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Abstract 
 

This project is an Arduino-based recreation of the game battleship – and it is cheat-proof! 
In this game, the ships’ positions are detected after being placed on the board. In addition, the 
hits and misses are displayed using LEDS which light up either red or blue. The main challenge 
of the project is getting the large number of inputs and outputs to be detected and controlled by a 
limited number of Arduino pins: the five ships can be placed on any of the 20 rows and columns 
and there are 400 LEDs. This is done using multiplexing for the ship detection system, and the 
LEDs are placed in a matrix and controlled using a decade counter. The duration of one cycle 
through lighting the LED matrix was measured to be 6.96ms, and each LED is on for 3.97% of 
the time.  
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Introduction 
 
Inspiration 
 

With the increase of computers, tablets and phones, more and more games are being 
digitalized. The crispness of these games is nice, but there is also something enjoyable about 
playing a physical game. This project is a combination of both: it is a higher tech version of the 
classic game of Battleship. The game has the same rules as the classic game, and the players still 
have the fun of placing their ships on the grid. This version of the game allows the players to 
punch in their guesses in a keypad and the guess lights up on the board for them. This new 
method makes the game cheat-proof while still being engaging and strategic. This game is a 
representation of how new technology and electronics techniques can bring improvements to our 
lives. As the world of electronics continues to grow, there will only be more possible 
applications. Though electronic Battleship isn’t going to change the world, it still an entertaining 
application of electrical and technological advances made in the last few decades, namely 
microprocessors, multiplexing, and LEDs.  

 
I first got the idea for this project when I discovered RGB LEDs. Before then, I had seen 

many online tutorials for LED matrices but none of them utilized RGB LEDs. In order to create 
these LED matrices with standard one-color LEDs, the LEDs’ pins are bent and connected to 
each other so that the cathodes connect in a row and the anodes connect in a column (or vice 
versa). I had the idea for a RGB LED matrix, which would use the same concept as the standard 
LED matrix except there would be additional rows for each of the different colored pins. After 
thinking of the idea of an RGB matrix, I was brainstorming applications for the matrix beyond 
displaying cool patterns when battleship came to mind.  

 
There was an electronic version of battleship that was sold before, and the goal of this 

project is to make an improved version. The version that was sold required the player to search 
through a book of ship positions and enter in the code manually. This version detects the ships’ 
positions automatically, which saves the players’ time and ensures that no cheating is possible. 
Additionally, this version has lights that display the hits and misses instead of the traditional red 
and white pegs.   
 
History 
 

LEDs were first invented in 1961 on a project related to solar cells. It was discovered that 
semiconductors could be used to produce light. The red LED was then patented in 1962. In later 
years, different colored LEDs were produced but it wasn’t until 1979 that LEDs were available 
for a reasonably low cost [1]. Initially, LEDs were extremely inefficient but changes to the 
composition of the active layer greatly improved the efficiency in the 1990s. The most 
significant discovery was that having a heterogeneous composition of the n and p type layers 
increases the efficiency [2]. This increases efficiency because the different materials have 
slightly different structures, so overall the probability that an electron can find a hole and vice 
versa is higher. This, along with increased quality of the materials that compose the layers, 
increased LED efficiency dramatically from when they were first invented, and the efficiency 
continues to rise. Today, LEDs are used for a variety of applications including display. LEDs can 
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be combined to create images for things like billboards. On a smaller scale, LED matrices have 
been a popular thing for hobbyists to experiment with. These matrices can be controlled by 
Arduinos to display a certain pattern. 3D displays have even become popular, adding a 
challenging spacial element to the project. However, for this project, the focus is 2D matrices. 
This project takes the LED matrix to the next level by not only allowing the user to control 
which LEDs light up, but also adding the strategic game element. 

 
Multiplexing is the process of combining and splitting data up to make the transfer more 

efficient. Data is picked up from multiple sources, and combined into one large piece of data. An 
example of this is shown below.  

 

 
 
Figure 1. This diagram outlines the process of multiplexing. [3] 
 
However, each source of data is unique in some way that allows them to be 

distinguishable even after combined. This could be done in multiple ways. The first is by having 
different frequency ranges. If each transmitter has a different frequency range, then when the 
combined data is being separated, each piece of data’s source can be identified by what 
frequency range it is in. This allows the data to be transferred as one piece while not losing any 
information about where it came from.  

 
 
Figure 2. This progression shows how 3 sources would be combined yet still 

distinguishable. [4] 
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This process was used earliest in the 1800s for sending telegraph messages. The process 
was then applied to telephone communication in the 1930s. Multiplexing is used today in mobile 
networks for high-speed transfer of data. Beyond communication, multiplexing is used in digital 
cables, computers, and televisions [5]. The other way that the data from the different channels 
can be distinguishable is by spacing out the time. Each channel’s data can be read one after 
another but with a small pause and a gap between the data. This way, after the transfer, the 
separation is easy because the first piece of data corresponds with the first channel, the second 
with the second channel, etc. This is the kind of multiplexing that is used for this project. 
Multiplexing is extremely useful for any transfer or display of information because it is efficient 
and is simpler than controlling each individual element when there are many elements. This 
project is much simpler than a television display, for example, because there are hundreds, not 
hundreds of thousands of elements to control. However, multiplexing is still important for this 
project for making the Arduino code the most efficient and allowing the project to fit on one 
Arduino. Efficiency is important no matter the scale, which is why multiplexing is useful for so 
many different applications. 
  
Theory 
 

LEDs 
 
An LED has an n-type layer and a p-type layer, and an active layer between the two. The 

n-type layer is doped to have unbounded electrons while the p-type layer is doped to have free 
“holes”, or absence of electrons. N-type layers are made of silicon doped with phosphorous. The 
silicon nucleus is replaced with a phosphorous nucleus, which has one extra charge. In order to 
stay neutral, the doped silicon must add an extra electron. Thus, the atom stays electrically 
neutral but has gained an electron on its exterior that can be used to create light. A similar 
process is used for the p-type layers; the silicon is doped with Boron, which has a charge that is 
one less than silicon. This creates an extra hole on the exterior of the atom while, again, 
maintaining neutral charge.  

 

 
 
Figure 3. This diagram shows the two different kinds of doped silicon that compose the n-

type and p-type layers in the LED. [6] 
 
 When voltage is applied to the LED in the correct direction, the electrons and holes are 

forced into the active layer where they meet. The energy created is translated to the release of 
photons, or light. The composition of the active layer determines what wavelength of light is 
produced, so different colored LEDs have different active layers [5]. The higher the frequency of 
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light, the more energy the LED requires to produce this light. This is because the energy of one 
electron is equal to the voltage across the LED divided by the electron’s charge (by V = E*q). 
This energy corresponds to the energy of the emitted photon, it can be rewritten as E = h*f, 
where h is Planck’s constant. This shows that there is a direct relationship between energy and 
frequency of light. Thus, since red light has a relatively low frequency compared to blue light, 
red LEDs require less energy than blue LEDs. [7] 

 
RGB LEDs are slightly different than the standard one-color LED because they are 

capable of producing multiple colors. This is done by essentially combining the circuit of three 
LEDs (red, green, and blue) into one package. For convenience sake, the three colors share one 
pin (either the anode or cathode) which means that only four pins are required. An example of a 
common anode RGB LED is shown below. 

   
 

 Figure 4. The left diagram shows the four pins of the RGB LED and the right diagram 
shows the circuit of the RGB LED. [8] 
 

RGB LEDs are capable of producing not only red, green, and blue light but also any other 
color light. This is done by applying different intensities of voltages to each of the three pins. For 
the purpose of this project, only red light and blue light are needed so the green pin is cut off of 
each LED. 

 
The LEDs used in this project are diffused, which means that the viewing angle is wider. 

The viewing angle of non-diffused LEDs generally 12 degrees while the viewing angle of 
diffused LEDs is typically 35 degrees [9]. Diffused LEDs are generally dimmer because the light 
is spread over a larger area, but for this project it is more important to have a larger viewing 
angle than brighter light. 
  

Choosing the Resistor 
 
LEDs will burn out when too much current is run through it, so it is important to have a 

resistor in series with the LED. When current runs through a resistor, it goes through many wire 
windings that dissipate heat. This loss of power reduces the amount current, which will prevent 
the LED from burning out [10]. However, it is also important that not too much heat is dissipated 
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by the resistor because that would be a waste of power that could be otherwise used to make the 
LED brighter. Thus, the best resistor to use is one with just enough resistance to prevent the LED 
from burning out because it allows the LED to function at its brightest state. 

 
As stated in the RGB LED datasheet, the current through the LED should be 20mA. The 

typical voltage across the LED when it emits blue light is different from when it emits red light 
(3.2V and 2.0V respectively) so the limiting case was considered [11]. The lower voltage (2.0V) 
is the limiting case because that means there must be a higher voltage drop across the resistor. 
The voltage drop across the resistor is equal to the total voltage supplied (5.0V) subtracted by the 
voltage across the LED. Ohm’s Law, V = IR , or R = V/I, can be used to calculate  the resistance 
needed: R = (5V-2V)/0.02A= 150Ω. Rounding up to the next value that is available leads to the 
180Ω resistor. These are placed in front of each row in the matrix. 

 
Resistor Rows and Columns 
 

            There are 10 rows and 10 columns for each player’s board. For each of the rows and 
columns, there are 10 resistors for each of the 10 spaces. Each of these resistors have a different 
value. Each ship has a wire in it that goes through the two pegs so that when it is placed on the 
board, it comes into contact with the series of resistors. The wire has negligible resistance, so the 
current travels through the wire, shorting the resistors over which it is placed. The design of the 
ship limits the placement of the pegs, so the two pegs are spaced apart by one less than the 
number of spaces that the ship occupies. For example, when placed onto the board, a submarine 
(3 spaces long) will short two resistors under it. The resistance of the entire row would then be 
less by the sum of those two resistances. Because there are 10 unique resistances across the 10 
spots, the sum of missing resistances is unique depending on where in the row or column the ship 
is placed. Therefore, in order to detect what the ship position of a row or column is, the unique 
value of total resistance can be matched to the position.  
 
 In order to find the total missing resistance, an additional resistor is placed at the 
beginning of the series and the connection to the Arduino’s analog input is at this junction. The 
Arduino reads in the voltage and uses the known resistance of the additional resistor to calculate 
the resistance of the rest of the series. The resistance of this extra resistor was selected so that it 
would have a voltage drop of at least 1.7V at all times. This is done so that 5V can be used as the 
total voltage in the series while 3.3V remains the reference voltage. The input voltage to the 
Arduino must be below 3.3V for two reasons: the first is that 3.3V is the maximum detectable 
voltage (due to 3.3V being the reference voltage) and the second is that the Arduino will blow 
out if a voltage above 3.3V is inputted. The purpose of using a larger total voltage and a smaller 
reference voltage is to increase accuracy by maximizing the range of analog values. If the highest 
input voltage is around 3.3V, the full range of 0-4095 is being used. The total resistance (not 
including the extra resistor) is about 5660Ω, so the extra resistor can be found Ohm’s law: 
 Itot =  Vtot/Rtot = V1/ Rextra 
5V/(5600+ Rextra) = 1.7V/ Rextra 
Rextra= 2,885Ω 
The next value up, 3300Ω is used.  
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 In order to find the resistance during the ship-detection phase, Ohm’s law is used once 
again. This voltage input is equal to the voltage drop across the resistor row/column, which can 
be used to find the resistance. Since current is equal in series, Itot =  Vtot/Rtot = Vin/Rremaining.  
Rtot = Rremaining+Rfirst 
Rremaining = (Rremaining+Rfirst)* Vin/Vtot = Rremaining* Vin/Vtot+Rfirst* Vin/Vtot 
Rremaining*(1-Vin/Vtot) = Rfirst* Vin/Vtot 
Rremaining= (Rfirst* Vin)/(Vtot*(1-Vin/Vtot) ) 
Rremaining= (Rfirst* Vin)/(Vtot-Vin ) 
 
 

Arduino 
 
The Arduino is a microcontroller board that is used as the brains of this project. The 

Arduino used for this project is the Arduino Due. There are 54 digital input and output pins. 
When the pins are set to input mode, each one can be set to HIGH or LOW (a setting of HIGH 
will send out voltage). There are 12 analog inputs, which differ from the digital output pins in 
that they read in specific voltage values instead of HIGH or LOW [12]. This is used for detecting 
the ships’ positions because different voltage values correspond to different ship positions. 

 
The Arduino Due has the ability to read analog inputs with 12-bit resolution, which is 

four times better than the 10-bit resolution of an Arduino Uno [12,13]. This, along with the large 
number of pins, is the main reason for the choice to use the Arduino Due. Another benefit is the 
faster speed (84 MHz versus 16 MHz), though the slower speed would have been adequate [8, 
9]. The speed of the Arduino just needs to be faster than the fastest speed that the eye can detect 
so that the LEDs don’t appear to be flickering, and both speeds are well above this. 
  

Multiplexing 
 
For this project, the 4017 chip is used for controlling the LED display. The 4017 has 10 

channels, so one chip can control a row of LEDs. The chip works by turning the pins on high one 
at a time so that no two pins are on at the same time [14].  
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Figure 5. This graph displays a sample output of the 4017 chip. [15] 

 
The frequency is set externally, in this case by the Arduino. The Arduino triggers the 4017 to 
move to the next output by sending a high voltage to the clock pin. After all 10 rows are 
complete, the reset pin is triggered using a high voltage, which starts the cycle over again. The 
LEDs appear to be lit simultaneously if the frequency is set higher than the speed that the eye can 
detect. [16]. 
 

An opposite process is used for detecting the ships’ positions: instead of staggering the 
voltage outputs, the voltage inputs are staggered so that many can be read using only one analog 
input pin. The multiplexer used has 16 channels, meaning that 16 different voltages can be read 
in using the one input pin. The channels are controlled using 4 digital pins. The Arduino sends 
high or low voltages to these 4 pins, and the combination of high and low voltages is the binary 
version of the channel number. The channel number that is represented by the digital pins is the 
one being inputted to the analog input pin. For example, in order to read in the voltage in channel 
9, the digital pins must be high and low as follows: 1001.   
 

Putting It Together 
 
There are four LED matrices in total because each player sees both the hits and misses on 

their own layout and the hits and misses on their opponent’s layout. However, in terms of 
sending the light outputs, it can be thought of as just two matrices: one for each layout. In terms 
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of the physical circuit, the two matrices that are mirrors of each other can be put in parallel with 
each other. This reduces the number of pins and amount of work to be done by the Arduino. 

 
Design 
 

Circuit 
 
The circuit for the game can be split up into 3 main parts: reading in the ships’ positions, 

displaying the correct LED lights, and reading in the guesses while updating the LED matrix. 
The first step of the game is to place the ships. The ships each have a wire through the two pegs, 
and when the ships are placed down, the wires make contact with a row or column of resistors. 
The wire in the ship has negligible resistance, so the current travels through the wire instead of 
the resistors between the pegs. Since some of the resistors are shorted, the total resistance of the 
row or column decreases. This decrease in resistance is used to find the ship’s position.  

 
The Arduino runs through and read in the voltage values for each row and column. This 

is done using multiplexing in order to minimize the number of pins used by the Arduino. The 
CD74HC4067 chip is used in order to do so. A diagram of how the chip is used is shown below. 
The chip is connected to 4 different digital output pins. The voltage readings are cycled through 
very quickly, so the entire process of reading the 16 channels is not significantly longer than 
reading in 16 individual analog inputs. 

 

 
 
Figure 6. Sample use of the CD74HC4067 multiplexing chip. 
 
 
The voltage values that are being read in correspond with a missing resistance. Missing 
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resistance comes from a ship being placed across the resistor row or column: if part of the row or 
column is short circuited, its resistance decreases by the amount that was shorted. Each row or 
column is made up of 10 different resistors (or effectively 10 resistors - some are combined in 
series or parallel to achieve the desired value). These resistance values were chosen because they 
minimized the number of combinations that had similar voltage values. The calculation of the 
missing resistance based on the voltage input can be found in the theory section of the paper. 
Once the missing resistance is found, the program matches it to the ship position that has the 
closest missing resistance.  

 
Figure 7. Sample resistor row or column. 
 

 There is some error with this method from both the resistors and the Arduino. The 
resistors have a tolerance of 5%, meaning that their true value is within 5% of the labeled value. 
Additionally, the Arduino voltage is not completely constant, meaning that the  
Several things were done to overcome these issues. Originally, the intent was to have the user 
place all of the ships at once and then have the Arduino detect the positions of all of the ships. 
Instead, the user presses a button on the keypad representing the number of spaces that the ship 
occupies then places the single ship down. The change in resistance due to the single ship is 
detected and the position is recorded. This process is repeated for all 5 ships. This method helps 
with detecting the accurate position because not only is there only one ship’s position to decipher 
at a time, but each ship’s number of spaces is also known. The number of possible ship positions 
if using the original method is 144 per row and column, while the final method has a maximum 9 
possible positions per row and column. The other improvement is that before any ships have 
been placed, the resistances of each row and column are recorded. This way, the resistances are 
compared to the previously calculated resistances rather than the theoretical resistances.  
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 The second part of the circuit is displaying the LED matrix. Since each LED needs to 
display either red or blue, there are three pins for each LED (anode, red cathode, and blue 
cathode). The LED leads were bent in a way that can form a matrix.  

 
Figure 8. Example of how one LED’s pins are bent. 

 
The red and blue cathodes are bent vertically so that when multiple LEDs are aligned vertically, 
the red cathodes form one column and the blue cathodes form another. All of the columns were 
created first, and then the column were attached. The columns were attached by bending the 
anode over the top of the red cathode (making no contact) and soldering it to the next column’s 
anode.  Before creating the full 10x10 grid, a 3x3 prototype was made and tested.  
 

Red 
cathode 

Blue 
cathode 

Anode + 
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Figure 9. 3x3 matrix prototype. 
 

After the prototype was tested, a 10x10 grid was created with this setup. This setup gives 
each of the LEDs has the capability to light up red or blue based on whether voltage is applied to 
its row and whether voltage is allowed to flow through either the red or blue column. Transistors 
are used for each of the columns in order to block or allow current to flow. The NPN transistor 
has one pin (collector) connected to the LED cathode, the emitter is connected to ground, and the 
base is connected to the Arduino input. Thus, if a certain row has voltage applied to it and one of 
the transistors has a voltage applied to the base, the LED corresponding to this row and column 
lights up.  
 

It is important to only light up one row or one column at a time otherwise more LEDs 
will be lit up than intended. A 4017 decade counter is used to delay and space out the lighting of 
each column. The decade counter sends one output at a time for 10 different outputs, so one 4017 
is used for each of the cathode columns. One step is started by applying voltage to the correct 
rows. For example, if the first two spaces in that column need to be lit up, voltage will be applied 
to the first two rows of the matrix. After a small delay, the voltage is set back to zero for all pins, 
and a signal is sent to the decade counter to advance to the next column. The program looks at its 
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stored 2D array to figure out which lights in that column need to be lit, and voltage is applied to 
those rows. This is repeated until all 10 columns are done. One color runs through first and then 
the second color runs (using the other column and other decade counter). In order to control 
which color is being displayed, the grounds of each decade counter are connected to an NPN 
transistor. The bases of the transistors are connected to an Arduino digital output pin so that then 
the pin is high, that color is displayed on the matrix.  

 
The decade counter and program runs at a rapid pace so that the blinking of the LEDs is 

not be visible to the human eye; the LEDs appear to be continuously lit.  
 

Figure 10. Finished 10x10 matrix with some lights turned on. 
 

 The final part of the project is the updating of the LEDs. The keypads are connected to 
multiple digital input pins in the Arduino to detect which number was pressed. After the 
coordinates are deciphered, the program determines whether it was a hit or miss and adds the hit 
or miss to the 2D array which stores all of the guesses. This means that for the following cycle, 
the guess will be displayed on the LED matrix.  
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 Below is a chart showing the number of pins used for each part of the project. Since the 
Arduino has 54 total digital input and output pins, there are 4 that cannot be controlled by the 
digital input/output pins. However, there are 12 analog input pins (only 3 of which are used), so 
these are re-written to be input/output pins. Between the digital and analog pins, 61 out of the 66 
pins are used.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 1. Shows the number of pins used for each part of the circuit. 
 
 
 

Use Number of pins used 

LED matrix rows 20 

4017 Reset pins 4 

4017 clock pins 4 

Red on output 2 

Blue on output  2 

Keypad input 14 

CD74HC4067 digital signals 12 

Total:  58 
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 Figure 11. Circuit diagram for LED matrix. 
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User begins by placing a ship on grid. 
Once they are done, they press the button 
on the keypad with the number of spaces 
the ship occupies.  

 

Arduino records the number of the button 
being pressed.  

 

Apply voltage to the digital output pins 
connected to the multiplexer, allowing the 
analog input to read in a voltage value for 
the channel connected to a specific 
row/col. This voltage value is used to 
calculate the missing resistance. 

Repeat until process is 
complete for all rows 
and columns. 

 

If the resistance calculated is less than 70 
ohms, move onto the next row (ship was 
not placed in that row).  

 

 

Code Flow Chart 
 
 

  
 
 
 
 
 
 
 
 
 
 

 

Repeat until process is 
complete for all ships, 
then begin the 
guessing of spaces. 

 

 

Calculate the theoretical resistance value if 
ship started at index 0. Find the difference 
between this and the actual resistance. 

<70 

>70 

 

 Repeat for all possible positions, and find 
the smallest difference. The index with the 
smallest difference represents the actual 
start index of the ship, so use this to record 
the position. 

 



Meyer 17 
 

 
 
 
 
 
 
 

Player 1 inputs a row then column of a 
guess. Program will check player 2’s ship 
position stored 2D array to see if there is a 
ship in that space. If yes, it is a hit. If no, it 
is a miss. 

 

Add a hit or miss to player 1’s guesses 2D 
array, then display the LEDs accordingly.  

 

LED matrix goes through red (hits) first, 
starting with the first column and lighting 
up the correct rows to display the misses 
in that column. There is a short delay. 

 

Row voltages are turned off, column 
advances, and the correct rows are turned 
on for the new column. 

Repeats for 10 columns, then 
goes through the process for blue 
(misses). 

 

 

 

End of Player 1’s turn, player 2 begins 
turn. LEDs are continuously lit even 
throughout opponent’s turn. 
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Game Board 
 

 
 
Figure 12. CAD drawing of finished game board. 

 

 
 
Figure 13. CAD drawing of one matrix surface. 
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The game board is designed to be similar to the original battleship setup. The two 
players’ boards are set up facing back to back so that each player can view only their own board. 
Each player sees two matrices, one flat and one standing. The flat matrix represents the player’s 
own board. The game begins with the player placing their ships on this board. The pegs for 
placing the ships are different than the holes out of which the LEDs stick out. The LED holes are 
slightly larger, while the holes for the ships are smaller. The holes for placing the ship 
horizontally are different from the holes for placing the ship vertically. This is done in order to 
isolate the circuit for each row and column; since each hole can only be used for either horizontal 
or vertical placement, there is no false detections of ships in the wrong orientation. Below is an 
image of the resistor rows and columns. At each junction, a piece of copper was soldered on in 
order to make a good connection with the wire in the ship. In order for the rows and columns not 
to touch each other, the columns were placed at the top of the board and the rows were placed 
underneath the board. There are holes in the board at each junction so the resistors could be 
soldered to the copper plates, which rest on the top of the board.   

 
 
 

 Figure 14. Board with resistor rows and columns (rows are underneath board). 
 
Also below the game board is the LED matrix. This is below the game board but above 

the resistors. There is enough room between the two layers so that no contact is made. The LED 
matrix sticks up through the larger holes and display the colors representing the hit or miss. The 
LEDs are visible even through the placed ships because the ships are be designed to have holes 
so that the LEDs fit through and are visible from the top. The standing matrix represents the 
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opponent's board. The same LEDs are lit as the opponent’s flat board, but the ships won’t be 
visible. 

 
The game board also includes a side container for the ships when not in use. This 

container is next to the keypad, which the users utilize to enter their guesses. The board has the 
numbers for the coordinate system laser cut onto them so the user can easily determine the code 
for their keypad entry.  

 
The ships were designed using Inventor and 3D printed. Each ship was 1.4cm wide and 

the length was by the number of spaces (2cm x (number of spaces) – 2mm). The ships were 
designed with holes to fit over the LEDs. These holes allow the ship to fit nicely on the board 
and they also allow the light to show through. Additionally, the 3D printed material is translucent 
which allows for the light to be viewed even outside of the ship. The ships were printed in two 
pieces – the top and the bottom. This was done in order to allow the wax to drain out of the ship 
properly to ensure a hollow middle. The hollow middle is important because the wire needs to 
pass through the ship.  

 

 
 
Figure 15. CAD drawing of 2 piece ship. 
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Figure 16. CAD drawing of 3 piece ship. 
 

 
 
Figure 17. CAD drawing of 4 piece ship. 
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Figure 18. CAD drawing of 5 piece ship. 

 
 
 

 
 
 Figure 19. Example of ship with wire through the pegs. This is a 4 piece ship. 
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 Figure 20. Top view of ship placed onto board.  
 
Results 
 
Each row of the LED matrix is on for a delay time that is specified by the Arduino code. 
However, this delay time is not the accurate time between cycles because it does not include 
processing time. In order to find the processing time, an oscilloscope was used to find the voltage 
vs. time graph of an individual row. The leads of the oscilloscope were placed across a resistor in 
one row, so the graph displays the voltage across this resistor. 
 

The oscilloscope was also used to find the time that each LED is turned on. There is only 
a 100µs delay written into the code, meaning that the processing time is approximately 176µs. 
This represents the time taken to go through 10 rows and turn the correct pins high, then turn 
them all low.  
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Figure 21. Oscilloscope graph of time between cycles.   

 
 Each large cycle is made up 20 smaller cycles – 10 for going through the blue columns 
and 10 for going through the red columns. Since each cycle is 6.96ms long, each smaller cycle 
should, in theory, be 348µs long. However, each small cycle is 72µs shorter than this, meaning 
that there is some processing time between each small cycle. This time is 1.44ms, and it is the 
time needed to turn the reset pins high and low and also turn the pins for each color high and 
low. In theory, each LED would be on for 5% of the time, but instead each one is on for 3.97% 
of the time. Because the LED is only on for 3.97% of the time, its brightness is significantly 
dimmer than if a single LED was lit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 22. Oscilloscope graph of time of one cycle. 
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 As mentioned earlier, each resistor’s true resistance is not what is labeled. After testing 
the resistance of many resistors using a multimeter, it was discovered that in general the 
resistances are lower than labeled. After the resistor rows and columns were soldered together, 
the true resistances were found by applying voltage across the entire series, recording the voltage 
drop across each resistor, and using this to calculate the true resistance. This was done for 5 
randomly selected rows or columns, and then the averages were calculated. The average 
measured resistances were used in the code when finding the potential missing resistance at a 
given location. The average measured resistance is most likely closer to the true resistance value, 
which helps ensure the correct location is detected. 
 

Theoretical resistance (Ω) Measured resistance (Ω) Percent difference (%) 

100 100 0 

180 174 3.33 

330 321 2.73 

470 458 2.55 

550 537 2.36 

660 642 2.72 

890 875 1.69 

800 761 4.88 

1000 939 6.1 

1100 1050 4.54 

Total: 6080 5757 3.73 

 
 Table 2. Theoretical and measured resistances of each resistor in the row/ column. 
 
Conclusion 
 
 Overall this project was a success. The limitations of Arduino pins was successfully 
worked around, and each component is able to function on its own. The initial method of reading 
in the ship’s positions had a lot of error, but the final method of placing each ship individually 
was more successful. In all rounds of testing, not a single mistake was found in position 
detection.  
 

The biggest flaw in this project is that the LEDs are rather dim. This is due to each light 
being on for only a fraction of the time, specifically 3.97% of the time. There isn’t much that can 
be done to improve this since all 20 columns of the two colors must be cycled through. The 
lights would each be brighter if the processing time was faster, but even if the processing time 
was negligible, each light would still only be on for 5% of the time and would probably still be 
dim.  
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 This project demonstrates methods of efficiently outputting and detecting large amounts 
of information with a small number of outputs and inputs. There are 400 total LEDs and 144 
possible ship positions for each of the 40 rows and columns, and all of this was controlled and 
detected by 58 pins on the Arduino. However, compared to many electronic technologies today, 
this is still considered an extremely small scale. The size of data transfers in the world of 
electronics is ever-increasing, which makes these methods of efficiently controlling and 
detecting information extremely important. Possibly even more important is the fact that this 
game makes it impossible to cheat, which could be the cause or solution to many family 
arguments. 
   
The Next Step 
 
 If I were to continue this project, I would want to add some features to make it more user-
friendly. I would add an LCD screen to display messages to confirm with the user. After a ship is 
placed, the LCD screen could display the row and column of the front of the ship to confirm. 
Also, the LCD screen could display the coordinates of a guess before it is sent in. This would 
help the game flow better because with the current code, the inputs are immediately stored and 
can’t be changed if it was read in wrong. Additionally, a speaker could be added to play an 
explosion sound when a ship is hit.   
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Appendices 
 
 
Appendix A 
 
Part description Purpose Quantity Cost Obtained from 

Arduino Due Controlling LED matrix, 
reading in/storing ship 
positions 

1 39.37 Lab 

Resistors Rows and columns for 
detecting ship position; in 
series with LEDs to burn out 

~700 
(assorted 
resistance) 

  Lab 

Transistors 
(2N3904) 

Triggering LED Grounds 80   Lab 

Breadboard Connecting circuit 6   Lab 

Hookup wires Connecting breadboard to 
Arduino 

    Lab 

RGB LEDs LED Matrix for lighting up 
hit/miss 

450 26.73 eBay 

CD4017BM96 Decade counter for controlling 
LEDs 

4 3.36 DigiKey 

CD74HC4067 
(Multiplexing chip) 

Multiplexer (input) for 
reading in ship position with 
breakout board 

4 19.80 Sparkfun 

SOIC to DIP 
adapter (16 pin) 

Adapter for CD4017BM96 6 25.62 DigiKey 

Keypad Inputting coordinates of 
guesses 

2 7.90 Sparkfun 

Wood Creating frame of game     Lab 

Total shipping 
costs 

    16.32   
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Appendix B – Code  
 
/*** 
 * Written by Michelle Meyer 
 * ASR Semester 2, 2016 
 *  
 * Arduino code for electronic battleship 
 * 
 * Missing functions: getGuess1(), getGuess2() 
 *  
 * getGuess1():  
 *  -returns the player 1's guess in a string where the first num is row, second is col 
 *    -ex. "25" 
 *  -returns "" if no guess has been mad 
 *  getGuess2():  
 *  -returns the player 2's guess in a string where the first num is row, second is col 
 *    -ex. "25" 
 *  -returns "" if no guess has been made 
 *  
 */ 
 
 
const int NUM_ROWS = 10; 
const int NUM_COLS = 10; 
const int RED = 1; //number representing red led (hit) 
const int BLUE = 2; //number representing blue led (miss) 
 
int clockRed1 = 2;  
int clockBlue1 = 3;  
int resetRed1 = 4;  
int resetRed1 = 5;  
int redOn1 = 6;  
int blueOn1 = 7;  
int LEDpins1 [NUM_ROWS] = {8,9,10,11,12,13,14,15,16,17};  
int LEDMatrix1 [NUM_ROWS][NUM_COLS] = { 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}  
};  
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int clockRed2 = 18;  
int clockBlue2 = 19;  
int resetRed2 = 20;  
int resetRed2 = 21;  
int redOn2 = 22;  
int blueOn2 = 23;  
int LEDpins2 [NUM_ROWS] = {24,25,26,27,28,29,30,31,32,33};  
int LEDMatrix2 [NUM_ROWS][NUM_COLS] = { 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}  
}; 
 
const float RES = 4095; //resolution 
const float TOTAL_VOLT = 5; 
const float REF_VOLT = 3.3; //reference voltage 
const float EXTRA_R = 3220; 
const int NUM_INPUTS = 50; 
 
int muxChannel[16][4]={ 
    {0,0,0,0}, //channel 0 
    {1,0,0,0}, //channel 1 
    {0,1,0,0}, //channel 2 
    {1,1,0,0}, //channel 3 
    {0,0,1,0}, //channel 4 
    {1,0,1,0}, //channel 5 
    {0,1,1,0}, //channel 6 
    {1,1,1,0}, //channel 7 
    {0,0,0,1}, //channel 8 
    {1,0,0,1}, //channel 9 
    {0,1,0,1}, //channel 10 
    {1,1,0,1}, //channel 11 
    {0,0,1,1}, //channel 12 
    {1,0,1,1}, //channel 13 
    {0,1,1,1}, //channel 14 
    {1,1,1,1}  //channel 15 
  }; 
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// first number is multiplexer, second is the channel (spots 0-19 represent the row/col) 
int matrix1 [20][2] = { 
  {0,9}, 
  {0,8}, 
  {0,7}, 
  {0,6}, 
  {0,5}, 
  {0,4}, 
  {0,3}, 
  {0,2}, 
  {0,1}, 
  {0,0}, 
  {0,10}, 
  {0,11}, 
  {0,12}, 
  {0,13}, 
  {0,14}, 
  {0,15}, 
  {2,3}, 
  {2,2}, 
  {2,1}, 
  {2,0}   
};  
int matrix2 [20][2] = { 
  {1,9}, 
  {1,8}, 
  {1,7}, 
  {1,6}, 
  {1,5}, 
  {1,4}, 
  {1,3}, 
  {1,2}, 
  {1,1}, 
  {1,0}, 
  {1,10}, 
  {1,11}, 
  {1,12}, 
  {1,13}, 
  {1,14}, 
  {1,15}, 
  {2,7}, 
  {2,6}, 
  {2,5}, 
  {2,4} 
}; 
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float resMatrix1 [20] = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}; //missing resistances for the 
rows/cols 
float resMatrix2 [20] = {0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}; 
 
int muxPins [3][4] =  { 
  {53,51,49,47}, 
  {38,40,42,44}, 
  {46,48,50,52}   
}; //digital pins 
int muxSig [3] = {A7, A6, A5}; //signal pins 
 
int resistorChainRow [NUM_ROWS] = {178, 324, 461, 514,610, 810, 730, 887, 987};  
int resistorChainCol[NUM_COLS] = {100, 178, 324, 461, 514,610, 810, 730, 887};  
 
int shipPos1 [NUM_ROWS][NUM_COLS] = { 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}  
}; 
 
int shipPos2 [NUM_ROWS][NUM_COLS] = { 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}, 
  {0,0,0,0,0,0,0,0,0,0}  
}; 
 
boolean ships [2][5] = { 
  {false, false, false, false, false} 
  {false, false, false, false, false} 
  }; 
//row is player, col is ship. turns true when ship is placed 
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boolean finishShip = false; 
 
void setup()  
{ 
  Serial.begin(9600); 
  analogReadResolution(12); 
 
   
  pinMode(clockRed1,OUTPUT); 
  pinMode(clockBlue1,OUTPUT); 
  pinMode(resetRed1,OUTPUT); 
  pinMode(resetBlue1,OUTPUT); 
  pinMode(clockRed2,OUTPUT); 
  pinMode(clockBlue2,OUTPUT); 
  pinMode(resetRed2,OUTPUT); 
  pinMode(resetBlue2,OUTPUT); 
 
  for (int i = 0; i < NUM_ROWS, i++) 
  { 
    pinMode(LEDpins1[i], OUTPUT); 
    pinMode(LEDpins2[i], OUTPUT); 
     
  } 
  for(int i = 0; i < 3; i++) 
  { 
    for(int j = 0; j < 4; j++) 
    { 
      pinMode(muxPins[i][j], OUTPUT); 
    } 
  } 
 
  digitalWrite(resetRed1, HIGH); 
  digitalWrite(resetBlue1, HIGH); 
  digitalWrite(resetRed2, HIGH); 
  digitalWrite(resetBlue2, HIGH); 
} 
void loop() 
{ 
  while(!finishShip) //place ships first 
  { 
    placeShip(1); 
    placeShip(2); 
 
    checkIfDone(); 
  } 
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  guess1(); 
  guess2(); 
   
  lightUpMatrix1(); 
  lightUpMatrix1(); 
} 
void guess1() //player 1 guess 
{ 
  String getGuess = getGuess1(); 
  if(!getGuess.equals("")) 
  { 
         
    int guessRow = (int)(getGuess.charAt(0));   
    int guessCol = (int)(getGuess.charAt(1)); 
   
    if(shipPos2[guessRow][guessCol] ==1) //hit 
    { 
      LEDMatrix2[guessRow][guessCol] = 1; 
    } 
    else 
    { 
      LEDMatrix2[guessRow][guessCol] = 2; 
    } 
  } 
   
} 
void guess2 () 
{ 
  String getGuess = getGuess2(); 
  if(!getGuess.equals("")) 
    { 
    int guessRow = (int)(getGuess.charAt(0));   
    int guessCol = (int)(getGuess.charAt(1)); 
   
    if(shipPos1[guessRow][guessCol] ==1) //hit 
    { 
      LEDMatrix1[guessRow][guessCol] = 1; 
    } 
    else 
    { 
      LEDMatrix1[guessRow][guessCol] = 2; 
    } 
  } 
} 
void lightUpMatrix1 () 
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{ 
  //RED 
   
  digitalWrite(red1On, HIGH); //turn on red 
   
   for (int row = 0; row < NUM_ROWS; row++) 
    { 
      for(int col = 0; col < NUM_COLS; col++) 
      { 
        if(LEDMatrix1[row][col] == RED) 
        { 
          digitalWrite(LEDPins1[col], HIGH); 
        } 
      } 
      delayMicroseconds(100); //delay so color shows up 
 
      //set all pins low 
      for(int i = 0; i < NUM_COLS; i++) 
      { 
        digitalWrite(LEDPins1[i], LOW); 
      } 
 
      //advance to next row 
      digitalWrite(clockRed1, HIGH); 
      delayMicroseconds(1); 
      digitalWrite(clockRed1, LOW);      
       
    } 
 
    //reset to output in row 0 
    digitalWrite(resetRed1, HIGH); 
    delayMicroseconds(1); 
    digitalWrite(resetRed1, LOW); 
 
    digitalWrite(red1On, LOW); //turn off red 
 
  //BLUE 
 
    digitalWrite(blue1On, HIGH); //turn on blue 
   
    for (int row = 0; row < NUM_ROWS; row++) 
    { 
      for(int col = 0; col < NUM_COLS; col++) 
      { 
        if(LEDMatrix1[row][col] == BLUE) 
        { 
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          digitalWrite(LEDPins1[col], HIGH); 
        } 
      } 
      delayMicroseconds(100); //delay so color shows up 
 
      //set all pins low 
      for(int i = 0; i < NUM_COLS; i++) 
      { 
        digitalWrite(LEDPins1[i], LOW); 
      } 
 
      //advance to next row 
      digitalWrite(clockBlue1, HIGH); 
      delayMicroseconds(1); 
      digitalWrite(clockBlue1, LOW);      
       
    } 
 
    //reset to output in row 0 
    digitalWrite(resetBlue1, HIGH); 
    delayMicroseconds(1); 
    digitalWrite(resetBlue1, LOW); 
 
    digitalWrite(blue1On, LOW); //turn off blue 
     
} 
void lightUpMatrix2 () 
{ 
  //RED 
   
  digitalWrite(red2On, HIGH); //turn on red 
   
   for (int row = 0; row < NUM_ROWS; row++) 
    { 
      for(int col = 0; col < NUM_COLS; col++) 
      { 
        if(LEDMatrix2[row][col] == RED) 
        { 
          digitalWrite(ledPins[col], HIGH); 
        } 
      } 
      delayMicroseconds(100); //delay so color shows up 
 
      //set all pins low 
      for(int i = 0; i < NUM_COLS; i++) 
      { 
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        digitalWrite(LEDpins2[i], LOW); 
      } 
 
      //advance to next row 
      digitalWrite(clockRed2, HIGH); 
      delayMicroseconds(1); 
      digitalWrite(clockRed2, LOW);      
       
    } 
 
    //reset to output in row 0 
    digitalWrite(resetRed2, HIGH); 
    delayMicroseconds(1); 
    digitalWrite(resetRed2, LOW); 
 
    digitalWrite(red2On, LOW); //turn off red 
 
  //BLUE 
 
    digitalWrite(blue2On, HIGH); //turn on blue 
   
    for (int row = 0; row < NUM_ROWS; row++) 
    { 
      for(int col = 0; col < NUM_COLS; col++) 
      { 
        if(LEDMatrix2[row][col] == BLUE) 
        { 
          digitalWrite(LEDpins2[col], HIGH); 
        } 
      } 
      delayMicroseconds(100); //delay so color shows up 
 
      //set all pins low 
      for(int i = 0; i < NUM_COLS; i++) 
      { 
        digitalWrite(LEDPins2[i], LOW); 
      } 
 
      //advance to next row 
      digitalWrite(clockBlue2, HIGH); 
      delayMicroseconds(1); 
      digitalWrite(clockBlue2, LOW);      
       
    } 
 
    //reset to output in row 0 
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    digitalWrite(resetBlue2, HIGH); 
    delayMicroseconds(1); 
    digitalWrite(resetBlue2, LOW); 
 
    digitalWrite(blue2On, LOW); //turn off blue 
     
} 
void placeShip(int playerNum) 
{ 
  Serial.print("Player number "); 
  Serial.print(playerNum); 
  Serial.println(", type in the number of spaces of the ship you are placing."); 
  while (Serial.available()==0) 
  {     
  } 
 
  int shipLength = Serial.parseInt(); 
  Serial.println("Place ship"); 
   
  boolean placed = false; 
  int index = 0; 
  int matrix [20][2]; 
 
  if(playerNum ==1) 
  { 
    matrix = matrix1; 
  } 
  else if (playerNum ==2) 
  { 
    matrix = matrix2; 
  } 
  
  while(!placed || index == 19) 
  { 
    if(findSpace(index, shipLength,  matrix, playerNum) 
    { 
      placed = true; 
    } 
  } 
 
  if(shipLength == 2) 
  { 
    ships[playerNum][0] = true; 
  } 
  else if(shipLength ==3 && !ships[playerNum][1]) 
  { 
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    ships[playerNum][1]= true; 
  } 
  else if (shipLength ==3) 
  { 
    ships[playerNum][2] = true; 
  } 
  else if (shipLength ==4) 
  { 
    ships[playerNum][3] = true; 
  } 
  else if (shipLength ==5) 
  { 
    ships[playerNum][4] = true; 
  } 
  
   
} 
boolean findSpace (int rowCol, int shipLength, int matrix[20][2], int matrixNum) 
{ 
   int multiplexerNum = matrix[rowCol][0]; 
   int channel = matrix[rowCol][1]; 
   Serial.println(channel); 
    
    
   for(int i = 0; i < 4; i ++) 
   { 
      digitalWrite(muxPins[multiplexerNum][i], muxChannel[channel][i]); 
      Serial.println(muxChannel[channel][i]); 
   } 
    
   float missingR = findMissingR(muxSig[multiplexerNum], rowCol, matrixNum); 
   Serial.print("The missing resistance is: "); 
   Serial.println(missingR); 
    
 
  if(missingR >80) //smallest possible is 100, so use 80 to account for some error 
  { 
     int potentialR = 0;  
     for(int i = 0; i< shipLength-1; i++) 
     { 
       if(rowCol <10) //row 
       { 
         potentialR += resistorChainRow [i]; 
       } 
       else 
       { 
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         potentialR +=resistorChainCol [i]; 
       } 
     } 
      
     int startIndex = 0; 
   
     float dif = abs(potentialR - missingR); 
   
     for(int index = 1; index < NUM_ROWS - (shipLength-1); index++) 
     { 
        potentialR = 0; 
        for(int i = index; i< index+ shipLength-1; i++) 
        { 
          if(rowCol <10) //row 
          { 
            potentialR += resistorChainRow [i]; 
          } 
          else //col 
          { 
            potentialR +=resistorChainCol [i]; 
          } 
        } 
         
        float newDif = abs(potentialR - missingR); 
        if(newDif < dif) 
        { 
          dif = newDif; 
          startIndex = index; 
        } 
     } 
     setPos(rowCol, startIndex, shipLength, missingR, matrixNum); 
     return true; 
  } 
  else 
  { 
    return false; 
  } 
} 
float findMissingR (int pin, int rowCol, int matrixNum) 
{ 
  float sum = 0; 
 
  for(int i = 0; i<NUM_INPUTS; i++) 
  { 
    sum+=analogRead(pin); 
    delay(1); 
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  } 
  float avg = sum/NUM_INPUTS; 
  float volt = avg/RES*REF_VOLT; 
  float r = EXTRA_R*volt/(TOTAL_VOLT - volt); 
  
  float missingR; 
   
 
  if(matrixNum ==1) 
  { 
    missingR = resMatrix1[rowCol]-r; //original total minus detected  
    resMatrix1[rowCol] = r; //setting new total 
    Serial.print("new total is: "); 
    Serial.println(r); 
  } 
  else 
  { 
    missingR = resMatrix2[rowCol]-r; //original total minus detected  
    resMatrix2[rowCol] = r; //setting new total 
    Serial.print("new total is: "); 
    Serial.println(r); 
  } 
 
  return missingR; 
} 
 
void setPos (int rowCol, int startPos, int shipLength, int res, int matrixNum) 
{  
  for(int i = startPos; i < startPos+shipLength; i++) 
  { 
    if(matrixNum ==1) 
    { 
      if(rowCol < 10) //row 
      { 
        shipPos1[rowCol][i] = 1; 
      } 
      else //col 
      { 
        shipPos1[i][rowCol-10] = 1; 
      } 
    } 
    else 
    { 
      if(rowCol < 10) //row 
      { 
        shipPos2[rowCol][i] = 1; 
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      } 
      else //col 
      { 
        shipPos2[i][rowCol-10] = 1; 
      } 
    }  
  } 
} 
void checkIfDone () 
{ 
  int numPlaced=0; 
  for(int i = 0; i<5; i++) 
  { 
    if(ships[0][i]) //has been placed 
    { 
      numPlaced++; 
    } 
    if(ships[1][i]) 
    { 
      numPlaced++; 
    } 
  } 
 
  finishShips = numPlaced==10; 
} 
 


