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1. Opportunity:

Our device was designed as a solution to help individuals who are lost in the wilderness without
any electronic devices to get back to safety by retracing their steps. Given that a plethora of
solutions from traditional compass and maps to advanced GPS location systems already exist,
we wanted to focus on providing a low-tech solution that could work even in the absence of any
network connection or access to the open skies.

2. Strategy

The original strategy envisioned a device that would have 2 modes: tracking, and pointing. In
the tracking mode, an onboard gyroscope would log the position changes taken by the user. In
the pointing mode it would direct the user in the way they came from using an arrow with 2
degrees of freedom. Another major consideration was compactness of design and portability.

Facing budget and difficulty constraints we scaled the scope of the project down in our
implementation. As such, the pointing mode was changed to react to a set of external remote
controllers(Fig 1), while the tracking mode was changed to hold an absolute position set in the
pointing mode regardless of the user’s orientation. We were able to satisfy these goals,
ensuring that our pointing needle reacted in real time to external controls and the tracking mode
maintained the absolute position set by the controls. We were also reasonably successful in
minimising the overall size of the product, reducing it to a device that can be held with 2
hands.(Fig 2).
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Fig 1: Remote Controller Fig 2: Complete assembly



3. Function-Critical Decisions
Choice of motors
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We decided on the Polulu #2215 dc motors from the lab kits due to its size and the low torque
required for our application. Since that motor gear has a 1:1 gear ratio, input and output gear
rotate at the same speed, but in different directions, the input and output torques are the same.
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Since the motor and needle system is free to rotate about the x-axis, and there is minimal
external force acting on it, we only consider torque due to inertia of the load. For a rotational
load, this is given by:

= Ja
output

where I is the moment of inertia of motor and needle load and « is the angular acceleration. I
can be calculated by approximating the motor and needle as a solid cylinder and o can be
calculated by setting the system to reach its desired position in 1 second. The same principle is
applied to calculate torque on the needle, but now approximating the needle as a cuboid. This
reveals that
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for both cases. Hence, our chosen motor was suitable.

Choice of bearings
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We opted for the Y2 “ McMaster stainless steel ball bearing due to its cost and size fit. The
selected ball bearing has a maximum radial static load of 90Ib. To calculate the force on each
bearing, we measured the moments caused by each component with respect to the left bearing.
Using the fact that ZM = 0, we were able to calculate the force exerted on the bearings as



RB Left = 0.209 N ( Equivalent to 21. 3g mass)
RB,Right = 0.217 N ( Equivalent to 22. 1g mass)
Therefore, RB'Le ft and RB,RL,ght &« 90lbs maximum static load of selected bearings

4. Circuit and State Transition Diagrams

We used two Pololu #2215 dc motors. We wired one of them exactly as shown below and the
other we used the second set of inputs and outputs (AIN1,AIN2,AOUT1,AOUT2) on the motor
driver and other available GPIO pins on the ESP.

Figure 6: Connecting the encoder

Wiring for IMU to ESP(pins Potentiometer wiring:
match exactly):

State Transition Diagram
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5. Reflection

Working on this project was both fun and challenging. We had minor issues when it came to
manufacturing such as parts not fitting as planned. Software-wise, most of it was straightforward
but debugging took a long time since we integrated a lot of things such as the motors and the
button. Also, the PID controller was very difficult to tune perfectly. Although our goal was to
make the needle move accordingly with the potentiometers or completely track our motion,
accuracy issues in our sensor prevented it from moving as intended. However, we were able to
get consistent results since the needle responded to potentiometer changes and movement

from the user.




Appendix:

Complete Bill of Materials

Tablel v (@

Name Source v Number v PkgQuantity v QuantityNeeded v TotalPrice v © OrderStatus v Links

Flanged Ball Bearings  McMaster 57155K323 6.05 1 2 121 https://www.mcmaster.com/57155K323/

Shaft Collars McMaster 941476 177 1 4 7.08 https://www.mcmaster.com/9414T6/

Shims McMaster 3088A145 6.86 5 2 6.86 https:/www.memaster.com/3088A145,

Belleville Disc Spring ~ McMaster 9712K116 244 3 1 244 https:/www.mcmaster.com/9712K116/

Bevel Gear McMaster 7297K15 11.83 1 2 23.66 https://www.mcmaster.com/7297K15/

Shaft Coupler Servocity https://www.servocity.com/0-250-to-3mm-set-scr 8.19 1 2 16.38 https://www.servocity.com/0-250-to-3mm-set-screw-sh:
DC Motor Lab Kit https://www.pololu.com/product/2215 0 1 2 0 https://www.pololu.com/product/2215

Motor Driver Lab Kit/Adafruit DRV8833 0 1 1 0

Aluminum Shafts McMaster 1257K118 10.73 1 1 10.73 https:/www.mcmaster.com/1257K118/

ESP 32 Lab Kit HUZZAH32 - ESP32 Feather Board 0 1 2 0

Gyroscope Sensor Lab Kit/ Sparkf. LSM 6DSO 0 1 1 0

12V Battery Amazon https:/www.amazon.com/Amazon-Basics-23A-Al 474 1 1 474 https:/www.amazon.com/Amazon-Basics-23A-Alkaline|
Breadboard Amazon https:/www.amazon.com/dp/BO9YNIPVY?2/ref=s 8.99 9 3 8.99 https:/www.amazon.com/dp/BO9YNOPVY2/ref=sspa_d
Potentiometer Lab Kit 0 1 2 0

3.7V Battery (for ESP32 Lab Kit 0 1 2 0

Aluminum Sheet (Hous Machined 8975K421 10.97 1 1 10.97 https://www.mcmaster.com/8975K921/

Acrylic Sheet (Housing) Machined 12277869 8.58 1 1 858 https://www. com/1227T869-1227T862/
Standoffs McMaster 93265A034 3.03 1 4 1212 https://www.mcmaster.com/93265A034/

Screws McMaster 92949A267 11.61 100 1 11.61 https://www.mcmaster.com/92949A267/

Motor Mount Screw  McMaster 91251A059 8.89 25 1 8.89 https://www.mcmaster.com/91251A059/

Screw Nuts (all) McMaster 92736A001 10.36 10 1 10.36 https:/www.mcmaster.com/92736A001

Shaft to Motor Mount S McMaster 91251A447 10.16 5 1 10.16 https://www.mcmaster.com/91251A447/

Hex Keys Home Depot cOm/p/TEKTON-3-64-3-8-in-Lo 12 1 1 12 https:/www. com/p/TEKTON-3-64-3-8-in-Lol
Total Cost 177.67 v
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Code

<Arduino.h>
<Wire.h>

#include
#include
#include
#include
#include
#include
<WiFi.h>

<esp_now. h>

#include
#include

#define I2C_SDA 22
#define I2C_SCL 20
#define BIN_1 14
#define BIN_2 15
#define AIN_1 7
#define AIN_2 8
#define LED_PIN 13
#define BUTTON 34

Adafruit_BN0@55 bno =

ESP32Encoder encoderl;
ESP32Encoder encoder2;

byte state =

0;

timerFreq= 10000;
theta = 0;
thetaDesl =
thetaDes2

xytheta

<Adafruit_Sensor.h>
<Adafruit_BNO@55. h>
<utility/imumaths.h>
<ESP32Encoder.h>

Adafruit_BN0@55(55, @x28);

xythetaDes

yztheta

yzthetaDes




thetaMotorNeedle = 360;
thetaMotorTrans = 250;
needleThetaDes = @;

D = 0;

potReadingl =
potReading2

error = 0;

error_sum = 0;
prev_error = @;
derivative = 9;

Kp =
Ki
Kd =

count = @;
countl = @;
interruptCounter = false;
deltaT = false;
deltaTl = false;
totallnterrupts = 0;
* timer® = NULL;
* timerl = NULL;
* timer2 = NULL;
* timer3 = NULL;
portMUX_TYPE timerMux® = portMUX_INITIALIZER_UNLOCKED;
portMUX_TYPE timerMuxl = portMUX_INITIALIZER_UNLOCKED;

portMUX_TYPE timerMux2 = portMUX_INITIALIZER_UNLOCKED;
portMUX_TYPE timerMux3 = portMUX_INITIALIZER_UNLOCKED;
buttonIsPressed = false;
DEBOUNCINGflag = false;

freq = 5000;
ledChannel_1
ledChannel_2
resolution =
MAX_PWM_VOLTAGE
NOM_PWM_VOLTAGE =

init_yaw = @;
init_roll = @;
init_pitch = 9;
delta_yaw = 0;
delta_roll = 0;
delta_pitch = 9;




IRAM_ATTR onTime@() {
portENTER_CRITICAL_ISR{&timerMux®);
interruptCounter = true;
count = encoderl.getCount();
encoderl.clearCount();
portEXIT_CRITICAL_ISR(&timerMux®@};

IRAM_ATTR onTimel() {
portENTER_CRITICAL_ISR{&timerMuxl});
count = encoderl.getCount();
encoderl.clearCount();
deltaT = true;
portEXIT_CRITICAL_ISR({&timerMuxl);

IRAM_ATTR isr() {
buttonIsPressed = true;

IRAM_ATTR onTime2() {
portENTER_CRITICAL_ISR(&timerMux2);
DEBOUNCINGflag = false;
portEXIT_CRITICAL_ISR({&timerMux2);
timerStop(timer2);

IRAM_ATTR onTime3() {
portENTER_CRITICAL_ISR(&timerMux3);
countl = encoder2.getCount();
encoder2.clearCount();
deltaTl = true;
portEXIT_CRITICAL_ISR(&timerMux3);

typedef struct_message {
POT_1;
POT_2;
BUTTON_1;

} struct_message;

struct_message myData;

OnDataRecv ( mac, incomingData, len) {
memcpy (&myData, incomingData, sizeof(myData));




setup() {

Serial.begin(115200);
Wire.begin(I2C_SDA, I2C_SCL);
delay(500);

Wire.begin();

delay(10);

WiFi.mode(WIFI_STA);

Serial.print1ln("BNO®55 Euler Angles Test");

if(!bno.begin())

{
Serial.println("BNO®55 not detected. Check wiring or I2C address!");
while(1);

}

delay(1000);
bno.setExtCrystalUse(true);

event;
bno.getEvent(&event);
init_roll = event.orientation.x;
init_pitch = event.orientation.y;
init_yaw = event.orientation.z;

if (esp_now_init() != ESP_OK) {
Serial.println("Error initializing ESP-NOW");
return;

}

esp_now_register_recv_cb{ (OnDataRecv));

pinMode (LED_PIN, OUTPUT);
digitalWrite(LED_PIN, HIGH);

ESP32Encoder: :useInternalWeakPullResistors = puType::up;
encoderl.attachHalfQuad(27, 33);
encoderl.setCount({@);

ESP32Encoder: :useInternalWeakPullResistors = puType::up;
encoder2.attachHalfQuad(4, 32);
encoder2.setCount(0@);

ledcAttach(BIN_1, resolution);
ledcAttach(BIN_2, resolution);

ledcAttach(AIN_1, resolution);
ledcAttach(AIN_2, resolution);




timer® = timerBegin(1000000);
timerAttachInterrupt(timer®, &onTime@);
timerAlarm(timer®, 100000, true, 0);

timerl = timerBegin(1000000/3);
timerAttachInterrupt{timerl, &onTimel};
timerAlarm(timerl, 10000, true, @);

timer2 = timerBegin(1000000);
timerAttachInterrupt{timer2, &onTime2};
timerAlarm(timer2, 10000, true, 0);

timer3 = timerBegin(1000000/2);
timerAttachInterrupt(timer3, &onTime3)};
timerAlarm(timer3, 10000, true, 0);

Serial.begin(115200);
pinMode (BUTTON, INPUT);
attachInterrupt(BUTTON, isr, RISING);

Serial.println("end of setup");




loop() {

switch (state) {

case 0@:
Serial.println("State 1: Using the potentiometers to direct the users movements");

if (CheckForButtonPress{)== true) {

digitalWrite(LED_PIN, LOW);
state = 1;

ButtonResponse();
break;

} else if (deltaT) {
portENTER_CRITICAL (&timerMuxl);
deltaT = false;
portEXIT_CRITICAL(&timerMuxl);

xytheta += count;
xythetaDes = potpositionMapping(myData.POT_1, thetaMotorNeedle);

motorControl(xythetaDes, xytheta, BIN_1, BIN_2);

} else if (deltaTl) {
portENTER_CRITICAL(&timerMux3);
deltaTl = false;
portEXIT_CRITICAL(&timerMux3);

yztheta += countl;
yzthetaDes = potpositionMapping(myData.POT_2, thetaMotorTrans);

motorControl(yzthetaDes, yztheta, AIN_2, AIN_1);

}else {
break;
}

break;




case 1:
Serial.println("State 2: Absolute Position control for the

if (CheckForButtonPress()== false) {

digitalWrite(LED_PIN, HIGH);
state = 0;

ButtonResponse();

break;

}

if (interruptCounter) {
portENTER_CRITICAL (&timerMux®);
interruptCounter = false;
portEXIT_CRITICAL(&timerMux@);

needle

trackingMotorContorl(init_roll, init_pitch, init_yaw);

}else {
break;

}

break;




CheckForButtonPress(){
if(myData.BUTTON_1 == true){
return true;
} else {
return false;

}

ButtonResponse(){
buttonIsPressed = false;
Serial.println("Pressed!");

potpositionMapping( reading, range) {
thetaDes = map(reading, @, 4895,0,range);
return thetaDes;

motorControl( thetaDes, theta, inputl, input2){
error = thetaDes - theta;
error_sum = error_sum + error/10;
derivative = (error - prev_error) / 0.01;
D = (Kp * error) + (Ki * error_sum} + (Kd * derivative);
prev_error = error;

if (D > MAX_PWM_VOLTAGE) {
D = MAX_PWM_VOLTAGE;
error_sum —-= error;
} else if (D < -MAX_PWM_VOLTAGE) {
D = -MAX_PWM_VOLTAGE;
error_sum —-= error;

}

if (D > 0) {

ledcWrite(inputl,
ledcWrite(input2,
else if (D < @) {
ledcWrite(input2,
ledcWrite(inputl,
else {

ledcWrite(input2,
ledcWrite(inputl,




trackingMotorContorl{ init_roll, init_pitch, init_yaw){

event;
bno.getEvent (&event) ;

delta_roll = calculateAngleDifference(event.orientation.x, init_roll);
delta_pitch = calculateAngleDifference(event.orientation.y, init_pitch);
delta_yaw = calculateAngleDifference(event.orientation.z, init_yaw);

init_roll = event.orientation.x;
init_pitch = event.orientation.y;
init_yaw = event.orientation.z;

thetaDes1 map{(-delta_pitch, -360, 360, -thetaMotorNeedlex1.5, thetaMotorNeedlex1.5);
thetaDes2 = map(-delta_roll, -360, 360, —-thetaMotorNeedle, thetaMotorNeedle);

motorControl(thetaDes2, @, BIN_1, BIN_2);
motorControl(thetaDesl, @, AIN_2, AIN_1);

calculateAngleDifference( current, previous) {
diff = current - previous;
if (diff > 180) {
diff -= 360;
} else if (diff < -180) {
diff += 360;
b

return diff;




