnsn ldndud T lniludumadnvesin
a Y ;é o Yt 9 @ 9y a -3
11 T8 domaiiteih lAlmsgeununUYeIvBINATY
it a 2 o a o3 A & 9 o acad 22y A'xslvl
waet THUaTn Y $IUIUARNINNIUAY TIUIUANTUNVAUUTT NV UNDUN 1Y
¢ 5 g c ¥ =
1ley1 NP-complexity (Non-deterministic Polynomial time) 1mﬁummazuﬂ'lmﬂqmm

Tigunsoddeyandudninld TumsudlyInssadreanunsal$ismssunguuuuii
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4
v @

9 @ :;’ ¥ 1 { a -4 a
sedusu Tassadruuszdusuiides lifimsnasunlaufindu fedesdilassaiie
J=} = 3 = - o z \ 5 Q'I

mileumuluszaudoriu InssadusedusursudrailuTassaden1dna 1y lu wsns
A\ o ¥ 1 Aé A\ 1 Q 4 s \ :I’

uaz Tnuad1en szsandusgiiungu Fawdazngueziifandhfe Tnuan 1dTuusads
w g dy ¥ P2 ' ' v
vz deyah IdnaTnuazgnsusatiniamihvesudazngu uazdanin

1 1 9 ar d' ] 4 Y

adenedeynlilfiaariinaniinievisvesserinas seorlldaniumnindmih

YOIMITIWNGUHANE?) NGt

2.6.2 TEEE 802.15.4

snAsgs TEEE 802154 WunasgudmiumTevionunlimessez Indanuis
§130 low-rate WPAN (LR-WPAN) Ineilgaidinunz Ao Sasimssu-dedoys &0
wiawhfiy 250 kbps 1dmds ldhiles gunseilismgn eIt deausnlszyndld
ﬁ'uqﬂﬂmfvdrugmﬁﬁmﬂwmﬂ‘lu%’imﬂiz%15’utaasiﬂad'sumﬂmsﬁm1ﬂﬁzqﬂﬁ“l%'mm
115314 WPAN fn0z1A02909F1 wircless  sensor  networks  (WSNs)

s Physical Layer 11@3974 IEEE 802.15.4 fim3ldu3 AR A 868/868.6
Miz 14 Dsss Tasasinnudaveadoyn 20 kbps dmiunamid 002928 MHz 14
psss TagdasianuiErvesdesya 40 kbps wazAG 2.4 GHz 19 Dsss Taudas
AT IVRITDYA 250 kbps SmSua 868 MHz il 1 Fesdaymnmioms 10
gosdaaulu 915 Miz waz16 Fosdaaulu 24 GHz Tavdwamudmani lails
auamnn Tad 868 MHz 1§lugTs 915 Mz 1luenia uas 2.4 GHz foduily
A l¥fuunitgalulan ginseliuy FFD (Full-Function Device) N0
beacon frame BT frame Nsznendremsmuguuazmydedoyalunsas chanel
wazereihifnaeiiu PAN coordinator 14

$1 MAC Layer 113§\ IEEE 802.15.4 Saw3eunisiite support syMI1edeN
wireless network topology 151 3SR star 1AZ peer-to-peer TasdmTums ¥
omluthuthzduny str u.az‘lumqqmmﬂﬁmmzqsﬁ%ﬁ)zﬁl%’ﬂﬁﬁ}amiaunu
peer-to-peer AT TATIA UV star msweunenialuniovis(Network) 92N
A7UANAY PAN coordinator tiBI8UIAEY 1Ay PAN coordinator Fozvmhidumiou
Auan3e418 (Network master) AT initialize (A0 38015 Tnua lumieviouas
Budriensvesinua luniedie ifiosgalnssiiuy FED (Full-Function Device) 813139
4 beacon frame Ho19na w1l PAN coordinator 18 8619 lsfimugunssiuun RFDs

| v v 9 A v 3 [
(Reduced-Function Device) aeiiausnluniotiouun star 14 dandniv e oy
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=) v

star 9¢%197% independent A3 04188U 1u IEEE 802.15.4 FFD 919320314 (A50918
star ¥I§9910%1 scan channel 81 FED 13ia13150A529WUM 584 beacon frame Uazi3udL
o g % ' = . . .
#1917 PAN coordinator 1A8A1564 beacon frame THY unique network identifier #50 ID
I 1 U U 1 { § ~
nngUnsaifiiaausweglu LR-WPANs 1914 IEEE 64-bit Address 71 unique (il
v £ A o 1 A d = a l 9 A a
Qﬂﬂﬁiﬂﬂ')ﬁﬂ\iﬁﬁﬂ'lﬂ'ﬁﬂq beacon frame Qﬂﬂiﬂlﬂﬂﬂﬂ?%ﬁlgilﬂ']iﬂﬂﬁﬂﬁl“wa‘llﬂll’d’)u
J : e { 2 2
571 TABdY association message 191377 ad hoc network @4 ad hoc network HAfems
A T W T a o . V9 9 » £ S
IHOUADNUITNINADNNUNDIUUY wireless Taolaidoe1% access point mtﬂuqﬂmmm
9 n:iu T 9 4 'u - A = 5 L 4 a
‘Hu1ﬂ5ﬂﬂﬂﬂlﬂy‘ﬁﬂ'\\3ﬂ§Uﬂ')1ﬂﬁﬂﬂ wireless card %Qﬁﬂﬁ\?'E]Q‘]Jl‘llﬂ%l’é]ﬂﬂﬂilwmﬁﬂgﬂlﬂﬂ

o 2 o ~
#1479 #9 LR-WPAN star topology i16AdAs3al7 2.10

. P AN Coordinator

® Full-function Device

L‘) Reduced-function Deviee

51/ 2.10 1EEE 802:15.4 LR-WPAN star topology

1 ] 2 1l ] 9 | ] o 9
R30I peer-to-peer BuIuA A NdoYaTwASaIwYnTal 9 OUYIA 1

o1lnsel FED Anaosy FED sufiognialueisnunvesiadiuiesting de message 118 FFD

L

D

a Y oA A & IR .
NBYUBNIIADNAIY BIUATDYNWLIU peer-to-peer fAeun5n9i1ld ad hoc wireless network
o 9 -5 9 A A!y A A ” °
FudoUTUAWASNUMI ATBUARUNLTITNBIIN multihop 1AY mesh network 9TNIMUA
AaauiiAfioys 1A 1SN message d9u RFDs p1vvzdnsananIaulunTeviy peer-

to-peer uevg luaunsom relay & peer-to-peer network topology Llﬁﬂﬁqﬁﬁﬂgﬂﬁ 2.11

/’Q . PAN Coordmnator
O Full-function Device

O Reduced-function Device

g‘ﬂﬁ 2.11 IEEE 802.15.4 peer-to-peer network topology
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= & = T é -
SANilarilaveuns v cluster-tree F99UNMTTINAUYDILY Star 1AT Mesh
A4 A4 v ¢ 2 @ o v
etz 1ddse TominnnsgesuuainsosesfusmiuvesIvua wazausaldnu
Ay ¥ A . S A ' o
auuames ldu  Tasasevrorialid1uiuveeginsalinTeuieessguunannig
9
[ @ L4 ] a v =\
“cluster heads” Taseariativzdan path 1WdugilnsalinTevioriiane uasamnsoll
P} ) Yy 9 J = P} 1] &
msvnamiedigeonldldndeiy lunaieg nTaATOUIBLUY peer-to-peer  ITLADN
d o & 9 o 9J ~ . T 9 =1 1
qﬂﬂsmmwuﬂﬂmﬂum PAN coordinator 3¥HINNITEIN IATDVIYLUL peer-to-peer
9
1 ° ¥ Y o o . o
92d0dilnsa LA NITTIIUAINY HUTBeTUMIMIULAY service ¥BIgUNTAl

wievre 1 ausoninuld clustertree network- topology TCP/IP Model 1ag OSI

Model tteragnagiil 2:12 00231 2.13

U

51l 2.12 TEEE 802.15.4 cluster-treg network topology

TCPR/IP Model OS1. Model
Application Layer
Application Layer B - Presentation Layer

Session Layer

Transport Layer Transport Layer
Internet Layer Network Layer

Data Link Layer

Network Access Layer

Physical Layer

51441 2.13 TCP/IP Model 110 OSI Model
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2.6.3 Zigbee

diesninlusrenareiiivurma TuTadmTotmmuwwesuuyl$ae (Wireless
Sensor Network) ilutiadeiseiumsnmeiivesrann Taoadeiiinsnudigaide
maTulatuasgiu IEEE 802.154 uag ZigBee Fnasiuna Tuladidselureaay
(Lab) mﬂszqﬂﬁa%'nwﬁﬂﬁmvﬁ%u TaonsiFeudeveunistomuaeiuuy daioez
MOUVUIATFIY TEEE 802.15.4 34%u# Physical Layer ¥0911733 14 IEEE 802.15.4
53149 3 A2 A 2.4 GHz uaz 896/915 MHz dwiunNA 2.4 GHz wildesdoms
16 Foaiiiisnsu3doyn 250 Kbls dmIunamia 896 Mz szfidesdoms 10 Joqid
Sasiadoyn 40 Kbs dmiundud 915 GHz wiivedoms 1 desfifidnsus{oya 20
Kbls dmduss network/security oz application framework %zaénuﬁugmmm
se11) IEEE 802154 aalu#u Network a1in1503093u'ld 3wy e Star Mesh uaz
Cluster tree taznnnaantiavaiveateiildonnasy i IEEE 802,154 silduTiv
Maxstream 18ar3aq1nsel ZigBee Fslinpmuiifianen i fvuamnnziiaia fuld
é"lma::'muﬁm%‘amiaﬁnqﬂnmfmﬂuﬂﬂiﬂﬂ“h’f'ﬂma"}ﬂusiaunu Serial RS232 Famanz
umsthunldaniwnietomuresunyliaeTasldsesfuduniasg 1w IEEE
802.15.4 1INM5T Zigbee  a1115058351 011 Taduuy Mesh M1i@os1d multiple
routing algorithms Susi1¥igos algorithm #8018 lums ezl TnuaudasfRaaeruds
T ZigBee INM9UTEN Maxstream WaARLTINT1$ AODV protocol agudd Faem3

#1971U99 XBee 11 OSI Model tiaasaagilin 2.14

( Applications ] 1 User
[ Application ProﬁlesJ ——————————— j.Z—l_sE_l—}c; _:\-;;l;iu:m-ion protiles
L R >,
{ Application framework 1
(" Network and security ] -
Z1gBee-
lavers )

[ Media access conwrol | Complaint
( Layer J IEEE

<07 15.4 platform
r Physical layer J 215

__________________________ b

(ZigBee stack ) (_Application

31]‘71 2.14 ZigBee is built on the robust physical and media-access-control layer

by IEEE.802.15.4 standard
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[ Y
2.7 MI3UAIVBYARUVBYNIN
td v
Tulpssnuii s domsuuveynsulumsiudedoyasenilulasaeu Insamesiu
@ o @ g
Tnsdmiislefio uazluTasaeu InsamesfugUnsaideaisma lnauuy1me (RF Module) &

v b4
dnuazvesmsdemsuvueynsulisieazdeaail

271 msﬁamsnmuagﬂsu (Serial Communication)
msfeasuuueynsuiiunsdenslasmsdedeyaiiasiin  Wumodyanaudy
3 o o ] 1
Aeunsuns 8 davielud lasssdeba (LSB) venliney awnsauaasliiviu

wanmaaadeyauuveynsulddegui 2.15

Transmitter Receiver
vieo | [1] [1] [o] [0
0f19] {1 1
of| (1) ]2 1
o 1] [0 [ofofr]ofals]sfo] |[o]
1| o] o \ & 0
=11 1] vie? bit0 | 7
o] (1] [o] 0]
1] ]o] |o 0
bit 7 3 A Tka

P L
5N 2.15 madedeyanuUBY NI

o 4 1

1 R o
msdeasuuueynsniuhilanudvgaents Ity lasaoulnsaaesuin

a

=4

9 =3 d A a '3 = 1
L‘Wﬁ"\gﬁ']'ll'ﬁﬂi'ﬂﬂlﬁuwuwuﬁgﬂ@ﬂ']wmﬂqwm (PC) Lfﬂuﬂuwﬁllaglﬂ']ﬂwﬁ‘luﬂ'ﬁﬂﬂﬁﬂ

o Qs 1 =
wienaugylulasaeuInsameidedyyraeiloaiivwady fe medidygnu

(TX) enesudayans (RX) 10z 8n5129 (GND)

2.7.2 NAIFIU RS-232

a3y RS232  ifhunasguiidsumsiaunnuuuazgaldauiuedis

v Q T o s
uwsnae (5119 Rs232 WeuseqUnssiaia (Data Terminal Equipment: DTE) 1411

I At . . . 1 v I @ Y @ o
Qﬂﬂimﬂ‘*}ﬁ] (Data Communication Equipment: DCE) wumsasmes diadhiu Tuaw
1NATTIU RS-232 nadednysznng anvazvesdaana lfhuasdouazmiieu

{ = @ T A s o

Fl¥nssumedida  (nterface)  fa0819u03gUnsain 1Flunsdumeiianiy

t Ja a =] 4 - ¢
1A3g e Rs232 . 18un mesiila niemned aotneurlawes (Logic Analyzer) uag
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A a Jd Y L o Aa o v a
3o Srmsdszend ldnuveundesmsidumesiagunselidhiudumesive
wasgu Rs232 misudludeanlassefudyana L Wdussdudyapaudy
fnau

Y

1AsgY RS232 Wdaanauivudu@morlumsdedygyra Tnedyanaszdalyl
a 1Y Ao < 1 1 Vo a a 1 a ~
Tudirmadeaiu lunsdinsasus lumsdadoyalinuniiy 20 kbps Aladadsdui)
& \ ¥ \ § g LY 4 2 3
Famiifuaigeqaildlumsfearsdoya Auilgiudinmsfaunidamnsadedoyald

Y
wnn i) szeemelumsdedoyaliaisdiu 50 Wa @udedmualuinasg)

2.7.2.1 52AUAYRTUVOS RS-232

sefvduimves RS232
v

2 '
+3 4

-3

-5

soerufigymazs TTL
v

+5

1] ol

[ [

Ul 216 szAUAyYIMYBL RS232C LAZIEATRYIBIVET TTL

g d' a Ag Q v L4 U 4 =

Sygrasunmunnasulusmidaene dhesliussuiluuandeioy
Y s A v W ‘:y o a
Sunsndieilesftdyanasuniuil Seeenuuuus sy veeasin «17 oy
A i 1 o & 4 Y a 1 1 o 2
fooglugig -3 Taad o -15Taad donussAuvesanin <07 oglugie +31ana

s A e o ' ' 7 =2 %

+15Tad uazaumgiisedudagnal Y81 Rs2320¢ g9 +1512ad D1 -151004
3 A 1 [ g @ 3 o a A @
Ao Waemedayanalu1dlnadu dufusiuduszdesiizesnaouszdy

(s aeUe RS232 wusluseAunssduves TTL

2722 WoIADLNINVOY RS-232

TasUnAnesaeynsy RS232C szanusanedie1do 50 Walavlszum
ﬁuagﬁmﬁmmmaﬁﬂgﬂpm szoeM tazdSinadyusunIu aNYUZUDS
wosnoynIuvesgInssinisuen (DB-9) finsiadoudasdeglil 2.17 uazgl

7218



28

= ¢ ¢ v
3N 218 o3 nOYNINVBIgLnTainwuen DB-9AINY (Female)

2.7.3 MInvuavl RS-232 f1%51 DB-9

o o ] 1 4 @ {
AINIUUAAMHRUIVIA ) YDINBIABUNTUUDN DB-9 Ltﬁﬂﬂﬂﬂzﬂﬁ 2.19

2 e

“ee00e |\
= \ o000 / ‘\,,,/
o
]
= b4
57 80

51l 2.19 d1uvrisve w1 DB-9

o Y [~} o
AR MUAVITYYINVDIABULUANADS (Connector) BYNTY 9 YU(DB-9) waasly

A1319N 2.8

Y . 2 ) % &
ﬂ]i]\iﬁ 2.8 ﬂ'ﬁ%ﬂ“'ﬁlSQﬂﬂuLUﬂlﬂBEW'ﬂ5ﬂﬂuﬂ§uﬂ1uu1ﬂ5§"|u RS-232 Ny

DB-9 iiag DB-25

AU éammmﬂ&’muapm YUAVDY
DB-9 DB-25 QG GIGTRGY
1 8 Data Carrier Detect (DCD) §u°qﬂ
2 3 Received Data (RXD) auUna
3 2 Transmitted Data (TXD) 1A
4 20 Data Terminal Ready (DTR) A
5 7 Signal Ground (GND) -
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6 6 Data Set Ready (DSR) uwa
7 4 Request To Send (RTS) 1D1ANA
8 5 Clear to Send (CTS) BUNN
9 22 Ring Indicator (RI) ?m‘vgﬂ
Transmitted Data (TXD) Sunilddedoyn
Received Data (RXD) Guniildudeya
Data Terminal Ready (DTR) _ieiaenmzwesaiiilaldan
Data Set Ready (DSR) asavmeudmesaiaadodatiiaegrie i
iieilanesnounIu ¥IDTR 92 ON it lginsel
l&sunshdesmsandodiolurazioniune:
as79aeu) DSR Mgilnssindeunseli
Request To Send (RTS) ursan N NETAIIRBINAedeYA
Clear to Send (CTS) asavaeu s afinnrong Aeamsdedeyansel
diedesntydedoyat RTS 92 ON uazvzdedeya
penfian TXD isdaadenaz OFF Tuvaz@oafiuf
azasvaeun CTS Satnssidesnsiingdedoya
350 L4
Signal Ground (GND) 91 ground

2.7.4 plsuumsgesIsupUeYNIN

msfemsuuveynsuiiegAeiugouiui A nUuG Iasila (Synchronous) taz

HUUBLHI 1T e (Asynchronous)

2741 madeasveyauuuBlasiia (Synchronous) msfudadioya vzl

e

fay
ey

=y A o o o 1 9 4 v 9 = 9 &
WIUUIWN ‘ﬂfﬁlﬂﬂﬁ’lﬂ']ﬂuﬂ JINIBLIN AMTAIVDYD 33IUDYAIYBNAUNUI 1¥any

9 1t

<

@ v 1 [ ad 4
WIUYBYD AIDYNLFY MITITYYIUIINAYUDIA
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51/ 2.20 msFeasuvudelania

2.7.4.2 M3aeaITveYaNUVBBIIASIEA (Asynchronous) dumssudedoualas

U

[

Py To 9 A o =Y ¥ 9 v o 9 o 1 [ A o
alusududestidyanaiunninismdie unvsimualidrdwasAiuions
mydadayanminy
sdiufeyanmvesdelasiialsenoudidiune
1. A uAU(Start bit) Buuia 1 49
a 9 =~ = a
2: 1InYoYa (Data) NUUIA 5, 6, 7 1138 8 UA
a ndy = o = =3 -~ 1
3. UAAS A ADUNIIA (Parity bit) U@ 1 Tanse laill

4. A1anga (Stopbit) YurA 1, 1.5,2 9ia

1
ol i [ NRA1 81 [Pdd 17 =i
|

WAIT STAGE 15TaRTT DO+ D1 ' D2-i D3.a.D4 1/ D5 1 DG 1 D7 “‘: §TOP /2107
? @IT . : l l ; \ ; . BITIA AITZ
e DATA 8 1152

51l 221 msfeasuuvesdlasid

msfumzmsdedeyauuuoynsifuniseanaudavasas 150uld 3 uuude
a 3 o U o = a ¥ z
1. LUUBUNENS (Simplex) Wlumsdansesudeyauvunamafouriniy
< 3 o 1 v 9 o o oA A
2. wuvaangwand (Half Duplex) ﬁ‘_lumimuazsmjagmmuﬁamu ADIND
é 1 & A g Y U ] o \ = U
dunitsds Sndmmiladurhosuaduiu Wiaunsedu-dadunmideriuld

< [ 1 a o
3. yuuggwind (Full Duplex) annsasu-dedoyalunanfeaiuld
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2.8 MY SQL (Structured Query Langunage)

a o o o @ :
711 SQL lunpmnasgiumuszuugudeyafeduiug aansoldouldfunios
o 4 LY CR '3 4 @ 9 A o 9
aouRameinaeszdy Jegtiutisendinsszuuianisgiudeya (DBMS) fenfumyumsly
1 t4
#1d9 SQL 191 ORACLE DB2 MySQL 1482 Microsoft Access 4BNINUNTH SQL Fagninn
1 Y 1 1 . . 4 d
@ousauiuTUsunsun1uIA19e @3 A1 C/C++ Visual Basic 18z Java 4940161 SQL il
s I o ail
Jagilszaenasil -
1) adugudoyanazasng
LY o7 9 £ b4 P o
2) mivayumstansgmdoyadalszneudrs maiy madiuilys vazmsoy
Y
doya

3) mivayumsiSenldwsenumidoyn

Fag ID
ilafl Neme
wamufazFnd fad Lastneme
Hadi(Field) | [——ﬂaﬁ Address
L 1D | nName | LastName | Address |
uaIBuIUSUATTENG
Record 13 Supap Wanawan  69/34 M.4 Soi.3
! 2 Sumalee  Muangjan 69/34 M.4 Soi.3
] 3 Jame Osbon 40/8 Regard Rdl..
Recordd 1 4 4 Ola Hansen Timobeivn 10
Record #i & ] 3 Kari Pettersen Storgt 20
o\ | & Maomi Seea 446 Bunland
72 7 Hatari mee O Street
¥ | {AutoNumber)

i 222 dredramsngudoya

281 UszanvesmFann SQL

- amilvudeya (Data Definition Language: DDL) FusrdeilFlumsadre
giudoya mnualaseafrdoyaddl Adribute 1n siavesdoya sausmsaoundas
asazmsadesyil 18uddids CREATE DROP 1oz ALTER

- Mu1an13903y0 (Data Manipulation Language: DML) Fusdailluns
Geonld ity av uaswAouuasdeyaluatsts 18usf1de SELECT INSERT UPDATE

UagDELETE
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9 o o A ° a o
- MEIMIVRUVDYD (Data Control Language: DCL) L‘ﬂuﬂ'lﬁﬂﬁal%ﬂ'muﬂﬁwﬁﬂﬁ
A = Y <2 9 & Y (-3 L) Y 1
YUY IMNTVYNIANNITLVIDIFIUYDYD maﬁmﬂummﬂaaﬂﬂammgmﬂmga ”l.ﬂl!.ﬂ

fA199 GRANT 182 REVOKE

Ed
r=3

2.8.1.1 Mu1iieNUvYa (Data Definition Language: DDL) Ysenoudlemdenil

28.1.1.1 CREATE fomdanldlumsada

v ’ 9
CREATE TABLE - femidsa319a1sne Tjlunufiaedsil

CREATE TABLE table-name

(field1 type (size) (index1), field2 type (size) (index2), ...

Taofi tablename  WuIoBIFavURIIITNTszIIMIase
¥ &
field wingaeFovosdaanasenmsaiialuaig

Y
aenetioodns 31 1 Hasau'ly

= a 9 A o ° 9
type winederiiavestoyaninimsiimuald
size MUNHIUIRYDITBYANTOUDUIYA

o 1 P .,
index Aunrtmuamivesfaanldiily index

= o d 1 9 o P
IFTEHITNISNIVIUA type %ﬂﬂﬂﬁﬂﬂ'\ﬂ‘]"lﬂﬂﬁﬂ'ﬁ“ﬂ 2.9

H ° oy
A319N 2.9 NITHNUA type YBINAAA1L)

yiindoya 107Uy MINMUAYIIA

( Data Type ) ( Description ) ( Define Length )

udiauimawdnlugn - . .
- - aunsamvuavINg lAua
INT (M)  |2147483648 019 2147483648 UAD s .
) ap— Srliigmua vunmlnfe
[UNSIGNED] | fi1v1ia UNSIGNED 321Aufi1 11329 0 ,
i
1144294967295

ansofmuaving laua

9 Yo =

ldfmua vuelndse
¥ v

FLOAT | Eusduaunsiiouiishildvamuan il 102

MLDD |[uazmau TasH 2 AosuIuves

aumdanailouiis

A o
Foamssatmua’lang 24
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et muaving ldua

CHAR (M) |fudsnus sening 1 8e 255 ddnws | a1 lidmua vinadnase
du1
VARCHAR | , _ . VR P
Muf8ns sznin 1 81255 dadnws |Suiludesdmunving
™)
fudenanu vuagaga 65535
TEXT . . * fmuanse Liifmuadla
donus
fudony vuiagagn 4294967295 |, e avw
LONGTEXT | _ fmuanso lidmuan 14
fdnus
fuFu giuun YYYY - MM - DD =
DATE : L i
211314 1000 - 01 - 01 944 9999 -12 - 31
TIME e 3Uuuy HH: MM : SS Tails
&4 o A
nuiufinazne iy YYYY - MM
-DD HH : MM : S§ e
DATETIME it

529319 1000 - 01 - 01 00:00:00 D4
9999 -12 - 31 23:59:59

] v 9
CREATE INDEX fAefrdsadisawii tsluuumaedeil

Y

CREATE INDEX Index-name ON table-name(attribute-namel,....)

v ' 3
CREATE VIEW Aemdaeinedd Tyluvuddedsil

CREATE VIEW view-name[column_namel, column_name2,...]

AS SELECT attributel, attribute2,...

FROM table-name
WHERE condition
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2.8.1.1.2 DROP famdanlylumsan

v ] E4
DROP TABLE fefmideauatsn dgduvuiidedsil

DROP TABLE table-name;

Taed table-name  NUNEAI¥RUBIATWNITHINTAL

1

' td
DROP INDEX fefidsaussii I3uuvdidedail

DROP INDEX index-name;

o

v 1 F 4
DROP VIEW fofidanda Hydluyudrdedsi

DROP VIEW view-name;

2.8.1.1.3 ALTER sidanlflunsalasumladlaseadanisis

o @ ¢ A o § o
dhusdsadftadmuldsumenldmmsade1iuda Testigduoy

u

&
U

ALTER TABLE table-name ADD COLUMN (field1 type (size) (index1), ...)

{ 4 ~ o ¢
Tagh table-name  HiNgA9¥BU9INI1INVLIINTUNIAINGA
. i
field wwaI¥evesiaandaImsminlumsg
£ = v o o o 9
type winedriavesdoyaihmsimuald
size WINeiIUIAveId By avsoYB YA

o ' o< .
index Fumsfvuasivesiaan iy index
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2.8.1.2 mm«‘i’fﬂmii’fayn (Data Manipulation Language: DML) sznaudlefids

=he

K

o @ q I ] v
2.8.1.2.1 SELECT maslFisongdeyalugudeyn
o o d"ﬂ o & o o = g/ g/ A o 1
adatidlumdadmiunsiSonadoyalugudeyaonszitninieg
: 2 J da s i 1 o
MuAdeens #9015 SELECT dupinauuud SELECT TaeludiSouluay

] s [
SELECT LL‘]J‘]JflLf‘l‘ﬂull‘llw%’ﬂuﬂﬂﬂx‘lﬁ'liﬂiﬂ%ﬂﬁEan3&Lﬁﬂ\3NmLﬁ$€l’\3!§ﬂﬂJﬂT§'N

£4
laonde Taeligluuuasil

SELECT select_list
[ INTO new._ table ]
FROM table source
[ WHERE search condition ]
[ GROUP BY group by expression |
[ HAVING search_condition ]
[ ORDER BY order expression [ ASC |DESC] ]

% : It
Tag select list niNederevoIladndssmseziion
new_table nnedaldenvemsesndudiuyelna
=2 A = o ¥
tablesource nnedIveueIasIThaziimsauy
.. 2 A Py
search_condition nueasen lvlumsaum

]
4 o

group. by _expression  #anadIn1sdanguyeseyangniuIm
R = = o_ @ 9
order_expression HUWHINTLTNAURANITAUNT ASC =

Heoliuin DESC =wn lilles

o A kY

2.8.1.2.2 INSERT mdalddmSumndoyaluasn Gyduvvae

U

INSERT INTO Tablename (field1,field2,field..n)

VALUES ('Valuel', 'Value2', 'Value..n' )"
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3
s A

2.8.1.2.3 UPDATE fmdalddmsulsumlgedoyalumsn Igduvvddne

Q Y

UPDATE table-name
SET column-name1=valuel[{column-name2=value2,...]

[WHERE condition];

o > 9 a8 o A

2.8.1.2.4 DELETE asfidslgdmsuavdeyainaisn figluunsmidene

a

DELETE table-name

[WHERE condition];

] 9
2.8.1.3 MHIAIUANUBIA (Data Control Language: DCL) iszneudleiifenail

2.81.31 GRANT unsIdantungidau

=

) 4‘ (-] oy QJ 7 A ¥ =y
ugdeilFlunssmuains Idundlfudasay ez lasiians
Tunissamsdeyalumanamseilalate
o ¥ =2 a ¥ A
mstamsdeyaszninedenisGenld (SELECT) nsiNy (INSERT)

A1581 (DELETE) n5om3sil§uilss (UPDATE) foya fidsde

GRANT <privilege list>

ON table-name or view-name

TO <user list>

Taof <privilege list>  vanedednilunsdansdeyn IFUSELECT INSERT
DELETE %58 UPDATE
. =2 d‘ P ) d' Ya a 9
table-name or view-name V180330 1nIe N Ianimsls

<user list> fenguildngnldantlunsdanisdeyn
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2.8.1.3.2 REVOKE Slumssnianiing

Fumsendninslaquadl¥ani 1@ 1FanTa s 1de GRANT &

o A
siluvuidene

REVOKE <privilege list>
ON table-name or view-name

FROM <user list>
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VHADUNITODNULY

3.1 nann1seenNUUY
dy ﬂ ° o A v W w M A
mseenuuy Iasseutl dumsiuelulasaeu Insamesuuyeuaeny InsAnniieno
1 - Jd < Y o i o 4 o o 4
uazinset1edwnesfinodinmslfinseeld il vieesudyauinginsal
LY @ Y '8 [ 3 ]
#5299 (Sensor) A waaIna Ll Insdwnilofsiumadeanudu (SMS) uazinou1y
a d < CY R [
Sunesiiinuuy Real Time 1atil RF Module iudaislumsdsdgyanaszezinag Tagaes

v
w18y 2 drumdne aaefiu Al

3.1.1.  Main_Cireuit5uavsndni1fidendssznielulnsnoulnsames gilnsel
wIeeld i ailnssinsaniy Insdwiiledenas RF Module TnoeunsaudsIqiiu 3

1 1 A Y v o Y LY dy
dautee Wisldsgaemsninudila deil

3.1.1.1 laulnsneuInsanesieuneiuginsainiedslivhuazgunsaiasiedu
Tumsiiez 19l InsnouInsames lunsnauguginsalinsoeld Wiy
@ o 9 :;l 9 = =) o = 4
useau 'l 220 Tradlumsiiauniu szdesiinisdesiad niudamosuas
i ] k4
imesinevmenszualidunsudmaes ginsalinolF Iddunaniudees

Tunsomanuld

3.1.1.2 lulasneulnsanesieurefInsfwiiiods
a1 w v @ M A W ¢ o ¥
lumsAadedusznine Insdwndsdenylulasaou Insamestius lsms
y 3
ionAsrUMImBTL-dedoyn (data link) Tnelumsdsdeyasenieiuriudyaa
{ F=1 Q o Q Qr 3 1 é dy
alddesiiszduaorfuaodudygusedy TIL Mg Felulnsesnuiiozly
@ o 1 . ] 2 | @
Tnsfmnilofode Siemens Ju C-35 alimsdedoyaludnume 19200-N-8-1 Aol

sanmsdadioyn 19200 dadeuti deyavuia 8 dauasiiiavya 1 da
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3.1.1.3 lulnsnsulnsamesi¥eusanu RF Module
q v & p
RF Module 7119115991l RF Module 499 MaxStream 11835 XBP24-
2 v a T W 1 Y 4 3
AWI-001 Faludiuveen1sannsiusznI1e RE Module f1'lulasneuInsaaesiu
9 A : s £ ga A ' .
vweldnsearsiiunesaoynsu $9nAoNI1STOAITHIUNIGY Receiver data 1A

@ & o
Transceiver data Y94 RF Module fiu lu Insasu Insamosiueg

3.1.2. RF Module {5oufefussuudumasiia
a A T W a d q’.: 1 Aw Y 9 A
RF Module Mi¥ondafiussvudimesifiaifrdludunsudoyauuy1iaw Ae RE
4 v (] ay
Module VB9 MaxStream 11183 XBP24-AWI-001 5o XBee- Jassnuluduiiezls

A vy Yo a ¢ ] v g Ao '
XBee !.‘Wﬂﬁﬂﬂﬂgaiﬁﬂﬂixﬂﬂﬂulﬂﬂiluﬂ ummga‘nmm'lumm:inuﬁmuu

a L] o 3 g o 4
Sumeiiiialdlaass Auiudsdoadon TusunsuioFudoyasin XBee Tulsunsuiild

4 o < e
Tumsieufie Microsoft Visual Basic 6.0 nafusgdeviimanudeyaii1ilaeld
Tsupsunlddmsumsiansssunvesgudeya drunsnzyengudeyady
a ¢ < 3 © 3 A ¢ : 2
Sutaesiin ldiudesededuds woesiludsrslumsuaatwa Taosieseiaiy
ac ) A 2 g 3 Y 4 a
G e AL uINeAdBYavINIZ IUT oA TuaAWaRILING NN WLUIAA

ATOBNUDU I UAAIALZIIN 3.1

Mobile Phone Mobile Phone

RF Madule RF Module Weh Pase

310 3.1 MM WYBINTBBNUYUIITT
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9/
3.2 299915
c:‘ 1 é nd' T - % Aﬂy
TuTasenudl UYsenoulidrerses IFnunasdrudaininuanaieadu luaeil

3.2.1 29931916819 (Power Supply)
9 ¥
1995 luduiiiiniilunsudasussdu Iifi91n o Thad 1mde 5 Taad lagld

¥ 9
1C 1wosM7805 e 19ty IWidea1¥ Ay BUFFER uazld I1C wes K1A278R33PI uilaq
¥ 9
usasu ihen 5 Thadldmae 3.3 Taas ey lWidesdifuaeu Insamesuas RE

P v 13
Module #42995040A9 19AT31113:2

= = o7 JUT
= sl c 3 aXD
IE"J:—_*»—:t e "{1’—~ y
DCTACK :1:

3‘1]‘?] 3.2 2437 Power Supply

3.2.2 1FUNLNTSUA
a = o
199svenseud Svimlumsveienszud itnesnain lulasasuInsaaes

v 1 v 14
lgaginsaiinsoald i ilesnnnszuaiiiiooniin luTaseeulnsameiiu i

d' o ¢ A o ° ¥ 2
ioanenagildeunsalimies 1 nihvhanls Sssadiudeslimsvensnszuanou ¥

mMshauvesNITvsIEnsEudLaad 1Rae1N 3.3

+8V(+120) 158

PIC16F877 Buffer 74LS275 NPN

(o )

T o

PLUG AC MALE

511 3.3 vsvnenszud
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3.2.3 2393 RF Module (¥ouefuszuuduneinin
4 V@ a I { o 1
2995 RF Module (¥audafuszuudumeiiiia inthilumsiudeyanindiuves
@ 1 a a1 J 4 o ]
2995180 (Main Circuit) tagdedoyaiineuiunesiunianesaeynsuoinsny

a g £ o {
foyauazuansvamedumesiiase 11 Fesesuaasdeglin 3.4

) )
—i . HEADER 4
3 s

e
A
i e

LE _J—’no' 4+ | 4-:8?“\{&? —_— *(::;p ’T\E\I'ACITOR L

& o | Ty |
e i T . =4 #&'zmp.smox
L ) <k | CAP
.. = =
9. &
R 1 +
7| 1
RESL | 18
¢ ~ © ‘ cw®
R L 1 i
A EE- T . peN o P2 T leapacrior. ! t{w’
I ReSh e e ol |
L o et 5/ 6 D% VA_A' . S
e m 97 8Py bl cleg Y
3 o 1 M N F
| sgon 11O 11 12-0— CABRGTOR szt
= 13 14 —1 - )
y TRt~ g o e
=l i i i B 7 i g:i? -.Ec,, ;_%:,:,z
3 | et T [ Tearsomog, T CAPACITOR
RE# o Sl
5 U—m on Y
A Y i A 2 tom  mii—F
3 37 Frif 3
L8 14 L0 [ . ;\_c
h At <1 MAX, a W .
r- ik 9 =i r ) T |
el «m\:[
2} ol hc—o |
——— i O |
= = = |

] : "o a 73 & 4 o
711 3.5 RF Module i¥oudpniussuudumeiiiafiasauysel
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3.2.4 33993035393 UQMYH (Temp Sensor)
dy 9J = v @ a 9 A a 3 a
2993711910 Ds1820 1ludrTaganginnuieuiifedu Taemngungiige

a = v o @ a [ {
(AU 50 Ber Al mIEUIERs AT VNI TN 2995AT 19T URAINYNLTAAIZLN 3.6

Ds 1302

CON I >g(3
- ailal
l I sv < e
b RJ =
-y N
S¥ =
—~c3 |[CON2
5Y
s
SN ] Y | RAWAND RBV/PGM [—0 .
BN RAI/ANI  RB&PGC {7 LED 1
[ g ___] 5—1 RA7AN RES —— —
<4 27 S hzans RB4 —%" R4 =G
2~ ‘RAUTOCKIRB¥CCPI g AN N——
RAS/MCLRRBYTX/CK = ==
: RBIRX/DT —
4 ] RBOANT —2  |5Y
| | 3L gpagosc2 T
| 7 vad i4
b4 4
51 1 —ch
o o— RA7/0SCY ¥
o_o Ak w el
1 [J PR =
2

| }

§ o 19 o
317 3.6 B INTIITURUNYH

3.2.5 23931an (Main Circuit)
¥ dy U 9y ::' 9 1 [
1995 daudl onvnanldiuilussesnarsi1flunisaruquuas dedayg o

4 1 o o C4 4
iinsnniseneudioduvesnssudgaraninglnsalinies1d idihuazgilnsel

[ 1 [y 1 1 Y s 1 1 1
a5293u drusudsdeyadiunis InsAwiiledouasdinueanIsdedoyan1un1e RF

é o o {
Module $42995M13719MeRe 18AS311N 3.7
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511 3.7 2395180 (Main Circuit)

= 3 T @ { 1 Q’}’
11037 37 aziuiseswandlddlumizensuguiiu Ussaenlidae
lulnsaouTnsanes PICI6Es77 Rmvhiidludalszurana LED  1§lunisudas
o L4 4 4
aaugmsiavesgilasaiinio g IWfasinuses Tod Max232 19lunsuilas
v v 4 4 4 v
seduFyaIuveIMIdoasLULDYNTH WOSHaYNTHIBI RS232 (DB-9) 19lunisiveude
' 4 v d o A
senelulnsasuInsataesuas InsAwiiiete uazgalnsaidemsmalnauuu1faense
£ q o a v o a 73 o 4 g 4 Y &
XBee #419lumsandenuszuudmnosiiniiiies 2W9sN@Iseuysaiuaningli 3.8

waggii 3.9

u
xBIGD X
RBGTOC
5
u I
3 o n
mowm on -
= CAPACTTOR A E
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RO =
e Llewy vef2
e mm“":}ﬁ o >
L romosicer:. aorns i o ¥
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Sk | peweno % Nrmmn& CANIER
;l: RCURXDT Lim ont¥ -
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51 3.9 msdrsesnanhfumwesuazglnsaliniosld i
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 T-Command | Winsneulnsames

RF Module

Sensor

RF Module <

Y

A oA =
ATV UIADTLUA

511 310 sUupUMIIIUYEIINS

A ° é d o 4
319 3.10 uaasgliwumsiiauseees a4 lulasaeu Insame st mihinilu

ar = = T Y I'4 v o o =1 4
aanarslunmsdszunana Taslinisaaasny InsAnniodsr N 1eA1dUN ABNNIUALAS

a 1w 1A AR o
AadefuinTevsdumesfiakumegiinsaidoasnielnauuu 1oy (RE Module)



=
Unn 4

NITINaasiasHan1INAaoN
Funsuusnifiunsnaneyadidae? ABNIILA (AT Command) ves Insiwiiiodeuas

all @
RF Module Tasfiiuapuadil

41 MINAARIYAMTUBH AONMNIA (AT Command) veslnsfiniilede
lumsmanesgamdusfi AouNUA (AT Command) 393 Insimiiledoauisasi 11y
m3idoude InsfniiofofunouRAAD  HINNINEI0AIRIAN (Data “Link) 910111
Tilsunsulanlosineiivea (HyperTeminal) lunsosnauiiumesidatmuaniueaisa (Baud
rate) 1¥aseuTnsiniioAodamiifi 19200 18sad (H2) Taemsimuamdmiumsande

[ LY 4 [ {
fuInsiniidodiondas laasgain 4.1

COM17 Properties

! |
| n
! 4 i 7 ;
| Bits per second: | 19200 o |
.
Data bits: iB y‘! |
: Paiity. | None ¥l g
¥
} T
i Stop bits: | 1 g %
| |
| Y
] Flow controk R |
|
|
: Restore Defaults |
[ ok [ cece || sppw |

! ° o o a 1w v
51 41 uaasmstmuasidmiunisaadedyInsAnniede
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2 A e @ - ¢ 2 9
nuuURINITNaasslagnisiunaTusf asuuiuaad bl Iuldsunsy Feda

S A

Tsunsuiansiasnys OK tude Insansiilefoauisosessusidusii asuuud 14 uat

v
A A

v o T v o @ w v @ {
Tulsunsuaasdioniny ERROR uaash Insdniiledeil Tusesiumdadenadagii 4.2

& TEST - HyperTerminal
File Edt View Cal Transfer Help

D =3 DB &

1>

AT+CHGF=1
ERROR
AT+CHGF=08
OK

N
Ny

Connected 0:00:43 Ao detect 19200 8-W-1 PeREE CAPS

! o @ a v w B, N9
71l 4.2 uaashidaildd@adeny Insfwnieas

9
A 1 = /

a 1 [ < v
11n31/i 4.2 wziuldd InsAwridetioguiisesiu laudnay Inua (PDU  Mode)
A o N = A v o g ~a ' o o
1119991018 ATHCMGE=0- viugdsmstasnsudsdeanylusduuvnag Tnua dausde

o o ) ¥ B (o
AT+CSMF= [ flinuefamsidoniudedoyalugiuninineg Inia (Text Mode)
3 o 1 3 4 &4, = d v
Ui naasedstenudu (SMS) Tavldf1dsen aouuiudnIuNIg
-4 da 1. o 1 @ @
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MARUIN D

Tilsunsunlalulasaau

Tasenuil e luInsnouInsames PIC16F877 uniieilszytanauaslénu ¢ u

¥
msidou TdsunsunugunIsiITIUYeINes Tasliseazeaued i)sunsudeil

#include <16F877.h>

#fuses HS,NOPROTECT,NOWDT,NOBROWNOUT

#include <string.h> ‘

#use delay(clock=20000000)

#use 15232(baud=19200,xmit=pin c6,rcv=pin_c7,stream=sms,errors)
#use  15232(baud=9600,xmit=pin_c0,rcv=pin_cl, stream=xbee,errors)
#include <stdlib.h>

#include "input.c"

#INT RDA

#ignore warnings 202

short int RX=0;
char n1=0,n2=0,n3=0,n4=0,n5=0,n6=0,n7=0,n8=0,n9=0,n10=0,n11=0;
char ch;

int read=0;

void RxD_ISR(void)
{
ch=fgetc(sms);
iflch=="C")
{ ch=fgetc(sms);
iflch=="C")
{ ch=fgetc(sms);
iflch=—"E")



{ n1=fgetc(sms);
n2=fgetc(sms);
n3=fgetc(sms);
nd=fgetc(sms);
n5=fgetc(sms);
n6=fgetc(sms);
n7=fgetc(sms);
n8=fgetc(sms);
n9=fgetc(sms);
n10=fgetc(sms);
nl1=fgetc(sms);

}

¥

}

if(@10—=9)&&(n11=D")
{

output_high(pin A1);

}
ifl(n10="8N&&(n11="D"))

{

output_low(pin Al);

}
RX=1;

void main()
{
int clearlogictemp=0;
int clearlogicdoor=0;

set_tris_b(0xFO0);
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enable_interrupts(GLOBAL);
enable_interrupts(INT RDA);
while (TRUE)
{

fprintf{xbee," %cY%c%c%c%c¥%cYcYoc%c %c%c" ,n1,n2,n3,n4,0n5,06,n7,08,09,n10,n11);
nl=n2=n3=n4=n5=n6=n7-n8=n9,n10,n11=0;
fprintf(xbee,"read=%d" read);
if(tinput(pin_b6))
{
if(clearlogictemp==0)
{
output_high(pin_a3);
fprintf{sms,"at");
delay ms(200);
fprintf{sms,"\r\n");
delay _ms(200);
fprintf{sms,"at+cmgf=0");
delay ms(200);
fprintf(sms,"\r\n");
delay ms(200);
fprintf{sms,"at+cmgs=23");
delay ms(200);
fprintf{sms,"\r\n");
delay ms(200);
fprintf(sms,"0011000B916668364342F80000AACAD462130A0A3283D226");



delay ms(200);
fputc(26,sms);

delay ms(200);

}

clearlogictemp=1;
fprintf{xbee,"\r\nA");
3

if(!input(pin_b7))
{

if{clearlogicdoor==0)
{
output_high(pin a2);
fprintf{sms,"at");
delay ms(200);
fprintf(sms,"\r\n");
delay ms(200);
fprintf{sms,"at+cmgf=0");
delay ms(200);
fprintf{sms,"\r\n");
delay ms(200);
fprintf{sms,"at+cmgs=22");
delay _ms(200);
fprintf{sms,"\r\n");
delay ms(200);
fprintf(sms,"001 1000B916668364342F80000AA09C4E7530A7A428B4E");
delay_ms(200);
fputc(26,sms);
delay ms(200);
}
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clearlogicdoor=1;

fprintf(Xbee’"\r\an);

if(read=—10)

{
fprintf(sms,"at+cmgl=0");
delay ms(200);
fprintf(sms,"\r\n");

delay _ms(200);

read=0;

}

read++;

output_toggle(pin_20);
delay ms(300);
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MANHIN Y

M31%9714 RF Module U84 MaxStream !‘l.li’ﬁf! XBP24-AWI-001

1. Coordinator/ End Device Setup and Operation
Sviuald Module 1314 Coordinator Tnan1sfmuan1siiwes CE i <17 uag

fviualiiiu End Device (CE=0)

2. Coordinator Power-up
v Fa
MINUUBY Coordinator gﬂﬂ’)ﬂﬂniﬂﬂﬁ’lﬁ’ﬁ A2 (Coordinator Association) A9l
a I'4

1) Check W151117D3 A2-Reassign PAN ID Flag
Set (bit 0 = 1) coordinator #in1silasenide Active Scan ez l1len 1 channel
AT AIR1G9 Beacon Request 1al&i9 broadcast address (0xFFFF) ita2 broadcast PAN ID
(OXFFFF) (9871 Coordinator fHHUA15ULLARY channel gnfvua Taswisiimes
SD (Scan Duration) (IOMNALIAT Active Scan L4080 channel dUUATEHS Beacon

= 3 y o 1 3 o 3 =
Request 9NRI AIZUIUMI Lz ABIIB9aUN TN channel MNUAYD Scan LTI
y A o o v A . X 3 A oy I
MR HID3UNTENT 5 PAN QﬂﬂUWﬂuﬁ? 149 Active Scan NINIULIAIIAULIDT Wa‘ﬂvlﬂ
15 nBUAIE Tist 484 PAN ID linzchannel Mwggnlflumsdmus PAN D fuflu
o ’q v W @ 1 ~ o '3 Y ¥ o ]
rendnuai s Coordinator #21 Misiimes D szgnaasld duiulugnwuluwa
Y A 2 ° = 4
910 Active Scan Bn lunilsmssmuawisiiimed ID (PAN ID) a3gn Update laliilu
PAN ID 71 b5 291l

Set (bit 0 = 0) coordinator 92IA91A5 set ID Y9IAIOI Active Scan i]znhigﬂ

ANUUNS

2) Check wmadimes A2-Reassign-Channel Flag (bit 1)

Set (bit 1 = 1) — coordinator midida Energy Scan ‘ﬁ"ﬂ%ﬁlﬁ’ﬂﬂ channel L2 scan
energy U channel "'lf’Nl’Jﬁ'lﬁ scan energy 1%14 Qﬂﬁ'mimiﬂﬂw\ﬂﬁmﬂ; SD (Scan
Duration) Lf'l’e) scan energy UH channel Lgf Son uusnfuﬁ'a Energy Scan 921880 channel
ga'l1lunzi3y scan channel Imai n3ztoumsTiszietdeiissunszie channel
ﬁywmg,ﬂscanﬁuﬂué’a lii® Energy Scan Lﬁ%‘az'?yuasi1aauy,iaflaﬁ'aﬁw energy gAUY

H . 1 . E4
uAag channel NgnlFAmua channel Nifl energy WosiigaNgNATIINY ATTUNAYDY
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U
¥
aay

o A < Qy A
Energy Scan 1% Active Scan S1atiumsiasadundvzgnlsluniani channel 1a
P - AA £ A A ~ Yy ¥ a J
A AD channel NI energy HOYEA LUBLADN channel ﬂﬂﬂ’c’!ﬂ'lml’d’.] AMNITIUNDI

v ¥
CH (Channel) 3290 Update fichannel 11

Set (bit 1 =0) Energy Scan 14g@nAuHUMS

3) Start Coordinator
. P o Y 1w = 2
Coordinator 9% start U channel ‘W”mumm‘wgﬂizu"l’menwmimwgmaaﬂmu

3
o

ﬂluﬁ‘ﬂuﬁl a2 Coordinatorilz’e‘ligillﬂﬂclﬁlEnd Device @I4150 association 11

= o o
coordinator I 91W151995 A2 “Allow Association” flag 9NMUUA

4) Coordinator Modification
P . = 9 Y} P o -~
13 9coordinator start ~ {58UIBYUAINITIUGBI ID CH MY 1S A2

(Reassign Channal 138 Reassign PAN ID bit) Thiarsgnulasy
L gn | g

3. End device Power-up

End device Power-up Qﬂﬂ’mﬂﬂﬂﬂ 8515{" 3 Al (End Device Association) ﬁlﬁ‘ﬁ'
1) Check WI519903 Al — AutoAssociation Bit
Set (bit2 = 1) End device 3gWH181W associate 1) Coordinator
Set (bit2 = 0) End device a2 laineney associate N1 Coordinator

o A = o @ o
End device ﬁ]ZQHHUﬂ'IiIﬂfJ W05 ID CH ilag MY ¥93A0ULDN

2) Discover Coordinator (isﬁ Auto-Associate Bit Set)

End device (Hunalifia Active Scan 7193140 Channel HAZAIRIHS Beacon
Request 11)81 Broadcast address (OxFFFF) nm'ﬁ End device §f Scan fviualag
W151590% SD ieNUANAIUY Channel 111 Active Scan 921A8A Channel 314 LA
A9R1§9 Beacon Request $0A%e NIZUIUMIBRITUADIT099UNTEHe Channel
Wanuagn Scan tn¥oudandoaunszite 5 PAN gndunuuda iiioActive Scan @3odu

aswan 1Avzlszneudan list Y99 PAN ID uag Channel Aignlfilionsiany PAN



69

(W& End device 93188 Coordinator (Wefi9z associate fumdina1a13lu Al
parameter “Reassign-PAN ID” (18% “Reassign-Channel” flag:

Reassign PAN ID Bit set (bit0=1) End device 134179 associate Al PAN ﬁ any
ID value

Reassign PAN ID Bit set (bit0=0) End device 9% associate N1 PAN ﬁ set ID 1#
#3911 119 set ID Y04 End device

Reassign Channel Bit set (bit1=1) End device §#14130 associate i PAN 'ﬁ any
CH value

Reassign Channel Bit set (bit1=0) End device 9% associate il PAN ‘ﬁ set CH
T¥nsefumstmua CH 499 End device

End device 921800 PAN 'ﬁtransmission ﬁﬁqmmwﬁﬁq @ &1 Coordinator 13

QNAUNY End device 92141q Sleep Mode (Falngwisiiiines SM) u3eweno

f. o 217
Association 88719 1A9819%1119

3) Associate to Valid Coordinator
(3§® Coordinator ANWUEnd device 9269 Association Request 14)éfs Coordinator
1482 30 Association Confirmation ‘ﬁgﬂﬁ' 4113170 Coordinator gﬁa"lé’%’ 1 Confirmation

Lligll’l End device 9§ Associate

4) End device Changes 319 End device associate 1187
| a o 2 9 o ]
msulaounisiimes A1 IDwse CH 9ziifumal End device hienunse
associate LA29Y restart NISUIUNIT Association 51 End device ‘lu"lﬁ'éiuﬁums

associate Add Al #1150 1115100208 UDIANURANAINTINA1TAAAD

4. XBee Addressing
1f] RF Data packet ﬁgﬂﬁ'wzﬂs £n91 1A8 Source Address (ta% Destination Address
ludui1v993iu RF Module conform @13 IEEE 802.15.4 44212 support ‘Vo?'\i 16-bit address
IR 64-bit address
64-bit address Qﬂfﬁﬂﬂﬂllﬁﬂﬂ Factory uazmmmémﬁaﬂﬂ"wﬁq SL (Serial Number

Low) ta$ SH (Serial Number High) 16-bit address Ggll’éNgﬂ configure 1111 Manual &8 MY
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(16-bit network address) 13114 OXFFFF 30 OxFFFE Module 9214 64-bit address 1111 Source
address
- 19 packet Li11)16-bit addressing : set parameter DL(Destination Address Low) %
AL parameter Y99 MY Ua2 set parameter DH (Destination Address High) @y «o”
- @9 packet (1111 64-bit addressing : set Destination Address (DL+DH) 19 match 71

Source Address (SL+SH) 494 destination module nauls

Unicast Mode
RF Module 2@ 13UN15 11 Unicast Mode luvaizi Module #3519 ACK
(acknowledgement) Y94 RF packet Taldadiaes (transmitter) & 1Module #2135 ACK

£ 3
Module 7099284 packet Tvsiaula 3 afs nSeaunszia ACK gniuuda

- short 16-bit addresses
Module 13150 1% 16-bit addresses 1513 Source Address IaBn13 set (MY<0xFFFE)
fI13set WTi’lﬁLWe); DH (DH=0) 9% configure Destination Address 1915l 16-bit address Gf
DL< 0xFFFE) @115 2 Module ﬁcommunicate ﬁui%’ short address Destination Address

494 Module 381992404 match 11l parameter MY 4836251

- long 64-bit addresses
Serial number (SL+SH) 484 RF Module amsnl il 64-bit source address Lf}ﬂ
parameter MY (16-bit source address) Qf disable (MY = OxFFFF ‘H?i’)OxFFFE) Source
address Y84 Module 3TN set 11lu 64-bit address ﬁ store 1311 parameter SH & SL
Lﬁ’ﬂEnd device associate 11 Coordinator MY 489 End device YN set (1l OXFFFE
LﬁﬂEnable 64-bit address 64-bit address Y83 Module 3L Nstore 5l‘Llpa,rameter SH uaz SL
L‘ﬁlﬁ]’d 31 packet T34 Module 1%’14 Destination Address (DL+DH) 134 Module #2009 @09

match 91 serial number address (SL+SH) U893 Module A5

Broadcast Mode
1118 Module A@UUUNS 14 Broadcast Mode module 735" mz"lu"dﬂ ACK uay

module #2849 92 laide packet twiioulunsaiuva Unicast Mode
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Lﬁ'ﬂﬁ 1 broadcast packet 14/8'9 module ﬁﬂﬁﬂﬂﬂlﬂﬂ 16-bit 50 64-bit address Set
address 1/a16M199D3 module siiuansiadedaneluil
@288 Network Configuration (Module ﬁ"wuﬂiu Network ):
- DL (Destination Low address) = 0x0000FFFF

- DH (Destination High address) = 0x00000000 (default value)

5. Modes of Operation

¥Bee/XBee-PRO RE Modules operate in five modes.
Figure 2-37. Modes of Operation

1) Idle Mode
dielaifimssunsedidoya RF Module 9301y Tdle Mode Module vz shift 1411111
mode B ypsmsATunsERe Tl
- Transmit Mode (ID Buffer 51 Serial Data)
- Receive Mode (RF data Qﬂ’:;" UHWIUNY antenna)
- Sleep Mode (ﬁ'auvlmﬂﬁg%"]gi Sleep Mode)

- Command Mode (Lﬁﬂu"lﬁlﬂ’li L‘i’h’cj Command Mode)

2) Transmit / Receive Mode

-RF Data Packet

Data Packet ueiazﬁ'ugﬂd 3921)52nB1A8 Source Address LA Destination Address
Source Address ﬁ]zéfﬂﬁ match 111 Address Y89 Module adalae parameter MY (Source
Address) (51 MY >= 0xFFFE) parameter SH (Serial Number High) Y5 SL (Serial Number

Low) Destination Address gﬂﬁ'muﬂ‘il’lﬂfhparameter DH (Destination Address High) Qg
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DL (Destination Address Low) Source Address (LA%/M3 8 Destination Address 9

152noUdE 16-bit IS 64-bit Address

-Direct and Indirect Transmission

sy ack T 9
UIENIT 2 ’J‘ﬁﬂﬁiuﬂ'ﬁﬁﬂﬂl’ﬂl}'ﬁ

- Direct Transmission : %’agngﬂd 1Tan59 1189 Destination Address set SP=0

- Indirect Transmission : packet gﬂ‘ilﬂfﬁ'u'ﬁu!'lﬁ']ﬁﬂﬁﬁﬂﬂﬁﬁﬂ’lﬂna1 uagasgn
d4'li  Destination module (Source Address — Destination Address)N 8¢ ﬁ’\‘lﬁdestination
module $93u0d8Ya Indirect transmission AR Coordinator 1117y §11nua
ﬁs"wuﬂiu network 11114 End device 9284141 Direct transmission - Indirect transmission

wzgnlfiwelAiniladn18ds packet 19 sleeping node 1137

-CCA (Clear Channel Assessment)
i E4 ]
CCA 9 perform 1% Channel #fi1vua 13 81 Channel 1N available 1o
transmission f13detect energy UW Channel Qﬂlﬁﬂﬂlﬁﬂﬂﬁﬂﬁ”lparameter CA(Clear

Channel Assessment) 1 detect energy an ﬂ"l‘lj’e]\‘lparameter CA packet i]g"hjgﬂﬁ 3

-Acknowledgement
k4
#1115 Transmission 13 1% broadcast message moduleliU3231 acknowledgement 919
A
destination node 1 acknowledgement ll?Jgﬂ%ﬂl‘lJ packet 3RNAINAVUINND 3 AT 1

b4
acknowledgement #911i9A51 189970 transmission MIMUA ACK failure 93gnuTAIlH

<
MU

3) Sleep Mode

- Sleep_RQ (pin 9) 9 assert (= “1”)

- module agﬂu Tdle Mode (135n1551 - M389) define 1a® parameter ST

(Time before Sleep)
Table 384, Sleep Mode Configmrations
SleepMode | Transiion into Transition out of Characteristics Related Power
Setting Sleep Made Sleep Mode (wake} Commands| Consumption
P ibemate | AR HOH) S0 RC | g e oy S RQ)| TonBiamen dtome | 54 cIopAEse
=1 3 T | onky4 Lowest Poser o
] j . Pinskhost corutied 3
Pml:'_me nsse;tmghiﬁl@_m Dieassert fow) Secp RQ | MooBeaponsydtams | (8 <Hus
BH=2) pin g only/ Fastestwake-up
. . Transtion cocars afizr bz | RF modube wsbes v
futemati Eanstin yfieskeepime mheval | pro-delsrminad tme
Oy Sk | b oy | sbrozs. The s nval | e b dglriTIRE | g o o | <308
BR=4-5) | mebstre S | | | T
5243 i Ak J
PATRNEERS: sarameiarn systems thly
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4) Pin Hibernate (SM=1)
- Pin/Host Controlled
- Typical power-down current : < 10 pA (3.0 Vcc)
- Wake-up time : 13.2 msec
Lf}ﬂ Sleep_RQ fnset (T «1” module i]zé UANS 1 activities 19 L‘i’l"l’c;j Idle Mode
uagsaudganing Sleep module 92 liinoUAUBIAD serial N30 RF activity yazfiofly
Pin Sleep
113 ‘ﬁ‘ﬂ:‘ﬂ@ﬂ module 91A13sleep 1UPin Hibernatc Mode (Sleep_RQ = 0) Module 9
duiflo Sleep RQ g set 11 “07 unzwdenfivzdeniodidlocts Wiy Low e
Module éwfiyu pin i]:’,g!”e)\‘lsetlﬁu 0 L‘ld]unm’e)fi’ldﬂ'ﬂﬂﬁfm 2 byte times 1949910 CTS

L‘ﬂu Low

5) Pin Doze (SM =2)
- Pin/Host Controlled
- Typical power-down current : < 50 pA
- Wake-up time : 2 msec
Pin Doze Mode 310Ul Pin Hibernate Mode 261315993 Pin Doze %z?;uﬁu
ATULAE Power consumption q N7
113 ﬁ%zﬂQﬂ module 31NN 1Tsleep 1uPin Hibernate Mode (Sleep RQ = 0) Module 92

Aufie Steep RQ g set 13l <07 uagwiounigdwiosuile €T iy Low tiioModule
=1
A

& ¥
WYY pin 92A

aasetiily “0” iunatetiafostian 2 byte times nda91n CTS 1y Low
6) Cyclic Sleep Modes
Cyclic Sleep Mode (SM = 4)
- Typical power-down current : < 50 pA
- Wake-up time : 2 msec
Cyclic Sleep Modes %361@;1@11‘% module check RF data Lﬂwﬁ’nﬂ]tﬁ'ﬂ parameter SM
fnset i “4” Module i]&’gﬂﬁﬂﬁﬁﬁﬂ%ﬂ&uilzéu lﬂ’;":\? Gi’e]cycle L‘ﬁ’t)check 1iiData 310

module configure L‘ﬂuCyclic Sleep Coordinator (SM=0 , CE=1)
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Cyclic sleep Remote e Poll Request 11J6i Coordinator Glmhmmﬁ set 1agy
parameter SP (Cyclic Sleep Period) Coordinator e dany queued data address l1l&faRemote
ﬁa&uiunmmﬁn Poll Request f1'liifidata ﬁ%zdﬂﬁ’ remote ﬂﬁﬂuqueue Coordinator 9%
1iefa data UL remote vznaDl1l¥h Sleep mode 51queued data gﬂdﬂﬂﬁ"ul’lﬂgﬁ remote

remote 9283nsAUNED YRR TR UMsARABIUIUATEYIA ST (Time before sleep) HUALIN

7) Cyclic Sleep Mode with Pin Wake-up (SM = 5)

kY ¥
1% mode ﬁiuﬂﬁ‘ﬂ@‘ﬂ remote 'ﬁwanagimmaz RF interface 130 1agld Sleep RQ
T <07
Cyclic Sleep Mode szhuashinan 13deau (Cyclic sleep Remote) Audaun
e Pin AAIVANMIAUYSY remote module  module vzAUL® CTS 1Fu Low
v 1 Y
Tyumzindounazdanso5uActivity 92 Reset ST (Time before sleep) #4111 module 99
@ [ [V Ay res Y 1 i A L a
azndu lnduniendennd 1l activity 1W995282191 999 ST 19 module AUAUDN
} E4
a¥e (mauaulag Pin) W8N Pin activity §AINAINY module 92AAUT Sleep Mode

AU ST time QNMHYUAVBIHDIULVBA Pin

8) Cyclic Sleep Coordinator (SM = 6)
- Typical current = Receive current
- Always awake
Module i]z‘lj’c]ﬂ remote ‘ﬁ‘l/i’a"l_lﬂgi (Cyclic  Sleep) Coordinator 92805 U message
address 1184 16-bit 150 64-bit address (azAAIIL TN butfer AL remote AUNAT A
poll request Message Taoee lide lnonse (buffer 118 request ) gﬂﬁ 8n “Indirect messages”

Coordinator 92A981 Indirect message 14 1 A1ULIA1 2.5 times AU lunsnauuaas lay

paremeter SP(Cyclic Sleep Mode) %961 SP Y94 Coordinator A3 QN set Timsenuani

1‘1’1’11! remote
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6. M31¥ AT Command

“AT" + ASCII " Space + Parameter + Carriage
Prefix Command {Optional) (Optional, HEX) Return
i

C T =

Example: ATDL 1F<CR>

] 1 1 o 4
HU DI1UAT WUN ATDL enter <0>

nldouAl  WUW ATDL 02 enter <OK>

1) M351188n AT Command
mil‘i’h AT Command
-1 laeldndn GT+CC+GT
v Vv

GT fonatfiegld check 3lugananiubifididnysladnuinie Buffer vo9

XBee f1vun | Aaue 2-0x0CE4 [* 1 ms] default 0x3E8 (1000 §1410 2t 1 ms 14 1

sec)
A v o @ 9 o o 9/ o Y g s 4 Y

cC Aeda8nys 3 A1 mSudIAT Command gasinua indesiun 3 69

v )
1 sec friunlanais 0-0xFF  default 0x2B (1AT89NNE + )

113990 AT Command
9
- Auto 800 TaamagndmuaniCT 13 finualdaua default 2-0xEFFF [* 100
ms] 0x64 (100 §13410 g2 100 ms 14 10 sec)

- pone 19 CN fingeon AT Command WuH

1319951188189 AT Command

AT Description Parameter Default

Command Range

. Yo & dy A g vt
Write : l9mdsiifamnunia1egaslu non- - -
WR volatile memoryl‘ﬁ@‘ﬁtﬁﬂg firesetfl Iparameter

gz Tivine 11

[
o A A

Restore Defaults : 1%?31’(’{ e UAdefault - -

RE parameter A9 I¥indumodule (factory default
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parameter)

[] F ]
Software Reset : A 1datitioreset flparameter

1 k4
iuaglist maamn%umﬁwm

FR
Channel : Gl‘i’flﬁ'lﬁ" Qé&‘ﬁﬂ set/read fhoperating 0x0B - 0Ox1A 0x0C
CH channel o 19 lumsiFouneiunielunctwork | (XBee) 0x0C- | (12d)
0x17(XBeePro)
AT Description Parameter Default
Command Range
PAN ID - 1981dsfitite sotread APAN ID o | 0- OXFFFE 0x3332
D 1$umsFonaefiunielunctwork (13106d)
Destination Address High 1%@31&’ ﬂf;!,ﬁ’a 0 -0
DH set/read A1 Destination Address High(32 bit) Lﬁﬂ OxFFFFFFFF
1unsdeudesiunislunetwork
Destination Address Low 1%515’ Qf:llﬁﬂ 0 -10
DL set/read A1 Destination Address Low (32 bit) L‘Vd\'lﬂ OxFFFFFFFF
1AumsiFoudefiunelunetwork
16-bit Network Address : 1A fiite sotiread | 0 - OXEFFF 0
MY #1 16-bit Network Address tiie 19 Tun1sidouds
fiunielunetwork
Serial Number High : read 17 Serial Number | 0 - | Factory-
SH | High (64 bit) 1 ¥andaudfitactory OXFFFEFFFF | set
[read-only]
Serial Number Low : read A1 Serial Number | 0 - | Factory-
SL Low (64 bit) #1% e AT factory OxFFFFFFFF | set
[read-only]
Coordinater Enable : set/read the coordinator | 0 -1 0
CE setting 0 = End Device

1 = Coordinator
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AT

Command

Description

Parameter

Range

Default

Al

End device Association: set/read End device
association option

bit 0 - ReassignPanID

0 - Will only associate with Coordinator operating
on PAN ID that matches module ID

1 - May associate with Coordinator operating on
any PAN ID

bit 1 - ReassignChannel

0 - Will only associate with Coordinator operating
on matching CH Channel setting

1 - May associate with Coordinator operating on
any Channel
bit 2 - AutoAssociate

0 - Device will not attempt Association

1 - Device attempts Association until success Note:
This bit is used only for Non-Beacon systems. End
Devices in Beacon-enabled system must always
associate to a Coordinator

bit 3 - PollCoordOnPinWake

0 - Pin Wake will not poll the Coordinator for
indirect (pending) data

1 - Pin Wake will send Poll Request to Coordinator
to extract any pending data

bits 4 - 7 are reserved

0 - 0xOF [bitfield]

Coordinator Association. Set/Read Coordinator
association options.
bit 0 - ReassignPanID

0 - Coordinator will not perform Active Scan to

0 - 7 [bitfield]
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locate available PAN ID. It will operate on ID
(PAN ID).

1 - Coordinator will perform Active Scan to
determine an available ID (PAN ID). If a PAN ID
conflict is found, the ID parameter will change. bit
1 - ReassignChannel

0 - Coordinator will not perform Energy Scan to
determine free channel. It will operate on the
channel determined by the CH parameter.

1 - Coordinator will perform Energy Scan to find a
free channel, then operate on that channel.

bit 2 - AllowAssociation

0 - Coordinator will not allow any devices to
associate to it.

1 - Coordinator will allow devices to associate to it.

bits 3 - 7 are reserved

SM

Sleep Mode:

0 = No Sleep

1 = Pin Hibernate

2 = Pin Doze

3 = Reserved

4 = Cyclic sleep remote

5 = Cyclic sleep remote w/ pin wake-up

6 = [Sleep Coordinator] for backwards
compatibility w/ v1.x6 only; otherwise, use CE

command.

ST

Time before Sleep:1iluy 3332190 UM 3N sleep
b4
mode Iﬂﬂf’i’"mﬂ’liﬁﬁ-‘}’mﬂﬂﬁuilﬁ,’!,ﬂumireset 1l

sT 1¥i5udulna

1-OxFFFF [x 1

ms]

0x1388
(5000d)

1 o &
Cyclic Sleep Period : Lﬂu%’Nnﬁﬁlﬂ\‘lﬂ'ﬁﬁﬂU"H\‘]

0 - 0x68BO [x 10
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SP whusnfimunaiidmua13(sp) ms]
AT Description Parameter Default
Command Range
Command Mode Timeout. Set/Read the period of | 2 - OXFFFF [x 0x64
CT inactivity (no valid commands received) after 100 ms] (100d)
which the RF module automatically exits AT
Command Mode and returns to Idle Mode.
Exit Command Mode. Explicitly exit the module | - -
CN from AT Command Mode.
Guard Times. Set required period of silence before | 2 - 0x0CE4 [x 1 0x3E8
GT and after the Command Sequence Characters of the ms] (1000d)
AT Command Mode Sequence (GT+ CC + GT).
The period of silence is used to prevent inadvertent
entrance into AT Command Mode.
Command Sequence Character. Set/Read the 0 - OxFF 0x2B
CC ASCII character value to be used between Guard (‘+
Times of the AT Command Mode Sequence ASCID)

(GT+CC+GT). The AT Command Mode Sequence

enters the RF module into AT Command Mode.
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-1 1enmsgien3lFau PIC16F87X

MiCROCHIP

PIC16F87X

28/40-Pin 3-Bit CMOS FLASH MicroconiTollers

Devices Included in this Data Sheeiz

* PICIGFETS = PIEIEFETS
= PICIBTET4 = PICIETETT

Microcontroller Core Features:

= High perormance RISC TRU
= Only 55 singls worn MEFUCHOnS o 8am
= A Enge cyce INEruclions EXCEpt Tor progiam

branchas wiich 3 180 Cysie
= Operating speed: DC - 20 Nz citek input

DG -200 N6 INETLEton Cyoie

Up 10 B¥ x 14 words of FLASH Frogram WEmory.
Up 1o 35E X 8 byies of Data Mamory [RAM)
1p 10 256 ¥ 3 bytes-of EEPRIOM Data Memary
Prnnat compatinie 1p the PICTECT 38748787
ImieTmp? capabiitty fup i 14 EDUTSEE]
Eight fevel tesp harswars siack
= Direct, irdirect and reialive FaTeERINg MoteE
Power-0n Resst (POR)
Bowesr-up Timer [FWRT| and
Osciiator Stat-up Timer [O5T)
Watehdog Timer (WDT) with 15 Dam one-ciip RC
osciaioT for reliable Dperation
= Programinable cogE Proseciion
Power saving SLESF moge
~ Saleciable oscliaior options
Low power, high speet CMOE FLASHEEPROM
technology
Fuly static gesgn
n-Circult Senial Programming™ (ICSP)aia tan
pine
Singie 5V In-Circalt Seral Frogramming capabiity
in-Circutt Debagging via tao pins
= Processir realiwrlie 3CCESS D program MEmoTy
- Wide opeTating vDiage range: 2.0V to 5.5V
High Sink’Source Cuwent 25 mA
Commercizl, ntustial and Extended Empearaiue
ranges
= Low-POWEr COnEumption:

- = 0.5 mA typkal @ 3V, 4 ¥Hz

- 20 pAfypical @ 3V, 32&HE

- =1 pA typlcal siandy curent

«

FPin Diagram
PoP
S L e e T 1 \—/' &) s pOTTGo
PELAND e ] 2 W — ADATGC
mermns —=f] 3 ] =
BATANTe- = o] =
e " T ] = nmITCE
MAUTICN e [ =[] = nuz
AT e T 30—
e e ==l 8 5 o] ~——= mmowr
oy == 6 2 oe—— e
ratEamre—n B tfe—vn
| EEEER N0 E JEY = ROTTEeT
Wi ) 12 - D] e RIETIE
oo i —e-[f 13 E F o
DECACLNOUT el ] 14 7| = BDETIZS
T DAY e g o =] = noomen
RCUTIONCES =] 12 =[] e PCETHCE
WEACCPT e[} 17 24[ Y a—p MCETDF
novscsanl == =~ poanora
NoLVPT a—] 18 2] = NOSTITE
noipsry-—s-[] = 21 [] s nDoTes

Fenpheral Features:
= TimerD: B-0f tmer/counter with 8- peEscaEr
- Timeri: 15-Dt fmer/counter wih prescaler,
can ba incrementad durng SLEER via exiemal
rysElGinck
TimerZ E-bif tmeT/Counder wih 3-bi period
FEQIEET, prespEaeT and POEECakT
- Two Caphue, Compars, FWM modulss
< Captee Is 15-b1, max: rEE0Ation & 12.5 16
- Compare & i5-0it. max resolution is 200 nE
~ P TEx. Tes0IEoN is 10-Dit
- 0@ it charmel Analeg-in-Digial convener
- SynchTonoas Serial Port (S5P) with SP1 (Master
mode) and FC (MasEnSiave)
Universal Syncivonous ASYnCITOnous Receiver
Transmitier [USART/SCI) with B-oit agdress
getection
- Paralel Slave For (PER) 3-bits wide, with
extemal RD, WR and CS conirols (4D/4.4-pin only)
- Brown-put detection circatiry Tor
Evown-out Resst (BOR)
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Koy Fesfures
PCmicro™ Mid-Rangs Refersnce PICI1EFETS PICIEFETA PICISFETE PICISFETT
Misnusl (DS33023)
Cparzting Fraquency DC-2DWHz | DC-20%Hz | DC-XwWiz | DC-Z0MHz
RESETES (and Detays) POR, BOR POR, BOR POR.BOR POR, BOR
(PWRT, OST) | PWRT, 05T} | (PWET.OST) | (PWRT. OST)
FLASH Program Mampry
14-bit words) 4K ETs 2K 8K
Dais Memory (bytes) 132 13z 368 368
TEPROM Data Memaory 128 126 56 256
Intemupts 13 14 13 14
110 Pors PosABL | PMEASCDE PoEAB.C Pors ABCDE
Timers 3 3 3 3
Caphre/Compara WV Modues ] 2 Z 2
Seral CommanicIions MESP USATT |\ MSER/USART | MSSP USART | MSSR USART
Paralizd Communications —_ [P —_ PER
10-5it Anaiog-to-Digital Modus 5-ingut channets | & inpul channele | 5 inpart channets | 8 inpat channes
Instruciion St 35 Insmuctons 35 nsbuctons. 35 stuclions 25 Inslruclione
TABLE 1-2: PIC16FB74 AND PICI6FB77 PINOUT DESCRIPTION
N DiF | PLCC | QFF | FO® Buffer b T
r T Pinsf | Pis¥ Find | Type Type
QOSCUCLKIN 13 14 an 1 ICWIOSS | Oscillator crystal inputiextemnal ciock spurce inmput
OSCICLKOUT, 4 15 3i T — Oscillator orystal cudpre. Connects 10 crysial or resonaior
morystal oscillaior mode. In RC mede, O5C2 pin culpuls
CLEOUT which has 14 the Sequency of OSC1, and
genotes ihe instruction cyrle rate.
MCLRNF= 1 2 1B Ve ST Saster Tlear (Reset) nput of programming voiags nput.
This pin is an 3ctee low RESET 1o the devies:
PORTA is 3 bi-direcional WO port.
RAVAND 2 3 1B s] TIE RAD can also be analog nputl.
RAT/ANT 3 4 20 1o TTL RATcan also be analog inputl.
RADANIaEr- e 5 23 e} uTE RAZ gan also be analog inputl or negative
analop referEnce voitage.
RAANIVREF+ 5 L 22 (o] TIL RA3 can also ke analog nputd or positive:
analog reference voltapes.
RAATOCKI 8 T 23 Vo ST A4 can also be the ok mput 1o the Timerd timer/
counter. Ouiput is Dpen drain type.
RASSSIANS 7 3 b (o] TEL RAS can also be analog inpusd or the slave select for
the synchvonous seral port
PORTE = a bidirestional #/0 port. PORTE can be 503
ware programmed for imtemnal weak pulup on all mputs.
RBOANT 33 38 ] h'e) TILST® RED can alss be the external intetrupt pin.
RB1 M a7 2 o TIL
RB2 35 3B 10 o TIL
RBIPEM 35 3B il e] TIL RB3 can also be the low voltape programming input.
RB4 37 41 12 o TTL Intermupt-on-change pin.
RES 38 42 15 o TIL Intermupt-on-change pin.
RBEPGC 38 43 18 he] TILET™ intermupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RETPGED 40 44 17 kel TILST® intermupt-on-change pin or In-Circuit Debugger pn.
Serial programming data.
Legend: |= mnput O = putput O = inputiouiput B = power
— = Not used TIL=TTL input 5T = Schmitt Trigger inpun

Note 1: This buTer is 3 Schmitt Trigger input when configured as an extemnal interrupt.
2: This bu'fer is a Schmitt Trigger input when used in Seral Programming mode.
3: This buffer is & Schmitt Trigger input when confgured as general purppse 10 and a TTL input when used in the Parallel
Slave Port mode {for interfacing to 3 microprocessor bus).
4: This buer is a Schmitt Trigger input when confgured in RC oscillator mode and a3 CMOS input otherwse.
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TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

pwe | P | aFe | vom Bulier ]
el Ping| Pmd | Ping | Typs Typs Devcxytion
PORTE Ie 3 pHdirectional 140 port
RCITIOSOITICKI| 15 15 32 o sT RCD £an also be the Timer! pEcllator putput or 3
Timeri ciock inpat.
RCUTIOSECERZ | 16 1B 3= (] L RC1 can also be the Timer! pscliator Inpat or
Captum? Input'Compare? pupuliPWM2 output.
RCHCCP1 17 15 35 vo ST FOZ can also be the Capture Input'Compare1
DUTpULPAYM | DEipat.
RCABCKISCL 1B 20 37 [I/s) ST RE3 can also be the synchtonous seral clock input!
gutput Torbedh SP1 and FC modes.
RCA/SDISSDA 23 25 42 ([e] ST RC4 can 3lsp be We 5P| Dat In (SP1 moge) o
data Ii0 (FC mpde.
RCEED0 24 2 43 W L1 RCE can also be the SR Dat Out (571 mods)
ROETRCK 25 27 44 s =7 FCE gan also be e USART ABynchronous Transmit
or Sjmrﬂﬂs Clock.
RCTRXDT =5 25 1 e} ST RE7 tan also be the USART Asynehronous Recelve
OF SynchIonous Data.
PORTL & 3 bHiECiona 10 pori or parael save port
when nisrfacing to.a MICIOpTRCESEOT DUs.
ADLFSPD 19 21 33 1o ST
RDUPSPT = 2z 38 o ST
ADLFSRZ 21 23 40 yo- | sTrae
RDIPSP3 22 24 iy w11 sTanss
RADJPSPS by 30 2 W0, ) sTrnLm
ADEPSPE B 31 3 Wo ||/ sTamse
RDERLPE 25 33 4 s ] STTTLE
RDTRERY 30 33 5 w | sTn®
PORTE & a okasectinaal UG port
FHEDFDANS E g 5 o | ETATL® FET gan 20 be fead contol for ihe paraliel slave
DOIL, OT anang Inpats.
RE1WRANS = 1D 25 e | 3T FE1 gan 250 be witie corirol forthe paralel slave
pOIL Or anang Inpats.
REDICTIANT 1D i o Ui (L famyi RE2tan o be siact control 1or he paralel slave
poit. orarabg Inpaty.
Vss 1231 133 san ] @ — Ground re%erencs Tor ogic and 10 pins.
Voo FTETY BETETN ST — Postive Supply ToF logic and 1'C ging.
NC — fii7.2s, | 1215, — These pirs are notniemaly connecied. Thess pins
4D 33,34 £nouid be e unconnected.
iegend: I=imput = ouiput U0 = npuiioutput T = power
—= Not used TTL = TTL input 5T = Schmitt THgger Input

Nots 1: This buler is a Schmit TRgger Npul when configured 36 an exisvmnal Imemupt.
2: This bufter Is a Schmit Trggerinput when used In Setial PTogramming mode.
3: This pufer s a Schmitt Trigger pufwhen conmgured 38 genetal purpoee [/0.and 3 TIL Input when used in ihe Pamaliel
Shave Fort mode (Tor Interfacing 1'a mICTOPTOOESE0T Dus ).
4: This buffer Is 3 Schmitt Trigger input when configured in RC oscilainemode and 3 CMOS input oiherwiss.
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FIGURE 1-2

PIC16F874 AND PIC16FB77 BLOCK DIAGRAM
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Do Dty Wom:
. FLAZH ¥ s=rrom
FICIEFETS 4% 192 Byes 128 Sytes
PICIEFETT B 358 Byes IS5 Byles
. o FORTA
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FIGURE 2-3: PIC16FET7/E76 REGISTER FILE MAP
Fie Fie Fie Fiie
Addrse AddresE AddTesE Afdress
inavect agar ™| ©on ingrect asar™| Bon ingivect adar ™| 1000 | ndvect sddr™| 1BDn
T™RD oih CFTION_REG] B1n TMRD 1bih OFTION REH 1B1n
3oL 0zh BCL BEon PCL 1m2h PCL iB2n
STATUS o3h STATUS B3n STATUS 103h STATUS iB3n
FOR Dah EoR B4R FER 10sn FSR 1B4n
POTIA osh TRISA BSh 105 1B5H
POTTE Sh TRISE BEN PORTE 1D5h TRISE {BEN
PORTC o7h TRISC ETh 107 1ETh
PORTDY™ | D8n TRISD™ | BEn 108h 1BEN
posmel | teh TRISEM | BEm 1036 1BEn
DCLATH | DAh PCLATH | Ban FCLATH | 108h BLLATH iBAR
INTCON | I5h WICOM | sEn INTCON 108h INTCON. | ieBn
DR DCh JIE1 BCh EEDATA /| ADCH ZECONI 1BCh
SIR2 oo PER BON £=ADR | Do SECONZ | 1BDh
TMRIL | £=h FCON_ | BEN EEDATH | 1IEh fieserved® | {BEN
TMRIH Fh BFD EEADRH | 1LTh Recarved™ | 157N
TiCON 10n orn 1108 1500
T™RE 11h SSPCONZ | oif 1ifth 101n
TICON 12h DR oon 112 {0Im
SSPSUF | 30 nooapD | Dan 1130 103n
SERCON | 15h SEOTTAT | oun 114h 104n
CCPRIL | iSn BEn 1150 1958
CCRRTH igh oER 1igh 106N
GCFICON | a7 o7h Gerarz 11Th Ganal | yopg
RCSTA | 13 TASTA 5ER Sﬁ.’,.:.ﬁ”’fé 116N ?g&ﬁ 1380
TRREG 150 SEERE =11 15Evies | 1100 i6EykEs | iooh
RCREE ) 130 oAR 1an 1840
CCPRIL | 15h oEn En 188h
CCPras | 1en ocn 11ch 18CH
CCP2CoN || 1on oo 11Dn 1500
ADRESH | |-1=h ADRESL | oEn 1iEh 1BEN
ADGOND | TP ADCONY | OFn iiFh 15Fh
xm ADN i 1400
EE;E m Genemal Sereal
RegEter FegEiEr Register Tegeer
o6 Syies B Sytes EQ Eytes ~% EByEs | oo
ACORESSE Tl acceeees, | OO0 SCOEEEEE 1258
FOR-TTH FOn-TEh TOh=TFh
TN 55 17Fn FFh
Hank D Hark 1 Bank 2 Hank 3
[0 unrmpemenied o= memory iecatons, mad 25 T
* Mbt 3 physical Tegstes
Nots 1 These regisers S notimplemeniad on the PIC 1EFETS.
2. These Tegisiers ae reservedumainiain ese registers cean
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222 SPECIAL FUNCTION REGISTERS The Special Funclion Regisiers can be classified indo
i i 3 ) two sefs: eove (CPU) and peripheral. Those registers
The Special Function Registers are regisiers used by sssorized with the core functions are described in
the CPU and peripheral modules for controliing the desail in this section. Those related 1o the operation of
desired operation of the device. These registers are the peripheral features are described in detail n the
implementad as static RAN. A jist of these regsiers s peripheral features section.
given in Table 2-1.
TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Vaine on: | Deisiis
Ackiress Namz BR7 Bits B & B Bxa a2 81 aia PO, on
BDR page:
Sank
conPl MO g this locason ezes ofFIR D dats memory mota phy='ral regster) s
oth THRD Trmed Motuis Fegizer T
pzhP? e Frogram Counter (FC) Least Signffoant Sy 5
m | zvarus m Jo w1 | meo ) ol P Lz | e e 18
on =R mdrect Dade Wemony Address Foner r
=h FORTA — [ iy ' FORTA Dats Lairw when arien: POFOA pinsshen wad 23
osh FORTE DFTH Datn Lah whien wiitien: SDSTE gns shen esd 31
oTh FORTE FOSTC Dt Lytcny when art=e: EORTE pms shen mas m
osti?? EORTD FORTD Dats Ladch shen ariten: PORID pins shen nexd 35
= | soRTE = = = <7 TN NARTEL] == == 35
s’ | =rsaTH - — — TPrie SUTerfor ihe upner S bl oY $he Program Goorder =
pEsf | nTEoH BE FEIE THE WNE nEE TUFE INTE. FEF o
ooh =& POPFY | AnE RCIF TRF ztee. | ecPE | Tz | TwRaw =
oon PR B & LY =F BCUF o — CCAZE 2z
oEn THFRIL +inidng Tegterfor he Lexet ipnicamt Bide of T 16-DE THE | Fegster =
=n T Hrldng regeter or i Moza T gnficant Bde of T 150: TMR 1 Regmier =
10h TiCDN — b = - | niex=zi friceon [ Ticecen | simvaic, | memice | avmion 51
1 TR Torers Motuis Fzglz=r =5
1zh Tro08 — Jrouees] Touteez| Fouress | Toenran | Awmzow | Tacker1] soewezn =5
13h TIFEUF Byrehmmnoes SEns] Soit e s SaTer ') xxxx wxxx] 70,73
14h zaeCoN weoL | seeov | moeew | cke o] oeeuz.| soFuz | asswi | sorun 57
1=h CORRTL Captrs Tompens FUWK F e 57
15h CORRIH Csptrs T ompere FWH Feglz=r] $4ZE) 5
17h CCRICoN — — CoFIX | ooElY cRmz | coeinz | eorit | coPwm 58
1&h RCITA SPEN RKS ZHEN cR=w | appew | sERm cEoR | mwsn 55
1=h TXRES USART TremsmE Dats Reglzier 09ae 53
1An RORES LSART Recsive Dats 0 211
183h CLPR2L Captare/Compars FWIA Reger™ 408 XIEX IXXX 57
1Ch COFR2H CaptreCompare FRALT L MIBE] XIXX AXXX 57
1Dh CCRIC = | = T cee=x) [ceeew [ coens | éceoae [ecrow [ comam |- 00 cono| =8
1En ADRESH AD Besut Reglses g By x] s
1=h ADCOND ADGE1 ) apcen | cecz | ohs: ) .caor |comons |  — | ADow 11
Legemi X = UNKTIDEM, L st g vine an Cona o, ~ = SREnp Ereie, s an D, T - st

Stded Dealns 3 LnimpEmMETded, read as T
Mole 1 The upper byl OTShe PROQTAM CHmaT is not divectly accessbe. POLATH & 3 fodng egserior e PO 120> shoze
comtenss are tamsiered to8ve uppeT Gyle O the Drogram counter.
¥ Bl PUNE and PERIF me resened on FIT 15787 ETE gevices; slaxys mamiam fezs b cor
3 These regisiers can be sddeessed fom any bank
& FORTD, FORTE, TRISD, and TRIGE arenot phys/caly mplemented on PIC1SFETETE devices; ead 3z T
: FiRZ<E> and FEI<S> are reseTved ol dhess deyices, 3 iways manisn heoe bils oear
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTHHUED)
Value on: | Detalis
Amirses Wame Bit7 s BitS Bita Bit3 Btz Bit1 Bity POR, on
BOR BEgE:
Eank 1
saont INDF Adoressing i JocaHiDN LEEE ComesTs 0T FOR 10 S00vess Sata memory (nod a physical Tegieter) pooo oooof 27
Bih OPTION R=G| moPu | INTEDE | Tocs | tose | msa | o ese | oes1 | psn fa11: 31an] 18
B2 PCL Frogram CounisT (PC) Least Significant Syie pooo oooo] 25
g | sTaTUS me | me1s [ men | o | W | z ] pc | £ |ooon ixxx| 18
Bané® FSR ImEivEC: Dats MEmory ADNEEE Pointsr xx xxxx] 27
=n TRISA — | —  [Pomma Duta Deection Regser 23
B5h TRISE POFTE Deta Disection Reglssr 31
B7h TRISC PORTC Dats Dirsction Regisier 3
B3R TRISD PORTD Data Direction Regisier E3
Y JTRISE 13 OFF BV |PoewoDE|  — | PORTE Daa Dieclion Stis 37
san'™ | pCLATH — — - Vértis Buer Tor he upper S bits OF e Srooram Coamier 2%
sn® | INTCON BE EEE TDE INTE RBE JOIF INTF REF 2
BCh PE1 popER | ADIE RCE TXIE SSRE CCPE | TWMRRIE | TVRIE 21
BDh PE2 — {5 — EFE BCLE — — CCPIE F
EEh PCON — — — - — — BOR BOR =
BN - Unimpiemenies — -
) — implemenied — —
Dih SERCON GCEN | ACKSTAT| AcKDT | Ackew | =een | PN | moew | o=ew c nuon| £8
h PR2 TImes2 FeTnd REgisEr 1131 55
83h SEFADD Synchronbes Saral Pont (120 mode] Altress RegisET 04a ode} 73,74
Ban SSPTTAT swnl] el oA e s\ loww L us T e
o5h — Unimplememes — —
O5h —_ Unimpiemeniad —_ —
57 — Unimpiememeg — —
53n THETA corc | e o mmEw] svnc | — [ BRen | TRwT | 7xen |osoo sae]| S
=] SPERG EBaud Rate GEnerdins REQsET Gooo opoof 57
Ban — Unimplemenied — —
5Sh — Unimpiemenies — -
BCh — Unimpiemeied — —
il — Unimpiemenisd — —
=1 ADRESL A/D REsult ReolslEy Low Syie xxxx xxxx] 116
o ADCON1 aoew [, — o= J /= | 'eeresl]/ ecee2’ |oetre [ reren | ol - ooen | 112
Legend:  x = UNKNOWM, 1= UNChanged, o= Value sepends D Sondiion, - = snimpEmented, 7ead a5 T, 7= esarved.
Shasiesl [ncations are unimplemeniad, adas T.
Nots 1 The UpPer DyiE of the pitgram courer s not Orecty stosssbie. PCLATH IS 3 hlding Fgieer for he PO=12:5- whose
COMtENS 3 TansTEned 1o the Spper byie If Ihe Mogiam Courmer.

¥ BiE POPE and PSHIE are reseTved on PIC 15FET 3975 devines; aiways manizin inees bils ciear.

¥ ThEss TREIs an be Sidresser Yom any bank.

4: PORTD, PORTE, TRISD, ant TRISE are MiX pwsTaly impemented on PIC 15FETS/E7E fevipes; Fead 36 D'

§: Pi2<t- and PIE2<E>- @ TeseTvel ONMESE DEVILES; SlnayE maiman hese DS clear
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Vaiuson: | Detalie
Addrees Hame 87 BitE BES mia Bit3S =2 Bit1 =t POR, on
BOR page
Bank 2

1000 | INDF Azitressing his I0Caon BEES condents 0T TSR 1D aless dais memory (X 3 physical regisisn) ooon ooon| 7
i0ih TMRD TimerD Moou'e Register XX XXX 47
s | PCL Frogram Courer's (PC) Lesst Sgnfican Syie goon ooon| 26
1S | sTAqus me | M | meo | 0 | ®m | =z | oo | ¢ 1 1oex| 1B

¥ | ¥5R Ingdivect Data Memony Adoress Folter xoox ooex] 37
105h — Unimpi=merded — —
1060 PORTE FORTE Data Latch when wiiten: PORTE pins. shen read 3
107 — Unimplemented - —
10ED - Unmimpiemeed — —
10Eh — Unimpismenied
10ah0-S1 | POLATH — - —_ ke SuTer for ;e uppes 5 bis of the Program Courmar
e | mToon GIE EE TUE sae | = | wE | ww | msE
10Ch EEDATA EETROW Daiz Regisier Low Syis
10Cn EEADR EEPROM ACdress Low By
iOEn | EEpaTH — | — | =e-mow DamRegiserHioh Bys
1 EEADTH - | - — | =remow Acoress Regster High S4te

Bank 3

isoH | NDF Andressing this IDC3Ion HEES contenis BT PSR 1 addiess Cata memory (N 2 piysies’ egiser)
161h OFTION REG| RBPU |LaNTERE | 7065 ) Tose | psA o) ws2 | st | oesD
B | el Progiam Couster (PC) Least Sificant Byts
B | svAus we L oeet /e, [2.90/ e\ oz fnoevsll . ¢
1Ban® [ FoR Indirert Daa Memory Andress Folmet
1850 — Unimpisrmerted
1BEh TRISE FOFTE Dats Direcion Regisier
15M o Unimpiemenied — —
1BER — Unimplemented — —
185 — Unimplemenced — =
840" | poLATH — — — Wi Buiter Tor Si€ Upper S bl ¥ ihe Program GoumteT F3
1580t || INTCON GIE TEE TOIE NTE REIS TOIF NTE FEIE o
1BCH EECONI EEPED — — WRERR | WREwW VR RD 4140
180 EECONZ EEPROM Contol vm.mammgmn 41
1BEh — Feserved mantEn cear T000. D000 —
1BFn —_ Tieserved mainian cesr 0oOfl OO —
LSgEND:  o:= LRNTOWA, 1= ENChanged, g = VLS SERETOs on SunoHion, - ~ ETimplemented. a0 =6 T, 7= eseved

Sharlad Incaiions 3 animplemeneg, eal 38 T
Mol I 'hempq:y.ed'memvmmnmanewymm#’mﬁmIsammrgregs:erw-ce!:\:}ft:‘&vamae
CONMENLE a7 TaNERNEY 10 he UPper bys of the

2 Hits PSPE and PSPIF am resened on PICIETTI3 670 0evceE; amyimah‘ﬂr ihese b clear.

3 ‘hesz-;qlmnarbeamsne&mrm':ﬂ

& POTTD, PORTE, TRIED, and TRISE ame not physically Imnlementsd on SICIEFITAETE deviees, mad 36 T
5. P2 300 PED-5> & resarved On these BBvices, always malrtsin these Dhs clear.
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40-1 ead Plastic Dual In-fine (P} — 600 mil {(PDIP)

Lins IICHED" ST RAETERD
Dimenslon Limits ] NOM | uAR M NCA MAK
Slumber 0¥ Sns n 4&![ <0
Sizh B oo F
Top o Seatng Sane A =] iTE .150] A0 445 483
it F Thickness =] wo =0 3ED B .81 405
Hawen Deatng Sane Al 0is 13K
Dhoulder t0 Shiow er Wi = =3 E0O) IS 1511 1283
Fackage Aoth El = E4E .EED 1348 ]
Duemal Length [:] 2045 2.0E8 2.DE3) =1 E24E
Tip io Seasng Fams L 120 130 Aas| 343
Lead Thicsmess 13 oog W2 015 033
B1 031 =0 wp 178
El 01 o8 122 o=
Dveral Roa Spachg H +8 &1 £ EBD| 727
Adnid Draf Anpie Top o B i) 13| 5 =5
Mdoid Dravft Ange Bocom # 5 13] 15| B =

* Controling Fammetey

§ Sonfoant CharsceTisie

Notex:

Dpnenzionz D and £1 do rebRCuds mok Tash or protrusions. Mod Tash or profrusions shall not excesd
DI (B 2SEmm) peer side.

JEDEC Enuivaient: MO-3111

Drawing No. CE3-018
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A-2 1BAIIUBM31591U DS 1820 1-Wire'  Thermometer

DALLAS

SEMICONDUCTOR

DS1820
1-Wire ™ Digital Thermometer

FEATURES

& Unigus 1-Wire™ irterface requires only bne port pin
for commamication

» Yultidrop capabiity simplfies distributed femperature
sensing applications

« Reguires no exismal components:

& Can be powered Fom data fine

» Fero siandby power required

» Measures wmperatures from —55C 1o+125'C n
0.5°C increments. Fahrephei equivalent is -7 F io
+257F m D.0°F increments

= Temperaturs is read as-a B-bit digital valus.

» Converts Smperaturs 1o digialword in 200 ms dyp.)

» Usar—-definable, nonvolatils temperaturs alamm set
tings

» Alamm search command identfies and addresses
devices whoss femperafure IS | ouiside of pro-
grammed limits (=mperature alamm condition)

= Applications nduds thermosiztic controls, ndustrial
SyStems, CONSWMET products, tharmmomsters, o any
thermally sensilive system

DESCRIPTION

The DE1B20 Digital Themmometer provides &bt tem-
perature read ngs which indieats the e mperature of the
device.

Information is sent infrom the D31820 over 3 1-Wie
interface, so that only one wite {and ground} nesds tobe
connected from a central mictoprocessor o a DS 182D,
Fower for reading, writing, and performing femperature
conwersions can be derved from the data line iself wth
nio need for an extemal power SouTeE.

PIN ASSIGNMENT

BOTTOM VIEWN
wuo = 1 EFE= "o
s 15— NE
bl w3 NE
e 3= e
R 1 =
pH — =43
g VIDEH T 10 = NC
; & 3 DR=E 5 F=.Gno
CSECD DEIENE
FFIE FADRADE I=-PIN ES0F
Sex fleth. Draaings S Mech. DraaTgs
Section Section
PIN DESCRIFTION
ST — Ground
DG — Data nfOut
Vnp — Optional Vo
NC — Mo Connect

Becapse each DE1520 contains 3 unigus silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
so1s-in many diferent places. Applieations where this
feature is useful include HYAC environmental confrols,
sensing temperatures. inside buildings. equipment or
machinery, and in process moenitoring and control.
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DETAILED PIN DESCRIPTION

PN PiN
16-PINSS0OP | PR35S | SYMBOL DESCRIPTION
B 1 GND Ground.
B 2 ] Data InputiOutput pin. For 1-Wire opemation: Open drain. (See
“Parasite Power” section )
T 3 Voo Dptional Vop, pin. See “Parasite Power” section for details of
connestion.

DS18205 (18—pin SS0F): All pins not speciiied in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents ofthe DS 1820, The DS 1820 has three main data
components: 1) 84-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatie emperature alarm TiggEs
TH and TL. The device derives its powerfrom the
1-Wire communication line by sioring ensrgy on an
internal capacitor during periods oftime when the signal
line = high and continues 1 bperate OF this power
source during the low times of the 1-Wire line until &
ratums high to replenishthe parasie (capactor) supply.
Az an altemative, the DS 1520 may also ke powersd
From an extemal 5 voits supply:

Communicationtothe D51820 i vim a 1-Wire port. With
the 1-Wire port, the memory and condrol functions will
niot be available before the ROM function protocsl has
baen established. The master must first provide one of
Five ROMfunction commands: 1) Read ROM, 2} Match
ROM, 3) Search ROM, 4} Skip ROM, or 5} AMlarm
Search. Thess commands operaie on the B5-bit
lasered ROM portion of sach device and can single out

DS1820 BLOCK DIAGRAM Figurs 1

a specificdevice TFmany are presenton the 1-Wire line
as well as ndicate to the Bus Master how many and
wihiat fypes of devices are present. After a ROM function
sequence has been successfully sxecuted, the memory
and confrol funciions are accessible and e masier
may then provide any oneof the six memory and conrol
Function commands.

One control function command nstructs the D5 1820
perform atemperature measurement. The result of this
measurement will be placed in the DS51820s seratch-
pad memory, and may be ead by issuing a memory
Function command which reads the contents of the
scratchpad memory.  The temperaturs alarm friggers
TH and TL conmsist of one byte EEFROM each. Fihe
alarm search command is not applied o the DS1E20,
hese registers may be used as general purpose user
memory. Writing TH and TL is done using 3 memary
Function command. Read acoess o these repisters is
theough the scrachpad. All dat /s read and writen
l=ast sipnificant bit first.

S-8IT RO
AND:
HaRRE PORT

WEMOHY AD
CONTROL LOCIC

o TEMFERATIRE CENEOR

SCRATDHEAD)
L i HIC-ITENEERATLRE
TRIGGER, T+
4 I
T - LOWTENFERATURE
TRIGCER. L.

E-BITCRE
CENERXTCR
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuiry. This crcuitty “steals” power wheneverthe
10 or ¥V, pins are high. /0 will provide suficient power
3s long == the speciiied timing and voliage require-
ments are met {see the section fitled “1-Wire Bus Sys-
tem”). The advantages of parasie power are wwo—Told:
1) by parasiting o this pin, no local power source &
nesded Jor remote sensing of emperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS 1820 to be able to perform accurate
TEMPETAtUTE CONYETSIONS, SUTcient power must be pro-
vided pverthe /0 line when atemperature conversion =
taking place. Since the operating cument of the DS1820
is up 1o 1 mé&, the IO line will not have sulficient drive
dus 1o the 5K pullup resistor. This problem is partcu-
larly acute § several DS 1820's ape on the same 10 and
attempting to convert simultanecusly.

Thers are twh ways to assure that the D5 1820 has sufi-
cient supply current during its active conversion cycle.
The first is to prowide a strong pulup on the 1D line
whenever temperaliire CONVErsions or copiss to the £
memony are taking place. This may be accomplished by
using a MOSFET to pull the V' line drecily fothe power
supply as shown in Figore 2. The [ line must be
switched ower to the strong pull-up within 10 ps maxi-
mum after issuing any pretoeol that mvoives topying io
the B2 remory oF nitiales SmMpEraiTs CoNyersions.
When using theparasite poasermate, the Vpp pinmust
be tied to ground.

Another method of supplying cumentiothe DS1820 =
through the use of an extemal power supply tied to the

Vg pin, 35 shown in Figure 2. The advantage 1o this is
thatthe stong pull-upis notrequired on the VO line, and
the bus master need not be tied up holding thatline high
during temperature conversions. This allows other data
trafiic on the 1-Wire bus during the corwersion time. In
addition, any number of S 1820's may be placedon the
1-Wire bus, and Tihey all use external power, they may
all simultanepusly perform femperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the exiemal
powersupply & active, the GND pinmay not be fipating.

The use of parasite power is not recommended abowe
100°C. since it may not be able 1o susiain communica-
tions given the hipher leakage cumenis the DS 1820
exhibits ai these ®emperstures.  For applications in
which such temperatures arelikely, it = sirongly recom-
mended that Vi be applied to the DS1B20.

For situstions where the bus master does not know
whether the DS 1520's on the bus are parasie powersd
orsupphed with extemal Vo, a provision ismade in the
DS1E20 fo signal the power supply scheme used. The
bus masier can determine § any 0518205 ar= on the
bus which require the swoag pullup by sending a Skip
FOM protocol, then issuing theread power supply com-
mand. &%er fhis-command & ssued, the master then
issues read time siots. The D3 1820 will send back T
on the 1-Wire bus i # is parasie powerad; it will send
back a1 fitis powsred fromthe Voo pin. f the masier
rapeves a IF, it knows that it must supply the sirong
pull-up on the /0 line during femperature conversions.
See “Wemory Command Functions” section for more
detail on this command proiocol.

STRONE PULL-UFP FOR SUPPLYSNG DS 1820 DURING TEMPERATURE CONVERSION Figurs 2
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DS1E20

TEMPERATURE MEASURNG CIRCUTTRY Figure 4

ELDFE ACCUMUILATOR
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TEMPERATUREDATA RELATIONSHIPS Table 1
mﬁﬂ'ﬂ!.. DUTPUT DIGITAL OUTPUT
TEMPERATURE {Binary) {Hex)
+125C DOoDBo00 11111010 DOFA
+25C D0D0oDOO0 DD1IDDI0 0032k
=150 0D0DDD0D DDoDoDha B001h
+0°C 0DO0D000 DeDDDDDD DO00R
-5 C NN 1T FFEAH
25T 19 1DD11iD FTGEh
-85'C M1 10810010 FFeZh

OPERATION — ALARM SIGNALING

Afterthe DS1820 has performed a empetature conver-
sion, the emperature value = comparsd 1o the Tigger
values stored in TH and TL. Since thess regsiersare
8—bit onily, the 0 5°C kit is ignoved for comparison. The
most significant bit of TH or TL directly comesponds 1o
the sign bit of the 18-kt temperature regsien,. Fihe
result of 3 empetature measurement is higher than TH
or lower than TL, an alarm flag inside the device mset.

This flag & updated with Svery fempersiure Mme3surs-
ment. As long @5 the alamm #ag isset, the DS1820 will
respond 0 the alamm search command. This slfows
many D51 820stobe connecied in paraliel doing simu k-
Enepus Iemperatute measuremenis. f somewhers the
temperature excesds the limits, the alarming device(s)
canbe identfied and read immediaislywihout having o
r2ad non—alamming devices.





