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ABSTRACT
Farming and Biotechnology intelligent Robot for that help plant seeds until seeds
grow in to sprout. The system consists of two parts, which are the base and the moving
parts. The base has square shape and linear drive is connected the base. The moving parts
able to move 3D, can drop the seeds to collect position and cultivate until seeds grow
into sprout. In this project, we are designed the robot by using 4 stepping motors and able
to move X, Y, Z axis. The moving part are controlled by arduino controller and move to

collect positions. The plant seeds is controlled by servo motor to drop in the ground.
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2.1 Arduino figazls

Arduino 81737 (81-9-8-1 vde 9geT) uuainlulasreulnsiaednszna AVR #if
msHRILUUY Open Source Aafimsiliamedaya a9y Hardware uay Software &2
uasn Arduino gnesnuuumnbildeniliie duuFamnedmiudEusuine viaiigl ey

anunsanaulal WLGY Waussyeaviafivase s lusunsusalaandae

AMLIEYBIUBIA Arduino Tunsesgunsaliaiusineg Aeglinuansedaiss
didnvsefindnnneuenudnteudadinuniin/Ovesiaviaiienuasmnansalden
AafuvaInEiI (Arduino Shield) Usstnveneq 1wy Arduino XBee Shield, Arduino Music
Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield Wy 10

\@guiuueiauuvaia Arduino ud@eulusunsuwauneeldiae



2.1.1 yasuiivinliuada Arduino ufiiien

Hemamsiann Igduuuidanugiu bidudeumnzdmiudiudu

il Arduino Community nguAuRIsImAUNANTILgISe

1
2
3. Open Hardware lgldawnsaihvesalusesenldaulavaradu
4. T1mldung

5

Cross Platform anunsanaulusunsuuu oS ladla

2.1.2 drulssnounanyasuaia Arduino

JUil 2.2 uandus1eIe9ArdUIno UNO R3

1. UsBPort: Tédwiusiafu Computer tileduluanlusunsindn MCU wasdrelwldiuuesa
2. Reset Button: 1ty Reset ldnauiladasnisli MCU Buntsvienilvl

3. ICSP Port 184 Atmega16U2 iliunasniildTusins Visual Com port Ut Atmegal6U2
4. /O Port:Digital 1/O fausivn DO §9 D13 Yanani una Pin aevimfiaug waiugae
1@ Pin0,1 1Wuwn Tx,Rx Serial, Pin3,5,6,9,10 waz 11 tduwr PWM

5. ICSP Port: Atmega328 Wuwasaildlusunsy Bootloader

6. MCU: Atmega328 ({u MCU flduuuesa Arduino

7. /O Port: usnanaziiiu Digital 1/0 uéh Saudsuiu desfudyaaueuiden s

U1 AO-A5

8. Power Port; IWidswwevesadiafesmssrelnlifuisesnousn Uszneughem
WA +3.3 V, +5V, GND, Vi,

9. Power Jack: 3ulwa1n Adapter Insilussduagsening 7-12 v

10. MCU 984 Atmega16U2 1Ty MCU fisimtiiiu USB to Serial Tae Atmega328 ae

Ansiaiu Computer H1u Atmega



2.1.3 Arduino Uno R3
. '3 < s a a = 1
Arduino  Uno  R3 luuasa Arduino ﬁ\lﬂ‘iummuammanm WeaninsiAlaiuwa
1 " 1 civ g 1 9 = e & : o d
dnilngflusianuas Library Aeqitwauntuan Support agdwdatuvasatiludn (eswin
Lﬂu'tju"lﬂﬁmn'wﬁw%’UmiﬁuﬁuL‘%Uui Arduino wazdl Shields Tidanlgaulauinninuese
. o = ' o . Vet @ =
Arduino quBuqgBnUUUNIRWIELINNTY agueda Arduino Uno ledinswauaseen
AuA R2 R3 uazjudesidsudulefiluiuy SMD wavdeddnedrede nsdiil MCU de

L4 A) ﬂll L
glinuannsadeunuaouailsing

£ o

dayaduwy
FUleFlulnsraulnsiand ATmega328
Ttusesnulnia 5V
soefumsdneussduluia (Auuzii) 7-12V
sasfunisinsussdulni @s1ia) 6 - 20V
wasn Digital I/O 14 wasw (1 6 wasm PWM output)
wasn Analog Input 6 Woin
nszudluitdeldlunsiaznesa 40mA
nszudlniidneldlunadn 3.3v 50mA
fuilusunsunisly 32KB Huilusunsy, 5008 1¥lae Bootloader
Huitusu 2KB
Hufimiauaausia1ns (EEPROM) 1KB
AMuBASaRa 16MHz
YUA 68.6x53.4 mm

g ar @
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2.1.4 Arduino Mega 2560 R3
vein Arduino Mega 2560 R3iuuasn Arduino fisenuuvandmiuauigeds 170
1nN31 Arduino Uno R3 Ly sufidiesnsiudaianin Sensor UIDAIUANLBLADT Servo
v ¢ Yl Pin /O v8aueia Arduino Uno R3 laiaunsasesiuld saiiuasn Mega 2560
R3 falinumviigauauuy Flash 1nnnd Arduino Uno R3 vilwanuisadieuldnlusunsy

Wrluleannnaa Tumnudives MCU fivindu

g‘dﬁ 2.3 WanuesA Arduino Mega 2560 R3

dayaduwiy
FlaTlulasaoulnsiand ATmega2560
Touseaulnvia 5V
sae5uMsInusetulnia (luusi) T = /1%
soesun1sneusesulnin @saia) 6 — 20V

wasa Digital I/O

54 wadn (Il 15 wosn PWM output)

wa3h Analog Input 16 Wo3n
nsudlwisaudianeldluyawadn 40mA
nszudlunisneldluwedn 3.3v 50mA

uilusunsuansly 256KB ust 8kB gnldlag Bootloader
Auiusy 8KB

Hufwiaa1us1a1s (EEPROM) 4KB

AuBAsEsA 16MHz
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Weulusunsuuuani e LM TUSUAT Arduinoioe
vdmnidouldalusunsuFoufesudlifldeudensuvesaArduinoiild
wagvieLaY Com port

netly Verify Liienvisasuanugniaauas Compile Taalusunsa 91niuna
Uu Upload TAn  Tusunsailudauesa Arduinormasans USB dedulvan

kel

ISEUTRENET  zuAnITEAIILAUT9A1 “Done  uploading” Wazuainay

s

Suviumuiidoulusunsuilavud

[File Edit Sketch [Tools) Help

Auto Format
Archive Sketch

sheteh SR/ Fix Encoding & Reload

Serial Monitor Ctri+Shift+M

€  Arduino Unc

Board ’ Arduino Duemilanove w/ ATmega328
P 5 Arduino Diecimila or Duemilanove w/ ATmegal68

Programaer ¥ Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal 68

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal 280)

Bum Bootloader

= - ! ;
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Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M

Board »
Serial Port » vV COM33

Programmer »

Burn Bootloader

o - <
EU“ 2.6 uanin1stasnuuieLay comport UaiuaIn

U Sheich Tooh Help

3Ufis nafy verify iAoAnrauATILgNRS 1176 Upload IdaTalunsu
ua: Compile #wlysuray

U 2.7 Walusunsy

2.1.6 Tasedsnalusunsudmsu Arduino

lumsidaulédn (sketch) @3y Arduino annsawddldiiu 4 dauddnyde
msUsEnAdRiLasfusaeuan

msasreiteritutuunldonlmi (feFanldnulm)

nsasaandy setup()

n3aieantu loop()



o  w & as .
YlinvayaWugIuamIu Arduino C/C++

Byte  Tddwuteyaiifuavswauiug 0 s 255

Int Mdmivdeyaiiiuavinnuiulafoug 32768 §1 +32767

Long  Mdmiudeyaiduavdaudilifaus 2,147,483 648 iis
+2,147,489,647

Float  ldwiuteyailduaumaion Wudiduuinuieaulugiaiintrenda
viiadayauuy byte waz int uazidusuawadeulameuniimmandoniios 6-7 dumis
nasganeiouluavgudy

Boolean l#dwiuteyailifiudmniasin true (139) w3e false (i) windu

o o & s - o
ArdINug WA MY arduino M1A253

pinMode( ) Timuafirmedyarai/0 direction) veauadvia

digitalread() WWewdmnadviafignimuslsidudunm

digitalWrite( ) Tidour Low vise HIGH Wunadviaignimualidy
DWW

analogWrite( ) Tdasediyanos PWM utanving

analogRead( ) Weguereundandunm

analogReference()  AMUATEAULTIFIUSIBIEMTUNISEUAIINYIAUNEDRA
aunm

delay( ) seliszeznaiulunussssnatimue @adduii) doud
W
Funsusaly

delayMicroseconds () selvisseziiamiulumuszoziarinvun (ulasiuni)

randomSeed () vusASuRUA UM sE AL ey

random () Wirnnduavduiiivs(Pseudo-Random Number)

millis () venafichullumbedufiadiunifufudlusunsy
Susiuyinen

min () iinfesiignszuinadiavassiiuiUieuiioy

max () WiAunnfignszviedavassefiiuSoudiou

abs () Iienduyselvesiay

constrain () TirliAugisivue

map () Thafldnnsgondevenedauduautaefifmun

pow () FILETaNAAY (Power)
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sqrt( ) AnAsINTiaes

sin( ) Al sin lumiiglsieu (radian)
cos( ) AUIUAT cos TuneLsiAey (radian)
tan( ) AaAl tan Tumheisiieu (radian)

2.2 uaimasinih

aa ) ' ' ¢ ig) o
vaweilwiidugunsaindenldivedrunsvarslunugeamnssy Wugunsaliild
muAIATEsTNsna valmesivarouuuvarsviaildlimnzauiven fdusifemsu
fenumnguay vinvewainasini naenfnuantinisldiuvewmeineiudazyin

ol v a a a 2 % ¢
ielvlinUszansningeaalunisld vuvesweaimeddug vawasuameslviy (Motor)
| a o4 o a @ I~ a i 3
wingfunsasnalwihviiaviiivdsunlamdwuliiwniu wduna vewmeslwiild
wawwlwivdsudundanuna namdanuliinssuaadunasndulniinssuanse

vawmeiiiuteanauutinvasnszualui 16 2 viaai

® yaimasiuinssuaadu(Alternating Current Motor)
1. vawasinihnszuaaduailn 1 wa

- auanlanawai(Split-Phase motor)
- MURwasusImes (Capacitor motor)
- ?wﬁﬁ‘ﬁbuuaLma'i'(Repulsion-type motor)
- gilasuganawmas (Universal motor)

- lWanalnanelnas (Shaded-pole motor)
2. uaesiiinszudaduyiln 2 e
3. yawweswinszuaaduyiia 3 wa
® yaimasiniinszLanse (Direct Current Motor) wteanilu 3 wiialaun
1. ualaiiuLaynTIMSalsunIdSdualnas (Series Motor)
2. ualmasuuUUTLIUWIBLSENIuYinawmes (Shunt Motor)
3. vawashihuuunauvsaisunierenunduemes (Compound Motor)

L o W A A o e 1 d'
vaweilnihnszuansudusuideduindouniddgedmildulssnugramnssu

=l wa dda i ) ) v o | o a W as
wsiinuand MawulusunsuSuaniild dusmmansigeautisgean dealdiuunn

Tulssnuasamnssy
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2.2.1 wann1svasuamaInseualniingg

ndnmsveswawmaswiinssuanss (Motor Action) Wefiussdunseualninsadily
Tunewe$ dnmilmndulsssureuiuameidrlvluvaaneniaedad
aunulmEnty waznsuualnih Sndrunilasinairlivusainauuwivin (Feld coil
afetanie 18Ty Wadumusivgn 2 au T vt AUAMANTRYDIAULTIUNMAN
azliifiniu Hemnsediuazindeiukasiemadenas wsuusaiu iliAausedeluiens
1993 DC Motor Ussnause 2 dumang leiud viuersueeiuavammes usrfuiaesh
ﬁaehuﬁ'wnu duanmesAodiuiidiuvnaniiadeauiuwiven ndhnsvinaes DC
Motor Aenisuinsvuansaun fasnuaunwiudn vinldAanesnaulufisfivnzauasaing

WiAansvsMTaueIsIIReS

aWIuikon
. 1 HInYaue mu

ﬂlJ\: l%

53(:)

=) )
gﬂ'n 2.8 drulsenauvesuawmasiniinszuans

‘I e o
E'LIVI 2.9 wanN1YINUYBIBIAES IHANNTELERS
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o =3 o
2.2.2 NMIAAUANVIANIN LATAIULIITIUVBIUILADY

NMIAUANTIANIY Lagmnuniiseuveweine’ ldieslunstuimdeuasniunie

v
L

deves vusudlilimyuuuudaszuasawnsanuauld daludadinasililunisaivgu

.—3 4 = ar al i @ = »
vawasvuvmuuniey l9iuiseninnes H-Bridge

VIH

< < P
FUN 2.10 msAuANNelRBI H-Bridge

2sivimiildisauimuazanusiveweines Lagi3ua1nmsAuinmianis
wyu Ineund windeanisnauiirnisuyuvesualnainsziansy Isvisivinldfendudie
UWE43182995 H-Bridge finuuu
- mndeanshimunandy (Clockwise :CW) T S1 uax S4 Un1aes wawl S2 uay 53 1Un
A5
- INABINTsIMUNIAY (Counter Clockwise :CCW) 19 S2 way S3 Umaas wazli S1

way S4 1Un299s

dunadaindasvinnuiug qusninu gaesdiendianas wasluneasedwiden

“

{ ¢

@iy g usnfeutinnes deunimailimsilelaluwuuiidwniniy Taeldqgunsel
& o o - o o v ' ' P |
@15M9AUYY MOSFET 138 IGBT ¥388U9 WAIUAAMMINZAN ([ TUTUIANTELALSINUT

ABINTIATUAL

i —d
| }]
34
'gUﬁ 2.11 Schematic 98439935 H-Bridge
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| - OO
b

Wi
v

Gnd
und

-

Ly L)
ouT our? ouns ouT4

b 164 Y55 VS <8 Ry
¢——ig < ENB
‘:__q [HA 1293 To
| e H-Bridge \
T N Ferwer
5 CND
i 12 4 GND Gnd
b 134 GND IN? 2 N Ik .

N
¥ e 10 15
|

Vinkl

o= —C O 0 >

L)

A ' & .
JUM 2.12 namauain Arduino AIUAN H-Bridge

2.3 n13ruaNgUnIalAnegfag Arduino
23.1 nIAuAuABuamaifie Arduino

NMIANUANAIIUGITEUYEY DC Motor mewaila Pulse Width Modulation (PWM)

gﬂﬁ 2.13 avadlaalavuanadeyy i PWM

. . = o v v o 1 P
PWM (Pulse Width Modulation) Aia nmsuaguandygalviinuninmudadiui

o = . o v Y] = a W v a_a
Amuavy AE Carrier Idaensldan Jalasunfuarvsliuszlenilunisauaunsilale
189099581 8nm3Tind da 19U 21995buck 2935boost 29a3buck-boost Lufu wanINLL

ldamnsaldusznauiuaens H - Bridge 1aAIUANAIULTITEVTBWNBLADS N30 2995

J ' ]

! 1 v Gll = v o L3 174
WwugududeInsIzvIvaen LED Alagnsae wisifimesildsyysusrmthaives PWM

19U
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ndAnydl 2 AeneiuAe ANudveRdEuNIME (Carrier Frequency) Way 8msduwting (Duty

Ratio)

Carrier Frequency T Arduino fiaaudiuszana 490 Hz lunsdliild Library Unilu

Arduino IDE wazdanunsauiuliiiannudgetuiuadue idu 31.25 kHz ledneae

Duty Ratio AednaiuvedIaIMvtawsswusanIuuey Carrier Frequency #angiiiiu
o < o ") a aa ol a aa H % .
Tugu® 17 Feladrenseiu 1.02 fadduniidonu 2.04 fadiurit Faayls Duty Ratio =

50%

31]#1 2.14 &g PWM AAIA Carrier 41 490 Hz

8
e d

Av15013Uit 2.16 AruualiPwm Port 3 lunsdnindygiailaelddd
analogWrite@iansnefiansilisuliean Port 3 Tneildadau Duty Ratio Ai® 128/256 w3a 50%
Thuies M1t A1da analogwrite uwndayaluasnyy Digital(PWM) Afiunsne Arduino

Board ata UNO lalfi Analog Output channel sl PWM Output i Pin su Digital

dyqy1 PWM dsudiazilaatud Carrer #1 490 Hz arursaldlunisaivpuusines

nszhansalngly 2995 H-Bridge Tag PWM 141adv IC 1uad L298P way L293 n3e Motor
a‘fv 1 v & o & =i 1 1 1 v e

Shield uan3INUAIILABNIT 8319 H-Bridge nydinuainasiivurnlugnin 2 A laedaidiu

91 INPUT 284 IC Miltazfans1invued Arduino AULNEITI8LSIUNENTBINBInDS
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3UM 2.15 2935 H-Bridge Ty PWM 14U IC wuas L293D

5nnﬁagﬂuuuﬁﬁmiﬂsanﬁﬂﬁmuﬁmws Switching Power Supply Aan1susulu
Arduino Ailndtya) PWM wuumiiigae Ly 31.25 kHz nasldey Arduino Tudiuiide
wWnluuAly Register 317w 4 falu Atmel 328 fdidusalulasreulnsaiasives Arduino
UNO Tdfdm3unisvn a1uiuaeas Power Electronics tnsnzaa1aid 490 Hz laiiisanad sy
N3 Switching Power Supply WUu#199 fi LWs1¥319URYe4 Capacitor AU Inductor Tu

1Rsiely Filter AwdvzdalivuInluguin

= lLeay

31]17'; 2.16 dygaanesadalaalauiimiud 31.25 KHz

2.3.2 mInuANdaaUNBLAaIAIe Arduino

Tuhdeiriusnlmiiauanisaiuau DC Motor @maifesdnw DC Motor Aauf
wswihmainurewmemesuindug 1wy Stepper Motor 9zfiifugiuunain DC Motor lu

UNATULA Stepper Motor 3zfiaaududauniivandnn1svinaiulazn1saIuay Stepper
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Motor w3® Stepping Motor dtfafifiddryAanisarupuaiiuvisyaniswyuldedna wiugn
EY ) ) v & e da «
laglidosldmsmunuuuutoundy (Feedback Control) et Suduilienldlugunsal

7 fissnsmuAuiwiLazIag1uiugT 1y Usumes aunuluesindenauwsudadtius
2.3.2.1 MANNISYBINITVINNIUYBY Stepper Motor

NANNI5UBINITNNUYDS Stepper Motor Apn1sUsAulikdindnaiisuuunulsm

o <a L 44‘ :’l « w ket 1 A
asmyulumy AirnstiRuressnaafifafuuaninesszdudaunit DC Motor AsafinTs
Uadulivyuiulaildiiuuants Tdussdunsiilundauinausiniu desldussiuligniesan

o < ) = = v
Tonzimsandugui 11 Seezmuld

i
L3y :
3

i ] 1% - .=|
31]11 2.17 msanenszualiiinlunvealaiazan

wtudnivnanaiiruaumsm Tnousasuavinaiu 90 asen msvufiazyinlasns
Henszua luivnadniiazun eviliAnaumwimgn Ssaxlugaliuiminansiteguy
Tsinedineuil lngiimvasnamyuiisstiutudidunisiienssuadrluitunann Tasmsteduly
dnwnuziliFendt Single coil excitation IenInTERuiavnaIn Ineaziinisnseiunians
denszuadruaaaney 4 Yozsdants wu 1 5eu Snguuuunilasdudeuniudazlivesn

1NN ABNITUBULUL Full Step Drive v3anistlau wuuiias 2 vaann

L ===

o ' Y P
JUN 2.18 msdenszualviiudrlununadniiazassan
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thdeansmunuliiiamasideaniudn annsavililasanunsanuliueme sy
v a & = " W - w <
Idazi8antiu 970 90 a3 wide 45 sen Tneitlifesudsumensauailag Wuionis
wWaswismsdnenssuadunainviniu ud Stepper Motor #ilda3aiinswande Taoui
o a L 4 ) GII ﬁl o v J o 3 1 ﬂy
duveaauazUulviwimina125dd (Teeth) aimihiluswiutiveswsivininniu
a o m 1 o @ < CoY o w e o o 2 aa

msiiugudlasusazdiudavileuastliaduiuiu annsovirldlasemvaniifann
Anuhwimdnintuguliuanuiidfeyseuq antutunsumsmusufil ndhnsiieadu
Stepper Motor imyulaviaz 90 s

P Yo  oa ool = o9 w
\laea1n Stepper Motor fildiua%a q Gduazvaaanun Favildannsanuaunis
vyuldaziden wn 4 laenisaauay 1 Cycle asyiliiuoimasvauly 0.9 - 5 a9an udaud

wetlanlglunsauaunsmu

< a o won v =il
U7 2.19 matiudnusemakazUuliwinanasild (Teeth)

dunaiuiilunainey 6 vaaan msviauazdssmuruibuty Wasy 75 $ufamgu
¢insu 1 50U ufe 5 samndetunsiGeswaain 6 vailildnaheiy 60 DIAMUUATIY) 0191
wuuuisine iyl v uwisiaSealigusnAeunaiauugauatanganainngiiaes uay
s 60 + 5 = 65 s e liiumyuiias 5 8am yudiinadonisrIuALazNS
Weulusunsu
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o w I3 ' oo
U 2.20 dnwauzveawnulsweiuuulindna12iid (Teeth)

gunsaleethegUit 2.20 ssuiuingl 2 91y udazand 50 & vinlisaudidfiaiadudh
wilauazlé 591 100 § d1w¥u Stepper Motor ﬁlﬁlﬁ'ﬁ’uaa‘j%ﬁ 2 Wyv Fufiunssavnain
melunawes leuiuuy Unipolar kazuuy Bipolar wuufifissld@auuy Unipolar inszdn
n1sAvAuitendt Wesnlidesndy rvesnszuaiteudiluiivaaan uddnduwuy
Bipolar fivildenn wiansauszgadldnuliuinndt Tu Stepper Motor 93¢ qiugaainge
vihauiu 2 ga @adssivnaanuinnda 4 fimw) framgud 16 As a fu b laeil 1 fu 2
Wuuvadsdrgluanau way 1a 1b 2a 2b s musiianianisivasesnssud iuveadn

VERON

° \ o ' 2 al o w
M5Vl Stepper Motor vyuuuuieiigaife nistrelwidiluiazuaauddiu 1a
2a 1b 2b (3un3EMIAIVANLULILTI "Wave Drive" n15vi1l9k Stepper Motor yajuuuy Full
Step Drive vinlalasli nszualvanuveainiiay 2 va vinlvldvesnesnuiuinaiwuunsn

Uszanad 2 wih Faiudsn library 9849 Arduino (danld

Conceptual Model of Unipolar Stepper Motor

3‘Uﬁ 2.21 Unipolar Stepper motor
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Unipolar motor
Coils
o
2a | g | ' e |
1b ) O =L
2b | | g
[ B [

o
P TR s BUNS oo B
1h: ==} | s | =)

2b _J

la
2a

1b

== 0

rotor pole detail
N
S
permanent magnet | 7y
rotor, 96-pole i R &
8-pole stator &

< & 1
JUN 2.23 mMsmetawimananislu Stepper motor

o <

TayandAgydnedniarsmiuAanisvinsues Stepper Motor tuldnszuaige

“
]

1NNI19 Arduino aunsaduladeiuisdedldrsasvenedyaiansenin "9 Darlington”
D IC dnFaguiSendt ULN2003AN videqulnalfes
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2.3.3 MsAIUANYRTlNaMaTiig Arduino
v & v o P
2.3.3.1 anujilasAuingiviwasiiuawmas

Servo WWushdwiildiuilulussuumuaudalul® sanatsasiudidn Sevus
vinedie “na” (Slave) luiBsnnumuneves Servo Motor fifie Motor fiisnanansadasu
vi3amern udadf Motor wmuluduhwmnisesniinddldiesegugnios Tngléntsauny
wuutlundu (Feedback Control) u iirsiiazna11ils RC Servo Motor daflanninnlély

=Y

\nsBAuUtIiuMEARYINg (RC = Radio - Controlled) 1y Savsiuing satsduing

a € o a [ g
LaraUneIUruIng LUumuy
= AJHI o 1 « o < <l ar
Feedback Control AassuUAmIUALTINIUIA LB WATEIsEUUTNLWIgUgUAY
A1duma Lite muRuLasUTuwitbifeinvesssuulidwiTuvielndldusiuadunm

druisenauniauan RC Servo Motor

o w o
UM 2.24 uansinwasiilutes servo motor

2.3.3.2 #1uUsenauval servo motor

® Case f6l3 W38 NTOUVDIRI Servo Motor

® Mounting Tab @uduiiafa Servo futuatu

® Qutput Shaft Wa1aIA184

® Servo Homns d@uidiendaiiu Output shaft Wiieadenalna

® Cable erianriatiadnglwi uaz AIuAY Servo Motor sxUsznaumsanslu 3 1du

uaz Tu RC Servo Motor asiidvasasunnsnaiulusiail
® FuALAd Aa tWAes (4.8-6V)

® Fedn vse Uima Ao NI1e
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® Fwdmdes (du ¥ vivevh) fie anededygaiadaiuny (3-5v)

® Connector aLausvanslw

Output shaft

Servo horn Connector

‘= Cable

Mounting tabs

A 1
JUN 2.25 uasmdiudsznouves servo motor

2.3.3.3 UABNLABYUNTUYDY servo motor

3 Servo output

o °
31.!111 2.26 uaﬂmﬁaﬂiﬂazunmn'l‘iwlxﬂu'uad servo motor

® Motor uduvashuames
® Gear Train %38 Gearbox (UugaLieinause
® Position Sensor (Hudugeinsidumumisiemarsselunismwy

® Electronic Control System Lludufinauauuazyszanana
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2.3.3.4 ®anN15M191UV84 RC servo motor

dednedyaantadidnngs RC Servo Motor @u2935A72UAY (Electronic Control
System) melu Servo avymssulasUszanaaimnInvesdygaRadidadiun
vieuUardusuis sariisesn1shi Motor vauadeuitlugesiumindu udrdedndsluria
nsmuRuld Motor vulugs suwmisisesnis Tngil Position Sensor Wufiduimesnes
ol Motor fdavauidiy Feedback ndunlvssmunuisuisuduamsuwaiite
mumlilddumisiidesnisednagnasawiug dyayia RC luguuuu PWM # RC Servo
Motor senuuuilddmiusudidinin Remote Control mﬁmuqma«éuﬁw deyeyaing
Feq IWuATeeutsdy sty Seveiu Wusu §1 Remote Saniiinintuazuag

m’m?ﬁwqaanuﬂugﬂuuuﬁ’tgmﬂm PWM (Pulse Width Modulation)

2.3.3.5 N19ATUANNTININIUYAY servo motor

waslwewed wuilvseilmilunismyudiiai 180 ssruvintiu udvsdiwesls

wuutinsankuaneesnisly Jeanunsanyuldds 360 e

+5V VAl s
o l—‘ N \

(/ S

Al A +

SERVD MOTOF
= -

J o as
JU#N 2.27 uanaudnialun1mauees servo motor

+5V

L= (En

< nr
3U# 2.28 uanamssialdau servo motor
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lunismvauweshuawesiiy vildlaerdemnunhevesiadivinnstoulieesh
wowef Tnedyganadivndudyyiu TTL Tosseiugave 1 ssfiuseiu 5 VDC sudusi
w38 0 9efiussdu 0 VDC weslweweinyulumern vie muduuing szdesadne
deyeyreuiad vu1m 1 ms Li’jaL‘uaﬂmama%wqu‘lﬂmmﬂqmuﬁmamaiawqwqmaa 0
Jowiadidhludnazivailiemedarlivinnu weshwewesuyulumede vie naudy
uiin adissadedyganiad vun 2 ms dieweilwawmesuulumedegaudanemesay
nganyuies idauiaditrludnasgeslameiazlivhan weslwawmesludivums

'
=

nana1e manesnsiilgeslmaweimyuluniite wis mauduuniing wvfesaiadygyio

o/

Wad UM 1.5 ms

' ms [e— —l 1 ms |e—
* ! 'n WY
ol 29l ofy
__.l!ﬁmr.l“__ —-bi ‘»m.'-"——
of
INEIY
5V 5v
|.¢~.~_+,,__.._. 20 ms M.I
—ﬁi 2ms ]1— —.i dms |g—
UHLTY
5V 5V g
,!.1 20 ms r!

]
=l

A ¥ o = 1 g
E'LI‘VI 2.29 WaAMIAUMINUBIFLYY MUINARND MIVUTaNlBLRs

v

woshmawmesusasivziinisvirauresnuniteesswadluwinfy Asangrady

1 ' u‘j al 5 v v i A L LY A i< L q’j’ o as
AUTEUNAIUY AIUUDTIRBINTTIAMNGNADY ABIANANLBAILNNAIY LASIMIUGNEAY YU

YU

Wadazilnasoasmlunisuyumsituiaeiu

AR

o ° a v eda 1
E'LI“ 2.30 mu’mammﬁm‘waaaﬂuwﬁmamﬂﬁ
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2.4 Uu

Uuh (water pump) fie gunsaldmivdaimieaemveavalnnivisludadni
wils viamyuisudmisreavaiinaniuluuinandiia mahausesmhiliuuunld

o v o a4 o v o | o we v A o P ) i
vamailihuasuuuildiaiessudievimitivyudeshddiasesguinauiuusiuuasds

Y]
o =

ihlumuilasuuuiilddnivgdusuulii Tnsaansowdsenldifu 2 Ussnnaetnha

SOt

¥

2.4.1 Yuiad

S Y aaa T ¥ @ A et & o g v
YuihdadRaetuinlelwinssuanselunisturdeunawesdaiuiinssuanseiteuldlann

o ¥

1. Tuh@uuugu(DC-brushless Submersible Pump) Aamslénuazsoagudatiuadly
luifleasgeirluginitnils Fednsmsinavenhi@asdeunit AMIGagAATIIND
dalu(wanuazssasnahiigaluisuarsmaans)

2. Humirddurealoc submersible pump) Aonsldanuaziasguduaslulu
wileufufulugueliausn wiiifediisiunieansasermsiiilneasddiae
Tneitlivinlishluvindidememaslasaisiioeniuunannsasesiuntsidoi
usunTELansATnsUAsuLUAdlR

3. {hiusadu(DC pressure pump) Aetnhinsifinussduhuanemdliiusstuiimio
wswtuunibars) Senldfunaiumnusseniidudisn ssuvaviaianuh
w%ammmﬁﬂﬂﬂa‘zqﬂv'r'lﬁ'miﬁuﬁﬁ*‘t“fuﬁqaﬁlﬁduﬁumezu’iaﬁ’uﬁ'wmamaﬁqu

PNVIALTU

'gﬂ"iﬂ' 2.31 wananwduun
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2.5 Siad

Suad(relay) Ao gunsaldldnvsetindivinmiiduaindin-densns Tasld
walmdnlvih uazmsiinslisiadvinuidesielwligunel Wetiadlizumssngln el
wihdufaiany nareduineste wasaseiaiuiilidldelnlitad faznareduinnda
Wi litouliruitediendulniinnnmnesveseunsallwin dufuiifidnndead

e nsiagyihenu
2.5.1 dqudsznavvassiad

Jindusznaudgdiuddey 2 dauman
' " < ° 6 o v od v g v
1. @reswnaidn (coil) wllsnhnseua ivtmainauuumaniwi liunulans
Wnsedlimihdudanaiu vaulasnsiuussiunnnuendenseuiivnainuietiil
P v ) i @ adal v & W oa ! dv a o a
Wevnaalafuusaiu (Ausiuimagfentstuiueiauasquauiiguandmun) auid
aunimanwivitliumdanesniulunssibisunidudadei

2. dwvewnhduda (contact) imthiimileuaindirenssualwlifugunsaiiiig

ROIN1S
2.5.2 yadaldauuIATgIL

9ase NC 881311 normal close vansrunundatln via windalidrelwlduaan
wilsnhwihdudaezaniu lnevilusaindessiidriuaunsainieirded i digeannslis
aumaenLa

Insia NO g831137n normal open yineauInndln vsemndliswlwliunan
wisnihwihdutaazbidni Ineilisdinrewnidrfugunsaiviowdeddniiiseents
AN IUaUaulaulnaunmiondit

are C 81N common Apgasufisautinuvasigly

< oW < o«
FUN2.32 uamdganualyedsiad
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2.5.3 Ussianvassiad

wlseenmudnuaen1sidulailu 2 Ussande

1. 5adri1da (power relay) viainGeniuinreuunniaed (Contactor or Magnetic
contactonllunisaruaulniias Svualwgniriadsssum

2. 3indAauAn (control Relay) fvunadnidalwite Tlursesniuauiluid

mdalvilisnnin videtensmunusiadviensuunniaesaunlvg

2.5.4 dlinvadsiad

NISUUNTNAYDISIAIEINITONUILA 11 LUU Ao BiRUesTladuuImIud Ny Y0IRRed
w39 wumudnuaznslda (Application) leunsiadeseluil
a & & o cal o 2 P,
L. Stagnseua (Current relay) An Stadnvinulasldnssuaiinsviianssuania (Under-
current) Waznszualiu (Over current)
= ¢ W A a ¢ d o v v AU oA )
2. 3wndusnu (Voltage relay) fin Stad Avirulnalduseauiieviausafuuin
(Under-voltage) hag w3wuliy (Over voltage)
3. Jade (Auxiliary relay) Ao Siadfiatldnusdeslsenaudiuiiaduiadu 34
syule
= ¢ o w & e ot e = 5 o - o
4. 5188189 (Power relay) fie Sladnsaenmautivesiadnssua wazdiadusesiu
RRTPEY
= '3 A a ca o P 1Y al 2 [ o o v )
5. 3a8tan (Time relay) A Sladmirnulaeiinandwiingtewie udlegieiu 4
Wuu Ao
- Tladnszuaiiuedanamnduiunszud (Inverse time over current relay) A
ol « éd o 1 al sl
Swad Afnavihanududunduiunssua
P a a o o & = ¢ =
- AAUNTBUANUIUANINIUNUN (Instantaneous over current relay) ADILAEN
° o o d a ' a e dOyy
mnuiuiviuladedfinssualvamiuiundifinvuaiisel)
- SladuuuaniBalvilidn (Definite time lag relay) fia Siad #iflaannisvieuly
Tuaghiumunniseveinssuaviaainiiaug mhliinnuiu
- SladuvvduieadwAdadidulmiidn (Inverse definite time lag relay) Ao
Sad mhalaerenuaniRvesiamniuiunssua (Inverse time) Uag wuuAniialng
uwan (Definite time lag relay) \Weeiy
=l ' ' 7 . & a  ed o ) ]
6. lagnssuana (Differential relay) As Sadvinnulngefunaniswainseua

ol a

7. Swadiliie (Directional relay) Aastadivinanudiedinszualvaiinfimvia Juvusiad

o aa

Aadliie (Directional power relay) waz3wadnssuailfie (Directional current relay)
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8. Sladszuyma (Distance relay) Ae Tadszazmadiuuusingg dail
- Suenunudiiag (Reactance relay)
- Bufiuaudsiad (Impedance relay)
- Tusiag (Mho relay)
- Toviusiad (Ohm relay)
- Inanlsdlusidiad (Polaized mho relay)
- pavlevluviiad (Off set mho relay)

17

9. Sladigaunail (Temperature relay) fis Stagvivineumugamniingaly

v

- o < = s

10. S1adA11ud (Frequency relay) fie Stadiiviranuiilenufvesssuusiinimse
wnnfnall

L3

i & " A = o e v o Yo 2 o
11. yalaadiiad (Buchholz ‘s relay) FoSiadivirenusieiing ldfumisuuasiiutedlu

E %
a

Uduilleia veas Junivlundauvas sevinlwisuusnduaziAnf1giunielulusu

wihduda Wisadyvinau
2.5.5 Usslumivessiad

1. hlsyuudsirdsfliefiosam (Stability) adlaediadasineesiowzduiiAnanund
sanuiniu Fseufunsanaiudemeliuiszuuiasiian

2. anrnl¥delumsdounendiiiafnuni

3. ananudemdlifinanauludigunsaidug

4. vinszuulwihlusumssuudlaifianeasiuluszuy

=
2.6 N1INIAIUAAIALARDU

ANARIALAABY (error) N3 static error Ain NARIATENINAMIALAAUAIMUNDI
u!a v ] Ju e Qs 1 = 1 s 5 =
Taglunanaduasidud (%) drriialalndldseduarasannuansinnisinduilananu
wiudmieamugnAes (accuracy) g lagnisiannasulnildauaaiamdeuiatuiaue
17 = ] - 2 2/ - 4' o =¥ <
malafvammastisannuaaaaioulidesasld lnsanuraiandeuiiiauetadiu

awaviliiAnAukiwbusy (uncertainty)
ot E [ = 1 4 )
nsinAuRaIandauLseaniy 3 vialdun

P o a »as

- MNAAIALARBULARIINGIA (gross error 138 human error)
o a .

- AUAAIALARBULTITEUU (systematic error)

= '
- ANuAAALARBULUUEN (random error)
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o ' - Y] .
2.6.1 NIIATUIUATIAIUAAIALARBUIINNTTIA (calculation of measurement

error)
1 d s 1 1 L] 1 =Y
mmmﬂmmﬂaauaumfﬁ (absolute error) ﬁ@ ﬂ']‘lﬁ!ﬂmﬂ')'ml.mﬂm'N'i-‘.’:WTNﬂ'li]‘N

AuAMlAINASIA amsavlasnaunis

I

Relative error

Relative error x100

% Error

T x, A2 @959 (True value)
Xmeo A8 AMLAIINAITIR (Measure value)

2.7 arsuAlszansnn

XX
A= %X 100

Ay
. X 10
0 100

/

- o g Ay
1D A = TIUIULLAANADINNG
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unil3
ad o ]
FOANUUIU
3.1 auanAnuitdants

1. dnmsuawesludiumimniuali
2. mMuANNARBIHIUUETA Arduino LAGBUTIRLLLILAY X Y

3. yeanwdnivuassatimunimuall
3.2 daudsznau
3.2.1 dwulaseass

Tassasrauuseanlasal

1] A o L CJ YV =l v
1. dawgveaadevhunliinszeudugudmasuiudinduunarunii 39

WU, 877 34 YU g 13 . SmTudgnin

1 Lt 4 ) Ll
2. duvenu x uaz unu v damuneweslunisavaunsiaaeunlagld

= et ot 1 | a’ ‘ﬂ) al a A
oxgililoulusiwddadudiugruieiuiminvawainesigui 3.1

U

3UT 3.1 Taseasralunuaunu X
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3. duvewunu Z Wamewmeimunuluntsiedeuiisslugy 3.2

Uit 3.2 Taseadrdluuuouny z

4. PNLUULNUENEINIY 2 WHUTASTIUIANITN 6.5 93, 817 10.2 9. LasIUIR

N714910.1 94 8172 8.5 9y Tuluswnsy autocad

J 1 = o
E\Jn 3.3 LamLAUERaD

5. dveanteenwdaldigeiluemeslunsmuauiuuameeadnlny

o LY [ ) [
ﬂ?ﬂUﬂlﬁWUBﬂLﬂJﬁﬂﬂiﬁﬁ% 3 Wan

< |
JUM 3.4 uansdnvean1venuin



4 I ¥ 1
JUM 3.5 uansduafildudniiy

6. wamsaunsbinlegldtanigd 12 Taaddwanddugd 3.7

o i v g
3U# 3.6 uansduvasnslvn

7. Uszneuveianamunaindes aiadundesruaueginluvawain

d ] 1
3UN 3.7 uansdiusineglumsniunuuaines

31
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3.2.2 dauAtuAu

a{ -
:

pump dc 12V

mil 4
=

slep metor Module Ad988 step molo
3 olor

relay 5V 10 A

*.aKes Y anis

r'i'!'t,i»
it
et

SCIVO Mmolor

power supply controller

12v

m—— o
s
I contol -~

serve motor

|
JUT 3.8 uamsudanlaavunsy

nsmuRumMIAdeuiAalu YusudsiaieznwiRentnunsuasnaluladianm
dodld amdueimed 3 MlunisUsiuunu xy zlasnsmunuanvueineiiedldusdui
wnzaudieliuawmesmuludumisigeinislasesalunismuivegfuamuautives
uawmeidtiy qhaunsamulifesmluudassoundfsinnamsyesminisindauitosn
nsMyUYBIBLABT NBLADITIANITgNAIUANAIYE microcontroller ATUANAUIITSLATH

nsuaANBLAasIAE&INIU microcontroller maudonlaezunsusiasy

u
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A 1 L3
U 3.10 uamsdununueshawmes

3.2.3 vasalasWuamas

1. 711@ schematic Tuluswnsy Altium

= : P ¢ <
UM 3.11 uam schematic vasnlasvinainas
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2. DONKUU PCB UaialasWuawos

o RS 1|

000000004

goocoooo

3.12 Wa@na PCB vasalasvuainas

P
sun

u



3.2.4 daulusunsy

start

A 4

int stepMi=1, int dirM1=2, int enM1=3, int stepM2=4 , int dirM2=5 , int enM2=6 ,

int pos(36){2] = {(0,01,{50,0},{100,01,{150,01{200,0},{200,52},{150,52},{100,52},{50,52},{0,52),
10,1041,{50,104),(100,1041.(150,1041,{200,1041,1200,1561,{150,1561,{100,156),(50,1 561,/0,156),
{0,2081,{50,208),{100,2081,{150,208},{200,208},200,260},(150,260},{100,260,{50,2601,{0,260},
{0,312},{50,312),(100,312},{150,312}{200,312},{0,0});

int fun = 20 , int pitch = 2, float angleperstep = 1.8 , float stepperround = 360/angleperstep;

float distanceperround = fun * pitch , float x_step , float y_step , float 2 step , float x_start;
Moat y_start , float z_start , loat x_prev=0, float y_prev=0, Nloat z_prev=0 , floal x_next

!

pinMode (stepM1,OUTPUT), pinMode (dirM1,0UTPUT) , pinMode (enM1,0UTPUT)
pinMode (stepM2,CUTPUT), pinMode (dirtM2,0UTPUT) , pinMade (entd2,OUTPUTY,

mysenvo.attach(9) , myservalattach(11), inti,intj,j=0

float y_next , float z_next;

35

@ False @

True

i=0
X_step = (pos[jli0] - X_prev)*(stepperround/distanceperround)
Y_step = (pos(jl(1] - Y_prev)*(stepperround/distanceperround)

False
digitalWrite(dirM1,HIGH),

True

digitalWrite{dirM1,LOW)

digitalWrite(diri1 LOW)

|

True

digitalWrite(dirhM1,HIGH)

i<abs(X_step)
or

False

i<abs(X_step)

True

stepM2=HIGH

delayMicroseconds(1000) , digitalWrite(steph1,LOW)
digitalWrite(stepM2,LOW), delayMicroseconds(1000)

(B3

i<abs(y_step)

delay(2000)

True

myservo.write{12) , myservol.write(0)
myservo.write(158) , myservol write(180)
myservo.write{12) , myservol write(0)
myservo.write(158) , myservol.write{180)
myservo.write{12) , myservol.write{0)
myservo write(158) , myserval.write(180)
x_prev = pos[j][0};

y_prev = pos[l[1};

jH+




4.1 WANISVAFAUNISUYDALLER

Han1Inaaag

uni 4
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J o d 1 1 1 a
a3l 4.1 wansadeuusbaiveenasluluusazvqulasluusasvaulihu

3 Wén
Aai
Mquﬁ Suuwdnfiadiuda) e %AuAAIAAEEY | %Usvansnm
1 2 3

1 3 3 3 3.00 0.00 100
2 3 “ ¥ 3.00 0.00 100
3 3 % 2 267 11.00 89
4 2 3 3 2,67 11.00 89
b 3 3 3 3.00 0.00 100
6 3 3 & 3.00 0.00 100
7 3 3 3 3.00 0.00 100
8 3 3 3 3.00 0.00 100
9 > 2 . 2.67 11.00 89
10 3 3 2 2.67 11.00 89
11 3 3 3 3.00 0.00 100
12 3 3 2 2.67 11.00 89
13 3 2 3 2.67 11.00 89
14 3 3 < 3.00 0.00 100
15 3 3 9 3.00 0.00 100
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@159 4.1 (v9)

A3
vguil Suuwdaiias e %ANUAAIALATEY | UszAnBain
1 2 3
16 3 3 S 3.00 0.00 100
17 3 3 3 3.00 0.00 100
18 3 3 3 S8 0.00 100
19 3 2 3 267 11.00 89
20 3 2 3 2.67 11.00 89
21 3 i 3 2.67 11.00 89
22 3 3 4 2.67 11.00 89
23 3 3 2 267 11.00 89
24 3 3 2 2.67 11.00 89
25 2 3 3 2.67 11,00 89
26 3 3 3 3.00 0.00 100
27 3 3 3 3.00 0.00 100
28 3 3 3 3.00 0.00 100
29 3 3 = 3.00 0.00 100
30 3 3 3 3.00 0.00 100
31 3 3 3 3.00 0.00 100
32 3 3 3 3.00 0.00 100
33 2 5 A 241 11.00 89
34 3 2 3 2.67 11.00 89
35 3 3 2 2.67 11.00 89
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4.2 n1587U PWM Signal

Wsunsuueinraulnsa Arduino WimueuiinilaginArdunaiianansavialiduin

awnsavinanule

Mar 21, 2018, 0023

P ar u'l vy g [ JJ a
JUM 4.1 uansdryanadalwtiudnvinauiinal 0.5 Jui

< o o a
JUN 4.2 uanauinaniiiiaa 0.5 Juii



i Ju
[ R S b L S R s M._Pos. 0.000s

] o wn vy 5 o { a =i
Ui 4.3 wansdgraudilntnmiviuing 1 3w

o a Y o a =
EU“ 4.4 LLEIFN‘U?JJWEUU’WIL‘JEH 1 7Um
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—MPeos 0.000s

. o
ot

d o ' g o i - =i
U 4.5 uansdygadlvtuniviheuinean 1.5 3w

o ¥ &
3UM 4.6 uamsUaunaniiiiaan 1.5 Jui

40
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M.Pos. 0.000s

'
al

= as ve 5 e o a P
JUM 4.7 uamdgygadilithnivihouiina 2.0 ui

DESSERI

5 ML

d r o —
JUM 4.8 uansUiinaniiiia 2.0 i



MPos. 0.000s

Mar 21, 2018, 00:32

el LA i 1 PO L i

< as o ue o o o a
JUM 4.9 uamadygadslitiudvineuina 2.5 il

< o o a a
g‘l]'ﬂ 4.10 wansUsuiainiigt 2.5 Jum
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Eafl

U

o
W

M_Pos 0.000s

2
ok

4.11 wandygraddlududvinnuinat 3.0 Sui

o A | -
JUM 4.12 uasmuSunanihivan 3.0 Jui
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4.3 fegranananiile

=
JUN 4.14 uamnssenvedaiiy

44
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o
umm 5

dyldnanivinaad

5.1 d@junanivnaas
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aa i < o v o w - < a o 1 oal
waluladdainm wuidnasasaunsoinuldauiisosnmsfeannsaindeudlusmumnd
v v & a o ey o Y S 1% «
posmsliveandaiimuiiimual iRevauas 3 waanieufusmirite Inelfiweslwanes
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LSIRBINTS

5.2 Ugymuazausssa

MM snaaasmutigwie
o 2 Ve o c )Y d & o P v 1
- MSANTUINTRINAR N LaYVIeN N auiu Y lAuaantAalurodsmaliugsly
vasanu

- nseeaalwilin dewalieasiinaudewe
5.3 YaLdusuuy
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TUsunsuAuAY

#include <Servo.h>

Servo myservo;

Servo myservol,;

const int stepM1=1;

const int dirM1=2;

const int enM1=3;

const int stepM2=4;

const int dirM2=5;

const int enM2=6;

//int pos[10][2] = {{0,0},{50,0},{100,0},{150,0},{200,0},{200,50},{150,50},{100,50},{50,50},{0, 50}};

int pos[36][2] = {{0,0},{50,0},{100,0},{150,0},{200,0},
{200,52},{150,52},{100,52},{50,52},{0,52},
{0,104},{50,104},{100,104},{150,104},{200,104},
{200,156},{150,156},{100,156},{50,156},{0,156},
{0,208},{50,208},{100,208},{150,208},{200,208},
{200,2601,{150,260},{100,260},{50,260},{0,260},
{0,312},{50,312},{100,312},{150,312},{200,312},{0,01;

int fun = 20;

int pitch = 2;

float angleperstep = 1.8;

float stepperround = 360/angleperstep;

float distanceperround = fun * pitch;

float x_step;

float y_step;



float z_step;

float x_start;

float y start;

float z_start;

float x_prev=0;

float y prev=0;

float z_prev=0;

float x_next;

float y next;

float z_next;

void setup() {
pinMode (stepM1,0UTPUT);
pinMode (dirM1,0UTPUT);
pinMode (enM1,0UTPUT);
pinMode (stepM2,0UTPUT);
pinMode (dirM2,0UTPUT);
pinMode (enM2,0UTPUT);

myservo.attach(9);

myservol.attach(11);
int i
int j;

int k;



/x

x_start = 250 * (stepperround/distanceperround);

digitalWrite(dirM2,LOW);

i=0;

while(i<x_start)

{
digitalWrite(stepM2,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM2,LOW);
delayMicroseconds(1000);
i++;

}

y_start = 310 * (stepperround/distanceperround);

digitalWrite(dirM1,LOW);

i=0;

while(i<y_start)

{
digitalWrite(stepM1,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM1,LOW);
delayMicroseconds(1000);

i++;



z_start = 300 * (stepperround/distanceperround);
digitalWrite(dirM3,LOW);
o= 0k
while(i<z_start)
{
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);
delayMicroseconds(1000);
i+
}
¥
while(j < 36)
{
J =i
x_step = (pos[jll0] - x_prev) * (stepperround/distanceperround);
y_step = (pos[jl[1] - y_prev) * (stepperround/distanceperround);
//%_step = pos[jl[0] * (stepperround/distanceperround);
//y_step = pos[jl[1] * (stepperround/distanceperround);
if (y_step < 0)
{

digitalWrite(dirM1,LOW);

else



digitalWrite(dirM1,HIGH);
}
if (x_step < 0)
{

digitalWrite(dirM2,HIGH);

else

digitalWrite(dirM2,LOW);
}
while((i<abs(x_step)) || (i<abs(y_step)))
{
if (i < abs(x_step))
{
digitalWrite(stepM2,HIGH);
}
if (i < abs(y_step))
{
digitalWrite(stepM1,HIGH);
}
delayMicroseconds(1000);
digitalWrite(stepM1,LOW);
digitalWrite(stepM2,LOW);

delayMicroseconds(1000);



i++;}
delay (2000);
myservo.write(12);//Uy
myservol.write(0);
delay (1000);
myservo.write(158);//814
myservol.write(180);
delay (1000);
myservo.write(12);
myservol.write(0);
delay(1000);
myservo.write(158);
myservol.write(180);
delay(1000);
myservo.write(12);
myservol.write(0);
delay(1000);
myservo.write(158);
myservol.write(180);
delay(8000);
X_prev = posljl[0];
y_prev = pos[jl[1];
/%
z_step = 300 * (stepperround/distanceperround);

digitalWrite(dirM3,HIGH);



i=0;

while(i<z_step)

i

/*

{
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);
delayMicroseconds(1000);
i++;
}
digitalWrite(dirM3,LOW);
i=0;
while(i<z_step)
{
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);
delayMicroseconds(1000);

i++;

digitalWrite(dirM1,LOW);
digitalWrite(dirM2,LOW);
i=0;

while((i<x_step) || (i<y_step))



/*

if (i < x_step)

digitalWrite(stepM2,HIGH);
}
if (i <y step)
{

digital Write(stepM1,HIGH);
}
delayMicroseconds(1000);
digitalWrite(stepM1,LOW);
digital Write(stepM2,LOW);
delayMicroseconds(1000);

i++;

X/

z_step = 300 * (stepperround/distanceperround);

digitalWrite(dirM3,HIGH);

| =i

while(i<z_step)

{
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);

digitalWrite(stepM3,LOW);



delayMicroseconds(1000);
i++;

2

}

digitalWrite(dirM3,LOW);

i=0;

while(i<z_step)

{
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);

delayMicroseconds(1000);

i++;
}
4
Jt
}
/%

if (x_stepstep >y _stepstep)
{

if (i < x_stepstep)

{

digitalWrite(stepM2,HIGH);

else



break; //ikiidu3asngn
}
if (i <y _stepstep)
{

digitalWrite(stepM1,HIGH);

}
else if (x_stepstep < y stepstep)
{

if (i < y_stepstep)

{

digitalWrite(stepM1,HIGH);

else

break; //ilsiiuisaemgn
}
if (i < x_stepstep)
{

digitalWrite(stepM2,HIGH);

¥/
/*

while(true) //édouluduis (fudwmasa)



if (x < 1000)

{

digitalWrite(stepM1,HIGH);

else

break; //itnliiludsasnys
}
if (x <700)
{
digital Write(stepM2,HIGH);
}
delayMicroseconds(1000);
digitalWrite(stepM1,LOW);
digitalWrite(stepM2,LOW);
delayMicroseconds(1000);
X++;
}
digitalWrite(dirM1,LOW);
digitalWrite(dirM2,LOW);
x =0
while(true)
{

if (x < 1000)



digitalWrite(stepM1,HIGH);

else

break;
}
if (x < 700)
{
digitalWrite(stepM2,HIGH);
}
delayMicroseconds(1000);
digitalWrite(stepM1,LOW);
digitalWrite(stepM2,LOW);
delayMicroseconds(1000);

X++;

' 3

}

void loop() {
%
digitalWrite(dirM1,HIGH);
//digital Write(dirM2,HIGH);
for(int x=0;x<1000;x++){

digitalWrite(stepM1,HIGH);



delayMicroseconds(1200);
digitalWrite(stepM1,LOW);
delayMicroseconds(1200);
}
delay (2000);
digitalWrite(dirM1,LOW);
for(int x=0;x<1000;x++){
digitalWrite(stepM1,HIGH);
delayMicroseconds(1200);
digitalWrite(stepM1,LOW);
delayMicroseconds(1200);
}
delay(2000);
digitalWrite(dirM2,HIGH);
for(int i=0:i<700:i++)
digitalWrite(stepM2,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM2,LOW);
delayMicroseconds(1000);
}
delay(2000);
digitalWrite(dirM2,LOW);
for(int i=0;i<700;i++)
digitalWrite(stepM2,HIGH);

delayMicroseconds(1000);



digitalWrite(stepM2,LOW);
delayMicroseconds(1000);
}
delay(2000);
digitalWrite(dirM3,HIGH);
for(int i=0;i<2000;i++){
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);
delayMicroseconds(1000);
}
delay(2000);
digitalWrite(dirM3,LOW);
for(int i=0;i<700;i++){
digitalWrite(stepM3,HIGH);
delayMicroseconds(1000);
digitalWrite(stepM3,LOW);

delayMicroseconds(1000);

delay(2000);
*/

}
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W Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTSs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with

most shields designed for the Arduino Duemilanove or Diecimila.

Technical
Specifications

How to use Arduino
Programming Enviroment, Basic Tutorials

Terms &
Conditions

Enviromental Policies
half sqm of green via Impatto Zero®
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Technical Specification

ARDUINO

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino-mega2560-schematic.pdf

Microcontroller
Operating Voltage
Input Voltage (recommended)
Input Voltage (limits)
Digital 1/0 Pins

Analog Input Pins

DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed
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ATmega2560
5V
7-12V
6-20V
54 (of which 14 provide PWM output)
16
40 mA
50 mA
256 KB of which 8 KB used by bootloader
8 KB
4 KB
16 MHz
the board

Power
Led

-----------------------

analog pins
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The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a battery
can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat
and damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmega8U2 programmed as a USB-to-serial converter.

The power pins are as follows:

® VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts
from the USB connection or other regulated power source). You can supply voltage through this pin, or, if
supplying voltage via the power jack, access it through this pin.

® 5V. The regulated power supply used to power the microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or be supplied by USB or another regulated 5V supply.

e  3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e  GND. Ground pins.

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 21
(interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a
change in value. See the attachInterrupt() function for details.

e PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SPI pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

® LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off.

e F*C: 20 (SDA) and 21 (SCL). Support I’C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the I°C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By default
they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
analogReference() function.

There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
® Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which
block the one on the board.
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTS for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmega8U2 chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

oftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the I2C bus; see the documentation on the Wiring website for details. To use the SPI
communication, please see the ATmega2560 datasheet.

The Arduino Mega2560 can be programmed with the Arduino sofiware (download). For details, see the
reference and tutorials.

The Atmega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original STK500

protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

@ RaO/OSpaRes RADIONICS A



Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer running Mac OS X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-second
or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's fabeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics and Shield Com

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I°C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http:/arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you’re actually ready to “burn” your W Gunk | Acduino 0017 bzl
first program on the arduino board. To

select “blink led”, the physical translation & @) ORISR B
of the well known programming “hello

world”, select
it ledPin = 13; / LED gonniectedito digifal pin 13
Fi|e>sketchbook> The /getupl() method runs once, when the sketeh starts
Arduino-0017>Examples> soid setwl) | ¢
== - Aanitialize the digital 1IN as-an output:
Dlglta|>Bllnk { {0100 (ledPin, OUTPUT): l )
}
Once you have your skecth you'll S Y e O €
see something very close to the P
screenshot on the right. s
A1 gi ive(ledPin, HIGH): set. the LED on
slay(looQ): wair, ¥ a gecond
In Tools>Board select MEGA o (i oy P, 1/ s Qe 1ol

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

[

' Done compilihg. m -‘El:? 11-0
>3t

Press Compile button
(to check for errors)

TX RX Flashing Blinking Led!

:
§

|
|
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Dimensioned Drawing
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Terms & Conditions

ARDUINO

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreaver, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems

necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer’s sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS 1S" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The preducer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5 The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements conceming its
products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabiliies and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (i) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined.” The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest’s.
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Arduino Uno
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Overview

The Arduino Uno is @ microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

s Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5v

Input Voltage (recommended) 7-12V



Input Voltage (limits) 6-20V

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

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical

on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

* 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.
3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

¢ Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for

details.
« PWM: 3,5 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.



e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AD through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

» TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.

There are a couple of other pins on the board:

» AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmega16U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a_.inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports I12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the I2C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmega16U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

e On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

 On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset



Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for

details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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A4988

DMOS Microstepping Driver with Translator

and Overcurrent Protection

Features and Benefits

Low Rpgon) outputs

Automatic current decay mode detection/selection
Mixed and Slow current decay modes

= Synchronous rectification for low power dissipation
Internal UVLO

Crossover-current protection

3.3 and 5 V compatible logic supply

= Thermal shutdown circuitry

Short-to-ground protection

Shorted load protection

Five selectable step modes: full, !/, 1/, Vg, and 1/

Package:

28-contact QFN
with exposed thermal pad
5mm x 5 mm x 0.90 mm
(ET package)

Approximate size

Description

The A4988 is a complete microstepping motor driver with
built-in translator for easy operation. It is designed to operate
bipolar stepper motors in full-, half-, quarter-, eighth-, and
sixteenth-step modes, with an output drive capacity of up to
35 V and £+2 A. The A4988 includes a fixed off-time current
regulator which has the ability to operate in Slow or Mixed
decay modes.

The translator is the key to the easy implementation of the
A4988. Simply inputting one pulse on the STEP input drives
the motor one microstep. There are no phase sequence tables,
highfrequency control lines, or complex interfaces to program.
The A4988 interface is an ideal fit for applications where a
complex microprocessor is unavailable or is overburdened.

During stepping operation, the chopping control in the A4988
automatically selects the current decay mode, Slow or Mixed.
In Mixed decay mode, the device is set initially to a fast decay
for a proportion of the fixed off-time, then to a slow decay for
the remainder of the off-time. Mixed decay current control
results inreduced audible motor noise, increased step accuracy,
and reduced power dissipation.

Continued on the next page...

Typical Application Diagram

Voo _L—I gl 0.1 pF 0.1 pF
0.22 yF I I_I I_I ”
VREG ROSC CP1 CP2 VCP = =
0.22 oF I o5 VBB1 —
£ 1 ) VBB2 | 00 pl ?
T 3w
goiaw?;trfﬁer or >— SLEEP OUT1A
ntroller Logic
JL A4988 ouT1B
»— STEP
R e SENSE1
>—{ MS2
>— MS3 -
>— DIR
>— ENABLE out2s
> RESET SENSE2
O— VREF GND GND i

4988-DS



A4988

DMOS Microstepping Driver with Translator

and Overcurrent Protection

Description (continued)

Internal synchronous rectification control circuitry is provided
to improve power dissipation during PWM operation. Internal
circuit protection includes: thermal shutdown with hysteresis,
undervoltage lockout (UVLO), and crossover-current protection.
Special power-on sequencing is not required.

Selection Guide

The A4988 is supplied in a surface mount QFN package (ES), 5 mm
* 5 mm, with a nominal overall package height of 0.90 mm and an
exposed pad for enhanced thermal dissipation. It is lead (Pb) free
(suffix —T), with 100% matte tin plated leadframes.

Part Number Package

Packing

A4988SETTR-T 28-contact QFN with exposed thermal pad

1500 pieces per 7-in. reel

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Load Supply Voltage Vg 35 \"
Output Current lout 2 A
Logic Input Voltage Vin -03t055 \
Logic Supply Voltage Voo -0.3105.5 v
VBBx to OUTx 35 \
Sense Voltage Vsense 0.5 '
Reference Voltage Veer 5.5 v
Operating Ambient Temperature Ta Range S -2010 85 °C
Maximum Junction T,(max) 150 °C
Storage Temperature Tstg -5510 150 °C

ammn Allegro MicroSystems, Inc. 2
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Functional Block Diagram
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ELECTRICAL CHARACTERISTICS? at T, = 25°C, Vgg = 35 V (unless otherwise noted)

Characteristics | Symbol Test Conditions | Min. | Typ2 [ Max. [ Units
Output Drivers
Load Supply Voltage Range Vis Operating 8 - 35 \Y)
Logic Supply Voltage Range Vop Operating 3.0 - 5.5 \%
. Source Driver, lgyr=-1.5A - 320 430 mQ
Bulpmcin Rossiaot RosoN  [Sink Driver, gy = 15A = 320 | 430 | mQ
; Source Diode, I =-1.5A - - 1.2 Vv
Body Diode Forward Voltage VE SinkDiode, I = 1.6 A — = 13 v
fPWM < 50 kHz - - 4 mA
Melor-Siipply Cument 'ee Operating, outputs disabled = % 2 mA
) fowm < 50 kHz > - 8 mA
Logic Supply Current Iop Dtipute & - - 5 vy
Control Logic ]
Logic Input Voltage Vine VopX0.7 \ _ v
Vin) - - |vppx03| V
Logic Input Current Iict) Vin = VopX0.7 X i & LA
l!N(O) VIN = VDDXDB -20 <1.0 20 HA
Rms1 MS1 pln — 100 = kQ
Microstep Select Rys2 MS2 pin - 50 - kQ
Ryss MS3 pin - 100 - kQ
Logic Input Hysteresis  Viuysgnyy  |Asa % of Vpp 5 1 19 %
Blank Time teLANK 0.7 1 1.3 Hs
. OSC = VDD or GND 20 30 40 ps
ks torr  Roeo=25kQ 23 30 37 us
Reference Input Voltage Range VRer 0 4 \
Reference Input Current IREF -3 0 3 MA
VREF =2 V, %ITripMAX =38.27% = — +15 %
Current Trip-Level Error3 err Vrer =2V, %lripuax = 70.71% - - t5 %
Vrer =2V, %lyipmax = 100.00% - - 15 %
Crossover Dead Time tor 100 475 800 ns
Protection
Overcurrent Protection Threshold locesT 2.1 = - A
Thermal Shutdown Temperature Ttsp - 165 - °C
Thermal Shutdown Hysteresis TtspHys - 15 - °C
VDD Undervoltage Lockout Vopuvio  |Vpp rising 2.7 2.8 29 A
VDD Undervoltage Hysteresis VDDUVLOHYS - 90 - mV

1For input and output current specifications, negative current is defined as coming out of (sourcing) the specified device pin.
2Typical data are for initial design estimations only, and assume optimum manufacturing and application conditions. Performance may vary for individual
units, within the specified maximum and minimum limits.

3VerR = [(Vrer/8) — Vsensel / (Vrer/8)-
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THERMAL CHARACTERISTICS

Characteristic Symbol Test Conditions* Value | Units
Package Thermal Resistance Rgja Four-layer PCB, based on JEDEC standard 32 |°C/W

*Additional thermal information available on Allegro Web site.

Power Dissipation versus Ambient Temperature
4.00

3.50 \

3.00 \

2.50 \
2.00 %
1.50

1.00 \

0.50 \

0
20 40 60 80 100 120 140 160
Temperature, Tp (°C)

Power Dissipation, Pp (W)
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MS1, MS2, MS3, ] : '
RESET, or DIR ! I 1
I
Time Duration Symbol Typ. Unit
STEP minimum, HIGH pulse width ta 1 us
STEP minimum, LOW pulse width tg 1 ps
Setup time, input change to STEP te 200 ns
Hold time, input change to STEP to 200 ns

Figure 1. Logic Interface Timing Diagram

Table 1. Microstepping Resolution Truth Table

MS1 | MS2 | MS3 | Microstep Resolution | Excitation Mode
L I L | Full Step 2 Phase
H [ 2 Half Step 1-2 Phase
L H L | Quarter Step W1-2 Phase
H H L | Eighth Step 2W1-2 Phase
H H H | Sixteenth Step 4W1-2 Phase

_amn Allegro MicroSystems, Inc. 6
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Functional Description

Device Operation. The A4988 is a complete microstepping
motor driver with a built-in translator for easy operation with
minimal control lines. It is designed to operate bipolar stepper
motors in full-, half-, quarter-, eighth, and sixteenth-step modes.
The currents in each of the two output full-bridges and all of the
N-channel DMOS FETs are regulated with fixed off-time PWM
(pulse width modulated) control circuitry. At each step, the current
for each full-bridge is set by the value of its external current-sense
resistor (Rg; and Rg;), a reference voltage (Vggg), and the output
voltage of its DAC (which in turn is controlled by the output of
the translator).

At power-on or reset, the translator sets the DACs and the phase
current polarity to the initial Home state (shown in figures 8
through 12), and the current regulator to Mixed Decay Mode for
both phases. When a step command signal occurs on the STEP
input, the translator automatically sequences the DACs to the
next level and current polarity. (See table 2 for the current-level
sequence.) The microstep resolution is set by the combined effect
of the MSx inputs, as shown in table 1.

When stepping, if the new output levels of the DACs are lower
than their previous output levels, then the decay mode for the
active full-bridge is set to Mixed. If the new output levels of the
DAC:s are higher than or equal to their previous levels, then the
decay mode for the active full-bridge is set to Slow. This auto-
matic current decay selection improves microstepping perfor-
mance by reducing the distortion of the current waveform that
results from the back EMF of the motor.

Microstep Select (MSx). The microstep resolution is set by
the voltage on logic inputs MSx, as shown in table 1. The MS1 and
MS3 pins have a 100 kQ pull-down resistance, and the MS2 pin
has a 50 k2 pull-down resistance. When changing the step mode
the change does not take effect until the next STEP rising edge.

If the step mode is changed without a translator reset, and abso-
lute position must be maintained, it is important to change the
step mode at a step position that is common to both step modes in
order to avoid missing steps. When the device is powered down,
or reset due to TSD or an over current event the translator is set to
the home position which is by default common to all step modes.

Mixed Decay Operation. The bridge operates in Mixed
decay mode, at power-on and reset, and during normal running
according to the ROSC configuration and the step sequence, as
shown in figures 8 through 12. During Mixed decay, when the trip
point is reached, the A4988 initially goes into a fast decay mode
for 31.25% of the off-time, topg. After that, it switches to Slow
decay mode for the remainder of topp. A timing diagram for this
feature appears on the next page.

Typically, mixed decay is only necessary when the current in the
winding is going from a higher value to a lower value as determined
by the state of the translator. For most loads automatically-selected
mixed decay is convenient because it minimizes ripple when the
current is rising and prevents missed steps when the current is falling.
For some applications where microstepping at very low speeds is
necessary, the lack of back EMF in the winding causes the current to
increase in the load quickly, resulting in missed steps. This is shown
in figure 2. By pulling the ROSC pin to ground, mixed decay is set to
be active 100% of the time, for both rising and falling currents, and
prevents missed steps as shown in figure 3. If this is not an issue, it

is recommended that automatically-selected mixed decay be used,
because it will produce reduced ripple currents. Refer to the Fixed
Off-Time section for details.

Low Current Microstepping. Intended for applications
where the minimum on-time prevents the output current from
regulating to the programmed current level at low current steps.
To prevent this, the device can be set to operate in Mixed decay
mode on both rising and falling portions of the current waveform.
This feature is implemented by shorting the ROSC pin to ground.
In this state, the off-time is internally set to 30 ps.

Reset input (RESET). The RESET input sets the translator
to a predefined Home state (shown in figures 8 through 12), and
turns off all of the FET outputs. All STEP inputs are ignored until
the RESET input is set to high.

Step Input (STEP). A low-to-high transition on the STEP
input sequences the translator and advances the motor one incre-
ment. The translator controls the input to the DACs and the direc-
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Figure 2. Missed steps in low-speed microstepping
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Figure 3. Continuous stepping using automatically-selected mixed stepping (ROSC pin grounded)
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tion of current flow in each winding. The size of the increment is
determined by the combined state of the MSx inputs.

Direction Input (DIR). This determines the direction of rota-
tion of the motor. Changes to this input do not take effect until the
next STEP rising edge.

Internal PWM Current Control. Each full-bridge is con-
trolled by a fixed off-time PWM current control circuit that limits
the load current to a desired value, Iypp. Initially, a diagonal pair
of source and sink FET outputs are enabled and current flows
through the motor winding and the current sense resistor, Rg,.
When the voltage across Rg, equals the DAC output voltage, the
current sense comparator resets the PWM latch. The latch then
turns off the appropriate source driver and initiates a fixed off
time decay mode

The maximum value of current limiting is set by the selection of
Rg, and the voltage at the VREF pin. The transconductance func-
tion is approximated by the maximum value of current limiting,
Itipmax (A), which is set by

Itripvax = Vrer/ (8 XRg)

where Rg is the resistance of the sense resistor () and Vg is
the input voltage on the REF pin (V).

The DAC output reduces the Vyp output to the current sense
comparator in precise steps, such that

Tisip = (Yelpripmax /100) X Ipipmax

(See table 2 for %lp,max at each step.)

It is critical that the maximum rating (0.5 V) on the SENSEI and
SENSE2 pins is not exceeded.

Fixed Off-Time. The internal PWM current control circuitry
uses a one-shot circuit to control the duration of time that the
DMOS FETs remain off. The off-time, tgg, is determined by the
ROSC terminal. The ROSC terminal has three settings:

= ROSC tied to VDD — off-time internally set to 30 ps, decay
mode is automatic Mixed decay except when in full step where
decay mode is set to Slow decay

= ROSC tied directly to ground — off-time internally set to
30 ps, current decay is set to Mixed decay for both increasing
and decreasing currents, except in full step where decay mode
is set to Slow decay. (See Low Current Microstepping section.)

= ROSC through a resistor to ground — off-time is determined
by the following formula, the decay mode is automatic Mixed
decay for all step modes.

torr = Rosc /825
Where topy: is in ps.

Blanking. This function blanks the output of the current sense
comparators when the outputs are switched by the internal current
control circuitry. The comparator outputs are blanked to prevent
false overcurrent detection due to reverse recovery currents of the
clamp diodes, and switching transients related to the capacitance
of the load. The blank time, tg; snx (18), is approximately

tarank = 1 ps

Shorted-Load and Short-to-Ground Protection.

If the motor leads are shorted together, or if one of the leads is
shorted to ground, the driver will protect itself by sensing the
overcurrent event and disabling the driver that is shorted, protect-
ing the device from damage. In the case of a short-to-ground, the
device will remain disabled (latched) until the SLEEP input goes
high or VDD power is removed. A short-to-ground overcurrent
event is shown in figure 4.

When the two outputs are shorted together, the current path is
through the sense resistor. After the blanking time (=1 ps) expires,
the sense resistor voltage is exceeding its trip value, due to the
overcurrent condition that exists. This causes the driver to go into
a fixed off-time cycle. After the fixed off-time expires the driver
turns on again and the process repeats. In this condition the driver
is completely protected against overcurrent events, but the short
is repetitive with a period equal to the fixed off-time of the driver.
This condition is shown in figure 5.

During a shorted load event it is normal to observe both a posi-
tive and negative current spike as shown in figure 3, due to the
direction change implemented by the Mixed decay feature. This
is shown in figure 6. In both instances the overcurrent circuitry is
protecting the driver and prevents damage to the device.

Charge Pump (CP1 and CP2). The charge pump is used to
generate a gate supply greater than that of VBB for driving the
source-side FET gates. A 0.1 puF ceramic capacitor, should be
connected between CP1 and CP2. In addition, a 0.1 uF ceramic
capacitor is required between VCP and VBB, to act as a reservoir
for operating the high-side FET gates.

Capacitor values should be Class 2 dielectric +15% maximum,
or tolerance R, according to EIA (Electronic Industries Alliance)
specifications.

4988-DS
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Vgreg (VREG). This internally-generated voltage is used to
operate the sink-side FET outputs. The VREG pin must be
decoupled with a 0.22 pF ceramic capacitor to ground. Vg is
internally monitored. In the case of a fault condition, the FET
outputs of the A4988 are disabled.

Capacitor values should be Class 2 dielectric +15% maximum,
or tolerance R, according to EIA (Electronic Industries Alliance)
specifications.

Enable Input (ENABLE). This input turns on or off all of the
FET outputs. When set to a logic high, the outputs are disabled.
When set to a logic low, the internal control enables the outputs

as required. The translator inputs STEP, DIR, and MSx, as well as
the internal sequencing logic, all remain active, independent of the
ENABLE input state.

Shutdown. In the event of a fault, overtemperature (excess Tj)
or an undervoltage (on VCP), the FET outputs of the A4988 are
disabled until the fault condition is removed. At power-on, the
UVLO (undervoltage lockout) circuit disables the FET outputs
and resets the translator to the Home state.

Sleep Mode ( SLEEP). To minimize power consumption
when the motor is not in use, this input disables much of the
internal circuitry including the output FETS, current regulator,
and charge pump. A logic low on the SLEEP pin puts the A4988
into Sleep mode. A logic high allows normal operation, as well as
start-up (at which time the A4988 drives the motor to the Home
microstep position). When emerging from Sleep mode, in order
to allow the charge pump to stabilize, provide a delay of 1 ms
before issuing a Step command.

Mixed Decay Operation. The bridge operates in Mixed
Decay mode, depending on the step sequence, as shown in fig-
ures 8 through 12. As the trip point is reached, the A4988 initially
goes into a fast decay mode for 31.25% of the off-time, topp.
After that, it switches to Slow Decay mode for the remainder of
topr- A timing diagram for this feature appears in figure 7.

Synchronous Rectification. When a PWM-off cycle is
triggered by an internal fixed-off time cycle, load current recircu-
lates according to the decay mode selected by the control logic.
This synchronous rectification feature turns on the appropriate
FETs during current decay, and effectively shorts out the body
diodes with the low FET Rpggy). This reduces power dissipation
significantly, and can eliminate the need for external Schottky
diodes in many applications. Synchronous rectification turns off
when the load current approaches zero (0 A), preventing reversal
of the load current.

i H ;{

S5 A/div. o
1 Fault

. latched ]
i

Do

t—

Figure 4. Short-to-ground event
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Fixed off-time

t—

Figure 5. Shorted load (OUTxA — OUTXB) in
Slow decay mode
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Figure 6. Shorted load (OUTXA — OUTxB) in
Mixed decay mode
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Application Layout

Layout. The printed circuit board should use a heavy ground-
plane. For optimum electrical and thermal performance, the
A4988 must be soldered directly onto the board. Pins 6, 7, 18,
and 19 are internally fused, which provides a path for enhanced
thermal dissipation. Theses pins should be soldered directly to
an exposed surface on the PCB that connects to thermal vias are
used to transfer heat to other layers of the PCB.

In order to minimize the effects of ground bounce and offset
issues, it is important to have a low impedance single-point
ground, known as a star ground, located very close to the device.
By making the connection between the pad and the ground plane
directly under the A4988, that area becomes an ideal location for
a star ground point. A low impedance ground will prevent ground
bounce during high current operation and ensure that the supply
voltage remains stable at the input terminal.

The two input capacitors should be placed in parallel, and as
close to the device supply pins as possible. The ceramic capaci-
tor (CIN1) should be closer to the pins than the bulk capacitor
(CIN2). This is necessary because the ceramic capacitor will be
responsible for delivering the high frequency current components.
The sense resistors, RSx, should have a very low impedance
path to ground, because they must carry a large current while
supporting very accurate voltage measurements by the current
sense comparators. Long ground traces will cause additional
voltage drops, adversely affecting the ability of the comparators
to accurately measure the current in the windings. The SENSEx
pins have very short traces to the RSx resistors and very thick,
low impedance traces directly to the star ground underneath the
device. If possible, there should be no other components on the
sense circuits.

4988-DS é;mlkglv,- s

RS2 ~ T = 5
c9 = I+ v
I i = e
i L T =
w w
2 g 3z°%
ow w
ouT1B
A4988 NC
“"PAD DR }—e—
GND R3
I REF
STEP [—<— R2 =
o = Vi
o I + (1]
™ W
288 |§ ¢l &
= % R1 |
Allegro MicroSystems, Inc. 12
115 Northeast Cutoff

Woarcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



DMOS Microstepping Driver with Translator
A4988 :
and Overcurrent Protection

Pin Circuit Diagrams
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Figure 11. Decay Modes for Eighth-Step increments
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DMOS Microstepping Driver with Translator

A4988 and Overcurrent Protection
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Figure 12. Decay Modes for Sixteenth-Step Increments
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A4988

DMOS Microstepping Driver with Translator
and Overcurrent Protection

Table 2. Step Sequencing Settings
Home microstep position at Step Angle 45°% DIR = H

Phase 1 | Phase 2 Phase1 | Phase 2
Full | Half | 1/4 18 | 116 | current | Current Step Full | Half | 1/4 18 | 116 | cument | Current Step
Step | Step | Step | Step | Step | % lripmax] | [% ripmax! | Angle Step | Step | Step | Step | Step | pw%i,; Max] | [% bripMaxd | Angle
# i # # # (%) (%) (°) # # # # # Wf) (%) W)
1 1 2 1 100.00 0.00 0.0 5 9 17 33 | -100.00 0.00 180.0
2 99.52 9.80 5.6 34 -99.52 -9.80 185.6
2 3 98.08 19.51 11.3 18 35 —98.08 -19.51 191.3
<4 95.69 29.03 16.9 36 -95.69 -20.03 196.9
2 3 5 92.39 38.27 225 10 19 37 -92.39 -38.27 202.5
6 88.19 47.14 28.1 38 -88.19 —47.14 208.1
4 7 83.15 55.56 33.8 20 39 -83.15 —-55.56 213.8
8 77.30 63.44 39.4 40 =77.30 -63.44 2194
1 2 3 5 9 70.71 70.71 45.0 3 6 1 21 41 -70.71 -70.71 225.0
10 63.44 77.30 50.6 42 -63.44 —77.30 230.6
6 1 55.56 83.15 56.3 22 43 -55.56 -83.15 236.3
12 47.14 88.19 61.9 44 —47.14 —-88.19 241.9
4 7 13 38.27 92.39 67.5 12 23 45 -38.27 -92.39 247.5
14 29.03 95.69 73.1 46 -29.03 -95.69 253.1
8 15 19.51 98.08 78.8 24 47 -19.51 -98.08 258.8
16 9.80 99.52 84.4 48 -9.80 —-99.52 264.4
3 5 9 17 0.00 100.00 90.0 7 13 25 49 0.00 -100.00 270.0
18 -9.80 99.52 95.6 50 9.80 -99.52 275.6
10 19 —19.51 98.08 101.3 26 51 19.51 —98.08 281.3
20 —29.03 95.69 106.9 52 29.03 -95.69 286.9
6 11 21 -38.27 92.39 1125 14 27 53 38.27 -92.39 292.5
22 —47.14 88.19 118.1 54 47.14 -88.19 298.1
12 23 -55.56 83.15 123.8 28 55 55.56 -83.15 303.8
24 -63.44 77.30 1294 56 63.44 —77.30 309.4
2 4 7 13 25 -70.71 70.71 135.0 4 8 15 29 57 70.71 -70.71 315.0
26 —77.30 63.44 140.6 58 77.30 -63.44 320.6
14 27 -83.15 55.56 146.3 30 59 83.15 -55.56 326.3
28 -88.19 47.14 151.9 60 88.19 —47.14 331.9
8 15 29 -92.39 38.27 157.5 16 31 61 92.39 -38.27 337.5
30 -95.69 29.03 163.1 62 95.69 -29.03 343.1
16 31 ~-98.08 19.51 168.8 32 63 98.08 -19.51 348.8
32 -99.52 9.80 174.4 64 99.52 -9.80 354.4
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DMOS Microstepping Driver with Translator

A4988 and Overcurrent Protection

Pin-out Diagram

Terminal List Table

Name Number Description
CP1 4 Charge pump capacitor terminal
f [ ce2 5 | Chargepump capacitor terminal
| veP | 6 | Reservoircapacitorterminal
I wreal 4 8 | Regulator decoupling terminal D
P2 R NV e foeses Y
M2 | 10 | Logicinput Y
—Mé_a_ | ' /h Logic input [iESESwSY Ky
77HEFSET_ 4 12 Logic rnp:ul_ .
" ROSC (1843 | Timing set
\ EEéPi e 714 3 Logic input
\ —\EJD C) _—15 Ry, Logic supply
'\ S}Ei: o 167 Logic input
N 7RE; p _ 1_7 S G, reference voltage input
GND 3,18 Ground"
DIR 7 19 | Logicinput
ouT1B MR/ &1 DMOS Full Bridge 1 Output B
VBB1 R 25 2 Load supply
SENSE1 23 Sense resistor terminal for Bridge 1
QUT1A 24 DMOS Full Bridge 1 Output A
OUT2A 26 DMOS Full Bridge 2 Qutput A
SENSE2 27 Sense resistor terminal for Bridge 2
VBB2 28 Load supply
OouUT2B 1 DMOS Full Bridge 2 Output B
ENABLE 2 Logic input
NC 7,20, 25 No connection
PAD - Exposed pad for enhanced thermal dissipation*

*The GND pins must be tied together externally by connecting to the PAD ground plane

under the device.

Allegro MicroSystems, Inc.
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DMOS Microstepping Driver with Translator
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and Overcurrent Protection

ET Package, 28-Pin QFN with Exposed Thermal Pad
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MG90S g f

Metal Gear Servo

b

MG90S servo, Metal gear with one bearing

Tiny and lightweight with high output power, this tiny servo is perfect for RC Airplane,
Helicopter, Quadcopter or Robot. This servo has metal gears for added strength and
durability.

Servo can rotate approximately 180 degrees (90 in each direction), and works just like the
standard kinds but smaller. You can use any servo code, hardware or library to control these
servos. Good for beginners who want to make stuff move without building a motor controller
with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns
(arms) and hardware.

Specifications

Weight: 134 g

Dimension: 22.5 x 12 x 35.5 mm approx.

Stall torque: 1.8 kgf-cm (4.8V ), 2.2 kgf-cm (6 V)

Operating speed: 0.1 s/60 degree (4.8 V), 0.08 s/60 degree (6 V)
Operating voltage: 4.8 V- 6.0V

Dead band width: 5 us



PWM=0range (J1I")
Vcc=Red (+) 4| ©/

Ground=Brown (-) —

1-2ms

bty Cyde
48-6V i |
Power
and Signal ™ 5 :
20 ms (50 Hz)

PWM Period

Position "0" (1.5 ms pulse) is middle, "90" (~2 ms pulse) is all the way to the right, "-90" (~1
ms pulse) is all the way to the left.





