i il 1 \ A A
1Y \ by { N [} il
B Lt { L W SN

EI "“‘ .‘; \ ey

e ﬁ il : N Py ity :
P 1 I ¥ |13 HA
(A4 it \

§ e A ' ; -L‘ ) ]EJ
\ f ] ! \ " § i “ |
i \ ' R i
\ i | ! 1 AT B l:
\ \wl‘:“ | a ‘. { .l' I “- .
[\ Hfa ) it
{ i !; ' N i : I‘. : { ALY
i i R b SRRy
|Il‘ I\i‘. l A E ' .' J ¥ oab '|l ! i |L{V i .;T f or i
- el e wmmmz m SR nm ma‘*u"'m o A aayIe
SRV ' bR e
b L gL s
g mwmxmwm mri\ AL, mv‘ SYGHN ﬁ*ﬁ HvaR e
Vik) A f“ { } P '-“I,.‘ yat 1‘. : "I ,‘A i \ { L
el R e g Y s : R ; 1
o Al S e |
] ; :,;jl" i 'll'%" '\l -JI\ : I I} I i L /
yE i :"f : ,: ‘(‘l . ‘l;, ol ) IJ

‘ Vi ROl S el P, HE

‘\ Ll ';‘r-f : e \ t f.‘, [ (‘
i {0 A Pl fos (e i {
TEaL e e N : : e SRR \
[ Lg | 4 ni“\ ] ; kies{ 'i : s M
{ .47 LR i\ AL
b i % -4":‘ R l, i _,} : : ' / : I‘[;} { A5 : ‘
{ N ‘l r'F '.]‘l-' “"l{ L ) : ‘ '1 \'{' A4 ? ‘i‘ N
Ul . R
| M il TR e 4| ‘ ‘ e )

1 ','#'-_"‘ S “‘ “"l;' i ity I !l’ il b 'l"":'-' F ! : .‘“"' i TR
A SRRty Y ey g e 1 H .‘:‘" G il Y ¥ :-‘-f, J
.‘r'!‘ ' Ot L) “4‘ 8 ;" r ' ﬁ'na‘m !Jxr'i%t‘ibfﬁ!‘ .‘ ]‘ (e I“‘: 4 o "'!‘%' -"‘r
G A WIMANRAT

o BT et LU Vem W LAY iz Al X i e CI T R
{ “\‘ 4 v ! il ’:‘ j Sl O ;:‘I ‘: i
% TR
\ ( il ; ) N | \
i i W e
5 SN Pt BRI
) U ‘:1 i 7 |“:1‘.: \
{ 10N (\\", ( ¢ \ J : / :,‘ ‘\‘ ok
1 1 L .
! \ ‘, I ), 4 ; ‘ : r'- ]“| :’1‘
\ i'. A A i : g \ 3 T'f{. ! \
i [ N . {IER e, ¢ At | )
ey i ! 3 Eot e [
: ,'\\' ) 1 f .’ £ |'.l 3 ST
i f, i & VR bk
‘( i { |“" .‘w
% ) ;

1173:mmmwmumwwwwmﬁnmmtwmm cw‘la ﬂs.aww i mm !
w(‘ mmwmuw zanmmmm‘wmﬁ ffeath S |

{
il
\ I i

C amelimnea mmm ’ T |

! P y e £ I‘!‘
{ i (4]

A u!-

mnmmm‘lu’lmlmsmﬂmmmnf ?rxm wamsa

RaE|

e

dnaiinng :'..;::@ e LA

! '
A g
( \
:
[ i R
. \ L
i Chy ) |
M
) \ { |
g \ [ I
\ \ ) i \
'



suURduRBusasuduAnayuIa
KINDERGARTEN BUS ALERT SYSTEM

YIA3A Fuusayl
CHAKRIT WIMANRAT

|4

Lﬁmuwuqﬁwua’ﬁtﬂuﬁfmwﬁwaamﬁﬁnmmwé’nqﬂ'a'ﬂ'%tywuﬁﬁ'mssumamﬁmﬁm
#1UIIVIIAINTIUATAUNA
AMYIAINTIUANANS
anuwmalulainszasuindndaunmIsaIanszu
Un1sfinwn 2556



KINDERGARTEN BUS ALERT SYSTEM

CHAKRIT WIMANRAT

THIS THESIS IS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INFORMATION ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
ACADEMIC YEAR 2013



Lo - L3 L ] o @
navauSeyeutinug ruuudIARuInTuduAnayuIa

sw¥aiinAnw WYIATH Jusnl svainAnw) 53010350
Uy ImnssumansUndin

#1130 ImnssuaIsaume

W.A. 2556

9198RUEnuSyninus ae lwena avslumana

WA.AS.NHATNT NABUNIS

= bl L3 L ﬁv e Lah v | J =4 a - L4 -
Yigginusatull 1dfuniseydi@liluduniisveimsfing sundngesimnssumansdudia
ANEIFINTIUMAENS antuimaluladnsyrsunaniiammms a1mnsyUs

(welneda  @ndlonana)

......... oord -\

(WALAS.AEAINT NADNATS)

& 3 - - «
8mTURAIUANYI Y ENUS



L = 4 v o s d
nvauinyyriinus ssuuunReusaiuduanayuia

s1e3eiindnwm WEYIATA Il sviaunfAnw 53010350
AELTLTY ANssumaAnsUudin

GRLRELR! IMINTIUATAUNA

W.A, 2556

9stvinuSyaniinug ua lnena avslaniana

NA.AT.NOAINT NADUNIT

W

o=y
UNARYd
Tassenudignimhdutedaiunssuunisnsaaduyapansluglummus uaznsudadou 91
Yymidnidniignaudislilugmumnuzaudumgliifaragadevewaraduduitn ssuvazinsg
wladiowievmstismdslsiuninindifingnduidllusaumamusietu Tngseuuard Sensor dwiy
nsduidniifnegnitlusn uaz GPs dmdvssysumisiioguassaousd waving sdsoyanuTEUY

1 - « - [ s v o - - L
inseteBumedidaiievhnisiaiiu uasududeulag sMS WeilinAnaglusnde GPRS



Thesis Title Kindergarten Bus Alert System

Student Mr. Chakrit Wimanrat Student ID. 53010350
Degree Bachelor of Engineering

Program Information Engineering

Year 2013

Thesis Advisor Asst.Prof. Paisan Sithiyopasakul

Asst.Prof.Dr. Kitdakorn Klomkarn

ABSTRACT

This project is created in-order to develop a personal detector and alert in vehicles. Due
to the fact that leaving children in vehicles alone leads to the loss of beloved people, this system
is created to alert to keep children-safe in time. The system is not only eonsisted of sensor for
monitoring the children’s behavior-in cars but also the GPS that can identify:the location of the
cars. The detected data will be sent via the Internet connection through GPRS and alert to SMS
when there is any child sticking in car.



AnANssuUsENIA

U%tycywi':wu'Snﬁuﬁﬁﬂt%adu‘lﬁﬁwﬁmnn’rs‘lrr’f%'un'rsaﬁuauu mNTIEMEE naDnTIRLL
wazwwImslunrsanduay m’lmnamaamumsaauaqﬂnﬁmmm 919758 Helnena Anslomana
uaz HA.A5.NAANT naeuns BuduerastivinvuSygriinug

vovounsyan Jan 113 uazaseuads fineslinisatuayundouislilenalunisnwnis
vieuuasduidslaiarliauom

YUBUNTEAN ATV TIINTSNANSAUIMA YU Tlinud FuSnwinaentianny
FIUNFDFA m‘ﬂ.wuﬂmamaam

vovounuaniumaliladnsysmniiinummsamasy s Aideieanuil dsnenu
avman maamwLﬂ?aqﬁam‘%aﬂ'ﬁ‘lumsﬁ'uﬁuﬂuLi'fluantJm‘%'au%'aaﬂU?u

vavauAuilY iow whediigunisqmnviu Aesslimdewie Auinw A3 warABY

v
-

Wurratlanasnn U‘%mmﬂuwuﬁauuumﬁ']mqma‘lu’tmmnmﬁumammu diaviesranlunseam

o o

HATYBNITUVDUANIT U ‘v"I'U ﬂmmuauUi.,Ta'uuaqummnﬂ"tgtu'mwuaawu mﬂmmanauumqu

u

neﬂ

NILAUYNYINY

YINIA Tuused



g S L RS o e Ao e © Ll TR S |
DI s o e e e i L= P I

RIS e L B SR SR B n

1.2 0qUitiRfY.....owe ) mee S =N S QL SR N it 1

1.3 U0ULMPOlATITTI A e R okt Aok N el o NN 1

1.4 Uit " LNl LT\ e " N\

1.4.0 oainugis. et LS 9 LU0 V& Pen S ey WY o A 1

1P ENewEE2 002020 NSTL A .\ Lol ldididiiA o R

1.5 s BRULLIICH AV Saoees W HUI0IT 90 o §)

unil 2 wqwﬁﬁung
2.1 AiinG UINGI L. ML I, A EL L A TN Y W O~ | £ STPe 3

22,2 UIRTGN NMEA DLBR oo svsummmmsammimpmsmmesmssmmmimiissmssaamm 0
22.6 SEUURON (COOPAINERE SPSREIN) ..o oo st ittt e oot it 4B
227 WMDY GFS MOULE oot b b e XY
2.2.8 15985 10UaN15I0ATT 1/O UBI GPS MOGULE..oree oo 18



#1508y (D)

2.3.3 1A59851UATNITIAATT 1/O U89 GSM/GPRS MOGULE ..o 20
2.5 TeMPATAtum & MUY SONSON ... uimaiissi ar i i e o
2.4.1 AnANURY Temperature & HUMIAIty SENSOT .......cc..oovvvor oo ssssseessssseessmssesnn 21
2.4.2 Inseai1auarn1590ass 1/O 9es Temperature & Humidity SENSOT ..o 22
2.4.3 MINNUYD Temperature & HUMIAItY SENSOT.....oovoveevroiooeeeomeeeeeeeeeeeees oo 23

2.5 PIR SENSOT icuiciinonsorseressgl g ereeemerer s L S R G N 24
2.5.1 AAUURYP BT SENSQENNNNN I/l errirranrors oI NG ese ettt ssstas soseese o 24
2.5.2 1AS9aFILALNITVAATS /O VDY PIR SEASOT oo e oo 24
253 mffinuverdifSeBorn e . O . Sl o NN 24
2.6 UltragQaic SETTSOr . Ll w1 Jogl 4/ Ao SRR A e L e AN 25
2.64 Fioipaiiliyn s EisssopEadsof A4 \ e . e AN L os
2.6.2 1ASATIUAENITINAST VO YD ULIASONIC SENSOT i e oo 26
268 ANl LIRSeAqic Sehsor’. .\ [ e amibihhin. S A 26
2.7 gpiaam. 3 £ Eott Y GRRNASE WO b 3 L 2T
28 Whibilfln . £ gl X0 HCICIEICH C AN omd )28
unit 3 Mool e ind@ SN | M- T 7 ANy O &~ Jf 29

S2ENANTIRMIEIRES ... it N ol e 31
3.2.3 HINTVINUYRY Temperature & HUMIGItY: SENSOr i 32

3.2.8 NIV ITUYEY PR R et —— 33

326 BI0TIVI MDA st T T i R
SETREOWIRNUNVEEEEE ...t e S s O e
e S e L N e e 37
S AL UNE) e e B e et s e T BT S S
St R MICIILE e e i R R s e e S U e T a7
S LOMICERS MO S i s S e T e
S Ternraratire & FUmRY SONBOT.....coubmmsisiiims e s Y

v



#1508y (6i0)

AT ) T T R I e e T e R

5 L 2 T Vel =y T T e S S e

A7 nveBummiaen el e e
vl o

BT G Tt o RSB S S e

LR L S s R A DL

o
UMV G HANTINRIDY coconrrcerrsensssosion a0 s s hac. st ch0e seses bonsobnerenn

4.1.1 NanTPEPAWIN Lagin oW e e NN e
4.1.2 ugghflianaminidemd -0 .. 0. S & [ NN
4.1.3 N SuamITUTMap B o i /A N et o 28 o oMt
4.1.4 Fanaswdviils Ao mn . [ 1l \ il S NN

4.2 ghrugning yokmer. L0 9L 00 @ 2.0 Pl WY 2 WY

4.2.1 NAMTUWAMNTD Monitor TS UANYIII

4.2.2 HanSUEANRE Monitor YUEAIBNANIY HTTP ..o b e sesseeeeesese s
4.2.3 HANTIUARITD Monitor UMY SENSor ATITTUMSIAZE AT e v
4.2.4 HANTWARADD Monitor YMYAITOLAYII SMS ...l i b e

4.3 HANSNATBINTTUTRADUNIL SMS oo et oot e
4.4 HANTNARDINATUARIHATIN WEDSITE ..oivens . ions ettt sonbecsesenesereessasiinseeesdhendonssessesesonnns
4.4.1 AR MAABINITUANINAINYUELT GOogle Map ... o k.
4.4.1 NANINAABINITUARIHATAUAITT DAtAlg ... ce..vone e astloaslneressssseeeeesessesesseessoo
UNT1 5 AqULALUNINNTAL .. e 23RN
5.1 ATUHBNITA LI oo i ST eisssssimsssbissions
3 BT TR T 1 R S
S MU sameioi i R R T BT
LT AT T T e N S el LSO BB

WRRTIENL i narssivimen i s s AR

RN 0Dl Sheet ATIHEORNIR o i e gl
U e B R R T o e S e e T e e N e T e
I e DAt S e SO0 it bt A e S s S



GUEIVRTIRPRR

LRERNT i
&1 NEITNER AraUire VDD 5 s oottt o v A e s o 3
2.2 ATAMNEVOITOYATOGIUIADIN RMC ..ot 10
2.3 M UMUIVBITOUATOGIUIABIA GOt 11
2.4 ATUMNEYOITBYETOGIUIABIA GSV ...t 12
2.5 AYMNEUOITOYATIOYLULIABIR GSA ...t st 13
2.6 AT EYOIT Y AT UL T ABI GLET o s 13
2.7 A umoreeToyaRioghiisfiDin VIC bbbl i 14
2.8 AUAMANTRYDI 6 ATADIANANIN NMEA M@SSAGE 1 o rsmmsmssereressrs s eessesseesseesseesess oo 14
2.9 fousifivet G ModutE s BN S B S o o A N e 17
2.10 TAsea1auaen S InATT 1/O U89 GIM/GPRS MOGULE: .- . iiteeersreseo b 20
2.11 nousnfiyed PIR-SENOr seem... MC N7 [ \ B o W AN o
2.12 AUANTAYBY LUraSOMIC SENSON 1t st b st rar ek ot st was

Vi



#1505

CaNl

=l v
Y i

2.1 TAS985UATNITINATT 1/O YD ArAUING UNO .oooeooeeeeeeoeeooeoeoeoseoeosesseeeoeeeeeeeeeeeeeseeeeeeeeeeoesoeoeoos )
22 AN TSR UURTITEN GP5 5 UV e et e i 5
<S8 T T e el e ® ) e 6

2.9 usmanmsnuaRngfivfignuasapalons . M. 0. SR8 i N Nt 15
2.10 UAPINTTWUINTALYUSETURAANZA U T ek o et reens e oo 16
2.11 1nRaFHUAYN1TTRATS /O VBT GPSMOAULE 1.l et ol b s 18
2.12 TA5aaFUavN15I0ASS /O U09 GSM/GPRS MOAUIEL.:. .. s . b oo 20
2.13 lasvainauasn1sdndss /O 493 Temperature & Humidity Sensor. ... TN ot 3 WL 22
2.14 msFeusieiy T eshperature. Sl gy SERETRATL. WO LU % o 8] 22
2.15 MINIUYDY TenperatUre & HUMICIY SENSOr e eoerstoestens oo 9
2.16 lnseasauasnTsinass /O esPIR Sensor . L o b o
217 IR TUNDR PIR)YSENSOTEDD - o R oD LB e e vireer ot ol 25

3.3 Flowchart Mai I UT8 GPS ... et gl —m A
3.4 Flowchart NM5¥19UU84 Temperature & HUMIAIY SENSOT .........ovvmveeomoeeoooeoeoeooeoeoeoeeoeeeeoeeeeeseeeeeeoe 32
3.3 FLOWCHAE (TTIWHTUNEN PIR SBNSOL .ot A e e T
3.6 Flowchart NMIHNUYBY ULIASONIC SENSOT.....cvrvoreeereeesesecesee oo eeeooeseosooeseeeeeeseseeseseeeseeeee. 300
Sl Elwetut I T IIRN e E e 35
S LG NIV DR WRBBHE i et e e S SE L 5 36
g te b E oY 0 T SO R e e s e L e s e a7

IR T TR T R R e A Ao R SR AR CE el WS E Rt T

Vil



d13Uny3Y (sia)
U wi

DAETEVDeratine & MUPHICRT SENSOT ... i it st s N ey toesonsciisor il s 38
R BT TR e D G S e e e e oa s g S 39
A LR EINE SISO i ntiasisssin snermisiossssniioshe o A e e e e Dt s D
L T e A A ST S 40
g R e e 40
3.17 M3 FouADIENINQUNTINUAGURTTIDS v I B i 41
it T T RO o SR W WY ! 1 1 N e ., IR M ne RN 42

3.21 n1slusunsyMicrocentrstir 23 07/ NS Adn A== N\ 4=
4.1 sansuanyn Logirsd Ll becan 7 [T N et s NN 4
4.2 manmsuasVlinHongey. eevrd- faem . QL L0 \E D S e v . AN a7
4.3 NANTTUARIVUY MAP o oire i e e W AN AR Sy M OXINON Y T ) B a7
CCETETRGTE E geern Yo TREWENE BPnN/ @2t oo S\ Mol (SO EEEET Y AT O B NN
8.5 HANNSUAR DD Monitor MRLEl Y I 49
4.6 NaN15UARITe Monitor AausaUaNanIa HTTP........ AL N A C B b 49
4.7 HaN1TUARINS, Monitor YUY SEnsor ATIITUNITRRDUI ..o oo 50
4.8 HANSUWARIDA MONILOr YMTTRTBUININ SMS.. oo et i dhethoseaseereesesses s 50
4.9 Han YRR NILTEINL SMS et oS AL 51



a =
2 5 uu‘mnu.azmuwmﬂtym

@t i = L) o s bl ' L)
TutlagUunuilasinsuieaiesiu GPS wUsvyndldauetnaunsvaty wasdinis

e d 1 ¥ ‘J - -
umssgndldlunisssyiumissosudmessuuaaidisn Faannsavendrfiin avige

= @ = 1 4 L o a O 2/ vV o= "
a03d9n a1 AT warduq 1a GPS duliuszuulaniyaravidluaunsoldaulaiieun
I v - o ° e d v |
umimua‘lumswﬁ’iyzy'im GPS 'mmu’rinmmmmsUqummamatm{]mm AINVIINY

Lo < - ﬂ‘) @ 1 ar @ -l 1 - J
winiinGeugnaniisliluseivdnindeu wesdmindeuliannsalaussgesnnlaluvasi

v o oW - P Voo - ey v '
sofudninSeusenoglaslifigaus wiswludsnvuiuressuinlsdtngnuauseninamng
- | & e ° a o [ ¢ 1%
yudiudumn enanilydssyndlifunsdiaug amingussad uaraudonis
& . w | v o v a1 =t
vaugldy Bellgndaindnannsouitgmlasmadisyuuuiaiieusoivdudneyuia #
L L J o s 1 s L a
douaanunsnanvsevmsuindeudisiivniniSoustluseiudninSouisada Tnold
- oy ' o i v - '

walulad GPRS lumsvindstoyaniieq vessosudninieudg Web server ienudny
spnIsnsIvdouwazANgnAD kg waglusyuudsanansaiiuioyaaniugvessa suda
unGeu Inensiivdeyaliludves Database

1.2 Ingusvadd

1.2 efins mshamus e un s usyuy GPS
1.2.2 iefinwanisiudedoyaniiustuu GSM/GPRS

1.23 (iofn¥IMaveanLUUTHUUNSNTINNRY Sensor

1.2.4  tvednwinisldiuues Microcontroller

1.25 edusuuuusanhluyssunddiugsiaiemuiidos

1.3 Y9ULUAYRIlASIIU

1.3.1 anansnssyiiuivassumnvusle
1.3.2 annsavimsiukazasiagadiu GSM/GPRS 1

1.3.3 awnsafudsoyaluds Server 14

1.3.4 @usaninisudadeuniu SMs g

= v v
1.4 guninindaaly

1.4.1 g1iauns
J o & L. o
- inserauRImasdmTuNanlusunsy

- a 3 a ar ¢ v
- nsnsneuiumeidmiuludivieissuugudeys

1



- Microcontroller uazaunsaididnnseiind
- GSM/GPRS Module

- GPS Module

- GPS Antenna

- Temperature & Humidity Sensor

- PIR Sensor

- Ultrasonic Sensor

1.4.2 Yanauwd

- Wsunsy Arduino lH@tuAdIRrURAN Microcontroller
- PHP processor module {Wumenluniswmun Web Server
- ssuudamsgutoya

A 1 al
1.5 wanaininazlasu

15.1 susaszydinaiswanusla

1.5.2 ansnigunsalluldaulaei
1.5,3 ansonsvdeuusyinnisiuniala
1.5.4 annsaududouldoadiusedviamn



unil 2
o & :
NouiwugIunly

2.1 Arduino UNO

Arduino Uno 1¥u Microcontroller board #il4 ATmega328 1Uu Microcontroller
wén Fasilaziien Digital 14 91 Input/Output waziiul Analog Inputl#dn 6 ¥1 v
AU 16 MHz 51 USB Connector uaw Power Jack DC @4 Arduino UNO failviuniite
AnuazaIn $enenisldau uazlunmsdendoduneuiunes awrsase USB Wty
Posnounesn Namisa Run lusinsule

2.1.1 AuaNURYae Arduino UNO

- W 4
A15190 2.1 AMFANUAUD Arduino UNO

Microcantroller ATmega328

Operating Voltage 5V

Input Voltage (Recommended) . | 7-12V.

Input Voltage (Limits) 6-20V

Digital /O Pins 14 (of which 6 provide PWM Output)

Analog Input Pins 6

DC Current per 1/Q Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which-0.5 KB-used by
Bootloader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz b




2.1.2 Tasea¥rauazn1s9nass 1/0 a9 Arduino UNO

TUR 2.1 Taseadeuarn1s3nass /O 984 Arduino UNO

2.2 GPS Module

GPS Module #l#a7uL ¥y GY-NEOSMVZ GPS Modute 184 Module Sudgyqyo
i GPS iemsUandumisRAR f A uaznanuasgilan Tnsoduandieuiilaes
ﬁnﬂanﬁ'mruﬁmry"lmu'lﬁm'lnﬁlﬁmﬁunmﬁuﬁﬁamnﬁqm virltrsvuviliiennuindetioly
msvensuvis u gasudndldasdeiiles

2.2.1 mnunduanvas GPS

Global Positioning Systerm FentuninetyaiAlasnuenssunisUydidwimalulad
asauma Tdndasanu daieungqunie 2561 15 "ssuuiwuadunisudlen® Fauiu
1933¥UUilAe NAVSTAR Globa Positioning System A141 NAVSTAR 1Judnwsdauiann
Navigation Satellite Timing-and Ranging NMATaANIIATBNA M UYISee A ssuuﬁwq
Aumisynwisunlan 9nnguanaifien 24 aee Alaesagseulan Tustdugeiiuneduing
sumuvedlan uaz3smsiiannsalieugnieaiismeiiarldduandumislinuisuulan
aaeAnAN 24 Filue Inmsan Wousseslinugniesgs Tnsfmuemaedsusnsgu
YOWWMIMTIUAINTT 50 Wies wazfuduuuuds "auwus® (Differential) sliaanmigndastis
v InmMstRuiugUnsalreuiume Hiansordnieiesiu GPS fifluune
anas wasilsimgnasninA3esiustuy TRANSIT Wisdusiann

ruu GPS Tullaguiu fivanuszuu loun
- NAVSTAR GPS (Navigation Satellite Timing and Ranging Global Positioning System)
Wannlaenssvsnnaivuvasanigowing



- GLONASS (Global Navigation Satellite System) 1 ussuvvasdaide ARauie
wistuivanigowin wissuuidaldanuldliauysel WWouldfamduiade gls uay
WU

- Galileo usyuuiidndmimunlasannmglsy faufuiu Sasiea duide Tufenln
wgaenszile INvald uasgiasu

2.2.2 29AUTTNDULEY GPS

GPS awnsoudseanlailu 3 asdvseneu ldun drugudaruqunans drueania
dngldau

daugudaluaunaiy (Control Station Segment) %‘uﬂufﬂuéﬂmﬂmwu uay
Jymnsnsviauesszuy GRS sulUfinmsasisnsagauieuiosvesssuy dagiig
vimeneiies Colorado Spring anigaiiin uavaudaIuANNaIUsTNBUIY

- annildannnasal (Monitor - Station) 1L 5 uvs nsvmgegauganieg vedlan
1aun Hawaii, Kwajalein;-Ascension Island, Diego Garcia way Colorado Spring

- A E YUIAUATAR LAY (Ground Artennas) Faflogaaodu 3 9a laun
Ascension Island, Diego Garcia, Kwajalein

- gueiliawints (Master Control Station) fueguvineiniaamsgs Schriever AFB
3§ Colorado

WeanTSudgganainainiiouun Lﬁaﬂ%‘uuﬁ‘lﬁ-ﬁ'aqmﬂm's (Ephemeris)
wavdayainan (Clock Correction) vesnmifisnuragntudvgyinnisdsdoyasslas
(Ephemeris) uav¥ayjaiaan (Clock Data) nauludnraiiey wdanniigifaminnisasdoya
flfsumsuAluudandontuaivinginduaiesiu GPs

o i '
JUN 2.2 anildanamsalsyuuaaidien GPS 5 uia



dueInm (Space Segment) azUsEnoume

- amudtesiavun 24 a0 uiavadlavsseulanidunm 12 $alus

- fimugeveslavseguszana 11,000 ludaniilan

- Anieuudazariuniname (Atomic Clock) Aindsagila 4 13as Faazli

L P
naIvgneiBIIn
- Hspuureanlaes 6 szuu uiazsvuulinnauiioy 4 as uasidesiyuiuidy

Aubgns (Equator) tuys 55 ar

Tassadevosalaes (Constellation) ludnwazivilinifionsiuau 511 ans
fA3nesu GPS ansadudygradld o dumimisiumidaldnasainat wavanadien
GPS awiiUniluunagaindsnuuanliing (Solar Cell Panels) Tnsunfazweneumyuda
Wanunsafundanuuaserindliinniign dufummmaufiouasinsmuuiusnaonim
Taelidniwadwdsnmiaserfingdearniuiumisvosnisariinglufmaiivudoussy
wummeIdmiulimdsnudeaiaiien GPS mé"wﬁaa;jmuluwwaﬂan

A0

LY carier - 1575.42 MHz

-
_LJ_L—-T

Wnnum

Modulo 2
adder

Ul 23 Aygnadinniiiieadsesnn

° ' P ‘o L e ' T
Mumisvewniigunaeaasrgadnaulias s hunigeldfiannse
& & »~ h 1 J L2 1 ) l‘} 5
fudayald 50 bps delloiiu JHlarsvewsarnsiasyeriaa T 21us 1aEn15me Element
< W AN £ a e &
nslARsi 15 Keplerian wioavisrduyssdnseniludaiaduainnissunay wazudluyng
4 gl

R 2.4 nslaesvesamaiiion GPS saulan



gl (User Segment) Usenaudae 2 dailuglq Ae duiliisatios
AUy (Military) wagyiswaidou (Civilian) Famiswadouarlésudygioms woir L4
Ho95uURnTOUNITO9 U (Antenna) waziAIoe3y (Receiver) Fronutas ulguronis
Wiuinsdoya GPS vosiguraanign fdsi

Precise Positioning Services : PPS

- Tlumsmanmsadundn

- doyanziinsiihsda wediilindosnonsiadazanunsoldauls

- Augniesvesfife Ae 22 wes luwulsiv, 27.7 wes lunuafs uay 200
nanosecond (UTC)

Standard Positioning Services : SPS

- MluRamswaSaudundn

- muQNABsARAliTiasTIN Selective Availability (SA)

- ANughapIvesidn Aa 100 was Tunuasiv, 156 wans tuuuiie uay 340
nanosecond (UTC)

&*f‘m%mmﬁw ( Receiver)

| v lf- f&“ AN {Antmnns)
S
-
1 |

2 diision (Body) (FdaM 1007 Qg bodky

3. Wkiean T Batsery)

<l =
JUN 2.5 asruseneuretssuuaTiiivy GPS

2.2.3 MANNISNI9IUYDE GPS

JUAl 2.6 vdnmminnues GPS



; 3.
N15¥1NUBI GPS Hsiall
o : : :
1. D1BMANNUEIMYDY GPS: Satellites Triangulation
winnns: 91deiumivasnaiinlueinimlugedieds udriassezannaniion 4 ana
o - J o ) 4’
wazlimdnmamasvindinlunsAnnummuvisuuiulan
o ' 4w W = w o d a
2. InTEeENNIININNATENTU GPS Auaiiisn GPS lasnmsinszeziiafinawing
Tlunsidunnn anavieugiriesiuldanfunnvenauing
ans : srEv = s * nanildiAuna
d - 1]
AALANY : A2157 = 186,000 ludsaunil
LY - = = . - al - 1 Lo
nsinsresaiunsiun fis lnemsiisuiuveswndudygruniarivisudaniy
4 o o 4 [y | y d o | i
AdudygruiinIeesu GPS dwn druaduiildlunisdeazilu Pseudo Random Noise
Code
a 4 d o - L v 4 1 o
3. myinszesiainauinglilunisidunisves GPSegsaslduriniiutugunn
v - - a d o a - - -
01 PRN CODE aanamiiiesiltayaiiaafuiisesniiuniaainarifisuilondudygyin
PNA1ITBY UarAFUdYYININATBISY GPS 12151 (Synchronize) wazazAnaly
uiniezaey lunsianar danadilélunisdunissrdusnnysyana 0,06 3wt fie
- @ - o ' o ol -
LIA178UATEITU GPS * LIa1vemniisy drunisusnaIuniy -GPS dulunanvifiniy
wiueufly 10 U lvdufinieani
2 i o ' - 4 ' .
4. ABAFFUVUIIBINNTIBN GPS Aikdupuluedmn
v sgeuInUssuin 11,000 lud
- L = L ) ¢
21lAv5019Aa10AaBY (Ephemeris Errors) tioavinusalisanyes meduns uaz
A9017INY
aninuauarliisminsinaeunisiaasrasniiien GPS waeaialudn dwleya
ar L el & bt e o v ] o
ufuuAtoynlaes uazhnawasmaiien Wedeyalaiunis Usuuiudaggnaaunds
d s
1AID3TU GPS
v - a4 a = d a
5. ssguilvmuaa maRauinenmMsfiunItveIrduinguaglan
FJ d VoA d o L
aMANYBIANNAAINARDU (GPS Errors) UBSAINAAVIAILIMIL
i nmsiiungtuussenelaleluaiiles (lonosphere) aziusyalvi uaztu
- - & - 1ooa - v
Inslaiilud (Troposphere) 2ETMIANNTY gungll A IvuwiuALUsIWaBUdnaaaian
v - a : ol a
n1sazvieuvesndudyyinlulunaisiania (Multipath Error) eiidalan
o b v 4 LY [ L Y s {)
pdudydesnsevuiuing noufuaiasiu GPS axiliinisinv uasdygueseeu
:] - = & -
Ugymrniiinanmnavisd (Check Error, Ephemeris Error) 819Lin91n0291A99
] - [ ) ¢ - - a
AAIALARDUITLDIINUIILUNAIY0IA9TUNS LarA2ID1inEuTea 99ELARTINAIY
- v 0 8 v o a -
AaIALARBuTBIWIRNLRBIANTos Iz RN sATuINssuEn e Rawatalduiniiesain
ATlsueggen
a a - J o ] =i o 1 d s
ANUFUAUEMIUTVIAEINTINI AWMU IBY waziumiseaseedu GPS
) ° i : : 3 Ll - a Y] as
Faazarunuludl GDOP = Geometric Dilution of Precision #aina1ndnwaLn1521987
UYDINTUTALN



- - - 1 a = & -
DIVTLNATTINAITUNANAIADUS LTU ATTUAANITIAVBIABDUNIRDS M%EJ!JL!UFJV]
=l =4 o a | 4 - d .
AIUANANIUY 1 Wms 09 100 wumg 'ﬂﬁ“ﬂﬂﬁ’]ﬁﬂﬂu'lﬂ W%E]ﬂ']'!llﬂﬂwa'lﬂ‘tlENLﬂ'iﬁﬂ'iU GPS,
¢ ¢ s v oo - g4
YaNALIT, 8I5ALIS, Q‘l‘u Fannuiemanailiviueu

2.2.4 NMIMAMMNANAYaILY
d W a W W ' VoW oW W -l a
1n3093U GPS Iivdnnistunisinsvesinesewiredaiuuaniiion GPS Tawauyfidn
dldausgvinnnaniieuniwsn 11,000 ld annsovenldusiesiigldnueglusumia
° " W @ Ve o o 1 o v
Tashumimilauiafiveasnau driuaraiienlddnaswmildegvinanneiesiulusyey
v v v = b - v W v
12,000 ld flinuannsoairmsainaulddnmmimsanauviassiinisdniu saildazdy
:: a & ad W |=lnl o e w @ & Jdd w a v o a
Anauane ieluasesivavegnlaivisluisnaniiddipatununinirafulusz e
ATUABNBNAIMIR

(EUFnTEUIITRMISINANYIdEDa

- o o e = ! d o
Eﬂ“ 2.7 NTINAUADINNVTRDIALTDIANIINLY GPS 5¥17191A58451

af . ] - s =
avyRlviliszesvinsnadesiuiiuseey. 13,000 ludfesiivsansudnmiiagn nseanau
v - v W v - /L ° i -
veanudinsdatusafildazduyaassgadiasiignidonvinduiiGusumnsed;

v &
YNARVEINTINAUNIATY

= = o ) 1 o o
“S’U‘W 2.8 yINaNAUNATIaDsAvem LN GPS FEVINAIBIU



i
al

msldnnaiien GPS ageiey 3 A gldruazlimumisaauusyuny 2 fiviandu
o o & aad ¥ W v - i v o w
nInvEnsugaVUsTUIUIUY 3 Baladusiasldardioy GPS ety 4 ae 1ATpefy
dryayns GPS Uy 1uaIna s GPS 114 4 129 WATAILIUMTLEENNTENIN
-l w ' d o w W o Ve &
WSDITuANIBULAaE A mauwa;\;aﬁlmnmmm waruansAnnanunasauuiulan
28n11

2.25 405U NMEA

NMEA (National Marine Electronics Association) iuluslnaea Ssdveanunain
iwesiudiyyrn GPS Feoyaannsautsldifuisaesn (Record) wiailad (Field) dos Tne
luwsiavyadeyaszusznausaednusuaah (ASCI) Fsiimmemsmliiiu 80 fsnws Fuyn
doyaluusdarneifulleguiniosunneiiiu Tvavidunvewnazyndeyasviirmiuunnsng
fu wariisslomflumailuldfianeiu SsanmnsmilUldmumuerudenisiaadonsin
Toyaiiiogluisaain

msewnguasnl GPS iuluslneea NMEA Tagasvinisudnsyadoyasumia
fildaniades 6P deyaildsuaniedes GRS inmeyateya uinzyatayanliaumng
fiunnsnafu nquyndoyaildsuanieies 6ps dwsl

RMC (Recommended Minimum Specific GNSS Data) Uixnauﬁﬁﬂﬁaqa%ﬂ'ﬁuan
A iui uagioan anuglunisiudygrnsiumisiinazion uasansign Aameeinund

3 <
1397 2.2 AnLmnEYRTeNaTiogluTADSA RMC

nuELaY o AI989 ATUTTEY
Aaw |
Message 1D SGPRMC | dhunhaluslaroaves RMC
1 UTC Position 161229.487 | hhmmssisss 1auInIgaunan
2 Status A A = Data Valid or V = Data Not
| Vvalid
3 Latitude 3723.2475 | ddmm.mmmm funisaraye
4 N/S Indicator N N = Northror'S = South
5 Longitude 12158.3816 | dddmm.mmmm AuvUeanIdgn
6 E/W Indicator W E = East or W = West
7 Speed Over Ground 0.13 AT (Knots)
8 Course Over Ground 309.62 True (degrees)
9 Date 120598 ddmmyy
10 Magnetic Variation degrees
i Magnetic Variation E = East or W = West (degrees)
(Ref)
Checksum *10 HATIUNINTIVADUYATDYA
<CR><LF> guqmﬂisiﬂﬂ
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i : v v <o v a o I
GGA (Global Positioning System Fixed Data) Uszneunlgayanlduanfafiiumia
fifin avfign assdge a1 STurunieuTiliRuINRte (Satellites Used) WaTAING

MNTEFULMEE (MSL Altitude)

- 1% P
ANTNN 2.3 Anuvinevestoyaneyluisnasn GGA

NUBLAY o Aot AUTIUEY
Han
Message ID SGPGGA | dwumluslnAoaves GGA

1 UTC Position 161229.487 | hhmmss.sss LIaWINIFIUNAN

2 Latitude 3723.2475 | ddmm.mmmm Munmitasym

3 N/S Indicator N N.= North or S = South

4 Longitude 121583416 | dddmm.mmmm AIUNUIADITI0

5 E/W Indicator W E-=East or W.=West

6 Position-Fix Indicator 1 Jusuendnwngess GPS (0 =
Not Fix;i1"=-GRS Fix, 2. =
Differential GPS Fix)

7 Satellites Used 07 swauafionilduniiaey
lud 0 fle 12

8 ~ HDOP 1.0 Horizontal Dilution of Precision

MSL Altitude 9.0 AINIVBIMLBMNAUTID

svutmua (3ing)

10 Units M | viBYDIANgtedAIRNN
(Lums)

11 Geoid Separation AIUANTENITEUU WGS-84 iU
sy myia (aims)

12 Units M MYYDIMNIUANYDITODUA
(svdutimua) (Lins)

13 Age of Diff-Corr. srlaiiadiidlelily DGPs Gund)

14 Diff. Ref. Station ID 0000 wineavysyananiisneds
(DGPS)

Checksum *18 HATIUNITATIVADUYATBYA
<CR><LF> Augauszlon
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GSV (GNSS Satellites in View) Usenaumeteyatlduanisrmanailasiigg
flFsunnadiey GPS

o w =
A19190 2.4 Aumngvesteyaneglusaein GSV

NUELAY o CELIRE ATUTINY
Waa
Message ID SGPGSV | dawwmlusinmaes GSV
1 Number of 2 5’114’)115')117!{11&11611;80 Messages
Messages (1-3)
Messages Number 1 By Message (1-3)
3 Satellites.in View 07 SnAusIILavean ey
NSUDAAY
Satellites 1D 07 Ch:1 (agluya9.1-32)
Elevation 79 Ch.1-{F1ungedn An 90) mine
flo degrees
6 Azimuth 048 Ch.1 (True, agilutae 0-359) i
(T degrees
7 SNR (C/No) 42 Range O to 99, Null when not
tracking (dB Hz)
8-11 02, 51, 062, | Ch.2 2194 Satellites ID, Elevation,
43 Azimuth, SNR
12-15 26, 36, 256, | Ch.3994 Satellites 1D, Elevation,
42 Azimuth, SNR
16-19 27,27, 138, | Ch.4 284 Satellites ID, Elevation,
42 Azimuth, SNR
Checksum ! HATINNTATINADUYATOYA
<CR><LF> Auaausrlon
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2 [ [ - [
GSA (GNSS DOP and Active Satellites) Usznausiedoyadsliveniissoazidun
) al - o L ) v g A
N3y IunaIfisn utwuaWssYudyginld wuazA1 DOP (Dilution of
= | = < vas =
Precision) dudusiueniisnnuiisenssvesdyqadldsuannanidioy

= o = ¢
A13190 2.5 ﬂ".l’l!JMlﬂEJ‘UOQ‘UBHﬂYIiJq-[ut‘)'ﬂﬁiﬂ GSA

NUGLAY o #9819 AU
Wan
Message ID SGPGSA | dwihluslnAoauss GSA
1 Mode 1 A M = Manual, A = Automatic
2 Mode 2 3 1 = liszyen, 2 = 2 5@, 3 = 3 A
3-14 Satellite Used 07, 02, |"RPNs-wnfisaldluns

26,27,09, | ufitayv (B Null dmiuiladii
04, 15,,,,, | lail#ld)

15 PDOP 1.8 Position Dilution of Precision
16 HDOP 1.0 Horizontal Dilution of Precision
17 VDOP V.5 Vertical Ditution of Precision
Checksum *33 LA
<CR><LF> Augausylon

GLL (Geographic Position Latitude/Longitude) Usznauna &H‘J‘B:Ju adslduonda
FUMUINNR azAgn Aoddgn Hiavne L) uasanuslunssudyanol (Status)

- - ¢
MINN 2.6 anuniseestoyaniogluisnose GLL

NUHLAY ¥ fia0819 ATUTTEIY
Waa
Message ID SGPGLL | d@ulusinroared GLL
1 Latitude 3723.2475 | ddmm.mmmm funiiaziam
2 N/S Indicater N N = North or S = South
3 Longitude 12158.3416 [ dddmm.mmmm funiaaidge
4 E/W Indicator W E=East or W= West
5 UTC Position 161229.487 | hhmmss.ss LIAUINTFIUNAN
6 Status A A = Data Valid or V = Data Not
Valid
Checksum o 4 \Hrdu
<CR><LF> Auanuszlon
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¢ & v v = g
VTG (Course Over Ground and Ground Speed) 1sapialiUsznBUMETDYATILY
UBNTTIAMN UaLAIIANT?

- w o «
n13790 2.7 FnWuwuﬁﬂﬂjﬂﬂﬂﬂgaﬂﬁﬂuwﬂaiﬂ VTC

WUBLAY ) faaEne | AMuTTEY
Haa
Message ID SGPVTG | daumiluslameaves VTC
1 Course 309.62 Measured Heading (degrees)
Z Reference i True
3 Course Measured Heading (degrees)
4 Reference M Magnetic
5 Speed 0.13 Tanmsiamausiinuiuueu
(Knots)
6 Units N Knots
7 Speed 0.2 ¥ nmeSirmi R ULIuoY
(Km/hr)
8 Units K Alawnsaedilyg
Checksum *6E sy
<CR><LF> §quUszTaﬂ

- 1 L -l o Il-‘
TeazidunvafarIIAasAREmuLAneany Lasivsslewdlunisunlulen
1 ar J o w
sineiu Featunsorhlvldarumuaiudanis

< e v
AN 2.8 ajuananURYe3 6 1saoIAnanlu NMEA message

ngudayaiifesns isnadadliiudayaidoensly
mzsryRAnFILMIY SGPRMC, SGPGGA/ SGPGLL
A7 SGPRMC, $GPVTG
T, | SGPRMC, $GPGGA, $GPGLL
SEAVLUITEUIY, AU SGPGSA, SGPGGA
JoyaveInLiis $GPGSV
ANTULYBIITY SGPGSA, $GPGGA
msudleludes DGPS SGPGGA

14



2.2.6 5¥UUNNA (Coordinate System)

Wusruuitaiiiudmivldsredsunmstvuadumis visuendumisiulanan
uwuitidnvazidumsslaseeiiaandafureadu nssasyaiignimualiiegily
wuamile-18 wasuuimeTusen-ngfusn munurvesgagueiiia (Origin) Aifmuaiy e
farlgredslunisuensumisineg srlddweamieiitusenanyagudrniadusses
Bany (Degree) viarlusrayma (Distance) lunawmieniald uasmziusanvionyTumn
mumwniesivaiifeansmeifafidmuadumisineg sxgnidunddaduduanly
W warwausumumheTasvedliadmiussuuitailds b atmun
sumisuunuiiiteldfuuuilutagtuiiegieiu 2 ssuu As

1) syuuiinagiimans (Geographic.Coordinate System)

2) szuunnanIaluy UTM (Universal Transverse Mercator Co-ordinate System)

1. szUUinngiimIans

\Wuszuulieirmvuseiumising vuitdlan Meismssned uendumiadussses
\Bauveazgn (Latitude) uay aeddn (Longitude) muivavLﬁquuﬁmqmnﬂuéﬁmﬁﬂ
(Origin) Y840¥A9A UaLaDIRYN 'V!f‘l’i’ﬂuﬂ‘lluﬂ’miUﬁ'UEJmLUﬂ‘UENﬂ”W%ﬂ (Origin of Latitude) i
muumumnumsvﬂuwmwwuﬂusﬂmwadan wazRsN UMY SunuwITTUguY
Adaud duaudaes (Equator ) Fauvslansendudnlanwile uazdnlanld axdudrsvey
RaprnsignatudiBauiiienmiaudnawedan s ssiug o
AuignaT InAwssmeanivisinlanmie wax@nlanld Avenpirduaaitalanmile uazdh
Tanld Heundagw 90 ssmmed dnfunislirssonTumvesasiigasrdvensiumisrine
uenMnezimuAFend RN aeman wasilavs udanruendntanwitdevisldriniude
e

180" -150° -120° -90°
J

60

av

-30°

-60°

120° 1807

80" 80" 150°

=l " e a
JUN 2.9 waninisuusinearfgauarasiign

v
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2. syuuinan3auuy UTM

AffAn3n UTM (Universal Transverse Mercaton) tfuszuunisnanindildtaelunis davun
fumis wagldEddumsuendumisiitesldfuwsuilufsnismnsvessana dreq ieu
vilanlutagiiu imadussuumseniaiidvueguiawitumnemsis waiisnsimuaven
Frfitafiie wargnipadussuuniaiiiendulasiusuiinuy Universal Transverse Mercator
Projection 484 Gauss -Krueger m'l'd”ﬁ'fﬂuﬂaan']sdwwaﬂﬁuaznﬁammﬁuﬁ*ﬂan’lﬁgu
N3IN5EUBN Mercator Projection aglusiumis Mercator Projection (WNuY8dguniinszuanay
ufuuuidudimined uavieantuununuresialan) Ussmelvglihendulasusuiiuuy
UM Ssnldituniaviusnd Wuya L 7017 Mldlutiagdusniissuuisania Mdidulesousd
wuu UTM Wussuuidulaseelandeflifagunsansevenifuiiwanadusdidiou ieidy
a03390) waziduavigaveslan nglinsanizvendalansywivasiian 84 ssmwmile uax 80
asnlaludnusiauzunsinssuanudwihyuiuumlan 90 asrseulan wiwsenidiu 60 Teug
av 6 aen Touil 1 agsewdng 180 ae AU 174 ssmmeiunn uasilansdgn 177 esrnyuan
Wu widdeutiunais(Central Meridian) fivausfiuusiagleuin-1-is 60 Tng Wunndely
MNINIETINAAYA 84 Baruvile 80 Bamild utisesniliu 2 devvasar 8 03w uniiutes
anvie 1¥u 12 e Tnediiudusiasgn 80 ssld Fult mamile Weetusnilusnus
wavtgsgaibdudnus X (eniu | uay O) inmsusniiindudaeziiuiuilumsassiyn
180 9eraziuAn-fie 180 eammyIupen UavaxAga 80 oamls fis 84 ssmimile awgnuus
ponugudmaesiiuda 1,200 3U uiazgUlivunaninaen 6 a3 a8 99N $1Uu 1,140 U
wazNINYIT 6 DI AN 12 BT SIUIU 60 3 gﬂﬁm%‘auﬁﬁ'un'h Grid Zone Designation
(6ZD) Msi3enile Grid Zone Designation Ustivdlneitiuviag svwiniaviign 5 03 30 AUm
witle §11 20 84 30 fuan witla uavasaigaUsyan 97 eam 30 AUnT nzusen fiv 105 aarm
30 dUsn pFugan fau UssmelneRennedlu GZD 47N 47P 47Q 48N 48P ua¥ 48 Q

UTM Zone Numbers
muswunwnmn nmumaumnnnmmnuum.ummm st 8 s
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4o d ] 7 : it
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Universal Transverse Mercator (UTM) System

d 1 - - o -
JUN 210 wamnmsuwuinialeuszuuiiania UTM

16



2.2.7 auauURves GPS Module

M31ai 2.9 AnuaAves GPS Module

Receiver Type

50-Channel u-blox 5 EngineGPS L1 C/A CodeSBAS: WAAS,
EGNQOS, MSAS, GAGAN

Max, Update Rate

5 Hz

Accuracy

(All SV @ -130 dBm)

Position 2.5 m CEP

SBAS 2.0 m CEP

Acquisition

(All SV @ -130-dBm)

Cold starts 32 s

Warm starts 32 s

Aided starts < 3 s (Dependent-on aiding data:.connection speed
and latency)

Hot starts 1.5

Sensitivity

(Demonstrated with a good active antenna)

Tracking ~160 dBm

Reacquisition =160 dBm

Cold starts 146 dBm

Timing Accuracy

RMS 30 ns

99% < 60.ns

Granularity 21 ns

Time Pulse

Configurable 0.25 Hz to 1 kHz

A-GPS

Supports AssistNow Online and AssistNow Offline, OMA SUPL
Compliant

Operational Limits

Velocity: 500 m/s (972 Knots)

Altitude: 50,000 m

Operating Temp.

-40° C to 85°C

Storage Temp.

-40° Cto 85° C

i




2.2.8 lasedaieuazni1s9ndss I/0 va9 GPS Module

e IC1 VCC 33V AADIO R R R
p DN S R N LED I
C-‘J— 2 Es kr Es RI12 3 Al WE e “.
1uF "] o e Bl sg:. el
= ouF  pauf poluf S5  SDA |22
k. N AADA
VI =
Ve 53V
: vCC 33V DI
GPs1 = S
r ) — NC GND _:;_T
A : 3 SN vee —= a4
e 2 TIVEPULSR || Y /BCKPA—22
: ; o & —HESTANTO. RS0 2L TS
’ 25 tgg,g.;& =i W oscr S MSG2IFE
iy o ~I| = ADDUSE SDAS. § GSDA =——=—BATTERY
5 R2 B . _ %
El L2 S8 Nt/ TR\ e :6 ke
2o SR COPRES [ L \ S5, :
xllLTr—— G\'b Kok, M’ISO - ‘;
ANTENNA il T ﬁf‘aﬁ“‘ N Mgs: —

31Ji?'| 2.11 Ieseasnauiagnis9nass 1/0 1849 GPS Module

2.3 GSM/GPRS Module

GSM/GPRS Module #tldamuiiiu SIM 900 GSM/GPRS Module 18 Module Tnsdwyi
panuuuld Module fidawaizilu SMT Type fiusr@vsnmnlunisiniugs delusiwawes
AMRI26EJ-S Core @insazasiunisideuldtanun a4 aaaui GSM/GPRS 850 / 900 /
1800 / 1900 MHz (g sdediayariaumanietiaduineiiin wavdsdonuduiitevin
MsUANRY

2.3.1 anuluunvas GSM/GPRS

GPRS umaluladlasstnelnsdwidgnitmurtusinfugiuvesssuy GsM vz
vhawegluguuuy Package-Switched Faazunndreanszuuitgliuldidesinsauiuund
Sond Circuit-Switched

55UV Circuit-Switched axiluszuuilddmiuinsedoarsvosdyyrandoauuuiily
Inséwvilnsneiuung lae Circuit-Switched ﬁmzﬁ*&mﬁmmmaq‘wma'&m dloassiinag
finsio drdosiinisvnstesdygmniou 1 9oe udrTeeramnsadounedyyiusenin
Tnswvidlonsany desdygraniufisegnonidn uddesdslilBuamnsaldnudeluls
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willusyuu Package-Switched avannsaldvesdyqraudersrufudduld lidesd
N39937R Ry IuneumilausEuy Circuit-Switched lnedoyaidesazgnuusesnnou 1u
Yoyadonq waeq Yoya (Sundn Package Tuusiay Package duilwueiavysyindoy #
Package szgnaatluiivesdyny sy Tutosdygin 1 Yesfienvayil Package (duadug
Ferwagluild wdndu defisuaenis package uraviIREnIUIgamneagila uay
wdeslusaunguiy Package ln ileusznaufubuoyaiduad eliaremeaunsau
Toyatigndesnseiudoyaiiasls

law GPRS fimnuanansalunmsdwdeyaiunisinsdwiilotieldmeninuialu szfu
171.2 kbps (vuriinsdwiiiodoninoasssumdslddeninung 9.6 Kbps) %‘m’nm%‘dﬁqq
szﬁuﬁmmmsm%’uﬁ’umﬂ%’nuﬁuma%t.ﬁmadwi'm‘] Iapealifidgwn GPRS lagnfimun
Dunesgu wariifwueanisiiszeentdiuiilan Inedufinsnassuuitesessunsldau
faudd 2000 Toelud 2001 duldiinisBuneasuliuinisfiniuis 56 Kbps way 112
Kbps Inevisvunagyinnuaguniniatslnsdimi GSM

2.3.2 fuandAvas GSM/GPRS Module

- Quad-Band 850 /.900/ 18007 1900 MHz : Would work 6n GSM networks in
all countries across the world.

= GPRS Multi-Slot Class-10/8

- GPRS mobile Station Class B

- Compliant to GSM Phase 2/2+

- Class 4 (2 W.@ 850 / 900 MHz)

- Class 1 (1' W@ 1800 / 1900MHz)

- Controt'via AT Commands : Standard Commands: GSM 07.07 &07.05 |
Enhanced Commands: SIMCOM AT Commands;

- Short Message Service : So that you can send small amounts of data over
the network (ASCIl .or Raw. Hexadecimal).

- Embedded TCP/UDP stack : Allows you to upload data to a web server.

- RTC Supported.

- Selectable Serial Port.

- Speaker and Headphone Jacks

- Low Power Consumption 1.5mA (Sleep Mode)

- Industrial Temperature Range -40°C to +85 °C
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2.3.3 Taseadranazn159ndss I/O 999 GSM/GPRS Module

st

o s

POWER

Aduono Board [/0

EEE

"‘%ﬁ'mmmﬁf“—

it idtbiiidifid

|
|
|
|
2

jUin- 212 Taseadhaiaznisdnass /O ved GSM/GPRS Module

A15190 2.10 TAsad1aUaENISSRasS I/0 183 GSM/GPRS Module

Power Select

Select the Power Supply for GPRS Shield
(External Power.or 5 V of Arduino)

Power Jack

Connected to External 4.8~5 VDC Power Supply

Antenna Interface

Connected to External Antenna

Serial Port Select

Select either Software Serial Port or Hardware
Serial Port to be connected to GPRS Shield

Hardware Serial

D0/D1 of Arduino

Software Serial

D7/D8 of Arduino

Status LED Tell whether the Power of SIM900 is on

Net Light Tell the Status about SIM900 linking to the net
UART of SIM900 UART Pins breakout of SIM900

Microphone To answer the Phone Call

Speaker To answer the Phone Call

GPIO, PWM and ADC of SIM900

GPIO, PWM and ADC Pins breakout of SIM900

Power Key

Power Up and Down for SIM900

Pins Usage on Arduino

D0

Unused if you select Software Serial Port to
communicate with GPRS Shield

20




D1 Unused if you select Software Serial Port to
communicate with GPRS Shield

D2 Unused

D3 Unused

D4 Unused

D5 Unused

D6 Unused

D7 Used if you select Software Serial Port to
communicate with GPRS Shield

D8 Used. if you select Software Serial Port to
communicate with GPRS Shield

D9 Used for Software Contrel the Power Up or
Dewn of the SIM900

D10 Unused

D11 " Unused

D12 Unused

D13 Unused

D14(A0) Unused

D15(A1) Unused

D16(A2) Unused

D17(A3) Unused

D18(A4) Uniused

D19(AS5) Unused

Note: A4 and A5 are connected to the I12C Pins on the SIM900. The SIM300

however cannot be accessed via the 12C .

2.4 Temperature & Humidity Sensor

Temperature & Humidity Sensor Aldsnadu DHT11 Humidity and Temperature
o - e &‘
Sensor lilumsingaumgiinuarutulusinie

2.4.1 AuaANURYAY Temperature & Humidity Sensor

- i 20-90% RH TneirAausiugh +-5% RH ATwasdeslunsia
1% WaMINALUY 8 Un

- g inguvgil 0-50 sarwaldva TnsiiAaruwiugl +-2 ssusaldoa Ay
avldsalunsin 1 sswnwaldod wanwauuu 8 On

- 3 to 5V Power and I/O

- 2.5mA Max Current Use During Conversion (While Requesting Data)

- Audlunisia 1
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-UIM 155 mm x 12 mm x 5.5 mm
- i1 4 pins Wituillunisne 0.1"

2.4.2 Tassaduaznnsingss 1/0 ves Temperature & Humidity Sensor

s W N =

=l Y )
JUN-2.13 Tassadnauagnisdnass /O 9a9 Temperature & Humidity Sensor

- L, g 3 ol
n1sWoune Temperature & Humidity Sensor AU Microcontroller

VDD v

I s« in
MCU [=—2— 2 DHT11

Pin

GND

= ]
Un 2.14 msdeusany Temperature & Humidity Sensor
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2.43 M3Y19UYDS Temperature & Humidity Sensor

Fn1sdedoyaves DHT11 szldnnsdearsiiu Microcontroller #u3F Single-Wire
Two-Way Serial Interface fie m3doaseynsuasmlagldaeduies lunsdoasing
Maeduioniu suluseddlusinneafinnasiulisenined Microcontroller uas
DHT11 Tududuusn Microcontroller asds Start signal Miduussiulniasedusn 18
TulasFundt 1WA DHT11 (ol DHT11 Fuvinau uagvgase 20-40 lulasiuniiitose
DHT11 maundu el Microcontroller 31 DHT11 Awfoudeud DHT11 svdsusadiu
sedusinduly msdawseiuain DHT11 nduluazunu 80 lulasiundt 9miuszsedn 80
lulasiudi dauﬁazéaﬁagaﬁmum

MCU sends out DHT11 sends out

Vee  Stan signal Response signal | Sending 0 : Sending 1

L
ps .-tk

7 £ T S %
— | e e | ——| L« >
>18ms~ 20.40 " B0 s BO s 50 s 2‘:“?3‘ 50 jis 70 ps
s

v

JEENNNA 4 7
MCU signal Data wansfer begins

wseimese: DHT11 signal

gﬂi'n' 2.15 MUY Temperature & Humidity. Sensor

dwdunisdsdadu 0" # DHTLL sefsyiunseiuatsu 50 lulasiuai uas
Udeerdusysu "ge* wm 26-28 lulasiundl widudunisdelmlu 1" DHT11 9vfsany
dyaeyassedus 50 Llagiund wagaodliillusyiugeunu 70 lulasiund dagud 2.15

luurazynvasdayafidatain DHIT Microcontroller $udayaudagyonanna
wawie Tifeyafiduniuiainesls udasyndonaszens 40 On uadldiimdsUsyann 40
fiadduilu 40 JndidwnUseneusae 8 bit integral RH data + 8 bit decimal RH data +
8 bit integral T data + 8 bit decimal T data + 8 bit checksum
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2.5 PIR Sensor

3 & ol
PIR Sensor ﬁ'lm'mvﬂu DYP-ME003 PIR Sensor \{u Sensor #5233un1siadaulng
q' Jd i ar - 1 173 e e - -J 1 al
QIB\'\ﬂdﬂ%mﬂuﬂﬁuﬂﬁﬁaﬂuﬂﬂL‘iﬂE]'EJﬂ'O"]f‘li'Nﬂ'lU '[ﬂEJ‘l'Uﬂ’1591‘5’1%"0‘UNaﬂuﬂi’]ﬁﬂﬂu’lum')
Sensor

2.5.1 AuauURAYa4 PIR Sensor

< wa
ATV 2.11 ANENUATDY PIR Sensor

Input Voltage DC 4.5-20 V

Static Current 50 uA

Trigeer H-Yes, =No

Block Time 2,5 5(Default)

Delay Time 5 S(Default)

Sentry Angle < 110 degree

Sentry Distance 3 m(Default) - Max 7-m
Lens Size Diameter 23 mm(Default)
Dimensions 32 mm* 24 mm

2.5.2 laseadeuaynisangss I/0O va4 PIR Sensor

713341
S s 3
eisERan J
2 o g
— - ,“-1-— RES 3
Lty #E ra - F 3
b = r. ™ ]
g £ S L6
e = —r-.,:»——cl_:H
i . ¢ EIRTIIE ()
~ vl = =
—— )
<] ”'f] _ftﬂl
L Tt
T eviclem )
F"' s | toa |

< v @
U 2.16 laseairuazn1sdnass 17O ¥e1 PIR Sensor

2.5.3 MIN9IUYBN PIR Sensor
ar 4 ar o 1 s

PIR Sensor (Jugunsainsiadundussd Infrared 91030 rrugunsaisiuuas unds
a ok - o 2 w a 3
#2 Pyro Electric 34981UABundseual1usou 3n5ed Infrared Wundsanulnia uliaedl

L | a2 L - o L LY a al

Ussanl Infrared wAeanay 39%1I% PIR Sensor @11150m5293U AAUSIA Infrared
uazgamaiila
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= aleia o

L4 o o 1] v o d y
melu PR Sensor 9xilgunsalng19duisd Infrared o 2 Yadaeiu Wefidwidin 7
= ! ' - o o & R
fimwavguluinenieedeudiinudiuily Wuildl PIR Sensor @u1sansasduaduiad
< ' . aaia v e a4 o v
Infrared fiunseenu19IndliFinla PIR Sensor axildsunduiad Infrared Iinauiu
o ' o . e < o L e w =
nszualWihdagy asituindlefddiFinedouiirinu gunsains19dued Infrared fafi 1 qv
L g 1 a - 4 y 3 ed A 4 1 ¢ LA "
Ioidyey o Output saNNGINTMTIIUYING wazlloRalTinmdouiiiiugUnsaingI9duied

v o v o £} ) ' & - P~
Infrared #2# 2 9¥ldusaiu Output ANIAMSIRUYINA AIgu 2.17

OUTPUT SIGNAL

guﬁ 217 mMY9UYe PIR Sensor

2.6 Ultrasonic Sensor

Ultrasonic Sensor itaaniudy HC-SR04 Ultrasonic 1y Sensor Winszazvnslag
1 el al s ar -3 ] A v ol ar v - ] d
ldlafinsdudanuadunuannesn1sin Iaseeenielsd 2 cn B9 400 cm lavdendu
- - YY) o v u ' o ) 4 4 v
Ultrasonic A40.40 kHz 'liJemmqmmmmimiwsmﬁzm'mmq Lavsunaunasvou
as v I‘: / d o °
NAUNT WIaNNIduIamNaunlglunsATuiusses 1

2.6.1 AueANUAYY Ultrasonic Sensor

- wa 3
M99 2.12 Aaauunuel Ultrasonic Sensor

Working Voltage DC5V

Static Current 3 mA

Working Temperature 0~+70

Output Way GPIO

Induction Angle Less than 15 degree
Detection Range 2cmtodm
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Detecting Precision 03cm + 1%
Sensor Size Approx. 45 x 20 x 1.6 mm

Hole Diameter Approx. 1 mm

2.6.2 Tasead1auazn159nass 1/O o4 Ultrasonic Sensor

- v @ .
JUN 2:18 Taseainauaznisdnass I/O vby Ultrasonic Sensor

2.6.3 M3¥197UYDY Ultrasonic Sensor
2 < o - = < '

Ultrasonic sensor LU Sensor Miviaulagerfendudesiifinniudgania 20 kHz
- o - o ! va ° - Al et
Fuluadulugdwnuywdbiannsoldtudes vhoulagardunisnszneviemsindouiives

- v & a @ -
aaudeslunsenuiuiufavesfinans evsuliuvesudmioveavar vndvesdudss
' w Y & 1 = -l & v w '
szunsad i lludinaaiu uardiulngresaduninudgetiszavviounduuniFond
1 L o J a ! ' o

"Echo" laganavesnsasyipunduvesniudealudndiulnensetuszusiesenineing
fu Sensor Aagy
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Ultrasonic Sensor

A

(1))

Ultrasonic Sensor

d v ar d ar .
g‘lJ'ln 2.19 mmzmaunau‘uaaﬂamﬁmmmaa‘um Ultrasonic Sensor

Taovialuiionld Uttrasonic Sensor dSumsSasvezmavesag annsoldaudiu
Togrieviinlave uavelaveyniand Wsida Wiwawiaituuas nrreduingldvatsvun i
wnzivingiiauandinsBandunisnuauiinisgedudes dsasgadupAudsslali
avvounduundeiaiudygal uanilanindnvasnisas Meundure ndusiusg fuyuan
nsvnuivihbideanszareldluiianieiieg Sshimmesutagiidnvasdueuy
alnaue sailldvannisasyiouniureinau Ultrasonic Adfuinganvariaeiinn
Wisanss (Precision) A1 dmiuiagiitiaaievsaudesiuinnnssmuadngfazafousen
niuiusgsilseoy fpntfiemsilininmsinagiinasnnnds Taosdumisue
sensor fiseanfuiuihueyingurlilssavinmmlunisasetafunduindhiunniige

Tuannzundeuiiiduazesmiafiloiluoinia ideseragngaduluthe uay
gadondanululuguvsmsinuanifou adrlsin dleRnsungumpdiifufinvesing
wuiingiifigungiigeasyiliiiam wiRaieureinsiniu Tnevildssesnisaseduduas
wailsezlinuoy e mdsidumwiuemaditigungiigeiaimuiagenindosiia
e mefitigvinfishni lunnsine Sensor faasy Tapduiidganaidediannsa
Wwumaeinlule viedendn Ui 'Blind Zone'wip Dead Zone"

lumsAmnumszssmaitinlsasofualden gasteoluil
Distance = ((Duration of High Level) *(Speed-of Sound : 340 m/s))/2

2.7 gutoya

v - ' o ' ot ol o v o w v
gutoya (Database) nuufis unasfivsausautoyangunilaiiioadesiuiade
LA | i o ) ' o W v
wiagaUsrasragwlnatavile dlasans wuasmsdeanisegraduszuy deyanivuiiniful
awnsavivusunle dudu wanhuldlunisdanisansaunealdogiesinia wazdl
Usednsam
v o ot v i v - P cd & w & a
srudeyaluitwnetigudeyailissuuaeniunes diugunsalinifudeyad fAe
NuuimanuIssinfaniues
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lassadievemiseUsenausiae

1. femneviedogruteya (Database Name)

2. ndfeyaluuuia (Column) viofiar (Field) waneiiad

3. swnsteyaviesuilou (Record) nanstenislunuiueu (Row)
fwvidhdryieafussuugudeyauaznmseenuuusruugiudoya Ao

1. Louiii (Entity) \udnfigradaflayana anuil wazdsves

2. wonvi3nd (Attribute) WWudeyafiuansdnuasvosoudi

3. Anuduiug (Relationships) wunefls Armduiussewinaeudinmeg Tu ssuy

'luwwﬁm‘ﬁ’anuat%aﬁuﬁuéﬁuazﬁaqﬁwumﬁwmﬁéwhaf] Worduueanitng
Mwiimiiiueedis iy Wuduuweas man filviedd fad

1. Primary Key auiduflasnfidiliidifutaslundasisaodalumsiaiu anunsold
Hadidu Primary Key i usunuussmsraduldvud

2. Candidate Key uilasnilionaiofiasineiemnsinduudafamauiiidy
Primary Key (l3i41) warlilfignliiudgndn wu sfadmindufdvan daudedmindli
duguiu uilldfuadudndaduadgudmm

3. Composite Key unapisamiilataigntalléiae Seesldnarsq Nadun soufu
D Primary Key Wadifldsauiuilisenia Composite Key

4. Foreign Key 1dufladln g Tumasas (s Many) Aifinans duudtuiad iy
Primary Key Tugnms1a (s One) Tngiinsinisansiinau@umugiuy One=to-Many #e
i

L
-

o
2.8 HANUNALNG

- L) - 3 d a
Google Maps \Whininsuas Google A3 smAlulAdfuLNLTIUTEAYEA Mg
o ' 1 < 2 - - ¢ o

iy switusnwesust Goosle amnsolin Website 91nin3asneuiinmediniadla
v v d -, v a - - oA w L & ' -l
Ale inailalduinisununves Google Maps Ineusnmsuruiiuaulvuinrsiaudnatsd
A.A. 2005 Wuudnasnd wﬂvfLmcﬂwﬂanmuﬂsvna'uwfi"]ﬂtgwmﬂmﬂwmmuamm'm
Ao wsufl waznmdngaiBsnsIn A FanseunquituRlanlutesidumieg auenw
WA

28



unil 3
A1sRNLUULAZIATIESY

3.1 Taseadnansmnauuesszuy

v o o s o ] - e
Inssadauaninsvihnuvessruusdafeusaiududnayuia etiemieidiniian
aglusosud neariilassainanisvinu degy 3.1

Sensor

= L v o
EUVI <l Iﬂ‘Nﬂ‘i’Nﬂ'\’iﬂ’lsﬂu‘U&ﬁb‘UU

mMairasszuIafieusafududnayuta dlumoudiyioluil
(-] _ W Jn 4 ]
1. Sensorazyn13ns19UIARTRRBY N B EUNTMULING PR Sensor uas
2 s - o 4’ 2 o 1 _Ju o o
Ultrasonic Sensor Wa¥angunginuainuyu udavihnasdeAialaluds Microcontroller
[ o J L) - o 1
2. GPS 9¥vn15ssysumisnagussgiunanuannaniiisy wazvinnisdenn
L 1 Av g ¥
sundsnsulaluga Microcontroller
k ° v - v £ o =
3. Microcontroller 9gvin1sUszulanateyaniulavin Sensor fiu GPS iiie
° s [ " [ [ o e
Sensor ¥11N13015233UlA Microcontroller azda SMS udndiauluduinvaeuwivuziier
1 - = = e 1 da O Yo aw o ]
nstewmiaianlaviuiaiiiu GSM du GPS Adadsuusummuglasuiiniumiaain
ANIig Microcontroller 9¥dadayariumnu uaztayaves Sensor A1l Server W
GPRS
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3.2 AN599NMUUNITNINIUYDISLUY

3.2.1 HINISYIN9IUYD9STUY

( Start )

GPS

Setup

|

PIR

f Sensor

Ultrasonic

Sensor

AIGAFEY
winl

Argnes
vl

Yes |

=y

Send HTTP

h

< o
3UN..3.2 Flowchart MSYUUBISTEUY

End




3.2.2 H9INISNI9UYDY GPS

(3

Setup
I

GPS

Process

|sit correct?

Process

' Send HTTP

(Lo )

gﬂﬁ 3.3 Flowchart N15Y11974Y89 GPS
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3.2.3 KIN19Y119U9 Temperature & Humidity Sensor

Start

Setup

Temperature &

Humidity Sensor

Process

No

Yes

Process

Send HTTP

End

E‘Uﬁ 3.4 Flowchart N13¥11971UVD9 Temperature & Humidity Sensor
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3.2.4 EH4N159197U04 PIR Sensor

(o

Setup
PIR Sensor
No
Yes
[‘ Process ‘J'
Send HTTP Send SMS
l |
v

Coummin?

JUAl 3.5 Flowchart n13¥91uv84 PIR Sensor
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3.2.5 H4N15M191UY849 Ultrasonic Sensor

( Start )
Setup
Ultrasonlc
Sensor
Process

No
Yes
lﬁ Process —l
Send HTTP Send SMS
| |
v

s

o °
JUN 3.6 Flowchart N15v797U¥84 Ultrasonic Sensor
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3.2.6 HIN1SMN9UYRUSHNTY

Start

Setup

Loop

End

d o
JUN 3.7 _Flowchart maauvedlusinsy
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3.2.7 HIN15N19IUYD9 Website

(o

Login

Is it correct?

Yes

Home Map Datalog

Frumn

gﬂﬁ 3.8 Flowchart N15Y1NUYe9 Website
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3.3 guUnsalild

3.3.1 Arduino UNO

e
£
ar

3‘1]17‘1 3.9 Arduino UNO

Uil 3.10 GPS Module
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3.3.3 GSM/GPRS Module

ﬁ iy \m
o

JU# 311 GSM/GPRS Module

3.3.4 Temperature & Humidity Sensor

: +5%RH 12T

i

g‘dﬁ 3.12 Temperature & Humidity Sensor
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3.3.5 PIR Sensor

Uil 3.13 PIR Sensor

3.3.6 Ultrasonic Sensor

E‘Uﬁ 3.14 Ultrasonic Sensor
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o Voo '
3.3.7 msiaudenuszuinegunsal

< al LY : ¢
JUn 3.15 nsiaumenusEwaIegUnsnl

o °
3.4 WNNNEINU

==—% i Sensor A7393UAEHNA gampll uaznuEy

% '*-I 1l GPS ssysumiaida [

o duvesgunel ;
sTuULInfausasudnan 7*|7 i, o I
ayuIA 4_[ S Sy ’
le > UNTSUSURBUHIU SMS
KINDERGARTEN BUS
ALERT SYSTEM

" usnaffinti g Goosle Map |

< druras Website

-I wamss1edyn Datalog I

< v o o | i
JUN 3.16 MUIYINITYINNUVDIAIUANNY

40



a ¥
3.5 n3Annsgunsnl

- n‘j W -] falq v o 4 i I - 19
msmmmqqﬂnim L‘sumnqun'smmlwwmiwamaszwm Microcontroller L91
v ) - ' YY) a o) ¢ - °
U Module way Sensor A19% U UTBDUADIUINUADUNUADINIUNNWEIA USB IWanIN1Tas
° Vv oas 2 v . P I i 5
TUsunsuni15vinaulvnu Microcontroller #u Microcontroller 9gi%aunBNIUNIg Serial
Port

= o 1 ' o a <
U 3.17 msi¥susesymisgunsainuaeuianes
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M1n15i0aTUsunsy Arduino IDE @etflulusunsudmduinnasaslusunsuliu
Microcontroller U84 Arduino laeianiy

sketch_may13a

Arduino Uno on COM19

YR 3.18 Arduino 1DE
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° o : -t 2 [ 2. °
vihnsidonviiauas Microcontroller #4 Microcontroller ld Ae Arduino UNO ¥
v < o v - .
nsidenlagitnluniy Tools 9niuiGen Board uauden Arduino UNO

Auto Format Ctrl+T

Archive Sketch

Fix Encoding & Reload .

Serial Monitor Ctrl+Shift+M | ok }
l e Arduino Uno i

sketch_may13

Board 3 [
S ! Arduino Duemilanove w/ ATmega328 |
| Arduino Diecimila or Duemilanove w/ ATmegal68
| Programmer ': Arduino Nano w/ ATmega328
Burn BOOti‘DldE'l : Arduine Nanow/ ATmegal68

Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal 280)
| Arduino Leonardo

Arduino Esplora

Arduino Micro

Arduino Miniw/ ATmega328
Arduino Mini w/ ATmegalss
i Arduino Ethernet

: Arduino Fio

! Arduino BT w/ ATmega328

! Arduino BT w/ ATmegal6é

g LilyPad Arduino USB

L LilyPad Arduine w/ ATmegad28

‘E LilyPad Arduino w/ ATmegal68

b Arduine Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
L ¢ ! Arduine Pro of Pro Mini (SV, 16 MHz) w/ ATmegal68
Arduine Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduine Pro or Bro- Mini (3.3V,8 MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal68

Arduing NG or older w/ ATmega8

Arduino Robot Control

Arduino Robot Motor

=l o - .
JUN-3.19. nisnvunylinues Microcontroller
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o a | 1 : W a ¢ b ¢
YINISIADNANBIANISITOLADTENINN Microcontroller AUADUNILADS ‘nawasmmﬂﬂu
o | S
N5\ WauRe Ao Serial Port COM19

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload
Serial Monitor Ctrl+Shift+ M ‘F i
Board > |
Serial Port ‘ oM
Programmer " | b'f_‘ EO.Mlg
l Burn Bootloader

Arduine Uno on COM1I2

- o 4 - ' i 5 o a &
EUVI 3.20 NISNIVUANDINNITLUBUADILIN Microcontroller NUABUWILMNDS
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yin151Usunsu Microcontroller 3sléiTsuddanisyienuues Microcontroller fivinanu
AndaRy Module uaz Sensor ieq Tae nsTusunsuasdimsdouilsidundniisuiude
msviruey 2 Wardu fie void setup() uay void loop()
void setup() fouLUuﬁan"aummummimmmiwmmsumumqq vaalusunsy
void loop() aziluiidudmiunisvineuuas Microcontroller
vdsndsulusunsuddnaiaseuios axvinisna Upload itevinnisidsulusunsuas

Microcontroller

@ KBAS_UNO_2 | Ardum 105

KBAS_UNO_2 ;
| #include <Arduino.h>
; #include <SoftwarelSerial.h>

#include <MsTimerZ.h> //Timer libitaries
| #include <3tring.h>

| #include <TFT.h>

| #include <HFI.h

R -2 Monitor

|| #define cs 10

#define dec 9 /RO

#define rst 1l

TFT ITFTscreen =, TFI(cs, dc, nst):
/g ——=B -~ g Thermal shunidity SGensor

#define dhtll pin AQ

byte pir vemp = 0;

| char tempc[57:

char humde[5];

jtring temps;

drring humds;

I char cleartempc{s]:

suie TP £

Arduine Uno on COM12

gﬂﬁ 3.21 n5lUsunsu Microcontroller
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unil 4

WaN1INAaDY

4.1 WanISUENINLN Website

4.1.1 Wan1suaAmtia Login

=7 Q- |
:: rgf s @L wrsyuuludiuveanis
Password (#esin1s Login Tnedily
o>

WARING '-u-;“\.:r_- padmsuld U 6&

login itevinTsms

N, ~ AT &

a6
= q' ¥ o Y v = = L I v o ] ¢y 9
wnasiiuenasnanulidmiunisldanuienisfinwingy laugnabiilulddssleviaiunisa

Lidnnsallagnsdu snvianuiilidaudasion uagdesdsdsindveaasnaisynasandnisiluly



4.1.2 Wan1suaneaun Home

g e g g

RAANANR

‘j C 1L

3R 4.3 wansuamanti Map

sUl 43 wanisuanemti Map wansdruvesunuil Google Map ludauiiazvinis
LR lAsusumianInaadfion GPS #hu GPS Module
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(3]

(5]

(9]

UITUIUNTY

AudviluiReatu GPs [poulavilidhilsivnn :
http://www.global5thailand.com/thai/gps.htm

GPRS fazls [eaulavd].dndsldan

http://www.com5dow.com/

HC-SR04 Ultrasonic Sensor Distance Measuring Module [eaulasl].idndislaain :

http://www.elecfreaks.com/store/hcsrO4-ultrasonic-sensor-distance-measuring-

module-p-91.html#ixzz2VeqgzeYEL

ultrasonic sensor WwuWaIBEALTABMSoLsuEaTstadans leln [poulav].hdala

7N : http://www.foodnetworksolution.com/wiki/word/4348/ultrasonic-sensor-

wulresvilaludumdoisuwoivindansiledn

NSk DHT11 Humitdity and Temperature Sensor fuvesa Arduino [eaulal].

Wdalaann : httpy//www arduitronics.com/article/n15 144 m-dht 1 1-humitdity-and-

temperature-sensor-fiuus$n-arduino

PIR motion sensor [oaulau].wrdislaann :

http://embedsoftdev.com/embedded/pir-motion-sensor/

PIR Motion Sensor fieazls [pouladlidnfialaann httpy/wwwisolar-

self. com/18441245/pir-motion-sensor-Avazls

GPRS/GSM SIM900 Shield board arduino compatible [paulat]dnfalaan :

http.//www.geeetech.com/gprsgsm-sim900-shield-board-arduino-compatible-p-

610.html

SIM900 [paulavi].Lurdelsaan

http://wm.sim.com/producten.aspx?id=1019

[10] Ublox NEO-6M GPS Module [paulavl.itdelaain

http://www.ebay.com.au/itm/Ublox-NEO-6M-GPS-Module-Aircraft-Flight-
Controller-For-Arduine-MWC-IMU-APM2-/200911914297
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Features

*» High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
— Up to 20 MIPS Throughput at 20 MHz
— On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory Segments
- 4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
— 256/512/512/1K Bytes EEPROM
- 512/1K/1K/2K Bytes Internal SRAM
~ Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C{"
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- Programming Lock for Software Security
* Peripheral Features
~ Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
~ Six PWM Channels
— B-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
— 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips 1°C compatible)
- Programmable Waichdog Timer with Separate On-chip Oscillator
-~ On-chip Analog Comparator
= Interrupt and Wake-up on Pin Change
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
/O and Packages
- 23 Programmable I/O Lines
~ 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
Operating Voltage:
- 1.8-5.5V
* Temperature Range:
- =40°C to 85°C
* Speed Grade:
~ 0-4 MHz@1.8-5.5V,0-10 MHz@2.7 - 5.5.V, 0 - 20 MHz @ 4.5 - 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C
— Active Mode: 0.2 mA
- Power-down Mode: 0.1 pA
- Power-save Mode: 0.75 pA (Including 32 kHz RTC)

ATMEL
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8-bit AVR’
Microcontroller
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ATmega48A
ATmegad48PA
ATmega88A
ATmega88PA
ATmegal68A
ATmegal68PA
ATmega328
ATmega328P
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: [

Figure 1-1.

NOTE: Bottom pad should be soldered to ground.
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NOTE: Bottom pad should be soldered to ground.
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e ATmega48A/48PA/88A/88PA/168A/168PA/328/328P

1.1 Pin Descriptions

1.1.1 vccC

1.1.2 GND

Digital supply voltage.

Ground.

113 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

114  Port C (PC5:0)

1.1.5 PC6/RESET

1.1.6  Port D (PD7:0)

8271BS-AVR-04/10

Port B is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the elock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier,

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7...6 is used as
TOSC2...1 input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in and "System Clock and Clock Options”
on page 26.

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5...0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 28-12 on page 323. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in "Alternate Functions of Port C” on page
86.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

AIMEL 3
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messsssss———— ATmegad48A/48PA/88A/88PA/168A/168PA/328/328P

The various special features of Port D are elaborated in "Alternate Functions of Port D" on page

89.

12 - AV
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to V¢
through a low-pass filter. Note that PC6...4 use digital supply voltage, Vcc.

1.1.8 AREF

AREF is the analog reference pin for the A/D Converter.

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only)
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

AIMEL 4
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—— ATmega48A/48PA/88A/88PA/168A/168PA/328/328P

2. Overview

The ATmega48A/48PA/88A/88PA/168A/168PA/328/328P is a low-power CMOS 8-bit microcon-
troller based on the AVR enhanced RISC architecture. By executing powerful instructions in a
single clock cycle, the ATmegad8A/48PA/88A/8BPA/168A/168PA/328/328P achieves through-
puts approaching 1 MIPS per MHz allowing the system designer to optimize power consumption
versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent

AIMEL -
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——— ATmega48A/48PA/88A/88PA/168A/168PA/328/328P

registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega48A/48PA/88A/88PA/168A/168PA/328/328P provides the following features:
4K/8K bytes of In-System Programmable Flash with Read-While-Write capabilities,
256/512/512/1K bytes EEPROM, 512/1K/1K/2K bytes SRAM, 23 general purpose I/O lines, 32
general purpose working registers, three flexible Timer/Counters with compare modes, internal
and external interrupts, a serial programmable USART, a byte-oriented 2-wire Serial Interface,
an SPI serial port, a 6-channel 10-bit ADC (8 channels in TQFP and QFN/MLF packages), a pro-
grammable Watchdog Timer with internal Oscillator, and five software selectable power saving
modes. The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire
Serial Interface, SPI port, and interrupt system to continue functioning. The Power-down mode
saves the register contents but freezes the Oscillator, disabling all other chip functions until the
next interrupt or hardware reset. In Power-save mode, the asynchronous timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except asynchronous timer and ADC,
to minimize switching noise during ADC conversions. In Standby mode, the crystal/resonator
Oscillator is running while the rest of the device is sleeping. This allows very fast start-up com-
bined with low power consumption.

The device is manufactured using Atmel's high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot pro-
gram running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Flash section will
continue to run while the Application Flash section is updated, providing true Read-While-Write
operation. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a
monolithie chip, the Atmel ATmega48A/48PA/88A/88PA/168A/168PA/328/328P is a powerful
microcontroller that provides a highly flexible and cost effective solution to many embedded con-
trol applications.

The ATmega48A/48PA/88A/88PA/168A/168PA/328/328P AVR is supported with a full suite of
program and system development tools including: C Compilers, Macro Assemblers, Program
Debugger/Simulators, In-Circuit Emulators, and Evaluation kits.

2.2 Comparison Between Processors

8271BS-AVR-04/10

The ATmega48A/48PA/88A/88PA/168A/168PA/328/328P differ only in memory sizes, boot
loader support, and interrupt vector sizes. Table 2-1 summarizes the different memory and inter-
rupt vector sizes for the devices.

Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size
ATmega48A 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmegad8PA 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmega88A 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmegaB88PA 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmega168A 16K Bytes 512 Bytes 1K Bytes 2 instruction words/vector

AIMEL 6
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Table 2-1. Memory Size Summary

Device Flash EEPROM RAM Interrupt Vector Size

ATmegal168PA 16K Bytes 512 Bytes 1K Bytes 2 instruction words/vector
ATmega328 32K Bytes 1K Bytes 2K Bytes 2 instruction words/vector
ATmega328P 32K Bytes 1K Bytes 2K Bytes 2 instruction words/vector

ATmega4B8A/48PA/8BA/88PA/168A/168PA/328/328P support a real Read-While-Write Self-Pro-
gramming mechanism. There is a separate Boot Loader Section, and the SPM instruction can
only execute from there. In ATmega 48A/48PA there is no Read-While-Write support and no
separate Boot Loader Section. The SPM instruction can execute from the entire Flash.

3. Resources

A comprehensive set of development toals, application notes and datasheets are available for
download on http://www.atmel.com/avr.

AIMEL .
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s A Tmega48A/48PA/88A/88PA/168A/168PA/328/328P

4. Register Summary

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Page
(0xFF) Reserved = - — - - 5 e oL
(0xFE) Reservad - - - = Sl e = L
(0xFD) Reserved - - = = = - = e
(0xFC) Reserved - - - — - - - =5
(0xFB) Reserved = - - - - - - -
(OxFA)} Reserved - - - = - - o =
(0xF9) Reserved = - - = £ = & =
(OxF8) Reserved - - - & =2 = 2 £
(0xF7) Reserved - - - - et i3 o o
(0xF6) Reservad & ~ - e 2 - g
(OxF5) Reserved - - = - = o 5
(0xF4) Reserved - - - - = . - -
(OxF3) Reserved - - L b L L o . - o
(0xF2) Reserved - = =, i i A e & e
(0xF1) Reserved - - - . Tt K NI e ; = . =
(0xFO) Reserved - - T T R < i Hy B
(DxEF) Reserved - - i T i < = T " EEi - e -
(0xEE) Reserved = - 1 - - = - = U
(0xED) Reserved - i e < | et pm = e e
(0xEC) Reserved - - £ = - Cet -. { = L
(OXEB) Reserved - - = - 2 - - I % &
(OxEA) Reserved s s, Eipge H o . o4 \ - d 5
(0xES) Reserved - - - of - e & -
(0xEB) Reserved - P~ T £ 3 i 4 . =
(0xE7) Reserved - G - - - : - g .. o |
(OxEB) Reserved - - - - : b i i i s
(OXES) Reserved e | - Lot ; 2 3 { s . =1
(0xE4) Reserved | .= £ i 7, 3 e - & :
(0xE3) Reserved = ) azeadeniss - B0 - - B
(0xE2) Reserved - = | = e 3 & B o - )

(0xE1) Reserved - e i E L% S FEE G il = -

(0xED) Resarved = b ] o e HENAT Y S - e

(0xDF) Reserved - - - i I ) ] i - REE

(0xDE) Reserved - - - - = o E T

(0xDD) Reserved - - - } - - - ; =

(0xDC) Reserved - o e < f' Bl =) i #E g

(0xDB) Reserved - - B i - - L | 81 ' & i

(0xDA) Reserved - - - - o e & - s

(0xD9) Reserved - - - - o = e iy e

(0xD8) Reserved - - - - : - - e A

(0xD7) Researved A 2 i | § e o e i 5 L r =

(0xD8) Reserved - - o - b g R = iV T

(0xD5) Reserved - T L i = = & 7 35

(0xD4) Reserved - - & : - - : Y e e

(0xD3) Reserved = e, b & = e 08— i 5

(0xD2) Reserved - - - o e B - ot 5 i L

(0xD1) Reserved - - . Th = LSRN i -~ -

(0xDO) Resarved - - - = e gl L - =

(0xCF) Reserved - - - - e ot i Bl 3l

(OxCE) Reserved - - - - - ik 5t 1

(0xCD) Reserved - - - - - - i it

(0xCC) Reservad - - - - =5 - - ik

{0xCB) Reserved i - - - - = it ]

{0xCA) Reserved - - - - - - =l A

(0xC9) Reserved - - - - - - - 3

(0xC8) Resarved - - - - - - e -

(0xC7) Reserved - = - - - - £ =

(0xC6) UDRO USART /O Data Register 196

(0xC5) UBRROH | | ] | USART Baud Rate Register High 200

(0xC4) UBRROL USART Baud Rate Register Low 200

(0xC3) Reserved - - - - - - - &

(0xC2) UCSRoOC UMSELOD1 UMSELOO UPMO1 UPMOO USBSo UCSZO1 AUDORDO UGSZ00 / UCPHAD UCPOLO 198/213
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Address Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Page
(0xC1) UCSROB RXCIEQ TXCIEQ UDRIEQ RXENO TXENO ucszo2 RXB&0 TXB80 197
(0xC0) UCSROA RXCO TXCO UDREO FEO DORO UPEOQ u2xo MPCMO 196
(0xBF) Reserved = - = = - = = -

(0xBE) Reserved - = - - - - = -

(0xBD) TWAMR TWAM6E TWAMS TWAM4 TWAM3 TWAM2 TWAM1 TWAMO - 245

(0xBC) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 242

(0xBB) TWDR 2-wire Serial Interface Data Register 244

(0xBA) TWAR TWAS TWAS TWA4 TWA3 TWA2 TWA1 TWAQ TWGCE 245

(0xB9) TWSR TWS7 TWS8 TWS5 TWS4 TWS3 - TWPS1 TWPS0 244

(0xB8) TWBR 2-wire Serial Interiace Bit Rate Register . 242

(0xB7) Reserved - - - - A 2 T

(0xB6) ASSR - EXCLK AS2 TCN2UB OCR2AUB OCR2BUB TCR2AUB TCR2BUB 165

{0xB5) Reserved - - - - - - - =

(0xB4) OCRzB Timer/Counter2 Output Compare Register B 163

(0xB3) OCR2A Timer/Counter2 Oulput Compare Register A 163

(0xB2) TCNT2 Timer/Counter2 (8-bit) 163

(0xB1) TCCR2B FOC2A FOC28 - = WGM22 Ccs22 cs21 CSs20 162

(0xB0O) TCCR2A COM2A1 COM2A0 COM2B1 COM2B80 { =/ - ] WGM21 WGM20 159

(OxAF) Reserved = F & il | SO i & = 4

{OXAE) Reserved - - : et SN A e a7 Lt = ; 0N =

(0xAD) Reserved - - i Bl ¢ i o Ut - S % o

(OXAC) Reserved - umn el A b CS W & il ] R % o

(OxAB) Reserved & 4 - ] o Tl = % W i N i

{OxAA) Reserved - - % o ! Po PR g I \ - O

(0xA8) Reserved - - - i - [ - 5 - R

(0xAB) Reserved - : - il N Vo Ry i, F i = &

(0xA7) Reserved | | - P A = ) e f — - : -

(OxAB) Resarved - - = | = " - - -

(OxAS5) Reserved £ - 1 o= - = = £ =

(0xAd) Reserved = = S —~ - SO, ¢ ) -t - ) et

(0xA3) Reserved onsi) = (h 4318 Y ~ KA b gL L % Y- ]

(0xA2) Reserved = "~ jorewyen 1 O Al £ o R L1 80 -8

(0xA1) Reserved - i = R ARANPOAGNNAL - i = 0 o -

(0xAD) Resarved - - - A A Tk - -V Sl -

(0xSF) Reserved - — - & 2% o A p Nl SRy

(OxSE) Reserved - - - - o LT y 1 = - ~ey i

(0x8D) Reserved - - - - T - - el |

(0x9C) Reserved - - - - - 1 = Lt | - g

(0x9B) Reserved - - - - - - _ :

(0x8A) Reserved - - - - - - -

(0x99) Reserved - s &y = T j * > k g

(0x58) Reserved = - - - - - - -

(0x97) Reserved - - - - = - x i

{0x96) Reserved - - - - - - - AT

(0x85) Reserved - - - . = it = - ke

(0x84) Reserved - - — - = - - _

(0x83) Reserved - - i - o ) o N & 4 =

{0x82) Reserved - - - - - f - - -

(0x91) Reserved - % 2. ol = < B & )

(0x50) Reserved - - ! - - ot b i - = g o &

(0x8F) Reserved - - . ~ gl - - - - -

(0xBE) Reserved - - - 1 T 4 = 3,

(0x8D) Reserved - - - : L = - - %

(0x8C) Reserved - - - - - - - =

(0x8B) OCR1BH Timer/Counter1 - Qutput Compare Register B High Byte 138

(0xBA) OCR1BL Timer/Counter1 - OQutput Compare Register B Low Byte 138

(0x89) OCR1AH g Timer/Counter! - Output Compare Register A High Byte 139

(0x88) OCR1AL Timer/Counter1 - Output Compare Register A Low Byte 139

(0x87) ICR1H Timer/Counter1 - Input Capture Register High Byte 139

(0x86) ICR1L Timer/Counter1 - input Capture Register Low Byte 138

(0x85) TCNT1H Timer/Counter1 - Counter Register High Byte 139

(0x84) TCNTIL Timer/Counter1 - Counter Register Low Byte 139

(0xB3) Reserved - - - - =4 e, = UH

(0x82) TCCRIC FOC1A FOC1B = - - - - - 138

(0x81) TCCR1B ICNC1 ICES1 - WGM13 WGM12 C812 cs11 Cs10 137

(0x80) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0O e b= WGM11 WGM10 135
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Address Name Bit7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bit1 Bit0 Page
(0x7F) DIDR1 -~ - - - = - AINID AINOD 250
(0x7E) DIDRO - - ADCSD ADCA4D ADC3D ADC2D ADC1D ADCOD 267
(0x7D) Reserved - - - - - = - -

(0x7C) ADMUX REFS1 REFS0 ADLAR - MUX3 MUX2 MUX1 MUX0 263
{0x78) ADCSRB - ACME - - - ADTS2 ADTS1 ADTS0 266
(Ox7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0O 264
(0x78) ADCH ADC Data Register High byte 266
(0x78) ADCL ADC Data Register Low byte 266
(0x77) Reserved - fesd - - - - - -

(0x76) Reserved - = -, (e = = = -

(0x75) Reserved - - = - = el - =

(Dx74) Reserved - - i - - - = -

{0x73) Reserved - - - - = - - -

(0x72) Reserved - - - - BB s - - -

(0x71) Reserved - - - = = - - -

(0x70) TIMSK2 - - - - =, OCIE2B OCIE2A TOIE2 164
(Ox6F) TIMSK1 - - ICIE1 - i OCIETB OCIE1A TOIE1 140
(0xBE) TIMSKO i 2 = & FF: OCIE0B OCIEOA TOIED 112
(0x6D) PCMSK2 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 75
(0x6C) PCMSK1 - PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINTS PCINTE 75
(0x68) PCMSKO PCINT?7 PCINTE PCINTS PCINT4 PCINT3 PCINT2 PCINTY PCINTO 75
(OxBA) Reserved - o e - & s - ) -

(0x69) EICRA & - = 5 | 1SC11 1SC10 1SCO1 1SC00 72
(0x68) PCICR - - - - | PCIE2 PCIE1 PCIEO

(0x67) Reserved = - i iy s T e v P e - - N

(0x66) OSCCAL Oscillator Calibration Register 37
(0x65) Reserved - ik F2 ? ~f ' st g o - R -

(0x64) PRR PRTWI PRTIM2 PRTIMO = f PRTIM1 PRSPI PRUSARTO 42
(0x63) Reserved e - - 5 d - ey T

(0x62) Reserved - — Glesn - P - : < U = i,

(0x61) CLKPR CLKPCE = - = KaXaX]). CLKPSS CLKPS2 CLKPS1 a7
(0x60) WDTCSR WDIF WDIE WDP3 WDCE WDE wDP2 WDP1 55

Ox3F (0x5F) SREG i 1 H ) v N z 9

0x3E (0x5E) SPH - - - = - (SP10) % SP9 12

0x3D (0x5D) SPL SP7 SP6. 8P5 SP3 SP2 SP1 12

0x3C (0x5C) Reserved - - - oy b - - ! = P -

0x3B (0x58) Reserved L - ! - T T T T T A L 7 =k P T

Ox3A (0x5A) Reserved - At oz i & S 4 s N o | !

0x39 (0x58) Reserved Py % g & L g W a1 i s K 2

0x38 (0x58) Reserved - - - - = - o Ml v il . i‘_.f

0x37 (0x57) SPMCSR SPMIE (RWWSB)*> - | _(_FI‘WWSHE)S' BLBSET PGWRT PGERS SELFPRGEN 294

0x38 (0x56) Reserved L= = T TR = & = i : M I 7 5

0x35 (0x55) MCUCR k% BODS® BODSE® PUD = - IVSEL IVCE 45/69/93

0x34 (0x54) MCUSR - = - - WDRF BORF EXTRF PORF 55

0x33 (0x53) SMCR & 4 e =4k - SM2 SM1 SMO SE 40

0x32 (0x52) Reserved - | S - - 3 3 = J - - : -

0x31 (0x51) Reserved & ; = g = = - - & E

0x30 (0x50) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 248

Ox2F (0x4F) Reserved = = - = - . - - -

Ox2E (0x4E) SPDR SPI Data Register 176

0x2D (0x4D) SPSR SPIF WCOL pe - | - i i SPI2X 175

0x2C (0x4C) SPCR SPIE SPE DORD MSTR CcPOL CPHA SPR1 SPRO 174

0x2B (0x4B) GPIOR2 General Purpose VO Register 2 25

0x2A (0x4A) GPIOR1 General Purpose VO Register 1 25

0x28 (0x48) Raserved - - E - l - [ - I - J - ’ -

0x28 (0x48) OCROB Timer/Counter0 Output Compare Register B

0x27 (0x47) OCROA Timer/Counterd Output Compare Register A

0x26 (Ox46) TCNTO Timer/Counter (8-bit)

0x25 (0x45) TCCROB FOCOA FOCoB - - WGMO02 cs02 CS01 Cso0

0x24 (Ox44) TCCROA COMOAT COMOAQ COMOB1 COMOoBO - - WGMO1 WGMo0

0x23 (0x43) GTCCR TSM - - Lt = - - PSRASY PSASYNC 144/166

0x22 (0x42) EEARH (EEPROM Address Register High Byte) * 21

0x21 (0x41) EEARL EEPROM Address Register Low Byte 21

0x20 (0x40) EEDR EEPROM Data Register 21

Ox1F (0x3F) EECR Rl | e EEPM1 | EEPMO | EERIE | EEMPE | EEPE |  EERE 21

Ox1E (Ox3E) GPIORO General Purpose /O Register 0 25
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Address Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit0 Page
0x10 (0x3D) EIMSK = - - - - - INT1 INTO 73
0x1C (0x3C) EIFR - - - - = - INTF1 INTFO 73
0x1B (0x38) PCIFR et - e - - PCIF2 PCIF1 PCIFO
0x1A (0x3A) Reserved = - - - - - - -
0x19 (0x38) Reserved - - - - - - - -
0x18 (0x38) Reserved - = - - - - - =
0x17 (0x37) TIFR2 - (s - - - OCF28B OCF2A TOV2 164
0x16 (0x36) TIFR1 - - ICF1 - - OCF1B OCF1A TOV1 140
0x15 (0x35) TIFRO - - = = - OCF0B OCFDA TOVO
0x14 (0x34) Reserved - = - = = a2 = ==
0x13 (0x33) Reserved - - = = - - = -
0x12 (0x32) Reserved et - - ~ = - - -
0x11 (0x31) Reserved - - = BT TY ) - - -
0x10 (0x30) Reserved - - - - ) - - -
OxOF (0x2F) Reserved - - — - = - - -
OxOE (0x2E) Reserved - - - - = - = fis
0x0D (0x20) Reserved - - - - & - ) = -
0x0C (0x2C) Reserved - - - - [ 1/ - - -
0x0B (0x2B) PORTD PORTD7 PORTDE PORTDS PORTD4 PORTD3 PORTDQ PORTD1 PORTDO 94
OxOA (0x2A) DDRD DDD7 DDD6 DDD5 DOD4 DDD3 DDD2 DDDY DDDO 94
0x09 (0x29) PIND PIND7 PINDG PINDS PIND4 PNDG PIND2 PIND1 PINDO 94
0x08 (0x28) PORTC - PORTC6 /| PORTCS PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 93
0x07 (0x27) DDRC “ DOCe DDGS DDC4 DDC3 DDC2 DDC1 DDCOo 93
0x06 (0x26) PINC |- PINCE PINCS _PINC4 PINC3 PINC2 PINC1 PINCO 93
0x05 (25) PORTB PORTB? PORTBE PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 83
0x04 (0x24) DDRB DDB7 DDB6 DDBS DDB4 DDB3 DDB2 DDB1 DDBO 93
0x03 (0x23) PINB PINB7 PINBE P"E_s PINB4 PINB3 PINB2 PINB1 PINBO 93
0x02 (0x22) Reserved - - R b = a4 = | < ; - e T
0x01 (0x21) Reserved - = = <A ‘ = B R & i ER
0x0 (0x20) Reserved - = = . i - = n & ) 4 |
Note: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved |/O memory addresses
should never be written.
2. 1/O Registers within the address range 0x00 - 0x1F are directly bit-accessible using the SBI and CBI instructions. In these
registers, the value of single bits can be checked by using the SBIS and SBIC instructions.
3. Some of the Status Flags are cleared by writing a logical one to them. Note that, unlike most other AVRs, the CBI and SBI

8271BS-AVR-04/10

instructions will only operate on the specified bit, and can therefore be used on registers containing such Status Flags. The
CBI and SBl instructions work with registers 0x00 to 0x1F only.

When using the I/O specific commands IN and OUT, the I/0 addresses 0x00 - 0x3F must be used. When addressing I/O
Registers as data space using LD and ST instructions, 0x20 must be added to these addresses. The
ATmega48A/48PA/8BA/BBPA/168A/168PA/328/328P is a complex micracontroller with more peripheral units than can be
supported within the 64 location reserved in Opcode for the IN-and OUT instructions. Forthe Extended I/O space from 0x60
- OxFF in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

Only valid for ATmega88A/88PA/168A/168PA/328/328P.

BODS and BODSE only available for picoPower devices ATmega48PA/88PA/168PA/328P

AlMEL "
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5. Instruction Set Summary

Mnemonics | Operands | Description Operation | Flags | #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers RAd « Rd + Rr ZCNVH 1
ADC Rd, Rr Add with Carry two Regi: Rd«Rd+Rr+C ZCNVH 1
ADIW Rdl.K Add Immediate to Word Rdh:Rdl « Rdh:Rdl + K ZCNVS 2
SuUB Rd, Rr Subtract two Regislers Rd « Rd - Rr ZCNVH 1
suBl Rd, K Subtract Conslant from Register Rd « Rd-K ZCNVH 1
SBC Rd, Rr Subtract with Carry two Registers Rd« Rd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd+ Rd-K-C ZCNVH 1
SBIW Rdl,K Subtract Immediate from Word Rdh:Rdl « Rdh:Rdl - K ZCNVS 2
AND Rd, Rr Logical AND Registers Rd « Rd « Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd « Rd« K ZNV 1
OR Rd, Rr Logical OR Registers Rd « Rd v Rr ZNV 1
ORI Rd, K Logical OR Register and Constant Rd « Rd v K ZNV 1
EOR Rd, Rr Exclusive OR Regisiers Rd « Rd & Rr ZNV 1
COM Rd One's Complement Rd « OxFF - Rd Z,CNV 1
NEG Rd Two's Complement Rd « 0x00 - Rd ZCNVH 1
SBR Rd.K Set Bit(s) in Register Rd «Rdv K ZNV 1
CBR Rd.K Clear Bit(s) in Register Rd « Rd « (0xFF - K) ZNV 1
INC Rd Increment Rd « Rd+ 1 ZNV 1
DEC Rd Decrement = Ad « Rd= 1 ZNV 1
TST Rd Test for Zero or Minus Rd « Rd« Rd ZNV 1
CLR Rd | Clear Register Rd « Rd @ Rd ZNV 1
SER Rd Set Register Rd « OxFF None 1
MUL Rd, Rr Muttiply Unsigned A1:A0 ¢ Rd x Rr ZC 2
MULS Rd, Rr Multiply Signed R1:A0 « Rd % Ar Z.C 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0 « Rd x Rr 2.C 2
FMUL Ad, Rr Fractional Muttiply Unsigned A1:A0 « (Rd x Rr) << 1 Zc 2
FMULS Ad, Rr Fractional Multiply Signed A1:RO « (Ad x Rr) << 1 ZE 2
FMULSU Rd, Rr Fractional i i with Unsigned | _R1:R0.« (Rd x Ri) << 1 Z,s 2
BRANCH INSTRUCTIONS
RJMP k Relative Jump PCe«PC+k +1 None 2
IJMP Indirect Jump to (Z) PC 2 Naone 2
JMP k Direct Jump PC « k None 3
RCALL k Relative Subroutine Call PCePC+k+1 Nona 3
ICALL Indirect Call to (Z) PC+ 2 None 3
CALL™ k Direct Subroutine Call PC « k None 4
RET Subroutine Retum PC = STACK None 4
RETI Intarrupt Return PC « STACK | 4
CPSE Rd.Rr Compare, Skip if Equal H{Rd=RNPC«PC+20r3 None 1/2/3
cP Rd,Ar Compare Rd~Ri_ ~ ZNV.CH 1
CPC Rd,Rr Compare with Carry Rd ~-Rr-C Z, NV,.CH 1
CPI Rd,K Compare Register with Immediate Rd - K Z NV.CH 1
SBRC Rr, b Skip if Bit in Register Cleared W (Re(b)=0) PC «~ PC +20r3 None 1/2/3
SBRS Rr, b Skip if Bitin Register is Set if (Re(b)=1) PC« PC #2013 None 1213
SBIC P, b Skip if Bit in O Register Cleared it (P(b)=0) PC « PG+ 20r 3 None 11213
SBIS P.b Skip if Bit in /O Register is Set if (P(b)=1).PC « PC +2 01 3 None 1/2/3
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC«-PCk + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PCe—PC+k + 1 None 1/2
BREG k Branch if Equal it (Z=1)thenPC«- PC+k+1 None 1/2
BRNE k Branch if Not Equal if (Z=0)then PC « PC + k + 1 None 1/2
BRCS k Branch if Carry Set if (C=1)then PC« PC +k+1 Nona 1/2
BRCC K Branch if Carry Cleared if(C=0)thenPC« PC+k+1 None 1/2
BRSH k Branch if Same or Higher it(C=0)thenPCe« PC+k+1 None 1/2
BRLO k Branch if Lower iH(C=1)thenPCPC+k+1 None 1/2
BRMI k Branch if Minus if (N=1)thenPC«PC +k+1 None 172
BRPL ke Branch if Plus if (N=0)thenPC« PC+k+1 None 12
BRGE k Branch if Greater or Equal, Signed H(N®V=0)then PC—PC+k+1 None 172
BALT k Branch if Less Than Zero, Signed f(N®OV=1)thenPC—PC+k+1 None 1/2
BRHS k Branch if Hall Carry Flag Sat if(H=1)thenPC«PC +k +1 None 1/2
BRHC L3 Branch if Hall Carry Flag Cleared if(H=0)thenPC« PC+k+1 None 172
BRTS k Branch if T Flag Set if(T=1)thenPC«PC+k +1 None 1/2
BRTC k Branch if T Flag Cleared if(T=0)then PC - PC+k+1 None 1/2
BRVS L3 Branch if Overflow Flag is Set if (V=1)thenPC+PC+k+1 None 1/2
BRVC L3 Branch if Overflow Flag is Cleared if(V=0)thenPC+«PC+k+1 None 1/2
AIMEL 12
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabled if(I=1)thenPC+«PC+k+1 None 12
| BARID k Branch if Interrupt Disabled i(1=0thenPC—PC+k+1 None 1/2
BIT AND BIT-TEST INSTRUCTIONS
S8l P.b Set Bit in VO Register VO(P,b) « 1 None 2
CBI Pb Clear Bit in /O Register VO(P.b) « 0 None 2
LSL Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(0) «- 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd Rotate Left Through Carry Rd(0)}«C,Rd(n+1)+« Rd(n),C«Rd(7) ZCNV 1
ROR Rd Rolate Right Through Carry Rd(7)«C,Rd(n)¢ Rd(n+1),C«-Rd(0) ZCNV 1
ASR Rd Arithmatic Shift Right Rd(n) « Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3...0)«Rd(7...4),Rd(7...4)«Rd(3...0) None 1
BSET s Flag Set SREG(s) ¢ 1 SREG(s) 1
BCLR 5 Flag Clear SREG(s) « 0 SREG(s) 1
BST Ar,b Bit Store from Register to T T « Ri(b) i ! i
BLD Rd.b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry Ce1 %] 1
CLC Clear Carry C+0 [+] 1
SEN Set Negative Flag Ne1 N 1
CLN Clear Negative Fiag N0 N 1
SEZ Sel Zero Flag Zie= 1 z 1
cLz Clear Zero Flag Z+0 Z 1
SEI Global Interrupt Enable le 1 | 1
CLI Global Interrupt Disable I+« 0 I 1
SES Set Signed Test Flag S 1 S 1
CLS Clear Signed Test Flag S0 s 1
SEV Set Twos Complement Overflow, Vi1 v 1
CLV Clear Twos Complement Overflow V&0 v 1
SET Set T in SREG Te=1 T 1
CLT Clear T in SREG Te0 T 1
SEH Sel Half Carry Flag in SREG Hed H |
|_CLH Cloar Half Carry Flag in SREG H« 0 H 1
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Ad « Ar None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rde(X) X X41 None 2
LD Rd, - X Load Indirect and Pre-Dec. X X=1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd« (Y), Y& Y+1 None -
LD Rd,-Y Load Indirect and Pre-Dec. Y& Y-1,Rd « (Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd +- (Y +q) None 2
LD Ad, Z Load Indirect RAd « (Z) None 2
LD Rd, Z+ Load Indirect and Post-Ing, Ad i~ (Z), Z« Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z+2-1,Rd« (2 None 2
LDD Rd, Z+q Load Indirect with Displacement Rd«(Z+q) None 2
LDS Rd, k Load Direct from SRAM Ad « (k) None 2
ST X, Rr Store Indirect (X) « Rr None 2
ST X+, Rr Store Indirect and Posl-Inc. (X) &= Rr. X & X + 1 None 2
ST - X, Rr Store Indirect and Pre-Dac. X ¢ X -1, (X) < Rr None 2
ST Y, Rr Store Indirect (Y) « Rr None 2
ST Y+, Rr Store Indirect and Post-Inc, Y) = BRu¥Ye<Y+1 None 2
ST -Y, Rr Store Indirect and Pre-Dec YeY-1,(Y)«Rr None 2
STD Y+q,Ar Store Indirect with Displacement (Y+q)«Rr None 2
ST Z, Rr Store Indirect (2) « Rr Nons 2
8T Z+, Rr Store Indirect and Post-Inc. (D) «—Rr,Ze—Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z+2Z-1,{Z)« Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q) «Rr None 2
STS k, Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO « (Z) None 3
LPM Rd, Z Load Program Memory Rd « (Z) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd ¢ (2), Z «~ Z+1 None 3
SPM Store Program Memory (Z) « R1:RO None -
IN Rd, P In Port Rd « P Nane 1
ouT P, Rr Out Port P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
AIMEL 13
8271BS-AVR-04/10 ——
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e ATmega48A/48PA/88A/88PA/168A/168PA/328/328P

Mnemonics Operands Description Operation Flags #Clocks

POP Rd Pop Register from Slzck Rd <« STACK None 2

MCU CONTROL INSTRUCTIONS

NOP None 1

SLEEP (see specific descr. for Sleap function) None 1

WDR (see specific descr. for WDR/timer) Nona 1

BREAK For On-chip Debug Only None N/A

Note: 1. These instructions are only available in ATmega168PA and ATmega328P.
14

8271BS-AVR-04/

10

AIMEL

®
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u-blox 6 GPS Modules
Data Sheet

Abstract

Technical data sheet describing the ¢Gst éffective; High-performance
u-blox 6 hased NEO-6.5eries of GPS modules, that drings the:high
performance of the usblox 6 positionitg enginétothe mintature
NEQ form factor,

These receivers combine a-high level of integration capability with
flexible connectivity opiens in.a small package/ This makes them
perfectly suited for mass-marketend products with strict size -and
cost requirements.
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Document Information

Title NEO-6
Subtitle u-blox 6 GPS Modules
Document type Data Sheet

Document number GPS.G6-HW-09005-E

Document status

Document status information QS s
Objective This document contains target values. Revised and supplementary data will be published

Specification later.

Advance This document contains data based on early testing. Revised and supplementary data will

Information be published later.

Preliminary This document contains data from product verification. Revised and supplementary data
may be published later,

Released This document contains the final product specification.

This document applies to the following products:

Name Type number : ROMIFI.ASH yﬁt;lgri W PCN reference '
NEO-6G NEO-6G-0-001 ROM7.03 UBX-TN-11047-1
NEO-6Q NEO-6Q-0-001 ~ROM7.03/ /00" UBX-TN-11047-1
NEO-6M NEO-6M-0-001 ROM7.03 UBX-TN-11047-1
NEO-6P NEO-6P-0-000 ROM6.02 N/A

NEO-6V NEQO-6V-0-000 ROM7.03 N/A

NEO-6T NEQ-6T-0-000 ROM7.03 N/A

This document and the use of any information contained therein, is subject to the acceptance of the u-blox terms and conditions. They
can be downloaded from www:.u-blox.com.

u-blox makes no warranties based on the accuracy or completeness of the contents of this document and reserves the right to make
chanages to specifications and product descriptions at any time without notice. Reproduction, use or disclosure to third parties without
express permission is strictly prohibited. Copyright © 2011, u-blox AG.

u-blox® is a registered trademark of u-blox Holding AG in the EU and other countries. ARM® is the registered trademark of ARM Limited in
the EU and other countries.

ARM
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1 Functional description

1.1 Overview

NEO-6 - Data Sheet

The NEO-6 module series is a family of stand-alone GPS receivers featuring the high performance u-blox 6
positioning engine. These flexible and cost effective receivers offer numerous connectivity options in a miniature
16 x 12.2 x 2.4 mm package. Their compact architecture and power and memory options make NEO-6 modules

ideal for battery operated mobile devices with very strict cost and space constraints.

The 50-channel u-blox 6 positioning engine boasts a Time-To-First-Fix (TTFF) of under 1 second. The dedicated
acquisition engine, with 2 million correlators, is capable of massive parallel time/frequency space searches,
enabling it to find satellites instantly. Innovative design and technology suppresses jamming sources and
mitigates multipath effects, giving NEO-6 GPS receivers excellent navigation performance even in the most

challenging environments.

1.2 Product features

Mode!

NEO-6Q

NEO-6M

NEO-6P

NEO-6V

NEO-6T

© = Requires external components and integration on application processor

Table 1: Features of the NEO-6 Series

T

GPS.G6-HW-09005-E

oS

L]

Type

Timing

Raw Data

Dead Reckoning

{

Fagsve20yv

Supply

2TV-36 Vv

UART

Interfaces

use

124

SP

| 0DC (FC compliant)

i ?[gg;ammauﬂ

- (Hlash) AW update

1CX0

All NEO-6 modules are based on GPS:chips qualified according to AEC-Q100.
information.

Features
®
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= 3t g i 2
- © # -
t) 2 B
< 2 g =
&2 g 3 § = §£
. o $ 0 .
- o 3 1 .
- i
. o 3 . 1 L
4 ' W
. o 3 1 .
v ¥
. oy 3 1 .
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See Chapter 5.1 for further
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1.3 GPS performance

Parameter

Receiver type

Time-To-First-Fix'

Sensitivit\,/I

Maximum Navigation update rate

Horizontal position accuracy®

Configurable Timepulse frequency range

Accuracy for Timepulse signal

Velocity accuracy”
Heading accuracy”
Operational Limits

Table 2: NEO-6 GPS performance

All satellites at -130 dBm
Without aiding

P ST S S V-

For an outage duration <10s

Specification

50 Channels
GPS L1 frequency, C/A Code
SBAS: WAAS, EGNOS, MSAS

Cold Start’
Warm Start’
Hot Start’
Aided Starts’

Tracking & Navigation
Reacquisition’

Cold Start (without aiding)
Hot Start

GPS

SBAS

SBAS + PPP’
SBAS+ PPP’

RMS

99%
Granularity
Compensated”

Dynahnics
Altitude"
Velocity™

Dependent on aiding data connection speed and latency
Demonstrated with a good active antenna

¢ CEP, 50%, 24 hours static, -130dBm, SEP: <3.5m

’ NEO-6P only

NEO-6G/Q/T

26s

26s

1%

1s

NEQ-6G/Q/T
-162.dBm
-160'dBm

-148 dBm
-157dBm
NEQ-6G/Q/M/T

S5Hz

2.5m

20m

< 1'm (2D;R50)"
<2m (3D, RSO)‘
NEO-6G/Q/M/PN
0.25 Hz to 1 kHz
30 ns‘

<60 ns

21ns

15 ns

0.4m/s

0.5 degrees
<4g

50,000 m

500 mv/s

period, strong signals. Continuous availability of valid SBAS correction data during full test period.

® Quantization error information can be used with NEO-6T to compensate the granularity related error of the timepulse signal

' Assuming Airborne <4g platform

GPS.G6-HW-09005-E
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NEC-6MN
27 s

27s

1s

<3s
NEO-6MANV
-161 dBm
-160 dBm
-147 dBm
-156 dBm
NEO-6PNV
1.Hz

NEO-6T

NEO-6P
32s

32s

1s

<35
NEO-6P
-160 dBm
-160 dBm
-146 dBm
-155 dBm

0.25 Hzito 10 MHz

Demonstrated under following conditions: 24 hours, stationary, first 600 seconds of data discarded. HDOP < 1.5 during measurement

Page 6 of 25
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1.4 Block diagram

T o X b e il
SAW P LART -
VOC_RF Filter RF Front-End
- s with e - Inrhe
s integrated LNA =
, A i O
VG e — SR {optonal) o

= DOC >

- 1A3v2 0
ARMTTONE S 2

R ey,

\_BACKLP L‘ }—‘
—_— e
TS i D

Figure 1: Block diagram (For available options refer to the product features table in section 1.2).

1.5 Assisted GPS (A-GPS)

Supply of aiding information like ephemeris, almanac, rough last position and time and satellite status and an
optional time synchronization signal will reduce time to first fix significantly and improve the acquisition
sensitivity. All NEO-6 modules support the u-blox AssistNow Online and AssistNow Offline A-GPS services™" and
are OMA SUPL compliant.

1.6 AssistNow Autonomous

AssistNow Autonomous provides functionality similar to Assisted-GPS without the need for a host or external
netweork connection. Based on previously broadcast satellite ephemeris data downloaded to and stored by the
GPS receiver, AssistNow Autonomous automatically generates accurate satellite orbital data (“AssistNow
Autonomous data”) that is usable for future GPS position fixes. AssistNow Autonomous data is reliable for up to
3 days after initial capture.

u-blox’ AssistNow Autonomous benefits are:
« Faster position fix
+ No connectivity required
»  Complementary with AssistNow Online and Offline services
= No integration effort, calculations are done in the background
& For more details see the u=blox 6 Receiver Description including Protocol Specification [2].

"' AssistNow Offline requires external memory.

79
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1.7 Precision Timing

1.7.1 Time mode
NEO-6T provides a special Time Mode to provide higher timing accuracy. The NEO-6T is designed for use with
stationary antenna setups. The Time Mode features three different settings described in Table 3: Disabled,
Survey-In and Fixed Mode. For optimal performance entering the position of the antenna (when known) is
recommended as potential source of errors will be reduced.

Time Mode Settings Description
Disabled Standard PVT operation
Survey-In The GPS receiver computes the average position over an extended time period until a predefined

maximum standard deviation has been reached. Afterwardsthe receiver will be automatically set to
Fixed Mode and the timing features will be activated.

Fixed Mode In this:mode, a fixed 3D position and known standard deviation is:assumed and the timing features are
activated. Fixed Mode can either be activated directly by feeding pre=defined position coordinates (ECEF
- Earth Center Earth Fixed format) or by performing a Survey-in.
In Fixed mode, the timing errors in the TIMEPULSE signal which otherwise result from positioning errors
are eliminated. Single-satellite operation is supported. For details, please refer to'the u-blox 6 Receiver
Description including Protocol Specification [2].

Table 3: Time mode settings

1.7.2 Timepulse and frequency reference

NEO-6T comes with a timepulse output which can be configured from 0.25 Hz up to 10 MHz. The timepulse can
either be used for time synchronization (i.e.. 1 pulse per second) or as-a reference frequency inthe MHz range. A
timepulse in the MHz range provides excellent long-term frequency accuracy and stability.

1.7.3 Time mark

NEO-6T can be used for precise time measurements with sub-microsecond resolution using the external interrupt
(EXTINTO). Rising and falling edges of these signals are time-stamped to-the GPS or UTC time and counted. The
Time Mark functionality can be enabled with the UBX-CFG-TM2 message

For details, please refer to the u-blox & Receiver Description including Protocol Specification:[2].

1.8 Raw data

Raw data output is supported at an update rate of 5 Hz on the NEO-6T and NEQ-6P. The UBX-RXM-RAW
message includes carrier phase with half-cycle ambiguity resolved, code phase and Doppler measurements,
which can be used in external applications that offer precision positioning, real-time kinematics (RTK) and
attitude sensing.

1.9 Automotive Dead Reckoning

Automotive Dead Reckoning (ADR) is u-blox’ industry proven off-the-shelf Dead Reckoning solution for tier-one
automotive customers. u-blox’ ADR solution combines GPS and sensor digital data using a tightly coupled
Kalman filter. This improves position accuracy during periods of no or degraded GPS signal.

The NEO-6V provides ADR functionality over its software sensor interface. A variety of sensors (such as wheel
ticks and gyroscope) are supported, with the sensor data received via UBX messages from the application
processor. This allows for easy integration and a simple hardware interface, lowering costs. By using digital
sensor data available on the vehicle bus, hardware costs are minimized since no extra sensors are required for
Dead Reckoning functionality. ADR is designed for simple integration and easy configuration of different sensor
options (e.g. with or without gyroscope) and vehicle variants, and is completely self-calibrating.

80
GPS.G6-HW-09005-E Page 8 of 25



eblox NEO-6 - Data Sheet

For more details contact the u-blox support representative nearest you to receive dedicated u-blox 6 Receiver
Description Including Protocol Specification [3].

1.10Precise Point Positioning

u-blox’ industry proven PPP algorithm provides extremely high levels of position accuracy in static and slow
moving applications, and makes the NEO-6P an ideal solution for a variety of high precision applications such as
surveying, mapping, marine, agriculture or leisure activities.

lonospheric corrections such as those received from local SBAS " geostationary satellites (WAAS, EGNOS, MSAS)
or from GPS enable the highest positioning accuracy with the PPP algorithm. The maximum improvement of
positioning accuracy is reached with PPP+SBAS and can only be expected in an environment with unobstructed
sky view during a period in the order of minutes.

1.11Oscillators

NEO-6 GPS modules are available in Crystal.and TCXO versions. The TCXO allows accelerated weak signal
acquisition, enabling faster start and reacquisition times.

1.12Protocols and interfaces

Protocol f kY S AR NN T
NMEA Input/output, ASCI, 0183, 2.3 (compatibleto 3.0)
UBX Input/output, binary, U-blox proprietary

RTCM Input, 2.3

Table 4: Available protocols

All listed protocols are available on UART, USB, and DDC. For specification of the various protocols see the u-
blox 6 Receiver Description including Protocol Specification [2].

1.12.1 UART

NEO-6 modules include one configurable UART interface for serial communication (for information about
configuration see section-1.15).

1.12.2 USB

NEO-6 modules provide a USB version 2.0 FS (Full Speed, 12Mbit/s) interface as an alternative to the UART. The
pull-up resistor on USB_DPis integrated to signal a full-speed device to the host. The VDDUSB pin supplies the
USB interface. u-blox provides a Microsoft® certified USB driver for Windows XP, Windows Vista and Windows 7
operating systems.

1.12.3 Serial Peripheral Interface (SPI)

The SPI interface allows for the connection of external devices with a serial interface, e.g. serial flash to save
configuration and AssistNow Offline A-GPS data or to interface to a host CPU. The interface can be operated in
master or slave mode. In master mode, one chip select signal is available to select external slaves. In slave mode a
single chip select signal enables communication with the host.

& The maximum bandwidth is 100kbit/s.

* Satellite Based Augmentation System

81
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1.12.4 Display Data Channel (DDC)
The I'C compatible DDC interface can be used either to access external devices with a serial interface EEPROM or
to interface with a host CPU. It is capable of master and slave operation. The DDC interface is I'C Standard Mode
compliant. For timing parameters consult the I°C standard.
= The DDC Interface supports serial communication with u-blox wireless modules. See the specification of
the applicable wireless module to confirm compatibility.

& The maximum bandwidth is 100kbit/s.

1.12.4.1 External serial EEPROM
NEO-6 modules allow an optional external serial EEPROM to be connected to the DDC interface. This can be
used to store Configurations permanently.

& For more information see the LEA-6/NEO-6/MAX-6 Hardware Integration Manual [1].
& Use caution when implementing since forward compatibility is not guaranteed.
1.13Antenna

NEO-6 modules are designed for use with passive and active” antennas.

Parameter P 7 W spesticatipi iy . o
Antenna Type Passive and active antenna

Minimum gain 15 dB (to compensate signal loss in RF cable)
Active Antenna Recommendations Maximum gain 50 dB

Maximum noise figure 1.5d8

Table 5: Antenna Specifications for all NEO-6 modules

1.14Power Management

u-blox receivers support different power modes. These modes represent strategies of how to control the
acquisition and tracking-engines in arder to achieve eitherthe best possible performance or good performance
with reduced power consumption.

& For more information about power management strategies, see the u-blox 6 Receiver Description
including Protocol Specification [2].

1.14.1 Maximum Performance Mode
During a Cold start, a receiver in-Maximum:Performance Mode continuously deploys the acquisition engine to

search for all satellites. Once the receiver-has a position fix (or if pre-positioning information is available), the
acquisition engine continues to be used to search for all visible satellites that are not being tracked.

1.14.2 Eco Mode

During a Cold start, a receiver in Eco Mode works exactly as in Maximum Performance Mode. Once a position
can be calculated and a sufficient number of satellites are being tracked, the acquisition engine is powered off
resulting in significant power savings. The tracking engine continuously tracks acquired satellites and acquires

other available or emerging satellites.

& Note that even if the acquisition engine is powered off, satellites continue to be acquired.

" For information on using active antennas with NEQ-6 modules, see the LEA-6/NEQ-6 Hardware Integration Manual [1].

82
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1.14.3 Power Save Mode
Power Save Mode (PSM) allows a reduction in system power consumption by selectively switching parts of the
receiver on and off.

m Power Save mode is not available with NEO-6P, NEO-6T and NEO-6V.

1.15Configuration

1.15.1 Boot-time configuration

NEO-6 modules provide configuration pins for boot-time configuration. These become effective immediately
after start-up. Once the module has started, the configuration settings can be modified with UBX configuration
messages. The modified settings remain effective until power-down er reset. If these settings have been stored
in battery-backup RAM, then the modified configuration will be retained, as-long as the backup battery supply is
not interrupted.

NEO-6 modules include both CFG_COMO and. CFG_COM?1 pins and can be cenfigured as seen in Table 6.
Default settings in bold.

CFG_COM1 CFG_COMO (Protocol Messages -~ . 00— USB power
1 1 NMEA  GSV, RMC, GSA, GGA, GLL, VTG, TXT BUS Powered
1 0 . NMEA .~ GSV, RMC, GSA, GGA, GLL, VTG, TXT | .38400 . Self Powered
0 foird NMEA  GSV*, RMC, GSA, GGA, VTG, TXT - 4800 " BUS Powered
0 0 UBX NAV-SOL, NAV-STATUS, NAV-SVINFO, NAV-CLOCK, 57600 " BUS Powered

INF, MON-EXCEPT, AID-ALPSERV
Table 6: Supported COM settings

NEO-6 modules include a‘CFG_GPS0 pin, which enables the boot-time configuration of the power mode. These
settings are described in Table 7. Default settings in bold.

CFG_GPS0 Power Mode
0 Eco-Mode
) Maximum Performance Mode

Table 7: Supported CFG_GPSO settings
& Static activation of the CFG_COM and CFG_GPS pins is not compatible with use of the SPI interface.

1.16 Design-in

In order to obtain the necessary information to conduct a proper design-in, w-blox strongly recommends
consulting the LEA-6/NEO-6/MAX-6 Hardware Integration Manual [1].

" Every 5" fix.
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2 Pin Definition

2.1 Pin assignment

NEO-6

Top View

b
Figure 2 Pin Assignment
No Module Name

1 All Reserved

i All SS_N

3 All TIMEPULSE

4 All EXTINTO

5 All UsSB_bM

6 All UsB_DP

7 All VODUSB

8 All Reserved

9 All VCC_RF

10 All GND

1 All RF_IN

12 All GND

13 All GND

14 All MOSVCFG_COMO
15 All MISO/CFG_COM1
16 All CFG_GPS0/SCK
17 All Reserved

18 All SDA2

19 All SCL2
20 All TxD1
21 All RxD1

84
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Description

Reserved

SPI Slave Select

Timepulse (1PPS)

External Interrupt Rin

USB Data

USB Data

USB Supply

See Hardware Integration Manual

Pin 8and 9 must be connected together.

Output Voltage RF section
Pin 8 and 9 must be connected together.

Ground
GPS signal input
Ground
Ground

SPI MOSI / Configuration Pin.
Leave open if not used.

SPI MISO / Configuration Pin.
Leave open if not used.

Power Mode Configuration Pin / SPI Clock.
Leave open if not used.

Reserved
DDC Data
DDC Clock
Serial Port 1
Serial Port 1
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No Module Name /0 Description
22 All V_BCKP | Backup voltage supply
23 All VCC | Supply voltage
24 All GND | Ground

Table 8: Pinout

& Pins designated Reserved should not be used. For more information about Pinouts see the LEA-6/NEO-
6/MAX-6 Hardware Integration Manual [1].
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3 Electrical specifications

3.1 Absolute maximum ratings

Parameter Symbol Module Min Max Units Condition
Power supply voltage vcC NEO-6G -0.5 2.0 v

NEO-6Q, 6M, 6P, 6V, 6T -0.5 3.6 v
Backup battery voltage V_BCKP All -0.5 3.6 Vv
USB supply voltage VDDUSB All -0.5 36 Vv
Input pin voltage Vin All -0.5 3.6 \'

Vin_usb All 0.5 vDDU Vv
SB

DC current trough any digital VO Ipin 10 mA
pin (except supplies)
VCC_RF output current ICC_RF All 100 mA
Input power at RF_IN Prfin NEO-6Q, 6M, 6G, 6V, 6T 15 dBm source impedance

NEO-6P = dBm = 500, continuous

} wave

Storage temperature Tstg All -40 85 PG

Table 9: Absolute maximum ratings

GPS receivers are Electrostatic Sensitive Devices (ESD) and require special precautions when
handling. For more information see chapter 6.4.

Stressing the device beyond the “Absolute Maximum Ratings” may cause permanent damage.
These are stress ratings only. The product is not protected against overvoltage or reversed
voltages. If necessary, voltage spikes exceeding the power supply voltage specification, given in
table above, must be limited to values within the specified boundaries by using appropriate
protection diodes. For more information see the LEA-6/NEQ-6/MAX-6 Hardware Integration
Manual [1].
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3.2 Operating conditions

NEO-6 - Data Sheet

& All specifications are at an ambient temperature of 25°C.
Parameter Symbol  Module Min Typ Max Units  Condition
Power supply voltage vcC NEO-6G 1.75 18 1.95 v
NEO-6QM 2.7 3.0 36 v
NEO-6PN/T
Supply voltage USB VDDUSE Al 3.0 3.3 36 '
Backup battery voltage V_BCKP All 1.4 36 Vv
Backup battery current |_BCKP All 22 WA V_BCKP =18V,
VCC =0V
Input pin voltage range Vin All 0 VCC V
Digital 10 Pin Low level input voltage Vil All 0 F2VEC Y
Digital 10 Pin High level input voltage Vih All 0.7*vCC vec V
Digital IO Pin Low level output voltage Vol All 0.4 v lol=4mA
Digital 10 Pin High level output voltage  Vaoh All VCC <04 v loh=4mA
USB_DM, USB_DP VinU All Compatible with USB with 22 Ohms series resistance
VCC_RF voltage VCC_RF All VCC-0.1 Vv
VCC_RF output current ICC_RF All 50 mA
Antenna gain Gant All 50 dB
Receiver Chain Noise Figure ~ NFtot Al 3.0 dB
Operating temperature Topr All -40 85 T
Table 10: Operating conditions
& Operation beyond the specified operating conditions can affect device reliability.
3.3 Indicative power requirements
Table 11 lists examples of the total system supply current for a possible application:
Parameter . Symbol Module "= Min '_ Tvp N Max @& Unlti m Condition
) 3 . S &+ L 2t -==-|6
Max. supply current * Iccp All 67 mA i e L
195V
lcc Acquisition All 47" mA
Icc Tracking NEC-6G/Q/T 40" mA
(Max Performance made) NEO-6M/PNV 39* mA
" 20 VEC =3.05%¢
Average supply current lcc Tracking NEO-6G/Q/T 38" mA 1.8V
(Eco mode) NEO-6M/P/V 37" mA '
lcc Tracking NEO-6G/Q 12% mA
(Power Save mode / 1 Hz) NEO-6M . 3 mA
Table 11: Indicative power requirements
& Values in Table 11 are provided for customer information only as an example of typical power

requirements. Values are characterized on samples, actual power requirements can vary depending on
FW version used, external circuitry, number of SVs tracked, signal strength, type of start as well as time,

duration and conditions of test.

* Use this figure to dimension maximum current capability of power supply. Measurement of this parameter with 1 Hz bandwidth.

"* NEO-6Q, NEO-6M, NEO-6P, NEO-6V, NEO-6T
" NEO-6G

** Use this figure to determine required battery capacity.
" >8 SVs in view, CNo >40 dBHz, current average of 30 sec after cold start.
* With strong signals, all orbits available. For Cold Starts typical 12 min after first fix. For Hot Starts typical 15 s after first fix.

GPS.G6-HW-09005-E
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3.4 SPI timing diagrams

In order to avoid a faulty usage of the SPI, the user needs to comply with certain timing conditions. The
following signals need to be considered for timing constraints:

Symbol

SS_N
SCK

Description
Slave Select signal

Slave Clock signal

Table 12: Symbol description

SS_N

SCK

t

Wt

NEQ-6 - Data Sheet

DES

A

Y

118111 01

Figure 3: SPI timing diagram

3.4.1 Timing recommendations

Parameter Descﬂpﬂgh : Qe ! Rgcommendatnon “%
25 Initialization Time 500 ps

Y Deselect Time 1ms

Bitrate 100 kbit/s

Table 13: SPI timing recommendations

&

&

The values in the above table result from the requirement of an error-free transmission. By allowing just
a few errors, the byte rate could be increased considerably. These timings — and therefore the byte rate

- could also be improved by disabling other interfaces, e.g. the UART,
The maximum bandwidth is 100 kbit/s*".

* This is a theoretical maximum, the protocol overhead is not considered.

88
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SIM300
The GSM/GPRS Module for M2M applications

SIM900
GSM/GPRS Module

SIM90886

| s2-1040S i
- FCC ID:UDV-0912142009007 ?

IMET: 5213401147067 |

VT |

SN: D20609520001098

| i |

The SIM900 is a complete Quad-band GSM/GPRS solution in a
SMT module which can be embedded in the customer applications.

Featuring an industry-standard interface, the SIM900 delivers
GSM/GPRS 850/900/1800/1900MHz performance for voice, SMS,
Data, and Fax in a small form factor and with low power
consumption. With a tiny configuration of 24mm x 24mm x 3 mm,
SIM900 can fit almost all the space requirements in your M2M
application, especially for slim and compact demand of design.

e SIMO00 is designed with a very powerful single-chip processor integrating

AMR926EJ-S core
¢ Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm
e SMT type suit for customer application
e An embedded Powerful TCP/IP protocol stack
e Based upon mature and field-proven platform, backed up by our support

service, from definition to design and production
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SIM3900

The GSM/GPRS Module for M2M applications

General featrues

® Hands-free operation
(Echo suppression)

® Quad-Band 850/ 900/ 1800/ 1900 MHz ® AMR
® GPRS multi-slot class 10/8 Half Rate(HR)
® GPRS mobile station class B Full Rate(FR)
® Compliant to GSM phase 2/2+
— Class 4 (2 W @850/ 900 MHz) Interfaces
—Class 1 (1 W @ 1800/1900MHz) ® |nterface to external SIM 3V/ 1.8V
® Dimensions: 24* 24 * 3 mm ® analog audio interface
® \Weight: 3.4g - ® RTC backup
® Control via AT commands (GSM ® SPlinterface
07.07 ,07.05 and SIMCOM enhanced AT ®  Serial interface
Commands) ® Antenna pad
® S|M application toolkit ® |2C
® Supply voltage range 3.4 ... 4.5V ® GPIO
® |[ow power consumption ® PWM
® Operation temperature; ® ADC

-30 °C to +80 °C
Specifications for fax
® Group 3, class 1

Specifications for data

® GPRS class 10; max. 85.6 kbps
(downlink)

PBCCH support

Coding schemes CS 1, 2, 3, 4
CSD up to 14.4 kbps

USsSD

Non transparent mode
PPP-stack

Compatibility
® AT cellular command interface
Approvals (in planning)

CB
FCC
ROHS
PTCRB
GCF
AT&T
IC

TA

Specifications for SMS via GSMPin Assignment

/| GPRS

® Point-to-point MO and MT
® SMS cell broadcast

® Textand PDU mode

Drivers
® MUX Driver
Specifications for voice

® Tricodec
— Half rate (HR)
— Full rate (FR)
— Enhanced Full rate (EFR)

More about SIM300 module, Please contact:

sl

saEubeniiann
e LHE

13ergEEEEERR NRAN
Tel:+86 21 32523300

Fax:+86 21 32523301
Emailisimcom@sim.com





