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Abstract: This topic studies the control system of the ruler with STM32F103 as the 

main controller. The input interface of the system is a 4× 4 matrix keyboard, which is 

used to input setting parameters and control the joystick operation; the output display 

is an LCD liquid crystal display for displaying the set rocker value and the remaining 

ruler size. The actuators are relays and asynchronous motors for controlling the 

operation of the truck stakes. The displacement detection device of the system uses 

photoelectric encoders, which are used to feed back the position information of the 

truck piles to the main controller, thereby transforming into the displacement of the 

truck piles. 

 

Keywords: STM32 single chip microcomputer, rocker machine, LCD, asynchronous 

motor. 

 

1. Introduction 

With the development of China's economy and the improvement of people's living 

standards, the demand for wood is also constantly expanding. Wood is used in every 

aspect of life. Almost every household [1,2] is inseparable from wood products, but the 

use rate of wood in our country has been very low. Although the total number of wood 

manufacturing enterprises in the country is very large, the average output per 

enterprise is not satisfactory, so in order to solve people's demand for wood, we must 

start from improving the utilization rate of wood. 

In the traditional stage of China's timber production, the utilization rate of wood mainly 

depends on the technical level of workers, which is an undetermined factor. Later, with 

the continuous development of the economy, the introduction of some advanced 

foreign technology and equipment, the use rate of wood has increased, but it has not 

been completely improved. This design is a ruler control system with STM32F103 [3,4] 

as the main controller. The motion of the motor and the position of the stake can be 
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sent to the motor at any time，so that people can accurately grasp the value of the 

rocker and the balance value, thereby improving the utilization rate of the wood. 

 

2. Subject Content and Function 

This topic is based on the STM32F103VCT6 microcontroller as the main controller of 

the ruler control system,the manufacturing cost of the entire system can be reduced by 

this chip,and it can improve the reliability of the system work. Throughout the control 

system, the 4× 4 matrix keyboard is used as the input interface. Its function is to control 

the operation of the rocker by inputting the required rocker value and other function 

settings. The LCD screen is the display interface of the system. Its function is to display 

the scale value we set and display the remaining scale value. The actuator of the 

system is a relay and a two-speed asynchronous motor, which can convert the control 

information of the main controller into the displacement of the card pile, thereby 

controlling the operation of the card pile and realizing fast forward, work forward and 

fast retreat. Photoelectric encoder are used as sensors for systems, which can transmit 

the pulse signal generated by the grating to the main controller to feed back the 

position information of the card stake. 

 

3. Circuit Design 

3.1 Introduction to STM32 

The STM32F10 family of processors is based on the ARM Cortex-M3 core and can be 

divided into four different series: the basic STM32F101 series, the enhanced 

STM32F103 series, the USB basic STM32F102 series and the Internet. The 

STM32F103VCT6 microcontroller is selected for this design. It is a microcomputer with 

32-bit microcontroller function. Its interior has a high degree of integration and 

advanced core structure, but also has the characteristics of strong adaptability and high 

reliability. In addition, it also has a very complete input and output channel, but also 

has excellent expansion functions, very superior peripherals, and low cost.  

 

3.2 Reset Circuit 

The reset circuit is used to initialize the microcontroller. This part of the circuit is also 

the module that comes with the minimum system of the STM32F103VCT6. Its role is to 

allow each part of the CPU to be in a state that is known to the operator. When the 

system starts working, it can be considered as the initial state. There are three reset 

modes of STM32F103, which are power reset, system reset, and reset of backup area. 

The schematic diagram of the reset circuit is shown in Fig. 1. 
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Fig. 1 Reset circuit schematic 

 

3.3 Clock Circuit 

The clock control circuit is the circuit that comes with the STM32F103VCT6 minimum 

system development board. Its function is to provide multiple clock signals, which in 

turn can work for each module. In STM32, the clock can be configured. The clock input 

source and the last clock in the peripheral can be changed. In STM32, the number of 

clock sources is five. They are high-speed internal clock signal8MHz, high-speed 

external clock signal 4~25MHz, phase-locked loop multi-frequency output, low-speed 

external clock signal 32.768MHz and low-speed internal clock signal 30~60MHz. The 

schematic diagram of the clock circuit is shown in Fig. 2.  

 

Fig. 2  Clock circuit schematic 

 

 

Fig. 3 JTAG schematic 
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3.4 Program Download Circuit 

JTAG is an international standard test protocol for in-chip testing. The standard JTAG 

state machine is through a 4-bit instruction register and five data registers. The specific 

circuit is shown in Fig. 3. 

 

3.5 DC Power Circuit 

The DC power supply circuit consists of a transformer, a rectifier bridge, a voltage 

regulator, a filter capacitor, and an indicator light and a resistor. It inputs 220v AC 

voltage through the rectifier bridge and Zener diode and outputs 15v and 12v DC 

regulation to supply the entire system, including 7812 and 7805 regulators. The 7812 

is used to stabilize the voltage across the armature of the motor, while the 7805 is used 

to stabilize the output of 5v to provide voltage to devices such as microcontrollers. In 

addition, in order to show the operation of the two voltage regulators, the indicator 

series resistor branch is added behind the voltage regulator, and the circuit is shown in 

Fig. 4.  

 

Fig. 4 DC power circuit schematic 

 

3.6 LCD Liquid Crystal Display Circuit 

LCD1602 liquid crystal display is an industrial liquid crystal, which can display 32 

characters at the same time. It has its own reset circuit, and it has very small size and 

low power consumption. The main function of LCD display circuit is to use To display 

the set value of the rocker and the remaining rocker value, the operation of the staff 

can be provided with reference data. LCD1602 circuit diagram shown in Fig. 5. 

 

Fig. 5 LCD display circuit diagram 
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4. System Programming 

4.1 Main Program Design 

In the main program, first set the interrupt service program entry, let the system delay 

for a short period of time, then perform system initialization (including SP setting and 

clear the RAM value), then set each TIMER, external interrupt and Serial 

communication interrupts the mode of operation and allows it to work when 

appropriate. When these tasks are completed, the main program should complete the 

function of the automatic rocker according to the input of thekeyboard, the realization 

of the manual footage, the back-off function and the stop function, and the realization 

of the digital tube display value clear function. In addition, if the STM32F103 MCU is to 

be connected to a computer, the online function implementation should be set in the 

main program. The main program flow chart is shown in Fig. 6. 

Start

system 

initialization 

Did it press the 

vibrator button?

Did it press the 

online function 

key?

Did it press the 

ruler button?

Perform shaking 

ruler function

Perform online 

functions

Perform a ruler 

function

Did it press the 

back ruler button?

Did it press the 

stop button?

Did it press the 

zero function 

key?

Execution of 

ulnar function

Execution stop 

function

Perform zero 

clearing function

Yes 

Yes

Yes

No

Yes

Yes

Yes

    No

      No

     No
No

No

 

Fig. 6 Main program flow chart 

 

4.2 Ruler Subroutine 

This subroutine is that when the value of the shaker is set, the function of shaking the 

ruler can be realized automatically. The specific control process is shown in Fig. 7.  
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Fig. 7 Shaking ruler program flow chart 
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Fig. 8 LCD display program flow chart 

 

4.3 LED Liquid Crystal Display Subroutine 

The LCD module is a slow display device, so be sure to confirm that the module's busy 

flag is low before executing each instruction, otherwise the instruction will be invalid. 

To display characters, you must first enter the display character address, and in the 
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initialization of the LCD module, enter display character address to display character. 

When the LCD module displays characters, the cursor is automatically shifted to the 

right, without the intervention of the operator. Instructions can only be entered when 

the LCD module is in a non-busy state. The program flow chart of the LCD display 

module is shown in Fig. 8.  

 

5. Conclusion 

This thesis is based on STM32F103VCT6 microcontroller as the main controller, through 

4× 4 matrix keyboard as input circuit, LCD liquid crystal display as display output, 

photoelectric encoder as displacement detection device, input and output interface 

circuit of control system and actuator of control system. The ruler control system 

designed on the basis of this hardware. 

The minimum system of the STM32F103VCT6 main controller includes 

STM32F103VCT6, power supply, clock circuit and reset circuit, startup configuration 

circuit and program download circuit. The 4× 4 matrix keyboard circuit can be 

connected to the 8-bit I/O port of the microcontroller. The LCD display is used to 

display the slider value and the margin value, which is directly connected to the output 

of the microcontroller. The output interface circuit of the control system cannot directly 

control the motor. The optocoupler TIL113 must be used to isolate the signal. Only in 

this way can the interference be reduced and the system can work normally. Since the 

current at the output of the TIL113 is too small, the relay cannot be directly controlled. 

The ULN2803 control relay is added; at the same time, the output control of the control 

system is completed by using an intermediate relay to control the AC contactor. The 

most displacement detecting device of the photoelectric encoder is used to feedback 

the displacement information of the card pile to the control system. The actuator of this 

system adopts the large-speed two-speed driving method, which is composed of two 

asynchronous motors of different speeds, which can improve the positioning accuracy 

of the rocker mechanism. 
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