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Abstract

This project is about to design and construct a sorter machine which is able to
sort out the boxes in different color and height. This machine is controlled by Mega
2560 R3 controller. The colors of the boxes that can be classified are red, blue, green,
yellow, and white. The height of the boxes is selected to be 3, 5, and 7 cm. The
conveyor belt is used to move the boxes through the sorting process. When the
proximity sensor detects the box, the box will be stopped at the position of the RGB
sensor and ultrasonic sensor. The RGB sensor is used to detect the color of the box
and the ultrasonic sensor is used to measure the height. After the box with the desired
color and height is passed through the conveyor, the box receiver controlled by servo
motor is moved to collect the right box. The color and height measured from sensors
can be displayed on the LCD screen. The results show that the experimental error is

calculated to be 3.89 percent.
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2) AUANNTYINUY

3) AENFRY IR

4) fusvanana

5) fdedayey1nuendng

Tnevhlufeulilugainszosinesanilofind miunisinseegnns (Distance

Measurement) ¥8430138N151058AU (Level Measurement) 4844183 @u13aldauiy
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Ldwangvingniinaaudinistangunienmuantinisoaduides vy d1 duns Inune

Wonl Bazgaduaduidssliliazriounduundeiniudynu wasiliaanndnuugnisasyiou
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nduvendsslusgiuyunnnsgnuinlndesenseangluluiianisdieg Isddimnegduingid

nwauzilufious liadiaue nafildainnsazviounduresrdudanilelafildiuingdnvas
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[

Uagdlanuiigmsen dwmsuingniiussuadudsanannsenudiulgavasviousanain
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Wi liseily AAnuiigmsantnanmsinasdAganndi tngduniseiisug
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A
a v

nsanAuiuivesingaviiuseansnnlunisasveuniunduandssinsuuniign
Tugadaniilalln HC-SRO4 dmsunszaziinsnundudaniilela (dadudss

a a a S | o A o | ~ ° Y o v A o
AMUD Useual 40 Alaldsad) Jdagdiunan Ao Mdsnau vinutnas1sedudeseanidlu
nyinssevirarAsy Wielunsenuingusedaniauing AaudgRsgnasounauingainiuua
Uizmama51’:18'3\‘1@]55Lﬁﬂmaﬁﬂémﬂiuimaa 19U luNsAuNI9wesraudsdlunaniely
wazndu dmsiueusudsslueiniaiszaiuisofmuwinsyeziisniningiaveld 2eas

meluvedlunadaniilutin HC-SRO4 meé’fﬂgﬂﬁ 2.11

+5V

R3 ; Ra

4kQ akQ +5V
MOD1
SRFO4 ] ( < (
ECHO
TRIGGER ] ) > )

GND

|

sU 2.1 2masmsluvestugadaniloiin HC-SRO4

i - https://www.supremelines.co.th
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M19199 2.2 anaudAlugainszeziemaiudaniileta HC-SRO4

AMEUURA
TENC) 5 1ad
NITua 15 Jaduonuus
FNANTINTZHENN 2 LURLLAT D9 400 LEURLLAT
ANUNINATYLlUNITIn 15 93¢
AMUNTINNBIFRYY I Pulse @y Trigger | 10 lulpsiund
STAULTINUADINEIMS UL TRIG thag ECHO | 5 Taad TTL

i - http://cpre.kmutnb.ac.th/esl/learning/index.php?article=hc-sr04-ultrasonic

Tugasaniluda HC-SRO4 yhaufussdudszana 5 Taad (4.5 Taad 8 5.5 Taad)

[
=

Tngdaulvion VCC uag GND Tugailiindyaaddavia TRIG (Bunn) uaz ECHO (@16iws) 1
ihluieusenululaspeulnsaiaesla Wy o198ld lunsinsvesyaudazasiasdosasng
o o eaa v | Y] a a v o 4 Yo

LU adndaunIseg1sies 10 lulasaud Joulien TRIG waznasanduliin

AUNT9YRdEY Y9 HIGH 2101 ECHO iingedlndninuninsvasdyeio Wadileh

v
[ =% va

setlen wid1ingedlnasenlufvzldmanunitwesdyaiaiiadnuniu auaudilugain

v 9

SLYLVNIUATUDANSIITLA HC-SRO4 LARIAINISIN 2.2

A

2.5.3 lugadnAd9133U TCS230/TCS3200

lugadnA1d91930 TCS230/TCS3200 (RGB Colour Sensor TCS230/TCS3200)

[ |

Aowwuwesuend luendnegviwumesihiludesls wdnaieuldsenudue R (Red)
G (Green) B (Blue) Hlulunay (Flash) dwsunsiaduainglunide awnsademunula-Unln

Taanleatulusunsy Aundadudvn dnszusnnatannasnululrdsulusuniu lideai

Mulaiiy fundvedugainAdesad TCS230/TCS3200 wanasiagui 2.12


http://cpre.kmutnb.ac.th/esl/learning/index.php?article=hc-sr04-ultrasonic
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SO 1 1 I_IJ Ll_l 1 8 S3
P
S1 2 [ E 1 732
GE 3 —aqf N| BEE Y I 6 our
e
GND 4[] I'r1 1 5 vop

U 2.12 duvnisvveslugainddensdt TCS230/TCS3200

fisn : https://randomnerdtutorials.com/arduino-color-sensor-tcs230-tcs3200/

nsldanulugainand TCS230/TCS3200 Lesaansvinlie1nslu ANUNTOUDUTIU

Fuasdesousn WotoluUszunanamuidgenis wu vidusieusdensadusetina1o1530

[

lUansuuninveasuiames lugatagdieiiiuanuaiisalliiue1ndli eaindnd
TCS230/TCS3200 1glwiaes 3.3-5 Laaa Tdanedmain 3 1y angdwsuamuauliueadd 1

W ansodsdalrineuidseud uazdditadeouadiasaaild auaudilugaine

@

801551 TCS230/TCS3200 difail
1) T99UUszanana TCS3200

2) $995UN50LSI0UINTAN 3-5 Thas

v v

3) anunsansiadudingililauasle

Y

1) szoEMTIRTUARTIAR 1 IvuRens
Tugainend TCS230/TCS3200 Mdiduans TAOS TCS230 iufuenauives

waslaeldlnlalalen (Photodiodes) nsudasuasdunnuisiulaainarlnlglalen

a

(Photodiodes) fiogludnvaslugatad TCS230/TCS3200 Sruruvianun 8x8 Fu a1usn

¥
a o

guduas Jle7 wardu1tu wasadnainurasmilliawadaense dendunsvinulugained

TCS230/TCS3200 uanafaguil 2.13
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: [

" lignt | : : : Photodiode | | Current-to- Frequencyl_l
1L Amay | lconverter __|_
L1 _ _T __ I

| | | | A 4
| | | | OE
S2 S3 SO S1

U 2.13 leAdunsviaulugaindnd TCS230/TCS3200

fian : https://www.arduinoall.com

2.5.4 WIONINALTUTES
wEonIfimauees (Proximity Sensor) 138 WEendanaindaing (Proximity
Switch) fie Lwuesatiavifiannsoiulnglifesdudatuiununiotagaisuen Tng
dnwarvoanisvhanuetrdntesundsusuuuilasUuuunildnalll fe aunuusingn
aunalliin uas o uardmanaay mstieuwesUssomiluld oy dnlwgjasldfua

MTIRIUAUNUL T8AU VU9 war3UTN Felasunfnaiaztiunldunudinging (Limit Switch)

4

Weshwamguesetensldnu wasanusilunisasiaduingdinuie ildningunsal

Uszianaind@sodeniduraniana lnedauauditau iy amsonsiaduinglalealid

o a

AMSFUNE @1u150L8nN1595923 U R dulane alane wWlMANATITUAIBAITU LU &

9

1 o [ @ =) v Y 1 1 a a
G]E)Uﬁ‘ﬂ@\‘i@]@ﬂ’]ﬁ/ﬂﬁﬂi@i?@Lﬁ'ﬂ ASTNITYTNIIATIVIUINL) Iﬂ&J‘VI'Ji‘U’e]Qi 117919 4-40 UBALUAT

[

Fuedivawinuazeiavenguess \Wusu 1993nsluvemiendiinwugesedaiulsey

wananagUil 2.14
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dvasangll
l___________________l
D1 |, %
o L(W1e1a) 4y
< |
D2 | 12 99 24 1an
———— e ——s

.
T

(A1) L Wine

|
Zd % |
j |y
((UNY) oV

19959 uLes
|
7_IT
-

JUN 2.14 vsasmeluvesmienddfwueesvlianulsey

i - https://www3.panasonic.biz/ac/ae/fasys/sensor/proximity/gx-8/circuit/index.jsp

wienauAwugosylaiuUsEy ihnulasodundnniswasuudaainiiug e

[

g munaiadeuiidnunlndauinlnihndudalasueniindianivsn uazidsmsdianina

a

nswdsuwlasiinavuegiussesneseninantimienddnwasingidivung wuauas
sUsesinguazsinvesingilivung Wemanugdsunuasauneen niladavinduen

AnuAUnIunUsul lunousuau azdmalimiinnisoeadaiandypuiu wazdsnali

v

LDRNAYINU SUNENTIENARTLL

1 IS

19158 Slawuud (R-C Resonance) 39@uUUseNauUTaan

v
a a @

Sond@Tmvinnuuseq wanafsgun 2.15

Y A @

puilaAiudseq

a

druUsEnauvaInienadd
Lamalvang
2 Ayl
3./L50U
a fa &
4. 3N5DLA NINTA
a c
5. 3LaNINTAVA LY

6.4aNTANBLANINTA

¥

JUN 2.15 dulsenauvesmsendiiny

a <

UaAudiey

i : http://www.foodnetworksolution.com
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2.6 WUAAINALDATNA
Leadh (LCD) dauna1n@1in Liquid Crystal Display Fadusefivhaunainudnadasaman

=

wannsie suvdseeazilndesainmdefiiendn uasainudsonm (Backlight) ag 1iledl
msUdesnszualifindnlunssduingn Aazvivlvindnlusauas ilviuasiunanlwsundsee
wanstusuuninge dusuilaundndadulierliading ndndafunndatumuivewdn
A3ada Wuddes 8 vam vilideveduiivefvenusudvde udmuiuitundsdsneg

[y

AU

2.6.1 3ULUUYDIRDUEAINALDATA

o

JauansnaLeadd wuadu 2 wuulvgq audnvarn1suananansi
1) ¥ uSPmaswaadd (Character LCD) 1uaNLaAaNalUiIsnYsAINTaLLUY
Y] 1 aa = = V) ) v LY} = g
ANYFD LU FDLEAASHALIATAYUIN 16x2 MUNEDIlY 1 LadiaI0nwstale 16 § wagdinanue
2 USSTAMALINIU ATUDLAAHNALDARAUUIN 20x4 FEUUN8DIIY 1 12 HADNWIIALR 20 fn
oy »
WASUVNVUA 4 UITYI0
2) n3¥lAwoaTA (Graphic LCD) 1luvefianuisafinunlainazliusasgauy
v gj = | o v dﬂj v dy v v
wihvenuuamseydesuateanty vilirelianunsaasiesguauuivumingeld n1sssyruinaeg
seyludnuaigoadnuauga (Pixels) lunmaziwl 1w 128x64 nu188390NTTIUIUANY
LWIUBY 128 9 WazdInnIuLuIng 64 9
2.6.2 N3LaNsadyInYITaNaTENINNURIRRIgRlUAUdIuATUANLDATR
lun1smivpunsedinu lnemilulsuaninauoadiaziidiuauauaglufings

'
LY [

Aldanunsadesiaddid miuniuaun1sTNuTeRsLEnmaLeaTA tneu1lunisieusie

! aa v al A d’}
senInaueadanuengdly deil
1) GND tunsmaldseseninnsnvetongdluiuueads
2) veC dulndssnasideuliivueadfivung +5 VDC

3) VO TS5 UmNuaieuaIntinaawoadn

Y a0 ¥

4) RS Muenlidiunuauueadinsiuilanfidameviaiiluidmseteya

5) RW limuainazeuvsaideudeyaiudiumunuLeadn
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6) E \Juw1Bunda (Enable) 3o FUTEA (Chips Select) Litafmunnisviney

IfudumIuANLEaTA

'
o v w 1

7) DBO-DB7 \Jumdnyaauadlddmiuidsunsesudeya/mdaiudiuniuny

[

weadH FensdsuazuandniululagdualuauLeads ansasusiandnin e1gsluld

€

= o

ndeyaad RS R/W way DBO-DB7 Tuvgdayana E daraednilu 1 dedeyqranman

=D,

W

Y

Tswiuiemvuadusiamdsdmsudnuueadd TnentivesusazdyaiaagUlan

She

7.1) E Wudygrasundadleiiandy 1 10unsvenlyiueadinsuiigunsal
AguanieINsinesuvseleutaya 0 vikeads lneldauladyayia RS R/W wag DBO-
DB7

7.2) RS Wl udgyaadinsuimvunbikeadfnsiuingunsalniausndeanis
Andlartuuoadiluusiudusiaddwiedeya

7.3) R/W udyaaudmsuuenineadiniiuingunsainiauenssanisenu
nIBWEUAULEATA Loy R/W = 0 Mu198d Wau R/W = 1 vun8dis 91u

7.4) DBO-DB7 LU udeyayrautiuy 2 fieinne lneagdusiusnudyeyiad R/W 19
é’w%’u%’uﬁwéﬁLLam’TayjaﬁW’mLLaa% Tugunsalneuean taga R/W = 0 dgyey1ed DBO-DB7
sgdsanguUnsalnoueniniueadi widn R/W = 1 &g DBO-DB7 avadsainuoadaluss
gunsalneuen

8) A (Anode) Wuun Vee dmsunaadnuwdalan (5 1aas)

9) K (Cathode) tuvn GND dvsuneadauialas (ns1e)
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Vss
Vcc
VO
Rs A0 Ve
Al SDA SDA
E/ W A3 ScL SCL
PO INT
A DBO P1 P7
o DB1 P2 P6
—
DB2 P3 P5
DB3 GND P4
DB4
DB5
DB6
DB7

JUN 2.16 1vmeluszninasusadniuueinleyd

s - https://www.thaieasyelec.com

31N3UN 2.16 zLiulainveweadh wavuesatond lalin1siteudevidmiunis
Sudsdoyarluuuu 4 On v 9ilyeuselifie v P4 > DB4, P5 > DB5, P6 > DB6, P7 > DB7
WaLY1 P2 > E (Enable), P1 > R/W, PO > RS 521 lUfasaduniud1nsulsua1minuiduves
YR a4 < ¢ A ! Ao & Y a | P
fdnws uazaluduudalan (Switch Blacklight) 3ansasvindndulunislideugnizessient

fusueinlend uazgunsalddnnsetndisouioaudd anugniouldey

2.7 295NDUTZAULLTINU
199INDUTLAULTITU (Buck Converter) iurasnanusssuludirlidasiamunzauss

A150997U 1ATI8319999799598U T2 NaUAEEAINTNA1L1S0AIW LUA (ON) %50 U (OFF) 1o

a s

nvaznuANUfeInTiun U iRaindnldluiasasefegunsalaingde 1w Gl (BJT)

[

NoaWn1as (MOSFET) uananilfslduusznauduy dniu msunuges (Condenser) @2

Wieath (Inductance) uaglalen (Diode) Wugu
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2.7.1 KaNNISYNUYVDIITNDUTEAULTIAY
LNz ankuUlrlansIfulnA1P U NAIUNADINITAD ABILSUINNTAI
Lmé’fulw%ﬂLaﬁamﬂﬂi'aué’hmﬁa'sﬁﬂuuﬁiazmwsmﬁﬁhwhﬁ’ugm&? NNUUILFINITONIAT

nsewal i lnan s 1uteIu1la N15IATIENN ST UYBIEIAT I ULAAL INUADEADY

v o

WATIIUANTILOYFINIT 2ITNDUTTAUVLTIAU UARIRIFUN 2.17

VL
o o

5UN 2.17 29950 USEAULIIGIY

s : https://www.ceemankorn.blogspot.com

YozantUinsea nszualndnlraanuvasarglninssuansaazlna iuadng
<

Hrusamtenunlugivanlnennszualiihdrunieagluinundainulsey 299sveusziu

WSV TUA9AT UARIAIIUN 2.18

VL IL

A0

Vs VD=VS

5UM 2.18 29950 UTEAULTIIUTMEa NGR4T

i - https://www.ceemankorn.blogspot.com
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deaindliihnszualalonazgnludaludiamd (Forward Bias) lviinseuavinlyt
nseuabiAluariuswtienininnislnasg19maiilng 1995N9UTEAULTIAUIULEINTURA

1995 UaAngagun 2.19

VL=-Vo
+ -
o——e— Y YT
. +
VS VD=0 T Vo

5UT 2.19 2995M0UTEAULTIFUTMEAINTUAAS

i - https://www.ceemankorn.blogspot.com/

N1302NWUUNITANANTUAIT Tusazeeniuuliviuedluveunvadlvum

nsvualinaiiaaiionaganunsamununssualsingig

= ¢
2.8 9La8
a & & fa & a ea o Y A W ! o ) ~ ¢ Y o
3ad (relay) Ao gunsaldiannsedndviming da-sieges adneduaing lagldudnnis
Y o a Yo o & v ' Y Ao A Yo oA &
winduda waznisnagylrtisinaundeselwlvumufivus wsziilengWlddudsiasd
fuagyihlvminduiaianu nanetdueaste wazssetuviunildlaanglnlifaznanaiduleas

'
a

o Inalddeulviusisiadfazidulniuiannuuasaneivsaeses detiu unndaasee A

v L4

o vl & o = o a s (% d'
IASLagYINY T4 UANWYUUDITLAY LLﬁﬂ\iﬂ\‘]E‘U‘Vl 2.20
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JUN 2.20 dydnualvesiad

s : http://www.atom.rmutphysics.com

2.8.1 Tassadrevadiiad
aolulpssaiisvesiiag avdsznevluievnain 1 ya wazniduda ely
wiihduda 1 90 TeazUsznauludig wihdudauuuunita (Normally Close : NC) &4lu
anmeund nilagseagfuriu (O way wihdudauuuun@ide (Normally Open : NO) il
gsiaiiniuIsn (O Weveandiussdunnasen ienszudlvasin (uuuuiifeme) Tu
a8 1 ¢h enadivithdudasnnn 1 ga Sduegiudnan dodnvaluestindunilassaidiad

wananagUil 2.21

A\

YAV AAIN

|

JUN 2.21 dydnualvasSiadunulasainesiag

NO THduEaunfUn

. /:‘—v“ C 915U
NC  midunaunadn

WACA A

i - http://www.atom.rmutphysics.com

2.8.2 BaNNNSNNIIUVBISLaE

dadinszualudlvaniuvnaien azvinlvvnarainauiunidmdnlumawau
PNFUNATR9RIUN wasninduRad nduvinlrinsewalvanumndusaldle annngnisvinau

VOITLAE UARIRIUN 2.22
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o o o0—o

“ — “ y
NC

[+
I
[+

—° NC

annzun@v C agmanu NC anizanelindnwn C agsaniu NO

JUN 2.22 anznsianuressiag

i ; http://relay2560.blogspot.com

lulasenuilidenldunsieasiiadivy 2 909 Siad 2 dadieldamulunisauay
gunsallnilh Sunszualdastis 10 weuuys Toulansdnfinssuanss uagnszuaadu Su
L3USEIU 5 13aAnseaInUesne1ndli Tueaditantaniuenisinauvessiad aanwuuli

Joatuasiumundeanainmuitadaenislonisdsinume ias (Optocoupler) Tuyneia

3188
Vee T
JD-VCC T
Y 7 S 2 :
R14 R X opa k8 i
1 :
4 ....................................
v >
IN7 T K1 78
2
ING —ie Qr

5UN 2.23 Wne9955Lad

a . .
NU1 : www.arduitronics.com

3ngUN 2.23 1le918usdu 5 1aad Wulwidesdmivenainiioadng
aunuugdngn auseeslldlelaiawnas (Optoisolator) MAUSEHINAIUINATAIUANLAZ AT

Ivian 1o ING Suuseiuananueine1ndlu ilvddyaaluddvinsuames Q7 viam

oo
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Fafazvasslvnszualvaniuvnain dewalintndudaindoudi diudiuasialon DS 22y

NUMTDINULTIAUTDUNSU NIDUTIRUAUEINTTS (Switching Overvoltage)

2.9 nifouvasaIndy
wifoutasadndds (Switching Power Supply) 5ugﬂa%ﬁa%umLﬁaiﬂwuﬁt,ﬁﬂmaﬁﬂé
Huuasinglnlifugunsaiineg uazanansawdsuussiuanladuliadgslmnduusesulyl
nsshaadeld Fsasduszneuiiugruiuleiluasadefunasasiidwyiianvesesduszney
e rounoned
wifeulasaind@e azusznausie 3 dulngq Ao
1) wasTlawesuazisniliions mihiulasuseiuliadudulnng

2) peuniewes viviiwladlipseidulnaduanudas wazuvasndudulwasaliad

3) 2ATAIUAN YIINTUINAIUANNITVINNTUYBIADUIBLADS LI b bALTIRLBIANAANY

ABIN5



LRUEY Switching Power Supply
l Vin —» AC Power

nyedy I —>» DC Power

2asWawas |——-

JUNIU

—>» Control

\4

wlaslvl AC Argadu

29955n@tees - 19 DC fra ADUNDILADS
Y

A4 wdaslvl DC Angalulwac v

@y (Pulse) mmAg

v

Wﬁ@LLUaQ —-—- amu}j@ﬁu ’N%WJUQM
\ 4
- & uuaslul AC (Pulse)
wasisndliiees -
WJulw DC

WAINaDT [-—-  nsesin DC TiSou

Vout

JUN 2.24 unaisveavidlowdasaindd

https://www.factomart.com

N13AIANLTINUIZIN AN TUDUANLTIAUTIEIAINA NFUNIE99TTAIVALLNBAUANTN

N1 TEUANINTUNTOUDAN LN TUASURUAIVBILTIFUTI AN Taagilinarinlilsesiu

LIRNAATILE
+
; T1
+ Vin > L g 0

|p L D]. l VOUt
ES <
=T RL

Np Ns Co 2
Q1 ©° 0

0 O—

| | | | INWAIATUAN

5UN 2.25 1995iug uvemdanUasaindas

i https://www.factomart.com
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I3UT 2.25 nneinsudawmes Q1 viwihilumilouaind waazdinssuaniy

' '
[ v a

Adsvesiaddiasunteulvinisviua Wie Q1 Wnszua lalen D1 Fsegludnuasgnluda

nduuazlihihnszua Juilidnsazaundenunvaugugiivemiisnyas T1 unu Lile Q1 vgn

a

Wnseud aunuudvin T1 agguimvilinfanisnaudinssiunivaugugiivazuaniegd D1

q

yvagludnuargnluteanss ndanuiasauluvedgugivemdeuvainazgnaemeantudl
wanfsiivarinszualvaniulalen D1 lUaiaAudsegeidng Co uasinanld Aves

LSIAUNLDIANAYRIADULIBINDTILTUDY IUAIAINANITYINNUTEY QL YIIANIINTBUAVDS

Q1 UagdnINAIUINUILTOUVBIMIIBLUAIUALATYBIUTINUNDUNA
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Asaiulaseau

Tuunilagnanduneunsineu Tasiadiswesniasdn LUNALAZANNGIVBINADY
Tnelduasnoigdlu suluisvengunsaifiieatos dsluusazesduszneutuasdinmevinnui
'”mﬁuéﬁ’waaﬁfj’jumaumiv‘i’muimqa%fwuaqLﬂ%iaaﬁ'mLLaﬂﬁLLazmmqwaméaq WasEUL
A1UNU TLUUMTINANEGD SEUUATIITUE SEUULARIHA LagsyuumIAnLennaes

wdan@nwmdnnisuaznguiifeatosveslasanuluuniiiugn awisad
Mé’ﬂmiﬁﬂﬂa'nmﬂizqﬂéT,mEJa%fNLLUUﬁT”laawam,ﬂ%mﬁmLL&JﬂﬁLLazmmqwadﬂém Wiold
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pavualaelduasalulasaaulnsaiass lnelidunausarnisaniunisaasalud

3.1 YUADUNITANUUITUVDUAIDIAALENNAD
3.1.1 msﬁwmmaaizuua’quu

A5 UVDTZUUAWIUILE LY N UeIN150na00d Insazyinliuawmasi

[y dl'

TULARBUANENUMLY @enTuzaLaenaoigninusuuaeny lWduniwesssuy
4‘

U 9 1RaslT anenuagnaninnunsellensendlfngadulaenaemieiinsUnaing

Y1114

—

3.1.2 N91191UYBITTUUATINIUR AL IAAINAES

[y

N13YNNUVBITLUUATIIVALAL TAAINET LTI UL AeN LTI D9

AR UNUNT I IWNLIVRINSNTTF Feazdsliaraniungn 91nTUTTUUNISTINAINEIRY
MUBIiuAANNgelin 5 wuRues ianugadatosnimienInndt 5 wuRluns naed
LLARDUTIOBNIMNAUIUIVBITFUUATIITUANL ALAENITIAANNGIIUN windadugs

WINAU 5 lURLLAST SEUUATIVTUFILTIINITATIAIUIALDISAULYULYDS FI9EA1AUA MARLA

[ 1
aday

a5 a aa A v A = A aav v = 2 & 1
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Features

* High Performance, Low Power Atmel® AVR? 8-Bit Microcontroller
* Advanced RISC Architecture

135 Powerful Instructions - Most Single Clock Cycle Execution
32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16MHz

On-Chip 2-cycle Multiplier

* High Endurance Non-volatile Memory Segments

64K/128K/256 KBytes of In-System Self-Programmable Flash
4Kbytes EEPROM

8Kbytes Internal SRAM

Write/Erase Cycles:10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/ 100 years at 25°C

Optional Boot Code Section with Independent Lock Bits

* In-System rammi On-chip Boot Program
* True Read-While-Write :zratiun P e

Programming Lock for Software Security
. Enduralg'lce: Up to 64Kbytes Optional External Memory Space

* Atmel® QTouch” library support

Capacitive touch buttons, sliders and wheels
QTouch and QMatrix acquisition
Up to 64 sense channels

* JTAG (IEEE? std. 1149.1 compliant) Interface

Boundary-scan Capabilities According to the JTAG Standard
Extensive On-chip Debug Support
Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface

® Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

Four 16-bit Timer/Counter with Separate Prescaler, Compare- and Capture Mode
Real Time Counter with Separate Oscillator

Four B-bit PWM Channels

Six/Mwelve PWM Channels with Programmable Resolution from 2 to 16 Bits
[(ATmegal281/2561, ATmega6d0/1280/2560)

Output Compare Modulator

&M 6-channel, 10-bit ADC (ATmegal281/2561, ATmegat40/1280/2560)

TwolFour Pregrammable Serial USART (ATmegal281/2561, ATmega640/1280/2560)
Master/Slave SP1 Serial Interface

Byte Oriented 2-wire Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change
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Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
* |/O and Packages
— 54/86 Programmabie /O Lines (ATmega1281/2561, ATmega640/1280/2560)
- 64-pad QFN/MLF, 64-lead TQFP (ATmegal281/2561)
- 100-lead TQFF, 100-ball CBGA (ATmega640/1280/2560)
- RoHS/Fully Green
* Temperature Range:
= =40°C to 85°C Industrial
* Ultra-Low Power Consumption
— Active Mode: 1MHz, 1.8V: 500pA
= Power-down Mode: 0.1pA at 1.8V
* Speed Grade:
— ATmegaB40V/ATmegal280V/ATmegal281V:

+0 - 4MHz @ 1.8V - 5.5V, 0 - BMHz @ 2.7V - 5.5V
= ATmega2560V/ATmega2561V:

+0-2MHz @ 1.8V -55V,0-BMHz @ 2.7V - 5.5V
— ATmegaBANATmega1280/ATmegal1281:

*0-8MHz @ 2.7V - 5.5V, 0 - 16MHz @ 4.5V - 5.5V
= ATmega2560/ATmegaz2561:

*0 - 16MHz @ 4.5V - 5.5V
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® High-Resolution Conversion of Light

Intensity to Frequency
® Programmable Color and Full-Scale Qutput
Frequency S01 [ ] 8 S3
® Communicates Directly With a Microcontroller
. . 812 L1 —1 7 s2
® Single-Supply Operation (2.7 V to 5.5 V)
® Power Down Feature OE 3 1 1 6 0UT
® Nonlinearity Error Typically 0.2% at 50 kHz GND 4 I T 5 Vop
® Stable 200 ppm/°C Temperature Coefficient
® Low-Profile Lead (Pb) Free and RoHS Tcs3200
Compliant Surface-Mount Package
s01 [ 1 8 83
m . ow L]J P —— G
weription st 2 B ] 7 s2
The TCS3200 and TCS3210 pmgrammallble colu:r oE s Il | — & OUT
light-to-frequency converters that combine confi-
gurable silicon photodiodes and a current-to-fre- GND 4 [ & T 5 Voo

quency converter on a single monolithic CMOS
integrated circuit. The output is a square wave
(50% duty cycle) with frequency directly propor-
tional to light intensity (irradiance).

TCS3210

The full-scale output frequency can be scaled by one of three preset values via two control input pins. Digital
inputs and digital cutput allow direct interface to a microcontraller or other logic circuitry. Output enable (OE)
places the output in the high-impedance state for multiple-unit sharing of a microcontroller input line.

In the TCS3200, the light-to-frequency converter reads an 8 x 8 array of photodiodes. Sixteen photodiodes have
blue filters, 16 photodiedes have green filters, 16 photodiodes have red filters, and 16 photodiodes are clear
with no filters.

In the TCS3210, the light-to-frequency converter reads a 4 x 6 array of photodiodes. Six photodiodes have blue
filters, 6 photodiodes have green filters, 6 photodiodes have red filters, and 6 photodiodes are clear with no
filters.

The four types (colors) of photodiodes are interdigitated to minimize the effect of non-uniformity of incident
irradiance. All photodiodes of the same color are connected in parallel. Pins $2 and S8 are used to select which
group of photediodes (red, green, blue, clear) are active. Photodiodes are 110 pm x 110 um in size and are on
134-um centers.

Functional Block Diagram

1 | | _yOuput] | 1
Light | : Photodiode :_ o _: Current-to-Frequency : |
—»
: | Array | !_ Converter - :_ -
I e i e e
-t -——=--"—--=="""—="——-- Fe—t-=- |
I I I I !
I I I I OE
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TERMINAL
NAME NO. 1o DESCRIPTION

GND 4 Power supply ground. All voltages are referenced to GND.

OE 3 Enabile for f, (active low).

ouT [ o Output fraquency (f,).

30, $1 1,2 Output frequency scaling selaction inputs.

82, 83 7.8 Photodiode type selection inputs.

Voo 5 Supply voltage

Table 1. Selectable Options

S0 51 OUTPUT FREQUENCY SCALING (fa) 52 53 PHOTODIODE TYPE
L L Power down L L Red
L H |2% L H Blue
H L 20%: H L Clear {no filter)
(=] (o] 1005 H H GEroan

Available Options

DEVICE

PACKAGE - LEADS

PACKAGE DESIGNATOR | ORDERING NUMBER

T

W]

32000

TCS3210

D
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B ABSOLUTE MAXIMUM RATINGS B ELECTRICAL CHARACTERISTICS (REFLECTIVE TYPE
Standard Value Test Standard Value
ltem Symbol | Min. | Tvp. | Max. | Unit Item Symbol| Condition | M, | Typ. | Max. | Unit
Supply Voltage for Logic Vio. 0 - | 70 v Input “High” Voltage Viu - 220 = | Ve | v
Supply Voltage for LCD Driver Vo Vee| — -_— 135 W Input “Low™ Violtage Vi -_— o 0é y
Input Voltage V| Ve | = | Vi Y Output “High™ Voltage | vy [1y=02ma| 22 — | — v
Operature Temp. Topr 0 -_— a0 ( Output “Low™ Voltage Voo [lg=t2ma| = = 04 v
Storage Temp fsig [ -20] =] 70 ( Supply Current by | Vpg=soa | =] 25 | 40 ] ma
B PIN FUNCTIONS B BLOCK DIAGRAM
MNo | Symbaol Function No | Svmbaol Function
1 Ve |GND, OV 10 | D83 Data Bus e :
o T | DBd = TCD - ien :
3 Vge  |for LCD Drive 12| Des - - }
- — - p— T oa I |
4 RS Function Select 13 (b1 e ¥Rl —— i
5 RW  [Read Wnte 14 | DT - ] !
] E Enable Signal LEDA Tt T |
- : - - EL Power Supply o —r] e [
7-9 ) DB0-DE2 JDats Hus Line LEDA I B I
58 00&0.50
$7.2020.30
2.50 — 93.00k0.30 2 50
16--81.0 : R I
--@1. 4--02.50
10.00.] 15x2.34=33.10 / 2.50 - ||~ s.40+0.20
i |
" 3
2.50 1 16
o
|2 sR1.00~"| -
f A | g Ei.:; b A
j— — e - - - - !
- | HECEE
L BARNY |~ 43 <
| =
| -
of | |
i 7040 { — 2.504
76,000 20 - = 10.50 Max.
93.00:0.30
2.95 L 0.60
== [—0.55 0.05
I Vi
n S
w
3 o °
-]

0.60—
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HD44780U

Table 4 Correspondence between Character Codes and Character Patterns (ROM Code: A00)

Oppard

- dldF[~F —[F[E]]p
w0 |1 [1]RA[2[=] | [a [F[F]a]3]q
wooe| o] | " 2]BR]B]F] A (E
o[ 0] |H[DC[S[2[s] | |1 [RA[T[ES|e
oo ©| | |G |LA[ T |cd[ 1] w [Tk PR
wooor| 0] [ DE&[u] - [A1F[ e
” s B[FIUHW | [FNZ3|aE
w0 “Eldglw] | |[FFE2gn
woo | |6 RIHIs[R[] | [ [DFT
o] [PBIRTEIS] | [Ty
covolo [ [#[2[JZ[IT=] | ([Tl j[#F
o] |F]5 [KIC [RTE] A TEIO* R
ccrio| | | [% [LIAE[L]T] 2374 m
worlo] |=[=[M[]rm]F] [ [a[Z[~[LE]+
e I | 1 o I R E T4
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Note: The user can specify any pattern for character-generator RAM.
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INTRODUCTION

The HC-SR04 ultrasonic sensor uses sonar to determine distance to an object like bats or
dolphins do. It offers excellent non-contact range detection with high accuracy and stable
readings in an easy-to-use package. From 2Zem to 400 em or 17 to 13 feet. It operation is not
affected by sunlight or black material like Sharp rangefinders are (although acoustically soft
materials like cloth can be difficult to detect). It comes complete with ultrasonic transmitter
and receiver module.

Features:
e Power Supply :(+5V DC
Quiescent Current ; <2mA
Working Curmt: 15mA
Effectual Angle: <15°
Ranging Distance : 2em — 400 em/1" - 13ft
Resolution : 0.3 em
Measuring Angle: 30 degree
Trigger Input Pulse width: 10uS
Dimension: 45mm x 20mm x 15mm

PRODUCT LAYOUT

VCC =+5VDC

Trig = Trigger input of Sensor
Echo = Echo output of Sensor
GND =GND
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Practical test of performance,
Best in 30 degree angle

PRODUCT SPECIFICATION AND LIMITATIONS

Parameter Min Typ. Max Unit
Operating Voltage 450 50 55 v
Quiescent Current 1.5 & A5 mA
Working Current 10 15 20 mA
Ultrasonic Frequency - 40 - kHz

OPERATION

The timing diagram of HC-SR04 1s shown. To start measurement, Trig of SR04 must receive
a pulse of high (5V) for at least 10us, this will initiate the sensor will transmit out 8 cycle of
ultrasonic burst at 40kHz and wait for the reflected ultrasonic burst. When the sensor detected
ultrasonic from receiver, it will set the Echo pin to high (5V) and delay for a period (width)
which proportion to distance. To obtain the distance, measure the width (Ton) of Echo pin.

Time = Width of Echo pulse, in uS (micro second)

e Distance in centimeters = Time / 58

e Distance in inches = Time / 148
e Or you can utilize the speed of sound, which is 340m/s

Initiate

10uS

Signal

TTL to signal pin

Echo back

Internal

pulse width correspond
(about 150uS-25ms, 38

s to distance
ms if no obstacle)

Formula:

puise width (uS) /58= distance {cm)
puise width (uS) /148= distance (inch)

Ultrasonic Transducer will issue 8 40kHz pulse
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31150-MP
MG995 High Speed Servo Actuator

The unit comes complete with color coded 30cm wire leads with a 3 X 1 pin 0.1" Pitch type
female header connector that matches most receivers, including Futaba, JR, GWS, Cirrus,
Blue Bird, Blue Arrow, Corona, Berg, Spektrum and Hitec.

This high-speed servo actuator is not code dependant; You can use any servo code, hardware
or library to control them. The MG995 Actuator includes arms and hardware to get started.

Specifications

* Weight: 55 ¢
Dimension: 40.7 x 19.7 x 42.9 mm approx.
Stall torque: 8.5 kgf-cm (4.8 V), 10 kgf-em (6 V)
Rotation Angle: 120deg. (+- 60 from center)
Operating speed: 0.2 s/60° (4.8 V), 0.16 s/60° (6 V)
Operating voltage: 48 Vo 7.2 V
Dead band width: 5 ps
Stable and shock proof double ball bearing design
Metal Gears for longer life
Temperature range: 0 °C — 55 °C

47.2 mm

38 mm
28 mm

[
(=]
g

PWM=0range (J1I") -
Vcc=Red (+) —

Ground=Brown (=) —

Duty Cycle

48Vto72Vi
Power  :

and Signal

20 ms (50 Hz)
PWM Period
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LM2596

3.0 A, Step-Down Switching
Regulator

The LM2596 regulator is monolithic integrated circuit ideally suite:
for easy and convenient design of a step—down switching regulato
(buck converter). It is capable of driving a 3.0 A load with excellen
line and load regulation. This device is available in adjustable outpu
version and it is internally compensated to minimize the number o
external components to simplify the power supply design.

Since LM3596 converter is a switch-mode power supply, it
efficiency is significantly higher in comparison with popula
three—terminal linear regulators, especially with higher input voltages

The LM2596 operates at a switching frequency of 150 kHz thu
allowing smaller sized filter components than what would be neede:
with lower frequency switching regulators. Awvailable in a standar
5-lead TO-220 package with several different lead bend options, an
D2PAK surface mount package.

The other features include a guaranteed =+ 4% tolerance on outpu
voltage within specified input voltages and output load conditions, any
*=15% on the oscillator frequency. External shutdown is included
featuring 80 pA (typical) standby current. Self protection feature
include switch cycle—by—cycle current limit for the output switch, a
well as thermal shutdown for complete protection under faul
conditions.

Features

Adjustable Output Voltage Range 1.23V - 37V
Guaranteed 3.0 A Output Load Current

Wide Input Voltage Range up to 40 V

150 kHz Fixed Frequency Internal Oscillator
TTL Shutdown Capability

Low Power Standby Mode, typ 80 nA

Thermal Shutdown and Cuorrent Limit Protection
Internal Loop Compensation

Muoisture Sensitivity Level (MSL) Equals 1

Pb—Free Packages are Available
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ON Semiconductor®

http://onsemi.com

TO-220
TV SUFFIX
CASE 314B

Heatsink surface connected to Pin 3
TO-220

)
/// b

Pin

1. Vin

2. Output
3. Ground
4. Feedback
5. ON/OFF

D2PAK
D2T SUFFIX
CASE 936A

5

Heatsink surface (shown as terminal 6 in
case outline drawing) is connected to Pin 3

Applications

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

® On—Card Switching Regulators

* Positive to Negative Converter {Buck—Boost)

® Negative Step—Up Converters

® Power Supply for Battery Chargers
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LM2596
Typical Application (Adjustable Output Voltage Version)
i' _____ 7 Feednack A
12v T LM2595 | 4 L 1,@

Cre. 5.0V Reguiated
Output 3.0 A Load

Unregulated 0—1—01 |
DG Input

1

C-n + |
e — — —
1“””FI 3OGND 50 DNJOFF

Block Diagram

|
Unregulated #V 3.1V Intarmal TN/OFF
DCInpulCl 7 Requlator |~ | OHIOFF 4"?_1
Co =2 1 =
I Feedback

Fixad Gain

Emor Amplifier Comparator

]
[

R
L :
.5[5 Al _r].pn :/,:— Requlated
l S Vit
| somke ’—k—T—- ¢
’ Bﬁﬁ%z l’ 150 kHz | Resat | I Thesmal l l‘ 1‘?’@ J_ I
Rederence Oscillatar Shutdown I 1 = = Load
|1 N ¥ S —— o 4, -
Figure 1. Typical Application and Internal Block Diagram
MAXIMUM RATINGS
Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 W
OHN/OFF Pin Input Voltage - -03V =V Vi v
Output Voltage to Ground {Steady-State) - -1.0 v
Power Dissipation
Case 3148 and 3140 (TO-220, 5-Lead) Pp Imernally Limied W
Thermal Resistance, Junction-to—Ambilent Pias, 65 “CW
Tharmal Resistance, Junction-to-Case Ragc 5.0 “C/W
Case 9364 (DZPAK) Pp Internally Limited W
Thermal Resistance, Junction—to-Ambient Ripaa 70 “CW
Thermal Resistance, Junction-to-Case Ryae 50 “CW
Storage Temperature Range Tag -B85 10 +150 “C
Minimum ESD Rating (Human Body Model: C =100 pF, R = 1.5 ki) - 20 KV
Lead Temperature (Soldering, 10 seconds) - 260 “C
Maximum Juncticn Temperature T,y 150 *C

Srresses exceading Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
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Pin | Symbel Description (Refer 1o Figure 1)

1 Vin This pin is the positive input supply for the LM2596 step—down switching regulator. In order to minimize voltage transi-
ents 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 Vg of this output switch s 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
sansitive circultry.

GND Circuit ground pin. See the information about the printed circuit board layout.
Feedback | This pin ks the direct input of the error amplifier and the resistor network B2, R1 is connected externally to allow pro-
gramming of the cutput voltage.

5 DON/OFF | It allows the switching regulator circuit to be shut down using logic level signals, thus dropping the total input supply
currant to approximately B0 wA. The threshold voltage is typically 1.6 V. Applying a voltage above this value {up to
+Vi,) shuts the regulator off. if the voltage applied to this pin is lower than 1.6 V' or if this pin is left opan, the regulator
will be in the “on” condition.

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

Rating Symbel Value Unit
Operating Junction Temperature Range Ty 400 +125 “C
Supply Volage Wi 4.5 0 40 v
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