JlaGopaTopHa pooora Nel
Tema: IIporpamyBanns podota Pololu m3pi.
Meta: PoziOparucs 3 Oy1oBor0 Ta HABYUTHCS TIporpamyBaTi podorta Pololu m3pi.
3aBaannsa: 3MIHMTH NPOrpaMy 3MEHIIMBIIU 200 30iIbIIMBIIN IBUIKICTH PYXY

BEAM po6otu - BEAM € abpesiatypoio Bix Biology, Electronics, Aesthetics,
Mechanics. Lle TepMiH, 1110 MO3HAYa€ TPUHIIHI MTOOYTI0BA POOOTIB, III0 BUKOPHUCTOBYE
MPOCTI aHAJIOTOBI JIAHITIOTH (HAIIPHUKJIAA, KOMITAPATOPH) 3aMICTh MIKpOIIPOIIECOPIB 3
METOI0 JIOCSATTH HE3BUYHO IMPOCTOTO (B MOPIBHSHHI 3 TPAIUIIHHUMHU TEPECYBHUM
pobotamu) nu3aiiHy, SIKHil KepTBYE€ THYUKICTIO pajd HAAIMHOCTI 1 €(pEeKTUBHOCTI
BUKOHAHHS BHUpa3HO 3aBiaaHHsA. OOHAK, iICHYIOTh BHHSTKH, SKI BUKOPHCTOBYIOTh He
TUTBKM aQHAJOTOBI JIAHIIOTH (3BaHI «MyTaHTamn»). Pobotm BEAM 3a3Buyaii
MPEJCTaBIAIOTh CO00I0 Haldlp BHINE3raJaHUX AaHAJIOTOBUX JIAHINIOTIB (KOIIIOE
010J10T14H1 HEUPOHH ), SIK1 JIO3BOJISIIOTH POOOTY B3a€EMOISITH 3 POOOYUM OTOUCHHSIM.

Puc. 1 - Po6ot Pololu m3pi, po3mmpena Bepcis

HaGip ayist ctBopenHs 3pi Bl aMmepukaHcbkoi komranii Pololu. Ile moBHoIIHHA,
BHCOKOIPOJIYKTHBHA MOO1IbHA TUIaTGopMa 3 JBOMA MIKPOMOTOpPaMU 3 PEAYKTOPOM,
m'aTbMa gaTdyukamu Bioopaxkenus, LCD ekpanoM 2 psiiku 10 8§ CHMBOJIIB, THHAMIKOM
1 TpbOMa KHOMNKaMHM JJIsl Pi3HUX NOTped (MmporpaMmyroTbes KopuctyBaueM). Bee ne
MIIKII0OUYEHO 10 MikpokoHTponepy ATmega328, sxuii MokHa mporpamyBaTH Ha
3pydyHomy BaM MoBor0 (C, C ++ 1 3BuuaitHo * Arduino). PoGoT 31aTHHil po3BUBATH
IBUJKICT 10 MeTpa B cekyHay. JloOpe miaXoauTh JJjIsi  TOYaTKIBIIIB
pobOoTocTpoiTeNet 1 sl TUX, XTO BXKE HArpaBCs 3BHYAMHUMHU HEMPOrpaMoOBaHi
poboTamu.

Crouatky poOOT MpOEKTyBaBCS ISl y4acTi B 3MaraHHsAX 3a MporpaMamu
"cnimyit 3a miHIe" a00 "3HalM BUX1] 3 1a0IpUHTY", 10 HE 3aBa)Ka€ 3pOOUTH 3 HHOTO
10-HeOyAb 1€, HalpHUKIaa AOMAIIHBOTO OXOPOHIS (IIPOCTO MPUMOTATH 0 HBHOTO
130JICHTOIO IJIa3MOBY rapMary). Po6ot qocuth koMmakTHuit (9.5 cM B qiametpi, 83 rp.
Baru 6e3 6atapeii), npaiiroe Big 4 6arapeiiok po3mipy AAA (He BXOJSATh B TTIOCTaBKY),
B TOM yac K yHIKaJbHa CUCTEMa >KMBJICHHS 3a0e3meuye Ha MOTopax mocTiiHi 9.25B



HE3aJIeKHO BiJ] CTYIIEHS PO3PsAIKH OaTapei, T03BOJSI0YN PO3BHHYTH MIBUIKICTH 10 1
MeTpa B CEKyHIy, 3a0e3Medyrodr TOYHI MOBOPOTH 1 PO3BOPOTH HE3AIECIKHO BIJ
Harpyru 0arapei (camo-co0010 10 THX ITip, TOKK BOHU HE CATYTh 30BCIM).

Pololu 3pi Robot Simplified Schematic Diagram
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Puc. 2 - TIpuniunoBo-enekTpudna cxema Pololu m3pi

[Tporpamyetbest pobot Ha MoB1 C / C ++ 3 AVR Studio (MoxHa 1 Ha AceMOepi,
SKIIO BU CHPABXHINA JKeIail) 3a TOMOMOTOH BUOOpPY mporpam. Tak caMO MOKHA
MYCcaTy MPOIMMBKY Ha MOB1 Arduino 1 3ammBatu ii 3 Arduino IDE, ane mist iboro 3H0BY
TaKu 3HaJI00MThCA Mporpamatop. Mo3koMm poboTa BUCTyMNae MIKpOKOHTposiep Atmel
ATmega328P (takwmii ke sik B Arduino Uno, Nano 1 in.), [I{o mpaittoe Ha gactoTi 20
MI'11 (To6TO TpoXH CHPUTHIIIE BUIIE3a3HaAUYCHUX ApyiHO MpaIoTs Ha 16 MI') 1
Hece Ha Oopty 32 k6 mam'stTi mijg nporpamu, 2 k6 O3Y 1 1 k0 He3anexHIA mam'saTi
EEPROM. Ionynsipai C / C ++ xoMTiasTOpH BIAMIHHO TpairooTh 3 3pi, Atmel Studio
HaJlae koMdopTadenbHy cepeIoBHUILE PO3POOKH 1 IUpoKuid Habip 610mioTek Bij Pololu
HAJAI0Th 1HTEp(]EIC i TOCTYITy A0 BChOTO IHTETPOBAHOTO B poOOTI 3a5103y. SIK Bke
TOBOPWJIOCS, THUCATH MpoTrpaMu g 3pi MOXKHA 1 3a JIOMOMOTOI0 TOIMYJISIPHOI
cepenoBuiia po3podku Arduino IDE, BupoOHUK Halae BEIUKY KiJIbKICTh TOTOBUX
MIPUKITAJIIB SIK JUIS 3HAHOMCTBA 3 PI3HOMAHITHUMH KOMIIOHEHTaMH 3pi, Tak 1 I O1IbIIT



KOMIUIEKCHOTO TOBEJIHKH, TaKOro SIK CHiAyBaHHS 3a JIHIEO 1 MOIIYK BHUXOIY 3

Ta0ipUHTY.
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Puc. 3 — Po3MileHHs eJ1eMEHTIB Ha IUI1aTI

InTepdeiic nporpamu Arduino 1t NPporpaMyBaHHA KOHTPOJIepa

Arduino (ApayiHo) — amaparHa

oOuucioBaibHa  TIaThopMa IS

aMaTOPCHKOTO KOHCTPYIOBaHHS, OCHOBHUMH KOMIIOHGHTaMH SIKOI € TUIaTa
MIKpDOKOHTpOJIEpa 3 €JIEMEHTaMH BBOJY/BHBOJly Ta CEpENOBHUIIEC PO3POOKH
Processing/Wiring Ha MOBI mporpamyBaHHs, 10 € miaMHOkuHOI C/C++.Arduino
MOKE BUKOPHUCTOBYBATHCS SK JJII CTBOPCHHS aBTOHOMHHMX IHTEPAKTHBHUX O0'€KTIB,
TakK 1 MIJKIIOYATHACS IO IPOTPAMHOTO 3a0€3MeUeHHs, IKE BUKOHY€EThCS Ha KOMITFOTEPI
(mampukiiaz: Processing, Adobe Flash, Max/MSP, Pure Data, SuperCollider).
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[Hdopmariis mpo miuaty (pUCyHOK APYKOBAHOI IUIATH, crielu(ikallii eJIeMEHTIB,
nporpaMHe 3a0e3NeYeHHs) 3HAXOAAThCS Y BIAKPUTOMY JOCTYMi 1 MOXYTb OyTH
BUKOPHUCTaHI TUMH, XTO BOJII€E CTBOPIOBATH IJIaTH BIACHOPYY.



[Ipuknaa koay st pyxy 1 CHIAKYBaHHIO 3a JIIHIEIO

Il The following libraries will be needed by this demo
#include <Pololu3pi.h>

#include <PololuQTRSensors.h>

#include <OrangutanMotors.h>

#include <OrangutanAnalog.h>

#include <OrangutanLEDs.h>

#include <OrangutanLCD.h>

#include <OrangutanPushbuttons.h>

#include <OrangutanBuzzer.h>

Pololu3pi robot;
unsigned int sensors[5]; // an array to hold sensor values
unsigned int last_proportional = 0;

long integral = 0;

I/ This include file allows data to be stored in program space. The
// ATmegal68 has 16k of program space compared to 1k of RAM, so large
/I pieces of static data should be stored in program space.

#include <avr/pgmspace.h>

/I Introductory messages. The "PROGMEM" identifier causes the data to

// go into program space.

const char welcome_linel[] PROGMEM =" Pololu";
const char welcome_line2[] PROGMEM = "3\xf7 Robot";
const char demo_name_linel[] PROGMEM = "PID Line";

const char demo_name_line2[] PROGMEM = "follower";



/I A couple of simple tunes, stored in program space.
const char welcome[] PROGMEM = ">g32>>¢32";
const char go[] PROGMEM = "L16 cdegreg4";

// Data for generating the characters used in load_custom_characters
/[ and display_readings. By reading levels[] starting at various
I/ offsets, we can generate all of the 7 extra characters needed for a
// bargraph. This is also stored in program space.
const char levels[] PROGMEM = {

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

0b00000,

Ob11111,

Ob11111,

Obl11111,

Obl11111,

Ob11111,

Obl11111,

Obl11111

}

// This function loads custom characters into the LCD. Upto 8
I/ characters can be loaded; we use them for 7 levels of a bar graph.
void load_custom_characters()

{

OrangutanLCD::loadCustomCharacter(levels + 0, 0); // no offset, e.g. one bar



effect

OrangutanLCD::
OrangutanLCD::
OrangutanLCD::
OrangutanLCD::
OrangutanLCD:
OrangutanLCD::
OrangutanLCD::

}

loadCustomCharacter(levels + 1, 1); // two bars
loadCustomCharacter(levels + 2, 2); // etc...
loadCustomCharacter(levels + 3, 3);

loadCustomCharacter(levels + 4, 4);

:loadCustomCharacter(levels + 5, 5);

loadCustomCharacter(levels + 6, 6);

clear(); // the LCD must be cleared for the characters to take

// This function displays the sensor readings using a bar graph.

void display_readings(const unsigned int *calibrated_values)

{

unsigned char i;

for (i=0;i<5;i++) {

/I Initialize the array of characters that we will use for the

// graph. Using the space, an extra copy of the one-bar

/Il character, and character 255 (a full black box), we get 10

/l characters in the array.
const char display_characters[10]1={'",0,0, 1, 2, 3, 4,5, 6, 255 };

/I The variable ¢ will have values from 0 to 9, since

/[ calibrated values are in the range of 0 to 1000, and

// 1000/101 is 9 with integer math.

char ¢ = display_characters[calibrated values[i] / 101];

// Display the bar graph character.

OrangutanLCD::print(c);



/I Initializes the 3pi, displays a welcome message, calibrates, and
I/ plays the initial music. This function is automatically called

// by the Arduino framework at the start of program execution.
void setup()

{

unsigned int counter; // used as a simple timer

/I This must be called at the beginning of 3pi code, to set up the
I/ sensors. We use a value of 2000 for the timeout, which

I corresponds to 2000*0.4 us = 0.8 ms on our 20 MHz processor.
robot.init(2000);

load_custom_characters(); // load the custom characters

// Play welcome music and display a message
OrangutanLCD::printFromProgramSpace(welcome_linel);
OrangutanLCD::gotoXY(0, 1);
OrangutanLCD::printFromProgramSpace(welcome_line2);
OrangutanBuzzer::playFromProgramSpace(welcome);
delay(1000);

I/l OrangutanLCD::clear();

/I OrangutanLCD::printFromProgramSpace(demo_name_linel);
/I OrangutanLCD::gotoXY (0, 1);

/I OrangutanLCD::printFromProgramSpace(demo_name_line2);
/I delay(1000);

// Display battery voltage and wait for button press



while (!OrangutanPushbuttons::isPressed(BUTTON_B))

{
int bat = OrangutanAnalog::readBatteryMillivolts();

OrangutanLCD::clear();
OrangutanLCD::print(bat);
OrangutanLCD::print("mV");
OrangutanLCD::gotoXY (0, 1);
OrangutanLCD::print("Press B");

delay(100);

/I Always wait for the button to be released so that 3pi doesn't
// start moving until your hand is away from it.
OrangutanPushbuttons::waitForRelease(BUTTON_B);
delay(1000);

I/ Auto-calibration: turn right and left while calibrating the
/] sensors.
for (counter=0; counter<80; counter++)
{
if (counter < 20 || counter >= 60)
OrangutanMotors::setSpeeds(40, -40);
else

OrangutanMotors::setSpeeds(-40, 40);

I/ This function records a set of sensor readings and keeps
/I track of the minimum and maximum values encountered. The

I IR_EMITTERS_ON argument means that the IR LEDs will be



// turned on during the reading, which is usually what you
I/ want.

robot.calibrateLineSensors(IR_EMITTERS_ON);,

// Since our counter runs to 80, the total delay will be
1/ 80*20 = 1600 ms.
delay(20);

}
OrangutanMotors::setSpeeds(0, 0);

// Display calibrated values as a bar graph.
while (!OrangutanPushbuttons::isPressed(BUTTON_B))
{
// Read the sensor values and get the position measurement.

unsigned int position = robot.readLine(sensors, IR_EMITTERS_ON);

/[ Display the position measurement, which will go from 0
/I (when the leftmost sensor is over the line) to 4000 (when
/I the rightmost sensor is over the line) on the 3pi, along

// with a bar graph of the sensor readings. This allows you
// to make sure the robot is ready to go.
OrangutanLCD::clear();

OrangutanLCD::print(position);
OrangutanLCD::gotoXY (0, 1);

display_readings(sensors);

delay(100);

by
OrangutanPushbuttons::waitForRelease(BUTTON_B);



OrangutanLCD::clear();

OrangutanLCD::print("Go!"),

// Play music and wait for it to finish before we start driving.
OrangutanBuzzer::playFromProgramSpace(go);

[fwhile(OrangutanBuzzer::isPlaying());

// The main function. This function is repeatedly called by

I the Arduino framework.

void loop()

{
/I Get the position of the line. Note that we *must* provide
/I the "sensors" argument to read_line() here, even though we
/[ are not interested in the individual sensor readings.

unsigned int position = robot.readLine(sensors, IR_EMITTERS ON);

// The "proportional” term should be 0 when we are on the line.

int proportional = (int)position - 2000;

I/l Compute the derivative (change) and integral (sum) of the
/I position.
int derivative = proportional - last_proportional;

integral += proportional;

// Remember the last position.

last_proportional = proportional;

/I Compute the difference between the two motor power settings,



// m1l - m2. If this is a positive number the robot will turn

// to the right. If it is a negative number, the robot will

// turn to the left, and the magnitude of the number determines

/I the sharpness of the turn. You can adjust the constants by which
/I the proportional, integral, and derivative terms are multiplied to
/l improve performance.

int power_difference = proportional/20 + integral/10000 + derivative*3/2;

// Compute the actual motor settings. We never set either motor
/[ to a negative value.
const int maximum = 30;
if (power_difference > maximum)
power_difference = maximum;
if (power_difference < -maximum)

power_difference = -maximum;

if (power_difference < 0)
OrangutanMotors::setSpeeds(maximum + power_difference, maximum);
else

OrangutanMotors::setSpeeds(maximum, maximum - power_difference);

Jlnist cTBOpeHHs ¢airy nmpommBKy y Gopmari .Nex HeoOXiTHO BUKOHATH Mapy
OPOCTUX JI1H.

Y mnporpami Arduino IDE mnepexogumo B MeH0 «CKeTY» 1 HATUCKAEMO
«Excmopt GinapHoro (aiiiay», abo nmpocto kombiHaitito kiagim Ctrl+Alt+S.



@ gpio_wﬁte_bitfm-]_ q EE |

Daiin Mpaeka |Cretd | VincTpymenter Momowe

Mposepute/Komnunnposate Ctrl+R
3arpyska Ctrl+U
gpio_write_} 3arpysuTe Yepes nporpammatep  Chrl+Shift+ U
18 kcnopT BuHapHoro daiina Ctrl+Alt+5 I
b
3 MNoKazaTe Nanky ckeTya Ctrl+K
i MNoakntounte BuBanotery 4
& #defing JoBasute dain.

7 fdefine FIN FOET GFICE
= fdefine PIN_BIT 4
10 HardwareTimer pwmtimer{l); //FiuMz

m

12[E woid setupi) {

13 //pinMode (PIN, OUTEUT);
14 //pinMode (PIN, DWM);
15 //pinMode (PRE, DWM); J /WML

17 pinMode (PIN, DWM);
18 pwmtimer . setPrescaleFactor(l);
159 pwmtimer . setPericd (50);

—_—

]

id loop{) {
for (int i = 07 1 < 85535; i+=50)
{
pwmdzrite (PIN, i);
delay{20) 7
}
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3aBanTaxxeHHst npommBku y Pololu 3pi

3aBaHTAXKEHHSI MPOIIMBKU y BUKOHYETHCS 3a JOIMOMOIOIO IMPOrpammaropa
USBASP-ISP AVR V2 uepe3 nporpamy khazama AVR Programmer.

Puc. 5 - ITIporpammatop USBASP-ISP AVR V2
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Odopmiienns 3BiTy

3BIT OBUHEH MICTUTH:

- Ha3BYy Ta METY pOOOTH;

- aJITOPUTM POOOTH POOOTa (CTpATETiUYHUI Ta TAKTUYHI PiBHI);

- ONHC TEXHIYHUX CKJIAJOBHX poOOTa Ta iX XapaKTEpHCTUKH (CHpHIMArOdi
€JIEMEHTH, BUKOHABY1 MEXaHI3MH Ta iH.);

- mporpamMy 3aBaaHHs, Harmcany B Arduino IDE;

- BUCHOBKH I10 pOOOTI.



