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Button Box

Button Box, neboli ¢udlikova krabicka je je projekt na ktery jsem si uz delsi dobu brousil
drapky. Jde o prislusenstvi k PC, které umozni rozsifit herni ovladace jako joystick atd. o
nepreberné mnozstvi cudlikd. Zvlasté se hodi u leteckych simuldtor(, ale nejen tam [J Zvysi
herni prozitek nejen gamblerlim, ale i svate¢nim hra¢lm. Prvni prototyp je uréen k otcové
simulatoru IL-2 Sturmovik, ¢i Warthunder. Proto jsem vzhled navrhl trochu vice do retro stylu.
Vypinace jsou packové, tlacitka pak panelova, kovova. Knofliky enkodérd maji také prijemny
~pristrojovy” design. Cely button box se pak chova jako dalsi klasicky joystick USB HID

zafizeni a neni treba jej néjak instalovat

Navrh

vvvvvv

upletl bi¢ v podobé packovych spinacl. Pro zacatek jsem vysel z jiz dobre popsaného
projektu podobné krabicky zde. Kod je pouzitelny, neni tedy tfeba vynalézat vynalezené.
Jedna se jen o propojeni knihoven Keypad.h a Joystick.h, pokud byste chtéli zstat jen u
tlacitek a enkodér(, tak zde je v podstaté vSe hotovo. Na jedno Arduino Micro jde povésit az
22 tlacitek a tri enkodéry. Na zakladé poctu pint na Arduinu a pozadavku, aby tam bylo co
nejvice ,tocitek” jsem ve Fusion360 vymodeloval navrh celé sestavy.

Nakonec jsem se ustalil na 9 spinacich, kazdy s LED indikaci sepnuti, 4 enkodéry. (Tedy
nekonecné tocitko které vysila nékolikrat za otocku stejny puls - vlevo, ¢i vpravo) hodi se na
jemné doladéni hodnot, trimovani atd. - jeden enkodér tedy ovlada celkem 3 tlacitka. 1 -
macka otacenim vlevo, 2- macka otacenim vpravo, 3- je bonus, ovlada se stiskem osy a
funguje jako klasické tlacitko. Dale jsem pro testovaci Ucely pouzil otoCny 6 pozicovy
prepinac.

Nechal jsem si vypalit nerezové Celo. Krabici jsem pouzil standardizovanou z GM Electronic
viz seznam komponentd. Objednal jsem soucastky a pri cekani na zasilku jsem se pustil do

navrhu software.


https://www.xsimulator.net/community/threads/diy-arduino-buttonbox.8302/
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Pozadované funkce

VétsSina her je navrzena tak, aby Sla ovladat ze standardni PC klavesnice. A pokud pfipojite
néjaky joystick, nebo dalSi ovladaci zafizeni, vSechna jsou opatfena pouze tlacitky. Nikoli
spinacem ON-OFF. Proto vSechny vstupy ve hrach vétSinou oCekavaji pouze kratky impulz,
ktery prijde z kldvesnice. Zapnuti svétel: stisk klavesy ,L“ ; vypnuti svétel: opétovné stisknuti
klavesy ,L“. Hra tedy neoCekava, ze budete stale drzet sepnutou klavesu ,L“ tak dlouho,
dokud budete chtit svitit. Bylo tedy nutno néjak oSetfit jak se bude vypinac chovat.

Véechny péackové spinace jsou tedy softwarové feseny tak, ze pfi ZMENE vy$lou 100ms
impuls na HIGH a potom poslou LOW. Vypinac se tedy chova tak, ze kdyZ jej prepneme do
horni pozice ,klikne" jako zvolené tlacitko a dale je necinny, kdyZ jej vratime do spodni
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pozice, opét ,klikne” na to stejné tlacitko a opét je necinny. Timto tedy simuluji ,mackani“
dané klavesy na klavesnici. Problém vsak je, Ze ve stavu LOW, z{stava jen softwarové,

fyzicky je ale sepnuty a s tim si matrix knihovna neporadi.

Problém se jmenuje matrix

Bohuzel, jak jsem se jiz zminil, nize popsany kod vyuziva k namapovani tlacitek knihovnu
keypad.h , kterd vyuziva tzv. matrix, tedy sit tlacitek, kdy staci propojit pouze rady a sloupce.
Dlvod je jednoduchy a to je ten, Zze Arduino ma omezeny pocet pinli a pomoci matrixu
mUzete na 5+5 pind povésit 5x5 tlacitek. Tedy 10 vs. 25. Bohuzel tato knihovna nepracuje s
moznosti, ze by bylo stisknutych vice tlac¢itek najednou a to je problém praveé spinacd, které

zUstavaji sepnuté.

Dostal jsem se takto do velmi prekérni situace, kdy jsem mél jiz nakoupené soucastky a
hlavné vypaleny nerezovy plech na miru a diry na spinacCe byly mensi nez na panelova
tlacitka. Mohl jsem to hodit za hlavu, pouzit plvodni plastovy kryt a povésit na to jen tlacitka

a bylo by vymalovano. Nicméné mi to nedalo a chtél jsem tam ty packové spinace prosté mit

i

Nastésti jsem objevil velmi uzitecnou véci¢ku jménem 1/0O expander, ktera se pres 12C
sbérnici rozsiri Arduino o 8 vstupl/vystupd. Navic se tyto expandéry daji spojit za sebe a to
az 8x, takze 64 vstupné vystupnich pind, s tim uz se da pracovat (pomoci jumperl se zméni

adresa). Nakonec jsem pouzil dva, tedy 16 vstupd.

A jsme zase na zacatku

Vlivem vysSe uvedenych okolnosti jsem se dostal zpét k navrhu, protoze pouzitim expanderd
mi vysvitla novd moznost rozsifit Button Box o dalsi tlacitka. VSech 9 packovych spinacl +
otocny prepinac jsem tedy napojil na dva expandery, kde mi zbyly jesté dve pozice pro dalsi
spinace. No a na uvolnéné piny arduina jsem tak mohl povésit matici 4x4, tedy dalSich 16
tla¢itek navic! Respektive 12, protoze Ctyri pozice vyuziji pro stfedova tlacitka enkodérd.
Takze nakonec slusna naloz 40 unikatnich joystick vystupl. UZ jsem se s tim moc nepaéral a
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vyvrtal do plastové skriné dalsich 12 otvord pro tlacitka a spinace.
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Program

Jelikoz jsem vécény zacatecnik, tak je program poslepovan z rlznych prikladd a jinych reseni.
Nicméné funguje perfektné. Stejné jsem musel vétSinu odladit radek po radku. Hojné se
pracuje s poli (array). Nechal jsem tam nékolik zakomentovanych pasazi, které mi slouZzily pro
ladéni programu. Kéd je celkem dobre okomentovany, takze by nemél byt problém se v ném
vyznat. V principu jde o to, Ze program hlida zmény tladitek a uklada si informaci o tom, zda
jsme tlacitko zmackli nebo uvolnili a podle toho reaguje. Nejvice jsem se pral s expanderem.
Existuje mnoho knihoven, ale s kazdou se pracuje trosku jinak a v INO se mi kfizily, takze
jsem musel vSechny PCF8574.h odinstalovat a nahrat pouze jednu, ke které jsem nasel
patfi¢ny navod.

//Simple buttonbox sketch
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//Supports up to 25 buttons and up to 4 encoders
//version 0.2 by TOPMO3

//

//

//Arduino IDE 1.6.6 (or above) !

//

//Joystick library from Matthew Heironimus,
https://github.com/MHeironimus/ArduinoJoystickLibrary
//

//Encoders code from Ben Buxton

//More info:
http://www.buxtronix.net/2011/10/rotary-encoders-done-properly.html
//

//Thank you guys! :)

//

//Uncomment this for HALFSTEP encoder operation
//#define HALF STEP

#include <Keypad.h>
#include <Joystick.h>
//#include "Arduino.h"
#include <PCF8574.h>
#include <Wire.h>

PCF8574 expanderl(0x20);
PCF8574 expander2(0x21);

#define INPUTMODE INPUT PULLUP // INPUT or INPUT PULLUP
#define BOUNCETIME 120 // button debouncer on PCF8574, checked with scope 120
is minimum for maximum reliable response
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byte E1[] = {0, 1, 2, 3, 4, 5, 6, 7}; // piny expanderu jako tlacitka 0-7 //
a nebo ¢isla pind na Arduino desce

#define NUMBUTTONS E1 sizeof(El) // return size of array (see above)

byte E1 State[NUMBUTTONS E1]; // array holds the actual HIGH/LOW states
byte E1 Change[NUMBUTTONS El1]; // array holds the state changes when button
is pressed or released

//enum {E1 UNCHANGED, E1 BUTTONUP, E1 BUTTONDOWN};

byte E2[] = {0, 1, 2, 3, 4, 5, 6, 7}; // piny expanderu jako tlacitka 0-7 //
a nebo ¢isla pind na Arduino desce

#define NUMBUTTONS E2 sizeof(E2) // return size of array (see above)

byte E2 State[NUMBUTTONS E2]; // array holds the actual HIGH/LOW states
byte E2 Change[NUMBUTTONS E2]; // array holds the state changes when button
is pressed or released

//enum {E2 UNCHANGED, E2 BUTTONUP, E2 BUTTONDOWN};
/*
byte A[] = {7, 8}; // ¢asla pind na arduinu
#define NUMBUTTONS A sizeof(A) // return size of array (see above)
byte A State[NUMBUTTONS A]; // array holds the actual HIGH/LOW states
byte A Change[NUMBUTTONS A]; // array holds the state changes when button
is pressed or released
/*
byte B[] = {4, 5}; // ¢asla pinl na arduinu
#define NUMBUTTONS B sizeof(B) // return size of array (see above)
byte B _State[NUMBUTTONS B]; // array holds the actual HIGH/LOW states
byte B Change[NUMBUTTONS B]; // array holds the state changes when button
is pressed or released
//enum {A UNCHANGED, A BUTTONUP, A BUTTONDOWN};
*/
enum {UNCHANGED, BUTTONUP, BUTTONDOWN};

unsigned long previousMillis = 0;

#define ENABLE PULLUPS
#define NUMROTARIES 4



#define NUMBUTTONS 16
#define NUMROWS 4
#define NUMCOLS 4

//spinaci tlacitka + stredy trimd
byte push[4][4] = {

{8, 9, 10, 113},

{12, 13, 14, 15},

{16, 17, 18, 19},

{20, 21, 22, 23},

b7

// uz nepouzivam

int state[9] = {06, 0, 0, 0, 0, 0, 0, 0, 0};
char tlac[5] = {'TL1', 'TL2', 'TL3', 'TL4',

struct rotariesdef {
byte pinl;
byte pin2;
int ccwchar;
int cwchar;
volatile unsigned char state;

};

rotariesdef rotaries[NUMROTARIES] {
{4, 5, 0, 1, 0},
{6, 7, 2, 3, 0},
{8, 9, 4, 5, 0},
{10, 11, 6, 7, 0},

#define DIR CCW 0x10
#define DIR CW 0x20

'TL5'};

Button Box 1.0
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#define R START 0x0

#ifdef HALF STEP
// Use the half-step state table (emits a code at 00 and 11)
#define R CCW BEGIN Ox1
#define R CW BEGIN 0x2
#define R START M 0x3
#define R CW BEGIN M 0x4
#define R _CCW BEGIN M 0Ox5
const unsigned char ttable[6][4] = {
// R _START (00)

{R_START M, R_CW_BEGIN, R_CCW_BEGIN, R START},

// R _CCW BEGIN

{R_START M | DIR CCW, R START, R _CCW BEGIN, R START},

// R_CW_BEGIN

{R_START M | DIR CW, R CW BEGIN, R_START, R START},

// R_START M (11)

{R_START M, R _CCW BEGIN M, R CW BEGIN M, R START},

// R_CW BEGIN M

{R_START M, R_START M, R_CW BEGIN M, R START | DIR CW},

// R _CCW BEGIN M

{R_START M, R CCW BEGIN M, R START M, R_START | DIR CCW},
b
#else

// Use the full-step state table (emits a code at 00 only)
#define R CW FINAL 0Ox1

#define R CW BEGIN 0x2

#define R CW NEXT 0x3

#define R CCW BEGIN 0Ox4

#define R _CCW FINAL 0Ox5

#define R CCW NEXT 0x6

const unsigned char ttable[7]1[4] = {

// R_START
{R START, R CW BEGIN, R CCW BEGIN, R START},

// R_CW_FINAL

{R CW NEXT, R _START, R CW FINAL, R START | DIR Cw},

// R_CW_BEGIN
{R_CW NEXT, R_CW BEGIN, R START, R START},
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// R_CW_NEXT
{R_CW NEXT, R _CW BEGIN, R CW FINAL, R START},
// R_CCW_BEGIN

{R_CCW_NEXT, R_START, R CCW_BEGIN, R START},
// R_CCW_FINAL
{R CCW _NEXT, R CCW FINAL, R START, R START | DIR CCW},

// R_CCW_NEXT

{R CCW NEXT, R CCW FINAL, R CCW BEGIN, R START},
i
#endif

byte rowPins[NUMROWS]
keypad
byte colPins[NUMCOLS]
keypad

{AO, Al, A2}; //connect to the row pinouts of the

{A3, A4, A5}; //connect to the column pinouts of the

{12, 13, A0, Al}; //rada 1-4 tlacitek
{A2, A3, A4, A5}; //sloupce 1,4 tlacitek

byte rowPinsl[4]
byte colPins2[4]

//initialize an instance of class NewKeypad
Keypad buttbxl = Keypad( makeKeymap(push), rowPinsl, colPins2, 4, 4);

//initialize an Joystick with 43 buttons; // windows dokaze zobrazit jen 32
tlacitek, hry pobiraji i vice
Joystick Joystick(JOYSTICK DEFAULT REPORT 1ID,

JOYSTICK TYPE JOYSTICK, 47, 0,

true, false, false, false, false, false,

false, false, false, false, false);

// nastaveni pole ¢isel tlacitek pro odesildni pres Joystick knihovnu
byte JoyEl[] = {27, 28, 29, 30, 31, 32, 33, 34};

byte JoyE2[] = {38, 40, 39, 41, 42, 35, 36, 37};

//byte JoyEl[] = {1, 2, 3, 4, 5, 6, 7, 8};

//byte JoyA[] = {25, 26};

//byte JoyB[] = {0, 1};
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void rotary init() {
for (int 1 = 0; i < NUMROTARIES; i++) {
pinMode(rotaries[i].pinl, INPUT);
pinMode(rotaries[i].pin2, INPUT);
#ifdef ENABLE PULLUPS
digitalWrite(rotaries[i].pinl, HIGH);
digitalWrite(rotaries[i].pin2, HIGH);
#endif
}

void setup() {
Joystick.begin();
rotary init();

Serial.begin(9600);

Wire.begin();

expanderl.begin();

expander2.begin();

// for (int i = @; i < NUMBUTTONS A; i++) pinMode(A[i], INPUTMODE);
// for (int i = 0; i < NUMBUTTONS B; i++) pinMode(B[i], INPUTMODE);

void loop() {
CheckAllEncoders();
tlacitka();

// input_A();
// input B();
input E1();
input E2();
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// output A();

// output B();
output E1();
output E2();

// output E2 sw();

/*
void input A() {
// read the input state and state changes of all buttons
static unsigned long lastButtonTime; // time stamp for remembering the time
when the button states were last read
memset (A Change, 0, sizeof(A Change)); // reset all old state changes
if (millis() - lastButtonTime < BOUNCETIME) return; // within bounce time:
leave the function
lastButtonTime = millis(); // remember the current time
for (int i = 0; i < NUMBUTTONS A; i++)
{
byte curState = digitalRead(A[i]); // current button state
if (INPUTMODE == INPUT PULLUP) curState = !curState; // logic is inverted
with INPUT PULLUP
if (curState != A State[i]) // state change detected
{
if (curState == HIGH) A Change[i] = BUTTONDOWN;
else A Change[i] = BUTTONUP;
}
A State[i] = curState; // save the current button state
}
}
*/
/*
void input B() {
// read the input state and state changes of all buttons
static unsigned long lastButtonTime; // time stamp for remembering the time
when the button states were last read
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memset (B _Change, 0, sizeof(B Change)); // reset all old state changes
if (millis() - lastButtonTime < BOUNCETIME) return; // within bounce time:
leave the function
lastButtonTime = millis(); // remember the current time
for (int i = 0; i < NUMBUTTONS B; i++)
{
byte curState = digitalRead(B[i]); // current button state
if (INPUTMODE == INPUT PULLUP) curState = !curState; // logic is inverted
with INPUT PULLUP
if (curState != B State[i]) // state change detected
{
if (curState == HIGH) B Change[i] = BUTTONDOWN;
else B Change[i] = BUTTONUP;
}
B State[i] = curState; // save the current button state

}

void input E1() {
// read the input state and state changes of all buttons
static unsigned long lastButtonTime; // time stamp for remembering the time
when the button states were last read
memset (E1 Change, 0, sizeof(E1l Change)); // reset all old state changes
if (millis() - lastButtonTime < BOUNCETIME) return; // within bounce time:
leave the function
lastButtonTime = millis(); // remember the current time
for (int 1 = 0; 1 < NUMBUTTONS E1; i++)
{
byte curState = expanderl.readButton(E1[i]); // current button state
// if (INPUTMODE == INPUT PULLUP) curState = !curState; // logic is
inverted with INPUT PULLUP
if (curState != E1 State[i]) // state change detected
{
if (curState == LOW) E1 Change[i] = BUTTONDOWN;
else E1 Change[i] = BUTTONUP;
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}

El State[i] = curState; // save the current button state

void input E2() {
// read the input state and state changes of all buttons
static unsigned long lastButtonTime; // time stamp for remembering the time
when the button states were last read
memset (E2_Change, 0, sizeof(E2 Change)); // reset all old state changes
if (millis() - lastButtonTime < BOUNCETIME) return; // within bounce time:
leave the function
lastButtonTime = millis(); // remember the current time
for (int i = 0; i < NUMBUTTONS E2; i++)
{
byte curState = expander2.readButton(E2[i]); // current button state
// if (INPUTMODE == INPUT PULLUP) curState = !curState; // logic is
inverted with INPUT PULLUP
if (curState != E2 State[i]) // state change detected
{
if (curState == HIGH) E2 Change[i] = BUTTONDOWN;
else E2 Change[i] = BUTTONUP;
}

E2 State[i] = curState; // save the current button state

}

void tlacitka(void) {
if (buttbxl.getKeys())

{
for (int 1 = 0; i < LIST MAX; i++) // Scan the whole key list.

{
if ( buttbxl.key[i].stateChanged ) // Only find keys that have
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changed state.

{
switch (buttbxl.key[i].kstate) { // Report active key state : IDLE,

PRESSED, HOLD, or RELEASED
case PRESSED:

case HOLD:
Joystick.setButton(buttbxl.key[i].kchar, 1);

Serial.println(buttbxl.key[i].kchar);
break;
case RELEASED:

case IDLE:
Joystick.setButton(buttbxl.key[i].kchar, 0);

break;

/*

void output A() {

// send a message to Serial if a button state (pressed/released) has
changed

// button pressed: Send button pin number with minus sign

// button released: Send button pin number

byte action;
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for (int i = 0; i < NUMBUTTONS A; i++)

{
switch (A Change[i])
{
case BUTTONUP:
Joystick.setButton(JoyA[i], 1);
delay(200);
Joystick.setButton(JoyA[i], 0);
Serial.println(JoyA[i]); break;
case BUTTONDOWN:
Joystick.setButton(JoyA[i], 1);
delay(200);
Joystick.setButton(JoyA[i], 0);
Serial.println(-JoyA[i]); break;
}
}
}
/*

void output B() {
// send a message to Serial if a button state (pressed/released) has
changed
// button pressed: Send button pin number with minus sign
// button released: Send button pin number
byte action;
for (int 1 = 0; i < NUMBUTTONS B; i++)
{
switch (B Change[i])
{
case BUTTONUP:
Joystick.setButton(JoyB[i], 1);
delay(200);
Joystick.setButton(JoyB[i], 0);
Serial.println(JoyB[i]); break;
case BUTTONDOWN:
Joystick.setButton(JoyB[i], 1);
delay(200);
Joystick.setButton(JoyB[i], 0);
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Serial.println(-JoyB[i]); break;

void output E1() {

// send a message to Serial if a button state (pressed/released) has
changed

// button pressed: Send button pin number with minus sign

// button released: Send button pin number

byte action;

for (int 1 = 0; i1 < NUMBUTTONS E1; i++)

{
switch (E1 Change[i])
{
case BUTTONUP:
Joystick.setButton(JoyEl[i], 1);
delay(100);
Joystick.setButton(JoyEl[i], 0);
Serial.println(JoyEl[i]);
break;
case BUTTONDOWN:
Joystick.setButton(JoyEl[i], 1);
delay(100);
Joystick.setButton(JoyE1l[i], 0); Serial.println(-JoyEl[i]); break;
}
}
}
F R R Nastaveni vystupl- E2---------------------

void output E2() {

// send a message to Serial if a button state (pressed/released) has
changed

// button pressed: Send button pin number with minus sign



// button released: Send button pin number

byte action;
int temp i;
bool last;

for (int 1 = 0; i < 5; i++)
{
switch (E2 Change[i])

{
case BUTTONUP:

Joystick.setButton(JoyE2[i], 1);
Serial.println(JoyE2[1i]);

delay(100);

Joystick.setButton(JoyE2[i], 0);
//Serial.println(-JoyE2[i]);

if (JoyE2[i] == 38) {

last = 1;
}
else {

last = 0;
}

//temp i = JoyE2[il;
Serial.print("Last: ");
Serial.println(last);
break;

case BUTTONDOWN:

//Joystick.setButton(JoyE2[i], 1);

//delay(200);

if (1 == 0 && last != 1) {
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Joystick.setButton(JoyE2[i], 1); Serial.println(JoyE2[i]);

delay(100);

Joystick.setButton(JoyE2[i], 0);
Serial.println(JoyE2[i]);

temp i = 2;

Serial.print("Last: ");



Serial.println(last);
break;

for (int i = 5; i< 8; i++)
{
switch (E2 Change[i])
{
case BUTTONUP:
Joystick.setButton(JoyE2[i], 1);
delay(100);
Joystick.setButton(JoyE2[i], 0);
Serial.println(JoyE2[i]);
break;
case BUTTONDOWN:
Joystick.setButton(JoyE2[i], 1);
delay(100);

Joystick.setButton(JoyE2[i], 0); Serial

void output E2 sw() {

Button Box 1.0

.println(-JoyE2[i]); break;

// send a message to Serial if a button state (pressed/released) has

changed

// button pressed: Send button pin number with minus sign

// button released: Send button pin number
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byte action;
for (int 1 = 0; 5 < i < 8; i++)

{
switch (E2 Change[i])
{
case BUTTONUP:
Joystick.setButton(JoyE2[i], 1);
delay(100);
Joystick.setButton(JoyE2[i], 0);
Serial.println(JoyE2[i]); break;
case BUTTONDOWN:
// Joystick.setButton(JoyE2[i], 1);
// delay(200);
// Joystick.setButton(JoyE2[i], 0); Serial.println(-JoyE2[i]);
break;
}
}
}
R e e enkodéry-----------oi

/* Read input pins and process for events. Call this either from a
loop or an interrupt (eg pin change or timer).

Returns 0@ on no event, otherwise 0x80 or 0x40 depending on the direction.
*/
unsigned char rotary process(int i) {

unsigned char pinstate = (digitalRead(rotaries[ i].pin2) << 1) |
digitalRead(rotaries[ i].pinl);

rotaries[ i].state = ttable[rotaries[ i].state & Oxf][pinstate];

return (rotaries[ i].state & 0x30);

}

void CheckAllEncoders(void) {
for (int i = 0; i < NUMROTARIES; i++) {
unsigned char result = rotary process(i);
if (result == DIR CCW) {
Joystick.setButton(rotaries[i].ccwchar, 1); delay(50);
Joystick.setButton(rotaries[i].ccwchar, 0);
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Serial.println(rotaries[i].ccwchar);
};
if (result == DIR CW) {
Joystick.setButton(rotaries[i].cwchar, 1); delay(50);
Joystick.setButton(rotaries[i].cwchar, 0);
Serial.println(rotaries[i].cwchar);
};
}
}

Jdeme do finale

Ac se zdalo, Ze spajet to vSe dohromady bude nejsnadnéjsi, nebylo tomu tak. S pribyvajicim
poctem spojl se z toho stavalo ¢im dal vétsi klubko dratd a nékdy se s horkdm hrotem
manévrovalo hodné tésné kolem buzirek. Jako tfeSnicku na dortu jsem jesté zjistil, ze jsem
nechal vypalit Spatny prlimér (samozrejmé mensi) pro otocny prepinac, takze jsem jesté
musel vyrobit konstrukci, ktera jej drzi na dné krabice, misto aby byl zasroubovany v panelu.

Diody nejsou oSetrfeny programové ale natvrdo pripajené k druhé vétvi dvoupdlového
vypinace. Prediadné rezistory jsem naskladal vedle sebe na univerzaini ,dirkovanou” desku
DPS, stejné tak patici pro Arduino. Sofistikovanéjsi by bylo navrhnout néjaky tistény spoj, ale
na to ted nebyl ¢as, hlavné se vse jesté ladi.

Jesté jsem doplnil jednu blbinku a to je ,ARM" tedy zajiSténi dvou dvojic spinacd s indikaci
Cervena/zelena. Kterymi mlzete zajistit tlacitka proti nechténému stisknuti (tfeba u
nouzového opusténi letadla, odhozeni bomba atd)

Pro finalni vzhled jsem jesté na plotru vyrezal z vinylové folie Cisla tlacitek pro lepsi orientaci.
Pri ostrém provozu zfejmeé pak doplnime prfimo o napisy funkci, které se ustali u jednotlivych
ovladacich prvkd.
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