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ABSTRACT

This project introduces an automatic programmable lawnmower model using
microcontroller. The purposes of this project are studying the work of microcontroller
and its interface to infrared-sensor, compass and motor for further lawnmower
prototype. This project has created infrared transmitters circuits with frequency 38 kHz
multiplex 500 Hz for setting area (4 circuits for 4 corners of rectangular). The direction of
lawnmower movement is programmed in microcontroller for cooperate between L298N
motor driver and compass module for controlling the speed and direction. During
lawnmower moving, the system will checking the infrared signal by using TSOP4838
module for arriving the border of desired area. The operation of the project can be
explained by the following steps. Firstly, placing infrared transmitters in four corners of
the rectangular field and placing Automatic program lawnmower model in lower left
corners with forward directions. Secondly, press button collect the data from compass
module for four directions. Finally, when it starts, Automatic program lawnmower model
is moving forward until TSOP 4838 receiving the infrared signal from infrared transmitters
and will turn to new lane in setting area. It will stop automatically when the taget is
finished.
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2.1 nMsduasudgynrudunsuse
2.1.1 5988uns1sa (infrared rays)
ﬂ?immjLWEﬂlWﬁﬂﬁﬁﬂawu?{aq”Luﬂfad 10" - 10" FsndvTormuemeauUsyann
1mm-1pm Bendt $ddunsise viasendnodmilen adumnuidu (Milimeter waves) wag
Fuduaiu wdmdnlwihiifiarud sndudsiinueudiy A usedunsusadumadudunsdls)
anunsaruimgiivuds wazannsoavveusadlutaniadeuldmioutvuaswhlulduinluns

foasszerlng afudutiuazluidymluEeams Interference (Mssumuvosdinygay)

<t - Increasing energy
Increasing wavelength >
0.00?1 nm Q.01 nm 10 nm 100? nm O.{)lI em 1 e Tm 100 m
i 1
Gamma rays Xrays Ulira- Infrared Radioc woves

violef

Radar TV FM AM

Visible light

]
400 nm 500 nm 600 nm 700 nm
U7 2.1 Electromagnetic Spectrum [1]
' 174 =2 =l L] 8 e 1 ] o ] v
wanzuAnsldnuidinmassgnidunldiuedrwnsivandlulagdulaednlng

Wugunsalnadu Electronics uagnmsdeansitu Remote Controller vea TV Insdwvitlefio uay

naasdaanialna Wusu



2.1.2 msdanazn13udnyey1a4a1n Infrared Remote Control
n15asdgyaynad Infrared 970 Infrared  Sensor msﬂizqﬂﬂﬁﬂﬁluﬁuwmsmx
Jumsuszgndldlunisdeansuuulians (Wireless  Communication)  Tunsasunugunsel
in3edldluil ngnnsdsdeyanaiiiuns LED (Light Emitting Diode) Tnesada (Transmitter) 3o
Laser Diode uazawdifi3u (Receiver) vhmsudasdnyaasdeyaliindulufuimiloudoyauusn

W3 UBYARUN1NTILLDY

C 4By
R1 n.m%
. 100K, 14 =
Reset - CCR +YDD
‘ o=
01
17 @
1 —4Ran & RBO
= ZEinki” Wi (B
—Liga2 |\ RB2
—2ipa3 & RB3
—3Rag RB4
RBS
16 REE
20P l1—05E1 RE7
20P ¢-{12{ ps2

ﬂ[_GND]

gﬂﬁ 2.2 1asNsddIUBUNT LA [2]

2
ar

NNFUSY MBS IIRAEgnd@ennI IR - LED  Tnelunisaadeyeyamiu

Wetiagnanidgn1TgnsunuInuLammasniag wsaoluliiiansddulunsdedyaiu

<

=b.

Infrared Fadinnsimun viseaisgusuuresdyaraiavdsesnluFonit ms Coding Tedyno
Ihsgnaseenluluguvasbigital Pulse Fsflmudfiwiueustamilagluga
30 - 60 kHz



2.2 Ua3a Arduino Mega 2560
Arduino Mega 2560 L{’Juuas'mlm‘[ﬂs%uiw‘J@Lﬁ@%ﬁﬁﬂmuuuﬁugmﬁum ATmega2560

Tnowdululasroulnsameiisndudoddnisdelnidesdanunsairléfinsdoudediu use
cable ¥i3® 918l AC - DC adapter e nsldiLunned 31 Mega 2560 Wuvadamdniuldtu
shield fieanuuuaite Arduino Duemilanove Wia Diecimila FsUsznausae [3]

- 54 digital input/output pins (15 pin @wsaladu PWM output 1¢)

- 16 analog inputs

- 4 UARTs

- 16 MHz €rystal oscillator Afdmsunsainuiliiuuesalulasnoulnsaaed)

- USB connecticn

- FOUAYUUNRAIT

- ICSP-header : In-Circuit Serial Programming (dufiidu AVR awiadndmsu
nslUsUNsH Arduino FaUseneudie MOSI, MISO, SCK, RESET, VCC,GND )

- Junm reset

34 2.1 ARiantAves Arduino Mega 2560 [4]

Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7=12V

Input Voltage (limit) 6-20V

Digital 1/0 Pins 54 (of which 15 provide PWM output)
Analog Input Pins 16

DC Current per I/0 Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 kB of which 8 kB used by bootloader
SRAM 8 kB

EEPROM 4 kB

Clock Speed 16 MHz

Length 101.52 mm

Width 53.3 mm

Weight 37 ¢




2.2.1 #énN1591197149849 Arduino Mega 2560
Arduino Mega ansnsaidessundsamlagnisifieusia micro USB connector
W30 970 power supply 3NAeuenla lngudmaumargnideninedaludfunasineainaieuen
aun30ulsiann AC - to - DC adapter vieanuunnes Wnasiadifu 21 mm center-positive
plug Udsesdauunasdne wasnmsdednfuuunmesawnsoildlaonsaeadniu GND  way
Vin pin header Y84 power connector
vadaanunsavhaulalugawsediu 6 8 20 Volts 81 undsinadidwinia 7 v

o19daaly 5 V pin Tusafuidindn 5V uar vasnenaerliiafis usdmnuseduiidngenda 12
V ondawaliiuasn Overheat uazeraviliveimdomeld sufuthuseufivmnzantuvedn e
7V s 12v

- VIN s input voltage w03uUp3a Arduino ngldunaadngamanauen

- 5v iU output pin inaugw 5 V nvadn

- 3v3 1B 3.3 volt supply flasretuan resulator viiuasa waslinsvualagean 50 mA

- GND 1 eround pin

- IOREF 10w pin 7il# voltage reference fululaspoulnsaiany ioidendussiulsiy

shield fisdossiofiuuadn

ATmega2560 Tumheanus 256 kB (8 kB 14wy bootloader ) uananidailan 8 kB dwdu
SRAM Waz 4 kB dmiu EEPROM Tuusay digital pins Wa 54 pins Utuas Arduino Uno @1u1sa
Fl input e output Tagassiemfusesu 5 v uazlvinszuagan 40 mA
Arduino Uno mmiﬂ?am‘iﬁ’umuﬁ?ma%, Arcluino ﬁa'gu“] w38 microcontroller ¢ e
lulasmeulnsalaesuuvedn Ao ATmega32U4 axlvinnsdoansiuuaynssl UART TTL (5 V) §ail
aglu pins 0 (R0 way 1 (T wananil 3204 annsoldnisdearsuuueynsuin USB uasas
Uningulu COM port 1adiouludis Software udeg1dlsiauseddd Wd inf vussuuUiRnng

Windows u# OSX Way Linux @119 recognize lalngdnlug [5]



ATMEGA16u2

TWI(12¢)
Responséavel pela Comusiiiachas
Comunicacdo USB Saidas PWM s J
Cenector
USBTipo B Entradas/Saidas
Digitais de
Fusivel para uso geral
Protecdo da USB
Regulador 5V
FONTE EXTERNA
Jal2v
, €\ | ey . -
: Pinos de alimentacéa i de RESET
Raladior 8.3 v Entradas anal6gicas gothade

suil 2.3 drulsznausingg vuueda Arduino mega 2560 [5]

2.3 vasa Arduino Nano 3.0

Arduino Nano 3.0 198w CH340G 1{u8 USB Driver Wu Arduino #ildwiaausyanana

ATmega328 Arduino Nano @nansalusunsulalagmseei USB port fi59u3u input/output tiae

371 2.2 AsATAvEs ARDUINO NANO 3.0

Microcontroller ATmega328

Operating Voltage 5V

Input Voltage 5-12V

Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 8

DC Current per I/0 Pin 40 mA

Flash Memory 32 kB (of which 2 kB used by bootloader)
SRAM 2 kB

EEPROM 1kB

Clock Speed 16 MHz




JUA 2.4 Arduino Nano 3.0 [6]

2.4 nawmasvinszuanse
2.4.1 aamgvasuanasiiiinssuanse
sawmasiriinsyuanss Wusuiddundeuidfyedmilslulsaugnavnssy
wssdigauantAzfvuludunsusuanaldfudanswhenaudsgean douldiuunnly
lssugaanmnssy wilssnumed ssnudlelndioanes Tsarungdavevdali Wuduigs
Tumstuiedousaliih Wusilunsfinvudetuewmeslnihnszuansidanisian gunsais 9
vewawmesWihnsruansiavdnlatimdnmainurswowesinihnssuansauunig 9
2.4.2 daulsznaurasanasininssuanse
uawoslnfnssuansalidrudsenouididty 2 dausil
1. dnfegiuivdeiGeniamined (Stator) Usgneusay
1.1 wsuvdelen (Frame or Yoke) ulpsameuenyiwmihidumaiiu
vaatduussudininandamdeld lilfasurnsuardaduysznevduglduduseinde
witnvaensemdnusiumniiudugUnsssguen
1.2 Fausindn (Pole) Usenaude 2 dwufounudauimdnuavunann

Qs

druusnunud’ (Pole Core) vivhsunumdnuiey numeawudssneuiuluuidafnfiumsy

= o

dnmeiviiluglidniuielfugunauvesiilanesSenit Fautmdn (Pole Shoes) H¥ngUszasd

] =

v & va W i - v a o i - v oa 9
Wiwlmanuaslsmesinadaduunniigafieliifedesenatdesiige iheliiintaseinietoy

=1

figaasinalidunsaivdnanntiivdnnndauivandnlvddsmesinniigaudwildifausdn

=y o @ A § I o 2 § o 0 a
wioiasdavedapedinniumsviliuewes lidmyu (Torque )



i

dhufides wamaauwimin (Field Coil) aziuagseuqunuiausininunasniviminisunseua
Mnmeueniiearadunsuindnlifety wesduuswimdnianifansinduasiasa iy
awkiinreenuwesiliiAausdnty
2. §hvu (Rotor) MmyuvdeidonilsieidmauivliAnidnuiiuny
Mseglundugniiu (Ball Bearing) Fssznovagluwsiuliniiving (End Plate) voswownes #als-
WesUsenausme 4 d1unleny fe
2.1 wnutwan (Shaft)
2.2 LALLWAND15UL903 (Armature Core)
2.3 Aauilimes (Commutator)
2.4 Y0mIna15114993 (Armature Widing)
2.4.3 wannisvosuomasviviinszuaass
vidnnsvesemesniinTLuanse (Motor Action) dlalunsedunsyualniinnss
dnluluewed damilse wssduriwesufinawesdlUluvnaine e saiaunaivaniy
waznszudlnfindndrnminglnadnlluenamaunuudvgn Field col)  adredamide- 16T
asfnauauwivgn 2 au Tuvasdety sunordPveaduuss wivdn aelifniuianmmsedig
Jeindey Lagiirmafenzetuuseiy AiliiAaussdaluie snwes Smumumaiazunumant
auegifundugnluveneinas vilverfunvemuld vasiidhorsunaesimidvlad
Fondh Tsines Roton) Sanepnuddavu nsfisrunaduusaalvinitaeiiuisendedy

ilivaaneniinaed vielswmesmuliuiulvaunginevearauii (Fleming’left hand rule)

UMl 2.3 wowesinihnszuansa (7]



2.5 A73UusadunTILIA TSOP 4838
gunsalifudmivuasdunsnan iy Ju TSOP4838  vhwndludnwaizadnelvls
nudawes (Phototransistor) &l 3 ¥1 fe OUT, GND, VCC anwnsaldfiuussiu 5v 16 15laldsy
wasdunsusn aliesmalu LoW uidnlalldsuuas aelviendmmiu HIGH Welesiuuassuniu
..

gunIniusziavil Ignesnuuvanldanudmiviadunsiseafiidudygiauuu Pulse  Train

AR 19U 38 kHz

gﬂﬁ 2.4 isunaadunsise TSOP 4838 [8]

2.6 Iﬂﬁllﬂﬁuﬁ’lﬁ'ﬂﬁﬂqiﬁqﬂqu PROTEUS

TUsunsu Proteus  +BuTUswnsufifinuaiunsaunndnlusunsumils Tusudu
Budnvsefing wnsgaunsaasnwuueshiiin wieuiidias s esly vadaunse
PONUUUAILIATRUNLS auanusafilaniutes Proteus 1 9znaaldindulsunsud
anunsadiasangAnss (Simulator) ~ A1IMIIUTBTIAL Microcontroller  wwadeng 4 1¢
wnnng Teglidaasznaursasliidonan iefgaiilusunsui@euduldnulsviols

TUsunsu Proteus. #ae Proteus’ VSM (Virtual System Modeling) Juldsunsud
Wi Tneudon ududumeddidnmseiing 31%a (Labcenter Electronics Ltd) sz
89n9w lUsknsy Proteus fidoufiuin Labcenter Electronics Proteus Fanelulusunsuae
Usznoumedusznaunan 2 diu fie 1SIS uay ARES Tusunsu Proteus vxflagnanaioidulik

4

w@onltauanuaunsalunsvinauwedlUsunsd Proteus AflD @1190971809A159114 142892995

a & A~

adnvsedndlovarnuateguuuu Wihesluiuuendenuaziuuidnes visevawuueundenuas

Adnoanauiy uenanll Proteus  fanunsneeniuuatgansiud (PCB) 1ednae qarugas

=l

TUsunsy Proteus  Miuflounasdiuraunse N1531809N15YNUT999958 18 nnseding 7ld
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lulasraulnsataesasznanine 4 lddaudu PIC, MCS-51, AVR uay ARM Wusu vilvidnideu
WsunsuvSeldsunsuwesanunsonsrvasuldilusunsy viewealdn (Source Code) fdeu
Fuundu aunsaausuiinssiauadideldviel flusunsu (Source Code) MFuin b
atfuayuiuIsasawifidelusunsuieifiagymsimulusunst (Source Code) MTouiiu
Tl vBeufuusnsasendauaslu Proteus  sunilusunsuiideutuiazensauwaiiisie awnse
atfuayudeiunas iy vivlinsaddlassnueg 4 aursalssndanasavanldsreduagiann
wsglusfnniaifeulusunssduindu ssdesemssiaiienadey il nauavaildne

un lunsdlinsasenfawsuaslvsunsuideuiuliaduayudsiutasiu

U7 2.5 Maesmsvinurenasddurisauulusunsy Proteus

2.7 Tuganiuauuawmas L298N

lugaildlunsaiunuaruiiwasiiemwesiomesiteuneriv Arduino sy
TWsunsuld

JUN 2.6 drudszneuvesuganiuauuawes [9]
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2.8 laduad 555
TeFlnwes 555 Fulinssswiianunsalinulsmanaisuanduitouuniand
wils melulszneudensn@aned 23 f, lalen 2 § waridawmesan 16 /M Boetuuudy
Fanouuduier Tnsfndslusads 8 91 wuuilll DIP (dual-in-ine package)
2.8.1 Tuan15vine1uvadled 555
1. Tuluawida (Monostable) Tulnuadl nsviauwes 555 sxfuluuda
\Raten v3oTuTon (one-shot) Tnsmsadredyannindadies Uszandnisldnudmsunisdunm
NSATIEOUNAE EINTAUNE “a9
2. srawida (Astable) lulnueil msvhsuayduesadaiames sl
Taun vilvnensu, Adlawad, fudades, Waudy a9
3. luaifia Bistable) lulvunil 108 555 annsaremudunaundey (p-

flop) elaisionn DIS wazldldmurBimes 4duaindg bouncefree latched switches 1y

#157199 2.3 wihnvesrled 555

< o o
U1 U TAUIN

1 | GND AN W98 ABULDUE

TR fiaddunsyRurininefioduiunan

Q 2%29N1SUVIED Law‘hgmﬁ]zagj*ﬁ -7

R TN RvERlaEns iR

@Y, ussnumvAugau it swsaumely (2/3 V)

THR | wisdleaniiangamaiy

DIS WoureiuaT aaifmile Fanaieedssgraaiuaiinadetiaiannisiu

XX N B WM

V4, Ve | wseriudnglniuan Jadesaglueg +5 fa + 15V
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gﬂﬁ 2.7 le@wuas 555 [10]

2.9 Wslnuadn (Protoboard)
Tunsadunumeddamsedndlasenlualulaseoulnsane vsainyiins

aalusunsudllusunsululasmaulnsaiaesudrndniuardesdinisreisssiulasraulnsaaiiv

gunsalmeuen Wevaaeuilusinsuiieutwilililaseeulnsamesannsornamlivioll 3

o

Insnuesatiazdnoruasmntunislinasessestidinnseling SnwariDuudunanafinmnd
1= =l e o = es o = o o ala [ |

13 vuwduiigesiudnnun melugdidnilnidsouse dulusuuuuiimsfvual’ nan

naaesnidsuuveseunsal- dnnsedndaslilidnimelutemwsiety wagonaldmelidey

asgietesnsasiwilsiuiu dofivedlnsinueinfe lifswenuuuimnasuaghifiosian unl

JaideAalivaaonwsivhauiienuig 4 bilddedilawiGosdyannsunulungms

SU# 2.8 Instvuada [11]
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A oa o

2.10 sariulszguiindianinslad

=

v & = £ & fa & = & P B v o & o
fuAusey wie murdwes Wugunsaldidnvselindednawils vhwihiAundanu

5
X i |

Tuaulai fadrsduszninganu lasfauseglniiuviaiu uadviavesUszqnssdmiu

8

vndadeniafiutszqidn aeunuiges (Condensen Hugunsaifugruddgluay
fudnnsedng Taslulesenuuildinfulsyeindidninslaraduiteuldfunnmaylsien
anuggs fuanaulnenfonandudaun uesnitdussndudhay nanlfnudesindilignda
Tasaaiemeluadneduuunne’ Tesldfveamuanwialfdwiuluihnszuanss SHodede

nseuasilva LLaZﬂ’J’]NaWWﬁ’W@ﬁﬂﬂ

or &

sUi 29 fufutsequiindianinglad [12]

2.11 fnvuszquiiawsndia
Fafudszgiiieliiu 1 lulashia (mp) deuldiuilumsedsinign wanz

dviusessslandulinuning Yeidyvesiiiulsyariiaesiinfelinisgydeun

3UM 2.10 dufiudszaiiaesiiia (13]
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2.12 fafrumunuuiaulane
msmunuuuiaulansyiunanuruiduuvawiuarlansvasudds fuuda
ihluindeuiiasifia idugunsenszuen uddausiuiiduiindeusenlfldrmanudumuni
fioanTs TuneuaRTBarTn AR UREaNaTond (Epoxy) dsumusiediiFiauiianas
UINau 0.1% Sslssanaiuanau 2%  gsiiednfidnauiiananatesunn uenanddmusenis

wWasuwlasgamgiinnnaeuenldd dgarasunutisademeuiuddumuaiindy o

ar U

JUA 211 ddumusuuildulans [14]

o Y
2.13 asunmunuulwmudlafivesuuuliuaziden
L4 d”l L & A ] o
Vfl'.]mﬂuquLL‘U‘U‘L!ﬁ'!um"lﬂMfﬂ.‘TﬂJ?ﬁﬂﬂUcLu’N%iﬂié‘ﬁLﬂ‘l’lLﬂi@QﬁJ@?ﬂLLaz‘WﬂﬁBU LIS
ansauiuniy Wedesn sdsuArA UL lATas ey uaranuisanyuls 15 seuvie

UINAII

3

JUN 2.12 fadummuuulninudlefinesuuudivaziden [15]
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2.14 N31UTHna5 BD136

nsudaneiidugunsaifgnenuauionseudliiifiiiun B wiaSenin nszuawa
tufe Wenszuawafsuudasfeadndesfasiilvinszualudiilun £ (hszuadlnmed) uas
nszualniilunn C (nsruareadneed) Wisuuasdushe Seilimsdanefiuihidusdag
Yansoilnieas Inedlifinssualniisiwe B Avevillddnseualnimiun E uaz C e 3
Wiguwaiioudelvl (219310n) widlvinszualviufisndniosiun B avamnsoniuay

nssualiihimnnniliiuns ndaesudrinludnm & waziludmunsaiduiidesinan C

$U¥l 213 nowdaans BD136 [16]

2.15 lalondeuasdunsse

maysvdsdoyaisuadunsnse (nfrared: IR JudBmawildlunsdoastoya
(Data Communication) wuulane fregrsmsuszgnildanuimuiulunsvatsfe gunsni3lun
AIUAY (Remote Control) ~ unaanaiiagndails e ansiugwlunssudeoradao uas
Sumssn wandouldsunsy Aduino | iedwasiudoyaruasiina  Ialendauas
durisusavse IR LED Jugunsaldnfywesinas Truadlutisnaudunsisn @essm el
W) waglirnuduuasgegaiitemzammaingu LED Yssamiliidnuamilou LED wlu §
2 11 fe walun U ualvn Madunissiolden Aundteunsal LED WU LED #liuasdunsnisaus

avuiln anunsanunssuagean (MA) laupnmieiu
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P 4

guﬁ 2.14 lalaalasasdunsse [17]

2.16 Tugariudin HMC5883L

\uiiedidnvsedndiliidensetululasreulnsaees g eiirmalaaidisuidos
fuauuudndnlan ingegidsiumsussgndldoutuvusuiviegunsalaunusineg fiFesd
nswadeuil Iiuadis 2 guuuu fio dayana PWM Wadivsuagiaines grasnmsivasuuase
aunTvesiad Wikaduiiey 0-255 unurtesm 0-359.9 e Lazdoyaaunsudeaiseiiu

5EUUUA 12C anutazidenvastioya 8 Un

SUf 2.15 Ligawduier HMC5883L [18]

2.17 anulvategauin 2A

dulane Wusmadiwinadinlildasasaeiiduve e 3edenin waduis (Dry
Cell fitatrawadluifiniivinde o duv George Leclanché fitasretiliane Fufu Seonq
SendnToviei wadiaeduy snulwane 1 Ao wie 1 wad fimussdndussann 1.5 Taad
Lsﬂ,:,jmsuns@%uéawumdmlwma wszasediiluumms IS UR TN

suliianguszneudeuransivdfognssnaradudualnadsidninsladdudunan
wawnida (V) oenles (MNO,) warludouraslsd (NH,C) Badranlss (ZnCl) uiladon wa
asusu uanthagniadragdsiuludnvasdudidninslediu mstmunussqeglundesdenyd
anumensEaY uiuwenaRnselavsauauas edestuldliasaelufioenun duuuves

uannsldasaumelanydaned8ntunds drumuareiluiudsnsdinmindudiuelun
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trumman
wasTaflospnelsdfios +

! knaméntaeented + wesin

U 247 dwilwaneuin 2A [20]

2.18 WUAABIYLN 12V

wumiae3 (Battery) Ao guUnsalfivimiiniidnufundwuiel Advely Sedugunseii
ansnsoudamndsnuadlalulnihdlasnsedionisdwadionia Galvanic  cel) 4
Usznoudnetauinuasdaay wienduensazatodidnlnglas (Electrolyte Solution) Lunme3o1a
Usznoumelaanandndies L ed vwiesinnii

wunmedidugunsaidmsudauiulnmiuvindy Lilduaslnih aunsouseglvidily
i (Recharge) Ivanginuasyssavmmorlaii 100% seagituszann 80% e dnsaayde
wisuusdlulugummafeuas fisealiannisussguiedieuszq wuawesindugunsali
fisnAune wazdemnelsidne wnguainunldfiismendeldsnufinid sauds engnsldauves

uwunmesudavaliaazuandwiuly iewne B sld, nMsvnssshen, msuszs waraamgil wa

J---_' -

U7l 2.18 wusmeivum 12V [21]

144417
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2.19 WUALABIFNT84 (Power Bank)

wuameIdseade Power Bank ugunsaifesifundslrlvfuiaiodnsdnidetio
Smart Phone, Tablet Tngrinuummeidisemuuunnmiifivunansedingn dmiiniu uiflanug
N WU 5,000, 6,600, lUawda 30,000 MAH Tag Power Bank sxdnelwluidrgunsal wu Smart
Phone Wunsiiilil w3em3alidinly wuuummeIves Smart Phone fA21319 2,100 MAH w1
Iwlndnun Aleusary Power Bank TdeluléBnum wazilalnlu Power Bank Indasvun 1577
Wl salwdu 220 Daslnlld

5UM 2,19 uuAmeidnses [22)

2.20 aglnduniles
angldiegilugunsoiilddamdssulnionniividugdninidaenssudlniieg
Bushhmdsemlviiinlusuane Ineudisounsaldnuliantls anglwvindaeansiiseslinssualnii
duld Senddilatii wasii i ildvhanglvidulevedoeulinsyualiielsd aandah
wsiavineeslnszualwiisnildeaiy sailvidoeslinszudlwiduliunGenidamiu
lWfhan asedihasiianasunlwinedie lasmsdniifaudumulwiisnazeou
Tnszualviilvinildliontumelwildfuusaduliiiu 750 v iuaefuaiiu vindaevesuamie
agiliiley Iﬂaﬁ"ﬂmﬂumwaumamwmmLﬁnﬁmﬂuﬁaﬁwL?{aﬁav}amuﬁﬁﬁ’uawLmﬁ’uﬁ']

#® Polyvinyl Chloride (PVC) Wag Cross-Linked Polyethylene (XLPE)

U 2.20 anglduricvesdniagy [23]



Ui 3

n15RaNLUUKazNITIAINUS sy finus

b=y = &

nseanuuUkaz ISy inus © wuudtassadaughlusinsudnluiflagly
lulaspeulnsataes ” asutsmseenwuuiliuaesdrundn As
1. 815au733 (Hardware)
2. g3 (Software)

3.1 N1399NUUY

Infrared Transmitter
|
| ;
Infrared Receiver
E |
| Compass module '
{ i
- Do o A W ._l_
Automatic ; | Program by using
Lawnmower 1 1 microcontroller

Lawnmower moving as
program

U7 3.1 ufenlaevunsuniuvessadavglusunsusnluiflnelflulasaoulnsaaes
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3.1.1 AMSRINKUUARUTISAUIS
n1seRNkUUAMUISAWISTaIS gandnuiduseandu 2 dundng Ae du

v a

28929959 UNS LIV UTN T LR UL e s A ruATa UL a NI uLazdIuTULad o

e

LUUSE0IT0RANE19R LU
3.1.1.1 auerurei ourlsusa

dureasuwe Mlurasiddygudursise Wunsansely

seagnnlnde msuszyndldadudusasasziiiunsuszondldnnsdeasuuulians Tngld

Ic555 ponuuulisasiinud 38 kHz uagldiiudiinsesliamsoasdyanaldszormalnaun

Fu Tnestafmdndayanas 500 Hz iiilluasas 16vinmstdlusunsy Proteus Tunseenuuyaens

FeenunToaidn aud 38 kHz dafuwandudgeana a2l 500 Hz

"Y1 &

1k
I3
9

@

i

3UT 3.2 Mstnapamsvitnunsasimasdaanadursisnuulusunsa Proteus

FUT 3.3 20ALUUATERITHIEF Y UBUNT LR



21

JUN 3.4 2esirdsdyanadunstse

3.1.1.2 druduindeuiuusiasssodangsa Tuia
druresnsduindeunuusiasssadanduiinalalunsinude
msfunewmesliifnusuelunulidesaviieny tnsld DC Motor Drive Controller Board
Module L298N ulugaiildlunismunuanuduasfirnsvememestadeusetuuase
Arduino Tideulusunsuly
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U 3.7 nedeunaeaeuinassasIans

mstufeuvessafanandnluifduannsowdeudilunufiema
fisimunalilaussinananisveusiufulugaiduia HMCS883L Sswvhlisodavgnanunse
waeufiluldodrusudiuazaruguesaivesiianisldainnisideulusunsuluyadide
lulasreulnsalaesuuuein Arduino



U7 3.8 meinuvesueia arduino Ussananansyhnusiulugadduiie

Serial.princin(TLOAB BEGREES™):
Lowbuffer=EEPRM.r=ad(epAddreas);
Highbuffer=EEPROM.read (eeAddresa+1l);

degree’ Buffer 1=flcat (int(Lowbnffer)+inc(Highbuffer)):

delay{50);

Lowbuffer=EEPROM. road (eeAddress+2)
Highbuffer=EEFROM.r2ad (eehddreas+3) ;
degree_Buffer 2=fleat(int{Lowbuffer)+tint(Highbuffer));

Lowbuffer=FEPROM.r=ad (eeAddreza+d);
Highbuffer<EEPROM, rezd(eehddreas+s) .
degree_Buffer 3=7Float(inc{Lowbuffer)+int (Highbuffer)):
delay (50 ;
Lowbuffer=EEPROM.read (eeAddress+é);
Highbuffer=EEPROM, rezd{eehddress+T) ;
degree Buifer 4=ilcat(int{lowbuffer)+int(Highbuffer)):;

JUN 39 Pi"]51’\1m{f,‘é‘fmumiLﬁUﬁhaamﬁﬂmwaﬂu@aﬁuﬁﬂ

23
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msUsznarannshnuesslugadyfidlaglusunsusdalidy
fielvanAesmiemaioian 4 Aaunduald msduaeseniiesnsiulyinedudilolanidsuas
ouit 2 AnblaundesiuadmdesUnngluleeasdosinisiivamioms 4 aSudieduasem

9edslunsirdouiivesnuudnansadaaonluslR

Serial.print("degreel : "); Serial.print|degree Buffer_ 1):
delay(100):

Serial.print(" degreeZ : ");Serial.print(degree Buffer_2}:
delay(100);

Serial.print{" degree3 : ") :Serial.print{degree Buffer 3}:
delay (100}

Serial.print(" degreed : ");Serial.println(degree_Buffer 4);
delay(100);

degree=degree_Buffer 1:
Serial.begin(9600) ;
C=120;

JUM 3.10 Mdwamanansiiuatesenieniseinlugaiduiin

U7 3.1 lnlomdsnguasdindostunaninisifiveiesmfianiaeily

dofumesmiianisasuita 4 el anunsadudansvinauves
wuudraessadangdnlul@ldlaeneduiilalondaasiai 1 wagdfl 3 wdoufuasidums
vanlsuuuitaessadangduadoudluluiuiifismunly Wendeufidwouundidimundae
iwuwasounsusaud Mudymradursisaasihnusasdslilalondaassm 2 Wawadd

- o g v o Y o P a el & dd o
wifesuan Wsunsuszdsliuvuiaassadangindeulvluiianadmifed meluiuiimnun



5UN 3.13 lalaawasiasyhaundauiudessudyaralaSudyundursise
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3.1.1.3 @UUDUTIa0ImMIaangn
dHukvudiassnsaanlseanuuunsinnulaslduewmesuuin
12v Fasofuuvasieinlasnssnuummeirunn 12V ishuawediusimsislusioly 2 Tudadle
il ruudiduausodangldass

a' © ° L v m. s e = o
31.1‘1/] 3.15 ﬂ'i57]'1\17‘11%’5]\1LLU‘U‘\]']a'eN'iﬂV]ﬂWiyﬂﬂEl’NGIﬂﬂfg'ﬂRUiL?mVlﬂTlﬁuﬂ



BATTERY 12V

12v GND
i .

HMC8553L

.Mntnr

LED GREEN
. LEDYELLOW

L. . LEDRED
’. -

BUTTON

3UT 3.16 awsalassaiaimunludunsanns

3.1.2 NMs2anuuudIuLaniLgg

27

nseanLvUAIuTEiwIsIElUskNTY Arduino 1 ulUsunsunld@eunien €

asluslulaspeulusatesmdondy Arduino Fsnslieulusunsutiusedunisaugumainny

NaueveawuvItaessafanglusinsuenludaivhaudulanafidvuals

y&id loop()
{
Read Degree()
Cal_Deg(};
iI(Deg ¢ -0.5) (D=-1; IURN{):}
iZ(Deg > 0.5) [D=1; IURN{);}
IT((Deg > -1.5)s5{Deg < 1.5)) (D=0; TURN():}
1f (irreev.dscode (szesuita)) |

Serial,

results.value, EEX)S

if (zesults.value != ()
{

if((degree_Buffer 1 == degreej]){

degree = degree_Euffar 2:

Fead Degree():
IRrecv irrecv(Ifpinl);
decode_results results;
irrecv.enableIRIn(}:
while{(Cal_Deg(}>5)

{

(Cal_Deg()<-5) }

if(Cal_Reg()>5)D=-2:

1£(Cal_Deg[}<5)D=2;
TURE() ;
delay(100) 2

JUT 3.17 Adinmsivualeuludedinisiadoui
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if{digicalRead (buttoné)==LOW) SIOP():

D=0; TURN{):
delay(700);
D=5:; TURN(};
delay{1000);
degree = degree Buffer 1;

Read Degree():

while ({Cal Deg()>5) 1| {(Cal Deg()<-5) )

{ Read Degree():

1£(Cal_Deg()>5)D=-2;
if{Cal Deg{)«<5)D=2:

TORN({} ;
delay(100);
D=5; TORM({):

delay{100);
Read: Degree({)*

if{digitzlRead (buttoné)==0L0W) STOE():
1
}
TimeC = miilie();
c=200; ¥
results.value =
C=200% ~irrécvirsaume () ;

}
if {digicalR=ad (buttoné)==LOW) STOE(}):

U7 3.18 Mdwmgenisvhaulielasudayiadunsise

U 9

dutpsmdaUAINTIIINYe VLS IaD sadana R AR uR AN
mnuadanisihanudugeddshilasaeulnsaesasussnanasauiulugadufiduazaunsa

Tsunsudnie C lased

float Read Degree (void)

{

i=0;

HagnetometerRaw raw = compass.ReadRawixis():
float heading = atanZ [rew.¥Axis, raw.Xhxis);
if (heading < 0}

heading += 2%FIL;

float declinationdngle = 0,26459;

heading += declinationAngle:

headingDegree 3 = (heading * 180/M _PI);
while (i<C){

MagnmetometerRaw raw = compass.ReadRawhxis():
float heading = atanz(raw.YAx1s, raw.Xaxis)g;
float declinationdngle = 0.26459;

heading += declinationingle:

if (heading < 0)

heading += 2*FPI;

headingDegrees = (heading * 180/M_PI):
headingDegree_S=headingDegree_S+headingDegrees:
i++;

4

degree_CAL=(headingDegree_3/(C+1}):
Serial.print{” HeadingDegree : "):
Serial.println(degree CAL);
HEADING_BUFFER = degree_CAL:

}
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void TURN(woid) {
Serial.print{” Direction : "):
if{D==-1})

{

Serial.print{"LEFT™):
analoglWrite {enk, 255):
analoglrite{enB, 0): ///ARL
digitalWrite({inl, HIGH);
digitalWrite(in2, LOW);
digitalWrite{in3, HIGH):
digitalWrite{ind, LOW):

}

v

3.20 ﬁﬂﬁﬁﬂ’JUﬂQJﬂ’J’mL%’JLLHS%FIW’N?I@GQJQLG\S%

Eah}
et
=b.

1£({D==2)

{ Serial.print|” "):
Serial.printin{"0VER TURNW AEFT"):
analogWrite {enk, 255);/ // /KAL
analogiirice [enB, 255):
digitalirite{inl, LOW):
digitalWeice {in2, HIGH);
digicalWrice (in3, HIGH).:
digitalWrice [ind, LOW);

H

1L (D===2)

{

Serial.princ(" ")
Serial,princ("0VER TURN RIGHT"):
enalogilrice(enk, 255);
analogWrice (enB, 255); //fakd
digitalWrice (inl, HIGH):
digitalirite [in2, LOW):
digitalWedce{in3d, LOW):
digitalWrice{ind, HIGH):

}
SUT 3.21 FdsmununIsidendneuaziaevn
woid setting degree(woid)
é-lﬂﬂﬁ:

digicallrite (LEDGREZN, LOT) ;

digitalirite (LEDYELLOW,HIGH) ;delay{500) ;digi telWrite (LEDYELLOW, 20W) ;delay (500) ;

digitalWrite (LEDYELLOW,HIGH);dclay (500) 7 digitalirite (lEDYELLOW,LOW) delay(500) ;digitallirite (LEDYELLOW, HIGH: ;
while (digitalRead{battons)==HIGH}{

if(dicicalRead (LEDYILLOV) ==HIGH)

digitalWrite (LEDYELLOW,LOW) 2 clse digitellrite(LEDYELLOW,LOW)

Read _Degree():

}

digitalWrite (LEDYELLOW,LOW) :delav(300) ;

digitalWrite {(LEDYELLOW,HIGH) ;delay {300}

degree Buffer l=HEADING_BUFFER:

Serial.print (™ Degrzel :"); Serial. println(degree_3uffer 1);
delay (2000 ;

whi le (digitalRead (hattons) ==HIGH! {
if(digitalRead(LEDYZLLOW)==HIGH)

digitelUrite (LEDYELLOW,10W): else digitalVrite (LEDYELLOW,LOW)
Read_Degres(}:

3

digitalWrite (LEDYELLOW,LOW) ;delav(300) ;

digitalWrite {LEDYELLOW,HIGH) ;ce lay (300) ;

digizalWrice (LEDYELLOW,10W) ;delav(300) ;

digitelWrite (LEDYELLOW,HIGH) ;delay (500)

a o o - o
JUT 3.22 AMdemsuanana LED iivepiuaunisidanu
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void STOP(void)

{

digitalWrite (LEDGREEN,LOW) ;
Serial.println("STOP");

D=5; TURN{):

delay(2000);
while(digitalRead{buttoné)==HIGH):
delay({2000);

digitallWrite (LEDGREEN ,HIGH) ;
Lecurn ;

}

vold loaddegrees(void)

{

}

v
o

U7 3.23 Admgamsvhanudawmdeuiinsusmuiiuindmuall

=

nsvirailugaueel Arduino Nano 3.0 Wumsyhsniludiuveimssudyaiudunsis
WeunnUsvananauaydeidaluds Arduino  Mega 2560 iiethluaauaumsiadauiives

WUUTIADII0ARNAN]

7oid loop ()

{

Serial.printin("STATUS=0");
STATUS=0;

delay({200);

IR_BUFFER =IRpinl;

Set UR():

if (irrecv.decodz(&results)) {
Serial.println(results.value, HEX):
Serial.println(”1™);
irrecv.resume();

STATUS1=1;

}

check TSOP();

delay({200):

IR BUFFER =IRpinz:

Set UP();

if (irrecv.decode(sresults)) {
Serial.printiln(results.value; HEX):
Serial.printIn{™2™y;
irrecv.resume(];

STATUS1=1;

}

= "o = {
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3.2 insasdiofildluntsnaans
1. AouAImeS
2. svadalaalay (Oscilloscope)
3. wnasdaussulvidh (Power Supply)
4. fadfimos
5. Uasa Arduino Mega 2560
6. U93n Arduino Nano 3.0
7. lugaudiuiin HMC5883L
8. Tuga L298N mvpuLeLnas
9. Tnslnuadn

10. anedwisusiegunsaisngg
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| Minimum
| -80.0mV
Maximum
| 5.36v
#4Pulse Width
240.0us
I Rise Time

| 20.00us

Modity

3UW 3.31 dygrauddnea 500 Hz Ailesuanawsdiadursisnlagliffaunandsenin

=~ Measure X

F oA Angy

L-P;
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CODE yA&aun1snauneninvasuuinaadsofnng lusinsudnluia
d7Uv89 ARDUINO MEGA 2560

#include <IRremote.h>
#include <Wire.h>
#include <HMC5883L.h>
finclude <EEPROM.h>
HMC5883L compass;

int K =0;

int eeAddress=0;

int IRpinl = 22;

int IRpin2 = 24;

int IROUT 28;

int enA = 11;

int inl = 9;

int in2 =
int enB =
int in3 =
int ind = 6;
int button4d =
int buttonb
int button6é =
int LEDRED
int LEDYELLOW _ = 3;

int LEDGREEN = 4;

int check| =0";

int checkstatus =0 ;

int i=0,D=0;

int C=20;

int setting=0;

float heading,degree, Deg;

float headingDegree S=0,headingDegrees=0;

float declinationAngle = 0.26459;

int HEADING BUFFER=C;

float degreeset=205 ;

unsigned long TimeC=0;

TRrecv irrecv (IRpinl);

decode results results;

byte Lowbuffer,Highbuffer:

koolean LEDon = true;

flcat

degree_Buffer 1,degree_Buffer 2,degree Buffer 3,degree Buffer 4,d
egree CAL=0;

int Running = 0 ;

unsigned int READ=0;
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void setup ()

{
Serial.begin(9600) ;
Wire.begin();
compass = HMCS5883L();

Serial.println("Start Program"):
delay(1000);
pinMode (LEDRED, OUTPUT) ;pinMode (LEDYELLOW,
QUTPUT) ; pinMode (LEDGREEN, OUTPUT) ; pinMode (buttond4, INPUT);
pinMode (button4, INPUT) ;pinMode (buttond4, INPUT):;
digitalWrite (LEDRED, LOW); delay(10);
digitalWrite (LEDYELLOW, LOW) ; delay(10);
digitalWrite (LEDGREEN, LOW) ;

delay (500);

digitalWrite (LEDRED,HTGH); delay(200);
digitalWrite (LEDYELLOW, HIGH); delay(200);
digitalWrite (LEDGREEN, HIGE) ;

delay(200); digitalWrite (LEDRED,LOW); delay{200);
digitalWrite (LEDYELLOW, LOW) ; delay(200);
digitalWrite (LEDGREEN, LOW) ;

delay (1000) ;

digitalWrite (LEDRED, HIGE) ;

while (digitalRead (button4)==HIGH ||
digitalRead(buttoné)==HIGCH) {

if (digitalRead (buttonS)==LOW &&

digitalRead (buttond)==LOW) {digitalWrite (LEDGREEN, HIGH) ;
digitalWrite (LEDYELLOW, LOW) ;Serial.println("Setup

Mode") ; setting degree(); setting=0;1}

if (digitalRead(button5)==L0W) {setting=1;
digitalWrite (LEDYELLOW, HIGH); digitalWrite (LEDGREEN, LOW) ;}

if (digitalRead (button6)==L0W) {digitalWrite (LEDGREEN, HIGH) ;
digitalWrite (LEDYELLOW, LOW) ;setting=0;}

S
if (setting==0) {
digitalWrite(LEDRED,LOW);delay(SOO);digitalWrite(LEDRED,HIGH);del
ay(500) ;digitalWrite (LEDRED, LOW) ;delay(500) ;digitalWrite (LEDRED, H

IGH) ;
delay (500);



digitalWrite (LEDGREEN, HIGH) ;delay (300) ;digitalWrite (LEDGREEN, LOW)
;delay (30C); digitalWrite (LEDGREEN, HIGH) ;delay (300} ;
digitalWrite (LEDGREEN, LOW) ;

Serial.println ("RUN Mcde") ;
delay (1000) ;
digitalWrite (LEDGREEN, HIGH) ;

}

pinMode (IRpinl, INPUT);
pinMode (IRpinZ2, INPUT);
pinMcde (enA, OQUTEUT) ;
pinMode (enB, OUTPUT) ;
pinMode (inl, QUTPUT) ;
pinMode (in2, OUTPUT) ;
pinMode (in3, OQUTPUT) ;
pinMode (in4, OUTPUT);

Wire.begin();
compass = HMCH883L () ;
Serial.println ("Setting scale to +/- 1.3Ga");
int error = compass.SetScale(l.3);
if (error != Q)
Serial.println(compass.GetErrorText (error));

Serial.println("Setting measurement mode to continuous");
error = Compass.SetMeasurementMode(Measurement_Continuous}:
if(error != 0)

Serial.println(compass.GetErrorText (error));

digitalWrite(inl,
digitalWrite (in2,
digitalWrite(in3,
digitalWrite{in4,

LOW) ;
LOW) ;
LOW) ;
LOW) ;

TimeC =
C=200;

mikl4 s ¢

Serial.println ("T.OAD DEGREES") ;
Lowbuffer=EEPRCM. read (eeAddress) ;
Highbuffer=EEPROM.read (eeRddress+1) ;
degree Buffer 1=float (int(Lowbuffer)+int (Highbuffer));
delay (50);

Lowbuffer=EEPROM. read (eecAddress+2) ;
Eighbuffer=EEPROM.read (eeAddress+3) ;
degree Buffer 2=flcat (int (Lowbuffer)+int (Highbuffer));
delay (50);

Lowbuffer=EEPROM. read (ecAddress+4) ;

Highbuffer=EEPROM. read (eeAddress+5) ;

degree_Buffer 3=float (int (Lowbuffer)+int (Highbuffer)):

delay (50);

Lowbuffer=EEPROM. read (ceAddress+6) ;



Highbuffer=EEPROM. read (eeAddress+7) ;
degree_Buffer 4=float (int (Lowbuffer)+int (Highbuffer));

Serial.print("degreel : "); Serial.print(degree Buffer 1);
delay (100} ;
Serial.print (" degree2 : ");Serial.print(degree Buffer 2);
delay (100} ;
Serial.print (" degree3 : ");Serial.print{degree Buffer 3);
delay (100} ;
Serial.print (" degreed : ");Serial.println(degree Buffer 4);
delay (100);

degree=degree Buffer 1;

Serial.begin (9600} ;
C=120;
}

void loop ()
{

Read Degree ()

Cal Deg'();

if(Deg < -0.5){D==1; TURN(

if(Deg > 0.5) {D=1; TURN (

if( (Deg. > —-1ubh)&&(Deg/ <1'1.5
if (irrecv.decode (&results))

Serial.println(results.value, HEX):;
irrecv.resume () ;
irrecv.enabkleIRIn () ;

}
if (results.value != 0)
{
if {(degree_Buffer 1 == degree)) {
degree = degree Buffer 2;
Read Degree (};
IRrecv irrecv (IRpinl);
decode_results results;
irrecv.enableIRIn();
while ((Cal Deg()>5) || {Cal Deg()<-
5) )
{
if (Cal_Deg()>5)D=-2;
if (Cal_Deg()<5)D=2;
TURN () ;

delay (100);
D=5; TURN();



delay (100);
Read Degree();

L=0; TURN () ;

delay (700);

C=5; TURN{();

delay(1000);

degree =
degree Buffer 3 ;

Read Degree();

while( (Cal_Deg()>5) || (Cal Deg()y<=5)-)
{

if (Cal Deg()>5)D=-2;
if(Cal Deg()<5)D=2;

TURN () ;

delay (100);
D=5; TURN();
delay (100) ;
Read Degree();

Tamens=tami 1is (§";
}
else if((degree==degree Buffer 3)){

IRrecv derecy (IRpin2);
decode results results;
irrecv.enableIRTn ()
degree = degree Buffer 4;
Read Degree() ;

while ((Cal Deg()>5) || (Cal Deg()<-
3) )
{ Read Degree();

if(Cal_Deg()>5)D=-2;
if (Cal_Deg()<5)D=2;

TURN () ;

delay (100);

D=5; TURN() ;

delay (100} ;

Read Degree();

if{digitalRead(button6)==1L0W) STOP(};



D=0; TURN{);
delay (700);

D=5; TURN () ;
delay(1000) ;

degree =
cegree Buffer 1;
Read Degree();
while ((Cal Deg{()>5) || (Cal Deg()<-
5) )
{ Read Degree();
if{Cal Deg()>5)D=-2;
if{Cal Deg({)<5)D=2;
TURN () ;
delay(100);
D=5; TURN () ;
delay(100);

Read Degree();

if (digitalRead (button6)==LOW) STOP();
;

TimeC = millis();
C=200; }
results.value =0;
C=200; irrecv.resume();

}

if (digitalRead (button6é)==LOW) STOP():;
}

float Read Degree(void)
{

Wire.begin();
compass = HMC5883L();

i=0;
MagnetometerRaw raw = compass.ReadRawAxis();
float heading = atan2(raw.YAxis, raw.XAxis);
if (heading < 0)
heading += 2*PI;
float declinationZngle = 0.26459;
heading += declinationAngle;

headingDegree_ S = (heading * 180/M PI);



while (i<C) {
MagnetometerRaw raw = compass.ReadRawAxis ()

float heading = atan2(raw.YAxis, raw.XAxis);
float declinaticonAngle = 0.26459;
heading += declinationAngle;
{(heading < 0)

heading += 2*PI;

headingDegrees = (heading * 180/M PI);

headingDegree_S=headingDegree S+headingDegrees;
135

}

degree_CAL=(headingDegree S/ (C+1});

Serial.pgfint (¥ HeadingDegree : ");
Serial.println(degree CAL);

HEADING BUFFER = degree CAL;

}

void CALCULATOR (void)
{

MagnetometerRaw raw = compass.ReadRawAxis();
heading = atanZ2(raw.YAxis, raw.XAxis);
if (heading < Q)
heading += Z2*PI;
headingDegrees = heading * 180/M PI;
declinationAngle = 0.26459;
heading += declinationAngle;

headingDegree S =
headingDegree S+headingDegrees;

}

void TURN (void) {

Serial.print (" Direction : ");

if (D==-1)
{
Serial.print ("LEFT");
analogWrite (enA, 200);
analogWrite (enB, 0);
digitalWrite (inl, HICGH);
digitalWrite (in2, LOW);
digitalWrite (in3, HIGH):
digitalWrite (ind, LOW);



if (D==

}

1)
{

Serial.print ("RIGHT") ;
analogWrite (endA, 0);
analogWrite (enB,

digitalWrite (inl,
digitalWrite(in2,
digitalWrite (in3,
digitalWrite(ind,

200) ;

HIGH) ;
LOW) ;
HIGH) ;
LOW) ;

Serial.print ("Go");
analogWrite (enB,
analogWrite {enA,
digitalWrite (inl,
digitalWrite (in2,
digitalWrite (in3,
digitalWrite (in4,

}

if (D==2)
Serial.print/("
Serial.println ("OVER TURN RIGHT") ;
analogWrite (enA,
analogWrite (enB,
digitalWrite (inl,
digitalWrite (in2,

{

}

digitalWrite

(
(
(

103

digitalWrite (in4,

if (D==-2)

{

Serial.print ("
Serial.print ("OVER TURN LEFT");

analogWrite (enA,
analogWrite (enB,
digitalWrite(inl,
digitalWrite (in2,
digitalWrite (in3,
digitalWrite(in4,

A 5T e
150

HIGH) ;
LOW) ;
HIGH) ;
LOW) ;

");

25077
28§07 ;

LOW) ;
HIGH) ;
HIGH) ;
LOw) ;

oy ;

2500
250%.;
HIGH) ;
LOW) ;
LOW) ;
HIGH) ;



if (D==5)

Serial.print (" )5
Serial.print ("STOP");
analogWrite (enA, 0);

analogWrite {enB, 0);
digitalWrite(inl, HIGH);
digitalWrite(in2, HIGE);
digitalWrite(in3, HIGH):
digitalWrite(in4, HIGH):;

}

float Cal Deg () {
if (degree>=360);
Deg =(degree CAL)-(int(degree)%360);
Serial.pyintln ("=
Serial.print{(" Degree of Turning : ™);
Serial.println (Deg):
return Deg;

}

void setting degree(void)

{

C=100Q>
digitalWrite (LEDGREEN, LOW) ;

digitalWrite (LEDYELLOW, HIGH) ;delay (500} ;digitalWrite (LEDYELLOW, LO
W) :delay(500); digitalWrite (LEDYELLOW,HIGH) ;

delay(500);
digitalWrite (LEDYELLOW, LOW) ;delay (500) ;digitalWrite (LEDYELLOW, HIG
H) ;

while (digitalRead (button5)==HIGH) {
if (digitalRead (LEDYELLOW)==HIGH)
digitalWrite (LEDYELLOW, LOW); else
digitalWrite (LEDYELLOW, LOW) ;
Read Degree();
}
digitalWrite (LEDYELLOW, LOW) ;delay(3C0) ;
digitalWrite (LEDYELLOW, HIGH) ;delay(300);

degree Buffer 1=HEADING BUFFER;
Serial.print (" Degreel :"); Serial.println(degree Buffer 1);
delay (2000) ;



while (digitalRead (buttons)==HIGH) {

if (digitalRead (LEDYELLOW)==HIGH)

digitalWrite (LEDYELLOW, LOW); else
digitalWrite (LEDYELLOW, LOW) ;

Read Degree();
}
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay(300) ;
digitalWrite (LEDYELLOW, LOW) ;delay (300} ;
digitalWrite (LEDYELLOW,HIGH) ;delay (500) ;
degree Buffer 2=HFADING BUFFER;
Serial.print (" DeqreeZ2 :"); Serial.println(degree Buffer 2);
delay (2000) ;

while (digitalRead (buttenb)==HBIGH) {
if (digitalRead (LEDYELLOW) ==HIGH)
digitalWrite (LEDYELLOW, LOW) ; else
digitalWrite (LEDYELLOW, LOW) ;

Read Degree() ;
}
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay(300);
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELTLOW,HIGH) ;delay(300);
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay(300) ;
degree Buffer 3=HEADING BUFFER;
Serial.print (" Degree3 :"); Serial.println(degree Buffer 3);
delay (2000);

while (digitalRead (button5)==HIGH) {
if (digitalRead (LEDYELLOW)==HIGH)
digitalWrite (LEDYELLOW, LOW); else
digitalWrite (LEDYELLOW, LOW) ;

Read_Degree ()
}
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay(300);
digitalWrite (LEDYELLOW,LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay (300);
digitalWrite (LEDYELLOW,LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay (300);
digitalWrite (LEDYELLOW, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW,HIGH) ;delay(300);
degree_Buffer 4=HEADING BUFFER;
Serial.print (" Degreed :"); Serial.println(degree Buffer 4);
delay(1000) ;
int K =sizeof (float);



byte highbit,lowbit;
eelAddress=0;

READ= degree Buffer 1;

highbit = byte (READ%255) ;

if (READ<255) highbit = 0;

lowbit = byte(READ);

if (READ/255>=1) {lowbit = 255; }

EEPRCM.write {eeAddress, lowbit) ;

EEPROM.write (eeAddress+l,highbit);

Lowbuffer=EEPRCM. read (eeAddress) ;

Highbuffer=EEPROM. read (eeAddress+1) ;

degree Buffer 1=(int (Lowbuffer)+int (Highbuffer));

Serial.print (" EEPROM VALUE : ");
Serial.print (degree Buffer 1);

READ= degree Buffer 2;
highbit = byte{(READ%255);
if (READ<255) highbit = 0;
lowbit = byte(READ) ;

EEPROM.write (eeAddress+2, lowbit) ;

EEPROM.write (eeAddress+3,highbit);

Lowbuffer=EEPROM. read (eeAddress+2) ;

Highbuffer=EEPROM. read (ecAddress+3) ;

degree Buffer 2-(int (Lowbuffer)+int (Highbuffer));

Serial.print (" EEPROM VALUE + "}:
Serial.print (degree Buffer 2);

READ= degree Buffer 3;

highbit = byte (READ%255);

if (READ<255) “highbit = 0;

lowbit = Dbyte (READ);

if (READ/255>=1) {lowbit = 255; '}

EEPROM.write (eeAddress+4, lowbit);

EEPROM.write (eeAddress+5,highkit) ;

Lowbuffer=EEPROM. read (eeAddress+4) ;

Highbuffer=EEPROM.read (eeRddress+5) ;

degree Buffer 3=(int (Lowbuffer)+int (Highbuffer});

Serial.print (" EEPROM VALUE : ");
Serial.print (degree Buffer 3);

READ= degree Buffer 4;

highbit = byte (READ%255) ;

if (READ<255) highbit = 0;

lowbkit = byte (READ);

if (READ/255>=1) {lowbit = 255; }
EEPROM.write (eeAddress+tb6, lowbit) ;
EEPROM.write (eeAddress+7,highbit) ;



Lowbuffer=EEPROM.read (eeAddress+6) ;
Highbuffer=EEPROM. read (eceRddress+7) ;

degree Buffer 4=(int (Lowbuffer)+int (Highbuffer));
Serial.print ("™ EEPROM VALUE : ");

Serial.print (degree Buffer 4);

}

digitalWrite (LEDGREEN,HIGH) ;delay (300);
digitalWrite (LEDGREEN, LOW) ; delay (300) ;
digitalWrite (LEDGREEN, HIGH) ;delay (300);
digitalWrite (LEDGREEN, LOW) ;delay (300) ;
digitalWrite (LEDYELLOW, LOW) ;delay (300);
return ;

void STOP (veid)

{

digitalWrite (LEDGREEN, LOW) ;

Serial .printin ("STOP™)-;

D=5; TURN();

delay(2000);

while(digitalRead (buttoné)==HIGH) ;
delay(2000);

digitalWrite (LEDGREEN, HIGH) ;
return  ;

1

veid loaddegrees (void)

{

}



d2uv29 ARDUINO NANO 3.0

#include <IRremote.h>
int IRpinl = 9;
int IRpin2 10;
int IRpin3 = 11;
int IRpinIN = 8;
int IRQUT1=5;
int IRQUTZ2=6;
int IR BUFFER 1 = 0;
int IR BUFFER 2
int IR BUFFER 3 = 0;
int STATUS=0;
int STATUS1=0;
int check =0 ;
decode results/results{3];
boclean LEDon = true;
void setup()
{
Serial.begin (9600);
pinMode (IRCUT1, OUTPUT) ;
pinMode (IRQUT2, OUTPUT) ;
digitalWrite (IROCUT1,HIGH) ;
digitalWrite (IROUTZ2,HIGH) ;
}
void loop ()
{
STATUS=0;
{
IRrecv dirrecv_1 (IRpinl);
irrecv_l.enableIRIn{);
delay (120);
if (irrecv l.decode (&results[01)) {
Serial.println (results[0].value, HEX):
Serial.printhyg (&l");
irrecv_1.resume (};
//STATUS1=1;

I
[
e

IRrecv irrecv_1(IRpin2);

irrecv_l.enablelIRIn() ;

delay(120);

if (irrecv_l.decode (&results[0])} {
Serial.println (results[0].value, HEX);
Serial.println ("2");
irrecv l.resume();



STATUS=1;

IRrecv irrecv 1(IRpin3);

irrecv_1.enableIRIn();

delay (120);

if (irrecv_l.decode (&results([0])) {
Serial.println(results[C].value, HEX);
Serial.println("3");
irrecv_l.resume();
STATUS1=1;

}

check TSOP();

Serial .print (STATUS) ;
Serial.prinf @, L=
Serial.println (STATUSL) ;
void check TSOP (void){

if (STATUS1==1 && STATUS==1) {
Serial .println ("STATUS1=2");

digitalWrite (IRQUTZ,LOW) ;
delay (3000);
while (digitalRead (IRpinIN)==LOW)
{
digitalWrite (IRQUTZ2,HIGH) ;
}
STATUS=0;
STATUS1=0;
return;
}
if (STATUS==1) {
Serial.println ("STATUS=1")=
digitalWrite (IROUT1, LOW) ;
delay (3000);
while (digitalRead (IRpinIN)==L0OW)
{
digitalWrite (IROUT1, HIGH) ;
STATUS=0;
}
return;
}

if (STATUS1==1) {

Serial.println ("STATUS1=1");

digitalWrite (IRQUTL, LOW) ;

delay(3000);
while (digitalRead (IRpinIN)==LCOW)



{
digitalWrite (IROUT1, LOW) ;

}

STATUS1=0;
//irrecv.resume () ;
//STATUS=0;
//STATUS1=0;
return:

return;
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VISHAY

TSOP48..

Available types for different carrier frequencies

Vishay Telefunken
Photo Modules for PCM Remote Control Systems

Type fo Type fo
TSOP4830 30 kHz TSOP4833 33 kHz
TSOP4836 36 kHz TSOP4837 36.7 kHz
TSOP4838 38 kHz TSOP4840 40 kHz
TSOP4856 56 kHz

Description

The TSOP48.. — series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame, the epoxy

package is designed as IR filter.

The demodulated output signal can directly be
decoded by a microprocessor. TSOP48.. is the
standard IR remote control receiver series, supporting

all major transmission codes.

Features

¢ Photo detector and preamplifier in one package
Internal filter for PCM frequency
e |mproved shielding against electrical field

disturbance

® TTL and CMOS compatibility

e Output active low

Block Diagram

Low power consumption

(800 bit/s)

14 500

® High immunity against ambient light
@ Continuous data transmission possible

Suitable burst length 210 cycles/burst

V
Input Control e
Circuit 30 kQ
%, !
y »ouT
Band Demodu- I\/A
AGC = Pass ’ lator
B e
9612226
Document Number 82090 www.vishay.com
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TSOP48..

Vishay Telefunken

Absolute Maximum Ratings

Tamb =25°C
Parameter Test Conditions Symbol Value Unit
Supply Voltage (Pin 3) Vg —0.3...6.0 \'4
Supply Current (Pin 3) Ig 5 mA
Output Voltage (Pin 1) Vo -0.3...6.0 )
Output Current (Pin 1) lo 5 mA
Junction Temperature T 100 e
Storage Temperature Range Tstg —25...+85 °C
Operating Temperature Range Tamb —25...+85 °C
Power Consumption (Tamp = 85 °C) Piot 50 mwW
Soldering Temperature t = 10s, 1 mm from case Tsg 260 °C
Basic Characteristics
Tamp = 25°C
Parameter . Test Conditions Symbol | Min. | Typ | Max | Unit
. V=5V, E,=0 Isp 0.8 1.1 1.5 mA
SUpply Clisem{Pin 3) Vs = 5V, E, = 40 kix, sunlight Lok 1.4 mA
Supply Voltage (Pin 3) Vs 4.5 5.5 \
e . E, = 0, test signal see fig.7,
Transmission Distance IR diode TSAL6200, Ir = 250 mA d 35
Output Voltage Low (Pin 1) logL = 0.5 mAE. = 0.7 mw/m? VosL 250 mV
Pulse width tolerance:
Irradiance (30 — 40 kHz) tpi — 5/fg < tpo < ti + 6/f,, Ederin 0.2 | 0.4 |mwim2
test signal see fig.7
Pulse width tolerance:
Irradiance (56 kHz) tni = 5/fy < tpo < o + 6/f, El i 0.3 | 0.6 |mwim2
test signal see fig.7
Irradiance toi — 5/fy < too < toi + 6/, Fatin~| 30 W/m?
Directivity Angle of half transmission distance | @y 45 deg |
Application Circuit
100 Q@ *) +5V
] 347 uF - t -
Tsop4s., | HTHE) .
| ¥ T Ii] optional
TSALG2. */ 1 ] WC
\;\ **)
2 O
16114 GND
*) recommended to suppress power supply disturbances
**) The output voltage should not be hold continuously at a voltage below 3.3V by the external circuit.
www.vishay.com Document Number 82090

2(7)
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TSOP48..

Suitable Data Format

The circuit of the TSOP48.. is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain control are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst length
and duty cycle.

The data signal should fullfill the following condition:

e Carrier frequency should be close to center
frequency of the bandpass (e.g. 38kHz).

¢ Burst length should be 10 cycles/burst or longer.

¢ After each burst which is between 10 cycles and 70
cycles a gap time of at least 14 cycles is necessary.

¢ For each burst which is longer than 1.8ms a
corresponding gap time is necessary at some time in
the data stream. This gap time should be at least 4
times longer than the burst.

¢ Up to 800 short bursts per second can be received
continuously.

Vishay Telefunken

Some examples for suitable data format are:
NEC Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, R—2000 Code.

When a disturbance signal is applied to the TSOP48..
it can still receive the data signal. However the
sensitivity is reduced to that level that no unexpected
pulses will occure.

Some examples for such disturbance signals which
are suppressed by the TSOP48.. are:

e DC light (e.g. from tungsten bulb or sunlight)

e Continuous signal at 38kHz or at any other
frequency

e Signals from fluorescent lamps with electronic
ballast with high or low modulation (see Figure A or
Figure B).

0 5 10

15 20

time [ms]

Figure A: IR Signal from Fluorescent Lamp with low Modulation

.\

I
l|” ‘:
|

Mw

0 5 10

time [g]

15 20

Figure B: IR Signal from Fluorescent Lamp with high Modulation
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Typical Characteristics (Tymp = 25°C unless otherwise specified)
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Figure 1. Frequency Dependence of Responsivity
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TSOP48..

Optical Test Signal
Ee | (IR diode TSAL6200, I = 0.4 A, 30 pulses, f = fp, T = 10 ms)

[

* tpi = 10/fo is recommended for optimal function
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Figure 7.

Optical Test Signal

T=60ms

94 8134

Output Signal, ( see Fig.10)

Figure 8. Output Function
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Figure 9. Max. Envelope Duty Cycle vs. Burstlength
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Figure 10. Qutput Pulse Diagram
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Vishay Telefunken

Dimensions in mm
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future naticnal and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

Itis particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987 ) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances ) respectively,

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconducter GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 82090 www.vishay.com
Rev. 9, 29-Mar 01 7(7)
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Electrical Drawing
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Sun-Pec

Dual H Bridge DC Stepper Motor Drive Controller Board Module L298N

User’s Guide

Description

‘Double H Bridge 5 : : :
v D A Working mode Drived by H bridge (double lines)
Control chip L298N (ST)
Logical voltage 5V Driving voltage SV 35V
2A (MAX
Logical current OmA-36mA Driving current A ( :
single bridge)
Storage temperature | C -2'0°C ) — (+135C) | Maximum power | 25W
weight 30g Pripfrery 43*43*27mm
7 dimension

Product features:

1. Using L298N made by ST company as the control chip,the module has such
characteristics as strong driving ability,low calorific value and strong anti-interference

ability.

2. This module can use built-in 78MO0S5 for electric work via a driving power supply
part. But to avoid the damage of the voltage stabilizing chip, please use an external
5V logic supply when using more than 12V driving voltage.

3. Using large capacity filter capacitor, this module can follow current to protect
diodes, and improve there liability

This module is intégrated with a built-in 5V power. When the drive voltage is
7V-35V.,it can enable the onboard 5V logic power supply; after the power supply,
don't input voltage in the interface+5V power supply, but you can lead the 5V for

external use.

When ENA enable IN1 IN2 control QUT1 QUT2
When ENB enable IN3 IN4 control OQUT3 OQUT4

www.sun-pec.com




Dual H Bridge DC Stepper Motor Drive Controller Board Module L298N

S u n-P e c User’s Guide
Description

Applied cases:

1 Driving stepper motor

The connection of driving a common 4 line 2 phase electric motor is shown in below
figure

after enable ENA ENB

Input the following driving timing from IN1-IN4, then the speed and direction of the
stepper

motor can be controlled

ep 4 O a0

Lr. 1 0 1 1 return

SHE AR o T e )

et 1 1 1 Q return

S i ‘ YA o T

i N2 it 1 0 e return

SLaE T = ! eturn

fEepie T Nd 0 ' L 1 1 return

2 Driving DC motor

Because the module is drived by double H bridge, it can drive two motors

simultancously.

The connecting method is shown in below figure

after enable ENA ENB

You can imput the speed and direction of PWM signal drive motor 1 from IN1 IN2
You can imput the speed and direction of PWM signal drive motor 2 from IN1 IN2
The signal is shown in the figure

corotation| high low / / high /

WWW.SUN-pec.com
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S u n-P ec User’s Guide
~ Mechanical Drawing
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Dual H Bridge DC Stepper Motor Drive Controller Board Module L293N

Sun-Pec

Contact us

SUN-Pec Co., Ltd .

Unit E, 17/F, Success Ind. Building, 17 Sheung Hei Street, San

Po Kong, HK
Tel: +852-23549977
Fax: +852-23549355

Website: WWW.Sun-pec.com

Email: contact@sun-pec.com
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LM555/NE555/SA555

Single Timer

Features Description
* High Current Drive Capability (200mA) The LMS555/NE555/SA555 is a highly stable controller
+ Adjustable Duty Cycle capable of producing accurate timing pulses. With a
« Temperature Stability of 0.005%/°C monostable operation, the time delay is controlled by one
+ Timing From USec to Hours external resistor and one capacitor. With an astable
* Tum off Time Less Than 2uSec operation, the frequency and duty cycle are accurately
controlled by two external resistors and one capacitor.
Appli ;
pplications Sss
* Precision Timing
* Pulse Generation ’
« Time Delay Generation 1
+ Sequential Timing
8-SOP
-«

Internal Block Diagram

R R
g}yVee
Discharging Tr.
g —(’DDischarge
F/F F<(6)Threshold
| Comp
Control
Reset G s -(5) Voliige
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LM555/NES55/SA555

Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage Vee 16 \'
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mwW
Operating Temperature Range

LM555/NE5S55 TOPR 0~+70 °C
SA555 40 ~ +85

Storage Temperature Range TsTG -65 ~ +150 °C




LMS555/NESS5/SA555

Electrical Characteristics

(Ta = 25°C, Ve = 5 ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage Vee - 4.5 - 16 V
Vcc =5V, RL== - 3 6 mA
Supply Current (Low Stable) (Note1 |
i ( HEED) ¢ Nec=15v,RL== = | 75 | B mA
Timing Error (Monostable)
Initial Accuracy (Note2) ) &
Drift with Temperature (Note4) AGDUR RA = 1kQ to100kQ 4.9 = A’o
Drift with Supply Voltage (Note4) I N % RRIAEC
AYAVCC ; 0.1 0.5 %N
Timing Error (Astable) :
Intial Accuracy (Note2) ACCUR | Ra = 1kQ to 100k 225 - %
Drift with Temperature (Note4) AUAT C=0.1uF 150 ppm/°C
Drift with Supply Voltage (Note4) At/AVCC 0.3 %IV
Vce =15V 90 | 10.0 | 11.0 Vv
Control Voltage Ve 8
Vee =5V 2.6 383 4.0 V
Veceo =15V - 10.0 - V
Threshold Voltage VTH ¥
Vce =5V - 3.33 - vV
Threshold Current (Note3) ITH - - 0.1 0.25 A
Tri Volt L Vce =5V 1.1 1.67 2.2 \'
er Voltage
b ] Vee = 15V Ao\ &0ch 84 | V
Trigger Current ITR VTR =0V 0.01 2.0 uA
Reset Voltage VRST - 0.4 0.7 1.0 Vv
Reset Current IRST - 0.1 0.4 mA
Vce =15V
ISINK = 10mA - 0.06 | 0.25 \
Low Output Voltage VoL ISINK = 50mA 03 | 0.75 \
Mee =38V
A=W - 4®0¥ 035 | Vv
Vce = 15V
ISOURCE = 200mA 2.5 - \Y
High Output Voltage VOH ISOURCE = 100mA 12.75 | 13.3 V
Vee =5V
ISOURCE = 100mA <f3 | 98 ) Ly
Rise Time of Output (Note4) tr - - 100 - ns
Fall Time of Qutput (Note4) tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. When the output is high, the supply current is typically 1mA less than at Vcc = 5V.

2. Tested at Vcc = 5.0V and Vg = 15V.

3. This will determine the maximum value of RA + RB for 15V operation, the max. total R = 20MQ, and for 5V operation, the max.

total R = 6.7MQ.

4. These parameters, although guaranteed, are not 100% tested in production.




LM555/NES55/SA555

Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
(VIn)PIN 6) 9 (%?r)(PIN 2? Reset(PIN4) | Output(PIN 3) (PII*?T)Q
Don't care Don't care Low Low ON
Vih > 2Vcc/ 3 Vith > 2Vce / 3 High Low ON
Vec /3<Vth<2Vec/3 | Vec/3<Vih<2Vec/3 High - -
Vth <Vec /3 Vth<Vec /3 High High OFF

When the low signal input is applied to the reset terminal, the timer output remains low regardless of the threshold voltage or
the trigger voltage. Only when the high signal is applied to the reset terminal, the timer's output changes according to
threshold voltage and trigger voltage.

When the threshold voltage exceeds 2/3 of the supply voltage while the timer output is high, the timer's internal discharge Tr.
turns on, lowering the threshold voltage to below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, if a low signal is applied to the trigger voltage so that it becomes 1/3 of the supply voltage, the timer's intemal
discharge Tr. turns off, increasing the threshold voltage and driving the timer output again at high.

1. Monostable Operation

e
&
iy A\ L i
‘ 4 ) 1 8 o 5 Ra
RESET Ve W
: ey
O— 2} TRIG g
i
THRES! 6 1 :g
i
—{3)our /L =G § /
: enp~  CONTE fl’/l et
RLZ (13 c2
'
' &[/ T ; 1t 10" 10* 10* 10* 10° 10' 10
l Time Delay(s)

Figure 2. Resistance and Capacitance vs.
Time delay(td)

R, =9.1k02, R =1k£2, C1=0.01uF, Vee=5V

Figure 3. Waveforms of Monostable Operation




LMS555/NES55/SA555

Figure 1 illustrates a monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vee/3. When the trigger pulse voltage applied to the #2 pin falls below Vee/3 while the timer output is low, the timer's
internal flip-flop turns the discharging Tr. off and causes the timer output to become high by charging the external capacitor C1
and setting the flip-flop output at the same time.

The voltage across the external capacitor C1, V(| increases exponentially with the time constant t=RA*C and reaches 2Vee/3
at td=1.IRA*C. Hence, capacitor C1 is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the VC1 to reach 2Vee/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage to the capacitor C1 reaches 2Vee/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low.

In this way, the timer operating in the monostable repeats the above process. Figure 2 shows the time constant relationship
based on R and C. Figure 3 shows the general waveforms during the monostable operation.

It must be noted that, for a normal operation, the trigger pulse voltage needs to maintain a minimum of Vee/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform does not operate properly if the trigger pulse voltage at the end of the output pulse
remains at below Vee/3. Figure 4 shows such a timer output abnormality.

IV/div, SDus/div

SESUTE, i K \

1l

-8 i L Bl AL

' RA=-9‘.lkﬂ.. R-L:n.n. C1=0.01uF, Vec=5V
Figure 4. Waveforms of Monostable Operation (abnormal)

2. Astable Operation

& ) +Voco
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4 bt { 8 10 I M ™ ™
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2) TR0 ] NN NN
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i ( 3 jout — &1 001 N ™, M, N
: GND CONT( 5 1 \ \ \ \
RLg T c2 13 N N N
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Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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1V/div, SOms/div

A ] L e—— | |
R,=1kQ, Ry=1ke}, R =1KW, C1-1uF, Vec=5Y

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor RB to Figure 1 and configuring as shown on Figure 5. In the astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed, operating as a multi
vibrator. When the timer output is high, its internal discharging Tr. turns off and the V(1 increases by exponential

function with the time constant (RA +RB)*C.

When the V1, or the threshold voltage, reaches 2Vee/3, the comparator output on the trigger terminal becomes high,
resetting the F/F and causing the timer output to become low. This in turn twrns on the discharging Tr. and the C1 discharges
through the discharging channel formed by RB and the discharging Tr. When the V1 falls below Vce/3, the comparator
output on the trigger terminal becomes high and the timer output becomes high again. The discharging Tr. turns off and the
V1 rises again.

In the above process, the section where the timer output is high is the time it takes for the V1 to rise from Vee/3 to 2Vee/3,
and the section where the timer output is low is the time it takes for the V1 to drop from 2Vee/3 to Vee/3. When timer output
is high, the equivalent circuit for charging capacitor C1 is as follows:

Ry

A

R,
J— AW AW
Vee T
L

+
Cl T_Vc](()—)‘VccB

& dvg4 _ Vaa—=V(03) 5
1 dt R, +Rg
Ve q(0+) = Vo e/3 (2)

t
2 -[_(RA+RB)C1)
Vo) = Vgl 1-3e (3)

Since the duration of the timer output high state(tr) is the amount of time it takes for the V1(t) to reach 2Vee/3,
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- 7—tH
{(Rp +Rg)C1

_ 2 B 2 2
Ve = 3Vee =V . (4)

CC1

ty = 01(RA+RB}]n2:0‘693(RA+RB)C1 (5)

The equivalent circuit for discharging capacitor C1, when timer output is low is, as follows:

c{0-)=2Vee/3

,,

Cl1
1
4

dv
C1 1
Cc + 5=V~ =0 (8)
174t R, Ry C1
t
2 Ry *Rp)CH
Vg =3V (7)
Cc1 3 cc®

Since the duration of the timer output low state(t1) is the amount of time it takes for the V1(t) to reach Vee/3,

e\l d

"Ry +RR)CT
ack

t: = C1(RB+RD)In2=O.693(RB+RD)C1 (9)

1

_2
o M

Since RD is normally RB>>RD although related to the size of discharging Tt.,
t1.=0.693RBC1 (10)

Consequently, if the timer operates in astable, the period is the same with
"T=trHL=0.693(RA+RB)C1+0.693RBC1=0.693(RA+2RB)C]' because the period is the sum of the charge time and discharge
time. And since frequency is the reciprocal of the period, the following applies.

1 1.44
L .~ 11
T (Ry+2Rg)Cy S

frequency, f=
3. Frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 1 can be made to operate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur during the timing cycle.




LM555/NES55/SA555

1Vidiv, 25us/div

AL AN

R =921k, R, =1kQ, C1=0.01uF, Vee=5V
Figure 8. Waveforms of Frequency Divider Operation

4, Pulse Width Modulation

The timer output waveform may be changed by modulating the control voltage applied to the timer's pin 5 and changing the
reference of the timer's internal comparators. Figure 9 illustrates the pulse width modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal applied to the control terminal. Sine wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows the example of pulse width modulation waveform.

+Vee

1VAdiv, 100us/div
T

: | Trigger]

=2 gl W
|| loutpu |

it

R, =9.1kg}, R =1k, C1=0.01uF, Vec=5V

Figure 9. Circuit for Pulse Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

If the modulating signal is applied to the control terminal while the timer is connected for the astable operation as in Figure 11,
the timer becomes a pulse position modulator.

In the pulse position modulator, the reference of the timer's internal comparators is modulated which in turn modulates the
timer output according to the modulation signal applied to the control terminal,

Figure 12 illustrates a sine wave for modulation signal and the resulting output pulse position modulation : however, any wave
shape could be used.
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Control | H

1VAdiv, 100us/div

—
-
-
} -
-
-t T
| ———
==

| Trigger]|
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Figure 11. Circuit for Pulse Position Modulation

6. Linear Ramp

gl
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R, =3.9kQ, R =1k, R =1k0, C1=0.01uF, V

Ui
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e

-

Figure 12. Waveforms of pulse position modulation

When the pull-up resistor RA in the monostable circuit shown in Figure 1 is replaced with constant current source, the VC1
increases linearly, generating a linear ramp. Figure 13 shows the linear ramp generating circuit and Figure 14 illustrates the

generated linear ramp waveforms,

Qutput

Figure 13. Circuit for Linear Ramp

1¥/div, 25av/div
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|

3 4

R1=47kQ, R2=100k0, R =2.7k(), R, =1kQ, C1=0.01uF, Vcc=5V

Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and RE.

Vee—

le=—F%—

E

Here, VE i

R

~ 2
VE"VBE+R1+R2VCC

For example, if Vee=15V, RE=20kQ, R1=5kW, R2=10k€2, and VBE=0.7V,

VE=0.7V+10V=10.7V

Ie=(15-10.7)/20k=0.215mA
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When the trigger starts in a timer configured as shown in Figure 13, the current flowing through capacitor C1 becomes a
constant cutrent generated by PNP transistor and resistors,

Hence, the VC is a linear ramp function as shown in Figure 14. The gradient S of the linear ramp function is defined as
follows:

v
S = JJT;E (14)

Here the Vp-p is the peak-to-peak voltage,
If the electric charge amount accumulated in the capacitor is divided by the capacitance, the V¢ comes out as follows:

V=Q/C (15)

The above equation divided on both sides by T gives us

vV _Q/T
T-¢C (16)

and may be simplified into the following equation.

S=I/C (17)

In other words, the gradient of the linear ramp function appearing across the capacitor can be obtained by using the constant
current flowing through the capacitor.

If the constant current flow through the capacitor is 0.215mA and the capacitance is 0.02UUF, the gradient of the ramp function
at both ends of the capacitor is S = 0.215m/0.022 = 9.77V/ms.

10
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Mechanical Dimensions

Package
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Mechanical Dimensions (Continued)

Package

8-SOP

Dimensions in millimeters

0.1~0.25
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0.061 +0.008
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-2 088 !
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| 36
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= - |0
e
o
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& o0 (T oK
0.156 +0.008 é g
2=
(A= q
5.72 o
0.225 ] -

0.50 +0.20 f
0.020 +0.008
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Ordering Information

Product Number Package Operating Temperature
LM555CN 8-DIP
0 ~+70°C
LM555CM 8-SOP
Product Number Package Operating Temperature
NES55N 8-DIP
0 ~+70°C
NE555D 8-SOP
Product Number Package Operating Temperature
SA555 8-DIP
-40 ~ +85°C
SA555D 8-SOP

13



LM555/NES55/SA555

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (¢} whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www fairchildsemi.com
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3-Axis Digital Compass IC Honeywell
HMC5883L

Advanced Information

The Honeywell HMC5883L is a surface-mount, multi-chip module designed for
low-field magnetic sensing with a digital interface for applications such as low-
cost compassing and magnetometry. The HMC5883L includes our state-of-the-
art, high-resolution HMC118X series magneto-resistive sensors plus an ASIC
containing amplification, automatic degaussing strap drivers, offset cancellation,
and a 12-bit ADC that enables 1° to 2° compass heading accuracy. The I°C
serial bus allows for easy interface. The HMC5883L is a 3.0x3.0x0.9mm surface
mount 16-pin leadless chip carrier (LCC). Applications for the HMC5883L
include Mobile Phones, Netbooks, Consumer Electronics, Auto Navigation

Systems, and Personal Navigation Devices.

The HMC5883L utilizes Honeywell's Anisotropic Magnetoresistive (AMR) technology that provides advantages over other
magnetic sensor technologies. These anisotropic, directional sensors feature precision in-axis sensitivity and linearity.
These sensors’ solid-state construction with very low cross-axis sensitivity is designed to measure both the direction and
the magnitude of Earth’s magnetic fields, from milli-gauss to 8 gauss. Honeywell's Magnetic Sensors are among the most

sensitive and reliable low-field sensors in the industry.

FEATU RES BENEFITS
FiLfe o LS L Deae aMEETJERR e sy =SS n S N A SR 8 3 N uae - 2% =
} 3- Axns Magnetoremstwe Sensors and p Small Size for Highly Integrated Products. Just Add a MICI’O—
ASIC in a 3.0x3.0x0.9mm LCC Surface Controller Interface, Plus Two External SMT Capacitors
Mount Package Designed for High Volume, Cost Sensitive OEM Designs

Easy to Assemble & Compatible with High Speed SMT Assembly

p 12-Bit ADC Coupled with Low Noise P Enables 1° to 2° Degree Compass Heading Accuracy
AMR Sensors Achieves 5 milli-gauss
Resolution in +8 Gauss Fields

p  Built-In Self Test b Enables Low-Cost Functionality Test after Assembly in Production

P Low Voltage Operations (2.16 to 3.6V) p Compatible for Battery Powered Applications
and Low Power Consumption (100 pA)

p Built-In Strap Drive Circuits b Set/Reset and Offset Strap Drivers for Degaussing, Self Test, and
Offset Compensation

» I°C Digital Interface p Popular Two-Wire Serial Data Interface for Consumer Electronics

P Lead Free Package Construction p RoHS Compliance

P Wide Magnetic Field Range (+/-8 Oe) p Sensors Can Be Used in Strong Magnetic Field Environments with a
1° to 2° Degree Compass Heading Accuracy

» Software and Algorithm Support p Compassing Heading, Hard Iron, Soft Iron, and Auto Calibration

Available Libraries Available

p Fast 160 Hz Maximum Output Rate » Enables Pedestrian Navigation and LBS Applications
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SPECIFICATIONS (* Tested at 25°C except stated otherwise.)

ICharacteristics Conditions* Min Typ Max Units
Power Supply
Supply Voltage VDD Referenced to AGND 2.16 3.6 Volts
VDDIO Referenced to DGND 1.71 1.8 VDD+0.1 Volts
Average Current Draw Idle Mode - 2 - pA
Measurement Mode (7.5 Hz ODR; - 100 - pA
No measurement average, MA1:MAQ = 00)
VDD = 2.5V, VDDIO = 1.8V
Performance
Field Range Full scale (FS) — total applied field (Typical) -8 +8 gauss
Mag Dynamic Range 3-bit gain control +1 +8 gauss
Resolution VDD=3.0V, GN=2 5 milli-gauss
Linearity +2.0 gauss input range 0.1 +% FS
Hysteresis +2.0 gauss input range +25 ppm
Cross-Axis Sensitivity Test Conditions: Cross field = 0.5 gauss, +0.2% %FS/gauss
Happlied = £3 gauss
Output Rate (ODR) Continuous Measurment Mode oys 75 Hz
Single Measurement Mode 160 Hz
Measurement Period From receiving command to data ready 6 msec
Turn-on Time Ready for |2C commands 200 us
Gain Tolerance All gain/dynamic range settings +5 %
I°C Address 7-bit address Ox1E hex
8-bit read address 0x3D hex
8-bit write address 0x3C hex
°C Rate Controlled by I°C Master > 400 kHz
I°C Hysteresis Hysteresis of Schmitt trigger inputs on SCL
and SDA - Fall (VDDIO=1.8V) 0.2*VDDIO Volts
Rise (VDDIO=1.8V) 0.8*VDDIO Volts
Self Test X &Y Axes +1.16 gauss
Z Axis +1.08
X &Y Axes (GN=100) 510 LSb
Z Axis (GN=100)
General
ESD Voltage Human Body Model (all pins) 2000 Volts
CDM 750
Operating Temperature Ambient -30 85 °C
Storage Temperature Ambient, unbiased -40 125 °C
Reflow Classification MSL 3, 260 °C Peak Temperature
Package Size Length and Width 2.85 3.00 3.15 mm
Package Height 0.8 0.9 1.0 mm

www.honeywell.com




HMC5883L

Absolute Maximum Ratings (* Tested at 25°C except stated otherwise.)

ICharacteristics Min Max Units
Supply Voltage VDD -0.3 4.8 Volts
Supply Voltage VDDIO -0.3 4.8 Volts

PIN CONFIGURATIONS
Pin Name Description

1 SCL Serial Clock — I°C Master/Slave Clock
2 VDD Power Supply (2.16V to 3.6V)
3 NC Not to be Connected
4 S1 Tie to VDDIO
5 NC Not to be Connected
6 NC Not to be Connected
7 NC Not to be Connected
8 SETP Set/Reset Strap Positive — S/R Capacitor (C2) Connection
9 GND Supply Ground
10 C1 Reservoir Capacitor (C1) Connection
11 GND Supply Ground
12 SETC S/R Capacitor (C2) Connection — Driver Side
13 VDDIO IO Power Supply (1.71V to VDD) '
14 NC Not to be Connected
15 DRDY Data Ready, Inte_rrupt Pin._ Internally pulled higt‘_n. Optional connection. Low for 250
psec when data is placed in the data output registers.
16 SDA Serial Data — I°C Master/Slave Data
Table 1: Pin Configurations
> O
S5 8 o 2
w2 =) -y =
o 19 154 t4 13
SN\, [Md Y [AZ4V° SEJC
voD Y [11] GND
NC [3] o] C1
ST [&] X [] GND

NC [@]
NC [=]
NC [~]

SETP [©]

TOP VIEW (looking through)
Arrow indicates direction of magnetic field that generates a positive output reading in Normal Measurement configuration.

www.honeywell.com 3
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PACKAGE OUTLINES

PACKAGE DRAWING HMC5883L (16-PIN LPCC, dimensions in millimeters)

_| G-J( PIN 1 MARKER

0.325%0.250 16X E’
m “
(] -t 3.00
J_ El [+]
0.625 E’

0,625 —= I—-— —=] 0.90

3.00 |
BOTTOM  VIEW
(Dimensions in .mm)

MOUNTING CONSIDERATIONS

The following is the recommend printed circuit board (PCB) footprint for the HMC5883L.

%

s 0450

— L—* 0.100x 8

— 3.000 -

HMC5883 Land Pad Pattemn
(Al dimensionsarein mm}

e

SIDE VIEW
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PCB Pad Definition and Traces

The HMC5883L is a fine pitch LCC package. Refer to previous figure for recommended PCB footprint for proper package
centering. Size the traces between the HMC5883L and the external capacitors (C1 and C2) to handle the 1 ampere peak

current pulses with low voltage drop on the traces.

Stencil Design and Solder Paste
A 4 mil stencil and 100% paste coverage is recommended for the electrical contact pads.

Reflow Assembly

This device is classified as MSL 3 with 260°C peak reflow temperature. A baking process (125°C, 24 hrs) is required if
device is not kept continuously in a dry (< 10% RH) environment before assembly. No special reflow profile is required for
HMC5883L, which is compatible with lead eutectic and lead-free solder paste reflow profiles. Honeywell recommends

adherence to solder paste manufacturer’'s guidelines.

INTERNAL SCHEMATIC DIAGRAM

HMC5883L
HMC5883L HOST CPU
---- ASIC [
. i
 — l —(PT
3 115 DRDY
—\ T XESDA o |12C DATA
——| PrAmAT AT AT - | 12C_CLK
E : VAN E 18CL
Gl ) | R )/ 1 "?'?ETW‘L{ ' 2.2K ;z.zK
| e e plasi T,
H DD 2.16V to 3.6V
amp > 1 A / e gjz GND __t oA
! i
Lji,“ ! | 1T & ot
4 E VDpIO” 4 VDD
SET/RESET o P\ “’C:'BDD__
e i
IHREE : E;RNJ;? g;i}—i i 0 1|,Lf
i = J10 |+ ‘
[ u l.'- ||--.‘J' i -nﬂ- C1
1 ] L4
5[ SETP ﬁ‘ SETC VAR
u :
c2 2
0 224 IFC SLAVE ’C MASTER
www.honeywell.com
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DUAL SUPPLY REFERENCE DESIGN

SINGLE SUPPLY REFERENCE DESIGN

HMC5883L HOST CPU
2.16V to 3.6V
VBRI
0.1
N g 1.71V to VDD .
S1 jq 2.2K 2.2K
scL | . 12C_CLK
spa |18 i 12C_DATA
8
SEIR &5
SETC | 12 7T 0.224f
::CS
+ 1
T4
GND |2
ono U V&S
v
I2C SLAVE I2C MASTER
HMC5883L HOST CPU
voo 2
2,16V to 3.6V
yDDI0 12 - VDD
1 - 2.2K 2.2K
s Lt 12C_CLK
sDA |18 . 12C DATA
8
SETP A
sere |12 T 0.22uf
::CB
c1 |10 0.1pf
[ _1xci
L 47uf
GND 2
GND 1 % V55
I2C SLAVE 12C MASTER
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PERFORMANCE

The following graph(s) highlight HMC5883L’s performance.

Typical Resolution

L883 Resolution
3
@
.25
“
=
‘.3 2
(-3
2 ;
S 15
H
a1
v
_5 05
3 o
[} 1 2 3 4 5 6 X
Gain

»

a7ms

6.26 mS
6 mS

v

* Monitoring of the DRDY Interrupt pin is only required if maximum output rate is desired.
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HMC5883L
BASIC DEVICE OPERATION

Anisotropic Magneto-Resistive Sensors

The Honeywell HMC5883L magnetoresistive sensor circuit is a trio of sensors and application specific support circuits to
measure magnetic fields. With power supply applied, the sensor converts any incident magnetic field in the sensitive axis
directions to a differential voltage output. The magnetoresistive sensors are made of a nickel-iron (Permalloy) thin-film and
patterned as a resistive strip element. In the presence of a magnetic field, a change in the bridge resistive elements
causes a corresponding change in voltage across the bridge outputs.

These resistive elements are aligned together to have a common sensitive axis (indicated by arrows in the pinout
diagram) that will provide positive voltage change with magnetic fields increasing in the sensitive direction. Because the
output is only proportional to the magnetic field component along its axis, additional sensor bridges are placed at
orthogonal directions to permit accurate measurement of magnetic field in any orientation.

Self Test

To check the HMC5883L for proper operation, a self test feature in incorporated in which the sensor is internally excited
with a nominal magnetic field (in either positive or negative bias configuration). This field is then measured and reported.
This function is enabled and the polarity is set by bits MS[n] in the configuration register A. An internal current source
generates DC current (about 10 mA) from the VDD supply. This DC current is applied to the offset straps of the magneto-
resistive sensor, which creates an artificial magnetic field bias on the sensor.

See SELF TEST OPERATION section later in this datasheet for additional details.
Power Management

This device has two different domains of power supply. The first one is VDD that is the power supply for internal
operations and the second one is VDDIO that is dedicated to 1O interface. It is possible to work with VDDIO equal to VDD;
Single Supply mode, or with VDDIO lower than VDD allowing HMC5883L to be compatible with other devices on board.

I’C Interface

Control of this device is carried out via the 1°C bus. This device will be connected to this bus as a slave device under the
control of a master device, such as the processor.

This device is compliant with °C-Bus Specification, document number: 9398 393 40011. As an I°C compatible device,
this device has a 7-bit serial address and supports I°C protocols. This device supports standard and fast modes, 100kHz
and 400kHz, respectively, but does not support the high speed mode (Hs). External pull-up resistors are required to
support these standard and fast speed modes.

Activities required by the master (register read and write) have priority over internal activities, such as the measurement.
The purpose of this priority is to not keep the master waiting and the I°C bus engaged for longer than necessary.

Internal Clock
The device has an internal clock for internal digital logic functions and timing management.
H-Bridge for Set/Reset Strap Drive

The ASIC contains large switching FETs capable of delivering a large but brief pulse to the Set / Reset strap of the
sensor. This strap is largely a resistive load. There is no need for an external Set/Reset circuit. The controlling of the
Set/Reset function is done automatically by the ASIC for each measurement. One half of the difference from the
measurements taken after a set pulse and after a reset pulse will be put in the data output register for each of the three
axes. By doing so, the sensor's internal offset and its temperature dependence is removed/cancelled for all
measurements.

Charge Current Limit

The current that reservoir capacitor (C1) can draw when charging is limited for both single supply and dual supply

8 www.honeywell.com



HMC5883L

configurations. This prevents drawing down the supply voltage (VDD).
MODES OF OPERATION

This device has several operating modes whose primary purpose is power management and is controlled by the Mode
Register. This section describes these modes.

Continuous-Measurement Mode

During continuous-measurement mode, the device continuously makes measurements, at user selectable rate, and
places measured data in data output registers. Data can be re-read from the data output registers if necessary; however,
if the master does not ensure that the data register is accessed before the completion of the next measurement, the data
output registers are updated with the new measurement. To conserve current between measurements, the device is
placed in a state similar to idle mode, but the Mode Register is not changed to Idle Mode. That is, MD[n] bits are
unchanged. Settings in the Configuration Register A affect the data output rate (bits DOI[n]), the measurement
configuration (bits MS[n]), when in continuous-measurement mode.  All registers maintain values while in continuous-
measurement mode. The I°C bus is enabled for use by other devices on the network in while continuous-measurement
mode.

Single-Measurement Mode

This is the default power-up mode. During single-measurement mode, the device makes a single measurement and
places the measured data in data output registers. After the measurement is complete and output data registers are
updated, the device is placed in idle mode, and the Mode Register is changed to idle mode by setting MD[n] bits. Settings
in the configuration register affect the measurement configuration (bits MS[n])when in single-measurement mode.  All
registers maintain values while in single-measurement mode. The I°C bus is enabled for use by other devices on the
network while in single-measurement mode.

Idle Mode
During this mode the device is accessible through the I’C bus, but majar sources of power consumption are disabled,

such as, but not limited to, the ADC, the amplifier, and the sensor bias current. All registers maintain values while in idle
mode. The I°C bus is enabled for use by other devices on the network while in idle mede.

www.honeywell.com 9
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REGISTERS

This device is controlled and configured via a number of on-chip registers, which are described in this section. In the
following descriptions, set implies a logic 1, and reset or clear implies a logic 0, unless stated otherwise.

Register List
The table below lists the registers and their access. All address locations are 8 bits.

Al ' AR R
00 Configuration Register A Read/Write
01 Configuration Register B Read/Write
02 Mode Register Read/Write
03 Data Output X MSB Register Read

04 Data Qutput X LSB Register Read

05 Data Output Z MSB Register Read

06 Data Output Z LSB Register Read

07 Data Output Y MSB Register Read

08 Data QOutput Y LSB Register Read

09 Status Register Read

10 Identification Register A Read

11 Identification Register B Read

12 Identification Register C Read

Table2: Register List

Register Access

This section describes the process of reading from and writing to this device. The devices uses an address pointer to
indicate which register location is to be read from or written to. These pointer locations are sent from the master to this
slave device and succeed the 7-bit address plus 1 bit read/write identifier.

To minimize the communication between the master and this device, the address pointer updated automatically without
master intervention. This automatic address pointer update has two additional features. First when address 12 or higher
is accessed the pointer updates to address 00 and secondly when address 08 is reached, the pointer rolls back to
address 03. Logically, the address pointer operation functions as shown below.

If (address pointer = 08) then address pointer = 03
Else if (address pointer >= 12) then address pointer = 0
Else (address pointer) = (address pointer) + 1

The address pointer value itself cannot be read via the 1°C bus.
Any attempt to read an invalid address location returns 0’s, and any write to an invalid address location or an undefined bit
within a valid address location is ignored by this device.

To move the address pointer to a random register location, first issue a “write” to that register location with no data byte
following the commend. For example, to move the address pointer to register 10, send 0x3C 0x0A.

10 www.honeywell.com
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Configuration Register A

The configuration register is used to configure the device for setting the data output rate and measurement configuration.
CRAQ through CRA7 indicate bit locations, with CRA denoting the bits that are in the configuration register. CRA7 denotes
the first bit of the data stream. The number in parenthesis indicates the default value of that bit.

CRA7 CRAG6 CRAS5 CRA4 CRA3 CRA2 CRA1 CRA0D

(1) MA1(1) MAO(1) DO2(1) | DO1(0) |DOO(0) | MS1(0) |[MSO0(0)
Table 3: Configuration Register A

Location Name Description

CRA7 CRA7 This bit must be cleared for correct operation.

Select number of samples averaged (1 to 8) per

to incorporate an applied bias into the measurement.

CRAG to CRAS | MA1 to MAQO | measurement output.

00=1,01=2; 10 =4; 11 =8 (Default)

Data Qutput Rate Bits. These bits set the rate at which data
CRa4 1o CRAZ | DOJMo DOQ is written to all three data output registers.

Measurement Caonfiguration Bits. These bits define the
CRA1 to CRAO | MS1 to MSO | measurement flow of the device, specifically whether or not

The Table below shows all selectable output rates in continuous measurement mode.

Table 4: Configuration Register A Bit Designations

All three channels shall be

measured within a given output rate. Other output rates with maximum rate of 160 Hz can be achieved by monitoring

DRDY interrupt pin in single measurement mode.

DO2 | DO1 | DOO | Typical Data Output Rate (Hz)

0 0 0 0.75

0 0 1 1.5

0 1 0 3

0 1 1 7.5

1 0 0 15 (Default)

1 0 1 30

1 1 0 73

1 1 1 Not used

Table 5: Data Output Rates

MS1 | MS0 | Measurement Mode
Normal measurement cenfiguration (Default). In normal measurement

0 0 configuration the device follows normal measurement flow. The positive and
negative pins of the resistive load are left floating and high impedance.

0 1 Positive bias configuration for X, Y, and Z axes. In this configuration, a positive
current is forced across the resistive load for all three axes.

1 0 Negative bias configuration for X, Y and Z axes. In this configuration, a negative
current is forced across the resistive load for all three axes..

1 1 This configuration is reserved.

www.honeywell.com

Table 6: Measurement Modes
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Configuration Register B

The configuration register B for setting the device gain. CRBO through CRB7 indicate bit locations, with CRB denoting the
bits that are in the configuration register. CRB7 denotes the first bit of the data stream. The number in parenthesis
indicates the default value of that bit.

CRB7 CRB6 CRB5 CRB4 CRB3 CRB2 CRB1 CRB0

GN2(0) | GN1(0) | GNO(1) |(0) (0) (0) (0) (0)

Table 7: Configuration B Register

Location Name Description

Gain Configuration Bits. These bits configure the gain for
CRB7 to CRB5 | GN2 to GNO | the device. The gain configuration is common for all
channels.

CRB4to CRBO | O These bits must be cleared for correct operation.

Table 8: Configuration Register B Bit Designations

The table below shows nominal gain settings. Use the "Gain” column to convert counts to Gauss. Choose a lower gain
value (higher GN#) when total field strength causes overflow in one of the data output registers (saturation).

Gain
GN2 IS 99 gzggmn;?;:geé’ange é:ﬁsaé ) Output Range
0 0 0 +0.88 Ga 1370 %’;3%9—2%1077)#
0 0 1 £1.3Ga 1090 (default) ?_’;’;ﬁ%‘l—z%zo;f
I\ 7 s 55 2 | Coaesoury
LN\ w0 | i ooury
1 0 0 +4.0 Ga 440 2;%3%9—2%137)%
o] e |
1 1 0 £5.6 Ga 330 8;'(:)3(&%)27)}:[:
1 1 1 £ 8.1 Ga 230 ?_;Ei%g—z%io??rl:

Table 9: Gain Settings
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Mode Register

The mode register is an 8-bit register from which data can be read or to which data can be written. This register is used to
select the operating mode of the device. MRO through MR?7 indicate bit locations, with MR denoting the bits that are in the
mode register. MR7 denotes the first bit of the data stream. The number in parenthesis indicates the default value of that
bit.

MR7 | MR6 MR5 MR4 MR3 MR2 MR1 MRO

(1 [ © (0) (©) (0) ©) MD1 (0) | MDO (1)

Table 10: Mode Register

Location | Name Description

MR7 to Tlhf.-se bit_s must be cleared for‘ correct operation. Bit MR7

MR2 0 bit is set internally after each single-measurement
operation.

MR1 to MD1 to Mode Select Bits. These bits select the operation mode of

MRO MDO this device.

Table 11: Mode Register Bit Designations

MD1 | MDO | Operating Mode

Continuous-Measurement Mode. In continuous-measurement mode,
the device continuously performs measurements and places the
resull in the data register. RDY goes high when new data is placed
0 in all three registers. After a power-on or a write to the mode or
configuration register, the first measurement set is available from all
three data output registers after a period of 2/fso and subsequent
measurements are available at a frequency of fo, where fog is the
frequency of data output.

Single-Measurement Mode (Default). When single-measurement
mode is selected, device performs a single measurement, sets RDY
0 y high and returned to idle mode. Mode register returns to idle mode
bit values. The measurement remains in the data output register and
RDY remains high until the data output register is read or another
measurement is performed.

1 0 Idle Mode. Device is placed in idle mode.

1 1 Idle Mode. Device is placed in idle mode.

Table 12: Operating Modes
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Data Output X Registers A and B

The data output X registers are two 8-bit registers, data output register A and data output register B. These registers
store the measurement result from channel X. Data output X register A contains the MSB from the measurement result,
and data output X register B contains the LSB from the measurement result. The value stored in these two registers is a
16-bit value in 2's complement form, whose range is 0xF800 to 0x07FF. DXRAQ through DXRA7 and DXRBO through
DXRB?7 indicate bit locations, with DXRA and DXRB denoting the bits that are in the data output X registers. DXRAY and
DXRB7 denote the first bit of the data stream. The number in parenthesis indicates the default value of that bit.

In the event the ADC reading overflows or underflows for the given channel, or if there is a math overflow during the bias
measurement, this data register will contain the value -4098. This register value will clear when after the next valid
measurement is made.

DXRA7 | DXRA6 | DXRA5 | DXRA4 | DXRA3 | DXRA2 | DXRA1 | DXRAO
() ©) (©) (0) (0) (0) () (0)
DXRB7 | DXRB6 | DXRB5 | DXRB4 | DXRB3 | DXRB2 | DXRB1 | DXRBO
() (0) (©) (©) (0) (0) (0) ©)

Table 13: Data OQutput X Registers A and B

Data Output Y Registers A and B

The data output Y registers are two 8-bit registers, data output register A and data output register B. These registers
store the measurement result from channel Y. Data output Y register A contains the MSB from the measurement result,
and data output Y register B contains the LSB from the measurement result. The value stored in these two registers is a
16-bit value in 2’s complement form, whose range is 0xF800 to 0xO7FF. DYRAO through DYRA7 and DYRBO through
DYRB?7 indicate bit locations, with DYRA and DYRB denoting the bits that are in the data output Y registers. DYRA7 and
DYRB?7 denote the first bit of the data stream. The number in parenthesis indicates the default value of that bit.

In the event the ADC reading overflows or underflows for the given channel, or if there is a math overflow during the bias
measurement, this data register will contain the value -4096. This register value will clear when after the next valid
measurement is made.

DYRA7 | DYRA6 | DYRA5 | DYRA4 | DYRA3 | DYRAZ | DYRA1 | DYRAO

@ (0) (0) (0) (0) (0) ) ()

DYRB7 | DYRBé | DYRB5 | DYRB4 | DYRB3 | DYRB2 | DYRB1 | DYRBO

(0) (@) (0) (0) (0) (0) Q) (©)
Table 14: Data Qutput Y Registers A and B

Data Output Z Registers A and B

The data output Z registers are two 8-bit registers, data output register A and data output register B. These registers
store the measurement result from channel Z. Data output Z register A contains the MSB from the measurement result,
and data output Z register B contains the LSB from the measurement result. The value stored in these two registers is a
16-bit value in 2's complement form, whose range is 0xF800 to 0xO7FF. DZRAO through DZRA7 and DZRBO through
DZRB?7 indicate bit locations, with DZRA and DZRB denoting the bits that are in the data output Z registers. DZRA7 and
DZRB7 denote the first bit of the data stream. The number in parenthesis indicates the default value of that bit.

In the event the ADC reading overflows or underflows for the given channel, or if there is a math overflow during the bias

measurement, this data register will contain the value -4096. This register value will clear when after the next valid
measurement is made.
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DZRA7 | DZRA6 | DZRA5 | DZRA4 | DZRA3 | DZRA2 | DZRA1 | DZRAO
(©) (0) (0) (0) (0) () ()
DZRB7 | DZRB6 | DZRB5 | DZRB4 | DZRB3 | DZRB2 | DZRB1 | DZRBO

©) (0) ©) (0) @ )

Table 15: Data Output Z Registers A and B

Data Output Register Operation

When one or more of the output registers are read, new data cannot be placed in any of the output data registers until all
six data output registers are read. This requirement also impacts DRDY and RDY, which cannot be cleared until new
data is placed in all the output registers,

Status Register

The status register is an 8-bit read-only register. This register is used to indicate device status. SRO through SR7
indicate bit locations, with SR denoting the bits that are in the status register. SR7 denotes the first bit of the data stream.

SR7

SRé

SR5 SR4 SR3 SR2 SR1 SRO

@

(0)

(x) (0) (0) LOCK (0) | RDY(0)

Table 16: Status Register

Location

Name

Description

SR7 to
SR2

These bits are reserved. SR4 may be 0 or 1 depending on
internal activity. Disregard activity on this bit.

SR1

LOCK

Data output register lock. This bit is set when this some but
nat all for of the six data output registers have been read.
When this bit is set, the six data output registers are locked
and any new data will not be placed in these register until
one of three conditions are met: one, all six bytes have
been read or the mode changed, two, the mode is

changed, or three, the measurement configuration is
changed.

SRO

RDY

Ready Bit. Set when data is written to all six data registers.
Cleared when device initiates a write to the data output
registers and after one or more of the data output registers
are written to. When RDY bit is clear it shall remain cleared
fora 250 ps. DRDY pin can be used as an alternative to
the status register for monitoring the device for
measurement data.
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Identification Register A

The identification register A is used to identify the device. IRAO through IRA7 indicate bit locations, with /RA denoting the
bits that are in the identification register A. IRA7 denotes the first bit of the data stream. The number in parenthesis
indicates the default value of that bit.

The identification value for this device is stored in this register. This is a read-only register.
Register values. ASCII value H

IRA7 | IRAS IRA5 IRA4 IRA3 IRA2 IRA1 IRAQ

0 1 0 0 1 0 0 0

Table 18: Identification Register A Default Values

Identification Register B

The identification register B is used to identify the device. IRBO through IRB7 indicate bit locations, with /RB denoting the
bits that are in the identification register A. IRB7 denotes the first bit of the data stream.

Register values. ASCII value 4

IRB7 | IRB6 IRB5 IRB4 IRB3 IRB2 IRB1 IRBO

0 0 1 1 0 1 0 0

Table 19: Identification Register B Default Values

Identification Register C

The identification register C is used to identify the device. IRCO through IRC7 indicate bit locations, with IRC denoting the
bits that are in the identification register A. IRC7 denotes the first bit of the data stream.

Register values. ASCII value 3

IRC7 | IRC6 IRCS IRC4 IRC3 IRC2 IRCA1 IRCO

0 0 1 1 0 0 1 1

Table 20: Identification Register C Default Values

I°’C COMMUNICATION PROTOCOL

The HMC5883L communicates via a two-wire I°C bus system as a slave device. The HMC5883L uses a simple protocol
with the interface protocol defined by the I°C bus specification, and by this document. The data rate is at the standard-
mode 100kbps or 400kbps rates as defined in the I°C Bus Specifications. The bus bit format is an 8-bit Data/Address
send and a 1-bit acknowledge bit. The format of the data bytes (payload) shall be case sensitive ASCII characters or
binary data to the HMC5883L slave, and binary data returned. Negative binary values will be in two's complement form.
The default (factory) HMC5883L 8-bit slave address is 0x3C for write operations, or 0x3D for read operations.

The HMC5883L Serial Clock (SCL) and Serial Data (SDA) lines require resistive pull-ups (Rp) between the master device
(usually a host microprocessor) and the HMC5883L. Pull-up resistance values of about 2.2K to 10K ohms are
recommended with a nominal VDDIO voltage. Other resistor values may be used as defined in the I°C Bus Specifications
that can be tied to VDDIO.

The SCL and SDA lines in this bus specification may be connected to multiple devices. The bus can be a single master to
multiple slaves, or it can be a multiple master configuration. All data transfers are initiated by the master device, which is
responsible for generating the clock signal, and the data transfers are 8 bit long. All devices are addressed by I*C's
16 www.honeywell.com
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unique 7-bit address. After each 8-bit transfer, the master device generates a 9" clock pulse, and releases the SDA line.
The receiving device (addressed slave) will pull the SDA line low to acknowledge (ACK) the successful transfer or leave
the SDA high to negative acknowledge (NACK).

Per the I°C spec, all transitions in the SDA line must occur when SCL is low. This requirement leads to two unique
conditions on the bus associated with the SDA transitions when SCL is high. Master device pulling the SDA line low while
the SCL line is high indicates the Start (S) condition, and the Stop (P) condition is when the SDA line is pulled high while
the SCL line is high. The I°C protocol also allows for the Restart condition in which the master device issues a second
start condition without issuing a stop.

All bus transactions begin with the master device issuing the start sequence followed by the slave address byte. The
address byte contains the slave address; the upper 7 bits (bits7-1), and the Least Significant bit (LSb). The LSb of the
address byte designates if the operation is a read (LSb=1) or a write (LSb=0). At the 9" clock pulse, the receiving slave
device will issue the ACK (or NACK). Following these bus events, the master will send data bytes for a write operation, or
the slave will clock out data with a read operation. All bus transactions are terminated with the master issuing a stop
sequence.

I’C bus control can be implemented with either hardware logic or in software. Typical hardware designs will release the
SDA and SCL lines as appropriate to allow the slave device to manipulate these lines. In a software implementation, care
must be taken to perform these tasks in code.

OPERATIONAL EXAMPLES

The HMC5883L has a fairly quick stabilization time from no voltage to stable and ready for data retrieval. The nominal 6
milli-seconds with the factory default single measurement mode means that the six bytes of magnetic data registers
(DXRA, DXRB, DZRA, DZRB, DYRA, and DYRB) are filled with a valid first measurement.

To change the measurement mode to continuous measurement mode, after the power-up time send the three bytes:
0x3C 0x02 0x00

This writes the 00 into the second register or mode register to switch from single to continuous measurement mode
setting. With the data rate at the factory default of 15Hz updates, a 67 milli-second typical delay should be allowed by the

I’C master before querying the HMC5883L data registers for new measurements. To clock out the new data, send:

0x3D, and clock out DXRA, DXRB, DZRA, DZRB, DYRA, and DYRB located in registers 3 through 8. The HMC5883L will
automatically re-point back to register 3 for the next 0x3D query. All six data registers must be read properly before new
data can be placed in any of these data registers.

SELF TEST OPERATION

To check the HMCS5883L for proper operation, a self test feature in incorporated in which the sensor offset straps are
excited to create a nominal field strength (bias field) to be measured. To implement self test, the least significant bits (MS1
and MS0) of configuration register A are changed from 00 to 01 (positive bias) or 10 (negetive bias), e.g. 0x11 or 0x12.

Then, by placing the mode register into single-measurement mode (0x01), two data acquisition cycles will be made on
each magnetic vector. The first acquisition will be a set pulse followed shortly by measurement data of the external field.
The second acquisition will have the offset strap excited (about 10 mA) in the positive bias mode for X, Y, and Z axes to
create about a +1.1 gauss self test field plus the external field. The first acquisition values will be subtracted from the
second acquisition, and the net measurement will be placed into the data output registers.

Since self test adds ~1.1 Gauss additional field to the existing field strength, using a reduced gain setting prevents sensor
from being saturated and data registers overflowed. For example, if the configuration register B is set to 0x60 (Gain=3),
values around +766 LSB (1.16 Ga * 660 LSB/Ga) will be placed in the X and Y data output registers and around +713
(1.08 Ga * 660 LSB/Ga) will be placed in Z data output register. To leave the self test mode, change MS1 and MSO bit of
the configuration register A back to 00 (Normal Measurement Mode), e.g. 0x10.
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SCALE FACTOR CALIBRATION

Using the self test method described above, the user can scale sensors’ sensitivity to match each other. Since placing
device in positive bias mode (or alternatively negative bias mode) applies a known artificial field on all three axes, the
resulting ADC measurements in data output registers can be used to scale the sensors. For example, if the expected self
test value for X-axis is 766 and the actual value is 750 then a scale factor of (766/750) should be multiplied to all future
readings of X-axis. Doing so for all three axes will ensure their sensitivity are well matched,

The built-in self test can also be used to periodically compensate the scaling errors due to temperature variations. A
compensation factor can be found by comparing the self test outputs with the ones obtained at a known temperature. For
example, if the self test output is 750 at room temperature and 700 at the current temperature then a compensation factor
of (750/700) should be applied to all current magnetic readings. A temperature sensor is not required using this method.

EXTERNAL CAPACITORS

The two external capacitors should be ceramic type construction with low ESR characteristics. The exact ESR values are
not critical but values less than 200 milli-ohms are recommended. Reservoir capacitor C1 is nominally 4.7 pF in
capacitance, with the set/reset capacitor C2 nominally 0.22 pF in capacitance. Low ESR characteristics may not be in
many small SMT ceramic capacitors (0402), so be prepared to up-size the capacitors to gain Low ESR characteristics.

ORDERING INFORMATION

rderin T T s AL S, Caution
Crderingi Number /) = 7 ERRIUCH 757 /WY & & 1his part is sensitive to damage
by electrostatic dischi . Use ESD
WY [ e 9. 17 %2 B acxgas i s
. touching, removing or inserting.
FIND OUT MORE CAUTION: ESDS CAT. 1B

For more information on Honeywell's Magnetic Sensors visit us online at www.honeywell.com/magneticsensors or contact
us at 800-323-8295 (763-954-2474 internationally).

The application circuits herein constitute typical usage and interface of Honeywell product. Honeywell does not warranty or assume liability of customer-
designed circuits derived from this description or depiction.

Honeywell reserves the right to make changes to improve reliability, function or design. Honeywell does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of cthers.
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