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Related U= Applicaton Data

ra|
[=]

AL

Fz 53
& [0]=}] Powered single—wheeled seff-balancing vehicle for standing user
SAHBH [ HHERHHG [

MEEE HEL  HPpE [RLEE DE

(19 72 A1 K SHEHIC

() ZEHF /AT 20110220427 / 2011.09.15

(11) SEHF /U] !

(65) SAHZ/UX} 20110220427 / 2011.,09.15

(21) =AM F /AR 13044487 / 2011.03.09

{72) =301{Assignee) Chen Shane

(30) S41HH F{Priority No.)

BE2K 1/00 BE2D £1/00
180721

(51) IPC(int. C1.)

(52) UPC(U.5. CL.)

(s CPC

{56) Field of Search

(86) K Z™M F(PCT No.)

(87) THSAHE(PCT Pub No.)

(57) 22R{Abstract)

& powered, gyroscopically balanced unicycle device to be
uzed while standing, having leg contact surfaces which are
made of a vielding, slightly soft material whose mild friction
against the user's legs allows stable, precise control of the
device without restraining the legs in any way, In one
embodiment a single hubless wheel is driven by a friction
drive mechanism which transmits torgue from a motor
through a drive wheel positioned below the foot platforms
and in contact with the inner tim of the wheel. “arious
structures are provided for supporting the wheel and
keeping it in place as it spins: absorbing small verdical
movements of the wheel to prevent them from being
transmitted to the foot platforms; enabling folding of the foot
platforms: and facilitating camving of the device by hand.
Other embodiments are described and shown,

BE2K3/007 BE2K1/00 BE2K2015/003
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Eat A=

#include <avr/io.h>

#include <avr/interrupt.h>

#include <stdio.h>

#define F_CPU 16000000 //E8 2%
#include <util/ delay.h>

ISR(INT4_vect) //¥17d AHXA
{

J

PORTB=0x00; _delay_ms(10000);

#define MOTOR_PORT PORTB

#define MOTOR _Idle MOTOR_PORT = 0x00
#define MOTOR_Break MOTOR_PORT = 0x30
#define MOTOR_CW MOTOR_PORT = 0x2c
#define MOTOR_CCW MOTOR_PORT = 0x24
#define USARTO ((unsigned char)0)

#define USART1 ((unsigned char)1)

extern int USART1_send(char data, FILE *stream);
extern int USART1_receive(FILE *stream);
extern int USARTO_send(char data, FILE *stream);
extern int USARTO_receive(FILE *stream);

int USART1_rx_check(void);

#define CR 0x0d

#define LF 0x0a

#define LENGTH_RX_BUFFER 20

t#define LENGTH_TX_BUFFER 20

#define KP 0.079 //0.079 Bl A

#define  KI 0.008 //0.008 A=A

#define KD 0.047 //0.047 w]EA I

#define  dt 0.01 //0.01

volatile unsigned char rx1_buffer[ LENGTH_RX_BUFFER],

tx1_buffer[ LENGTH_TX_BUFFER];
volatile unsigned char rx1_head=0, rx1_tail=0, tx1_head=0, tx1_tail=0;

void port_init(void){
DDRB |= (1<<DDB5);
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DDRB |= (1<<DDB4);
DDRB |= (1<<DDB3);
DDRB |= (1<<DDB2);
PORTB|= (0<<PORTB2);

}

void pwm_init(void){
//16bit timerl fast pwm mode
TCCR1A | =
(I<<WGM11) | (1<<WGM10) | (1<<COM1AL1) | (0<<COM1AO0) | (1<<COM1B1) | (0<<COM1B0);
TCCR1B |= (1<<WGM12) | (0<<CS12) | (0<<CS11) | (1<<CS10);
J

void sensing_init(void){
//16bit timerl fast pwm mode
TCCR2 |= (0<<CS522) | (1<<CS21) | (1<<CS20); TIMSK |= (1<<TOIE2);

J

static FILE
usart0_stdio=FDEV_SETUP_STREAM(USARTO_send,USARTO_receive, FDEV_SETUP_RW);

char dir,start=1;

unsigned char one;

int motor_pwm,motor_v;

void 1f() { putchar(CR); putchar(LF); }

double roll_sum, KP_term, KD_term, KI_term;
volatile int ax, ay, az, gx, gy, tt = O,roll, pitch = 0;

signed char buf[256];
unsigned char buf_idx = 0;

ISR(TIMER2_OVEF _vect)
{
TCNT2=230;
if (USART1_rx_check())
{
one=USART1_receive(stdin);
if(one==LF)

sscanf(&buf[1], "%d,%d,%d,%d,%d,%d,%d,%d", &ax, &ay, &az, &gx,
&gy, &tt, &roll, &pitch);
buf idx = 0;
]

else

{
buf[buf_idx++] = one;
buf[buf_idx]=0x00;
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}
int main(void){
stdin=stdout=stderr=&usart0_stdio;

UCSROB=0x18; UBRROH=0; UBRROL=8;
UCSR1B=0x98; UBRR1H=0; UBRR1L=8;

port_init();
pwm_init();
sensing_init();
EICRA=0b00000000;
EICRB=0b00000001;
EIMSK=0b00010000;
SREG=0x80;

[I1117777117177711777771117771A% 001782 &2
while(start){

if(roll<0){
start=1;

}
else if(roll>0){

start=0;
}
}

while(1){
roll_sum+=roll;

if(roll_sum>20000) roll_sum=20000;
else if(roll_sum<-20000) roll_sum=-20000;

KP_term = roll*KP; //vl& Ao KP=0.079

KI_term = roll_sum * KI* dt; / /A EA o] KI=0.008
KD_term = gx * KD; //PEA o] KD=0.047

motor_v=KP_term+KI_term+KD_term;
if(motor_v>0) dir=1;
else{

dir=0;
motor v *= -1;
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motor_pwm =26*(int)(motor_v);

if(dir){ OTOR CCW
MOTOR_ ;
PORTC=0xFO;

}

MOTOR_CW;
PORTC=0x0F;
}

if(motor_pwm > 1010 ) motor_pwm = 1010; //EE E=ztol¥ A% Htl FEH
= 99%

elsef

OCRIA = motor_pwm;

J

/) B A% BA A%

int USARTO_send(char data, FILE *stream)

{
while ( !( UCSROA & (1<<UDRE0)) );  // UDR # A =H
UDRO = data; // UDR #A2=H| k& 7] 53k},
return data;

o

}

/] Bl @ BA A
int USARTO_receive(FILE *stream)

{
while ( I(UCSROA & (1<<RXC0)) );// UDR #E A 2=E | &2 41 HAF
return UDRO;

J

/] AERE )@ EA A% 5%
int USART1_send(char data, FILE *stream)
{
// txbuffer[] full, g 7H2t= & w742 7th4
while(  (tx1_head+1==tx1_tail) | ((tx1_head==LENGTH_TX BUFFER-1) &&
(tx1_tail==0)) ),

tx1_buffer[tx]1_head] = data;
tx1_head = (tx1_head==LENGTH_TX BUFFER-1) ? 0 : tx1_head+1;
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UCSR1B = UCSR1B | 1<<UDRIEL; // B FA7} Jde == UDRE1 H
&3}

rO
An)
r®
m

return data;

}

// JEHE o7t £4 F4 5=
int USART1_receive(FILE *stream)
{ unsigned char data;

while( rx1_head==rx1_tail ); // 4 A7} §l&

data = rx1_buffer[rx1_tail];
rx1_tail = (rx1_tail==LENGTH_RX_BUFFER-1) ? 0 : rx1_tail + 1;
return data;

J

// USART1 RXC interrupt service
ISR(USART1_RX_vect)
{ volatile unsigned char data;

// rx_buffer[] full, "}X] 9} A E2} WY
if( (rx1_head+1==rx1_tail) | | ((rx1_head==LENGTH_RX_BUFFER-1) &&
(rx1_tail==0)) ){
data = UDRI,
Jelse{
rx1_buffer[rx1_head] = UDRI,;
rx1_head = (rx1_head==LENGTH_RX_ BUFFER-1) ? 0 : rx1_head+1;

}

// USART1 receive char check
int USART1_rx_check(void) { return (rx1_head != rx1_tail) ? 1 : 0; }
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