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[bookmark: _Toc224654713]1.0 Introduction
[bookmark: h.4r7h91sy4phq][bookmark: _Toc224654714]1.1 Statement of Purpose
We chose to create an electronic version of the board game, “Settlers of Catan”. This board allows players to move through the game faster and to make sure that there are no missed resources during distribution. It also speeds up the initial game setup process.
We selected this project because there is nothing similar available, and it presents some unique challenges with regards to piece detection and board design, due to the game's unique reconfigurable layout and pieces. We also felt that we could produce a functional, easy-to-use, and nice-looking final device that would be a worthwhile goal.
[bookmark: h.2uvkdolp3qp7][bookmark: _Toc224654715]1.2 Goals
· Develop a modular board system that can be easily expanded and assembled
· Recreate very similar gameplay to the actual board game
· Have an easy-to-use interface for players that doesn’t require additional learning
[bookmark: _Toc224654716]1.3 Benefits
· Resources automatically totaled for players at the beginning of each turn
· Automatically generate the board configuration.
· Built-in random-number dice.
· Makes resource distribution easier for players
· Speeds game play
[bookmark: _Toc224654717]1.4 Functions
· Bright LEDs to display board layout and 7-segment displays to indicate number on each tile
· Automatic randomized board layout for each game
· Identify individual pieces (type and owner)
· Easy to read resource information for each player
[bookmark: _Toc224654718]1.5 Features
· Automatic board layout
· Easy-to-use resource counting feature
· Intuitive gameplay
· Contains all pieces for a 4 person game

[bookmark: h.6846dfglsnlc]

[bookmark: _Toc224654719]2.0 Design
[bookmark: h.4pn9it4kh8m4][bookmark: _Toc224654720][bookmark: h.nd1nyt48nyt]2.1 Block Diagram
Game piece
Robber
Board tile
Dice module
User-display module
Master module
Power supply

[bookmark: h.c8b8856fsx9f]

[bookmark: _Toc224654721]2.2 Block Descriptions
[bookmark: _Toc224654722]2.2.1 Master Module
The master module will contain the game logic and will be responsible for controlling the board tiles, dice module, and user-display modules. The master module will be connected to the other modules via an I2C bus.
[image: ]


[bookmark: _Toc224654723]2.2.2 Board Tiles
In the traditional Settlers of Catan, the board is made up of several (19) tiles that are laid out and used to construct a unique board for each game. Each tile also gets a token with a number from 2 to 12. Our version will have those tiles assembled, but the logic in each cell will allow the layout of the board to be randomly generated. This will allow the same gameplay as the traditional version. Each tile will include an RGB LED to change the color, two piece sensors, a Hall Effect sensor for detection of the robber, and a 7-segment display to show its number.
In the board game, the tiles are hexagons. The board tiles PCBs will be rectangles for easier assembly, but the plastic cover on the game will give the illusion of hexagon tiles.
The board tile PCBs will be connected to each other via the CONPREV and CONNEXT headers. This will allow only one connection to the master module but will allow access to the entire string of board tiles. This will minimize the connections between parts and simplify assembly since each of the board tile modules only have to be connected to the new and previous modules in the series. This modular design would also allow re-use of our design to make boards of different shapes or larger boards by simply adding more board tile PCBs and updating the master module.
The tiles will be identical and connected via an I2C bus to allow individual addressing and two-way communication with only two wires.
The board tiles will be controlled by the master module via the I2C bus.Piece sensor header and voltage dividers
Hall Effect sensor header
I2C connection from previous/to next
Capacitors for MCU VCC
RESET pullup
Capacitor to stabilize Hall Effect analog pin
RGB LED and resistors
7-segment display and resistors
Header for programmer connection
MSP430G2553 MCU




[bookmark: _Toc224654724]2.2.3 Dice Module
The dice module will consist of two digital "dice" and a button to “roll” them. The numbers will be generated by a random number generator and displayed via LEDs. The module will then send the numbers to the master module via the bus. This will simulate rolling the dice for each turn.
[image: Internal:Users:Hannah:Desktop:Screen Shot 2013-03-10 at 6.04.52 PM.png]
[bookmark: _Toc224654725]2.2.4 User-display Module
The user display module will display the number of resources collected after each dice roll, while taking into account the position of the robber. These will be displayed using 7-segment displays. The master module will update the displays via the I2C bus. This will allow players to easily decide which resources to collect after each dice roll.
The same circuit used for the dice will be used for the user-display module, sans button, simply repeated 10 times. The grouping for the 7-segment displays is illustrated below.
[image: ]

[bookmark: _Toc224654726]2.2.5 Game Pieces
The standard game pieces will consist of different valued resistors inside of pieces. This will allow the board tiles to identify the type of piece, as well as which player the piece belongs to by measuring the voltage drop in a voltage divider. This will allow automatic totaling of the points for easy resource distribution. The pieces will allow a simple, intuitive gameplay similar to the normal game.
[image: ]
[bookmark: _Toc224654727]2.2.6 Robber
The robber will be a plastic game piece with a powerful magnet on the base, which will activate the Hall Effect sensor in each board cell in order to allow the board to sense the piece location. This will allow the robber to be used in the same way as the normal game.
The board cell will contain a magnet to pull the robber to the correct location so that the detection is reliable.
Plastic game piece
Strong magnet

[bookmark: h.5xqjoengej5j]

[bookmark: _Toc224654728]3.0 Requirements and Verification
[bookmark: _Toc224654729]3.1.1 Master Module
	Requirements
	Verification

	1. [bookmark: h.m36jm87xoitq]Receive data at master module via I2C








2. Send data from master module via I2C








3. Module must provide an internal voltage of 3.3V ± 0.1V for use by the microcontroller.



4. Pull-up resistors must provide 3.3V ± 0.1V to the I2C bus when all connected inputs are in high-impedance mode.


5. Switches must provide 3.3V ± 0.1V at the input of the microcontroller.





6. LEDs must function when provided grounded via the microcontroller. 
	· [bookmark: _GoBack]Connect the CONNEXT header to the CONPREV header on the board tile or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the master module or test program sends data to the board tile.

· Connect the CONNEXT header to the CONPREV header on the board tile or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the master module or test program sends data to the board tile.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONNEXT header and attach the ground to the GND pin in the CONNEXT header. Use a multimeter to verify that the MSP430 VCC pin has 3.3V ± 0.1V.

· Using a multimeter, verify that the voltage on the I2C bus is 3.3V ± 0.1V when the microcontroller inputs are in high-impedance mode.

· Using a multimeter in continuity mode without connecting the board tile to power, attach one lead to the 3V3 trace and the other to the input pin on the microcontroller. Press the button. When pressed, there should be very low resistance (<5Ω)

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONNEXT header and ground to the GND pin in the CONNEXT header. Using a microcontroller test program, verify that the LEDs illuminate when the pin is in output mode and is grounded.


[bookmark: _Toc224654730]3.1.2 Board Tile
	Requirements
	Verification

	1. Receive data at board tile via I2C








2. Send data from board tile via I2C








3. Voltages at pins in the CONPREV header must show up at the same pin in the CONNEXT header


4. RGB LED in tile must be visible in a brightly-lit room







5. 7 segment display must be visible in a brightly-lit room.






6. Must detect standard game pieces when connected








7. Hall Effect sensor must detect magnet magnetic field through 1/4” plastic.










8. Tile must provide an internal voltage of 3.3V ± 0.1V for use by the microcontroller.
	· Connect the CONPREV header to the header on the master module or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the master module or test program sends data to the board tile.

· Connect the CONPREV header to the header on the master module or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the master module or test program sends data to the board tile.

· Attach a 5.0 ± 0.1V source to the VCC pin in the CONPREV header and verify that the same pin in the CONPREV header shows a 5.0± 0.1V voltage.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONPREV header and attach the ground to the GND pin in the CONPREV header. Load the LED brightness test program onto the microcontroller via the PROGRAM header. Verify that the LED can be seen when covered by ¼” white plastic in a brightly-lit room.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONPREV header and attach the ground to the GND pin in the CONPREV header. Load the 7-segment test program. Verify that the 7-segment display counts through all numbers from 0 to 10 and is visible when uncovered in a brightly-lit room.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONPREV header and attach the ground to the GND pin in the CONPREV header. Attach a game piece containing a 1000 ohm resistor to the connector. Verify that the voltage at the ANALOGX junction is 1.65 V ± 0.05V. In addition, use a multimeter to ensure that the correct voltage appears at the analog input pin on the microcontroller.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONPREV header and attach the ground to the GND pin in the CONPREV header. Place robber piece on board tile near Hall Effect sensor. Verify with a multimeter that the voltage output from the Hall Effect sensor changes when the robber piece is placed near the sensor. In addition, use test code on the microcontroller to verify that the voltage read on the analog input pin changes when the robber is placed or removed.

· Connect a 5.0 ± 0.1V power source to the 5V pin in the CONPREV header and attach the ground to the GND pin in the CONPREV header. Use a multimeter to verify that the MSP430 VCC pin has 3.3V ± 0.1V.


[bookmark: _Toc224654731]3.1.3 Dice Module
	Requirements
	Verification

	1. Pin wiring in hardware matches pin designations in software



2. Must send information (about generated numbers) serially
	· Ensure the power is on
· See if all numbers display properly on the 7-segment display. 
· Check wires and leads with multimeter.

· Connect the CONPREV header to the header on the master module or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the test program sends data.


[bookmark: _Toc224654732]3.1.4 User-display Module
	Requirements
	Verification

	1. Must receive information (about earned resources) via I2C






2. Pin wiring in hardware matches pin designations in software
	· Connect the CONPREV header to the header on the master module or a test microcontroller with a test program. Attach the power cable to the master module. Using a logic analyzer attached to the I2C bus, verify that the I2C signals are correct when the test program sends data.

· Ensure the power is on
· See if all numbers display properly on the 7-segment display. 
· Check wires and leads with multimeter.


[bookmark: _Toc224654733]3.1.5 Game Pieces
	Requirements
	Verification

	1. Must be durable enough to withstand many plug/unplug cycles

2. Must fit snugly in the board



3. Resistance must appear at the jack terminals
	· Plug/unplug the piece 100 times. Ensure no visible damage or wear is apparent.

· Ensure that pieces fit firmly and flush with the surface and don’t move when the board is shaken

· Using a multimeter, measure the resistance at the terminal on the 3.5mm jack and ensure that it matches the resistance of the resistor placed inside the piece.


[bookmark: h.fvnxq4tqczf][bookmark: h.ecdb9mnrnwyz][bookmark: h.26djznkw0kmq][bookmark: h.y6w4q0my8e2p][bookmark: h.215plilolg31][bookmark: h.ah80knf3aygd][bookmark: _Toc224654734]3.1.6 Robber
	Requirements
	Verification

	1. Magnet must be powerful enough to cause a noticeable voltage change in the Hall Effect sensors when place ¼” above the sensor
	· Connect the output from the Hall Effect sensor to a multimeter and measure the voltage change when the magnet is placed above the sensor on ¼” plastic. Ensure that it is at least 0.15V difference when the piece is placed versus when it is not.



[bookmark: h.d3yy8qj0fqcg][bookmark: h.hhwqxirnpf5v]

[bookmark: _Toc224654735]3.2 Tolerance Analysis
The component that most affects the performance of the project is the I2C bus. If the capacitance of the bus is too high, it will not work, and none of the components will be able to function. This can be corrected with an I2C buffer IC, but it is preferable not to use a buffer if not required.
In order to function, the bus must have a capacitance of less than 400pF, according to the specification. We will measure the bus capacitance when the unit is assembled to determine if it meets the specification.
We will run the test with a function generator and oscilloscope to determine the input capacitance. We will also add additional capacitance to the bus and test the response of the controller.
[bookmark: _Toc224654736]3.3 Preliminary Testing
[bookmark: _Toc224654737]3.3.1 LED Brightness Testing
A sample RGB LED with a 20mA current was bright enough to be seen through plastic under normal lighting. Ultra-bright LEDs will be fine for this application.
A sample 7-segment display was too small and not bright enough to easily be seen through plastic. A larger, brighter 7-segment display will need to be used in the final product.
[bookmark: _Toc224654738]3.3.2 I2C Bus Testing
Testing with the MSP430 using the I2C bus has been performed, and it functions as expected. We will test again with final PCB designs before making all necessary PCBs.
[bookmark: _Toc224654739]3.3.3 Game Piece Design
[bookmark: h.5bv41qjoznsk]Several plastic game pieces were printed using a 3D printer, and they are durable enough to be used in the final design. They can be sized appropriately to fit the necessary hardware.
[bookmark: _Toc224654740]3.4 Flowcharts
[bookmark: _Toc224654741]3.4.1 Board Tile Flowchart
Start
Setup
Sleep
Compare Address
Parse Command
Execute Command
Check Analog Values
I2C Interrupt
Address doesn’t match
Address match
ADC Check Timer Interrupt
Done

[bookmark: _Toc224654742]3.4.2 Overall Flowchart
Start
Create and send board layout to board tiles
Sleep
Receive current piece placement from tiles
Calculate resource usage
Send resource usage information to display modules
Dice roll
Send initial configuration to display modules



[bookmark: _Toc224654743]3.5 Simulation
[bookmark: _Toc224654744]3.5.1 Game Piece Resistor Values
In order to determine which values would make appropriate choices for the game piece resistors.
Using the following parameters,
	ADC
	10
	bits

	# Pieces
	8
	

	Divider resistor
	1000
	ohms

	VCC
	3.3
	V



The following simulation values were obtained:	
	Piece resistance
	Divider voltage
	ADC Output
	ADC Delta
	Acceptable?

	0
	0.000
	0
	-
	-

	100
	0.300
	93
	93
	ok

	270
	0.702
	218
	125
	ok

	510
	1.115
	346
	128
	ok

	750
	1.414
	439
	93
	ok

	1100
	1.729
	536
	98
	ok

	1600
	2.031
	630
	94
	ok

	2400
	2.329
	723
	93
	ok

	3900
	2.627
	815
	92
	ok



This uses an ADC delta of 75 as being the threshold between acceptable and not acceptable. However, all ADC deltas are at least 92, so distinguishing between the values should be no problem, even with noise. The detection circuit will be pulled down to ground when no piece is connected.


[bookmark: _Toc224654745]4.0 Cost and Schedule
[bookmark: h.fraw6t1g17il][bookmark: _Toc224654746]4.1 Cost Analysis
[bookmark: h.jwjukfeblbc][bookmark: _Toc224654747]4.1.1 Labor
	Name
	Hourly Wages
	Hours Invested
	Labor Total (x2.5)

	Hannah
	$40
	120
	$12000

	Adam
	$40
	120
	$12000

	Labor Total
	
	240
	$24000


[bookmark: h.59so4hicu4lp]


[bookmark: _Toc224654748]4.1.2 Parts
	Part
	Part Number
	Status
	Unit Cost
	Quantity
	Total

	RGB LED
	
	Not selected
	 $      0.45 
	19
	 $      8.55 

	Microcontroller
	MSP430G2553
	Selected, have samples
	 $      1.33 
	30
	 $    39.90 

	7-Segment Display
	COM-08546
	Selected, have parts
	 $      0.86 
	41
	 $    35.26 

	Hall Effect Sensor
	785-SS42R
	Selected, have sample
	 $      1.64 
	19
	 $    31.16 

	Linear Regulator
	LM3940
	Selected
	 $      1.12 
	2
	 $      2.24 

	RCL, etc.
	
	In lab/part shop
	
	
	 $    40.00 

	Jack plug (male)
	3.5 mm plug
	Selected, have sample
	
	
	 $    20.00 

	Panel jack (female)
	3.5 mm jack
	Not selected
	
	
	 $    20.00 

	Acrylic Sheet
	8505K15
	Selected, have sample
	 $    72.13 
	1
	 $    72.13 

	Board Frame
	
	
	 $  100.00 
	1
	 $  100.00 

	Power Supply
	6VDC 3AMP
	Not selected
	 $      7.16
	1
	 $      7.16 

	PCB
	
	
	
	36
	 $  200.00 

	Game Pieces
	3D Printed
	Selected, have samples
	
	52
	 $    50.00 

	Part Total
	
	
	
	
	 $  626.40 


[bookmark: h.vypcby80xgtm][bookmark: _Toc224654749]4.1.3 Grand Total
	Section
	Total

	Labor Total
	$24000.00

	Part Total
	$626.40

	Grand Total
	$24626.40


[bookmark: h.3npy0z3y50l7][bookmark: _Toc224654750]4.2 Schedule
	Week
	Hannah
	Adam

	Feb 11
	Learn Eagle and rough design for dice PCB
	Learn Eagle and rough design for master PCB

	Feb 18
	Rough design for user display PCB and complete Design Review paper
Code dice microcontroller
Sign up for DR
	Rough design for board frame and cover and complete Design Review paper
Code master microcontroller

	Feb 25
	Prototype game pieces and robbers
Code user display microcontrollers
Review/send for milling master module PCB and board frame/cover
	Rough design for game tile PCB
Debug master code
Review/send for milling dice and user display PCB

	Mar 4
	Solder/debug dice PCB
Solder user display PCB
	Finalize game tile PCB and send first for printing
Finalize board frame and board cover designs and send for creation

	Mar 11
	Debug user display
Update PCB designs
Individual progress report
	Debug/update PCB designs
Individual progress report

	Mar 18
	Spring break
	Spring break

	Mar 25
	Solder/debug PCBs
	Solder/debug game tile PCB
Update game tile PCB design

	Apr 1
	Finalize user display, dice, master PCBs
Order final PCBs
	Solder/debug game tile PCB
Order rest of game tile PCBs

	Apr 8
	Assemble and debug
	Assemble and debug

	Apr 15
	Sign up for demo
Assemble and debug
	Start presentation
Assemble and debug

	Apr 22
	Demo
	Demo

	Apr 29
	Presentation, Final Paper, and Checkout
	Presentation, Final Paper, and Checkout


[bookmark: _Toc224654751]5.0 Discussion of Ethical Considerations
We will uphold IEEE code of Ethics and Academic Honesty. We will make sure our game is safe for mature audiences to use; however, the relatively small board pieces could be a choking hazard for young children. The official game is advised for ages 10 and up. Since we do not plan on selling our board for profit, we avoid running into Intellectual Property regulations.

Safety: We don’t foresee any major safety concerns for our project. The proper precautions for wiring and soldering will be used.
12

image2.png
A

V
N1
NALOG2
V
N2

A

VCC
GND
HALLEFFECT

NALOG1
R14 GND
C
13 G
C

HALLEFFECT

x

R10
MAN
100

R11

9

<

LEDRED

LEDRED

M
25
R12

M
25

HALLEFFECT

nuss
PG/ TARCLK/ACLK/ ABX/CA XOU/P2.6/TABA
PA.L/TAR.D/UCABRXD/ UCABSONL/ A%/ CAL xout/p2z7
PA4.2/TARA/UCABTXD/PUCADSING /62 /A2 TEST/SBUTCK
PAL3/UREF ¥ /VEREF ~¥..... _RST/NL/SBATEN)
P4 /UREF +3/VEREF +5/TCK/ PA7/CADUT/TOO/TOL ...
PA.5/TAR.D/UCBBELK/ THS/ .. PAL6/TABA/TOL/TELK/ ..
P20 P25

P24 P2t

P2.2 P2.3

Us1

(N
i<

LEDBLUE

xx
i<

LEDGREEN

LEDBLUE
LEDGREEN

LA-401AD

PROGRAM

"





image3.png
A

V
N1
NALOG2
V
N2

A

VCC
GND
HALLEFFECT

NALOG1
R14 GND
C
13 G
C

HALLEFFECT

x

R10
MAN
100

R11

9

<

LEDRED

LEDRED

M
25
R12

M
25

HALLEFFECT

nuss
PG/ TARCLK/ACLK/ ABX/CA XOU/P2.6/TABA
PA.L/TAR.D/UCABRXD/ UCABSONL/ A%/ CAL xout/p2z7
PA4.2/TARA/UCABTXD/PUCADSING /62 /A2 TEST/SBUTCK
PAL3/UREF ¥ /VEREF ~¥..... _RST/NL/SBATEN)
P4 /UREF +3/VEREF +5/TCK/ PA7/CADUT/TOO/TOL ...
PA.5/TAR.D/UCBBELK/ THS/ .. PAL6/TABA/TOL/TELK/ ..
P20 P25

P24 P2t

P2.2 P2.3

Us1

(N
i<

LEDBLUE

xx
i<

LEDGREEN

LEDBLUE
LEDGREEN

LA-401AD

PROGRAM

"





image4.png
MSPARNGOYY;

o]

R —
Ugt +

Ri5




image5.png
Player 1

HE8BBE8 BEBAA
HE8BBE8 BEBAA





image6.png




image1.png
VCC /I\ 55

X
L E D PWRO PL.B/TABCLK /ACLK/AB%/CAD HIN/P2.6/TAB.L
| P14/ UREF 4 /UEREF 14 /TEK . L7 /CABUT/TO0 O ..
L E D 1 P1.5/TABB/UCBACLK/ TMS/ e P1.6/TAB.A/TOI/TCLKS ...
A\ P20 P25
¢ |6 P24 P2.4
LE D2 P22 P2.3
A\ R3 U$1
<K—WW

LED3 100

O




