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ABSTRACT: For the needs of agricultural physical control of crop pests, design implements a high voltage 

adjustable wide range of switching power, using ARM 7 microprocessor as power supply controller to complete 

ADC transformation and running PID algorithm, pulse coding modulation PWM control of adjustment tube, 

using color TV high voltage package as high voltage pulse transformer. After MATLAB / SIMULINK 

simulation, the feasibility of the circuit scheme is verified. After testing, it is shown that the output voltage can 

be continuously adjustable in the range of 1 000 V~20 kV, the load current is 0 ~ 5 mA, and has the 

characteristics of low size, low cost, wide range and intelligence, which can meet the needs of vegetable leaf 

pests, and can also be applied to the field of similar indicators. 
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I. INTRODUCTION 

Power supply is an important equipment used in physical agriculture for sterilization, pest control, 

prevention and control of crop pests. At present, there are two main categories of power supply, linear power 

supply and switching power supply [1]. Switching power supply (Switch Power Supply) refers to the [2-4] used 

for the voltage regulator in the saturation zone and off zone, namely the switch state. Switch power has high 

working frequency, the volume of the pulse transformer can do smaller, light weight, simple structure, low cost, 

high efficiency (efficiency can reach 90%), in many occasions has replaced the linear power supply, although 

the output ripple is larger than linear power, but can be reduced by filter measures, is the development trend of 

power supply. High frequency, high voltage and digitalization are the basic trend of the development of 

switching power supply in the fields of sterilization and insect control [5-7]. 

Therefore, the high voltage for the key components of the vegetable foliar pest elimination system as 

required by the project funding the research in this paper Field, comprehensive PID and pulse width modulation 

technology PWM design to achieve a high voltage wide range of adjustable switching power supply, and using 

microprocessor as the control core, can be the general battery voltage 12 V DC to 1 000 V~20 kV DC, 

according to the need of adjustable output voltage, to meet the needs of high voltage electric field to eliminate 

vegetable leaf pests. 

 

II. SCHEME DESIGN 

Working process of switching power supply: PWM (Pulse Width Modulation) pulse width modulation 

switching power supply makes high power transistors work through PWM signal switching between on (ON) / 

off (OFF), the volt-amp product on the power transistor is very small (at conduction, low voltage, large current; 

off, high voltage, low current), that is, [8-12] loss on the power device is small. There are two main working 

modes of switching power supply: positive transformation and boost transformation. This paper is designed to 

raise the low voltage direct current to DC1000 V~20 kV, so this paper adopts the boost transformation. The box 

diagram of the switching power supply principle designed in this paper is shown in Figure 1. 
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Fig. 1 Experimental setup scheme 

 

In Figure 1, the battery is of 12 V size, which can be lithium battery or lead-acid battery. The switch 

tube adopts MOSFET, High-current and high-voltage MTP20N10, etc., The IGBT type can also be adopted; 

The basic parameters of MTP20N10 are drain to source voltage (Drain-to-Source Voltage) VDSS = 100 V, 

drain continuous current (Continuous Drain Current) (TC= 25℃) ID=20 A, total power dissipation (Total 

Power Dissipation) (TC=25℃) PD=75 W, RDS(on)=0.15 Ω. Each parameter of the selected element shall be 

not less than the parameter value of MTP20N10. 

High-frequency transformer in the system mainly completes the electrical insulation isolation, voltage 

increase conversion and magnetic energy conversion between the primary and secondary functions, is an 

important component of the high-voltage switching power supply. In general, the high frequency pulse 

transformer input winding voltage is low voltage DC voltage, when the high power switch tube under the action 

of PWM signal, working, the high voltage DC voltage will be converted to the square wave voltage, in the high 

frequency pulse transformer, so by the high frequency pulse transformer through electromagnetic energy into 

high frequency AC voltage, and through the action of other rectifier filter circuit, the high voltage AC in the 

high frequency pulse output winding transformer converted into set high voltage DC voltage [12-15]. The high 

voltage package BSC 25-3355-55, the maximum output voltage can reach 25 kV, and contains high voltage 

rectifier silicon reactor to complete rectification, which can meet the needs of this study and reduce the cost. 

The voltage sampling circuit is divided by the output high voltage, and then sent to the ADC interface in the 

microcontroller microprocessor. The maximum voltage obtained after the partial voltage is 3.0 V. 

In Figure 1, the controller adopts ARM 7 series and controls the output voltage by output PWM. The 

SCM output voltage can be set by the keyboard circuit to display the output DC voltage for convenient setting. 

The voltage and current circuit is used to collect the output voltage and current and send the sampling signal to 

the MCU. After comparison with the set voltage, the SCM changes the PWM signal to adjust the output 

voltage. The output voltage is connected to the electrode array. The controller runs the PID algorithm. The PID 

has strong robustness (Robustness), simplicity (Simplicity) and good adaptability (Adaptiveness) for the 

switching power supply system, and can control the output voltage to keep stable. 

 

III. Control Program design and implementation 

According to the working principle and basic function of switching power supply [12-14], the main 

program flow chart of switching power supply designed in this paper is shown in Figure 2. The PID controller 

includes three links: proportion P (Proportional), integral I (Integral) and differential D (Derivative), 

corresponding to three adjustment parameters: ,  and .  is used to adjust the dynamic deviation of the system, 

reflecting the current information of the system; IK is used to improve the static characteristics of the system, 

reflecting the accumulation of the system to the past information;  is used to realize the advance control of the 

system dynamic change signal, which represents the speed of error change. According to Equation (1), the 

control error e (t) can be obtained from the setting value r (t) and the actual output y (t), the three parameters of ,   
and   can be adjusted, then the PID can be calculated, then the ,   and   parameters of PID can be determined, and 

finally the control [14-15] of the output voltage can be completed. The control algorithm u (t) expression is 

shown in equation (2). 
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differential time coefficient. 

Control program implementation: 

(1) The ADC implementation is as follows:  

void InitAdc (void) 

 

 
Figure 2 Flow chart of the controller master program 
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IV. System Simulation AND results 

In order to verify the rationality of the switching power supply design scheme, the designed high 

power voltage generation circuit of switching power supply is simulated [2-6] by using the power system 

simulation toolbox SimPower System in MATLAB / Simulink library. The schematic diagram of the simulation 

circuit is shown in Figure 3. 
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Figure 3 Switching power supply Simulink simulation circuit 

 

Switch power supply output voltage adjustment test data (test condition is load 1 G Ω, measured resistance 6 G 

Ω) as shown in Figure 4. 

Figure 4 Test results of switching power supply 

 

As can be seen from Figure 4, the output voltage is basically linearly variable and continuously adjustable. The 

adjustment range can cover 1~20 kV, and the current can cover the range of 0~5 mA, which meets the design 

requirements and meets the needs of the project. 

 

V. CONCLUSION 

Design to realize the high voltage wide range adjustable switch power supply, using PWM pulse width 

modulation technology, using ARM microprocessor as a controller, MOSFET as adjustment tube, large screen 

TV high voltage package as high voltage pulse transformer, with simple structure, small volume, light weight, 

low cost, strong load capacity, the characteristics of output voltage range continuous adjustable. The main 

performance indexes are: the working frequency is 30 kHz; the output high voltage is 1~ 20 kV; the output 

current is 0 ~ 5 mA; the working efficiency is more than 90%. It can meet the needs of high voltage electric 

field to prevent and control vegetable leaf pests, and can also meet the needs of other systems using high 

voltage electric field. 
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