Team Tentacle

ME 102B Fall 2023
Darren Suen, Zach Tam, Aalaya Wudaru

Opportunity:

Our journey began with the opportunity to craft a robotic system featuring seamless, intuitive control. We
hoped to blend complex software and precision mechanical control systems to make the movement user
centric and instinctual. While brainstorming applications for the robotic control system, we became
increasingly interested in the applications of soft robotics such as search and rescue as well as surgery.
Driven by soft robotics’ origins in biomimicry we couple our interests in soft robotics and intuitive control to
design and construct an intuitively controlled bio-mechanism Therefore, our project ultimately took on the
fabrication of a robotic arm that behaved akin to an octopus’ tentacle: fluid and versatile.

High Level Strategy:

The initial desired functionality was to have an octopus robot that flexed and/or moved its tentacles in
response to hand motions as the external controller. We were quite ambitious and expected to have multiple
tentacle arms and utilize various sensors to capture and transmit the motions of a hand and fingers as a
signal for robotic motion. However, upon further research and consultation we scaled down our strategy to fit
within financial and time constraints.

Our high level strategy then became to utilize three degrees of actuation controlled by three “tendons”. The
string lengths would vary by motor-capstan rotation, thereby creating the fluid motion of the tentacle. The
rigidity of the tentacle arm would be maintained by disks and springs between them. While initial functionality
goals included sensors picking up hand motions, we decided to go for a joystick controller for our arm and
limit additional functionality to an LED light show and preprogrammed “dance sequence”. The 2-degree
joystick was mapped using a mathematical function in our code, and we mapped x and y coordinates of the
joystick input to radial positions of our arm. We implemented position control to have soft-stops so that the
tentacle did not bend beyond its fracture point. Our arm meets our soft robotics specifications and moves
like an octopus tentacle while also being intuitively controlled, but it did not reach the ambitious goals of
multiple arms due to budgeting and timeline.

Integrated Device:

Below, we show our motor assembly and housing, circuitry, and final assembly.




Critical Design Decisions and Calculations:

The table below shows the constants we had given the compression spring and rotary shaft sizes that were
roughly forced on us based on price and size.

Specifically, we needed springs that were relatively short for their diameter (and not too expensive), and these
were the weakest ones we could find of that type. This is because shorter and wider springs are typically
stronger.

As for the rotary shafts, we picked the diameter based on the size of the cheap shaft couplers and bearings
we found on Amazon.



Compression Spring

k, spring rate 18 Ib/in
Length 1.5 in
Compressed Length @ Max load 0.51 in
Max Load 42 b
Rotary Shaft

Diameter 0.315 in
Circumference 1.9792017 in

We then compute the equivalent spring constant for 6 springs in series:

Keq =k /6 =3 Ib/in

The free length of the tentacle is:

Lo =6L=9in

We assume that at most, the total tower would be compressed to 6 inches. In this state, the spring force
would be:

Frnaxd = Keq (Lot - 6) =9 Ib

At worst, this would all be held by one cable, with a tension of 9 Ib. We used this maximum cable tension to
determine which fishing line to buy. However, we ultimately opted for overkill since we didn’t want the line to
stretch and there was no obvious downside to doing so. We also used the tension estimate to determine
which motors to use.

The associated motor torque would be:

Trax = |Frrax](Ogpat 7 2) = 9 10 * 0.1575 in = 1.4175 Ib*in = 16.33 kg*mm

Initially, we looked at the Pololu metal gearmotor datasheets to determine the appropriate gearing to achieve
this max torque with less than 60% PWM. This ended up being the 30:1 gear ratio model. However, these
motors were very expensive. We presented these numbers to Tom, who lent us the appropriately sized
motors and corresponding motor drivers that he had for free.

Circuit Diagram and State Transition Diagram:
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Reflection:

One of the biggest lessons we learned from this project was the importance of proper software integration.
While presenting our functionality demo, we had not yet added in a position based stop in the code for when
the tentacle was bent to the point of fracture. When dealing with flexible soft robotics components, it is
important that since the components aren’t as rigid, the code is intuitive and accounts for this room to fail.
We have now implemented a position based control system that will also rehome the tentacle after the user
plays with the arm. By adding soft stops in our code we were able to maintain the simplicity and affordability
of the arm build while achieving the same functionality. Additionally, we initially hand-machined the motor
housing out of wood, something that proved to be a great, time consuming challenge. We highly recommend
to all future groups to start on the housing design early so you can laser cut or water jet, as we eventually did
to achieve a cleaner look. We learned a lot from our mistakes in this project, but each one made us better
engineers!
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Appendix II: CAD
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Appendix lll: Code

#include <ESP32Encoder.h>

#include <Arduino.h>

// DEFINE PINQUTS OF ESP32 - ---m=-m-=mcmmemmmmsmmmmmmsemmsamomooomooon

// MOTORS
#define A_PWM 25
pdefine A_DIR 26
#define B_PWM 33
#define B_DIR 15
fdefine C_PWM 12
#define C_DIR 32

// ENCODERS
frdefine ENCODER_A_YEL 16
#define ENCODER_A_WHITE 17
#define ENCODER_B_YEL 5
#define ENCODER_B_WHTTE 23
#define ENCODER_C_YEL 18
ftdefine ENCODER_C_WHITE 19

// BUTTONS AND JOYSTICKS
#define BTN 22
#define BTNZ 27
#define LED_PIN 13
fidefine JOYBTN 21
#define J0YX 39
#define JOYY 34

// RGB & MUSIC
#define BLUE 4
#define GREEN 14
#define MUSIC 13

4/ DEFINE STATES ====mmmmmmmsomommee o e e e meee

int state = 1;
#tdefine IDLE 1
#define DANCE 2
#define JOYSTICKCTRL 3
#define REHOME_A 4
#define REHOME_B 5
#define REHOME_C 6

£/ SETUP WARIABLES == - === === mmmmm o m o s omm s

// ENCODERS
ESP32Encoder encoder;
ESP32Encader encoderl;
ESP32Encoder encoder3;
int D = &;

// SPEED CONTROL

int omegaSpeed = @; int omegabes = &; int omegaMax = 15;

/# POSITION CONTROL
int thetaDes; int thetaMax = 708;
int thetal = @; int theta2 = @; int theta3 = @;

/7 JOYSTICK
int x_val = 8; int y_val = @&;

int x origin = 1858; int y_origin = 1875;

int x_coord; int y_coord;

int origin_range = 18;

int radius; float angle;

int radius_max = sqrt(x_origin = x_origin + y_origin = y _origin)/18;

// FEEDBACK CONTROL PARAMETERS
int errorl; int sumerrorl;
int error2; int sumerror2;

int errard; int sumerrord;

//FEEDBACK CONTROL for POSITION CONTROL
float Kp_pos = @.88;
float Ki_pos = @.2;
int KiMax_pos = 28;

/fFEEDBACK CONTROL for SPEED CONTROL
int Kp_rehome = 28;
int Ki_rehome = 1;
int KiMax_rehome = 15;

// TIMER & INTERRUPT WARIABLES
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77 VIMER ¥ - DEBUURLE 31LMERS 2, 3 = ILMLNG SIAIES
hw_timer_t * timerd = NULL;
hw_timer_t * timer2 = NULL;
portMUX_TYPE timerMuxd = portMUX_INITLALIZER_UNLOCKED;
POFEMUX_TYPE timerMux2 = portMUX_INITIALIZER_UNLOCKED;
volatile bool debounceT = false; //flag to check if debounce timer is up
volatile bool buttonIsPressed = false; //flag to check if button is pressed and start debounce timer
volatile bool buttonTsPressed2 = false; /[/flag to check if button is pressed and start debounce timer
velatile bool joystickIsPressed = false; //flag to check if button is pressed and start debounce timer
volatile bool timerflag = false;
volatile bool timerflag2 = falsej

/f TIMER 1 = ENCODER
hw_timer t * timerl = NULL;
POrEMUX_TYPE timerMuxi = portMUX_INITTALTZER_UNLOCKED;
welatile int countl = @; // encoder count
volatile int count2 = @; // encoder count
volatile int count3 = @; // encoder count
volatile bool deltaT = false; /# check timer interrupt 1

#/ PWM PROPERTIES
const int freq = 5084;
const int resolution = 8;
const int MAX_PWM_VOLTAGE = 255;
const int NOM_PWM_VOLTAGE = 68;

const int ledChannel 1 = 1;
const int ledChannel_2 = 2;
const int ledChannel_3 = 3;
const int blueChannel = 6;

const int greenChannel = 7;

F/Initdalization =-----smmesommomrmm oo

void TRAM_ATTR onTimed() {
portENTER_CRITICAL_TSR(&timertux@) ;
debounceT = true;
pOrtEXIT_CRITICAL_ISR(&timerMuxe);
timerstop(timerd);

veid IRAM_ATTR onTimel() {
portENTER_CRITICAL_ISR({&timerMuxl);
countl = encoder.getCount( );
count2 = encoder2.getCount{ );
count3 = encoderd.getCount( };
encoder.clearCount ( );
encoder2, clearCount { );
encoder3.clearCount ( )3

deltal = true;
PportEXIT_CRITICAL_ISR(&timerMuxl);

void IRAM_ATTR onTime2() {
portENTER_CRITICAL_TSR(&timersux2);
timerflag = true;
POrtEXIT_CRITICAL_ISR(&timerMux2);
timerStop(timer2);

vold IRAM_ATTR isr() { // the function to be called when interrupt is triggered
buttonIsPressed = true;
timerstart(timer@);

void IRAM_ATTR dsr2() { // the function to be called when interrupt is triggered
buttonIsPressed? = true;
timerStart (tiner);

void IRAM_ATTR isr3() { // the function to be called when interrupt is triggered
JoystickIsPressed = true;
timerstart(timera);

JFINITIALIZE ======m= oo s m e e o s e e e s e e m s m e s mm s e s

JITIMERS
void TimerInterruptInit() { //The timer simply counts the number of Tic generated by the guartz. With a quartz clocked at BoMHz, we will have 50,000,600 Tics.

/{ Debounce timer (2@8ms)
timerd = timerBegin(®, 88, true); // timer 1, MWDT clock peried = 12.5 ns * TIMGn_Tx_WDT_CLK_PRESCALE -> 12.5 ns * B8 -> 188@ ns = 1 us, countUp
timerAttachInterrupt(timer@, SonTime@, true); // edge (not level) triggered
timerAlarmWrite(timere, 286808, true); // 2080068 * 1 us = 208 ms, autoreload true
timerAlarmEnable(timerd); // enable
timerStop(timerd);
timerRestart{timerd);

#/ Encoder timer {18ms)
timerl = timerBegin(1, 8@, true); // timer 1, MWDT clock period = 12.5 ns * TIMGN_Tx_WDT_CLK_PRESCALE -> 12.5 ns * 82 -> 1800 ns = 1 us, countup
timerAttachInterrupt(timerl, &onTimel, true); // edge {not level) triggered
timerAlarmbirite(tinerl, 18888, true); // 18888 * 1 us = 18 ms, autoreload true
timerAlarmEnable (timerl); // enable

/{ Dance timer (8s)
timer2 = timerBegin{(2, 88, true); // divides the frequency by the prescaler: 88,000,68¢ / 86 = 1,088,600 tics / sec
‘timerAttachInterrupt(timer2, &onTime2, true); // sets which function do you want to call when the interrupt is triggered



184 timerAlarmWrite(timer2, 12000000, true); // sets how many tics will you count to trigger the interrupt, 3 @80 960 * 1 us = 3 s
185 timeralarmEnable(timer2); // Enables timer

186 timerStop(timer2);

187 timerRestart (timer2);

188

188 }

19

191 JF SETUP mme e e e e e m s ma e e s s nne

192

193 v void setup() {

154

195 Serial.begin(115208);

196

197 //MOTCRS

198 pinMode(A_PIR, OUTPUT); digitalWrite(A_DIR, LOW); // sets the initial direction

199 pinMode(B_DIR, OUTPUT); digitalwrite(8_DIR, LOW); // sets the initial direction

200 pintode(C_DIR, OUTPUT); digitalWrite(C_DIR, LOW); // sets the initial direction

281

202 /1 BUTTONS

203 pinMade (BTN, INPUT);

204 pinvade (BTNZ, TNPUT);

205 pinMode(JOYBTN, INPUT_PULLUP);

206 attachInterrupt (BTN, isr, RISING);

287 attachInterrupt(BTN2, isr2, RISING);

288 attachInterrupt(JOYBTN, isr3, RISING);

229

218 // ENCCDER

211 ESPI2Encoder: ;uselnternalWeakPullResistors = UP; // Enable the weak pull up resistors
212 encoder. attachHalfQuad (ENCODER_A_WHITE, ENCODER_A YEL); // Attach pins for use as encoder pins
213 encoder.setCount(@); // set starting count value after attaching

214 encodar2. attachHal fQuad(ENCODER_B_WHLTE, ENCODER_B_YEL); // Attach pins for use as encoder pins
215 encoder2.setCount(8); // set starting count value after attaching

216 encoder3.attachHalfQuad (ENCODER_C_WHITE, ENCODER_C YEL); // Attach pins for use as encoder pins
217 encoder3.setlount(8); // set starting count value after attaching

218

219 /1 LED Pun

220 ledcSetup(ledChannel_1, freq, resalution); // configure LED PWM functionalitites

221 ledcAttachPin(A_PWM, ledChannel_1); // attach the channel to the GPIO to be controlled
222 ledcSetup(ledChannel_2, freq, resalution); // configure LED PWM functicnalitites

223 ledcattachPin(B_PwM, ledChannel_2); // attach the channel to the GPIO to be controlled
229 ledcSetup(ledChannel_3, freq, resolution); // configure LED PWM functionalitites

225 ledcAttachPin(C_PuM, ledChannel_3); // attach the channel to the GPIO to be controlled
226

227 /4 TIMER

228 TimerInterruptInit(); // Initiates timer interrupt

229

230 // LED STRIP AND MUSIC

231

232 pinMode (BLUE, DUTRUT);

EES) i rMads (GREEN  OIITRLTY :

234 pinMade (MUSIC, OUTPUT);

235

236 ledcSetup(blueChannel, freq, resolution);

237 ledcSetup(greenchannel, freq, resolution);

238

239 ledcAttachPin(BLUE, blueChannel);

248 ledcAttachPin(GREEN, greenChannel);

241

242 3

243

244 ~  woid loop() {

245

246 if (deltaT) {

247 portENTER_CRITICAL(&timerMuxl);

248 deltal = false;

249 portEXIT_CRITICAL(&timertux1);

258

251 switch (state) {

252

253 /7 STATE 1 - IDLE: Default mode with nothing happening

254 case IOLE:

255

256 dance_off();

257 ledeWrite(ledChannel_1, LOW); digitalWrite(A_DIR, LOW);

258 ledewrite(ledChannel_2, LOW); digitalWrite(B_DIR, LOW);

259 ledcrite(ledChannal_3, LOW); digitalWrite(C_DIR, LOW);

260

261 Serial.println("IDLE");

262

263 if (CheckForButtonPress()) { ff EVENT: when button 1 is pressed
264 Serial.printin("BUTTON PRESSED");

265 dance_an(); // SERVICE: turns lights and music on, makes arm dance
266 timerstart(timer2); // SERVICE: starts dance timer
267 radius = 309; angle = ©;

268 state = DANCE;

269 }

270

271 if (CheckForJoystickPress()) { /7 EVENT: when joystick button is pressed
72 serial.printlin("JOYSTICK USER CONTROL");;

27 state = JOYSTICKCTRL;

274 }

275

276 if (CheckForButtonPress2()) { // EVENT: when button 2 is pressed
277 Serial.printIn("BUTTON 2 PRESSED");

278 state = REHOME_A;

2719 }

288

281 break;



283 // STATE 2 - DANCE: lights and music come on, arm starts dancing

284 case DANCE:

285 Serial.printin(“DANCE SEQUENCE WOOHOD");

286 dance_on();

287

288 i# (CheckForButtonPress() || timerflag) { // EVENT: when button is pressed OR when dance timer is up
288 dance_eff(); // SERVICE: turns lights and music off, stops arm frem dancing
290 reset_dance_timer(); // SERVICE: resets dance timer and flag
291 Serial.printin("DANCE OVER :(");

202 radius = 8; angle = 8;

203 state = IDLE;

294 }

285

296 break;

297

298 // STATE 3 - JOYSTICKCTRL: User can control the movement of the arm with the joystick

299 case JOYSTICKCTRL:

EC:]

3e1 polar_coordinates();

382 position_contral();

3e3

304 if (CheckForlaystickPress()) { // EVENT: when joystick button is pressed
385 sumerrorl = @; sumerror2 = 8; sumerror3 = 8

386 state = IDLE;

387 }

308

309 break;

31e

311 /f STATE 4 - REHOME_A: User can control the speed of motor A

312 case REHOME_A:

313

314 Serial.printin{”"CALIGRATE MOTOR A");

315 speed_control{countl, ledChannel_1, A_DIR, errorl, sumerrori); // SERVICE: Speed Control of Motor A
316

317 if (CheckForButtonPrass2()) { // EVENT: when butten 2 is pressed
318 sumerrorl = @;

319 state = REHOME_B;

320 }

321

322 break;

323

329 // STATE 5 - REHOME_B: User can control the speed of rotor B

325 case REHOME_B:

326

327 Serial.printin(“CALIBRATE MOTOR B");

328 speed_control{count2, ledChannel_2, B_DIR, errorZ, sumerror2); /! SERVICE: Speed Control of Motor B
329

338 if (CheckForButtonPress2()) { J/ EVENT: when button 2 is pressed
331 sumerrar2 = @;

32 sTate = HeHumk_L;

333 }

334 break;

335

336 /f STATE & - REHOME_C: User can control the speed of motor C

337 case REMOME_C:

338

339 Serdal.println(“CALTBRATE MOTOR C*};

348 speed_control (count3, ledChannel_3, C_DIR, error3, sumerror3); // SERVICE: Speed Contral of Mator €
341

342 if (CheckForButtenPrass2()) { // EVENT: when butten 2 is pressed
343 Serial.print1n("CALIBRATION COMPLETE");

324 sumerror3 = 8;

345 state = IDLE;

346 }

347

348 break;

349 }

ELL] }

381 }

352

353 // EVENT CHECKERS

354

355 ~ hool CheckForButtonPress() {

356 if (debounceT & buttonlsPressed) {

357 portENTER_CRITICAL (&timertuxs);

358 debounceT = false;

E pOrtEXIT_CRITICAL (&timerMuxd);

368 timerstop(timerd);

361 buttenIsPressed = false;

362 return true;

363 } else {

364 return false;

365 ¥

366 }

367

368 ~ bool CheckForButtonPrass2() {

369 if (debounceT && buttonIsPressed2) {

378 portENTER_CRITICAL (AtimerMuxs);

37l debounceT = false;

372 POrtEXIT_CRITICAL(&timerMux@);

373 timerstop(timerd);

374 buttonIsPressed? = false;

375 return true;

376 } else {

377 return false;

378 ¥

379 }

388

381 v bool CheckForJovstickPress() {



427

429
430

431

433
434

436
437
438
439

441

v

v

v

it (dubounceT B& joystickTsPressed) {
portENTER_CRITICAL(&timerMuxd);
debounceT = false;
portEXIT_CRITICAL{&timerMuxd);
timerStop(timerd);
joystickIsPressed = false;
return true;

else {

return false;

J/ SERVICES = -mmm oo oo oo

void dance_on() {
float t = millis()/250.0;
int g = sin(t)*128+128;
int b = cos(t)*128+128;
ledckrite(greenChannel, 255-g);
ledckrite(blueChannel, 255-b);
Serial.printin{g);
digitaldrite(MUSIC, HIGH);

angle += 8.5;
if (angle »= 360) { angle = ;)
position_contrel();

void dance_off() {
ledcWrite(greenChannel, 255);
ledckrite(blueChannel, 255);
digitalrite(MUSIC, LOW);

vold reset_dance_timer() {
timerStop(timer2);
timerRestart(timer2);

timerflag = false;

void plotSpeedata() {
Serial.print(“Speed:"); Serial.print(omegaSpeed);// Serial.print(", "); Serial.print(omegaSpeed2); Serial.print{" ");
Serial.print("Desired_Speed:"}; Serial.print{omegabes);// Serial.print(", "); Serial.print(omegaDes2); Serial.print("
Serial.print("PWM_Duty:"); Serial.print(D);// Serial.print(", "); Serial.println(D2);

void joystick_coordinates() {

/4 reads x, y values from joystick
x_val = analogRead(JOVX); y_val = analogRead(10VY);

/4 maps x , y values from center of joystick taken to be (8,8)
x_coard = (x_val = x_origin}/18; y_coord = (y_val = y_origin}/18;

// recenter center by scaling
if (x_coord > @) {
%_coord = (x_coord * x_origin) / (4895 - x_origin);
i
if {y_coord > ®) {
y_coord = (y_coord * y_origin) / (4896 - y_origin);

// ¥ilters noise when joystick is at (8,8)
float r_sq - sqri(x_coord*x_coord + y_coord®y_coord);
if (r_sq <= origin_range/ia) {

x_coord = 8;

y_coord = 8;

woid polar_coordinates() {
joystick_coordinates();
radius = sqrt{abs(x_coord) * abs(x_coord} + abs(y_coord) * abs(y_coord));
if (x_toord == B) {

1f (y_coord>8) {angle = 92;}
else {angle = -98;}

}
else {
angle tan2(y_coord,x_coord) /PI*186;
}
Serial.print{"\tRadius: "); Serial.print(radius});

serial.print("\tAngle: "); Serial.println(angle);

void speed_control(int couwnt, int ledChannel, int motor_dir, int error, int sumerror) {

joystick_coordinates();

cmegaSpeed = count;
omegaDes = map(x_coord, -x_origin/ie, x_origin/1@, -omegaMax, omegaMax); // PLEASE SPECLFY OMEGAMAX VALUE ABOVE

/fFeedback control
error = omegabes - omegaSpeed;

B
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if (abs(Ki_rehome/2 * sumerror) > abs(KiMax_renome}) {
if (sumerror < @) { D = Kp_rehome * error = KiMax_rehome; }
else { D = Kp_rehome * error + KiMax_rehome;}

¥

else { D = Kp_rehome * error + Ki_rehome/2 * sumerror;}

//Ensure that you don't go past the maximum possible command
1f (D > MAX_PWM_VOLTAGE) { D = MAX_PWM_VOLTAGE; }
(B« -MAX_PWM_VOLTAGE) { D = -MAX_PWM_VOLTAGE; }

else

//Map the D value te motor directionality

if (D > 0) { ledcWrite(ledChannel, D); digitalWrite(motor_dir, LOW); }

else if (D ¢ @) { ledcwrite(ledChannel, -0); digitalirite(motor_dir, HIGH); }
else { ledchrite(ledChannel, LOW); digitalurite(motor_dir, LOW); }

plotspeedData();

wvold angle_mapping(int ledChannel) {
if (ledChannel == 1) {

=188 88 angle <= =158) { angle += 368;)
if (angle >= -3 88 angle <= 38) { thetaDes = map(angle, -39, 30, @, thetaDes);}
if (angle »= 156 & angle <= 218) { thetabes = map(angle, 216, 158, 8, thetabes);}
if (angle > -158 && angle < -38) { thetaDes = @;}

¥

if (ledCharnel = 2) {
if {angle >- 90 && angle <= 150) { thetaDes = map(angle, 98, 158, @, thetaDes);}
if {angle >= -30 && angle <= =38} { thetabes = map(angle, -38, =99, B, thetaDes);}
if (angle > =30 && angle < 99) { thetaDes = 6;}

¥

if (ledchannel == 3) {
if (angle >= -18@ &K angle <= -158) { angle += 368;}
1if (angle >= 38 & angle <= 98) { thetaDes = map(angle, 98, 38, 8, thetaDes);}
if {angle »= -150 &% angle <= -98) { thetabes = map(angle, -158, -99, @, thetabes);}
if {angle > 99 && angle < 218) { thetaDes = 8;}

if (angle

void position_control() {

//MOTOR A

thetal += countl;

thetaDes = map(radius, 8, radius_max, @, thetaMax);
angle_papping(ledChannel_1);

errorl = thetaDes = thetal;
sumerrarl += errorl;
if (abs(Ki_pos® sumerrori) > abs(KiMax_pos)) {
if (sumerrorl < @) { D = Kp_pes * errarl - KiMax_pos;}

else { D = Kp_pos * errorl + KiMax_pos;}
¥

clse { 0 = Kp_pos * errorl + Ki_pos * sumerrorl;}

/fEnsure that you don't go past the maximum possible command
if (D > MAX_PWM_VOLTAGE) { D = MAX_PWM_VOLTAGE; }
else Lf (D < -MAX_PWM_VOLTAGE) { D = =MAX_PWM_VOLTAGE;}

//Msp the D value to motor directionality
iF (D > @) { ledeWrite(ledChannel 1, D); digitallirite(A DIR, LOW); }

clse if (D < @) { ledcWrite(lecChannel_1, =D); digitalurite(ADIR, HIGH); }
else { ledckirite(ledChannel 1, LOW); digitslurite(A_DIR, LOW); }

/IMOTOR B
theta2 += count2;

thetabes = map(radius, 8, radius_max, 8, thetaMax);
angle_napping(ledthannel_2);

error2 = thetades - theta2;

sumerror? 4= error2;

if (abs(Ki_pos® sumerror2) > abs(KiMax_pos)) {
if (sumerrar2 < @) { D = Kp_pos * error2 - KiMax_pos;}
else { D = Kp_pos * error2 + KiMax_pos;}

¥

else { 0 = Kp_pos * error2 + Ki_pos * sumerrard;}

//Ensure that you don't go past the maximum possible command
if (D > MAX_PWM_VOLTAGE) { D = MAX_PWM_VOLTAGE; }
else Lf (D < =MAX_PWM_VOLTAGE) { D = =MAX_PWM_VOLTAGE;}

//Msp the D value to motor directionality

if (D > @) { ledcWrite(ledChannel 2, D); digitalirite(B DIR, LOW); )

else if (D < 8) { ledcWrite(ledChannel_2, -D); digitalWrite(B_DIR, HIGH); }
else { ledekirite(ledChannel_2, LOW); digitallrite(B DIR, LOW); }

J#/MOTOR ©
theta3 += count3;

thetabes = map(radius, 0, radius_max, 8, thetaMax);
angle_mapping(ledChannel_3);

error3 = thetabes - thetad;

sumerror3 4= error3;

if (abs(Ki_pos® sumerrord) > abs(KiMax_pos}) {
if (sumerrar3 < @) { D = Kp_pos * error3 = KiMax_pos;}
else { D = Kp_pos * errord « KiMax pos;}

¥

else { D = Kp_pos * error3 + Ki_pos * sumerrord;}

sure that you don't go past the maximum possible command

1T (U > MAX_PWMVULIAGE) { U = MAR_PWILVULIAGE] ]
else if (D < -MAX_PWM_VOLTAGE) { D = -MAX_PHM VOLTAGE;}

/Map the D value to motor directionality

if (D » ) { ledcWrite(ledChannel 3, D); digitalurite(CDIR, LOW); }

else if (D < @) { ledcWrize(ledChannel_3, -D); digitalbirite(C_DIR, HIGH); }
else { ledcirite(ledchannel 3, LOW); digitalurite(C_DIR, LOW); }
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Music Peripheral

#include <Arduino.h>

#define
#define
#define
#define
#define

const float tones[32] = {586, 698, 932, 1175, @, 1175, @, 932,
1175, 1175, 932, 932,
466, 586, 698, 932, @, 932, @, 508,

588, 880, 1846, 1046, 0932, 932, @, 8};

int 1 =

INP 27

SPK 26

freq 5808
chan 8
resolution &

1946, 1046, 1244, 1244,

e;

int length = 32;
volatile bool play = false;

vold IRAM_ATTR isr() {

play =

void set

digitalRead{INP);

up(} {

Serial.begin({115288);

'/ put

!

your setup code here, to run once:

ledcSetup{chan, freq, resolution);

ledcAt

pinMod
attach

play =

tachPin(SPK, chan);

e(INP, INPUT);
Interrupt{INP, isr, CHANGE);
false;

void loop() {
Seriagl.print{"play: ");
Serial.printlniplay);
Serigl.print{"inp: ");
Serigl.println(digitalRead(INP}};

JF put your main code here, to run repeatedly:
for {(int t = 8; t < 288; ++t) {
delay(l};
if (!play) {
ledckiriteTone{chan, @);
i=@a;
T
H
if (play) {
ledcWriteTone(chan, tones[i]});
H

i=1(1i+ 1) % length;

Y.



Appendix IV: Mapping of motors to joystick position considerations

Preparing joystick data and converting it to polar coordinates

y_val
4095 1ers
.
raw x values from 1850
to 4095, and raw y
values from 1875 to
/ 4069 are scaled
accordingly
X, Y values bounce
around here when
joystick is at center " .
y_val — x_val
. -1850 /(0 0) angle (angle variable 1850
noisy readings H
around (1850, 1975) around (0,0) ) ) )
taken to be (0,0) distance (radius variable)
xy)
0
0 4095 -1875
x_val
(max,0,0)
(max.max.0) (max,0,max)
Notation:
(Motor A, Motor B, Motor C)
Maotor A
(0,0,max)
(0,max,0)
Motor B Motor C

(0,max,max)



