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Abstract: How to solve the two rounds of self-balancing vehicles in a more complex 
environment in the flexible implementation of the task, has gradually become a 
concern of researchers. The sensor of the system uses the MPU6050 six-axis sensor 
with accelerometer and gyroscope to collect the acceleration and angular velocity of 
the car body. System through the TB6612FNG integrated driver chip to drive the motor, 
and through the phone Bluetooth and car to communicate. Rely on these reliable 
hardware and software design, making the entire hardware structure and software 
systems can be a smooth match, so that the car can maintain an independent state of 
self-balancing. 
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1. Introduction 
 
The research of mobile robots has become one of the most active fields in scientific 
research. The scope of application of mobile robots is becoming more and more 
extensive, and the environment and tasks are becoming more and more complicated. 
This requires that mobile robots must be able to adapt to complex environments and 
tasks such as outdoor mobile robots that need to walk on rugged terrain and walk 
through narrow spaces. How to solve the robot in such a more complex environment in 
the flexible implementation of the task, has gradually become a concern of 
researchers. 

Two rounds of self-balancing cars are made in this context. It uses two rounds of 
coaxial, independent drive, the body is located in the wheel axle above the structure. It 
is balanced by movement and can stand upright. Because of its unique structure, for 
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the terrain changes have a strong ability to adapt. It has a flexible performance, in a 
complex environment to complete a specific task. 
 

2. Overall Structure 
 
The self-balancing car system is a comprehensive and complex nonlinear system 
integrating environment perception, dynamic decision-making and planning, behavior 
control and execution. It is the key research topic of dynamic theory and automatic 
control theory and technology. Is to complete their own balance at the same time can 
adapt to a variety of environmental control tasks? Can use the external infrared sensor, 
speed sensor, tilt sensor, anti-collision switch, etc., to achieve the car's independent 
obstacle avoidance, tracking, path planning and other complex functions. At the same 
time, the two-wheeled self-balancing car also belongs to an unstable robot dynamics 
system, and its dynamic equation is a nonlinear high-order equation with multiple 
variables, coupling and time-varying. Coupled with the kinesthetic non-complete 
constraints, the task is required to complete the task is multiple, so by the national 
researchers attention. 

The overall circuit of the car mainly includes power supply circuit, single chip main 
control circuit, MPU6050 sensor circuit, TB6612FNG motor drive circuit and other 
peripheral circuits. Each module circuit is inseparable, but each has a different division 
of labor. So that it ensures the stable operation of the system. System hardware block 
diagram shown in Figure 1. 
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Fig. 1 Block Diagram of System 
 

3. Design of MPU6050 Sensor Circuit 
 
The more important part of the system is to get the attitude of the car, and then can be 
PID closed-loop control. The system needs acceleration and angular velocity data 
filtering fusion in order to obtain accurate angle. So choose the MPU6050, as shown in 
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Figure 2, the axial diagram shown in Figure 3. 
 

                                         
 

Fig. 2 MPU6050 Module                                     Fig. 3 MPU6050 Module 
 

The MPU6050 is the world's first integrated 6-axis motion handling component. 
Compared to the multi-component solution, it eliminates the problem of the difference 
between the combination gyroscope and the accelerator, reducing the amount of 
packaging space. It integrates a 3-axis MEMS gyroscope, a 3-axis MEMS accelerometer, 
and an expandable digital motion processor DMP (Digital Motion Processor). It can use 
the I2C interface to connect a third party digital sensor, such as a magnetometer. After 
expansion, it can output a 9-axis signal through its I2C [1]. 

 

 
 

Fig. 4 MPU6050 system architecture 
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The MPU6050 uses three 16-bit ADCs for gyroscopes and accelerometers, 
respectively. The angular velocity of the full-grid sensing range is ± 250, ± 500, ± 1000 
and ± 2000 ° / sec (dps). It can accurately track fast and slow action. The user can 
program the accelerator to fully detect the range of ± 2g, ± 4g, ± 8g and ± 16g. 
Product transmission can be up to 400 kHz IIC [2]. MPU6050 can work at different 
voltages, VDD supply voltage of 2.5V ± 5%, 3.0V ± 5% or 3.3V ± 5%, and logic 
interface VVDIO supply voltage of 1.8V ± 5%. The package size of the MPU-6050 is 
4x4x0.9mm (QFN). It contains a built-in temperature sensor that contains only ± 1% of 
the oscillators in the operating environment. The system structure shown in Figure 4. 

 

           
 

           Fig. 5 MPU typical circuit                        Fig. 6 MPU interface circuit 
 

MPU6050 typical application circuit shown in Figure 5, which only requires a small 
number of peripheral circuits can achieve three-axis acceleration and three-axis 
angular velocity measurement. Figure 6 shows the interface circuit of the MPU6050 
module. 
 

4. Design of Motor Drive Circuit 
 
Motor as an important component of the system, its torque, speed and other 
parameters on the vertical balance of the car is essential. The motor also need to have 
their own high-precision speed circuit in order to establish the speed loop in order to 
better maintain stability. So choose the motor JH37-520. 

However, the motor can not be directly driven directly by the microcontroller. It 
needs to use the drive circuit. The driver circuit can use H bridge circuit. Can also use 
integrated circuit driver chip. TB6612FNG is used here, as shown in Figure 7. 
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Fig. 7 TB6612FNG module 
 

TB6612FNG is a Toshiba DC motor drive device, which has a high current MOSFET-H 
bridge structure, dual-channel circuit output, which can drive two motors. The 
TB6612FNG outputs up to 1.2 A continuous drive current per channel. Start peak 
current up to 2A / 3.2A (continuous pulse / single pulse). 4 kinds of motor control mode, 
including forward, reverse, brake, stop. The maximum frequency supported by PWM is 
100 kHz. Chip containing low-voltage detection circuit and thermal shutdown 

protection circuit. The working range is -20 ~ 85 ℃. From these characteristics, it is 

compared to the traditional L298N has a great advantage. TB6612FNG pin structure 
shown in Figure 8.Which does not require the number of peripheral devices to drive the 
two motors. The drive circuit used in this car is shown in Figure 9. 

 

 
 

Fig. 8 TB6612FNG Pin structure 
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Fig. 9 Motor drive circuit 

 
5. Conclusion 

 
Self-balancing car system is a two-wheel parallel arrangement, like the traditional 
inverted pendulum. It itself is a natural unstable body, must be imposed strong control 
means to make it stable. The working principle is to use the attitude sensor (gyroscope, 
accelerometer) to monitor the body in which the pitch state and state rate of change, 
and then through the MCU (Microcontroller Unit) to calculate the appropriate data and 
instructions, the drive motor to produce forward or backward acceleration To achieve 
the balance of the body before and after the effect. 
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