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INTRODUCTION

 Chess is popular, but complicated

 Problem: Hard to learn

» Solution: Assistive Chessboard _ m
* Physical Board |
* Magnetic Sensing

« LED signaling




OBJECTIVES

* Accurately detect piece type

 Display potential moves

* Signal invalid moves




SYSTEM OVERVIEW

Hardware
» Sensor Boards (x64)
* Control Boards (x3)
 Power Board
* Bluetooth Module
* Chess Pieces
* Chess Board/UlI
o Machine Shop
Software
« MCU
* Bluetooth App
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BLOCK DIAGRAM
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BLOCK DIAGRAM

Control Block

Sensor Block
Bluetooth TTL Il RGB LED
+ 8-bit Shift Register u .

. Battery
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DESIGN: SENSOR BOARDS im =
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DESIGN: SENSOR BOARDS
HALL-EFFECT SENSORS

* Requirements:
o Linear analog voltage output
o Can distinguish polarity
o 0-2 V output voltage range

e Selected sensor: TI DRV50530A
Hall-Effect Sensor [1]
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DESIGN: SENSOR BOARDS .
HALL-EFFECT SENSORS

VOUT versus Number of Magnets

exn@um i Polarity e=@ss- Polarity

Number of Magnets




DESIGN: SENSOR BOARDS
MAGNETS

* Requirements:
o Within Hall-Effect range
o Avoid interference effects

o Fits on chess piece

* Selected Magnets: N42 1”7 x 1/32”
Neodymium Magnets [2]
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DESIGN: SENSOR BOARDS -
MAGNETS

PIECE DISTANCE FROM SENSOR
VS. INCIDENT MAGNETICFIELD
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DESIGN SENSOR BOARDS .
LEDS | t

* Requirements:
o 3 colors (RGB)

e Selected LED: Chanzon
RGB LED [3]

 LED resistor calculation:

|74 -V
o R = Ypp~ViED
ILED
3.3V -20V
20mA

o R=650Q

o R =




BLOCK DIAGRAM
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DESIGN: CONTROL BLOCK
SIGNAL INTERFACE

| CLOCK Outputs |
1 1

 Control LEDs

* Receive Hall-Effect readings




DESIGN: SIGNAL INTERFACE
HALL-EFFECT INTERFACE

* Requirements:
o 0-2 V input range
o 10 mV resolution
o 8 input channels

o 12C communication

e Selected ADC: ON Semiconductor’s
NCD 9830 [4]




LTS

DESIGN: SIGNAL INTERFACE -
HALL-EFFECT INTERFACE

ADC Resolution Limit (Min
Readable ChangeinV,,)

e===10mV Requirement ® MindV (mV)
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DESIGN: SIGNAL INTERFACE
LED SELECTOR CIRCUIT

* Requirements: Signal Sent
High (3.3V)
Low (0.0V)

o 8-channel demultiplexers
o 8-bit shift registers
o Parallel output shift registers

e Selected Parts:

* Demux: ON Semiconductor’s
MC74HC238A Demultiplexer [5]

* Shift Registers: TI's SN74HC164
8-bit Shift Register [6]

Total Correct
64/64
64/64

% Correct



DESIGN: SIGNAL INTERFACE
LED SELECTOR CIRCUIT

 Alternate Options:
o Demultiplexer circuit: 33 MUXs, 192 latches
o Shift register circuit: 24 SRs, 16 MCU outputs
o Matrix LED control
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DESIGN: CONTROL BLOCK

MCU

* Requirements:
o UART to Bluetooth
o GPIO to LED/LCD
o 12C communication

o Atleast1 kB FRAM

e Selected MCU: TT’s
MSP430FR5962 [7]

Coon)

Initialize
Board

Wait for
piece pickup

If correct color

Wait for piece
putdown If illegal move

If legal move

Switch turn

Wait for
putdown in
legal spot
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DESIGN: CONTROL BLOCK
BLUETOOTH

* Requirements: Distance from Bluetooth
o UART interface Unit vs. Signal Strength

5 10
o >10 foot range

o Compatible with Bluetooth 2.0
* Selected Device: HCO06 [8]
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DESIGN: CONTROL BLOCK -
BLUETOOTH APP

* Python app to interface with board

* Only receives info
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DESIGN:
CONSUMPT]

Part

POWER

(ON CALCULATIONS
Current | # of Parts Max Current
per Part Consumption

Hall-Effect Sensor
LED
8-bit ADC

MCU
Bluetooth
8-bit SR
LCD Screen
 Total

172.8 mA
3840 mA
132 mA

1.8 mA

150 mA
1.92 mA

20 mA
4318.52 mA

Average Current
Consumption

172.8 mA
80 mA

132 mA
1.8 mA
150 mA
1.92 mA
20 mA
558.52 mA




DESIGN: POWER |

* Requirements:
o Battery: >3.5V; >2400mAh (4hrs op.)
o LDQO: Limits to 3.3V and >4A

o Charging: Safely charges Li-Ion "
* Selected Parts: | .

o Battery: SparkFun 2600 mAh
Li-Ion battery [9]

o LDO: TI TPS755 Low Dropout
Voltage Regulator [10]

g o Charging: Maxim MAX1551
- A\v Charger [11]




BLOCK DIAGRAM
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DESIGN: USER INTERFACE

* Requirements:

o Buttons: Easily pressable

o LCD: Serial communication
with MCU

e Selected Parts:

o Switches: Cherry
MX Blue Switches [12] °

o Buttons: uxcell
Buttons [13]

=~ o LCD: Newhaven 2x8
. m7 LCD Display [14]




BRINGING IT ALL TOGETHER



CONCLUSION
WHAT WORKED

* Sensor block read and displayed board
 Control block sent and received data
* Power block regulated power to system

 User interface is reactive
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CONCLUSION -
WHAT DIDN’T WORK

Hall-effect output atfected by current

LED Selector circuit suffered a failure

* Chess pieces were unwieldy Hall-Effect Vout vs. Circuit Current

1.004

* Improper PCB footprints

1.0035 o® 100348

* Minor gameplay bugs 1003 s
~— 1.0025 o® 1.00267
1.002 o®
.?.00176
1.0015 b

1.001 ® fOOOBtl

1.0005
10 20 30 40

Current (mA)




CONCLUSION 5 |
FUTURE IMPROVEMENTS \

* Hardware:
o Closer sensors for weaker magnets
o More sensors per square; can uncenter pieces
o Different sensing methods
o Grid LED Selector

* Software:
o Skill challenges
o Al opponent

.am o Wireless play
-




QUESTIONS? T

Image Source: http://pixar-animation.weebly.com/uploads/8/7/6/3/8763219/3623372_orig.jpg
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