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ABSTRACT

This project is a study of the movement detector’s system that displayed via
a robot which can detect a movement by specify the object passing location. The
movement detector’s system uses Photoelectric Sensor to point the location of a
reflector to detect when an object moves across the radius. The position of Passive
infrared (PIR), which is a motion detector with heat, is controlled by the micro-
controller and send signal through Wireless LAN to a robot and processing to location.
The robot, afterward, serves as movement detector and notifies by capturing images
via the camera (IP Camera) and also send informations to a mobile to monitor and

control them remotely.
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unil 2
naufuaznannisiinedag

2.1 Wwuwadnsaduaundeulng

wuweinsIvTuauadeulws  (Motion Sensor) Lﬂuaﬂﬂmmmaam‘smww
anunadaulwndudoyaailwih Imamlwﬁumaima%wmmmaaulmu 3 Usvlnnifie

1. Passive Infrared Receiver Sensors (PIR Sensor) LUUL‘duL‘Uaimummmuﬂm
umedlondeud ifinsudesndsnueeninanidues

2. Ultrasonic [uiduiwesfifimsudesntusanilednoonuiuagasininnisas oy
vosnduiiie Taniadoud)

3. Microwave (Huduigesiifinnsddesndululasiones nuiuasasasansasiow
yospdulieTngaden

2.1.1 Passive Infrared Receiver (PIR Sensor)
] Caf ¥ @ - [ @ o
LﬂuaUﬂmﬂwanmimnwmmmaaulmmamimammmmimﬂu
UP) ﬁaqms mwmamm‘lmal7ﬂmimaﬂuLmaa‘svmusaaaumwLimeaauaaﬂmmmm L?.JEJ

A

nnnaeud ( ammmmwm LUHSIADUNS SR ODNUIINFILDS m'sLstqﬁmﬂanmmm

q

i

e =fp

d

nsindeuiivesdidnasaruluesmnen Usinafidesiuntosnuuslasiadianiand uas
gaumnivesinguiedsdiindun unsnsyaefidoanuinseunquaud lugiuusenios 0.74
Lilasiuns TneBenunuaudlugedin Sedduns1ise (nfrared Region) ) Toendaeuiiuns
penuagnnsIaTulae TnlsBidnmsn (Pyroelectric) Tngagdpsfiaudilénsesuasdunsisa
fia (Fresnel Lens) iWumnsesuansiilaledunsusasen Jevhldaunsansiadudygyiu
sodnfAsunvasiiviesingls

dulsgnaufiddryves PIR Sensor

1. Pyro Electric

2. Fresnel Lens

3. Circuit Control

gﬂﬁ 2.1 Iu@am’mmmmﬁaulm (PIR Sensor) (4]



PIR Sensor 1ULKH99505293UAAR o Ul mAR8A15A5I9 A LS DY
anunsadnlalnaie 5-7 was dvuiandn gneenuuuinvildauiululasroulnsaaesiaig
ngldvndauseiiios 1 v1 uazaunsadonivuadyaauedynls

2.1.2 ruaNdAvas PIR
1. Tlol@ee +3 89 +5 V #93n15nT21auInnI1 3 mA

2. a115095393uANNAaaulm e luYIe 5-7 m.

UM 2.2 anwauznsneuaussvaseugesilugUlau (4]

3. $rillun13m5999U 100 D9

4. Fryaieinm 109

5. gaumgiilumarihueglutae 0 fs 50 esmueadsa (dluiuisu)

6. anlumsiSeuianmuanden 10 i 60 Tuit ludrnandaisasiinns
wdeulmositanlufiuiifiinisnsedu delsfaninsavinnuldegagnies

7.9UM 32.2 mm x 24.3 mm x 25.4 mm

8. wmaliusswuinnznuanuedeulmn 3.3 v Ssawnsald Judyyin

) = ¢ A o ' 1
lunsdmsudamesinedulnansneqsely

2.1.3 nuadyyrauaring

s

Tnuadeygranesnsanuisadenldauld 2 wuu fe
L. doydnwad H (HIGH) wueds lewinadu logic 0 Weagluanizund uay
ww1smady logic 1 Wonsaduamuadevlly
2. dryanwal L (LOW) ymaedls worswmdu Logic 0 ieagluaniizund wax

(3 @ al . [V ) | 1 o = s o &
wevaidugnaAau logic 1 a@aunu 0 ag1esaiilas (Pulse) Wansraiuanuipdoulmla



2.1.4 y1¥pusan13l¥91uvas PIR Sensor

VCC 5-12vDC
OUT (3.3V TTL)
GND

Jj

ol \ Delay Time Adjust
¥ Distance Adjust

JU 2.3 9aeurenisldauwes PIR sensor [4]

nsthluldeugedeusedmivldnuiiianun 3 90

1. s (+) dmiuselmdosuseiy +3.3 Fa +5 Tad

2. uediwn (OUT) dmsuradnivudunavedalasaeulnsiaes
3. 01n5199 (-) dmdusians1ie 0 Taan

2.2 Photoelectric Sensor

WUy 3 Usean Ae DIFFUSE, RETROREFLECTIVE, OPPOSED

1. Diffuse Mode

\Ju Sensor if’imﬁwﬁﬂmiamaﬂﬂﬁ’ﬁ’m wdazToundu 39 Sensor dnwail
Tesldonlnevhludemldfuiitndados wndldm Ingfnsedudusasfouandumn

2. Retroreflective Mode

Hu Sensor fidesefburuaziou wheTiienn Reflect iufasounanaum 49
Sensor dnwuziausailuldnuldivinaitnssdetuinmhed venanduuariion
fedamaviilviszeznmsnsinduing anrsarilglnati

3. Opposed Mode

u Sensor wuuildFiduayisuilesain sensor dnweiiiefdeaysasy
ﬁaﬁuﬁaﬁﬂﬁﬁzazﬂW'smn%'ﬁmawmiﬂmwﬁ’ulé’sxasmﬂ%{u uennidaannsnlUle
auluanmadenfifiduinninindldainusziamues Photoelectric Sensor % 3 Usziam
s vililudosu ausasnavladenldsusuumstndslded e

- 8, MuivesingiinTaadu (Color, Surface) Aneniu Inanansgaduves

e nwaugiui Wy fduinigessiinanensayviounas



- AUWANF19UD4E (Constast) L8991 Photoelectric Sensors 28947y

"’ (%)

o - -y e L v & 1Y
Ingnieean1snTiaduilu Gray Scale vise (Wudmules datlu Photo Sensors 1gAs79dU

nOndeAT Constart galaind Jmghdlen Constrast 6

2.2.1 gdnwalngnaly
1. annsanseduinquuulideaduda
. @N3aATIRTUINONINATY 10 AT
. annsannaduinglinneda
. @UITANTIIVU F UM AWEN AL ﬁuﬁuazﬁuq
. HARINTRBUAUDIAENITNIENTULEY LED
6. ALALLEYAGN
2.2.2 Application

U A W N

nmsusggnalden aansadszenaldaulivainwane Wadalunsuaniite
ATI9FBUNITUSITRAUA Mssraderdudi vdeudnsersldiluduwesnsianmsiiuvessa
uarlaguull Photoelectric Sensors naneu Widenld sauvaiiauuusudh furu we
nmsldnunesmdetaaninuindeusarnisunlulda

2.3 n#o4laf (nternet Protocol Camera)

naoalo (Internet Protocol Camera) ¥3andaaiA3av18 (Network Camera) 1Hu
Usetnnues ndevidledinea (Digital Video Camera) Sndnnisvinauuiloundeialuld
dwfumsiihseds wasfiumnndnsainndessasda (Closed Circuit Television) CCTV wuu
au1den (Analog) fie annsadwaziudoyariunis ssuuiiedisreufinnes uas
duwmeiidald lnsgldsuannsogainanainsyeglnavy sevudumesiidn wie svuu
wietelianeld iumalusunsufivmdeudundadlod (P Camera) RN NEIUNILAY
U31993 (Web Browser) waziuunassleil (IP Camera) lidndudaadarieusiuduinios
pouflamesegnasniian dauandrsainndaaiunau (Web Camera) fadasdavinnusauiv
in3esnanfanesnasarianfeldenld feddunisldausiieg veandesledt (P Camera)
wilpufundesaurden (Analog Camera) WANAaRUAD aﬂm‘mﬁ"awumuQmmxﬁuﬁﬂmw
leinelus dslundaseunden (Analog Camera) dasdaidhfuirsastufinnwidnes (Digital
Video Recorder) “ﬁlj\‘iLL‘U‘U DVR Card ON-PC #38 Standalone NON-PC %58 PC Based Wa¥
H1W CMS Software favieulsmniioudundesladi (IP Camera) wazndaslodt (P Camera)
anunsofuteyauardiayaninuandodlinious fu



2.3.1 vllandaslew (P Camera) & 2 iln
1.ndeslefl (P Camera) vilasauilgudnans (Centralized) Fasaifiugusnans
nstuiindilewnsetis (Network Video Recorder-NVR) iiadnnistuiindile (Recording)
WaEN1TIANITAYYIADY (Alarm Management)
2.ndale (P Camera) wllauenaingudnans (Decentralized) Alisiudes
fgudnansnstufinidleirSothe (Network Video Recorder-NVR) @uiiundaafifinnstuiin
nsvihendlud Seensaduiinlagnssludededafiuloyaninea wu nisamizemush (D
Card) fu unanlasw (Flash Drives) fugnsadanilasyl (Hard Disk Drives) w3aia3atiesiu
UByauuu Network Attached Storage (NAS)

2.3.2 waluladvasndadledi (P Camera) figisil

1. IP Technology (Internet Protocol Technology)

Tnswhenisieansieyauasduimesitn faunsadaarfudoyanimiuidios
HIUN9TEULLAToTIERRuNRLABS wazBumesidnlaluafeaty

2. Hybrid IP Technology (Internet Protocol with Analog Technology)

Wumswaunaiunisinausenitandeslad (P Camera) fundssuuy
aunden (Analog Camera) Iiawnsavinusuiuldegwanysaiuuy fie awnsadeldsu
wuunaedled (P Camera) Aussldsuuuundssaunden (Analog Camera) Tussuuidendu
wisuenszuuild uwidimenaand@lunisyhanildduessd msgwnssu viadedied
Ugynvsedumesidaldonlild dndesdinwirnulfuuueuiden (Analog) wieluwuu
auden (Analog) teditlayvnAaunsaviheuldluwuuindate

3. Full HD IP Technology

Wundesledt (IP Camera) ﬁﬁmmamﬁamga (Resolution) s¥Au Full HD
1080p (1920 x 1080 Pixels) @1u150azimundnsunsulunistudinléifiud (Full Frame
Rate) 30 insusioTundl (FPS: Frame per Second) @wilsinsuansnimiamspuagnistiudin
rilmuANTALavayideauIn

2.3.3 mstiuiinnwvesndasled (P Camera) fifsil

1.9ufinn1was Local Storage 1w SD Card w38 Flash Memory fisas3uay
vusanassledt (1P Camera)

2. Juiinnmeinu XNVR w3e NVR %158 CMS Software fiasluiniasrauiinmed
(Computer) uaatiusinas ensaaan (Hard disk)

3.Juiinnnlaesieru Hybrid Digital Video Recorder in3astufinnwiinoa
fisoeusia ndasuuveurden (Analog Camera) wagnaasuuulad (P Camera) Juiinas
g13afan (Hard Disk) Aiffluirdeq

2.3.4 \A30%18 (Network) fldnunsnsasiuvasndadledt (P Camera)
Lasainnulusiamea (Protocol)



IPva, HTTP, TCP, RTSP, RTP, RTCP, UDP, SMTP, FTP, ICMP, DHCP, UPnP,
Bonjour, ARP, DNS, DNS, DynDNS and IPv6
2.5095Ul997us2UU (Supported) DDNS
- XXX DDNS - 99nU38M* 1 w89duA1 (CCTV)
- DynDNS.org - VIulsiusnisldanuseuy DONS w3
- Reference code with SDK flAn81489n1513eulusunsy (Reference
code) fugaimnnlusunsy (SDK) WelsiniauTusunsuBeuldonuiudy
- sa5umsidniiaiile aninSesgndenaslaantinuniaiuustiees
d1%5U 10 clients
- 5043 PoE (Power over Ethemet) melnmsgiufisesdy IEEE 802.3af
(Standard Supported)

2.3.5 anudanast (Security) wasndadled (IP Camera)

1 ernrmunsesunsdildnm (Access level setup) IesEAUNISITNTvD
vateq glddunisdesiudiesFanu (Multiple user access levels with password
protection)

2.4p30918AuUaenfy (Network Security) aglvnisaduayudiniunis
nsasledt (will support for IP Filtering)

, 11CM

WIEL

S(.rnsy €5

sUR 2.4 ndasledt [9]

Y



2.4 UAMDINTTUANTS

delimsrunszualnindlugsvnmeluauisusndnasildiAnuswmdndsd
dnahuvesustiufunseuauswesduuwslmin TngussaziAntudugmaindunseuduas
aunulndn vaedifiemareausandunsstudiuiy Smnnszuavesauinwivmdnla
ounduashliiAnmsdsunUasuesnszua way auruwlmdndunarlifiemvesuss
wWaeuly senaaniRivihlsiuemesnszuansnduiiavmensvguld

auulvanvesanesdiuniuintuanuiminansdsgniainfuuundn
w3 mdnnd Ingunfdandenfudnuiignegiui uay anmamdsnieeiuegfudndidy
WAUMLYBIBLADT

2.4.1 AuENURAYDWBNDINTZUARNTS
TunseduenaaniiveswemesnseuansslvaziBontiureafinnsanusedui
Uouwazanuiunuvedlsinedine 2wsnigluvewomeiifeuldfigui 2.5

f VR R

EELLACL LT -X

HOINDT \%

Va

r

JUA 2.5 wasneluresawmesnseuanss [1]

|

U 2.6 veowmainseuanss [1]



Tngauudlijulsmesldfinnusumuedias synsufuanuduniudduiidise
AsiumMuvesRaIntues wiuiitareauvewene SiRoNaUINTTIIIS U TS IMES
(Va) 482 WSOUANATONAIINAIUYIUYAEN (VR)

WS V, gnisendi wssedeuwmiienieundu (BACK EMF) daindululsines
‘UiuvwmmeuwmmmuLﬂulﬂm'mﬂ;]maqmﬁmumummmaﬂlwﬁwmﬂﬂmﬂaaumaa
Fdluawiwlivan duiusiuusaadeumioniuingn uas anulumsindouiives
fi wssduiliAatuesiifanssiuthufuussduitoulifuowes way wusiunseunus)
Tumsmyu HAUINTVBINSIFUTTSIABS (V) Larusadunnasonunads (Ve) Houviiuusasud
dauliunewnas (v)

V=V, +V, (2.1
dlefnsandusiueimesuynils anudfiddugud dfu v, = 0, Vs = V nszueitlvaly
naweimlaain

1=V, /R (2.2)
JenowmesFuvuarimuni uas v, iutududuasimuanuds Ve deddwniuai
UANFNITENING Vi LAY V a2i5Uanaenseud | Resduamaauiuune fvemesdlinuseey
auSrayiiatiy uﬁaﬁmwamawuﬂdﬂﬂsﬁqams‘z’msaﬁmamama%%umﬂuamlﬁamawaﬁ
vouzfvowesliiilvnan uas vy uoE19daTy Ayl ieaiAAEnTEIUS wa wSIRuEINAYI
19 Va \fauwinduan v

2.5 195tunanes

Tuduvensastunemesidaminldld IC L29aN Feliusyaninings wimadomen
wsonszuudasiusienunning Tuwuvatuves L298 awnsaduneweslé 2 4a uay awnsn
Tunszudliigean 4a (euied 2cH hshedy) meluvesaldse diode wtofulwiiazidun
FUMUsEUUSEUTosud wavdallunasanalv sv lush (LM7805)
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2.5.1 yaidausienisldauvasisasiuuomed L298N

Terminal Con (Funiiu)

1. OUTL, OUT2 : Output U weines A

2.0UT3, 0UT4 : Output U weines B

3.12 V: Input Il +12 VDC iednslifuueines

4. GND: Input N3™A

5.5 V: Input I +5 VDC vite1389 logic gate Tu 1298 Und 29951414
Regulate 5V 1nluvafaudaliforonil uininUssasnayldaruani aisis Jumper
5V_EN ®8ns2e Connector (§#1)

6. ENA: Cnable A

7. ENB: Enable B (mndiosmsmuruainiameinoiie PWM idrfivniinn
THrnunilddasiiamsiziinigse pull up Hwdw3oenase logic HIGH Aal3fle)

8. IN1 uag IN2: AmuRNNaLnDs A

9. IN3 wag ING: AIUANLBLNDS B

P &
M9 19N 2.1 ﬂqiﬂ?UﬂﬂJ"Ua@l}@W]ai A

IN1 IN2 ANUTNDNDST A
LOW LOW g

HIGH LOW MUY

LOW HIGH Vi UTY

HIGH HIGH ngA

P o
AT 2.2 NIATUANTBIHBDLRD I B

IN3 ING A0UTNDLNDS B
LOW LOW g

HIGH LOW MUY

LOW HIGH nyuge

HIGH HIGH e




2.6 lulasmeulnsaiaainszna AVR Ju ATmega328P

2.6.1 an']ﬁmﬂniﬁm‘j’ﬁugmuu RISC (Reduced Instruction Set Computer)

2. YAfds 131 Andasia 1 soUUTANY
3. S3aweiauin 8 Un 32 M

1. RISC AadynlyinisuUssaianalausa 1 F1&s /1 clock

i

|
Watchdog Power dabugWIRE ;
T!!E;er Supernvision ¥ !
1
Watchdog p(};;; 23? A PROGRAM i
Oscillator A LOGIC ;
* i
i
Osciliator . 1
A Circuis Flash SRAM |
¥ Clock It pid ,
Genaration i
1
. 1
AVYR cru !
EEPROM 1'
|
$ H 4 ANCC
|
4 i - F Y mm-----—-'-m-l AREF
i e GND
y b y . |
abit TIC o 1608 T/C 1 ADCov. (€7 |
) ) [ S S
|
@ 5 ™ Analog inarmal 8 |
§ » B TC2 Camp g ¥ 13
& 7 1
=] 1
- l
§
i
1
USAaRT o SP wi |
A A ¥ y W ;
1
h ¥ A " :
{
V3l L % -l 1}
PORT D (8) PORT B (8) PORTC {7} |
F F 4 :
4 AESET
1
““““““““““““““““““““““““““““““““““““““ - KTALE 2
b s k4
POO.7] PEIO.7] P06 ADCIB. T

5U 2.8 anilmenssuuuy RISC [ 5]

11

i o & 1 A a B
4. anuslunsusranananinni 20 a1ur&sseIud (MIPS) 7 20 MHz



2.6.2 AuaNUAMN9 109109 ATmega328P

1. NUIBAIUTN

12

- WUV 32 Kbyte anunsoifeuaulusunsuld 10,000 asq
- WUU EPROM 1Kbyte anansnifisusazaulusunsuld 100,000 asa
- WUU SRAM 2 Kbyte

2. l&wa
- S¥WIN 1.8 4 2.5
3. AUDFYYIUUIRMN

A

- S¥WIN8 0 D49 4 MHz

- fimssesiugunsalsiani

- gUnsnldeansdoyauuuaynIuuuy 12C wag USART

4. Buq

s e dl | £ 73 L3
- 158UV Reset wuudmlusiiiiadnenszualnidnlalasraulnsaass

=

- e TuRTIvERULT IS

- AIWUUNTUAWKILTNINEY

L

o

2

s

lunaznteusn

- UTEUUATITUANURANAIAYDY CPU

- HlvuneyinYwasnu 5 mode léun Idle, ADC Noise Reduction,

Power Save, Power-Down, Standby

2.6.3 dauusznaunnegvadled ATmega328pP

(PCINT14/RESET) PC6 []
(PCINT16/RXD) PDO []
(PCINT17/TXD) PD1 [}
(PCINT18/INTO) PD2 []

(PCINT19/0C2B/INT1) PD3 [}
(PCINT20/XCK/TO) PD4 []
VGG

GND [
(PCINTB/XTAL1/TOSC1) PB6 [
(PCINT7/XTAL2/TOSC2) PB7 ]
(PCINT21/OCOB/T1) PD5 [
(PCINT22/0COA/AINO) PDB []
(PCINT23/AINT) PD7 [
(PCINTO/CLKO/ICP1) PBO []

28
27
26
25
24
23
22
21
20
19
18
17
16
15

] PC5 (ADCS/SCL/PCINT13)
1 PC4 (ADC4/SDA/PCINT12)
] PC3 (ADC3/PCINT11)

1 PC2 (ADC2/PCINT10)
[1PC1 (ADC1/PCINTO)

] PCO (ADCO/PCINTS)

1 GND

] AREF

1 AVCC

1 PB5 (SCK/PCINTS5)

] PB4 (MISO/PCINT4)

1 PB3 (MOSIOC2A/PCINT3)
] PB2 (SS/OC1B/PCINT2)

1 PB1 (OC1A/PCINT1)

5U7 2.9 1o ATmega328 [ 5]



999 2.3 Hafdunisynauees ATmega328P
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Yo eazI0un Y1
GND YINTNINARALAY 8, 22
VCC i@ 1.8 fla 5.5v 7
Port B (PB 7:0) | - luwesn 2 iemnsvwnn 8 On Tawanunse fmvualy | 9, 10, 14-19
XTALL/XTAL2/T | 91u0usazwaing1ansamnsails Pull up Resistor 1o
0SC1/T05C2 | (meluludassuenaniu iefuseiuvesanin 1
Twwinfu 5 v)
- AN snldNuURil YR IuAIINADIN15YBY ATmesa
328 lnpduagiun1snemdy g auniiniiivn PB6
ldiduusedy Oscillator waru1Bunmu92933
dryeyned Clock Oscillator
PC6/RESET 21 Reset 1
Port D (PD 7:0) | - Wunasnassfiensauin 8 dnlavarmnsorvuels | 1-6 . 11-13
YIVBIUABENEINAINTATIPULL up Resistor 16t
- @unsalduiAYIINAIINABIN15YDY ATmega
328
AVCC lTelwliiuiesuasdyyuoudenduiinea 20
dnazapLiuen VCC
s ¥ = -:‘ v 1 s
AREF wsepusnedsnldnuludiuvessasulasdygyin 21
= & aa o 1w
aurdanlufdmeadnseny VCC
ADCT:6 Nnmasuldulasdygrusudeniuiisnea 23-28
(TQFP and
QFN/MLF
Package Only)
Port C (PC5:0) | - Wunainaasiiemanuin 8 Inlaganunsorivualy 23-28
YvRLhAaYNBINAINTNMATIPULl up Resistor ¢
- @1unsnldnuiAynIuAILNADIN1TI09 ATmega
328




14

2.7 DC-to-DC Step down LM2596 Module (3A)

gunsaliivimhilulasssfuussdulnihnseas Tnsanansoufususedu output &
Tny Potentiometer Afloguuvain amnsndienszudldis 3 A uarlivdnnsuvadngrees
Buck Converter 1@l Switching 150 kHz ¥il¥viauioy wazusafusey

2.7.1 2995 U8 UM B UL TIA U
= =l [Y] [ Y = = @ 1 a &
WU THUNIUL IR ULT U995 UN SIS B U B UL SR WS 21991 B UL 0%

A4 (Inverting) WAz UBUBUIBIAY (Non-Inverting) YatapUnau]

+V
g
Vi & ‘
. va;e
Vﬂﬂi ‘
-V

gﬂﬁ 2.10 295U8uiisuns e [8)
Vout = +Vss; V(+) >Vin(-) v
Vout = Vs ; V(+) < Vin(-)
1510 Vour \Juussiuendwnvansasestien
V() ussiundnlinduinaveseauuond
VA luussiurdhndumlaveseatieud
+Vss  Wuussuerdnmueeauuanfionntnnie Vo, e Vi 11nnda v,
5 LﬂuLLiaﬁuLmﬁwmaaaaﬂuauﬂﬁaaﬂmmq Vour 18 Vier o8R0 Vi,

2.7.2 3993U9RUAY
'.1aaiﬁnwmzﬁﬂzmﬂmﬁuﬂ’ﬁmﬂmEthﬁ'U 1 Wity vieAuanFenieesiih
Unliled (Buffer) uaauL3en Isolation Amplifier ’N%Uizmwﬁ%ﬂauﬁ’mmm Vin 47997
Suwnuaniftelllidyaiioenimmaendwaiiantsnauina finsaneessEnineiudunn

MauLaziNAMIY Jududnuazvsnsestaundunuuauiduriy
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gﬂﬁl 2.11 2995UTIAUAY [8]

Vout:\lln

d L7 L1

o Vou Huussiuednmuasosuuou
Vi Wunsssuegn

2.7.3 29958339
aAndanesdnnate (Switching Power Supply) 1Wuunasdnglnnsane
WSITURU UM LLazmmiﬂLﬂﬁau:,L'Nﬁ’uIWmfﬂUaé’Uhaﬁqq T duusssulvinssene ivold
Tuendiaansetindlaliudeaiuudesngli@adu (Linear Power Supply) Seusimiadan
Wﬁﬂﬂﬂ%ﬂmLLUUQ%ﬁ@QfIﬂ']‘ﬂ‘ifﬂﬁBLLUEQI‘UﬂTiﬁﬂV)E)‘uLLS%ﬁUQG‘LﬁLﬁULLNﬁUE?’IL‘ﬁuLaU?ﬁu Lol
adndamiesdnnatsvzdesnislduioudasiifvundn wagtdmindes deeudy
wasa el adu Sﬂﬁg\iaﬁm%qLmna%%’wwawé'@ﬁﬂssﬁw%quaﬂfiﬂ

L3 &
< ATULIBTLADS »
‘ " — —————
wasThrentesy | MWOILIES R HETRE R AT TN -
ay .« > = . P . O u aA
IRALVIED VISTSELNAS [ ATmYa } WEEATRALTAFU

I

| HITAUAY -

= g a a € as
3UM 2.12 sadusznaviiuguvesainfaniesdwnwany [8)

oo

LY s 1 1 L2 - L3 4 7]
wsenulvaduatgeziudmInimeas RA #awed iensesdyanasuniu
LLasLLUaaL?Julvmsaﬁhqqﬁ'amammﬁlmaaé WIneTUTawmaTazyuduwnesaay
L3 as 1 7] 1 d' -=J 0‘3’ 1 s 173
noswaslaunsdnnousaiulugieg Aruduszana 20-200 KHz 91ntusgsulusmse

o

a a o ) o | a Y] Y
wUasEIntNoanLksIeuaY L@qﬁw‘ﬂsﬂa\jwuaLLﬂaQ'ﬂgﬁa UNATLIBINTELLEA LLagﬂiaﬁLﬁ\iﬂU‘Lﬂ
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Seu MsaAusssiuazyildlagmsleunduaussiuiiiondwandumndnsasmuau e
muRulitmnneimudamefiinssuauinfundetdesasmunisiudsuniameusesud
limm Fargdinaviliuseduedyansd

U 2.13 LM2596 Module [8]

C4 IlNot Fitted
L]
UR1
L
10K ¥
IC1
IN+ . - 1 VIN L1
" out B XY\ OUT+
c1 c3 ON/OFF - 4 330uH c2
3
220u | 1@@n Shg 8i I D1 22@uF

LM2596S ‘ZS‘
338R 5S54

GND

gﬂﬁ 2.14 3935 switching [8]

2.8 szuuiATaUngliany (Wireless LAN)

TEUUIATaU81Ed18 (WLAN: Wireless Local Area Network) fe szuunisdedns
foyaniiyuuuulumsieansuuulillians Tagldnmsdsniuaudinglugning RF uay ady
dursusn Tumsiuuarvdedeyaseninnouiumesudaziedes iuenia nggaung ey
videdsneadsdug lneunannanudiosnsvesmsiiuans yenantussuuaienslianss
Sellnuantfnseunguynagnaniloutussuy LAN wuuldane

fdinyfine nmslifedldaerilinisiadeuthonsldauinlilasazmn Timion
svuu LAN wuuldaneiidiesldnatuaznisasmulunisufuasudumiansldaundos

AaN MBS
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2.8.1 99AUTENDUNANTDINTITHIUVBITTUULAT T 1 Fane
1. foya (Data) 9178156199 aansagndsuuulians Tnedeunindyain
’J‘V]ElLLauﬂiUtU“lEUIV]‘EVIFTULUULE‘IEIQLLauﬂWW mamwauamuﬂauwaLmawnaﬁmqq SEANGR
Imawaulﬂnmau'ma ﬂmﬂaufmEJLUumeuwm’luamﬂmmauuumaﬂlwﬂﬂumamwmﬁ
mmmwa (Radio frequency) mamawﬂmummmiaaﬂaqimaﬂﬁlmm’mmm AR Ingd
JﬂﬂﬂJ’IEJhﬂ‘UNLLﬂﬂaU’WIEJLE]LEJ:J (AM) vi3aLandy (FM) 7 m‘m%mmuu
2. Tuguadu (Modulation) ‘uaga%q}ﬂaamaulﬂﬂaumm?ﬁwqiﬂaﬂ'ssmuﬁ

send luguadu WeldSusdudygynasiunszuiunis Alugadu (Demodulation) 1ie

wunia1veyanany
3. gunsaldedygauazgunIaliudyny o adunudingnieusiedeya
P1asezgnalnegunsaldedynra (Transmitters) uaziulasgunsaliiisondngunsaisu

dnyey1ad (Receivers)

4. TsTnAea (Protocol) fie 3n1swlengsuleuillélunisdeasdeyaiiials
funasddsanunsaiiilofuvdenqeiudites TnoisaosilefadSuuasdddldnnasiulineu
dramiud lureniianneilusinnoasgludiuveswondursidinifinlinisaniiuey u
msﬁ"am'ﬁf*ﬁ'agaL‘TJuIUmu‘EUsLLﬂsuﬁﬁflﬁuﬂH f0819LYU X.25, SDLC, HDLC, way TCP/IP

Wugiu

2.8.2 gﬂttuuﬂﬂﬁn?}auﬁiaﬂaaizuuLﬂ%ﬂ*thﬂ'l%’mﬂ

1. Peer to Peer (ad hoc mode) gﬂtmvmiﬁaumwwLLaul%'awaLLUU Peer
to Peer Hudnuue nMsdeusauuulnssnslnonssssninaueiasnouinmes 11y 2 e
wiounndnu Wunisldeusiuiuves Wireless Adapter Cards Taglilain1sidausony
wiatwuuuldaeias Tnefiedesnenfiamasurasiniosasimuwinfiouty aunsaviiay
yasnuedlduazvaldudnisiniosdule mmvaw'sumsmm'lfumuLwaamivaaﬂ"lumumm
mmmwsammmléﬂmsmaLualuﬂﬂwaiwwuﬁmmusaﬁu ety Tugudusyyunie
ﬂﬁUivwmmwuuaﬂamw

2. Client/Server (Infrastructure Mode) s¥uuilaSav18l5anawuu Client/
Server ¥3® Infrastructure Mode Lﬁuﬁﬂwmxﬂﬂi%’uﬁdﬁaga‘[maa’lﬁﬂ Access Point (AP) 1139
139n91 “Hot Spot” viwthilduasniudeusesswintessuuiadstisuuuldansfuinio
AaNANABIgNUIe ( CUent)Icﬂaavmymaammmﬂau’mmwa Su-deteyalusaiilavsou
Lﬂ3aaﬂauwal,mawaa’l.uiﬁmaa AP aznaeidu ndetiunguidadusiudl TnoiaTos
ADUNAADS mmmmmmaﬂu safnrany Server LwaLLaﬂLﬂaauLLamumwaualm Imamaq
RAosanTu AP ity 81 AP 1 o mmm‘lwusmimiaqaﬂmeﬂmm 15-50 gunsed Y09ATD
andng mmsmmumimlﬂwwLmamamahi'auﬂmuuumia‘mEJLLUU'l’umEJLﬂﬂuaaw

u

W, Fosayn viseluviossequ Weiiudssansamlunmsyhanuliunndy
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3. Multiple Access Points and Roaming Tnavialuuainisiiouredoymyio
sEwinumAsesRaufiames fiu Access Point (AP) vaaA3atulians (Wireless LAN) 9¢ag ”Iu
Smiiuszanal 500 W nelue1A1s wag 1000 n A1euBNeIANS Wmamuwmmﬁ’qﬁmmm

'
a

n319 1N g Wuadsdudi viungluuminede auindu szdesdinisiiuganis
Anse AP lsfuaniu Welnisfudsdyyinluvinuvenaiotisvuialvg Wulvegna
AsBUAQUYIAE

4. Use of an Extension Point niiilassairevasdauiiinaaaietsuuy
Waelidymifeanuuuszuueivasld Extension Points Afiamautfmiloutu Access
Point usthifewniinlifuiaSediel¥ane iWudwilfifudilunssuddyago

5. The Use of Directional Antennas ix'U‘ULLaul‘!ﬁa’lﬂLLUUﬁLTJHLLUUI‘fI’LﬂW
mmm’tumi%’uﬁqﬁ’m@1m55m’1mqﬂﬁﬁa§ﬁ’mﬁu Tasnsindaanenafiudazeins e

dawarsudeyyIuszninegiu

2.8.3 dnnsdsdaya (Baud rate)
ansmsdadeya Avausavensiu-dufoya udiudndeduni 1y
300, 1200, 2400, 4800, 9600, 14400, 19200, 38400, 56000 \Judulaefinisidendnsinis
ﬁeﬂagaﬁua@ﬁwﬁmﬂuaqmaﬁzymvm 5388 WasUSundyIsunIU

2.8.4 gULUUNMIHRETUUVBYNTY
flagareiu 2 wuu fe wuudsalasda (Synchronous) wasuuuesdslasia

(Asynchronous)

pid }

Ok

d = L2 1
1. n1sdea1suuudlasda (Synchronous) n1s5udsda

[

& mmmﬁm%aﬁuﬁaﬁwumﬁqm L'Jmﬂﬁe%a%'amai‘auagﬁ’wﬁﬂLa”wﬁ&'L ey
Yoya faguil 2.15 Methatu msdsdygranniduedn

U8
v
Gl

e iaia P alizlals

[ L | | I— — —_ | S i — i
w 3 . § ; : : §

gﬂﬁ 2.15 msdeansuuvdslasia [10]

2. msfeansuuuesdslasida (Asynchronous) mssudstaya Tnell
ndudesiidygrnuiinidiniieg uiezldddwazidy fignsmsdedoyaiviniu dagud
2.16

sUBuUtayauuUedilasia Ussnausae 4 du fe
1) DaiEusy (Start bit) Svua 1 Oa
2) Undaya (Data) Hvun 5, 6, 7 vise 8 On

3) Unns19@0unsh (Parity bit) Svutm 1 On okl
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4) Uavgn (Stop bit) w1, 1.5 w3p 2 Un

¥ 1 1 2 1 3 ] 4 1 5 1 8 1 ? 1 B 1 9 1 1D 1 11 1 72 1
V0 1 0 i 1 0 1 0 | :
WAITSTAGE (START: DO ' D1 + D2 + D3 + D4 1 D5 + DE 1 D7 ipa ?
\ OBIT ! : ? : | ; | i i
e DATA »

U7 2.16 msfeansuuuesdalasila [10]

2.8.5 Mmisuuazdsdayauuuaynsy
wlsenaudnwuzn1sianuld 3 wuufe
L. wuuBamnand (Simplex) {Wunisdwdeiudeya wuuiamaie iy
2. Wuugangwand (Half Duplex) LUum3aaua~mmaumwuaaunuﬂaLua
sumilsds Bnduniiendudeuaduiy luawmimuaq’lmfammmnulrﬂ
3. wuunggand (Full Duplex) anunsasudsdoyaluansaiuld

2.9 GSM (Global System for Mobile communication)

GSM (Global System for Mobile communication) tJusvuuinaluladindoui
dneafildodianirandluglsluazdiuduvedtan 6sM 1¥nisudsiures time division
multiple access (TOMA) warlgSunisldunniigavesanunaluladinsdniiliarensnea
technologies (TDMA, GSM, and CDMA) nsvililuidneauasusadeyaves GSM iy
ddlunudesiaedn 2 arvseillasvestoyadliluudaraden Asilienldiuauanud 900
MHz %5 1800 MHz

Tunsdetoya deagld Bandwidth sauUszanal 25 MHz Mniugesdesdyyinly
n1sdeseaniludesdes q lnsdinuniredesdygins (Bandwidth) 200 kHz gy 1
Bo9d Y184 (Channel) ﬁaﬁ?u‘[mUﬁ’;umﬂﬁi’wmuﬁmﬁtymﬂmmaq GSM azfilaUszunm 124
gosdyga lasly 1 desdynaziosdudlianulsd 8 au

s

2.9.1 Tasea$evesszuu GSM azUsznauludae 3 daulug) q dsil
1. SWICHING SYSTEM (55) Usznauludne 5 du fail

- MOBILE SERVICE SWITCHING CENTER (MSC) Ao fUANEVDITEUY
Tnséwiindoud GsM MMUTﬂﬂ’JUﬂ&J‘i”UULLa“P‘IﬂNUﬂ’ﬂ,’UU‘iﬂ’li

- HOME LOCATION REGISTER (HLR) vJu DATABASE Imnwama
\Auiuio way waa‘ummwaﬂmﬂwmLwaiﬂunmnmwmmmﬁ uanmﬂummuwaua
wmm‘[wmwmmaawaa’tu MSC vy n1sdinda HLR mwummmaaﬂuﬂu MSC v3aueniu
Ale

- VISITOR LOCATION REGISTER (VLR) t¥/u DATABASE mn‘umama
T,wa‘ﬁwmLﬂaauwmmaﬂuﬁmawu Tunisiada VLR mu’[wmvmmﬂmu MSC L&
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- AUTHENTICATION CENTER (AUC) Tgd@wm5uifiu AUTHENTICATION
qummdu‘uaw’fbﬁmﬁ‘wﬁlﬁaw“Lﬂwammﬂmaamalu was ENCRYPTION PARAMETER
FalddmTussuunstosiumssnila

- EQUIPMENT INDETITY REGISTER (EIR) U1 DATABASE wm‘u*uama
IDENTITY waaa3adlnsimindoud] Lwaﬁamulu"b’ﬂmﬂwwmaauwmluaaWLuau vrialmm
atldgndeanungvine Whanldenlussuuld msinds ELR andlugjazegsiuiu AUC

2. BASE STATION SYSTEM (BSS)

- BASE STATION CONTROLLER (BSQ)

- BASE TATION TRANSCEIVER (BTS)

BASE STATION CONTROLLER (BSC) ﬂawawwmwmwmwmmm
mmnmamwa’lusvw LU AIUANNIS HANDOVER mc—wmimmnwaaammmwama 9
u,avmwauammn‘u CELL uanmnummuﬂumaaaaammm’uaaamuﬁmLtau
Tmﬂwmﬂaaw Tunsvieuiu MSC usiag MSC AIUAN BSC 1 BSC w3aunnnin uazlu
uwAay BSC 9zAIuAN BTS vaw 9 BTS

3. OPERATION & SUPPORT SYSTEM (OSS)
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2.10 AT-COMMAND
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2.10.1 COMMAND liigadaafiunisiu-de SMS gnrds AT COMMAND 7il4iy
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1. Message Format (AT+CMGF) uddsinvumgunuuasdoninuitasli
WARIDDNUT Lag

AT+CMGF = 1 A uanstoruluguuuy TEXT

AT+CMGF = 0 fg uanstemaluguwuy PDU CODE

2. List Message (AT+CMGL) iusdaiiliiuansdormuluaaiugsie Tngay
wansoruiaun fdnvawnsldmdd

AT+CMGL-0 fio wansdonuiléFuundlaildery (“REC UNREAD”)
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4. Send Message (AT+CMGS= “XX”) (ludsiilddmsudedonuds “xx”
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2.11 Arduino
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g‘uﬁ 2.17 197 Arduino [ 5]

Tunaalulaspeulnsaiaosiifudenuinaune 1wy Parallax Basic Stamp, Netmedia's
BX-24, Pidgets, MIT's Handyboard, wagdnvaneidriifiauand@lndideety fevilaseedy
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2.11.1 99fv09 Arduino
1517 luws
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2. ynnulevansunannasy
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fianN1sUeItNWaIId 08 TN
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23
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3.1.1 lwuIYaINII9uANLAdaulwY (Motion detect Sensor)
1. Passive Infrared Receiver (PIR sensor) #5133UAULARa U lWIF8A7S
asinAuSauluRuANARINg Lﬁamswﬁummmﬁau‘lmiﬂa‘nmmﬁmﬁﬁnmsmmaaa

gﬂﬁ 3.2 Passive Infrared Receiver (PIR sensor)

2. Photoelectric Sensor #afifefy 2 wuy Auuu

- Diffuse Mode 1T Sensor flenfamdnnisBauasluiting wéaziiounduan
Hesnldilufidndeion mseliRnigiinssdudufasiounandu

- Retro reflective Mode t¥u Sensor fifiasadauniuasiou lﬁaﬁﬁﬂﬂ’h

Reflect LHumagviounasnduun arwisothlvldedlanusnuidnissifanuiinisindg
wenanfunuaviey Sudsavinlviszaenisnsnduing asavildlnaty

. .
E‘Uﬁ 3.3 . Photoelectric Sensor WuU Diffuse Mode
9. Photoelectric Sensor WUU Retro reflective Mode



3.1.2 laseasnavasviueug

26

Tuduvesjusudldvitnisesnuuulassaienouudniinisdnuiuoza3an

G A - v 5w el A & v
e liuiinuamuieanunsasuminangunsainasinseme lUls

& cm

/

_

6cm

|~

s
o
3
N
-3

JUN 3.4 wuulpseasnawasiueud

2 = % il . | | v o o 8§ v i ¢
Lavewil (Omni-direction wheel) Tudiwvasdenldlunisiliviusus
indoufiaylddeanil FalanuesmBasy Ussnoumefian1an1smyunuiuinIsNwedenis

VIUYBIGNNAINARDYTEUY VBIRD UagNIMUTIRdudasEninsgnnaeiuiiy

KealnR

Side Views

Sleanng Link or Robot

Rabat

roller ——»

/point of contact

A s
JUT 3.5 mdnnviyuvesie [ 6]




27

canl
e
=

[
LY =

JUT 3.7 lassaisjuiifessdesudud

2. ndealefl (IP Camera) Yagtundeaisasla CCTV wuu IP Camera tu
uialanngaufisesnismiy vaendouanihsefimindauresmues dedefiveandes
299580 CCTV Yauuu IP Camera Huil aguarsdoinefiien sndmegraninmudt 2 ndes
lodi (P Camera)anunsodaseruszuuiinidsa Taglduinfauuy 1P 16 vildaunsag
amiuansiuiuledldnnd wie fanuaunsolunishnsedy Internet Hume Point
to Point Protocol Connection (PPP Connection) lasag6ate9 Tneludasld ADSL
Router wa¥s1A19n fuAuansnvendesiiil memory storage melufuazanursasialls

]
g v

U7 3.8 Inssaievudidnsisndeslod (IP Camera) uda



28
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3.2.2 dauveslugaliae (ESP8266)
lugaliang esP8266 Wulugaiianuisadusiiunazidslusudendu 14
dwiudaduaraunlinneuesiiarSudygrunneuesivetuilszaiana

VCC,GND -> +3.3V (5V maybe work)
TXD RXD -> Arduino RX(0) TX(1)
CH_PD -> VCC or PULLUP

SUT 3.12 wesaues ESP8266 [2]

U
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UTXD, port PB2 siffun1 URXD fegufi 3.13
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22 uf
(| PBé
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g GND

JUM 3.13 weasanaduanundeulmuardsdayaniu ESP8266
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4.3 Magaud1uYa9299sluaaliane

4.3.1 ESP8266
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4.3.2 SIM900
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#include<TEE_ESP_WIFl.h>
#include <SoftwareSerial.h>
#define pinEN 9

#define ESP_Rx 10

#define ESP_Tx 11

int a =0;

int _sw =8;

String ssid="DNOP";

String pass="pond5555";

String serverip="192.168.43.168"
String port="8000";

long previousMillis = 0;

long interval = 1000;
ESP Wifi(ESP_Rx,ESP_Tx,pinEN);

void print_debug(String data)
{
Serial.print(data);
}
void setup()
{
pinMode(13,0UTPUT);
digitalWrite(13,1);
Serial.begin(9600);

wifi.begin(9600);

Serial.printin("ESP8226");
wifi.Event_debug = print_debug;
wifi.reset();
wifi.setmode(STATION);



wifi.disconnectAP();
wifi.connectAP(ssid,pass);
wifi.multipleconnect(SINGLE);
String ip = wifi.myip();
wifi.startclient("TCP",serverip,port);
digitalWrite(13,0);

void loop()

{
int sw = digitalRead(_sw);

if(sw == 0){
//Serial.println(sw);
wifi.print("3"); // fAURR UG DS
delay(1);
}
// Serial.println(a);



TUsunsunaunvas Client Al4iiu SIM900

#include<TEE_ESP_WIFl.h>
#include <SoftwareSerial.h>
#define pinEN 9

#define ESP_Rx 10

#define ESP_Tx 11

SoftwareSerial mySerial (7,8);

String ssid="DNOP",

String pass="pond5555";

String serverip="192.168.43.168",
String port="8000"

long previousMillis = 0;

long interval = 1000;
ESP wifi(ESP_Rx,ESP_Tx,pinEN);

void print_debug(String data)

{
Serial.print(data);

}

void setup()

{
pinMode(13,0UTPUT);
digitalWrite(13,1);
Serial.begin(19200);
wifi.begin(9600);
Serial.println("ESP8226");
wifi.Event_debug = print_debug;
wifi.reset();
wifi.setmode(STATION);
wifi.disconnectAP();

wifi.connectAP(ssid,pass);



wifi.multipleconnect(SINGLE);
String ip = wifi.myip();
wifi.startclient("TCP",serverip,port);
digitalWrite(13,0);

void loop()
{
String data = wifi.readstringdata();
if(data.length())
{
if(data=="1")
{
mySerial.begin(19200);
delay(3000);
mySerial.print("AT+CMGF=1\r");
Serial.print("AT+CMGF=1\r"); //Because we want to send the
SMS in text mode
delay(100);
mySerial.printin("AT + CMGS = \"0883487252\""),//send sms message, be careful need
to add a country code before the cellphone number
Serial.printin("AT + CMGS = \"0883487252\"");
delay(100);
mySerial.printin("sensor1");
Serial.println("sensor1"),//the content of the message
delay(100);
mySerial.println((char)26);//the ASCIl code of the ctrl+z is 26
delay(100);
mySerial.print(n();
wifi.begin(9600);
delay(100);
Serial.print(data);
}
if(data=="2")
{



mySerial.begin(19200);

delay(1000);

mySerial.print("AT+CMGF=1\r");  //Because we want to send the SMS in text mode
delay(100);

mySerial.printin("AT + CMGS = \"0883487252\");//send sms message, be careful need

to add a country code before the cellphone number

}

delay(100);

mySerial.println(*Sensor2");//the content of the message
delay(100);

mySerial.printin((char)26);//the ASCII code of the ctrl+z is 26
delay(100);

mySerial.println();

wifi.begin(9600);

delay(100);

Serial.print(data);

if(data=="3")

{

mySerial.begin(19200);

delay(1000);

mySerial.print("AT+CMGF=1\r");  //Because we want to send the SMS in text mode
delay(100);

mySerial.printin("AT + CMGS = \"0883487252\");//send sms message, be careful need

to add a country code before the cellphone number

}

delay(100);

mySerial.println("Sensor3");//the content of the message
delay(100);

mySerial.println((char)26);//the ASCII code of the ctrl+z is 26
delay(100);

mySerial.printn();

wifi.begin(9600);

delay(100);

Serial.print(data);

if(data=="4")



{
mySerial.begin(19200);
delay(3000);
mySerial.print("AT+CMGF=1\r");  //Because we want to send the SMS in text mode
delay(100);
mySerial.println("AT + CMGS = \"0883487252\"");,//send sms message, be careful need
to add a country code before the cellphone number
delay(100);
mySerial.println("sensord"),//the content of the message
delay(100);
mySerial.printin((char)26);,//the ASCIl code of the ctrl+z is 26
delay(100);
mySerial.print(n();
wifi.begin(9600);
delay(100);
Serial.print(data);
}
data=""



U [
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#include<TEE _ESP WIFL.h>
#include <SoftwareSerial.h>
#define pinEN 9

#define ESP Rx 10

#define ESP_Tx 11

String ssid="DNOP",
String pass="pond5555";
String port="8000",

int spl=0;

int spr=0;

ESP wifi(ESP_Rx,ESP_Tx,pinEN);

void print_debug(String data)

{
Serial.print(data);

}

void setup()

{
pinMode(30,0UTPUT);
pinMode(31,0UTPUT);
pinMode(32,0UTPUT);
pinMode(33,0UTPUT);

pinMode(34,0UTPUT);
pinMode(35,0UTPUT);
pinMode(36,0UTPUT);
pinMode(37,0UTPUT);
pinMode(13,0UTPUT);
digitalWrite(13,1);
Serial.begin(19200);
wifi.begin(9600);
Serial.println("EPS8226");



wifi.Event_debug = print_debug;
wifi.reset();
wifi.setmode(STATION);
wifi.disconnectAP();
wifi.connectAP(ssid,pass);
wifi.multipleconnect(MULTIPLE);
wifi.startserver(port);
String ip = wifi.myip();
digitalWrite(13,0);
}
String data="",
void connectwifi(){
digitalWrite(13,1);
wifi.Event_debug = print_debug;
wifi.reset();
wifi.setmode(STATION);
wifi.disconnectAP();
wifi.connectAP(ssid,pass);
wifi.multipleconnect(MULTIPLE);
wifi.startserver(port);
String ip = wifi.myip();
// digitalWrite(13,0);

void forward (int spr,int spl){
digitalWrite(30,1);
digitalWrite(31,1);

digitalWrite(32,0);
digitalWrite(33,1);

digitalWrite(34,1);
digitalWrite(35,0);

digitalWrite(36,1);



digitalWrite(37,1);

analogWrite(8,spr);
analogWrite(9,spl);

}

void backward (X
digitalWrite(30,0);
digitalWrite(31,0);
digitalWrite(32,1);
digitalWrite(33,0);

L

’

digitalWrite(34,0);
digitalWrite(35,1);
digitalWrite(36,0);
digitalWrite(37,0);
analogWrite(8,250);
analogWrite(9,250);

}

void right (X
digitalWrite(30,1);
digitalWrite(31,0);
digitalWrite(32,1);
digitalWrite(33,1);

digitalWrite(34,1);
digitalWrite(35,1);
digitalWrite(36,0);
digitalWrite(37,1);
analogWrite(8,250);
analogWrite(9,250);

}

void left ()f
digitalWrite(30,0);
digitalWrite(31,1);
digitalWrite(32,1);

?



digitalWrite(33,1);

digitalWrite(34,1);

digitalWrite(35,1);

digitalWrite(36,1);

digitalWrite(37,0);

analogWrite(8,250);

analogWrite(9,250);
}

void stop_ (X
digitalWrite(30,1);
digitalWrite(31,1);
digitalWrite(32,1);
digitalWrite(33,1);

digitalWrite(34,1);
digitalWrite(35,1);
digitalWrite(36,1);
digitalWrite(37,1);
analogWrite(8,0);
analogWrite(9,0);

}

void rr_()f
digitalWrite(30,0);
digitalWrite(31,1);
digitalWrite(32,0);
digitalWrite(33,1);

digitalWrite(34,0);
digitalWrite(35,1);
digitalWrite(36,0);
digitalWrite(37,1);
analogWrite(8,110);
analogWrite(9,110);



}
void L (X
digitalWrite(30,1

(30,1);
digitalWrite(31,0);
digitalWrite(32,1);
digitalWrite(33,0);

digitalWrite(34,1);
digitalWrite(35,0);
digitalWrite(36,1);
digitalWrite(37,0);
analogWrite(8,110);
analogWrite(9,110);
}
void track ()f
while(true)
int sensorR= analogRead(A6);
int sensorl = analogRead(A7);
sensorR = sensorR/4;
sensorL = sensorlL/4;
if(sensorR < 40}
spr=50;
Jelsef
Spr=200;
}
if(sensorl < 40)
spl=50;
telsef
spl=200;
}
if(sensorR < 40 && sensorl < 40)
break;
forward(spr,spl);
data ="",
String data = wifi.readstringdata();



if(data.length())
{
if(data=="M")
{
manaul();
//break,;
}
}
}

stop_();

delay(1000);

}

void uturn(){
i il
delay(1800);
stop_();

}

void manaul ({

while(true){
String data = wifi.readstringdata();
if(data.length())

{
if(data=="A")
{
forward(250,250);
}
if(data=="B")
{
backward();
}
ifldata=="C")
{
left();

}



if(data=="D")
{
right();
}
if(data=="5")
{
stop_();
}
if(data=="F")
{
break;
}
if(data=="1")
{
wifi.print(0,data);
Serial.print(data);
}
if(data=="2")
{
wifi.print(0,data);
Serial.print(data);
}
if(data=="3")
{
wifi.print(0,data);
Serial.print(data);
}
if(data=="4")
{
wifi.print(0,data);
Serial.print(data);
}



void loop()

String data = wifi.readstringdata();
if(data.length())
{
if(data=="1")
{
wifi.print(0,data);
track();
uturn();
track();
uturn();
Serial.print(data);
}
if(data=="2")
{
wifi.print(0,data);
track();
uturn();
track();
uturn();
Serial.print(data);
}
if(data=="3")
{
wifi.print(0,data);
track();
uturn();
track();
uturn();
Serial.print(data);
}
if(data=="4")
{
wifi.print(0,data);



track();
uturn();

track();
uturn();

Serial.print(data);
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LM2596 SIMPLE SWITCHER® Power Converter 150 kHz
3A Step-Down Voltage Regulator

Check for Samples: LM2596

FEATURES
« 3.3V, 5V, 12V, and Adjustable Output Versions

* Adjustable Version Output Voltage Range,
1.2V to 37V %4% Max Over Line and Load
Conditions

* Available in TO-220 and TO-263 Packages

*  Ensured 3A Output Load Current

* Input Voltage Range Up to 40V

* Requires Only 4 External Components

* Excellent Line and Load Regulation
Specifications

* 150 kHz Fixed Frequency Internal Oscillator

* TTL Shutdown Capability

* Low Power Standby Mode, Iy Typically 80 pA

» High Efficiency

* Uses Readily Available Standard Inductors

* Thermal Shutdown and Current Limit
Protection

APPLICATIONS

* Simple High-Efficiency Step-Down (Buck)
Regulator

* On-Card Switching Regulators

* Positive to Negative Converter

Typical Application
(Fixed Output Voltage Versions)

DESCRIPTION

The LM2596 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable of
driving a 3A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12V, and an adjustable output
version.

Requiring a minimum number of external
components, these regulators are simple to use and
include internal frequency compensation , and a
fixed-frequency oscillator.

The LM2596 series operates at a switching frequency
of 150 kHz thus allowing smaller sized filter
components than what would be needed with lower
frequency switching regulators. Available in a
standard 5-lead TO-220 package with several
different lead bend options, and a 5-lead TO-263
surface mount package.

A standard series of inductors are available from
several different manufacturers optimized for use with
the LM2596 series. This feature greatly simplifies the
design of switch-mode power supplies.

Other features include a ensured +4% tolerance on
output voltage under specified input voltage and
output load conditions, and +15% on the oscillator
frequency. External shutdown is included, featuring
typically 80 pA standby current. Self protection
features include a two stage frequency reducing
current limit for the output switch and an over
temperature shutdown for complete protection under
fault conditions. ")

(1) 1 Patent Number 5,382,918.

Feedback
12V +Viy 4
Unregulated LM2596 Output L1 5.0y Regulated
DC Input 1 5.0 Output
+|_ Gy - - . 33+l g, 34 Load
680 uF plies D1
H
ON/OFF GND 1N5824

| 220 uF

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

SIMPLE SWITCHER is a registered trademark of Texas Instruments.

All other trademarks are the property of their respective owners.

] — — s

PRODUCTION DATA information is current as of publication date,
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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Connection Diagrams

Pins 1, 3, and 5 Side
Side ’ ﬁ Pins 2 and 4 View d x
View T .
=TT 5 - ON/OFF
GND 5 - ON/OFF Top Metal —T-T1 4 - feed Back

—T—T—1 4 - Feed Back i Tab =T33 3 - Ground
T.OP O [——T—T—3 3 ~ Ground Visw GND 1132 - Output
Vi T 7 = Output =1 = ViN

O ———i = ¥
Figure 1. 5-Lead Bent and Staggered Leads, Figure 2. 5-Lead DDPAK/TO-263 (S) Package
Through Hole TO-220 (T) Package See Package Number KTT0005B

See Package Number NDH0005D

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“Ei\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings (@

Maximum Supply Voltage 45V
ON /OFF Pin Input Voltage -0.35V < +25V
Feedback Pin Voltage -0.3 =V <+25V

Output Voltage to Ground (Steady State) -1V
Power Dissipation Internally limited
Storage Temperature Range =-65°C to +150°C
ESD Susceptibility

Human Body Model ) 2 kv

Lead Temperature
DDPAK/TO-263 Package

Vapor Phase (60 sec.) +215°C
Infrared (10 sec.) +245°C
TO-220 Package (Soldering, 10 sec.) +260°C
Maximum Junction Temperature +150°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.
(3) The human body model is a 100 pF capacitor discharged through a 1.5k resistor into each pin.

Operating Conditions

I Temperature Range -40°C = T, < +125°C
Supply Voltage 4.5V to 40V
2 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2596
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LM2596-3.3 Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating

Temperature Range

LM2596-3.3 i T
Symbol Parameter Conditions imi el ot
y THP L|(r2r)||t (Limits)
SYSTEM PARAMETERS ) Test Circuit Figure 20
VouT Output Voltage 4.75V £Viy 240V, 0.2A < lLoap = 3A 3.3 V
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency Vin =12V, ILDAD =3A 73 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All'limits specified at room temperature (standard type face) and at temperature extremes (bold type face
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, Input and out

switching regulator system performance. When the LM2596 is used a

as shown in system parameters of Electrical Characteristics section.

LM2596-5.0 Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating

Temperature Range

). All room temperature limits
Statistical Quality Control

put capacitors, and voltage programming resistors can affect
s shown in the Figure 20 test circuit, system performance will be

LM2596-5.0 i
e nits
Symbol Parameter Conditions Imi ;o
Y e T()”J Llll;r)ut (Limits)
SYSTEM PARAMETERS ) Test Circuit Figure 20
Vour Output Voltage 7V S ViS40V, 0.2A S | gap < 3A 5.0 %
4.800/4.750 V(min)
5.200/5.250 V(max)
n Efficiency Vi =12V, 'LOAD =3A 80 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face
are 100% production tested. All limits at temperature extremes are ensured via correlation using standar

). All room temperature limits
d Statistical Quality Control

(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

LM2596-12 Electrical Characteristics
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating

Temperature Range

LM2596-12 o

Symbol Parameter Conditions i sl

y T‘){F L'g)“t (Limits)

SYSTEM PARAMETERS ‘® Test Circuit Figure 20

Vout Output Voltage 15V < Vi S 40V, 0.2A < | oap < 3A 12.0 v

11.52/11.40 V(min)

12.48/12.60 V(max)
n Efficiency Vin =25V, loap = 3A 90 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) Alllimits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: LM2596
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LM2596-ADJ Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-ADJ Unit

o === nits

Symbol Parameter Conditions Tr‘ﬂ’ L'(rz']"t (Limits)

SYSTEM PARAMETERS ) Test Circuit Figure 20

Vs Feedback Voltage 4.5V s VN <40V, 0.2A < I oap < 3A 1.230 \Y

Vout programmed for 3V. Circuit of Figure 20 1.193/1.180 V(min)

1.267/1.280 V(max)
n Efﬁciency Vin =12V, VOUT =3V, lLoap = 3A 73 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

All Output Voltage Versions Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, V,y = 12V for the 3.3V, 5V, and Adjustable version and V) = 24V for the
12V version. | gap = 500 mA

3 LM2596-XX Units
Symbol Parameter Conditions TP{P Li[r{)lit (Limits)
DEVICE PARAMETERS
Iy Feedback Bias Current Adjustable Version Only, Vgg = 1.3V 10 nA
50/100 nA (max)
fo Oscillator Frequency See () 150 kHz

127/110 kHz(min)
1731173 kHz(max)

Vear Saturation Voltage loyr = 3A ) () 1.16 \Y;
1.411.5 V(max)
DC Max Duty Cycle (ON) See () 100 %
Min Duty Cycle (OFF) See ©) 0
ler Current Limit Peak Current 4)(5) 45 A
36/34 | A(min)
6.9/7.5 A(max)
Iy Output Leakage Current Output = oV 46 50 pA(max)
Output = -1V ) 2 mA |
30 mA(max)
la Quiescent Current See (© 5 mA
10 mA(max)

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All'limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQIL).

(3) The switching frequency is reduced when the second stage current limit is activated.

(4) No diode, inductor or capacitor connected to output pin.

(5) Feedback pin removed from output and connected to OV to force the output transistor switch ON.

(6) Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the ADJ. version, and 15V for the 12V version, to force
the output transistor switch OFF.

(7) Vi =40V.

4 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
Product Folder Links: LM2596
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All Qutput Voltage Versions Electrical Characteristics (continued)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, V,y = 12V for the 3.3V, 5V, and Adjustable version and V,y = 24V for the
12V version. |, gap = 500 mA

o sl Units
Symbol Parameter Conditions TP”, Lig;it (Limits)
IsTaY Standby Quiescent Current | ON/OFF pin = 5V (OFF) (7 80 pA
200/250 HA(max)
8¢ Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 ‘C/w
Bua T0O-220 Package, Junction to Ambient (® 50 °C/W
B TO-263 Package, Junction to Ambient () 50 °*CIW
8 TO-263 Package, Junction to Ambient (19) 30 °C/W
8. TO-263 Package, Junction to Ambient (1) 20 °C/IW
ON/OFF CONTROL Test Circuit Figure 20
ON /OFF Pin Logic Input 1.3 \%
A Threshold Voltage Low (Regulator ON) 0.6 V(max)
V)L High (Regulator OFF) 2.0 V(min)
Iy ON /OFF Pin Input Current Vioeic = 2.5V (Regulator OFF) & HA
15 HA(mMax)
I Vioacic = 0.5V (Regulator ON) 0.02 pA
5 HA(max)

(8) Junction to ambient thermal resistance (no external heat sink) for the TO-220 package mounted vertically, with the leads soldered to a
printed circuit board with (1 0z.) copper area of approximately 1 in?.

(9) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single printed circuit board with 0.5 in? of (10z.)
copper area.

(10) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5 in? of (1
0Z.) copper area.

(11) Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in2 of (10z)
copper area on the LM2596S side of the board, and approximately 16 in? of copper on the other side of the p-c board. See Application
Information in this data sheet and the thermal model in Switchers Made Simple™ version 4.3 software.

Copyright @ 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
Product Folder Links: LM2596
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Photoelectric Sensor with Built-in Amplifier

E3Z

Compact Sensor Offers Long
Sensing Distance and Superior
Noise-Immunity

B Photo-IC provides long sensing
distance: 15 m for through-beam, 4 m
for retroreflective, and 1 m for diffuse

B Integrated Photo-IC improves noise
immunity to interference from inverters
and other inductive loads

® New injection molding technology
assures IP67 rating to withstand water
and dust

B Switch-selectable, Light-ON/Dark-ON
operation

B M8 connector-ready and 2-m, pre-wired
models

B NPN or PNP output models available

C€

Ordering Information

l SENSORS
Sensing method | Light source Appearance Connection Sensing Part number
meled isianes NPN output PNP output
Through-beam IR Pre-wired 15m E3Z-T61 E3Z-T81
m = Dl Connector E3Z-T66 E3Z-T86
Polarized RED (See Note 1.)| Pre-wired 100mmto4m | E3Z-R61 E3Z-R81
retroreflective o 100mmto3m
. Connector (See Note 2. E3Z-R66 E3Z-R86
Diffuse reflective | IR Pre-wired 5to 100 mm E3Z-Dé61 E3Z-D81
— Connector (wide view)  [Eaz.pes E3Z-D86
- Pre-wired im E3Z-D62 E3Z-D82
Connector E3Z-D67 E3Z-D87

Note: 1. The Reflector is sold separately. Select the Reflector model most suited to the application.
2. Sensing distance can be extended to 4 meters when the E39-R1S reflector is used. The sensing distance is 3 meters when the

E39-R1 reflector is used.
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E3Z

B ACCESSORIES (ORDER SEPARATELY)
Slit for Through-beam Models (E3Z-T[J[)

Order a slit for each emitte

r and receiver.

Slit width Sensing distance (typical) Minimum sensing object (typical) | Part number
0.5 mm dia. 50 mm 0.5 mm dia. E39-S65A
1 mm dia. 200 mm 1 mmdia. E39-565B
2 mmdia. 800 mm 2 mmdia. E39-S65C
0.5x10 mm im 0.7 mm dia. E39-565D
1x10 mm 22m 1.2 mm dia. E39-S65E
2x10 mm 5m 2.4 mm dia. E39-S65F
Reflectors for Retroreflective Models
Name Sensing distance (typical) Part number
Reflector 100mmto3m E39-R1
100mmto 4 m E39-R1S
100mmto 5 m i a E39-R2
100mmto2.5m E39-R9
100 mmto 3.5 m E39-R10
Miniature Reflector 50 mmto1.5m E39-R3
Tape Reflector 150 mm to 700 mm E39-RS1
150 mmto 1.1 m E39-RS2
150 mmto 1.4 m E39-RS3

Note: The actual sensing distance may be reduced to approximately 70% of the typical sensing distance when using a Reflector other

than the E39-R1 or the E39-R18S.

B MOUNTING BRACKETS

Appearance Description Part Appearance Description Part
number number

L-bracket, horizontal E39-L104 Compact vertical E39-L142
protective cover bracket

L-bracket, vertical E39-L44
Vertical protective cover E39-1.98
bracket

Open top, E39-143

20° angle adjustability

Protected top E39-L144

5° angle adjustability

Note: If a through-beam model is used, order two Mounting Brackets — one for the emitter and one for the receiver.

3




E3Z OMRON E3Z
M8 Connectors
Appearance Cable type Part number
Straight 2m (8.56 f) Four-wire type XS3F-M421402-A
5m (16.40 ft) XS3F-M421-405-A
Right angle 2m (6.56 ft) XS3F-M422402-A
5m (16.40 fi) XS3F-M422-405-A

Specifications

ltem Sensing method

Through-beam

Polarized retroreflective

Diffuse reflective

100 mm (3 m Note 2)
(when using E39-R1)

NPN output E3Z-T61/T66 E3Z-R61/R66 E3Z-D61/D66 E3Z-D62/D67
PNP output E3Z-T81/T86 E3Z-R81/R86 E3Z-D81/D86 E3Z-D82/D87
Sensing distance 15m 100 mm (4 m Note 1) White paper White paper
(when using E39-R1S) | (100 x 100 mm): (300 % 300 mm):
100 mm im

Standard sensing object

Opague: 12 mm
(dia. min.)

Opaque: 75 mm
(dia. min.)

Hysteresis

20% max. of setting distance

Directional angle

Both emitter and
receiver: 3to 15°

2to10°

Light source (wave length)

Infrared LED (860 nm)

Red LED (680 nm)

Infrared LED (860 nm)

Power supply voltage

121024 VDC +10% including 10% (p-p) max. ripple

Current consumption

Emitter: 15 mA
Receiver: 20 mA

30 mA max.

Control output

100 mA max. at 26.4 VDC, open collector output
(residual voltage: 1 V max.)
L-ON/D-ON, switch selectable

Circuit protection

Load short-circuit and
reversed power supply
protection

Reversed power supply connection, output short circuit, and mutual

interference protection

Response time 1 ms max.

Sensitivity adjustment One-turn potentiometer

Ambient Incandescent lamp 3,000 lux max.

illumination

{receiver side) | Sunlight 10,000 lux max.

Ambient Operating -25°C to 55°C (-13°F to 131°F)

temperature Storage -40°C to 70°C (-40°F to 158°F) with no icing or condensation
Ambient Operating 35% to 85%

humidity Storage 35% to 95% with no condensation

Insulation resistance

20 MQ min. at 500 VDC

Dielectric strength

1,000 VAC, 50/60 Hz for 1 min

Vibration resistance

10 to 55 Hz, 1.5-mm double amplitude or 300 m/s? for 2 hours each in X, Y, and Z axes

Shock
resistance

Destruction

500 m/s? 3 times each in X, Y, and Z axes

Enclosure rating

IP67 (IEC60529)

Approvals

GE

Connection method

2 m cable or M8 connector

Indicator Operation indicator (orange)

Stability indicator (green)

Emitter has power indicator (orange) only
Weight Pre-wired cable (2 m) | Approx. 120 g (4.2 0z) | Approx. 65 g (2.3 0z)

(packed state) [=oo-—m

Approx. 30 g (1.1 oz)

Approx. 20 g (0.7 0z)

Material

Case: PBT (polybutylene terephthalate); Lens: Methacrylate resin

Accessories

Instruction manual (Order Reflector and Mounting Bracket separately.)

Note: 1. Sensing distance can be extended up to 4 meters when the E39-R1S reflector is used,

2. Sensing distance can be extended up to 3 meters when the E39-R1 reflector is used.
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Nomenclature

Through-beam Models
E32Z-T6[J Receiver

E3Z

Retroreflective Models

E3Z-R6[]

Diffuse-reflective Models

E3Z-D6[]

Operation

Stability indicator (green)

Operation selector

— Sensitivity adjuster

s — Operation indicator (orange)

B OUTPUT CIRCUITS

clreuit

f———
1
1

Model E3Z-T61/-T66/-R61/-R66/-D61/-D66/-D62/-DE7
NPN output Through-beam receiver Through-beam emitter
Retroreflective model
Diffuse reflective model
Power indicator (orange)
- I S "_—'j Brown
, ot 0
!ﬁgim"’ %’ Stabilty ! * !
] indicator N W, |
Orange Green
I | Mam_“ l :‘]‘fc‘:“ I 12 to 24 VDG
] circul
] | : 1
L 1
L —_ I L é Blue
Model E3Z-T81/-T86/-R86/-D81/-D86/-D82/-D87
PNP output Through-beam receiver Through-beam emitter
Retroreflective model
Diffuse reflective model
Power indicator (orange)
14 i)
e Stabiey | * T
] indicator [] ]
Orange reen 1 My, 1
| Main ::;'L‘“ 1210 24 VDG

Blue

R

Connector pin
arrangement

(€10
o @
Pin 2 is open.

@@
Pins 2, 4 are open,

B TIMING CHARTS

Light-ON (L-ON) Operation

Incident
Interrupted

Operation OoN
indicator
forange) ~ OFF

E":‘;_::_;:

i $ o

RESRET R
transistor OFF

Load Operate
(relay) Reset

Eldiauic

(Between biue and black)

Dark-ON (D-ON) Operation

Incident Egg:a
Interrupted
namo R [ER
bt H i)
indicator OFF

(orange)
ON ——

Qutput b ]
transistor OFF

Load Operate
(relay) Reset £E& z

(Between blue and black)




E3Z OMRON E3Z
B CONNECTOR PIN-OUT
— Wire colors
@ @ o~ Brown
® 0 iy
3] A/ Black
XE3F-M421-402-A XS3F-M421-405-A
XS3F-M422-402-A XS3F-M422-405-A
Classification Wire color Connector pin No. Use
DC Brown A Power supply (+V)
White B Pin 2 is not used.
Blue C Power supply (0 V)
Black D QOutput
Note: The through-beam emitter does not use pins 2 and 4.
Engineering Data
B PARALLEL OPERATING RANGE (TYPICAL)
Through-beam Models Through-beam Models Retroreflective Models
E3Z-T(J1 (TO6) E3Z-T(J1 (T[J6) and Slit E3Z-R[J1 (RC16) and Reflector
800 T 200 :
= A/ £ 2 S
. _I:" P _ ‘SD_L e = Esg.Rs2 |~ J"' 1
E,‘“’D ‘/’“*'/ ' E 100 : X 2dia,slit | et g o - \\ ~X-v] |
Em ! E %) N O i E sl
g . _‘ Distance X (m) § o J Distance X (m) § | Distance X (m)
ko 19 20 30 S R !' ‘li 5 6 @ 2 4 B 10
D—eoo Q. Y] f\‘ 5 —5¢ / il i ,
— \ S T-dia. slit -\\\‘ Slitt 1x10 55 A} ' ” /‘ [ !
] SIit:0.5 % 10 T " 5L Easme
—s00] - ‘ \\ — 150 ; Siit 2% 10 —150 EISRS 3o Bapnas
! oy %
~803 ~200 ! ’ —200 E33-R1

B OPERATING RANGE (TYPICAL)

Diffuse Reflective Models

E3Z-D[J1 (DJ6)

Diffuse Reflective Models
E3z-D[]2 (DJ7)

50

50
= = | ]
[ 4
2 Pk -H, S - 8
T
g 20 \ g’ 20
> 10 P ™, >
5 8
g 50 5 0
g—w - nm) 5_"—10 -
—20 ;\- —20
~30f Black carbon - 7\ —30
‘White drawing paper
—40 e mmadfasive sus — —40
(glossy surface)
—50 —50

Black
carbon

—LhT

25

3 35
Distance X (m)

\
A3
White drawingpaper sUs |
S i (Tlossy sunace)l
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B EXCESS GAIN RATIO VS. DISTANCE (TYPICAL)

Through-beam Models
E3Z-T(J1 (T(Ie)

Retroreflective Models
E3Z-R[]1 (R(J6) and Reflector

Diffuse Reflective Models
E3Z-D[J1 (DI6)

E3Z

100 100 100 = - T
700" ToF— 70| Sensingtarget
S0 50 spf 100 x 100 mm white paper
30 a0 30
o — o =}
= E=] =
2 ol \_ © 49 NN : g 10 =
£ 7 — £ 7 —— X c = - T
X . L ;
S s ~ S 5 o e e B 3 = S
0 3 " I, (= a3 . 0 3
2 \ @ NN |\ ESORZ 2 SN
o O N / o
x x N X
W L w 5 X S L 2 ~
07 e 0.7 = AFN e 07 —e Wy -
b 05— E39-Ha 7 E39-R1S 05 . m—
03— D'ai ..o EB9-R1 gal—
0.1 | 03 0.1
0 10 20 30 40 50 60 a 2 4 [ 10 D 50 1 ] 150 200 250 3D0
Distance X (m) Distance X (m) Distance X (mm)
Diffuse Reflective Model
E3Z-D[]2 (D7)
-G,SL SEnsiné target:
50| 3800 x 300 mm white paper
S 3
©
il
2 I
B ,
[ ] EE— g
0 g 5,
0 b
8 3 A
2 i
i \
0.7 — '\,‘ ..........
0.5
0.3
0.1
05 15 -3 25

Distance X ‘(m)

Sensing Target Size vs. Sensing Distance (Typical)

Diffuse Reflective Models
E3Z-D(J1 (DJ6)

350 I
d i
T White paper
ool 2k
350 Fae
= SUS (gloss:
E 250 =" .-‘.-” surface) Y
8wl /7| |
=
TV
B
a) 50 /
100
/ Bjackpa:er
50 / i =
1
| -
4] 50 100 150 200 250 30D 450

Side length (one side) of
sensing target: d (mm)

Diffuse Reflective Models

E3Z-DJ2 (DJ7)
45
4 [_I; 7
loasd _/‘/
36 A SUS (glossy -
surfaé‘ge) Y
E 3
8 2 /
= .8 /
&
noo2 g
a /’ :
1.5 - : White paper —|
1 /|
d f
05 ,/ Ila::kpapar
o} ¢ 100 150 200 250 330 350

Side length (one side) of
sensing target: d (mm)



E3Z OMRON E3Z

Unit: mm (inch)

Ml SLITS

E39-S65A E39-S65D
E39-S65B = E39-S65E
E39-S65C e E39-S65F

: F 322 I [ *
¥ (127) o
2 i -
L E;g 4,5*‘1—,‘—
i 2B
Model Side A Material Model Side A Material
E39-S65A 0.5 dia. SUS301 E39-S65D 0.5 SUS301
E39-S65B 1.0 dia. stainless E39-S65E 1.0 stainless
E39-565C |2.0dia, | Steel E39-S66F | 20 steel
B REFLECTORS
E39-R1
E38-R1S -~ 40.3(1.59) -
Two, 8.5 dia. =34 (1.34) — | (0.30)
it " F
5.2 |
(2.05)
59.9 1
(2.36) i j
g‘la;erial ; = __]'____, -—--—————j _ 13
A c i FISOiE
B:cl?;ze:;gé r;essi;n 1.6 (0.06) (02_'1?1)
-R2
E39 =i 80.8 (3.18) ~---- — 75
Four, 3.5 dia. == 745 (293) —— (0.30)
-H'— 5 .
T+ o R
8
50.9
(2.36) - -4
52
(2.05)
' T 7y il
Material — 7 R 1L
Surface: Acrylic resi pife 87
e e opon o T b
b 30.9 (1.22)
T ]
423 UL
(7 |
21
8
| LT Ta) ol
4 (316) 18 b 3.5(0.14)
. ‘2436
Material « 25 (0.98) = # | |« 5.5(0.22)
Reflecting surface: Acrylic resin = 35.4(1.39)
Back: ABS resin 8 (0.31)
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E39-R10

47 (1,85) -

61.4
242)
304
(1.20)
L 1[ A l - 10 (039
M . 0 Y
a 3 } %
ogo f.. 30(1.18) = ! 3.5 (0.14)
Material e 40(157) o |Z# 5.5 (0.22)
Reflecting surface: Acrylic resin - 51.6(2.03) - 8 (0.31)
Back: ABS resin
H MINIATURE REFLECTOR
E39-R3 e 29 (1.14)
6 3.4
4.5
34
{ 20 T 137
o { Zt 11 (0’6
18.45 I L
0.2
229 ¢ B 20
Material (0.90) (0.79)
Surface: Acrylic resin i
Backside: ABS resin L] =
Adhesive L
™ 1™ tape side 0.2
16
(0.63
34
A1 __liR25.45, (1.34)
34
a v ;
=l nlll]
SUS304
28 ‘L—:l stainless
1.2 10 steel

B TAPE REFLECTORS

E39-RS1

Material:
Acrylic resin

E39-RS2

Material:
Acrylic resin

\
Adhesive
tape side

'ﬂ" (00.332)

Adhesive
tape side

4-R1

Material:
Acrylic resin

E39-RS3

80 (3.15)

70
(2.76)

10

4R

» 06
(0.02)

»
W
\

Adhesive
tape side



ESP8266 802.11bgn Smart Device

1 Introduction

)

SR BB

Espressif Systems

Espressif Systems’ Smart Connectivity Platform (ESCP) of high performance wireless SOCs, for

mobile platform designers, provides unsurpassed ability to embed Wi-Fi capabiliies within other

systems, at the lowest cost with the greatest functionality.

i

. 7
| | RF Analog | | % % Interface
- receive receive N W spo
=1 £ o "
g11E | | Mg
2= N
L || 2 | A" crly SPI
| | RF Analog | | 8 D EEE—— 5
transmit transmit ﬁﬁ
v, A »$eguencers GPIO
‘ .| Accelerator 12C
PLL @ 1/2 PLL § ﬁ.}%\ ﬁ ?
 SRAM PMU
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Espressif Systems

ESP8266 802.11bgn Smart Device @

2 Technology Overview

ESP8266 offers a complete and self-contained Wi-Fi networking solution, allowing it to either

host the application or to offload all Wi-Fi networking functions from another application

processor.

Alternately, serving as a Wi-Fi adapter, wireless internet a6 es
microcontroller-based design with simple connectivitythr

AHB bridge interface.

5|Page Espressif Systems Oct 12, 2013
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Espressif Systems

3 Features

= 802.11 b/g/n protocol
= Wi-Fi Direct (P2P), soft-AP
= Integrated TCP/IP protocol stack

= Integrated TR switch, balun, LNA, power amplifier and matching 3
= Integrated PLL, regulators, and power management units
= +]19.5dBm output power in 802.11b mode
= Integrated temperature sensor

=  Supports antenna diversity

=  Power down leakage current of < 10uA

= SDIO 2.0, SPI, UART
STBC, 1x1 MIMO, 2x1 MIMQ”™

6|Page Espressif Systems Oct 12, 2013
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Espressuf Systems

S5 Ultra Low Power Technology

ESP8266 has been designed for mobile, wearable electronics and Internet of Things applications
with the aim of achieving the lowest power consumption with a combination of several

proprietary techniques. The power saving architecture operates in 3 modes: actiye(;

mode and deep sleep mode.

When in sleep mode, only the calibrated real-tilgc' and Witeh dog remains active. The real-

time clock can be programmed to wake up t a 1y, required interval.

The ESP8266 can be programmed to wAl when‘a,sp ecified condition is detected. This

minimal wake-up time feature of thi

With ESP8266, the only external BOM are resistors, capacitors, and crystal.

8|Page Espressif Systems Oct 12, 2013
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6 ESP8266 Applications

= Smart power plugs

=  Home automation

=  Mesh network

® Industrial wireless control

= Baby monitors

= [P Cameras

= Sensor networks

=  Wearable electronics

=  Wi-Fi location-aware devices
= Security ID tags

*  Wi-Fi position system beacons

9|Page Espressif Systems Oct 12, 2013



TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B — QCTOBER 1987 — REVISED AUGUST 1994
T A R P S T Y T Ty

O e SN o YDy P T T IR 17
equivalent schematic (each amplifier)

R6

1
7
T¥3°

K
=
=iy

R5

CIAT

ouT
b, 1

N N;% N4 N6 N7
D1 $ R4

D2 R7

TLC272Y chip information

This chip, when properly assembled, displays characteristics similar to the TLC272C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

]
Ll

(3)

TIN—— -

1IN+

5
(7) 2IN+
20UT

=23
o

(4)
GND
CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tgmax =150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

— 73 Ll PIN (4) IS INTERNALLY CONNECTED
I\'Ili;l’ll\[\|Il![lll‘i|l|\|I'I|E|I'Illll|l|\|l|i|||l|t|lf\Jl|I‘\[I|I|I|I TO BACKSIDE OF CHIP.

Lttt b bbbl

e

J@’1ﬁ§0¥5
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 756265 3



1. Features

Features of the nRF24L01+ include:

* Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX interface
» GFSK modulation
» 250kbps, 1 and 2Mbps air data rate
» 1MHz non-overlapping channel spacing at 1Mbps
» 2MHz non-overlapping channel spacing at 2Mbps
« Transmitter
» Programmable output power: 0, -6, -12 or -18dBm
» 11.3mA at 0dBm output power
* Receiver
» Fast AGC for improved dynamic range
Integrated channel filters
13.5mA at 2Mbps
-82dBm sensitivity at 2Mbps
-85dBm sensitivity at TMbps
» -94dBm sensitivity at 250kbps
* RF Synthesizer
» Fully integrated synthesizer

Yy ¥ v v

NRF24L01+ Product Specification

» No external loop filer, VCO varactor diode or resonator

» Accepts low cost +60ppm 16MHz crystal
* Enhanced ShockBurst™

» 1to 32 bytes dynamic payload length

» Automatic packet handling

» Auto packet transaction handling

» 6 data pipe MultiCeiver™ for 1:6 star networks
- Power Management

» Integrated voltage regulator

» 1.9 to 3.6V supply range

» Idle modes with fast start-up times for advanced power management

» 26pA Standby-I mode, 900nA power down mode
» Max 1.5ms start-up from power down mode
» Max 130us start-up from standby-l mode
* Host Interface
» 4-pin hardware SPI
» Max 10Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
* Compact 20-pin 4x4mm QFN package

Revision 1.0 Page 8 of 78



NRF24L01+ Product Specification

1.2 Block diagram
RF Transmitter Baseband
s f H-s CsN
GFSK TX FIFOs
Modulator } & SCK
<> SPI
8 MISO
: Enhanced ShockBurst MOSI
RF Receiver Baseband Engine e
ANT1 N R
RX GFSK o CE
whs ? Fiter [”] Demodulator _ =T
ANT2 s— L “ > O
rl - X_FrFOs 14—» =
XC1 B L T &
RF Synthesiser Power Management Radio Control
XC2 1 l
o <
38 WLoa
> > x 2 4
)
=
Figure 1. nRF241.01+ block diagram
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nRF24L01+ Product Specification

2 Pin Information

2.1

CE

CSN

SCK

MOSI

MISO

Pin assignment

s 8 5 3
< a g 2 =
{20] {19] (18] [17 {16 |
o
...... ¢
2 ) {14
NRF24L01+
3} (13
QFN20 4X4
. (12
St b
6 7 | 8 9 '10._‘3
@] a 0w o™ —
= g 5 ) 2

VSs

ANT2

ANT1

VDD_PA

Figure 2. nRF24L01+ pin assignment (top view) for the QFN20 4x4 package
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2.2 Pin functions
- Pin ~Name | Pin function [ i _ Description ;

1 CE Dlgltaf Input Chlp Enable Actlvates RX or TX mode

2 CSN Digital Input ~ [SPI Chip Select

3 SCK Digital Input ~ [SPI Clock

4 MOSI Digital Input  [SPI Slave Data Input

5 MISO Digital Output [SPI Slave Data Output, with tri-state option

6 IRQ Digital Output [Maskable interrupt pin. Active low

7 VDD Power Power Supply (+1.9V - +3.6V DC)

8 vss Power Ground (0V)

9 XC2 Analog Output | Crystal Pin 2

10 xc1 Analog Input [ Crystal Pin 1

1 VDD _PA Power Output |Power Supply Output (+1.8V) for the internal
nRF24L01+ Power Amplifier. Must be connected
to ANT1 and ANT2 as shown in Figure 32.

12 ANT1 RF Antenna interface 1

13 ANT2 RF Antenna interface 2

14 Vss Power Ground (0V)

15 VDD Power Power Supply (+1.9V - +3.6V DC)

16 IREF Analog Input  |Reference current. Connect a 22k resistor fo
ground. See Figure 32.

17 NETS Power Ground (0V)

18 VDD Power Power Supply (+1.9V - +3.6V DC)

19 DVDD Power Output |[Internal digital supply output for de-coupling pur-
poses. See Figure 32,

20 VSs Power Ground (0V)

Table 1. nRF24L01+ pin function
Revision 1.0 Page 11 of 78
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3 Absolute maximum ratings

Note: Exceeding one or more of the limiting values may cause permanent damage to nRF24L01+.

___ Operatingcondifions | Minimum | Maximum | Unis |
Supply voltages

VDD -0.3 3.6 V
VEE 0 \Y
Input voltage

\ | -0.3 | 525 ] Y
Output voltage

Vo | vsstovop | vsstovpp [

Total Power Dissipation

Pp (Ty=85°C) | | 60 | mw
Temperatures

Operating Temperature -40 +85 °C
Storage Temperature -40 +125 °c

Table 2. Absolute maximum ratings
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NDUCTOR

6.1.32 Standby-Il mode

In standby-Il mode extra clock buffers are active and more current is used compared to standby-I mode.
NRF24L01+ enters standby-Il mode if CE is held high on a PTX device with an empty TX FIFO. If a new
packet is uploaded to the TX FIFO, the PLL immediately starts and the packet is transmitted after the nor-
mal PLL settling delay (130us).

Register values are maintained and the SP| can be activated during both standby modes. For start up
times see Table 16. on page 24.

6.1.4 RX mode

The RX mode is an active mode where the NRF24L01+ radio is used as a receiver. To enter this mode, the
NRF24L01+ must have the PWR_UP bit, PRIM_RX bit and the CE pin set high.

In RX mode the receiver demodulates the signals from the RF channel, constantly presenting the demodu-
lated data to the baseband protocol engine. The baseband protocol engine constantly searches for a valid
packet. If a valid packet is found (by a matching address and a valid CRC) the payload of the packet is pre-
sented in a vacant slot in the RX FIFOs. If the RX FIFOs are full, the received packet is discarded.

The nRF24L01+ remains in RX mode until the MCU configures it to standby-I mode or power down mode.
However, if the automatic protocol features (Enhanced ShockBurst™) in the baseband protocol engine are
enabled, the nRF24L01+ can enter other modes in order to execute the protocol.

In RX mode a Received Power Detector (RPD) signal is available. The RPD is a signal that is set high
when a RF signal higher than -64 dBm is detected inside the receiving frequency channel. The internal
RPD signal is filtered before presented to the RpD register. The RF signal must be present for at least 40us
before the RPD is set high. How to use the RPD is described in Section 6.4 on page 25.

6.1.5 TX mode

The TX mode is an active mode for transmitting packets. To enter this mode, the nRF24L01+ must have
the PWR_UP bit set high, PRIM_RX bit set low, a payload in the TX FIFO and a high pulse on the cE for
more than 10ps.

The nRF24L01+ stays in TX mode until it finishes transmitting a packet. If c = 0, nRF24L01+ returns to
standby-I mode. If cE = 1, the status of the TX FIFO determines the next action. If the TX FIFO is not
empty the nRF24L01+ remains in TX mode and transmits the next packet. If the TX FIFO is empty the
NRF24L01+ goes into standby-Il mode. The nRF24L01+ transmitter PLL operates in open loop when in TX
mode. It is important never to keep the nRF24L01+ in TX mode for more than 4ms at a time. If the
Enhanced ShockBurst™ features are enabled, nRF24L01+ is never in TX mode longer than 4ms.
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6.1.6 Operational modes configuration

The following table (Table 15.) describes how to configure the operational modes.

e TR B ) R e PRIMIRRES Trs v T I R g

ek Mgdg‘ | register | Tegister czmput pm S e FIED state

RX mode 1 1 1 -

TX mode 1 0 1 Data in TX FIFOs. Wil empty all

levels in TX FIFOs2.

TX mode 1 0 Minimum 10us | Data in TX FIFOs. Will empty one
high pulse | jevel in TX FIFOs®,

Standby-1I 1 0 1 TX FIFO empty.

Standby-| 1 - 0 No ongoing packet transmission.

Power Down 0 - - -

a. If CE is held high all TX FIFOs are emptied and all necessary ACK and possible retransmits are car-
ried out. The transmission continues as long as the TX FIFO is refilled. If the TX FIFO is empty when
the CE is still high, nRF24L01+ enters standby-ll mode. In this mode the transmission of a packet is
started as soon as the CSN is set high after an upload (UL) of a packet to TX FIFO,

b. This operating mode pulses the CE high for at least 10us. This allows one packet to be transmitted.
This is the normal operating mode. After the packet is transmitted, the nRF24L01+ enters standby-|
mode.

Table 15. nRF24L01+ main modes
6.1.7 Timing Information
The timing information in this section relates to the transitions between modes and the timing for the cE

pin. The transition from TX mode to RX mode or vice versa is the same as the transition from the standby
modes to TX mode or RX mode (max. 130us), as described in Table 16.

Name - NRF241L.01+ Notes| Max. [ Min. - Comments
150us With external clock
1.5ms External crystal, Ls < 30mH
Tpd2stby |Power Down = Standby mode a 3ms External crystal, Ls = 60mH
4.5ms External crystal, Ls = 90mH
Tstby2a |Standby modes & TX/RX mode 130us
Thece  [Minimum cE high 10ps
Tpece2csn|Delay from CE positive edge to csn 4pus
low J

a. See Table 11. on page 19 for crystal specifications.
Table 16. Operational timing of nRF24L01+
For nRF24L01+ to go from power down mode to TX or RX mode it must first pass through stand-by mode.
There must be a delay of Tpd2stby (see Table 16.) after the nRF24L01+ leaves power down mode before
the CE is set high.

Note: If vDD is turned off the register value is lost and you must configure nRF24L01+ before enter-
ing the TX or RX modes.
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8.2 Air data rate

The air data rate is the modulated signaling rate the nRF24L01+ uses when transmitting and receiving
data. It can be 250kbps, 1Mbps or 2Mbps. Using lower air data rate gives better receiver sensitivity than
higher air data rate. But, high air data rate gives lower average current consumption and reduced probabil-
ity of on-air collisions.

The air data rate is set by the RF_DR bit in the RF_SETUP register. A transmitter and a receiver must be
programmed with the same air data rate to communicate with each other.

nRF24L01+ is fully compatible with nRF24L01. For compatibility with nRF2401A, nRF2402, nRF24E1. and
nNRF24E2 the air data rate must be set to 250kbps or 1Mbps.

6.3 RF channel frequency

The RF channel frequency determines the center of the channel used by the nRF24L01+. The channel
occupies a bandwidth of less than 1MHz at 250kbps and 1Mbps and a bandwidth of less than 2MHz at
2Mbps. nRF24L01+ can operate on frequencies from 2.400GHz to 2.525GHz. The programming resolu-
tion of the RF channel frequency setting is 1MHz.

At 2Mbps the channel occupies a bandwidth wider than the resolution of the RF channel frequency setting.
To ensure non-overlapping channels in 2Mbps mode, the channel spacing must be 2MHz or more. At
TMbps and 250kbps the channel bandwidth is the same or lower than the resolution of the RF frequency.

The RF channel frequency is set by the RF CH register according to the following formula:
Fo= 2400 + RF_CH [MHz]

You must program a transmitter and a receiver with the same RF channel frequency to communicate with
each other.

6.4 Received Power Detector measurements

Received Power Detector (RPD), located in register 09, bit 0, triggers at received power levels above -64
dBm that are present in the RF channel you receive on. If the received power is less than -64 dBm,
RDP =0.

The RPD can be read out at any time while nRF24L01+ is in receive mode. This offers a snapshot of the
current received power level in the channel. The RPD status is latched when a valid packet is received
which then indicates signal strength from your own transmitter. If no packets are received the RPD is
latched at the end of a receive period as a result of host MCU setting CE low or RX time out controlied by
Enhanced ShockBurst™.

The status of RPD is correct when RX mode is enabled and after a wait time of Tsthy2a +Tdelay AGC=
130us + 40us. The RX gain varies over temperature which means that the RPD threshold also varies over
temperature. The RPD threshold value is reduced by - 5dB at T = -40°C and increased by + 5dB at 85°C.

Revision 1.0 Page 25 of 78



‘

Features

* High Performance, Low Power AVR® 8-Bit Microcontrolier
* Advanced RISC Architecture
— 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
= Up to 20 MIPS Throughput at 20 MHz
— On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory Segments
- 4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
— 256/512/512/1K Bytes EEPROM
- 512/1K/1K/2K Bytes Internal SRAM
— Write/Erase Cycles: 10,000 Flash/1 00,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C("
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
— Six PWM Channels
= 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
— 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips I°C compatible)
— Programmable Watchdog Timer with Separate On-chip Oscillator
= On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
* I/0 and Packages
— 23 Programmabile I/O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
- 1.8-55V
* Temperature Range:
— -40°C to 85°C
* Speed Grade:
— 0-4MHz@1.8-5.5V,0-10 MHz@2.7 - 5.5.V, 0 - 20 MHz @ 4.5 - 5.5V
* Power Consumption at 1 MHz, 1.8V, 25°C
— Active Mode: 0.2 mA
— Power-down Mode: 0.1 pA
— Power-save Mode: 0.75 pA (Including 32 kHz RTC)

st R e

8-bit AVR'
Microcontroller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmega48A
ATmega48PA
ATmega88A
ATmega88PA
ATmegai68A
ATmegai168PA
ATmega328
ATmega328P

Summary
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———— ATmega48A/48PA/88A/88PA/168A/168PA/328/328I

1.

Figure 1-1.

NOTE: Bottom pad should be soldered to ground.
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1.1 Pin Descriptions

1.1.1 VCC

1.1.2 GND

Digital supply voltage.

Ground.

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

1.1.4 Port C (PC5:0)

1:1:5 PC6/RESET

1.1.6 Port D (PD7:0)

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

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

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

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

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

Port C is a 7-bit bi-directional 1/0 port with internal pull-up resistors (selected for each bit). The
PC5...0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

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

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

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

Port D is an 8-bit bi-directional I/0 port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.
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——— ATmega48A/48PA/88A/88PA/168A/168PA/328/328F

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

89.

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

1.1.8 AREF

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

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only)

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

*‘Iml 4
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2. Overview

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

2.1  Block Diagram

8271BS-AVR-04/10

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
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6.7 ATmega328

Speed (MHz) Power Supply (V) Ordering Code® Package'") Operational Range
ATmega328-AU 32A
ATmega328-AUR™ 32A Industrial
200 18-55 ATmega328-MU 32M1-A il
ATmega328-MUR 32M1-A (FA0°C tiBRT0)
ATmega328-PU 28P3

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive) Also
Halide free and fully Green.
3. See Figure 28-1 on page 321.
4. Tape & Reel
Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
T B e e e T S ImEl' 21
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6.8 ATmega328P

Speed (MHz) Power Supply Ordering Code® Package(” Operational Range
ATmega328P-AU 32A
ATmega328P-AUR™ 32A —
200 18-55 ATmega328P-MU 32M1-A A e
ATmega328P-MUR® 32M1-A P Ese)
ATmega328P-PU 28P3

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.
3. See Figure 28-1 on page 321.
4. Tape & Reel.
Package Type W
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28P3 28-lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
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