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Abstract 

In order to meet the harvesting requirements of the first season of ratoon rice in China, 
aiming at the problems of low automation level, high labor intensity, lack of row function 
and high rolling rate of domestic ratoon rice harvesting machinery in the first season, 
which seriously affect the yield of the second season and thus affect the overall yield, the 
paper takes the Wade Xuanlong 4LZ-3.0E rice harvester as the carrier, and takes the 
wide and narrow row direction as the research object Based on the key technologies in 
the field of electronic control and analysis, an automatic row control system of ratoon 
rice combine harvester was designed. The system includes row detection unit and row 
control unit based on Fuzzy PID, which can realize the real-time adjustment of the 
traveling route of the harvester when walking between rows, so as to realize the 
automatic row matching function of the harvester, and avoid rolling the ratoon rice stem 
during the traveling process of the harvester, which will affect the total yield of ratoon 
rice. The field harvest test showed that: after the installation of automatic control system, 
the rolling rate of the first season of ratoon rice decreased to less than 10%, which was 
far lower than 30% without the installation of automatic control system. The 
performance indexes increased gradually with the increase of distance, and the 
adaptability of automatic control system was better in the range of 0 to 50 mm. 
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1. Introduction 

Ratooning rice is a kind of rice harvested twice at one time, that is, after one season rice is mature, 

the upper 2 / 3 parts of the rice plant are cut, leaving the lower 1 / 3 plant and root system, which 

needs to grow another season of rice, so it has the advantages of saving seed, labor, fertilizer, good 

rice quality and high economic value. Compared with double cropping rice, ratooning rice double 

cropping rice grows again on the original root system, which saves the time from the first harvest to 

the middle growth stage of the second season. It is very suitable for planting in the area with surplus 

in one season but insufficient in the second season. The planting area of ratoon rice is increasing, and 

the planting benefit is significantly improved. The mechanical properties of the first harvest of ratoon 

rice directly affect the overall yi-eld of ratoon rice. In order to solve this problem, a row control device 

of ratoon rice combine harvester is designed to ensure zero rolling in the first harvest of ratoon rice. 

The control device for the row is widely used, and it is commonly used in beet and corn- harvester. 

The control device of the opposite line is generally composed of the line detection unit and the 

opposite control unit. The method of line detection mainly includes visual detection and mechanical 

detection. Visual detection method provides all information about the navigation angle and lateral 

deviation, then integrates the information to determine the specific driving route of harvester and 
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realize the alignment. The visual detection method is divided into two steps: the first step is to collect 

the characteristic points of crops by machine vision and image, and the second step is to obtain the 

crop line curve by linear regression. Billingsley reduces the time required for image processing by 

linear regression. Xu l et al. Also shortens the time required by Hough transformation by using 

random Hough transform, and improves the practical performance of visual crop line detection. M. 

Montalvo also points out in the article, in the corn growth period and the weed is more dense, the 

crop line detection effect is significant for beet such as the process of harvest with stem and leaf. 

Although some methods have solved the problem of long recognition time in crop line detection based 

on vision, the visual based on line detection method is easy to be affected by lighting, weather and 

other environmental factors, and its stability is poor. Mechanical detection is a method of detecting 

crops by contacting with crops by mechanical devices. The mechanical detection method is simple 

and practical, that is, through the contact between the mechanical device and the crop, the angle 

information to be feedback can be obtained. This method is simple and convenient without the 

influence of environment, light and temperature. The control unit of the opposite line is designed to 

receive the signal of the control unit, and control the hydraulic valve group, so that the harvester can 

travel according to the ideal state. 

Based on the above information, a kind of peer-to-line detection device based on angle information 

feedback is developed to control the row of the combined harvester of the regenerated rice. 

2. Row detection unit of ratoon rice combine harvester 

2.1 Working principle of line detection unit 

The line detection device is mainly divided into contact detection device and non-contact detection 

device. Firstly, the contact detection device is introduced. Working principle of row detection device 

of ratoon rice combine harvester: in the process of harvesting ratoon rice, a wide cutting range header 

is adopted, and the harvester crawler runs in the middle of the row of ratoon rice planting. When the 

harvester deviates from the crop row, the detection rod of row detection device touches the straw of 

ratoon rice, and the micro switch in front of the detection rod is closed, and this signal is transmitted 

to the angle sensor, The angular deflection signal generated by the angle sensor is transmitted to the 

single chip microcomputer, which sends the turning signal through the control program to control the 

harvester to turn, so that the harvester can keep walking in the center of the row of ratoon rice to avoid 

the track rolling the ratoon rice stem. 

2.2 Structure of line detection unit 

The row detection unit for ratooning rice is composed of two detection rods, which are installed on 

the support rods of the crawler frames on the left and right sides of the harvester. The specific structure 

is shown in Figure 1. In the process of ratoon rice row detection, micro switch is needed to return it. 

In order to fix the microswitch accurately in front of the detection rod, it is necessary to limit the 

microswitch. A limit block is added in front of the detection rod to prevent the microswitch from 

falling off. V-152-1c25 microswitch produced by Guangzhou electric appliance company is used as 

microswitch. Due to the poor harvest environment of farmland, there are great requirements for its 

dust-proof and water-proof performance. The micro switch meets the IP68 dust-proof and water-

proof requirements, and can adapt to all paddy fields. The output characteristic curve of microswitch 

is shown in Figure 2. The microswitch is bolted to the front detection plate. Because the detection 

range of microswitch is limited, the specific fixed position needs to be adjusted to prevent the 

microswitch from working normally. Manual calibration is required before microswitch test, and 

manual calibration is simple and convenient. In order to ensure that the detection rod has wear 

resistance and fracture resistance in the detection process, the detection plate is made of steel.  

In order to solve the problem that the detection rod will touch weeds when the harvester goes straight 

to the end of the line, a small motor is added at the front and middle ends of the detection rod to 

facilitate the driver to operate the wireless motor in the cab and make the detection rod shrink. The 
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length of the detection rod is designed according to the row width of ratoon rice, and the detection 

rod is at a 30 degree angle with the vertical harvesting plane. 

 

Figure 1. Harvester structure diagram 

 

 

Figure 2. Output characteristic curve of micro switch 

 

3. Row control unit of ratoon rice combine harvester 

3.1 Design of line control unit based on Fuzzy PID control 

The input of the system is the lateral error e of the harvester deviation. The analog output is calculated 

by the discrete PID, converted and amplified by the proportional amplification module, and 

transmitted to the electro-hydraulic proportional directional valve. By controlling the opening of the 

valve core of the electro-hydraulic proportional valve, the hydraulic oil flow to the hydraulic cylinder 

is controlled, the speed and displacement of the piston rod of the hydraulic cylinder are controlled, 

and finally the crawler deflection is controlled.  

According to the control principle of the whole vehicle, the fuzzy PID controller is designed. Fuzzy 

PID controller can improve the control performance of traditional PID controller without adding other 

hardware, and effectively avoid overshoot. The distance deviation e, the deviation change rate EC as 

the input, Δ𝐾𝑝,Δ𝐾𝑖,Δ𝑘𝑑 is the output. 

Mamdani fuzzy reasoning algorithm is used to complete the fuzzy reasoning process, and the 

weighted average method is used to clear the fuzzy quantity. The fuzzy control query table of PID 

parameters is obtained by clear processing, and the appropriate control quantity is selected according 

to the dynamic characteristics of the system to automatically adjust the parameters of the controller. 

The central controller is Rexroth 30 series rc28-14 controller, and the programming software is bodas. 

3.2 Research on the actuator of the control system  

In the ratoon rice combine harvester, the original non electric control directional valve was changed 

into a three position four-way electro-hydraulic proportional directional valve. The controller sends 

a control signal to control the opening of the proportional valve, so as to make the hydraulic cylinder 

stretch and retract and adjust the position of the harvester. In the forward process of the harvester, it 

is not necessary for the manipulator to actively adjust the direction of the harvester. The controller 

sends out signals in the whole process, which is convenient for the manipulator to operate. As shown 

in the figure3, the harvester hydraulic schematic diagram. 
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Figure 3. The harvester hydraulic schematic diagram 

 

4. Simulation analysis of row control system of ratoon rice combine harvester 

4.1 Establishment of fuzzy PID model 

Simulink module of MATLAB software is used to establish the control block diagram of closed-loop 

system. The fuzzy input is defined as distance deviation E and deviation change rate EC, and the 

fuzzy output is set value Δ𝐾𝑝,Δ𝐾𝑖 ,Δ𝑘𝑑. The method of weighted average is used to make it clear. In 

the membership function editor, the type of membership function, the basic universe and the number 

of subsets of fuzzy variables are set. 

4.2 Model transformation 

The input signal transformation method, fuzzy PID model, hydraulic system model and vehicle 

dynamics model are encapsulated into subsystems by MATLAB. The simulation conditions are set 

as follows: the harvester runs smoothly at the speed of 1.5km/h, and gives a 0.1rad/s step signal to ω 

when t = 10s. The driving control system of the harvester is simulated, and the time for the harvester 

to realize stable steering is obtained. Whether the fuzzy PID control strategy can complete accurate 

steering and achieve the desired control effect is obtained. 

5. Prototype trial production and experiment 

In the field test of ratoon rice harvester row control system, a better meteorological environment is 

needed, and the alignment of the detection rod and ratoon rice row needs to be adjusted to avoid too 

large deviation. Because of the large volume and complicated operation of ratoon rice combine 

harvester, a lot of time should be spent on moving and adjusting the machine rather than collecting 

the test data. The resulting problems, such as high cost, time-consuming and environmental impact, 

have long affected the efficiency and experimental data of ratoon rice combine row control field test. 

In order to solve the above problems, field experiments were carried out in a ratoon rice field in 

August. According to the experience of the driver of the ratoon rice combine harvester, the steering 

angle of the ratoon rice combine harvester is different at different speeds. This requires that the 

working speed V, PID regulating ring ρ and track steering angle Δ h of the harvester in the automatic 

control system should match each other. In order to set this parameter, we need to select the 

appropriate parameter value, and test the matching of parameter value. 

5.1 Selection of working speed V of harvester 

The ratoon rice combine has three gears, among which the standard driving gear (v = 15km / h) is the 

third gear, and the working gear is the first gear low speed (v = 5km / h), the second gear low speed 

(v = 6km / h) and the second gear high speed (V = 7km / h). Three working gears were selected for 

the test. 
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5.2 Selection of PID speed loop ρ 

According to the mechanical performance of the 4lz-3.0e harvester and the operation experience of 

the driver, the value range is 700 ~ 900, which is obtained by PID simulation program. 

5.3 Matching test 

The ratoon rice harvester needs different matching of ρ and Δ h under different working speeds. In 

order to get the best working parameters of the harvester, the parameters selected in the experiment 

need to be verified under different working speeds. In the test, the number of times that the harvester 

deviated from the standard ratoon rice row within 50 m distance was taken as the test standard, and 

the average value of the three test results was taken as the test data. 

It can be seen from table 1: 

1) It can be seen from table 2 that the working speed V and track steering angle Δ h of the ratoon rice 

combine are not changed, and the larger the speed loop of PID regulation is, the more times n of the 

row cutting path deviates from the reference ratoon rice row. The reason may be that the larger the ρ 

value is, the more times the track steering timing deflects and the longer the adjustment time. 

2) When the working speed V and PID regulating speed loop ρ of ratoon rice harvester remain 

unchanged and the track steering angle Δ h is greater than 700, the number of times n of deviation 

from the reference line increases with the increase of Δ H value. The reason is that the larger the Δ h 

is, the longer it takes for the track to turn and rotate. At the same time, the larger the Δ h is, the larger 

the track deflection angle of the ratoon rice harvester will be, and the easier the harvester will deviate 

from the benchmark ratoon rice row. 

3) The speed loop ρ and track deflection angle Δ h of PID control remain unchanged, and the faster 

the harvester operation speed V is, the more times n deviates from the reference ratoon rice row. The 

reason is that the faster the harvester works, the shorter the time to complete the row adjustment 

action. If the row adjustment cannot be completed within this period of time, the harvest opportunity 

will deviate from the benchmark ratoon rice row. 

 

Table 1. Some of the three test results are used as test data 

Gear Δh 
N 

ρ=700 ρ=800 ρ=900 

5km/h 

700 1 1.2 2.2 

750 0.4 0.6 2 

800 1.2 1.3 2.5 

850 1.3 1.8 4 

6km/h 

700 1.2 1.7 2.4 

750 0.5 1.2 1.8 

800 1.3 1.8 3 

850 1.5 3 3.2 

7km/h 

700 2.1 2.2 4.3 

750 2.2 3.5 4.4 

800 5 4.6 5.4 

850 7 6.5 7.3 

 

It can be seen from the experiment that after Wade dragon 4LZ-3.0E installing the automatic 

alignment control system, the automatic alignment effect is the best when the harvester runs in the 

second gear and the control program parameters are set as ρ = 750, △ H = 800, and the rolling rate is 

the lowest when the ratoon rice is harvested in the first season. 

6. Conclusion 

Through a series of experiments, the automatic alignment control system of ratoon rice combine 

harvester designed in this paper has the best automatic alignment effect when the speed loop of PID 
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is 750, the track deflection angle is 800, and the driver keeps the harvester in the second gear state. 

The system has the advantages of simple design, high efficiency, strong stability and good 

controllability. The automatic row control system of ratoon rice combine designed in this paper has 

only been tested on one harvester. It is believed that through later optimization and program 

modification, the system can realize row control on different types of combine. 
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