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Preface

This machine utilizes several pmade parts.Most, if not all, of these parts can be found and
purchased by the followindistributors

- https://www.pinballlife.com/

- https://www.adafruit.com/

- https://www.marcospecialties.com/

- https://gameongrafix.comproduct-category/yourdesign/ (for replacing translitecabinet sides
vinyl, playfield vinyl)

Along withthe manufactured partsseveral libraries and programs are used ttog programming
and basidunctionality ofthe machine:

- https://www.arduino.cc/ (for programmingall of the ATMEGA328p use@odecan befound in
appendices and oGitHub

- https://github.com/hzeller/rpirgb-led-matrix/ (for driving the matrix displgy

- https://github.com/libsdrorg/SDL _imaggfor allowing gif frames to be read into the matrix
display driver)

- https://github.com/libsdrorg/SDL_mixer(for playing audio over the speakers)

A fewresources were also used parn more about the inner workings of a pinball machine, as well
asdimensions and design specifications

- http://mjrnet.org/pinscape/BuildGuideV2/BuildGuide.php
- https://pinballmakerscom/wiki/index.php?title=Files Section

Artwork was done by Rhea VurghegaiMmations, Translite, Side Art.inework for Playfield) and
Alexa Schuster (Animation§oloring for PlayfieldBoth are active RRBtudentsas of the writing of this
manual.

Audio was recordedn dynamic microphonesPuckman lines were voiced Bglicia Lai, all other lines
were voiced byDeon Rivers, both of whom are active RPI students as of the writing of this manual.
Additional aidio was sourced from a variety places andare all royalty freeOne particular source is:

- https://sonniss.com/gameaudiogdc/
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Gameplay

¢KS 3AFYS OSYiUSNABR | NRPdzyR GKS O2yOSLIJi 2F asSvySadast
Summer. Each semester has its own list of weather types that occurs randomly for every 10000 points
scored. The current weather state will be displayed on a smadescin the corner of the playfield.

Types of weather by semester including their percent chances of occurring:
- Fall: Sunny (41%), Cloudy (39%), Rainy (10%), Snowy (9%), Hurricane (1%).
- Spring: Snowy (41%), Cloudy (30%), Rainy (19%), Sunny l{@2ayd §1%).
- Summer: Sunny (68%), Cloudy (20%), Rainy (11%), Hurricane (1%).

The different types of weather have unique bonus multipliers depending on the uniqueness of
the weather, with highest percent chance having a 1x multiplier, the secondstigleecent chance
having a 1.5x multiplier and the third/fourth percent chance having a 2x multiplier. The 1% chance
weathers are unique and contain a special gameplay state where the lights of the machine turn off
(except for the screen displaying the camt weather) and offers a 4x bonus for 10 seconds before going
02 G0KS &/ t2dReé¢ o6SIGKSN adlkdSo

LYy 2NRSNJ G2 FRGIFIyOS FNRBY aSYSailiSNI 2 asSvySadSNz
the player must hit the ball down a specific lighted path. Ifiad is hit down the wrong path more
than 3 times, the player is bumped down a letter grade (A, B, C, D, F). The player automatically starts off
at C which acts as a 1x multiplier. (A = 2x multiplier, B = 1.5x multiplier, C = 1x multiplier, D = 0.5x
multiplier). For every ball hit down the lighted path, the player moves up a letter grade. When reaching
the letter grade of A, the player must once again hit the ball down the correct path in order to register
an A. Upon registering this A, the player begin€ atgain and the cycle repeats. If the letter grade
reaches an F, SISman will appear on the display, shoot lasers out of his eyes and disable flippers for 3
seconds before returning the letter grade to C.

Upon the successful completion ofasemester (yeli n & ! ¢ 303X t dzO1 Yl Yy @Aff
display and spin a wheel, where both good things and bad things can happen. The breakdown of what
occurs, and the percent chances are as follows:

- Scholarship (20%): Receive 1,000,000 points.
- Lose Scholarship (10%):sedb0% of points.
- tdO1YlIyQa [20S o6wm:0Y 9EGNYI oFtft 3I3SGa RSLIRAAGSE
- tdz01YlIyQa | IGNBR om0y tfl @SN f2a8a | tAFS odzf
plays) YR GKS LI F&@SNJ A& 3IAGSY tdzO1YlIyQa [20S Ayaids
- SIsk yQa .t S ardms\visx gomteibdifiér for 30 seconds while pausing semester
gameplay and losing lives.
- {L{YlIyQa [/ dNAS omMm:0Y ! ff LRAY(G Y2RAFASNE 3l Ay
- {L{YlIyQa wS@Sy3aS 6 p: > bombafdingntydn the de@a$ and boarfl, & SNJ Se& S
disabling flippers for 3 seconds.
- Internship (1%): Permanent 2x multiplier which stacks.
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Nothing (19%): Nothing happens.

oyS 2F GUKS TFAYylf O2NB YSOKIFIyAOa 2F GKS 3IFYS Aa
through all of the 3 semesters (Fall, Spring, Summer). Upon completion of all 3 semesters, Puckman will
turn off SISman and award the player with 5,000,000 points. The semester cycle repeats with the player
once again starting ata C in the fallsemesgE OSLIi +yé | OGAzya GKIFG OFy o
.fSaairyasr {L{YlyQa /dNESZ {L{YlIyQa wS@SyaSs SioOo
moves onto the Spring, a special animation will be played to show that SISman is reactivated.

Any notifications or text written on the matrix display will be usiage of the two custom fonts
created for the machine, titleddonnel¢ and adonnell2¢, eachhave the same sticture except that
donnel2 is smalle The fontsare as follovs:

donnell:

ABCDEFGHIJKLMNYPRPGIREdeIyWKIMmnopgrstu
1234567890 | @#3$%"&*

donnel?2:

ABCDEFGHIJK XY X @B HiMnopgrstuvw)
1234567890 HQ#$%N"&*
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Taking Apart the Machine

Figure A:Back of the cabinetNotice the bottom and bottom right screws are removed.
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e

Figure B:Twisting the backbox holders will allow it to be removed.

The first step to taking apart the machine is by removing the backbox (seen in Figures A and B),
this allows for eas@f-access to thdRaspberry PiTo get access to the Raspberry Pi, you need to
unscrew (or shift aside) thecrewclamps that hold up the dckbox panel.
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Figure COpened backbox backjrcled are thel nut boltswhich hold the backboin place.

If you want tomove the pinball machine, it is recommended to take off the backbox. This can be
done byremoving the two screws{rcledin Figure Canddisconnecting the wires to the Raspberry Pi
and removing the backbox.
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Figure D:Raspberry Pi

Theabove picture(Figure Dshows the Raspberry Pi (the heart of the ghine), with the
following connectionsfour USB (one forthe speakes, one for theCoin Door, one for theMaster
Controller, one for theRGB LED Driyean audio jacKfor the speakers)a power supplycable
connected to the hat on th&®Raspberry PEV/GND connectors for the matrix displagofnected to the
hat), and finally a HUBbbon cable(attached to thehat ¢ note that in Figure D, it is disconnected
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Figure E¥Xellowrelease switch for the Lockdown Bar.

Theabove picture(Figure E) shows theellow lever behind the coin door that nds to be
pulled to free thelockdown barwhich locks the glass in place. Once you remove the bar and remove the
glass, you should have easy acceshéoplayfieldin case of ay issues.
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Figure FRighthalf of theBall Return Covdshown from the inside of the cabinet).

The abovepicture (Figure Fjepicts the inside of the cabinet with the playfield ingg. This
view is looking through the coin door andwards the right.Notice the4 screws near the pluger
assembly. Tése hold in place thdght part of the ball return coverTo remove the cover (and &h
playfield), you must unscrew thedeur screws, pull back the plunger and lift the playfi€lthen, you
may discannect the playfieldfrom the cabinetand remove fomaintenance
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Mechanical Assemblies
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Figure A:Full Playfield Dimensionsir(its in inches)
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Assembly Name Quantity Supplier/ Part Number
Stern Slingshot Assembly 2 PBALLLIFE / 50684900
Williams Full Flipper Assembly 2 PBALLIFE / AL5205R 2, A152051-2
Scoop Weldment Assembly 1 PBALLLIFE / PBIL00-003400

Ball Trough Assembly 1 PBALLLIFE PBL100-0016-00,
PBL100-000200
3-Bank Drop Target Assembly 1 PBALLLIFE / PBL0O0-007800
Sega Pop Bumper Assembly| 3 PBALLLIFE / 506227-00
Williams Coin Door 1 PBALLLIFE COIN_DOQR
COIN_MECH
Williams Tilt Mechanism 1 PBALLLIFE / AL5361
Sega Ball Shooter Assembly, 1 PBALLLIFE 500-6146-00-04,
535502700
Williams Lockdown Bar 1 PBALILIFE /A-167731, A17996 CRS
LED llluminated Pushbutton 2 ADAFRUIT / 492
DataEast Start Button 1 PBALLLIFE / 506407-02
Playfield Hinge 2 MARCO 01-8726R-1, 018726L-1,
02-4352
Williams Machine Legs 1 PBALILIFE /G-108432, 01-11400
1 reinforced BLACKI3220112540B

Figure BList of althe purchased mechanical assemblisd the corresponding part number/quantity.
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FigureR Wired tilt mechanism.Top wire is taMaster ControlleiGPIQ bottom wire is to ground.
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Electronics/PCBs
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Figure A:General MCU Base Board Rev

The aboveschematico CA 3dz2NB ! 0 aK2ga (GKS 3ISySNIft olasS o2t
subsystems (oin Door, Master Cantroller, RGBLED driver)lt is based on the ATmega328fJ) with a
16MHz clock and a MOLEX vertical connector for GPIO interfacingdaiper boardslt also utilizes
the FTDIFT231XS fdJARTt0-USB interfacingvith a micreUSBconnector.
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Figure B2Coin Door Adapte€ConnectorPin Mapping

The aboveschematic (Figure B) shows tB®in Door adapter that slots into thdolex vertical
connector on the base board (Figure Ahandles coin deposit switchedebug buttons lighting and
shake detectionThediagram (Figure B2) shows the pinout of the connethat is built into the oin
door.
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4 INPUTS + 1 OUTPUT FOR DREOP DOWN
1 INPUT FOR TILT SWITCH

1 OUTPUT FOR FLIPPERS

2 INPUT FOR BALL RETURN RECEIVER
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Figure CMaster Controller (1/5)
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8 INPUT + 1 OUTPUT FOR BALL RETURN
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VCC
VCC

ADCE
ADCT

—— AVCC

PCO (ADCO/PCINTE)
PC1 (ADC1/PCINT?)

PC2 (ADC2/PCINTIN)

PC3 (ADC3/PCINTI1)

PC4 (ADC4/SDA/PCINTI2)
PC5 (ADCS/SCL/PCINTI3)

PC6 (RESET/PCINT14)

AREF

PDO (RXDECINT16)
PD1 (TXD/PCINT1T)

PD2 (INTO/PCINT18)

PD3 (PCINT19/0C2B/INT1)
PD4 (PCINT20/XCK/TO)
PD3 (PCINT21/OCOB/T1)
PD6 (PCINT22/0C0A/AIND)
PD7 (PCINT23/AIN1)

PBO (PCINTO/CLEO/ICP1)
PB2 (PCINT25S

PB3 (PCINT3/OC2A/MOSI)
PB4 (PCINT4MISO)

GND PBS5 (SCK/PCINTS)
GND PB6 (PCINT6/XTALL/TOSCI)

GND PBT(PCINTI/XTAL2TOSC2)

PBI (PCINTL/OCIA) [y
OCIB) e

L]

Page 25 of 78

Pl

ST ee
L X 2

ol da |Fa

— e
TSW-103-08-T-D

b

ATmegai28P-AU

0

GND

=

2
g

Figure D:Master Controller (2/5)
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1 OUTPUT FOR MOTOR. CONTROLLER
1INPUT + 1 OUTPUT FOR START BUTTON
1INPUT + 1 OUTPUT FOR SCOOP WELDMENT
1 INPUT + 1 OUPUT FOR SLINGSHOT

2 1 INPUT + 1 QUPUT FOR SLINGSHOT
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The Master Controller (seen in Figut@go G handles all the switching and solenoid actuation
on the playfield. It functions bliave three ATmega328|Cs wiredvia 12Chrough the Molex connector
on the base boardlt has built in solenoid protectiowith flyback diodesind NMOSFET®T driving both
48V and 24V solenaéd(SlingshotsBumpers, Scoop Weldmerrop Down Target).
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Figure H.LED Driver AdaptedA5)
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Figure I:.LED Driver Adapter (2/5)
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In the schematic abov@-igures H to .}he RGB LED Driver is depicted, which features the
Molex connector interface tthe base boarda PMOSFE({o control brightness to the LEDs via PWM
from the microcontroller),and 12 daisy chainedhift registers which allow for the control of up to 32
RGB LED devicdgsough a HEX signal fédm USB into the serial shift registers
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Figure M:RGB LED Board

The above schematic (Figure Bhjows the RGB LHEDard that plugs ito the RGB LED Driver
boardthrough a Sterminal Molex connector and wireThe board consists of@mmon anode RGB LED
three resistors and three NMOSFETSs to controictv LEDs are turned drom the signals given ke
outputs of the shift registerérom the RGB LED Driver board.
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Figure N:I2CGPIOExtender Board

The above schematic (Figure N) is an optional board designed to act as an extertbi®n
Master Controller boardby hooking up to the SDA/SGhes for additional 12C communicatiomhis
allows for additional switchesactuation, or control on the plaid.
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+5V ATMEGA328p

internal
pull up resistor

(ACTIVE LOW)
-~ L digital GPIO_
i PD
Collector
Base npn
Emitter

*I don't know any specifications

of the photodiode (PD), so I'm

assuming it has similar characteristics

as the QSD2030F:

reverse dark current = 10 nA

reverse light current = 25 uA

*could use a standard NPN, like a BC546.,

Figure ODiagram ophotodiode detector circuit

The above diagram (Figure O) is an example of the wiointhe photodiode detector boards
made out of a single layer of copper in the Mercekab.This allows for the photodiodesverselight
current to drive theNPNtransistor so thathe microcontroller on the Master Controller board can
detectwhether or not a ball is detecteat the location of the photodiode.

aa ﬂ Page 36 of 78



Page 37 of 78

FigureP: (From Left to Right) 4824V DEDC ConverterCapacitor Banks;uses

Theabove picture (Figure P) shows tberrent wiring for the fuse box, capacitor banks, and 48V
to 24V DEDC converterThe fuses used ameramic 4A/150VDGX20 Slow Blow Fuses (Part Number
0001.2510. This is to ensure that if there is runaway current 2olanoid, power will be cut to savbe
solenoid but not be cut when there is instantaneously current draw from the solenoid during actuation
(which exceeds 4AT.here are only four fuses that are used, but there are eight slots available in total in
case thereare any requiredextensions ¢ the power suppliesThe capacitor barkconsist ofour
8200uF / 63VDElectrolytic capacitors wired in parallethis is to ensure thaivhen the power supply
goes into constant current modauring the instantaneous short the solenoid sees when actuating
line holds the same 48V/24\t. should also be noted that the bottormost capacitor bank (Figure B
tilted to denote thedifferent voltage level, it is the only bank that is 24V. The others in the cabinet are
48V.
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FigureQ: (From Left to RightroundTerminal Block5V/12V/-12V DC Power Supply, 48V Power Supply.

In the above picture (Figure Gtarting from the right, is the 48V Power Supply. This is
specificallychosen to be thdRSP500-48, a 48V/10.5AACto-DC switchingpower supply whose overload
is constant current modeThis is chosen due to tHact that solenoids act as instant shorts which is
detected by theLJ2 6 S NJ & dzLJLJ & .Fhis shiftg intccénsedtMelirdnt rRaddeand working
with the capacitor banksallowsfor the solenoid to actuate correctlyrhe other power supplys a simple
5V/+12VF12V switching power supplyf more power is required, this can be switched out fquoaver
supply that ist5V/+12V with more powerln the current configuration +5%nd +12V are used
extensively, but thel2V is only used to drive the fans in the back of the cabémet are wired with
inverse polarity.
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FigureR Two DC Relays, used for actuating the flippeeft side i#8V/GND, Right side is 5V/GND.
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Programming

void  matrix_init 0
memset(& options , 0, sizeof (options ));
memset(& runtime_options , 0, sizeof (runtime_options );
options .rows = ;
options .cols = ;
options . chain_length =
options . parallel = 1;

runtime_options . gpio_slowdown =

runtime_options . daemon =

runtime_options . drop_privileges = 1;

options . hardware_mapping = "adafruit - hat" ;

matrix = led_matrix_create_from_options_and_rt_options (& options , &runtime_options );
canvas = led_matrix_get_canvas (‘matrix );

offscreen = led_matrix_create_offscreen_canvas (‘matrix );

The above function ifhatrix_init() ), simply does all of the startup configurations of the matrix
display, based offofthd SG G A y3 & 3 xgBed/mt NWAEK S NSNEHefies thelpkal | dzo ®
dimensions of the matrix display (32 pixels tall, 64 pixels walg],tells it is only Hisplay (chain_length
= ] parallel =}, and does background work trtificially slowdown GPIO pins, dragmin privileges
upon startup, and tdorce the process to run as a daemon.

void play_sound (const char *sound_dir , int desired_channel , int loop_count ) ({
if (desired_channel == 0) {
Mix_FreeChunk ( music_channel );
music_channel = Mix_LoadWAV( sound_dir );
Mix_PlayChannel (0, music_channel , loop_count );
} else if (desired_channel == 1) {
Mix_FreeChunk (voice_channel );
voice_channel = Mix_LoadWAV( sound_dir );
Mix_PlayChannel (1, voice_channel , loop_count );
} else if (desired_channel == 2) {
Mix_FreeChunk ('soundl_channel );
soundl_channel = Mix_LoadWAV( sound_dir );
Mix_PlayChannel (2, soundl_channel , loop_count );
} else {
Mix_FreeChunk ( sound2_channel );
sound2_channel = Mix_LoadWAV( sound_dir );
Mix_PlayChannel (3, sound2_channel , loop_count );
}
}

The above function ( play_sound()ajlows for theaudio mixingusing the SDL_mixer librany.
takes in thefile path for the .wav file, the channel in which to play the sound, and how many times it
should loop(-1 should loop forever)There are 4 channel# order: Music Voice Over, Sound Effect 1,
Sound Effect 2.
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void stop_sound (int desired_channel , int fade_out ms ) {
Mix_FadeOutChannel (desired_channel , fade_out_ms );
}

The above function ( stop_sound() ), does exactly what you think it ¢litetop sounds.t
takes the arguments of the desired channel to stop, and the fadeyoutwantin milliseconds (set to O if
you want to stop the sound instantaneously. Note, that filay_sound() function as seen previously will
automatically stop once the loop count is finished.

void stop_all_sound () {
Mix_HaltChannel (- 1);
}

The above function ( stop_all_sound() ), globally stops every track (Music, Voice Over, Sound
Effect 1, Sound Effect 2) with no fade out.

void set_volume (int desired_channel , int volume) {
pthread_mutex_lock (& volume_mutex );
Mix_Volume (desired_channel , volume );
pthread_mutex_unlock (& volume_mutex );

The above function ( set_volume()aJlows for the individual configuration of volume for each
channel.lt takes in the desire channel and the volume (as a value of @8pThis might be a balancing
act to get the correct startup configuration of eachannel

void load_highscore () {

FILE *highscore_file = fopen ( "highscore.txt" , )
if  (‘highscore_file I= NULD {
fscanf ( highscore_file , "%d", &highscore );
fclose ( highscore_file );
} else {
highscore =

}

Theabove function ( load_highscore()simplyNB I R& FNRBY (KS 20+t GSE
is where the highscoris saved to, and on machine startigretrieved for displaying purposes and
recording new highscores.
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void check_usb_port (const char *port ) {
int i;

int fd = serialOpen (port , );

char read_buffer [ 9];

for (i =0; i < 9; i++) {
read_buffer [i] = serialGetchar (fd);

}

if (strcmp (read_buffer , "COIN_DOORY) == 0) {
strcpy (coin_door_port , port );

}else if (strcmp (read_buffer , "LED DRIVE") == 0) {
strcpy (led_driver_port , port );

}else if (strcmp (read_buffer , "SCOR_DRIV") == 0) {
strcpy ( score_driver_port , port );

usleep ( );

memset(&read_buffer , '\ 0", sizeof (read_buffer ));

serialClose  (fd);

The above function ( check usb_port() ), firaction that takes theport name of the Raspberry
Pi,opens the port, and reads the first 9 bytes received from the serial $imee it is interfacing with the
three subsystem boards (Coin Door, RGB LED Driver, and Master Controllegulesysttem board
outputs its own unique identifying character, so that thereisica y 3t S G O2 NNBOG ¢ gl & G2
connectors to theRaspberry Pk / hLby5hhwé ' / 2AY 5 2RGRLEDDHBKRYE & [ 95 ¢ 5
&/ hwy5s5wL+é I aladSNI /2yGaNRtf SN
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void gif_display (const char * gif_directory , int frame_count , int loop_count ) {
char file_name [ 1
uint8_t image_buffer [ 1; 11 3(RGB) * image width(64) * image height(32) = 6144
int  playback_count =0
int  width = ;
int  height =
int frame_index ;

led_canvas_clear (canvas );

while ( playback_count < loop_count ) {

for (frame_index = 1; frame_index < (frame_count + 1); frame_index ++) {
snprintf  (file_name , sizeof (file_name ), "%s/%d.png" , gif _directory , frame_index );
SDL_Surface *surface = IMG_Load( file_name );

int  buffer_index = 0;

for (int y = 0; y < height ; y++) {
for (int x = 0; x < width ; x++)

uint32_t pixel = ((uint32_t *) surface ->pixels )[ y * width + x];
uint8_t r, g, b;
SDL_GetRGH pixel , format_details , NULL &r, &g, &b);
image_buffer [ buffer_index  ++] = r;
image_buffer [ buffer_index ++] = g;
image_buffer [ buffer_index  ++] = b;

}
}

set_image ( offscreen , image_buffer s s ,
offset, image_buffer, bytes in image buffer, image width, image height, BGR=0 (makes it
interpreted as RGB).

offscreen = led_matrix_swap_on_vsync (matrix , offscreen );

playback_count  ++;
SDL_DestroySurface (surface );
}
}
led_canvas_clear (canvas );
led_canvas_clear (offscreen );

); [/lcanvas, x offset, y

The above functiorf gif display(),takes in the folder directory of the gif to plathe number of
frames in that gif, anthow many times it should looj®ince there igot a great way to load gifs into a
format readableby the matrix display librarywe use SDL_image tweate a buffer of pixels that are
loaded into another buffer that is swapped owith the current displayon screenThis is repeated until
the loop count is satisfied, resulting in the display of a gif on the matrix dispi#ly the framerate
controlled by vsync.
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void  gif_display_music (const char * gif_directory , int frame_count , int loop_count , const char *
music_dir ) {

char file_name [ 1

uint8_t image_buffer [ ], /1 3(RGB) * image width(64) * image height(32) = 6144

int  playback_count = 0;

int  width =

int  height = ;

int  frame_index

Mix_HaltChannel ( 0);

Mix_FreeChunk ( music_channel );

music_channel = Mix_LoadWAV( music_dir );
Mix_PlayChannel (0, music_channel , loop_count );
led_canvas_clear (canvas );

while ( playback_count < loop_count ) {

for (frame_index = 0; frame_index < frame_count ; frame_index ++) ({
snprintf  (file_name , sizeof (file_name ), "%s/%d.png" , gif_directory , frame_index );
SDL_Surface *surface = IMG_Load( file_name );

int  buffer_index = 0;
for (int y = 0; y < height ; y++) {

for (int x = 0; x < width ; x++) {
uint32_t pixel = (( uint32_t *) surface ->pixels )[ y * width + x];
uint8_t r, g, b;
SDL_GetRGH pixel , format_details , NULL &r, &g, &b);

image_buffer [ buffer_index  ++] r;

image_buffer [ buffer_index  ++] g;
image_buffer [ buffer_index  ++] b;
}
}
set_image (offscreen , 0, 0, image_buffer , , ); [/lcanvas, x offset, y

offset, image_buffer, bytes in image buffer, image width, image height, BGR=0 (makes it
interpreted as RGB).
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );
playback_count  ++;
SDL_DestroySurface  (surface );

}

}

Mix_HaltChannel ( 0);
led_canvas_clear (canvas );
led_canvas_clear (offscreen );

The above function ( gif_display_music() ), is the same function dsith& @A 2 dza G IAFPYRA &L
function, except for the fact that it alsdlaws for the ability to play sound on the music channel while
the gif process is running.
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void highscore_display (double display_time ) {
clock_t start , end;
double time_used ;

highscore_string = (char *) malloc ( * sizeof (char));
uint8_t  color_r

uint8_t color_g ;
uint8_t color_b ;

sprintf  (highscore_string , "%09d", highscore );

led_canvas_clear (canvas );
led_canvas_clear ( offscreen );

start = clock ();
while (1) {
/I to determine x coordinate: 64 = (2*x) + (6 * number of characters)... (where x = start
of text).
/I to determine y coordinate (for 2 line): 32 = (3*x) + 14 ... (where first line start =
X, second line start = (2*x) + 7).
/I example syntax for coordinates: x =2,y = 6.

draw_text (offscreen , font , 2, 6, color_r , color_g , color_b , "HIGHSCORE:", 0);
draw_text (offscreen , font , 5, , color_r , color_g , color_b , highscore_string , 0);
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );

end = clock ();
time_used = (( double ) (end - start )) / CLOCKS_PER_SEC //in seconds
if (time_used >= display_time ) {

break ;

} else if (time_used >= 1) {
if (color_g <= ) {
color_g += 4;

} else {
color_g = 0;
}

}
}
led_canvas_clear (canvas );
led_canvas_clear (offscreen );

The above function ( highscore_display(sinply displays the highscore on the matrix display
for a given amount of time (argument: display_timma seconds
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void score_display  (char * score_string , double display_time , uint8_t color_r , uint8_t color_g ,
uint8_t  color_b ) {

clock_t start , end;

double time_used ;

led_canvas_clear (canvas );
led_canvas_clear (offscreen ),

start = clock ();
while (1) {
sprintf  ( score_string , "%09d", score );
/I to determine x coordinate: 64 = (2*x) + (6 * number of characters)... (where x = start
of text).
/I to determine y coordinate (for 2 line): 32 = (3*x) + 14 ... (where first line start =
X, second line start = (2*x) + 7).
draw_text (offscreen , font , , 7, color_r , color_g , color b , "SCORE:", 0);
draw_text (offscreen , font , , , color_r , color_g , color_b , score_string , 0);
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );
end = clock ();
time_used = (( double ) (end - start )) / CLOCKS_PER_SEC //in seconds
if (time_used >= display_time ) {
break ;
}
}
}

The above function gcore_display() )s unfinished, andvould ideally take the scorand
display it during the game whileothing interesting is happening. The reason it is unfinished is because
the systems to change the score are not in place, and the score variable merddto be locked and
unlocked depending ofi the score is changed as a signal received from the Master Controller.
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void two_row_text (const char * textl , const char * text2 , double display_time , uint8_t color_r
uint8_t  color_g , uint8_t color_b ) {

clock_t start , end;

double time_used ;

led_canvas_clear (canvas );
led_canvas_clear (offscreen ),

int  length_textl
int  length_text2

strlen  (textl );
strlen  (text2 );

int x_textl = (( - (6 * length_textl ) [/ 2);
int x_text2 = (( - (6 * length_text2 ) [ 2);
start = clock ();
while (1) {
/I to determine x coordinate: 64 = (2*x) + (6 * number of characters)... (where x = start
of text).
/I to determine y coordinate (for 2 line): 32 = (3*x) + 14 ... (where first line start =
X, second line start = (2*x) + 7).
draw_text (offscreen , font , x_ textl , 7, color_r , color_g , color_b , textl , 0);
draw_text (offscreen , font , x_text2 |, , color_r , color_g , color_b , text2 , 0);
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );
end = clock ();
time_used = (( double ) (end - start )) / CLOCKS_PER_SEC //in seconds
if (time_used >= display_time ) {
break ;
}
}
}

The above function tivo_row_text() ), is a template function that allows fany text to be
written to the matrix display.lt takes the text for row 1 (text 1), and the text for row 2 (text 2), the time
to display tle text (in seconds), as well as the RGB color values (0 to 255)
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void waiting_for_money_display (double display_time , uint8_t color_r , uint8_t color_g , uint8_t
color_b ) {

clock_t start , end;

double time_used ;

char textl [ 1

char text2 [ 1

led_canvas_clear (canvas );
led_canvas_clear ( offscreen );

pthread_mutex_lock (& deposited_mutex );

if (price == 0)
strcpy (textl , "FREE PLAY!" );
} else if (deposited_money == 0) {
strcpy (textl , "INSERT COINS" );
} else {
snprintf (textl , sizeof (textl ), "CREDIT: %.2f* , deposited_money );

if (deposited_money >= price ) {
strcpy (text2 , "PRESS START!");
} else {
snprintf (text2 , sizeof (textl ), "PRICE: %.2f" , price );

pthread_mutex_unlock (& deposited_mutex );

int  length_textl = strlen (textl );
int  length_text2 = strlen (text2 );

int x_textl = (( - (6 * length_textl ) [/ 2);
int  x_text2 = (( - (6 * length_text2 ) [/ 2);
start = clock ();
while (1) {
/I to determine x coordinate: 64 = (2*x) + (6 * number of characters)... (where x = start
of text).
/ to determine y coordinate (for 2 line): 32 = (3*x) + 14 ... (where first line start =
X, second line start = (2*x) + 7).
draw_text (offscreen , font , x_ textl , 7, color_r , color_g , color_b , textl , 0);
draw_text (offscreen , font , x_text2 |, , color_r , color_g , color_b , text2 , 0);
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );
end = clock ();
time_used = (( double ) (end - start )) / CLOCKS_PER_SEC //in seconds
if (time_used >= display_time ) {
break ;
}
}
}

The above function \aiting_for_money_display(), fakes the time to display it foir( seconds)
and the RGB color of the text (values 0 to 2%8)d displays the current amount of money that has been
deposited into the coin door.
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void dvd_text_effect (const char * text , double display_time , uint8_t color_r , uint8_t

uint8_t  color_b ) {
clock_t start , end;
double time_used ;

int x =

int 'y =

int dirXx = 1;

int diry = 1;

int speed = 1,

int  text_len = strlen (text );

int  text_height = 5;

int  text_width = ((6 * text_len ) - 2); [/ character width of 4 + (2 for between character
spacing of 1 pixel) - 2to getrid of start and end spaces

int  screen_width =
int  screen_height = ;

led_canvas_clear (canvas );
led_canvas_clear (offscreen );

start = clock ();

while (1) {
draw_text (offscreen , font , , 7, color_r , color_g , color_ b , "SCORE:",
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );

if ((y + text_height ) >= screen_height ) || (y <= 0)) {
diry = diry * (-1)
srand (time ( NULD);

colorr = ((rand () + ) % );
color.g = ((rand () + ) % );
color b = ((rand () + ) % );
}
if ((( x + text_width ) >= screen_width ) || (x <= 0)) {

dirX = dirX * (-1);
srand (time ( NULL);

colorr = ((rand () + ) % );
color_g ((rand () + ) %
color_b ((rand () + ) %

~— —

}

X += (dirX * speed);
y += (dirY * speed);

end = clock ();
time_used = (( double ) (end - start )) / CLOCKS_PER_SEC //in seconds
if (time_used >= display_time ) {
break ;
}
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color_g ,

The above function ( dvd_text effect(rg¢plicates the classic bouncing DVD l&fiect onto
the matrix displaylt acceptscustom text(displays in a single line), the time to run the effect for (in

seconds), andhe RGB color of the text (from O to 255).
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void thanks_text  (uint8_t color_r , uint8_t color_g , uint8_t color_ b ) {
/I there is, without a doubt, an incredibly more efficient way to do that, but i got wayyy too many things to work on right
now.

const char * textl_1 = "CREATED"

const char * textl_2 = "BY";

const char * text2_1 = "RYAN";

const char * text2_2 "DONNELLAN',

const char * text3_1 = "SPECIAL" ;

const char * text3_2 = "THANKS";

const char * text4_1 = "FELICIA"

const char * text4_2 "LAI"

const char * text5_1 "PAUL";

const char * text5_2 "NIEVES" ;

const char * text6_1 "DEON";

const char * text6_2 "RIVERS" ;

const char * text7_1 "ALEXA";

const char * text7_2 "SCHUSTER";

const char * text8_1 RHEA";

const char * text8_2 "VURGHESEY

const char * text9_1 "KYLE" ;

const char * text9_2 = "WILT";

const char * textl0_1 = "ZACHARY",

const char * textl0_2 = "WRIGHT";

int i,

int i

char textl [64];

char text2 [64];

for (i =0; i < 9; i++) { //10 entries for the text, soi<9
int pos = 37; //height+5 pixels?

it (i ==0){

strepy (textl , textl 1 );

strcpy (text2 , textl_2 );
} else if (i == 1) {

strepy  (textl text2_1 );

strcpy  ( text2 text2_2 );
} else if (i == 2) {

strepy  (textl text3_1 );

strcpy  ( text2 text3_2 );
} else if (i == 3) {

strepy  (textl textd_1 );

strcpy  ( text2 textd_2 );
} else if (i == 4) {

strcpy  ( textl text5_1 );

strepy  (text2 text5_2 );
} else if (i ==5) {

strcpy  ( textl text6_1 );

strepy  (text2 text6_2 );
} else if (i == 6) {

strcpy  ( textl text7_1 );

strepy  (text2 text7_2 );
} oelse if (i =7) {

strcpy  ( textl text8_1 );

strepy  (text2 text8_2 );
} else if (i ==8) {

strcpy (textl , text9_ 1 );
strepy  (text2 , text9 2 );
} else {
strcpy (textl , textl0_1 );
strepy  (text2 , textl0_2 );
}
for (i =0; i < ;i ++) { [//forxinrange screen_height + 5
int  x_textl = (( - (6 * strlen (textl )) [/ 2)
int  x_text2 = - (6 * strlen (text2 )) [/ 2)
draw_text (offscreen , font , x_textl , pos, color_r , color g , color b , textl , 0);
draw_text (offscreen , font , x_text2 , (pos + 6), color_r , color_g , color_ b , text2 , 0);
pos -=1;
it (pos + 6) < -5) { /lifthe lasttext block is offscreen (y = - 5 pixels)?
pos = 37,
offscreen = led_matrix_swap_on_vsync (matrix , offscreen );
}

The above function ( thanks_text() ), accepts RGB value of the text displayed (value of O to 255),
anddisplays the credits onto the matrix display. This function can be rewritten for cleanliness
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void idle_loop () {
stop_all_sound  ();

while (1) {
play_sound ("/home/pinball/Desktop/Pinball/pinball_sounds/Air.ogg" , 0, -1);
pthread_mutex_lock (& deposited_mutex );
if (deposited_money == && price = 0) {
pthread_mutex_unlock (& deposited_mutex );
dvd_text_effect ("INSERT COINS" , , 0, );
play_sound (“/home/pinball/Desktop/Pinball/pinball_: sounds/Anthem wav" , 0, -1);
gif_display ( "/home/pinball/Desktop/Pinball/startup/" , ,L)
sleep (1);
stop_sound (0, );
sleep (2);
play_sound ("/home/pinball/Desktop/Pinball/pinball_sounds/Fixer.wav" , 0, -1);
waiting_for_money_display (20, , 0, 0)
sleep (1);
/lgif_display(random.choice(game_gifs_list), random.randint(2, 5), 12) < - needto
figure out a way to do this in C...
stop_sound (0O, );
sleep (1);
} else if (deposited_money > && price = 0) {

pthread_mutex_unlock (& deposited_mutex );
while (deposited_money > 0) {

waiting_for_money_display (20, , 0, 0);
sleep (1);
gif_display ("/home/pinball/Desktop/Pinball/startup/" , , 1)
sleep (1);
stop_sound (0, );
sleep (1);
pthread_mutex_lock (& deposited_mutex );
if (deposited_money >= price || price == 0) {
if  (start_button_pressed = 1) {
deposited_money = deposited_money - price

pthread_mutex_unlock (& deposited_mutex );
start_button_pressed = 0,
main_game ();

The above function iflle_loop() ), isvhat is initiallyplayed on machine startup, and the

GF GGNI OGé Y2RS 2F (KS Licngdid, dlays mdsic akdhgged throughioud @ Ot $ &

gifs while waiting for money to bdeposited and the game to start.

Page 52 of 78

[e=N



Page 53 of 78

void end_game() {
stop_all_sound  ();
play_sound ("/home/pinball/Desktop/Pinball/pinball_sounds/Air.wav" , 0, -1);
/Iscore_display(score, 5, 255, 0, 0);

if (score > highscore ) {
/I const char* textl, const char* text2, double display_time, uint8_t color_r, uint8_t
color_g, uint8_t color_b
two_row_text ("NEW", "HIGHSCORE!", 5, , . 0);
highscore = score ;
FILE *highscore_file = fopen ( "highscore.txt" ;W)
fprintf  ( highscore_file , "%d", highscore );
fclose ( highscore_file );
} else {
two_row_text ("GAME", "OVER!", 5, , 0, 0);

highscore_display (10);
thanks_text  ( , 0, 0);
idle_loop  ();

The above function ( end_game()p)ays once the player has lost all three lives and the game is

over. This will record the highscore (showing a special congratulations display if the player beat the
previous highscore), ahthen display the highscore,ghcredits, and then jump back to the idle_loop
function shown previously.

void main_game() {
int lives = 3;

/lgameplay logic

if (lives == 0) {
end_game();
}

The above function ( main_game() ), is taé# gameplay loop functionvhile the game is being

played. Currently, it is just placeholder code atdres the current lives and checks to see if the player

has run out of lives.
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void * coindoor_thread (void * arg) {

int i;
int fd = serialOpen (coin_door_port );
for (i =0; i < 9; i++) {
serialGetchar (fd);
}
while (1) {
char read_data [4];
int  credit =
int  volume_up = 0;
int  volume_down =
int debug = 0;
int i = 0;
if (serialDataAvail (fd) >= 4) {
for (i = 0; it < 4; i ++) {
read_data [i] = serialGetchar (fd);
}
}
credit = atoi (&read_data [0]);
volume_up = atoi (&read_data [ 1]);
volume_down = atoi (&read_data [ 2]);
debug = atoi (&read_data [ 3]);
if (credit ==
pthread_mutex_lock (& deposited_mutex );
deposited_money  += ;
pthread_mutex_unlock (& deposited_mutex );
if (volume_down == 1) {
pthread_mutex_lock (& volume_mutex );
if (volume > 0) {
volume -= 2;
Mix_Volume (-1, volume );
pth read_mutex_unlock (& volume_mutex );
if (volume_up == 1) {
pthread_mutex_lock (& volume_mutex );
if (volume < ) {
volume += 2;
Mix_Volume (-1, volume );
pthread_mutex_unlock (& volume_mutex );
}
if (debug == 1) {
pthread_mutex_lock (& debug_mutex );
debug_mode = 1;
pthread_mutex_unlock (& debug_mutex );
}
}

The above functiorf coindoor_thread() )is the process thread that handles the coindoor signals
received through USBtlooks for anibble of datathat corresponds tahe debug signals and credit
signals on the coin dooT.his is then updatedby lockingthe variables andreeing them after updating. It
also controls global volume of the machined takes credit from thenanuald |- RrBdité button
located on the coin door.
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main (int argc, char **argv) {

spec . freq = ;

spec . format = MIX_DEFAULT_FORMAT
spec . channels = NUM_CHANNELS
pthread_t threadl

SDL_Init ( SDL_INIT_AUDIO | SDL_INIT_VIDEO );
Mix_OpenAudio (0, &spec);

font = load_font ("/home/pinball/Desktop/Pinball/donnell2.bdf" );

matrix_init 0;
load_highscore  ();

check_usb_port  ("/dev/ttyUSBO"
check_usb_port  ("/dev/ityUSB1"
check_usb_port ("/dev/ttyusB2"
check_usb_port  ("/dev/ityUSB3"

~—

sleep (1);

pthread_create  (&threadl , NULL coindoor_thread , (void *) coin_door_port );

sleep (1);

gif_display_music ("/home/pinball/Desktop/Pinball/startup/" , , 0, "startup.wav" ); /I need to
replace 18 with the correct frame count

gif_display_music ("/home/pinball/Desktop/Pinball/forge_splash/" , , 0, "forge_splash.wav" );
/Ineed to replace 12 with correct frame count

play_sound ("/home/pinball/Desktop/Pinball/pinball_sounds/Fixer.wav" , 0, -1);

thanks_text ( , 0, 0);

stop_sound (0O, );

pthread_mutex_lock (& debug_mutex );

if (debug_mode ==
/I TO DO: ADD DEBUG STUFF
debug_mode = 0;
pthread_mutex_unlock (& debug_mutex );
end_game();

} else {
pthread_mutex_unlock (& debug_mutex );
idle_loop  ();

The above function ( main() ), is te&artup sequence of the machine, which handldsary

loading,audio setup,font setup, USB initializationthread initialization, and thelisplay ofstartup logos
and themes.
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int
int
int
int
int
int
int
int
int
int

int
int
int
int
int

credit_coin =1;
credit_service = 1;
volume_up = 1;
volume_down = 1;
debug_mode = 1;
tilt_switch =1;
credit = 0;
volume_u
volume_ ;
debug = 0;

last_credit_coin = 1;
last_credit_service =1,
last_volume_up =1
last_volume_down = 1;
last_debug_mode =

void setup () {

}
void loop () {
credit_coin = digitalRead  ( 5);
credit_service = digitalRead  (7);
volume_up = digitalRead (2);
volume_down = digitalRead (6);
debug_mode = digitalRead ( 3);
tilt_switch = digitalRead  (4);
if (credit_service == 0 && last_credit_service
credit = 1;
} else if (credit_coin == 0 && last_credit_coin
credit = 1;
} else {
credit = 0;
}
if (volume_up == 0 && last_volume_up = 1) {
volume_u = 1;
} else {
volume_u = 0;
}
if (volume_down == && last_volume_down
volume_d = 1;
} else {
volume_d = 0;
}
if (debug_mode == 0 && last_debug_mode == 1) {
debug = 1;
} else {
debug = 0;
}
last_credit_coin = credit_coin ;
last_credit_service = credit_service ;
last_volume_up = volume_up ;
last_volume_down = volume_down ;
last_debug_mode = debug_mode;
if (credit == 1| volume_u == 1| volume_d =
credit = 0,
}
delay (50); //debounce
}

debug buttons and coin insert signals through USB to the Raspberry Pi.

pinMode (2, INPUT_PULLUB;
pinMode (3, INPUT_PULLUB;
pinMode (4, INPUT_PULLUB;
pinMode (5, INPUT_PULLUB);
pinMode (6, INPUT_PULLUB);
pinMode (7, INPUT_PULLUB);
Serial . begin ( )

Serial . print ("COIN_DOORY;

) {
Serial . print (String (credit ) + String (volume_u ) + String (volume_d ) + String (debug));
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The abovecode isthe Arduino code for the Coin Door. It does GPIO handiimg) sends the
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#pragma GCC optimize "O0"
#include <digitalWriteFast.h>

char serial_data = 0; /I char for storing read
uint8_t breathing_effect 5
bool breathing_direction
byte led_code [ 13];
byte data

void shiftOuta (uint8_t dataPin , wuint8_t  clockPin

uint8_t i
for (i =0; i <8 i++4)
if (bitorder == LSBFIRST) {
digitalWriteFast (dataPin , val & 1);
val >>= 1;
} else
digitalWriteFast (dataPin , (val &
val <<= 1;

delayMicroseconds  ( 10);

digitalWriteFast (clockPin , HIGH);
delayMicroseconds ~ ( 1);
digitalWriteFast (clockPin , LOW,

}

void setup () {

serial data.

pinMode (5, OUTPUYJ; //PD5 - register clock pin (latch)

pinMode (4, OUTPUY; //PD4 - shift register clock pin

= true ; //true = up, false = down

uint8_t

pinMode (3, OUTPUJ; //PD3 - clear registers pin (active low)

pinMode (6, OUTPUY; //PD6 - serial data pin

pinMode (9, OUTPUYJ; //PB1 - LED Power, active low (can do PWM for dimming)

digitalWrite (5, LOW;

digitalWrite (3, LOw:
delay ( )

digitalWrite (3, HIGH); /clear registers, then allow for data

digitalWrite (5, LOW:
for (int i = 1; i < 13; i++
shiftouta (6, 4, LSBFIRST, 0);

delayMicroseconds ~ ( 1);
digitalWrite (5, HIGH);

Serial . begin ( );
Serial . print ("LED_DRIVE");
}

void loop () {
if (Serial .available () >= ) {
Serial .readBytes (led_code , )
digitalWrite (3, Low;
delay (1);
digitalWrite (3, HIGH);

Serial . printin  ("Data Received" );  //debug

digitalWrite (5, LOW:

for (int i =1; i < Loi+)
data = led_code [il];
shiftouta  ( LSBFIRST, data );

Serial . printin  (data ); //debug

delayMicroseconds ~ ( 1);
digitalWrite (5, HIGH);

if (led_code [0] == ) {
while (1) {
if (Serial .available () > 0) {
Serial . printin  ("INTERRUPTED");
analogWrite (9, 0);
break ;

analogWrite (9, breathing_effect )
Serial . printin  ( breathing_effect );

if (breathing_effect > ) {
breathing_direction = false

} else if (breathing_effect <= 0)
breathing_direction = true ;

if (breathing_direction == true ) {
breathing_effect += 1;
delay ( H

} else {

breathing_effect -= 1

delay (25);

}
} else {
analogWrite (9, led_code [0]);
Serial . print ("solid brightness:" )
Serial . printin  (led_code [0]); //debug

The above code is the Arduino code for the
shifts it outto the shift registers.

/ldebug

{

/ldebug

bitOrder

uint8_t

val )
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#include <Wire.h>

char i2c_received_byte ;

int tilt_count = 0;
int lives = 3;
long score = 0;

bool rowl_last_state
bool row2_last_state
bool row3_last_state
bool prev_tilt =0

bool col ;

bool rowl;
bool row2;
bool row3;

bool return_detect ;
bool jam_detect ;

bool tilt ;

int incoming_byte ;
bool game_active = 0;

void setup () {
pinMode (2, OUTPUJ, //PD2
pinMode (3, OUTPUTY;, //PD3
pinMode (4, INPUT);, //PD4

pinMode ( INPUT); //PD5
pinMode ( INPUT); //PD6
pinMode ( INPUT); //PD7

pinMode (8, INPUT PULLUB; //PBO

pinMode ( INPUT_PULLUB; //PB1
pinMode (10, INPUT_PULLUB; //PB2
Wire . begin ();

Serial . begin ( ;
Serial . print ("SCOR_DRIV");

digitalWrite (2, LOW. I/Iset flippers to not be able to be flipped unless the game is active
digitalWrite (3, LOW,
delay ( );  /lallow other MCUs to startup properly

}

void loop () {
col = digitalRead (4);

rowl = digitalRead (5);
row2 = digitalRead (6);
row3 = digitalRead (7);
return_detect = digitalRead  ( 8);
jam_detect = digitalRead  (9);
tilt = digitalRead  ( 10);
if (Serial .available () > 0) {
incoming_byte = Serial .read ();
if (incoming_byte = ) {
game_active = 1;
} else {
game_active = 0;
}
}
if (game_active == 1) {
digitalWrite (2, HIGH); //allow flippers to be flipped
} else {
digitalWrite (2, LOW
}
if (rowl != rowl_last_state ) {
rowl_last_state = rowl;
if (rowl == HIGH) {
score  += ;
if (row2 != row2_last_state ) {
row2_last_state = rowl;
if (row2 == HIGH) {
score  += :
if (row3 != row3_last_state ) {
row3_last_state = rowl;
if (row3 == HIGH) {
score  += ;
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}
}

if ((rowl == 1) && (row2 == 1) && (row3 == 1) && (col == 1)) { //ifallthe drop down switches are activated,
reset and log score
digitalWrite (3, HIGH);

delay (10);

digitalWrite (3, LOW,

score  += ;

}

Wire . requestFrom ( , 1); I/l Request 1 byte from slave at address 0x02

if (Wire . available () {
i2c_received_byte = Wire . read (); // Read byte from slave
Serial . printin  (“data from 0x01: " ); /ldebug
Serial . print (i2c_received_byte );

}

delay (10);

Wire . requestFrom ( , 1)

if (Wire . available ()
i2c_received_byte = Wire . read (); // Read byte from slave
Serial . printin  ("data from 0x02: " ); //debug
Serial . print (i2c_received_byte );

}

delay (

Wire . requestFrom ( , 1)

if (Wire . available () {
i2c_received_byte = Wire . read (); // Read byte from slave
Serial . printin  ("data from 0x03: " ); /ldebug
Serial . print (i2c_received_byte );

if (( return_detect == 0) && (lives = 0)) {

lives -= 1;

Wire . beginTransmission ( ;

Wire . write ( ); //send to ball return that a ball is able to be fired.

Wire . endTransmission  ();

if (jam_detect == 1) {
Wire . beginTransmission ( );
Wire . write ( );
Wire . endTransmission  ();

}

}

if (prev_tilt == 0 && tilt == 1) {
tilt_count += 1;

prev_tilt = tilt

if (tilt_count >

) {
digitalWrite (2, LOW. Ilif the player is warned over 2 times for tilting the machine, disable the flippers
for5  seconds, stop scoring.
delay ( ;
digitalWrite (2, HIGH);
tilt_count = 0;

Serial . print (score ); //send score to raspberry pi
score = 0;

delay ( )

The above code ihe Arduino code for the Master Controller BaBeard anchandles all of the
12C signals as well asntrol over the flipperstilt switch, drop down targetand the ball return
photodiode detectionlt also manages all of the other MCUs on the Master Controlleselging and
receiving signals through 12C.
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#include <Wire.h>

char received_data ;
char switches ;
bool brl; bool br2; bool br3; bool br4d; bool br5; bool bré; bool br7; bool br8;

void setup () {

pinMode (2, OUTPUT, //PD2

pinMode (3, INPUT_PULLUB; //PD3
pinMode (4, INPUT_PULLUPB; //PD4
pinMode (5, INPUT_PULLUB; //PD5
pinMode (6, INPUT_PULLUB; //PD6
pinMode (7, INPUT_PULLUB; //PD7
pinMode (8, INPUT_PULLUP; //PBO
pinMode (9, INPUT_PULLUP; //PB1

Wire . begin ( );
Wire . onRequest (send);
Wire . onReceive (receive );

}

void loop () {
brl = digitalRead ( 3);
br2 = digitalRead (4);
br3 = digitalRead (5);
brd = digitalRead (6);
br5 = digitalRead (7);
br6 = digitalRead (8);
br7 = digitalRead (9);

switches = (0 << 7) | (br7 << 6) | (br6 << 5) | (br5 << 4) | (brd << 3) | (br3 << 2)
| (br2 << 1) | (brl << 0);

delay(1000);
}

void send() {
Wire.write(switches);

}

void receive() {
while(  Wire.available()) {

received_data = Wire.read();

if((received_data == 0x11) && (switches == 0)) { //ball detect
digitalWrite(2, HIGH);
delay(10);
digitalWrite(2, LOW);
received_data = 0x00;

}

if((received_data == 0x2 2) && (switches == 0)) { //ball jam
digitalWrite(2, HIGH);
delay(10);

digitalWrite(2, LOW);
received_data = 0x00;

}

The above code is the Arduino code is for the MCU 1 on the Master Controller board. It
handlesall the ball return switches (switches 1 to 7) and the solenoid for the ball return assemdbly
transmits the data through 12C back to the base board of thet&faSontroller.
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#include <Wire.h>

char received data ;
bool slingL ; bool slingR ; bool scoop; bool start ;
bool rdl; bool rd2; bool rd3; bool rd4; bool rd5; bool rd6; bool rd7; bool rd8;

void setup () {
pinMode (2, OUTPUT, //PD2
pinMode (3, OUTPUT, //PD3
pinMode ( OUTPUT, //IPD4

pinMode (5, OUTPUT, //PD5
pinMode (6, INPUT_PULLUB; //PD6
pinMode (7, INPUT_PULLUB; //PD7
pinMode (8, OUTPUY, //PBO
pinMode (9, INPUT_PULLUP; //PB1
pinMode (10, INPUT_PULLUP; //PB2

digitalWrite (2, LOW.
digitalWrite (3, LOW.
digitalWrite (4, LOW.

Wire . begin ( );
Wire . onRequest (send);
Wire . onReceive (receive );

}

void loop () {
slingL = digitalRead (9);
slingR = digitalRead  (10);

scoop = digitalRead (6);
start = digitalRead (7);
if (rdl == 1) { //start LED
digitalWrite (8, HIGH);
} else {
digitalWrite (8, LOW.
}
if (slingk == 0) {
digitalWrite (2, HIGH);
delay (10);
digitalWrite (2, LOW
}
if (slingR == 0) {
digitalWrite (3, HIGH);
delay (10);
digitalWrite (3, LOW.
}
if (scoop == 0) { // scoop weldment activate
delay ( ); // hold ball for 5 seconds in the scoop weldment
digitalWrite (4, HIGH);
delay (10);
digitalWrite (4, LOW.
}
delay (100);

}
void send() {

char send_data = ((! slingL ) << 7) | ((! slingR ) << 6) | ((* start ) << 5) |
(! scoop << 4) | (0 << 3) | (0 <<2) | (0<<1) | (0 <<0);
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Wire . write (send_data );
slingL = 1;

slingR = 1;

}

void receive () {
while (Wire . available () {
received_data = Wire . read ();

rdl = (received_data >> 0) & 1; //LSB - start LED trigger
rd2 = (received_data >> 1) & 1;

rd3 = (received data >> 2) & 1;

rd4 = (received_data >> 3) & 1;

rd5 = (received_data >> 4) & 1;

rd6 = (received data >> 5) & 1;

rd7 = (received_data >> 6) & 1,

rd8 = (received_data >> 7) & 1; /IMSB

The above code is the Arduino code for the MCU 2 on the Master Controller board. It handles
the slingshots, scoop weldment, and staritton, and transmits the data through 12C back to the base
board of the Master Controller.
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#include <Wire.h>

int score_bumperl = 0;

int score_bumper2 = 0;

int score_bumper3 = 0;

long score =

bool bumperl_last_state = 0,
bool bumper2_last_state = 0;
bool bumper3_last_state = 0;

void setup ()

{

pinMode (2, OUTPUT, //PD2
pinMode (3, OUTPUTY, //PD3
pinMode (4, OUTPUT, //PD4
pinMode (5, INPUT_PULLUB; //PD5
pinMode (6, INPUT_PULLUB; //PD6
pinMode (7, INPUT_PULLUB; //PD7
pinMode (8, OUTPUT, //PBO
pinMode (9, OUTPUT, //PB1
pinMode (10, OUTPUT, //PB2
digitalWrite (2, LOW.

digitalWrite (3, LOW.

digitalWrite (4, LOW.

Wire . begin ( );

Wire . onRequest (send);
Wire . onReceive (receive );

}
void loop () {

bool bumperl_switch = digitalRead (5);
bool bumper2_switch = digitalRead (6);
bool bumper3_switch = digitalRead (7);
if (bumperl_switch == 0) {
digitalWrite (8, HIGH);
digitalWrite (2, HIGH);
delay (10);
digitalWrite (2, LOW.
delay (50);
digitalWrite (8, LOW.
}
if (bumper2_switch == 0) {
digitalWrite (9, HIGH);
digitalWrite (3, HIGH);
delay (10);
digitalWrite (3, LOW.
delay (50);
digitalWrite (9, LOW.
}
if (bumper3_switch == 0) {
digitalWrite (10, HIGH);
digitalWrite (4, HIGH);
delay (10);
digitalWrite (4, LOW.
delay (50);
digitalWrite (10, LOW.
}
delay (25);
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if (bumperl_switch != bumperl_last state ) {
bumperl_last_state = bumperl_switch ;
if (bumperl_switch == HIGH) {
score += ;
}
}
if (bumper2_switch != bumper2_last_state ) {
bumper2_last_state = bumper2_switch ;
if (bumper2_switch == HIGH) {
score += ;
}
}
if (bumper3_switch != bumper3_last_state ) {
bumper3_last_state = bumper3_switch ;
if (bumper3_switch == HIGH) {
score += :
}
}
}
void send() {
char score = (score_bumperl << 7) | (score_bumper2 << 6) | (score_bumper3 << 5) | (
<< 4) | (0 <<3) | (0<<2) | (0<<1) | (0<<0)
score_bumperl = 0;
score_bumper2 =
score_bumper3d = 0;
Wire . write ( score );
score = O;
}

The above code is the Arduino code for the MEah the Master Controller board. It handles
the bumpers andransmits the data through 12C back to the base board of the Master Controller.
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Audio

The following is the full scrigor the machine, and all of the voices lines that were recorded.
The audio was recorded liwo voice actors, Felicia Lai (Puckman), and Deon Ri8&8sn&n, Weather
Reporter, Narrator, Announcer)his was recorder on a dgmic microphoneat the RPWoice over
booth in the DCQAIl audio was edited iaudacity andsaved into a mono format at 44.1 kHz.

Additional audio, like sounds and music, were sourcedurchased from other sources, and are
completely royalty/copyrighfree (see Preface).

PUCKMAN:

(0p))
(Vp))
T

[ SGQa { LAYy (KS 2K

PUCKMAN:

L 62yRSNI gKIG ¢SQff 3ASGH

PUCKMAN:

hK 0283 L K2LS (GKAa 2ySQa 3I22RH

PUCKMAN:

Ooh! Money!

PUCKMAN:

Money!

PUCKMAN:

Come on, show me the money!

PUCKMAN:

Finally, a job!
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PUCKMAN:

L Osirprised they read my resume!

PUCKMAN:

An Al | had to study hard for this!

PUCKMAN:

I K LQftf GFr1S AlGH

PUCKMAN:

A C? Really? | think | deserve a better grade.

PUCKMAN:

AD? UR K X

PUCKMAN:

I 3K X

PUCKMAN:

Yay!

PUCKMAN:

Yippie!

PUCKMAN:

' 90X

PUCKMAN:

9 KX
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PUCKMAN:

hK y2X

PUCKMAN:

hT 6t GKS RIea (G2 ad2L) LI NIaAy3aX

PUCKMAN:

DANG IT!

PUCKMAN:

2Sffzx t221a tA1S LQY 3A2Ay3a G2 KI @S

PUCKMAN:

Uh-oh.

PUCKMAN:

L OFyQi 068StASGS G(KSB8QNB GF1Ay3 I &t

PUCKMAN:

I need my scholarship!

PUCKMAN:

SISMAN! PREPARE TO MEET YOUR MAKER!

PUCKMAN:

{L{a!bH LQ+9 /ha9 Chw ., h!'H

PUCKMAN:

SISMAN, | HAVE COME TO UNPLUG YOQOU!
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PUCKMAN:

No! How can | be defeated!?

PUCKMAN:

LQft 68 o6F O1H

PUCKMAN:

You may have won thN2 dzy RH . dzi G KS FA3IKG AayQi 2 FSNH

PUCKMAN:

CAylLfftex LSFEOS G fladx

PUCKMAN:

And this is for my hockey stick!

PUCKMAN:

Taste skates!
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WEATHER FORECASTER:

We have just received word of a Category 5 Hurricane forming off the co&studiiern Florida,
it is expected to move northward, with possible impacts along the Eastern Seaboard in the coming days.
We anticipate strong winds and significant rainfall in the Capital Region this weekend.

WEATHER FORECASTER:

We have just received wdrof a Category 5 Hurricane forming off the coast of Southern Florida,
it is expected to move northward, with possible impacts along the Eastern Seaboard in the coming days.

WEATHER FORECASTER:

A blizzard is forecasted to impact the Capital Region irctivaing days, moving in from the
Midwest. We anticipate at least ten inches of snow over the weekend, along with strong winds that
could create hazardous conditions.

WEATHER FORECASTER:

Be cautious this weekend, as strong winds are expected to affedt mtithe Capital Region.
Please plan your outdoor activities accordingly and be safe.

WEATHER FORECASTER:

This weekend, a small snowstorm is expected to impact much of the Capital Region, bringing
around 4 inches of snow. Overnight wind chills may créateardous conditions on the roads. Please
drive carefully.

WEATHER FORECASTER:

Looking at this upcoming weekend, expect lots of rain, which can impact driving conditions.
Please drive carefully.

WEATHER FORECASTER:

This upcoming weekend, expect heaaynt which may affect driving conditions. Please drive
carefully.
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WEATHER FORECASTER:

This weekend, expect clear skies and plenty of sunshine! Ideal weather for outdoor activities.

WEATHER FORECASTER:

This weekend, expect clear skies and lotsuofl

WEATHER FORECASTER:

This weekend, expect mostly cloudy skies with a 20 percent chance of rain. Keep an eye on the
forecast if you have outdoor plans.

WEATHER FORECASTER:

This weekend, expect mostly cloudy skies with a 10 percent chance of rain.
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Announcer:

Mission Control, Houston, we are go for launckmihus ten seconds and counting.

Announcer:

¢Sy ® bAySod 9ATKI® {SOSYyd {AEDP CAOS® C2dNIP ¢ KNBS

Announcer:

And we have lift off of the SLS Rocket, taking Ahemis two crew, and humanity, back to the

Moon!
Announcer:
All systems are go for Artemis two, as we prepare to send humanity back to the Moon!
Announcer:
| 2dAa G2y 6S INB SyO2dzyiSNAYy3I RAFFAOMA GASa dz) K¢
Announcer:
Houston, we fixed the problem.
Announcer:

A new high score! Congratulations!

aaﬂ Page 71 of 78



Page 72 of 78

NARRATQCR

From the beginning of time, two entities of immaculate power manifested from the intellects of
scholars. These two beings, good and evil, fought nimatiles over the years, but one never triumphed
2OSN) GKS 20KSNX dzyaAaft G2RI&X

NARRATQR

200 years ago, to the day, two entities of immaculate power manifested from the intellects of
scholars. These two beings, good and evil, fought many battles ovee#rs,yout one never triumphed
2PSN) GKS 20KSNX dzyadAf G2RI&X

NARRATQR

You, player, have been chosen to assist Puckman on the quest of a lifetime: a final confrontation
with SISman that will finally restore peace to the campus community.

NARRATQR

You,player, have been chosen to assist Puckman on the quest of a lifetime: a final confrontation
with SISman that will finally restore peace to the campus community. This is: THE ULTIMATE BATTLE!

NARRATQR

| have given you my power, the power of these twipdérs in front of you, to guide you on your
jdzSaidad 2SH1Sy {L{YIyQa AyFTfdsSyOSs IyR LISIOS gAratt o

NARRATQR

| have given you my power: full control over these two flippers in front of you. Use them to
guide you on your quest. Weaken SIS§iQad Ay Tf dzSyO0Sz FyR LISIOS gAftt 08

NARRATQR

As the trees turn golden and crimson, a new dawn falls on the campus at Troy. The dawn of the
fall semester, filled with new classes, new friends and a new journey.

NARRATQR

As the trees cainge their colors once again, fresh faces flow across the campus. This fall
semester will be filled with new experiences, new classes, and new friends.

ﬂaﬂ Page 72 of 78



Page 73 of 78

NARRATRx

The trees wither away, as winter sets upon the campus. Cold, dark days andwaearly
buildings encroach on student life, as students wind down for the holidays, and for the next semester.

NARRATQR

The cold has gripped the campus community, with dead trees, new classes, and new faces.

NARRATQR

As the cold withdraws from the campusnaw sun rises, bringing back the birds, the trees, and
the beautifully long days. We approach the start of the summer, a time for relaxation, good weather,
and lots of fun.

NARRATQR

You did it. You defeated SISMan. Your quest may be complete, butogywoey is not over,
continue on, and go for the highest quest of them all: the high score!

NARRATQR

¢tKS O2fR KFEYyR 2F LAYyOolrtf A0GNA{1Sa (GNUzS F3AFAYyD ¢F

NARRATQR

An unfortunate turn of events. | had hoped for a better performance. Wwale noble player.

NARRATQR

Do not give up so easily, for you still have two more chances to fulfill your duty.

NARRATQR

Careful, you have only one more chance to complete your quest. Do not worry, for | will help
3dzA RS @& 2 dzX

NARRATQR

| will grantyou three lives, use them well, and may they serve you in your quest.
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Cut Content

The following is a list of electronics/machine features that were cut due to time constraints, but

can(and ideally, should) be added to the future to complete thachine

1.

Motor to spin the wheel. This would have been mounted to the underside of the p&lgifand
allowed forthe wheel tospin for a few seconds when the ball is passed through the réuaip
leads to the wheelThere is circuitry present on the master controller to allow for this (a
dedicated GPIO and NMOS), and could be wired, although &stemcontroller andexisting
wiring would have to be movke

LCDdisplay. This ideally would have been present at the back of the playfietikt likely near
the bumpers (or maybe the wheelt would have showneal footage of the RPI campus in
different weather conditions (played on loop) during each semestdris may still be possible to
implement, and would round out the game, but the back of the playfield would need to be
redesigned along with the walls, atitce LCD would need to kdriven by HDMI fron the
Raspberry Pi in the backbox.

Moving playfield parts This is a part of the machine that is severely lacking. Many pinball
machines have moving toygimmicks that may open ypnoveor light up depending on what is
happening in the gamélhis would require extensive mechanieasembly andutting into the
playfield/reworking the master controller with the 12C adapter, but it is possibteme
possibilities could be: LightingKS LJ @ FASt R { L{ YI yddidatichp&ig NB R
a 2DPuckman in the background (or maybe clouds) mowegending on some actions, or
maybe even somény cars that moveon a string/conveyer belbn the road of the Brooklyn
Bridge

Backbox topper.Some pinball machines (those that are higher qualiyyewhat are called
GO2LIISNEEE oKAOK FNB oFaAaolrffte Iy RRAGAZ2YI

¢
o
N1

Y ?

LRSFHffezx (GKAa g2ddR 0S | KdAS o5 LINAYISR @OSNEAZ

with glowing eyes, anthaybe even movingpands. This would be a massive 3D pfaduld be

done in the Forge on the Prusa XL, but would require multiple prints to be joibatljt would
simply be some control circuitry that acts independent from the rest of the machine and would
just need 5V pwer (which is already present in the backbox) and sdwies drilled on the top.
Narrator/Weather Reporter Voice LinesThese lines were intentionally written for a woman
(soprano,at deepest mezzo sopranp Due to schedulingssues, one of my voice actors who

g2dd R KI @S @2A0SR GKSasS tAySa glayQid FotS 23 |

and the Announcer) also voiced the Narrator and Weather Reporter. Ideally, a similar
configuration, as outlined in the Audigection, would be done to recordfamale voiceo
replace the existing voice lines, with similar inflection.
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Bill of Materials

Cost: $3692.28
Total Costificluding R&D): ~$4500.00

Note: Notincluded m this list isthe cost of PCB manufacturing algls

QUANTITY MANUFACTURER PART NUMBER DESCRIPTION

1 XPP2.2uF5% 2PCS 250V 2.2UF Capacitor Frequency

1 RTF125B AC/DC CONVERTER 5¥2¢ 132W

2 SSR5DD BLUE STARS SOLID STATE RBRRX®@G>5-220VDC
1 5006146:00-04 DataEast/Sega/Stern Ball Shooter Assembly

8 20-6500 1- 1/16" Pinball (Standard Size)

2 A-39945 Bally One Piece Flipper Bat and Shafthite

2 PBL700-004300-42 1- 1/2" Standard Size Champion Flipper RubbRED
1 535502700 Ball ShootefPlunger) Housing Mounting Plate

1 A15361 Williams/Bally Complete Tilt Mechanism Assembly
2 A15205R-2 / A15205L-2 Full Flipper Assembly For Williams Bally/Machines
2 500584900 Data East/Sega/Stern Slingshot Assembly

4 BLACK LEG_LEVELER_HEAVY_DU Heavy Duty Leg LeveleBLACK

4 01-114001_reinforced Williams/Bally Leg BrackeReinforced

8 BLACKI3220112540B Extended Black Leg Boitg-3/4"

1 G108432 Williams/Bally Black Leg$et of 4

1 A167731 [ 201 R26Yy wSOSAOGSNI . I NJ! &aa
1 A17996_CRS JJIP/Williams/Bally Widebody Lockdown BRAW

1 1363 USB Powered Speakers

1 3211 Adafruit RGB Matrix Bonnet for Raspberry Pi

2 492 LED llluminated Pushbutton30mm Round

1 COIN_DOOR Williams/Bally Coin Door

1 PBL100-003400 Scoop Weldment Assembly with Closed Back

2 454559 3/4" x 4' x 8" Sande Plywood

2 240530800 Nut 3/8-16 Hex 9/16 Flat to Flat 7/32" thick

2 43220112328B Bolt 3/8-16 x 13/4" Carriage Black

2 024329 Pivot Nut 1/2 inch

1 01-8726R1 Bracket- Playfield Holder Right

1 01-8726L-1 Bracket- Playfield Holder Left

1 PBL100-001600 Ball Trough Assembly -@all)

1 PBL100-007800 3-Bank Drop Target Assembly For Williams

1 PBL100-0002-00 Upper Ball Trough

3 500522700 DE/Sega Pop Bumper Assembly

8 44220112700 Tightening Nut for Leg Levelers and Leg Bolts

3 237-603300 #10-32 x 1/2" Pan Head Scremlhread Cutting

1 41585 Hillman Group SAE Flat Washei8"30 pack
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ndd

SRSW002
500-5407-02

WIRE1&%x-00 & WIRE182-xx

02-4352
COIN_MECH
231-5003-00
240530000
EIKQT3.25

720W DEDC CONVERTER
X0020K20HZ
12227

1149339

57851

755506

1233
883-5020-00_BLACK
209718
545-5090-00
01-10020
535756200
535777200
03-8091-2

03-71351

311947

1944288

249054
ARTWORKRAME
ARTWORKIATRIX
2pin connector grey
123114

18-8 (304)

755800

H150003
PBALLTLITE
Wendry67x20
HATCHBOMATTEBLACK
#284661212403
HJGarder2PC&Inch(50mm)
SKU99999
SKU99999

755802

57231

PBALLVINYL

97194

4881742
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Rollover Switch With Mounting Bracket

Data East Start Button

18 Gauge Insulated Stranded Wire (various coldss feet)
Cabinet Hinge Pivot Bushing

25 CentStandard Coin Mech

1/4-20 x 21/4" Black Carriage Bolt

1/4-20 Coin Door Whiz Flange Locknut

161 Mini Indicator Lamp 14V/0.19A (10 Pack)
CllenaDC 48V to 24V 30A Step Down Voltage Converte
14 AWG (15A 120V) 3 Conductor 3 Prong Open End Cz
15/32 CAT BC PINE ULX EXT 4'x8'

1/2-4-8 TC MAPLE HARDWOOD

SLT/PH MS 182x1/2 10

4AMMx10MM PAN PH MS

BLUE HAWK FH PHIL WS 4x1/2

LED Backlit Translite Fram8lack

Williams/Bally 2" Backbox Wing Bolt

Cash Box

Cash Box Cover

Cash Box Lock Bracket

Cash BoMair Pin

Widebody Playfield Glass Rear Plastic Channel
Playfield Glass Side Rail Plastic Channel

2-IN SB BROAD HINGE™®

2x3IN MEDIUM L ANGLE

3/8-IN-16 3PRONG TEE

Backbox, Side Panels, Front Panel, Playfield Commissic
Matrix Display Animations Commission

2Pin Way Electrical Wire Connector (5 pack)

Hillman Stainless Steel 30' 19 Gauge Hobby Wire
#14x1/2" Wood Screw 100Pcs Stainless Steel

HM 1/4-IN-20X1/2IN BK 4

1/4-20 IN Coarse Thread Nut Box of 100

Pinball Translite 15"x24" Print

Speaker Grill Fabric Cloth Cover 67x20

HATCHBOX Matte PLA 1.75mm 1KG

Custom Black PLA Backbox Frame

Black 2" Desk Cord Grommets Hole Cover (2 Pack)
ChemcasBlack LED Plastic Sheel &16"x125/8"x1/8"
P99 NorGlare Clear Acrylic Sheet-18"x25-1/2"x5/64"
HM 1/4-IN20x:IN BLACK

FH PHIL WS 8 3IA 12CT

Pinball Side Art Vinyl Print

ANGLE 2x3 ZMAM12934) Bracket

29-FL OZ VAL CAB FURN FLA BLACK
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2.54 8025

Art3d Black Trim 10ft
530-5005-00
PBL700-0016-00-XX
0870281 1

A-177971

Terminal Block
WIRE14AWGE colors
CONNECTORIAWG4Pcs
550-5037-XX

Art3d Double Sided Velcro
RSP00-48
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80mm 12V DC Computer Fan 3000RRPMa2k

Art3d 10 Ft Peel and Stick Trim in Black

1-7/8" Tall Metal Post With #2182 Threaded Base
PerfectPlay 21/2" Red Silicone Rubber Ring

Widebody Tempered Playfield Glass

Controlled Ball Gate Assembly eft

Terminal Block, 2 Pack 10 Circuits32A 200450V Dual
NAOEVO 14 Gauge Wire 90ft

SAE Connector Extension Cable 14 AWG 1 Feet (4 Pcs
Red Data East/Sega/Stern Return Lane Guide

Art3d 16 Set Hook and Loop Tape Sticky Back 1"x4"
MEAN WELL 48V/10.5A £&DC Switching Power Supply
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Credits

In order as they appeaat machine startup:

CREATED BY:

Ryan Donnellan

SPECIAL THANKS:
Felicia LafVoice Acting)
Paul NievegAudio Recording)
Deon RivergVoice Acting)
Alexa SchustefArt)
Rhea Vurghes@Art)
Kyle Wilt(Advising)
Zachary Wrigh{Puckman Playfield Toy)

(Anyadditional credits may be added to the special thanks section in alphabetical order)
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