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The Butter Buttler
By Christian Leycam

Description of the Product:

Family reunions can often mean large extravagant meals at the dining table. One minor inconvenience
that can beset these events is the act of passing around dishes and condiments while everyone is engaged
in active conversation. There are a few products on the market to address this issue such as the rotating
tray, but they all lack the use of modern automation. I sought out to address this issue and took the
opportunity to learn how to utilize motor drivers and infrared sensors. I designed a system to tow
tableside condiments and small dishes across the dining table through signals received by an infrared
receiver module. The product is intended to be a small fun gadget to use among the family and can
additionally be used as a fun toy for the children.

Figure 1: The Butter Buttler automation device. The device is composed of a microcontroller, an infrared
receiver module, two brushed DC motors, and a motor driver. All these components are secured within
the 3D printed housing.
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Electromechanical Details:

Interfacing with condiments and small dishes: Fixed arms attached to the housing act as tow bars to
position items such as butter to a desired location. Commands to direct motion are given by a small
remote that sends infrared signals to the receiver located at the top of the housing. The microcontroller
located within the housing then delivers signals on the appropriate PWM channel to direct the internally
mounted motors. The complete housing can be observed in figure 1.

Figure 2: Main circuit located in the base of the housing (left). Exposed rear opening showing the ESP32
microcontroller, the circuit, and the DC motors in the rear (right).

Housing: The housing contains all the circuits. All housing components are secured to each other with #6-
32 machine screws. The power cable and micro-USB port can be accessed through the rear side. The
wheels attach to the DC motor shafts that are fitted through openings placed on the left and right sides.
The motors are mounted internally within the bottom box. This can be observed in figure 2.

Circuit:

The intent of this project was to utilize a motor driver to control two brushed DC motors in addition to
learning how to control this system remotely. There were three main elements: (1) The brushed DC
motors, (2) The Motor Driver and (3) The IR receiver.

1. Brushed DC Motors: I had the brushed DC motors from my ME 100 lab kit. Both motors were
fitted with quadrature encoders which provided 12 counts per revolution. Motor mounts were also
provided by the ME100 lab kit.
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2. DRV8833 Motor Driver: The motor driver utilized was provided in my ME102B lab kit. This
driver allowed multidirectional control of the two DC motors. This capability enabled the system
to perform left and right rotations necessary for the application.

3. OSEPP IR Receiver Module: To read infrared signals, I purchased an existing IR receiver module
with an IR remote ($12.99) designed to be used in Arduino projects. I connected the module
directly with the 5V power supply and took analog readings through the ESP32.

4. 6 Count AA Battery pack: The battery pack was provided in the ME100 lab kit. The battery pack
was used to provide a portable power supply to the circuit.

A full circuit diagram is provided below. Careful considerations were taken to ensure that neither
component was subjected to harmful voltages or current. Encoder count values were sent to the
microcontroller to calculate radial velocity. The calculated speed was then used within a proportional-
integral control scheme to account for the various loads that the device would have to tow.

Circuit Diagram Christian Leycam SID: 3033794209

Figure 3: The Butter Buttler Circuit Diagram.
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Finite State Diagram:

The states of motion can cause a numerous combination of state transitions as observed in the finite state
diagram below. Corresponding signals from specific buttons off an IR remote were set as triggering
mechanisms to begin specific motions. The logic was implemented in the Arduino sketch, which can be

observed in Appendix 1.
Off State
Power Supply Removed/ Power Supply Removed/
System turmns off’ System turns off
Power Supply Power Supply

Engaged/ Removed/
System goes Idle System turns off

Button 5
Pressed/
System goes Idle

Button 5
Pressed/
System goes Idle

Button 4
Pressed/
System turns
Left

Button 6 Pressed/
System turns Right

Turning Left Button 6 Turning Right
Pressed/
System

turns Right

Button 6
Pressed/
System turns
Right

Button 2
Pressed/System
Moves Forwarg

Button 8
Pressed/
System moves
Backward

Moving Backwards Moving Forward

Button 2 Pressed/System Moves Forward

Figure 4: Finite State Diagram
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APPENDIX I: Arduino Code

// Christian Leycam SID: 3033794209 Final Project
#include <ESP32Encoder.h>
#include <IRremote.h>

ESP32Encoder encoder;
ESP32Encoder encoder?;

9 // establish PWM variables

16 const int freq = 5000; // PWM resclution

11 const int MotlChannell = // 1st PWM channel for motor
12 const int MotlChannel2 = // 2nd PWM channel for motor
13 const int Mot2Channell = J/ 1st PWM channel for motor
14  const int Mot2Channel2 = // 2nd PWM channel for motor
15 // const int ServChannell 4; // PWM channel for servo 1
16 // const int ServChannel2 5; // PWM channel for servo 2
17 const int resolution = 8; // 8 bit resolution

18 int MotlPinl = 21; // PWM pin for motor 1 control

19 int Mot1Pin2 17; // PWM pin for motor 1 control

20 int Mot2Pinl = 16; // PWM pin for motor 2 control

21 int Mot2Pin2 = 19; // PWM pin for motor 2 control
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23 // establish servo variables
24 int ServPinl = 13; // PWM pin for motor 2 control
25 int ServPin2 = 39; // PWM pin for motor 2 control

27 // Vvariables to control and/or print

28 wvolatile int spdl = ©; // Speed in RPM for motor 1

29 volatile int spd2 = @; // Speed in RPM for motor 1

30 volatile int desspd = 75; // Desired Speed in RPM

31 volatile int dutyl = @; // duty cycle value for motor 1
32 wveolatile int duty2 = ©; // duty cycle value for motor 2
33  int tstep = @; // t(k) (make it every 1 second)

34 int Iterml;

35 int Iterm2;

37 // IR reciever variables

38 const int RECV_PIN = AQ;

39 IRrecv irrecv(RECV_PIN);

40 decode_results results;

41 unsigned long key value = 0;

43 J/ Timer/count variables

44 hw_timer_t * blinktimespd = NULL; // needed for timer

45  hw_timer t * blinktime = NULL; // needed for timer

46  hw_timer_t * CTLtime = NULL; // needed for control calculations timer
47 volatile int ticl = @; // variable that stores the encoder count

48 volatile int tic2 = 0@;

49  #define Debounce 200

50 wvolatile int buttontimer = 0;

51 volatile int buttontimer_prev = @;

52 unsigned long ctlprev;

56 void blink() { // time ISR to set up blinking
57 tstep = tstep + 1; // t(k) counter
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}

erial.print(tstep); // Time step
erial.print('\t");
erial.print(spdl);
erial.print('\t");
erial.print(spd2);
erial.print('\t");
erial.print(desspd);
erial.print('\n");

void spdcalc() { // time ISR to set up blinking
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}

icl = encoder.getCount();

ic2 = encoder2.getCount();

pdl = 0.006911%tic1*12000/(2*P1);
pd2 = 0.006911%tic2¥12000/(2%P1);
ncoder.clearCount();
ncoder2.clearCount();

void CTL() { // set up controller calculations

VO

Iterml += 0.012*(desspd-spdl);
if(Iterml > 4@)

{
Iterml = 40;

}
else if(Iterml < 25)
{

}

dutyl = 1.2%((desspd-spdl)+Iterml);
if(dutyl > 150)

Tterml = 25;

dutyl = 150;
else if( dutyl < 65)

dutyl = 65;
¥

Tterm2 += 0.012*(desspd-spd2);
if(Iterm2 > 40)

Iterm2 = 40;
¥
else if(Iterm2 < 25)

Iterm2 = 25;
}

duty2 = 1.2*%((desspd-spd2)+Iterm2);
if(duty2 > 150)

duty2 = 150;
¥
else if( dutyl < 65)

duty?2 = 65;

id setup() {
Serial.begin(1152@0); //start serial

connection
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123 ESP32Encoder: :uselnternalleakPullResistors=UpP;

124 encoder.attachFullQuad(23, 22); // encoder for motor 1

125 encoder2.attachFullQuad(18, 5); // encoder for motor 2

126 // put your setup code here, to run once:

127 ledcSetup(MotlChannell, freq, resolution); // set freqg and res
128 ledcSetup(MotlChannel2, freq, resolution); // set freq and res
129 ledcSetup(Mot2Channell, freq, resolution); // set freq and res
130 ledcSetup(Mot2Channel2, freq, resolution); // set freqg and res
131 // ledcSetup(ServChannell, freq, resolution); // set freq and res
132 // ledcSetup(ServChannel2, freq, resolution); // set freq and res
133 ledcAttachPin(MotlPinl, MotlChannell); // sets up PWM pin

134 ledcAttachPin(Mot1Pin2, MotlChannel2); // sets up PWM pin

135 ledcAttachPin(Mot2Pinl, Mot2Channell); // sets up PWM pin

136 ledcAttachPin(Mot2Pin2, Mot2Channel2); // sets up PWM pin

137 // ledcAttachPin(ServPinl, ServChannell); // sets up PWM pin
138 // ledcAttachPin(ServPin2, ServChannel2); // sets up PWM pin
139

148 // Establish servo parameters

141 // Allow allocation of all timers

142

143 blinktimespd = timerBegin(1, 80, true); // set prescaler

144 timerAttachInterrupt(blinktimespd, &spdcalc, true);

145 timerAlarmWrite(blinktimespd, 5000, true); //check every 5 milliseconds
146 timerAlarmEnable(blinktimespd);// enable timer

147

148 blinktime = timerBegin(1l, 80, true); // set prescaler

149 timerAttachInterrupt(blinktime, blink, true);

150 timerAlarmirite(blinktime, 1000000, true); //check every second
151 timerAlarmEnable(blinktime);// enable timer

152

153

154 CTLtime = timerBegin(2, 8@, true); // set prescaler

155 timerAttachInterrupt (CTLtime, &CTL, true);

156 timerAlarmWrite(CTLtime, 5000, true); //check every 5 milliseconds
157 timerAlarmEnable(CTLtime);// enable timer

158

159 // setup IR

160 irrecv.enableIRIn();

161 irrecv.blink13(true);

162

163

164 }

165

166 wvoid loop() {

167 // put your main code here, to run repeatedly:

168

169 if (irrecv.decode(&results)){

170

171 if (results.value == OXFFFFFFFF)

172 results.value = key value;

173

174 switch(results.value){

175 case BxFFEB1F: // move arms down

176 Serial.println("-");

177 break ;

178 case OxFFA857: // move arms up

179 Serial.println("+");

180 break ;

181 case OxFF18E7: // move forward

182 Serial.printin("2");

183 servicefor();

184 break ;

185 case OxFF10EF: // move left

186 Serial.println("4");

187 serviceleft();
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break ;
case @xFF38C7: // stop DC motors
Serial.println("5");
servicestop();
break ;
case OxFF5AAS: // move right
Serial.println("e");
serviceright();
break ;
case OxFF4AB5: // move backwards
Serial.println("8");
serviceback();
break ;

1

key value = results.value;

irrecv.resume();

5
}

void servicestop(){
ledcWrite(Mot1Channel2,0);
ledcWrite(MotlChannell,);
ledcWrite(Mot2Channell,);
ledcWrite(Mot2Channel2,8);

}

void servicefor(){
if (spdlc<desspd)

ledcWrite(Mot1Channel2, dutyl);
ledcWrite(Mot1lChannell,);

else if (spdl>desspd)

dutyl = -1*dutyl;
ledcWrite(Mot1lChannel2,0);
ledcWrite(Mot1Channell,dutyl);

if (spd2<desspd)

ledcWrite(Mot2Channell, duty2);
ledcWrite(Mot2Channel2,0);

3

else if (spd2-desspd)
{
duty2 = -1*duty2;
ledcWrite(Mot2Channell,@);
ledcWrite(Mot2Channel2, duty2);
}
}

void serviceback(){
if (spdl<desspd)

ledcWrite(Mot1Channel2,@);
ledcWrite(Mot1Channell, dutyl);

}

else if (spdl>desspd)

{
dutyl = -1%dutyl;
ledckirite(Mot1Channel2, dutyl);
ledcWrite(Mot1Channell,);

3
if (spd2<desspd)
{
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ledcWrite(Mot2Channell,@);
ledchirite(Mot2Channel2, duty?2);

glse if (spd2>desspd)
gutyz = -1*duty2;
ledcWrite(Mot2Channell, duty2);
ledcWrite(Mot2Channel2,0);
}
}

void serviceleft(){
if (spdl<desspd)

ledchrite(Mot1Channel2,0);
ledcWrite(Mot1lChannell, dutyl);
i
else if (spdl>desspd)
{
dutyl = -1*dutyl;
ledchrite(Mot1Channel2, dutyl);
ledcWrite(MotlChannell,®);

}
if (spd2<desspd)

ledcWrite(Mot2Channell, duty2);
ledcWrite(Mot2Channel2,0);

}

else if (spd2>desspd)
{
duty2 = -1*duty2;
ledcWrite(Mot2Channell, @) ;
ledcWrite(Mot2Channel2, duty2);
¥
}

void serviceright(){
if (spdl<desspd)

ledchirite(Mot1Channel2, dutyl);
ledchrite(Mot1Channell,8);

else if (spdl>desspd)

{
dutyl = -1*dutyl;
ledcWrite(MotlChannel2,0);
ledchirite(Mot1Channell, dutyl);

¥
if (spd2<desspd)

ledcWrite(Mot2Channell, @) ;
ledcWrite(Mot2Channel2, duty2);
}
else if (spd2>desspd)

{

duty2 = -1*duty2;
ledchirite(Mot2Channell, duty?2);
ledcWrite(Mot2Channel2,0);

}

}



