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Abstract 
In this design, STC12C5A60S2 single chip microcomputer is used as the control center of 
the balance control system, and adxl345 sensor is selected to monitor the attitude of the 
bearing instrument platform in real time; In the hardware control of the system, the 
stepping motor is selected to control the expansion and contraction of the rope to control 
the horizontal angle of the bearing instrument platform. The attitude sensor adxl345 
and ultrasonic sensor can measure the attitude of the bearing instrument and the height 
of the platform. The STC12C5A60S2 single chip microcomputer and the attitude sensor 
are used to transmit and process the output signal, and the serial port is used to transmit 
it to the STC main control single chip microcomputer to control the three stepping 
motors. Finally, the balance of the system is achieved, and the attitude change and height 
change are displayed through the serial port screen. 
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1. Introduction 

With the development of society, the requirements for the automatic maintenance level of various 
platforms are more and more strict, but the equipment that can meet the requirements is expensive 
and bulky. Over the years, the accuracy of various sensors has become higher and higher, and the 
control system is closed-loop control, so it is not difficult to achieve self balance.[1]. 

2. System Design Scheme 

 
Figure 1. system block diagram 
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This design mainly includes power module, detection system module and main control system 
module. The CPU of the detection system uses STC single chip microcomputer as the information 
acquisition center. After the acquisition, the data is transmitted to the main control system through 
Bluetooth. The main control system controls the stepping motor through algorithm, and finally 
controls the lifting of the bearing instrument platform. After balancing, start to detect the height of 
the platform, display it through the serial port screen, and then press the key to realize the lifting of 
the platform. The system block diagram is shown in Figure. 

3. Hardware Design 

3.1 Controller Module 

It is composed of main controller and control system. The main control system is responsible for the 
control of the motor and the realization of the interface key function of human-computer interaction. 
The detection system is mainly responsible for the information acquisition of attitude sensor and data 
Kalman filter processing, and finally sent to the main control system through Bluetooth.[2]. 

The main control system is composed of single chip microcomputer, power supply, crystal oscillator 
circuit and reset circuit. The reset circuit is composed of a R5 grounding resistance with a resistance 
of 1K and a C3 capacitor with a capacitance of 10uF. The crystal oscillator is filtered. The detection 
system mainly collects the data of the inclination sensor, and then transmits it to the STC main control 
MCU through the serial port. Finally, the data is transmitted to the STC detection MCU through 
Bluetooth communication. The circuit diagram of the detection system is shown in the figure. 

 

 
Figure 2. Circuit diagram of detection system 

3.2 Motor Drive Module 

The motor drive module selects ULN2003 driver, which can withstand high voltage and high stability, 
and can support a driver used by high-power motor. It has a current of up to 500mA and four white 
diodes. When receiving pulse control, the four diodes will flash corresponding to the change of pulse. 
The circuit diagram of motor driver is shown in the figure.  
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Figure 3. Motor driver circuit diagram 

3.3 Detection Module 

The detection module includes two parts: attitude detection and height detection. Adxl345 inclination 
sensor is used to detect the attitude change of the platform, and hy-srf05 ultrasonic sensor is used to 
detect the height change of the platform. The attitude change and height change are displayed on the 
serial port screen through Bluetooth transmission. The circuit diagram of the detection module is 
shown in the figure below. 

3.4 Display Module 

This design uses STC12 serial port screen, which is a simple, compact and convenient device to 
control the display of the system. In order to save the use of the keyboard. The serial port screen is 
connected with UART2 of STC MCU. The circuit diagram of the display module is shown in the 
figure below. 

 

 
Figure 4. Circuit diagram of detection module and display module 
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3.5 Bluetooth Module 

Hc-05 Bluetooth serial communication module generally has two working modes, command response 
and automatic connection mode. In the automatic connection module, it can be divided into three 
roles: Master, slave and loopback. This design selects the automatic connection mode, one is the 
master and the other is the slave mode, binding the Bluetooth address.[3]. 

4. Software Design 

The overall design of the system can be carried out step by step according to the module. It can be 
divided into Bluetooth data transmission module, attitude sensor data processing and acquisition 
module, motor control module and ultrasonic ranging module. The flow chart of self balancing system 
in this design is shown in the figure.[4]. 

1) Bluetooth data module: responsible for data handling of main control system and detection control 
system. 

2) Attitude sensor module: collect attitude data, filter it, and then send it to the main control system.  

3) Motor module: stepper motor control code, which controls the rotation angle of the motor and the 
speed of the motor. 

4). Ultrasonic ranging module: detect the height change of the bearing instrument platform, and 
change its up and down movement by pressing the key, so as to finally realize the self balance of the 
system.  

 

 
Figure 5. Flow chart of self-balancing system 

5. Conclusion 

According to the measured data, it can accurately display the angle and height of the platform, and 
the error with the set value is small, and the adjustment time is slightly longer, which basically meets 
the design requirements. The angle of the platform running test and the adjustment time of the 
platform are shown in the table below. 
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Table 1. operation angle of platform 

Frequency Display height and angle Serial port screen display Angle Error 

1 Yes 15º 14.5º 3% 

2 Yes 20º 19.7º 2% 

3 Yes 30º 30.6º 4% 

 

Table 2. adjustment time of platform 

Frequency Angle Height Time 

1 5º 5cm 3s 

2 10º 8cm 5s 

3 15º 10cm 12s 
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