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Zadani

S vyuzitim IO karty sestavte v jazyku C# program pro ovladani modelu vytahu. Dle svého uvazeni
zvolte bud’ prostedi konzolové aplikace nebo grafické prostiedi.

Vysledné feSeni musi obsahovat nasledujici funkcionalitu:
- Spolehlivé inicializace vychoziho stavu zafizeni
- Ovladani vytahu v rozsahu min. ¢ty pater z kabinovych a patrovych tlacitek

- Zpracovani informaci jednotlivych ¢idel modelu (patro, podlahovy spinac apod.) a reakce podobna s
redlnym zatizenim spolu s indikaci stavu vytahu pomoci patrové indikace

- Implementace alespon zakladni bezpecnosti provozu béhem pohybu kabiny

Teorie

Vytah je napajen 12V / 1A, coz se nastavuje na zdroji ke kterému je vytah pfipojen. Programuje se
programuje pies IO kartu a v jazyce C#. K propojeni se vyuziva knihovna Rutomation.Bdagd4. Vytah
je aktivni v logické 0. Vytah umi jezdit nahoru a doli. Na kazdém patie je piivolavaci tlacitko a
LEDky, které se maji rozsvécet podle toho, kam vytah jede. Ve vytahu je zarovka a podlahovy spinac
pro kontrolu, jestli ve vytahu n¢kdo je. Na vytahu je sedmi-segmentovy displej, ktery by mél ukazovat
¢islo patra, na kterém se vytah nachazi.

Popis reSeni

Vystupem programu je konzolové okno, ve kterém jsou vypisovany rizné (vétSinou debugové) akce.
Program pouziva moji pomocnou C# knihovnu De jvoss.BitShift pro operace s bitovymy posuny.
Po spusténi programu se void Main() napoji na zatizeni a nacte XML soubor s konfiguraci. Vytvoii se
instance class Controller, Elevator, ElevatorController a Buttons. Kazd4 ovlada néjaké zatizeni
¢1 jeho cast, viz sekce rozbor metod niZe. Pak uZ nasleduje hlavni loop, ktery se opakuje do ukonceni
programu. V ném se ze zacatku ziskd n¢kolik proménnych potfebnych k chodu vytaku - zmacknuta
piivolavaci tlacitka (jak na patrech, tak v kabin¢) ve formé Cisla, boolean jestli je vytah otevieny,
boolean jestli se pravé stav vytahovych dveti zménil, bool jestli n€kdo ve vytahu stoji a bool jestli
pravé n¢kdo do vytahu pfisel nebo z néj odesel. Pokud vytah stoji a neni na zddném patie, spusti se
void recall () ktery se pokusi vytah dopravit do nejblizSiho patra. Pokud se stav dveti zménil, svétlo
se bud’ rozsviti nebo zhasne, podle toho jestli se oteviely nebo zaviely. Pokud do vytahu nékdo
nastoupil, svétlo zlistane svitit. Pokud ne, zhasne se. A ve finale program zkontroluje, jestli bylo
zmacknuto néjaké ovladaci tlacitko. Podle toho vytah odjede do cilového patra. A zpatky na zacatek
hlavniho loopu.




Rozbor proménnych a metod

Program.cs — hlavni ¢ast programu

int currentFloor

ukladé soucasnou pozici vytahu

bool isGoing

uklada, jestli je vytah v pohybu

void Main()

hlavni vstupni ¢ast kédu

Controller.cs — zékladni ovladaci prvky 1O karty

InstantDoCtrl i0DO, InstantDiCtrl ioDI

ovladace io karty

byte[] portData

pro jednoduzsi ¢teni z portd se vSechny zmény ukladaji sem

int portlout, port2out, port3in, port4in

¢isla input/output portt

void write(int port, byte input)

uloZzi byte hodnotu [input] do portu [port]

void read(int port)

ptecte byte hodnotu z portu [port]

Elevator.cs — ovlada jednotlivé funkce vytahu

void reset()

nastavi vychozi hodnoty io karty

void engineOn() / void engineOft()

zapne / vypne motor vytahu

void engineUp() / void engineDown()

nastavi smér vytahu nahoru / dolu

void lightOn() / void lightOff()

zapne / vypne svétlo v kabing

void ledUpOn() / void ledUpOff()

zapne / vypne smérové LEDky na patrech (smér nahoru)

void ledDownOn() / void ledDownOff()

zapne / vypne smeérové LEDKy na patrech (smér dola)

void playSound(int ms)

pusti zvuk pipnuti na [ms] milisekund

int wherels()

vrati Cislo patra, kde se vytah nachazi

bool isDoorOpen()

vrati boolean, jestli jsou dvefe oteviené

bool isFloorSensorOn()

vrati boolean, jestli je ¢idlo ve vytahu aktivni (n¢kdo tam je)

ElevatorController.cs — spojuje funkce z Elevator.cs do vétSich celkli

bool isGoing

je vytah v pohybu?

bool prevDoorStatus

uklada predchozi stav dvefti

bool prevFloorStatus

uklada predchozi stav podlahového ¢ida




void goUp() / void goDown()

rozjede vytah smérem nahoru / dolu

void stop() zastavi vyah
int getCurrentFloor() ziska pozici vytahu
bool isOnFloor() vrati true, kdyZ je vytah na patie

void goToFloor(int targetFloor)

vytah pojede na patro Cislo [targetFloor]

void recall()

vytah se pokusi jet na nejblizsi patro

bool doorChanged ()

kontroluje, jestli se stav dveti zménil

bool floorSensorChanged ()

kontroluje, jestli se stav podlahového ¢idla zménil

Buttons.cs

int floorButtonPressed()

vrati ¢islo patra, na kterém bylo zmacknuto tlacitko

int cabinButtonPressed()

vrati Cislo patra, na které chce clovek ve vytahu jet

int getFloorButtons()

spojuje predchozi funkce pro jednodussi pouziti

Schéma zapojeni
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Komentovany vypis kodu

Program.cs

using Automation.BDag;
using System;

namespace Herko.Elevator

{

internal class Program

{

public int currentFloor = 8;
public bool isGoing = false;

static void Main(stringll args)

{

//console title

Console.Title = "Elevator controller vB8.3-dev | (c) DEJVOSS Productions

//device info

Devicelnformation di = new Devicelnformation();
di.Description = "PCIE-1730,BID#8";
di.DeviceMode = AccessMode.Modelrite;

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

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

//create needed instances

Controller ¢ = new Controller(ioDO, ioDI);

Elevator elevator = new Elevator(c);

ElevatorController ec = new ElevatorController(elevator);
Buttons buttons = new Buttons(c);

Console.WriteLine("[MAIN] initialized!");

//main loop
while (true)
{
//getting variables every tick to work with
int floorButtonPressed = buttons.getFloorButtons();

bool doorChanged = ec.doorChanged();
bool isDoorOpen = elevator.isDoorOpen();

bool floorChanged = ec.floorSensorChanged();
bool isOccupied = elevator.isFloorSensorOn();

//recalls to floor if not one one
if (lec.isGoing && ec.getCurrentFloor() == -1)
{
ec.recall();
}

//1if door status changed
if (doorChanged)
{
//turn lights on or off
if (isDoorOpen)
elevator.lightOn();
else if (!isDoorOpen && !isOccupied)

2824";




elevator.lightOff();
}

//if floor sensor changed
if (floorChanged)

{
//turn lights on or off
if (isOccupied)
elevator.lightOn();
else if (!isDoorOpen && !isOccupied)
elevator.lightOff();
}

//checks for button presses

if (floorButtonPressed != -1 && !ec.isGoing && !isDoorQOpen)

{
Console.WriteLine("called elevator to floor " + floorButtonPressed);
ec.goToFloor (floorButtonPressed);

}

Console.ReadlLine(); //for testing DO NOT REMOVE

Controller.cs

using Automation.BDag;

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

//butes to work with
public bytel]l portData = new bytel4];

//ports

public int portlout = @;
public int port2out =1
public int port3in = 8;
1;

’

public int portdin =

//construct

public Controller(InstantDoCtrl ioDO, InstantDiCtrl ioDI)
{

this.ioDO = i0DO;
this.ioDI ioDI;

}

//urite [inputl to [portl
public void write(int port, bute input)
{
ioD0.Write(port, input);
portDatalport] = input;
}

//reads byte at [portl
public byte read(int port)
{




byte data;
ioDI.Read(port, out data);

return data;

Elevator.cs

using Dejvoss.BitShift;
using Suystem;
using Suystem.Threading;

namespace Herko.Elevator
{
internal class Elevator
{
//board controller
public Controller c;

public Elevator(Controller c)
{

this.c = c;
}

//set defaults so everything is off on start
public void reset()
{
c.urite(c.portlout, 6b11111111);
c.urite(c.port2out, 6b11111111);
}

//turn on engine

public void engineOn()

{
c.urite(c.portlout, EightBit.setRt(c.portDatalc.portloutl, 8, 8));
Console.WriteLine("[ELEVATOR] engine on");

//turn off engine

public void engineO0ff()

{
c.urite(c.portlout, EightBit.setRt(c.portDatalc.portloutl, 8, 1));
Console.WriteLine("[ELEVATOR] engine off");

}

//set elevator direction to up

public void engineUp()

{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl, 1, 1));
Console.WriteLine("[ELEVATOR] going up");

}

//set elevator direction to douwn

public void engineDown()

{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl, 1, 8));
Console.WriteLine("[ELEVATORI going down");

}

//turn cabin light on
public void lightOn()




c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl],
Console.WriteLine("[ELEVATOR] cabin light on");
}

//turn cabin light off

public void 1lightOff()

{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl],
Console.WriteLine("[ELEVATOR] cabin light off");

}

//turn direction indicator UP lights on

public void ledUpOn()

{
c.urite(c.portlout, EightBit.setRAt(c.portDatalc.portloutl,
Console.WriteLine("[ELEVATORI led up on");

//turn direction indicator UP lights off

public void ledUpOff()

{
c.urite(c.portlout, EightBit.setRAt(c.portDatalc.portloutl,
Console.WriteLine("[ELEVATORI led up off");

}

//turn direction indicator DOWN lights on

public void ledDownOn()

{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl],
Console.WriteLine("[ELEVATOR] led down on");

}

//turn direction indicator DOWN lights off

public void ledDownOff()

{
c.urite(c.portlout, EightBit.setAt(c.portDatalc.portloutl],
Console.WriteLine("[ELEVATOR] led down off");

}

//beeps for [msl ms
public void playSound(int ms)

{
c.urite(c.port2out, EightBit.setAt(c.portDatalc.port2outl,
Thread.Sleep(ms);
c.urite(c.port2out, EightBit.setAt(c.portDatalc.port2outl,
Console.WriteLine("[ELEVATOR] plaued sound");

}

//returns floor number of elevator
//can return floors 1 to 5
//if returns -1, the elevator is not on any floor
public int wherels()
{
//gets the buyte output
byte output = c.read(c.port3in);

//return floor numbers

if (EightBit.getAt(output, @) == B)
return 1;

else if (EightBit.getAt(output, 1) == @)
return 2;

else if (EightBit.getAt(output, 2) == @)
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return 3;

else if (EightBit.getAt(output, 3) == @)
return 4;

else if (EightBit.getAt(output, 4) == @)
return 5;

else
return -1;

}

//returns true if door is open
public bool isDoor0Open()
{

//gets the byte output

byte output = c.read(c.portdin);

//return floor numbers
if (EightBit.getAt(output, 7) == B8)
return false;
else
return true;
}

//returns true if floor sensor is on
public bool isFloorSensorOn()
{

//gets the byte output

byte output = c.read(c.portdin);

//return floor numbers

if (EightBit.getAt(output, 6) == 8)
return true;

else
return false;

ElevatorController.cs

using System;
using Sustem.Threading;

namespace Herko.Elevator
{
internal class ElevatorController
{
public Elevator elevator;

public bool isGoing = false;

public bool prevDoorStatus = false;
public bool prevFloorStatus = false;

public ElevatorController(Elevator e)

{
//default
this.elevator = e;
elevator.reset();
prevDoorStatus = elevator.isDoorOpen();
prevFloorStatus = elevator.isFloorSensorOn();
}

//makes elevator go up
public void goUp()




elevator.enginelp();
elevator.engineOn();

elevator. ledUpOn();
elevator.ledDownOff();

isGoing = true;

Thread.Sleep(3068) ;
}

//makes elevator go douwn
public void goDown()
{
elevator.engineDouwn();
elevator.engineOn();

elevator. ledUpOff();
elevator.ledDownOn();

isGoing = true;

Thread.Sleep(3068) ;
}

//stops the elevator
public void stop()

{ elevator.engine0ff();
elevator. ledUpOff();
elevator.ledDownOff();
elevator.playSound(1688);
isGoing = false;

}

//gets floor number
public int getCurrentFloor()
{
return elevator.uherels();
}

//returns true if elevator is on a floor
public bool isOnFloor()

{
int pos = elevator.wherels();
if (pos == -1)
return false;
else
return true;
}

//goes to floor [floorl
public void goToFloor(int targetFloor)
{
int currentFloor = getCurrentFloor();

if (targetFloor > currentFloor)
goUp();
else if (targetFloor < currentFloor)




goDown () ;

while (true)

{
if (getCurrentFloor() == targetFloor)
{
stop();
break;
}
b

}

//goes to random floor to fix stuffs
public void recall()

{
Console.WriteLine("[ELEVATOR] recalling...");
goUp();
int i = 8;
while (i < 1008)
{
if (getCurrentFloor() == -1)
{
Thread.Sleep(18);
i++;
}
else
{
stop();
break;
}
}
}

//returns true if door status changed
public bool doorChanged()

{
bool output = elevator.isDoorOpen();
if (prevDoorStatus != output)
{
Console.WriteLine($"[ELEVATOR] door opened status {output}");
prevDoorStatus = output;
return true;
}
return false;
}

//returns true if floor sensor status changed
public bool floorSensorChanged()
{
bool output = elevator.isFloorSensorOn();
if (prevFloorStatus != output)

{
Console.WriteLine($"[ELEVATOR] floor sensor status {output}™);
prevFloorStatus = output;
return true;

b

return false;




Buttons.cs

using Dejvoss.BitShift;
using Suystem;

namespace Herko.Elevator
{
internal class Buttons
{
//board controller
public Controller c;

public Buttons(Controller c)
{

this.c = c;
}

//returns the number of floor to go to after any button is pressed
public int getFloorButtons()

{
int num = floorButtonPressed();
if (num !'= -1)
{
Console.WriteLine($"[ELEVATOR] pressed floor button to floor {num}");
return num;
)
num = cabinButtonPressed();
if (num = -1)
{
Console.WriteLine($"[ELEVATOR] pressed cabin button to floor {num}");
return num;
)
return -1;
}

//returns floor number at which a button got pressed
//can return floors 1 to 5
//if returns -1, no buttons are pressed
public int floorButtonPressed()
{
//gets the byte output
byte output = c.read(c.portdin);

//return floor numbers

if (EightBit.getAt(output, @) == B6)
return 1;

else if (EightBit.getAt(output, 1) == @)
return 2;

else if (EightBit.getAt(output, 2) == 0)
return 3;

else if (EightBit.getAt(output, 3) == @)
return 4;

else
return -1;

//returns floor number to which a button in the cabin got pressed
//can return floors 1 to 5
//if returns -1, no buttons are pressed
public int cabinButtonPressed()
{
//gets the byte output




byte p3output
byte pdoutput

c.read(c.port3inj;
c.read(c.portdin);

//return floor numbers

if (EightBit.getAt(p3output, 5) == B)
return 1;

else if (EightBit.getAt(p3output, 6) == B8)
return 2;

else if (EightBit.getAt(p3output, 7) == 8)
return 3;

else if (EightBit.getAt(pdoutput, 5) == 8)
return 4;

else
return -1;

Odpovédi na otazky

1) V primyslovych zafizenich je ¢asto nutné pfenaset informaci mezi jednotlivymi ¢astmi. Jednim z
protokoltt vhodnych pro tento ucel je CANOpen. Zkuste popsat jeho zakladni principy a ramcové
specifikovat velikost pfenasené informace.

Je to velmi sofistikovany a slozity protokol, pouziva se napiiklad u servomotori a jinych
robotickych zafizeni. Pouziva sedmi vrstvy OSI model. Komunikaci zacne vyslanim 11
bitoveho CAN ID, a nésledné posle 64 bitil s daty pro koncové zatizeni.

2) Pro vytah ve vysoké budové s desitkami pater by asi nebylo nejpohodIng;si (a také nejlevné;si)

rrrrrr

vhodngjsi feSeni tohoto problému.

Tady by moznd stacil jeden vodi¢ pro celou budovu, natazeny z nejvysSiho patra az do
ovladaci jednotky, ve kterém by se sériové posilal signal ze zmacknutého tlacitka na patie.

3) Zkuste vymyslet zptsob, jakym byste zjiStovali rozmisténi vyvodi LED displeje neznamého typu,
t). ktery vyvod ovlada jaky segment displeje. K dispozici mate zékladni elektronické vybaveni —
multimetr, sadu odporti, napajeci zdroj.

Nemam nejmensi tuSeni.
Zavér
Program sice funguje, ale nestihl jsem ho plné¢ dokoncit. Zakladni vlastnosti v programu jsou, kromé
zabezpeceni vytahu pii pohybu. Vytah jezdi mezi patry a rozsvéci se. Funguji jak tlacitka na patrech
tak ty v kabiné. Podlahové¢ ¢idlo v sobé ma néjaky bug ktery jsem nestihl opravit a segmentovy displej
neukazuje Cislo patra.
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