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ABSTRACT	
 

The Mario and Lu-ouija Board is a long-distance communication device created for 
the final project of ES-50. Its main feature is two-way communication in the form of a dial 
of letters with a moving arrow and LEDs, but it also includes user-controlled mood 
lighting. The current iteration utilises Arduino microprocessors, Python code, and the 
Discord messaging platform to convey messages over long distances. The inspiration for 
this project came from the isolation and loneliness many people are feeling in quarantine. 
The goal in this project was to create an engaging, novel way to communicate with friends 
who are far away, while practicing concepts from electrical and mechanical engineering.  

	
	
	
	
INTRODUCTION	
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	 Our	project	was	to	create	a	device	similar	to	a	ouija	board	that	allows	two	
people	to	send	messages	letter	by	letter	to	each	other,	as	well	as	control	the	lighting	
of	the	boards.	To	use	it	to	send	a	message,	the	user	selects	either	a	letter,	“yes”,	or	
“no”	from	a	wheel	using	a	rotary	encoder.	The	user’s	choice	is	then	confirmed	by	an	
LED	and,	when	the	rotary	encoder’s	button	is	pressed,	sent	to	the	companion	board.	
The	companion	board	then	spins	an	arrow	using	a	stepper	motor	and	indicates	what	
letter	or	option	it	received.	The	arrow’s	indication	is	also	supplemented	by	a	second	
LED	at	each	letter.	The	user	at	the	companion	board	can	then	send	back	their	own	
message	through	the	same	process.	The	users	can	also	utilize	a	slide	potentiometer	
to	control	the	color	of	‘mood	lighting’	on	the	boards.	We	chose	this	project	because	it	
acts	as	a	nice	gimmick	for	friends	to	send	messages	back	and	forth	in	socially	
distanced	quarantine,	along	with	a	spooky	‘ouija’	theme	that	puns	on	your	friend	
“being	there,	but	not	there”.	
	
DESIGN 	
 

	
Figure:	Pin	Usage	(NOT	a	circuit	diagram)	
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Figure:	Block	Diagram	

 
Letter Input 
 
 Rotary Encoder  
 To complement the circular layout of the letters, we wanted to use a circular knob 
that would be twisted to ‘count’ from A to ‘no,’ as desired.  
 We initially considered using a rotary potentiometer as supplied in our kit. However, 
we were concerned about the precision of the potentiometer - we needed 28 separate 
sections and thus a 3 percent or more error in the potentiometer’s resistance would prevent 
accurate implementation. We were also concerned that since rotary potentiometers have a 
single rotation, it would be annoying to have to rotate a full turn backward to get from ‘no’ 
to ‘a’ when the letters are adjacent on the board. Because the dial of our kit potentiometers 
is small, it would also be difficult for our users to manipulate the device. 
 The other option was a rotary encoder, as suggested by Prof. Lombardo. Rotary 
encoders separate one rotation into a set number of notches and send a signal when one 
notch\click is exceeded (A). Additionally, through two other signals, they relay information 
about the direction of the twist (B) and send a signal when the shaft is pressed down, like 
a button (SW). 
 Using the rotary encoder, we set clockwise (CW) direction as positive and 
counterclockwise (CCW) as negative. The following image  succinctly demonstrates the  
method to determine direction: When A changes, if B is not equal to A, the rotation is 
clockwise, and if B is equal to A, it is CCW. We take each change in A to be a step/notch.  
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Figure: Rotary Encoder A-B Signals. Sourced from 
(https://lastminuteengineers.com/rotary-encoder-arduino-tutorial/) 
 
The encoder also sets SW to LOW when the button is pressed, which is how we register a 
button press.  
 
With these circuit logic elements, we adapted the code from 
https://lastminuteengineers.com/rotary-encoder-arduino-tutorial/ to write a rotary encoder 
subroutine that increases the letter-count with CW rotation and sets the letter-count to 
send (through other modules) by pressing the button down. The following shows the 
circuit diagram for the rotary encoder module. 
 
 

 
Figure: Rotary Encoder Circuit Diagram. Note that 10K Ohm resistors are used to 
reduce the amount of current drawn by the encoder. Pin X refers to the Pin X of Arduino 
MKRZERO. 
 
 
Letter Output 
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 Motor 
 In order to integrate our studies of mechanical engineering in the project, we included 
a motor to turn an arrow to point at the letter being received by the board. We had initially 
planned to use a servo motor, which would easily provide us with positional data and allow 
us to easily program angular positions. Unfortunately, the positional servos within our 
budget only had at most 180 degrees of motion - nowhere near enough for the circular dial 
we were envisioning. Instead, we used a stepper motor with a very small step size, so that 
we could do simple math using the current letter and destination letter values to move just 
the right amount clockwise or counterclockwise. To control the motor, we used the 
Stepper.h library and a motor breakout board. In the current version of the code, the stepper 
motor always returns back to the ‘a’ position (after a long enough delay to make sure the 
user can tell what letter is being indicated) because the stepper does not provide positional 
data, and so if the device is unplugged and then reconnected, the stepper will always 
assume that its starting position is at ‘a,’ creating a cipher if it was not	unplugged	at	‘a.’	

	
Figure:	Stepper	Motor	Breakout	Board	Wiring	Diagram	

	
	 In	order	to	practice	mechanical	engineering	skills,	one	group	member	made	a	
CAD	model	in	SolidWorks	for	an	arrow	that	snapped	onto	the	output	shaft	of	the	
servo	motor,	and	was	able	to	3D	print	it	(in	several	iterations	because	the	first	
version	was	too	small	and	the	second	got	squished	when	they	tried	to	pick	it	up	
before	it	was	cool	enough).	

	
Figures:	Arrow	Piece	in	CAD	and	Real	Life	
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 Letter LEDs 
 Since there are so many LEDs (28 per color, 56 in total), we needed to use a row-
column array in order to control them all using only one data pin, one clock pin, one latch 
pin, and three daisy-chained shift registers. Since LEDs are directional, the LEDS can be 
attached in rows and columns, where all of the rows are set to low except for the desired 
one, and all of the columns are set to high except the one corresponding to the correct LED, 
so that the only LED with current flowing through it in the right direction is the one you 
wish to light up.  

 
Figure:	Row-column	LED	array	from	https://assiss.github.io/arduino-

zhcn/cn/Tutorial/RowColumnScanning.html		
	
 We adapted the code from lab 6 to use daisy-chained shift registers to send data out 
of one Arduino pin and into 3 different shift registers. The code from lab used numbers in 
binary form to turn the shift registers’ outputs on and off, so our code uses an array to take 
an input letter and decide what integers to send to each of the three shift registers to turn 
on the desired LEDs. Shift register 1 controls the rows for the red LEDs, shift register 3 
controls the rows for the green LEDs, and shift register 2 controls the columns for both sets 
of LEDs. 
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Figure: LED Array Circuit Diagram 

	 At	first,	the	plan	was	to	simply	breadboard	all	of	the	components.	However,	it	
quickly	became	evident	that	it	would	save	a	lot	of	space	to	solder	the	resistors	to	
each	LED,	so	one	group	member	(who	had	the	tools	and	the	parental	supervision	for	
it),	soldered	them	each	together.	Even	with	the	space	saved	by	soldering	the	LEDs,	
breadboarding	all	of	the	wires	turned	out	to	be	a	nearly	impossible	task	because	the	
wires	kept	popping	out	of	the	board	and	getting	tangled	with	each	other.	The	LEDs	
lit	up	as	expected	when	the	code	was	uploaded	to	the	attached	Arduino,	but	
organizing	the	letters	into	the	disk	shape	could	not	be	done	without	more	soldering.	
	

	
Figure:	Only	a	Fraction	of	the	Breadboarded	LEDs,	Already	a	Mess	
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Figure:	Soldered	LEDs,	Fewer	Wires	but	Still	a	Lot	

	
	 The	solution	was	to	create	a	cardboard	plate,	poke	holes	in	it	to	thread	the	
wires	through	to	keep	them	organized,	and	then	systematically	solder	them	in	
groups	of	four	and	seven	to	create	the	rows	and	columns	respectively.	Once	that	
soldering	was	done,	then	only	one	wire,	tagged	with	its	corresponding	shift	register	
pin	in	case	it	popped	out,	needed	to	be	breadboarded	for	each	row	and	column.		
 
 The previously outlined method would have been nearly impossible without 
soldering. Thus, an alternative implemented solution was to use a 30 pixels long Neopixel 
strip (sent with the initial shipment to one of the group members) and adapt the mood 
lighting code together with the letter output code. In this version, alongside the mood 
lighting module setting the color and brightness of the pixels, when a letter output needs to 
be displayed, the pixel corresponding to the letter is turned white without altering the color 
of the other pixels. Since the color wheel does not include white, this prevents confusion 
and combines both functionalities into one. This alternative implementation is found in 
Appendix C.  
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Communication  

 

Figure: Wiring Diagram for the testing of the RFM69HCW RF Transceiver 

 
 
 Our initial plan was to use short range RF communication between two Arduinos, 
one inside of a full Mario/Luigi board and the other connected to the Analog Discovery 
Studio to bounce back the RF signals to test both sending and receiving on the same board. 
We planned to then expand on this by having the second Arduino send the data to a 
computer over USB/Serial Monitor, transmit the data over a web server to another Arduino 
in an entirely different location, and then have that Arduino send the data over RF to the 
intended Luigi board. However, we quickly ran into several problems with the RF 
transceivers and libraries in conjunction with the MKRZero model Arduino specifically. 
The first problem was that the most popular recommended library for our RF transceiver, 
RadioHead, simply would not compile on the MKRZero. Unfortunately, the other libraries 
we tried (LoRa, and RFM69_LowPowerLab) also didn’t work, as they would compile, but 
would have some required code components fail to initialize. Ben was gracious enough to 
do some manual fixes in the RadioHead library and make a version that was able to compile 
on the MKRZero (and, somewhat ironically, only compile on the MKRZero), but despite 
his efforts and our debugging hardships, the closest we were able to getting the transceivers 
to work was having one transmit sample data for a few minutes before mysteriously 
stopping. 
 Realizing that RF communication was not likely to work, and that the parts we 
required in order to test simpler communication channels would not arrive in time for the 
presentation, we decided to look into alternate forms of data transfer. We had been using 
Discord for group communication, so one of our group members got the idea to look into 
the process for coding a Discord bot. There were many tutorials that did not work because 
they were written for Arduino MKR Wifi 1010s instead of MKR Zeros, required Ethernet 
Shields, or hid their code on private GitHub pages. However, there was one tutorial that 
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was usable and public: https://www.youtube.com/watch?v=TUsoZbVyc2c. In this tutorial, 
the Discord Bot, implemented through Python, listens for the command “$toggleled” and 
writes one-character commands to the serial port of the Arduino in order to turn a simple 
LED on and off, or to turn on a little buzzer. The beginning of our code is similar; it listens 
for the command “$luigiletter,” followed by a short message, which it then prints to the 
serial port after printing the alert “@,” which the Arduino code uses to tell there’s an 
incoming letter because there are other debug prints happening from other parts of the code 
that we don’t want interfering. “Yes” and “no” are encoded as “?” and “!” because the code 
is only set up to print one utf-8 character to the serial monitor, so the Arduino code has to 
decipher those. Once the “luigiletter” has been sent, the Python code starts reading the 
serial monitor, printing its contents so that we could debug while the Python was hogging 
the Port and keeping the serial monitor from being displayed directly. When the rotary 
encoder button has been pressed in the Arduino code, it sends the alert “*,” which breaks 
the Python code out of its passive reading loop, and then sends over  the character we call 
“marioletter.” The Python code grabs the character from the serial monitor, decodes if it 
really means “yes” or “no,” and then prints into Discord “$marioletter _.” Thus, if there 
were a second lamp where every instance of “mario” were replaced with “luigi” and vice-
versa, there would be fully automated two-way communication. At present, all of our group 
members, across the world, can type “$luigiletter _” directly into Discord to simulate this 
experience. 
 
Mood lights  
 Alongside communicating between the boards through letters, we hoped that lighting 
- and its control - would complement the Ouija-board theme of our project. As such, we 
evaluated methods to generate dispersed, ambient lighting while maintaining control over 
the color and the brightness of this lighting. 
 

	
Figure:	Mood	Lighting	Circuit	Design 

 
 Mood light source + Physical Design 
 As we were familiar with Neopixels from our lab work, and since they were 
sufficiently bright and had RGB color, we decided to use a Neopixel stick as the mood 
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light source. From our labs, we were aware that we could control and power the Neopixel 
with the help of the integrated circuit 74AHCT125N, a 5V power source, and one digital 
pin of the Arduino. For a physical model, we brought back the cardboard prototype created 
during the early stages of the project as a proof of concept. Since we had a spare Arduino 
after deciding not to use RF communication, we separated the mood lighting code from the 
rest because temporary glitches were causing the slide potentiometer to heat up, and we 
did not want it to damage anything else in the project. Once those glitches were sorted out 
(they turned out to be a mix of not resetting frequently enough and mixing up digital and 
analog pins), one team member was able to nestle the Arduino, a spare breadboard, and 
two Neopixels into the small cardboard model. This model did not use the second slide 
potentiometer for brightness control; instead, it relied on two layers of tracing paper in the 
little windows to soften the light.  
 

 
Figure: Final Mood Lighting Inside Original Prototype 

 
 Slide Potentiometer  
 To control the color and the brightness of the neopixel stick, we deliberated on using 
a capacitive sensor, a force sensor, an ambient light sensor and various potentiometers. It 
made most sense intuitively to use a potentiometer as they are easy to manipulate and easy 
to understand - we use dials and sliders to control color and brightness in our phones and 
in many software applications. However, our kit rotary potentiometers were too small and 
the larger ones were very expensive. Thus, we discovered slide potentiometers. These are 
markedly larger and easier to control by hand. 
 We use an analog pin of the Arduino to get an analog value for the voltage across 
two ends of the potentiometer. This yields a value between 0-255 (or 0-1023 if 10 bit 
resolution argument is entered, which may increase accuracy in MKRZERO). We map this 
range to 0-65536, which is - in Color HSV - the set of values which cycles through the 
color wheel. For brightness, we map the range to 0-128, as Neopixel expects a brightness 
argument between 0-255 and half brightness is sufficiently bright for our purposes. 
 Thus, the subroutine for the slide potentiometers sets a value for brightness and a 
value for the color in the color wheel for the Neopixel. Note that since brightness is less 
important than the color in delivering a noticeable effect, we remove the brightness 
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potentiometer if there are not sufficient pins in the Arduino.  
 

 
Figure: Circuit Diagram for one Slide Potentiometer. Note that a second analog pin such 
as A1 could be used for wiring up a second potentiometer in this same fashion. 
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PARTS LIST 	
 
 
 

All Parts  
Total 
Cost 97.68      

Part Price 
Quanti

ty 
Net 

Price Link Reasoning Digi ID Manu ID Manu 

Slide potentiometer 1.44 2 2.88 
Slide 
Potentiometer 

mood lighting color 
control 

  
PTA4553-
2015CPB103-
ND 

PTA4553-
2015CPB103 

  
Bourns Inc. 

Resistors (100) 2.58 1 2.58 New res for the LEDs 
  
68QBK-ND 

  
CFR-25JB-52-
68R 

  
Yageo 

Red LEDs (50) 8.05 1 8.05 Diff red indicators 

  
732-5005-ND   

151031SS040
00 

  
Würth 
Elektronik 

Green LEDs (50) 7.25 1 7.25 Diff green indicators 
  
732-5008-ND 

  
151031VS060
00 

  
Würth 
Elektronik 

Arduino MKRZERO 23.65 2 47.3 MKR zero 
communication/test
ing 

1050-1137-
ND 

  
ABX00012 

  
Arduino 

NeoPixel 5.95 2 11.9 Neopixel even mood lighting 
1528-1354-
ND 1426 

  
Adafruit 
Industries LLC 

Stepper 4.95 1 4.95 0.7 deg/step for output indicator 
1528-1366-
ND 858 

Adafruit 
Industries LLC 

Shift Register 0.91 3 2.73 Shift Reg LED control 
296-33112-5-
ND 

CD74HC595E Texas 
Instruments 

Breadboard 4.5 2 9 New Bread easy assembly 377-2094-ND BB-32621 Bud Industries 

Rotary Encoder 1.04 1 1.04 24 pulse input dial 
987-1196-ND EN12-

HS22AF30 
TT 
Electronics/BI 

Motor Driver 4.95 1 4.95 Motor Driver motor control 1528-1212-ND 2448 
  
Adafruit 
Industries LLC 

3D Printed Arrow 0.1 1 0.1 - 
pointing to letter 
using motor Custom Made- Estimated Price 

Cardboard 0 1 0 
cardboard 
(bulk) For assembly - - - 

Logic Leveler IC 0.43 1 0.43 74acht125n 
For Logic level to 
5V in Neopixel 

 
296-4655-5-
ND 

  
SN74AHCT12
5N 

Texas 
Instruments 

 
* LEDs went over budget because of Digikey Marketplace constraints due to international 
shipping restrictions. 
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PROJECT IMPLEMENTATION	
	
STEP	1:	Independently	assemble	and	verify	that	modules	work.	
	
Due	to	the	modular	nature	of	our	project,	it	is	most	efficient	to	go	through	each	
module	as	described	in	the	Design	section	of	the	report	and	validate	functionality	
for	each.	The	following	subsections	list	important	details	for	troubleshooting.	
	
Videos	will	be	zipped	into	the	submission	folder	for	this	project,	but	the	links	should	
also	lead	to	viewable	videos	in	Google	Drive.	
	

A. Rotary	Encoder	
Before	placing	the	encoder	to	the	breadboard,	bend	the	metal	supports	
upwards	so	that	the	encoder	sits	flush	with	the	breadboard.		
	
The	pins	of	the	rotary	encoder	are	flimsy	and	have	a	tendency	to	free	
themselves	from	the	breadboard.	Consider	using	electrical	tape	to	keep	the	
assembly	in	place	(or	solder	them	if	possible).	
	
Rotary	encoder	has	stability	issues	-	even	though	the	delay	for	each	turn	of	
the	encoder	is	1	ms,	the	encoder	fails	to	register	notches	or	incorrectly	
identifies	the	direction	when	it	is	turned	rapidly.	We	could	not	address	this	
issue	in	time,	so	our	current	recommendation	is	that	you	do	not	turn	the	
encoder	knob	rapidly.	
	

B. Motor	
Connect	the	motor	to	the	motor	breakout	board,	as	shown	in	the	circuit	
diagram.	Write	and	run	quick	test	code	that	instructs	the	motor	to	turn	one	
full	revolution	clockwise,	then	one	full	revolution	counterclockwise.	If	the	
motor	only	turns	a	quarter	turn	for	some	mysterious	reason,	multiply	the	
number	of	steps	it	should	turn	by	four.	Don’t	try	to	tell	the	motor	that	there	
are	more	steps	per	revolution	than	the	spec	sheet	says,	because	the	motor	
will	freeze	up.	Just	tell	it	to	go	more	steps	than	you	would	expect.	
	
Video	of	the	motor	only	going	¼	turn:	quarterturn.mov	
	
If	you	have	access	to	a	3D	printer	and	the	STL	file	for	the	arrow,	choose	the	
filament	color	corresponding	to	the	letters	you	will	receive	(green	for	the	
Mario	board,	red	for	the	Luigi	board).	Just	after	the	arrow	has	printed,	gently	
stick	the	output	shaft	of	the	motor	into	the	slot	while	it’s	still	cooling	to	make	
sure	it	fits	snugly.	
	
Video	of	the	motor	running	a	hardcoded	loop	with	the	letters	“u	w	u”	(which	
proved	the	step	size	code	and	current	letter	minus	destination	letter	math	
was	correct):	uwutest.mov	
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C. Letter	LEDs	
The	first	step	is	to	solder	the	resistors	onto	one	end	(the	negative	end,	to	stay	
consistent)	of	the	LEDs	and	to	solder	longer	wires	onto	the	LED-resistor	
combinations	so	that	they	can	reach	from	the	breadboard	out	to	the	edges	of	
the	dial	(yes,	this	is	3	soldering	points	per	LED,	with	56	LEDs,	so	168	
soldering	points,	and	we	are	not	done	soldering	yet).	ONLY	SOLDER	IF	YOU	
HAVE	PROPER	TOOLS,	TRAINING,	AND	SUPERVISION.	
	
If	you	are	eager	to	try	your	shift	register	setup,	or	you	do	not	care	if	the	LEDs	
are	in	circular	order,	you	can	breadboard	some	or	all	of	them,	following	the	
LED	array	circuit	design.	Use	a	code	that	loops	through	all	of	the	letters	once	
to	make	sure	there	are	no	loose	connections.	If	you	are	testing	with	this	
method,	it	is	helpful	to	put	stickers	on	the	LEDs	and	mark	them	with	letters	
to	make	sure	that	your	code	is	working	the	way	that	you	expect.	If	you	are	
using	a	small	breadboard,	the	whole	thing	will	get	very	messy	very	quickly	
because	you	will	have	to	use	multiple	breadboard	rows	for	some	pins	of	the	
shift	register.		
	

Photo	of	just	a	few	LEDs	breadboarded:	 	
	
Video	of	all	the	LEDs	breadboarded,	running	the	loop	code:	breadtest.mov	
	
If	you	try	to	bend	all	the	breadboarded	wires	to	form	the	circle	for	the	dial,	
you	will	quickly	find	that	the	wires	get	in	the	way	of	each	other	and	get	
horribly	tangled.	The	solution	to	this	is	to	solder	them	in	groups	of	four	and	
seven	according	to	the	rows	and	columns	in	the	circuit	diagram,	and	to	
solder	into	each	group	one	long	wire	that	will	plug	into	the	breadboard	right	
next	to	the	shift	register	pins.	A	great	way	of	organizing	the	wires	just	before	
soldering	is	to	make	a	circular	piece	of	cardboard	with	104	evenly	spaced	
holes	so	that	you	can	thread	the	individual	wires	through	and	each	LED	will	
be	precisely	held	in	place.	It	is	helpful	to	tag	the	long	wires	from	each	bundle	
with	labels	of	which	shift	register	pin	they	should	be	plugged	into	just	in	case	
they	pop	out	of	the	breadboard	during	transport.	Test	again	using	the	LED	
loop	code	to	make	sure	everything	is	still	connected	as	expected.	
	
Video	of	post-soldering	loop	test:	soldertest.mov	

	
	
	
	



	

ES	50	Project	2021	 	 Page	16	of	21	

D. Communication	
To	participate	in	the	long-distance	communication	with	Discord,	you	will	
need	to	have	Python	installed.	Then,	follow	this	tutorial	
(https://www.youtube.com/watch?v=TUsoZbVyc2c	/	
https://github.com/User-92/Arduino-Bot	)	to	make	your	own	Discord	bot.	It	
is	best	to	create	this	bot	in	your	own	private	channel	so	that	you	don’t	spam	
anyone	while	testing	it.	To	make	sure	your	Discord	bot	is	connected	
correctly,	follow	through	this	whole	tutorial	with	the	LED.	Unless	you’re	one	
of	the	team	members	for	the	project,	you	will	probably	need	to	replace	the	
last	line	of	the	code	with	the	link	to	your	own	specific	bot	(please	do	not	use	
the	link	in	our	code	to	spam	our	chat,	we	will	be	very	sad).	To	run	the	code,	
the	Arduino	must	be	connected	to	the	computer,	but	the	serial	port	will	
unavailable	as	Python	runs,	so	use	plenty	of	print	statements	and	
serport.readline	to	get	Python	to	show	you	what’s	going	on	on	the	serial	
monitor.	Start	up	the	Python,	then	type	“$luigiletter	_”	into	the	Discord	chat	
to	test	the	device	(the	green	LED	and	the	arrow	should	respond	accordingly).	
Twist	the	rotary	encoder	and	then	push	the	button,	and	a	message	
“$marioletter	_”	with	the	same	letter	as	the	one	indicated	by	the	red	LEDs	
should	be	posted	in	the	chat	by	the	bot.		
	
A	brief	visual	summary	of	how	testing	the	Discord	bot	went:	

	
	

E. Mood	Lighting	
The	Neopixel	mood	lighting	is	set	up	very	similarly	to	the	way	it	was	in	lab	6,	
however,	we	followed	the	additional	safety	suggestions	regarding	resistors	
and	capacitors	to	thoroughly	protect	the	Neopixel,	since	the	5V	output	of	the	
Arduino	is	unmodulated.	To	test	that	the	mood	lighting	circuit	is	working	
properly,	you	have	many	options:	directly	using	the	code	from	lab	6,	
hardcoding	a	single	HSV	color	into	all	of	the	pixels,	or	writing	a	quick	code	to	
take	a	serial	monitor	input	as	the	HSV	color.	If	the	slide	potentiometer	is	up	
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and	running,	you	can	use	our	final	code	(justmood.ino)	to	translate	its	
position	into	a	color	for	all	of	the	pixels.	If	you	have	the	ability	to	solder	
things,	you	can	use	two	Neopixels	facing	opposite	directions	to	get	the	best	
distribution	of	light	(just	connect	the	pins	of	the	second	to	the	matching	ones	
from	the	first).		
	

	
Figure:	2	Neopixel	Circuit	

	
	

F. Slide	Potentiometer	
Connect	the	potentiometer	to	power	after	uploading	the	arduino	code	and	
powering	the	Arduino.	Otherwise	too	much	power	goes	through	the	
potentiometer	-	it	gives	incorrect	values	and	overheats.		
	
The	slide	potentiometers	have		certain	uncertainties	and	their	values	also	
fluctuate	at	any	set	position.	To	avoid	undesirable	fluctuations	in	brightness	
or	color,	we	introduce	a	conditional	statement	that	only	updates	the	values	
that	are	used	by	the	Neopixel	when	the	changes	exceed	an	empirically	
determined	threshold.	We	found	this	to	be	around	3-5	percent.	
	
Neopixels	do	not	perform	well	at	very	low	brightness	values,	approx.	
between	0-15.	Empirically	modify	the	brightness	map	(by	changing	lower	
threshold	or	separating	into	a	new	range	such	as	{0,16,17,...,128}	)	to	ensure	
Neopixels	work	as	intended.		
	
We	experienced	that	some	potentiometers	do	not	give	accurate	values	near	
small	resistances	(	thus	high	readings	in	the	analog	pin).	Empirically	change	
the	Color	wheel	(Color	HSV	)	mapping	to	control	most	of	the	color	wheel	with	
the	given	range	of	the	potentiometer.		
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STEP	2:	COMBINE	MODULES	
A. Code:	

To	optimize	code	organization	and	reduce	the	amount	of	debugging	needed,	
we	found	it	was	helpful	to	take	the	code	under	“loop()”	in	each	script	and	
paste	them	into	separate	helper	functions	(or	subroutines),	so	the	“loop()”	
function	of	the	combined	code	then	just	consists	of	running	the	helper	
function	for	each	individual	module.	The	set-up	and	headers	for	each	file,	
however,	can	just	be	copy/pasted	over,	with	optional	comment	headers	to	
divide	the	variables	and	libraries	so	it	is	clear	what	belongs	to	each	module.	
This	approach	makes	it	straightforward	to	debug	different	groups	of	
modules,	temporarily	disable	features,	and	is	convenient	for	adding	future	
modules.	
	

B. Physical	Space		
The	housing	of	the	final	board	should	be	a	large	cylinder.	The	prototype,	for	
example,	which	housed	just	the	mood	lighting	for	our	final	presentation,	was	
made	of	a	Quaker	oats	cardboard	tube.	The	windows	were	cut	out	with	an	X-
acto	knife,	and	two	sheets	of	architectural	tracing	paper	were	rolled	up	
inside	to	diffuse	the	light	coming	through	the	windows.	Holes	must	be	
punched	in	the	bottom	of	the	cylinder	for	the	wires	that	connect	to	power	
sources/the	computer,	as	well	as	the	wires	which	run	to	the	slide	
potentiometer	and	the	rotary	encoder.	Ideally,	the	lid	of	the	cylinder,	where	
the	LEDs	are	all	mounted,	should	be	able	to	be	lifted	so	that	the	electronics	
can	be	accessed	if	necessary	for	repairs.	For	the	best	aesthetic	appearance,	
another	layer	of	cardboard	should	be	added	to	the	LEDs,	so	that	just	the	
bulbs	show	through	(using	a	nail	and	a	small	screwdriver	to	pierce	these	
holes	works	quite	well,	though	it	crinkles	the	cardboard).	If	you	have	access	
to	a	laser	cutter,	that	would	make	an	even	better	looking	top	panel.	Make	
sure	to	stick	the	motor	through	a	center	hole	and	attach	the	arrow	before	you	
thread	all	the	LEDs	through,	though,	or	else	you	will	not	be	able	to	put	the	
motor	where	it	belongs.	
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OUTLOOK AND POSSIBLE IMPROVEMENTS	
	

 
Figure:	Original	Aesthetic	Design 

 
Wireless communication - To upgrade our current configuration, we could add an internet 
shield, which would make it possible to host a server on an Arduino, and transfer 
information between the Mario and Luigi boards that way. For short range communication, 
we could replace the MKRZero with almost any other arduino and most likely gain access 
to the RadioHead library for use with our RF transceivers. Another option could also be to 
use the Raspberry Pi, as it has internet capabilities built in, so we could bypass the need for 
a Ethernet Shield/Discord bot/RF transceiver altogether and simply have two Pis 
communicate over the internet or short range over LAN or an AD-Hoc network. 
 
Mood Lighting Integration - For the purposes of our demonstration, the mood lighting was 
isolated, both in order to make it fit inside the model and because the slide potentiometer 
was acting sketchy during debugging. Since pin 6 is not used in the rest of the code, the 
mood lighting can theoretically be added right back into the combined code. Our original 
plan with the mood lighting was that there would be two colors, one selected by each user. 
We created code to fade from one HSV color to the other from top to bottom on the 
Neopixel, and it was very pretty. Unfortunately, after much fruitless debugging, it was 
concluded that putting multiple pieces of data through the serial monitor was too difficult, 
so we simplified back down to one color, simply input by the user using the slide 
potentiometer. If we were to use a different form of communication where more data could 
be communicated, or if we had more time to perfect the Discord bot, the color fade could 
be reinstated in the device. 
 
Code simultaneity - The modular nature of our project has meant that we wrote code 
independently of each other and as such, sometimes our experiences were not 
communicated between members. A consequence of this modular method has been our use 
of the delay() function. When the void loop() routine tests only one module, when a pause 
is needed, usually delay() function is simple to implement and it works. However, when 
different subroutines are combined, the delays - which are ‘busy wait’ functions - prevent 
different modules from acting simultaneously. Instead, using the function millis(), we 
could have subroutines that can still ‘wait’ but also let the rest of the loop function to 
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continue. Our demo works with only delay() functions, yet we have started observing slow 
responses due to it. A more complicated project would suffer greatly from this method. 
Instead, we should rewrite our code by timing events using millis(). For example, this is a 
big issue with the rotary encoder, because the program can only listen for new values at 
specific times when it is not busy moving the arrow around or waiting through the delay 
holding the arrow in place. This is very frustrating, since the arrow movement is rather 
slow and the rotary encoder glitches if you move it too quickly. 
 
Arduino Memory - Since we were using a stepper motor, we had to reset the arrow back to 
‘a’ all the time so that, when the device was turned off, it would not mess up the alignment 
of the letters. To fix this, it would be great to add some sort of memory component that 
lasts even when the device is turned off. Maybe that would be implemented using the 
Arduino’s flash memory, though we did not get to look far into how to go about using it. 
It would store the last ‘current letter’ so that the program could start from any point, not 
just ‘a.’ 
 
3D printing and laser cutting - If we had more time, it would have been great to 3D print 
arrow pointers for all of our teammates. If we had access to the laser cutter, it would have 
been very cool to lasercut the top panel of the board instead of making it out of cardboard. 
With clear acrylic, we also could have created a suspended panel above the arrow on which 
to mount the rotary encoder so that all the letter-related stuff was on top of the device. 
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APPENDIX	
	
Appendix	A	:	Megan’s	mood	lighting	isolated	code,	attached	as	
justmood_annotated.ino	
Appendix	B	:	Megan’s	Arduino	code	(individual	LEDs	setup),	attached	as	
nomoodbot_annotated.ino	
Appendix	C:	Python	Discord	Bot	code,	attached	as	dppalerts_annotated.py	
Appendix	D	:	Egemen’s	full	code	(Neopixel	strip	LED	setup),	attached	as	Efull.ino	
	
	


