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Preface  
 

This machine utilizes several pre-made parts. Most, if not all, of these parts can be found and 

purchased by the following distributors: 

- https://www.pinballlife.com/ 

- https://www.adafruit.com/  

- https://www.marcospecialties.com/ 

- https://gameongrafix.com/product-category/your-design/ (for replacing translite, cabinet sides 

vinyl, playfield vinyl) 

 

Along with the manufactured parts, several libraries and programs are used for the programming 

and basic functionality of the machine: 

- https://www.arduino.cc/ (for programming all of the ATMEGA328p used. Code can be found in 

appendices and on GitHub) 

- https://github.com/hzeller/rpi-rgb-led-matrix/ (for driving the matrix display) 

- https://github.com/libsdl-org/SDL_image (for allowing gif frames to be read into the matrix 

display driver) 

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

 

A few resources were also used to learn more about the inner workings of a pinball machine, as well 

as dimensions and design specifications: 

- http://mjrnet.org/pinscape/BuildGuideV2/BuildGuide.php  

- https://pinballmakers.com/wiki/index.php?title=Files_Section  

 

Artwork was done by Rhea Vurghese (Animations, Translite, Side Art, Linework for Playfield) and 

Alexa Schuster (Animations, Coloring for Playfield). Both are active RPI students as of the writing of this 

manual. 

 

Audio was recorded on dynamic microphones. Puckman lines were voiced by Felicia Lai, all other lines 

were voiced by Deon Rivers, both of whom are active RPI students as of the writing of this manual. 

Additional audio was sourced from a variety of places and are all royalty free. One particular source is: 

- https://sonniss.com/gameaudiogdc/  

 

https://www.pinballlife.com/
https://www.adafruit.com/
https://www.marcospecialties.com/
https://gameongrafix.com/product-category/your-design/
https://www.arduino.cc/
https://github.com/hzeller/rpi-rgb-led-matrix/
https://github.com/libsdl-org/SDL_image
https://github.com/libsdl-org/SDL_mixer
http://mjrnet.org/pinscape/BuildGuideV2/BuildGuide.php
https://pinballmakers.com/wiki/index.php?title=Files_Section
https://sonniss.com/gameaudiogdc/
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Gameplay  
 

¢ƘŜ ƎŀƳŜ ŎŜƴǘŜǊǎ ŀǊƻǳƴŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǎŜƳŜǎǘŜǊǎ ǿƘƛŎƘ ŀŎǘǎ ŀǎ άƭŜǾŜƭǎέΥ CŀƭƭΣ {ǇǊƛƴƎ ŀƴŘ 

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 small screen in 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 (9%), Blizzard (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 second highest percent 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 current weather) and offers a 4x bonus for 10 seconds before going 

ǘƻ ǘƘŜ ά/ƭƻǳŘȅέ ǿŜŀǘƘŜǊ ǎǘŀǘŜΦ 

 Lƴ ƻǊŘŜǊ ǘƻ ŀŘǾŀƴŎŜ ŦǊƻƳ ǎŜƳŜǎǘŜǊ ǘƻ ǎŜƳŜǎǘŜǊΣ ȅƻǳ ƴŜŜŘ ǘƻ ŜŀǊƴ п ά!έǎΦ Lƴ ƻǊŘŜǊ ǘƻ ƎŜǘ ά!έǎΣ 

the player must hit the ball down a specific lighted path. If the ball 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 begins at C again 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 of a semester (gettiƴƎ п ά!έǎύΣ tǳŎƪƳŀƴ ǿƛƭƭ ŀǇǇŜŀǊ ƻƴ ǘƘŜ 

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%): Lose 50% of points. 

- tǳŎƪƳŀƴΩǎ [ƻǾŜ όнл҈ύΥ 9ȄǘǊŀ ōŀƭƭ ƎŜǘǎ ŘŜǇƻǎƛǘŜŘ ƛƴ ǇƭǳƴƎŜǊ ŀƴŘ ǘƘŜ ǇƭŀȅŜǊ Ǝŀƛƴǎ ŀ ƭƛŦŜΦ 

- tǳŎƪƳŀƴΩǎ IŀǘǊŜŘ όр҈ύΥ tƭŀȅŜǊ ƭƻǎŜǎ ŀ ƭƛŦŜ όǳƴƭŜǎǎ ŀǘ м ƭƛŦŜΣ ƛƴ ǿƘƛŎƘ ŎŀǎŜ ŀ ǎǇŜŎƛŀƭ ŀƴƛƳŀǘƛƻƴ 

plays, ŀƴŘ ǘƘŜ ǇƭŀȅŜǊ ƛǎ ƎƛǾŜƴ tǳŎƪƳŀƴΩǎ [ƻǾŜ ƛƴǎǘŜŀŘύ. 

- SISmŀƴΩǎ .ƭŜǎǎƛƴƎ όмл҈ύΥ Turns on 8x point modifier for 30 seconds while pausing semester 

gameplay and losing lives. 

- {L{ƳŀƴΩǎ /ǳǊǎŜ όмл҈ύΥ !ƭƭ Ǉƻƛƴǘ ƳƻŘƛŦƛŜǊǎ ƎŀƛƴŜŘ ǳǇ ǳƴǘƛƭ ǘƘƛǎ Ǉƻƛƴǘ ŀǊŜ ƭƻǎǘΦ 

- {L{ƳŀƴΩǎ wŜǾŜƴƎŜ όр҈ύΥ {L{Ƴŀƴ ŘƻŜǎ ŀ ƭŀǎŜǊ ŜȅŜ bombardment on the display and board, 

disabling flippers for 3 seconds. 

- Internship (1%): Permanent 2x multiplier which stacks. 
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- Nothing (19%): Nothing happens. 

OƴŜ ƻŦ ǘƘŜ Ŧƛƴŀƭ ŎƻǊŜ ƳŜŎƘŀƴƛŎǎ ƻŦ ǘƘŜ ƎŀƳŜ ƛǎ άǘǳǊƴƛƴƎ ƻŦŦέ {L{ƳŀƴΦ ¢Ƙƛǎ ƛǎ ŘƻƴŜ ōȅ ǇǊƻƎǊŜǎǎƛƴƎ 

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 at a C in the fall semester, ŜȄŎŜǇǘ ŀƴȅ ŀŎǘƛƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ŘƻƴŜ ōȅ {L{Ƴŀƴ ό{L{ƳŀƴΩǎ 

.ƭŜǎǎƛƴƎΣ {L{ƳŀƴΩǎ /ǳǊǎŜΣ {L{ƳŀƴΩǎ wŜǾŜƴƎŜΣ ŜǘŎΦύ ŀǊŜ ŘƛǎŀōƭŜŘ ŦƻǊ ǘƘŀǘ Cŀƭƭ ǎŜƳŜǎǘŜǊΦ hƴŎŜ ǘƘŜ ǇƭŀȅŜǊ 

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 using one of the two custom fonts 

created for the machine, titled άdonnellέ and άdonnell2έ, each have the same structure except that 

donnel2 is smaller. The fonts are as follows: 

 

donnell:  

ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopqrstuvwxyz 
1234567890 !@#$%^&*()-+_=., 
 

donnell2: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ abcdefghijklmnopqrstuvwxyz       
1234567890 !@#$%^&*()-+_=., 
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Taking Apart the Machine  
 

 

Figure A: Back of the cabinet. Notice the bottom and bottom right screws are removed. 
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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 ease-of-access to the Raspberry Pi. To get access to the Raspberry Pi, you need to 

unscrew (or shift aside) the screw-clamps that hold up the backbox panel. 
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Figure C: Opened backbox back, circled are the T nut bolts which hold the backbox in place. 

 

 If you want to move the pinball machine, it is recommended to take off the backbox. This can be 

done by removing the two screws (circled in Figure C) and disconnecting the wires to the Raspberry Pi 

and removing the backbox. 
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Figure D: Raspberry Pi 

 

 The above picture (Figure D) shows the Raspberry Pi (the heart of the machine), with the 

following connections: four USBs (one for the speakers, one for the Coin Door, one for the Master 

Controller, one for the RGB LED Driver), an audio jack (for the speakers), a power supply cable 

connected to the hat on the Raspberry Pi, 5V/GND connectors for the matrix display (connected to the 

hat), and finally a HUB ribbon cable (attached to the hat ς note that in Figure D, it is disconnected). 
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Figure E: Yellow release switch for the Lockdown Bar. 

 

 The above picture (Figure E) shows the yellow lever behind the coin door that needs to be 

pulled to free the lockdown bar which locks the glass in place. Once you remove the bar and remove the 

glass, you should have easy access to the playfield in case of any issues. 
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Figure F: Right half of the Ball Return Cover (shown from the inside of the cabinet). 

 

 The above picture (Figure F) depicts the inside of the cabinet with the playfield inserted. This 

view is looking through the coin door and towards the right. Notice the 4 screws near the plunger 

assembly. These hold in place the right part of the ball return cover. To remove the cover (and the 

playfield), you must unscrew these four screws, pull back the plunger and lift the playfield. Then, you 

may disconnect the playfield from the cabinet and remove for maintenance. 
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Mechanical Assemblies  
 

 

Figure A: Full Playfield Dimensions (units in inches) 
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Assembly Name Quantity Supplier /  Part Number 

Stern Slingshot Assembly 2 PBALL-LIFE / 500-5849-00 

Williams Full Flipper Assembly 2 PBALL-LIFE / A-15205-R-2, A-15205-L-2 

Scoop Weldment Assembly 1 PBALL-LIFE / PBL-100-0034-00 

Ball Trough Assembly 1 PBALL-LIFE / PBL-100-0016-00, 
PBL-100-0002-00 

3-Bank Drop Target Assembly 1 PBALL-LIFE / PBL-100-0078-00 

Sega Pop Bumper Assembly 3 PBALL-LIFE / 500-5227-00 

Williams Coin Door 1 PBALL-LIFE / COIN_DOOR, 
COIN_MECH 

Williams Tilt Mechanism 1 PBALL-LIFE / A-15361 

Sega Ball Shooter Assembly 1 PBALL-LIFE / 500-6146-00-04, 
535-5027-00 

Williams Lockdown Bar 1 PBALL-LIFE / A-16773-1, A-17996_CRS 

LED Illuminated Pushbutton 2 ADAFRUIT / 492 

Data East Start Button 1 PBALL-LIFE / 500-5407-02 

Playfield Hinge 2 MARCO / 01-8726-R-1, 01-8726-L-1, 
02-4352 

Williams Machine Legs 1 PBALL-LIFE / C-10843-2, 01-11400-

1_reinforced, BLACK-4322-01125-40B 
Figure B: List of all the purchased mechanical assemblies and the corresponding part number/quantity. 

 

 

Figure C: Schematic of Backbox Front (Lower Portion ς units in inches) 
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Figure D: Schematic of Backbox Front Cover (Upper Portion - units in inches) 

 

 

Figure E: Schematic of Backbox Front (Upper Portion - units in inches) 
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Figure F: Schematic of Ball Return Cover (units in inches) 

 

 

Figure G: Schematic of Playfield Back (units in inches) 
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Figure H: Playfield Wall (Middle Section ς units in inches) 

 

 

Figure I: Playfield Wall (Right Section ς units in inches) 
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Figure J: Playfield Wall (Left Section - units in inches) 

 

 

Figure K: Drop Down Target Cover (units in inches) 
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Figure L: Wheel Spinner (Base ς units in inches) 

 

 

Figure M: Wheel Spinner (Top ς units in inches) 
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Figure N: Launch Gate Mount (units in inches) 

 

 

Figure O: Launch Gate Flap (units in inches) 
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Figure P: Slingshot Cover (units in inches) 
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Figure Q: Ball Lane Cover (units in inches) 
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Figure R: Wired tilt mechanism. Top wire is to Master Controller GPIO, bottom wire is to ground. 
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Electronics/PCBs  
 

 

Figure A: General MCU Base Board Rev-1 

 

 The above schematic όCƛƎǳǊŜ !ύ ǎƘƻǿǎ ǘƘŜ ƎŜƴŜǊŀƭ ōŀǎŜ ōƻŀǊŘ ǘƘŀǘΩǎ ǳǎŜŘ ŦƻǊ ŀƭƭ ƻŦ ǘƘŜ 

subsystems (Coin Door, Master Controller, RGB LED driver). It is based on the ATmega328p-AU with a 

16MHz clock and a MOLEX vertical connector for GPIO interfacing with adapter boards. It also utilizes 

the FTDI FT231XS for UART-to-USB interfacing with a micro-USB connector. 
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Figure B: Coin Door Adapter 

 

Figure B2: Coin Door Adapter Connector Pin Mapping 

 The above schematic (Figure B) shows the Coin Door adapter that slots into the Molex vertical 

connector on the base board (Figure A). It handles coin deposit switches, debug buttons, lighting, and 

shake detection. The diagram (Figure B2) shows the pinout of the connector that is built into the coin 

door. 
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Figure C: Master Controller (1/5) 
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Figure D: Master Controller (2/5) 
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Figure E: Master Controller 3/5 
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Figure F: Master Controller (4/5) 
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Figure G: Master Controller (5/5) 
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 The Master Controller (seen in Figures C to G) handles all the switching and solenoid actuation 

on the playfield. It functions by have three ATmega328p ICs wired via I2C through the Molex connector 

on the base board. It has built in solenoid protection with flyback diodes and NMOSFETs for driving both 

48V and 24V solenoids (Slingshots, Bumpers, Scoop Weldment, Drop Down Target). 

 

 

Figure H: LED Driver Adapter (1/5) 
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Figure I: LED Driver Adapter (2/5) 
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Figure J: LED Driver Adapter (3/5) 
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Figure K: LED Driver Adapter (4/5) 
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Figure L: LED Driver Adapter (5/5) 
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 In the schematic above (Figures H to L), the RGB LED Driver is depicted, which features the 

Molex connector interface to the base board, a PMOSFET (to control brightness to the LEDs via PWM 

from the microcontroller), and 12 daisy chained shift registers which allow for the control of up to 32 

RGB LED devices through a HEX signal fed from USB into the serial shift registers. 

 

 

Figure M: RGB LED Board 

 

 The above schematic (Figure M) shows the RGB LED board that plugs into the RGB LED Driver 

board through a 5 terminal Molex connector and wire. The board consists of a common anode RGB LED, 

three resistors and three NMOSFETs to control which LEDs are turned on from the signals given by the 

outputs of the shift registers from the RGB LED Driver board. 
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Figure N: I2C GPIO Extender Board 

 

 The above schematic (Figure N) is an optional board designed to act as an extension to the 

Master Controller board by hooking up to the SDA/SCL lines for additional I2C communication. This 

allows for additional switches, actuation, or control on the playfield. 
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Figure O: Diagram of photodiode detector circuit. 

 

 The above diagram (Figure O) is an example of the wiring for the photodiode detector boards 

made out of a single layer of copper in the Mercer X-Lab. This allows for the photodiode reverse light 

current to drive the NPN transistor so that the microcontroller on the Master Controller board can 

detect whether or not a ball is detected at the location of the photodiode. 
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Figure P: (From Left to Right) 48V-24V DC-DC Converter, Capacitor Banks, Fuses. 

 

 The above picture (Figure P) shows the current wiring for the fuse box, capacitor banks, and 48V 

to 24V DC-DC converter. The fuses used are ceramic 4A/150VDC 5X20 Slow Blow Fuses (Part Number 

0001.2510. This is to ensure that if there is runaway current to a solenoid, power will be cut to save the 

solenoid, but not be cut when there is instantaneously current draw from the solenoid during actuation 

(which exceeds 4A). There are only four fuses that are used, but there are eight slots available in total in 

case there are any required extensions to the power supplies. The capacitor banks consist of four 

8200uF / 63VDC electrolytic capacitors wired in parallel, this is to ensure that when the power supply 

goes into constant current mode during the instantaneous short the solenoid sees when actuating, the 

line holds the same 48V/24V. It should also be noted that the bottom-most capacitor bank (Figure P) is 

tilted to denote the different voltage level, it is the only bank that is 24V. The others in the cabinet are 

48V. 
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Figure Q: (From Left to Right) Ground Terminal Block, 5V/12V/-12V DC Power Supply, 48V Power Supply. 

 

 In the above picture (Figure Q), starting from the right, is the 48V Power Supply. This is 

specifically chosen to be the RSP-500-48, a 48V/10.5A AC-to-DC switching power supply whose overload 

is constant current mode. This is chosen due to the fact that solenoids act as instant shorts which is 

detected by the ǇƻǿŜǊ ǎǳǇǇƭȅ ŀǎ ŀƴ άƻǾŜǊƭƻŀŘέ. This shifts into constant current mode, and working 

with the capacitor banks, allows for the solenoid to actuate correctly. The other power supply is a simple 

5V/+12V/-12V switching power supply. If more power is required, this can be switched out for a power 

supply that is +5V/+12V with more power. In the current configuration +5V and +12V are used 

extensively, but the -12V is only used to drive the fans in the back of the cabinet and are wired with 

inverse polarity. 
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Figure R: Two DC Relays, used for actuating the flippers. Left side is 48V/GND, Right side is 5V/GND. 
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Figure S: Playfield Terminal Wiring Diagram 
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Programming  
 

void  matrix_init ()  {  

    memset(& options ,  0,  sizeof ( options ));  

    memset(& runtime_options ,  0,  sizeof ( runtime_options ));  

    options . rows = 32 ;  

    options . cols = 64 ;  

    options . chain_length = 1;  

    options . parallel = 1;  

    runtime_options . gpio_slowdown = 3;  

    runtime_options . daemon = 1;  

    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 ( matrix_init() ), simply does all of the startup configurations of the matrix 

display, based off of the ǎŜǘǘƛƴƎǎ ƎƛǾŜƴ ƛƴ ǘƘŜ άǊǇƛ-rgb-led-mŀǘǊƛȄέ ǊŜǇƻ ƻƴ DƛǘIǳōΦ It defines the pixel 

dimensions of the matrix display (32 pixels tall, 64 pixels wide), and tells it is only 1 display (chain_length 

=  1, parallel = 1), and does background work to artificially slowdown GPIO pins, drop admin privileges 

upon startup, and to force 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 ( sound1_channel );  

        sound1_channel = Mix_LoadWAV( sound_dir );  

        Mix_PlayChannel ( 2,  sound1_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() ), allows for the audio mixing using the SDL_mixer library. It 

takes in the file 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 channels, in 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 does ς it stop sounds. It 

takes the arguments of the desired channel to stop, and the fade out you want in milliseconds (set to 0 if 

you want to stop the sound instantaneously. Note, that the play_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() ), allows for the individual configuration of volume for each 

channel. It takes in the desire channel and the volume (as a value of 0 to 128) This might be a balancing 

act to get the correct startup configuration of each channel. 

 

void  load_highscore ()  {  

    FILE  * highscore_file = fopen ( "highscore.txt" ,  "r" );  

    if  ( highscore_file !=  NULL)  {  

        fscanf ( highscore_file ,  "%d" ,  &highscore );  

        fclose ( highscore_file );  

    }  else  {  

        highscore = 0;  

    }  

}  
 

 The above function ( load_highscore() ), simply ǊŜŀŘǎ ŦǊƻƳ ǘƘŜ ƭƻŎŀƭ ǘŜȄǘ ŦƛƭŜ άƘƛƎƘǎŎƻǊŜΦǘȄǘέΦ ¢Ƙƛǎ 

is where the highscore is saved to, and on machine startup is retrieved for displaying purposes and 

recording new highscores. 
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void  check_usb_port ( const  char  * port )  {  

    int  i ;  

    int  fd = serialOpen ( port ,  9600 );  

    char  read_buffer [ 9];  

     

    for  ( i = 0;  i < 9;  i ++)  {  

        read_buffer [ i ]  = serialGetchar ( fd );  

    }  

 

    if  ( strcmp ( read_buffer ,  "COIN_DOOR")  == 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 ( 100000 );  

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

    serialClose ( fd );  

}  
 

 The above function ( check_usb_port() ), is a function that takes the port name of the Raspberry 

Pi, opens the port, and reads the first 9 bytes received from the serial line. Since it is interfacing with the 

three subsystem boards (Coin Door, RGB LED Driver, and Master Controller), each subsystem board 

outputs its own unique identifying character, so that there is no ǎƛƴƎƭŜ άŎƻǊǊŜŎǘέ ǿŀȅ ǘƻ ǿƛǊŜ ǘƘŜ ¦{. 

connectors to the Raspberry Pi. ά/hLbψ5hhwέ Ґ /ƻƛƴ 5ƻƻǊ ōƻŀǊŘΣ ά[95ψ5wL±9έ Ґ RGB LED Driver, 

ά{/hwψ5wL±έ Ґ aŀǎǘŜǊ /ƻƴǘǊƻƭƭŜǊΦ 
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void  gif_display ( const  char *  gif_directory ,  int  frame_count ,  int  loop_count )  {  

    char  file_name [ 256 ];  

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

    int  playback_count = 0;  

    int  width = 64 ;  

    int  height = 32 ;  

    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_GetRGB( 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 ,  6144 ,  64 ,  32 ,  0);  //canvas, 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 );  

        }  

    }  

    led_canvas_clear ( canvas );  

    led_canvas_clear ( offscreen );  

}  
 

 The above function ( gif_display() ), takes in the folder directory of the gif to play, the number of 

frames in that gif, and how many times it should loop. Since there is not a great way to load gifs into a 

format readable by the matrix display library, we use SDL_image to create a buffer of pixels that are 

loaded into another buffer that is swapped out with the current display on screen. This is repeated until 

the loop count is satisfied, resulting in the display of a gif on the matrix display, with 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 [ 256 ];  

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

    int  playback_count = 0;  

    int  width = 64 ;  

    int  height = 32 ;  

    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_GetRGB( 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 ,  6144 ,  64 ,  32 ,  0);  //canvas, 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 as the ǇǊŜǾƛƻǳǎ άƎƛŦψŘƛǎǇƭŀȅόύέ 

function, except for the fact that it also allows 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 ( 10 *  sizeof ( char ));  

     

    uint8_t  color_r = 255 ;  

    uint8_t  color_g = 0;  

    uint8_t  color_b = 0;  

     

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

     

    led_canvas_clear ( canvas );  

    led_canvas_clear ( offscreen );  

     

    start = clock ();  

    while ( 1)  {  

        // 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).  

        // 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,  19 ,  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 <= 200 )  {  

                color_g += 4;  

            }  else  {  

                color_g = 0;  

            }  

        }  

    }  

    led_canvas_clear ( canvas );  

    led_canvas_clear ( offscreen );  

}  
 

 The above function ( highscore_display() ), simply displays the highscore on the matrix display 

for a given amount of time (argument: display_time, in 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 );  

        // 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 ,  14 ,  7,  color_r ,  color_g ,  color_b ,  "SCORE:" ,  0);  

        draw_text ( offscreen ,  font ,  22 ,  22 ,  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 ( score_display() ), is unfinished, and would ideally take the score and 

display it during the game while nothing interesting is happening. The reason it is unfinished is because 

the systems to change the score are not in place, and the score variable would need to be locked and 

unlocked depending on if the score is changed as a signal received from the Master Controller. 
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void  two_row_text ( const  char *  text1 ,  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_text1 = strlen ( text1 );  

    int  length_text2 = strlen ( text2 );  

     

    int  x_text1 = (( 64 -  ( 6 *  length_text1 ))  /  2);  

    int  x_text2 = (( 64 -  ( 6 *  length_text2 ))  /  2);  

     

    start = clock ();  

    while ( 1)  {  

        // 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_text1 ,  7,  color_r ,  color_g ,  color_b ,  text1 ,  0);  

        draw_text ( offscreen ,  font ,  x_text2 ,  22 ,  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 ( two_row_text() ), is a template function that allows for any text to be 

written to the matrix display. It takes the text for row 1 (text 1), and the text for row 2 (text 2), the time 

to display the 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  text1 [ 128 ];  

    char  text2 [ 128 ];  

     

    led_canvas_clear ( canvas );  

    led_canvas_clear ( offscreen );  

     

    pthread_mutex_lock (& deposited_mutex );  

    if  ( price == 0)  {  

        strcpy ( text1 ,  "FREE PLAY!" );  

    }  else  if  ( deposited_money == 0)  {  

        strcpy ( text1 ,  "INSERT COINS" );  

    }  else  {  

        snprintf ( text1 ,  sizeof ( text1 ),  "CREDIT: %.2f" ,  deposited_money );  

    }  

    if  ( deposited_money >= price )  {  

        strcpy ( text2 ,  "PRESS START!" );  

    }  else  {  

        snprintf ( text2 ,  sizeof ( text1 ),  "PRICE: %.2f" ,  price );  

    }  

    pthread_mutex_unlock (& deposited_mutex );  

     

    int  length_text1 = strlen ( text1 );  

    int  length_text2 = strlen ( text2 );  

     

    int  x_text1 = (( 64 -  ( 6 *  length_text1 ))  /  2);  

    int  x_text2 = (( 64 -  ( 6 *  length_text2 ))  /  2);  

     

    start = clock ();  

    while ( 1)  {  

        // 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_text1 ,  7,  color_r ,  color_g ,  color_b ,  text1 ,  0);  

        draw_text ( offscreen ,  font ,  x_text2 ,  22 ,  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 ( waiting_for_money_display() ), takes the time to display it for (in seconds) 

and the RGB color of the text (values 0 to 255), and 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  color_g ,  

uint8_t  color_b )  {  

    clock_t  start ,  end ;  

    double  time_used ;  

    int  x = 0;  

    int  y = 5;  

    int  dirX = 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) -  2 to get rid of start and end spaces  

    int  screen_width = 64 ;  

    int  screen_height = 32 ;  

     

    led_canvas_clear ( canvas );  

    led_canvas_clear ( offscreen );  

     

    start = clock ();  

    while ( 1)  {  

        draw_text ( offscreen ,  font ,  14 ,  7,  color_r ,  color_g ,  color_b ,  "SCORE:" ,  0);  

        offscreen = led_matrix_swap_on_vsync ( matrix ,  offscreen );  

 

        if  ((( y + text_height )  >= screen_height )  ||  ( y <= 0))  {  

            dirY = dirY *  ( - 1);  

            srand ( time ( NULL));  

            color_r = (( rand ()  + 50 )  % 255 );  

            color_g = (( rand ()  + 50 )  % 255 );  

            color_b = (( rand ()  + 50 )  % 255 );  

        }  

        if  ((( x + text_width )  >= screen_width )  ||  ( x <= 0))  {  

            dirX = dirX *  ( - 1);  

            srand ( time ( NULL));  

            color_r = (( rand ()  + 50 )  % 255 );  

            color_g = (( rand ()  + 50 )  % 255 );  

            color_b = (( rand ()  + 50 )  % 255 );  

        }  

 

        x += ( dirX *  speed );  

        y += ( dirY *  speed );  

         

        end = clock ();  

        time_used = (( double )  ( end -  start ))  /  CLOCKS_PER_SEC;  // in seconds  

        if  ( time_used >= display_time )  {  

            break ;  

        }  

    }  

}  
 

 The above function ( dvd_text_effect() ), replicates the classic bouncing DVD logo effect onto 

the matrix display. It accepts custom text (displays in a single line), the time to run the effect for (in 

seconds), and the RGB color of the text (from 0 to 255). 
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void  thanks_text ( uint8_t  color_r ,  uint8_t  color_g ,  uint8_t  color_b )  {  

    // 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 *  text1_1 = "CREATED";  

    const  char *  text1_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 = "VURGHESE";  

    const  char *  text9_1 = "KYLE" ;  

    const  char *  text9_2 = "WILT" ;  

    const  char *  text10_1 = "ZACHARY";  

    const  char *  text10_2 = "WRIGHT";  

 

    int  i ;  

    int  ii ;  

     

    char  text1 [ 64 ];  

    char  text2 [ 64 ];  

     

    for  ( i = 0;  i < 9;  i ++)  {  //10 entries for the text, so i < 9  

        int  pos = 37 ;  // height + 5 pixels?  

        if  ( i == 0)  {  

            strcpy ( text1 ,  text1_1 );  

            strcpy ( text2 ,  text1_2 );  

        }  else  if  ( i == 1)  {  

            strcpy ( text1 ,  text2_1 );  

            strcpy ( text2 ,  text2_2 );  

        }  else  if  ( i == 2)  {  

            strcpy ( text1 ,  text3_1 );  

            strcpy ( text2 ,  text3_2 );  

        }  else  if  ( i == 3)  {  

            strcpy ( text1 ,  text4_1 );  

            strcpy ( text2 ,  text4_2 );  

        }  else  if  ( i == 4)  {  

            strcpy ( text1 ,  text5_1 );  

            strcpy ( text2 ,  text5_2 );  

        }  else  if  ( i == 5)  {  

            strcpy ( text1 ,  text6_1 );  

            strcpy ( text2 ,  text6_2 );  

        }  else  if  ( i == 6)  {  

            strcpy ( text1 ,  text7_1 );  

            strcpy ( text2 ,  text7_2 );  

        }  else  if  ( i == 7)  {  

            strcpy ( text1 ,  text8_1 );  

            strcpy ( text2 ,  text8_2 );  

        }  else  if  ( i == 8)  {  

            strcpy ( text1 ,  text9_1 );  

            strcpy ( text2 ,  text9_2 );  

        }  else  {  

            strcpy ( text1 ,  text10_1 );  

            strcpy ( text2 ,  text10_2 );  

        }  

 

        for  ( ii = 0;  ii < 37 ;  ii ++)  {  // for x in range screen_height + 5  

            int  x_text1 = (( 64 -  ( 6 *  strlen ( text1 )))  /  2);  

            int  x_text2 = (( 64 -  ( 6 *  strlen ( text2 )))  /  2);  

            draw_text ( offscreen ,  font ,  x_text1 ,  pos ,  color_r ,  color_g ,  color_b ,  text1 ,  0);  

            draw_text ( offscreen ,  font ,  x_text2 ,  ( pos + 6),  color_r ,  color_g ,  color_b ,  text2 ,  0);  

            pos - = 1;  

            if (( pos + 6)  < - 5)  {  // if the last text 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 0 to 255), 

and displays 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 == 0 && price !=  0)  {  

            pthread_mutex_unlock (& deposited_mutex );  

            dvd_text_effect ( "INSERT COINS" ,  15 ,  0,  0,  255 );  

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

            gif_display ( "/home/pinball/Desktop/Pinball/startup/" ,  18 ,  1);  

            sleep ( 1);  

            stop_sound ( 0,  2000 );  

            sleep ( 2);  

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

            waiting_for_money_display ( 20 ,  255 ,  0,  0);  

            sleep ( 1);  

            //gif_display(random.choice(game_gifs_list), random.randint(2, 5), 12) < -  need to 

figure out a way to do this in C...  

            stop_sound ( 0,  1000 );  

            sleep ( 1);  

        }  else  if  ( deposited_money > 0 && price !=  0)  {  

            pthread_mutex_unlock (& deposited_mutex );  

            while ( deposited_money > 0)  {  

                waiting_for_money_display ( 20 ,  255 ,  0,  0);  

                sleep ( 1);  

                gif_display ( "/home/pinball/Desktop/Pinball/startup/" ,  18 ,  1);  

                sleep ( 1);  

            }  

            stop_sound ( 0,  1000 );  

            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 ( idle_loop() ), is what is initially played on machine startup, and is the 

άŀǘǘǊŀŎǘέ ƳƻŘŜ ƻŦ ǘƘŜ Ǉƛƴōŀƭƭ ƳŀŎƘƛƴŜΦ Lǘ ŎȅŎƭŜǎ ǘƘǊƻǳƎƘ credits, plays music, and goes through various 

gifs while waiting for money to be deposited and the game to start. 
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void  end_game()  {  

    stop_all_sound ();  

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

    //score_display(score, 5, 255, 0, 0);  

 

    if  ( score > highscore )  {  

        // const char* text1, const char* text2, double display_time, uint8_t color_r, uint8_t 

color_g, uint8_t color_b  

        two_row_text ( "NEW",  "HIGHSCORE!" ,  5,  255 ,  255 ,  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,  255 ,  0,  0);  

    }  

    highscore_display ( 10 );  

    thanks_text ( 255 ,  0,  0);  

    idle_loop ();  

}  
 

 The above function ( end_game() ), plays 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), and then display the highscore, the credits, and then jump back to the idle_loop 

function shown previously. 

 

void  main_game ()  {  

    int  lives = 3;  

     

    //gameplay logic  

     

    if ( lives == 0)  {  

        end_game();  

    }  

}  
 

 The above function ( main_game() ), is the full gameplay loop function while the game is being 

played. Currently, it is just placeholder code and stores 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 ,  9600 );  

     

    for  ( i = 0;  i < 9;  i ++)  {  

        serialGetchar ( fd );  

    }  

 

    while ( 1)  {  

        char  read_data [ 4];  

        int  credit = 0;  

        int  volume_up = 0;  

        int  volume_down = 0;  

        int  debug = 0;  

        int  ii = 0;  

         

        if  ( serialDataAvail ( fd )  >= 4)  {  

            for  ( ii = 0;  ii < 4;  ii ++)  {  

                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 == 1)  {  

            pthread_mutex_lock (& deposited_mutex );  

            deposited_money += 0.25 ;  

            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 < 128 )  {  

                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 function ( coindoor_thread() ), is the process thread that handles the coindoor signals 

received through USB. It looks for a nibble of data that corresponds to the debug signals and credit 

signals on the coin door. This is then updated by locking the variables and freeing them after updating. It 

also controls global volume of the machine and takes credit from the manual άŀŘŘ creditέ button 

located on the coin door. 
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int  main ( int  argc ,  char  ** argv )  {  

 

    spec . freq = 44100 ;  

    spec . format = MIX_DEFAULT_FORMAT;  

    spec . channels = NUM_CHANNELS;  

 

    pthread_t thread1 ;  

     

    SDL_Init ( SDL_INIT_AUDIO |  SDL_INIT_VIDEO );  

    Mix_OpenAudio ( 0,  &spec );  

     

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

     

    matrix_init ();  

    load_highscore ();  

     

    check_usb_port ( "/dev/ttyUSB0" );  

    check_usb_port ( "/dev/ttyUSB1" );  

    check_usb_port ( "/dev/ttyUSB2" );  

    check_usb_port ( "/dev/ttyUSB3" );  

 

    sleep ( 1);  

    pthread_create (& thread1 ,  NULL,  coindoor_thread ,  ( void *) coin_door_port );  

    sleep ( 1);  

     

    gif_display_music ( "/home/pinball/Desktop/Pinball/startup/" ,  18 ,  0,  "startup.wav" );  // need to 

replace 18 with the correct frame count  

    gif_display_music ( "/home/pinball/Desktop/Pinball/forge_splash/" ,  12 ,  0,  "forge_splash.wav" );  

//need to replace 12 with correct frame count  

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

    thanks_text ( 255 ,  0,  0);  

    stop_sound ( 0,  2000 );  

     

    pthread_mutex_lock (& debug_mutex );  

    if  ( debug_mode == 1)  {  

        // 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 the startup sequence of the machine, which handles library 

loading, audio setup, font setup, USB initialization, thread initialization, and the display of startup logos 

and themes. 
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int  credit_coin = 1;  

int  credit_service = 1;  

int  volume_up = 1;  

int  volume_down = 1;  

int  debug_mode = 1;  

int  tilt_switch = 1;  

int  credit = 0;  

int  volume_u = 0;  

int  volume_d = 0;  

int  debug = 0;  

 

int  last_credit_coin = 1;  

int  last_credit_service = 1;  

int  last_volume_up = 1;  

int  last_volume_down = 1;  

int  last_debug_mode = 1;  

 

void  setup ()  {  

  pinMode ( 2,  INPUT_PULLUP);  

  pinMode ( 3,  INPUT_PULLUP);  

  pinMode ( 4,  INPUT_PULLUP);  

  pinMode ( 5,  INPUT_PULLUP);  

  pinMode ( 6,  INPUT_PULLUP);  

  pinMode ( 7,  INPUT_PULLUP);  

  Serial . begin ( 9600 );  

  Serial . print ( "COIN_DOOR");  

}  

 

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 == 1)  {  

    credit = 1;  

  }  else  if ( credit_coin == 0 && last_credit_coin == 1 && tilt_switch == 1)  {  

      credit = 1;  

  }  else  {  

    credit = 0;  

  }  

  if ( volume_up == 0 && last_volume_up == 1)  {  

      volume_u = 1;  

  }  else  {  

      volume_u = 0;  

  }  

  if ( volume_down == 0 && last_volume_down == 1)  {  

      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 == 1 ||  debug == 1)  {  

    Serial . print ( String ( credit )  + String ( volume_u )  + String ( volume_d )  + String ( debug ));  

    credit = 0;  

  }  

   

  delay ( 50);  // debounce  

}  

 

 The above code is the Arduino code for the Coin Door. It does GPIO handling and sends the 

debug buttons and coin insert signals through USB to the Raspberry Pi. 
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#pragma GCC optimize "O0"  

 

#include <digitalWriteFast.h>  

 

char  serial_data = 0;  // char for storing read serial data.  

uint8_t  breathing_effect = 0;  

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

byte led_code [ 13 ];   

byte data ;  

 

void  shiftOuta ( uint8_t  dataPin ,  uint8_t  clockPin ,  uint8_t  bitOrder ,  uint8_t  val )  

{  

    uint8_t  i ;  

 

    for  ( i = 0;  i < 8;  i ++)   {  

        if  ( bitOrder == LSBFIRST)  {  

            digitalWriteFast ( dataPin ,  val & 1);  

            val >>= 1;  

        }  else  {      

            digitalWriteFast ( dataPin ,  ( val & 0x80 )  !=  0);  

            val <<= 1;  

        }  

    delayMicroseconds ( 10 );  

    digitalWriteFast ( clockPin ,  HIGH);  

        delayMicroseconds ( 1);  

        digitalWriteFast ( clockPin ,  LOW);  

    }  

}  

 

void  setup ()  {  

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

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

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

  pinMode ( 6,  OUTPUT);  //PD6 -  serial data pin  

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

   

  digitalWrite ( 5,  LOW);  

   

  digitalWrite ( 3,  LOW);  

  delay ( 100 );  

  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 ( 9600 );  

  Serial . print ( "LED_DRIVE" );  

}  

 

void  loop ()  {   

  if ( Serial . available ()  >= 13 )  {  

    Serial . readBytes ( led_code ,  13 );  

    digitalWrite ( 3,  LOW);  

    delay ( 1);  

    digitalWrite ( 3,  HIGH);  

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

 

    digitalWrite ( 5,  LOW);  

    for ( int  i = 1;  i < 13 ;  i ++)  {  

      data = led_code [ i ];  

      shiftOuta ( 6,  4,  LSBFIRST,  data );  

      Serial . println ( data );  //debug  

    }  

    delayMicroseconds ( 1);  

    digitalWrite ( 5,  HIGH);  

 

    if ( led_code [ 0]  == 0xFF )  {  

      while ( 1)  {  

        if ( Serial . available ()  > 0)  {  

          Serial . println ( "INTERRUPTED");  //debug  

          analogWrite ( 9,  0);  

          break ;  

        }  

        analogWrite ( 9,  breathing_effect );  

        Serial . println ( breathing_effect );  

 

        if ( breathing_effect > 250 )  {  

          breathing_direction = false ;   

        }  else  if ( breathing_effect <= 0)  {  

          breathing_direction = true ;  

        }  

        if ( breathing_direction == true )  {  

          breathing_effect += 1;  

          delay ( 25 );  

        }  else  {  

          breathing_effect - = 1;  

          delay ( 25 );  

        }  

      }  

    }  else  {  

      analogWrite ( 9,  led_code [ 0]);  

      Serial . print ( "solid brightness:" );  //debug  

      Serial . println ( led_code [ 0]);  //debug  

    }  

  }  

}  

 

 The above code is the Arduino code for the RGB LED Driver, it takes in HEX data from USB and 

shifts it out to the shift registers. 
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#include <Wire.h>  

 

char  i2c_received_byte ;  

int  tilt_count = 0;  

int  lives = 3;  

long  score = 0;  

 

bool  row1_last_state = 0;  

bool  row2_last_state = 0;  

bool  row3_last_state = 0;  

bool  prev_tilt = 0;  

bool  col ;  

bool  row1 ;  

bool  row2 ;  

bool  row3 ;  

bool  return_detect ;  

bool  jam_detect ;  

bool  tilt ;  

int  incoming_byte ;  

bool  game_active = 0;  

 

void  setup ()  {  

  pinMode ( 2,  OUTPUT);  //PD2  

  pinMode ( 3,  OUTPUT);  //PD3  

  pinMode ( 4,  INPUT);  //PD4  

  pinMode ( 5,  INPUT);  //PD5  

  pinMode ( 6,  INPUT);  //PD6  

  pinMode ( 7,  INPUT);  //PD7  

  pinMode ( 8,  INPUT_PULLUP);  //PB0  

  pinMode ( 9,  INPUT_PULLUP);  //PB1  

  pinMode ( 10,  INPUT_PULLUP);  //PB2  

 

  Wire . begin ();  

  Serial . begin ( 9600 );  

  Serial . print ( "SCOR_DRIV");  

   

  digitalWrite ( 2,  LOW);  //set flippers to not be able to be flipped unless the game is active  

  digitalWrite ( 3,  LOW);  

  delay ( 1000 );  //allow other MCUs to startup properly  

}  

 

void  loop ()  {  

  col = digitalRead ( 4);  

  row1 = 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 == 255 )  {  

        game_active = 1;  

    }  else  {  

        game_active = 0;  

    }  

  }  

 

  if ( game_active == 1)  {  

    digitalWrite ( 2,  HIGH);   // allow flippers to be flipped  

  }  else  {  

    digitalWrite ( 2,  LOW);    

  }  

 

  if ( row1 !=  row1_last_state )  {    

    row1_last_state = row1 ;    

    if ( row1 == HIGH)  {  

        score += 200 ;  

    }  

  }  

  if ( row2 !=  row2_last_state )  {    

    row2_last_state = row1 ;    

    if ( row2 == HIGH)  {  

        score += 200 ;  

    }  

  }  

  if ( row3 !=  row3_last_state )  {    

    row3_last_state = row1 ;    

    if ( row3 == HIGH)  {  

        score += 200 ;  
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    }  

  }  

 

  if (( row1 == 1)  && ( row2 == 1)  && ( row3 == 1)  && ( col == 1))  {  // if all the drop down switches are activated, 

reset and log score  

    digitalWrite ( 3,  HIGH);  

    delay ( 10);  

    digitalWrite ( 3,  LOW);  

    score += 1000 ;  

  }  

 

    Wire . requestFrom ( 0x01 ,  1);  // Request 1 byte from slave at address 0x02  

    if  ( Wire . available ())  {  

      i2c_received_byte = Wire . read ();  // Read byte from slave  

      Serial . println ( "data from 0x01: " );  //debug  

      Serial . print ( i2c_received_byte );  

    }  

    delay ( 10);  

    Wire . requestFrom ( 0x02 ,  1);  

    if  ( Wire . available ())  {  

      i2c_received_byte = Wire . read ();  // Read byte from slave  

      Serial . println ( "data from 0x02: " );  //debug  

      Serial . print ( i2c_received_byte );  

    }  

    delay ( 10);  

    Wire . requestFrom ( 0x03 ,  1);  

    if  ( Wire . available ())  {  

      i2c_received_byte = Wire . read ();  // Read byte from slave  

      Serial . println ( "data from 0x03: " );  //debug  

      Serial . print ( i2c_received_byte );  

    }  

 

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

    lives - = 1;  

    Wire . beginTransmission ( 0x01 );  

    Wire . write ( 0x11 );  //send to ball return that a ball is able to be fired.  

    Wire . endTransmission ();  

     

    if ( jam_detect == 1)  {  

      Wire . beginTransmission ( 0x01 );  

      Wire . write ( 0x22 );  

      Wire . endTransmission ();  

    }  

  }  

  if ( prev_tilt == 0 && tilt == 1)  {  

    tilt_count += 1;  

  }  

  prev_tilt = tilt ;  

   

  if ( tilt_count > 2)  {  

    digitalWrite ( 2,  LOW);  //if the player is warned over 2 times for tilting the machine, disable the flippers 

for 5 seconds, stop scoring.  

    delay ( 5000 );  

    digitalWrite ( 2,  HIGH);  

    tilt_count = 0;  

  }  

 

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

  score = 0;  

 

  delay ( 100 );  

}  

 

 The above code is the Arduino code for the Master Controller Base Board and handles all of the 

I2C signals as well as control over the flippers, tilt switch, drop down target, and the ball return 

photodiode detection. It also manages all of the other MCUs on the Master Controller by sending and 

receiving signals through I2C. 
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#include <Wire.h>  

 

char  received_data ;  

char  switches ;  

bool  br1 ;  bool  br2 ;  bool  br3 ;  bool  br4 ;  bool  br5 ;  bool  br6 ;  bool  br7 ;  bool  br8 ;  

 

void  setup ()  {  

  pinMode ( 2,  OUTPUT);  //PD2  

  pinMode ( 3,  INPUT_PULLUP);  //PD3  

  pinMode ( 4,  INPUT_PULLUP);  //PD4  

  pinMode ( 5,  INPUT_PULLUP);  //PD5  

  pinMode ( 6,  INPUT_PULLUP);  //PD6  

  pinMode ( 7,  INPUT_PULLUP);  //PD7  

  pinMode ( 8,  INPUT_PULLUP);  //PB0  

  pinMode ( 9,  INPUT_PULLUP);  //PB1  

 

  Wire . begin ( 0x01 );  

  Wire . onRequest ( send );  

  Wire . onReceive ( receive );  

}  

 

void  loop ()  {  

  br1 = digitalRead ( 3);  

  br2 = digitalRead ( 4);  

  br3 = digitalRead ( 5);  

  br4 = digitalRead ( 6);  

  br5 = digitalRead ( 7);  

  br6 = digitalRead ( 8);  

  br7 = digitalRead ( 9);  

  switches = ( 0 << 7)  |  ( br7 << 6)  |  ( br6 << 5)  |  ( br5 << 4)  |  ( br4 << 3)  |  ( br3 << 2)  

|  ( br2 << 1)  |  ( br1 << 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 

handles all the ball return switches (switches 1 to 7) and the solenoid for the ball return assembly and 

transmits the data through I2C back to the base board of the Master Controller. 
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#include <Wire.h>  

 

char  received_data ;  

bool  slingL ;  bool  slingR ;  bool  scoop ;  bool  start ;  

bool  rd1 ;  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 ( 4,  OUTPUT);  //PD4  

  pinMode ( 5,  OUTPUT);  //PD5  

  pinMode ( 6,  INPUT_PULLUP);  //PD6  

  pinMode ( 7,  INPUT_PULLUP);  //PD7  

  pinMode ( 8,  OUTPUT);  //PB0  

  pinMode ( 9,  INPUT_PULLUP);  //PB1  

  pinMode ( 10 ,  INPUT_PULLUP);  //PB2  

   

  digitalWrite ( 2,  LOW);  

  digitalWrite ( 3,  LOW);  

  digitalWrite ( 4,  LOW);  

 

  Wire . begin ( 0x02 );  

  Wire . onRequest ( send );  

  Wire . onReceive ( receive );  

}  

 

void  loop ()  {  

  slingL = digitalRead ( 9);  

  slingR = digitalRead ( 10);  

  scoop = digitalRead ( 6);  

  start = digitalRead ( 7);  

   

  if ( rd1 == 1)  {  //start LED  

    digitalWrite ( 8,  HIGH);  

  }  else  {  

    digitalWrite ( 8,  LOW);  

  }  

   

  if ( slingL == 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 ( 5000 );  // 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 ();  

    rd1 = ( 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;  //MSB  

  }  

}  
 

The above code is the Arduino code for the MCU 2 on the Master Controller board. It handles 

the slingshots, scoop weldment, and start button, and transmits the data through I2C back to the base 

board of the Master Controller. 
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#include <Wire.h>  

 

int  score_bumper1 = 0;  

int  score_bumper2 = 0;  

int  score_bumper3 = 0;  

long  score = 0;  

 

bool  bumper1_last_state = 0;  

bool  bumper2_last_state = 0;  

bool  bumper3_last_state = 0;  

 

void  setup ()  {  

  pinMode ( 2,  OUTPUT);  //PD2  

  pinMode ( 3,  OUTPUT);  //PD3  

  pinMode ( 4,  OUTPUT);  //PD4  

  pinMode ( 5,  INPUT_PULLUP);  //PD5  

  pinMode ( 6,  INPUT_PULLUP);  //PD6  

  pinMode ( 7,  INPUT_PULLUP);  //PD7  

  pinMode ( 8,  OUTPUT);  //PB0  

  pinMode ( 9,  OUTPUT);  //PB1  

  pinMode ( 10 ,  OUTPUT);  //PB2  

 

  digitalWrite ( 2,  LOW);  

  digitalWrite ( 3,  LOW);  

  digitalWrite ( 4,  LOW);  

 

  Wire . begin ( 0x03 );  

  Wire . onRequest ( send );  

  Wire . onReceive ( receive );  

}  

 

void  loop ()  {  

  bool  bumper1_switch = digitalRead ( 5);  

  bool  bumper2_switch = digitalRead ( 6);  

  bool  bumper3_switch = digitalRead ( 7);  

 

  if ( bumper1_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 ( bumper1_switch !=  bumper1_last_state )  {    

    bumper1_last_state = bumper1_switch ;    

    if ( bumper1_switch == HIGH)  {  

          score += 100 ;  

      }  

  }  

  if ( bumper2_switch !=  bumper2_last_state )  {    

    bumper2_last_state = bumper2_switch ;    

    if ( bumper2_switch == HIGH)  {  

          score += 100 ;  

      }  

  }  

  if ( bumper3_switch !=  bumper3_last_state )  {    

    bumper3_last_state = bumper3_switch ;    

    if ( bumper3_switch == HIGH)  {  

          score += 100 ;  

      }  

  }  

}  

 

void  send ()  {  

  char  score = ( score_bumper1 << 7)  |  ( score_bumper2 << 6)  |  ( score_bumper3 << 5)  |  ( 0 

<< 4)  |  ( 0 << 3)  |  ( 0 << 2)  |  ( 0 << 1)  |  ( 0 << 0);  

  score_bumper1 = 0;  

  score_bumper2 = 0;  

  score_bumper3 = 0;  

  Wire . write ( score );  

  score = 0;  

}  

 

The above code is the Arduino code for the MCU 3 on the Master Controller board. It handles 

the bumpers and transmits the data through I2C back to the base board of the Master Controller. 
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Audio  
 

 The following is the full script for the machine, and all of the voices lines that were recorded. 

The audio was recorded by two voice actors, Felicia Lai (Puckman), and Deon Rivers (SISman, Weather 

Reporter, Narrator, Announcer). This was recorder on a dynamic microphone at the RPI voice over 

booth in the DCC. All audio was edited in audacity and saved into a mono format at 44.1 kHz. 

 Additional audio, like sounds and music, were sourced or purchased from other sources, and are 

completely royalty/copyright free (see Preface). 

 

PUCKMAN: 

 [ŜǘΩǎ {Ǉƛƴ ǘƘŜ ²ƘŜŜƭΗ 

 

PUCKMAN: 

 L ǿƻƴŘŜǊ ǿƘŀǘ ǿŜΩƭƭ ƎŜǘΗ 

 

PUCKMAN: 

 hƘ ōƻȅΣ L ƘƻǇŜ ǘƘƛǎ ƻƴŜΩǎ ƎƻƻŘΗ 

 

PUCKMAN: 

 Ooh! Money! 

 

PUCKMAN: 

 Money! 

 

PUCKMAN: 

 Come on, show me the money! 

 

PUCKMAN: 

 Finally, a job! 
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PUCKMAN: 

 LΩƳ surprised they read my resume! 

 

PUCKMAN: 

 An A! I had to study hard for this! 

 

PUCKMAN: 

 ! .Κ LΩƭƭ ǘŀƪŜ ƛǘΗ 

 

PUCKMAN: 

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

 

PUCKMAN: 

 A D? Uh-ƻƘΧ 

 

PUCKMAN: 

 ¦ƎƘΧ 

 

PUCKMAN: 

 Yay! 

 

PUCKMAN: 

 Yippie! 

 

PUCKMAN: 

 !ǿǿΧ 

 

PUCKMAN: 

 9ƘΧ 
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PUCKMAN: 

 hƘ ƴƻΧ 

 

PUCKMAN: 

 hŦ ŀƭƭ ǘƘŜ Řŀȅǎ ǘƻ ǎǘƻǇ ǇŀǊǘȅƛƴƎΧ 

 

PUCKMAN: 

 DANG IT! 

 

PUCKMAN: 

 ²ŜƭƭΣ ƭƻƻƪǎ ƭƛƪŜ LΩƳ ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǘƻ ŘǊƻǇ ƻǳǘΧ 

 

PUCKMAN: 

 Uh-oh. 

 

PUCKMAN: 

 L ŎŀƴΩǘ ōŜƭƛŜǾŜ ǘƘŜȅΩǊŜ ǘŀƪƛƴƎ ŀǿŀȅ Ƴȅ ǎŎƘƻƭŀǊǎƘƛǇΗ 

 

PUCKMAN: 

 I need my scholarship! 

 

PUCKMAN: 

 SISMAN! PREPARE TO MEET YOUR MAKER! 

 

PUCKMAN: 

 {L{a!bΗ LΩ±9 /ha9 Chw ¸h¦Η 

 

PUCKMAN: 

 SISMAN, I HAVE COME TO UNPLUG YOU! 
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PUCKMAN: 

 No! How can I be defeated!? 

 

PUCKMAN: 

 LΩƭƭ ōŜ ōŀŎƪΗ 

 

PUCKMAN: 

 You may have won this ǊƻǳƴŘΗ .ǳǘ ǘƘŜ ŦƛƎƘǘ ƛǎƴΩǘ ƻǾŜǊΗ 

 

PUCKMAN: 

 CƛƴŀƭƭȅΧ ǇŜŀŎŜ ŀǘ ƭŀǎǘΧ 

 

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 coast of Southern 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 word of 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 in the coming 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 affect much of the 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 create hazardous 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 heavy rain, 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 lots of sun! 

 

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 launch. T-minus ten seconds and counting. 

 

Announcer: 

 ¢ŜƴΦ bƛƴŜΦ 9ƛƎƘǘΦ {ŜǾŜƴΦ {ƛȄΦ CƛǾŜΦ CƻǳǊΦ ¢ƘǊŜŜΦ ¢ǿƻΦ hƴŜΧ  

 

Announcer: 

 And we have lift off of the SLS Rocket, taking the Artemis 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: 

 IƻǳǎǘƻƴΣ ǿŜ ŀǊŜ ŜƴŎƻǳƴǘŜǊƛƴƎ ŘƛŦŦƛŎǳƭǘƛŜǎ ǳǇ ƘŜǊŜΣ ǿŜΩǊŜ ǘǊȅƛƴƎ ǘƻ ŎƻƳǇŜƴǎŀǘŜΦ  

 

Announcer: 

 Houston, we fixed the problem. 

 

Announcer: 

 A new high score! Congratulations! 
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NARRATOR: 

 From the beginning of time, two entities of immaculate power manifested from the intellects of 

scholars. These two beings, good and evil, fought many battles over the years, but one never triumphed 

ƻǾŜǊ ǘƘŜ ƻǘƘŜǊΧ ǳƴǘƛƭ ǘƻŘŀȅΧ 

 

NARRATOR: 

 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 over the years, but one never triumphed 

ƻǾŜǊ ǘƘŜ ƻǘƘŜǊΧ ǳƴǘƛƭ ǘƻŘŀȅΧ 

 

NARRATOR: 

 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.  

 

NARRATOR: 

 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! 

 

NARRATOR: 

 I have given you my power, the power of these two flippers in front of you, to guide you on your 

ǉǳŜǎǘΦ ²ŜŀƪŜƴ {L{ƳŀƴΩǎ ƛƴŦƭǳŜƴŎŜΣ ŀƴŘ ǇŜŀŎŜ ǿƛƭƭ ōŜ ǊŜǎǘƻǊŜŘ ŀǘ ƭŀǎǘΦ 

 

NARRATOR: 

 I have given you my power: full control over these two flippers in front of you. Use them to 

guide you on your quest. Weaken SISmŀƴΩǎ ƛƴŦƭǳŜƴŎŜΣ ŀƴŘ ǇŜŀŎŜ ǿƛƭƭ ōŜ ǊŜǎǘƻǊŜŘ ŀǘ ƭŀǎǘΦ 

 

NARRATOR: 

 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. 

 

NARRATOR: 

 As the trees change their colors once again, fresh faces flow across the campus. This fall 

semester will be filled with new experiences, new classes, and new friends. 
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NARRATOR: 

 The trees wither away, as winter sets upon the campus. Cold, dark days and overly-warm 

buildings encroach on student life, as students wind down for the holidays, and for the next semester. 

 

NARRATOR: 

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

 

NARRATOR: 

 As the cold withdraws from the campus, a new 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. 

 

NARRATOR: 

 You did it. You defeated SISMan. Your quest may be complete, but your journey is not over, 

continue on, and go for the highest quest of them all: the high score! 

 

NARRATOR: 

 ¢ƘŜ ŎƻƭŘ ƘŀƴŘ ƻŦ Ǉƛƴōŀƭƭ ǎǘǊƛƪŜǎ ǘǊǳŜ ŀƎŀƛƴΦ ¢Ƙƛǎ ǿŀǎƴΩǘ ȅƻǳǊ ǘƛƳŜΦ 

 

NARRATOR: 

 An unfortunate turn of events. I had hoped for a better performance. Farewell, noble player. 

 

NARRATOR: 

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

 

NARRATOR: 

 Careful, you have only one more chance to complete your quest. Do not worry, for I will help 

ƎǳƛŘŜ ȅƻǳΧ 

 

NARRATOR: 

 I will grant you 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 the machine: 

1. Motor to spin the wheel. This would have been mounted to the underside of the playfield and 

allowed for the wheel to spin for a few seconds when the ball is passed through the ramp that 

leads to the wheel. There is circuitry present on the master controller to allow for this (a 

dedicated GPIO and NMOS), and could be wired, although the master controller and existing 

wiring would have to be moved. 

2. LCD display. This ideally would have been present at the back of the playfield, most likely near 

the bumpers (or maybe the wheel). It would have shown real footage of the RPI campus in 

different weather conditions (played on loop) during each semester. This 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, and the LCD would need to be driven by HDMI from the 

Raspberry Pi in the backbox. 

3. Moving playfield parts. This is a part of the machine that is severely lacking. Many pinball 

machines have moving toys/gimmicks that may open up, move or light up depending on what is 

happening in the game. This would require extensive mechanical assembly and cutting into the 

playfield/reworking the master controller with the I2C adapter, but it is possible. Some 

possibilities could be: Lighting ǘƘŜ ǇƭŀȅŦƛŜƭŘ {L{ƳŀƴΩǎ ŜȅŜǎ ǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ƭŀǎŜǊ animation, having 

a 2D Puckman in the background (or maybe clouds) moving depending on some actions, or 

maybe even some tiny cars that move on a string/conveyer belt on the road of the Brooklyn 

Bridge. 

4. Backbox topper. Some pinball machines (those that are higher quality) have what are called 

άǘƻǇǇŜǊǎέΣ ǿƘƛŎƘ ŀǊŜ ōŀǎƛŎŀƭƭȅ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ƳƻǾƛƴƎ ǇƛŜŎŜ ǘƘŀǘ ǎƛǘǎ ǳǇƻƴ ǘƘŜ ǘƻǇ ƻŦ ǘƘŜ ōŀŎƪōƻȄΦ 

LŘŜŀƭƭȅΣ ǘƘƛǎ ǿƻǳƭŘ ōŜ ŀ ƘǳƎŜ о5 ǇǊƛƴǘŜŘ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ ǘƻǇ ƻŦ {L{ƳŀƴΩǎ ǳǇǇŜǊ ǇƻǊǘƛƻƴΣ ŎƻƳǇƭŜǘŜ 

with glowing eyes, and maybe even moving hands. This would be a massive 3D print (could be 

done in the Forge on the Prusa XL, but would require multiple prints to be joined), but it would 

simply be some control circuitry that acts independent from the rest of the machine and would 

just need 5V power (which is already present in the backbox) and some holes drilled on the top. 

5. Narrator/Weather Reporter Voice Lines. These lines were intentionally written for a woman 

(soprano, at deepest, mezzo soprano). Due to scheduling issues, one of my voice actors who 

ǿƻǳƭŘ ƘŀǾŜ ǾƻƛŎŜŘ ǘƘŜǎŜ ƭƛƴŜǎ ǿŀǎƴΩǘ ŀōƭŜ ǘƻΣ ŀƴŘ ǎƻ 5Ŝƻƴ wƛǾŜǊǎ όƻǊƛƎƛƴŀƭƭȅ Ŏŀǎǘ ŀǎ Ƨǳǎǘ {L{Ƴŀƴ 

and the Announcer) also voiced the Narrator and Weather Reporter. Ideally, a similar 

configuration, as outlined in the Audio section, would be done to record a female voice to 

replace the existing voice lines, with similar inflection. 
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Bill of Materials  
Cost: $3692.28 

Total Cost (including R&D): ~$4500.00 

Note: Not included in this list is the cost of PCB manufacturing and ICs. 

 

QUANTITY MANUFACTURER PART NUMBER DESCRIPTION 

1 XPP-2.2uF-5% 2PCS 250V 2.2UF Capacitor Frequency 

1 RT-125B AC/DC CONVERTER 5V +/-12V 132W 

2 SSR-25DD BLUE STARS SOLID STATE RELAY 3-32VDC -> 5-220VDC 

1 500-6146-00-04 Data East/Sega/Stern Ball Shooter Assembly 

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

2 A-3994-5 Bally One Piece Flipper Bat and Shaft - White 

2 PBL-700-0043-00-42 1- 1/2" Standard Size Champion Flipper Rubber - RED 

1 535-5027-00 Ball Shooter (Plunger) Housing Mounting Plate 

1 A-15361 Williams/Bally Complete Tilt Mechanism Assembly 

2 A-15205-R-2 / A-15205-L-2 Full Flipper Assembly For Williams Bally/Machines 

2 500-5849-00 Data East/Sega/Stern Slingshot Assembly 

4 BLACK_LEG_LEVELER_HEAVY_DUTY Heavy Duty Leg Leveler - BLACK 

4 01-11400-1_reinforced Williams/Bally Leg Bracket - Reinforced 

8 BLACK-4322-01125-40B Extended Black Leg Bolts - 2-3/4" 

1 C-10843-2 Williams/Bally Black Legs - Set of 4 

1 A-16773-1 [ƻŎƪŘƻǿƴ wŜŎŜƛǾŜǊ .ŀǊ !ǎǎŜƳōƭȅ CƻǊ ²ƛƭƭƛŀƳǎκ.ŀƭƭȅΧ 

1 A-17996_CRS JJP/Williams/Bally Widebody Lockdown Bar - RAW 

1 1363 USB Powered Speakers 

1 3211 Adafruit RGB Matrix Bonnet for Raspberry Pi 

2 492 LED Illuminated Pushbutton - 30mm Round 

1 COIN_DOOR Williams/Bally Coin Door 

1 PBL-100-0034-00 Scoop Weldment Assembly with Closed Back 

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

2 240-5308-00 Nut 3/8-16 Hex 9/16 Flat to Flat 7/32" thick 

2 4322-01123-28B Bolt 3/8-16 x 1-3/4" Carriage Black 

2 02-4329 Pivot Nut 1/2 inch 

1 01-8726-R-1 Bracket - Playfield Holder Right 

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

1 PBL-100-0016-00 Ball Trough Assembly (8-Ball) 

1 PBL-100-0078-00 3-Bank Drop Target Assembly For Williams 

1 PBL-100-0002-00 Upper Ball Trough 

3 500-5227-00 DE/Sega Pop Bumper Assembly 

8 4422-01127-00 Tightening Nut for Leg Levelers and Leg Bolts 

3 237-6033-00 #10-32 x 1/2" Pan Head Screw - Thread Cutting 

1 41585 Hillman Group SAE Flat Washer, 3-8" 50 pack 



  Page 76  of  78  

Page 76  of  78  

2 SP-SW-002 Rollover Switch With Mounting Bracket 

1 500-5407-02 Data East Start Button 

15 WIRE18-5x-00 & WIRE18-42-xx 18 Gauge Insulated Stranded Wire (various colors - 15 feet) 

2 02-4352 Cabinet Hinge Pivot Bushing 

2 COIN_MECH 25 Cent Standard Coin Mech 

4 231-5003-00 1/4-20 x 1-1/4" Black Carriage Bolt 

4 240-5300-00 1/4-20 Coin Door Whiz Flange Locknut 

1 EIKO-T3.25 161 Mini Indicator Lamp 14V/0.19A (10 Pack) 

1 720W DC-DC CONVERTER Cllena DC 48V to 24V 30A Step Down Voltage Converter 

1 X0020K20HZ 14 AWG (15A 120V) 3 Conductor 3 Prong Open End Cable 

1 12227 15/32 CAT BC PINE ULX EXT 4'x8' 

1 1149339 1/2-4-8 TC MAPLE HARDWOOD 

1 57851 SLT/PH MS 10-32x1/2 10 

1 755506 4MMx10MM PAN PH MS 

1 1233 BLUE HAWK FH PHIL WS 4x1/2 

1 883-5020-00_BLACK LED Backlit Translite Frame - Black 

2 20-9718 Williams/Bally 2" Backbox Wing Bolt 

1 545-5090-00 Cash Box 

1 01-10020 Cash Box Cover 

1 535-7562-00 Cash Box Lock Bracket 

1 535-7772-00 Cash Box Hair Pin 

1 03-8091-2 Widebody Playfield Glass Rear Plastic Channel 

2 03-7135-1 Playfield Glass Side Rail Plastic Channel 

1 311947 2-IN SB BROAD HINGE 2-CT 

7 1944288 2x3IN MEDIUM L ANGLE  

2 249054  3/8-IN-16 3-PRONG TEE 

1 ARTWORK-FRAME Backbox, Side Panels, Front Panel, Playfield Commission 

1 ARTWORK-MATRIX Matrix Display Animations Commission 

1 2pin connector grey 2Pin Way Electrical Wire Connector (5 pack) 

1 123114 Hillman Stainless Steel 30' 19 Gauge Hobby Wire 

1 18-8 (304) #14x1/2" Wood Screw 100Pcs Stainless Steel 

2 755800 HM 1/4-IN-20X1/2-IN BK 4 

1 H150003 1/4-20 IN Coarse Thread Nut Box of 100 

1 PBALL-TLITE Pinball Translite 15"x24" Print 

1 Wendry67x20 Speaker Grill Fabric Cloth Cover 67x20 

2 HATCHBOX-MATTE-BLACK HATCHBOX Matte PLA 1.75mm 1KG 

1 #284661212403 Custom Black PLA Backbox Frame 

1 HJGarden-2PCS-2Inch(50mm) Black 2" Desk Cord Grommets Hole Cover (2 Pack) 

1 SKU99999 Chemcast Black LED Plastic Sheet 6-13/16"x12-5/8"x1/8" 

1 SKU99999 P99 Non-Glare Clear Acrylic Sheet 15-1/2"x25-1/2"x5/64" 

2 755802 HM 1/4-IN20x1-IN BLACK 

1 57231 FH PHIL WS 8 3/4-IN 12-CT 

1 PBALL-VINYL Pinball Side Art Vinyl Print 

6 97194 ANGLE 2x3 ZMAX (+12934) Bracket 

1 4881742 29-FL OZ VAL CAB FURN FLA BLACK 
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1 2.54 8025 80mm 12V DC Computer Fan 3000RPM 2-Pack 

1 Art3d Black Trim 10ft Art3d 10 Ft Peel and Stick Trim in Black 

6 530-5005-00 1-7/8" Tall Metal Post With #10-32 Threaded Base 

2 PBL-700-0016-00-XX PerfectPlay 2-1/2" Red Silicone Rubber Ring 

1 08-7028-1_1 Widebody Tempered Playfield Glass 

2 A-17797-1 Controlled Ball Gate Assembly - Left 

1 Terminal Block Terminal Block, 2 Pack 10 Circuits 20-30A 200-450V Dual 

1 WIRE-14AWG-6 colors NAOEVO 14 Gauge Wire 90ft 

1 CONNECTOR-14AWG-4Pcs SAE Connector Extension Cable 14 AWG 1 Feet (4 Pcs) 

2 550-5037-XX Red Data East/Sega/Stern Return Lane Guide 

1 Art3d Double Sided Velcro Art3d 16 Set Hook and Loop Tape Sticky Back 1"x4"  

1 RSP-500-48 MEAN WELL 48V/10.5A AC-to-DC Switching Power Supply 
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Credits  
 

In order as they appear at machine startup: 

 

CREATED BY: 

Ryan Donnellan 

 

SPECIAL THANKS: 

Felicia Lai (Voice Acting) 

Paul Nieves (Audio Recording) 

Deon Rivers (Voice Acting) 

Alexa Schuster (Art) 

Rhea Vurghese (Art) 

Kyle Wilt (Advising)  

Zachary Wright (Puckman Playfield Toy) 

 

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


