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Abstract 

In the production process of leaf vegetables, the harvest operation accounts for about 40% 
of the whole operation volume, which is the largest labor intensity and the most time-
consuming link. At present, the domestic leaf vegetables harvest mechanical intelligence 
degree is low, the actual operation process is complex, due to the different leaf density, 
harvester load variable, the operation speed cannot always remain constant, operators 
need to adjust the operation speed, therefore, the urgent need through machine vision 
technology and intelligent control technology on the operation speed coordination 
technology. 
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1. Introduction 

Most of the leaf vegetable harvester is composed of grain separation unit, cutting device, conveying 

device, etc. In which the grain separation unit supports the stalk, the cutter is cutting, and the 

conveying device sends the cut leaf vegetable to the collection box.According to the structure of the 

leaf vegetable harvester, the three parameters of cutting speed, walking speed and delivery speed of 

the machine all have a great effect on the harvest effect of leaf vegetables. 

Qingdao Agricultural University Li Xincheng and others for the harvester parts speed fixed by poor 

adaptability, high loss rate, developed intelligent control system, using ultrasonic sensor, 

photoencoder detect height and speed, and height control, the system can automatically adjust the 

cutting speed, seedling speed and conveyor delivery speed. 

The all-electric leaf vegetable harvester designed by Qin Guangming and others developed by 

Nanjing Research Institute uses a double-motion reciprocating cutting process for the roots of leaf 

vegetables, and then the conveyor belt delivers the vegetables to the top of the machine collection 

box to complete the harvest process. 

The leaf orderly harvester developed by Zhang Yongnian et al of Nanjing Agricultural University 

uses reciprocating cutting crops, and the vertical conveyor belt holds orderly delivery. The whole 

machine is driven by motor and the cutting height is adjustable.When the damage rate is high, and 

the harvest efficiency is low, the impact of the load change on the walking speed, the cutter speed 

and the conveyor belt speed is not considered, and the speed cannot be automatically adjusted. 

The SLIDE TW leaf vegetable harvester developed by HORTECH of Italy adopts the ring knife 

cutting method, with motor or hydraulic motor, which can achieve continuous adjustable operation 

speed. The disadvantage is that the structure is complex and the speed coordination is poor, which is 

only suitable for stalk vegetables or large green vegetables, which is not conducive to the promotion 

of machines and tools. 
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The MT-200 leaf vegetable harvester developed by Korean Blue Vegetable Company is small and 

light, harvest height adjustable. The crop height range is 3~20 cm, operation speed can be adjusted in 

three gears, but the operation speed cannot be automatically matched according to the load size, prone 

to blockage, high damage rate and low harvest efficiency. 

2. Establishment of the speed coordination control strategy 

2.1 System composition and principle 

The speed coordination method and system of electric leaf vegetable harvester consists of drive 

module, data acquisition module, load detection decision module, speed coordination parameter 

dynamic identification module and collaborative control unit. 

Real-time collection of leaf vegetables information and various operation data during the motor 

operation, in the data acquisition module, load detection decision module and speed coordination 

parameters using two-way parallel dynamic identification module, and using mathematical modeling 

and kinetic theory to give reasonable working parameters. 

2.2 Effect inference theory 

In view of the domestic small green vegetable harvest efficiency, high damage rate, battery power 

consumption, so we designed an optimal speed collaborative control method and system, realize small 

green vegetable harvester walking speed and cutting speed because of density load change electric 

leaf vegetable harvester can still maintain orderly cutting, orderly delivery and orderly collection and 

other processes efficient operation, this scheme has high harvest efficiency, low damage rate, low 

battery power consumption, to meet the development needs of intelligent machinery. 

3. Study hypothesis and analysis 

3.1 Theoretical study of the data acquisition module 

The data acquisition module mainly includes an image acquisition unit and a signal acquisition unit, 

in which the image acquisition unit identifies the root from the binary image using the principle of 

camera calibration, and realizes the centroid of a specific region. In Fig. 1, the signal acquisition unit 

collects the armature current of the cutter motor, walking motor and conveying motor, armature 

voltage and speed signal. 

2.1.1 Effect of the image acquisition unit on the load 

By identifying and positioning the image through the camera, the location relationship model between 

the leaf vegetables roots was obtained and calculating the predicted density information of the leaf 

vegetables based on the location relationship model. 

The mathematical model of leaf food position relationship is obtained as follows: 

𝐵 =
1

𝐴
∑ |xr𝑛 − 𝑥𝑙𝑛|𝑁

𝜌=1                             (1) 

|𝑥𝑟𝑛 − 𝑥𝑙𝑛|⟨𝐵                                (2) 

𝑥𝑙𝑛 In formula, B is the average width of all target areas in units (pixels); A is the n umber of target 

areas; n is the serial number of the target area; 𝑥𝑟𝑛 the starting boundary of the n target area; the n 

destination boundary; 

A mathematical model of the leaf relation is able to obtain the transfer function about density as 

follows: 𝜌 
𝐿

ℎ
+ 1 = 𝑎, 

𝐾

𝑍
+ 1 = 𝑏                             (3) 

𝜌 =
𝐿𝐾

𝑎𝑏
                                   (4) 

In the formula, L is the cut amplitude, K is the length of image recognition, h is the leaf vegetable 

line distance, z, a is the number of leaves per line, and b is the number of leaves per column; 
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Figure 1. Mathematical model of position relation 

 

2.1.2 Effect of the signal acquisition unit on the load 

The signal acquisition unit of the image acquisition unit collects the motor armature current in real 

time through the speed acquisition unit through the I,U acquisition unit. The mathematical model of 

the armature voltage and speed signal for the current, voltage and speed are as follows: 

𝑇 = {

𝐹𝐺(𝐼𝐺 , U𝐺 , 𝑛𝐺)

𝐹𝑋(𝐼𝑋, U𝑋, 𝑛𝑋)

𝐹𝑆(𝐼𝑆, U𝑆, 𝑛𝐺)
                                (5) 

𝐼𝐺  In the formula, it is the armature current of the cutter motor, the cutter motor, the moving motor 

and the speed of the conveying motor. GU  𝑛𝐺 XI  𝑈𝑋  Xn  𝐼𝑆 SU  𝑛𝑆 

3.2 Theoretical study on load and speed detection decision-making module 

The density and torque model calculation unit of the load and speed decision module conducts density 

and torque modeling according to the density obtained by the image acquisition unit and the current 

voltage speed transfer function obtained by the signal acquisition unit. Give the speed and density 

transfer function through the motor model calculation unit and outputs the calculation results to the 

speed relationship model calculation unit to establish the speed relationship between the cutter motor 

and the walking motor. 

2.2.1 Analysis of the  density and torque decision module 

Density and torque model of the load and speed decision module The calculation unit establishes the 

density and torque mathematical model through the results output by the data acquisition module as 

follows: 

𝐹 = 𝑎𝑓                                    (6) 

𝐹 =
𝑇

𝑟
                                     (7) 

𝑇 =
1

𝜌
× 𝑟 ×

𝐾𝐿𝑓

𝑏
                                 (8) 

In the formula, the 𝑓 shear force at the root of a single leaf vegetable 𝑎 is the number of lateral 

plants, F is the horizontal force applied on the blade, L is the cut amplitude, h is the leaf vegetable 

root running spacing, T is the motor output torque, r is the radius of the reincarnation center of the 

cutter belt, and the 𝜌 of the leaf vegetable. 

2.2.2 Analysis of the velocity model computing units 

Speed model calculation unit of the load and speed decision module establishes a mathematical model 

between speed and density by receiving the results of the density and torque model calculation unit: 

Motor dynamic mathematical model is as follows: 
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(

𝑢𝐴

𝑢𝐵

𝑢𝐶

) = (
𝑅𝑆 0 0
0 𝑅𝑆 0
0 0 𝑅𝑆

) (
𝑖𝐴

𝑖𝐵

𝑖𝐶

) +
𝑑

𝑑𝑡
(

𝐿 − 𝑀 0 0
0 𝐿 − 𝑀 0
0 0 𝐿 − 𝑀

) (
𝑖𝐴

𝑖𝐵

𝑖𝐶

) + (

𝑒𝐴

𝑒𝐵

𝑒𝑐

)        (9) 

Electromagnetic torque formula for a three-phase brushless DC motor: 

𝑇𝑒 =
1

𝛺𝑟
(𝑒𝐴𝑖𝐴 + 𝑒𝐵𝑖𝐵 + 𝑒𝐶𝑖𝐶)                        (10) 

The mechanical equations of motion are: 

𝑇𝑒 = 𝑇𝐿 + 𝐽
𝑑𝛺𝑟

𝑑𝑡
                              (11) 

𝑢𝐴, 𝑢𝐵 , 𝑢𝑐  A B Ci i i、 、  𝑒𝐴, 𝑒𝐵 , 𝑒𝐶 In the formula, the stator three-phase winding voltage, the stator 

three-phase winding current, the inductive electric potential generated by the permanent magnet in 

the stator three-phase winding, the mechanical angular velocity, the load torque and the inertia of 

rotation. r  𝑇𝐿 𝐽 

The output of the dynamic mathematical model of the speed and density is as follows: 

𝛺𝑟 = ∫
𝑇𝑒−𝑇𝐿

𝐽
                               (12) 

𝑇 = 𝑇𝐿                                 (13) 

𝑉 = 𝛺𝑟                                 (14) 

The mathematical model of the cutter motor and density derived from the above relation is as follows: 

𝑉𝐺 = 𝑟 ∫
(𝑒𝐴𝑖𝐴+𝑒𝐵𝑖𝐵+𝑒𝐶𝑖𝐶)𝜌𝑏−𝑟Ω𝑟𝐾𝐿𝐹

𝐽Ω𝑟𝜌𝑏
                     (15) 

The speed model calculation unit of the load and speed decision module analyzes the mass flow into 

the leafy vegetable harvester as an open system, and the relationship between walking speed and load 

can be obtained. The mathematical model of density and speed is established through the load and 

density mathematical model is as follows: 

Assuming momentum conservation in and out of the system, the momentum change can be written 

as: 

𝑃
 

= 𝐹 − 𝑚𝑐

 
𝑉𝑥 = 0                             (16) 

𝑃
 

 𝑚𝑐

 
 𝑉𝑋  Is the momentum change, is the mass flow, for walking speed, F is the cutter subjected to 

the horizontal load, 

Mass flow is a function of the harvester forward speed, cut, and leaf vegetable density as follows: 

𝑚𝑐

 
= 𝜌𝐿𝑉𝑋                                 (17) 

Bring the formula (11) into (12) to get the following relationship 

𝐹 = 𝜌𝐿𝑉𝑋
2
                                (18) 

The mathematical model of the walking speed and density is as follows: 

𝑉𝑋 =
1

𝜌
√

𝐾𝑓

𝑎
                                (19) 

In formula, 𝑉𝑋  is the walking speed, 𝜌 is the density of leaf vegetables per unit area, 𝑎 is the number 

of transverse strains, K is the cut amplitude, for 𝑓 is the shear force of a single leaf vegetables. 

2.2.3 Speed relation model Analysis of 

Speed relationship between load and speed decision module The relationship model between the 

cutter speed, walking speed and conveyor speed according to the output results of the speed model 

calculation unit is as follows: 

According to the mathematical model between the cutter speed and density and the walking speed 

and density, the mathematical model between the cutter speed and the walking speed is obtained as 

follows: 
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𝑉𝐺 = 𝑟 ∫
(𝑒𝐴𝑖𝐴+𝑒𝐵𝑖𝐵+𝑒𝐶𝑖𝐶)⋅√

𝑘𝑓

𝑎
−𝑟𝑉𝑋Ω𝑟𝐾𝐿𝐹

𝐽𝑏Ω𝑟√
𝑘𝑓

𝑎

                     (20) 

𝑉𝐺  𝑉𝑋  𝑖𝐴, 𝑖𝐵 , 𝑖𝐶  𝑒𝐴, 𝑒𝐵 ,  𝑒𝐶  𝛺𝑟  𝐽  In formula, for cutter speed, walking speed, stator three-phase 

winding current, the induction electric potential generated by permanent magnet in stator three-phase 

winding, mechanical angular speed, rotation inertia, b is the number of strains per leaf vegetables, L 

is the cut, K is the length of image recognition, F is the horizontal force applied on the blade, r is the 

radius of the rotation center, for the density of leaf vegetables; 𝜌 

The speed relationship between the walking speed and the conveyor belt speed establishes the 

influence of the cut amplitude, the petiole aggregation coefficient, the thickness of the leaf vegetable 

accumulation, and the clip angle between the conveyor belt and the ground as follows: 

𝑉𝑆 =
𝑉𝑋𝐿

𝑘𝑞
                                 (21) 

𝜋𝑉𝑆𝐷𝑆

60
≥

𝑉𝑋

𝑐𝑜𝑠 𝜃
                               (22) 

𝑘 is the amplitude width, L is the petiole aggregation coefficient, q is the accumulation thickness of 

leaf vegetables, 𝐷𝑆  is the diameter of the rotation axis of the conveyor belt, and 𝜃  is the angle 

between the conveyor belt and the ground. 

4. Study Results and Discussion 

This paper determines the root position relationship by machine vision technology, establishes 

mathematical model, calculates the density related function, and establishes the load related function 

by collecting the current, voltage of signal acquisition unit and rotational speed. 

The output result of the data collection unit is connected to the load and speed detection decision 

module, establishes the function of density through the density and torque model calculation unit, 

calculates the function between speed and density according to the motor model, and then calculates 

the function between the cutter speed, walking speed and transport speed. 
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