
 
 

5.7.4​ ​individually​ ​Addressable​ ​RGB​ ​LED​ ​Strips: 
 
The next candidate that was considered for implementation in the LED game            
board project was individually addressable RGB LED strips. These LED strips           
are lines or strands of LEDs which are capable of being lit at a particular color,                
see Figure ​52 [5].  These strips are able to make many different color schemes              
by changing the level of red, green and blue per each LED [5].  In the strand,                
each individual LED has a controller or driver that listens to instructions or             
commands from the data that is given from a microcontroller [5]. Individually            
addressable RGB LED strips generally run on 5V or 12V and are able to be cut                
and split every LED or every other LED depending on whether or not each              
individual LED has a controller/driver [5].  The stripes of LEDs also only need             
three to four pins, depending on what type of controller the LEDs have in the               
strip, of a microcontroller [5].  With only needing three to four pins to connect to a                
microcontroller, individually addressable RGB LED strips were a large         
consideration for the display implementation of the LED game board. In addition            
to significantly decreasing the amount of soldering required to connect to a            
microcontroller with being able to be cut every LED off of the strip the,              
individually addressable RGB LED strips meet the design requirements of          
making a 9X9 LED matrix. Having the drivers connected internally to each LED             
decreases the price of having to buy separate LEDs and drivers as in the other               
considered display implementations above. With all of these above discussed          
considerations, the individually addressable RGB LED strips were the ideal          
choice​ ​for​ ​implementation​ ​in​ ​the​ ​LED​ ​game​ ​board. 
 

  
Figure​ ​52:​ ​Individually​ ​addressable​ ​LED​ ​Strip​ ​[6] 
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5.8​ ​Schematics 
 
Schematics for the project will be designed in Kicad. The schematics are needed             
to help generate the PCB design. Each component placed in the schematic has a              
footprint associated with it. This appears on in the PCB layout of the EDA              
software. The schematic shows all electrical connections for the PCB circuit. This            
allows​ ​it​ ​to​ ​be​ ​a​ ​good​ ​reference​ ​when​ ​designing​ ​the​ ​PCB.  

5.8.1​ ​Schematics 
 
The​ ​schematics​ ​shown​ ​below​ ​were​ ​generated​ ​in​ ​both​ ​the​ ​KiCad​ ​and​ ​Eagle​ ​EDA 
software.​ ​The​ ​design​ ​may​ ​need​ ​to​ ​be​ ​revised​ ​after​ ​further​ ​testing​ ​has​ ​been​ ​done. 
The​ ​schematics​ ​are​ ​the​ ​first​ ​step​ ​in​ ​making​ ​a​ ​printed​ ​circuit​ ​board. 
 

 
Figure​ ​53:​ ​Cherry​ ​MX​ ​key​ ​switch​ ​and​ ​diode​ ​for​ ​matrixing 
 
The schematic for the Cherry MX key switches will the be the simplest. This              
schematic contains a switch and a diode. The schematic for the switch matrix             
needs to be simple because there will be 81 total buttons used for the tiles in the                 
final design. The schematic above shows not only the components, but also the             
input​ ​and​ ​output​ ​terminals​ ​needed​ ​to​ ​connect​ ​the​ ​tiles​ ​together.  
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Figure​ ​54:​ ​ATmega2560​ ​MCU​ ​schematic 
 
 

 
Figure​ ​55:​ ​ATmega16u2​ ​MCU​ ​schematic 
 
The microcontrollers selected for this project is the ATmega2560 and          
ATmega16u2. Figures 54 and 55 above shows the schematic for the           
microcontroller.  
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Figure​ ​56:​ ​LCD​ ​and​ ​SD​ ​card​ ​Schematic 
 
The above schematic , shown in Figure 56, is for the chosen LCD. The LCD will                
be​ ​incorporated​ ​with​ ​the​ ​final​ ​microcontroller​ ​PCB. 
 
The next schematic is the power delivery schematic, shown in Figure 57 and 58.              
The final power delivery electrical assembly will be on a separate pcb than the              
final PCB of the microcontroller and LCD module. The power pcb needs to             
supply power from the battery to the components of the project. Fuses will be              
used​ ​to​ ​ensure​ ​current​ ​draw​ ​is​ ​within​ ​reasonable​ ​levels.  
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​ ​Figure​ ​57:​ ​Power​ ​delivery​ ​schematic 

 

 
 
Figure​ ​58:​ ​Voltage​ ​Boost​ ​schematic 
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6.​ ​Project​ ​Software​ ​Design​ ​Details 
 
This section covers the exact implementation details of different software          
modules, excluding logic for specific games. It covers the general architecture           
design, as well as any notable implementation details or sub-systems of the            
management​ ​or​ ​communication​ ​layers. 

6.1​ ​Overall​ ​System​ ​Design 
 

The software architecture for implementing the final board behavior consists of 3            
main layers. These are the Game Layer, the Management Layer, and the            
Communication Layer. The Game Layer handles the actual game logic, the           
Management Layer handles how tasks get addressed and translates the abstract           
game information into a format directly usable by the communication layer. The            
Communication Layer is responsible for the actual communication between the          
abstract game code and the physical or simulated board. As the board emulator             
is a critical asset for the speedy and efficient development of the project, its              
presence is factored into the system design and the code starts to diverge at the               
Communication​ ​Layer.  

As communicating with a software UI is fairly different from issuing commands            
through GPIO pins, the logic for the communication layer will differ significantly            
between the Arduino implementation and the C# one. However, this is           
unavoidable and in general a lot of the board interfacing is accomplished with             
established open source libraries which will not be prone to error. The            
advantages to testing and development are preserved, though of course there           
will be extra development time both for implementing the UI and the code             
responsible for communicating with it. Figure 59 shows how this modular           
approach​ ​will​ ​work​ ​in​ ​practice. 

 

 

 

 

 

 

 
Figure​ ​59:​ ​the​ ​overall​ ​system​ ​design​ ​and​ ​alternate​ ​platform​ ​implementation. 
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In general, the Communication Layer will be responsible for most interrupts and            
data export. The management layer will be responsible for managing and           
servicing those interrupts, and running the main execution thread. The game           
layer will be responsible for taking advantage of these systems to produce the             
actual​ ​system​ ​behavior.  

6.2​ ​Communication​ ​Layer 
 
The communication layer is responsible for communication between the         
management layer and the actual game board.  While the management layer           
mediates calls to the communication layer, the communication layer actually          
implements​ ​the​ ​interface​ ​logic. 

6.2.1​ ​Emulator​ ​Communication 
 
For the purposes of the emulator, all 3 layers will be implemented as a DLL with                
the callback functions and a few extra initialization functions as exposed library            
functions. This allows everything to be initialized along with the GUI and allows             
us to avoid constructing an elaborate means of communication between two           
programs. Once the DLL is initialized, it communicates with the GUI using            
callback functions. This allows the management layer to drive the operation of            
the​ ​GUI​ ​even​ ​though​ ​the​ ​GUI​ ​loads​ ​the​ ​library.  

6.2.2​ ​LED​ ​Communication 
 
For this project we are making use of an individually addressable RGB LED strip.              
This strip has the advantage of making LED wiring and addressing easy at the              
cost of refresh rate. The entire strip of 81 LEDs requires only one data line,               
which on the surface seems impossible but the mechanism that allows this is             
rather simple. Each LED link is identical, and each starts off waiting for color              
instructions. When a link receives color instructions, it uses them and adjusts its             
state. Afterward the link will go into passthrough mode and relay any data             
coming into its input port into the output port. It will stay in this mode until a set                  
amount of time passes without it receiving any input, after which it will start              
seeking instructions to implement on its own again. Figure 60 demonstrates this            
concept. On the first stage, Instruction 4 and Instruction 3 are in the buffer of               
Segment 1 and Segment 2. As these two segments have recently received color             
data, they pass through this new data to the next segment. In the second stage,               
the Arduino has output another color instruction to Segment 1, but it has recently              
passed through Instruction 4 and so gets ready to pass this next instruction down              
the chain as well. Instruction 3 arrives in Segment 3 which has not recently              
received an instruction and so prepares to load the data and display the new              
color. In the final stage, Segment 3 has loaded and displayed the new color, and               
thus prepares to forward Instruction 4 down the chain. Segment 1 will soon             
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revert back to waiting for an instruction, as it has not received any new ones this                
stage. 
 

 
Figure​ ​60:​ ​FastLED​ ​state​ ​machine 
 
As can easily be inferred from this diagram, the longer a chain of LEDs becomes               
the longer the wait time between refreshes. However, the impact this has on the              
refresh rate only becomes a serious concern with chains of thousands of LEDs.             
For the 81 LEDs used in this project the load should be mostly manageable. It               
could potentially be a concern for processor management, however, as being           
interrupted during the transmission sequence could cause some LEDs to not be            
lit up as intended. Alternatively, disabling interrupts during the transmission          
sequence​ ​could​ ​cause​ ​some​ ​user​ ​input​ ​to​ ​be​ ​missed​ ​if​ ​not​ ​properly​ ​handled. 
 
To address these concerns, and to make implementation easier, we've opted to            
use the FastLED library for our LED communication needs. FastLED does           
disable interrupts when data transmission is occurring, but attempts to re-enable           
them during non-critical moments to allow for the servicing of important           
interrupts. As we do not have any time-sensitive input to worry about, this             
functionality will be enough for our purposes. FastLED is compatible with the            
Arduino​ ​Mega​ ​and​ ​our​ ​LED​ ​strip. 
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After some basic setup involving setting a data pin and specifying the type of              
LED strip in use, FastLED is used primarily by passing an array of colors to it and                 
telling it to refresh the LED strip. This simple operating procedure makes it easy              
to integrate FastLED with the management layer as the same array structure can             
be​ ​shared​ ​between​ ​them. 
 
Even still, it is prudent to keep CPU resources available whenever possible. The             
LEDs can be driven from a single digital I/O pin with no problems, but doing so                
requires every LED before a target LED to be updated whenever the target LED              
is updated. This takes time and resources to do, and will require 40 LEDs to be                
updated​ ​on​ ​average​ ​for​ ​every​ ​board​ ​state​ ​change. 
 
The alternative is to split the strips into separate I/O lines, one for each row. With                
this design, shown in Figure 61, the average delay is cut into a ninth of what it is                  
with the most simple design. It also allows easier identification of faulty nodes             
and cheaper replacement. However, it comes at the cost of I/O pins and             
additional​ ​software​ ​complexity. 
 

 
Figure​ ​61:​ ​different​ ​LED​ ​organization​ ​strategies. 
 
To​ ​maximize​ ​the​ ​benefits​ ​of​ ​the​ ​second​ ​design,​ ​care​ ​must​ ​be​ ​taken​ ​to​ ​only 
update​ ​LEDs​ ​that​ ​actually​ ​need​ ​to​ ​be​ ​updated.​ ​​ ​To​ ​do​ ​this,​ ​we​ ​will​ ​take 
advantage​ ​of​ ​our​ ​queue​ ​system​ ​and​ ​carry​ ​the​ ​ID​ ​of​ ​the​ ​strip​ ​to​ ​be​ ​updated​ ​in​ ​the 
event.​ ​​ ​When​ ​a​ ​LED​ ​value​ ​is​ ​set​ ​to​ ​be​ ​updated​ ​by​ ​the​ ​game​ ​logic,​ ​an​ ​LED​ ​update 
event​ ​for​ ​the​ ​strip​ ​that​ ​LED​ ​is​ ​on​ ​is​ ​entered​ ​into​ ​the​ ​queue​ ​if​ ​one​ ​does​ ​not​ ​already 
exist.​ ​​ ​When​ ​the​ ​processor​ ​reaches​ ​that​ ​event,​ ​only​ ​the​ ​strip​ ​in​ ​question​ ​will​ ​be 
updated.​ ​​ ​Care​ ​must​ ​be​ ​taken​ ​in​ ​the​ ​program​ ​logic​ ​to​ ​only​ ​queue​ ​an​ ​event​ ​if​ ​the 
LED​ ​would​ ​actually​ ​change​ ​color. 
 
Sadly​ ​FastLED​ ​does​ ​not​ ​support​ ​parallel​ ​LED​ ​strip​ ​updates,​ ​which​ ​would​ ​allow 
the​ ​entire​ ​board​ ​to​ ​be​ ​updated​ ​in​ ​1/9th​ ​of​ ​the​ ​time,​ ​but​ ​most​ ​game​ ​state​ ​changes 
only​ ​update​ ​one​ ​or​ ​two​ ​squares​ ​which​ ​will​ ​then​ ​have​ ​only​ ​their​ ​rows​ ​updated. 
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Even​ ​in​ ​the​ ​case​ ​of​ ​needing​ ​to​ ​update​ ​9​ ​seperate​ ​rows​ ​of​ ​LEDs,​ ​having​ ​each 
update​ ​as​ ​a​ ​separate​ ​event​ ​queue​ ​item​ ​means​ ​the​ ​queue​ ​is​ ​never​ ​stuck​ ​on​ ​LED 
updating​ ​for​ ​a​ ​protracted​ ​period.​ ​​ ​LED​ ​updates​ ​are​ ​easily​ ​the​ ​most​ ​demanding 
event​ ​as​ ​far​ ​as​ ​processor​ ​time​ ​is​ ​concerned,​ ​so​ ​splitting​ ​them​ ​up​ ​and​ ​allowing 
interrupts​ ​to​ ​be​ ​fully​ ​serviced​ ​and​ ​other​ ​intensive​ ​events​ ​to​ ​happen​ ​in​ ​the​ ​interim 
is​ ​a​ ​huge​ ​plus. 

6.2.3​ ​LCD​ ​Communication 
 
Communication with the LCD screen is done through 6 pins. To take advantage             
of the full capabilities of this device, we will be using Adafruit's ILI9340 Library              
and their GFX Library. These libraries take care of the intricacies of sending             
commands to the LCD screen and properly formatting text to display. We will of              
course have to devise our own display methods for all of our relevant game data,               
but​ ​having​ ​a​ ​library​ ​that​ ​correctly​ ​formats​ ​text​ ​and​ ​images​ ​is​ ​a​ ​huge​ ​asset. 
 
Using the ILI9340 Library is very straightforward, as it supports commands like            
println() to print out a line of text, and drawline() and similar graphics functions              
like drawbitmap() to produce nice looking LCD graphics. Storing bitmaps quickly           
consumes memory, which is in limited supply, so ideally we'd be able to construct              
needed​ ​graphics​ ​procedurally​ ​using​ ​the​ ​tools​ ​provided​ ​by​ ​this​ ​library.  
 

Figure​ ​62:​ ​Advantages​ ​of​ ​Procedural​ ​Generation 
 
Figure 62 illustrates this well. It would be possible to store the UCF image as a                
bitmap, using a byte for each enabled character. However, the screen has a             
total of 76800 pixels and we would want our logo to take up a good chunk of it.                  
With potentially tens of thousands of pixels required for this, each pixel taking             
several bytes, and total system memory being 262144 bytes, we could take a             
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sizable chunk out of our memory for just one image using this approach. If we               
get creative, like the image on the right, we can make our UCF logo out of 9 draw                  
line commands which would take up much less space in memory. Each color             
represents a different draw command, with 9 colors being used in total. The end              
result could of course be in those colors but could just as easily be black or                
another​ ​color​ ​if​ ​we​ ​so​ ​chose. 

6.2.4​ ​Game​ ​Button​ ​Communication 
 
Communication with the game buttons is one of the more unique aspects of this              
project, and presents many difficulties. The chief of which is that Arduino does             
not have 81 GPIO pins, and not all of its GPIO pins support interrupts. As               
discussed earlier in this document, the solution to the lack of GPIO pins is to use                
a diode matrix circuit to reduce the needed pins from 81 to 18. At 56 GPIO pins                 
the Arduino can easily handle this, but not all of these pins support interrupts. In               
fact, only 6 GPIO pins do! Without interrupt support, we will be reduced to polling               
every pin as often as possible to detect button presses. This is hardly ideal; it               
requires much more MCU power, processor time, and if the intervals are not             
frequent​ ​enough​ ​it​ ​will​ ​be​ ​possible​ ​to​ ​miss​ ​a​ ​button​ ​press. 
 
The solution, thankfully, is simple. Wire up the diode matrix circuit and buttons to              
18 standard GPIO pins as before, but also ensure that each button is connected              
to one extra line that will go into one of the interrupt enabled GPIO pins. This                
way, every button press will trigger an interrupt. This interrupt will be the “Game              
Button Pressed” interrupt and will prompt the MCU to immediately scan the            
relevant GPIO pins to see what button was actually pressed before returning            
control​ ​to​ ​the​ ​main​ ​execution​ ​thread.  
 
In most cases this method will work well, but in the event that interrupts are               
disabled while the button interrupt is received the button press event may not get              
serviced fast enough to actually detect what button was pressed. For this to             
happen the processor must have stalled for a very long time, or the button press               
must have been incredibly brief. Testing will prove this for sure, but since special              
hardware must be implemented to guarantee this situation will not happen, and            
the window for it to happen is incredibly precise, we are confident in saying it will                
probably​ ​not​ ​be​ ​a​ ​concern​ ​for​ ​this​ ​project. 
 
In total we will use 19 GPIO pins for the game buttons, one of these being an                 
interrupt​ ​enabled​ ​pin. 

6.2.5​ ​Settings​ ​Button​ ​Communication 
 
The situation for the setting buttons is more or less the same as the game               
buttons, but to keep things clean, eliminate a possible source of errors, and take              
advantage of the remaining interrupt pins we can use a new interrupt for settings              
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buttons and one for the power button. This ensures that important inputs like the              
ones provided by the power button cannot be overwritten or lost in extreme             
circumstances, and won't compete with game button presses. As there are only            
6 settings buttons total, they will not require a diode matrix circuit as it could at                
best​ ​save​ ​1​ ​pin. 

In total we will use 7 GPIO pins for the settings and power buttons, two of these                 
being​ ​interrupt​ ​enabled​ ​pins. 

6.2.6​ ​Speaker​ ​Communication 
 
For additional feedback to the player, we’ve opted to include a piezo element that              
can generate sounds. The speaker makes use of 1 pin on the arduino, with an               
additional connection to ground. The arduino connection is responsible for          
generating a square wave with a 50% duty cycle and a frequency that             
corresponds to a desired perceived frequency from the device. The amplitude of            
the​ ​waveform​ ​controls​ ​the​ ​volume​ ​of​ ​the​ ​speaker. 
To implement this behavior we will be using the arduino to generate the             
waveform and additional circuitry to regulate the max voltage. The principles           
involved​ ​and​ ​the​ ​effect​ ​of​ ​the​ ​external​ ​circuitry​ ​is​ ​illustrated​ ​in​ ​Figure​ ​63. 
 

 
Figure​ ​63:​ ​Speaker​ ​Waveform 
 
It is notable that in order to generate this waveform the Arduino must allocate              
one of its timers and fire off interrupts to complete the task. This will eliminate               
one possible timer for the game to use and also introduce an additional, minor              
burden​ ​on​ ​the​ ​CPU​ ​while​ ​a​ ​sound​ ​is​ ​playing. 
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Sound will only play in the event that an illegal move is attempted and at game                
startup. This will help to lower the CPU usage during gameplay, assuming no             
illegal​ ​moves​ ​are​ ​attempted.  

6.3​ ​Management​ ​Layer 
The management layer translates the protocols supported by the communication          
layer into API calls and systems usable by the game layer.  These API calls,              
callbacks,​ ​and​ ​systems​ ​will​ ​be​ ​detailed​ ​here. 
 

6.3.1​ ​Menu​ ​System: 
 
The board will feature a fleshed-out menu system to be used for picking the              
game to play and for choosing individual game settings.  The management layer            
will be used for controlling the game selection menu, while the games            
themselves will be able to register game-specific menus through the          
management layer's API.  This ensures that the menu code can be re-used, and             
that critical menu functions like “Exit” are never left off the game menu.  Menus              
are navigated with the Selection Arrows and Selection Button.  As Figure 64            
shows, the menu functions more like a cycle as the user moves through it.              
 Reaching the far left/right of the menu and going further will place you at the               
other side.  This puts Continue and Exit, the most commonly used items, right             
next to each-other and makes them very easy to access as “Continue” is the              
default​ ​option. 
 
  
 

 

 

 

 

 

 

 

 
 

Figure​ ​64:​ ​Menu​ ​System​ ​State​ ​Machine 
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6.3.2​ ​LCD​ ​Message​ ​Queue: 
 
The game and management system may try to display messages at the same             
time. To prevent system messages from completely overwriting game messages,          
the system and game have separate message queues.  If a system message            
pops up, it will not overwrite the game message and may either hide it for a time                 
or extend the timer so the game message displays for the intended period.             
 Game messages cannot overwrite system messages, ensuring that any         
management layer messages are displayed when appropriate.  Each message         
also has a set display time, and this system ensures that it will be able to run out                  
its intended display time uninterrupted.  If a system message has to interrupt a             
Game message, it will record the remaining time that the game message should             
be displayed for and put it at the front of the game message queue.  As Figure 65                 
shows, many messages could potentially be queued for display, though in the            
ideal case this would be avoided.  In Figure 65, System Message 1 would run out               
its display time, then the rest of the system messages would do the same, and               
they would be followed by the 3 game messages.  In practice system messages             
should be very rare and brief, so game logic should only ever be concerned              
about its own messages.  It would be surprising, but it will be possible for              
messages to enter this queue faster than they get displayed, introducing more            
and more latency between a message's registration and the time it is actually             
displayed.  This does not appear to be an issue at this time, but it is something                
worth​ ​considering​ ​fail-safes​ ​for. 
 
  

 

 

 

 
 

Figure​ ​65:​ ​Message​ ​Display​ ​State​ ​Machine 

6.3.3​ ​LED​ ​Queue: 
 
Some resources can only be used one at a time, by implementing a queue for               
each one of these resources, events that must happen are guaranteed to happen             
eventually.  Without such a queue, important display events could be dropped or            
overwritten by newer events.  It will also ensure that events happen in the order              
they're registered.  This will, in most cases, be implemented in the management            
layer in conjunction with other systems to reduce the complexity of game logic.             
Events can be marked as Non-Essential, meaning that the next event registered            
will take their spot in the queue.  This allows certain superfluous behavior to be              
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circumvented if it means a quicker response time on an important event.  This             
will mainly be used for lighting up the LEDs.  Latency in this queue should be               
fairly unnoticeable, but will go a long way towards preventing timing related            
issues. Figure 66 demonstrates this.  At t = 0, Event 4 is in the process of being                 
registered and has not yet entered the queue, and Event 3 is marked as              
unimportant.  At t = 1, Event 1 has been executed and Event 4 has taken the                
place of Event 3 in the queue, to ensure that it gets executed as soon as                
possible. 
     
 

Figure​ ​66:​ ​Event​ ​State​ ​Machine 

6.3.4​ ​Management​ ​Layer​ ​IO​ ​Restrictions: 
 
In order to keep game logic considerations simple, the management layer will            
operate on certain IO restrictions while a game is loaded.  The main one being              
that it will never make any changes to the board state without the appropriate              
function calls by the game layer.  Even for things like low power states, the              
management layer will defer to the game logic to determine the best action to              
take.  The management layer may take control of the LCD during gameplay to             
print warnings like “Low Battery”, and will take control of the board outside of              
gameplay​ ​for​ ​the​ ​main​ ​menu​ ​behavior. 

6.3.5​ ​Timer​ ​System 
 
The Arduino Mega supports 6 timers, 2 8 bit timers and 4 16 bit timers. The first                 
8 bit timer is used for internal Arduino and FastLED library functions, and so will               
be reserved for those functions. The rest, however, are unused and thus we can              
appropriate​ ​them​ ​as​ ​we​ ​see​ ​fit.  
 
Many games will need to evaluate their state on a periodic basis, a process              
known as a “think interval”. Some games will not require this, and will be able to                
turn off this feature to save processing power, but since it's such a common              
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feature, and the interval is short, it only makes sense to dedicate the second 8 bit                
timer to it. Games will be able to designate their desired think interval, and after               
some sanity checks this will be the frequency the think timer raises the OnThink()              
interrupt. As it is in continuous use, and does not count very high, using the               
second​ ​8​ ​bit​ ​timer​ ​is​ ​the​ ​best​ ​option. 
 
This leaves the 4 16 bit timers left for the games themselves to take advantage               
of. They're ideal for this purpose as their ability to count to a higher number will                
be​ ​useful​ ​for​ ​precise​ ​but​ ​infrequent​ ​timing​ ​events. 
 
A timer will be registered for use with a Management Layer API call, and trigger               
the OnTimerFinished() callback when completed. These timers can be used for           
move timers, time sensitive game events, and whatever other purposes the           
game may have. Careful use of on-demand timers may allow the think interval to              
be​ ​disabled​ ​entirely,​ ​saving​ ​processing​ ​power​ ​for​ ​many​ ​games. 
 

 
Figure​ ​67:​ ​scoreboard​ ​architecture. 
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6.3.6​ ​Player​ ​Profiles: 
 
When​ ​players​ ​select​ ​a​ ​game,​ ​they​ ​then​ ​have​ ​the​ ​option​ ​to​ ​select​ ​a​ ​profile​ ​to​ ​play 
it​ ​under.​ ​​ ​Players​ ​may​ ​register​ ​a​ ​new​ ​profile​ ​or​ ​select​ ​one​ ​that​ ​already​ ​exists. 
Player​ ​profiles​ ​consist​ ​of​ ​a​ ​unique​ ​name​ ​and​ ​once​ ​a​ ​profile​ ​is​ ​created​ ​it​ ​can​ ​be 
used​ ​on​ ​any​ ​game​ ​on​ ​the​ ​board.​ ​​ ​The​ ​profile​ ​can​ ​be​ ​used​ ​for​ ​match​ ​history​ ​and 
high​ ​score​ ​tracking,​ ​providing​ ​one​ ​more​ ​benefit​ ​to​ ​playing​ ​games​ ​on​ ​our​ ​board.​ ​​ ​If 
players​ ​wish​ ​to​ ​avoid​ ​using​ ​this​ ​system​ ​or​ ​don’t​ ​want​ ​to​ ​invest​ ​the​ ​effort​ ​into​ ​it,​ ​a 
Guest​ ​option​ ​will​ ​also​ ​be​ ​provided​ ​which​ ​does​ ​not​ ​record​ ​highscores. 

6.3.7​ ​Highscores: 
 
A​ ​favorite​ ​feature​ ​of​ ​many​ ​game​ ​systems,​ ​each​ ​game​ ​supported​ ​by​ ​the​ ​board​ ​will 
have​ ​a​ ​highscore​ ​system.​ ​​ ​Single​ ​player​ ​games​ ​will​ ​track​ ​actual​ ​highscores,​ ​while 
multiplayer​ ​games​ ​will​ ​track​ ​player​ ​ranks​ ​based​ ​on​ ​some​ ​sort​ ​of​ ​ELO​ ​system. 
The​ ​ELO​ ​rating​ ​system​ ​is​ ​a​ ​method​ ​to​ ​calculate​ ​the​ ​skills​ ​of​ ​players​ ​relatively. 
Players​ ​can​ ​access​ ​a​ ​game’s​ ​highscore​ ​board​ ​through​ ​its​ ​settings​ ​menu​ ​or​ ​an 
option​ ​in​ ​the​ ​main​ ​menu.​ ​​ ​Each​ ​game​ ​has​ ​access​ ​only​ ​to​ ​its​ ​own​ ​highscore 
board,​ ​controlled​ ​through​ ​the​ ​management​ ​layer​ ​API.​ ​​ ​The​ ​general​ ​structure​ ​of 
this​ ​system​ ​looks​ ​somewhat​ ​like​ ​figure​ ​67. 

6.3.8​ ​Game​ ​History: 
 
Player​ ​stats​ ​have​ ​been​ ​shown​ ​to​ ​boost​ ​enjoyment​ ​of​ ​games,​ ​and​ ​having​ ​such​ ​a 
system​ ​can​ ​provide​ ​players​ ​with​ ​an​ ​opportunity​ ​to​ ​review​ ​their​ ​play​ ​history.​ ​​ ​For 
multiplayer​ ​games,​ ​a​ ​record​ ​of​ ​the​ ​players​ ​who​ ​played​ ​in​ ​a​ ​match​ ​and​ ​their 
respective​ ​scores​ ​is​ ​shown.​ ​​ ​For​ ​single​ ​player​ ​games,​ ​just​ ​the​ ​player​ ​and​ ​their 
score​ ​is​ ​shown.​ ​​ ​This​ ​lets​ ​players​ ​review​ ​their​ ​match​ ​history​ ​and​ ​keep​ ​an 
accurate​ ​record​ ​of​ ​their​ ​past​ ​performances.​ ​​ ​If​ ​players​ ​ever​ ​wish​ ​to​ ​play​ ​a​ ​game 
“off​ ​the​ ​books”​ ​they​ ​can​ ​choose​ ​a​ ​Guest​ ​profile.​ ​​ ​As​ ​long​ ​as​ ​one​ ​player​ ​is​ ​using​ ​a 
player​ ​profile,​ ​the​ ​match​ ​will​ ​be​ ​recorded,​ ​though​ ​if​ ​a​ ​Guest​ ​is​ ​playing​ ​their​ ​entry 
in​ ​the​ ​table​ ​will​ ​simply​ ​show​ ​up​ ​as​ ​“Guest”.​ ​​ ​If​ ​both​ ​players​ ​are​ ​registered​ ​as 
Guest,​ ​the​ ​game​ ​will​ ​not​ ​be​ ​recorded​ ​at​ ​all​ ​to​ ​avoid​ ​clutter​ ​and​ ​provide​ ​an​ ​option 
to​ ​have​ ​non-recorded​ ​games​ ​when​ ​desired. 

6.3.9​ ​Game​ ​Help: 
 
While​ ​most​ ​games​ ​on​ ​the​ ​board​ ​are​ ​simple,​ ​well​ ​known​ ​games,​ ​there​ ​are​ ​times 
where​ ​specific​ ​rules​ ​may​ ​not​ ​be​ ​clear​ ​or​ ​the​ ​implementation​ ​of​ ​user​ ​input​ ​may​ ​not 
be​ ​immediately​ ​obvious.​ ​​ ​In​ ​cases​ ​like​ ​these,​ ​it​ ​really​ ​helps​ ​to​ ​have​ ​some​ ​sort​ ​of 
resource​ ​that​ ​players​ ​can​ ​use​ ​to​ ​clarify​ ​any​ ​non-obvious​ ​details​ ​of​ ​the​ ​game​ ​they 
want​ ​to​ ​play.​ ​​ ​It​ ​will​ ​also​ ​help​ ​new​ ​players​ ​to​ ​know​ ​what​ ​to​ ​expect​ ​when​ ​entering 
a​ ​new​ ​game.​ ​​ ​Help​ ​entries​ ​will​ ​consist​ ​of​ ​a​ ​game​ ​image,​ ​followed​ ​by​ ​text 
describing​ ​any​ ​relevant​ ​information​ ​about​ ​the​ ​game​ ​as​ ​shown​ ​in​ ​Figure​ ​68.​ ​​ ​The 
game​ ​help​ ​will​ ​be​ ​available​ ​in​ ​the​ ​game​ ​menu. 
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Figure​ ​68:​ ​a​ ​possible​ ​layout​ ​for​ ​the​ ​Light​ ​Sequence​ ​help​ ​panel. 

6.3.10​ ​Management​ ​Layer​ ​API: 
 
As stated before, the Management Layer features an API that the Game Layer             
can use to communicate with the board itself.  To properly implement this API,             
any function that a possible game may need MUST be accommodated by core C              
functionality or an API call.  Substitutes for Arduino native functions that are not             
present in C are also required, so that the emulator and board perform the same.               
Given the importance of the API to the success of the project its exact details will                
be​ ​described​ ​here: 
 

6.3.11​ ​API​ ​Functions: 
 
API Functions call be called from anywhere in the game layer.  They provide             
necessary functions for the games to be implemented.  Ideally the game will            
never directly access the board, rather it will do so through the API using well               
defined behavior.  With this setup, the actual board interfacing will be handled            
entirely through the back-end and thus the game code can exist isolated from the              
board.  This makes it easier to find faults and also opens up the possibility of               
porting the game code to other platforms or emulating it on a PC.  As long as all                 
the API calls and callbacks are implemented, a given game will be playable             
anywhere. 
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void​ ​​Exit() 
Terminates​ ​the​ ​game​ ​and​ ​goes​ ​back​ ​to​ ​game​ ​selection. 
  
void​ ​​ClearLCD​() 
Makes​ ​the​ ​LCD​ ​Blank​ ​and​ ​terminates​ ​any​ ​PrintToLCD​ ​timers. 
 
void​ ​​PrintToLCD​(​ ​char​ ​*output,​ ​int​ ​duration​ ​) 
Displays output on LCD for duration milliseconds.  If duration is 0 it displays until              
cleared.​ ​ Clears​ ​last​ ​PrintToLCD​ ​command​ ​if​ ​still​ ​displayed. 
 
void​ ​​BlinkLCD​() 
Makes​ ​the​ ​LCD​ ​turn​ ​on​ ​and​ ​off,​ ​to​ ​cause​ ​whatever​ ​is​ ​being​ ​displayed​ ​to​ ​blink. 
  
void​ ​​StartTimer​(​ ​int​ ​duration,​ ​int​ ​ID​ ​) 
Supports 4 timers at once, but ID can be anything.  OnTimerFinished will fire             
when​ ​the​ ​timer​ ​expires.​ ​ Duration​ ​is​ ​in​ ​milliseconds. 
 
void​ ​​DisplayTimerOnLCD​(​ ​int​ ​ID​ ​) 
Timer​ ​with​ ​given​ ​ID​ ​displays​ ​on​ ​LCD​ ​screen,​ ​in​ ​MM:SS​ ​format. 
  
void​ ​​IlluminateButton​(​ ​int​ ​x,​ ​int​ ​y,​ ​int​ ​color​ ​) 
Sets​ ​the​ ​color​ ​of​ ​the​ ​button​ ​at​ ​the​ ​specified​ ​point​ ​to​ ​the​ ​given​ ​color​ ​preset. 
 
void​ ​​IlluminateGrid​(​ ​int​ ​grid[BoardSizeX][BoardSizeY]​ ​) 
Takes a grid the size of the simulated board as an argument and sets the entire                
game​ ​space​ ​color​ ​to​ ​that​ ​grid​ ​for​ ​the​ ​given​ ​duration. 
  
void​ ​​SetColorMode​(​ ​int​ ​colorMode​ ​) 
Allows the switching between standard and low power color modes as the need             
arises. 
 
void​ ​​RegisterMenuOption​(​ ​char*​ ​optionText,​ ​int​ ​ID​ ​) 
Registers option for game's custom menu.  Game menu always has "Exit" and            
"Continue"​ ​options. 
  
void​ ​​SetThinkInterval​(​ ​int​ ​duration​ ​) 
Set​ ​how​ ​often​ ​the​ ​board​ ​calls​ ​OnThink(),​ ​in​ ​milliseconds. 
 
void​ ​​SetBoardSize​(int​ ​x,​ ​int​ ​y) 
How​ ​large​ ​the​ ​game​ ​board​ ​is.​ ​ Prints​ ​error​ ​on​ ​LCD​ ​if​ ​greater​ ​than​ ​9x9. 
 
void​ ​​GetBoardSize​(int​ ​&x,​ ​int​ ​&y) 
Writes​ ​to​ ​X​ ​and​ ​Y​ ​how​ ​large​ ​the​ ​simulated​ ​board​ ​is. 
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void​ ​​GetSettingStates​(int​ ​&switches[SWITCHCOUNT]) 
Gets the state of everything in the settings setup and writes them to the given               
array. 
  
Int​ ​​GetRandomInt​(int​ ​min,​ ​int​ ​max) 
Returns​ ​a​ ​random​ ​integer​ ​in​ ​the​ ​range​ ​specified. 
 
void​ ​​PlaySound​(int​ ​tone,​ ​int​ ​duration) 
Plays the given tone for the given duration, if the duration is 0 the tone will play                 
until stopped. Calls to this function while a sound is already playing will overwrite              
that​ ​sound​ ​or​ ​sound​ ​sequence. 
 
void​ ​​PlaySoundSequence​(int​ ​tones[],​ ​int​ ​durations[]) 
Plays the sounds given in the array for the given durations. Calls to this function               
while​ ​a​ ​sound​ ​is​ ​already​ ​playing​ ​will​ ​overwrite​ ​that​ ​sound​ ​or​ ​sound​ ​sequence. 
 
void​ ​​StopSound​() 
Stops​ ​any​ ​sounds​ ​and​ ​sound​ ​sequences​ ​currently​ ​playing 
 
float​ ​​GetTime​() 
Returns​ ​the​ ​time​ ​in​ ​seconds​ ​since​ ​the​ ​game​ ​has​ ​started. 

6.3.12​ ​API​ ​Callbacks: 
 
Callbacks are fired off by the management layer in response to certain game             
events.  They let the game easily respond to relevant events without needing to             
worry about low level operations.  The conditions a callback is fired under are             
very precise, allowing the logic implemented within the callback to be sure it has              
access to everything it needs to complete its execution. In general, the            
Communication Layer will notify the Management Layer when a given event fires,            
and the management layer will attempt to make sure that the raw data from each               
communication layer event is transformed into a form that the game layer will             
understand​ ​and​ ​then​ ​passed​ ​to​ ​it.  
 
As many game events will be done with interrupts, care must be taken to ensure               
that the processing of a given event is not interrupted or that incoming events are               
not dropped needlessly. If we attempt to fully service every interrupt as it comes              
up, we can easily cause system instability or logic errors as interrupts start             
interrupting each-other. This is easily avoided with another queue, this time for            
external events. Each entry in the queue stores the event type and any relevant              
information it might have. Entries are added to the queue from interrupts, and             
removed from it when they are processed by the main execution thread. By             
leaving execution up to the main execution thread, events will be guaranteed to             
happen very close to the order they came in and will not cause spontaneous              
state changes during the handling of other events. Even still, Care must be             
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taken to ensure that one interrupt can't bisect the creation of another one and              
cause the event being added to the queue to become malformed. However, it is              
not the end of the world if interrupts are not serviced in the exact order they came                 
in.  
 
For instance, in Figure 69 the Game Button Press and LCD Button Press events              
are waiting to be serviced, when another Game Button Press event is triggered             
and starts to be added to the queue. However, several cycles later a Timer              
Event also fires which causes the construction of the first event to be put on hold.                
As long as it's acceptable, the Timer Event can be inserted into the queue first               
and then the initial Game Button Press interrupt can finish being serviced, adding             
it to the queue in the fourth spot rather than the third. In practice, these events                
will be getting processed so quickly that the user will not notice any difference in               
response​ ​times​ ​produced​ ​by​ ​a​ ​slightly​ ​different​ ​queue​ ​order. 
 

 
Figure​ ​69:​ ​Possible​ ​Interrupt​ ​Queue​ ​state 
 
Here is a listing of each individual interrupt, and their basic implementation            
details: 
 
int​ ​​OnGameLoaded​(​ ​) 
Called when all game logic is in memory.  Return an int other than 0 to indicate                
loading​ ​error​ ​and​ ​reccomend​ ​course​ ​of​ ​action. 
 
void​ ​​OnButtonPressed​(​ ​int​ ​x,​ ​int​ ​y​ ​) 
Called​ ​when​ ​a​ ​button​ ​press​ ​is​ ​registered​ ​to​ ​the​ ​system. 
  
void​ ​​OnLCDButtonPressed​(​ ​int​ ​x,​ ​int​ ​y​ ​) 
Called when button below LCD is pressed.  Used for control and settings            
changes. 
  
void​ ​​OnThink​(​ ​) 
Called every single think interval.  Use sparingly, and avoid doing complex           
operations​ ​unless​ ​neccecery. 
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void​ ​​OnTimerFinished​(​ ​int​ ​ID​ ​) 
Called​ ​when​ ​a​ ​timer​ ​hits​ ​0​ ​seconds.​ ​ The​ ​ID​ ​of​ ​the​ ​timer​ ​is​ ​given​ ​in​ ​the​ ​callback. 
  
void​ ​​OnMenuOptionSelected​(​ ​int​ ​ID​ ​)  
Called when an option in the game's custom menu is selected, does not get              
called​ ​when​ ​"Exit"​ ​or​ ​"Continue"​ ​are​ ​selected. 
  
void​ ​​OnIdle​(​ ​int​ ​reason​ ​) 
Called when the board's Idle timer expires.  This can happen if the board goes              
too long without an input.  Recomended to suspend Think operations and use            
low​ ​power​ ​color​ ​mode​ ​at​ ​the​ ​very​ ​least. 
  
void​ ​​OnExit​(​ ​int​ ​reason​ ​) 
Called​ ​when​ ​the​ ​game​ ​is​ ​exited​ ​for​ ​whatever​ ​reason.  
 

6.4​ ​Game​ ​Layer 
 
The game layer is where all the game logic itself is implemented.  Logic for              
individual games will be detailed in section 7, but in general games will be              
implemented in a single class file and be implemented almost entirely through            
management layer callbacks and function calls. Standard C functionality may          
also be utilized. This allows the code to easily be transplanted between the             
emulator and the Arduino platform without significant development time to port           
individual games over. It also makes the organization of individual games much            
easier,​ ​as​ ​each​ ​will​ ​be​ ​kept​ ​to​ ​a​ ​single​ ​file​ ​with​ ​a​ ​common​ ​interface. 

7.Testing 
 
This section contains the testing that was done once the parts were received for              
the LED board game. The data that was obtained from this section was used to               
determine if the chosen parts for the LED board game are able to be used for the                 
implementation of the project. What follows is the description of the testing            
process that will be implemented for the various components of the LED board             
game. Initial testing will be done with a development board. The development            
board test is essential to help the team transition from initial testing to final              
design. This allows the software team to begin work on programming the project.             
The code will be used later when it comes to testing the final hardware designed.               
The development board test will also help the hardware team to decide on the              
final hardware required for the project. Many iterations will be necessary between            
the initially tested components on the breadboard and the final design. Each test             
will​ ​help​ ​in​ ​determining​ ​the​ ​final​ ​components.  
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7.1​ ​Microcontroller​ ​Testing 
 
The first and most important components to test, are the microcontrollers. This            
project uses two microcontrollers, the ATmega2560 and the ATmega16u2. The          
ATmega2560 will handle most of the code execution while the ATmega16u2 will            
be used to interface with a personal computer via USB. For the final PCB, both               
microcontrollers will need to be flashed with a bootloader. The team will test that              
the bootloader was flashed by uploading code to the microcontroller. Once the            
team has successfully uploaded code to the microcontroller, testing the code           
execution can begin. The code so execute similarly to how it behaved during the              
breadboard test described later in this section. The code execution test will test             
that button inputs are accepted, the LCD is able to display properly, and the LED               
are​ ​addressable​ ​individual​ ​and​ ​illuminating​ ​properly.  
 
The board will have to execute a start up sequence when powered on. The board               
shall have an idle state so as to conserve power when not in use. During the idle                 
state, all LEDs will be off, the LCD will be off, and a button press will wake up the                   
board. When the board is woken up, it will resume the game from the point               
before the idle state was initiated. The power consumption when the board is in              
the​ ​idle​ ​state​ ​shall​ ​be​ ​measured.  
 
Each game must be tested to guarantee playability. The code must be tested to              
determine that an illegal move does not lead to an led being illuminated. An              
illegal move must activate the buzzer to signal to the player that they can’t move               
a​ ​piece​ ​there.  

7.2​ ​LED​ ​Testing 
 
The first test to complete once the MCU is programmed is to test the LEDs. The                
brightness of the LEDs can be changed from the code. The LEDs must be tested               
under the 3d printed tile to determine what level brightness is appropriate. Power             
consumption​ ​of​ ​the​ ​LEDs​ ​must​ ​be​ ​tested.  

7.3​ ​Button​ ​Testing 
 
There are 81 buttons to correspond to the 81 tiles of the board. Each button will                
have a corresponding LED. The test will be to illuminate the LED when the              
associated button is pressed. This test will demonstrate that multiple key presses            
can register at the same time and that each button is functional. Before soldering              
a button it will be tested for conductivity with a multimeter. In the event that a                
button does not conduct electricity when pressed it will be discarded. Buttons will             
be multiplexed for the final project. A test of multiplexed buttons is necessary to              
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ensure that a press of one button does not trigger the microcontroller to read an               
input​ ​on​ ​more​ ​than​ ​one​ ​button.  
 
The project will utilize interrupts on the buttons. The interrupts will allow the CPU              
to be disabled between button presses. If interrupts were not used the MCU             
would have to poll each button during operation. Polling is both slower and             
consumes more power. The test to determine that interrupts are functioning           
properly is to incrementally illuminate an LED on the LED strip. When a button is               
pressed the currently illuminated LED will turn off and the next LED will be              
illuminated. Information to be recorded during testing will be average CPU power            
consumption, CPU power consumption when off, and that the CPU is properly            
reading​ ​the​ ​interrupts.  

7.4​ ​LCD​ ​Testing 
 
The TFT full color lcd will be tested to ensure proper operation. The initial test of                
the LCD will cycle between colors to test that there are no dead pixels on the                
display. Bitmap images will be tested next. The LCD has the ability to display              
bitmap images. To test this feature, the team will store images onto the SD card               
to be displayed on the LCD. The LCD will need to display text. A small text file                 
will be loaded onto the microcontroller to be displayed on the LCD. The LCD              
must be able to scroll up or down through a menu of text so the player can select                  
a game. To test this, buttons will be used as the up arrow and down arrow to                 
move the cursor for the menu up and down respectively. Latency between a             
button press and the menu cursor moving will be measured. It is desirable to              
lower input latency as much as possible. To conserve power the LCD must be              
turned off when the menu is no longer needed, such as during gameplay. A              
menu button press shall wake the LCD and display the starting menu to allow the               
user to select a new game or reset the current game. To test that the correct                
menu options are being displayed, the team will start a game and attempt to start               
a new game after a few rounds of play. This test will be conducted for each                
game.  

7.5​ ​SD​ ​Card​ ​Testing 
 
An external storage solution is needed for nonvolatile storage of both player            
scores and code to be executed. The first test of the SD card will simply be to                 
read and write data to the SD card. A blank, freshly formatted SD card will be                
used for the write test. A button press will write a string of text to the SD card in                   
either txt or csv format. To reading from the SD card, the previously written text               
will be displayed on the LCD when a different button is pressed. The code for               
game execution will have to be stored on the SD card as the 256kB of flash                
memory on the microcontroller will not be sufficient to store all of them. A test will                
be needed to verify that the code is being written to the microcontroller’s flash              
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memory. The test will involve removing the sd card after it has finished reading              
the​ ​sd​ ​card,​ ​and​ ​then​ ​beginning​ ​to​ ​execute​ ​code​ ​from​ ​the​ ​microcontroller’s​ ​flash. 

7.6​ ​Power​ ​Testing 
 
The project will be portable and battery power. Due to this the power consumed              
is going to need to be limited as much as possible. The first test for power testing                 
is to determine that the battery can supply enough current for all the components.              
The current draw for each component will be measured individually. The           
individual currents will be added together to give a rough estimate of the needed              
current draw for a worst case situation. Battery life is also a concern for the               
project. A game of go can last for several hours, and the board must be playable                
for the entire duration of the game. Battery life will be tested by assembling the               
project and having every component be active and wait for the a full charge to               
dissipate. This time will be recorded. The team will then try to increase the              
maximum battery life as much as possible. Battery Charge time will also be             
measured.  

7.7​ ​Material​ ​Testing 
 
The materials used for the project need to be tested for rigidity and weight. The               
project needs to be lightweight enough that it is easily transported. Aluminum and             
acrylic are possible materials to make the enclosure of the board. The lighter of              
the two materials will be chosen for the final project. The same size of material in                
aluminum and acrylic will be weighed. The tiles will be 3d printed. Both solid              
white and transparent 3d print filament will be tested to see which is more              
aesthetically pleasing. The transparent tile will need to be sanded to help diffuse             
the​ ​light​ ​emitted​ ​by​ ​the​ ​LEDs.  

7.8​ ​Final​ ​Test 
 
Once​ ​the​ ​final​ ​PCBs​ ​have​ ​arrived​ ​and​ ​have​ ​been​ ​assembled,​ ​the​ ​team​ ​will​ ​begin 
testing​ ​to​ ​determine​ ​that​ ​they​ ​are​ ​suitable​ ​for​ ​use​ ​in​ ​the​ ​final​ ​project.​ ​Input​ ​and 
output​ ​of​ ​the​ ​PCBs​ ​must​ ​be​ ​tested.​ ​To​ ​test​ ​input​ ​and​ ​output,​ ​once​ ​the​ ​pcb​ ​has 
been​ ​assembled​ ​the​ ​buttons​ ​will​ ​be​ ​pressed​ ​to​ ​determine​ ​that​ ​they​ ​work,​ ​the 
LCD​ ​will​ ​display​ ​a​ ​menu,​ ​and​ ​the​ ​LEDs​ ​will​ ​be​ ​illuminated.​ ​At​ ​this​ ​point​ ​it​ ​is 
necessary​ ​to​ ​confirm​ ​that​ ​the​ ​bootloader​ ​and​ ​the​ ​software​ ​installed​ ​on​ ​the 
microcontroller​ ​is​ ​functioning​ ​properly.​ ​The​ ​project​ ​will​ ​be​ ​weighed​ ​and​ ​measured 
after​ ​final​ ​assembly​ ​to​ ​determine​ ​if​ ​it​ ​has​ ​met​ ​the​ ​engineering​ ​specifications. 
 
 
 
 

 
Page​ ​114 



 
 

 
7.9​ ​Initial​ ​Parts​ ​Testing 
 

 
Figure​ ​70:​ ​Nokia​ ​5110​ ​LCD​ ​module​ ​backlight​ ​test 
 

 
Figure​ ​71:​ ​Initial​ ​LED​ ​Test​ ​and​ ​Initial​ ​Battery​ ​Test 
 

 
Figure​ ​72:​ ​LCD​ ​Breakout​ ​Board​ ​Test 
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The initial parts testing was done on the development board and using            
components on breakout boards. The use of pre-assembled product allows the           
team to start developing software for the final product without having to wait for              
pcbs to arrive and be populated with components. Some of the parts that were              
ordered were not functional and had to be replaced. The below section shows             
the​ ​results​ ​of​ ​the​ ​test​ ​for​ ​the​ ​LCD,​ ​battery,​ ​microcontroller,​ ​and​ ​LED​ ​strips.  
 
It can be seen from Figure 70, the backlight of the nokia 5110 LCD module               
functioned as expected, but the team was not able to make the LCD module              
display any text. The two most likely reasons for this is either that the LCD               
module itself had a design defect or that the team had damaged the LCD module               
when​ ​attempting​ ​to​ ​test​ ​it. 
 
Figure 71 above shows that the development board and LEDs can be powered             
from the battery successfully. Figure 71 shows the LED illuminated white. The            
max current draw of 9 LEDs was measured to be 0.406A. With this information,              
the maximum possible current draw of the LEDs was estimated to be 3.6A             
without lowering the duty cycle. The team has decided to lower the duty cycle of               
the LEDs in order to conserve power. The individually addressable nature of the             
LEDs​ ​was​ ​also​ ​tested​ ​successfully.  
 
The second LCD was tested using the adafruit graphics library. As shown in             
Figure​ ​72​ ​above,​ ​it​ ​was​ ​able​ ​to​ ​successfully​ ​display​ ​text​ ​and​ ​graphics.  
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8.​ ​Administrative 
 
This section deals with time management, budgeting, and team organization. All           
of these are critical to the creation of a good project, but do not usually show up                 
directly in the final product. They do, however, have a large impact on the quality               
of​ ​a​ ​project​ ​so​ ​it's​ ​important​ ​that​ ​we​ ​discuss​ ​them. 

8.1​ ​Team​ ​Organization 
 
For small teams, a tried and true strategy is to have each member be in charge                
of a specific area of the project where possible, and have one member be in               
charge of coordinating them to make a cohesive final product. This creates a             
good chain of accountability, where the expectations of each team member are            
clear and for the most part members of the team can work on their individual               
parts autonomously. There are of course a lot of decisions to be made as to               
hardware choices, product design, and general product features and behavior.          
Everyone in the group contributes to these decisions. Everyone will also           
contribute​ ​to​ ​the​ ​physical​ ​design​ ​and​ ​assembly​ ​of​ ​the​ ​project.  

8.1.1​ ​Team​ ​Roles 
 
Team​ ​Member​ ​Assigned​ ​to​ ​Role Role 
Kevin​ ​Cochran PCB​ ​Design 

Noah​ ​Thering Project​ ​Management/Software​ ​Design 

Taylor​ ​Grubbs Game​ ​Design/Implementation 

Zachery​ ​Dunlop Power​ ​Delivery 
Table​ ​4:​ ​Team​ ​Roles 

8.1.2​ ​Management​ ​Strategies 
 
The project manager is responsible for making sure everyone works together           
well and the end result of the team's efforts will be cohesive. In general, this               
means leaving the specific implementation details of a particular module of the            
project to the team members in charge of that module whenever possible, and             
focusing on making sure that everything is going to come together to meet the              
end goal of the project. This mostly involves coming up with tasks and             
deadlines, discussions with group members to determine possible problems with          
the overall plan, and working with the group to come up with solutions to              
project-wide issues. A good project manager simply serves as a conduit for the             
needs and priorities for the group as a whole; making sure everyone is             
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productive and happy is the top priority for a good project manager. This             
sometimes means compromising with other group members or doing things a           
different way, but the same is expected of everyone in the group. Ideally the              
project​ ​manager​ ​is​ ​simply​ ​another​ ​role​ ​on​ ​the​ ​project,​ ​equal​ ​to​ ​any​ ​other. 

8.2​ ​Time​ ​Management​ ​Strategies 
 
Essential to the completion of a project is the ability to effectively manage the              
time dedicated to it. Keeping everyone productive and on-task throughout the           
development of the project is a challenge, but can be accomplished with the             
application​ ​of​ ​some​ ​key​ ​concepts. 

8.2.1​ ​Parallelization 
 
As discussed above, everyone is assigned to a particular role on the project.             
This does not aim to eliminate responsibilities that must be done in a group              
setting, like designing the overall project or assembling it. Rather, it allows for             
the effective execution of tasks that would otherwise take more man-hours than            
needed. Where possible, it's best to leave a task to the person most qualified or               
most interested in it. This way they can focus on getting it done without worrying               
about the overhead involved with collaborating with other team members, and           
everyone​ ​on​ ​the​ ​project​ ​can​ ​work​ ​on​ ​something​ ​different. 
 
A key principle involved in the effective execution of this philosophy is the idea of               
parallelization. This is the concept of being able to work on tasks in parallel.              
While the ideal case is that every task would be possible to divide up in this way                 
from the start of the project until the end of it, the reality is that many tasks have                  
prerequisites and dependencies that are not satisfied until very late in the project,             
like the programming of the board. Other tasks have prerequisites that involve a             
lot of waiting, like the PCB designer needing to wait on the arrival and testing of                
individual​ ​parts​ ​before​ ​being​ ​certain​ ​those​ ​are​ ​the​ ​parts​ ​we'll​ ​be​ ​using.  
 
Eliminating these prerequisites, or circumventing them, is the top priority early in            
the project. Getting to the stage where everyone can work on their own parts of               
the project full-time is the ideal goal and if achieved can substantially reduce             
development time. It is even worth the investment of extra resources early on,             
which is why we opted to create an emulator for the board. The extra work               
invested into it will allow, in the ideal case, the completion of most of the code                
base before the board is fully assembled. Thus, once the board is assembled,             
we will be able to use it almost immediately afterward instead of waiting to              
develop and test the code. This allows faults to be found much quicker and can               
keep​ ​everyone​ ​productive​ ​until​ ​the​ ​product​ ​has​ ​reached​ ​completion. 
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8.2.2​ ​Schedule 
 
Having an overall team objective for each week is helpful for staying on task and               
making sure things are progressing on-pace. The schedule is not infallible as it             
can be hard to see what will ultimately take the most time over the course of a                 
project, but it can be a good first step to keeping things on-task. Here's our               
current​ ​schedule: 
 
SENIOR​ ​DESIGN​ ​I 

 
Week​ ​1​ ​(8/20-8/26) Meet with Team to brainstorm project      

ideas 

Week​ ​2​ ​(8/27-9/2) Senior​ ​Design​ ​Bootcamp 

Week​ ​3​ ​(9/3-9/9) Project​ ​Delayed​ ​due​ ​to​ ​Hurricane​ ​Irma 

Week​ ​4​ ​(9/10-9/16) Divide​ ​and​ ​Conquer  

Week​ ​5​ ​(9/17-9/23) Mental Simulations of Product    
Function 

Week​ ​6​ ​(9/24-9/30) Update​ ​Divide​ ​and​ ​conquer 

Week​ ​7​ ​(10/1-10/7) Determine Hardware/Software  
Interface​ ​Standards 

Week​ ​8​ ​(10/8-10/14) Basic​ ​Concepts​ ​Tested​ ​and​ ​Verified 

Week​ ​9​ ​(10/15-10/21) Finalize​ ​Button​ ​Design 

Week​ ​10​ ​(10/22-10/28) Mock​ ​Up​ ​Games​ ​on​ ​Another​ ​Platform 

Week​ ​11​ ​(10/29-11/4) 60​ ​page​ ​submission​ ​due 

Week​ ​12​ ​(11/5-11/11) Finalize​ ​Physical​ ​Layout 

Week​ ​13​ ​(11/12-11/18) 100​ ​page​ ​submission​ ​due 

Week​ ​14​ ​(11/19-11/25) Finalize​ ​Part​ ​Choices 

Week​ ​15​ ​(11/26-12/2) Finalize​ ​PCB​ ​Design 

12/4 Final​ ​Document​ ​Due 
 
Table​ ​5​:​ ​​Senior​ ​Design​ ​I​ ​milestones 
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SENIOR​ ​DESIGN​ ​II 
 

Week​ ​1​ ​(1/8-1/14) Final​ ​Analysis​ ​of​ ​Project​ ​Design 

Week​ ​2​ ​(1/15-1/21) Order​ ​Parts 

Week​ ​3​ ​(1/22-1/28) Start Assembling Prototype   
Components 

Week​ ​4​ ​(1/29-2/4) Start​ ​Assembling​ ​Full​ ​Prototype 

Week​ ​5​ ​(2/5-2/11) Finish​ ​Assembly​ ​of​ ​Full​ ​Prototype 

Week​ ​6​ ​(2/12-2/18) Extensive​ ​Testing​ ​Period 

Week​ ​7​ ​(2/19-2/25) Analysis​ ​of​ ​Testing 

Week​ ​8​ ​(2/26-3/4) Redesign of Weak Components and     
Bug​ ​Fixing 

Week​ ​9​ ​(3/5-3/11) Get​ ​New​ ​Parts​ ​for​ ​Required​ ​Changes 

Week​ ​10​ ​(3/11-3/17) Apply​ ​Needed​ ​Modifications 

Week​ ​11​ ​(3/18-3/24) Extensive​ ​Testing​ ​Period 

Week​ ​12​ ​(3/25-3/31) Make Minor Tweaks to Project, Order      
Parts 

Week​ ​13​ ​(4/1-4/7) Finish​ ​Tweaks​ ​and​ ​Polish 

Week​ ​14​ ​(4/8-4/14) Extensive Project Testing   
(Presentation​ ​to​ ​Faculty​ ​Advisors)  

Week​ ​15​ ​(4/15-4/21) Finalize​ ​and​ ​Pack​ ​Up​ ​Project 

Final​ ​Presentation 
 

Table​ ​6​:​​ ​Senior​ ​Design​ ​II​ ​milestones 

 

8.2.3​ ​Weekly​ ​Meetings 
 
Meeting as a group at least once a week is essential to the success of any major                 
project. It allows the group members to touch base with each-other on how each              
section of the project is progressing and what the objective for the next week is.               
This allows everyone to get input on what they're currently doing, get any help if               
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they need it, or point out any potential problems or concerns down the road. It               
also allows the direct application of this knowledge into the creation of new tasks              
for​ ​that​ ​week. 
 
Once the project progresses to the prototype stage, it becomes even more            
essential to have these meetings as each one can be based around a test              
session. During the test session, all relevant changes from that week can be             
examined and discussed. This keeps everyone on the same page and allows            
immediate and constructive feedback from everyone in the group on where they            
want the project to go from there. Being able to see your changes in action and                
share them with your group partners is also a fun and rewarding experience,             
which​ ​everyone​ ​contributing​ ​to​ ​a​ ​project​ ​deserves​ ​to​ ​have. 

8.2.4​ ​Budget 
 
A project cannot see completion without the effective assignment and use of            
resources. As we've opted to have a high quality prototype gameboard, our            
current budget is $350. This budget includes duplicate parts and custom PCB            
manufacture. If the product were to enter mass-production, the cost per unit            
would​ ​be​ ​substantially​ ​less.  
 
This project is funded out of our own pockets, but between 4 group members the               
cost is not prohibitive. We simply split the cost 4 ways, turning a $350 project               
into​ ​a​ ​$90​ ​expense​ ​for​ ​each​ ​of​ ​us. 
 
At​ ​the​ ​present​ ​time,​ ​this​ ​is​ ​our​ ​budget: 
 
Switch​ ​cells: 
Switches​ ​=​ ​$50​​ ​​(alternate​ ​​$42.50) 
Leds​ ​=​ ​$50 
Resistors​ ​=​ ​$10 
Keycaps​ ​=​ ​$20-30 
 
Brains​: 
ATmega2560​ ​=​ ​$15 
LCD​ ​=​ ​​$10​​ ​or​ ​​$15 
Micro​ ​SD​ ​card​ ​=​ ​$10 
 
Case​ ​=​ ​$50-60 
PCBs​ ​=​ ​$90-100​ ​based​ ​on​ ​OSHpark​ ​Pricing 
 
Power​ ​=​ ​$15-50 
Total​ ​=​ ​$350 
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9.​ ​Conclusion 
 
The design stage of the project has been proceeding smoothly, though we have             
hit​ ​a​ ​few​ ​snags​ ​here​ ​and​ ​there. 
 
The biggest issue encountered so far is our first LCD screen choice not being the               
ideal one for the project. After 2 hours of testing we could not get it to run the full                   
test sequence, and ultimately it proved to be smaller and less capable than our              
project demanded. With the rest of the project using fairly high-quality parts and             
presentation, it didn't make a ton of sense to use a $5 LCD screen as one of the                  
main points of user interaction. For this reason we decided to move to a larger               
full​ ​color​ ​display. 
 
We've also decided to add more and more features over the course of             
development, both because we feel they're needed for proper operation and           
because we feel the project will be more desirable and versatile with these             
additions. Careful evaluation of each addition has to be done to avoid loading             
too many features into the project, but so far we're confident that all of them can                
be​ ​successfully​ ​implemented. 
 
Overall, this may not be the first digitally enhanced game board, but it will              
certainly​ ​match​ ​the​ ​best​ ​of​ ​them​ ​in​ ​terms​ ​of​ ​quality​ ​and​ ​execution. 
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