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ABSTRACT

The concept of the home appliance ~control system "via wireless
communication is ‘presented.  The purpose of this project is to provide the
controlling of home appliances by using android application and internet to control
the microcontroller AVR ATmega2560 that put data from smart phone, tablet or
computer and send to the microcontroller which is programmed for controlling the
electrical equipments. The command code will be sent from one transmitter to one
receiver by using XBee and the microcontroller AVR ATmega2560 will also order the

devices in the residence on/off.
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Ul 2.1 98fuves PHY LaE MAC

AndindrIumit XBee wansnainueionnsle inggdimnunnigiu IEEE
802.15.4 uariimsdantslunuuras XBee lusesiudaly wall [EEE 802.15.8 uwiswiiagunani
Tupdernseanifiu 2 Ussiny fs-FFD (Full Function Device) ynuia aunsaliianunse
yhawldvnednsluiaiotne wag RFD (Reduce Function Device) vanefia gunsaiiignan

auannsansynuluesade
2.1.3 viiavasgunsal XBee

gunsaivey XBee flag 2 Wil Ussneulume gunsainismenin (Physical
Device) uaggunsainamsang (Losical Device)
' gUnIniN19NIBNIWN (Physical Device) i1 2 Uszian fg

1. Full-Function Device (FFD) : qﬂ‘ﬂ’l&; (Routers) ﬁLi‘JNﬁﬂﬂﬂ’N‘luﬂ’lieh‘ffaga
ngunIaidug Wndsnuanansla (Power Line) sisulelunnguuuy wazannsavindu
ndousteiuld

2. Reduced-Function Device (RFD) + imsngRunstiansaiunislunions
Taeldwdsrunnuunined liawnsadreveadasasngUnsaidug s vilvineluiniadie
Wuuaans

auUnInin1ensIng (Logical Device) il 3 Ussian fip

1. wite (Coordinators) xiivihidumileufuunuvdnueaaiatie weasa
msdeans Wenlvaaiedis sewitgunsaluamemafiugnene, withefuwitne, witetu
gnine Tnefmuasiiuvisuennsa (Address) Wigunsallurandetnglailidniu damsides
mavduma (Routing) Aaunsaiieuldiu FFD Mugninsdenandlumsdedoya

2. g Sniisu-dedoyaludumaineg seusiets Sadieuldiy FFD

3. gunsaivanems (End-device) {Wulnungavinevenniatis uazilugunsal

i v a 5 9 v w o °
Aasudyranneugesvateny leeildwdanunilunisvinnu



2.1.4 w3a118lUslnAoa XBee

weteliaelagldlusTnnea XBee annsadslivatsuuy Saannsouvldidy
vannlvgq 2 wuu fle gaiiiouse wargunsaiianems qunselideusiavetiuslnasa XBee
Hugunsaiuszuam FFD fildisaumsvinuresduslanea xBee Miilusiwauunn daugunsal
Yanematiy annsaasnduléivis FFD wag RFD @1 RFD daifugunsaliiédn uasieiigaues

o ° v
TUslamaa XBee iin15vinanuaaslusinAoa XBee wosun

2.1.4.1 MsideudauuusEAuIfiea (Peer-to-Peer)

d 1 ar = o o LI 1 -l s o 1
NNLYDURABDRUUITAULAYT Taermualvsausniduutte muanmﬂwumf)u@nma

Fagui 2.2

= o i W e
U 2.2 MITINRBLUUTEAUWNELT

2.1.4.2 nsidaudauuUanIs (Star Network)

A | a 1
maideusowuuanis (unisivasdeyauuuliiamsiangasgavanetatons lag

v o 1 ) @ v o W =l
XBee ynieglussuuiAiotiedsiiuannsaiuteyalandy Avgud 2.3

= - '
JUN 2.3 MIdeusiawuvans



2.14.3 n9\dousauuuAsned (Cluster Tree)

mssudseyauuudi viedssie iy A desnsinsertu C us C aglnasin A au
1 = 1 s 1 d‘ = ) 1 s o .l: d 1
A liannsodesieiu C 1ilaoase usiliesandl B agseninn A fiv C dwunsigouns

a - ar = - ' Y a a
wuudawesarld B [Wuwmilousnaratiounisinsie (Repeater) 5813 A fiu C Asgun 2.4

< < i w <
UM 2.4 MATBNABUUUAAADS

2.1.4.4 MsidauranuuLY (Mesh Network)

A 3 = O ) ¥ -I @ - d‘ v
nswdeusiaieiotisuvuwy Iulaswiendvszansnnguiiesnindeyaanunse
dgdlufathwmnelivarsidums | vildssuvansoiu-dweyaludigamnetarennala
wivay uivsifnaidemevasssuuluunduing ssuvisadussuuildsuanuden

L} as J
Wuegann dagun 2.5
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2.1.5 Yunaun1siIuveaaiatielusinaea IEEE 802.15.4 fu XBee
2.1.5.1 TUABUNITHNIUVDIUIYIY XBee (XBee Coordinator)

n15ESIINITEURY XBee SuAUATRYNY Inenisnsivdsunslddodynaing
o & = ar u: 1 L) s d A\' L) ) ¥
meluvinuseug  Hildesdgyarailignldlasuitedduianniasuiuaisiiele
wdnuumiteiegyhmihidugudnarseaaiets  sesfumadhsnaietegunsal

Uanena XBee Uaz30e5un133aeveus aumnnsgiumioiguiy
2.1.5.2 Fupsumsingugunsalvaien1sveaiatiy XBee

Susunsvieu laensiesvenadisauasetisludusiteussinaiotietue
Tnensasavaeuriutasdygiasieg 31 witnsldvedymaleeg Wewthinmaietienm

gunsaluaemaTeaninsoiInIssesuomasdns sunisuisnele

2.1.6 XBee flusmsgumsteanstiaeuuudus

XBee /\laiUFouiteufunn sgusyuudeansnaaq uansmn e 2.1 seuiulai
wialulagvesugys (Bluetooth) war Wifi Wy Aundanugs Ishimnsayiiaziunldnuiy
wIednulwuwes dednsamsasdaraliwe warlindudendaung teenninaiien

' Vs =
Foyaiununm Tngunsgustundeansing awnsauandlifgui 2.6
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JUR 2:6 TounnsneserninenasguliaeLUUANY
2.1.7 9um Uazyinen vasluga XBee
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J 1 @ L J ' '
wsiavyvi1efi 2.00 mm anerenand 2.2 usdnlu XBee Ju Pro A1EvslIRATLE N

=1 i e ' ° B @ o
ﬂUL{‘J‘U 32.94 mm WARILKLY WazUIUTDIVUNIAL PN?J‘VI 20
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0. 0% Tl _Pedlin &) GUEOETERETD 1P AN X" e~ JF
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PINRR=% ¢ ® o) ~=—+-PIN 20
a AN i 7le o
a of >4 pIN20 | PIN 127 |o ®
s a o ol 1.207
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1.087 MET‘ 1.2
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| l—n05g66™ 1
| (22 00ma) ~ o :
- 0. 960, " e 0.866"
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S e 0 5 S B0%
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ABee o0 A207 Slee i ol e i

== G e |
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A1919N 2.2 ‘i'lt]ﬁ%hﬁﬂﬂ‘ll’lﬁl']ﬁ‘] Y04 XBee

1 0 wedm deygyins PWM u3a 1 RSS! (R Signal Strength Indicator
| 1A é&ﬁ’:ﬁmwmﬁ%‘u‘lﬁ' i

ST

- PWMO (RSSI)

Reserved

2.1.8 Uszunnvesluga XBee

XBee wisoanifiujuiifinuantAunnsrsiusenty Wy XBee DigiMesh 2.4, XBee
78, XBee-PRO XSC ({usiu n1sidousie xBee luindetnaideniusiodld XBee uifivafiu
Mnfuluusiaziussiijudosiifiidsds vionisdeusoaoiniafiuansiaiu 1wy XBee-
PRO DigiMesh 2.4, XBee-PRO ZB jugonwanijanunsodoasfuiudosduiifimdsdssinia
wioganinle 1wy XBee ZB @nnindeansiu XBee-PRO ZB w3p XBee-PRO ZB Wire
Antenna 1 uliianansadoansdhuiuiu XBee-PRO XSC 1 fiseazdundsil



2.1.8.1 XBee 802.15.4 (XBee Series 1)

11

{uluga XBee #ldAwd 24 GHz vuNIAsgIU IEEE 802.15.4 Feguil 2.8 M3

y [l = 8 v a 5 o oM 1 e gt ”
Wousowuuwy JHHTIWS (Firmware) weavng Digi #09@dluy “DigiMesh” laelu

= el I T I S V) 4.’4
XBee Series 1 fzuusgunuiasdadial

Avaua Hodua W | stz *(Line-of-Sight)| mdaas nszua qunsninaviy
XBee 1mwW PCB Antenna PCB Antenna 100m Imw 3.3V @50mA
XBee ImW Wire Antenna Wire Antenna 100m ImwW 3.3V @50mA
XBee Pro 60mwW Wire Antenna Wire Antenna 1,500m 60mW _ | 3.3V @215mA
N ok
- XBee Fro 60mW U.FL Connection | U.FL Connector 1,500m 60mW - 1 3.3V @215mA
" EWLMOZS  EWLMOZ4 EWLMO2S

2.1.8.2 XBee Series 2

3t 2.8 gunsnl XBee Series 1

{Wuluga XBee Mildenud 2.0 GHz vuaNsgY IEEE 802,15.4 uarilszdiu (Stack

Layer) w83 XBee Tatlu XBee Series 2 wisjumuiasds faguil 2.9

[P i T WA -W*){ Widada | rema i re st

% !
[XBee 2 FCE Apterns FOB Antwrea it RN LIV GsEmA

o (SSRGS, S . . i = ﬂ_..é‘. s SRS L
; i § g
{xBew Pro 39wy RPSMA BPMA i A00r o gxre DIVETA |
i i PR e Eaansls

S S I e é, . 4 L v T v S A 3 1 i = 4 P 2 P
{xBee 2y REEMA PG 120 2 11OV OomA / . /

e ———_— _._—.;F. e ————
|
i
: [rBee Prs 6omw 051 Connecton | 0. Commector 1300 S 3OV B21%A b B ( . /

3U#l 2.9 qunsal XBee Series 2

4 - g ¥ e v d
*s30% (Line-of-Sight) Tnussesivhldtusgiuanminedeuvesstuusasanuenneily iieeninaaud 2.4 GHz Wy

' - o . = - '
gumnuig mlﬁi‘)‘m'lﬂﬁﬁﬂwauﬁmmmqauasaann'u’muﬂaamamnﬁussusmqmﬁuu'lﬁ
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T - T

! 4 ! i |
E 5 ! | = \

: 3:@“ I B Crnnection | R Commactor | 130 i W '; W SAdmaA

5 | i i AR eAMONe sty

+ - =R v o o =" 4 = & = A
E-}m e Wre Afienns | wire Artesng 120m 3 b ‘; WogmA |
1 ! | § | 3
| | g |

RTINS I R BRI e Sasas Syas it Ryt =

| i
Iiboe Pro 30w PGB Artenns | $CB Antew. | 1400em W |10V G295mA
| |
| | 1
[Bae Pro S Wee Mtanna | Yire Mtenns : 3 8050 Sl 33 @FmA
| | |
| | i
HAES o in RS ARSSSRPISL A SRS raShIsEN: § s Easne B A s — el

4 e e oy NNt

i | i

i | } |

ilm Fro S0mwy § BEFL Conmection | 1.600en S ‘1 3 QI9%mA
| { | i

i 'a % !

Uil 2.9 (si8) gUn3ni XBee Series 2

2.1.8.3 XBee 900 MHz

{iuluga xBee mamfl 900 MHz vildszpymsfu-dsldlaandvie qu 1 uae 2
s al 1 el - ¢l = 1 ] %
faguit 2.10 Tagaeiljutes 2 juinduiunininadousouuugadonaisys (Point to
aa a s 1 & = o ar i =
Multipoint) kazAdiuy dnsIMsivdsvayagegain 200 Kbps Madde 3.3 V 71250 mw lag

s

S i [ 1
W3UL Y BNUUUILAVVRIEIWDIN AR

3Uil 2.10 Unsal XBee 900 MHz
2.1.8.4 XBee Wifi

L‘ﬁtﬂuﬂua XBee ANUA 2.4 GHz UUNINSFIU IEEE 802 waNIINANANTAIUNTT
doansfuluga XBee Wifi fefutesliudy Sramnsadeansiugunsal wii duls w3eth
Tugaidousetusumeiidn awnsadousefuveadininessiuaann (Cloud) Tneilsnsn
nsfudsdioyageaail 72 Mops frdsds 3.3 V 71 309 mA Taeluga XBee Wifi uamadiagy
211
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3U# 2.11 gunsal XBee Wifi

2.1.9 Tnuansaeansvae XBee
2.1.9.1 Tvium AT

f1 XBee finsfnsonu uaviu-detayanumaoaiian (Transparent) Jayahndsain
XBee fmilaazasluds XBee Snsamilimunannsavaenniimualiluiiameaiveduga
“5 d o y J o st d 1 I
T TnsannsadeululuuaddaiiorinisuiuwasuAmisiinesuuluga XBee 1d

Suninnsleands AT

2.1.9.2 Tniun API

e o W oo a

y e i " | td ar 1
nsddsyaniiemmdanguiinndl uwindudaunivdeiantes Taefesiu-dedoya

d e & = o o s =
maluslaneainmuald lnellynA1daudnnagud 2.12

Start Delimiter Length ~ Frame Dat Checksum

RPi-specific Structurs

U 2.12 ydndilvn AP

APl lu 1 gaddsazuusesnidiv 4 nqusenufe
1. @uisudu (Start Delimiter) Wun1siSuauves APl 919 0X7E WWusAuiiauan

I hilAegaisusiuves API vunn 1 Tud
2. z8g (Length) Av 1uulurves Frame Data dvun 2 lud
3. lassai1evaya (Frame Data) fie Fnda uaz'ifaagaﬁﬁamwsaia wio¥uin Faavilsne
aviduauansanuly mugﬂuwiﬂiaa%ﬁaﬁ'l'&'
4. MIR3INEBUAIMGNSBY (Checksum)  Wuieilinsaadarinugniasues

foyailasuningnieaviel fivunn 1 Tud
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2.1.10 n13Us2gnAnT5 1Y XBee

¢ v 1 v ‘ o a
M3UsEgnANsldany XBee wumuUssiAvvetoyat il 3 wuu fie
1. Yeyauvuntsesniutanam (Periodic) WknsuamnsnmuaNEnsINITde way
v W w 2 W o g v | (T e ¢ a ¢
nsrvdudnygunsEay Wadeya washbideyalindeulm lddmiuuiees wasiines
F19°)
| W oo T v a4 o v

2. Foyauvuilugaeq (Intermittent) Wudnwueiiinsdwideya welinisldny
\iu adndlv

3. deyauuul¥aug (Repetitive Low. Battery) 1dlumsiiesnisdnuniwioe’
Taunsdoansezldisdnassvousan uazannsalinalnnsdnwipuasadoves XBee

. ﬂ: L5 W = o el
WUU GTS (Guarantee Time Slot) 1ivesuussiupaunimuaansuinsdaluldenu

2.2 lulasaaulnsaiaas AVR

W

| 4‘ i‘ai . - o
lulaseaulnsatans AVR JWuniislululasasulnsatansinantulasuSan ATMEL

AR Fedndiulilnsasulnsaiae fasegalwmivesuivm ATMEL #iflanrinenssuuuy RISC
(Advanced RISC Architecture) A wilsfdaienilnglddyaraniindiss 1 gn
(Instructions in_a Single Clock Cycle) audinialilaseoulnsames MCS-51 #ild 1
fds/12 2958umsvineeesdida (Machine Cycle) Wululpsaavlvsaaesiiiussavsam
a9 wiseanituvareeynsu luusazaynsuduisesnifuvaiowes iesessuanuseanis
Aunndnsvosdldanu lusueidinsmnuiivsedsamiviafy Taslulassouidldld AR

WUU Arduino ATmega2560 dauandlnsiasne uazsnuasiBunnineg fagui 2.13, Uil 2.14

LLazgiJﬁ 2.15 PIuaIRU
2.2.1 AuauURYeIUasA Arduino ATmega2560

. W33diuBUNR (Recommended) 7-12 V usasiulwitilunisviniu 5 v
. useiuBuwa (limits) 6-20 V

. AN INEY 256 KB (8 KB for Bootloader)

. MUEAMNTUUY SRAM 8 KB

. MNEAUTIUY EEPROM 4 KB

. vosaldlndes 7 &1 12 V (Input Voltage)
guusulriinlumsviu uasndryeiegi 5 v (TTL)

o+ JREREC e ) TR U IR

. Hddneadunn/iondiwg 54 1 (Uu PWM Output 15 1)



9. fignourdonduwn 16 ¥
2 a o - 1 ol
10. muannsalunsldnuanuddygyuuiniedn 16 MHz (Clock Speed)
11. nszualwase Maw1 1/0 40 mA

12. nsrualnnse v0991 3.3 V 50 mA

-

NOTE:
l Shacked parns only avalablo
inthe 100-pin verson J

¥ ¥ ¥

z Complate functionality for I ORI DB l I RSB E I I
the ADC 704 and T/CS only g = =50 bl

i avasiabicin tho 100N verson

—— — w— — — — — — — —

e 70 B

Uil 2.14 vdenlnazunsu AVR ATmega2560
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2.2.3 vesadunn widnalulasaaulnsaaes AVR

ATmega2560 39 MaSABUNA-LD1ANA UARINIFUN 2.16

§$S§E§s§§§§5
= ,5 “% §£55§8 g
 §88fgE88s38348888 54
§s¥giffiperieroieeesdtoeat
fod (] Be) ) B ) 9 8 ) ) o) ) o) (6] ol ) o) e ) o) ) ] [ (77 )
wocosypes [T 8 PA3A0Y
(rRoarcinTg Peo (7] q_ PAS (ADS)

{mepoy PEY 3] NDEX CORNER 3 PAS LADS)
(XCRIVAING) PE2 E: A P (ADE)
ocavamy Pes 5] PAT ADT)
ocaeTe pes 4] B PG2ALE)
{ocacanTs; pes 7] P8 (PCINT1S)

ramTe pes [4] PJS (PCINTI)
{CLKONCPMNTT) PE? P POINTIZ)
vCC 6 POPCINTIY)

GND P2 (XCKIPCINTIY)

(RX02) PO P (TXDWPOINTION

{TXD?) P PJO (R DEPCINTS)

XCx2) M2 GND

{OCaA) PHD Vo

(OCaH) PrHa PCT (A18)

(OCAC) #HS. OB (AVS)

(OCH) PHE POS (ALY
(SEpcaiTo) PRO PC4 A

(SOUPCINTY) P 20 PC3 A1)
MOSHPCINT PB2 B PC2 (A1)
PMSOPCINTS) PBY 2 PC1 (A9)
OCZAPCINTY) PB4 2 BCO (Af)
OCIAPCETE) Pl [ PG (D)
{OCIBPCINTE) PBE PGO (WY

=

N N M R e S E T EE
BERIpyEgaadazEauaiEl i id
N Beigdl SRS
W\ g2l

g L S

8

U 2.16 181 AVR ATmega2560

- VCC admiuanglv

- GND 4113776
_ - wosn B (PB7..PBO) 1WBINBUNA/ADIWNAATADA A1MISOAMUANITHABN
neluvmasale (Interal Pull-up Register)

- woin C (PB7..PBO) v weindunsn/iowinmidnea anunsofivuanisnasu
melurmeinle

- wadn D (PB7..PBO) ¥IMBINBUNA/DWNARTADA a1N150MAIMUANITHABN

melurwesala
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Ly o : i

Tntlunisnaasensaliazldnisidiaulownsatrouuussuulammesiiin (Ethernet) Gy

oo L ' L3 a fél = o A‘
seuuniealdiuegniniernslutagiu leesueesnldlumvesss dasd
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2.3.1 fdsdaysyrns Wifi (TP-Link)

€ar | 1 = s a - d 1
Duswmedmdeildlunsdedyaa Wifi wanafeguil 2.17 welianansaidense
Whuszuuilgvihnssaanly dusieesiiudgnin wii Taoisusesids iuiieas
: = vo & S v P
wesnlilunsmaass mnluswasiifihnismeassassiluyszgnaldanu dannsanagldin
s o da v oW ) o e ) v oot - ¢
wasmduq Aegmutinerd vionmanuiviudng 19 dseziinnuuanneiieinis
& L3 a e v o o a/ &1 4’ P o L4
far  isweslvansadsuseiuld lnswmidenldisunedijull ieasmnawnsanriili

o e & s o 19 o | eal &0 o
I.‘UﬂiJGI’rJﬂ'ULi’iLﬁ'ﬂ'iG\']'SUlﬂﬁ:iﬂ‘lﬂ HAEIINLIININNININNABDILVIDDUS)

;s;uﬁ 2.17 15 nasmasdnynns Wifi (TP-Link TD-W896 IND 300 Mbps Wireless N ADSL2)

2.3.2 s5udnyeyras Wifi (Tenda W150M)

@ e v ol

¢ oo e 4 <4 L o e - o 1 ' at «
sueasRsudygan Wifil fa dviaminsudyana ievinmsdwisludsgunsein

- 1 ] g o s | o
Wwouse lavlunisneassladenliiswmessmsudyyin Wifi Tenda W150M lagianiasgy

-t = & e a oo ' ' A R o o v
i 2.18 Faduswesnivuldiuseaunivany wasazanlunisieinelanunsaldanuls

AuaNURAYEY Tenda

1. Tenda Yadusmesunadnitansnsonnmald sesdunsvinenld 5 Tnua
fia AP, Client+AP (WiFi Bridge), WDS+AP, WISP wazlsumasuaulsans (Wireless Router)
Heule 2 lvue Ao

- AP = usAwaneuAme LuAu/alind ADSL udnsznedu Wifi
- Client+AP = Fudtyeyaurau Wifi wdanseanusenIu Wifi viauau

2. 5995U WiFi b/g/n m1a5g9an 150 Mbps

3. 3995uANUADANY (Security) WUy 64/128-Un WEP, WPA uag WPA2

4. 5935 WPS (PBC and PIN)

5. 3 LAN/WAN 1 %89 Wuu 10/100Mbps

6. 5995UMIAIAMIULIU (Web Management)
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7. sarndaluin (Power) Wunuunsewaadu (AC) uag USB
8. UM 103 x 66 x 18 mm

st 2.18 5umpFaTudtyans Wifl (Tenda W150M)

2.3.3 Ethernet Shield

Tddmiunsieusavese Arduino  ifusEuudunesiiln uandagui 2.19 &
aunsaldoulfiedsndsvasudnnesidiiuueia Arduino WaIRsaIBLaY Wazd ALy
W -l T w ¥ 1o 2 a8 a - e : =
Joyalausis Tmluiislfngneg Filiduduszdenduarldieiudy We99an Arduino §io

o Qs ﬂl <y v A -] o 1 4
Wuszuulfiinmsndelenmaliypaaduaiunsaiiessuulunausels
AudNUAY9 Ethernet Shield

1. T¥5mivuaia Arduino

2. seauussnulnihlunisvineu 5 Vi(veda Arduino. iUuuvasainiv)

3. anudalunisidousia 10/100 Mb

4. \Fauraiu Arduino Uunese SPI

5. WSIAUBUNG 36 §a 57 V

6. Yaatuinnmelnaniny wagnis¥envatieas (Overload and Short-circuit)

7. UWSIAULDWINRA 9 V
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2.4 S1ad (Relay)

Y ey otk 5 ' w -l o o ¢
nn1snaaeensitl Tduesasiadouunn 8 999 uananazui 2.20 Fadite1Anm
v o o da 5 . v v W
wi&uiansadilu NO/COMNC ansaldiulnanlananssaulniinssuanss (DC) uag

L g o v L7 - 5
nszuaadu (AC) Teelddygraulunmsmuaumsyinumedygyiadadn TTL
AuaNURvesTIAY

1. Sdiesnauuu SPOT 97W7U 8 989
2. FINUMEsEAULSIOU TTL
W w - ) w o o
3. ldmevinduda (CONTACT OUTPUT) wesiiad annsniuusedulagegai
250 VAC 10 A, 30 VDC 10 A
4. Tl LED wansan ugnsyiiaueedsias aslanidn ugueiuase
5. fYusiesdwsuidenitesldnsinsiu viasuen
- v « A - o] ) )
6. fieoUldAuilans (OPTO-ISOLATED) tWaugnnsTiadudgyganiuauiuln
al s i L3 s
NuSiadoananniu
dap273e 9 unslgenu
W = = & U 1 a ar
1. dyanvmunaiadaecbiifusedu TTL
2. Swdioewsannsatulvanladliiu 10 A, 250 VAC
- - ' & o o = o 0 8N '3 &
3. AISVANMAEINITADIIRS INANITANIRT FIernivstadidemele
4. AITPUBNATNOUNISHBIIRIITY
[ ) & 1 s v a fq Vo ') «
5. hAsan1suennIMeassnInindgygrn uavlnnduiiag Twinnisoenidules

aon Taeinaldduiiadaotnvn VCC Auun GND uasdesytudatdnn IN1-INS Aunsnan

Yadnyg oIt COM Habune
ARANWE
1. muAulinIzuansIgedn 30V0C 10A uarlWnsvuaadugagn 250VAC 10A
o - [ v o . . 7
2. seAudfyIuBUNRAIUANKUY TTL Ynnumedyginuuu Active High

3. AgEAUeTA 3 mm

4 un (L x Wx H) : 135 x'55 x 20 mm

5 - : : a - « « - -
TTL (Transistor-transistor logic) :Wasaadninaiinsveedisgunanl Aeniudamei-ninudamesasin

" Active High ﬁmwsﬁﬁﬂewtﬁaé’zumwmﬂuamuz@a (High) n3easin 1
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JUN 2.20 vasasiaduunn 8 Yas

2.5 sruuUjiAnsuaunsaen (Android)

£y a wa = ¢ ¢ o VoM a o, 1
waunseuafe stuuUfUinsuuuinmegeivuaf nlelainlasuaiuieuntuet
-l ¢ =i - owa L3 o o a e
g9 eangunsaildluszuuujinisueunseuaiisiuiuinn deszuudjiinisuou
aseuavnuesluiiamsdmTudnwauilusunsu (Programmer) wauu nswaulUswNIy
dl [ a va fa Vo < P - @
weldruvussyulfiRnisusuaseednlilyFesien Wesnniveyalupasiauissuy

s2uva Android SDK (Software Development Kit) wisgulIlvifudnWaunlaisuug
2.5.1 NIRALILENNEIATULEURTEBA (Android Application Development)

wounsasn wldlastadsvesniwiany  lunmswandunan - wavlumsidvy
Tusunsuagil AP Library fignimunliiEentduanang 1wWu APl Library ihedanistieaiu
Wanns WA (Graphic) N1sesnuuutafiiiie (Multimedia) w38 API Library fnetpaszuy
fvuasumdsuvindantiusadies (GPS), ugys, 3G w38 Wifi fivzdundnmsifatu
udeya

2.5.1.1 indesfowanTusunsunawwataduluszuuuaunsosd

1. MIT App Inventor L*flum‘%'mﬁaﬁ'}wﬁamﬂumsa%’wLLawwﬁLﬂ%"quﬂﬂifdm‘&'
sruuUfuRnisueunsoss iamuiedensviauidils 1emde Tasanusiuiiesening
USEMNIAa (Google) wazanmuwaluladunawyend (MIT) vinswén App Inventor
oonin Tneilinquszasaiteifiiaulaty awnsavheudilslundnnisimuiuewndiady
vugunsaifililuszuuufiAnisusunsesdduiuvesgiia Tneqauiuiivinlé App Inventor
gmﬁan‘lﬁﬁﬁwi”uLﬂmﬂ‘%‘aaﬁaLLsn‘Lumsﬁuumsaau wiansisusuiau uennAInduUY
seuulfUAnisuaunsosn ilesnndupsumaiauienndinduidunuuinalawdu
(Visualization) Aenislduden (Block) ' unusads daguil 221 Taglunswaun

warnaladu Wanansadnivles 109 http:/beta.appinventor.mit.edu
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& wan

o @ o a
JUT 2.21 vlenunuswardslulusiunsu App Inventor

2
ot =t

' v P v o o v a @
azuuTanaaledn MIT App- Inventor WuieSesileflddmiunsadrauonndiady

vuszuuUfUimsueunsess  nlindnnisvasnisiaungerduasidnenlnidudi
(Component Based Software - Development) Tug‘dLL'U‘U‘?Jmm‘sﬁauiﬂsumu‘lﬁwl‘ﬁﬁ
Tsunsudnda annsofuunnenisids (Menu) @19 loies (Visual Programming)
venantiugildvdnmsmsyssananauvugiiuinig wasléen (CQlient/Server) vl

A ¥ 7 - B‘J 1 v o 0‘.1’ a‘ -
wsoanltlumsassnannaindulisasfnsslusunsuiady Yinlvasainlunisidau lavay

- v ar

° i = o W) W e « 3 et W
dodineginmsinunaniasud miuRRIgeWaWIS (Framework) il lipseunguuun
sl v Az =l MW = |- '
senmyssgUNsaiivaInvate waznasanaildnuiaieistessinideudedumesiiine

Aaaalan

X A
2.6 1AS9AT9NUFIUNITOBNUUULBNNELATY

NMsoaNLUULBNNAIAYUAI8lUSIUNSH App Inventor (Create  Project on  App
Inventor) f7elanunsafmuILennaptudmivinsdwvissuuujuiinisueunsesd avin
| o '3 o o o 1 " a « = W
Hnsldiivusmwes uazveasuuulnsdwinidenseagiureuiunes wisuulnsdwi
° - - ¢ a4 v & w o v
dra03luiaTesnoufitines lasssrunainanavuaszgniaidulivy
ar ¢ - v @ e a ¢ o v oo
W@ines App Inventor BatglvannsanauinusefiinIssrauianesiniadlanla ies

val - (R, a g v 1o

ualdtinsidausenuszuudumesidnivindu

nsaiauennaiadusruuimsihaueendu 2 du fe

| g = £ o v
1. @2un1590nWUY (App Inventor Designer) MaglyisnidanAaulwuuyingaInis

v o v a @ w o
dmiunvglviasauonndindu fagun 2.22
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Hare.,,

ClneeSormanAnimation

Defauit

| B : Rerme Do

S P oy

: . % % ; : = B

= v i
JUN 2.22 Tassasneduniseanuuy

A9V

1. nfcimﬂ%aaﬂaﬂw%”uaénuuuwﬁ'wau.awwﬁmﬁ"u

2. nuuauiy fldludanis wandendofutennindy

3. wthasn1seanuuy (Viewer)

a. wiheediuaoulniuuy (Components) Midoninnldlulusian

5. wmihvedunneiTRvosmnilnuu (Properties)

2. d2un15i@eulAn (App Inventor Blocks Editor) umsilioulaasmunisaeuden

sineq dhefulusds feafunstmuanginssy vismgnnsaiiiatutuneylnuu
Flagui 2.23

o thels
¢ Fvenceltnargene
Friecasaninrss
g LLEL) N
T

Faowme  Devte

A b2 1l = 1 24
JUN 2.23 lassaiedunisilioulan
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ANesUIwWi1ae
1. nudnydnualudenildlunmsmunuuannaiaiy

2. wunvihaoulgdgmiunaduaiunu

ar 2/ lg ar o e a 1
Tumswanndelusunsu App Inventor Wu advayuszuuufuRmsivainuane L
Menduszsuuufiinisvuasufiames (Windows),  szuudjjiinisnisaudeyastng
w - a A T Ve I ) & 0
Uaensdt (Mac OS X, GNU/Linux) kaguenwaladuiasiesutu annsafinn wagvinaule

vulnsAwiszuuuiinisueunsess vainvaejuiluieslulagtu
2.7 WAUATREANUIZUUF1UTBYA (Android to Server Database)

= € ey _jn ¢ v a v a
nsidsuneunsesd iedstayavuresulutufinnssuuguteya  lngluliu
~ v ) o v d o ow v ¢ o o o
@SWined vzld PHP AuMySQL vimiviiseiuteyatidwinsuounsesd wasiilosutoyai
wounseEAdILED Avzvinisifiy (insert) aslugiudoua MySQL wipueg dudsaniuguds

o W ’ v \ . % ¢ amaula o x|
gy (Client) Winsauinmsiiadeyaanysel viehilanain uaaeasgui 2.24

Android Client

egister Form
nput Usemame .

nput Password/Tonfirm Password
L0

fnput Name :

nput Emal ;

nput Tel

Save .

5, i Insert Data to Web Server Database
= 2 ° ! ¢ v
gﬂﬂ 2.24 Tﬂiﬁﬁ"i'\&ﬂﬂi‘ﬁﬂ'\ﬂi%ﬁ?NLLEUﬂiE]EJﬂﬂ‘U?ﬁUUj}’IU‘UBHﬁ

a ' P W 1 = - 4 @ = o
MM uLIsAuIwaunsossvzdsdayariy (HTTP) Wavrluiiu viatudind

v ac ac ¢ 9w - =t - ¢ 4
Haveaiu@iieilagluiu@iviaes lduenndiaduves PHP Falunisliounaunsosd e

Aavoriudunedidn agdosimuadus (Permission) Tuduiidennass
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uN 3
i73
N1599NLUU HazlasIasy

3.1 BANNISYINIUVDITZUUY

L2 o u‘j v o -
ﬂ']i.l']30LLHﬂﬂIﬂNEﬁ"Nﬂ’]iﬂ'\&']ﬁﬂﬂ“llﬂ?]ﬂi'i:ﬂ]ﬂlﬂ C’NEU"I’I 3.1

A1AdEe

e E = [ s - |
i ‘ | Ethernet Arduino | | (1

g amsﬂwu% !<- ~i§ Tanda | — _';[ - N h!i)(bee mda[ e
L i b =° ﬁg shield 1o fade B [
ﬂ'lﬂ'a"l.l S.”_STT
o Sy p ;ﬁ—-'*’ = T U - Tty ‘g':
H { Ardumo £ - [ | 1
‘ Q\Jnsm"lﬂﬁq 4———4 Tuﬁasmg 11 ‘4—« ! : > IXbee #ifu |
e /=R N IR

=
JUT 3.1 vaenlaogunsuuandlaesINYBTEUY

3.2 nsasAlinuluna XBee

Tumssadn XBee tu sniiufasillusunsu X-CTU uae Mini XBee USB Dongle V2
Widousieluge XBee funadn USB woinauiimes wialdlunasdmaniitsunas, nsfmun
AMM1awes (Config Parameter) wIpn1soneNIATILISHIUABNRIWES Samfdulusunsy
X-CTU Fanauiaumesazuaufunesnaeuiaunes (Serial UART) (Wesanld I FT232RL @4
\Wunesn USB uazwoinmauiaumes (USB to Serial) luveiaified liseswogunsallag
iy anunsoldsaniu XBee levngu @sluntsvaasdld Mini XBee USB Dongle V2 wan

"agﬂ‘ﬁ' 3.2

5U 3.2 Mini XBee USB Dongle V2
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3.2.1 MsnaAnliifiu XBee flads (Coordinator)

1. wdandnsalusunsu X-CTU 3oufesuda svihnisindelasines Mini XBee
USB Dongle Tasiduans USB hifuuesn uasmenfiowmes wlauinluiinisdnnisqunsal
(Device Manager) =  Other Device AaNYI # USB Serial Port - Update Driver
Software ntuidenilagindlasines (Driver) lude 2 uansfigud 3.3

windemslasinediaiaieviesuda reufumesariiiuvaialiu “USB  Serial

-t
Port” yianasnlusyuuy

File Action View Help ;
%« | I ETETT e % S
- user-PC
é@ Batteries
1 W& Computer
by Qisk drtves
. g Display adapters
-ty OVDACD-ROM drives
» A% Human Interface Devices
| €. IDEATAJATAPI contreilers
%) Imaging devices
b Keyboards
F )j Mice and other pointing devites
o I Monitors
b %" Netwark adapters
2 'Y Ponts{COM & LPT)
| T§ ELTIMA Virtual Serial Port (COM3-> CONM)

% Sound, video and game controllers
» &3 Stowege controllens

M System devices
b .f. i 1 Seriaf Bus cor 1,

= & = L L3 oo
U7l 3.3 wihvereuiianesuanimaveiai “USB Serial Port”

2. nsRapumneaYUsri1gUnsal (Serial  Number) laglu XBee wnfa9zil
° 3 1 s A ar 1 e
wineawlsyngunIniay dansdsgun 3.4 d@atavey 2-4n Ao SH (Serial Number High)

-z Yo -:l’ g] o v 5 - b al
wae SL (Serial Number Low) ld@antiiianiiviunly XBee yRaniiasaiy




28

3. Ualusunsu XCTU naty “Add a Radio Module” fagufi 3.5

sU# 3.5 mainlugalulusunsu XCTU

4. \@eNMINBIaTNesABYNINYB Mini XBee USB Dongle fvunsnsiaanialu
nsasdnyeynd (Baud Rate) 1u 9600 bps Data Bits iU 8 Parity wu “None Stop
Bits” wihiu 1 wazn1smaupunisdstieya (Flow, Control) lu “None” "antunmau

=
“Finish” UaMAIFUN 3.6

| Add & radio moduin g
| et s sofigure v Senalt LS ot e 15 1000

e e eoRERL Y.

J i3 1 4.1 3 d o
JUN 3.6 vihduandlildeaamimun

& - Y & @ = v o -
5. nUUlUTUNTNITUARITDTUTBY XBee  Tuwn dagunt 3.7 Teinanlugaiiieg

UM IHMBIANNY vedluga

= W .
Jun 3.7 Mmmquam"ﬁ'a'a;u XBee
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O du v o W A : =
6. MNTURAUY VR IUIs1elUsunsuluiIYe “Radio Configuration” guana
i o o ar -
ATNI9IULRDIUD9 XBee FNEUW 3.8

{I- Radie ConSiguration | - 0013A2004086357%]

P W@E s 86

Wrkten ard default

Firmware information ]
Written and not defau | 3
&

Product lamily:  ¥824-78

Funiction yet: Zigfiee Roster AT Wy Changed butnetwnnten | i
Farmware version: 1247 5 trotnseting =
* Hetworking
Change networking settings
@© o ranm ¢ \;« ,{'
(1) S Scan Chonests EFEF Bitheld : @
() SD Stan Durstion 3 epenent & @&
(D) 75 Zighes Stack Profie g ,:- (&
@'"MWTB"% o Zlpec > &
© KW Nk W glimest 0 1 e g
© wonengvetiner | g/ 7] S
@ momtsimes Qo] B
(D) OF Opensing PANID gt - =

JUN 3.8 mihAauaniA T Eeesues XBee

7. lWitwade Networking” => “PAN ID” (Personal Area Network Identifier) wang

- d a 1 g o s 4
minsavlafvendndsnn XBee 14 Tusrat slimvumtiu 10 AzUN 3.9

™ Networking

o ° 1 = as « v =
U 3.9 dvuaenlofivendindsnit XBee linmiirvun

8. lUfividfa “Addressing” = DH Destination Address High wa¥ DL Destination
° " P v - ' s i & o
Address Low fivun Laulsedngunsaiuss XBee Aidaanisinaeludetiei dwunidu DH

Wy 134200 waz DL 1y 4088396E Feguil 3.10

* Addressing
Change addressing settings

() SH Serial Number High 134200
(D) SL Serial Number Low 40B2A1E3

() MY 16-bit Network Address FFFE

3Vl 3.10 fivun DH waz DL V89 XBee
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9. naty “Update Firmware” faguil 3.1

-} Radio Configuration [ - 0013A2004082A1E3]

() i (B[]

» Networking : {Update fﬂmwrc i :

o ' 4 o -y § &
3U# 3.11 neaiwaawaniauLIs

10. Lﬁi)ﬂiu (Product Family) ¥84 XBee \Ju xB24-78 #ies “Function Set”

)

Avuali XBee 1 HuwiveTnunnisdoansuuu AT uazideniiesduiiujudngn (20A7

Newest) faguil 3.12 wdanasl “Finish”

te the radio module firmware
Canfigure the firmware that wall be flashed to the radio madule.

Select the product family of your dmf:e. the new function set and the firmware version to flash:

(%) Productfamily  Function set

(xB24-B

z.gs«ucm
ZlgﬁﬂEnd Device AT
- ,ﬂlgﬂﬂ End Device Analog 10
L S5 0 8.0 6 o BTiale el e alinnl i 4

[ /i Force the module to maintain its current configuration.

4 4 ' <
U 3.12 idengu Tamsifedts wasneiiuves XBee

3.2.2 nsmad ity XBee Hefu (15ma3 XBee/gusnfuaenv)

1. luidio “Addressing” d@muas DH wag DL mvusiarUszangunsnivesusitiea

W Awusdu DH Wy 134200 uaz DL Ty 40883976 faguit 3.13

AL/ MIT LUSUILENELWUTE MUUTEYS PR w

ﬁNlNodeldmtnﬁer. T —— (& (&

311*?1' 3.13 AMvuAA1 DH wae DL 199 XBee
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2. Ay “Update Firmware” ﬁdgﬂﬁ 3.14

22 Radio Configuration [ - 0013A20040B2A1E3]

N i H =
S (2] i) [2=)[ S]]
» N._-hl,o,ki“g 4 : g rl:'-pddtc firmware i

= nood o w -
JUN 3.14 nadaeswianiiisuuad

3. \@enju (Product Family) os XBee 1{iu XB24-Z8 #iWa “Function Set”

0
e 1

fvualil xBee uisnesivuamsfoasuuu AT wandeniiiiuninestuluiuagn

(22A7-Newest) Faguii3.15

|| Update the radio module
| Configure the firmware that will be flashed to the radic module.

} Select the product Family of your device, the new functicn set and the fumiare version to flash:
:

§710Bee Bouter 27
ZigBee Fouter AT (WALLRT)
iZigBee Pouter Sensor
1 ZigBee Router/End Device AnalegIC
|1 ZigBee Router/End Device Digital 10
| ZigBee Router/End Device Sensor

i [ Force the module to maintain ity curment configuration.

S

- | 1 o
U 3.15 Ju, Tnuansfiodns uasinoitures XBee

’ j ' |

3.2.3 nagounisidousiaiosfusving XBee fads Uaziaiy

fnsion XBee lififefawacn witefsranansndstoyaludusunesld uagluna
nduiusmesanunsadoyaludusiviele

nmavedeudenssultsiifureuiines lnsdayanulusunsy XCTU fiaa

¢ O ) v o " & o i

Wos 9191 Tx AU Rx vaslugaidwineiu wineanuindeyanvuaidainuiiieg asgn
1w o - ¥ [ al = 4% = v
danduludausitne \unisldlusunsu XCTU dedeyaidnluiiuitne 91ngun 3.16 asiiuld

L 5 a I e ol = ar
UBAVNIU uasml.ﬂwmgammnu
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S ey

:l AT Conssle Tx Bytos§ @ E
Statust Connected | R Bytes{d i

(&) = Eda x

6=

Console log
* 8L 6C 6F 76 76 65 ©5 2@ 20 €8 68 65 65 &1 61

Tx Bytes: &
Rx Bytes: 8

llovvves kkeca

JUT 3.16 wienansmateyanmuas uazAuiy

3.3 35n15aiAslYeIn NO-IP (DynDNS) uazladiuy (Add Hostname)

a v v T S - & 0 v o
1. LSUAUMIENNUAIU BEIWUN www.no-ip.com G‘IQE‘U‘V] LT

= 1 gl I = o & R N “we: »”
2. aUIMNUN index Y83 www.no-ip.com LLa’J'I‘tﬁﬂquzJaHJEJ’J Sien Up

a o v v o
Wwavihnsadasled

JUT 3.17 wihaalauiEuusn

3. NTONTBALLDLAAILT AIFUN 3.18

- -
gihﬂ 3.18 NsaNIILAYLDEA
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o v oo sal v - Y a oA oo W <l
4. ymsunduanlel nsenseandenaiasli laensnadsfiietiudu dagun 3.19

No-IP Activation

No4P Registration <unmenfiored-webmaster@ne-ip.com>
fadus

-

Congratutations, the do-IP account 'hapiciect has been created. To aclivate your account, please ciich

&t . o4 s &
£ aanegus
e% J 54 ¥d

Thank you for choosing NotP.com

= a o @ wia €
JUN 3.19 AvdneBudusiug
o a_ ga 4 ' oy & Y i TI  N - = v
5. n&1RINNAAATNI no-ip - @dlunduwe asitngwindendu iwensenderlday

x L] ar =
WaZIVANIY ANFUN 3.20

Thank you for signing up! Cpaprofect ., Q) 1T s name
Your account has besn confiemed and s ow CB\Ved conoon bR TR G ¢
ready for use, Plesse login here. 1 ai;' Pk ore

forpet your password? No problem, Cck Bere

=t W a
JUR 3.20 mihaenduveassuy

6. dumewfindelait (Hostname) Lildgooularl Fgud 3.21

Your No-IP

Weicome to your No-IP!
Last Login: 2015-01-23 08:39:58 POT from P 223.204.248.248

Ymhawsmcassfwysoggedwo No-tPsmembersecbon To start using No-iP's services select an icon betowar
chocse an dem from the navigation above P

& N5 Add Hostname U—]‘a\‘ii.&

3Ul 3.21 nA “Add Hostname” (lel4igoaulat]



o i [ R el 0 y =
7. v nnaYn “Add a Host” uan aziw1gvun “Add Hostname” sngun 3.22

Add a host

g

+ Cwn 8 RS RETR T
U FOLE 2w SEMEIN R e o o DNS sptieon il of roie yOu SOMBIn A3me NoW O RS MOre B peing ang
LSt

Enbie Villaehie . WIS w3 s Erdurces Nabrw Loy N i

» RSO Ml Sor yeur Dtiyeln
e T coine Sitly wit, Bk p R o RIS ) R i o

| Mail Options

WX Facond T e Pty
Ervpe T APos O yORF §INETE 00 6 Mgt (M ecorE8E a8 howtnaes ot 1P addresse
B 08 e T W N ey "

¥ you Mouid s & Mok MX eotecs pmzveungmde b oo fohikg ek « L ) el ] L 1.

JUit 3.22 nsendoyauleiigwinlaaius

8. l@InszuIuMIalng Aegui 3.23 la “Teatun” Seusosuda

Manage Hosts
@ Hoal nataproge b ooos. sEtepesalad. Thatai el e apiEed whe S Be

Crgrant Howis: 2 Need More HosisT Enbance Your Acgount!

Host PR Action

e Hosts By Domain

Add A Host

al @
JUT 3.23 wafanszuauntsmsasinsleaiuy

34



3.4 NSRIANSNADIRINEN (TP-Link TD-W8961ND)

1. msmendmiuideudedumesidnues 388 (Tipple Broad Band) MUt 3.24
- ousin TD-W8961ND fuansuay

-

- Wauswees fAuw 192.168.1.1 nA “Enter”
= L1 d} .

- fud Yerldans = admin

- uW sWaeu = admin

- nAYY “Login”

Usemnsme! sdmyn

Paagward! ...

rrregne £ EDINYOORA, il e i S e emerid
A L e MR

=] L [ (3
Uil 3.24 whvemaieureBuwmasiin

35

& . - ' = ) o U v a v
2. AeAIMTENsD (1WSun Yerdldu/svaniulvinieon) lngunfaglnunnaune

= a u’j = L8 ar =
UINSARGBMNeTIEe) uandsigui 3.25

- danindBumesiinuatesls TOT, TRUE w39 388
a ¢ -l [ :

- i Fodldaem

- AU S9ENTY

- Yy “NEXT”

TP-LINK®

Qaick $tart - interne lan T
L) ﬁ.‘iﬂ H ﬂ«maéum.n’tﬂauuud L1
You e s ye 39 bkl condgrs D bt

PR e D 9
Dc--hlg: PR /
e s —— )
el 3
L -8

o B T

T igaiaiic
st Rz

d :.: i 4 1 - L2
JUN 3.25 AP dousadunasiin



36

3. e Wifi wanasaguil 3.26
- fin “Activated” (ioiUndayas Wif
- fiuvide wifi luwas SSID
- \@0n “Authentication Type = WPA2-PSK”

- fuwsvian1uluges Pre-Shared Key (fatav 8 wén)
- pAYd “NEXT”

TP-LINK"®
“Quick Starf - Wizn
dern vl

Yy eatbe-daitie VA COIGE P Plan 30 gl APerts siin e @ P page
Chen NEXT & 2w B

Bt o
mtnmedentnte culiee e < S e
savenbriwilie s /

ey
Actaes Pt e
gy s Duacherind
Tt
ol ™ NN (_
m.‘f.,.'..,.,, -
L
Eevattast SHT W
rerwiasaiine T,
Ty

e T s K 5/

) W = v i 5w = ¢ [
4. pavu “SAVE” faguii 3.27 ugasednag eatmnsnldnudumaiiiale

TP-LINK® ]
“Guick S Compiee 8. I T € ar
nsed wate nal ulrudant!

The ?mumm Cheh en BACK 3o modiPy ChAnges o mistakes Clon SAVE 1o
:ﬁ,ﬁmuM4mm o i haiter e e

= ) - a
JUN 3.27 naduiinieldeudumeside

s o af

8 1 s
3.5 NMIASANTUABIAITU WTaRImIudgyY I (Tenda)

& e T o & & & P
Tunsmsansumesisull awldlnualunismaandunuy “Client + AP Mode” i

o IJ as ar
i imaudgeraminisuaasiavan



37

3.5.1 Yauuziinouiinsaedn “Client + AP Mode” (Repeater)

Aaufiginisaavuady Client + AP wSamiudmaaitiu  wusihlvinnis

@

aseaoulofivennsa (P Address) saaiimisniiaznmamudyanaiisindunisdines

o

ko

figesszygiulefiuoninsa (Subnet)’192.168.2.0/24 wisldlefiuonnsata 192.168.2.1

29909 192.168.2.250 visli dldsenimswasulefivosmsaves wisom Tmdu
WIS TMBIPU WU 192.168.0.0/24 W 192.168.1.0/24

al a = o o n a = ' o
3.5.2 nsdlimdiaisnasiasinismudygyialild Tdwisliweindasszudiule
niuenLAss 192.168.2.0/24

& 1 ¥

1] nmﬁmwé’n “Client +-AP" Mode” 'luﬂ%'miﬂ%m“.qum “Setup Wizard”

o o ) q’j ' v L “ 3 A & i ﬂ’; 1 1 as dl
dwiutesse Tinau “Next” weltgnisaarnsialy fazuin 3.28

S amnd PSETE

Chisai- A7 20
e chick N mpd sectans 6 e et s,

<l v e &
SUT 3.28 vithvaniNatgnianeel Tenda

U
3 |  § - o Pt ¥ o Dl g =ad &t At
2. azdingwiia “Client ~ Settings™  ullumindwiussaniiaviiniduiuuen
& i 7 s s ar b : 3 / U (. [l
waness (Access: Point) - wdn legndmiadnnaswsnazduluaiddry Winadu

2 o o 13 3 4!‘ o =
“Scan” wavinsaumiuwauliany (Wireless) MRpamsdu fiagun 3.29

E Tenda

[vri

d 1 @ » lﬂ. i Ll
JU# 3.29 natu “Scan” ieAumuauliany

(] ar ' o @ v - . & ¥ v o =) - o4
Subnet Aedafiazamiiliisnanasaseyldin lefuemesaeiiun e lminiiiviedwiagin uasiialwaiim
wWuledlea (IP address AND Subnet Mask = Network ID)

7 T raT £ Bl > = o N ; - =
Access Point fia gunsalluirietiereuiinmed Adslvgunsealliasannsadeudetuaiotiswvuiiawldlaonisly

waluladivauauliany



38

' o \ & % ol v - ' -l &
3. polulinAnseee “Choose” UBILBAENDEANIADINISIYDNAD FEANTOUTUNN

ey L7 ‘d 1 s € 1 1 17 Y 1 v d‘ < s el
WausunssusafuLaAwanNasfAnIna1d Ifean1svialy namnnas (OK) iwetudu fs

L.

e a - -
U7 3.30 vienaenidn (Cancel) ialdenuanLYanayiay

% B o

comg SR LTRGS

Q  Momen 9 - o-hoptatorte

" v 100

O Pumrocrapocet | D011 A0 ! b 1

@E T L B i
G Marsem®  O1imaiaess | dbe (T » i
O Pmtyospaa | 0011 ROCE g I CwEr ”» }

- - st
3U# 3.30 (fenuaAltanassnieInIg

i ' ol o o ' ' -l
4. @1 SSID, MAC warvesussaawanausndanly ssduluuansnsavel (@ui 1)

@ wa ' - ' o 2w AN - i A g v [
Tnodnlul® (@it 2) Wudunigldsiomnsenaviariu, den “Key” uasdonlvualvigneies

@ £ as @ d v ar Ll (] A s J
pasfuuaAganoeRfmanfidasnsiu iaudanaa “Next” (daufl 3) flagui 3.31

o
<A pu==r ;’1,‘?("" A’r L
s | Tenca Yavinnnien
ae anhna . (|79 o mueE
Chresl § >
Sechainy S0 fWEP s _'__z‘
L3 12% ook bl 3 |
e P 2, iyt anaen o]
Dotk Ky ot & T Access §
Ko Foemat Hex g - Point #mdn
K 6271239390
Lo
Keyd | —
G Miorsew 28 i3t & i -
O Pmtysacsm RIERWRER® 1 WP g
@® Tends AWMERS & TP e
O Moss®® iRt 11 TE »
O Peayeramcwe  NiliekSx u e L

€l W

< A% ' W eal
E'UVI 3.31 MIAMUAAIMRTINULBALANDUANABINTS



39

5 1 a . a ] Qs P ot
5. MsRarANUasnsie (Security Wireless) dwsuluan AP Tagfidianulasnsy

finanlisududesmiruniloutuuenwanasddivanils  aiuisasAiaulasndiy

1 a v 1 @ n A
uwaneinafulel wSaudalvinau “NEXT” faguit 3.32

enh: CETMRT- 0N S vy caesa T fteas

(Ea)E

= o o
3UN 3.32 msmAanAnaaanny

5 a v = v da = o i v oo
6. s9IULAVIIIRY Maguil 3.33 udwloTiwusiieautia 100% iouansingunseildvia

MsfuAAY (Reboot) L@daseusosuan

¥ 1enda B

ey
AR I~ A

Tro 7 Mol i netfifys gt
56% ¥ cliect s e’ S
1 v amai o et e

TRLAANE e ol

o Ty ) - 1 a
JUT 3.33 wieauaninssnlvan euansanmiznsAuALAY

a o < 1 o L s a 1 -
7. BEINNINITAUAINAULYINN FNEUVE 3.34 ﬁQSLﬁU'J"Iﬂﬂ'Nﬁmﬂ LED wasuan

“AP” 1¥u “Client + AP” THuuvanluliA

Plames ). Wt midd confiomn e Sokw e by sy

gﬂﬁ 3.34 wtauansan uglv LED



40

s

ad & ag o o w a el v ' o
353 asmmdadfnafeziinsnudygiu ldwisiimesndesseydiuled
uonwnsH 192.168.2.0/24 ifignfiufiv W150M

° a 3 ) w - v & i
13 mmsé‘i}naulfuwu’i W150M mtﬂlwm AP Lwat‘zn"lﬂmam\lawuammammug
17 , 5 v .0 - ' i 8
Augedionss “LAN Settings” uadvinniswaguan “IP Address, Default Gateway,

Primary DNS uag Security DNS” museazidun faguil 3.35

{72 ra 10 Address Befault
Gateseay, 1 imary DNS ue-
Secomdary BNS

a © = =
sUN 3.35 n1smeaaeulafiueniasa

U

2. wiwantuasiunisiauds hhnsdoulefivesiaiosrauiiaweslinseiu
wisfineslmi Iaserasssrimunlofinismeuiamesidu 192.168.0.2 us) aSa
ududwii wisom saslaiflmisnads Winadu “Ok” ifefuiiu uazseaunsy 100% fagy
#l3.36

| Tenda

Hely

P e
o ‘;M;:, Pabootiag the rutera w0
make e settiegs senfipane
e irte EBect 00 15 4 e

- - teme sz £ wwring facws
f St

4 L ' ar
JUM 3.36 mhsnauaninsinlvanlefiueninsa

8 - e s - cal o i ' w '
IP Address AaiausviaustSiranimeiineaguunioris Fasenaudedaian 4 o LmzﬁLﬁ?sawmuqmﬁuszqum
Wiy 192.168.1.1 sy



41

3. antudmtihlaseaiis (Confi) wosgunselsloiuamasalul Tasfiuring

LOAASAUTS (Address Bar) fiasuft 3.37 udadeunduluvimiute 3.6.2.

u

@ y® B 0 /192.168.0.10 P

=i i ' s
JUN 3.37 lafiuennsdlmivesgunsal

3.6 BANNITDDNUUULINNELATU
Tuduvesniseenuuuwenndinduusenaulume 3 dumany Ao

| v o o v ow v o
1. duvewmhmsihnuiierdesiunsdavissuugiuvesyavesldan
v d a 4 d  wew & v oa a o - v
1.1 wihdendu (Login) wiaidldau Wumiisuusnuesuwenndindu ngliau
Snduseaiiswaniu (Password) iaidnfawennaiaiuil imsrzdasainidunenniiadudn
= v oW - v o = ] Y |
Werdestunismunuasodldininiglut Fallaaadudiudalunasldauveusiay
a o o v & TR o W v <
yana Ja9ndudodinsitnsiaiiuiennivasadevesgldou 9angui 3.38  uans
paAUsznavvaenWaALAtuelumhdenduliaail
1. Fodldam (Username) uagsan i Usenavludesiiay 4-8 ¢ laglu
1 0’:‘ - Al o a 4
davaadupaunisiondu IRan13viau (Flow Chart) fsgun 3.38
i gotypietos g 34 o 3 v o -
2. Yy “Login” dwurinldnulumidaly (raueueiaddaling)
ddl i o o ' = ¥ o v ° | o as [
3, nsdliildanunsadasvseudnld Suludesinnsiesme evegiwaniu
ol g
qaluLn ) v o | Wi—miy e | [ v
4. lunsdiftldimertnsumsivon Slusesaias Uy tovadniumsidau
ad a & v oy wd A m ) a a
5. diantgwmiuninnisléan visseimsiesiinreasunutoyatiuiix

awnsagvomnansannalaninuini

ome acount? Register now B8
¥ §

o < o 2/ =
JUT 3.38 psAusznauLenndlatuminaendy



Input
Username
Password

Print
“Welcome to
EasyHome” 4

Check box

Print SURL

Go URL

A a o 1 -
E'U‘ﬂ 3.39 NQﬂﬂiVl’N'Hlﬂ’)‘lJ'ﬂGﬂi&UUﬁﬁﬂE]u

42



a3

v . - ) v a W
1.2 wihawmedeugldau (Register) ivoatiasnisldiunenndinduvegldnu
- v = W - d v o - =L e v £
Fadpansonseaviun fguil 340 Weidfwwenndiady udrisviaduanldauni
=3 a
dondu
= @ d vew a0 S

1. easidunvesnsadiag ivainldnuuonniiady

2. swaruilFlunmadrfeinenndieduiu svszylldduauiivs 4-8 i
Yol lFa

1 4 o ] i/ ar 1 o

3. {Ju “Check” Wovhmsnsavasuinazannsaldviadiu lunsadasinld
ilavselil

4. Yu “OK” dwiumstudunisasinsvarinlgam

] s - o & as o a -
Tngludruvesnsadasaudn wolthldauiidmsinu (Flow Chart) Aegui 3.41

o ¢ a o 2 = [
JUN 3.40 asdusznaunennaiadumhameileuglyanu



e

Check Password

Print
“You can use
this password ®

r

hJ

Register Torm=*"

y
Print
*You chna’t yse
this password.”

Print
“Complete”

Print
“Pleases fill in
detail.”

d ar o 1 = b
JUM 3.41 damsvirnudmvesszuuameilouglinu




a5

13 wiiausianiu (Foreet)  tievinisvesvar 1w dasuiusesnsen
swaudun A1gUn 3.42 taithfauenwiiadu wanhswasunnldnumihdendusell Tne

fiansvinau fagun 3.43

1. Yoyaglinundnludeinsen Aetedldnu uasiuailnadim
' a o ' = = | ;
2. Uu “Confirm” Weyhmsasiaasuinteyainsengnrewisly wialdly
N13YBIVENTY
L Ky @ . o5 ra YL I I o o
3. Yu “Login” uay “Register Now wWehgluFamindnlgenu wisvinas

avmsivi muanau

%

£ o o=y | S ‘W"!j;

= ey
JU# 3.42 asAusznauuenwiintumihameiUougldiu



START

46

Input
ysemame
Telephone

Y

Suser = username
Stel = telephone

Sugerz "
%"ﬂ

Suser ¢ username
Stel = telephone

Print
"Sorry, Don't
found

Q“"y

Ty

suw::v
Stel=""

Pleases fillin
compiete.

d a o - - L% 1
JUN 3.43 damsvihaunsalglyausanio




a7

' v - o v X ! Y |
2. dwvamihimimuauiaiesldlvi Fdunihideinludiuddyngaves

“x QIJ d | dlﬂ ' o ﬂ‘$ L l:‘
worndnduilnsnniudundasefugunsaiinun Asgud 3.44

| ';Homé'ﬁuféll;aﬁon

3UT 3.44 paduszneunenndtumihdiuruaugUunsallwi

Fausznouda

2.1 olasaamu (Project) vhn1sadae 831 “Home Automation”

2.2 JUuansamuzmMsnueEind e ligldnuneaiiunmyesaniurns
yhaueindliRE Y

2.3 @ind 6 ¢ dmunugunsalliilasglden aunsawasugunsallvin
Ifeehedase muawdesnisveadlia  Feeziimsuansanuznisiauvesingunsed
it Wiidturiumhesauninlviy daguit 3.4 Taovuelss
dums = adndliviieu (Off) Lifinsvualwitlvadiu gunsallwilstianansoviala
ATen = alegviau (On) nszudlvihlvaniu gunsallwihannsaviraula

3. douaveswenndindu lunihianduduiivenseasiden doyaidosuresns

ar a o = s - we ¢ = - o
WERIUTLDWNALAYU 'i’lJJlUﬂ\!L'J?J%‘Uﬂ‘Hﬂ\ﬁBUUU{]Uﬂﬂ”l'iLL'EJ'iJﬂ'iaﬂﬂ VILDWHNALATUAINITD

seasule



48

Family Sharing Y
Compatibility R Sdrgy

op ing =
system 2.3 or higher.
Languages English -

act us | X
 find the answer to your question:

o v & ow -
E‘U‘ﬂ 3.45 UBYA MU2IRNUBRILDWNS LAY

3.7 AMwsauveasinAalunmaans
2asinanglutuarldlniinssuaadu denuenadndliinedeegil 220 v
awlnidadunlutiussdl 2 ane Taesavnarevdndianlwiy dhusnasaladas-9alug h
Wluthu Feane 2 med ssiiaeviiaiiuanonans (V) wardnareniaduasiidng L Tae
aeiidndavsosuing fadusilosfusunsefissifintuaninidaies vieannsld
nszualwifusuaindEUls :
wansldlnineluthuasdefuuuveuumdiniuasnulngs #in15da-Un
PEELS

-J - = ' o ar c’l} LA
w3sldiihundudasldaindlunismivgu uwidmiummveassiavldiadiluiimuny

= Qs o £ e = =
msUa-Ungunsallviumu Taesudmdmnlulasreulniames Aaguin 3.46 uavgun 3.47



49

winalFlsshaeludiw

d 1 v 1 a
JUN 3.47 mssienasivihunuiugunIninaue



o
unm 4
AMINAADILASHANTINARA D

4.1 9Unsnin1IMAaRY

1. gunsaifléauy User interface) leiun aurivilny, uwiian, renfiaimes (udu

3 o @ v a 1 - W =
vwihiidsnumuaugunsallviludwuuieietnedumesiin dsgun 4.1

= < o
JUT 4.1 gunsainlalunisdsay

€ o 1 [ - L1 4 L T . .
2. \Wwesmadygin Wifi svdsdygrudunesiinluiisunesfmSudyinu Wi

Tenda Tuniasqds (Transmitter) ﬁaguﬁ 4.2

31117'i 4.2 \5npaimadaynns Wifi TP-Link TD-W8961ND 300Mbps Wireless N ADSL2



51

3. nadds Sudynn Wil 9inisunesies wardedeyayaddsitugunsal XBee

Tuganmesu (Receiver) ﬁagﬂﬁ 4.3

TRANSMITTER

d 1 g 1
JUN 4.3 NaaINARIAN

4. mefasy Fvsuteyagamdsiuguninl XBee uagvinismuugunsailiiinu

0 U aM v =2 ° [ a -
Adailasu sailutauanausnisvihurssgunsallniasagln LED fisud 4.4

UM 4.4 ndeaniAiiy



52

5. gunsailyi (Electrical Equipment) ldun waealv sinax lasidwa Uusiy

Flaguil 4.5

Ui 4.5 gunsodluifh

4.2 msvaassnuauaunsallWiuuvaaulal

421 mveagsnsavaugunsallnimisaniiniiussuvljuianisusunsesn
HUULDNNALATY

a & IRAT A W o
1. WonwilAty Easy-Home IWaitdnsmuasgunsalluia dagum 4.6

3U# 4.6 larouuawnaintu Easy-Home



53

d v o ow -~ A v o o a - v &
2. dlaigwihuewwdiatu Easy-Home livimsadiasandn iieveidildau

UONWALATY AegUN 4.7

.Y
! 1

‘ USERNAME |
ZL_..-.___.—-J Reset
SR

e o
i LRSS
b ?Kq‘a Pagsword?

= v e
FUN 4.7 MOUSNVBILONNAATU

3. Tuwiia “Register” ivihnnsnsenseasideadayalvasudiu Tasges “URL

a 1+ dmue [ Y v o e
Setting” Aavasiglisndusaslawiivladvesmsmunugunsaiiwihitlady dluiiilfe
http://www.haproject.ddns.net: 1234 udvinisasisaausaniuisaunsalylunisadiag

P | ) at ﬂll 9’; J ‘IJ =
Towsola mgﬂw 4.8 9NTuUNA “OK” INaLaSadunsEUIUNTa MDY

‘J L @ 1] J L ]
JUN 4.8 Yu “Check” 1WaR5I9@0UTVIAN Y



54

s o - -d ;3 3 - ..I ar
4. vinyhnsamzdsuiievetnldnuisousseudn wanndntuaznduldn
| ) ) wa 7] 1 ) s a
gwiheovanlvionlud® antuladedldnu uazsiannlvignees dagud 4.9

-~

WELCOMETO ERSTHGR

i\ 2
JUT 4.9 Tumeumsveltnldau (Login)

] 1 d P v d 2
5. navunasstoani (Check Box) iNensIeapuaignanvasliodldu uay
o 1 o A » .y’ (] e » ﬂd =] s ] ’
AN feguil 4.10 amiunady “Login” ieBudu uasiihguiiiauaugunsallnii

WELCOME TO

Ut 4.10 duneunsvaitlianusie



55
= S L e ) v
6. Waingnindanms flonee

ar
v

annsamuargunsallwiduvtuennaindy
- e s J
Easy-Home vuszuuUuRn1suaunsesnla fagun 4.11

= 7 o | o § Rt 7.8 -8
JUN 4.11 mhvedanupauaugunsailvviuuennaiedy “Easy-Home
g ' T Jasael 1 v g v ) v @ vl
7. nytingldaubianansadrsviaindnliouls annsasewwegsvianiulan
Wi1“Forget” Aagun 4.12

OEASYHOME 0

=

i USERAME
'il' i

Reset

ofit AgrlEasyHome account? Register now
&% & actus  Chck
AN Ry

{.,_‘.. 3

o W - a v s L
Un 4.12 ﬂﬁﬂ']']ulwaﬂaﬂw'lqausﬁﬂﬂﬁlu



56

8. \lavdgnii “Forget” Tyivihnisnsenlefglisu uaziuesinsdwi Alivin
o v o o a w1 v P et ]
nsamzilould eimMsveiiengsvan1L 9IN§UTBLATEISTUY NA“Confirm” tWevn

nsBudureiiengsaniiu dhdeyagnies szuvasvimsuanssarudldanu digui 4.13

ﬂ‘ a': =i o ]
3UN 4.13 YuUMDUNITUBLIUNYIVERIY

9. wndleReIn1sgloya viieswasidunvasuonnalaty AgUN 4.14 @unsn

AaNALA9IN“ Contact Us” Tuminusnuaauannaiaty

g':iaie
i’&lsicn
Size

Family Sharing

Compatibility

LI

Languages

cmam us / .?' . . ‘.\ ASSWOR

If you didn't find the answer to your questions l g

and would like to reach us by phone, please 500 R M T——

call:02-934-3454 %%ﬁ,' .
=

‘ ;}‘Itw ‘,' "mmm Lk

orme aczant? Pegrsdee nom
il

5U# 4.14 s1uavidunvInanniiadu



57

4.2.2 miveaasmuaugUnsailivhmereuimnes

1. GudusisnsidiuuaIfiun haproject.ddns.net:1234 fisgui 4.15

C f haproject.ddns.net:1234

U 4.15 i haproject. ddns.net:1234 e iy

2. anunsanadsumuaugUnsallnila Aagun 4.16

Vage A abstpaion

JUN 4.16 mduiansonadsumuaugunsallwikuesiiames

4.2.3 mneasamsmuAugunsnilwiilagivusawesuulnsdwiiletia (Iphone)

a v v 2 v a € > w -l
1 LS&JG]WDEJF\'%‘EL‘U’!L’?ULL&’JW%JW haprqectddns.net:l%d GNE‘L]“V] 417

eesco dtac 3G - 17:32 @ 100% -

haproject.ddns.net X

g‘dﬁ 4.17 R haproject.ddns.net:1234 a1y



58

o W =
2. annsanadsnuniuaugunsailwihla deagui 4.18

No SIM & & 2:02PM 81% MM} | No SIM F ¢ 2:01PM 81% W)

haproject.ddns.net ¢ haproject.ddns.net ¢

~ Home Automation
I

=

= <l < ' o e
U7l 4.18 wihduiiaansanadinuavpugunssiiiiruinsdwiiaie

4.3 mMvnadeTzuzn1sTu-adedayavasauninl XBee uuvaenlall

Tun1sarvquaunsailaiwuuliany Indusesdrtafisszsen Tu-devayaves
« A « LS w a = T
gunsal Tegluniifegunsal XBee azduisindusempasulszdnnmuessrusnisiu-de
foyaues XBee weligldnu annsesiilalsingunsaifldnuiuiivsvavsnmviatosain
v ) = = v wa £ 4
msldanndeniodn Faindeyanmuauifves XBee Series 2 Wire Antenna fildlunns
MR Magul 4.19  azituleiigunanl XBee fisraznisiu-deloyaneluainisegin 40

v il
RS Larn1eusnaIfs (NANLY) 98120 Ln3

TECHNICALDEIAILS

TX Peak Current: 40 mA

RX Current: 40 mA (@3.3 V)

Power-down Current: <1 pA

indoor/Urban: up to 133 ft (40 m)

Outdoor line-of-sight: up to 400 ft (120 m)

Transmit Power: 2 mW (3 dBm)

Receiver Sensitivity: -96 dBm

Dimensions: 24mm x 28mm x 9mm (0.94in x 1.1in x 0.3in)
3.24g ( 0.1402)

RoHS

« & o @

d Qe
JUM 4.19 AuauUsved XBee Series 2 Wire Antenna



59

INNsaan Idinismedeuussdninmnisiu-didoyares XBee Livethanly
muaugunsailwih famnsnad 4.1 Teeuan1sveasseenitiu 2 nsdl Ae

1. gunsaimlglumsuds-daya melueims @dfiavw) lnewanismeaes

o

WARIRIBE NN TNARBUTEEY FIgUN 4.20

2. gunsaildlunisiuds-deya vsnmnaruds Tnsuansfegrsnisnagey

o é
SEAd m;&‘d‘n 4.21

Home Automation

YWITCH L

SWITCH Y

swiris

Home Automation
i giiﬁgﬁi T

o

| Swrmon

i LN B, =
JU# 4.21 szernisiude-daya nwuene1n1Ti 70 wns



60

= w2 ¢
A15799 4.1 MswSeuiisupnuasnlunsiu-datoyavesgunsnl XBee

NANISNAADY
seen13iu-dedaya (a9
neluenis ABUBNDIANT
10 Faanlel Faailel
20 Faailel daales
30 Fawler Faule
a0 dauld - danlel
50 Farnlailel Fagnlel
60 ' B e Fauld
70 Farnlaile . Fauls
80 T e I N
90 Falailel Faawle
100 il L el
110 | Soulild Famlaile
oI o 7 S (r T JREAR IR KETT

fatiu annsoaguldFindsinvaiinadensiuduteyasasgunsal XBee Faazvili
ANuEnsalunsYihvegUnsaianal
uaNMiaINUsEaVEAMUaITEEYN1TIU-delayauaigunsnl XBee Ui H0ININTS
a . =l 0w 1 e - » o 20 3 < '
AnsodearsninudAguiuiu iveliansadinisarvaugunsallwilaegnesina e
a¥man waziianuvasadelunislynu Faldvinnismaasudsednsninnisdinisaiuny
gunsailwiuwuuseuladl legdntsraussuudumesitn visdenlinuruuenndiadu
1NMISNAABUTTUUAINITAMUANNITUA-Ungunsailwvuwuuesulay wanildfe
< v 1 ] a a ' o v o X 1 e =
aunsadanisinegeiiused@nsam uagsaidleslunisldau Melduegiuanuiiives
a § & oo v -t ¢ o | W = v 1.l
dygrudumeiidnnly Waudeszeznisingunsaliv-deteya Naesesegluszuzviem

o s -
Avusl) fan1sneassi 4.3



=
uni 5
N3350 wazasuna

5.1 @yUnan1Inaag

Tassruatuil iiaueniseenuuussuunivaunsinuvesgunsallviiaiely

UuwuulFaneriugunsel XBee wazdaruluguuuvveuenniiatulounsayauuainiv
a U ow oo @ w a va v = <

Trlu Snvadainsdanuuunineasuiiawmeilddndie Tnenissuuansadinismulng

'3 = 1 = £ £
wuveaulatvupiatnuduwmasiunla

=1 24 aa o n‘;
91NN15ANYY BANLUU A8l kasuilutayanfanainveenisyinaumuaYes
J ¥ 4:7
syuuil annseagUlel dail
1. Adwngldau (User) aunsodsnuruienndiatulounsssiuuauniviny
wionauiumed Wemuauaunsailviludu visddldouamisadsnundnauuvesulad
' - 1 e s & Wy o
LA aY e BuBIIRLAYNT
2. pnd wasndnauANlugwasy wuulianesuguninl XBee
@ o o a o N EN I & .

3. nAY a]su'lmaammu"l.ﬂmuquﬂaatwamnmdm-ﬂqunm"lwﬁﬁ lagganuuy
29siitnusasufugUunIsimuau waslily LED wanswaanuenisyinauvegunsallui
sudaannsosewniuiriaddlnihnislutlaeg

1 L3 v g e o <3 Ll

4. dugunsallwi ananseldaulinudwine laetuegiumsviiuvessiagan

AU
a a i - ¢ & & | w =
5. Ussangnmlunisiu-dateyavesguninl XBee wu wuagivladunieuen &
= o w 1 s i ! e o 1 14 <
MBI UNNTAINED901AMIET agnaean1niaiu Taenisanelilunlaaninemedl

a a ) | W el daaa o - ' -
Usgavnmlunisiu-deteyaifniinselilunniidsiavng vieuguassasenisdeans

Mivegunsel
5.2 Ugyvnu wazuuaniansuily

= a &
INNSANYT DRNLUY YIRS AasAIUNISLAlToRANAIATDlATIULl 98Ny

al ) T | & y € 3 ' ¢ e
Ugwniieduluratediu niludiuesauis uavdruvoswanus winannsounlatymd



62

1 o u: o J 173 ] qi 1
#149 e liiunuansainuldautmaneinildegwanysel Taendymieineg uag

¥

d o g e A
wuamenmsuilatgmninyudead

1. madenlglusunsulunslisunonnandu
- - a w 1 o )
TuneuusniieniBsunenndindulagldlusunsu Eclipse williasanaulaidung
wazlidladdslumsi@suniwaruinne silssamnlusunsudunmangd miugly
d L3 o - i
Wislanunsasduanusslule
wuINeNITuN Y
o - - o = ) | w
wasuundeunenndindulaeldlusunsu. App Invertor 2 #an1tu MIT $auiu
o a -l v va v o @ a @
Waruniu GOOGLE tUulusunsuiivaneAudisuauiios i nagwauitonnainduuy

v

sEUUUURn1suauAIeLn

- szuznﬂsﬁﬁdq%gaumqﬂnmi XBee
as o L3 .}’ " o L4 !

TYUEMITUAIVIYAYIGUNIU XBee JUBYNULAIDINIA WWBIDINGUNTI XBee U
- W v ¥ ; ' v oot | a a
Weaiu wintaentaduszlianunsassesnuiuennasals Fenaesieldudsinyinses
dyaunsiu-dadeya

wuININITUAlY
- v ¢ o o - P i ' v
\denlyaunsal XBee MillanainiAguigaweNIzanInfeaenINABuBNNADIlA

vibilidugUassaronisiu-dedygravesgunsel

3. Yoyailldluntsinlaseaiu

- [ T & - '

adgyidugeninas Wesinitunsinwmagin
WUINI9NITA LYy

vy v W a Fd a a
ﬂﬂUﬂ']lJfﬁE LAZAUATITIITINDULRD ILURNLWLLAI

o

4. Innudayadrdsiunisdenidavlulasaoulnsaiaed

o v o 1 - o @ L4 o @ - =

AmdsauIalnulaissunediu Weswinduuussvinvedlaamdunniuly iy

o ] o " s p
namneaudveslulasmeulnsaaesazsule
wuINeNIsunlY
o o - .
vnsiasulilasaoulynsaiassain Arduino UNO 1 Arduino  ATmega2560

P - ° ) 08 v a i e ) v o @ aw
LUBENIINUVUIEAITUINUINNIN ‘V]'ﬂﬂﬂLWENW?N]ﬂ"ﬂqUQUU55ﬂﬂﬂﬂﬁIﬂﬂﬂ'}gﬂﬂﬂENﬂ']ﬁ



63

5. nrsiaanldlwlunisuansaniue
Iwlflumsuansanuznsviauesgunseilwit linasiilwiaesgedis 220 V inse
srdwalvigunsalmuuiinmademela
wu1enIsunle
a d w - " - I | °
donldln LED Wusuanianius wWosndaanisinidesdi weanlanialunisvia

TrigunsalmuAuiinasideme

6. MyvanuuUNaasRITuiuIsInielundes
nMsesuniswesgunsainielunass lasnglunassvziitaiiveusedhiuln 220
Vv 9l wazlw 5 v angUnsalaiuan wanaslusuwmiantimnsanassinlvilinaay
e ot L3 | 4
demeiugunsninauaule
WU sufily
weniesenanaln 220 v aaniwduduln 5 v 3nguasalmunuegadaiu lnens
v - w ' i v a = = @ w1 | a d
Tidendniugunaey weldliiAaniniedeuindmiu uazldvienalunismauaindruiun

o a o | ] a a < 'Y ¢
91y iian1sdmsasegnsuunvun wasiinda inetdesnuninadenigvasgunsal

o - ﬂv &
AIVANNB1RIARTLA

i3
5.3 ULEUALUY KaZUINIIUNITAUATIWAILA
P | ' o < v 3 ° 9 v
nfinau e sxwuladlassuianansadiludssgnaldnuldvainwane
d L7 q's LY L4
JULu isangunsal XBee iivaewsriduliidanlfan uunsdilulasaoulnsamesio
&l A-L v i ey & Y - w W [ v o
Afieuannsenlildnaniiald Iuegivnindenld uazdnguszasdlunisldauvesdiann
foll Fauuranlumsnaudnusenisvilefe awrseihlassnutlulgsiununisudadou
b5 o ] v £ o Qs o o
aumuUaendie wu stuuudadaulnlnl szuusegdnlud® ssuulesiuvlue lnevina
[ - [ a ¢ o arv as i e
warhaninaruATaTIedunedidn uanantdausauivlimunmsuanmaliiiniiy
arvuunlduindadu Taseraiufuninnsfin fsarunsadouldlaslusunsy  Visual
Studio C++ o
TudturesniswauIvawnanduuulnsAnniiatelusuian 8193eiinisveny
AamIsaasauaauluisruuUfURnsaug Mszuudfuinmsnisdeassnineginsiu
- - I 3 a wua o A 7
\ATDIRBUNUNDBS (operating system, OS) wazszuuujuAnisinsdwsilietio (Window

Phone) uwarludmureaflandun1syineaueesssuuaIulasnde seilmnuaies wayil



64

UsgaAndnmunngstiu Taservilvszuuiinnuanansalanauiudldau dimsuduisuiuy
JPUUAI93Y (Real Time) Welvigldeuaninsnfanugmsldnuvomula
e ¢ < gy v & & = o o ° vig w
nsiiudugunsaianiawas wu ndes Aldudnuuimaniisnssilvgldauannse
o - A @
wauan nwIndulaesiun eyt IUYDI9Y F931U150E519ANULYRIUYBITLUUAINY

Uaeadelvifugldaulsanngadu



LBNEA1591994

[1] David Wolber, Hal Abelson, Ellen Spertusl, et al.Al2 Tutorials. App Inventor 2
Create Your Own Andriod App Second Edition. Sebastopol:O’Reilly; 2014.
P.1-32

[2] 903 nquauziasdl, YuWs 533URY UadA AuTINWA. (2554). sruualuRulnAi
uuuliane. Usgariinusananimnssuuunamssting angdmnssueans anitu

walulagnszaunadnumsatansel

(3] XBee fpozls.iinfialaaan: http://thaieasyelec.com/article-wiki/basic-electronics/
a IJ

what-is-zigbee.html ('Jumﬁuﬁuﬁmga: 27 mannu 2557).

[4] nsiEende XBee wWhilsléann: http:/thaieasyelec.com/article-wiki/review-product-
article/how-to-choose-xbee-with-suitable-your-project.html (*Tuﬁﬁuﬁwﬁ’a:ga:
27 anAu 2557).

(5] XBee Learning Practice with XBee Series 2 11163l@an: http://thaieasyelec.com/
article-wiki/embedded-electronics-application/learning-xbee-with-xbee-series-

2-starter -kithtml (Yuildufiudieya: 2 waeRnmeu 2557).

[6] Arduino web server LED control 91fislasnn:http://startingelectronics.com/
tutorials/arduino/ethernet-shield-web-server-tutorial/web-server-LED-control/

s

(TunduAutoya: 2 worRineu 2557).

[7] Android Tutorial. (idial@ann: http://www.thaicreate.com/mobile/android.html

@ ¥

(auﬁﬁUﬂumauua: 4 Suamyl 2557).

[8] Connect App Inventor to MySQL tfislaan:https://www.youtube.com/watch

7 =fVHB65tKOLE&feature=youtu.be (Fuiidududaya: 7 unsiau 2558).

[9] Connect App Inventor to MySQL Andriod Development Tutorial for
Beginners 19103l@91n:  https://www.youtube.com/watch?v=w-Jg-MTLstk&

feature=youtu.be (’a’uﬁ'ﬁuﬁuﬁan‘;a: 7 UN31AU 2558).



66

[10] ﬁugﬂunﬂi’l‘t’fﬂu Ethernet Shield 191falAan:  http://www.arduitronics.com
/articLe/ﬁug’mn’lﬂ‘ifa’lu-ethemet-shield—ﬁ‘u-arduinoﬁmauﬁ-l (i’uﬁﬁuﬁu'ﬁ'au“a: i

UNIIAN 2558).

[11] A15RaANsNADS TP-link 1risléann http://www.freewarelands.com/wpa/i8idn-

router-tp-link-td-w8951nd-i31uae3-tot-/ (FuiiduAudoya: 11 uns1Au 2558)

(12] 38n130eAn Tenda Whisldan: http://www.tenda.co.th/download/manual/QIG_

v e v v

W308R _W309R.pdf (QuiduAutaya: 12 unsnAu 2558).






68

ANARUIN N,

[1] Wsunsuniasga
#include <SPLh>
#include <Ethernet.h>
#include <SoftwareSerial.h>
#define RxD 8
#define TxD 9
L L L L L AR = S g T
SoftwareSerial mySerial(RxD,TxD); #/ RX, TX
byte mac[] = { 0x94, OxDE, 0x80, 0xC6, 0x70, OxES };

IPAddress ip(192, 168, 1, 40); // IP address, may need to change depending on

network
EthernetServer server(1234); // create a server at port 80
String HTTP _reg; // stores the HTTP request
boolean LED status = 0; // state of LED, off by default
String readString;
T LT LT LT LT LT LT LT T 777777 TESTING PIN
int ryl = 30;
int ry100 = 43; //////71117717177////// FOR TEST
int ry2 = 32

int ry200 = 45; ///////1//1////7/////// FOR TEST
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int ry3 = 34,

int ryd = 36;

int ry5 = 38;

int ry6 = 40;

int ryl rcv = 0;
int ry2_rcv = 0;
int ry3 rcv = 0;
int ryd rcv = 0;
int ry5_rcv = 0,
int ry6_rcv = 0,
int ryl tx = 31;
int ry2_tx = 33;
int ry3_tx = 35;
int ryd_tx = 37,
int ry5_tx = 39;
int ry6_tx = 41;

void
setupO///111TTTITIEEEEEEET LT T LT T 1111111111771 777 111111111 T
LI L LT NOID SETUP

pinMode(ry1,INPUT);



pinMode(ry100,0UTPUT); ///////////1/11/1////// FOR TEST
pinMode(ry2,INPUT);
pinMode(ry200,0UTPUT); ////////1//////1/////// FOR TEST
pinMode(ry3,INPUT);
pinMode(ry4,INPUT);
pinMode(ry5,INPUT);
pinMode(ry6,INPUT);
pinMode(ryl_tx,OUTPUT);
pinMode(ry2_ tx,OUTPUT),
pinMode(ry3 tx,OUTPUT);
pinMode(ryd_tx,QUTPUT);
pinMode(ry5_tx,QUTPUT);
pinMode(ry6_tx,OUTPUT);
digitalWrite(ry1,LOW);
digita\Write(ry100,HIGH); . //4///////11/14/1/17//{ FOR TEST
digitalWrite(ry2,LOW);
digitalWrite(ry200,HIGH); ///////1///////1/////// FOR TEST
digitalWrite(ry3,LOW);
digitalWrite(ryd,LOW);
digitalWrite(ry5,LOW);

digitalWrite(ry6,LOW);
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VR S U Sl Tl
Ethernet.begin(mac, ip); // initialize Ethernet device
server.begin(); // start to listen for clients
Serial.begin(9600); // for diagnostics
pinMode(RxD, INPUT);
pinMode(TxD, OUTPUT);

mySerial.begin(9600);

void
LoopO//111HIHTITHHIT LT TTEEEI T FAHEL LT AT LT T LT ET T AL T L1 7111
LTI LT T LT A 1 Y NOID LOOP

ryl_rcv =digitalRead(ry1);
ry2_rcv =digitalRead(ry2);
ry3_rcv =digitalRead(ry3);
ry8_rcv =digitalRead(ryd);
ry5 rcv =digitalRead(ry5);
ry6_rcv =digitalRead(ry6);

/*if(ryl _rcv==HIGH)

digitalWrite(ry1_tx,HIGH);



iflryl_rcv==LOW)

digitalWrite(ry1_tx,LOW);

if(ry2_rcv==HIGH)
{

digitalWrite(ry2 tx,HIGH);

if(ry2_rcv==LOW)

digitalWrite(ry2 tx,LOW);

54

Y L L

<Ethernet HTML>
EthernetClient client = server.available();
if (client) {
while (client.connected()) {
if (client.available()) {

char ¢ = client.read();

72
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//read char by char HTTP request

if (readString.length() < 100) { /*Original 100 */
//store characters to string
readString += ¢

//Serial.print(c);

//if HTTP request has ended

if (c =="\n){
11
Serial.println(readString); //print to serial monitor for debuging
client.println("*HTTP/1.1 200 OK"); //send new page
client.printin("Content-Type: text/htmtl");
client.printtn();
client.printin("<HTML>");
client.printin("<HEAD>");
client.printin("<TITLE>Arduino GET test page</TITLE>");
client.printin("</HEAD>");

L VRS Ve
FUNCTION>

client.println("<script>")

i //1111111111111111111111111211121111111111111111111111111/
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client.println(*function doOnclick1() {");
client.printin("document.getElementByld('A').style.background ='#009900%");
client.printin("document.getElementByld(B').style.background ="#FFFFFF'");
//client.println("document.getElementByld('M').style background="#FFFFFF;");
//client.printin("location.href="/70n2;' ;");

client.printin("document.getElementByld('A").style.background

='#0099004");

client.printin("document.getElementByld('B').style.backeround

="HFFFFFF;");
client.printin(‘return flase;");
client.printn("}");
client.printin(*function dropOnclick1() {*}
client.printin("document.getElementByld('A’).style.background ="#FFFFFF"");
client.println("document.getElementByld('B').style.background="#CC0000";");
//client.printin("document.getElementByld('M').style.background="#FFFFFF";");
//client.printin(*location.href ='/20ff3;");

client.println("document.getElementByld('A’).style.background

="#FFFFFF;");

client.printin("document.getElementByld('B').style.background="#CC0000";");
client.printin("return flase;");

client.printtn("}");
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//2222222222222222222222222222222222222222222222222222222//

client.println(*function doOnclick2() {");
client.printin("document.getElementByld('C').style.background = '#009900';");
client.printin("document.getElementByld('D').style.background ="#FFFFFF';");
//client.println("document.getElementByld('M').style.background="#FFFFFF';");
//client.printin("location.href='/20n4;;");

client.printin("return flase;");

client.printin("}");

client.println(*function dropOnclick2() {*);
client.printin("document.getElementByld('C).style.background ='#FFFFFF';");
client.println("document.getElementByld('D").style.background="#CC0000';");
//client.printin("document.getElementByld('M’).style.background="#FFFFFF");
//client.printin("location.href="/20ff5;7;");

client.printin("return flase;");

client.printtn("}");
//3333333333333333353333333333333333333333333333333358333//
client.printin("function doOnclick3() {");
client.printn("document.getElementByld('E").style.background = #009900"");
client.printin("document.getElementByld('F').style.background ="#FFFFFF';");
//client.println("document.getElementByld('M").style.background="#FFFFFF";");

client.printin("document.location.href="/?oné6;';");
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client.println("return flase;");

client.println("}");

client.println(*function dropOnclick3() {");
client.println("document.getElementByld('E’).style.background ="#FFFFFF';");
client.println("document.getElementByld('F').style.background="#CC0000";");
//client.println("document.getElementByld('M).style.background="#FFFFFF'");
client.printin("document.location.href="/?0ff7;';");

client.printin("return flase;");

client.println("}');
//46444464444444444444444440444444444444004444444044444444//
client.println(*function doOnclicka() {*;
client.println(*document.getElementByld('G').style.background ="#009900";");
client.printin("document.getElementByld('H').style.background ="#FFFFFF';");
//client.println("document.getElementByld('M’).style.backeround="#FFFFFF';");
client.printin(*document.location.href="/?0n8;";");

client.println("return flase;");

client.println("}");

client.printin(*function dropOnclickd() {");
client.printin("document.getElementByld('G).style.background ="#FFFFFF"");
client.printin("document.getElementByld('H').style.background="#CC0000";");

//client.println("document.getElementByld('M’).style.background="#FFFFFF'";");
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client.println("document.location.href="/70ff9;;");

client.println(‘return flase;");

client.printin("}");
//5555555555555555555555555555555555555555555555555555555//
client.printn(*function doOnclick5() {");
client.println("document.getElementByld(l').style.background = '#009900%;");
client.printin("document.getElementByld(J').style.backeround ="#FFFFFF;");
//client.printin("document.getElementByld('M).style.background="#FFFFFF;");
client.printin(*document.location.href='/7onA;};");

client.printin(*return flase;");

client.printtn("1");

client.println(*function dropOnclick5() {*);
client.printin("document.getElementByld('l').style.background ="#FFFFFF'");
client.printin(*docurment.getElementByld(')').style.background="#CC0000';")
//client.printin("document.getElementByld('M').style.background="#FFFFFF"");
client.printin("document.location.href='/20ffB;";");

client.printin("return flase;");

client.println("}");

client.printin(*function doOnclické() {");
client.println("document.getElementByld('K').style.background = '#009900';");

client.printin("document.getElementByld('L").style.background ='#FFFFFF';");
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//client.println("document.getElementByld('M').style.background="#FFFFFF';");
client.println("document.location.href="/?onC;";");

client.println("return flase;");

client.printtn("}");

client.printin(*function dropOnclické() {");
client.printin("document.getElementByld(K').style.background ="#FFFFFF';");
client.printin("document.getElementByld('L").style.background="#CC0000';");
//client.printin("document.getElementByld('M’).style.background="#FFFFFF';");
client.printin("document.location.href='/?0ffD;’;");

client.printin(*return flase;");

client.printin(*}");

/3

client.printin("</script>");

L e e T RS Ve
FUNCTION>

client.printin("<style>");

client.println("body {background-color:#FFAEB9;}");
client.println("</style>");

client.printin("<BODY>");

client.printin("<CENTER><H1><style=font-size:40px;color:sienna>Home

Automation</H1></CENTER>");
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// For simple testing, pin 5, 6, 7, and 8 are used in buttons

// custom buttons 1

//111111111111112111111111112111111111111111111111111111 1/
client.print("<center><P>SWITCH 1</P></center>");
if (ryl_rcv==HIGH)X

client.println("<CENTER><input type=submit value=ON id=\"A\"
style=background-color:green;font-size: 13px;width:100px;height:45px

onClick=location.href="/70n2;">");

client.println("<input type=submit value=OFF id=\"B\"
style=backeround-color.white;font-size:13px;width: 100px;height:45px

onClick=location.href='/?0ff3;'></center>");
//doOnclick1();

//ctient.println("<CENTER><input type=submit value=\"\"

style=background-color:green; width:60px;height:45px></CENTER>");

//client.println ("<input type=submit value=0ON * style=backeround-
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color:green;font-size:110%;width: 100px;height:45px onClick=location.href='/20n2;'>");

//client.println ("<input type=submit value=OFF style=background-

color:White;font-size:110%;width: 100px;height:45px</DIV>");
}if (ryl_rcv==LOW)

client.println("<center><input type=submit value=ON id=\"A\"
style=background-color:white;font-size:13px;width:100px;height:45px

onClick=location.href='/70n2;">")
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client.println("<input type=submit value=0FF id=\"B\"
style=background-color:red;font-size:13px;width:100px;height:45px

onClick=location.href="/?0ff3;'></center>");
//dropOnclick1();

//client.println ("<CENTER><input type=submit value=\"\"

style=background-color:red; width:60px;height:45px></CENTER>");

//client.println ("<input type=submit value=ON style=background-

color:white;font-size:110%;width: 100px;height:45px >");

//client.println ("<input type=submit value=0OFF style=background-
color:red;font-size:110%;width:100px;height:45px

onClick=location.href='/?0ff3;'></DIV>");

//client.printin ("<CENTER><input type=submit value=ON id=\"A\" style=font-

size:110%;width:100px;height:45px onClick=location.href="/7on2;'>");

//client.println ("<input type=submit value=OFF id=\"B\" style=font-

size:110%;width:100px;height:45px onClick=location.href='/70ff3;'></CENTER></P>");

//client.print('&nbsp; <input type=submit value='ALL OFF'

style=width:100px;height:45px onClick=location.href="/70ff3579;'><br><br>");

// custom buttons 2

//2222222222222222222222222222222222222222222222222222222//
client.print("<center><P>SWITCH 2</P></center>");

if (ry2_rcv==HIGH}
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client.println("<CENTER><input type=submit value=ON id=\"C\"
style=background-color:green;font-size:13px;width: 100px;height:45px

onClick=location.href='/?on4;'>");

client.printin("<input type=submit value=OFF id=\"D\"
style=background-color:white;font-size:13px;width:100px;height:45px

onClick=location.href='/?0ff5;'></center>"),
}if (ry2_rcv==LOWX

client.println("<center><input type=submit value=ON id=\"C\"
style=background-color:white;font-size: 13px;width:100px;height:45px

onClick=location.href="/?0n4;>");

client.printtn("<input type=submit value=OFF id=\"D\"
style=backeground-color:red;font-size: 1 3px;width:100px;height:45px

onClick=location.href='/?0ff5;"></center>"),

//client.println ("<CENTER><input type=submit value=ON id=\"C\" style=font-

size:110%;width:100px;height:45px onClick=location.href='/20n4;'>");

//client.println ("<input type=submit value=OFF id=\"D\" style=font-

size:110%;width:100px;height:45px onClick=location.href="/70ff5;'></CENTER></P>");

//client. print("&nbsp;<input type=submit value="ALL OFF'
style=width:100px;height:45px onClick=location.href="/?0ff3579;'><br><br>");

// custom buttons 3

//3333333333333333333333333333333333333333333333333333333//
client.print("<center><P>SWITCH 3</P></center>");

if (ry3 rev==HIGH)
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client.println("<CENTER><input type=submit value=ON id=\"E\"
style=backeround-color:green;font-size:13px;width:100px;height:45px

onClick=location.href='/70n6;'>");

client.printin("<input type=submit value=OFF id=\"F\"
style=background-color:white;font-size:13px;width:100px;height:45px

onClick=location.href="/?0ff7;'></center>");
}if (ry3_rcv==LOW)

client.println("<center><input type=submit value=ON id=\"E\"
style=background-color:white;font-size: 13px;width: 100px;height:45px

onClick=location.href='/70n6;'>");

client.printin("<input type=submit value=OFF id=\"F\"
style=backeround-color:red;font-size: 13px;width: 100px;height:45px

onClick=location.href="/20ff7;'></center>");

//client.printtn ("<CENTER><input type=submit value=ON id=\"E\" style=font-

size:110%;width:100px;height:45px onClick=\"doOnclick30\">");

//client.println (“<input type=submit value=OFF id=\"F\" style=font-

size:110%;width:100px;height:45px onClick=\"dropOnclick3(\"></CENTER></P>");

//client.print("&nbsp;<input type=submit value="ALL OFF'

style=width:100px;height:45px onClick=location.href='/20ff3579;'><br><br>");

// custom buttons 4

//44444444444444444444444444444444444444444444444444444444//
client.print("<center><P>SWITCH 4</P></center>"),

if (ry4_rcv==HIGH)
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client.println("<CENTER><input type=submit value=ON id=\"G\"
style=background-color:green;font-size:13px;width:100px;height:45px

onClick=location.href="/70n8;">");

client.printin("<input type=submit value=OFF id=\"H\"
style=background-color:white;font-size:13px;width:100px;height:45px

onClick=location.href="/70ff9;'></center>");
}if (ryd _rev==LOW)

client.printin(*<center><input type=submit value=ON id=\"G\"
style=background-color:white;font-size: 13px;width: 100px;height:45px

onClick=location.href='/70n8;'>");

client.printin("<input type=submit value=OFF id=\"H\"
style=background-color;red;font-size: 13px;width:100px;height:45px

onClick=location.href="770ff9;'></center>");

//client.printin ("<CENTER><input type=submit value=ON id=\"G\" style=font-

size:110%;width:100px;height:45px onClick=\"doOnclickd(\">");

//client.println (“<input type=submit value=OFF id=\"H\" style=font-

size:110%;width: 100px;height:45px onClick=\"dropOnclickd(\"></CENTER></P>");

//client.print("&nbsp;<input type=submit value='ALL OFF'

style=width:100px;height:45px onClick=location.href='/?0ff3579;'><br><br>"),

// custom buttons 5

//5555555555555555555555555555555555555555555555555555555//
client.print("<center><P>SWITCH 5</P></center>");

if (ry5_rcv==HIGH)X
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client.println("<CENTER><input type=submit value=ON id=\"\"
style=background-color:green;font-size:13px;width:100px;height:45px

onClick=location.href='/70nA;'>");

client.printin("<input type=submit value=OFF id=\"J\"
style=background-color:white;font-size:13px;width: 100px;height:45px

onClick=location.href='/?0ffB;'></center>");
}if (ry5_rcv==LOW){

client.println("<center><input type=submit value=ON id=\"\\"
style=background-color:white;font-size: 13px;width:100px;height:45px

onClick=location.href="/70nA;'>");

client.printin{"<input type=submit value=OFF id=\"J\"
style=background-color:red;font-size: 13px;width:100px;height:45px

onClick=location.href="/?0ffB;'></center>");

//client.println ("<CENTER><input type=submit value=ON id=\"I\" style=font-

size:110%;width:100px;height:45px onClick=\"doOnclick5(0\">");

//client.println (“<input type=submit value=OFF id=\"J\" style=font-

size:110%;width:100px;height:45px onClick=\"dropOnclick50\"></CENTER></P>");

//client.print("&nbsp;<input type=submit value="ALL OFF'

style=width:100px;height:45px onClick=location.href='"/?0ff3579;'><br><br>");

// custom buttons 6

//666666666666666666666666666666666666666666666666666666666//
client.print("<center><P>SWITCH 6</P></center>");

if (ry6_rcv==HIGH)X
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client.println("<CENTER><input type=submit value=ON id=\"K\"
style=backeround-color:green;font-size:13px;width: 100px;height:45px

onClick=location.href='/2onC;'>");

client.printin("<input type=submit value=OFF id=\"L\"
style=background-color:white;font-size:13px;width:100px;height:45px

onClick=location.href='/?0ffD;'></center>");
}if (ry6_rcv==LOW)

client.printin("<center><input type=submit value=ON id=\"K\"
style=background-color:white;font-size:13px;width: 100px;height:45px

onClick=|ocation.href='/?onC;'>");

client.printin(*<input type=submit value=0OFF id=\"L\"
style=background-color:red;font-size: 1 3px;width:100px;height:45px

onClick=location.href=!/70offD;"></center>");

//client.println ("<CENTER><input type=submit value=ON id=\"K\" style=font-

size:110%;width:100px;height:45px onClick=\"doOnclick6(\">");

//client.println (“<input type=submit value=OFF id=\"L\" style=font-

size:110%;width:100px;height:45px onClick=\"dropOnclick6(\"></CENTER></P>");

//client.print("<CENTER>&nbsp;<input type=submit value='ALL OFF'
style=width:200px;height:45px

onClick=location.href='/20ff3579;'></CENTER><br><br>");
client.println("</BODY>")
client.println("</HTML>");

delay(1);



//stopping client

client.stop();

/1111111777777 control arduino pin
Uittt e i1 1111111111131113111111 11 0

if(readString.indexOf('2) >0)//checks for 2

digitalWrite(5, HIGH);  // set pin 5 high
Serial.printin("Led 5-On");

char incoming = 15;
mySerial.write(incoming);

digitalWrite(ryl tx,HIGH);

if(readString.indexOf('3") >0)//checks for 3

digitalWrite(5, LOW); ~.// set pin 5 low
Serial.printin("Led 5 Off");

char incoming = 25;
mySerial.write(incoming);

digitalWrite(ry1_tx,LOW);

//2222222222222222222222222222222222222222222222222222222//

86



if(readString.indexOf('4") >0)//checks for 4

digitalWrite(6, HIGH);, // set pin 6 high
Serial.printin("Led 6 On");

char incoming = 3;
mySerial.write(incoming);

digitalWrite(ry2_tx,HIGH);

iflreadString.indexOf('5') >0)//checks for 5

digitalWrite(6, LOW);  // set pin 6 low
Serial.println("Led 6 Off");
charincoming =4;
mySerial.write(incoming);

digitalWrite(ry2 tx,LOW);

//3333333333333333333333333333333333333333333333333333333//

if(readString.indexOf('6") >0)//checks for 6

digitalWrite(7, HIGH);  // set pin 7 high

Serial.println("Led 7 On");
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char incoming = 5;
mySerial.write(incoming);

digitalWrite(ry3_tx,HIGH);

~J

if(readString.indexOf('7") >0)//checks for

digitalWrite(7, LOW);  // set pin 7 low
Serial.printin("Led 7 Off");

char incoming = 6;
mySerial.write(incoming);

digitalWrite(ry3 tx,LOW);

//44444444444444444444444444444444444444444444444444444444//

iflreadString.indexOf('8") >0)//checks for 8

digitalWrite(7, HIGH);  // set pin 8 high
Serial.println("Led 8 On");

char incoming = 7,
mySerial.write(incoming);

digitalWrite(ryd_tx,HIGH);
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if(readString.indexOf('9") >0)//checks for 9

digitalWrite(7, LOW); // set pin 8 low
Serial.println("Led 8 Off");

char incoming = 8;
mySerial.write(incoming);

digitalWrite(ryd tx,LOW);

//5555555555555555555555555555555555555555555555555555555//

iftreadString.indexOf('A") >0)//checks for 8

digitalWrite(7, HIGH);,  // set pin 8 high
Serial.println("Led 8 On");

char incoming = 11;
mySerial.write(incoming);

digitalWrite(ry5_tx,HIGH);

iftreadString.indexOf('B') >0)//checks for 9

digitalWrite(7, LOW);  // set pin 8 low

Serial.println("Led 8 Off");
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char incoming = 12;
mySerial.write(incoming);

digitalWrite(ry5_tx,LOW);

//666666666666666666666666666666666666666666666666666666666//

if(readString.indexOf('C") >0)//checks for 8

digitalWrite(7, HIGH); — // set pin 8 high
Serial.println(*Led 8 On");

char incoming = 13;
mySerial.write(incoming);

digitalWrite(ry6 tx,HIGH);

if(readString.indexOf('D') >0)//checks for 9

digitalWrite(7, LOW);  // set pin 8 low
Serial.printn("Led 8 Off");

char incoming = 14;
mySerial.write(incoming);

digitalWrite(ry6_tx,LOW);
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//clearing string for next read

readString="";

}
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[2] Wsunsunaiu

/*#tinclude <SoftwareSerial.n>
#define RxD 5
#define TxD 6%/
#define Relay_1 30

#define Relay_10 31
#define Relay 2 32

#define Relay 20 33
#define Relay_3 34

#define Relay 30 35
#define Relay 4 36

#define Relay 40 37
#define Relay_5 38

#define Relay_50 39
#define Relay 6 40

#define Relay 60 41
/*SoftwareSerial mySerial(RxD,TxD); // RX, TX */
void setup() {

Serial.begin(9600);
Serial1.begin(9600);

pinMode(Relay 1, OUTPUT);
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pinMode(Relay 10, OUTPUT);
pinMode(Relay 2, OUTPUT);
pinMode(Relay 20, OUTPUT);
pinMode(Relay_3, OUTPUT);
pinMode(Relay 30, OUTPUT);
pinMode(Relay_4, OUTPUT);
pinMode(Relay 40, OUTPUT);
pinMode(Relay. 5, OUTPUT);
pinMode(Relay. 50, OUTPUT);
pinMode(Relay_6, OUTPUT);
pinMode(Relay._60, OUTPUT),
digitalWrite(Relay 1,HIGH);
digitalWrite(Relay 10,LOW);
digitalWrite(Relay._2,HIGH);
digitalWrite(Relay 20,LOW);
digitalWrite(Relay 3,HIGH);
digitalWrite(Relay 30,LOW);
digitalWrite(Relay 4,HIGH);
digitalWrite(Relay 40,LOW);
digitalWrite(Relay 5,HIGH);

digitalWrite(Relay 50,LOW);

9%



digitalwrite(Relay 6,HIGH);

digitalWrite(Relay _60,LOW);

void loop() {
if (Serial1.available()) {
char incoming = Seriall.read();
Serial1.write(incoming);
Serial1.println(" Command : ");
switch(incoming) {
case 15: digitalWrite(Relay 1,LOW);
Serial1.println("Relay 1 Energize");
digitalWrite(Relay 10,HIGH);
break;
case 25 : digitalWrite(Relay 1,HIGH);
Seriall.println("Relay 1 De-energize"),
digitalWrite(Relay 10,LOW);
break;
case 3 : digitalWrite(Relay 2,LOW);
Seriall.println("Relay 2 Energize");
digitalWrite(Relay _20,HIGH);

break;
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case 4 : digitalWrite(Relay 2,HIGH);
Serial1.println("Relay 2 De-energize");
digitalWrite(Relay 20,LOW);
break;

case 5 : digitalWrite(Relay 3,LOW);
Seriall.println("Relay 3 Energize");
digitalWrite(Relay 30,HIGH);
break;

case 6 : digitalWrite(Relay 3,HIGH);
Seriall.printin("Relay 3 De-energize”);
digitalWrite(Relay 30,LOW);
break;

case 7: digitalWrite(Relay 4,LOW);
Seriall.printin("Relay 4 Energize");
digitalWrite(Relay 40,HIGH);
break;

case 8 : digitalWrite(Relay 4,HIGH);
Seriall.println("Relay 4 De-energize"),
digitalWrite(Relay_40,LOW);
break;

case 11 : digitalWrite(Relay 5,LOW);
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Seriall.printin("Relay 5 Energize");
digitalWrite(Relay 50,HIGH);
break;

case 12 : digitalWrite(Relay 5,HIGH);
Serial1.println("Relay 5 De-energize");
digitalWrite(Relay. 50,LOW);
break;

case 13 digitalWrite(Relay 6,LOW);
Serial.printin("Relay 6 Energize");
digitalWrite(Relay_60,HIGH);
break;

case 14 : digitalWrite(Relay 6,HIGH);
Serial.printin("Relay 6 De-energize");

digitalWrite(Relay 60,LOW);

break;
}
}
if (Serial.available()) {

char incoming 2 = Serial.read();

Serial 1.write(incoming_2);
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waneian 8 Whigind Reset 196 miuda Reset msinamassuedn

winaaa 9 Hhudasia AVRISP Mdmiulusunsu Bootloader Wiy MCU

wineaa 10 udasie Power

waea 11,12 xﬂu%f)éaﬁ’rurmm Analog A[0..7] uax Analog A[8..15] RIUEIAL
waNELaY 13,14,15 nﬁué’qﬁaﬁmmﬁm Digital D[0..7].D[8..13] uax D[14..21]

WHNLLAT 16 t{lmxf}ﬁiaﬁmmm Digital D[22..53]
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AMANLRUIBIA YY1 A JURIUAsH ET-MEGA2560-ADK

e RESET# 1lludtyuins Input Reset 781 MCU wanuilediy Logic Low Tnedtya
RESET# ﬁﬂ:;}rmquamm 2 unde Ae a1n adnd RESET meluuedn usy andyyio
DTR 984 FT232RL

o +3v3 ihumssinslrinng +33v fildainss Regulate 783 LM1117-3V3 @1115047¢)
nezua lAgean 500mA

o 45V ilugaseunssae iresvefneenlildam Farnannundaianga 2 uvss Ae annedn
USB uaza1n External Supply%aﬁwiawsiﬂm’tﬁum‘mwm External Supply #1101 Jack
VIN wnieiadne +5v aginann Switching Regulate (LM2575-5V) @ s1sadnansaualigage
B4 1A wil s s gniea USB whises e +5v tiazunannnadn UsB Tnamsslagasil
Fad wuy Poly 110/ 500mA siatlesiunisinsuaiiafedasiunnudonsreanedn
usB lasarvdnanszualdasqnbitiins500mA fuegifunns Configure ATlTL FT232RL daes

e +VIN il DC $uanann Jack VIN(External Supply) S#tiiunas Rectifier ua Filter 1y
DC udn flnnsussdasiun iy susad it el fueamn 1 Jack IN

e A0-A15 T iUyl Analog Input kuy ADC Hsnisanyaniddn 100m i 16 Pin
@i unsaiu Analog Input 14 0-5VDC

¢ DO-D53 wluudiysynas Digital InputOutput wuy TTL itWawaim 54 Pin gansoldvamiing
s Input ¥ide Output msnnsivuaanUsunay Taafiuis Pin aasAsofimewini e
Wiy FuRiesiniudalizn
o D0-D1 grawuliliiminfidunaiadeaisaunsy RS232 (UARTO) Taaléivins

dausiaiu USB Bridge w89 FT232RL field Upload Code l¥ifuuefn uazds

annsolinasesinsedea siuddenasudsuefaireuiamed PC 1o

D2-D13 &30 Tlsunsamif T PWM 1w 8 O 3t 14 Pin &

D14 s Wsunsamiingidhs TX3 dwiu dedieyses UARTS Lidae

D15 avansn Tsunsuwiniilu RX3 dwiu fudeya ity UARTS ke

D16 & w130 Tsunsamiiiidlu TX2 dwdu defeysuas UART2 Loy

D17 ansn Tlsunsumdinilu RX2 4w Fudeyalsifu UART2 ke

D18 aunga Tsunsuwindud Tx1 dwiu dedieyanes UART1 Tidan

D19 asn Tsunguulinidlu RX1 dwFu Fudesaldify UARTT 1idas

2 R - P = i v LG - RS « Dok A o

D20,021 gssn Tsunsuuiiriiiilu SDA.SCL 104 12C Bus 184 12 g
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® AREF 1iludtyoyiou Analog Reference anmeveniigeanisiienldiiu MCU Jemsnlsni
ufia ATMEGA2560 awnsalsunsuliii@enldussiuddaanneluldedudalaaainso
@anitlu 1.1V e 2.56V u3e AVCC(+5V) Inaliduiludeslouussindradaainmeuan
Wifuuedadn urthiaamsussdudnedsiiitanmuuandrsainiindiarudafiaunsodlewdy
usaudned s nmenensimm19e1 AREF e sldszwing 0-5v
® USB Host 14ileusaiugunsalUs Device wie usunsasdliiy Toalddn USB Host wef
MAX3421 ludananslumsidensiassudinegungal USB U MCU ATMEGA2560 elu
tsqiiuiinng 4% Library %uumﬁmgunm‘sﬂwiﬂiﬁﬁﬁ’lﬁﬂﬁ‘:tmﬁ'ﬁﬂuﬂmwﬂuﬁﬂﬁ
Wi WLy USB Host haztiuuidansiefugunscl weussesiivu duihlduaunseeniti
ﬁﬁs‘fw:uuﬂﬁﬁ’ﬁnﬂﬁg‘u V2.3.4 visagandnanasaldnsniniufou Google ADK 14 usitin
uaunsaeniliuliseaiu ADK finasnsold ADB 184 Microbridge wnuldidwiu
o mswanldsunsauuy USB Host Taaldgluuumsimmnllsunsucdudieaiy
fuvefa Arduino sn@vial Tneilunstiifasalssyndld MAX3421 iy
ginsnl USB Host (iedansanuginsal USB Device #27ll wiu USB HID
Keyboard, USB HID Mouse “4a%
0 msWaunlUsensHuIY Android @2:05as1 1A 2 Wi
" simnldsunsuriau Google Open Accessories API £588aR141189 ADK
(Android = Open Accessories development Kit) :J:Ql.ﬁu'l}.!ﬁ"n'mh
AsmATINTOYa sl weassasiliy 19w wihsauanna sTuy Touch
Screen GazginsnfiFugafiheiiugsalile uevatesitiy uiRnnse
gaalfm éamma'mmn'if-‘fﬂmﬁufgﬂnmfuﬂuﬂmmﬁﬂuiw?;mmm
ﬁﬁ%@ﬁUUﬂﬁﬂ'ﬁﬂ'&ﬁﬁ@uﬂﬂﬁf@ﬂﬁ palaviediu2.3.4 VFagInd
= simunldsunsurin Library 189 Microbridge A28 ADB (Android Debug
Bridge) :g'mﬁu‘lﬂi%nm%miﬁﬂmf fiaqauﬁﬂns:ﬁ YO nsuaniuuew
asee dvlunsdivesnmadessiaty Arduino faminliirasnsmin ueu
aseerilviu dedrdesantly vide Fudeyaain Arduino liamdiains lidiaz
\ilu Digital ¥O,PWM,I2C Bus %38 Analog Input(ADC) FapnusanIniias
Iﬂﬁﬁuqﬂnm‘{uauasaﬂﬂﬂmniﬁmmmﬁaé’amuﬂﬁﬁmnmuw

asaenl AwsvefiuVv1.5 wiagands
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msnaunlUsunsuaes ET-MEGA2560-ADK A28l Arduino

aulinAudqauedn ET-MEGA2560-ADK 350 N8 BadaTsunsu Bootloader 11y MCU
dluideuiesuds Tnald Bootloader 14 “stkSOOboot v2 mega2560 hex" 41ilu Bootloader
HWIRTFINAN Arduino L Toalsunsu Bootloaderu' id m:ummm%'ﬁ 191 w*r]m Upload Code 410
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. rouda Baudrate 115200 Tan19an3t XTAL 16 MHzZ
- Tusunsu Bootloader Huuna 8KByte Y uf i U4 OX3E000-OXFFFF

- 14 LED #6eifun Digital-13 tfhufious pagnmeluraisT Bootloader Wienu

- Tusunsal éBootloader sl dnluiBnnafudanfida lae MCU RELTUAUNIIN

11 Bootloader e wans 1hesan) shasadsaissantsunsudmiudiliiong Upload
Code iy MCU usdaliiiinisinsedesrsidininmeliaaiinvunld flaznsziaaly
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AIARUIN A.

SONGLE RELAY

F— & 5T RELAY 1S09002 SRD

) SONGLE RELAY

1. MAIN FEATURES

« Switching capacity available by 10A in spite of
small size design for highdensity P.C. board
mounting technique.

¢ UL,CUL, TUV recognized.

« Selection of plastic material for high temperature and
better chemical solution performance.

+ Sealed types available.

» Simple relay magnetic circuit o meet low cost of
mass production.

2. APPLICATIONS
« Domestic appliance, office machine, audio, equipment, automobile, efc.
{ Remote control TV receiver, monitor display, audio equipment high rushing current use application.)

3. ORDERING INFORMATION
SRD XX VDC S L C
Model of relay Nominal coil voltage Structure Coil  sensitivity | Contact form
o ae 4 . : A:l form A
SRD 03. 05,06, 09 12. 24, agvpe | S:Sedled v W0-36W B:1 form B
F:Flux free type D:0.45W C:1 form C
4. RATING
CCC FILE NUMBER: CQC03001003731 10A/250VDC
UL /CUL FILE NUMBER: E167996 10A/125VAC 28VDC
Tuv  FILE NUMBER: R50056114 10A/250VAC 30VDC
5. DIMENSION unit:mm) DRILLING unit-mm) WIRING DIAGRAM
18ma _ 1% %ney ¢
&
W

l B e

a3l l2-1.04 z-gn&|l 1

ot faf

12 A0S

k3
+
T




6. COIL DATA CHART (AT20°C)

120

Coil Coil  |Nominal| Nominal Qoﬂ Power Pull-in | Drop-Out |Max-Allowable|
Sensitivity Voltage | Voltage | Current |Resistance{Consumption| Voltage | Voltage Voltage
Code | (VDC) | (mA) Q) £10% (W) (vDC) | (VDC) (VDC)
SRD 03 03 120 25 abt. 0.36W [75%Max. [10% Min. 120%
(High 05 05 71.4 70
Sensitivity) 06 06 60 100
09 09 40 225
12 12 30 400
24 24 15 1600
48 48 7.5 6400
SRD 03 03 150 20 abt. 0.45W |75% Max.|10% Min. 110%
(Standard) | 05 05 89.3 55
06 06 75 80
09 08 50 180
12 12 37.5 320
24 24 18.7 1280
48 48 10 4500 abt. 0.51W
7. CONTACT RATING 9.REFERENCE DATA
Type SRD Coil Temperature Rise
ltem FORM C [FORMA & +
Contact Capacity 10A 30VDC P ¢ 4
Resistive Load (cosd=1) 10A-425VAG 10A 250VAC 3 - Z
inductive Load 3A 120VAC 5A 120VAC § = A
licos®=0.4 LUR=7msec) 3A28VDC |5A 28VDC o
[Max. Allowable Voltage 250VAC/110VDC _ [250VAC/110VDC E» —pe
|Max. Allowable Power Force  |800VAC/240W 1200 VA/300W &
[Contact Material AgCdO AgCdO VR e
8. PERFORMANCE (at initial value) _‘Operation Time
" Type j AN
o 7 SRD e B
Contact Resistance 100m0 Max. p grorpaod iy
Operation Time 10msec Max. _
Release Time Smsec Max. - 5
Dielectric Strength g fa
Between coil & contact 1500VAC S0/60HZ (1 minute) =1 = -
Between contacts 1000VAC 50/60HZ (1 minute) £

Insulation Resistance

100 MQ Min. {(500VDC)

Max. ON/OFF Switching

a8 81 62 83 a4 o3 85 BT 82
Coll Power (W)
Lite Expectancy

lélechanically 300 operation/min ACT20VADC23Y covdal

|Electrically 30 operation/min b

Ambient Temperature -40°C to +85°C S = @
Operating Humidity 45 to 85% RH 'g . 5 g
Vibration g N
Endurance 10 to 55Hz Double Amplitude 1.5mm T "EEpeeaaa
Error Operation 10 to 55Hz Double Amplitude 1.5mm 5

Shock ‘ 2

Endurance 100G Min. E .

Error Operation 10G Min. e e
Life Expectancy Currant of Load {A)
Mechanically 10’ operations. Min. (no load) Life Expectancy
Electrically 10° operations. Min. (at rated coil voltage) =

Weight abt._10grs.

S p 0¥y

Opertticns (« 10,000 ops)

CRSS DR R ek Rl

]
Current of Load (A)




121

AMANUIN 4.

Arduino Ethernet Shield

Download: arduino-ethernet-shield-05-schematic.pdf, arduino-ethernet-shield-05-reference-design.zip
Download: arduino-ethernet-shield-schematic.pdf, arduino-ethernet-shield-reference-design.zip

The Arduino Ethernet Shield allows an Arduino board to connect to the internet. It is based on the Wiznet
W5100 ethernet chip (datasheet). The Wiznet W5100 provides a network (IP) stack capable of both TCP
and UDP. It supports up to four simultaneous socket connections. Use the Ethernet library to write sketches
which connect to the internet using the shield. The ethernet shield connects to an Arduino board using long
wire-wrap headers which extend through the shield. This keeps the pin layout intact and allows another
shield to be stacked on top.

The latest revision of the shield adds a micro-SD card slot, which can be used to store files for serving over

the network. It is compatible with the Arduino Duemilanove and Mega (using the Ethernet library coming in

Arduino 0019). An SD card library is not yet included in the standard Arduino distribution, but the sdfatlib by
Bill Greiman works well. See this tutorial from Adafruit Industries for instructions (thanks Limor!).

The latest revision of the shield also includes a reset controller, to ensure that the W5100 Ethernet module
is properly reset on power-up. Previous revisions of the shield were not compatible with the Mega and need
to be manually reset after power-up. The original revision of the shield contained a full-size SD card slot;
this is not supported.

Arduino communicates with both the W5100 and SD card using the SPI bus (through the ICSP header).
This is on digital pins 11, 12, and 13 on the Duemilanove and pins 50, 51, and 52 on the Mega. On both
boards, pin 10 is used to select the W5100 and pin 4 for the SD card. These pins cannot be used for
general ifo. On the Mega, the hardware SS pin, 53, is not used to select either the W5100 or the SD card,
but it must be kept as an output or the SPI interface won't work.

Note that because the W5100 and SD card share the SPI bus, only one can be active at a time. If you are
using both peripherals in your program, this should be taken care of by the corresponding libraries. If
you're not using one of the peripherals in your program, however, you'll need to explicitly deselect it. To do
this with the SD card, set pin 4 as an output and write a high to it. For the W5100, set digital pin 10 as a

high output.
The shield provides a standard RJ45 ethernet jack.
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The reset button on the shield resets both the W5100 and the Arduino board.
The shield contains a number of informational LEDs:
« PWR: indicates that the board and shield are powered
« LINK: indicates the presence of a network link and flashes when the shield transmits or receives data
« FULLD: indicates that the network connection is full duplex
« 100M: indicates the presence of a 100 Mb/s network connection (as opposed to 10 Mb/s)
» RX: flashes when the shield receives data
« TX: flashes when the shield sends data
« COLL: flashes when network collisions are detected
The solder jumper marked "INT" can be connected to allow the Arduino board to receive interrupt-driven

notification of events from the W5100, but this is not supported by the Ethernet library. The jumper
connects the INT pin of the W5100 to digital pin 2 of the Arduino.

See also: getting started with the ethernet shield and Ethernet library reference
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AMANUIN .

XBee™ Series 2 OEM RF Modules

XBee Series 2 OEM RF Modules
ZigBee™ Networks

RF Module Operation

RF Module Configuration

Appendices

Product Manual vi.x.1x - ZigBee Protocol
For OEM RF Module Part Numbers: XRB23.BxIT-00

ZigBee OEM RF Modules by MaxStream, Inc. - a Digi Internationsl brand

Firmware Versicns: 1.0xx = CMMWI’, Tlﬂ\!p.&ﬂl Optraﬁon
1.1xx - Coordinator, API Operation
1.2xx - Router, End Device, Transparent Operation
1.3xx - Router, End Device, APl Operation
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1. XBee Series 2 OEM RF Modules

The XBee Series 2 OEM RF Modules were engineered Lo
operate within the ZigBee protocel and support the unigue
needs of low-cost, low-power wireless sensor networks,
The modules require minimal power and provide reliable
delivery of data between remote devices.

The modules operate within the ISM 2.4 GH: frequency
band.

1.1. Key Features

High Performance, Low Cost Low Power
« Indoor/Usrban: upta 133° (40 m) XBee Series 2
« Ouldoor ine-of-sight: up to 400° (120 m) * TX Current: 40 mA (83.3 V)
» Transmit Power: 2 mWV (+3 dBm) * RX Current: 40 mA (@3.3 V)
» Receiver Sensitivity: -95 dBm * Power-down Current: < 1 pA @ 25°C
RF Data Rate: 250,000 bps Easy-to-Use
Advanced Networking & Security 7 Mo configuration necessary for out-of box
Retries and Acknowledgements r3 iy it ¥
DSSS (Direct Sequence Spread Spectrum) g:;::; m“‘;m:’

Each diréct sequence channel has over

Sall foran factor
65,000 unique network addresses available - g wige

Extensive command set

Point-to-paint, paint-to-multipoint

and peer-to-peer lopologies supported Free X-CTU Software

Seif-routing, self-healing and fault-talerant TSP Fopaauipe Softwan)
mesh networking Free & Unlimited Technical Support

1.1.1. Worldwide Acceptance

Systems that contain XBee Series 2 RF Modules inherit MaxStream Certifications.
ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under IS0 9001:2000 registered standards c €

XBee Series 2 RF Modules are oplimired lor use in US, Canada, Australia, Israel
and Europe (contact MaxStream for complete list of agency approvals).

FCC Approval (USA) Refer to Appendix A [pS0] for FCC Requirements. m
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1.2. Specifications

Table 101, Specifications of the XBee Series 2 OEM RF Module (PRELIMINARY)

Specification | XBee Secies 2

Performance

indoodUsbon Range w1334 (D m)
Outdooe RF freclaighi Rage | up ' 400 (120)

et g 2 (+3¢8m)

RF Data Rate 250,00 tps

Serio Intediace CotaRate 1200 - 230400 bps

(sofware selectabie) (ronstandard baud rates dso supparied)
Receiver Senshivily 45 cBim (1% packet error rate)

Power Requrements

Sepely \okage 2834V

Oersing Curert (Tovmet) | 40mA(833V)

Operstng Curert Receive) | S0mA(@33V)

Powerown Cument ama =t

General

Ozerating Frequency Band IS 2.5 GH:

Dizersions 0.350" = 1.087" (2438 x 2. 761em)

Ozerating Temperatre 101 85° C (incusti)

Acteana Ogfions Integeatied Whin. Crip, RPSMA, or U.FL Connecir
Networking & Security

Sipporied Network opgoges | Poirtanpart, Poinkiocuticont, Peeréopoer & tesh
m’m 16 Direct Sequeres Crarels

Adérezang Otoes PAN ID and Acd-eszes, Cluster 03 and Endocints (osfiora)
Agency Acprovaks

Unéied Stales (FCC Part 15.247) - | Pending

Industry Canata () Pending

Europe (CE) Pending

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi)
antennas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than
the Whip and Dipole antenna options when transmitting outdoors. For more information, refer to the “XBee Series 2
Antenna” application note located on MaxStream’s web site

hitp:/ fwwav. maxstream.net /support/knowledgebase/article php?kb=153
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1.3. Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee Series 2 OEM RF Modules (antenna options not shown)

XBee
(top view)

XBee (side views)

A A AAAAAAADL
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1.4. Mounting Considerations

The XBee Series 2 RF Module (through-hole) was designed to mount into a receptacle (socket) and
therefore does not require any soldering when mounting it to a board. The XBee Series 2
Development Kits contain RS-232 and USB interface boards which use two 20-pin receptacles to
receive modules.

Figure 1-02. XBee Series 2 Module Mounting to an R5-232 Interface Board.

The receptacles used on MaxStream development boards are manufactured by Century
Interconnect. Several other manufacturers provide comparable mounting solutions; however,
MaxStream currently uses the following receptacles:
» Through-hole single-row receptacles -
Samtec P/N: MMS-110-01-L-SV (or equivalent)
« Surface-mount double-row receptacles -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

« Surface-mount single-row receptacdles -
Samtec P/N;: SMM-110-02-SM-S

MaxStream also recommends printing an outling of the module on the board to indicate the
orientation the module should be mounted.
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Figure 103, XBee Series 2 RF Module Pin Number
(top sides shown « shiclds an bottom)

Table 1402 Pin Assignments for the XBee Series 2 Modules

{Loweatserted signals are distinguishad with 3 harizootal Line above signal name.)

Pin# | Name “Direction Description
1 Voo . Powsr sicply

2 DOUT Outpt LART Cata Out

3 DN / CONFIG Irput UART Data b

4 DIC8 Erber Digital 108

5 RESET lreut tosule Reset (st puise must be ot lesz 200 n)
6 PAMD/ RS DIO 10 Outudt PWM Oupet 0/ RX Sl Strength Incizatior § Digitad 10
7 P 1 DIO 11 Eiter D 0 11

8 [resereee] . Do nct carrect

3 DTR/ SUEEP_RO/ DB bput P Shees Cortrol Line or Digeal bput 8

10 GND . Growd

1 - DIo¢ Errer Digitl VO &

12 CTS /007 e Clear-o-Sexd Fiow Cortrel ce Digkai 110 7
1 ON/SLEEP  Quipst Marule Stshss Indicatior

14 [reszred] - Do net cormect

15 Josccize 10105 Errer hssmased ndeater, Digtd 10 5

16 RTS 10008 Eiter Requestdo-Send Flow Coatral, Digtal 10 6
7 ADS/ D03 frrer Ansloy It 3 or Digtd 10 3

18 AD2 10002  Eiher Ansiog eput 2 or Digiad 10 2

19 AD1{ DI frrer Ansdog put 1ar Digtad 10 1

0 ADO 10000 Eiter Angdg ot O or Oigtdl 10 0

Design Notes:

» Minimum connections: VCC, GND, DOUT & DIN

* Minimum connections to support firmware upgrades: VCC, GND, DIN, DOUT, RTS & DTR
» Signal Direction is specified with respect to the module

« Medule includes a 30k Ohm resistor attached to RESET

» Several of the input pull-ups can be configured using the PR command

* Unused pins should be left disconnected

1.6. Electrical Characteristics

Table 1:03. DC Characteristics of the XBee Series 2(VOC =238.34 VDO

Symbol Parameter Condition Min Typical Max | Units
ViL Iput Low Yolage Al Digia Inauts . . 02°VeC | v
Viy Irput Migh Yltage Al Digieal Ingets 08" YCC . QI'veC | v
Vo Outort Low Valtage b " 2mAVCC 2 2T7Y . . oV | v
Vou Output High \oliage fow = 2oANCC 22 27V | 08zvee . . v
iy Inzut Leakage Cumrent Vi ® VOC or GND, all inguts, per pn . . 05uA wA
™ Transmit Cumrent VOC=33V . 38 . oA
R Receive Curent YOC =33V - 20 . A

FPWRLWN Power«down Cumert SM parameter = 1 . <10 B A
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2. RF Module Operation

2.1. Serial Communications

The XBee Series 2 OEM RF Modules Interface to a host device through 3 logic-lewel asynchronous
serial port. Through its serial port, the module can communicate with any logic and voltage
compatitie UART; or through a level tranzistor to any senal device (For example: Through 3
MaxStream proprictary RS-232 or USB interface board).

2.1.1. UART Data Flow

Devices that have 3 UART interface can connect directly to the pins of the RF module as shoan In
the figure below.

Figure 201, Systons Data Flow Diagram ia a UART-imderf aced envircament
(Low-sewrrtad sggruls detinguished with horiamtal bew owr signal name)

CHOt Logs 28 - 163 b3 4 CUOtiage 1340
74 | Cei gy ey CON e B}
e { o
| Mcrombset| oout yama o | e | | toje  SOUTidw o4
i - e .
S L s ¥ 3 % =15
T gl - - LY

Scrial Data

Data enters the module UART through the OIN (pin 3) 22 an asynchronous serial signal. The signal
should idie high when ro data is being transmetted,

Each dats byte consists of a start bit {low), 8 dats bits (least sigreficant bit first) and a stop bit

(high). The fallowing Hgure lihustrates the seral b pattern of dats pazzing through the medule.

Figure 342, UART duts packet 01T (decinna! sumbvr “3177 as transmitied through the RF module
Exaenple Dats Format & 8N-1 [biks - pasity - 3 of stop bits)

Lnat Sl @ QAR [
=TS Oy e (0e

e
br ; 2 , LAAT Signg
1 r—————
: ¥ &4

- ‘ .
m” @ vieg i : F - ll
Aotz " ﬁ v £

Short B Dhewe) e ﬁ-Pl-N

T -

The module UART performs tasks, such 3z timing and partty checking, that are needed for data
communications. Seral communications depend on the two UART: to be configured with
compatibie setings (dbaud rate, panty, start bRs, stop bits, data bits).

2.1.2. Serial Buffers

The XBee Series 2 modules maintain small buffers to collect received senal and RF data. The serial
recetve buffer collects incoming serial characters and holds them until they can be processed. The
serial transmit buffer collects data that iz recerved via the RF link that will be transmitted out the
UART.,

Serial Receive Buffer

Wnen serial data enters the RF modute through the DIN Pin (3 pin), the data is stored in the serial
receive buffer until & can be processed,
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Hardware Flow Control {CTS). When the serial receive buffer is 17 bytes away from being full,
by default, the module de-asserts CTS (high) to signal to the host device to stop sending data
{refer to D7 (DIO7 Configuration) parameter]. CTS is re-asserted after the serial receive buffer
has 34 bytes of memory available.

Cases in which the serial receive buffer may become full and possibly overflow:

| 1. If the module is receiving a continuous stream of RF data, any serial data that arrives on

i the DIN pin is placed in the serial receive buffer. The data in the serial receive buffer will be
i transmitted over-the-air when the module is no longer receiving RF data in the network.

i 2. When data is ready to be transmitted, the module may need to discover a Network Address
l and/or a Route in order to reach the destination node. Discovery overhead may delay

i packet transmission.

Refer ta the ZigBee Networks --> Mesh Routing sections for more information.

Serial Transmit Buffer

When RF data is received, the data is moved into the serial transmit buffer and is sent out the
serial port. If the serial transmit buffer becomes full enough such that all data in a received RF
packet won't fit in the serial transmit buffer, the entire RF data packet is dropped.

Hardware Flow Control (RTS). If RTS is enabled for flow control (D6 (DIO6 Configuration)
Parameter = 1), data will not be sent out the serial transmit buffer as long as RTS (pin 16) is de~
asserted.

Cases in which the serial transmit buffer may become full resulting in dropped RF
packets

,r.l. 1f the RF data rate is set higher than the interface data rate of the module, the module

! could receive data faster than it can send the data to the host.

| 2. If the host does not allow the module to transmit data out from the serial transmit buffer
because of being held off by hardware flow control.

I
i

Figure 2-03. Internal Data Flow Diagram

oI Aecets - gifg_ | Transmitter :

e Buffer [ RF Switch

vCcC —- Processor K _( Antenna
e ¥ 7 A Port

GND o

00 b i Receiver




132

2.1.3. Transparent Operation

RF medules that contain the following firmware versions will support Transparent Mode:

1.0xx (coordinator) and 1.2xx (routér/énd device).

When operating in Transparent Mode, modules are configured using AT Commands and APL
operation i not supported. The modules act as a serial line replacement - all UART data received
through the DIN pin is queued up for RF transmission. Data is sent to a medule as defined by the
DH (Destination Address High) and DL (Destination Address Low) parameters,

When RF data is received by a module, the data is sent oul the DOUT pin.
Serial-to-RF Packetization

Data is buffered in the serial receive bullfer until one of the following causes the data to be

packetized and lransmitted:

1. No serial characters are received for the amount of time determined by the RO (Packeliza-
tion Timeout) parameter. IT RO = 0, packetization begins when a character is received.

2. Maximum number of characters that will fit (72) in an RF packet is received.

3. The Command Mode Sequence (GT + CC + GT) is received. Any character buffered in the
serial receive bulfer before the sequence is transmitted.

2.1.4. API Operation

AP] (Application Programming Interface) Opérsation is an alternative to the default Transparent
Operation. The frame-based APL exténds the [evel te which a host application can interact with the
networking capabilities of the module. RF modules that conlain the following firmware versions will
support API operation: 1.1xx (coordinator) and 1.3xx (router/end device).

When in AP mode, all data entering and leaving the modulé is contained in frames that define
operations or events within the module.

Transmit Data Frames (received through the DIN pin (pin 3)) include:

* RF Transmit Data Frame
» Command Frame (equivalént 1o AT commands)

Receive Data Frames (sent out the DOUT pin (pin 2)) include:
» RF-received data frame
» Command response
» Event notifications such as resel, associate, disassodate, elc.

The APL provides alternative means of configuring modules and routing data at the host
application layer. A host application can send data frames Lo the module that contain address and
payload inforrmation instead of using command mode to modily addresses. The module will send
data frames to the application containing status packets; as well as source, and payload
information from received data packets.

The API operation option fadlitates many operations such as the examples cited below:
-> Transmitting data to multiple destinations without entering Command Mode

-> Receive success/failure status of each transmitted RF packet

-> [dentify the source address of each received packet

To implement APl operations, refer to the APl Operation chapter 6.
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2.2. Modes of Operation

2.2.1. 1dle Mode

When nat receiving or transmitting dats, the RF module is in Idie Mode. During Idle Mode, the RF
module Iz 3lso checking for valid RF data. The module shifts into the other modes of operation

under the folioaing condrions:
* Transmit Mode (Serial data in the serial receive buffer i ready to be packetized)
« Recelve Mode (Valid RF data iz received through the antenna)
+ Sleep Mode (End Devices only)
+ Command Mode {Command Mode Sequence & iszued)

2.2.2. Transmit Mode

When serial €3ta Is recetved and Is ready for packetzation, the RF module will exit [die Mode and
attermnpt to transmit the dats. The destination address determines which node(s) wil recelve the
data.

Prior to transmitting the daty, the module ensures that 3 16-bit Netwark Address and route to the
destination node have been estatlished,

if the 16-5it Network Address & not known, Network Address Discovery will take place. If a route
iz not known, route discovery wil take place for the purposze of establizhing a route to the

destination node. If a module with @ matching Network Address & not discovered, the packet is
discarded. The data will be transmitied once 3 rowte Is established. If route discovery falls to

cstadizh o route, the paciet will Se discarded.
Figure 204, Tranimit Mode Sequence

eta itensnbed

Winen data ks transmited from one nede to anather, a network-level acknowledgement is
tranzmitted back across the established route ta the source node. This acknowledgement packet
indicates to the source node that the data packet was received by the destination node, If o
network acknowiedgement is not recelved, the source node will re-transmit the data. See Data
Tranzmission and Routing in chapter 3 for more information.
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2.2.3. Receive Mode

1 3 valid RF packet Is received and its address matches the RF module's MY (16-bit Seurce
Address) parameter, the data is transferred to the serial transmet buffer.

2.2.4. Command Mode

To madify ar read RF Module parameters, the module must first enter into Command Mode - 3
state in which incoming serial characters are interpreted as commands. Refer to the AF] Mode
section far an alternate means of canfiguring modules.

AT Command Mode

To Enter AT Command Mode:

Send the 3-character command sequence *+++” 3nd observe guard times before and after the
command characters. [Refer to the "Defsult AT Command Mode Sequence” below. )

Default AT Command Mode Sequence (for tranzition to Command Mode):

* Na characters sent for one second {GT (Guard Tumes) parameter & Ox3E8]

« Input three plus characters (" + + +%) within one second [CC {Command Sequence Character)
parameter = 0x28.]

« o characters sent for one second {GT (Guard Times) parometer = Ox3E8)
All of the parameter values In the saguence can be moddfied to reflect user preferences.

NOTE: Fallure to enter AT Command Mode 15 most commondy due to baud rate mismatch. Ensure the
‘Saud’ setting on the *PC Settings” 1ab matches the Interface data rate of the RF module. By defauk,

the BD parameter = 3 (9600 bps).

To Send AT Commands: 3
i Send AT commands and parameters using the zyntax shown below.

Figure 206, Syntax for sending AT Coavmands

“AT" ASCII Space Parameter Carriage

Prefix d Command ” (Optional) b (Optional, HEX) b Retumn
} ; !

T v— semsmemningy |

Example: ATDL 1F<C!R>

|

N T T e e

4

s

To read a parameter value stored inthe RF module’s register, omit the parameter field,

The preceding example would change the RF module Destination Address (Low) to "0x1F". To store
the new value to non-volstile (long term) memory, subsequently send the WR (Write) command.
For modified parameter values to persist in the module’s registry after a reset, changes must be
saved to non-velatile memoery using the WR (Wirite) Command. Otherwize, parameters are
restored to previously saved values after the module Iz reset.

System Response. When a command is sent to the module, the module will parse and execute

the command. Upan successful execution of 3 command, the module returns an "OK* meszage. If
execution of 3 command resuls in an efrer, the module returns an "ERROR" meszage.

To Exit AT Command Mode!:
1. Send the ATCN (Exit Cormmand Mode) command (followed by a carmriage retum).
(OR]

2. If no valid AT Commands are received within the time spedfied by CT (Command Mode
Timeout) Command, the RF module sutomatically returns to ldle Mode.
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For an example of programming the RF medule using AT Commands and descriptions of each
configurable parameter, refer to the “RF Module Configuration® chapter.

2.2.5. Sleep Mode

Sleep modes are supported on end devices only. Router and coordinator devices participate in
routing data packets and are intended to be mains powered. End devices must be joined to 3
parent (router or coordinator) defore they can participate on 3 ZigBee network. The parent device
does not track when an end device Is awake or asleep. [nstead, the end device must inform the
parent when i Is able to receive datd. The parent must be able to buffer incoming data packets
destined for the end device untl the end device can awake and recaive the data. When an end
device is able to receive data, Ik sends a poll command to the parent. When the parent router or
coardinater receives the poll command, it will transmit any buffered data packets for the end
device. Routers and coordinators are capable of buffering one broadeast transmission for sleeping
end device chisdren.

The SM, ST, SP, and SN commands are usod to configure siecp mode operation.

Data Management

The SP command on the parent determines how long the parent will duffer a packet. It should be
set to match the maximum SP value on any end device that may jon to it. SP can be set up to 28
seconts (OxAFD).

End Device Sleep Modes

Pin Sleep

Setting SMal or SMa2 configures a device 22 3 pin-zleep enabled end device. When operating in
this mode, an end device monkors the Sleep_Request pin for 3 high =tate. When Sieep_Request
goes high, the module enters sicep mode oace any pending transmissions have finizhed. The
module remains in 3 low power state until the Sloep_Reguest pin gocs low.

When the module wakes from pin sleep, it sends > poll request to the parent to see if any data s
pending for the end device. Since routers and cogrdinators can only buffer data up to 30 seconds,
end devioes should not remain in pin sleep longer than sbowt 28 seconds If Incoming data packets
must be received. Using pin sleep far more than 28 seconds (s recommended only if Incoming data
packets are not expeocted.

When the module wakes from 3 pin sleep mode, the CTS line goes low, and On/Sleep goes high.

Cydic Sleep

Cydic sleep alows the end device ta sleep for 3 specified period of ime. The period of time =
specified by SP. Since rowters and coordinators can only buffer data packets for up to 30 seconds,
SP on end devices can be set up to 28 seconds (OxAFD). The module will wake after SP time and
send a poll request to the parent to check for data. If any serial or RF data & recelved, the ST time
& restarted. Once ST time haz expired with no senal or RF acthvity, the end device will resume
cyclic sleep operation.

Whnen the module wakes, CTS goes low allowing the appication to send serial data to the module
£ necesszary. The On/Sleep Indicator will be set high to alert the application that the end device has
anakened. If sertal or RF data i recelved, the ST timer will be reset, otherwise, the end device wil
rezume low pawer operation.

Off board peripherals may wizh o skep longer than the maximum SP time of the end device. The
SN command can dbe used to not wake off board peripherals for longer than SP time.

For example, If SP=28 seconds, and SNa§, the ond device will wake up every 28 seconds and poll
the parent for data. If no data Is pending, the end device will return to sleep. In this example, ¢
the parent has no data for the end device, On/Sieep will ga high after 140 seconds, 2ssuming the
parent naver has data for the end device. If the parent has data for the end device, On/Slcep will
Qo high and the SN counter will reset.
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3.1. ZigBee Network Formation

A ZigBee Personal Area Network (PAN) consists of one coondinator and one or more routers and/or
end devices. A ZigBee Personal Area Network (PAN) is created when 3 coordinator selects 3
channel and PAN 1D to start en. Once the coordinator has started 3 PAN, it can allow router and
end device nodes to join the PAN.

When 3 router or end device joinz 3 PAN, it receives a 16-it network address and can transmit
data to or recetve data from other devices In the PAN. Routers and the coordinator can allow other
devices to join the PAN, and can assist in sending data through the network to ensure data s
routed comrectly o the ntended recipient device. When 3 router or coordinator alloas an end
device to join the PAN, the end device that joined becomes 3 child of the router or coordinstor that
aliowed the join.

End devices, homever can transmit of receive dats but cannot reute data from ene node to
another, nar can they allow devices o Jin the PAN. End cevices must always communicate
directly to the parent they jained to. The parent router or coordinator can route data on behaf of
an end device child to enzure it reaches the correct destination. End devices are Iintended to be
battery powercd and con suppart low power modes.

Figure 301 Node Types [ Sample of 3 Basic ZigBee Network Topology
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The network address of the PAN coordinator Is slways 0. When 2 router joins 3 PAN, It can also
s#low other routers and end devices to join to it. Joining establiches 2 parent/child relstionship
between two nodes. The node that sllowed the join is the parent, and the node that joined Is the
child. The pareat/child relstionship Is not neceszary for routing data,

3.1.1. Starting a ZigBee Coordinator

Whnen a coordinator first comes up, it performs an energy scan on mulitple channels (frequencies)
to seiect an unused channel to start the PAN. After removing channels with high detected energy
levels, the coordinator Issues an 802.15.4 beacon request command on the remaining, low energy
level channels. Any routers oF coordinstors respond to the beacon request frame with 3 small
beacon transmizsion that indicates the PAN identifier (PAN [D) that they are operating on, and
whether or not they are allowing jolning.The coordinator will sttempt to start on an unused PAN [D
and channel. After starting, the coordinator may allow other devices to join its PAN.

3.1.2. Joining a Router

When a router first comes up, it must locate and pin a ZigBee PAN. To do this, it lssues an
802.15.4 beacon request cornmand on multiple channels to locate nearby PANS. Nearby routers
and coordinators respond to the beacon request frame with 3 small beacon trarsmission,
Iingicating which channel and PAN 1D they are operating on. The router kstens on each channel for
these bescen frames, and determines which device 1t zheuld join. If 3 valid PAN is found from one
of the received beacons, the router izsues 3 join request to the device that sent the beacon. If
jeining succeeds, the router will then receive 3 Jin confirmation from the device, Indicating the
join was successful. Once the router joins the PAN, & can communicate with other devices on the
PAN 3nd allow new devioes to Join to i
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3.1.3. Joining an End Device

When an end device first comes up, it must also locate and join a PAN. End devices follow the
same process as a router to join a PAN. Once the end device has successfully joined a PAN, it can
communicate with other devices on the PAN. However, since end devices cannot route data, it
must always communicate directly with its parent and allow the parent to route data in its behalf.

Figure 3-02. Demonstration of Beacon Request and Beacon transmissions that take place during joining.
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3.2. ZigBee Network Communications

Zigbee supports device addressing and application layer addressing. Device addressing spedifies
the destination address of the device a packet is destined to. Application layer addressing indicates
a particular application recipient, known as 8 Zigbee endpoint, slong with message type fields
called cluster 1Ds.

3.2.1. ZigBee Device Addressing

The 802.15.4 protocol upon which the ZigBee protocot is built specifies two address types:

» 16-bit Network Addresses
* 64-bit Addresses

16~-bit Network Addresses

A 16-bit Network Address is assigned to a node when the node joins & network. The Network
Address is unigue to each node in the network. However, Network Addresses are not static - it can

change.

The following two conditions will cause a node 1o receive a new Network Address:
§1.'vummmwmmumumymdmmmmm
| rejoin to find a new parent. '

2 ummwwmmmmmwwmmumm
i et

L

mmmm.mmmm

ZigBee réquires that data be fent 1o the 16-bt network address of the destingtion device. This
réquires that the 16-bit address be discovered before transmitting data. See 3.2.3 Network
Address Discovery for more information.

64-bit Addresses

Each node contains a unique 64-bit address. The 64-bit address uniquely identifies a node and is
permanent.

3.2.2. ZigBee Application-layer Addressing

The ZigBee application layers define endpoints and cluster identifiers (cluster IDs) that are used to
address individual services or applications on @ device. An endpoint is a distinct task or application
thit runs on a ZigBee device, similar to & TCP port. Each ZigBee device may support ongé or more
endpoints. Cluster [Ds define & particular function or acticn on a device. Cluster 103 in the ZigBee
home controls lighting profile, for example, would indude actions such as “TurnlightOn®,
“TurnLightOfr™, “DimLight”, etc.

Suppose a single radio controls a light dimmer and one or more fight switches. The dimmer and
switches could be assigned to different endpoint values. To send a message to the dimmer, a
remote radio would transmit a message to the dimmer endpoint on the radio. In this example, the
radio might support duster 1Ds to "TurnLightOn®, “TurnLightOff”, or "DimLight”. Thus, for radio A to
turn off a light on radio B, radio A would send a transmission to the light switch endpoint on radio
B, using duster 1D "TurnLightOff™, This & shown in the figure below.
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Figure 300, ZigBe Data Tramimission Higher Layer Addresaing Fields
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Figure 304, ZigBew Layer-Addressing Example
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3.2.3. Data Transmission and Routing

Ail data packerts are addressed using doth dovice and applcation loyer addressing flelds. Data ean
Se sent 33 3 broadcas:, mwiticast, or unicast transmission.

Broadcast Transmizsions

Broadcast trarnsmizsons within the ZigBee protocol are intended to be propagated throughout the
entire network such that 3l nodes receive the transmission. Yo accomplizh this, all devices that
roceive a broadcast transmission will retransmit the packet 3 times. Each node that transmits the
broadcast will alzo create an entry in 3 local broadcast transmizsion table. This entry Is vsed to
keep track of each received broadeast packet to ensure the packets are not endlessly tranemitted.
Each entry persasts for 8 seconds. The broadeast transmission tabie holds 8 entries.

Since broadcast transmissions are retransmitted by each device in the network, Sroadcast
messages should be uzed sparingly.

Multicast Transmissions

Multicast transmissions operate similar to brosdcast tranemissions. Dats packets are broadcast
throughout the netwerk in 3 similar fashicn. However, only devices that are part of the multicast

group will recelve the data packets.
Unicast Transmissions

Unicast ZigBee transmissions are always sddressed to the 16-bit address of the destination
device. However, only the 64-b2 address of 2 device & permanent; the 16-be sddrezs can change.
Therefore, ZigBee devices may employ network address discovery to identtfy the current 16-bit
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address that commesponds to 3 known 64-bit address. Once the 16-bit address Iz known, 2 route to
the destination device must be discovered. Zigiee employs mesh routing using the Ad-hoc Cn-
demand Distance Vector routing (A0DV) protocol to establish 3 route between the source device
and the destination.

MNetwork Address Discovery

Data transmizsions are alasys zent to the 16-5it network address of the destination device.
Howewver, since the 64-Dit address IS unigue to each device and Is generally known, ZigBee devices
muszt discover the network address that was assigned to a particular device when it jained the PAN
before they can transmit data.

To do this, the device Initiating 3 transmission sends 3 broadeast network address discovery
transmission throughout the network. This packet contains the 64-bit address of the device the
nitiator needs to send data to. Devices that recehve this broadcast transmission check to see if
thelr 64-bit address matches the 64-3it address contained In the brosdcast transmission, If the
addresses match, the device sends 3 response packe? back to the initistor, providing the network
address of the device with the matching 64-bit address. When this respense Is received, the
nitiator can then transmit data.,

Mesh Routing

Mesh routing afiows data packets to traverse multiple nodes (hops) In @ network to route data
from a source to a destination. The route 3 packet can take In 3 mesh network Is independent of
the parent/child relationships established during joining. Before transmitting a data packet from
source to destination nodes, 8 route must be estabished. Route discovery is dased on the AQDV

{Ad-hoc On-demand Distance Vector routing) protocol.

AQDY (Ad-hoc On-demand Distance Vector) Routing Algorithm

Routing under the AODV protoco! is sccomplished uzing tables In each node that store in the next
hop (Intermediary node between source 3nd destination nodes) for » destination node. If a next
nop Iz not known, route decovery must take place in order to find 2 path. Since only 3 imited
number of routes can be stored on 3 Router, route discovery will take place more often on a large
network with communication between many different nodes.

When 2 source node must discover & route to 3 destination node, it sends 3 broadcoast route
request command. The route request comemand contains the source Network Address, the
destination fetwark Addresz and a Path Cost field (2 metric for measuring route quality). As the
route request command 15 propagated through the network (refer to the Broadcast Tranzmission),
each node that re-broadcasts the meszage updates the Path Cost field and creates 2 temporary
entry in 1S route discovery table.

When the destination node receives 3 route request, it compares the ‘path cost’ field against
previousty recefved route request commands. If the path cost stored in the route request is better
than any previously recetved, the destination node will transmiz a route reply packet to the node
that onginated the route request. Intermediate nodes recefve and forward the route reply packet
to the Source Node (the node that oniginated route request).

Retries and Acknowledgments

ZigBee indludes acknawledgment packets at bath the Mac and Appliication Support (APS) layers.
When data Is transmitted to remote device, it may traverse multiple hops to reach the destination.
As data & transmitted from one node to its neighbor, an acknowiedgment packet (Ack) is
transmitted In the opposite direction to indicate that the transmizsion was successfully recelved. If
the Ack ks not recelved, the transmitting device will retransmit the data, up to 4 times. This Ack ks
calied the Mac layer acknowledgment.

In addmion, the device that onginated the transmission expects to recelve an acknowledgment
packet {(Ack) from the destination device. Thiz Ack will traverse the same path that the dats
traversed, but in the opposite direction. If the orginator fadls 0 receive this Adk, it will retransmit
the data, up to 2 tmes until an Ack Is received. Thiz Ack ks called the ZigBee AFS layer
ascknoaledgment.

Refer to the ZigBee specifkation for mare details.
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4. XBee Series 2 Network Formation

4.1. XBee Series 2 Network Formation

To create a ZigBee network, 3 coordinator must be started on a channdl and PAN 1D. Once the
coordinator has started, routers and end device can join the network. Routers and coordinstor
devices can support up to 8 end device children each. Network formation i gaverned by the SC
(Scan Channek), 1D (PAN 1D), SO (Scan Duration), and NJ (Node Join Time) commands. The SC
and 1D settings must be written using the WR command to affect network formation and joining.

4.1.1. Starting an XBee Series 2 Coordinator

In order to form a netwerk, a coordinator must select an unused operating channel and PAN 1D on
behalf of itz network. Ta do this, the coordmator first performs an energy scan on all channels
specfied by its SC {Scan Channels) perameter. The scan time on each channel & determined by
the SD (S<an Duration) parameter. Once the encrgy scan Iz completed, the coardinator sends 3
beacon request on each of the SC channels and listens for any beacons. The Information from the
energy scan and the beacon scan (active scan) Is used to select an unused channel and PAN 10, If
the 1D (PAN ID) paramerer is set o OxFFFF, the coardinator will select 3 random PAN 10.
Otheraizse, the coardinator will start on the PAN 1D specifiod by its 1D parameter.

After the coordinator has started, i will aliow nodes to join to it for 3 time bazed on Its H) (Node
Join Time) parameter. If the Associsted LED function is enabled (D5 (D105 Configuration)
command), the Associate pin (pin 15) will toggle 23 output state 1x per second after the
coordinator stated. At this poiat, the opersting channel and PAN 1D can be read using the CH
(Operating Channel) and 1D {PAN 10) commands. The 16-5it address of the coordinator Is always
0. If AP] iz enable (AP parameter > 0): The APl modem status “coordinater Started” frame Is sent
out the UART. The Al (Assodstion Indication) command can be uzed 3t any point curing the
coardinator startup routine o determine the status of the startup oparation.

4.1.2. Joining an XBee Series 2 Router to an existing PAN

Before 2 router can participate in 3 ZigBeae network, the router must locate 3 cocrcnator of
another router that hes already joined 3 PAN, and attempt to jein to 1. To do this, it sends 3
beacon request frame on each of the SC channels and listens for beacon frames. The scan duration
on each channdl s determined by the SO parameter. The joining rowter will evaluate the received
beacens ta find a coorginator of router that is allowing joins on 3 valid PAN 1D, and sttempt to join
o that device. if ID = DxFFFF, the router will attemot to join to a device on any PAN ID. Ctherwise,
the router wall only attemat joining with a device that operates on the PAN 1D zpecifiad by the 1D
parameter. If 3 vald router/ coordinatar is found, the router will attempt to join to that node. If
the join succeeds, the Router has successfully started.

After the Router has started, It will allow nodes to join to i for o time Sased on the N (Node Join
Time) parameter. If the Assodated LED function Is enablad{DS (DIOS Configuration) command)
the Assodiate pin (pin 15) wall toggic Its output state 2x per secaond after the router has jeined. At
this point, the cperating channel and PAN 1D can be read using the CH (Operating Channel) and (D
(PAN 1D) commands. The 16-bit Network Address of the router can be read using the MY (16-bit
Source Address) command. if AF1 is enabled (AP parameter > 0): The APF] modem status *Joined”
& sent out the UART. The Al {(Aszociation Indication) comemand can be used a2t any point during the
router join routine to know the status of the startup operation.

4.1.3. Joining an XBee Series 2 End Device to an Existing PAN

Jalning an end device to a PAN Is similar to Joining a router. Once the end device joins 3 PAN,
however, the end device cannot aliow cther devices to join to it. If the Associate LED function is
enadled (DS (D105 Configuration) command), the Assodiate pin (pin 15) will toggle its output
state 2x per second after the end device has joined. At thiz point, the operating channel and PAN
ID can be read using the CH (Operating Channel) and 1D (PAN 1D) commands. The 16-it network
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address of the end device can be read using the MY (16-bit Source Address) command. If APl is
enabled (AP parameter > 0), the APl modem status “Joined” is sent out the UART. The Al
{Association Indication) command can be used at any point during the end device join routine to
know the status of the startup operation.

4.1.4. Network Reset

Once a coordinator has started, or a router or end device has joined the network, the device will
continue operating on that channel and PAN ID unless one of the following occurs:

1. The 1D parameter changes, and is saved using the WR command

2. The SC parameter changes and is saved using the WR command, such that the current
operating channel is not included in the new SC parameter

3. The NR command is issued with either 0 or 1 as a parameter

If any of the above occurs on a coordinator, the coordinator will attempt to restart on a channel
and PAN 1D based on the new saved 1D and SC commands. On a router or end device, the above
conditions will cause the device to leave the network (if previously joined) and attempt to foin a
new PAN using the saved ID and SC parameters.
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4.2. XBee Series 2 Adt_f_ressing

XBee madules suppart both ZigBee device addressing and application-layer addressing.

4.2.1. Device Addressing

All XBos/XBee-Pro modules can be identfied by their unique 64-bit adresses or 3 user-
configurable ASCI! string identdfier The 64-bit address of 3 module can read using the SH and SL
commandz. The ASCIL string identifier Is configured uzing the K command. To tranemit uzing
device addressing, only the destination address must be configured. The destination address can
be specified using either the destination device's 64-bit address or its Ni-string. The XBee modules
als0 support coordinator and broadcast addressing modes. Device addreszing in the AT firmware &=
configured using the DL, DM, or DN commands. In the AP firmware, the ZigBee Tranamit Request
APl frame (0x10) can be used to spedfy destination sddresses.

64-Bit Addressing

To address a node by its 64-bit address, the destinaton 64-bt address must be set to match the
64-bit address of the remote. In the AT firmware, the OH and CL commands set the destination
64-5it address. In the APL firmware, the destination 64-bit address Is set in the ZigBee Transmit
Request frame. The coordinator can be addressed by either setting the destination address to 0 o
by setting it to match the cocrdinator's 64-bit address. Broadcast transmiszions can be sent by
zetting the 64-5it address to OxDA0A0I0I0JI0AFFFF.

To zend 3 packet to an RF modulie using its 64-bit Address (Transparent Mode)

Set the DH (Destination Address High) and DL (Destination Address Low) parameters of the
mﬂnmmmuuzm{wcmww)ama(&w Numbder
Low) parameters) of the destination node.

To send 3 packet to an RF module using Its 64-bet Address (APL Mode)

Use the ZigBee Tranzmat Request AP] frame to set the DH (Destination Address High) and DL
(Destination Address Low) parameters of the source node to match the 64-bit Address (SH
(Serial Number High) and SL (Serial Number Low) parameters) of the destination node.
mm.-x&umdmmmmsnmm,mxmmumﬁcmm
Address to OxXFFFE (wfumm'mmwwmm},

Since the Zig8ee protocal relies on the 16-bit Netwark Address for routing, the 64-bit sddress
mus: be canverted Into 3 16-bit Netweork Address prior to transmitting data. If 3 module does not
know the 16-bit Network Address for @ ghven 64-ba address, it will transmit 3 broadcast Netwoark
Address Discovery command. The module with 3 matching 64-bet address will transmat Rz 16-bit
network address back. Once the netwack address is dzcovered, the data will be transmitted.

The modules maintain a table that can store up to seven 64-Lit addreszes and therr corresponding
16-bit Network Addresses.

APl Addressing

AP1 Mode provides the ability to store and maintain 16-bit Network Address tables on an external
processor. The 16-bit Network Address information iz provided ta the application through the
folloaing:

* The ZigBee Transmit Status Frame
{contains the current 16-bit Network Address of the remote)

* The ND and ON commands
{return 64-bit 3nd 16-bit Network Addresses of remote nodes)
With this information, a table can be buik In an application that maps 3 64-bet Address to the
corresponding 16-bit Network Address.

The ZigBee Transmit Request AP frame specifies the 64-bit Address and the Network Address (If
knoan) that the packet should be sent to. By supplying both addresses, the module will forego
Network Address Discovery and immediately attempt to route the data packet to the remote. If
the Network Address of 3 particular remote changes, Network Addrezs and route dizcovery will
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take place to establish 3 new route to the comect node. Upon successful packet delivery, the TX
Status Frame will Indicate the comect Network Address of the remote.
Table 401, Sample tuble mapping 640t Addresses (0 16-bit Network Addnisses

Index |  64-bit Address 16-bit Network Address
0 0213 2007 4200 0031 124
1 0313 4007 4200 (022 e
2 0013 4000 20205140 479
3 0213 4003 4300 0220 1F70

NI-String Addressing

The NI siring can alternatively be used to address 3 remote module.
To send 3 packet to an RF module uzing its Ni-string (Transparent Mode)

| tssue the DN (Destination Node) command using the NI (Node 1dentifier)-string of the destina-
‘ tian node as the parameter.

To send 3 packet to an RF modide uzing Itz Ni-string (AP1 Mode)

| Issue the DN command 25 stated above using the AT Command AFI frame.
{

When the DN command is Ssued, 2 broddcast transmissiaon Is sent across the network to discover
the module that haz a2 matching Ni (Node Identifier) parameter. If 3 module ks discovered with 3
matching Nl-string, the DH and DL parameters will be configured to address the destination node
and the command wil return both the 64-be Address and the 16-tit Network Address of the
discovered node. Data can be transmitted after the DN {Cestination Node) command finishes.

the AD command, Sec AP Frames”™ section for detads,

Coordinator Addressing

A Cocrdinator can be addressed using its 64-5it address or NI string as describad in the "NI-String
Addressing® section. ARematively, since the ZigBee Coordinator has & Network Address of "%, it
can be addressed by #3 16-bit Network Address.

To send = transmizzion to 3 Coordinator using s 16-bit Network Address:

Sct the Destination Addresses of the transmitting madule 25 zhown below:

‘ DL (Destination Low Address) = 0
i DH (Destination High Address) = 0

Broadcast Addressing

Brosdcast transmissions are sent using » 64-bit address of OxCOCOFFFF. Any RF module in the PAN
will sccept 2 packet that containg 2 broadcast address. When configured to operate in Broadcast
Mode, recetving modules do not zend ACKs (Acknowledgements).

To send 2 broadcast packet to al modules

Set the Destination Addresses of the transmitting moduie 25 shown below:

DL (Destination Low Address) = Ox0000FFFF
DH (Destination High Address) = 0x00000000

NOTE: When programmeng the module, parameters are entered in hexadedmal notation (without
the “0x" prefix). Leading zeros may be omitted.

Refer to the "Broadcast Transmissions” far more information.

4.2.2. Application-layer Addressing

Application-layer 3ddressing allows the application ta spedfy endpoint and cluster 10 values for
each transmission. Addressing multiple endpoints and custer 1Dz can be accomplished by
explicitly setting these values as necded.
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In AT firmware, appication-layer addressing must be cnabled using the ZA command. When
application-layer addressing & enadled, the DE and SE commands spedfy the source and
destination endpoints, and the Cl command sets the cluster 1D that will be used in the
transmassion.

In AP firmware, the Explict Addressing ZigBee Command frame (Ox11) can be used to confiqure
the endpeint and cluster 1D eddresaing parometora ca nceded. The deatingtion device can indicate
apphcation-layer addressing Information if the Explcit Recelve API frame i addressing information
using either the explick receive Indicator or the binding receive AF] frames. The receive RF data
frame iz 2et using Binding Table Addressing

The XBee Series 2 modules maintain several eninies in a binding tatle. The binding table containg 2
destination 64-bit address, 3 type ficld, and endpaints for each transmission. Non-broadcast
transmissions make use of the binding table to specty the addressing values for the transmission.
Some entries in the binding tatle 2re reserved by MaxStream for spedial purposes. Binding table
eatries can be accessed Dy setting the Bl command to & valid index In AT firmware, or by using the
Binding Table AP1 Command frame in the AP] firmware. The binding table entries are organized a2
follows.

Table &02.

Binding Table Index | Name Access
Coxsinawr Enarg Reo:-#rte
Tadgmaams Eidn; ReazLnly
Te-Spikt Beciag Feaz-ite
Conrans Bedieg Raazloly
Fecaived Data Bindings RposLrily
Usir ENdings. Roas-#rte

m:tNuQ

Coordinator Binding

The coordinator binding contains the 64-bit 3ddress of the coordinaton This table entry Is
populated when the device joins the network.

Tx-Aggregation Binding

Thiz bincing table entry containg the 64-bit address of the aggregate (sink) node f one exists.
Data can be zent ta the 2qgregate node by addressing this index in the binding table.

Tx-Explicit Binding

The Tx-Expicit bincing table entry contains the destination address and endpoint information from
the Lxst expliat transmission that was issued. Thiz entry is modificd whenever explicit addressing
& used in either the AT or API frmware 33 descrided in the "XBee Series 2 Addressing® section.

Command Binding

If 3 remote command request s received, the command binding entry stores information from the
device that inltiated the command. For example, If the ND or DN command Iz izsued, thiz binding
table entry would contain the source address of the device that sent the ND command.

Recelved Data Bindings

The received data bindings contaln addressing information for the last three received data
packets. The fourth entry is marked invalid. When 3 data packet i received, the address and
endpoint information s stored Into the invalid entry. Then, the oidest entry ks made invalid. Thus,
once an entry i created in the Received Data dinding indexes, it will remain valid until three mare
RF data paciets are received,
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Figure &05. Demonstration of bow eatries in the received dats bindings are replaced when an RF dsta
packet is mceival
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User Bindings

These entres can be created and maintained by the applicstion if needed. The following
commands can be used to modify the user bindings. See the command descriptions for formatting

detailz.
Table &00.
Command Name Description
ER A3 Ensm Creates 3 S07ing Lt eelry o 2 speclied Lsar Bhding bio.
8 Fonos Bisdng Ramowes 3 binding from 2 specfied User Endrg Indec
BV Vies By Vicws e of more bledings ia T biding Ltk
e Virig Encing Virtes e tinding Ladie to ren- otk mamary.
Multicast Addressing

Multicast addressing sends 3 brosdcast message that will only be regelved by devices who
sudscribe to a multicast group. The binding table &5 used to subscride o 3 muRticast group. To send
a muiticast transmission, 8 binding table eatry must exist where the type field is set to the
multicast type value. The 64-bit address @ this entry becomes a3 multicast group address. Only
remote devices with 3 matching 64-5it muiticast group will recelve multicast transmissions. Once
the Binding table Is configured with 3 multicast binding entry, the binding tadle index can be
speafied for 3 traremiszion using the Bl command (AT fiemaware), or the Binding Tabie APt
Command Frame (APl femware). See the XBee Bnding Table section for detads.

Endpoint Addressing

The ZiyBee soecification, Ember stack, and MaxStream application have reserved some endpoints
for different uses. Some of these endpoints are not accessidle. Applications that will support
axtom endpoints should select endpoints not already used by ZigBee, Ember, or MaxStream.
The cluster 1D used by MaxStream on the serial data endpoint for serial data tronsmisgions is
Oxil.

4.2.3. XBee Series 2 Endpoint Table

The XBoe Series 2 modules maintain a tabdie of supported endpoints. If an endpoint will be used as
the source endpoint in a data transmission, the endpoint must first be defined In the endpoint
table.
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The XBee Series 2 endpoint table operates similar to the binding table. Entries may be added,
remaved, or viewed using the £+, E-, 3nd EV commandsz respectively. Some table entries are
reserved for speciel purposes

Table &04.
Endpoint Table Index Name Access
0 Comnard Ergport ReadOrly
1 Oata Enzpaint Read Oty
2 TrEazia Esdpont Read-Arte
X4 Usar Enats Reas Arts

Command Endpoint

The command endpoint s used to send or realy to vanous commands. This endpoint must exist in
the appication.

Data Endpoint

This endpoint s used to send senal doty to other XBee Sertes 2 modules. [t must always exist in
the appication.

Tx~-Explicit Endpoint

Thiz entry is used 25 needed to define the source endpoint that must be defined for a data
transmission. 1f 3 transmét request is made, and the speafied source endpoint does not exist, it
will be created temporarily ot this endpeoint table index.

User Endpoints

User endpoints are controlied entirely by the application. These endpoints may be added,
remaved, o viewed In the AP] firmware uzing the folloatng commandsSee the command
descriptions for command formatting details. At present, changes to the endpoint table are saved
to non-volatile memary when ViR & issued..

Table 405, ZigBew Dats Transmissions Addressing Fields

Command | Name Description
£ 243 Endacin m.mwmwm
£ Renove Encoant mnmmamwm
EV ' WewEnZdst Views one o more endpoiEs inhe endpoint abie.

4.3. Advanced Network Features

Network Mapping

Network mapping has provisions to identify all devices on 3 PAN.There are currently two ways to
do this cither through the Node Ciscover (ND) Command or the AP Child Joined Indicator. Both

are explained below.
Node Discover (ND) Command

lzsuing the ND command on a device sends 2 broadcast node dizcovery commiand throughout the
PAN. All devices that receive the command will send a response that includes the device's 64-bit
and 16-bit addresses, aleng with the Ni-siring and other Information.

API Chiid Joined Indicator

Routers and end devices can be configured to send 3 transmissicn after joining to alert the
coordinator, or the entire netwoark, that the device has joined the network. When this meszage iz
transmitted, the receiving device(s), ¥ running APL firmware, will send an advanced modemn status
ngicator out the UART to indicate the 64-bit and 16-bit addresses of the joining device.
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4.4. 1.0. Line Configuration

The XBee Series 2 modules support both analog Input and dignal [0 line modes on several
configuradle pins.

Configuring A/D and Digitai Lines

The following table lists the pin functions supported en the modules

Table 06,

Module Pin Names | Module Pin Numbers | Configuration Command
comion ¢ m

PANORSSIO® |6 PO

AN 7 Pt

SUEEP_ROTKE |9 10 Cortigura%on st supsenied
oot 1t 04

crater 2 o

C SRRl |1 : 1 Conigrasos not wpzansd
ASSOCINE P os

RTSTI06 1 o8

ADUTI0G T o3

D20 18 o

£ 19 o

ADUI0 ) o0

Setting the configuration command that corresponds to o particular pin will configure the pén.
Parameters for the pin configuration commands typically include the following:

Table &7,

Pin Command Parametar Description

o Usmordorad aghal ot

1 Reserved bor pinspadtc darale Aniosalses
2 Andog e, shje ended (A0 piss ond)

1 Dighal g, meniored

4 Dighal asp, Selaut: ow

s Digtal asp, colauk bigh

£5 Aremaie Ancionabes, shone azpheie

° Uancetored dghal lecut

1 Restrved I pinspactic ahomale naionalses
z Anzog nzut, shje ended (A0 pies o)

3 Dighal Ingus, monfres

1 Dighal aup, Selault w

$ Ogral aups, celadivign
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See the command table for more information. Pullup resistors for each digital input can be enabled
uging the PR command.

Sampling A/D and Digital Input Lines

The IS command can be used to read the current value of all ensbled AJD and digital input lines.
The format for the IS response i shown below. At the time, only one sample set is supported in

this frame.

Bytes Name Description
1 Sa~ple et npochet Number of samzie sefs in the packst
Exchbitinthe chanrel mask carresponds o one Satd 10 e, The
2 Oigis O Mask tils, Fom LSB b MSE, comespond 19 DOIGDOES on the modde.
For example a charel mask of (OKF means 0100,1.2,3, and Sare
eratied 33 dgits irput B,
Eachtitiabe channel mast coregonds o ane andog channd. The
Sits from LS8 o MSE carespond b AINMNT on the modude.
1 Ansog Channel Mask For example, ¥ B aralbog channed mask i 0x06, AINE 3 AINS are enabled
2 andog irput fnes.

A sarrple et consisting of 1 samzle for each erobied ADC andior 0I0
charnel, T ary digtal irput res are srabied, e frst two by'es ndcate the
mdqmﬁsmmmuhmmmﬂm
12 09 digitad 10 fine, similar 1o the wayy esth bil in the dglossia mask
corespands. Noie: odly the dglad rput e Bt are erabind in the detal
e R S T T
k] n xe as
o Sapled Dota Set 3ot inguts, these 2 bytes wil be omkied. o
Folowirg the dgial nput dota § ary, each erabind anakbg chonnel wil reum
2 {1 h%m?mmwnmw.m
=12V, The araleginpul lnes crnot measure more fan 1.2V,
Irforation for each eratied sraleg charriel b retrnad in ordes, dadting with

The AT firmware returns a carriage retumn delimited [ist containing the above-listed fields. The AP]
firmware réturns an AT command response API frame with the 10 data included in the command

data portion of the packet.

%Y - |1 serple oot :

C:0CO0, Dot rpus 0I0 2.3, 10,11 kow)

[0 3 Pl reus: ADOP 0, 1]

a0l gt ot stres DIO 3, 10 1igh, D10 2, 11 ko
G300 Pwlog nput ACIO O 0:300]

On0124% Pnsalog inout ADIO 120120

To convert the A/D reading to mV, do the following:

AD{mV)= (ADIO reading/0x3FF)*1200mV

The reading in the sample frame représent voltage inputs of 1144.9 and 342.5SmV for ADIOO and
ADIOL respectively.






