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Background

Goal:

to improve the Nitrogen Vacancy
Center (NV centers) Electron Spin
Resonance (ESR) measurement by
making magnetic field alignment
easier.

Our Experiment
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Block Diagram
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Electronic Schematice
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#include <TimerOne.h>
#include <AccelStepper.h>

// Define pin connections

const int dirPin = 2;

const int stepPin = 3;

const int lockPin 13; // HIGH = unlock, lock

volatile int currentTheta = 0;

int x 9;
int y = 0;
int z 0;

// Define motor interface type
#tdefine motorInterfaceType 1

// Creates an instance
AccelStepper myStepper(motorInterfaceType, stepPin,

void setup() {
pinMode(lockPin, OUTPUT);
Serial.begin(9600);
// set the maximum speed, acceleration factor,
// initial speed and the target position
// theta: -step = positive tick
myStepper.setMaxSpeed(100) ;
myStepper.setAcceleration(100);
myStepper.setSpeed(100);

void loop() {

if (myStepper.distanceToGo() != @ & Serial.available() ==

myStepper.run();

} else if (myStepper.distanceToGo() != @ && Serial.available() != @) {

String cmd = Serial.readString();
cmd.trim();
if (cmd == "e") {
myStepper.stop();
currentTheta = 0;

}

dirPin);

e) {

o060
}

else {

while (Serial.available() == 0) {}

String cmd = Serial.readString();

cmd.trim();

if (cmd == *1%)) §
digitalWrite(lockPin, LOW);
Serial.println("Manual mode off");
else if (cmd == "ul") {
digitalWrite(lockPin, HIGH);
Serial.println("Manual mode on");
else if (cmd == "t-") {
currentTheta += 25;
myStepper.moveTo(currentTheta);
else if (cmd == "t+") {
currentTheta -= 25;
myStepper.moveTo(currentTheta);

}

else if (cmd == "t++") {
currentTheta -= 50;
myStepper.moveTo(currentTheta);
else if (cmd == "t--") {
currentTheta += 50;
myStepper.moveTo(currentTheta);
else if (cmd == "m+") {
currentTheta -= 2200;
myStepper.moveTo(currentTheta);
else if (cmd == "m-") {
interrupts();
currentTheta += 2200;
myStepper.moveTo(currentTheta);
else if (cmd == "m++") {
currentTheta -= 4400;
myStepper.moveTo(currentTheta);
else if (cmd == "m--") {
currentTheta += 4400;
myStepper.moveTo(currentTheta);
else if (cmd == "s+") {
currentTheta -= 100;
myStepper.moveTo(currentTheta);
else if (cmd == "s-") {
currentTheta += 100;
myStepper.moveTo(currentTheta);
else if (cmd == "s++") {
currentTheta -= 200;
myStepper.moveTo(currentTheta);
else if (cmd == "s--") {
currentTheta += 200;
myStepper.moveTo(currentTheta);




Arduino Code - Accelerometer

#include <SparkFun_MMA8452Q.
MMA8452Q accel;

static int readAccel() {
accel.read();
Serial.print(accel.cx);
Serial.print("\. ");
Serial.print(accel.cy);
Serial.print("'.");
Serial.println(accel.cz);
delay(1090);

}
void setup() {

Serial.begin(9600);
accel.init(SCALE_2G, ODR_400);
}

void loop() {

readAccel();
}




Python Tkinter GUI Code
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from serial import Serial self.logStartButton = tk.Button(
import time self.frame,
import tkinter as tk text="Start Logging",
import numpy as np command=self.logStart
import threading )
class ThreadedTask: self.logStartButton.place(relx=0.9, rely=8.1, anchor=tk.CENTER)
def _ init_ (self, output box, serial):
self.output_box = output_box
self.ser = serial
self.running = True

self.logStopButton = tk.Button(
self.frame,
text="Stop Logging",
command=self.task.stop

run(self): )

while self.running:
if (self.ser.inWaiting() > @):

data = self.ser.readline()
print(data)
self.output_box.insert(tk.END, data)
self.output_box.see(tk.END)
self.output_box.update()
time.sleep(@.1)

self.logstopButton.place(relx=6.9, rely=8.2, anchor=tk.CENTER)

self.logClearButton = tk.Button(
self.frame,
text="Clear Log",
command=self.clearToTextInput

self.logClearButton.place(relx=0.9, rely=08.3, anchor=tk.CENTER)
start(self):

self.running self.buttonls = [self.thetaPPButton, self.thetaMMButton, self.thetaPHButton, self.thetaMHButton, self.manualCheckbox]

stop(self): threading.Thread(target=self.callEmergencyStop).start()
self.running =
buttonState(self):
class App: if (self.stopped.get()):

def __init_ (self, master, motorSer, accelSer): for button in self.buttonls:
self.master = master button[ "state"]= "normal"
self.ser = motorSer else:
self.accel = accelSer for button in self.buttonls:
self.master.protocol("WM DELETE_WINDOW", self.quit) button["state”] = "disabled”

updateStopped(self, *args):

text = "Stopped” if self.stopped.get() else "Running"
self.stoppedLabel.config(text=text)
self.buttonState()

self.frame tk.Frame(self.master, width=72@, height=480).pack()
self.title tk.Label(text = 'Goniometer Control').place(relx=0.5, rely=8.85, anchor=tk.CENTER)

self.theta = tk.DoubleVar()
self.theta.set(0.0)

1Toggl 1f):
self.currTheta = tk.Label(textvariable = self.theta).place(relx=0.5, rely=8.1, anchor=tk.CENTER) manualToggle(self)

if (self.manualVar.get() == ©):
self.ser.write(bytes('1", 'UTF-8"))
else:
self.ser.write(bytes(‘ul’, ‘UTF-8'))

self.thetaPPButton = tk.Button(
self.frame,
text="\u®3bs8+a,25",
command=self.thetaPPToggle thetaPPToggle(self):
self.stopped.set(False)

self.theta.set(round(self.theta.get() + @.125, 1))
self.thetaPPButton.place(relx=0.5, rely=08.2, anchor=tk.CENTER) self.ser.write(bytes( t+', 'UTF-8'))




Python Tkinter GUI Code Cont.

self.logStartButton = tk.Button(

self.frame,
text="start Logging",
command=self.logStart

self.logStartButton.place(relx=0.9, rely=0.1, anchor=tk.CENTER)

self.logStopButton = tk.Button(
self.frame,
text="Stop Logging",
command=self.task.stop

self.logstopButton.place(relx=@.9, rely=8.2, anchor=tk.CENTER)

self.logClearButton = tk.Button(
self.frame,
text="Clear Log",
command=self.clearToTextInput

self.logClearButton.place(relx=0.9, rely=0.3, anchor=tk.CENTER)
self.buttonls = [self.thetaPPButton, self.thetaMMButton, self.thetaPHButton, self.thetaMHButton, self.manualCheckbox]
threading.Thread(target=self.callEmergencyStop).start()

buttonstate(self):
if (self.stopped.get()):
for button in self.buttonls:
button["state" "normal”
else:
for button in self.buttonls:
button["state"] = "disabled”

updateStopped(self, *args):

text = “Stopped” if self.stopped.get() else “Running
self.stoppedLabel.config(text=text)
self.buttonState()

manualToggle(self):
if (self.manualvar.get() == @):
self.ser.write(bytes('l", 'UTF-8'))
else:
self.ser.write(bytes('ul', 'UTF-8'))

thetaPPToggle(self):

self.stopped.set(False)
self.theta.set(round(self.theta.get() + 0.125, 1))
self.ser.write(bytes("t+", 'UTF-8'))

def thetaMMToggle(self):

def

def

if _name__
motors

self.stopped.set(False)
self.theta.set(round(self.theta.get() - @.125, 3))
self.ser.write(bytes('t-', 'UTF-8'))

thetaPlusHalf(self):
self. stopped.set(False)
self.theta.set(round(self.theta.get() + 5.1, 3))
self.ser.write(bytes('m+', 'UTF-8'))

thetaMinusHalf(self):
self.stopped.set(False)
self.theta.set(round(self.theta.get() - 5.1, 3))
self.ser.write(bytes('m-", "UTF-8'))

logstart(self):
self.task.start()
threading. Thread(target=self.task.run).start()

clearToTextInput(self):
self.output_box.delete("1.8","end")

emergencyStop(self):
if (not self.stopped.get() and self.accel.inWaiting() > 5@):
X; ¥» 2 =[1, [1, [1]
for i in range(5e):
data = self.accel.readline()
data = data.decode(’UTF-8')
data = data.split(’,')
x.append(float(data[e]))
y.append(float(data[1]))
z.append(float(data[2]))

if (np.std(x) < @.@2 and np.std(y) < ©.82 and np.std(z) < @.82):

self.ser.urite(bytes('e’, 'UTF-8'))

self.output_box.insert(tk.END, 'Stopped\n')
self.output_box.see(tk.END)
self.output_box.update()
self.stopped.set(True)

callEmergencyStop(self):

while self.master.state() == "normal®:
time.sleep(2.5)
self.emergencyStop()

quit(self):
self.task.stop()

self.master.destroy()
“_main
serial(’com4’, 9680)

accelSer = Serial('com5', 9688)
motorSer.write(bytes('l', 'UTF-8'))

root
root
app

root

= tk.Tk()
.title("Gontrol”)

= App(root, motorSer, accelSer)
.mainloop()
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Backup slide to explain the accelerometer configuration process, i.e., how to tell whether the
motor is moving from accel. Readings.



