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Zadani

S vyuzitim 10 karty sestavte v jazyku C# program pro ovladani modelu robota. Dle svého uvazeni
zvolte bud’ prostfedi konzolové aplikace nebo grafické prostfedi. Vysledné feSeni musi obsahovat
nasledujici funkcionalitu:

- Automatické nastaveni vychozi polohy v§ech pohonti

- Manualni ovladani robota prostfednictvim ovladace s ukladanim provedené¢ho pohybu do souboru
v libovolné podobé& (zamyslete se nad efektivnosti zvolené¢ho forméatu)

- Zopakovani manudlné€ nau¢eného pohybu ulozené¢ho v souboru
- PriibéZn4 a pouZitelnd indikace aktudlni operace a stavu zatizeni na monitoru

Teorie

Robot je napijen +5V/0,5A pro logickou cast a +12/1,5A pro motory. Maximalni taktovaci
kmitocet je 450Hz, coz odpovidd dvéma milisekunddm. Motory jsou aktivni v logické 0, smér
otaCeni se nastavuje zvlast a je jiny u kazdého motoru (viz tabulka nize). Pokud je pozice na IR
zéavote, bude aktivni logickd 0. Pokud jsou vSechny zavory v nule, je robot ve vychozim stavu.

SMER _OTACENI Log. 1 Log. 0

Horizontalni otaceni Po sméru hodinovych ruci¢ek Proti sméru hodinovych ruci¢ek
Hlavni rameno dolt nahoru

Chapadlo zavrit oteviit

Rameno s chapadlem nahoru dolu

Popis FeSeni
Po zapnuti se program ptipoji k PCI desce. Robot se piesune do vychozi polohy: hybe s ¢astmi,
dokud se neaktivuje IR zavora. Otaceni zakladny nejprve zkusi jet 90 stupiii po sméru hodinovych

rucicek, a nasledné proti sméru dokud se neaktivuje zdvora. Po nacteni vychozi pozice se otevie
grafické rozhrani s tlacitky pro pohyb.

Uzivatel miize nastavit pocet kroki pomoci NumericUpDown prvku. Po zmacknuti jakéhokoliv
tlacitka na pohyb se nastavi jedna z proménnych urcujici ktery pohyb a jakym smérem se ma
vykonat (viz tabulka nize). Nastavi se status text, a tikne se hodinami pomoci voidu clockTick().
Ten pomoci smyc€ky a nastavenych proménnych vold voidy v classe RobotController, ¢imz se
vykonaji jednotlivé akce. Po skonfeni smycky a ptikazi se proménné a status text resetuji. Robot
nasledné ¢eka na dalsi ptikazy.

Pokud chce uzivatel vykonat akce znovu, miize je ulozit jako soubor s ptikazy (format v podstaté
CSV, jenom pouziva jinou piiponu, aby uzivatel neoteviel tabulku) a ten nasledné nacist.

Rozbor proménnych a metod

Forml.cs - hlavni okno a ¢ast programu

int rotate Z4dany smér ota¢eni zakladny

int mainArm Zadany smér hlavniho ramene

int secondArm Zadany smér ramene s chapadlem




int grabber Zadany smér chapadla

String pastActions Uklada ptedchozi akce pro jejich znovu spusténi
Forml1 () Inicializace

void moveToStart() Robot se ptesune na vychozi pozici

void clockTick(decimal steps) Tikne hodinami [steps] krat

void setStatus(String text) Nastavi status text

btnTurnClockwise_MouseDown(...)
btnTurnCounter_MouseDown(. . .) Tlacitka pro otaceni zakladny

btnTurn_MouseUp(...)

btnMainUp_MouseDouwn(...)
btnMainDown_MouseDown(. . .) Tlacitka pro hlavni rameno

btnMain_MouseUp(...)

btnSecUp_MouseDouwn(. . .)
btnSecDown_MouseDouwn(. . .) Tlacitka pro rameno s chapadlem

btnSec_MouseUp(...)

btnGrabOpen_MouseDouwn(. . .)
btnGrabClose_MouseDouwn(. . .) Tlacitka pro chapadlo
btnGrab_MouseUp(...)

btnSave_Click(...) Tlacitko pro ulozeni do souboru
btnLoad_Click(...) Tlacitko pro nacteni ze souboru
parseFile(String controlScript) Nacitani ze souboru

RobotController.cs - ovladani robota samotného

RobotController(Controller c) Konstruktor

void setup() Nastavi vychozi hodnoty

void turnClockuwise() Otoci zakladnu po sméru hodinovych rucic¢ek
void turnCounter() Otoc¢i zékladnu proti sméru hodinovych ruci¢ek
void turnStop() Zastavi otaCeni

void mainArmUp() Nahoru s hlavnim ramenem

void mainArmDown() Dolt s hlavnim ramenem

void mainArmStop() Zastavi hlavni rameno

void secArmUp() Nahoru s ramenem s chapadlem




void

secArmDown ()

Dolti s ramenem s chapadlem

void

secArmStop()

Zastavi rameno s chapadlem

void

grabberOpen()

Otevira chapadlo

void

grabberClose()

Zavira chapadlo

void

grabberStop()

Zastavi chapadlo

bool

getTurnStop()

Vrati true, pokud se nachazi na zavoie otaceni

bool

getMainArmStop()

Vrati true, pokud se nachdzi na zavote hlavniho ramene

bool

getSecArmStop()

Vrati true, pokud se nachdzi na zavoie ramene s chapadlem

bool

getGrabberStop()

Vrati true, pokud se nachazi na zavofe chapadla

Controller.cs - komunikace s periferii

InstantDoCtrl ioDO

Ovladaci deska
InstantDiCtrl ioDI
butel]l portData Data na portech
public int portlout = 8;
public int port2out = 1; “

Cisla portii
public int port3in = 8;
public int portd4in = 1;
Controller(InstantDoCtrl ioDO, Konstruktor

InstantDiCtrl ioDI)

void write(int port, byte input)

Psani do porta

bute

read(int port)

Cteni z portl

Schéma zapojeni
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Vyvojovy diagram
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Komentovany vypis kodu
Forml.cs

System;

System.I0;
System.Ling;
System.Threadi ng;
System.Windows.Forms;
Automation.BDaqg;
Dejvoss.BitShift;

using
using
using
using
using
using
using

namespace Herko.Robot

{
public partial class Forml
{

public Controller c nul
public RobotController rc

//variables from which th

public int rotate = -1;
public int mainmArm = -1;
public int secondArm = -1;
public int grabber = -1;

//saving past commands fo
public String pastActions

public Forml()
{
InitializeComponent()

//window title
this.Text = "Robot co
//window style
this.MaximizeBox fa
this.MinimizeBox fa
this.FormBorderStyle

//device info
Devicelnformation di

v Form

l;

null;

e loop knows what to do

’

r redoing them

’

’

ntroller vB.3-dev | (c) DEJVOSS Productions 2824";

lse;
lse;
= FormBorderStule.FixedSingle;

new Devicelnformation();

di .Description = "PCI-1756,BID#B" ;
di.DeviceMode = AccessMode.ModelWrite;

InstantDoCtrl ioD0 = new InstantDoCtrl();
ioD0.SelectedDevice = di;
ioD0.LoadProfile("profile.xml");
InstantDiCtrl ioDI = new InstantDiCtrl();
ioDI.SelectedDevice di;

ioDI . LoadProfile("profile.xml");

//controller
o} neu Controller(ioD0, ioDI);
rc new RobotController(c);

//setup




rc.setup();
moveToStart();

setStatus($"IDLE");

//move to default position
public void moveToStart()

{
while (!rc.getMainArmStop()) //main arm
{
mainArm = B;
clockTick(1);
}
mainArm = -1;
while (!rc.getSecArmStop()) //secondary arm
{
secondArm = 1;
clockTick(1);
}
secondArm = -1;
while (!rc.getGrabberStop()) //grabber arm
{
grabber = @;
clockTick(1);
}
grabber = -1;
//rotation
if (!rc.getTurnStop())
{
//try moving 98 degrees clockwise
rotate = 1;
for (int 1 = 8; 1 < 988; i++)
{
if (!rc.getTurnStop())
clockTick(1);
else
break;
}
//if didn't hit -> move counterclockwise until it hits the mark
if (!rc.getTurnStop())
{
while (!rc.getTurnStop())
{
rotate = 0;
clockTick(1);
}
}
}
rotate = -1;
}

//tick the clock and call commands
void clockTick(decimal steps)
{




for (int 1 = 8; 1 < steps; i++)
{
//clock
c.urite(c.port2out, EightBit.setRAt(c.portDatalc.port2outl, 8, 1));
Thread.Sleep(2);

//rotation
if (rotate == 1)
{

rc.turnClockuwise();
}
else if (rotate == B6)
{

rc.turnCounter();
}
else if (rotate == -1)
{

rc.turnStop();
}

//main arm movement

if (mainArm == 1)
{
rc.mainArmDown() ;
}
else if (mainArm == @)
{
if (rc.getMainArmStop() == false)
{
rc.mainArmUp();
}
else
{
setStatus("MAIN ARM HIT STOP MARK");
rc.mainArmStop();
break;
}
}
else if (mainArm == -1)
{
rc.mainArmStop();
}

//secondary arm movement

if (secondArm == 1)
{
if (rc.getSecArmStop() == false)
{
rc.secArmUp();
}
else
{
setStatus("SECOND ARM HIT STOP MARK™):
rc.secArmStop();
break;
}

}
else if (secondArm == B)




rc.secArmDown() ;

}
else if (secondArm == -1)
{
rc.secArmStop();
}

//grabber movement
if (grabber == 1)

{
rc.grabberClose();
}
else if (grabber == @)
{
if (rc.getGrabberStop() == false)
{
rc.grabberOpen();
}
else
{
setStatus("GRABBER HIT STOP MARK");
rc.grabberStop();
break;
}
}
else if (grabber == -1)
{
rc.grabberStop();
}

//clock 2 electric boogaloo set back
c.urite(c.port2out, EightBit.setAt(c.portDatalc.port2outl, 8, 8));
Thread.Sleep(2);

//sets robot status text

private void setStatus(String text)

{
IblStatus.Text = $"STATUS: {text}"”;
lbl1Status.Update();

//BELOW: pressing buttons sets variables and runs clock
private void btnTurnClockwise_MouseDown(object sender, MouseEventArgs e)
{
rotate = 1;
setStatus("TURNING CLOCKWISE™):
pastActions += $"ROT;1;{numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnTurnCounter_MouseDown(ob ject sender, MouseEventfArgs e)
{

rotate = 8;

setStatus("TURNING COUNTER-CLOCKWISE™):




pastActions += $"ROT;8; {numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnTurn_MouseUp(object sender, MouseEventArgs e)
{
rotate = -1;

private void btnMainUp_MouseDoun(ob ject sender, MouseEventfArgs e)
{
mainArm = @;
setStatus("MAIN ARM UP");
pastActions += $"MAA;B; {numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnMainDown_MouseDown(ob ject sender, MousebEventArgs e)
{
mainArm = 1;
setStatus("MAIN ARM DOWN");
pastActions += $"MAA;1; {numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnMain_MouseUp(object sender, MouseEventArgs e)
{
mainArm = -1;

private void btnSecUp_MouseDown(object sender, MouseEventArgs e)
{
secondArm = 1;
setStatus("SECOND ARM UP");
pastActions += $"SEA;1;{numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnSecDown_MouseDown(object sender, MouseEventArgs e)
{
secondArm = @;
setStatus("SECOND ARM DOWN");
pastActions += $"SEA;B; {numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnSec_MouseUp(object sender, MouseEventArgs e)
{
secondArm = -1;

private void btnGrabOpen_MouseDown(ob ject sender, MousebEventfArgs e)
{




grabber = @;

setStatus("GRABBER OPENING");

pastActions += $"GRB;8; {numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnGrabClose_MouseDown(ob ject sender, MouseEventArgs e)
{
grabber = 1;
setStatus("GRABBER CLOSING");
pastActions += $"GRB;1;{numSteps.Value}\n";
clockTick(numSteps.Value);
setStatus($"IDLE");

private void btnGrab_MouseUp(object sender, MouseEventArgs e)
{
grabber = -1;

//save past commands
private void btnSave_Click(object sender, EventfArgs e)

{
SaveFileDialog sfd = new SaveFileDialog();
sfd.Filter = "Robot controller script (x.rcs)Ix.rcslAll files (x,x)|x x";
if (sfd.ShowDialog() == DialogResult.0K)
{
File.WriteRllText(sfd.FileName, pastActions);
}
}

//1load commands from file
private void btnLoad_Click(object sender, EventfArgs e)

{
OpenFileDialog ofd = new OpenFileDialog();
ofd.Filter = "Robot controller script (x.rcs)x.rcslAll files (x,x)|x x";
if (ofd.ShowDialog() == DialogResult.0K)
{
parsefFile(File.ReadAl1Text(ofd.FileName));
}
}

//parses command script file and executes it
public void parseFile(String controlScript)
{

setStatus($"LOADING SCRIPT");

pastActions += controlScript;
Stringl]l cmds = controlScript.Split('\n");
int count = 8;
foreach (String cmd in cmds)
{
//set status
setStatus($"RUNNING SCRIPT {count + 1}/{cmds.Count() - 1}");

//get variables
Stringll vars = cmd.Split(';");




if (vars.Count() == 3)

{
String type = varsl[@l;
int dir = int.Parse(vars[11);
int steps = int.Parse(vars[2]);

//set items to direction

if (type == "ROT™)
rotate = dir;

else if (type == "MAR")
mainArm = dir;

else if (type == "SER")
secondArm = dir;

else if (type == "GRB")
grabber = dir;

//tick
clockTick(steps);

//reset everything
rotate = -1;
mainArm = -1;
secondArm = -1;
grabber = -1;

//update script count
count++;

}

setStatus($"IDLE - SCRIPT FINISHED");

RobotController.cs

using Dejvoss.BitShift;

namespace Herko.Robot
{
public class RobotController
{
public Controller c;

public RobotController(Controller c)
{
this.c = c;

//sets default values on card (everything is stopped)
public void setup()
{
c.urite(c.portlout, Bb11111111);
c.urite(c.port2out, Bb11111111);




//turns robot clockuwise
public void turnClockuise()

{
c.urite(c.portlout, EightBit.setAt(c.
clockuise
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//turns robot counter clockwise
public void turnCounter()
{
c.urite(c.portlout, EightBit.setAt(c.
counter clockuise
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//stops robot from turning
public void turnStop()
{
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//moves main arm up
public void mainArmUp()
{
c.urite(c.portlout, EightBit.setAt(c.
up
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//moves main arm douwn
public void mainArmDown()
{
c.urite(c.portlout, EightBit.setAt(c.
douwn
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//stops robot from moving main arm
public void mainArmStop()
{
c.urite(c.portlout, EightBit.setAt(c.
motor
}
//moves secondary arm up
public void secArmUp()
{
c.urite(c.portlout, EightBit.setAt(c.
up
c.urite(c.portlout, EightBit.setAt(c.
motor
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douwn

motor
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grabber

motor

grabber

motor

motor

//moves secondary arm down
public void secArmDown()
{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.

c.urite(c.portlout, EightBit.setAt(c.portDatalc.

//stops secondary arm
public void secArmStop()
{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.

//opens grabber
public void grabberQOpen()
{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.

c.urite(c.portlout, EightBit.setAt(c.portDatalc.

//closes grabber
public void grabberClose()
{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.

c.urite(c.portlout, EightBit.setAt(c.portDatalc.

//stops grabber
public void grabberStop()
{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.

//gets turning IR stop; true if reached stopped
public bool getTurnStop()

{
if (EightBit.getAt(c.read(c.port3in), 8) == 1)
return false;
else
return true;
}

//gets main arm IR stop; true if reached stopped
public bool getMainArmStop()
{
if (EightBit.getAt(c.read(c.port3in), 1) == 1)
return false;
else
return true;
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//gets secondary arm IR stop; true if reached stopped
public bool getSecArmStop()

{
if (EightBit.getAt(c.read(c.port3in), 2) == 1)
return false;
else
return true;
}

//gets grabber arm IR stop; true if reached stopped
public bool getGrabberStop()

{
if (EightBit.getAt(c.read(c.port3in), 3) == 1)
return false;
else
return true;
}

}

Controller.cs

using Automation.BDaq;

namespace Herko.Robot
{
public class Controller
{
//controllers
public InstantDoCtrl ioDO;
public InstantDiCtrl ioDI;

//bytes to work with
public bytel]l portData = new buytel4];

//ports

public int portlout ;
public int port2out 1;
public int port3in = B;
public int portdin = 1;

//construct
public Controller(InstantDoCtrl ioD0, InstantDiCtrl ioDI)
{

this.ioDO = ioDO;

this.ioDI ioDI;

//write [inputl to [portl]
public void write(int port, byte input)
{
ioDO.Write(port, input);
portDatalportl = input;

//reads buyte at [portl]




public byte read(int port)

{
bute data;
ioDI.Read(port, out data);
return data;
}
}
}
Odpovédi na otazky

1) Pro ovladani krokovych motorii je dnes obvyklé pouzivat tzv. drivery krokovych motora.
Pokuste se stru¢né vysvétlit funkcionalitu takového obvodu a pro konkrétni typ popiSte jeho
ovladaci rozhrani ze strany pocitate / MCU.

Driver generuje pulzy pro motor, které budi jednotlivé &asti motoru. Také se mu fika budic.!™
Ovladaji se napiiklad pomoci USB rozhrani.™

2) Nékteré krokové motory jsou vybaveny tzv. enkodérem. Co to je a o jakou vlastnost do fizeni
zafizeni pfinasi?
Enkodér vysila signdly do fidici jednotky o tom, jestli pohyb, ktery jsme chtéli prob&hl
spravné. Zvysuje se tim piesnost stroje.”!
3) Predstavte si svislé polohovani frézy/vrtaku CNC stroje s pouzitim Sroubu se stoupanim zavitu
1,5mm a krokového motoru NEMA HT17-269. Pokuste se odvodit nejmensi posun nastroje pfi

pouziti jednoduchého krokovani. (Tip: nakreslete si obrazek a podivejte se zdkladni parametry
daného motoru v jeho specifikaci / datasheetu).

Jestli jsem to spravné pochopil, mélo by to byt 1,8 stupng&, coz je uvedeno ve specifikaci.!
Zavér
Nestihl jsem dodélat ¢ast ovladani robota pomoci ovladace, jinak vSechno bézi tak, jak ma. Mozna
bych trochu zlepsil GUI pro ovladani, ale nejsem si uplné jist jak, a tohle funguje dostatecné.

1 https://dratek.cz/571-drivery-krokovych-motoru/

2 http://www.trestik.cz/rizeni-krokovych-motoru-pomoci-usb-rozhrani-s-moznosti-rucniho-ovladani

3 https://www.hennlich.cz/lin-tech/krokovy-motor-s-metrickym-konektorem-a-enkoderem/

4 https://eu.mouser.com/ProductDetail/Applied-Motion/HT17-269?qs=gY O9IMXSt8FPov9BRHibn7w%3D%3D



https://dratek.cz/571-drivery-krokovych-motoru/
https://eu.mouser.com/ProductDetail/Applied-Motion/HT17-269?qs=gYO9MXSt8FPov9BRHibn7w%3D%3D
https://www.hennlich.cz/lin-tech/krokovy-motor-s-metrickym-konektorem-a-enkoderem/
http://www.trestik.cz/rizeni-krokovych-motoru-pomoci-usb-rozhrani-s-moznosti-rucniho-ovladani
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