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I.   Pose the problem 
In the field of automation - automatic control in general and cybernetics in particular, the inverted 

pendulum model is one of the typical research objects and is characterized by the unstable dynamic 

characteristics of the model, so the control controlling this object in fact poses as a challenge. 
If a lot of weight is placed on the rudder, the robot will be unstable and easy to fall, and if put on many 

tail wheels, the two main wheels will lose their ability to grip. Many robot designs can move well on flat terrain 

but cannot move up and down on convex or inclined surfaces. When moving up the hill, the robot's weight is on 

the rear of the vehicle, causing it to lose its ability to grip and slip. 

 

II.    Modeling self-balancing 2-wheel robot on flat terrain 
Building a system of state equations describing a self-balancing two-wheeled robot system. Using the 

Euler-Lagrange method to build the kinetic model. Suppose At time t = 0, the robot moves in the positive x-axis 

direction, we have the equations: 
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Where the average coordinates of the robot in the frame of reference: 

 

 
 

 

 

 

 

 

Left wheel coordinates in the frame of reference: 
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III.    Calculating the parameters of the robot 
The equation of kinetic energy of rotation: 

2 2. . . . . . . .
2 2 2 2 2 2

2

1 1 1 1 1 1

2 2 2 2 2 2
w l w r m l l m r r

T J J J J n J n J
 

       
   

          
     

With 

2 2
. . . .

2 21 1
,

2 2
m l l m r r

n J n J   
   

    
   

 is the rotational kinetic energy of the left and right motor 

armatures. 

Taking the derivative L with respect to the variables we get: 
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Dynamic torque produced by DC motor: 
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And 
Using the PWM method to control the motor should switch from motor current to motor voltage: 
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Considering the relatively small armature inductance (near zero), which can be neglected, deduce: 
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From there, the torques are generated: 
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The kinematic equation describing the motion of the robot is obtained as follows: 
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IV.    System design 
Algorithm flowchart 

 
 

 

 

 

 

 

Setup

    lcd.begin(16, 2);

    lcd.clear();

    lcd.setCursor(0,0);

    lcd.print("ROBOT DO AN");

I2CDEV_IMPLEMENTATION == I2CDEV_ARDUINO_WIRE

Wire.begin();

TWBR = 24;

Fastwire::setup(400, true);

I2CDEV_IMPLEMENTATION == I2CDEV_BUILTIN_FASTWIRE

devStatus = mpu.dmpInitialize();

mpu.setXGyroOffset(220);

mpu.setYGyroOffset(76);

mpu.setZGyroOffset(-85);

mpu.setZAccelOffset(1788); 

Đ

S

Đ

S

devStatus == 0

mpu.setDMPEnabled(true);

attachInterrupt(0, dmpDataReady, RISING);

mpuIntStatus = mpu.getIntStatus();

dmpReady = true;

packetSize = mpu.dmpGetFIFOPacketSize();

pid.SetMode(AUTOMATIC);

pid.SetSampleTime(10);

pid.SetOutputLimits(-255, 255);  

pinMode(19, INPUT_PULLUP);

attachInterrupt(4, LCD, RISING);

RET

Đ

S
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Main program 

 

main

!dmpReady

return;

!mpuInterrupt && fifoCount < packetSize

pid.Compute();

motorController.move(output, MIN_ABS_SPEED);

unsigned long currentMillis = millis();

currentMillis - time1Hz >= 1000

loopAt1Hz();

time1Hz = currentMillis;

currentMillis - time5Hz >= 5000

loopAt5Hz();

time5Hz = currentMillis;

mpuInterrupt = false;

mpuIntStatus = mpu.getIntStatus();

fifoCount = mpu.getFIFOCount();

1

1

2 (mpuIntStatus & 0x10) || fifoCount == 1024

mpu.resetFIFO();

mpuIntStatus & 0x02

fifoCount < packetSize

fifoCount = mpu.getFIFOCount();

mpu.getFIFOBytes(fifoBuffer, packetSize);

fifoCount -= packetSize;

mpu.dmpGetQuaternion(&q, fifoBuffer);

mpu.dmpGetGravity(&gravity, &q);

mpu.dmpGetYawPitchRoll(ypr, &q, &gravity);

input = ypr[1] * 180/M_PI + 180;

input = ypr[1] * 180/M_PI + 180;

2

END
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V.    Conclusion 
The article refers to the research problem, complete design, complete the self-balancing 2-wheel robot 

model. Set up mathematical model, state function of model and simulate successfully on Matlab Simulink. 

Active Circuit Components and Microcontrollers: Active Circuit Components and Microcontrollers. 

The H-bridge circuit operates stably without overloading and overheating. Read the encoder correctly without 

bias. The control vo works stably. The microcontroller works stably, does not reset or disconnect itself. 

Self-balancing two-wheeled robot is not a new topic but poses many challenges in research and 

manufacturing. To be able to design a complete, more flexible, self-balancing 2-wheel robot model and serve as 

a basis for building a self-balancing 2-wheeled vehicle that can carry people, it is necessary to accurately 

calculate the mechanical structure, as well as get really accurate parameters about the motor, encoder, sensor 

and an adaptable controller like neural network. 
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