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NOMENCLATURE

 Moment of inertia of the mass center

 Mass of the body

 Mass of the pole

 Distance of the pole

 Distance between the mass center of x-axis

 Distance between the mass center of y-axis

 Variation of x of displacement

 Variation y of displacement

 Displacement of x-axis

 Velocity of x-axis [m/s]

 Acceleration of x-axis [m/s2]

 Displacement of y-axis

 Velocity of y-axis [m/s]

 Acceleration of y-axis [m/s2]

 Pole angle from vertical [rad]

 Pole Rotation velocity [rad/s]

 Pole Rotation acceleration [rad/s2]
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 Friction forces between the ground and the wheels

 Gravity

 Initial force acting on body

 Reaction forces between the perpendicular

 Reaction forces between the horizontal direction

 Proportional gain

 Integral gain

 Derivative gain
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ABSTRACT

A Study on the Real Time Attitude Control of Mobile

Inverted Pendulum for Personal Mobility

Im, Sung Been

Advisor : Prof. Jeong, Sang-Hwa, Ph.D.

Department of Mechanical Engineering,

Graduate School of Chosun University

In these days, a number of systems become complicated according to customers'

demands. At the same time, it is now getting difficult to meet a variety of demands with

the existing control theories as the non-linearity in the systems increases. The purpose of

this research is to model the nonlinear attributes and design the fast and precise controller,

which can maintain stability when it reaches the target. The controller should also be able

to come back to the target from the unstable conditions caused by random external input.

In this thesis, two-wheeled transportation has been designed as follows. The inverted

pendulum control theory was utilized to design 6 axis-acceleration and gyro sensor, which

are integrated as one. A motor controller for direction setting using a joy stick and

operation was also manufactured. Because transportation system is limited by filtering and

mathematization of sensor signal, system is unstable according to in-external condition of

that. The PID value should be adjusted to stabilize the system according to the attributes

of the real-time transportation.
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The stable driving method utilizes non-linear control algorithm to design a controller,

which finds the PID gain value by analyzing the drive speed for the robot’s drive stability

and information obtained from the steering sensor. The attitude control on the two-wheeled

robot through the analysis suggests a possibility of applying this onto other robots’ attitude

control and various systems. Since the robot is operated vertically on two wheels, there

must be a consideration for errors to drive it on vertical attitude. These errors are

measured from the angles, drive algorithm and sensor signals.

The two-wheeled transportation was handled stably through the sensor-signal filtering

and controller algorithm design. In addition, the sensor only uses 6-axis acceleration and

gyro sensor in order to get precise an

gles. In order to maintain the vertical attitude of the two-wheeled robot, a system should

be designed to compensate for the changes of angles and correspond to it properly.

Through the experiment, the stability of the personal mobility has been affirmed through

the analysis on the sensor state according to the PID control gain.
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Fig. 1-1 Segway

Fig. 1-2 PUMA (GM, Segway)
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Fig. 1-3 Schematic diagram of two-wheeled mobile
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Fig. 1-4 Contents composition
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Fig. 2-1 Relationship of dynamics and mechatronics
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Fig. 2-2 Inverted pendulum dynamics modeling design of the two-wheeled mobile[13]
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Table 2-1 Transfer function parameter
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Fig 2-3 Response time versus percent overshoot
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Fig 2-4 PID gain predict of matlab design

(a)<0.5s, P.O<10% (b) <2s, P.O<35%

Fig 2-5 Condition of PID step response
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Table 2-2 Design of PID gain range

stability time ≻ 2 sec

19<P<21

0.9<i<0.11

780<d<820

stability time ≤ 2 sec

17<P<23

0.8<i<0.12

650<d<950
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Fig. 3-1 MPU6050 6axis-Acceleration/Gyro sensor
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Table 3-1 MPU6050 specification

Name
MPU6050 Specification

Accelerometer Gyroscope

Full scale range ±2,±4,±8,±16g dps
±250,±500,±1000,±2000

( /sec) dps˚

Sampling rate 16bit ADC

Operating
current

500uA 3.6mA

I2C 400kHz

I2C Address 0x68(except R/W 0x1)
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Fig. 3-2 nRF24L01 electric circuit

Fig. 3-3 nRF24L01 block diagram
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Fig. 3-4 Bluetooth install
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Table 3-2 DC motor drive specification

Name L298 DC Motor driver

Type Half-birdge DC motor control circuit

Numbers of I/O

channles
2 Channels

Operating Input

voltage
4.7~24V

Operating

Temperature
-25~130

Max appliance

current
2A per channel

Logic Max

voltage
1.5V
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Fig. 3-5 L298 DC motor driver

Fig. 3-6 DC motor driver circuit
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Table 3-3 DC motor driver control condition

Motor Signal Direction

A

in1 in2 .

Low High CCW

High Low CW

High High Brake

B

in3 in4 .

Low High CCW

High Low CW

High High Brake
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Table 3-4 ATmega328 specification

Name ATmega328

Processing speed 20MHz

EEPROM 1KBytes

Memory 32KBytes

RAM 2KBytes

Write/Erase

Cycles
10,000 Flash/100,000 EEPROM

Sense channels 64 channels
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Fig. 3-7 ATmega328 pin layout

Fig. 3-8 Degine of aduino firmware picture
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Fig. 3-9 Joy stick
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Fig. 3-10 Receive-body part flow chart
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Fig. 4-1 Gyro/Acceleration degree diagram
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Fig. 4-2 IPSS-FA model program flow chart
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Fig. 4-3 Configuration of PID controller

    


(4.1)
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Fig. 4-4 Pulse and pulse width
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(a) duty ratio = 20% (b) duty ratio = 40%

(c) duty ratio = 60% (d) duty ratio = 80%

Fig. 4-5 Various PWM signal on duty cycle
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Fig. 4-6 PWM control program
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Fig. 4-7 Main control flow chart
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Table 4-1 Designation of control variable and constant

#define Gry_offset 0 //The offset of the gyro

#define Gyr_Gain 16.348

#define Angle_offset 1.08 // The offset of the accelerator

#define RMotor_offset 0 // The offset of the Motor

#define LMotor_offset 0 // The offset of the Motor

#define pi 3.14159

float kp, ki, kd;

float Angle_Raw, Angle_Filtered, omega;

float Turn_Speed = 0, Turn_Speed_K = 0;

float Run_Speed = 0, Run_Speed_K = 0;

float LOutput,ROutput;

unsigned long preTime = 0;

unsigned long lastTime;

float Input, Output;

float errSum, dErr, error, lastErr;

int timeChange;
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Fig. 4-8 Main program loop control flow chart
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Fig. 4-9 Total signal process diagram
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Fig. 5-1 Control program upload

Fig. 5-2 Acquisition of sensor signal
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Table 5.1 Experimental conditions

No. P I D

1 20 0.1 200

2 20 0.1 500

3 20 0.15 800

4 20 0.2 800

5 80 0.1 800

6 20 0.1 800
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Fig. 5-3 Gain: P=20, I=0.1, d=200
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Fig. 5-4 Gain: P=20, I=0.1, d=500
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Fig. 5-5 Gain: P=20, I=0.15, d=800
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Fig. 5-6 Gain: P=20, I=0.2, d=800
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Fig. 5-7 Gain: P=80, I=0.1, d=800
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void loop(){

unsigned long time = millis();

axis_x.axis_1 = analogRead(A0);

axis_x.axis_2 = analogRead(A1);

Mirf.setTADDR((byte *)"serv1");

Mirf.send((byte *)&axis_x);

while(Mirf.isSending()){

}
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void Receive()
{
if(!Mirf.isSending() && Mirf.dataReady()){
if(axis_x.axis_1 >= 520) // Y axis datas from joystick_1
{
Turn_Speed = map(axis_x.axis_1, 520, 1023, 0, 30); // 30 is the

max
}
else if(axis_x.axis_1 <= 480)
{
Turn_Speed = map(axis_x.axis_1, 480 ,0, 0, -30); // 30 is the

max turning
}
else
{
Turn_Speed = 0;
}
if(axis_x.axis_2 >= 520) // X axis datas from joystick_1
{
Run_Speed_K = map(axis_x.axis_2, 520, 1023, 0, 50); // 50 is the

max
Run_Speed += Run_Speed_K;
}
else if(axis_x.axis_2 <= 480)
{
Run_Speed_K = map(axis_x.axis_2, 480, 0, 0, -50); // 50 is the

max
Run_Speed += Run_Speed_K;
}
else
{
Run_Speed_K = 0;
}
}
else
{
axis_x.axis_1 = axis_x.axis_2 = 500;
}
}
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void Filter()

{ // Raw datas from MPU6050

accelgyro.getMotion6(&ax, &ay, &az, &gx, &gy, &gz);

Angle_Raw = (atan2(ay, az) * 180 / pi + Angle_offset);

omega = gx / Gyr_Gain + Gry_offset;

unsigned long now = millis();

float dt = (now - preTime) / 1000.00;

preTime = now;

float K = 0.8;

float A = K / (K + dt);

Angle_Filtered = A * (Angle_Filtered + omega * dt) + (1 - A) *

Angle_Raw;

data.omega = omega;

data.angle = Angle_Filtered;

}
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void PWMControl()

{

if(LOutput > 0)

{

digitalWrite(TN1, HIGH); digitalWrite(TN2, LOW);

}

else if(LOutput < 0)

{

digitalWrite(TN1, LOW); digitalWrite(TN2, HIGH);

}

else

{

digitalWrite(ENA, 0);

}

if(ROutput > 0)

{

digitalWrite(TN3, HIGH); digitalWrite(TN4, LOW);

}

else if(ROutput < 0)

{

digitalWrite(TN3, LOW); digitalWrite(TN4, HIGH);

}

else

{

digitalWrite(ENB, 0);

}

analogWrite(ENA, min(255, (abs(LOutput) + LMotor_offset)));

analogWrite(ENB, min(255, (abs(ROutput) + RMotor_offset)));

}
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void loop()

{

Filter();

Serial.print(" Angle = ,"); Serial.print(Angle_Filtered);

if (abs(Angle_Filtered) < 45)

{

Recive();

PID();

PWMControl();

}

else

{

analogWrite(ENA, 0); analogWrite(ENB, 0); // motor stop

for(int i = 0; i < 100; i++) // Keep after falling down

{

Filter();

}

if(abs(Angle_Filtered) < 45) // restart automaticly

{

for(int i = 0; i <= 500; i++) // Reset and delay 2 seconds

{

omega = Angle_Raw = Angle_Filtered = 0;

Filter();

Output = error = errSum = dErr = Run_Speed = Turn_Speed = 0;

PID();

}

}

}

Serial.println();

}
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