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Motivation

* To create a remake of a
classical game that could
inspire more people to
play by adding features
that’ll make it more fun
and creative.

* A smaller version of the
wizard’s chess from Harry
Potter.




Objectives

 Hands-free, Voice-Controlled Chess
Board

* Players use voice commands to move
pieces.

* Electromagnet and XY-Plotter

* Moves the physical piece to desired
location.

* Player vs. Player




Requirements

Engineering Requirements

me

* The project design approach
and parts selected were
chosen so that they comply
with these requirements.
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Chess Board Housing

* Length x Width x Height :
* 635mm x 635mm x 254mm

e \VVolume :
* 102,419 cm”3

* Weight
* Enclosure—12 |lbs
* Playing Surface — 3 Ibs
e Total — 15 Ibs




Chess Board Enclosure

e Sande Plywood
e 4x8 sheet
* Marine plywood

* water resistant
e Strong and light weight

e The enclosure houses
all of the hardware and
electrical components




Chess Board Playing Surface

* The playing surface consist of a
plexiglass chess board with a
wooden boarder for each player.

e 2mm thick plexiglass for ease of
piece movement and sturdiness

* Plexiglass Surface
* 635x475 mm

* Playing Surface
* 300 x 300 mm

* Player Border
* 80 mm




XY-Plotter Location and Position

e Location

e Within the chess board
enclosure

* Position
e Positioned right side up with
respect to designed orientation

e Brackets used to mount XY-
Plotter towards top

* Electromagnet facing up
towards the playing surface




Chess Piece Specifications

* Chess consists of 32 playing pieces in a complete set
e 16 Chess pieces for each side

King (2) 32.5 12.7 70.8
Queen (2) 31.75 12.7 62.5
Bishop (4) 26.98 12.7 50.0
Knight (4) 23.8 12.7 41.6
Rook (4) 20.64 12.7 37.5

Pawn (16) 19.8 12.7 33.3



Chess Piece Magnetization

 Since the chess pieces are
wooden, metal needed to be
implemented to make the
pieces attract to the
electromagnet.

* A small steel washer was fitted to
the base of each piece

* This allows the electromagnet to
attract the pieces.




Electromagnet Specifications

e 12V electromagnet ﬁ
180N lifting force magnet

e Used in conjunction with a
MOSFET in order to easily

switch the electromagnet on
and off JH

* N-channel Power MOSFET
capable handling a Drain-
Source voltage of 30V, and
a current of 2.7A




Schematic

STEP_MO_X
A2V e STEP_MO_X

GND —em 5TEP MO_X-:
STEP_ X _lew STEP_MO_X.-
STEP. X 2es STERP_MO_X
STEP_X _3em STER_MO_X-
STEP_X 4 e STEP MO_X-

Nonbbne

STEP_.X S STEP_MO_X.

= STEP_MO_Y

12V ' STEP_MO_Y-1
oy —== STEP_MO_Y-2
STEP_Y les STEP_MO_Y-3
STEP_Y 2w STEP_MO_Y-4
STEP_Y _3es STEP_MO_Y-5
STEP_Y 4dem STEP_MO_Y-6
STEP_MO_Y-7

ELECTROMAGNET

ELECTROMAGNET-1
Ve £ ECTROMAGNET-2
= ELECTROMAGNET-3

ELECTROMAGNET o
GND.

~ LimitX_min
GND e | |MIT X-1

LIMIT_CONTROL X e | jMIT X.2
S5V e LIMIT_X-3

Limity_min
GND e | jMIT_Y-1

LIMIT_CONTROL Y e | yMiT -2
S5V am L MIT_Y-3

snp. LiMitX_max
Gl - LIMTT_X1-1
LIMIT_CONTROL_X2 e | \MIT X1.2

SV wm LMIT_X1-3

LIMITY max

- LMIT_Y1-1

LIMIT_CONTROL_Y2 —aw {jmiT 1.2
Vi

—- LIMIT_Y1-3

[sv
S
™
—t
[a
POWER_IN
SV e pOWER-1
GND e powWER-3
GND. e pOWER-5 -
N
12V e POWER-7 =
%
@
2
= 8
v a
ELECTROMAGNET B
|JJ‘
|l4»t Q1 GND
ON/OFFiMAG:m—# FDN359BN 5V
GND
12v 5V GNB
T %
12v  Isv
GND
lanD
LED1
LED6
o, D
QZ* 10
FDN359BN T LED1_CONTROI FDN359BN
GND
LED2
ol g
Q4% ,.| Q12
FDN359BN #_. ls 1 ED2_CONTROL FDN359BN
SND [
[ GND
LED3 LED8
i
Q9 Q7 nL
FDN359BN L D3_CONTROL FDN359BN LED8_CONTROL
lenp !GND
LED4
l LEDS
o 5
. .
o5 vl QB % pa
FDN359BN T]‘;LEDA»CONTROL FDN359BN L{gl¢ | ED9_CONTROL
GND IoND
[LED10O

i
FDN359BN e L LED10_CONTROL

IoND

RESET

5V
GND

GND

GND

ON/OFF_MAG

LED10_CONTROL
LED9_CONTRQL.

LED8_CONTRQOL
LED7_CONTROL.
LED6_CONTROL
LEDS_CONTROL
LED4_CONTROL
LED3_CONTROL
LED2_CONTROL
LED1_CONTROL

LCD_D1
LCD_DO
LCD_D7
LCD_D6

al

S 20pFCt  xTAL2 o
N llz}z Pe & o
= [72] GND-—o S,
3] 112 3 5
= — Py
- | x 1 XTALL £
20pF
1C1
300 RESET (ADTYPA7 LIMIT_CONTROL_X2
(ADG)PAG LIMIT_CONTROL_X
XTALZ (ADS)PAS oy
(AD4)PA4 ST E", X S
XTALL (AD3)PA3 STEP_X_4
= AREF (AD1)PA1 EP_X_
%0 AVCC (ADO)PAD STEP_X_1
—| AGND o
(OCOA/OCIC/PCINT7)PB7 SD_SCK
(OC1B/PCINTE)PBES SD_DO
(OCLA/PCINTS)PBS SD_DF
(OC2A/PCINTA)PBA SD_SS_
(MISO/PCINT3)PB3 MISO
(MOSUPCINT2)PE2 &_CKMOS

GND

PL7
PL6
PLS
PL4(OC5B)
PL3(OC5A)
PL2(T5)
PL1(ICPS)
PLO(ICP4)

PK7(ADC15/PCINT23)
PKB(ADC14/PCINT22)
PKS(ADC13/PCINT21)
PKA4(ADC12/PCINT20)
PK3(ADC11/PCINT19)
PK2(ADC10/PCINT18)
PK1(ADC/PCINT17)

PKO(ADCS/PCINT16)

PJ7
PJIB(PCINTLS)
PJ5(PCINT14)
PJA(PCINT13)
PJI3(PCINT12)
PJ2(XCK3/PCINT11)
PJ1(TXD3/PCINT10)
PJO(RXD3/PCINTS)

PH7(T4)

PHB(OC28)
PH5(0CAC)
PH4(OCA4B)
PH3(OCA4A)
PH2(XCK2)
PH1(TXD2)
PHO(RXD2)

(SCK/PCINT1)PB1
(SS/PCINTO)PBO

(A15)PC7
(A14)PC6
(A13)PC5
(A12)PC4
(A11)PC3
(AL10)PC2

(A9)PC1

(AB)PCO

(TO)PD7
(T1)PD8
(XCK1)PDS
(ICP1)PD4
(TXD1/INT3)PD2
(RXD1/INT2)PDZ
(SDA/INT1)PD1
(SCL/INTO)PDO

(CLKONCP3/INT7)PE7
(T3/INTE)PE6
(OC3C/NTS)PES
(OC3B/INTA)PE4
(OC3A/AINL)PES
(XCKO/AINO)PEZ
(TXDO)PEL
(RXDO/PCINS)PEO

(ADC7/TD)PF7
(ADC6/TDO)PF6
(ADCS/TMS)PFS
(ADC4/TCK)PF4
(ADC3)PF3
(ADC2)PF2
(ADC1)PF1
(ADCO)PFO

(OCOB)PGS
(TOSC1)PG4
(TOSC2)PG3
(ALE)PG2
(RD)PG1
(WR)PGO

LIMIT_CONTROL_Y2
LIMIT_CONTROL_Y

STEP_Y_5
STEP_Y_4
STEP_Y_3
STEP_Y_2
STEP_Y_1

PD6

8
| 7 1cp D3
6 _1CD_D2
5 LCD_DS
4

3 LEDTX
2

90

91

92

931 CD_RST
941 CD_CS

951 CD RS
961 CD_WR
971.CD_RD

1 1CD D4
29

|28
)
52
51

ATMEGA2560-16AU

X4-10

LED1 =
LED2 am %32
LED3 - X313
LED4 -1a
LEDS — “o25a's
LED6& -—X16
LEDZ - 17
LED8 e x3g
LED9 - X19
LED10 e X310
LEDUBA. ECR2,
LCD_DS

—-= X3-2
LCD_D2 e x33
- X3-4

LCD_D6 e x35
LCD_DZ e X3¢
LCD_DO__ e x3.7
SD'SS__ o 3g
SD DO e x39
SD_SCK e x3.10

5V
MOSI
GND

vy 12YLED
12v - XE.D
12v - %53
12v - X5a
12v -5
12v - X5.6
12v - X57
i2v - 5.8
12v - X509
12v - X5-10
STRIPLED

SV = STRIPLED-1
LEDTX ww STRIPLED-2

GND-—em STRIPLED-3



LIMIT Y
LimitY_min

NEBSENCS | NEBSENTS NEBSENTNGEGENTS

MNEESENCMEESENTNIBSEN DN ESENTINIESEN A - ...memmzan_
X OW d318 A OW 4418

ELECTROMAGNET
ELECTROMAGNET

LEMIT Y1
LIMITY _max

—
=
=
E
—

LIMIT X
Limit¥|_min

POWER_IN

STRIPLED
STRIBLED

PCB



LIMIT_Y1 LIMIT_Y

9070 900

STEP_MO_X
| 3 |
Ll-l \

02

=

——
]

Ic1
i

1

|

\

|

,.-J

| >
o
o
|
i
(T
©
Lgd Lgd
Q12 a a6 a

|

L)
B RE BN

J

|

LS J
(TN

e
0000000000

0000 eC00e0

o
o
a8

0000000000
0000000008

a:

o le

&

1
o2
hﬁim

B0ppm Crystal 20pF

83v
GND

0000000000 000

6
ELECTROMAGNET




Testing

Electromagnet

12V Peak Force 50N 25*20mm/1*0.8inch S8.57

12V Peak Force 500N 50x 27 mm /1.97 S20.34
x 1.06 in.
12V Peak Force 180N 34 x18 mm /0.7 x $11.53

linch




Power System

e A 120V AC wall outlet will be used to power the project
* A DC adapter will convert the 120V AC into 12V DC
* A buck regulator drops the 12V down to 5V

* A12 V power rail on the PCB will power components such as the
Electromagnet

* A5V source will be provided from the regulator to power other
components such as the microcontroller, LCD and the LEDs



Power System

From the DC adapter both 12V
and ground split into two wires
One 12V wire is routed to a buck
switching regulator to drop the
voltage down to 5V, then used to
power the microcontoller

The other 12V rail is sent directly
to the PCB board to power
specific components.




LCD

* ELEGOO Uno R3

Display Type 2.8 inch TFT LCD Module -
(ATmega2560
! Glass Type TFT -
Compatible). _ _ _
Display Resolutions 240 x 320 Pixels
* Comment dlsplay Backlight 4 chip Highlight white LEDs -
a Approximately $15 Control IC ILI9341 -
Interface 8 Bit Parallel Interface -
PCB Module Size 78.22x52.7 Millimeters
LCD Area (WxHxT) 50x69.2x2.5 Millimeters
Active Area (W x H) 43.2 x57.6 Millimeters
Module Weight 1.67 Ounces
Power Voltage 5 Voltage Direct Current

Current Consumption 120 Milliamperes




LCD Interface Definition
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LEDs

e Other projects used them
to learn the game.

 For aesthetics and more
entertaining game.




LEDsS

* NeoPixel by Adafruit

e Each LED chip can be
addressed and controlled
individually.

* Low power consumption,
bright, flexible, and low
temperature.

* Approximately $25 per
strip.

Model

Input Voltage
LED Quantity

Wavelength

Product Dimension
(Lx W x H)

Lifespan

WS2812 Strip 5050 RGB Chip

5
60 Piece RGB SMD 5050

R: 650; G: 520 ; B: 460

1000 x10x 3
>50,000
JIN
o - ® )
P
v E |
Clvew | S

VDC
Per Meter

Millicandela

Millimeters

Hours



LEDs and LCD

 Single LEDs and LCD
combination compatible with
BitVoicer, unlike RGB strip.

* EDGELEC 12V DC LED

* Prewired.
e 7.9 inch wire.
e Assorted colors.

* 56 pieces for approximately S7.

- aRT CHESS BOARD 1 e
SEMIOR DESIGH
FPROJECT GROUF 18




Features

e LED strip used to light
interior.

* Individual LED used to
light up when
electromagnet is turned
on; off when
electromagnet is turned

off.
e LCD displays the project.




Microcontroller Specifications

* ATmega2560-16au

* Low power 8-bit
microcontroller CPU speed 16 MHz

* Executes powerful Program Memory Size 256KB

Instructions in a .
single clock cycle RAM Memory Size 3KB

» Achieves throughputs Number of /0’ 86

approaching 1 MIPS Embedded interface  12C, SPI, USART
per MHZ

Supply Voltage Max 5.5V
* Approximately $14

Supply Voltage Min 4.5V



Piece Movement System (XY Plotter)

* The XY-Plotter Robot Kit V2.0
from Makeblock was used to
move the pieces across the board.

e XY Plotters are typically used to
draw images from a bitmap by
attaching a writing utensil.
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* An electromagnet was attached
instead, and the chess board was
placed over the plotter. The
electromagnet moves the
magnetized chess pieces.




XY-Plotter Robot Kit V2.0

* The kit consists of:
* x2 Stepper Motors
* x2 Stepper Motor Drivers
* x4 Limit Switches
 Beams, Belts, Motor Shafts
* Many other parts which went unused

* The final product is a highly
customized system controlled by an
Atmel2560 chip on a personally
designed PCB.




Piece Movement System




Voice Recognition Software (BitVoicer)

[ BitVoicer

* BitVoicer is an app that
analyzes audio streams and
identifies words or sentences.

* Only relevant words are
recognized.

* Audio is compared to the
library of relevant words and
the closest sounding sentence
is chosen.

File Help

e

Add New Sentence

Delete Selected Sentences

Default Command Data Type:

T

[] Use Activation Word(s):

(O Single (® Option

| PRt TR

v b8

Activity

Speech Recognized

- Latency Start Time: 13:14:37:414
- Recognition Time: 13:14:42:837
- Audio Level Trigger: 48

- Audio Level Average: 3.95

- Confidence Level: 74.10

- Text: Bravo one

Level Average: [E

Disposing recognition engine...

Engine disposed (stopped)

Clear Activity

Status

[Stopped

Communication Monitor

Clear Monitor
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File Help
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converted to commandsand || = - B
sent to a microcontroller as = = i
serial data. . :"E@“L s S
* The microcontroller is e .=

programmed to read this data | - ... . === it
and activate the appropriate | . =% -
response from the XY plotter | = s i —
system based on what is read. | .-~ E

i Sing v|b7




Programming

All of the programming was done in C++ and using the Arduino IDE. Below
is a list of all the functions used in the code and a short description:

* setup()

e Executes any time the Arduino turns on or is reset. It sets up all the wiring for
the components and initializes serial communications.

* SerialEvent()
 Whenever data is sent from BitVoicer, reads the data and calls other functions.

* loop()

* This is the main function in the program. It runs continuously and restarts the
SerialEvent function when the program exits out of it.

* movel()

* Moves to destination square with magnet off, no offset. Turns magnet on when
it arrives



Programming

* sendToGraveyard()
» offsets and sends piece to graveyard, then goes back to zero

* move2()

* Moves to source square with magnet off, no offset. turns magnet on when it
arrives, always assumes you start at (1,1) which is Al, because it zeroes after
the zeroGraveyard

* move3()

* Moves to destination square with offset, with magnet on. turns magnet off

when it arrives
* move4()

* Moves to source square with magnet off, no offset. turns magnet on when it
arrives, used to move w/o capturing, uses last known location (x3,y3)

 zero)

* Moves to zero position, which is (1,1) or Al.



Programming

offsetPiece()

* Moves piece diagonally from the center of the square to one of the corners;
this offsets prevents the piece from bumping into another while it’s traveling,

offsetPiece2()
* Moves it back to the center after it finishes moving.

movelinear(int stepPin, int delayTime)
 Moves the magnet in a single direction. Called in other functions

moveDiagonal(int delayTime)]
* Moves the magnet in two directions at once. Called in other functions

movePieceDiagonal(int xsteps, int ysteps)
* Moves a piece to a specified location.



Programming

* movePiece(int steps, int dirPin, int stepPin)
* Moves a piece to a specified location in one direction.

 graveyard()

* Used to move a piece to the graveyard location once it has been captured. Once it
gets there, it does a de-offset to move the magnet back to center.

e zeroGraveyard()
* Moves the magnet back to zero after a piece has been sent to graveyard.

* graveyardNoOffset()
* Moves the magnet to graveyard without offset and without turning it on; used for
testing and troubleshooting
* reeset()

* Moves the magnet to zero and resets all the variables that store piece locations.
Used to reset the game without needing to reset the microcontroller.



Project Management

Project Management
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Project Budget and Financing

Plywood

Plexiglass

Chess Piece Set

ATmega 2560 Microcontroller

Generic Sunfounder Development Board
XY-Plotter

Electromagnet

Voltage Regulator

Standard Power Outlet

PCB Manufacturing 1st Design
PCB Manufacturing Final Design
LEDs/Cosmetic Lights

LCD Screen

Miscellaneous

Total

$35.95
$29.78
$15.00
$10.24

$13.99
$299.99
$11.53
$2.20
$6.86
$20.00
$67.35
$50.00
$14.99
$150.00

B N WU R R R R R WR R PR

$38.47
$31.86
$15.00
$41.86

$13.99
$299.99
$11.53
$7.01
$6.86
$20.00
$67.35
$50.00
$14.99
$150.00
$768.91



Conclusion

* The final product consists of a system that resembles a game of chess,
with the capability to have the players issue voice commands and
have the pieces move without any physical contact during play.

* This was implemented by using an electromagnet mounted on an
apparatus where it is controlled via stepper motors. These stepper
motors are controlled by a microcontroller that is analyzing serial data
coming from a voice recognition software.

 The main objectives were achieved. However, in a future project or
with more time there are many extra features that could be added to

this project.



