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Abstract: The goal for this project is to create a retro-style arcade machine that can play a large 

variety of games using buttons, joysticks, a light gun. The machine is run by a Raspberry Pi 3 

which has an arcade emulator to run the games. The machine successfully plays Ms. Pac Man 

and Street Fighter 2, with controls for two players. However the light gun does not successfully 

work. 



Introduction:  

The first video game was created in 1958 by William Higinbotham called Tennis For 

Two on a large analog computer for a visitors day at Brookhaven National Laboratory in New 

York [1]. The first game that could be played on multiple computers was Spacewar!, created in 

1962 by Steve Russell at MIT for a Programmed Data Processor 1 (PDP-1) [1]. The first home 

console was Ralph Baer’s Brown Box in 1967, and the technology was eventually licensed and 

became The Odyssey which released in 1972 [1]. Also released in 1972 was Atari’s Pong arcade 

game, which was the first successful commercial video game, selling 35,000 units [2]. Pong was 

a game for two players which would twist a knob to move a slider on opposite edges of the 

screen to bounce a ball back and forth until the ball crosses one of the edges (see Figure 1). 

   

Figure 1: Original pong machine from 1972 [3] 

After the success of Pong, the arcade industry began to expand. In the next twelve years, 

fifteen different companies would develop arcade games [2]. Among them was developer 

Tomohiro Nishikado and Taito Corporation which released Gun Fight in 1975, the first arcade 

game to use a microprocessor [2]. Three years later Nishikado and Taito would release the 

legendary Space Invaders, a shooter game set in space where the player shoots incoming 

spaceships [2]. Between 1978 and 1982, there was particularly rapid growth, with games such as 

Asteroids, Pac-Man, Donkey Kong, and Frogger all becoming popular games.  

However, in 1983 the arcade industry crashed, caused by a variety of factors. The market 

was saturated with overhyped games that did not perform well, and a parent movement against 

video games. The industry went from twelve billion dollars in revenue in 1982 to one hundred 

million in 1985 [2]. At the same time, home consoles were becoming more popular with the 



release of the Nintendo Entertainment System (NES) in 1985 and the Sega Master System in 

1986. However, in 1991 arcade games were revived when Capcom released Street Fighter II [2]. 

Arcade games shifted focus to fighting games with Mortal Kombat and Virtua Fighter both 

releasing soon after and also becoming successes. The industry took another shift when Dance 

Dance Revolution (see Figure 2) was released by Konami in 1999, which defied expectations 

getting over six million dollars sales by 2003 [2]. Most arcade games at the time were fighters or 

shooters, so a game where people earned score by dancing was a dramatic change.  

 

Figure 2: Dance Dance Revolution Machine from 1999 [4] 

The first light gun created for a game was when the Seeburg Ray-O-Lite was released in 

1936 which had cardboard ducks with a light sensor that would cause the duck to fall when shot 

[5]. The first video game console to use a light gun was a rifle for the Magnavox Odyssey in 

1972, which was not successful. The first successful light gun was when NES was released with 

the NES Zapper which worked with games like Duck Hunt [5]. Light guns unfortunately never 

really took off for arcade games, until in 1990 when Mad Dog McCree was released where the 

player followed the plot of a Clint Eastwood movie with cutscenes in between gun battles [6]. 

The game started a new era of light gun video games that had a true story line mixed with battle 

scenes. Terminator 2 was released a year later with the light gun being an uzi (see figure 3) [6]. 

Cop simulator games also rose in popularity with games like Lethal Enforcers, Virtua Cop, and 

Time Crisis releasing in the mid 90s [6]. 



 

Figure 3: Promotional picture of Terminator 2 machine from 1991 [7] 

  

Theory: 

There are three primary methods for an arcade light gun: sequential positioning, cathode 

ray timing, and infrared emitters. For all three methods, the light gun is not actually shooting out 

light, but instead contains a photodiode or phototransistor in the barrel of the gun. The 

photodiode or phototransistor senses the amount of light it is pointed at and converts that into 

current, which the computer can then use to determine if the gun is pointed at a dark or light 

object. There is also a trigger switch in the gun, which senses when the trigger is pulled, and 

sends that signal to the computer running the game as the photodiode does (See Figure 4) [9].  

 

Figure 4: Example light gun circuit with phototransistor, trigger switch and Raspberry Pi 



The first primary method used was the NES Zapper’s sequential positioning, which 

entails making the screen completely black, then painting the targets white [8]. If the 

phototransistor on the zapper reads an output of black and then white to the computer, then the 

shot was a hit, otherwise it was a miss. Doing a black screen first ensures that a player cannot 

just point the gun at a lightbulb or another bright object. These screen flashes are done near 

instantaneously, meaning the players doesn’t notice them at all. While this method tells you 

whether it was a hit or not, the gun cannot tell which target it was pointing at. To determine 

which target was hit, a binary search method was used [8]. The binary search method splits the 

targets into two equal sized groups, and paints one group white and leaves the other blank (See 

Figure 5). The game thus knows which group the gun was aimed at depending on if the gun 

registered white or black. The new group is then split into two and the method is repeated until 

the target is determined (See Figure 5). If n is the number of targets, the binary search method 

has an efficiency of log2n, meaning if there are 16 ducks, it will take four frames to determine 

which duck was hit [8].  

 

Figure 5: Flow chart of sequential positioning logic 



The second main method for light guns is cathode ray timing which involves a cathode 

ray tube (CRT) television. Cathode ray timing was used with the NES’s successor the Super 

Nintendo Entertainment System and many more arcade machines [11]. The CRT has a cathode 

that is a heated filament the spews off electrons that are attracted to the anodes, which are 

positively charged (see Figure 6). There are at least two anodes in a CRT, one that focuses the 

beam of electrons and one accelerating anode that push the beam forward. The end of the tube 

has a Phosphor coating that the electrons stick to which causes the Phosphor to light up [10].  

 

 

Figure 6: Cathode Ray Tube Diagram and key [10] 

Around the edges of the tube there are also steering coils, which are just copper windings 

[8]. These coils create magnetic fields when charged, which change the direction of an electron’s 

path. There are two sets of coils for horizontal and vertical movement, which means by 

controlling the voltage you can direct an electron to any part of the screen [10]. To display an 

image, the CRT moves horizontal line by line over the phosphor coating directing electrons at 

different intensities for different colors [10].  

The cathode ray timing method uses the CRT to time exactly when the gun received light 

for hitting the target. While the electrons are tracing line by line, the gun will receive a new light 

signal right when the tracing reaches where the gun is pointed. By getting the exact time in 

microseconds from when the tracing started to when the gun saw the tracing electron beam, the 

location of the gun’s aim can be determined [9]. If the position matches with the position of a 

target, then that target was hit by the gun. This method only works on a CRT and not on a 

Plasma or LCD TV because they have bigger delays in updating the screen. These delays, while 



not noticeable to the viewer of the screen, are inconsistent making timing the screen with the gun 

impossible. 

 

Figure 7: Infrared Sensor Circuit Schematic [13] 

The final main method for a light gun is using infrared emitters. The newest technique 

was created so that light guns can still be used without CRT TVs, and was used by the NES 

power glove, Wii, and most modern arcade games [11]. As the name would suggest, this method 

involves putting a set of infrared emitters near the playing screen, such as below or above the 

TV, and having an infrared sensor or camera in the light gun. When the trigger is pressed, the 

sensor gets the intensity of the infrared light from the emitters, which can be used to determine 

the distance from the screen. The infrared sensor receives input from the infrared emitter and 

outputs a different voltage depending on intensity it reads, which will be relative to the distance 

to the emitter (See Figure 7). However, instead of the output going to an LED as in Figure 7, the 

sensor’s output will go the the Raspberry Pi. 

To get the angle, either the gun will have an angle measuring sensor inside of itself, or 

the emitters can have different infrared frequencies, giving three different relative angles to the 

emitters which can be calibrated to determine the angle to the screen [12]. Once you have the 



distance from the screen and the aiming angle, one can use simple trigonometry to determine the 

position of the gun’s aim, which can be compared to the positions of the on screen targets [12]. 

For the horizontal distance from the sensor, simply multiply the overall distance by the sin of the 

horizontal angle, and multiply the sin of the vertical angle by the overall distance to get the 

vertical distance from the sensor. The emitter technique is prone to having some lag when 

moving a cursor, meaning that other techniques like the cathode ray timing is more accurate.  

 

  



Design: 

 

Figure 8: Arcade CAD Isometric and Orthographic Drawing 

The arcade machine was designed for two players to be played on top of a table or desk. 

Because the machine is being run by a Raspberry Pi and not a large computer, the overall design 

can be smaller than the traditional retro arcade machines that are as tall as a person, while still 

giving the player a quite similar experience. The smaller design will also make it much more 

portable and take up less space wherever it is stored.  

The main screen is the focus of what the player will see and is surrounded by a 1.5 inch 

bezel. The bezel is a classic part of retro arcade machines, which makes a players immediate 

peripheral vision from the screen to be the bland wood color. The blank peripheral vision will 

make the player be more focused on the screen and thus be more immersed in the game. Directly 

above the bezel there is a panel angled towards the player that has holes for two power switches 

on the right and two volume buttons on the left. The power switches will be connected to the 

Raspberry Pi and the monitor, and having the switches will allow the owner to control the power 

without having to open up the machine. Similarly, the volume buttons will allow the volume to 



be changed without going in the back of the machine. Finally, the flat panel at the top of the front 

has a long hole in the middle for sound to come through. Either the sound from the monitor will 

be able to flow through that hole or this gives the option to later add speakers in that area of the 

machine, which will otherwise be empty. 

The back panel was also designed for accessibility with three openings added. One 

opening is for the power cables for the Raspberry Pi and Monitor to come into (See Figure 8 top 

right). The second opening is a rectangular one above where the Raspberry Pi will be mounted 

on the back panel so that the USB ports can be accessed (See Figure 8 bottom right). Just below 

the Raspberry Pi there is also a small opening to access the Micro SD card so that games can be 

added. Additionally, on the front bottom panel there is a circular opening for the cable that will 

go the the light gun. This opening is well below the control board so it will be out of the way 

from the wiring of the buttons and joysticks, and will be easier to separate from that area. 

Additionally, the control board and monitor screen were both given tilts to make the 

playing experience more comfortable. The monitor was given a 2.5 degree tilt from vertical so 

that the top is a further horizontal distance from the player than the bottom. Since players will be 

mostly looking down on the screen, their eyes will be farther away from the bottom than the top. 

The tilt will thus make the viewing distance change less as the player looks up and down. The 

control board was given a 5 degree tilt from horizontal, which should lead to a more comfortable 

resting position for one’s hands so they can play more comfortably and for longer. Pressing the 

buttons is similar to typing on a keyboard, and ergonomic keyboards also have slight tilts to 

them. 

The control board was designed to accommodate two joysticks and six buttons for each 

player. Six buttons are needed for games like Street Fighter, so having six buttons would allow 

for more possible games to be played. The spacing for the buttons was determined after testing 

different arrangements to see which would be the most comfortable. The buttons were kept fairly 

close together since there is only one hand available for all six buttons because the other hand 

will be on the joystick. The joysticks had to be placed far enough apart from the buttons so that 

the base would not collide with the switches on the buttons and the wiring would not overlap too 

much. The reason the middle buttons are above the outer buttons is that the middle finger is 



longer than one’s index and ring fingers, so putting the button farther away will allow the player 

to bend all three fingers the same amount. Additionally, two more buttons were added at the top 

of the control board that will be for the player one and player two buttons, which will double as 

coin input and start or select buttons depending on which game is being played. Some machines 

have these buttons below the control board on the front but since this machine is going to be 

lower to the ground it will be easier to reach at the top of the control board. 

The way that the control board works is that the arcade buttons and joysticks have 

switches that are wired to an IPAC keyboard encoder which connects to the Raspberry Pi to give 

inputs that mimic a keyboard controller. The arcade buttons used micro switches which have 

ground, normally opened and normally closed output strips. When the actuator is not pressed, it 

will touch the normally closed output strip (See Figure 9). Once the switch is activated, the 

movable contact will then connect to the normally open strip (See Figure 10) and current will 

then run through that strip, which is connected to and IPAC button pin (See Figure 11). 

 

 

Figure 9: Inside of a micro switch when the switch is not pressed [14] 

 

Figure 10: Inside of a micro switch when actuator is pressed [14] 



 

 

Figure 11: IPAC Circuit Diagram [15] 

 

The Raspberry Pi runs an arcade software called RetroPie that can run arcade emulators 

such as MAME that process and play games which are in the ROM format. The Retropie 

software receives the keyboard inputs from the IPAC and then converts that to whatever form of 

inputs the emulator is looking for. The configuration of the control board was done both through 

the retropie software configuration setup and some manual changes to the configuration files. 

The manual configuration was specifically necessary to get two player inputs working since the 

Raspberry Pi only recognizes the keyboard inputs as coming from one controller instead of two 

players.  

 

 

Next Step:  

My main next step would be to implement the arcade gun into the system so that games 

like Duck Hunt and Terminator can be played. Additionally, I would like to add in a speaker 

system and volume buttons to add to the nostalgia of playing these arcade games. Currently the 

monitor volume itself is quite low and almost impossible to hear so adding a dedicated speaker 

could be a big upgrade to the project. Finally, I would like to do more with the aesthetics of the 

machine by possibly spray painting the sides or adding stickers and acrylic to make the cabinet 

look more like the retro arcade machines.  

 



Results:  

The arcade machine plays both Ms. Pac Man and Street Fighter 2 successfully, with the 

ability to play in two player mode with Street Fighter 2 and all buttons working (See Figure 12). 

 

Figure 12: Arcade Machine from side angle and from front angle with Street Fighter 2 playing 

 

Conclusion:  

The finished arcade machine was partially successful in accomplishing its goals. A retro 

style arcade machine was successfully designed and built, and joysticks and buttons were both 

successfully wired and implemented. The monitor was difficult to mount and hold up in the 

relatively small box but the “L” brackets were effective at keeping it in place. The cabinet is 

sturdy in general and is fairly easy to transport. The buttons and joysticks all work smoothly and 

have satisfying clicks to them. However, the light gun was not successfully implemented which 

was one of the goals for the project. 
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Appendix A: 

Part Description What it’s needed for Cost Where to Buy 

Arcade Buttons (12) Player controls $2.25 per button x 12 
buttons = $27 + tax 

Arcade Renovations 
website 

Arcade Joysticks (2) Player controls $6 x 2 joysticks = $12 Whitaker Lab 

Raspberry Pi 3 B+ To run the games and 
interface with 
controls 

$35 Whitaker Lab 

Wood Materials and 
screws/hinges 

To build the cabinet N/A Whitaker Lab 

Aimtrak Ipac2 Connects joystick and 
buttons to raspberry 
pi 

$40 Amazon 
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