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SIWASILP PORNJUMSILP : DESIGN AND PROTOTYPING OF
SPHERICAL ROBOT. THESIS ADVISOR : ASSOC. PROF. FLT. LT.

KONTRON CHAMNIPRASART, Ph.D., 128 PP.
BB8/SPHERICAL ROBOT/ROLLING MOTION

Nowadays, robotic technology has become increasingly important to human
life. Robots are applied in several industries, e.g. agricultural industry, or even the film
industry. Different kinds of robot could be seen in the movies. One of the most popular
robot is the "BB-8" (ASTROMECH DROID) in the famous science-fiction film named
STAR WARS VII, this robot is very interesting because it requires cognitive and
imagination skills for creating this robot. The "BB-8" robot in the future will inspire
the creation, and invention of the new generation of engineers. The advantages of this
robot, besides the common movement of the robot, is the control technology that allows
robots to interact with humans, including operating system modules, and feature
enhancements. This robot that can be used with many applications. For example robot
for guiding people with disabilities, robot for guiding location or giving placement tips,
etc. However, the cost of producing this robot is very high, making it hard for the public
to access it. People know the "BB-8" only in movies.

The details of the "BB-8" production are confidential, resulting in the difficulty
of developing this type of robot to other applications. This robot is expected to emerge

with embedded system in order to enhance the capability of the robots for a variety of

applications.

School of Mechanical Engineering Student’s Signature 6‘1\40\!::\\? %W:UM&\ \).
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gﬂ‘ﬁ 2.4 Shape Memory Alloys [4]
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319 2.8 vUIEANNTIMAZ VYY1V Arduino ATmega 168



Atmega168 Pin Mapping

Arduino function
resal (PCINT14/RESET) PC&LY"
digital pin 0 (RX) (PCINT16/MRXD) PDOLY:
digital pin 1 (TX) (PCINT17/TXD) PD1J2
digital pin 2 (PCINT18ANTO) PD2]+
digital pin 3 (PWM) (PCINT18/0C2B/NT 1) PD3 s

2881 PC5 (ADCS/SCL/PCINT13)
21]] PC4 (ADC4/SDA/PCINT12)
=601 PC3 (ADC3/PCINT11)

257 PC2 (ADC2/PCINT10)

27 PC1 (ADC1/PCINTS)

digital pin 4 {PCINT20/XCK/TO) PD4 o =307] PCO (ADCO/PCINTS)
vCC vCoCcL} 2] GND

GND GND[Je 2] AREF

crystal (PCINTE/XTAL1/TOSC1) PB&[]e 20§ AVCC

crystal (PCINT7/XTAL2/TOSC2) PBT [J10 9] PBS (SCK/PCINTS)
digital pin 5 (FWM)  (PCINT21/OCOB/T1) FDSC]" 18] PB4 (MISO/PCINT4)

digital pin 7 (PCINT23/AIN1) PD7

digilal pin 8 (PCINTO/CLKOACP1) PBO 1 1] PB1 (OC1APCINT1)

Digital Pins 11,12 & 13 ane used by the ICSP header for MISO
MOSI, SCK connactions (Atmeaga1S8 pins 17 18.& 15). Avoid low-
impadance loads on thess ping when  using the ICSP header

Arduino function

analog input 5
analog input 4
analog input 3
analog input 2
analog input 1
analog input 0

GND

analog referance

vCC
digital pin 13
digital pin 12

17l PB3 (MOSUQC2A/PCINTS) digital pin 11(PWM)
16l PB2 (SS/OC1B/PCINT2)  digital pin 10 (PWM)
digital pin 8 (PWM)

51/ 2.9 A wraNesAYD Arduino ATmega 168

M13797 2.1 garaniiavesluInsnou Insames Arduino ATmega 168

14

Microcontroller ATmegal 68
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6 Port

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA
Flash Memory 16 KB
SRAM 1 KB
EEPROM 512 Bsyte
Clock Speed 16 Hz
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2.4.1  3lun RadioLink AT9-S

1

a—

3109 2.10 MgTIAY RadioLink ATIS

g 4 a N J v A J a J
- ¥ 1ldvanIesliv nTessou o l5mes 1aanelnes 120 degree 1Az 90 degree

- 32U DSSS spread spectrum UANMADYIVOIT YUY

)]

- Sngaedluaniieeuuia 2.8 11321 2.4 GHz 19 Firmware V 1.1.8

E]

A Y A Y 1 . . = A < v
- NISPUUNRD U UL Vibration alarm ﬁ'lil'ﬁﬂﬁ\uﬁﬂ\‘llﬁﬁullagﬁuulﬂ

2 v A A A A A2 Y
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115211 Telemetry a15010%HAD3 5 UY0YaA199 3 n5zez Inald 15U Sensor

o { < 4 a
L!ﬁ\?ﬂuhlwell@\illﬂﬁlﬁﬂdﬁ, ANULIVTDUVNBINDT, GPS Uuﬁﬁ’lﬁ]@ﬁﬂﬂl’l

Q

ee Dyg

dy = = . [ = Aa
Vl“l"h'dflxi 7.4 V. 0318 V. U Anti-reverse ﬂ’ﬂ\iﬂlxlﬂﬁlﬁﬁml,m@lm@iﬂﬂ

=4

9
a1 P ] Y Aa . A
U903 USB 10130 update VOYAQTFANNNWHNAALU U Onhnehlﬂ

Y
5$8$ﬁQUUﬁuﬂi$M1m 900 MRS VU IMAYTZIIY 1.5 A Tauns

Features : Receiver RadioLink AT9S

1). Size: 183*193*100 mm

2). Weight : 0.88 kg

3). Frequency : 2.4 GHz ISM band ( 2400 MHz to 2485 MHz)
4). Modulation mode : QPSK

5). Channel bandwidth : 5.0 MHz

6). Spread spectrum : DSSS

7). Adjacent channel rejection : > 38 dbm

8). Transmitter power : < 100 mW (PCB testing), < 20 dbm

9). Operating Current : < /05 mA

10). Operating Voltage : 7.4 ~ 15V

11). Control distance : more than 900 meters ground, 1.5 kms air
12). Channel : 9 channels, 5~9 channels are customizable

13). Simulator model: under the simulator model the transmitter action turn off
14). Screen : 2.8 inches 16 colorful screen , 240*320 pixels

15). Compatible model : Include all 120 degree and 90 degree

31091 2.11 Receiver RadioLink AT9S
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v d
2.5 AMIVUNOLADT (Driver Motor)

) @ 1 J A A [ A o Y o 1 A 4

d 15U usua (Robot) Asidunasvuadounanldnunalnareqfoneines
& s 9 ¢ ¢ ¢ X A Aqyv o
FINOIADS ADINITNTAIVUANIINGA 1A5199508IA05 (Motor Driver) tNoN TAwa 191U
FATIMIMUA AANINITHYL ANWEITOU VOIYANDIADT 404

2.5.1 MONSTER MOTO SHIELD VNH2SP30

AU uama% MONSTER MOTO SHIELD VNH2SP30 N3 gIga 30 A

Wiaudeiied 14 Aanwazideage Tugad sy Arduino 195 loFiues VNH2SP30

v 9 9 9 A a a Y v
ﬁumﬂﬁmmmmmuﬁzﬁm@ummqa U5 EaNTNMNAENITTZUIBANTOU

ﬁio OB:I. 72O Op2 - ]

TG MR T AT TS (@)
| | DIR:
T

8ND O

319 2.12 MONSTER MOTO SHIELD VNH2SP30

U

GLTGET

usaau llihgaga : 16V
- nszuagalutgiu: 30 A

o .4 4
- eI : 14 A

o Ang Yo a <] .

- MIasTUNIzHa NI 1N nURLeE AN UDY Arduino
- MOSFET UUAUA MY : 19 mQ (ADY7)
- 27740 PWM 4@ : 20 kHz
- Yaszvudeanuiounu

9
- mMstanuuseauuasnIzuanu
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AN UV IHaNd . . Maximum Energy
e o 15911900 (bHe) | 1139119611 (iHc)

HURANNANAN (Br) product (BH)max
11.7 ~ 12.5 (kG) 10.8 ~ 12.2 (kOe) | >12.08 (kOe) 35 (MGOe)
1.17~ 125 (T) 859 ~ 970 (kA/m) | > 955 (kA/m 278.5 (ky/ M)
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bl 191 3.26 Magnate in Head

3‘]]17] 3.27 Damping
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gﬂ‘ﬁ 3.29 Test Install Head & Body
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LauiImeuen Shell 431510511317 3.25 Head Robot ag 3.26 Magnate in Head

2.dau%§jmﬂ“lu Shell ﬁq*ﬁﬂﬁﬂg“lugﬂﬁ 3.27 Damping L161& 3.28 Magnate top view
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31/91 3.30 Head & Body #11

Step 6/6 : NATALLAZLA UMY
@ o a g‘; s =3 Yy 9 o Y Yo A 1
waannhmsaedglnsainnuihalenundadiau naasuiuuiaasldluaiuves

o A A = [} <3 o ~ a gl’ 1< 9 [ 1
173 Robot INONIENATDULITIAIQAVDILULNLKHAN ‘mmmf’l'”lsm,l,azms&mmmmmu%yamum‘lﬂ

g‘ﬂﬁ 3.31 Head Ready Use
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4.2.1 NAgdUYA Drive ( Motor Driver Shield Monster Moto VNH2SP3 )
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Voo

[ovERTEMPERATURE A] [ Oy+Uy | [ OVERTEMPERATURE B |
CLAMP HS CLAMP HSg
Ly -
ns, | e e e | e HEe
| [
CURREMNT CURRENT
LINITATHON A LIMITATION B
O, [T 1M 1 0OUTy
S
Ly s -
LSy L b LS
i =
[ | (|
GND, DIAG,/EN, IN, CS PWM IN; DIAGLEM, GMDg
'
17 i VN
3UMN 4.2 Block Diagram VNH2SP3
G GHD
.J_mu’?lz'
[
=]
=
o3
L|:|_L‘ -
@ @
TITLE: MonsterMoto-Shield-v12 SFE
Hulen Sraee-iline’ 39 Licates Document Number: REU:
Dater 11/3/2818 12:82:808 PHM |Sheel: 1,1

31/% 4.3 Circuit Diagram VNH2SP3



422 M¥iua PIN Motor Drive 81150 VNH2SP3

Motor 0

STOP:D70,D80& D7 1,D71 STOP:D40,D90& D4 1,D9 1
CW:D41,D90 CCW:D40,D9 1

CW:D71,D80 CCW:D40,D9 1

Motor 1

= a <
4.2.3 wsmiﬂmnsumaaumiﬂmqu NANIN AITNLII

@ms {Arduino/Genuino Uno).

1. STOP

. FORWARD

- REVERSE

. INCREASE SPEED
- DECREASE SPEED

I+ Wk

Forward
Reverse
Speed +: 160
Stop
Forward
Speed —: 150
Speed -: 140
Stop

Enter number for control option:

|

= Iy E—

519 4.4 Talsunsunaaesl Motor Shield

£l

424 wnaasudaussauuaznszua i

517 4.5 nadoviaussauuaznszud vl
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OUT, shorted to WV and undervoltage shutdown
M,
Mg r
OUT, | 1 indiefined
OUTg Unaetined ]
oo - ——— i
DIAGHENg
DIAGAEN, ————— |
Cs — V = nominal  E—
nonmal oparation OUT, shorted to V- normal operation undenoltage shutdown

3 ]

p] 19 4.6 #19819 Waveform Operation

agll gUnsaiiildnanes
- Arduino - Motor DC 12V x 2 Q1
- Monster Moto Shield - Power Supply

< o A = ! ' oo
1uﬂ15ﬂﬂaﬂQﬁ FIITONIUUANANI AU ﬁr]uﬁ@?]}ﬂQﬂ’]j llﬁ@ﬂ?ﬂgﬂﬁ@ﬂllaglluuﬂ’]

Y o w

VDIINA
- Max Voltage is 16.4 V - Maximum PWM frequency : 20 kHz
- Maximum Current 33 A - Continuous Current: 14 A

4.2.5 naaauya Control

pin-1 "‘\\

317 4.7 9@ Adiolink-at9s-10ch



ARDUINO

RC RECEIVER
GND
5v

BAT

CH5
CHa
CH3
CH2
CH1

= 16666664

>
2= 60004066
v 686868

SIGN,

A A ' . )
gﬂ‘ﬂ 4.8 199UND Arduino NU Receiver

MMsFouan1995 Ae319 4.8 Tudgruvesmasudyg ez yanIugy (Arduino)

(-) Wouao Arduino GND fuviyaTuLn) GND 409050951
(+) 1¥OUAD Arduino V + NUHHATULDY V + Y0UATOIT

( Signal ) enodaanaveuniodsy dmsutloul Arduino l¥dsaruaell

#include <EnableInterrupt.h> #define SERIAL_PORT_SPEED 57600
#define RC_NUM_CHANNELS 4 #define RC_CH1 o #define RC_CH2 1
#define RC_CH3 2 #define RC_CH4 3 #tdefine RC_CH1_INPUT A@
#define RC_CH2_INPUT Al #define RC_CH3_INPUT A2
#define RC_CH4_INPUT A3
uint16_t rc_values[RC_NUM_CHANNELS]; uint32_t rc_start[RC_NUM_CHANNELST];
volatile uint16_t rc_shared[RC_NUM_CHANNELS];
void rc_read_values() { noInterrupts(); memcpy(rc_values, (const void *)
rc_shared, sizeof(rc_shared)); interrupts(); }
void calc_input(uint8_t channel, uint8 t input_pin) {

if (digitalRead(input_pin) == HIGH) {

rc_start[channel] = micros(); } else {
uintl6_t rc_compare = (uintl6_t)(micros() - rc_start[channel]);

rc_shared[channel] = rc_compare; }}
void calc_ch1() { calc_input(RC_CH1, RC_CH1_INPUT); }
void calc_ch2() { calc_input(RC_CH2, RC_CH2_INPUT); }
void calc_ch3() { calc_input(RC_CH3, RC_CH3_INPUT); }
void calc_ch4() { calc_input(RC_CH4, RC_CH4_INPUT); }
void setup() { Serial.begin(SERIAL_PORT_SPEED);

pinMode(RC_CH1_INPUT, INPUT); pinMode(RC_CH2_INPUT, INPUT);

pinMode (RC_CH3_INPUT, INPUT); pinMode(RC_CH4 INPUT, INPUT);
enableInterrupt(RC_CH1_INPUT, calc_chl, CHANGE);
enableInterrupt(RC_CH2_INPUT, calc_ch2, CHANGE);
enableInterrupt(RC_CH3_INPUT, calc_ch3, CHANGE);
enableInterrupt(RC_CH4_INPUT, calc_ch4, CHANGE);}
void loop() { rc_read_values(); Serial.print("CH1:");
Serial.print(rc_values[RC_CH1]); Serial.print("\t"); Serial.print("CH2:");
Serial.print(rc_values[RC_CH2]); Serial.print("\t"); Serial.print("CH3:");
Serial.print(rc_values[RC_CH3]); Serial.print("\t"); Serial.print("CH4:");
Serial.println(rc_values[RC_CH4]); delay(200);}

=i [ ' 9
ETJ‘V] 4.9 NAADUITUANINIY Interrupt
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4.2.6

+5V

31/

1 4.10 1995 Arduino & Receiver

NAAINISUMAIN Remote

&8 COMA4 (Arduino Uno)

Envoyer

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel
Channel
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if
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116
1146
1T wE
1196
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llaz
1llaa
1186
i 1= 2
1igae
11932
1ll9é
llaz
llsas
1l1lz4
11ia2
llaz
1llaz
ligz
11092
llaz
l1laz2

Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel
Channel
Chanmel
Channesl
Channsl
Channel
Chanmel
Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel

Az

1500
1500
1500
1500
1500
1500
1500
1496
1500
1500
1500
1500
1500
1500
1500
1498
1500
1500
1500
1500
1500
l4oa
1500
1500
1500
1500

Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel
Channel
Channsl
Channel
Channel
Channel
Channel
Channel

3z
3z
3z

s
32

=
=

= £
£
5 i
]
e
i
28
x ]
%]
]
&
=
3z
%
3z
3z

1756
1756
1756
1756
1756
1756
1756
1752
1756
1752
1756
1756
1752
1756
1756
1752
1756
175&
1752
1756
1756
1752
1756
1756
1756
1756

Channel 4: 1500
Channel 4: 1500
Channel 4: 1500
Channel 4: 1500
Chann=l 4: 1500
Channel 4: 1500
Channsl 4: 1500
Channel 4: 1500

Channel : 1500
Channel : 1458
Channel 4: 1500
Channel £ 1500
Channsl 4: 1498

Channsl 4: 1500
Chapnel - 4: 1500
Chanmel 4: 1500
Channel 4: 1500
Channel 4: 1500
Channel 4: 14%96
Channel 4: 1500
Channsl 4: 1498
Channel 4: 1500
Channel 4: 1500
Channel 4: 1500
Channel 4: 1500
Channel 4: 1500

Déefilement automatique

|Pas de findeligne | |9500 baud

=D
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4.11 11910 Remote N Arduino %J‘]J"l{v%}
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519 4.12 7995 RC Low Pass
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ADITUU SIMINT YN I1VAUENTZVY Standby 151801 ou T unTNOI095Y Gap 18

Uout 3 LV]
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317 4.13 dyauilor 119995 RC Low Pass

gﬂuwmﬂ%’wuﬁﬁq : [ pulseln (pin, value ,timeout) ]
Tagh pin  APVIAINOADUNANADINITOIUM

A a A 1 1 9 4 d'dy 1 ~ a
value ADADINNITLDIUATAIIUNINNATDDNU Glu‘nmzmu‘na@m 1
. A ] d' o 1 9 1a I e’dﬂf (] d' a =
timeout ADFINLIAINNIHIUAIN ﬂ”l‘l/ﬁﬂ"llllﬂﬂ‘l/‘lﬁﬁ mumclwmmmﬂ“luimmm

udrveda 1 v ludidadaly
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Sampling times

Analog

- FoErnnng

|
(b)) Corresponding PWM Signal

SN NN

!
| \
(c) Corresponding PPM Signal

gﬂ‘l?l 4.14 Signal Analysis

¢ 1 o

427  Snzvimnsuaninla

@ { o | [ % ] .
slvvudygiunivlalludnyuzyes PWM 336001910 Pulse Width

g 9

. ' 5 . < a o :
Modulation 148 PPM 8031910 Pulse Position Modulation PWM 1Tlumaiiai 14 unsdedoya

Tusdnuvvesnnunednas (Pulse) Muanarnuoon 11 luuaagsosdaynia (Channel )

AL

CHi= 2 .88V S 2 .98 Time 2.000ms

Freall1>=498.2Hz Frea<2>=961.5H=2

g‘ﬂ‘ﬁ 4.15 Signal from Oscillposcope PWM
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517 4.16 21993NAdOUAIOVIADA LED
=
4.2.7.1 naaeaveullsunsugu LED
g1ln3aii 19MAR0Y Arduino, Adiolink at9s 10 ch 112 LED 4 A29
9 v
Tunmsnaaesiigunsaniuauaniug LED 210 PWM n5udiun laanmsana

TilsunsuazeenailFlumsana Pulse mmnmnsSudayan

int chil,ch2,ch3;

int count=0;

void setup() {
pinMode(5, INPUT);
pinMode(6, INPUT);
pinMode(7, INPUT);
Serial.begin(9600);

}

void loop() {

chl = pulseIn(5, HIGH, 25000);
ch2 = pulseIn(6, HIGH, 25000);
ch3 = pulseIn(7, HIGH, 25000);

Serial.print("No. ");
Serial.print(count);
Serial.print(" Channel 1 : ");
Serial.print(chl);
Serial.print(" Channel 2 : ");
Serial.print(ch2);
Serial.print(" Channel 3 : ");
Serial.print(ch3);
Serial.println();

count++;

317 4.17 T1)51n 5911471910 Remote



57

int chi;
int ch2;
int ch3;
int count = 9;
void setup() {
pinMode(5, INPUT);
pinMode(6, INPUT);
pinMode(7, INPUT);
Serial.begin(9600);
}
void loop() {

chl = pulseIn(5, HIGH, 25000);
ch2 = pulseIn(6, HIGH, 25000);
ch3 = pulseIn(7, HIGH, 25000);

if(ch1>1000){
Serial.println("Left Switch: Engaged");

if(ch1<1000){
Serial.println("Left Switch:Disengaged");

Serial.print("Right Stick X:");
Serial.println(map(ch3, 1000,2000,-500,500));
Serial.print("Right Stick Y:");
Serial.println(map(ch2, 1000,2000,-500,500));
Serial.println();
delay(100);
}

[

311 4.18 Tisunsunaaesldaru Data N5V1W1910 Remote
@ A = Y o o 9 .
wasniawsaBonlgdyayauaziiiliaiugu LED uazudasoonyiin Serial
. Y Y o o 1 A Y " o o ' =2
Monitor 141147 d1avae 11)Aen15a519 Algorithm d115UN15AIVYUHUIUATIVZUTA
Tumawuinae

428  VAKRUYAININWEN

Lightweight Shell “Head”

Simple Magnet

Ball Bearings
Simple Magnet

Lightweight Structure Holding Magnet Up

Axel to Rotate Magnets/Head

Heavy Robat {(no balancing mechanics needed)

Omni-directional Wheels

Hamster Ball Body

~ ] a3
ETJ‘V] 4.19 MITNLUKAN
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“]J'ﬁ 4.21 Neodymium Magnate

F4
TuauIteiid3seden 1¥uaiman Neodymium Magnate 1Hudananlumssi i

wazdusvesususaany tazihau ldnnannz lisiuvasngaiaielimandoud
1 3 A a A a = a a 4 1 I J
wimani Te artley Wana1n 1t 1o@Lleu(Neodymium) , 3tvan(Iron) , 45 1U50U(Boron)
a J I . 1 o w
Taswaalv lnseadrsvouilo Taemau(Alloy) 11U Tetragonal Crystalline A19184
] < U 1 [
gurnsurian (Remanence) 1 - 1.4 T Coercivity 750-2000 kA/m A1 NUH UL UUUDINAINY
1 < o W 1 < a
111 AN (Energy Product) 200-400 kJ/cu.m A1a40LUHaANT To@ien 1 nNeaneaza1u15o

3 Aa o Vo ' 9
A ANNUHUNUINNIIAUBY 1,000 1N hlﬂ

A £
TJ‘VI 4.22 maauwummmmmaﬂ



59

] 10 4.23 Neodymium Test

Y
5103 naaali

U

S R o w ] S a A Y 1 ] <
mummawmuumaﬂuiammu hlﬂf)fl'l\i‘lfﬂ!.%u AUINanNMNIINANVUIN
1 J S A H @ @ < y 4 1
L%UWTﬂuUﬂﬁT\‘l 3.63 IFUANAT UINUN 196.1 DTN QﬂlﬂﬁﬂﬂiﬂﬂﬁuﬂﬂﬁWNgﬂl%ﬂNﬁﬂﬁ’)ﬂ

[] 3 a ] o Aa A a A %’ @
wiant lealow ﬁ“llu'lﬂltgfluWWﬁu‘ﬁlﬂa"N 4 JYaalluAg iUl 1.5 yaaluag mwuﬂﬁ'@uaz 0.143

'
v =2

o n v ' 3 ] 3 A o A d’l
NIy ’sﬂllﬁml,“ll’Ju@gvlﬂiﬂﬂllilﬂQﬂﬂ@ﬂmﬂﬂu mu,ﬂmmmaﬂ‘nmawamqﬂuiaﬂ U UYUSU

= A 1 A A A
ANNTANH UL AINDNADINUNTSYIENANG A ADBIN 3.5 - 4.5

Q

-~ Dipole model
—— Charge model
* JFA

Force (N)

| S T - - ——

. . s L 7 o
Distance between magnets (mm)

=~ 1 o =2
gﬂ‘ﬂ 4.24 ﬂiW‘lﬂTﬁ‘VIﬂﬁ’é]‘]J5$8$ﬁ13ﬂﬂlliﬂﬂﬁﬂﬂ

g1 4.25 anudnu ldvesduilszno
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U

! 2 < =2 ax A A 1 J o =
“luﬁ’mngﬂumima‘ﬁmimaaumamuam I2USININITNNIU UaglUNIND

A A
4.3.1 NMINABUN

pe Linear motion F — f =ma
7 Angular movement f7r=J&
a ifnotslip o= 2
>

£
f= . R k= r . I
i+ 2 I+mr
I

If there is no other force # =0

=>a =0, =0 Speed will be constant and no friction.

r 2
319 4.26 AumImanas

A a A A
ETJVI 427 NANNNIIAADUN

1 i3

K ing =5 1w @+, | Kinetic energy of rolling

2

. 1 ez V-l .. 3
From v=oR That will K =71c.v{ ‘% + Iy

rolling

’ E 1(1 Y5
To rewrite I\rd,mg = ;{ T;‘,i +M :\'E.\, energy of rolling

319 4.28 aumsmanyu
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'ROBOT
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g1 4290 mawdounndaly
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11590529190 Ball 118 Robot 3 1159 AD
1. ISUAEANMUTLNI19ED Robot UM Shell
' v
2. 1159191999191 MBI Robot
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3. usatgnsenTunnasmnAuARITUA 1H1Te Shell n3z¥1ABAOYDI Robot
Y Y ]
N4 3 d2uil iousudundInasmaeluersuzusudeaniunieusn Shell
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4.3.2.1 ﬁ'i']\i@ﬂﬂﬁﬂ\lmﬂﬂ'IWﬁ\‘]\ﬂu Iﬂﬂﬂuﬂﬂwaﬁ\i SD Card

2GH Micro-SD Card Programaing Button

] 1 4.30 Record Voltage to SD Module
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try to keep | = 1mAmp to SmAmp
Assume total reistance and find R2
Assume R1+R2=10K
=Vin/{(R1+R2)
R2 = Vout/
Vout to Arduino Analog
input AO

. Vouts Vin R2
K TR R2)

5U7 4.31 2vsutiausaau i

43211 mydaussaulvlvh b
Tumsiauseduamnsorldlas n151¥ Arduino internal
Y
ADC 1153a1819890181uv99 Arduino internal ADC D 5V (Vref = 5V) aatiuusaau vl
= o Y ) A ~ ~ A A
gagasansniald lag lidesldeainensnie 5V innuaziden 10 da A 2410 = 1024
MdmTuszaY 0 09 5V.1% ovifloumnun1se1ua1 ADC 0 uag 5V MIny 1023 A1 ADC
1 4 @ @ { 1 o o
1A2f0 4.88mV 13U 1 =4.88mV i daussau Ilihnigeandn svisisududesldauilas
@ 4 v o 2 o [ e 1

usssumeusniie liassnuiommuavros ADC Fetuiludosldussauldhaaua ov da sv
9 Y Yo Y v W A d'dy o ] g‘; 1
ansoainldlagldadrumuaesarasuaaslu 599 431 Tuniisiezsiimsiaaaua

@ 1 g { < 1 o { o [
0V 9950V DC ludlee1etl nuaaesvy I uunasnssau liinvgtanuainnsodald

< o o I [ ..
gega 50V DC 1y wyesusiau ihaintesaaraiiduifioarcasuseaulda divider
gasmsouseau e
useau luvh

910 : VREF = 5V

ADC _value x (Vref / 1024) x Volt gagailtinadnig

ADC Value AN Analo gRead

[ ' = [ U v .
’E]G]3"Iﬁ’JLl14137’1?)’8]@31?{314!,&5@@1&[11/\]1/9\11 = Vin / Vout

Arduino anniniaussdu i1 Ias §1a8aiuan Gnd dauilszneuilddmsuns
1995 7auseau Iifinssuansa 9K, 1K Resistors 2995 3a15 381 111 Arduino DC 7993
Uszneudoifiosdoadadiuniu Alddudmsusedu i e vaus s Iriand
Tusadumiulewy 1K duilua svidosldusagu i sov dudanisusasu i
nzua i lnarudadumiuie 1=v/®1+R2) lunsdifiuseduldfgegai dald

9 oy v
A9 50V ATHUA I = 50 Q’Q’!Z(ﬂ‘ﬂL%@Nﬂ@ﬂui%ﬂ’)ﬂllﬂmﬁ@ﬁ 9V /10K =5 mAmp
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31U 4.32 msavagasuanssau Tl

43212  aod@smuginageumsiansaaulvlih pc
Y

dr0819n15Tausaau it eg Yauseau Ty

A A \ Vo o o o 2
YDILUAADS DC 9V Anamsnrouaounasdyaa DC la q dreg1ans Tausaau il
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awsadaldgega 50 Tad Feaziiludszlemidimsunisianssduldh ludiuves
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Float VoltIn = A®;
void setup() {
Serial.begin(9600);

}
void loop() {
int sensorValue = analogRead(VoltIn);
float voltage = sensorValue * (5.0 / 1024.0) * 10,
Serial.print("Voltage: ");
Serial.print(voltage);
Serial.println(" V");
delay(1000);
}

u

5107 4.34 Tilsunsuouausadu Iiinszuaasa

43213  wamadaussauiihnszuanss

64

td' o IS Lﬂ' %
%Wﬂg‘ﬂ‘ﬂ 434 i sveu llsunsuinenaaoun1sia

Y
usaau i 0 89 50V DC 13la vaa1nTutla Serial Monitor 910 (Tools >> Serial Monitor)

Y [
asoasimsme Teudoyalin 9600 qussau i lusenmuuueynsy

Voltage:
Woltage:
Voltage:
Voltage:
Woltage:

LY Y LY R R Y w ]
[ SRS
o a1 1

5107 4.35 awmseau I nssiaass

U

4322  mdanszualvlilinszuanss

a Ja J aa < J
Gl,Uﬂ']ﬁ@f)ﬂlL’U‘UiJlﬁ@33JW]E]illﬂﬂﬂﬂﬁ@alﬂUﬂ5$UQUﬂ1illﬂaQI'}ﬁﬁ

a J I J o 1 o { ' @
Himosu Amp Meter Lﬁ'l;%:')'] V:IXRL'i'lﬁ']iJ'liﬂu'll@Wﬂ'm']ﬂlliQﬂﬂﬁﬁﬂﬂi@ﬂﬂ?ﬁHUﬂWH

I ] 1 o a 14 9 tﬂyd 1
(shunt) Lﬂuﬁﬂﬁ’)uiﬂﬂﬂiﬂﬂﬂﬂizuﬁ V=0 Gl,l.ll,l,f)ﬂJiJLG]’E)‘iﬂ’JHJGH‘LWHNUL’iEJﬂ’N Shunt 77314

aumumsnadaliniesunuaz sz lunsznuasussau lidhveslnaa Taena ludrazegh

v Y
75mV shunt ¥301897 lauiosaaia



65

Rsense

ANA——2
R3 LOAD
l R4

10V

519 4.36 29vsmsanszua Tagldmdumunnnnueayw
Y
feeh9il Janszua 50Amp Tagld 75MV shunt (Rsense) Shunt 1503981 1l 75mv
daniuiios il iuues s0Amp Arduino 191281 5V 1§y input #1MF1 ADC FariunT 09
W8I Differential 9241ad 75mV 11 5V M5MuIndImSy 50Amps 75mV Shunt
Tavh Vo iunsaiuiifivua ADC (A0) #idag1n3al fIAUNILITIFUYLIA 25Amps / 75mV

Shunt Resistor OpAmp OP07 ,66.66K, 1K Resistors CADFA (o
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Aum Rin = ?
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const float ShuntAmps = 50
void setup() { Serial.begin(9600); }
void loop() {
int sensorValue = analogRead(A9);
float current = sensorValue * (ShuntAmps / 1024.9);
Serial.print("Current:");
Serial.print(current);
Serial.println(" Amps");
delay(1000);
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#include <SPI.h>
File myFile;
const int chipSelect = 10;
void setup(){
Serial.begin(9600);
while (!Serial) {;}
Serial.print("Initializing SD card...");
pinMode(SS, OUTPUT);
if (!SD.begin(chipSelect)) {
Serial.println("Card failed, or not present!");
return;

Serial.println("card initialized.");
myFile = SD.open("datalog.txt", FILE_WRITE);
if (myFile) {
Serial.print("Writing to datalog.txt...");
myFile.println("CodeMobiles.com");
myFile.close();
Serial.println("done.");
} else { Serial.println("error opening datalog.txt"); }
myFile = SD.open("datalog.txt");
if (myFile) {
Serial.println("datalog.txt:");
while (myFile.available()) { Serial.write(myFile.read()); }
myFile.close();
} else { Serial.println("error opening datalog.txt"); }
void loop(){ Serial.println("End Commun."); }
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Charge battery
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.1 Design Robot Concept Mask #IV (A)
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3 U n.2 Design Robot Concept Mask #IV (B)
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3 191 1.7 Structure Assembly
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byte CH1_PIN = 53;
byte CH2_PIN = 51;
byte CH3_PIN = 49;
byte CH4 PIN =47,
byte CH5_PIN = 45;
byte CH6_PIN = 43;
int CHI;

int CH2;

int CH3;

int CH4;

int CHS;

int CH6;

int Relay1=19;

int Relay2=20;

int xDelay=0;

1

#define BRAKEVCC 0

#define CW 1

#define CCW 2

#define BRAKEGND 3

#define CS_THRESHOLD 2000

#define StatePin 13

319 1.1 msdsemadaulsTumsaiugu
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int count=0;

int june=0; int PWM_Speed=0

#define Div_Gap 40
#define Max_CH1 1910
#define Min_CH1 1072
#define Center CH1 1490
#define Max CH2 1905
#define Min_ CH2 1080
#define Center CH2 1480
#define Max CH3 1910
#define Min_ CH3 1085
#define Center CH3 1495
#define Max CH4 1890
#define Min_CH4 1071

#define Center CH4 1460

2

= o . 1 Ao .
7UN v.2 m3szmednls Calibrate ANTUIA Receiver

int Hcount = 0;

int Start  =23;
int Direc = 25;
int Speed =27,

intinApin[4] = {35 ,
intinBpin[4] = {10 ,
int pwmpin[4] = {7 ,
int cspin[4] = {A6 ,
int enpin[4] = {Al,

11

A7
A5

)

33
31
45
A2
A0

, 43 }; //INA: Clockwise input

, 41 }; //INB: Counter-clockwise input

, 2 }; //PWM input

, A3 }; // CS: Current sense ANALOG input
, A4 }; // EN: Status of switches output

319 1.3 mydsemadaunlshaneny Monster shield



104

void setup() {

pinMode(CH1_PIN, INPUT)

pinMode(CH2_PIN, INPUT)

pinMode(CH3_PIN, INPUT)

pinMode(CH4_PIN, INPUT)

pinMode(CHS_PIN, INPUT)

pinMode(CH6_PIN, INPUT)

pinMode(Start, OUTPUT);

pinMode(Direc, OUTPUT);

pinMode(Speed, OUTPUT);

>

>

b

b

>

>

pinMode(Relayl, OUTPUT);

pinMode(Relay2, OUTPUT);

Serial.begin(115200);

Initial MotorShield();

3
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void loop() {

CH1 = pulseIn(CH1_PIN, HIGH);
CH2 = pulseIn(CH2_PIN, HIGH);
CH4 = pulseIn(CH3_PIN, HIGH);
CH3 = pulseIn(CH4_PIN, HIGH);
CH6 = pulseIn(CH5_PIN, HIGH);
CHS5 = pulseIn(CH6 PIN, HIGH);

june = (CH5-1000)/7;
Serial.print("CH1 =" );
Serial.print(CH1);

Serial.print("\t CH2 = ");
Serial.print(CH2);

Serial.print("\t CH3 = ");
Serial.print(CH3);

Serial.print("\t CH4 = ");
Serial.print(CH4);

Serial.print("\t CH5 = ");
Serial.print(CH5);

Serial.print("\t CH6 = ");
Serial.print(CH6);

Serial.print("\t june =");
Serial.print(june);

Serial.println();

Y] 1
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if (CH6 <1000 ) {

count++;

if (count > 10) {
Serial.println(count);
digitalWrite(13, HIGH);
delay(100);
digitalWrite(13, LOW);
delay(100);
digitalWrite(Relayl, LOW);

}else {
digitalWrite(Relay1, HIGH);
Serial.println("Remote on");

Serial.println(xDelay);
Check RemoteCH3Sprint();
xDelay=150;
Serial.println(xDelay);
Arun();

Check_head();

H

void Arun() {

Check RemoteCH3Sprint();
Check RemoteCHI1ReftLife();
Check_RemoteCH2GoBack();
Check_head();

Stop();

count=0;

514 v.6 Merdudniis Tunldidlaogniols



107

void Initial MotorShield(void)
{ pinMode(StatePin, OUTPUT);  // Fault Monitor
for (inti=0; 1 < 3;i++)
{ pinMode(inApin[i], OUTPUT); // Initialize digital pins as outputs
pinMode(inBpin[i], OUTPUT);
pinMode(pwmpin[i], OUTPUT);
digitalWrite(inApin[i], LOW); / Initialize braked

digitalWrite(inBpin[i], LOW);
}

}

void motorOff(int motor)

{ motor--;
digitalWrite(inApin[motor], LOW);
digitalWrite(inBpin[motor], LOW);
analogWrite(pwmpin[motor], 0);

}

void motorGo(uint8_t motor, uint8 t direct, uint8 t pwm)

{
if (motor==1) {
if (direct == CW)

{

digitalWrite(inApin[0], HIGH);
digitalWrite(inBpin[0], LOW);

}

else if (direct == CCW)

{ digitalWrite(inApin[0], LOW);
digitalWrite(inBpin[0], HIGH);

}

else

{ digitalWrite(inApin[0], LOW);
digitalWrite(inBpin[0], LOW);

}

analogWrite(pwmpin[0], pwm);

/I delay(xDelay);

A s o ' 2
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if (motor == 2) {

// Serial.print(motor);

// Serial.print(" ");

/I Serial.print(direct);

// Serial.print(" ");

/I Serial.println(pwm);

if (direct == CW)
{ digitalWrite(inApin[1], HIGH);
else if (direct == CCW)
{ digitalWrite(inApin[1], LOW);
else
{ digitalWrite(inApin[1], LOW);
analogWrite(pwmpin[1], pwm);
/I delay(xDelay);

}

if (motor == 3) {

if (direct == CW)
{ digitalWrite(inApin[2], HIGH);
else if (direct == CCW)
{ digitalWrite(inApin[2], LOW);
else

{ digitalWrite(inApin[2], LOW);

digitalWrite(inBpin[1], LOW);

digitalWrite(inBpin[1], HIGH);

digitalWrite(inBpin[1], LOW);

digitalWrite(inBpin[2], LOW);

digitalWrite(inBpin[2], HIGH);

digitalWrite(inBpin[2], LOW);

= & ° ' d
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if (motor == 4) {
// Serial.print(motor);
// Serial.print(" ");
/I Serial.print(direct);
// Serial.print(" ");
// Serial.println(pwm);
if (direct == CW)
{ digitalWrite(inApin[3], HIGH);
digitalWrite(inBpin[3], LOW);
}
else if (direct == CCW)
{ digitalWrite(inApin[3], LOW);
digitalWrite(inBpin[3], HIGH);
}
else
{ digitalWrite(inApin[3], LOW);
digitalWrite(inBpin[3], LOW);
}
analogWrite(pwmpin[3], pwm);
/I delay(xDelay);
}
/" Stop();

}

= & ° ' J
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void Check OverCurrent(void)
{ bool OverCurrent = false;
OverCurrent = OverCurrent || (analogRead(cspin[0]) > CS_THRESHOLD);
OverCurrent = OverCurrent || (analogRead(cspin[1]) > CS_THRESHOLD);
OverCurrent = OverCurrent || (analogRead(cspin[2]) > CS_ THRESHOLD);
OverCurrent = OverCurrent || (analogRead(cspin[3]) > CS_THRESHOLD);
if (OverCurrent)
{ digitalWrite(StatePin, LOW);
motorOff(1);
motorOff(2);
motorOff(3);
motorOff(4);

}

else
digitalWrite(StatePin, HIGH);

}
void Stop(void)

{ motorOff(1);
motorOff(2);
motorOff(3);
motorOff(4);
digitalWrite(Start, 1);
digitalWrite(Direc, 1);

digitalWrite(Speed, 1);

& < o i a
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void SprintRight(int xDelay, int xSpeed)

{
//Serial.printIn("SprintRight"); motorGo(1, CW, xSpeed);

motorGo(2, CW, xSpeed);
motorGo(3, CW, xSpeed);
motorGo(4, CW, xSpeed);
delay(200);

Check_OverCurrent();

H
= 7 A4 A 1 4
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void Right(int xSpeed)
{

Serial.println("Right");
motorGo(4, CCW, xSpeed);
motorGo(3, CW, xSpeed);
motorGo(2, CCW, xSpeed);
motorGo(1, CW, xSpeed);
delay(200);

Check_OverCurrent();

s d § !
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void Go(int xDelay, int xSpeed)

{
Serial.println("Go");

motorGo(4, CW, xSpeed);
motorGo(3, CW, xSpeed);
motorGo(2, CCW, xSpeed);
motorGo(1, CCW, xSpeed);
delay(xDelay);

Check OverCurrent();

. y, L
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void Back(int xDelay, int xSpeed)

{
Serial.printIn("Back");
motorGo(4, CCW, xSpeed);
motorGo(3, CCW, xSpeed);
motorGo(2, CW, xSpeed);
motorGo(1, CW, xSpeed);
delay(xDelay);

Check OverCurrent();
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void Check RemoteCHI1ReftLife(void)
{
int duration = CH1;
if (duration > (Center CH1 + Div_Gap))
{
PWM_Speed = map(duration, Center CH1 + Div_Gap, Max_CH]1, 0, 255);
Left(PWM_Speed);
}
else if (duration < (Center_CHI1 - Div_Gap))
{
PWM_Speed = map(duration, Center CH1 - Div_Gap, Min_CHI, 0, 255);
Right(PWM_Speed);
}
else
{
Stop();
}
}

A ) 1 '
317 .16 ManHUN198114A1910 Remote CHI

void Check RemoteCH2GoBack(void){
int duration = CH2;
if (duration > (Center_ CH2 + Div_Gap))
{
PWM_Speed = map(duration, Center CH2 + Div_Gap, Max_CH2, 0, 255);
Back(xDelay, PWM_Speed);
H
else if (duration < (Center_ CH2 - Div_Gap))
{
PWM_ Speed = map(duration, Center CH2 - Div_Gap, Min_CH2, 0, 255);
Go(xDelay, PWM_Speed);
H
else
{
Stop();
}

= P ] 1
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void Check RemoteCH2Sprint(void)
{
int duration = CH2;
if (duration > (Center CH2 + Div_Gap ))
{
PWM_Speed = map(duration, Center CH2 + Div_Gap, Max_CH2, 0, 255);
SprintLeft(xDelay, PWM_ Speed);
H
else if (duration < (Center CH2 - Div_Gap ))
{
PWM_Speed = map(duration, Center CH2 - Div_Gap, Min_CH2, 0, 255);

SprintRight(xDelay, PWM_Speed);

else

Stop();

=)
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#define BRAKE 0

#define CW 1

#define CCW 2

#define CS_THRESHOLD
//IMOTOR 1

#define MOTOR_A1 PIN 7

#define MOTOR_B1 PIN 8

//MOTOR 2
#define MOTOR_A2 PIN 4

#define MOTOR_B2 PIN9

#define PWM_MOTOR 15

#define PWM_MOTOR 2 6

#define CURRENT_SEN 1 A2

#define CURRENT SEN 2 A3

#define EN_PIN 1 AO

#define EN_PIN 2 Al

#define MOTOR 10

#define MOTOR 21

short usSpeed = 150; //default motor speed

unsigned short usMotor_Status = BRAKE;

319 v.19 Talsunsumaaoan Motor
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void setup()

{
pinMode(MOTOR_A1_PIN, OUTPUT);
pinMode(MOTOR_B1_PIN, OUTPUT);
pinMode(MOTOR_A2 PIN, OUTPUT);
pinMode(MOTOR_ B2 PIN, OUTPUT);
pinMode(PWM_MOTOR _1, OUTPUT);
pinMode(PWM_MOTOR_2, OUTPUT);
pinMode(CURRENT _SEN 1, OUTPUT);
pinMode(CURRENT SEN 2, OUTPUT);
pinMode(EN_PIN 1, OUTPUT);
pinMode(EN_PIN_2, OUTPUT);
Serial.begin(9600); // Tnitiates the serial to do the monitoring
Serial.println("Begin motor control");
Serial.println(); //Print function list for user selection
Serial.println("Enter number for control option:");
Serial.println("1. STOP");
Serial.println("2. FORWARD");
Serial.println("3. REVERSE");
Serial.println("4. READ CURRENT");
Serial.println("+. INCREASE SPEED");
Serial.println("-. DECREASE SPEED");
Serial.printIn();

|5
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void Stop()

{
Serial.println("Stop");
usMotor_Status = BRAKE;
motorGo(MOTOR 1, usMotor_Status, 0);

motorGo(MOTOR _2, usMotor_Status, 0);

void Forward()
{
Serial.println("Forward");
usMotor Status = CW;
motorGo(MOTOR _1, usMotor_Status, usSpeed);

motorGo(MOTOR _2, usMotor_Status, usSpeed);

void Reverse()
{
Serial.println("Reverse");
usMotor_Status = CCW;
motorGo(MOTOR _1, usMotor_Status, usSpeed);

motorGo(MOTOR 2, usMotor_Status, usSpeed);

g1 v.21 WasFunaaon Motor (s0)
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void IncreaseSpeed()

{
usSpeed = usSpeed + 10;

if(usSpeed > 255)
{
usSpeed = 255;
}
Serial.print("Speed +: ");
Serial.println(usSpeed);
motorGo(MOTOR 1, usMotor_Status, usSpeed);
motorGo(MOTOR 2, usMotor_Status, usSpeed);

}

void DecreaseSpeed()
{
usSpeed = usSpeed - 10;
iftusSpeed < 0)
{
usSpeed = 0;
}
Serial.print("Speed -: ");
Serial.println(usSpeed);
motorGo(MOTOR 1, usMotor_Status, usSpeed);
motorGo(MOTOR _2, usMotor_Status, usSpeed);

}

=1 Jd v o 3
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void motorGo (uint8 t motor, uint8_t direct, uint8_t pwm){
iflmotor == MOTOR 1)
{
if(direct == CW)
{
digitalWrite(MOTOR_A1 PIN,LOW);  digitalWrite((MOTOR_B1_PIN, HIGH);
}
else if(direct == CCW)
{
digitalWrite(MOTOR_A1_PIN, HIGH);  digitalWrite(MOTOR B1 PIN, LOW);
}
else
{
digitalWrite(MOTOR_A1_PIN, LOW);  digitalWrite((MOTOR_B1_PIN, LOW);

}
analogWrite(PWM_MOTOR 1, pwm);

}
else if(motor == MOTOR_2)
{

if(direct == CW)

{

digitalWrite(MOTOR_A2_PIN, LOW);  digitalWrite((MOTOR_B2_PIN, HIGH);
}
else if(direct == CCW)
{
digitalWrite(MOTOR_A2 PIN, HIGH);  digitalWritea(MOTOR_B2_PIN, LOW);
}
else
{
digitalWrite(MOTOR _A2_PIN, LOW);  digitalWritea(MOTOR_B2 PIN, LOW);
}
analogWrite(PWM_MOTOR _2, pwm);
i
{ usSpeed = usSpeed + 10; if(usSpeed > 255) { usSpeed =255; }
Serial.print("Speed +: ");
Serial.println(usSpeed);
motorGo(MOTOR _1, usMotor_Status, usSpeed);
motorGo(MOTOR _2, usMotor_Status, usSpeed); }

=3 d o o a
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ABSTRACT

Nowadays, robotic technology has become increasingly
important to human life. Robots are applied in several
industries, e.g. agricultural industry, or even the film
industry. Different kinds of robot could be seen in the
movies. One of the most popular robot is the "BB-8"
(ASTROMECH DROID) in the famous science-fiction
film named STAR WARS VII, this robot is very
interesting because it requires cognitive and imagination
skills for creating this robot. The "BB-8" robot in the
future will inspire the creation, and invention of the new
generation of engineers. The advantages of this robot,
besides the common movement of the robot, is the
control technology that allows robots to interact with
humans, including operating system modules, and feature
enhancements. This robot that can be used with many
applications. For example robots for guiding people with
disabilities, robot for guiding location or giving
placement tips, etc. However, the cost of producing this
robot is very high, making it hard for the public to access
it. People know the "BB-8" only in movies. The details
of the "BB-8" production are confidential, resulting in
the difficulty of developing this type of robot to other
applications. This robot is expected to emerge with
embedded system in order to enhance the capability of
the robots for a variety of applications.

KEYWORDS: BBS, Spherical robot, rolling motion.

1. INTRODUCTION

Robot technology has come to play an important role
in the daily lives of human. As the well-known "BB-8"
robot in the epic science, fiction film will inspire the
creation of engineers who designed the experiment and
create new inventions for engineers [1], and designers in
the future [2]. This robot consists of the control
technology that can make a robot interact with a human
such as the module system functions, and other features.

The robot is also able to deploy in a wide range of
application, such as for navigation, robots for disable
people, and robot for guided tours, etc. However the cost
of producing robots model is slightly high. The robot
production is not publically known in details, it is only
known by movie makers. The robot can also increase the
capacity of several technology. This research aims to
design and build a spherical motion robot [3]. With the
rolling motion control via a remote control. The robot
prototype is preliminary built to take advantage of
navigation which is used to find books in the library. The
robot is used in the University to welcome important
guests to provide students that can lead to the
development of education, experience, and knowledge.
Of them it helps engineers to understand the principles of
design the spherical motion robot. The prototype robot
will be also developed further in the future, which will
enhance the ability of the engineering and technology
applications.

2. EXPERIMENT

SPHERICAL ROBOT is a robot that moves by
sprinting itself to move forward. The user can control the
direction of movement they user wants. The robot must
be able to hold the head mounted above the sphere. The
overall system consists of 1). Drive motor, 2).contorted
radio receiver that is used to link to users with the robot
including the directional control, 3). Transmitter will
transmit a signal to the processing unit inside the robot
4).a set of magnets used to support the head to attach to
the outer shell. The "BB-8" is analysis the structure using
visual analysis and then increase the robot scale. This
wheel, which is put inside the robot, is designed to align
on the concave surface of the robot body, helping the
robot to more forward, this research is another technique
for constructing a robot moving system within the arc of
a sphere, with a head which can move freely without
falling apart from top shell.
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2.1 Apparatus
The experiment was divided into three parts.
Part 1. How to make a robot move within a sphere
effectively.

Part 2. How to connect users with robots to control the

direction of robot movement as you want.

Part 3. How to install the robot head to the body in Fig 1.

Fig I. SPHERICAL ROBOT Master

2.2 equipment
2.2.1 Microcontroller

The microcontroller is a device that can create control
system. This device is small. It is a semiconductor device
with integrated automatic functions. Similar to computer,
it is an internal device that contains, processor, and ports

for connection.
2.2.1.1 General components of microcontrollers
1. Control Processing Unit
2. Memory consist of RAM and
EEPROM/EPROM/PROM/ROM

3. Input / Output With parallel expansion ports and

Serial port
4. Timer
5. Interrupt Controller

In this research, we used Arduino mega 2560 in Fig 2
to contact the driver board and get data from the receiver

to get the information to control the robot.

Fig 2. Arduino mega 2560
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2.2.2 Remote Controller

Remote control is an electronic device. That is used to
control the operation of the invention or the machine,
especially home appliances such as TVs, audio, and
DVD players from a distance without using of power
cord. It consists of two things: the code, and the
transmitter. 1).the code is the signal to be removed.
2). carrier receiver used to remove or receive the code
then sent to control the device. In this research, used
Radio link AT9S in Fig 3.

/

Fig 3. Radio link AT9S

Property

- The DSSS spread spectrum system has a very high
signal-to-noise ratio.

- 2.8-inch color screen, 2.4G system, firmware V 1.1.8

- Vibration alarm system can alert and vibrate.

- The telemetry system can be used to receive
information on the aircraft from a distance, such as
voltage, battery, motor speed, GPS on the radio screen.

- 7.4V radio. Up to 18V. Anti-reverse anti-pin batting.

- The USB port can update the latest information from
the manufacturer online.

- The distance on the ground about 900 meters on the air
about 1.5 km.

2.2.2 Driver Motor

Generally, the driver in used to drive a motor for the
robot movement, which requires to control the direction
and speed of the motor.

Fig 4. Monster Moto Shield VNH2SP30
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Description

Monster Moto Shield VNH2SP30 in Fig 4, 30A motor
driver Arduino driver module uses IC chip VNH2SP30
to drive current up to 30A. This board, when used in
extreme heat, should improve the cooling performance.

Property
- Voltage max: 16V
- Maximum current rating: 30 A
- Practical Continuous Current: 14 A
- Analogue current detection
- MOSFET Resistance: 19 mQ (per pin)
- Maximum PWM Frequency: 20 kHz
- Thermal Shutdown
- Under voltage and Overvoltage shutdown

2.2.3 Permanent magnet

The neodymium magnet [4] in Fig 5 is the magnetic
made of a rare magnetic mineral called neodymium
mixed with other minerals. Now it is a permanent
magnet. That is the most powerful in the world.

Fig 5. Neodymium [Nd, 60]

Details about neodymium magnet

- Neodymium magnets are produced from neodymium,
iron, boron and alloy, Tetragonal Crystalline.

- Magnetic field strength (Remanence) 1 - 1.4 T

- Coercively 750-2000 kA/m

- Density of magnetic energy of 200-400 kJ/cu.m

- Magnetic Loss (Curie temperature) 310-400 Celsius

- Neodymium magnet used to produce equipment that
requires high power magnet such as hard disk MRI
scanner (magnetic MRI) in the motor, etc.

- The force of the neodymium magnets is enough to lift
the iron more than 1,000 times its own iron.

Fig 6. Test Neodymium magnet
Fig 6: Demonstrates the strength of neodymium magnet.
Clearly Round ball of 3.63 cm diameter weighs 196.1 g.

The 12" SEATUC Symposium | 12 — 13 March 2018

Three round steel balls are connected Neodymium magnet
with a diameter of 4 mm, thickness 1.5 mm, weight 0.143 g.
2.3 Technique

The robot production is consists of four following steps

2.3.1 A sphere construction

Fig 7: The ball is made of fiberglass casting. The
process begins with cutting the foam and then polishing
it to get a ball with a radius size 33 cm. After that we
wrap it with fiberglass cloth and spray with the resin
solution. In this place we can make half of a ball, then
put together to get the ball as we need. After completing
the process of creating the ball, we cut it into crescents in
order to get the niche for maintenance and screw holes to
close the nut again. Then, we color it with a shade of
gray to reduce scratches and make it easy to clean.
Finally, we wax it.

Fig 7. The robot spherical body.

2.3.2 An internal robot construction.

We choose aluminum as the material for the base of
the robot because it is light and strong. The wheels are
designed According to the concavity of the inner surface
of the robot body, to align with the concave surface to
push the robot moving forward powerful in Fig 8.

Fig 8. Internal components of the robot.
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if (currentValuel < currentLimit) xxx = OutputToMotor1(left_w);
else xxx = OutputToMotor1(0);
if (currentValue2 < currentLimit) yyy = OutputToMotor2(right_w);
else yyy = OutputToMotor2(0);
analogWrite(pwmApin, XXx);
analogWrite(pwmBpin, yyy);

}

)
double Deadband(double value, double limit)
{

double temp = 0.0;

if (value >= limit) temp = value - limit;

else if (value <= -limit) temp = value + limit;
else temp = 0.0;

return temp;

)
int OutputToMotor1(int value)

int temp = 0;
= if (value >=0)

@A) -
Fig 9. Robot mark IV.
digitalWrite(inApin_1, LOW);
Previously, we tried to design and build prototypes digitalWrite(inBpin_I, HIGH); temp = map(value, 0, 500, 0, 255);
as shown in Fig 10 and 11.

}else {

digitalWrite(inApin_1, HIGH);

digitalWrite(inBpin_I, LOW); temp = map(-value, 0, 500, 0, 255);
}

return temp;
int OutputToMotor2(int value)

int temp = 0;
if (value >=0)
{
digitalWrite(inApin_2, LOW);
digitalWrite(inBpin_2, HIGH); temp = map(value, 0, 500, 0, 255);
} else {
digitalWrite(inApin_2, HIGH);
digitalWrite(inBpin_2, LOW); temp = map(-value, 0, 500, 0, 255);

return temp;

N Fig 12. Part of the programming
S

Fig 11. Robot mark IIL.

Fig 10. Robot mark II.

2.3.4 A robot head production and installation.
Fig 13: The demo robot head is a semi-spherical ball
with a diameter of 14 in. It is made of aircraft foam and
hollow in the head in order to reduce the weight.

We take advantages and disadvantages in each version
and been updated to version 4 in Fig 9.

2.3.3 A control system

In this experiment, we use Arduino mega 2560 for the
main processor. The controller receives the signal from
receiver [pulse Input] and convert a signal pulse format
to PWM format. However, it has to conduct a mapping
process before converting the signal, as follow in Fig 12:

void loop() {
loopTime = micros() - previousLoopTime;
if (loopTime >= 10000)
(
previousLoopTime = micros();
CHA = pulseIn(chlpin, HIGH)- default_pInChA;
CHB = pulseln(ch2pin, HIGH)- default_pInChB;
CHA = Deadband(CHA, Pulse_noiseChl);
CHB = Deadband(CHB, Pulse_noiseCh2);
left_w = -(CHA - CHB);
right_w = -(CHA + CHB);

currentValuel = analogRead(CS1) * 0.035; // Motor Driver 1
currentValue2 = analogRead(CS2) * 0.035; // Motor Driver 2 Fig 13. Test and install the demo head.
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Movement [5] of the object can sometimes be shifted
along with rotational motion, as ball motion, golf and
bicycle wheel motion. The object rotates about the
central axis. In the study of rolling objects, for example,
a wheel that runs on a flat road at a constant speed. When
considering the kinetic energy of a rolling motion of an
object, it is equal to the total of kinetic energy in Fig

K

1 ol — :
e P g gy, Kinetic energy of rolling:

rolling ~ o

Fig 14 Head ready for next job. 5

24 Deglgn . o From v=eR That will K, = ilm ( L J +l|un'§_u
In this section, we are based on the movie in Fig 1. 2 2

Clean and modified robot, and enter details, for head 7

ready for next job in Fig 15. Torewrite (K, =—

Tey ol

energy of rolling:

Fig 17. Rolling equation.

On the other hand, we can press the straight edge inside
the ball to push the ball move forward ,shows how the
ball can move forward by moving the weight inside the
ball in Fig 18.

4 -

o !!!Pi
CROR0

Sec 1 Sec 2 Sec 3 ===> Time
Fig 18.Pressing Straight edge Ball.

Sec 1 => the ball is stopped.
Sec 2 => the ball is moving. [Move the red dot (mass)]
Sec 3 => the ball is moving on for a while and stopped.

Fig 15. Shell of robot and head.

3. ANALYSIS A W . 3.3 Control variable for robot head.
The hardware developer is divided into three parts .
as follows: Form 2.2.3 Permanent magnet, we use Neodymium

3.1 How to make it sprint magnet for stretching the body and head in Fig 19.

In this section, the robot movement is described

based on football movement Fig 16. Lightweight Shell Head”

Linear motion F — f =ma Simple Magnet

Angular movement fr=7& Ball Bearings
= = Simple Magnet

ifnotslp =2
;

Lightweight Structure Holding Magnet Up

Axel to Rotate Magnets/Head

£ Frl F-f=
> a=

1+mI’z I+mr?

Fig 19. Head section.

Using Neodymium type N52 [7] magnet in Fig 20,
the distance between the head magnet and the body
=a=0,/=0 Speed will be constant and no friction. magnet need to be maintain at 4 mm. to balance the robot

and stabilize the robot hade on the body.

If there is no other force # =0

Fig 16. Movement equation.
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Using Neodymium type N52 size 12x3 mm. Hole 4 mm.

12x3mm Hole 4mm

AL

Fig 20. Use this Magnetic.

We also use the same method to move the robot Fig 21.

®© 6
Fig 21. Robot forward, backward.

3.4 Discuss the achievement.

From the above-mentioned modules, we assemble
all modules together and test it. As the result of the
experiment, robots can move to a specified position as
intended and achieve the goals set by the researcher.
Although during initial testing and prototyping, problems
are encountered throughout the production : the molding
of the robes used to cover the robot; the magnetic field is
not uniform; batteries are not enough for use; the length
of the knitting needle stitches is too long, causing the
robot inside to stumble and cannot move forward; non-
balanced weight of the head with the selected magnetic
set; and speed and direction of the turn is too much,
resulting in the filing of the head of the body. After
analyzing and solving the above-mentioned problems, all
problem is fixed, the robot can move to specified
position correctly and performance.

4. CONCLUSION

This paper has proposed the procedure of prototyping
a Spherical robot. As the results of robot testing,
the movement of the robot can be balanced by
controlling movement speed, the distance between the
head magnet and body magnet and the Turing speed of
the left and right wheel. The capacity of battery should
be concerned for the robot complete the tasks. This type
of robot will be emerged the human interface system
to enhance the capability of the robot for wider range of

application in the future.
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