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Abstract

This thesis presents a design of color-based categorization of objecls according to RGB
color system by using TCS230 Sensor. The idea leads to comstruction of a model which,
determined by the user, can operate in Separation mode and Selection mode. The system
operation is regulated by a microcontroller. The model demonstrates each operating mode by
using ping-pongs painted in red, green, and blue. In Separation mode, the ping-pongs are
separated according to their color, namely red ones being moved to box A, blue ones to box B,
and green ones to box C. In Selection mode, the ping-pongs are chosen according to the number
and color of the ping-pongs specified by the user for boxes A and B while box C is programmed
to be a Spare box. Ping-pongs are sent to box C if they do not match the user-defined conditions
for boxes A and B of after selection task is fuifilled. Experimental results show that the model

successfully performs user-defined tasks in both operating modes.
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Green => C
(R14 G11 B11)
Sum of Green = 1

No object detected!

Sum: R=1 G=1 B=1
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#include <Keypad.h> /m1siFonldamunnaiiudna
#iinclude <Servo.l> /M3Gun 151 unemosians 1
#include <LiquidCrystalh> /msison1¥anuseiaana
fidefine servo_pinA 12 /fviuanesavesomediasnd ladaf | uazszmesuls
#idefine servo_pinB 13 /fnuanesaveswamodiaes 1iiaf 2 uazilszmadunls
Servo myServol;
Servo myScrvo2;
const byte ROWS = 4; //fmuad1uiuuaveusauiiuduaa
const byte COLS = 4; /fvuainiuvanveausauiludnay
char keyslROWS]{COLS] = /i uuamianuuaautiugay
{
{10,203 A
{'4.'5''6"'B'},
{'7)8'19'"C'},
{1,100,
K
byte rowPins[ROWS] = {2223 24 ,25}: //ﬁmuﬂWﬂ5%1;@’;%«1;4«1'1’]14531@&1
byte colPins[COLS] = §26,27,28 29} /SHuUane s avdnuaupaut uduay
LiquidCrystal led(53, 52, 51, 50, 49, 48); /S 1M UANDIAMBUDATA RS, E, D4, DS, D6, D7
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );
const int outputEnabled = 2; // write LOW to tumn on Note, may not be hooked up.
const int s0 = 3; /Mviuanesnveddsuia
const int sl =4;
const int 82 = 5;
const int s3 = 6;

o

const int nLED = 7; /i muanosauvasaupadavesdiiuid

0= |

const int out = 8 /A MUANDS AL IHAYBIRIT LS

“
]

int red = 0; /lszmagnals red Wy int nazTauSudunigy o

int green = 0; /lszmAGUts green 511 int uaziAnS Ay 0
int blue = 0: /l52mAf s blue 1111 int waiaSudumiiy o

int valuet = 0; /Alszmsdaunls valuel (1 int uaziiGudiuyii o

. o a _ B o
int sensorl = 11; TV HANSI AT TV OasB 1S
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int x; lszmadanals x i int
int red_A=0,green A=0,blue_A=0; /Alszmeaa w3 red A, green A, Il8i¥ blue A ﬁﬁn‘%"us?fu 0
int red B=0,green_B=0,bluc B=0; Hlszmaals red_B, green B, 0% blue B ﬁfin‘%:ué’fu 0
intR_A S=0,G_A_S=0B_A S$=0; /AJsznduls R_A_S,G_A S, a8z B_A S euSudu o0
int R_B_S-0,G_B $=0,B B_S=0; /25maAauls R B S,G B S, uaz B B S IAuSuaw 0
int R_s=0,G_s=0,B_s=0; /lszmaaauili R S, G S, unz B_S Taafiausuduslu o
void setup()
{

myServol.attach{scrvo pinA);

myServo?2 altach(servo_pinB);

Serial.begin(9600);

pinMode(outputEnabled, OUTPUT); /fmuadutls Asuannngasu e wing

pinMode(s0, OUTPUT);

pinMode(s1, OUTPUT);

pinMode(s2, OUTPUT);

pinMode(s3, OUTPUT);

pinMode(nLED, OUTPUT);

pinMode(out, INPUTY;

digitalWrite(outputEnabled, LOW); //ﬁ]EJ’LI’U”IoulputEnabled‘lﬁﬁﬂHLOW

digital Write(s0, HIGH); /3011 s0 1HIMHIGH

digitalWrite(st, HIGH); /43011 s1 1HIMHIGH

digitalWrite(nLED, LOW); /i81v1 nLED 1Hua1LOW

led.begin(20, 4); /S WMUAVIAKTILD 20 AITDBT 4 UIINA
}
void loop()
{

led.setCursor(0, 0); /A Sy Huaamumivenay

led.print("Separation mode: [8]");

led.setCursor{0, 1);

led. print("Selection mode : [9]");

while(1)

{
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char key = keypad.getKey(); //ﬁ'muﬂﬁmﬂﬁ'ﬁ'“mim*mﬂuwmﬂuﬁamm
if(key=—9") /3ou luilosusonunailugauiiuas o “Tguuiisfaien”
{ /AEAAINTIDe "Selection mode..." "R=red,G=grcen,B=blue" #1913 5 3
delay(300);
led.clear();
led.setCursor(2, 1);
led.print("Sclection mode...");
led.setCursor(0, 2);
led.print{"R=red, G=green B=hlne");
delay(5000);
led.clear(};
FunctionNum(); //5 1Jfiwmuwmﬂuﬁammﬁﬁ‘l%’"lﬁ’ﬁ‘muﬂcluuuu?ﬁﬁmﬁaﬂ
led.clear(); /f1domanuthemenlaoy luiumsnaaasalv
while{1)
{
value! = digitalRead(sensor1); //a'mfl'"lﬁdammﬂﬁa%’uiuaaﬁm*f
if (valuel == 0) ) /uaanpgniiaaaiolignales
{
led.clear();
color(); /AMtHaiHu 2, 3ifenihemdedoyaldluTnsnouInsame e
led.setCursor(0, 1);
led.print("(R");
led.setCursor(2, 1);
led.print(red, DEC);
led.setCursor(4, 1);
led.print(” G");
led.setCursor(6, 1);
led.print(green, DEC);
led.setCursor(8, 1);
ted.print(" B");
led.setCursor(10, 1);

led.print(blue, DEC);
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led.setCursor(12, 1),
led. print(")");
Compare(); /AsfuiihasinanlRoudeninefinsaiuduios |s
iftx=—1&&red A>0) /ivsanidewlvvesdung (il x=1) fogmelundes A
{ _

led.setCursor(0, 0);

led.print("Red => A (R_A)");

Box A();

red A--;
}
else iftx==1&&red_B>0) /fin1sarudonlvvesdun ife x=1) fingmulundes B
{

led.setCursor(0, ¢);

led.print("Red => B (R B)");

Box_B();

red B--;
}
else iflx=—2&&blue. A>0) /iu1saiion lyvasiingu (il x-2) fiogniolundes A
{

led.setCursor(0, 0);

led.print("Blue => A (B_A)");

Box A();

blue A--;
}
else if(x==2&&blue_B>0) sivsaien ey (ito x=2) ﬁﬂéﬂwfluﬂﬁlﬂ\'l B
{

led.setCursor(0, 0);

led.print("Blue => B (B B)");

Box B(};

blue B--;
}

else ifx==3&&green_A>0) /v 13 ideu Tuvesiilion Gile x=3) iogmolundos A
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led.setCursor(0, 0);
led.print("Green => A (G_A)");
Box_A();
green. A--;
}
else if(x==3&&green_B>0) /lﬁmimﬁau”lwmﬁﬁm (Lﬁa x=3) ﬁﬂg]mﬂ‘luﬂtim B
{
led.setCursor(0, 0);
led.print("Green => B (G B)");
Box_B();
green_B--;
1
elsc Spare();
}
else if (value] == 1) /aadons Idsunaile lifignilales
{
if (red_A==0&@&green A==0&&blue_A==0& &red B==0&&green B==0&&blue_B==0)
nasvaeniion luvesudazdlundes A oz B nsdimmudeulvasunda
{niarisumangld Wiaaanminereasfideamiton lvasuuda
led.clear();
led.setCursor(2, 1);
led.prini("R_A="});
led.setCursor(6, 1);
led.print(R_A_8);
led.setCursor(8, 1);
led.print("G_A=",
led.setCursor(12, 1);
led.print(G_A_S);
led.setCursor(14, 1);
led.print("B_A=");

led.setCursor(18, 1);



led.print(B_A_S);
led.setCursor(2, 2);
led.print("R_B=");
led.setCursor(6, 2);
led.print(R_B_S);
led. setCurson(8, 2);
led.print("G B=");
led.setCursor(12, 2);
led.prin{G_B_S);
led.setCursor{14, 2);
led.print("B B=");
led.setCursor(18, 2);
led.print(B_B_S);
led.seiCursor(0, 0);
led.print("Job done! => [Reset]"),
led.setCursor(0, 3);
led.print("No object detected!"); //ﬁuﬁﬁrh"No object detected!"clu‘]J‘j‘iﬁﬂﬁ 4
}

A 1 | = v Ao ' A ¥
else /M3 VdeU lvvewanzdlundos A uas B nsnias Tuasuemusauly

led.clear();

led.setCursor(0, 0);
led.print("No object detected!");
led.setCursor(0, 1);

led.print("Add more ping-pongs!");

}
delay(3000);
}
}
else iflkey==8) /n%ou ludio fusmnunauiudunuduay 8 dhguniiidaden
{



delay(300);
Jed.clear();
led.setCursor(2, 1);
led. print("Seperation mode...");
delay(2000);
while(1)
{
valuel = digitaiRead(sensor]);
if (valuel = 0) /upaRo s gnTluaaiiodignies
{
led.clear();
color(); /IWHadFu s2,saeminudsdoyallulasneu Tnsama i
led.setCursor(0, 1);
led.print("(R");
led.setCursor(2, 1);
led.print{red, DEC);
led.setCursor(4, 1);
led.print(" G");
led.setCursor(6, 1);
led.print(green, DEC);
led.setCursor(8, 1);
led.print(" B");
led.setCursor(10, 1);
led.print(blue, DEC);
led.setCursor(12, 1);
led.print(")");
if (red < blue && red < green) /fin1saou lvunafiiag
{
led.setCursor(0, 0);
led.print("Red => A™);
R_st+ /miiusdaus R_s ftae |

led.setCursor{0, 2);



}

led.print("Sum of Red =");
led.setCursor(13, 2);
led.print(R_s),

o o s o o o 4 t 1
Box_A(); /dalinemesdaf | nazuemasdif 2 imauiiedigndaealindes A

clse if (blue < red && blue < green) /{913 adou lvvesiihidy

{

}

led.setCursor(0, 0);
led.print("Blue => B"};

B_st++; /diumidauls B_s flaz |
led.setCurson(0, 2);

led.print{"Sum of Blue =");
led.setCursor(14, 2);
led.print(B_s);

A o qs H o o o . 1 1
Box_B(); /a4 linomesdaf 1 uaznemesind 2 ianufeadsgnilaleslindes B

= A =
else //wf!]']ﬁﬂﬂNﬂuvlsU‘UﬂQﬁlTﬂj

{

}

led.setCursor(0, 0);
led.print("Green => C");

G_st+: /Miiumeaunls G s hag 1
led.setCursor(0, 2);

led.print("Sum of Green = ");
led.setCursor(15, 2);
led.print{G s);

Box_C(); /a4 ldunmesdan 1 dauivedsgnilaleshinges

}

else if (valuel == 1) /moanens Idsuuaaiie lufignilales

{ /MaAA9AII “No object detected!" w%"auﬁaﬂgﬂﬁwmmmﬁ'lﬁ’ﬁs”wm
led.clear();

led.setCursor(0, 0);
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led.print(""No object detected!");
led.setCursor(0, 2);
led.print("Sum: R=");
Icd.setCursor(7, 2);
led.print(R_s);
led.setCursor(9, 2);
led.print("G="Y);
led.setCursor(11, 2);
led.print{G_s);
lcd.setCursor(13, 2);
led.print("B=");
led.setCursor(15, 2);
fed.prini(B_s);
led.setCursor(0, 3);
led.print("To restart: {Reset]");
}
delay(3000);
3
1

}
}
void color() ilszmeilandu color
{
digitalWrite(nLED,1);
digitalWrite(s2, LOW);
digitalWrite(s3, LOW);
red = pulseln(out, digitalRead(out) == HIGH ? LOW : HIGH); //ﬂﬂuf’;gnﬂﬁ"unm‘iﬁum
digitalWrite(s3, HIGH);
blue = pulseIn(out, digitalRead(out) == HIGH ? LOW : HIGH); //ﬂ’J‘IiJ?;Qﬂﬂﬁiuﬂiﬁ?ﬂ{"Iﬁu
digitalWrite(s2, HIGH),

green = pulseln(out, digitalRead(out) == HIGH ? LOW : HIGH); /auiignaduns sidilun
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digital Write(nLED, I);
}
void Compare() inlsenadandu Compare
{
if (red < blue && red < green) #a313geu lualAaumdnts x i T uuuu3Esasen
{
x=1;
}
clse if (blue < red && blue < green)

void Spare() //ﬂixmﬁﬁdf{‘fu Spare
t
if (red_A==0&&green A==0&&blue_A==0&&red B==0&&green B==0&&blue_B==0)
msnaenion lvvoiudardlunase A uoz B nsdivienuionlunsuuds
{ sl uasaumisusadadewanndon lvasuud
led.clear();
led.setCursor(2, 1);
led.print("R_A=");
led.setCursor(6, 1);
led.print(R_A_S);
led.setCursor(8, 1);
led.print("G_A=");
led.setCursor(12, 1);
led.print(G_A_S);

led.setCursor(14, 1);



led.print("B_A=");
led.setCursor(18, 1);
led.prini(B_ A S);
led.setCursor(2, 2);
led.print("R_B="),
led.setCursor(6, 2);
led.print(R_B_S);
led.setCursor(8, 2);
led.print("G_B="});
led.setCursor(12, 2);

\ led.print(G B_S);
led.setCursor(14, 2);
Ied.print("B B=");
led.setCursor(18, 2);
led.print(B_B_S);
led.setCursor{0, 0);
led.print("Job done! => [Reset]");
led.setCursor(0, 3);
Ied.print("Moved to Spare (C)!"); /AR “Moved to Spare”clmJﬁ iﬁﬂ‘ﬁ 4
Box_C(); /omesnyunazausdudodgnilales hfindes ¢

}
, else /anaoudon lvvomdardlundeq A uaz B nssde linsumdon’ly
{

led.clear();
led.setCursor(0, 0);
led.print("Moved to Spare (C)!"); f'/ﬁilﬁﬁ"l’h "Moved to Spare (C)!" 1Hﬂi‘iﬁﬂﬁ 1

4 e A 1 [ 1
Box_C(); /memeinyuuaznuduasidegnilaeslifinges ¢

)
}
void FunctionNum{() /s zmﬁﬁﬁﬁﬁu FunctionNum L‘ﬁi’fﬁ' mhmnﬁ“l%’am
{

Start:
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led.clear();
led.setCursor(0, 2);
led.primi("Select box: [AJor[B]");
led.setCursor(2, 0);
led.print("R_A=");
led.setCursor(6, 0);
led.print(red_A);
led.selCursor(8, 0);
led.prini("G_A=");
led.setCursor(12, 0);
led.print(green A);
led.setCursor(14, 0);
led.print("B_A=");
led.setCursor(18, 0);
led.print(blue A);
led.setCursor(2, 1);
led.print("R B=");
led.setCursor(6, 1);
led.print{red B);
led.setCursor(8, 1);
led.prini("G B=");
led.setCursor{12, 1);
led.print{green_B);
led.setCursor(14, 1);
led.print("B_B=");
led.setCursor(18, 1);
led.prini(blue_B);
led.setCursor{0, 3);
led.print("To start, press [D]");
while(1)

{

char key = keypad.getKey(); /lssmsannls key TaoTasuawmmusaudluguay



iftkey=="D") return; /8 181na [D] TlsunsuSuiem S5 dadond
if(key==1) goto Start; #81g14fna [ TalsunsuuaassiiflFiden
iftkey==A") /M3 0iff1Hna [A]
{manssuvestuasidldienlundes A
led.clear(),
led.setCursor(Q, 0);
led.print{"Enter R_A no, [0-5]");
led.setCursor(0, 1);
led.print("then press [*]");
while(1)
{
char key = keypad.getKey(};
iflkey=="*") goto selectGreen; //é’c]ﬁff’ﬂﬂ [*] LL{{’JIﬂ‘mﬂ‘im]ﬂﬁlﬁﬂﬂﬁ'!%ﬂ’lﬁiﬂulﬂ
if(key=="0'[key=="1"[key=="2"lkey=="3"|key=="4lkey=—"5") /frualidi¥naay 1-5
¢
red_A = atoi(&key); /U numantiuduavisenieniludouls red A
R_A_S = atoi(&key); /5na1minuasuiluduaviszmailuduns R A s
led.setCursor(5, 2);
led.print("R_A =");
led.setCursor(10, 2);
led.print(red A);
}
)
selectGreen: /Al5EnARaRYU selectGreen
led.ctear{); //uﬂﬂw"m'mmaﬁﬁmﬁrﬁ%ﬁan‘luﬂdm A
led.setCursor(0, 0);
led.print{"Enter G_A no. [0-5]");
led.setCursor(0, 1);
led.print("then press [*]™);
while(1)
{

char key = keypad.getKey();
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iffkey=="*") goto selcctBlue; /8 14na ] udn Talsunsuaz I@eniiriude i

iflkey=="0'l|key=="1"| key=="2"| | key=="3"| key=="4"| key=="5")

{
green_A = atoi(&key); /Fumimnunsuiiuduavdlsemendludnls green A
G_A_S = atoi(&key); /5 usnnumantiuduavdsemeniludunls 6 A s
led.setCursor(5, 2};
led.print("G_A =");
led.setCursor(10, 2);
led.print(green_A),

}

)

selectBlue: /1152 maRaiau sclectBlue
led.clear(); //1.mﬂa§1uaumaqﬁif1n3uﬁﬁ1%’1§ﬂﬂ1uﬂﬁ'm A
led.setCursor(0, 0);
led.print("Enter B_A no. [0-5]");
led.setCursor(0, 1}, \
led.print("then press [*]");
while(l)
{
char key = keypad.getKey();
if(key=="*") goto A; /8 14nn [*] ud2 Talsunsuaasraiifiensy A
if(key=="0"fkey=="1"[key=="2'lkey=="3"|key=="4"[key=="5")
{
blue_A = atoi(&key); /5 uamimmanthidnavilszammiiudiuys vlue A
B_A_S = aloi(&key); /S umamumantiuduavilszmailuduns B A s
led.setCursor(5, 2);
led.print("B_A =");
led.setCursor(10, 2);
led.print(blue_A);
}
¥

1 9 1
Az infssmiaiaidu A dhouaaanasuiarudnglfidenlundes A



led.clear();
led.setCursor(5, 0);
led.print("R_A =");
led.setCursor(10, 0);
led.print(red A);
led.setCursor(5, 1);
led.print("G_A =");

led.setCursor(10, 1);

led.print(green A);

led.setCursor(s, 2);

=

led.print("B_A =");
led.setCursor(10, 2);
led.prini(blue A);
led.setCursor(0, 3);
led.print("To Summary, press[#]");
}
iflkey=='B") #/n5fif 1%np {B]
{ msrasimouvesiuasidifidenlundea B
led.clear();
led.setCursor(0, 0);
led.print("Enter R_B no. [0-5]");
; led.setCursor(0, 1);
led.print("then press [*]");
while(1)
{
char key = keypad.getKey(),
ikey=="*") goto selectGreen_B; //§1%na [*] udrTlsunsuegIidondifoane 11
iftkey=="0"lkey=="1"||key=="2'ftkey=="3"|key=="4'| key=="5")
{
red_B = atoi(&key); /Sumvinunntiuduavilsematudwals red B
R_B_S = atoi(&key); /Sumamussudiudunvilszmeniludus R B S

led.setCursor(5, 2);
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led.print("R_B =");
led.setCursor(10, 2);
led.print(red_B);
}
J
selectGreen_B: //‘1]‘33111?1’%35%1& selectGreen B
led.clear(); /mansinmuvesdiisaifldidonlundes B
led.setCursor{0, 0);
led.print("Enter G_B no. [0-5]");
led.setCursor(0, 1);
led.print("then press [*]");
while(1)
{
char key = keypad.getKey();
iftkey=="*") goto selectBlue B; /fl4na [*] wda sy MEonaiiGude 1y
iflkey=="0"]key=="1"[key=="2"lkey=="3"[key=="4"|key=='5")
{
green B = atoi(&key); psusnumantiudavlszmmtiugauls green B
G_B_S = atoi(&key); /Summnunaniiuduanlssmeantudwils ¢ B s
led.setCursor(5, 2);
led.print("G_B =");
led.setCursor(10, 2);
led.print{green B);
}
}
selectBlue B: /152 MAHaAT selectBlue B
led.clear(); //1mmi‘i1mumaa€’f1§u’3uﬁpﬁi%’mﬁaﬂiuﬂdﬂa B
led.setCursor(0, 0);
led.print("Enter B_B no. [0-5]");
led.setCursor(0, 1);
led.print("then press [*]");

while(1)



7]

char key = keypad.getKey();
iflkey=="*") goto B; /{1¥na [*] udaTlsunsunanmadileis B
iftkey=="0lkey=="1"|key=="2'| key=="3"| key=="4'l|key~="5")
{
blue_B = atoi(&key); /3 umnnusantiuduavilsemeiudunls blue B
B_B_S = atoi(&key); /5umminunasiuduavilszmaiiuguals B B s
led.setCursor(5, 2);
led.print("B_B =");
led.setCursor(10, 2);
led.print(blue B);
}
}
B: /lsznmeilandu B AﬁmmmNasmﬁamuﬁﬁé’ﬁ;ﬁaniunﬁm B
led.clear();
led.setCursor(5, 0);
led.print("R_B =");
led.setCursor(10, 0);
led.print(red B);
led.setCursor(5, 1);
led.print("G_B =");
led.setCursor(10, 1);
led.print(green B);
led.setCursor(s, 2);
led.print("B B =");
led.setCursor(10, 2);
led.print(blue_B);
lcd.setCursor(0, 3);
led.print("To Summary, press[#]");
1



void Box A() /1l3zmeamids Box A

{

{

{

myServol .write(0); /UBIABIFAT 1 MUY 90°
delay(1000};

myServo2.write{0); /luamﬂ{ﬁaﬁ 2 YU 90°
delay(1000);

myServo2.write(95); //M@Lﬂﬂgﬁ)’.]ﬁ 2 m,,uwi’ﬁﬂ 90°
delay({1000);

myServol.write(85); //Mﬂlﬁlﬁ){ﬁﬂﬁ | ﬂuu%’w 90°
delay(1000};

i

void Box_B() /l5zmiaida Box B

myServol . write(0); //uamafﬁaﬁ 1 #yuua1 90°
delay(1000);

myServo2.write(180); //uﬂma{ﬁqﬁ 2 mguuffm 90°
delay(1000);

myServo2.write{90); //M@Lﬂﬂgﬁﬁﬁ 2 YUV 90°
delay(1000);

myServol.write(85); //ijﬁll.ﬂﬂgﬁ’,lﬁ 1 "rilalquf’w 90°
delay(1000);

t
void Box_C()

myServol.write(180); /UDINDIHIN 1 WAL 90°
delay(1000};

myServol write(78); /mama%fﬁaﬁ FHyuu 90°
delay(1000);

}
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Features

* High Performance, Low Power Atmel® AVR®5-Bit Microcontroller
+ Advanced RISC Architeciure
— 135 Powerlul Instructlons —Mast Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Statle Operation
— Upto 16 MIPS Throughput at 16MHz
- OnChip 2-¢ycle Muliplier
* High Endurance Non-volatile Memory Segments
— 54K/128K/256KByles of In-System Self-Programmable Flash
— 4Kbytes EEPROM
- 8Kbytes Internal SRAM
~ Write/Erase Cycles:10,000 Flash/100,000 EEPROM
- Data retenlion: 20 years at 85°C/ 100 years at 25°C
— Optional Boot Code Section wilh Independent Lock Bits
+ In-Syslem Programming by On.chip Boot Program
+ True Read-While-Write Operation
~ Programming Lock for Software Security
+ Endurance: Up io 64Kbyles Optional External Memory Space
* Atme® QTouch® library support
~ Capacitive touch buttons, sliders and wheels
- QTouch and QMatrix® acquisitlon
- Upto 64 sense channels
¢ JTAG{IEEE std. 1149.1 compliani) interface
— Beundary-scan Capabiiities According to the JTAG Standard
~ Extenslve On-chip Debug Support
~ Programming of Flash, EEPROM, Fuses, and Lotk Bils through the JTAG Intedace
* Peripheral Fealuras
— Two &-bit Timer/Counters whh Separate Prescaler and Compare Mode
~ Four 16-bit Timer/Counter with Separate Prescaler, Compare- and Capture Mode
~ Real Time Counter with Separate Osclllator
~ Four 8-bit PWM Channels
— Slw/Twelve PWM Channels with Programmable Resolution from 2 fo 16 Bits
{ATmega1281/2561, ATmega640/1 280/2560)
— Output Compare Modulator
; — dhe-channel, 10-bit ADC {ATmegat281/2561, ATmegac40/1260/2560)
— Two/Four Programmable Serlal USART {ATmega1281/2561, ATmeya640/1280/2560)
- Masier/Slave 5P1 Seria) Interiace
— Byte Orlented 2-wire Serlal Interface
- Programmable Walchdog Timer with Separate On-chip Oscitlator
- On-chlp Analop Comparator
- Interrupt and Wake-up on Pin Change

~
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* Special Microcontroller Fealures
— Power-on Reset and Progremmable Brown-oul Detection
-~ Internal Callbrated Oscillator
— Exlernal and Internal Interrupt Sources

— Shi Sleep Modes: Idle, ADC Nolse Reducllon, Power-save, Power-down, Standby,

and Extended Standby
* YO and Packages
— 54/86 Programmable /O Lines (ATmegal281/2561, ATmegas40/1280/2560)
— 64-pad QFNAILF, 84-lead TQFP (ATmegal1281/2561)
— 100-tead TQFP, 100-ball CHGA (ATmegasa0/1280/2560)
— RoHSfFully Green
s Temperature Range:
- -40°C to 85°C Industrlal
s Ultra-Low Power Consumption
— Active Mode: 1MHz, 1.8V: BDOLA
— Power-down Mode: 0,1uA al 1.8Y
» Speed Grade:
— ATmega640V/ATmegat280V/ATmegal1281V:
*» 0-4AMHz @ 1.8V - 5.5V, 0 - 8BMHz @ 2.7V - 5.5Y
— ATmega2560V/ATmega2b61V:
* 0-2MHz @ 1.8V -6.5Y,0- 8MHz @ 2.7V - B.5V
— ATmegas40/ATmegai 280/ATinegal2si;
s 0-8MHz @ 2.7V -5.6Y,0 - 16MHz @ 4.5V - 5.5V
= ATinega2560/ATmega2661:
+ 0-16MHz @ 4.5V - 5.5V
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TCS230

TADS048 — JANUARY 2003

1 I AOSI PROGRAMMABLE
A COLOR LIGHT-TO-FREQUENCY CONVERTER
[ ]

High-Resolufion Converslon of Light

? S0IC PACKAGE

Intensily to Frequency (FOP VIEW)

Programmable Coler and Full-S¢ale Output

Frequency SO 1L U__J IU__J 8 53

Communicates Directly With a Microcontroller S1 2 [{] Dj 7 52

Single-Supply Operation (2.7 Vto 55V . EI
inate-Subply. p { ! OF 3]} [Ho 6 our

Power Down Feature )

Nonlinearity Error Typicatly 0.2% at 50 kHz GND 4 |- &3 5 Voo

Stable 200 ppm/ C Temperature Coefflcient

Low-Profile Surface-Mount Package

Description

The TCS230 programmable colar light-to-frequency converter combines configurable silicon phetodiodes and
a current-lo-lrequency converter on single monalithic CMOS integraled circuit. The outpul is a square wave
{50% duly cycle) wilh frequency direclly proportional to fight intensity (irradiance). The full-scale outpul
Irequency can be scaled by one of three presel values via bwo control input pins. Digilal inputs and digilal oulput
allow direc! interface 10 a microcontroller or other togic circullry. Oulput enable (OF) places the oulput in the
high-impedance state for mulliple-unit sharing of a microcontroller input line.

The lighl-to-frequency converter reads an 8 x 8 array of pholodiodes. Sixteen phatadiodes have blue filters, 16
photodiodes have green fillers, 16 pholodicdes have red filters, and 16 photodiodes are clear wilh no filters.
The four types {colors) of photodicdes are interdigitated to minimize {he effect of non-uniformily of incident
irradiance. All 16 photediodes of the same color are connscled in parallel and which type of photodiode Ihe
device uses during operation is pin-selectable. Photadiodes are 120 nm x 124 pim in size and are on 144-um
centers.

Functional Block Dlagram

L v e Y o A e et i
| e LT
| ; | .
" Current-to.Frequency ; :
Light 4 P oded Converter | |
L._._._T._'_ ________ _I_.T._..__._l .
w 2f B3y - 50 $ OF
Terminal Functions
TERMIRAL (L] DESCRIPTION
NAME NO, o
GND 4 Power supply ground. Al voliages are referenced to GND.
OF 3 I | Enabia for T, {active law).
ouT i3 o] Qulput requency (fo)
50, 51 1,2 I Quiput requency scaling selection inputs.
S§2,83 7.8 ! Photodiode type seleclion inputs.
Voo 5 Supply voltage
Table 1. Selectable Options
30 51 GUTPUT FREQUENCY SCALING (I} 52 83 PHOTODIODE TYPE
L L Pawer down L L Red
L H 2%, L H Blua
H L 20% H L Clear {na filter)
H H 100% H H Green




Electrical Characteristics at Ty = 25°C, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vou High-level oulput vollage loy = —4 mA 4 4.5 v
VaL Low-level auiput vollage oL =4 mA 0.25 040 v
by High-level inpul current 5 pA
I Low-level inpul current 51 pA
Power-on mode 2 3l ma
oo Supply current Power-down mode ? 15 pA
S0=H,8i=H 500 600 kHz

Full-scale frequency {See Nole 2) 80=H,S51=L 100 120 kHz

80=L 81=H 10 12 kHz

Temperalure coefficient of oulpul frequency 22700 nm —25'C £ Ty < 70°C 2200 ppm/“C
ksvg Supply vollage sensilivity Vop =5V 210% .5 wV

NOTE 2: Full-scale frequeney is the maximum eperating frequency of the device wilhoul saturation,

Operating Characleristics at Vpp = 5V, T = 25°C, 50 =

(See Notes 3, 4, 5, 6, and 7).

H, 81 = H (unless otherwise noted)

CLEAR BLUE GREEN RED
TEST PHOTODIODE PHOTODIODE PHOTODIODE PHOTODIODE
PARAMETER CONDITIONS S$2=H,53=L S2=1,83=H 82=H,83=H S2=1,83=L | UNIT
MIN  TYP MAX | MIN TYP MAX | MIN TYP  MAX | MIN TYP MAX
E. = 45.6 pWriem?Z
:,:= 470 i 16 20 24 | 1.2 164 216 kHz
Eq = 39.2 pWiem?,
o fomp,_,l g = 524 am % 20 24 6 136 192 kHz
requency -~
Ee = 32.8 nWiom?,
3= 835 nm 16 20 24 14 18 24| kHz
E.=0 2 12 2 12 2 12 2 12| Hz
Jp =470 nm 439 360 88 H
R, lrfadiant_‘r?ty 3p =524 nm 510 189 347 46 [:%
respon sivity [———
{Nole 8) 4p = 5B5 nm 549 49 318 110 o)
Lp =635 nm B10 30 ar 579
25 =470 nm 1370 1670
ISalgralfon ip= 524 0m 1180 1730 AW
rradiance T 2
{Note 9) = 565 nm 1080 1890 om
Xp = 835 nm 980 1040
1 = 470 nm 585 480 17 41
R, :i:mz:\v?ﬁr )y = 524 nm 28 6 87 9 He!
{Note 10) | *p. 565 nm 92 8 53 13 Ix
}p =635 nm 407 20 25 L4
fa=010 5 xHz 10.1% 201% 1% =0,1% % F.5.
m&tﬂm“ﬁ' 1o~ 010 50 kHz . 10.2% +0.2% £0.2% =0.2% % FS.
fg = 0to 500 kHz 10.5% 10.5% 205% =0.5% % kS,
Recovery
from power 100 100 100 100 ns
down
Response
time o out-
pul enable 100 100 100 100 ns
(CE)
NOTES: 3. Oplical measurements are mada using small-angla incident radiation from a fight-emilting diode {LED) oplical source.

4. The 470 nm inpul Iradiance is supplied by an InGaM light-emitting diode with 1he following characlenstics:
peak wavelength L, = 470 nm. speciral halkwidth A%%5 = 35 pm, and luminous eflicacy = 75 Im/W.

5. The 524 nm input irradiance is supplied by an InGaM light-emiiting diode with the following characlenislics:
peak wavelenglh ho= 524 nm, speciral haltwidth A% 14 = 47 nm, and lumincus effficacy = 520 Im/wW.

6. The 565 nm input irradiance is supplied by a GaP Fghl-emilling diode with the following characteristics:
peak wavelength L, = 565 nm, spectral halfwidlh &2.'% = 28 nm, and luminous efficacy = 595 ImfW.

7. The 635 nm inpul irradianca is supplied by a AllnGaP fight-emitting dicde with the following characteristics:
peak wavelength 4, = 635 nm, spectral hathwidlth A% = 17 nm, and luminous eficacy = 150 ImAW.

8. Inadlance responsivity R, is characterized over the range lrom zero lo 5 kHz.

9. Saluralion sradianee = (full-scale frequency)(iradiance responsivity).

4,5, and 6 and using 11x= 1 InYm2.
1. Nonlinearily is defined as the devialion of fg froin a straight line betwean zera and full scafs. axpressed as a percent of ful] scale,

. llfurminance responsivity Ry is calculated from the irradiance responsivity by using the LED luminous efficacy values slated in noles
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\/ Web Site: www. parallax.com Office: (916) 524-8323
%4 Forums. lorums parafax.com Fax: (916} 624-8003
/\ Sales: sales@parallax.com Sales; (888)512-1024

Technical: supporidEparaliax.com Tech Suppert: {B88) 957.8267

4x4 Matrix Membrane Keypad (#27899)

This 16-button keypad provides a useful human interface component for microcontroller projects.
Convenient adhesive backing provides a simple way to mount the keypad in a variety of applications,

Features
*  UDltra-thin design
* Adhesive backing
* Excellent price/performance ratio
* Fasy interface to any microcontroller

*  BExample programs provided for the BASIC
Stamp 2 and Propeller P8X32A
microcontrollers

Key Specifications
¢ Maximum Rating: 24 VDC, 30 mA
* Interface: 8-pin access to 4x4 matrix

*  QOperating temperature: 32 to 122 °F
(0 to 50°C)

* Dimensions:
Keypad, 2.7 x 3.0 in (6.9 x 7.6 cm)
Cable: 0.78 x 3.5 in (2.0 x 8.8 ¢cm)

Application ldeas
¢ Security systems
*  Menu selection
* Data entry for embedded systems

i
£
§
=




How it Works

Matrix keypads use a combination of four rows and four columns to provide button states to the host
device, typically a microcontroller. Underneath each key is a pushbutton, with one end connected to one
row, and the other end connected to one column. These connections are shown in Figure 1.

04 o i s o,

87654321

Figure 1: Matrix Keypad Connections

In order for the microcontroller to determine which button is pressed, it first needs to pull each of the
four columns (pins 1-4} either low or high one at a time, and then poll the states of the four rows
(pins 5-8). Depending on the states of the columns, the microcontroller can tell which button Is pressed.

For example, say your program pulls all four columns fow and then pulls the first row high, It then reads
the Input states of each column, and reads pin 1 high. This means that a contact has been made
between colunmn 4 and row 1, so button *A’ has been pressed.
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Connection Diagrams

Figure 2

For use with the BASIC Stamp
example program listed below.

Figure 3

For use with the Propeller PBX32A
example program listed below,

[1](2] (3] [A]
4][5][6] [B]

71818l [C]

[1]12] [3](A]
4][5] (6] [B]

7118] [S][€]

[+][e] [#] D] |[x] [e] [#] D]

NN—C O P?

M Pe

k bS

P4

P3

P2

P

<__ > P@
— > P7
———C o P6
————C_OP5
P4
———(P3
T =Xp?
P1
Imm— G o
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HD44780U

Pin functions

No, of Device
Signal Lines 1o Interfaced with  Function
RS 1 [ MPU Selects registers.
0" Instruction register (for write) Busy llag:
address counter (for read)
1. Data register {for write and read)
RW 1 | MPU Selecls read or write.
0: Write
1: Read
E 1 | MPU Slanis dala readiwrite.
DB4 1o DB7 4 7O MPU Four high order bidirectional frislale dala bus
pins. Used for data lransfer and receive between
Ihe MPU and the HD447300). BT can be used
as a busy flag.
D80 1o DB3 4 o MPU Four lew order bidirectional Iristate data bus pins.
Used for dala transfer and receive between the
MPU and the HD44780U.
These pins are nol used during 4-bit operation.
CL1 1 Q Exlension driver  Clock to lafch serial data D sent lo the exlension
driver
CL2 1 O Extension driver  Clock to shift serial data D
L 1 (o] Exlension driver  Swiltch signal for converting the liquid crystal
drive waveform to AC
D 1 O Extension driver  Character patlern data corresponding to each
segment signal
COM1 to COM1B 16 O LCD Common signals thal are nol used are changed
{o non-gelection waveforms. COMS o COM16
are non-seleclion waveforms at 1/8 duty faclor
and COM12 to COM16 are non-seleclion
waveforms al 1/11 duty factor,
SEG1 to SEG40 40 o LCD Segmenl signals
Vilo Vb 5 — Power supply Power supply for LCD drive
Ve =V5 = 11 V (max)
Ve GND 2 — Power supply V.. 2.7V 16 5.5V, GND: OV
OSCt, OSC2 2 _— Oscillalion When cryslal oscillation is performed. a resistor
resistor clock musl be connected extemnally, When the pin input
is an external clock, il must he input to QSC1.
HMCS4019R HD44780
DIS|— RS comtto| 16
Dl4}l—RW COM16
D13 §— —=E LCh
4 SEG1to| 40
R10lo R13 f*———— | DB4 lo DBY SEGa0|




Function Description

Registers
The HD44780U has two 8-bit registers, an instruction register (IR) and a data register (DR).

The IR stores instruction codes, such as display clear and cursor shift, and address information for display
data RAM (DDRAM) and character generator RAM (CGRAM). The 1R can only be writlen from the MPU.

The DR temporarily slores data to be written into DDRAM or CGRAM and temporarily stores data te be
read from DDRAM or CGRAM. Data written into the DR from the MPU is automatically written into
DDRAM or CGRAM by an internal operation. The DR is also used for dain storage when reading data
from DDRAM or CGRAM. Wlen address information is wrilten into the IR, dota is read and then stored
into the DR from DDRAM or CGRAM by an internal operation. Data wansfer between the MPU is then
completed when the MPU reads the DR, Aficr the read, data in DDRAM or CGRAM at the next address is
sent to the DR for the wext read from the MPU. By the repister selector {RS) signal, these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the internal operation mode. and the next instruction will not
be accepted. When RS = 0 and R/W =] (Table 1), the busy flag is oufput 1o DB7. The next instruction
must be wrilten after ensuring that the busy flag is 0.

Address Connter {(AC)

The address counter {AC) assigns addresses to both DDRAM and CGRAM. When an address of an
instruetion is written into the IR, the address information is seat from the IR to the AC. Selection of cither
DDRAM or CGRAM is also determined concurrently by the instruction.

After writing into (reading from) DDRAM or CGRAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then outpnl 1o DBO ro DB6 when RS = 0 and R/W = 1 (Table 1.

85

Table 1 Register Selection

RS RW Operation

0 0 IR write as an inlernal opsration (display clear, el¢.)

0 1 Read busy ftag {DB7) and address counler {DBOQ lo DB8)

1 0 DR write as an intemal operation (DR 1o DDRAM or CGRAM) T
1 1 PR read. as an internal operalion (DDRAM or CGRAM to DR)
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