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Abstract  The emergence of unmanned agricultural machinery has brought new research content to the
development of precision agriculture. In order to speed up the research on key technologies of 
unmanned agricultural machinery, classification of intelligence level of unmanned agricultural 
machinery has become a primary task. In this study, the researchers take the complex interactive system
consisting of unmanned grain harvester, task and driving environment as the research object, and carry 
out a research on the grading and classification of intelligent level of unmanned grain harvester. The
researchers of this study also establish an evaluation model of unmanned grain harvester vehicle, which
consists of human intervention degree, environmental complexity, and task complexity. Besides, the 
grading and classification of intelligence level of the unmanned grain harvester is carried out according
to the human intervention degree, environmental complexity and the task complexity of the unmanned
grain harvester. It provides a direction for the future development of unmanned agricultural machinery.

Key Words : Grain harvester, Grading and classification, Intelligence level, integrated research, 
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요  약  무인 농기계의 출현으로 정밀 농업의 발전에 새로운 연구 콘텐츠가 등장했다. 무인 농기계의 핵심 기술 연구를 
가속화시키기 위해 먼저 무인 농기계 지능 수준 분류가 일 차적 과제가 되어 왔다. 이에 본 연구는 무인 곡물 수확기, 
작업, 운전 환경으로 구성된 복합 양방향 시스템을 연구 대상으로 하고, 무인 곡물 수확기의 지능화 수준을 등급화하고 
분류하는 연구를 수행한다. 본 연구의 연구자들은 인적 개입 정도, 환경적 복잡성,  작업 복잡성으로 구성된 무인 곡물 
수확기 차량의 평가 모델을 확립한다. 또한, 무인 곡물 수확기의 지능화 수준 등급화와 분류는 인적 개입 정도,  환경적 
복잡성과 작업 난이도에 따라 이루어진다. 무인 농기계의 미래 발전 방향을 제시하고 있다.
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1. Introduction 

Precision agriculture is the only way for 
agricultural modernization and the direction of 
future agricultural development[1]. The emergence of 
unmanned agricultural machinery has brought 
new content to the development of precision 
agriculture. In many regions today, the lack of 
agricultural labor and the increasing 
requirements for the efficiency of agricultural 
machinery operations, unmanned agricultural 
machinery will mark an exciting and huge 
technological progress. Unmanned agricultural 
machinery controlled by fixed operating stations, 
working under the navigation of satellite global 
positioning system or ground system near the 
field, has many advantages[2]. The expression of 
"intelligent type" has a wide meaning, so it is 
more abstract than expressions of specific 
technologies or functions[3].

Unmanned intelligent behavior generally refers 
to an unmanned vehicle sensing the surrounding 
environment information and road information 
through the loaded sensors, and then sending the 
data to a computer. The computer analyzes and 
makes plans and decisions, and then uses the 
control system to control the vehicle. It performs 
horizontal and vertical control to the vehicle[4], 
so that the vehicle can drive on the road 
autonomously and safely[5]. At present, some 
countries, such as Europe, the United States, and 
Japan, have conducted researches on path tracking 
control technologies for agricultural machinery, 
especially in navigation control and navigation 
positioning. However, these studies mainly focus 
on single GPS or inertial navigation technology 
in vehicles in the application of navigation[6-8], 
and no relevant knowledge of intelligence 
grading and classification of agricultural 
machinery has been mentioned. In order to 
accelerate the research on key technologies of 
unmanned agricultural machinery, it is a primary 
task to classify the intelligence level of 

unmanned agricultural machinery. 

2. Types of agricultural machinery 

Agricultural machinery can be divided into 
harvesting machinery, farming machinery, planting 
and fertilizing machinery, field management 
machinery, after receiving the processing 
equipment, agricultural products process 
machinery, livestock aquaculture machinery, 
power transmission machinery, irrigation and 
drainage machinery, basis design agricultural 
equipment, and smart new agriculture, 
agricultural machinery parts and equipment[9]. 

Harvesting 
machinery

Grain harvester, Corn harvesting machine, 
Root crop harvester, Forage harvester, Grain 
crop harvester, Cotton crop harvester

farming machinery Cultivated land machinery, Land preparation 
machinery

Planting and 
fertilizing machinery

Planting machinery, Seedling machinery, 
Planting machinery, Fertilizing machinery, 
Edible fugus production machinery, Plastic 
film machinery

Field management 
machinery

Cultivating machinery, Plant protection 
machinery, Construction machinery

After receiving the 
processing 
equipment

Threshing machinery, Cleaning machinery, 
Drying machinery, Seed processing 
machinery, Shelling(peeling)machinery, 
Storage machinery

Power transmission 
machinery

Transportation machinery, Loading and 
unloading machinery,Tractors,Agricultural 
internal combustion engines

Livestock 
aquaculture 
machinery

Feed processing machinery, Animal 
husbandry machinery, Aquaculture machinery, 
Aquatic fishing machinery, Animal product 
processing machinery, Livestock slaughtering 
machinery

Irrigation and 
drainage machinery

Sprinkler irrigation machinery, Water pump, 
Supporting equipment

Basic design 
agricultural 
equipment

Excavation machinery,
Dredging machinery,
Greenhouse equipment

Agricultural 
machinery parts 
and equipment

Agricultural machinery parts,
Agricultural special instrument

Smart new 
agriculture

Smart agriculture, Agricultural waste 
utilization,
Processing equipment

Agricultural 
products process 
machinery

Rice milling machinery, Milling(pulp) 
machinery,
Grease processing machinery,
Cotton processing machinery,
Fruit and vegetable processing machinery,
Tea processing machinery

Table 1. The types of agricultural machinery
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Harvesting machinery can be divided into 
grain harvester, corn harvesting machine, root 
crop harvester, forage harvester, grain crop 
harvester, cotton crop harvester. 

Grain harvesting 
machinery

Windrower, Baler, Self-propelled  wheel 
combine, Self-propelled tracked grain, 
Semi-feed combine, Special harvester for 
soybean

Corn harvesting 
machinery

Self-propelled corn harvester, Knapsack corn 
harvester ,
Corn kernel harvester, 
Ear stem and corn  harvester, Corn harvesting

Root crop 
harvesting

Potato harvester, Onion garlic harvester, 
Radish harvester, Super cane harvester, 
Peanut harvester, Medicinal harvester

Forage crop 
harvester

Lawn mower, Tedder, Mower, Green forage 
harvester, Baler, Round bale wrapper

Grain crop 
harvesting

Rapeseed harvester, 
Sunflower harvester, 
Grass seed harvester

Cotton and linen 
crop

Cotton harvesting machinery, Hemp crop 
harvesting

Stem collection Straw crushing and returning, Stem harvester, 
Flattening machinery

Table 2. The types of harvesting machinery

3. Basis for grading and classification of 
intelligence level of unmanned grain 
harvester

Currently, unmanned intelligence level of 
global auto industry widely adopts the Society of 
Automotive Engineers (SAE) 6-level classification 
method (J3016TM)[10]. It provides a six-level 
automatic driving classification scheme and 
describes various types of driving automation on 
the road and the functional definitions of the 
related terms and definitions. The automotive 
intelligence grading and classification standard 
formulated by SAE divides automotive 
intelligence into six levels of L0-L5 from the 
aspects of driving, environmental monitoring, 
fallback, and application scenarios. 

There is a development trend for automobiles 
to be lightweight, intelligent and unmanned[11]. 
Unmanned agricultural machinery is also the 
future development direction of agricultural 

machinery. There is little literature on the 
research on the intelligence level of unmanned 
agricultural machinery. Unmanned grain 
harvester is categorized into unmanned 
agricultural machinery. The difference between 
unmanned agricultural machinery and unmanned 
vehicles is that the main function of the former 
is driving plus working while the latter is driving. 
The driving environment of the two is very 
different, and the complexity of the task and the 
degree of human interference are different. The 
grading and classification of intelligence 
standard of unmanned vehicles has a reference 
effect on the grading and classification of 
driverless grain harvesters, but it cannot be 
completely based on the classification method of 
unmanned vehicles to classify the unmanned 
grain harvester. The unmanned grain harvester 
can be categorized into the unmanned ground 
system. The ALFUS evaluation framework for the 
autonomous level of the unmanned ground 
system proposed and established by the National 
Institute of Standards and Technology has a 
significant reference to it. 

3.1 ALFUS evaluation framework classification
The National Institute of Standards and 

Technology has proposed and established an 
unmanned system autonomous level (ALFUS) 
framework for the classification and evaluation 
of unmanned ground platforms [12]. According to 
the ALFUS evaluation framework, a 
corresponding autonomous level is generated. 
When the unmanned system is completely 
controlled by humans and has no autonomy, it 
means that the intelligence level is the lowest 
level. The highest level characterization tasks are 
extremely complex, the environment is extremely 
harsh, and they can be fully autonomous with an 
excellent level of autonomy. The intermediate 
level represents task complexity, high collaboration 
requirements, complex environment, and good 
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level of autonomy. Based on these evaluation 
levels, the difference in the degree of autonomy 
of intelligent unmanned systems can be 
intuitively reflected in the classification of levels.  

3.2 Unmanned grain harvester interactive model 
According to the National Institute of 

Standards and Technology's ALFUS framework 
for the classification and evaluation of 
ground-based unmanned platforms, it can be 
seen that the intelligence level of unmanned 
vehicles is determined by the task complexity, 
driving environment, and human interference of 
unmanned vehicles. Whenever there is a change 
in task, a change in the environment, or a 
change in the degree of human interference, it 
will affect the change in unmanned behavior. 
Thus, the intelligent behavior of the unmanned 
harvester can be stimulated through the 
interaction of the environment-task-human 
interference-unmanned harvester.

Fig. 1. The driving environment-job complexity- 
human interference-unmanned harvester 
model

4. Classification of intelligence level of 
unmanned grain harvester 

In order to better limit the classification of the 
job complexity, driving environment, and human 
interference of the unmanned grain harvester, we 

conducted interviews with relevant agricultural 
experts. They are scholars and technicians from 
China Academy of Agricultural Mechanization 
Sciences, China Rural Technology Development 
Center, Shenyang Agricultural University, Shandong 
Agricultural University, Shandong University of 
Technology, and Nanjing Research Institute for 
Agricultural Mechanization Ministry of Agriculture. 
The ratio of male and female experts interviewed 
was 5:2. The average age is 46, the minimum age 
is 38, and the maximum age is 52. The 
professional direction is as follows: 1 researcher 
from the field of agricultural machinery 
autonomous navigation, 1 from the field of 
precision agriculture, 3 from the field of 
intelligent equipment, 2 from the field of grain 
harvest. 

The interview results obtained the technical 
knowledge of the intelligent classification of the 
human interference, environmental complexity 
and job complexity of the unmanned grain 
harvester. 

4.1 Classification of human interference 
    degree of unmanned grain harvesters 

Unmanned vehicle path planning[13] refers to 
an unmanned vehicle planning an optimal route 
to a destination based on perceived environmental 
information and positioning information[14]. 
Path planning including global and local path 
planning. Information feedback based on the 
environment perception system and its own 
positioning system is crucial for the 
decision-making of unmanned vehicle[15]. 
Unmanned vehicle need to analyze the decisions 
that need to be made next based on the obtained 
information. The human interference degree in 
unmanned grain harvester mainly includes path 
planning and execution decisions. The human 
interference degree is classified according to the 
SAE driverless classification standard and the role 
of human interference in the operation of the 
unmanned grain harvester. Level A: The 
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unmanned grain harvester cannot make decisions 
about walking, working and other behaviors. It 
requires the operator to set walking and working 
paths and and make decisions about walking, 
working and other behaviors. Level B: The 
operator performs walking and working 
according to the surrounding environment 
information perceived by the unmanned grain 
harvester. Most of the sensing tasks are 
performed by the operator, who controls the 
walking and working behavior of the unmanned 
grain harvester. Level C: The operator receives 
an environment perception report from the 
unmanned grain harvester. The walking and 
working path planning and decision-making 
tasks are performed by the operator, and the 
perception and task execution are performed by 
the operator and the unmanned grain harvester. 
Level D: The operator and the unmanned grain 
harvester jointly analyze, plan and decide 
walking and working tasks, and the unmanned 
grain harvester performs most of the sensing, 
walking and working tasks. Level E: The 
unmanned grain harvester is not under the 
control of the operator, and the operator has 
almost no intervention in the walking and 
working behavior of the unmanned grain 
harvester. Level F: The unmanned grain harvester 
is solely responsible for all environment 
perception, walking and working tasks. The 
operator has no interference with the walking 
and working behavior of the unmanned grain 
harvester. 

4.2 Classification of environmental complexity 
for unmanned grain harvester

A large number of sensors are installed on the 
body of the unmanned vehicle to detect 
obstacles, identify road traffic signs, pose 
positioning, etc.[16], and then send the perceived 
information to the unmanned vehicle. Therefore, 
in unmanned technology, sensors are equivalent 

to organs such as human eyes, ears, and ears, 
which can accurately enable unmanned vehicles 
to know what environment they are in, thereby 
achieving safe driving[17]. In the course of 
driving, the existing sensors, ultrasonic waves, 
and communication are difficult to identify 
under severe weather conditions[18].

Therefore, recognition of the environment by 
the unmanned ground vehicle is often one of the 
most closely evaluated parameters for its 
intelligence level. Both ground inclination and 
weather conditions affect the driving of 
unmanned vehicles[19]. According to the working 
environment of the unmanned harvester, the 
environmental complexity is classified according 
to the level of human interference. Level A 
(lowest environmental complexity): simple plot 
with flat ground and large working area. There 
are no crops blocking the view around the plot. 
The weather is fine and the light is plenty. Level 
B (low environmental complexity): general 
working ground with small potholes, not flat 
enough. The light is normal, and there are a few 
crops around the working environment to block 
the view. Level C (medium environmental 
complexity): relatively complex working plots, 
small land area, uneven ground, a few obstacles 
between the plots, many crops around, making it 
difficult to identify the surrounding environment. 
Level D (high environmental complexity): 
complex working plots with small land areas, 
slopes on the ground and local potholes, making 
it difficult to identify the surrounding 
environment between the plots. Level E (higher 
environmental complexity): steep slope land, 
small land area, muddy ground, cloudy day, weak 
light and unclear sight line. Level F (highest 
environmental complexity): particularly complicated 
ground, obstacles on steep sloping plots, small 
land area, big wind, dust on the ground, keep out 
the line of sight. In rainy and foggy days, the 
light is weak and the crop upturn rate is high.
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4.3 Classification of task complexity for 
unmanned grain harvester

The task complexity of unmanned vehicles is 
also an important indicator for measuring the 
intelligence level of unmanned vehicles. The task 
complexity of unmanned grain harvesters is 
graded based on the number and quality of 
independent tasks. Level A manually controls the 
driving, steering, braking, field working, parking, 
without perception ability and decision-making 
ability. Level B uses Beidou Navigation System 
and GPS Navigation System to plan the path 
manually and make decisions based on the path 
set manually. Level C can make decisions about 
driving, braking, steering, working, and parking, 
etc. It also can identify static obstacles and avoid 
obstacles and accomplish a certain number of 
path planning. Level D can avoid dynamic 
obstacles. When the Beidou Navigation System or 
GPS signal is missing, it can avoid obstacles, 
complete local path planning, and make parking 
and working decisions. Level E can identify the 
surrounding environment of the plot and identify 
the harvesting crops and other crops that cannot 
be harvested. It cannot damage other immature 
crops when harvesting, and can make global path 
planning and other behavioral decisions in 
complex environments. Level F can 
autonomously complete decisions about driving, 
braking, steering, working, parking, etc. It also 
can identify static obstacles and avoid obstacles, 
thus completing path planning. 

4.4 Grading and classification of intelligence 
level of unmanned grain harvester 

The evaluation of the intelligence level of the 
unmanned grain harvester depends on the 
complexity of the environment, the complexity 
of the task, and the degree of human 
interference. The environmental complexity is 
divided into six levels of A-F, and the task 
complexity is divided into six levels of A-F. 

Evaluate the intelligence level of the unmanned 
grain harvester according to the level of the 
comprehensive level (A is the lowest and F is the 
highest). For example, if the environment 
complexity is the lowest and the task complexity 
is the lowest, the comprehensive level is (A, A). In 
this way, the environmental complexity and task 
complexity can be divided into levels AA, BB, CC, 

DD, EE, and FF. 

Fig. 2. Environmental and task complexity grading and 
classification model for unmanned grain 
harvester

The classification of manual intervention is 
divided into level A, B, C, D, E, F and other levels 
from the aspects of walking and working, 
steering and acceleration and deceleration, 
monitoring of driving environment, and fallback 
of the unmanned grain harvester.  

The final intelligent classification model of the 
unmanned grain harvester can be constructed by 
combining the environmental and task 
complexity classification model and the manual 
intervention classification model. 
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Fig. 3. Classification model of manual intervention 
degree of unmanned grain harvester

The level 0 system is completely driven by the 
driver. The main body of the alarm system, 
vehicle control, environmental monitoring and 
system response are the drivers. At the same 
time, the level of environmental complexity and 
task complexity is AA. The level 1 system can 
assist the driver to complete certain driving tasks, 
and the level of environmental complexity and 
task complexity is BB. The level 2 system can 
simultaneously and horizontally control the 
vehicle, such as the parking assistance system. In 
this level, the driver needs to monitor the 
surrounding environment, and when the system 
makes a wrong judgment, it can timely correct 
the system and take over the system. The level of 
environmental complexity and task complexity is 
CC. The level 3 system is conditional 
autonomous driving. The system can replace 
some drivers to complete some driving tasks and 
complete some environmental monitoring 
functions. However, the driver needs to regain 
driving control in time when the system sends a 
request. The level of environmental complexity 
and task complexity is DD. The level 4 system is 
highly autonomous. The main body of vehicle 
control, environmental monitoring and system 
response are systems, but there are also modes in 

which the driver controls the vehicle. The level 
of environmental complexity and task complexity 
is EE. The level 5 system is fully autonomous, 
meaning unmanned driving. The level of 
environmental complexity and task complexity is 
FF.

Fig. 4. Unmanned grain harvester evaluation model

5. Discussion and Suggestions

In this study, we take the complex interactive 
system consisting of unmanned grain harvester, 
task and driving environment as the research 
object, and carry out a research on the grading 
and classification of intelligence level of 
unmanned grain harvester. We also establish a 
vehicle evaluation model of unmanned grain 
harvester consisting of environmental complexity, 
task complexity, and human interference. The 
intelligent level of the unmanned grain harvester 
is classified according to the degree of human 
interference degree, the complexity of the 
environment and the complexity of the task.

At present, there is little literature related to 
the grading and classification of intelligence level 
of unmanned agricultural machinery, and there is 
no literature on the grading and classification of 
intelligence level of unmanned grain harvesters. 
It is recommended that the grading and 
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classification evaluation model of unmanned grain 
harvester be applied to agricultural machinery 
practice to verify the rationality of the model, 
which we need to study in the next period. 
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