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ABSTRACT

This project has purposed to study and apply the knowledge of micro-
controller to be used by separating color, counting and store data. The basic work
principle is divided into 2 parts. The first part is digital image processing by computer.
The digital image processing will take pictures from the camera to analyze according
to the algorithm designed and store data to computer. The second part is the
control of the mechanical arm. It’s consists of servo motors and microcontrollers.
The computer sends command into the microcontroller to control the servo motor
to move the mechanical arm and placing the object correctly in the desired

location.
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Analog and Digital Signals

Sine Wave
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2.2.1 Binary image %50 A w1301 1usuildiizeiies 1 O sie Ainia Tnedrdasiiunans

A 0 1508A1 Lay 1 nIadw1?

= - = ©
AN 2.6 NINWUUU Binary 1138 NIWU1I-AN

2.2.2 Grayscale Image (Uugufiiulngldguuuuvetensisd 2 i Tnemifvaziaeglu

v

) o o o ad Y a ooy =
il Fasyiuresdtuegivunaveslanldnuand



o
NINN 2.7 2INUUY Grayscale

2.2.3 RGB Image %32 True-color Image \uguiiiulaeldensisd 3 i vwin mx n x 3
lap#l m AeANUET way n Aamuninvasnlumihefiniga dwdfaaeuy luudaslfaziiue
duoniu AefiuniRed) JT8Green) uasduiu(Blue)

mwﬁ 2.8 MNLLUU RGB

=3

2.2.4 Indexed Image \Juzunfiguuuunsiiviuy indexed fia nwusziamiizifivadidu

u
3 o

indexed uazluusiaztasaiiisd aunudumndsnesdly indexed duqlidaideves Silicon : n15vinlw
Uigviduaregluguansindouasvingads fsiaume waz unnvindreluruiunisnin

e C s, o Lo

= |
AINNA 2.9 2WILUU Indexed



2.2.5 5%uud (Color Mode) s¥uud Grayscale Wutiavauanding Sauanssfuningii-ai

o a o v o P8 = 2 " Y a o
nfiviien 2 & Aew A dlu erayscale U uanstisruduvesd (Intensity) lusssiusnag Tneden
Hudnisinnaunduvesdiies uardvesdmuduvesdun Sinussivvesdiuegivnnavestng

o=l

TAvAd lneiluwdneiuloyadussanilieteyavunn 8 On vi3e 1 lud FsazlimuasiBen

o -
YOIFN 256 LR

Bit Depth and Gray Levels in Digital Images
2 Bit 4 Bit 6 Bit 7 Bit 8 Bit 10 Bit

16 64 128 256 1,024
Gél“y Levels
Figure 4 (Bit Depth)

d U = b3 ldl I al
AW 2.10 sEdUAves Grayscale MuIWINTRYATIAUATE

2.2.6 32uud RGB Wussuudiivsznoumpudavnaiudne wne (Red), ifen (Green) wag 11
Fu (Blue) RGB Thuduszuvaussuasiduuy Additive Aedhliiialaasasaeiudsilumnduiu
minflasuyndvraeadufun avdaiussuudnuu Subtractive Wiaszuuduuy CMYK Adudiiin
ynnsaziey ieiSeniuihluinging

AW 2.11 AuUANENaYRs Auds (RGB) wae A3ng (CMYK)



AT 2.12 29deRuuUU RGB

2.2.7 92UV HSV (Hue, Saturation, Value) ®5a HSB (Hue, Saturation, Brightness)
Wussuvdidesldnuluninusenin lesniduszuuaiilndideatuemmAnvosmyudldaniszuy
& RGB 1ne Hue fladuaen1n,Saturation Ao Usunainnudumeesd BeilAriunn mnesiidansad
tor mazdiitiosas luiignesnatafuguildnunsuun Grayscale uay Value w30 Brightness
\uiuansdsUsunanuainwe s madaunnawazBesinnuainaan

At 2.13 Tuinad H Tuguuuulau (Cone)
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Al 2.14 sUiiivluusias channel Tussuud RGB uaz HSV

2.2.8 M3U5UUIn W (Image Enhancement) nsyuiun1sUiulsnunmusan midunis
USuussmmlifmnzautfunsussinanasng esannmdisudhumiuenaiidygiasuniy Sados
U¥uugsnunmeesninteufiariinmiulyszuiananisnenfinne s dudoly Faasviali
Uszananaldiiu Tnevhlumsusudssnwiildislu spatial domain was frequency domain usilu
Tnsaauillénisusuusanimly spatial domain deilyauszaseiite smooth nm luienansiiléns
USuusanwiensnsesuuuiaienanans \Junisnsesteyanmlagldnisdeimundanan (Spatial
convolution) Fafidimiinudu 1 wirfunaen Sandsarnshnmsnisdesiauudrsnimadnsui

nsiade laedenAfanate seaunisi
g(i.,j) = med[x(i+r,j+s) € A(i.j) € Z?]

=t a o o %) s, o Py v a o o

Fansnseswuuiedennarndunisnsashudnuarlitudadu Inededvesnsuiudsanmeenis
a o & | v oa Al o % a = w

NIDILUULRRYNNNA1NAD ﬂ'a'hflLﬂﬂﬂ'lﬂUaE]’UE]\jﬂ’]WLWE]Iﬂ"i]ﬂﬂ'l'ﬂ.lL‘UN“U@QWﬂL‘ﬁﬁ‘LlrLUIWULﬂU?ﬂU

- ¥ - - =
¥ - s - *
Al L - s -
® - »
¥ » - - -
a - L »
- -
& EY - -
. ¥ - -
- L3 - -

AWl 2.15 113 Smoothing Taeld Median filtering Tagl4 mask fifvwiacineg i
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2.2.9 Region-of-interest (ROI) Aaustauiisiauls e1vvuduusvalanmeluninile lae
v a o [ ] & - o 4 o

nsfnseudenseuyinuiaula Mennau nseudivaen wienseugumaelag iethnmwane
| o | oy = o 1 LY < P
dusainaulszanana vislUdsuwlasnmeusoins lnalifinansenuiududug dddu 1 am
anunsanmualivaleq ROI Wafuuamumirnaquds azade Mask M Binary Mask dwsuld
o o =1 o 5 L ] o] [ - | 1
Muuaraulwanariinsudsuuuasnmelugunimiusg Wngladwinauladu 1 wedunn uasldw
ouq Ju 0 wisedm

P PODDOH® T ODGe@D e A® I BDDD® WD DO ®
r DB OO®® OO O® s ODERE FODODOE wO@®OD®
P DO OH® v HeDDH® A OSD@EDE DO DOE®D oddD e DD
s DO De® OB PDAE O DOADHD DD DE® OB DOD
DD @D DD HDOE OO »ODDOEG »nOeDHEOD
n DODB®D wDDO@®E O O@DED W@ ODDA® owODDG®D
DO OOe® YOO VY HOeOH® "OeD@OD v ODODODO e
N DO DD 2 @DDDHE 2 OGDO® W HDODOOE DD @D D
P DO DD® DDA HT O REO DO DD® WODDOD
O DOHO® 0N OBDH® »DDDHEO NG DD xuDLedOEHD

= o | | =

AN 2.16 N15MIUUA Region of Interest Tudauy 1

ur @pyge Qbe o @yn O 0 @y Ofn
o @gn (Obe o7 @ge (Ol ar Cign @0
04 Oye @in o (Hye @he 00 @Pun O
54 (yn @is 0o Cogs @0s e (Oyn @ke
s oy @ie 0 Oz @hs o Oy e
e @ee O T @es Otw o @gn O)be
2 Ogn @b @Pue Cifim 87 (9o @h0e
ve O @l = Oy @i oo @yr Obw
w0 Cign @le 7 Ope @i v @y )b
o @y (Ofie o @Byv Pie o0 @ye C)in
ot g @he 0 @y @ @ Oy @a
w ge @hn 9 @age Obs o @ygn (Obw
s g @ 90 O @b w Oyn @i
w4 @ys O w O @l 00 Qyn @le
o g @ w O @ o Ogn =

< o , e,
MW 2.17 N1IvuA Region of Interest Tug@aun 2
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2.3 MaANNIUATNnEfvas Arduino Mega2560

Al 2,18 uasa Arduino Mega2560

Arduino Mega 2560 Apuasalilasreulnsaiaesfinanain ATmeea2560 i 54 digital
input/output el 14 11 @ansaldiiu output Luy PWM 1¢ £ analog inputs 16 1 3 UARTS
4 1 yhawiianud 16 MHz annsadeudefursufimasseanaada USB wield adaptor AC-
to-DC iilai3usiuldanu uasfit reset aunsasaniiy shields feenwuuiieldaniu Arduino

Duemilanove %38 Diecimila.
Pin il

« VIN flu input voltage 394U3n Arduino Tngldunassneainnieusn
« 5V 18U output pin imIuAy 5 V 9nUesn
« 3v3 1Tu 3.3 volt supply ia3198ua1n resulator UuUDSA warlvinszualegean 50 mA

« GND fu ground pin
« IOREF 18u pin 91l voltage reference Mulalasmaulnsaiaes iieldenausssuliiiu

shield RuLTaufatuUDIA

WUIYAIUIN

s

ATmega2560 fimiemudn 256 KB (8 KB lddmsu bootloader ) uananniléafidn 8
KB dm3u  SRAM uag 4 KB d@vSu EEPROM

Input and Output

luuday digital pins i3 54 pins UwuasA Arduino Uno ansnsandulévs input waroutput e
zyinuiusiu 5 v uazlvinssuagegn 40 mA
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Wandudue

» External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20
(interrupt 3), 21 (interrupt 2). pins Lwd’lﬁ’a”m’ﬁﬂ'ﬁﬁ]a‘ﬁﬁ’muﬂﬁ’lﬁﬁﬂﬂinterrupt Tupsing, veusiu
uazad visdsuuUasen

« PWM: 2 §i4 13 uaz 44§11 46 T/ output PWM output 8-bits

» SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (55) Tdwiusasiunisdeansuuu sPilaeiilsl
\Aeatiaaiuiu ICSP header Sueiidnunizadiofu Uno, Duemilanove wagDiecimila

« LED 13 : 1 build-in LED fiiausiafiu digital pin 13 1ile pin iy HIGH LEDa:

#n , wiile pin 1y LOW LED sy

« TWI : 20 (SDA) and 21 (SCL). s¢§unsidousianuu TWII20)

- U8$n Mega2560 i 16 analog inputs Uiz pins WAuasiden 10 bits

« AREF. 4394197989 d113U analog input

- Reset 14lunns reset lulpspeulnsaians Tneviluaslélasnasiiudy reset 13
U shield tedesiuduiieguuuodn

s =
2.4 AaNNITLATNGYY VDY servo motor

woslweined (Servo Motor) Wusawmesitinsmuaunsindouiivesiu (State) lidrasdu
sygy AIILEY yunsvay Teeldnisarunuuuudleundy (Feedback control) lilugUnsalitauisn
PuRMATEsININA Moszuumsvheuiug Wiulumuaudems AIUANAI1ALET (Speed),
AIUANLIITA (Torque), ATUANWTIRIUNUA (Position), nwmﬂumsmﬁauﬁ(mu) (Position
Control) vasshuaimesld Fuwaweiiiluldannsamuauludnumzmudeiild Taglinadndmy
ANuFDIN15TITiANILILENEY TUAYBY Servo Motor axilmiseluntsuensurmfuing (Wat)
Servo Motor vatPanasonic axfivuaaus 50W-15kwsiliglderudinumannnaneluaslda

awil 2.19 washwenes me99s
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2.4.1 Usznnvaawasluawmos

Tneihaziiiadduaziedieesls luaosdnsguidisrasnuin 0C Servo Motor 1514
\A38eININARAAIMINTINANNNT AC Servo Motor loendafiiiunnIsAIUANN ST UAN TELAG
tuaesdodld SCRs witagiunsudawesliwaudannuansolifinronsyuagauasldonianug
I#gaqiu Johliszuunugumaeduarssuuiweshlfgnununldounniy feanmnsaenuszan

1
=1

Youvashalans
2.4.1.1 yawosvianiuUsednu

washuomesulaiiiawmnasaziduiiminans dulswesddduusachunaznouivngs
Fenszuaingunainesiues wileuiuituemesiniy

2.4.1.2 woashuawmosviaflaiuusesnu

weslwewoilunguilUsynausedifigesls (DC Brushless Servo Taimasvivhewsivinams)
Wwwasla (AC Servo) Failvianuudilasiaweslh asdalasiawesy (Msihdusatunewmasunlevia
& ) o ¢ & ¢
Wuszuutuiedouweashinemes) way amvdagashuoines

2.4.2 Tasead19vanwasiouainos

daininagmisvassruumunueesl Arenisldeuasfoadunuy Closed loop wiiu
n1sldnussuumurugesTilianansadenaauauliunuy Open loop lanileufuszuuduipdoue
= i ' 9 | = ° " o l o
% (AC Drives) NM13nauauBIvossyuUwasla Lty 8n3ise useln uasdumiaiirun azldduly
aInguszasAvn lilidgyarateunduludiynduiniouwesh

14
=1

nsmugunsiauluszuvilgunsaieunduviodulfnmes (Encoder) asiunumemadifyeen

i
= 1

Buatioutuduvesgiuiaiiieniedaiunasiulils lumwfiadsinsewemesuassulia
\na3 gnesnuuulazkanaintumgiuludnuaeiduuiinin (Package §4il Encoder Anagiiduiing
VYDINALMBS FlagU

Connectorization Goarhoads

\-- thgai

Brakes Fﬂdback Shahs

= | ¢
AN 2.20 a'Juu35ﬂE]U'ﬂaﬁL‘Uaﬂ'JN@Lm@3
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Gearheads = s miuanaussouiiofiuussln

Shafts = Iwa1vaslaLnes

Flanges = wihulaudwmiuinsaelnos

Feed back = gunstlaundunie encoder

Connectorization = asaanglnlidrueines wagianeanyd sy Encoder
Brakes = 4aLun

TAs9a§19999 AC servo Motor azadnafiunawnes 3 a9 T Ssasuszneudie 2d1uil
d1Any fie awmeiuazlanes lnvawinesasussnoumeanadn 3 9a wnatanieluszdelduuuy
an13 (Star w38 WYE) uasilangsouniidaneanefuuen 3 du (gpilmseaszegauly) dwulsiwes
M1d8uilindnnas (Permanent Magnet) Lilflunazawy lufineufivimnes wazlifiuusedny

(Brushless)

laseasneilifivnaaiulivazuussdn agvinliussavsnmuomaimesgetu laiinisgey
deluvnaaveanns lddesthsesinuideswinuusein ldinusenieglnilesannadosnssuanin
wUssniuneniimeslusaaiavenaiiueglusilsines

o as o 2

dmivTagituafiuivanonsdazuandniuly Tnedusgiusniuazimaluladues

Qe

vV a = 1

vigvgnaniug Jeliaausdvtiafisimgnidu wsdin (welse) aufamslitaniitlsiauweatady o1

U
=

uSen laveast wieo Ulalalley Wuiu Waytuedwesluowesdulnajaslifanasudivaniuy
tleladoy ilesnndnuandfeunduwivén uasrmumsnzaunisasminit dewsuifieuiu
Tanaswivdnuuudue

2.4.3 wannsinavUauYaslauane;

mahnuvesweshusmeiviniaradeiunisieveddlasiaienes 3 wa nandewied
nsmuadlineulvsaaesiensuualiindnludnaaiiawmines unumdnvesaimaeiazdsengh
Muduuindnlait wazwyuedeudideniuniitulsdunuaad dadoni mnudddasiva
(synchronous speed) n3oAnudranuudininnyu wazavgalvlsimesdaduntivinanismay

LARBUTIANY

INdnunzlaTaweslsimesuazudnnsnauiwilouiuddastaeinestadunomesuuy

= 1 e 1 |dd' a & = © 123 LY r_'!l’cidj = 1 o
oF wnlifiuuseany (Brushless) laifigrauiamesnes 3wvhlvuawmessiniide Sonviuwandraiy
pan by 19U L3uniuAwIn Permanent Magnet Synchronous Motor(PMSM) &evaunefadalasia
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vamelifuussdn thefiGeninedweslwowmes (AC Servo motor) Wiathefisandugganin AC
Brushless %3 Brushless Motor tugu

Al /—— Magret

< o ° s
NN 2.21 DINUEASAA NNISVINIUVR LTS LINLADS

2.4.4 1A59RT99995EUUAIVAN RS TINBINDS

anuzYpIszUUAIUANWeslame T azlusruunuAnuUUgUTA(Closed loop control)
Feusznouds 3 Inuanisrausufe Tuuan1sauAuusadna (Torque Control Mode) d1ag35auv3o
gulugn Tuan1sniunudnsuse(velocity Control Mode) uazluuanisaunusiumi(Position

as as

Control Mode) Ftagguauuengn lneiasdusznoufidrdeqaagy

IJ L3 L3
A1WN 2.22 ENF‘]‘L]i%ﬂ@Uﬂ@ﬂiﬂUUﬂ?UﬂﬂJL?jaﬁ’JuE}Lmai

1. leslmaLnas (Servo Motor) (Funud 4.2)

2. gpeuANnIstulAGoweasls (Servo Drive ,Servo Amplifier thafiSenin servo
controller X@unus 4.4, 4.5, 4.6)

3. gUnsnioundu (Feedback DeviceXsusia 4.3)
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2.4.5 asausznavlunisinnuvansesliuamos

MIVNULAEIFT Servo Motor Wigsagrangtiildanunsavineuls n1sfiaglsl Servo Motor
WIUANANYETINA NI IIULURBDIAUsENa U]

2.4.5.1 maulnsawaas (Controller)

WANNIIVIUNAN Y iives Controller Aa fnthiisumdsangldsuindeanisld Senvo
t < A v =] | ] vy ! v o = [
Motor Huadauimenuswhinswaz sreena Indvdelnaudluu wihiinsegeiavdiu Controller
szitusimunliiiush Servo Motor

2.4.5.2 w5l lasWiaes (Servo Driver)

L]

wi1iives Servo Driver Ao 3w udtyaasnain Controller uardansiiusa Servo Motor
ideuiinuil Controller dsn1sun wsviily Controller Lidansmunanluil Servo Motor Taemss
\ilos91n Servo Driver asluhiiusuderwassh servo Motor Thhuamguwuuresnsauaull
31 Azifunismuan Ausa(Speed Control) , usadn(Toque) way sunia(Position Control) 5
Servo Driver 2zilu farinnuaaidusvsewisniitnesaaee Tiusa Servo Motor livinsuldagng

gnABIkaziiug inszastdullleld Servo Motor fiaysasdl Servo Driver Laue

@

£
L
£ =
4

o

=

5@

d L4 L3 &
AN 2.23 Uasawasialasvuaines
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2.5 wnannsuaznguvadlalasreulnsaaes

A & &
N 2.24 vaselulasproulvsaians

Lulasmeulvsalaes Ae Aentawmasuwadniignsuliluiuiieausenaumenthe
Uszanananan (CPU) 29958unv/iaming vihemnudwsuuasuway siaduaan dadu (dusu

2.5.1 lassasruazdrulsznau

-1CPU

- Memory

- Port

- BUS

- NN LaFYYIMUIRNY
- dusenaudu q

2.5.2 Uselewivaslalasaaulnsaians

lLulasneulnsaaesilugunsaldidnnselindildmunugunsailwivioszuudidnnsedind
#q lulasreulnsawesiuussuailouroufinmesaunndnoenliiuhes s fidsulusunsud
ideansdnldadiy lulasroulnsamesfieeiunifndeaiosessuiuanuenniluauauszuy
finnuianudilafimnsesnldlaglidouindniae uiililiitewunadnuaty fudaunse
JouyadrddliamnsoufiRnuldedudnlud® feuwuunndeulusinsunividiesgauaana
Fungy thesnuuuiamunaniue aasaauinuszivgvianats savdnidedldlfasiosdosede
29388 nmseiind WluldwuRededlunismuny wirsuisesdidnnsedndihandesynsuite
Auannsafindenis duflualndomaeiu auilauazdandaiunnufeinisvesuilan uay
NANNITRONULUUNERAMY



19

2.6 NANN1TUATNAYH VY OpenCV

18
OpenCV

=1
NN 2.25 nwlUsunsy opency

OpencV ulausiBuuuransunaavesuiildluniswann wenndiediAdudadiy wuuSsalnl diu
Ingjjaiuluimsusvanananmnisiunmifleuasnisiasssisufnadnuazaaguns
asRIluntaENsnsIduing

2.6.1 M3UszuanannAwANNINDS

n1sUszRaNan W gtasiunmsulasnin nsteuteyauaznisudnmavaanisusyaianann oy
wnadadunm

= v
2N 2.26 MnnsUszInananInemelusingu OpenCV
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2.6.2 dwiirinoniamaivionauiameiity Aensasemeduefidaiaunasiinumg
TDYINGNNMEANINAN HadnSvaIdevimineuiunasAamaiuenionisinnulaseaislunmw
3D

nsusEgnaldviueud

o MSAMUARIUWMULEUAIRE R LR
e MSHNN
o MIVAUNAN N19LGENgUaTIA

nsusEgnaleninsuwng

o MITMUAKAYNIRTIIMT (Wun1sTuunlsevialgaduaznsaTITNLiaaen)
o MIuunuey NMauuadiudaug 2D /3D

o msituyleTasayed 30 (MRl viedansreniud)

¢ MsEdmuBuAfEnITIR B AATEY

uanwwdlAtiy Automation anENTSY

NNSN5IVFABUNNGAAMNTIU (N15ATINTUTOUNHTDY)

o msUssnaviud

o N1381URAINUISLAALALUNALAD

o NMSREIEIRUIAG

o ms3T mnudlaluenans (W OCR)
ANANWALYBY OpenCV Library
nslalaus s OpenCV Auannse -

o DIULATITHUNIN

o JuAWLaZUUNINIALD

o Uszuiaman I (N599, LuaY)
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o AUTUNIRTINIANENYLY
o asminganzuluniinnmsaguihiflevianw

o AenwiinlavulsununsiedeulniluifleauiunduasAnangluiile

OpencV lasumsianntuduasausnlu C ++ vonanddsdinsynAulusunsy Python wag Java
fe OpenCV ¥ uuuszuuUuRn1seneitu Windows, Linux, OSx, FreeBSD, Net BSD, Open
BSD \Jusu

2.6.3 Tugalauss Opencv delufifiulugalausindnvaslausii Opencv

Weduvan  lugaliaseumqulaseasnadayanugiudu Scalar, Point, Range a4 #ildlunnsass
wannaladu OpenCV uanmilaantdisaufsezisdanlalunisdaiunin Tulausis Java ves
OpenCV lugatiazsmegluwininafilive org.opencv.core

msUszsananw  lugadiaseunqunisaidunisussnasannsnegidunisnsasguaimnisulad
JUnswsnasiansulasiundgalaunsuduiululauns Java 184 OpenCv lgatiszsmiagluyaiil

G org.opencv.imgproc

o v
MWA 2.27 MmmsuszanananIwaelusingy OpenCV
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3 a a £ 1 ! a - Ef L
e lugailasounquuuifansiemeiimedunisssanammaindourinisaufiundaasnis
#em1aing lulaus3 Java vee OpencV lugailazsamegluufininaiiiite org.opencv.video

d s o =Y 12
mwin 2.28 nnasaduingludnleselusinsy OpencV

Wle1/0 lugadedureieiivdyny nddleuaziudasdymnildlauss opencvivlaus3

o ol

Java 184 OpenCV Iu@aﬁ%mmag"luuﬁnm%mm%a org.opencv.videoio

= o
AN 2.29 amnsasadunwedlugaidle | / O
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calib3d  Tugaillsznauredanesfimneaiudanesiiuvsuiada yuuesiugiunsaouliisundes
dnggulisuaraneslansUsruAvesingnIsinsoluvameilonaraaiUsznauYeNNTAS 19NN
3D Tulausn3 Java vee OpencV lugatinyswegluuiininafiiie org.opencv.calibid

= Y \
AN 2.30 MWANSATINTUNMNTBILNAR calib3d

v

features2d  TugailiiuuaAnlunsnsnduandnuasiasAreduie lulauss Java ves Opencv

lugatigsuegluyniifite org.opency.features2d

53 Good Matches

o
AW 2.31 Mwmsussanananmuedliuga features2d
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Objdetect  lugailsiuimInsnduinguas Suaunudvasranaismunliarmni wulumtnam
uiausnguAduilulaus13 Java vee Opencv lugailaysiuegluyndiiite orgopencv.objdetect

< .
Awi 2.32 awnsusEinanan nesluga Obj detect

]
=l

Highgui LA uUMSINeNdERon1s g TuiANaINsawuY Ul miSeudte Tulausis Java ve4
OpenCV finwauzvadlugaiiazsmegluwininaiunnsiieiusgaesuuuie org.opency.imgcodecs

kil org.opencv.videoio

= g ;
AW 2,33 mmnsdsyanananmvedluga Highgui
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Y = ad a aa
2.7 Mﬁﬂﬂ'\iLLﬁgﬂq‘lﬂ'ﬂﬂaqLLUﬂLﬂaiﬂuﬂﬁLﬂﬂu‘laﬂau

= d a aa
AW 2.34 nwiunnesriedifisulosau

u:umLmai'uumamaulaaautﬂumLnuwawfmlwﬂmmumamLawmwumm vilrgunseii
wedivunlve) wozny dvnaan i) wnwaagann immmvamm’(mwurwam%uﬂﬂm
BTN LLummawumama:ﬂ,aaauummmﬂmmanﬁwmmae}amnﬁmﬂaum"lfawaaamlwﬁﬂ
Wy saeudleuie sosududnduleua uarsapudlnih wasdidmumensnuuunneisiniluly
Usglomiludnusnag iy fueania duntsimns munishiiuevansisydlon

d a a [y | o Ao w ' =
2.7.1 wunnesvinfiisulossy  Usznoumediudseneundniid diy 4 drufe

1. Dl Toiun Taualnanazdauelun
2. wiunuluwunmas (seperator) Fretlosiunszuadmsasineilidualnalddudaiuiuelun

a d - da A a a | & o o o 1 ' v
3. Bidnlnslad \uasazanefifindovesdiflounaney [Wudnhitvelilessuruudlivelis
didnaseulwaru dnfuladudnileseiniiduddustididnmseinitlis
4. #3unssua (current collector) ihlavsnwimihilisidnaseulvarusangasasmeuen
wazifian s was i luldussTovdange
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auausalunsinfiundauesuameivindiienlessuiiddiytueeiurinuaauifvesian
mhuihdualnauazuelun

s o

2.7.2 AEAEIUSUNNIVILAING

9

ﬁ’amﬁm%’uﬁw%’aLLﬂIwm“luﬂwﬁuﬁ 3 Useunnivglq Ao Tanussamialees (layered
structure) 19U LiCoO2 Tanussinvatiua (spinel structure) 1y LiMn204 wazdanUssianlediiu
(Olivine structure) 1 LiFePO4 mmmmuﬂimﬁumLLummassuuﬂamwulaaauﬁ"[*ﬁ‘luaﬂﬂmwmm
dnilvgjaldiang Licoo2 meﬂﬂuaamﬂumrﬁgwwsmmuaa 51184 wazlivasadiy i
AasnsAuUaenisgeuarldianuiinannn wu sasuindsnulnii msiiundsaulninenumes
wisuvyudoy wlifaguszianativafie LiMn204 Juiufaniiisimgnniuastasndond
LiCo02 (lpsanldusanimdumaudnumilavead) uzdulinsdodaunndon uiideideludes
Tassaefidudon uﬂa"LnmimaauLwamms’lﬂumu‘uama@mwﬁau wazliiefesloldaiuiignmngias
(ifiund 50 esmiwaidea) luvasiivaqUszianledu LiFePod Sausifaruannsolumsiiundanu
Ietfeuniialivauasaiees LLmLUmaﬂmm'}mmn WwgsmmaNMIElaz Mg INlAvEARIN
wazdudufinsseduindou & frmuiadesinniigamgiigs uaziinnudasnduge Jan LiFePOd g
amsu‘i%mu’tnqﬂnmwmaamﬁmmﬂaamnﬂqq A neusndeemlaiy naaRaIMTianUsuILIn
wsralaiung 1y dvsuidundanulwihanudandsouyuiou wardmviuednabug

2.7.3 Jdadmiuvivaualun

'“J'amﬁ’[ﬁﬁﬁ*ﬂg’;LLa‘[uﬂdau’me'lﬁi’amU'ssm‘mm%‘uau W wnslug Tmmfimliwlw Aisulonsuy
a”Lﬂuwlﬂammaﬂ’lu‘[ﬂﬁaamwaqLLﬂﬂWm”LusUmmaﬁUi”ﬂau LixC6 mummﬂaamﬂmmnmﬂﬂ
Taveaifearidalnihlnenss uananamuUssianasusy Yanduq nmmsmm"lﬂ’lwmml,ta'[um LU
LixSi LixGe meaﬁ]wu’ummiuﬂuuﬂumms wu d8nauunlulas (silicon nanowires) ladunu
mmwﬁm%’uﬁw'ﬁ%ua‘lum \esniimnuannselunissuaiielessumnnniunsiidng 10 wih ud
aaﬂumaLaaﬂams‘umamamqmﬂLmaﬂﬂamamelaaauvuﬂtﬂuiﬂiaam mmwa‘lmamiﬁama
Fevanwuazidemelding wﬂwawmﬂmmu‘uauLLU@Lmasauaq mmamaﬂ%uwmﬁlﬂvmmua‘i‘,um
aRe Tan LidTi5012 Lﬂuaaﬂmu@mauumwmwﬂa luumwamammammaqﬂaﬂawalaaauwﬂﬂ
Tuleseadhe dwalforgnslionmeauunineiimiantandonu uitaniaiitededei
mmmmm’tumsé’méLﬁaulaaaulﬁﬁamﬁmﬁwﬁumstl'i“nau‘[awwmélﬁau R dudos
quﬂsuwmamammmmmiuﬂ maawa’mmuwum‘swammuawuLLa~memaimmmmvmwuﬂw
1Nt
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o/ = o =
2.8 NANNIIUASN) W) VD IF1BWIURLAY S

< o a
NINN 2.35 NIWEIgWIURILAEN

#1801 (Belts)

ulﬁld’ I 7

Aansdsidsiaewiudunsdiidssiouuuseuiilddeitondeidunargetng e
Wisuiisusyninmsdsiiduuileuaznisdaiduuuly dedide fisgnuarldaude fu
usenszAnuasnsduaziiouldd snldonlufideedy W@ miunsasidsseniawandiog
vituan 9 wazArlddielunsthssnudoudien edislsinudeidevesnmstuiasaroniud
il fio dmsimnadiliuviueuinifesainnisady (Slip) kasMsAsN (Creep) U84 @MBWIULALHBY
finnsufuszesinsssninamavdoufuussisduaeniuseudnesnistdan venandudslalonald

NuNBRsMAgIINLe

v o
BUINEHIINWIU

aonuludagiulddmivdahds msindoutiuasdaddsosluguuuusing 4 aeny
groenuuulimnzaufvanmssnisyay Adeuldiuunn THur aewnd arunsedsidald
Andranewiuuuudy 9 uardisiagn a'auawwm‘nﬁmﬁuﬁﬁuatujﬁ’umﬂ%’mummm,t,ﬂaﬂuﬁﬂﬂuaq
argwueenld 4 vila Aaeiufe
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2.8.1. d@nawrunul (Flat Belts)

g |

29

“+
23
~(

NN

+

*ed
IN
jﬁﬁ_}

=%
\

-
[N

+ 4
*ré,
I\

o
AN 2.36 MWaEI8IULUY

LEAIANEAZYDIA8WIULUY (Flat Belts)

argmuwuy Wugunsaldnvlandeuldfusd1aunsvane llunsdsdgmasainyaiady

aqmmwlﬂaawmamaammmu (Jugunsaivs s30T TIFRINIT IR AANI I LWy Tu
fushudsdng o faoluil

v e fimau Hudv) Tnafssdiidesies LUy

- AL 5IVBIAENIY
- mmﬁwmmawwuﬁwwsjmﬂmwaLaé
- yuiemuduiatuaiag (Arc of Contact) ) Tagiavnzyatadimannin
- ﬂmwmaawmawmuuan’iﬁmu LU umwmuaamaaﬂnm vidoilleueuluiile Jsavdewnaly
ma‘uaqmawmauaa
1.1 angwuwuuaiunsaszuiiaeonlidu 3 eliafe
1. Light Drives iUuaenudildfusmuuiglasfiauSvesaenivuasldavliiu 10m/s
2. Medium Drives \Juamenufildiuamminuiunans ImaﬁmmL%fa‘ummawmﬁumﬂ%muagi
5¥MI9 10-22m/s

3. Heavy Drives Wuamewiildivaumin lnefieausivesaewiuvarlday gand 22 m/s

1.2 mwwumaxﬂ'amﬂ”mmmg'msnaea”nawmwuu



29

AVIUNUININTFIUVBIAENIULUNARD 5, 6.5, 8, 10 kay 12 mm lapasdianuniienasgiui

wiazaunundulusideluil
- MIAURAUT 5 mm 98TAINN9TEUIN 35-63 mm
- IANUWUT 6.5 mm 9£TANNATI95ERINe 50-140 mm

AUUUT 8 mm ETAIIUAINNTENIN 90-224 mm

=b.

- AU 10 mm 2sfirunI19581IN9125-400 mm

- AANRUT 12 mm 2ETANUNTI9TENTN 250-600 mm

1.3 gUuvuvesmsldnuaeniuwuy

nsdiianyaadiduludmaiaddmudisaeniuwuudzunuusdeluil

v &

1) Open Belt Drive: 1Junislénunuuanvazinaadduludmaiadsianmmsululufianig
lehi:

!M“ Stack side M
Dnver / l : . ‘-dl b :
. ﬁ\"\ e H,)~ Driven
s At A
!
I et - .,"l :
»le e IR
!Q Tight side '
|
t l
e = 1 -
T~ T
, |

d o 1 o s .
AN 2,37 AIVLEAIANYENITAINIAILUY Open Belt Drive
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]
= &

2) Crossed or Twist Belt Drive: iumslfamaenuuiludnuasiivaadsdu uadamumuly
Tuiianansaduiu

Driver
i R
/’ Driven
—— e — —Z‘I:——q-——
hf’ﬂ
=
M1
1
v
il 4_*_.

= o 1 6w . 9
NIWN 2.38 AMWLEAIANWIENITEINIA9LUY Crossed or Twist Belt Drive

3) Quarter Turn Belt Drive: ialuunsnseor9azidonn Right Angle Belt Drive tHunisiind
amwwmmulué’ﬂwmxﬁﬁmmﬂﬁmaméﬁqaaawuuluﬁmwwqﬁﬁwqwﬁ’u 90 9ar waziiiaidunis
dasiiulilianeniudulaaeensnyaiad msimuslieunievemamdniannnimie
WU 1.4 (weInNniNTesds UL UL

-

Y

N Wsa
!/
\.ll"
+
A
1
JdL e

——

b
W71 1EA
~
2
3

() Quarter tum belt dnve, (5) Quarter num belt dnve with puide pulley

AT 239 NLEAISNBMENTAIR WU Quarter Turn Belt Drive wazuuy Belt Drive
With Idler Pulley
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3.1) Belt Drive With Idler Pulley: Un@udan1sfadsatoniunuuazfnualdmiuiisees
aewuuuusgdas uaslisuvdeusgsuu levhliyulovvesaewiunuusey waiadd
WdndAmnnan 120 aaen Lm'mﬂmsﬁmoﬁ%‘uaamEJW'mquiué’nwmxﬁ‘lﬁmwauﬁ'luw'auaEMJ'
Auareud agviTliyulauvvesaeniuseunaiadiidnasdlininne nietfosni 120 oeen vin
Innsdaidaildldine Fefinnsfindayn idler Pulley iitousuauisvssareniunuuly

EUUEEU

AW 2.40 A MuERISNBAIYNISAITIEUY Belt Drive With Idler Pulley

4) Compound Belt Drive: 1fudnuaiznisldouaieriuwuuiine fusuidsduiiosgaiieon uay
lUduwaiadimumans 9 9a

| 31 Driver
8- e B
I . - I
!'” Dnvm—/! - Dm'cn-/
= 1 "

t I~
1 I

: | !-

| .

o1 2 L

4 L 1 o o/ .
AN 2.41 DIWLEANSN WU AITAINIAIUD Compound Belt Drive
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5) Stepped or Cone Pulley Drive: {Judnwaiznisindsaieniusuuiidesnisidauiieifivnie
annmLsITeY veswaladimnuluraziinaiadidudnahauey

/— Driving pulley

e s s s e s - —-—-t
. Main or driving t'
$aft Line shaft
Cone pulley
l.uncpullq-
/ = Fast polley
i’ Driven shaft 4 r~ Machine shaft
e LIS AN

MW 2.42 A INUERIENBUENTTEITAILUY Stepped or Cone Pulley Drive

2.8.2 @18W1U7 (V - Belts)

=
AN 2.43 awaneniud
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v o v P
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aemudwlugléfueiasdnnasmulssnusin 9 ansadamdalalusmumnssng o Id
walsanursndsdsuulvimiloudvanewiuwuy dnemzn15199UY0Id enIYS LUy a18N1Y
YBILATRINAY @uNIuvaIsa oAU (Judu

7
818WIUT (V - Belts) dursanvsvdaoanladndssialull

1) aewwdundiiduaewunldoudulaeiluduaiesdnsnasssun Adanudiseulyl
1NN vimeusugaduiudiluludu o

o |
HUH T cm———————— iy
—
F R o
1) U} ety @ # @ @@ ), | o
| | eewewe | | -
\ | J r
VA
| 4] ..r_._.._..__‘,._l... g
- . - - |
A\

< Y - .-
AN 2.44 MWLAAIGNYUEVDIAIINIUIUNG

' e o v a 9 v o v a o
2) aewuiesisim Wuaewiuiainduvatsduunsuiuluduies Jegiuiouldun
agwniuuiRriiniullngndsaset Jumnraudvadiinsdramlusuivyuinliaiiae
LA STV IIUNUNAITAILIN 9)

d L I =
NN 2.45 ATWLAPNANWIZUDIAIEWIUIDIITIY
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3) anewiwduvay WuamewnAduiu annsanseaeusimuuneiiludusulafuuy
aevusgrsaiatenaenrinie Jumnglifuunumaniilisseginaun q uazfuusege

uﬁnu'ﬂu

T o)

d rd
NNA 2.46 NINLASNENWUEIDIFINIUILKAY

s

4) gngnwdniining umenugusniiaeilddmsunisdamdeiinsusuanusiseu
AUANNABINIT

ﬂ‘ ot =l v 2/
NNV 2.47 ATNWULAAIAN WL VDIAIYNIUINUINDG
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5) ma‘wmwa1&1sUwsimLﬂumawmwwwuuumuwaﬂamﬂmaﬂ@ma‘u Yt uiasy

TERER mumaawwmiamLﬂuawwmmsamaﬂulwmmmamiaaaawaLaé“l,ml,uuawwam
‘?N‘VHI‘WLLNW]MLLU'J‘iﬂﬂJﬂﬂﬂ']ﬂL‘ﬂIUENW’]‘LAUUH’]EJW']‘IJL‘MﬂJ’]uﬂU\?’]UVllIBWiTWﬂ?Niﬂﬂ 9

YR I CI A K
I ;v!m ANTUUTIN IR

= 9 o
NN 2.48 ATWILARIANWIUYYDIAN EIW']‘U'J%H’“IEJEUW‘E?EU

2.8.3 #rgwrunayu (Ropes Belts)

o v
NN 2,49 NWILAPIAN YN VBIAIENIUNAYN (Ropes Belts)

ﬂ']EJW’]‘IJﬂﬁiJWiJViU’W]@LUH?ﬂ’Nﬂa@J ﬂq'ﬁﬂx‘lﬂ"lﬁﬂﬂ’JEIEﬂEJW’mﬂﬁ&J’ﬁ]ul‘Hﬂ?’?ﬂJUﬂ‘WUUﬁ\WWﬂ
ey mmiﬂﬂsummmamswuulwmwmmammmmmaamiﬁuaarﬂ‘d ANUNIUNANNIANN
’Wﬁ’lﬂﬁlﬂIW’ﬁﬁJ‘imu ﬁ]uﬁ]']UV]’T‘LJ‘Lﬂ HWQJ‘U SUEEAY) LLauU'lZLJ‘lJLUu‘Uu "UfW‘ﬂ’liWN’mf\]vhJLﬂﬂLﬁﬂﬁﬂﬁ
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2.8.4 arewulnilse (Timing Belts)

= o = o
MW 2.50 MwuanIdnwurIesdIunIulnis (Timing Belts)

arewulniisdivihdmugudindeunmany uasasdituilesnasaennusvasaneniy
\Wuanewuifiunuiunssdieainmdnnd wievihmeanlniuesiseglusiaiion duvasaieniu
vhimeaile uigasuszanimuilalinsgunedtudevemand Swgiumeduleluaouile
ann1sdnuse aewiuviatannansadléd Hiunanaddedn 4 Afldurugudnats 16
fedwasld esnnsomemuasiivuadertuvusomaiad iliAansoufundeuiiuiles
Feliifnmsauloavasdarinds aunsaldiduddeindsuluadeseud Tnodufduioanado
WABaNAIITIAY uarvarlaldadusfiaeriney

2.8.5 FagilHiduaoniu

AuauTRvesTagihunldviaieniu svdesianuniswardanguls fdasinsdondy
fanlunsdinisiaduuunnas vusenisin dalu-uls nudew iy aisiadisng 9 160 39

auauTRwalldensildantanuiia wWerdsfinaidaguilszandidadetiu iy 1duse ain

q

wazene vaenwanadn Lielinsldaulnegnefivsy@nsniwgdu

anewfinvhunaanl Wuamewuiifinnuiiegs 1 2 sdafeaewumiiedoudas
Fagivhunanite wasaneniuntaedeuTanfvhananus msudsUssanvesaneniumiesu
muviialuduveani Ao Ussivmidsiigoushleten fuussanmilsiiseudlduin nsléau
wnvisanauiiavemileiildnumyudn 9 vuily (yuuiunan) waensvsyuiinamsags

AgNIUNYINLINHINENETTAY 9 wiseanuiuuhananienaulels auded Tl
Tevu Toddu Wudu
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Tuniseenuuusvunadmduldlunisudu sldlusunsy ai illustrator lun1sesnwuuduaiu

Tuudazundniluausuluezaidalaeiidwiunseenuuudsdl

3.1 N9PDNUUUAIUVDIR LYY
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) iD=

100 mm
G3mm O
D 10 mm I]
3Imm
0]
o(o
o(5.5mm

Cae | e]

< 1 |
NN 3.1 IﬂiQﬁﬁ'NoL'lJﬂ’ﬁaaﬂLL‘UUﬁ?u’?J@QLL‘UUﬂa

53 mm

100 mm

21mm

3.5 mm

2, &

41 mm

o O

wwol 3

wuw Qg

= 2 '
2w 3.2 Tassaswlunisesnwuudiuees LUUNG
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AIWN 3.3 Iﬂ‘ix‘lﬂi’]ﬂ'ﬂﬂ’l'ﬁaaﬂLL‘U'Uﬁ'JU‘UENLL‘UUﬂa
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3mm

0] D 5 mm
oo ) 0)

o 85mm D

P 9 |
219 3.4 Taseasalunnsoan LUUAILYeILUNa
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V| |3 mm
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34mm 3mm

2 "

& v |
2N 3.5 laseaselunisesn LUUAIUUDILVUNA
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r| | I

< 7 |
AINN 3.6 Iﬂi\‘iaiqﬂiun'ﬁaaﬂLL‘U‘U?I’JU’U@QLL“UUT?H

3.2 29NLUVEIUYDIUDHINSUIU
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D
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w
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2w 3.7 lassasdiuvesilodu
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d b4 1 = ot
N i 3.8 lassasdiuvesdiedu
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AN 3.10 Tassaseduesiiodu
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2N 3.12 Tassasediuvesiledu
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C‘ } 2 1 = a
AN 3.13 Tasaassdueiiosu

5.3 Iﬂi\iﬁ%ﬂ\ﬁLL“lJ‘lJﬂa‘lﬁé’ﬂﬂ‘izU'JUﬂ"lﬁ)aﬂLLUULLﬁﬁﬁTNWUiﬂﬂaU

- et dudiuneeniuuiUsEnau azlduvunannwsouldaumiun

= g . w gmm Cof
AN 3.14 WYUNAAIMITUNEUAU
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3.4 TUsunsuAUAN

3.4.1 Flow-Chart uansnmsvhanuismuavadusunsunldlunisdauengunm

3.4.1.1 WanYu Main()

5UM 3.15 Flowchart vadlusunsumuny
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1 Usemadauus
- servol6] famvuawaslwelnes
-data_in  \fudeyafisuu1ann Serial Port
-count=0  fuwlsdamsutudnuau
=] I o ] 4
- pos[6] wuAfmuisaveaeiluenes
5 ) 1 o 5% 1 ¢ @
-s_pos[6][4]  hvAmurdamiweshuawesdomyululunsay iy
2 Ka Serial Port uay Pin
- Serial.begin(9600); Auum Baud Rate = 9600
- pinMode(10 ,0UTPUT); fvun Pin10 10w output
- pinMode(11 ,OUTPUT); fmua Pin11 W output
- pinMode(12 ,OUTPUT); fivua Pin12 1 output

3 fivium Pin wag yu Wvnuigeslwenes

- servolil.attach(i+2); Awue Pin duadlinuigesiuewes

'
as

- servolil.write(poslil); mdsbiiweshvamesvauludumiinmue
4 p51aeudeyalu Serial Port :iwn3alyl
- Serial.available(); Adnsvaeutoyainldsuudmiely

5 Lﬁuﬁagaﬁdmﬁ]m Serial Port

- data_in = Serial.readString(); 81ufannuuaziiulilusuys data in

6 L‘i@u‘Lmﬂﬁmﬂﬂﬁ@U‘ﬁ@gﬁﬁlﬁ%’U

- data_in = "FData" dndusse awinisilisudoniny "BData\n’ aslu serial port
- data_in = "Start" fnduase avSenldandu conveyor start()

- data_in = "Stop" dluass wFenldferidu conveyor stop()

- data_in = "Red" tuduade awdenldflaidu conveyor stop(), pick_up0),

store(0), set_arm(), conveyor_start() Aua9u
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- data_in = "Blue" aduass awBenldfandu conveyor stop(), pick_up(),
store(1), set_arm(), conveyor _start() augsu

- nailifiGeulvlvudue®e  awvhnisseSudeyalu serial port sioly

3.4.1.2. WeA¥u conveyor start()

SU# 3.16 Flowchart vaslusunsumuns

- digitalWrite(10 ,HIGH); MUl Pin10 1y Logic HIGH
- digitalWrite(11 ,LOW); fAvualv Pin11 Wy Logic LOW

= as

- analogWrite(12 ,200); AMURLA Pin12 3 fUEUNUPWM Duty Cycle = 78.43%



3.4.1.3. Wardu conveyor_stop()

JUl 3.17 Flowchart vaslUsunsumua

- digitalWrite(10 ,LOW); sl Pin10 10y Logic LOW
- digitalWrite(11 ,LOW); Amuali Pin11 10w Logic LOW
- analogWrite(12 ,0); ARl Pin12 SdeyauPWM Duty Cycle = 0%

3.4.1.4. Wandu pick_up()

Uil 3.18 Flowchart veslUsunsumIuan

Eal
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1 Reulunsasnaeuyuvssyeilwowmestwuiidvunl vdelal

1

-posli] < s_pos(ill0] dyuveagashmenetosnimuiidimug asvimsuyugesh
vawasIduuRnilu 1 aemm

- poslil > s_pos[il[0] dyuveugashwameinnIyuirviua szvinsuueesT
awesmuduuRnly 1 aeem

- pos(il = s_pos[ill0] dhunvesweslmawmesviiiuyuiidivue agyinisiuanys

count=count+1

2 Weulunisasaauduinuiu

- count = 67 M5B count = 6 V39930 Ly
auduas LATUUA count TAWINU O WaLYiIN1389N3N
WaAdu

flailuase  aermue count iy 0 wagvihmsmyugesls
waineInoll



3.4.1.5. WaA9U store(int color)

5U# 3.19 Flowchart vadlusunsumua

- I = o
1 Geulynsnsndeudiieidenyuiaziomyuly

2/

-color=07  duduate  ssdumsdenyuidemuuluvesduns (x=1)

2

Mlidueds  sudumadonguidesyuluaesd@indu (x=2)

- st = o v |
2 Geulyminsasuyuveawsshueinestuuiirmunliviel

9

- posli] < s_pos(il]  dyuveuweshwewmeitdosniyudiimun asvinisuyueeils
wawresnduuninily 1 seem

- pos(il > s_pos[ilx]  dyuvesweslwameiunniyuiinimun ssvinisyuiash
woimpsALdLuRMIY 1 89en

48



49

-posli] = s_poslilx] ~ fyuveageslwmawasiviiuyuiiivun sgvhnsfiuafmnys

count=count+1

3 Faulyn1snsavasutiuiiuiu

- count = 67 f579@9U count = 6 V39D LI
anduase LA1UA count AWMU 0 wagyiini1saanain
Wardu

dliduaie  aedmun count Wivhiu 0 wagyhmsyyuieesh
waimesiell

3.4.1.6. Waridu set_arm()

Uil 3.20 Flowchart vadlusinsumugu

L]
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1 Rewlvmsnsnasuynveneshuowmeastuuirvunlivdel

3

- pos(i] < s_pos[ili3] dyuvesweihuaimesieaninmiinmun szinsmueesh
sawmosILdNGENlU 1 aarn

- pos(i] > s_pos[il[3] AmveaveilmameTIINAINLTITIIUA FvnsesT
wewesmudiNEnTly 1 e

- posi] = s_pos[il[3]  Auvesweshuameiiviiiuguiimue awyinsfiuafus

count=count+1
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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 UARTs (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.
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Schematic: arduino-mega2560-schematic.pdf
Summary
Microcontroller IATmega2560
lOperating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/0 Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per I/0 Pin 40 mA
DC Current for 3.3V Pin , 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
Power

The Arduino Mega 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.
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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.

e 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.

Memory

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).

Input and Output

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 using the SPI library. The SPI pins are also broken out on the ICSP
header, which is physically compatible with the Uno, Duemilanove and Diecimila.

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

e I2C: 20 (SDA) and 21 (SCL). Support I2C (TWI) communication using the Wire
library (documentation on the Wiring website). Note that these pins are not in the
same location as the I2C pins on the Duemilanove or Diecimila.

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().
e 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.

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).

A SoftwareSerial library allows for serial communication on any of the Mega2560's digital
pins.

The ATmega2560 also supports I12C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the I12C bus; see the documentation on the Wiring
website for details. For SPI communication, use the SPI library.

Programming

The Arduino Mega can be programmed with the Arduino software (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
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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.

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 Mega2560 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 Mega2560 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
Compatibility
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The maximum length and width of the Mega2560 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 Mega2560 is designed to be compatible with most shields designed for the Uno,
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 Mega2560 and Duemilanove / Diecimila. Please note that I2C is not located on the
same pins on the Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).



3.0A, 150Khz, Step-Down Switching Regulator LM2596

FEATURES

® 3.3V, 5.0V, 12V, 15V, and Adjustable Output Versions

® Adjustable Version Output Voltage Range, 1.23 to 37V
+/— 4%. Maximum Over Line and Load Conditions

® Guaranteed 3.0A QOutput Current

® Wide Input Voltage Range

® Requires Only 4 External Components

® 50Khz Fixed Frequency Internal Oscillator

® TTL Shutdown Capability, Low Power Standby Mode

® High Efficiency

® Uses Readily Available Standard Inductors

® Thermal Shutdown and Current Limit Protection

® \Moisture Sensitivity Level(MSL) Equalsi

Applications

® Simple High—Efficiency Step—Down(Buck) Regulator
® Cificient Pre—Regulator for Linear Regulators

® On-Card Switching Regulators

® positive to Negative Converter(Buck-Boost)

® Negative Step—Up Converters

® power Supply for Battery Chargers

DESCRIPTION

The LM2596 series of regulators are monolithic integrated
circuits ideally suited for easy and convenient design of a
step—down switching regualtor(buck converter).

All circuits of this series are capable of driving a 3.0A load
with excellent line and load regulation. These devices are
available in fixed output voltages of 3.3V, 5.0V,12V, 15V,

and an adjustable output version.

ORDERING INFORMATION
| Device | Marking Package

TO-220

TO-220V

TO-263(D2)

1. Vin

2. Qutput

3. Ground
4. Feedback
5. On/Off

LM2596T-X.X | LM2596T-X.X TO-220

LM2596TV-X.X | LM2596T-X.X |  TO-220V

ILM2596R | LM2596R-X.X = TO-263

These regulatiors were designed to minimize the number of externalcomponents to simplify the
power supply design. Standard series of inductors optimized for use with the LM2576 are offered

by several different inductor manufacturers.

Since the LM2596 converter is a switch—-mode power supply, its efficiency is significantly higher in

comparison with popular three—terminal limear reguators, especially with higher input voltages.

In many cases, the power dissipated is so low that no heatsink is required or its size could

be reduced dramatically. A standard series of inductors optimized for use with the LM2596 are

available from several different manufacturers. This feature greatly simplifies the design of

switch—-mode power supplies. The LM2596 features include a guaranteed +/— 4% tolerance

on output voltage within specified input voltages and output load conditions, and +/-15% on the

oscillator frequency (+/= 2% over 0oC to 125 oC).

External shutdown is included, featuring 80 uA(typical) standby current. The output switch includes

cycle=bycycle current limiting, as well as thermal shutdown for full protection under fault conditions.

HTC

Oct 2004 - Rev 0



3.0A, 15V, Step-Down Switching Regulator

LM2596

Typical Application (Fixed Output Voltage Versions)
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Figure 1. Block Diagram and Typical Application

ABSOLUTE MAXIMUM RATINGS

(Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.)

Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 v
ON/OFF Pin Input Voltage - =03VV<+V, V
Output Voltage to Ground (Steady—State) > -1.0 Vv
Power Dissination
TO-220, 5-Lead Pp Internally Limited w
Thermal Resistance, Junction—to—Ambient RaJa 65 ciw
Thermal Resistance, Junction—to—case Rasc 5.0 ciw
TO-263 Pp Internally Limited W
Thermal Resistance, Junction—-to—Ambient Raga 70 cw
Thermal Resistance, Junction—-to—case Rasc 5.0 Ciw
Storage Temperature Range Tsig -65 to +150 c
Minimum ESD Rating {Human Body Model: - 2.0 KV
C =100 pF. R =1.5k&)
Lead Temperature (Soldering, 10 seconds) - 260
Maximum Junction Temperature T, 150
HTC

Oct 2004 — Rev 0



3.0A, 15V, Step-Down Switching Regulator LM2596

OPERATING RATINGS (Operating Ratings indicate conditions for which the device is intended to be
functional, but do not guarantee specific performance limits. For guaranteed specifications and test
conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range Ty —40to +125 C
Supply Voltage Vie 40 v

ELECTRICAL CHARACTERISTICS / SYSTEM PARAMETERS ([Note 1] Test Circuit Figure 2)
(Unless otherwise specified, Vin =12 V for the 3.3V, 5.0 V, and Adjustable version, Vin = 25 V for

the 12 V version, and Vin = 30 V for the 15 V version. ILoad = 500 mA. For typical values TJ = 25°C,
for min/max values TJ is the operating junction temperature range that applies [Note 2], unless
otherwise noted.)

l Characteristics I Symbol I Min , Typ l Max l Unit l
LM2596-3.3 ([ Note 1]. Test Circuit Figure 2 )

Output Voltage (Viy = 12 V. I gaq = 0.5 A, T;= 25 C) Vour 3.234 33 3.366
Output Voltage (6.0 V < Vi, <40 V. 0.5 A <l gad < 3.0 A) Vout
T;=25C 3.168 3.3 3432
T,=-4010+125°C 3.135 N 3.465
Efficiency (Vi = 12 V. I gag = 3.0 A) N - 73 - %

LM2596-5.0 ([ Note 1]. Test Circuit Figure 2 )

Output Voltage (Viy = 12 V, lgaq = 0.5 A, Ty = 25 C) “p 49 50 5.1

Output Voltage (8.0 V < Vi, <40V, 0.5A € o3¢ < 3.0 A) D
T)=25C 48 50 52
T,=—4010 +125C 475 - 5.25
Efficiency (Viy = 12 V. lgag = 3.0 A) N 3 80 B %

LM2596-12 ([ Note 1]. Test Circuit Figure 2 )

Output Voltage (Viy = 25V, |, o0 = 0.5 A, Ty = 25'C) 5.4 11.76 12 12.24
Output Voltage (15 V < Vi < 40V, 0.5 A < 155 < 3.0 A) W
Ty=25C 11.52 12 12.48
T,=—4010+125 C 1.4 + 12.6
Efficiency (V.o = 15 V. | oag = 3.0 A) n = 90 o %

LM2596-15 ([ Note 1]. Test Circuit Figure 2)

Output Voltage (Viq = 30 V. loag= 0.5A. T, = 25 C) o 14,7 15 153
Output Voltage (18 V < Vi, <40 V. 0.5 A < I, 5as € 3.0 A) Vit v
Ty=25C 14.4 15 15.6
TJ =-40to+125 C ] 14.25 - 15.75
Efficiency (Viq = 18 V. I gag = 3.0 A) n - 98 - %

LM2596-ADJ ([ Note 1]. Test Circuit Figure 2 )

Feedback Voltage (Vi,= 12 V. I oag = 0.5A, Vo =50V, T; =25 C) Vout 1.217 1:23 1.243
Feedback Voltage (8.0 V<V, <40 V. 0.5 A< | gae s 3.0A, Vo =50V) Vout
Ty=25C 1.193 1.23 1.267
Ty=-40t0 +125 C 1.18 = 1.28
Efficiency (Vio =12 V. lLgag = 3.0 A, Vo = 5.0 V) 1 - 73 - %
HTC
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3.0A, 15V, Step-Down Switching Regulator

LM2596

ELECTRICAL CHARACTERISTICS / Device Parameters
(Unless otherwise specified, Vin = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vin = 25 V for the 12
V version, and Vin = 30 V for the 15 V version. ILoad = 500 mA. For typical values Tj = 25°C, for min/max
values Tj is the operating junction temperature range that applies [Note 2], unless otherwise noted.)

| Characteristics | Symbol I Min I Typ I Max | Unit |
ALL OUTPUT VOLTAGE VERSIONS
Feedback Bias Current (Vo = 5.0 V [Adjustable Version Only}) Iy nA
Ty=25C - 10 50
T;= 0 to+125C - - 100
Oscillator Frequency [Note 3] fosc kHz
T,=25C 127 150 173
T,=0t0+125C 110 - 173
Saturation Voltage (I, = 3.0 A [Note 4]) Vsat v
TJ =25C = 1.16 1.4
Ty= 0 to+125C h - 1.5
Max Duty Cycle (‘on") [Note 5] DC - 100 - %
Current Limit (Peak Current [Notes 3 and 4]) loL A
Ty=25C 3.6 4.5 6.9
T,= 0 to+125C 34 - 7.5
Output Leakage Current [Notes 6 and 7). Ty= 25 C I mA
Qutput=0V e - 50
Qutput=-1.0V = 2 30
Quiescent Current [Note 6] Ia mA
TJ =25C = 5 T
T;= 0 t0+125C - - 10
Standby Quiescent Current (ON/OFF Pin = 5.0 V {“0ff"}) lstby 1A
Ty=25C = 80 200
T,= 0 to+125C & . 250
ON/OFF Pin Logic Input Level (Test Circuit Figure 2 v
Vour =0V Vin
T;=25C § 1.3 0.6
T,= 0 to+125C - 0.6
Vout = Nominal Output Voltage Vi
Ty=25C 20 1.3 -
Ty= 0 to+125C 2.0 - -
ON/OFF Pin Input Current {Test Circuit Figure 2 ) uA
V Loaic = 2.5V (Regulator OFF) Iy e 5 15
V Loaic = 0.5V (Regulator ON) I - 0.02 5.0

1. External components such as the catch diode, inductor, input and output capacitors can affect switching

regulator system performance.

When the LM2596 is used as shown in the Figure 1 test circuit, system performance will be as shown in system

parameters section .

2. Tested junction temperature range for the LM2586 : Tiow = ~0°C THigH = +125°C
3. The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which

causes the regulated output voltage to drop approximately 40% from the nominal output voltage. This self
protection feature lowers the average dissipation of the IC by lowering the minimum duty cycle from 5% down to

approximately 2%.

4. Qutput (Pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.

5. Feedback (Pin 4) removed from output and connected to 0 V.

6. Feedback (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0V ersions, and
+25 V for the 12 V and15 V versions, to force the output transistor “off”.

7.Vin=40V.

Oct 2004 — Rev 0



3.0A, 15V, Step-Down Switching Regulator

LM2596

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 2)

MHormalized
Cutput Voltage

Switch Saturation
Veoltage

4 SOhEn
Operating
Quiescent Current
< 40y

o

QM /OFF Thresheld

Voltage

||

. - —1 T
=T

Line Regulation

Switch Current Limit

|
/!

1 t
| |

Shutdown
Quiescent Current

TN 'OFF Pin

Current {Sinking)

=400

Efficiency

A——

\\/ \

Dropout Veltage

e
| _
s '] -v |
u: |
P | |
TRREHA (1
Minimum Operating
Supply Voltage
1
[ [
! M TIn
Switching Frequency
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3.0A, 15V, Step-Down Switching Regulator

LM2596

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 2)

Feedback Pin Bias Current

Continucus Mode Switching Waveforms
Vi =20V, Vour =5V | gap = 2A

2A
By 1
0A ! =L
50 mV
c AC! p-- oot
de

-

Horizontal Time Base: 2 psidiv.
2 Cutput =in Yorage, 104 div

Load Transient Response for Continucus Mode
Vie = 20V, Vo = 8V, 1 gap = 500 MA to 2A
L = 32 pH, Cour = 220 yF. Cour ESR = 50 mL2

100 mV
A AC/
dv

Horizental Time Base: 100 ps/div.
A Output Yeltzge, "00 pWov, (AC)

E: 500 mA tc 24 _cad Pulze

Discentinucus Maode Switching Waveforms
Vin = 20V, Vor = V. I gap = 500 mA
L = 10 pH. Coyr = 330 pF, Coy- ESR = 45 mil

€y e

: Cutput Riops Veltsge, "CC iz w

Load Transient Response for Discontinuous Mode
Vg = 20V, Vo= = 5V | pan = 500 mA to 2A
L= 10 pH. Coyur = 330 pF, Coyr ESR = 45 mil

100 mVY

div.

Harizontal Time Base: 200 psidiv.
sput Yoltage, 100 my'div. 1AC]

S2Zmanla cadPlss

" pe
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3.0A, 15V, Step-Down Switching Regulator LM2596

Test Circuit and Layout Guidelines

Fixed Qutput Voltage Versions
KEZP FECI

T FROM HIJ

S —=70.F 0%, Aurinure Secroiyte Michies~ *5L S

Coyr —220pF. 28Y Aluminum Electrsivtic Micmecom *FL Serss’
D1 —84 20V Zenontay Rectifer *NS52%
LT —e2pk L3
Adjustahle Output Voltage Versions
” LOTale =g F=COEAMNISE RESSTORS NEsw
HEAEZDEACKT R WISING SR0RELA TS
i R2
A\t A
P AWV KETP FTEDEARK.A PING ANAY
“— 4 | rexogac w== CROM DL CTORFL LY
X ) LM2596
¥ ol =TS N
LNSEGUL 47F 2 =
UL IN" g
T
B LISES WMUST BE «<E3T SHOAT XND USE
AIIND PLans CONSTRUT TN FOR REST RFCH IS
f i fVour
Wou~ ~Vaee [ 1 - =2 Where Vagw =123 Ry o (=21 1)
\ Ris VRES

Gelest S, 10 b2 spproxmsely 1 ki Uss 3 1% resistor or oest stabi ity
—&70 pF &2V Alurrinuir Sleciroyte Michieo “FL Zeres”

Figure 2. Typical Test Circuits and Layout Guide

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance can
generate voltage transients which can cause problems. For minimal inductance and ground loops, the wires indicated by
heavy lines should be wide printed circuit traces and should be kept as short as possible. For best results, external
compoenents should be located as close to the switcher IC as possible using ground plane construction or single point
grounding.

If open core inductors are used, special care must be taken as to the location and positioning of this type of inductor. Allowing
the inductor flux to intersect sensitive feedback, IC groundpath and COUT wiring can cause problems.

When using the adjustable version, special care must be taken as to the location of the feedback resistors and the

associated wiring. Physically locate both resistors near the IC, and route the wiring away from the inductor, especially an open

core type of inductor.

HTC
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3.0A, 15V, Step-Down Switching Regulator LM2596

PIN FUNCTION DESCRIPTION

Symbol Description

1 Vin This pin is the positive input supply for the LM2596 step—down switching
regulator.In order to minimize voltage transients and to supply the switching
currents needed by the regulator, a suitable input bypass capacitor must be
present .(Cin in Figure 1).

2 Output  [This is the emitter of the internal switch. The saturation voltage Vsat of this
output switch is typically 1.5 V. It should be kept in mind that the PCB area
connected to this pin should be kept to a minimum in order to minimize
coupling to sensitive circuitry.

3 Gnd Circuit ground pin. See the information about the printed circuit board layout.

4 | Feedback [This pin senses regulated output voltage to complete the feedback loop.
The signal is divided by the internal resistor divider network R2, R1 and
applied to the non—inverting input of the internal error amplifier. In the
Adjustable version of the LM2596 switching regulator this pin is the direct
input of the error amplifier and the resistor network R2, R1 is connected
externally to allow programming of the output voltage.

B ON/OFF [it allows the switching regulator circuit to be shut down using logic level
signals, thus dropping the total input supply current to approximately 80 mA.
The threshold voltage is typically 1.4 V. Applying a voltage above this value
(up to +Vin) shuts the regulator off. If the voltage applied to this pin is lower
than 1.4V or if this pin is left open, the regulator will be in the "on" condition

HTC
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3.0A, 15V, Step-Down Switching Regulator LM2596

PACKAGES DIMENSION : TO220-5L

4
D
[ &
*
H|
]
b
| il
|
.I_ L1l L L L
B n
al
symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 4.470 4.670 Q176 J.154
A 2.520 2820 0.0s6 d.111
b 3.710 0e1z 0028 0,036
c 0.379 0332 001z 0.021
¢t 1.170 Lafy 0.0£E 0.054
D 5.650 10150 0,398 J.400
E 2.200 &600 0.322 0.235
E 11.750 12.160 0482 0.479
=] 1.7007TvE 00E7TTYR
= 5.700 £902 0.2¢ 0.272
F 2.580 = e 0.102 0.114
L 12.500 3.500 0.521 0.547
b 1] 3.790 2840 0.12% 0.155
HTC
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3.0A, 15V, Step-Down Switching Regulator

LM2596

PACKAGES DIMENSION : TO220V-5L

D A
"‘l e .
| 1 |
e
I - .
b= f i TN
a ?/r’ l Az—h-' -t
N Va = I
't’"/ b | \\{ S — ] ﬂ
| v’ ‘
(|
=
LI |
el e—
1
3 -
F U 4%
A4
el
Svmbol Dimensions In M'illlmeters Dimensions In Inches
y Min Max Min Max
A 4.470 4.670 0.176 0.184
A1 2.520 2.820 0.099 0.111
A2 1At 1.370 0.046 0.054
A3 4.250 4.550 0.167 0.179
Ad 8.250 8.550 0.325 0.337
b 0.710 0.910 0.028 0.036
c 0.310 0.530 0.012 0.021
c1 1.170 1.370 0.046 0.054
D 10.010 10.310 0.394 0.406
E 8.900 9.300 0.350 0.366
E1 12.460 12.860 0.491 0.506
I 1.700TYP 0.220TYP
e1 6.700 6.900 0.264 0.272
82 3.300 3.500 0.130 0.138
= 2.590 2.890 0.102 0.114
L1 25.100 25.500 0.988 1.004
L2 24.300 24.700 0.957 0.972
L3 3.400 3.600 0.134 0.142
L4 3.800 4.000 0.150 0.157
L5 5.300 5.500 0.209 0.217
R 0.950 1.050 0.037 0.041
2] 3.790 3.890 0.14% D.163
HTC
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3.0A, 15V, Step-Down Switching Regulator

LM2596

PACKAGES DIMENSION : TO263-5L

. A
| 4,
' |
T ™~ L “
|
I -
|
|
I -l
.}
R &
1BORCBORE 4=
IRHRUEIEE
I M 1 IT o O ot O ot O
IRIRURIRL aL
ol
Symhbot Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 4470 46870 0.176 0.184
Al 0.000 0.150 0.000 0.008
B 1.560 1.760 0.061 C.069
b 0.710 0.910 0.028 0.0358
£ 0.310 0.530 0012 0.021
cl 1.170 1.370 0.045 0.054
D 5.680 10.180 0.289 0.401
E 8.200 8600 0.323 0.339
& 1.700TYP 0.067TYP
21 6.700 §.900 0.264 0.272
L 15.140 15.540 506 0.612
L1 5.080 5480 0.200 0.218
L2 2.340 2.740 0.092 0.108
Y 5.800REF 0.220REF
HTC
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L2938

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUP TO 46V

» TOTALDC CURRENT UPTO4 A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enableor disablethe deviceindependentlyofthein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding externalterminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof an externalsensing resistor. Anadditional
supplyinputis provided so that the logic works at a
lower voltage.

+¥gs °

3 L]

D s _
1 2 3 &
|&' 2 — P L4 hw':;
1#—3_(. —y
tn2 In3
o—41 o | o
e
1 ™ -0
SENSE A . _L “';;osw 8 S-39812
Sh

Jenuary 2000
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 Vv
Vss Logic Supply Voltage 7 \'
V1,Ven Input and Enable Voltage -0.3t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 V
Phot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature 2510 130 °C
Tstg, Tj Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ l. At (7772 CURRENT SENSING B
14 ——— 2 OUTPUT4
'$' 13— ) OUTPUT 3
12 3 INPUT4
(h's] ORI AN ENABLE B
10 3 INPUT3
2| . A LOGIC SUPPLY VOLTAGE Vsg
Multiwatt1s — F——
g o INPUT 2
6 > ENABLEA
Seliai V1) INPUT 1
4 """ SUPPLY VOLTAGE Vg
_@_ SEEESA D OUTPUT 2
SRR IR RS GITPUTHH
\ B il o > CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 DI5INZ40A
(
GND [} 1 20 1 GND
SenseA [ 2 19 ] SenseB
NC. [ 3 18 T N.C.
Out1 1 4 17 ] Out4
ouz [} 5 PowerSO20 1 ] out3
Vg 1 6 15 ] Input4
Input1 4 7 14 ] Enable B
EnableA [__1 8 13 ] Input3
Input2 14 9 12 ] vss
GND [ 10 11 ] GND
DI5IN239
THERMAL DATA
Symbol Parameter PowerS$020 Multiwatt15 Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rthjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/13
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1215 2;19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
23 4;5 QOut 1; Out 2 Outputs of the Bridge A, the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 7,9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8,14 Enable A; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Qutputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Vi +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 V
Is Quiescent Supply Current (pin4) [Ven=H; L =0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
Iss Quiescent Current from Vss (pin9) |Ven =H; 1L =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven =L Vi=X 6 mA
ViL Input Low Voltage -0.3 1.5 \"
(pins 5,7, 10, 12)
Vi |Input High Voltage 2.3 VSS v
(pins 5,7, 10, 12)
liL Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H< Vg5 0.6V 30 100 LA
(pins 5,7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.5 V
Ven =H |Enable High Voltage (pins 6, 11) 2.3 Vss )
len = Low Voltage Enable Current Ven=L -10 HA
(pins 6, 11)
len =H |High Voltage Enable Current Ven = H < Vg —0.6V 30 100 pHA
(pins 6, 11)
VeEsatH) |Source Saturation Voltage IL=1A 0.95 1.35 1.7 \
I =2A 2 2.7 V
Veesayr) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \"
IL=2A (5) 1.7 2.3 V
Vcesat |TotalDrop L=1A (5) 1.80 3.2 \Y
IL=2A (5) 4.9 Vv
Vsens  |Sensing Voltage (pins 1, 15) -1 (1) 2 \%
‘7’ 3/13




L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (Vi) [Source Current Turn-off Delay 0.5Vito0.91.  (2);(4) 1.5 us
T2 (Vi) |Source Current Fall Time 091 to011.  (2);(4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 0.5Vito 011 (2);(4) 2 us
T4 (V) |Source Current Rise Time 011 to0.91L  (2);(4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 0.5Vito 091  (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 091 to0.11.  (3);(4) 0.25 us
T7 (Vi) |Sink Current Turn-on Delay 0.5Vito0.91.  (3);(4) 1.6 us
Tg (Vi) |Sink Current Rise Time 011, to0.91L  (3);(4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.91L  (2); (4) 3 us

T2 (Ven) |Source Current Fall Time 091 to01 1L (2);(4) us

T3 (Ven) |Source Current Turn-on Delay 0.5Vento 011 (2); (4) 0.3 us

T4 (Ven) |Source Current Rise Time 011, to0.91.  (2);(4) 0.4 us

Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 091 (3);(4) a2 us

Te (Ven) |Sink Current Fall Time 091 to0.11.  (3);(4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.91L  (3); (4) .25 us

Ts (Ven) |Sink Current Rise Time 011 t00.91g  (3);(4) 0.1 us

1) 1)Sensing voltage can be -1V for t < 50 psec; in steady state Vsens min= —0.5 V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pureresistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G~ 6418
Vsar
V)
v,;usw
24 Yss =5V H INPUT
00—
20
1

1.6 > 9 = ENABLE

12 e

08

O;i 5-5852N

0 04 0B 12 16 20 24 Igo(A). Note : For INPUT Switching, set EN = H

For ENABLE Switching, setIN = H
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L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

1

Imax(2A)
90% —

10% t -
50% ¥~ ——=~——m———mmm e ¢

st (i

S5-5853/2

Figure 4 : Switching Times Test Circuits.

INPUT

ENABLE

S-5854/71

Note: For INPUT Switching, setEN=H
For ENABLE Switching, setIN = L

4
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L298

Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

Dt TO D4: 1A FAST RECOVERY DNODE({t,. €200ns)

5-58SN2

Imax(2A)
90% -
0% - .
Vi (aV)
0% L= ¢
Imaz(2A)-— — —— — tp—————————,—t — — — — — = — -
90% - - — —— - — == =
0% - £\
(4v)
0% e
10
5-10667 i
Figure 6 : Bidirectional DC Motor Control.
g
o
:.JE‘”"' n& /N R0
. [ o4 1 -
: rl —'Lro Inputs Function
| Ven =H C=H;D=L Forward
e ul L ?'" C=L;D=H Reverse
3 A C=D Fast Motor Stop
Ven=L C=X;D=X Free Running
|4 ] nF Motor Stop
112 L298N L=Low H=High X = Don'tcare
L _Oven
TO CONTROL s h !
it =
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L 298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
externalresistor (Rsa ; Rsg.) allows todetect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gatesthe in-
put of which are In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The Eninput
is high; a lowstate of the En inputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as nearas possible to GND pin. When the large ca-
pacitor of the power supply is too farfrom the IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs that must
be nearthe GND pin of the |.C.

7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Before to Tum-ONthe Sup-
ply Voltageand beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to controlthe
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydiodeswould be preferred.

7M3




L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthedriving ofa twophasebipolar by the 1.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed forthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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- o = OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
= 5 0.197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 1.27 | 1.52 | 0.040 | 0.050 | 0.060
G1 |17.53 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 19.6 0.772
H2 20.2 0.795
L | 21.9 | 222 | 225 |0.862 | 0.874 | 0.886
L1 | 217 | 221 | 225 | 0.854 |0.870 | 0.886
L2 |17.65 181 | 0.695 0.713
L3 |17.25] 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 10.9 | 0.406 |0.421 |0.429
L7 | 265 29 |0.104 0.114
M | 425 | 455 | 4.85 | 0.167 | 0.179 | 0.191
M1 | 463 | 508 | 553 | 0182 | 0.200 | 0.218
s | 19 26 | 0.075 0.102 ,
s1 | 19 26 |0.075 0.102 Multiwatt15V
Dial | 3.65 3.85 | 0.144 0.152
Hi
A : |~
A / / \E
t Dia 1 J
T
S & O o(] |®
o = |
H2
B J . J
E
G
M M Gl *
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oim. - - OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
ry - —— MECHANICAL DATA
B 2.65 0.104
c 16 0.063
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G [ 114 [ 127 | 1.4 |0.045|0.050 0.055
61 | 1757 [17.78] 17.91 | 0.692 | 0.700 | 0.705
H1 | 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 [17.25] 175 | 17.75 | 0.679 | 0.689 | 0.699
La [ 103 [ 107 | 10.9 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.094
L7 | 265 29 | 0.104 0.114
s | 19 26 |0.075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwatt15 H
Dia1 | 3.65 3.85 | 0.144 0.152
H1
A S |
G ~ —-l—- St
[%] /. 'y
3
i ‘ 1 X[/
— ] 23
-
B
. . I A
(11|
— ] H2
\\\ -
N =l
. F G
L6 i G1 Rt
LS

q
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DIM mm inch
" [ mIN. ] TYP. TmAX. | MIN. [ TYP. | MAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
ai 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 04 0.53 | 0.016 0.021
[ 0.23 0.32 | 0.009 0.013
D(1) | 15.8 16 0.622 0.630
D1 9.4 9.8 | 0.370 0.386
E 13.9 14.5 | 0.547 0.570
& 1.27 0.050
e3 11.43 0.450
E1(1)] 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 |0.228 0.244
G 0 0.1 0.000 0.004
H 16.5 156.9 | 0.610 0.626
L 0.8 1.1 0.031 0.043
N 10° (max.)
S 8° (max.)
T [ 0 | [ Jo3s4] PowerS020
(1) "D and F” do not include mold flash or protrusicns.
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
- Criticaldimensions "E”", "G" and "a3"
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ed
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