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ABSTRACT 
According to the different agricultural production uses, agricultural robots were classified, mainly including agricul-

tural information collection robots, pruning robots, grafting robots, transplanting robots, spraying robots and picking 
robots. The research status of mainstream agricultural robots at home and abroad were introduced, and their working 
principles and characteristics were expounded. Finally, the problems existing in the key technologies of existing agricul-
tural robots and their future development directions were put forward. 
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1. Introduction 

At present, the world is highly concerned about 
agricultural robot technology. The research on agri-
cultural robots in the United States, Japan, Spain and 
South Korea started earlier and the development is 
more perfect, but the agricultural robots devel-
oped by them are usually complex and bulky, which 
is not consistent with our agricultural art, so it is of 
great significance to develop agricultural robots in 
line with our agricultural situation. The relevant re-
search began in the 1990s, scientific research person-
nel have studied a variety of agricultural machin-
ery, but it has not been realized to be industrialized. 
In recent years, the development of automation tech-

nology, computer control, image recognition, sensor 
and signal processing industries in our country, 
which have promoted the renewal and development 

of agricultural robots [1–3]. 

As a major agricultural country in our country, 
many farmland operations such as pruning, grafting, 
transplantation, spraying and picking, etc.) Still need 
manual operations, time consuming, low efficiency 
and high cost. With the rise of big data and artificial 
intelligence technologies, as well as the emergence 
of new types of agriculture such as facility agricul-
ture and precision agriculture, new technologies are 
constantly being applied to the agricultural robotics 
industry. The development of intelligent agricultural 
robots can achieve high efficiency, low loss opera-
tion, solve the problems existing in traditional agri-
culture, agricultural robot has become one of the 
most important development trends of agricultural 

machinery in the 21st century. 

2. Research status of agricultural 
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robot models 

The diversity of agricultural production types 
leads to the diversification of agricultural robots, 
which mainly include grafting robots, transplanting 
robots, spraying robots, agricultural information col-
lection robots, pruning robots and picking robots. 
This paper analyzes the research status of main-
stream agricultural robots in the market and dis-
cusses its key technologies. 

2.1 Foreign research status 

Agricultural information collection robot 
In order to improve the efficiency of agricul-

tural information collection and reduce crop damage, 
Kyoto University developed a small hexapod robot 
to collect soil nutrients, temperature and humidity, 
plant growth and other information [4]. The machine 
is composed of several servo motors, microcomput-
ers and infrared ranging sensors (irdmss), etc. It 
adopts leg movement to improve the maneuvering 
performance on obstacles and irregular ground, as 
shown in Figure 1. When working, obstacles are de-
tected and avoided by two IRDMS sensors mounted 
on the face of the hexapod robot. The walking speed 
of the robot is adjustable, ranging from 16.7 m/s to 
33.4 m/s. 

In order to effectively and timely collect pro-
duction-related information to support precise agri-
cultural decisions, the "observation dog robot" de-
veloped by MICHIHISA Lida et al. [5] consists of a 
frame, a variety of sensors, ranging system, camera 
and GPS receiver, etc., as shown in Figure 2. The 
SICK laser measurement system is used to guide the 
canine robot, which uses four independently sus-
pended driving wheels and a flexible steering mech-
anism to ensure smooth movement, a magnetic com-
pass to sense its turning Angle, a camera to look for 
diseased crops or weeds, and GPS to locate and rec-
ord the data. The machine can automatically turn at 
the end of the row and enter the next row, with a 
speed of 0. 14 m/s. 

 
Distance measuring sensor 

Soil temperature and humidity sensor 
CO2 gas sensor 

Figure 1. Small hexapod robot 

The API autonomous agricultural robot devel-
oped by Aalborg University in Denmark is composed 
of a wheel module, a camera, a propulsion platform 
and a control system, and is suitable for farmland in-
formation collection of crops with row spacing of 0. 
25~0. 50 m, as shown in Figure 3 [6]. The control sys-
tem is composed of an embedded controller and an 
electronic control system for the vehicle, equipped 
with a camera for navigation and weed detection. 
The propulsion platform and the four-wheel drive 
and steering system are modular to improve their 
mobility. The vehicle can travel along predetermined 
paths, collect detailed field information, map weed 
populations in the field, and determine pesticide, fer-
tilizer and water application rates to facilitate the 
management of plants and plots in the field. 

Deere Company TD Pickett developed robots 
for soil testing, including ground drive system, sam-
pling probe and microlaboratory, etc. [7]. The steering 
and positioning of the robot are controlled by a con-
trol unit. The robot carries a kit containing one or 
more probes for extracting soil samples. After ex-
tracting the soil sample, the unearthed sample data 
can be detected and analyzed by the micro-labora-
tory on the robot, and the data can be stored or trans-
mitted remotely. 
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A magnetic compass 
GPS positioning module 
SICK Laser Ranging system 

Figure 2. "Observing Dog" Information Gathering Robot 

 

Vehicle mounted controller 
GPS positioning system 

Figure 3. Autonomous agricultural robot 

Pruning robot 
In 2010, an American company developed the 

second generation of grape pruning robot and 
demonstrated it in a vineyard in Lodi, California. The 
operation of the robot was guided by machine vision 
and the pruning of grape branches was completed by 
two robotic arms, as shown in Figure 4 [8]. In order 
to improve the accuracy of operation and avoid the 
influence of natural light, the working part of the ma-
chine adopts closed installation, and has a light 

source to avoid the influence of external light source. 
The pruning cost is $0.17 per grape, which is lower 
than the manual pruning cost of $0.35 per grape, 
which can effectively improve the efficiency of vine-
yard production management and reduce the labor 
cost. 

 
Figure 4. Second Generation Grape Trimming Robot Prototype 

from Lo-di, California, USA 

In 2010, a grape branch pruning robot devel-
oped in Christchurch City, New Zealand, was jointly 
developed by engineers from the University of Can-
terbury and the University of Lincoln in the UK, as 
shown in Figure 5 [9]. Using 3D camera technology, 
the robot can measure the distance between the ma-
chine and the target vine while the equipment is mov-
ing. It also has night vision function and can operate 
all day. It plays an important role in improving the 
quality of berries and labor efficiency. 

Grafting robot 
In 1986, Japan took the lead in the study of 

grafting machine, and carried out three generations 
of prototype exploration. For melons and solanum 
crops, in 1994, Japan Iseki Company and Japan In-
stitute of Science and Research jointly developed 
GR800B type semi-automatic grafting machine and 
GR800T type semi-automatic grafting machine, as 
shown in Figure 6. The machine adopts the grafting 
method, using grafting clip fixed, operation needs 2 
people to cooperate with the stock and scion, grafting 
efficiency is 800 plants/h, grafting success rate is 
90%, and in 2010 it was improved. In 1994, Japanese 
Yanma Company developed AG1000 type of auto-
matic fruit grafting machine, as shown in Figure 7. It 
only needs one person to operate, and can graft 8 
plants at a time. The grafting efficiency is up to 1000 
plants/h, and the success rate is up to 97%. However, 
its complex structure and high requirements for root-
stock and scion did not achieve mass production. In 
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2011, the GRF800-U type automatic grafting ma-
chine, which was jointly developed by the Japanese 
Igseki Company and the Japanese Institute of Health 
and Research, adopts the grafting method, and the 
grafting efficiency is up to 800 plants/h, but the price 
is expensive. 

 
Figure 5. New Zealand grape trimming robot 

 
Figure 6. Japan GR800T semi-automatic grafting machine 

Research on active grafting began in Korea in 
the 1990s. In 2004, Helper Company developed GR–
600CS grafting machine, as shown in Figure 8, which 
is similar to GR–800B grafting machine in Japan, and 
the grafting efficiency is 600 plants/h. Then it was 
improved to GR800CS automatic grafting machine, 
and the efficiency was increased to 800 plants/h. 
Ideal System (Korea) designed the solanum auto-
matic grafting machine, as shown in Figure 9. The 
scion and rootstock are placed on the hole plate, and 
the grafting efficiency is up to 1200 plants/h. 

For solanate crops, the automatic vegetable 
grafting machine developed by ISO Group of the 
Netherlands in 2009, as shown in Figure 10, adopts 
the flat grafting method, one person is needed for the 
root stock and one person for the scion. On this basis, 
the two types of grafting machines, ISO Graft1100 
and ISO Graft 1200, were changed into mechanical 

rootstock seedlings, and the grafting efficiency was 
up to 1000 plants/h. 

The vegetable grafting machine developed by 
Spanish company CONIC SYSTEM, as shown in 
Figure 11, adopts the attaching method and is oper-
ated by one person. During operation, the graft ma-
chine cuts the stock and scion at 65°, and the auto-
matic clamping port is set in the middle of the graft 
machine, where the operator only needs to dock the 
scion and the stock together, which is easy to operate 
[10–12]. 

 
Figure 7. Japan AG1000 automatic grafting machine 

 
Figure 8. Korean semi-automatic grafting machine 

Transplant robot 
In 2011, GVP K et al. [13] developed a vegetable 

transplanter for paper pot seedlings, which consists 
of two sets of conveyors (vertical conveyor, metering 
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conveyor), feeding and depth regulation. This ma-
chine is a double - row automatic vegetable trans-
planting machine, driven by tractor. During the oper-
ation, 108 cave pan seedlings are transported to the 
metering conveyor by the vertical conveyor and 
planted vertically along the furrow. It was verified 
that the field production efficiency of the machine 
was 0. 026 hm2/h, the operation speed was 0. 9 km/h, 
the transplanting efficiency was 32 plants/min, the 
leakage rate was 4%, the seedling rate was 95%, and 
the soil covering rate was 81%. 

In 2012, a vegetable transplanting robot devel-
oped by Kang D H et al. [14] was composed of a trans-
planting mechanism, a flowerpot moving mecha-
nism, a frame and a controller, etc. The transplanting 
part is composed of the detection mechanism and the 
actuator, and is controlled by the photoelectric sensor 
and the servo motor. The movement of the four-fin-
ger pin manipulator is controlled by the controller 
(E-MY2H), which can accurately control the finger 
position. It has been proved that the optimal finger 
shape is fine needle, because it has the least damage 
to the root system of young 4 agricultural engineer-
ing equipment and mechanized seedlings. The trans-
planting capacity is 2800 pots/h, and the success rate 
is above 99%. 

 
Figure 9. Korean automatic grafting machine 

 
Figure 10. Dutch eggplant grafting machine 

 
Figure 11. Spanish solanum vegetable grafting machine 

In 2014, Zamani D M [15] studied the automatic 
tomato transplanting machine. This machine in-
cludes two parts: mechanical structure and control 
parts, which are composed of chassis structure, seed-
ling tray conveying mechanism, seedling taking 
mechanism, ditching apparatus and PLC control sys-
tem. During the operation, the hole plate conveying 
mechanism should proofread the position of the hole 
plate while doing the conveying action, and the seed-
ling taking mechanism should accurately pick up the 
pot seedlings under the control of the PLC control 
system, and accurately put them into the trench cutter 
to complete the transplanting operation. 

Spraying robot 
In 2009, the "Aigo" 3230 spraying machine de-

veloped by American Case Company, as shown in 
Figure 12, is suitable for medium-sized farms with 
smaller plots and higher flexibility [16]. The overall 
layout of the machine is reasonable and the mass dis-
tribution is balanced, which can reduce the soil com-
paction, and the wet ground can be operated 1–2 days 
in advance. Its parameters: the volume of the tank is 



Nano CoO-Cu-MgO catalyst for vapor phase simultaneous synthesis 

6	

3028 L, the length of the spray rod is 27.4 m, the 
height of the spray is 48~213 cm, and the rated power 
is 161.7 kW (220 HP). The machine can be equipped 
with AFS automatic navigation system to achieve au-
tomatic turning, and AIM command system to 
achieve constant pressure precision spraying within 
the range of 2~24 GPA. Three models of the Aigo 
series, 3230, 4420 and 3330, have been promoted 
around the world. 

 
Figure 12. Case 3230 self-propelled spraying machine 

 
Figure 13. John Deere 4630 sprayer 

In order to improve operation efficiency, in 
2014, John Deere Company improved and developed 
the 4630 self-propelled spraying machine based on 
the 4720 spraying machine, as shown in Figure 13 
[17]. The machine is equipped with variable hydro-
static transmission system, which can make hydrau-
lic compensation according to the load induced pres-
sure and flow, to ensure the pressure flow stability of 
spray rod, walking motor and other hydraulic com-
ponents, so as to control the spraying accuracy. The 
rated power is about 127 kW, with 3 spraying speed 
ranges, 1 transport speed range, fertilizer spraying 

speed up to 32 km/h; The ground gap is 1.32m, and 
the suspension stroke is 21 cm higher than before; At 
the same time, the Deere Green Star 2 Agricultural 
Production Management System (AMS) is equipped 
with automatic driving, guided spraying and variable 
spraying. 

In 2014, John Deere designed the new R4038 
self-propelled spraying machine, shown in Figure 14, 
with a "field cruise" operation, rated at 228 kW [18]. 
The four wheels are equipped with airbag shock ab-
sorption system, independent suspension and air 
cushion spring, which can automatically adjust 
the balance, and the wheel base can be adjusted in 
the range of 3048~3861 mm. With the starfire RTK 
system, the accuracy was 2.54 cm. The capacity of 
the tank is 3785 L, the height of the nozzle from the 
ground is 684–2197 mm, the longest spray rod is 36 
m, and the height of the nozzle from the spraying sur-
face is 457–559 mm. 

 
Figure 14. John Deere R4038 sprayer 

Picking robot 
Japan began to study fruit and vegetable picking 

robots in 1980. Kawamura et al. Developed a tomato 
picking robot by using the color difference between 
tomato fruits and background, as shown in Figure 15. 
Although the robot has five degrees of freedom and 
can perform three-dimensional positioning of fruits, 
it is still limited by space and the mechanical claw is 
prone to damage fruits [19]. Kondo N from Okayama 
University in Japan developed a tomato picking ro-
bot based on machine vision, which is composed of 
walking mechanism, vision system, controller and 
manipulator. When working, the vision system can 
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find and identify the ripe fruit, and the 7-DOF ma-
nipulator can effectively avoid obstacles to grasp. 
The manipulator is composed of 2 rubber fingers and 
a pneumatic suction nozzle, suction nozzle will suck 
the fruit, the manipulator rotation unscrew the fruit. 
The identification and picking efficiency of the ma-
chine was 15 s/ piece, and the success rate was 70%. 
The reason for the low success rate of picking is that 
some ripe fruits are located in dense stems and leaves, 
and the manipulator cannot avoid and pick them. 

 
Figure 15. Tomato picking robot. Picking robot 

In 1996, the Netherlands Institute of Agricul-
tural and Environmental Engineering developed an 
automatic cucumber harvesting robot, consisting of 
a walking mechanism, a vision system and a manip-
ulator, in order to hang cucumbers grown in green-
house by winding high pull wire [20]. When working, 
the walking mechanism is equipped with near-infra-
red vision system to find, identify and locate ripe cu-
cumber fruits, and guide the 7-DOF manipulator to 
cut and pick them. It was proved that the working 
efficiency was 10 s/ root, and the effect was good. 

For Senryo–2 eggplant growing in a V-shaped 
greenhouse, the National Vegetable and Tea Re-
search Institute of Japan and Gifu University jointly 
developed an eggplant picking robot, which was 
composed of a walking mechanism, CCD machine 
vision system and manipulator, etc. [21]. During the 
operation, the fuzzy vision system was used to iden-
tify the ripe fruit and guide the manipulator to pick 
it. Verified, the machine picking efficiency is 64. 1 s 

�, success rate reaches 62. 5%. The fuzzy vision sys-
tem is not accurate in judging the picking position, 
and the recognition time is long, which is the main 
reason for the low picking efficiency and success rate. 

2.2 Domestic research status 

Agricultural information collection robot 
A dual-purpose agricultural information collec-

tion robot designed by Wang Wei et al. [22] of North-
east Forestry University is shown in Figure 16. Its 
flight control mechanism, ground walking mecha-
nism and information collection system constitute a 
simple and practical agricultural information Internet 
of things. The ground walking mechanism is 
equipped with independent suspension and shock ab-
sorption system to enhance the obstacle crossing 
ability and off-road performance. The aerial flight 
mechanism is equipped with control system and in-
formation acquisition system, and UAV technology 
is adopted to improve the ability of the robot to cross 
obstacles in the field. Through image acquisition, 
temperature and humidity detection and image pro-
cessing, the robot accurately obtains the temperature 
and humidity data of farmland and analyzes the 
growth status of crops. While obtaining reliable data 
and images, it provides a reliable basis for better 
management of farmland operations. 

 
Figure 16. Ground and air dual-use information gathering ro-

bot 

Liu Chenglong et al. [23] of Nanjing Agricultural 
University designed a small quadruped flexible robot 
for collecting agricultural information, which over-
came the problem of soil mechanical compaction 
caused by large agricultural equipment. The robot 
adopts a small flexible quadruped robot structure, 
which is composed of a three-stage two-degree-of-
freedom leg structure, a remote rope driven knee 
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joint and a spring energy storage device. The trajec-
tory curve of the foot is inclined, which can improve 
the speed of the foot robot and reduce the energy 
consumption. 

Pruning robot 
The core of the raspberry pruning robot de-

signed by Meng Fanjia et al. [24] of China Agricul-
tural University is a control system for serial com-
munication between upper and lower computers. 
Based on the machine vision technology, the robot 
establishes the color model and uses a variety of al-
gorithms to process the collected images in real time. 
The left and right mechanical arms work simultane-
ously to realize the effective identification and effi-
cient removal of thin and broken branches. At the 
same time, the machine has strong adaptability to 
complex environment, has strong reliability and 
adaptive ability. 

Zhou Tianwen et al. [25] from the University of 
Jinan designed a twin-wing rotary knife pruning ma-
chine for grape summer tips of hedge type, which is 
mainly composed of cutting system, frame system, 
hydraulic system and installation system, as shown 
in Figure 17. The cutting system is located on the left 
and right sides and the top of the robot, which is 
driven by the hydraulic system when working. It can 
trim the sides and the top of two rows of grape 
frames at a time, and the ridge distance and height 
can be adjusted to realize continuous, efficient and 
mechanized grape pruning operation, and reduce the 
labor intensity and labor cost. 

 
Figure 17. Grape summer pruning machine 

Grafting robot 
Zhang Keliang et al. [26] of China Agricultural 

University took the lead in the study of vegetable 
grafting machine and developed 2JSZ–600 single-
arm hole disc grafting machine in 1988. This MA-
CHINE FOR melon vegetable seedlings, the use of 
monocotyledon attachment method, rootstock can be 
directly with soil grafting, suitable for watermelon, 
melon and cucumber and other vegetables seedlings, 
has a wide range of adaptability. The grafting effi-
ciency was 600 plants/h, but the success rate was 
only 95%. After that, the grafting efficiency of the 
improved double-arm graft was increased to 850 
plants/h. 

In 2006, Gu Song [27] of Northeast Agricultural 
University designed 2JC–350 automatic grafting ma-
chine for vegetable grafting, which adopted a dou-
ble-pin positioning mechanism to reduce the length 
of scion extension and ensure the quality of operation 
in the grafting link between rootstock and scion, thus 
effectively improving the grafting success rate. The 
production efficiency of the machine was 350 
plants/h, but the grafting success rate was only 90%. 
In 2008, the grafting efficiency of 2JC–600 graft ma-
chine was improved to 600 plants/h, and then it was 
optimized and improved to 2JC–1000A full-auto-
matic graft machine of Cucurbit. However, due to the 
intensive production and low degree of factory, the 
seedlings could not be mass-produced. 

In 2011, Ma Zhiyu et al. [28] from South China 
Agricultural University put forward a new grafting 
method–automatic oblique grafting method 
with broken root and terminal bud, and developed a 
test bed for oblique grafting. The device consists of 
a stock holding mechanism, a stock socket mecha-
nism, a scion holding transport mechanism and a 
scion cutting mechanism. When working, the root-
stock is held by the stock clamping mechanism to 
punch holes in the cuttings and keep them for a pe-
riod of time. After scion cutting is completed, the 
cuttings are pulled out and the scion is quickly in-
serted into the holes in the cuttings to complete graft-
ing. The method and the device are simple, stable 
and easy to be popularized. The grafted seedlings are 
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suitable for industrial intensive production, but the 
success rate of cutting reaches 92% and the survival 
rate of grafted seedlings reaches 90%. 

For melons and solanum vegetables, the graft-
ing robot designed by Jiang Kai et al. [29] from Bei-
jing Agricultural Intelligent Equipment Technology 
Research Center in 2011 based on the grafting tech-
nology of "attaching method" adopts pneumatic out-
put and PLC control system, which is mainly com-
posed of a handling device, a cutting device, a 
seedling attaching device and a clip feeding device. 
Miao way to design the machine adopts double loca-
tion, when the rotation radius of cutter is 68 mm, the 
cutting speed of 120 r/min, cutting seedling success 
rate was 98%, the grafting efficiency of 884 plants/h, 
grafting success rate was 95.7%, close to factory 
grafting seedling production standards. 

For cucurbitaceae hole tray seedlings, such as 
China agricultural university chujia [30] design of the 
single operation, grafting robot, developed by pro-
fessor in tie-zhong zhang arms type vegetable graft-
ing machines and 2 JSZ–600 type hole tray grafting 
machine is optimized on the basis of the improved 
operation efficiency be improved by more than 50% 
per capita, grafting success rate can reach 95%, graft-
ing speed can reach 455 plants/h, However, the qual-
ity requirements of the cave disc seedlings are higher. 

 
Figure 18. Single artificial seedling semi-automatic grafting 

machine 

In order to improve grafting efficiency, in 2018, 
Tong Junhua et al. From Zhejiang University of Sci-
ence and Technology developed a stick-type semi-
automatic vegetable grafting machine, including key 
components such as clamping mechanism, cutting 
mechanism and anti-slewing mechanism, as shown 
in Figure 18. The machine is operated by one person. 
The grafting success rate is 89%, and the grafting ef-
ficiency can reach 846.3 plants/h. 

Transplanting robot 
In 2009, Zhou Ting [31] of Nanjing Agricultural 

University designed a transplanting machine suitable 
for the transplanting of cave plate seedlings, which 
is mainly composed of a manipulator and a cave 
plate conveying system, etc., as shown in Figure 19. 
Its end-effector is an oblique wedge lever holding 
mechanism with a transplanting success rate 
of 76.11%. The operation time is 0. 362 s shorter than 
the traditional way, and the efficiency is increased by 
15.33%. The PLC control system is adopted, the ver-
tical distance between fingers is 20 mm, and the best 
transplanting effect is achieved when the clamping 
force is about 3.877 N. 

 
Figure 19. Greenhouse plug seedling transplanting machine 

In 2016, Han Gaiguang et al. [32] of Jiangsu Uni-
versity developed a light and simple automatic trans-
planting machine, which is mainly composed of au-
tomatic transplanting manipulator and electrical 
control system, as shown in Figure 20. The machine 
adopts double row chain drive, mechanical arm in-
cluding linear module and rodless cylinder, manipu-
lator for pneumatic two fingers four needle clamp 
type, can complete the whole process of taking seed-
lings, transplanting seedlings and planting seedlings; 
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The success rate of transplanting was 90.70%, and 
the breakage rate was less than 5%. The transplant-
ing efficiency of 128 and 72 hole disc seedlings was 
1221 and 1025 plants/h, respectively. 

 
Figure 20. Lightweight automatic transplanting machine 

The matrix plant-vegetable transplanter de-
signed by Cui Zhichao et al. [33] in 2018 mainly con-
sists of power source, furrow opening and soil cov-
ering device, conveying and dividing seedling device, 
planting device and frame, etc. It can carry out the 
operation of bed surface leveling, furrow opening, 
transplanting and soil covering at one time, as shown 
in Figure 21. During operation, the flat bottom roller 
compacted the soil, the trench opener opened the 
planting ditch, and the seedlings were manually 
taken and placed on the conveyor belt. The planter 
clamped the block seedlings for transplanting, and 
the soil coverer covered and buried to complete the 
transplanting. The qualified rate of the transplanter 
was 95. 3%, and the planting frequency was 57 
plants/min. 

 
Figure 21. Matrix seedling vegetable transplanter 

The light and simple semi-automatic transplant-
ing machine designed by Zhao Zhengrong et al. [34] 
of Jiangsu University in May 2018 mainly consists 
of electric chassis, control system, seedling grafting 
and seedling mechanism, etc., as shown in Figure 22. 
The planting operation can be completed by single 
driver, and the control system can control the start 
and stop of the transplanting machine and the speed 
control of the chassis. The operation is driven by bat-
tery, the row spacing and plant spacing can be ad-
justed, and the speed will automatically match before 
the planting frequency is random. The plant leakage 
rate was 4%, lodging rate was 6%, the variation co-
efficient of plant spacing was 4%, the qualified rate 
of planting was above 90%, and the qualified rate of 
planting depth was 82%. 

 
Figure 22. Lightweight semi-automatic transplanter 

Spraying robot 
In 2010, Modern Agricultural Equipment Tech-

nology Co., Ltd. And Chinese Academy of Agricul-
tural Mechanization jointly developed 3WZG–3000A 
high-gap self-propelled rod sprayer for cotton, soy-
bean, rape and other crops, as shown in Figure 23 [35]. 
The machine adopts full hydraulic four-wheel drive, 
ground gap 1350mm, the use of air curtain airflow 
auxiliary device to prevent spray drifting, and 
equipped with automatic variable spray control sys-
tem; The working width 21 m, yuexiang capacity of 
3000 L, the medication �L 150 ~ 600 hm2; The 
working pressure is 0. 3~1. 0 mpa, the working speed 
is 6~10 km/h, the production efficiency can reach 
more than 8 hm2/h, and the wheel pitch can be ad-
justed in a certain range. 
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Figure 23. WZG–3000A sprayer Figure 

To reduce pesticide enhanced additionally and 
reduce soil pesticide residues, Qingdao agricultural 
university in 2015, Guo graceful [36] developed, such 
as machine vision spraying Gu Panlong design such 
as the vegetable shed intelligent spraying robot, a ro-
bot, mainly composed of the mobile platform, image 
acquisition and processing module, main control 
module and spraying module and so on, as shown in 
Figure 24. The machine has Zigbee wireless commu-
nication and video transmission functions, which can 
realize unmanned and intelligent spraying operation. 
During the operation, the location and area of spe-
cific crops and weeds in the operation area were 
identified through image processing and analysis, 
and then the controller controlled the terminal spray-
ing device to spray the target variety, that is, to spray 
herbicides and insecticides on weeds and crops re-
spectively. 

 
Figure 24. Machine vision spray robot 

In April 2018, Cao Wexin et al. [37] developed a 
remote control intelligent orchard spraying robot, 
which is mainly composed of walking mechanism, 
liquid medicine supply and detection mechanism, at-
omization regulation mechanism, terminal spraying 

manipulator, image acquisition device and terminal 
controller, as shown in Figure 25. The machine is 
driven by motor, and the image acquisition device 
collects the site environment information in real time 
and transmits it to the controller, so as to adjust the 
terminal spray manipulator to spray at a suitable An-
gle and height. The maximum climbing Angle is 33°, 
the operating speed is 5.65 km/h, the Angle adjust-
ment range of the terminal spray manipulator is 180°, 
and the spraying height is 1–3 m. The transmission 
distance of wireless control and video transmission 
can reach 200 m in an unobstructed environment. In 
a small amount of occlusion environment, it still 
reaches 100 m. 

In order to improve the efficiency of the spray-
ing robot for vegetable greenhouses, in August 2018, 
Gu Panlong et al. [38] designed the intelligent spray-
ing robot for vegetable greenhouses, which is an all-
in-one machine for watering, fertilization and spray-
ing. It is composed of a variety of sensors, controllers, 
image processors and terminal execution arms. 
When working, the robot inspected along the "S" 
path in the vegetable greenhouse, and the image pro-
cessing device detected the vegetable foliar lesions, 
and the algorithm was used to make intelligent ratio 
of the mixed solution concentration. The controller 
determined the spraying site and height, and finally 
the spraying operation was completed by the end ma-
nipulator and spraying head. The robot not only can 
spray vegetables collectively, but also can spray with 
fixed point identification, realizing intelligent spray-
ing and automatic inspection. 

 
Figure 25. Remote remote intelligent spray robot 
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Picking robot 
In view of the low efficiency of tree cone col-

lecting, Lu Huaimin [39] from Northeast Forestry 
University developed a tree cone collecting robot, 
which is mainly composed of a walking mechanism, 
a hydraulic drive system, a manipulator and a single-
chip computer control system. The machine adopts 
crawler walking mechanism to ensure the reliability 
of moving in complex terrain. The 6 degrees of free-
dom picking manipulator is driven by hydraulic pres-
sure and controlled by single chip microcomputer 
system, which can automatically and dynamically 
adjust different parent tree forms. It has been verified 
that the machine has a picking height of 14 m, a 
working radius of 6.8 m, a maximum gathering force 
of 2500 N, and a daily fruit collection of 500 kg, with 
an efficiency of 30~35 times that of manual. 

In order to reduce the labor intensity and im-
prove the intelligent level of cucumber picking, Ji 
Chao et al. [40] of China Agricultural University de-
veloped a greenhouse cucumber picking robot, 
which is mainly composed of a PTZ camera, an 
on-board industrial computer, a motion controller 
and crawler parts, as shown in Figure 26. The robot 
is controlled to walk by the automatic navigation 
control system, and picking is controlled by the au-
tomatic picking system based on visual recognition. 
It has been verified that the continuous working time 
of the machine is 2 h, the forward speed is 0.3 m � 
s, and the navigation accuracy is 5 mm. However, the 
picking success rate is 85%, and the single root pick-
ing time is 28.6 s. 

A tomato picking robot designed by Zhou Tao, 
et al. [41] of Qingdao University of technology uses 
raspberry PI 3B controller and binocular camera to 
identify and position the fruit, so as to control the ro-
bot arm to pick tomatoes. The verification shows that 
the target recognition success rate of this machine 
is 78%, and the single picking time is less than 15 s. 
However, it is susceptible to the influence of envi-
ronmental light factors, resulting in a decrease in the 
accuracy of recognition results. At the same time, 
leaf shading and fruit overlap will also cause inaccu-
rate recognition. 

 
Figure 26. Greenhouse cucumber picking robot 

In view of the orchard under the Dwarfing and 
dense planting cultivation mode, Gao Yang, et al. [42] 
of Jiangsu university designed a 4-DOF lifting type 
picking robot, which is mainly composed of a mov-
ing mechanism, a scissor lifting mechanism, a pick-
ing robot arm, a extractable fruit box and a realsense 
vision sensor, as shown in Figure 27. The machine 
adopts miniaturized design to adapt to the orchard 
cultivation mode. At the same time, the robot arm 
can enter the canopy of the fruit tree to pick the target 
fruit reasonably and reduce the degree of freedom of 
the robot arm. Due to joint clearance and elastic de-
formation of materials, the control error of single 
joint position of the machine is 1.06 ~ 3.02 mm, 
which basically meets the operation requirements. 

 
Figure 27. Small lift picking robot 

3. Key technologies of agricultural 
robots 

Although many breakthroughs have been made 
in agricultural robot technology, the working envi-
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ronment and objects of agricultural robots are com-
plex and changeable, and some key technologies are 
not mature. The development of agricultural robots 
still faces challenges. 

3.1 Autonomous navigation technology 

Autonomous navigation has become the main 
way for agricultural robots to travel. Relying on au-
tonomous navigation technology, agricultural robots 
can achieve intelligent operations such as fertiliza-
tion, spraying and weeding. At present, the naviga-
tion technologies mainly include GPS navigation, 
machine vision navigation, ultrasonic navigation, la-
ser navigation and crop row navigation, among 
which machine vision navigation has gradually be-
come the main mode of agricultural robot navigation. 
The autonomous navigation technology firstly lo-
cates the robot itself. On this basis, the agricultural 
robot plans the path, predicts the land head and turns 
the land head. The application of autonomous navi-
gation technology in agriculture is a development 
trend, which is conducive to the large-scale and 
standardized operation of agriculture in the future [43–
44]. 

3.2 Autonomous obstacle avoidance technol-
ogy 

In recent years, China's machinery automation, 
computer control system and other industries have 
developed rapidly. The development of science and 
technology in agriculture is to improve the level of 
agricultural intelligence. How to avoid obstacles by 
agricultural robots is a classic problem. Autonomous 
obstacle avoidance technology requires that the ro-
bot should not touch the obstacles when moving to 
the destination. The obstacle avoidance ability de-
pends on the intelligent level of the robot, which is 
manifested in two aspects: environmental sensing 
and path planning, namely, path finding and obstacle 
avoidance. The existing obstacle avoidance algo-
rithms mainly include ant colony algorithm, Hop-
field, differential evolution algorithm, genetic algo-
rithm, BP neural network and artificial potential field. 
The complex and diverse working environment in 

farmland has higher requirements for the autono-
mous obstacle avoidance ability of agricultural ro-
bots [45–46]. 

3.3 Multisensor Information Fusion Technol-
ogy 

Multi sensor information fusion technology in-
tegrates the technologies of control theory, signal 
processing and artificial intelligence, which can ac-
curately reflect the characteristics of the detected ob-
ject and improve the reliability of information. Multi 
sensor information fusion technology is gradually 
applied to the field of agricultural robots (precision 
agricultural technology, monitoring of agricultural 
resources and agricultural environment, and moni-
toring of production process, etc.), providing a solu-
tion for agricultural robots to work in complex and 
dynamic environments [47–48]. 

3.4 Agricultural robot end effector 

China's fruit and vegetable production ranks 
among the top in the world, but the picking process 
is mainly completed manually, which is time-con-
suming, labor-consuming and costly. Therefore, it is 
of great significance to develop an agricultural robot 
end effector that can carry out efficient and low loss 
picking. The performance of the end effector has a 
direct impact on the picking effect. At present, the 
main factors affecting the picking effect include 
picking accuracy, picking speed, adaptability of 
working environment and universality. Traditional 
rigid manipulators have problems such as insuffi-
cient control accuracy, poor versatility and picking 
damage. Developing soft manipulators to realize 
flexible picking is the development trend of agricul-
tural robot end effectors [49–50]. 

4. Existing problems 

(1) Agricultural robot operation technology in 
dark night environment. At present, robots can only 
work in the daytime, and the robot does not know the 
characteristics of fatigue. The fruit recognition tech-
nology based on infrared light and multi spectrum 
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should be further studied to improve the fruit resolu-
tion and maturity discrimination efficiency in the 
light deficient environment, so as to realize the all-
weather picking operation. 

(2) Robot group operation technology. The 
farmland production environment is complex and the 
terrain is irregular. A single robot is equipped with a 
complete set of information monitoring system and 
job execution system, which will lead to high ma-
chine complexity. Therefore, the joint operation 
technology of multiple robots should be studied, and 
different monitoring and execution equipment 
should be equipped to realize the joint operation. 

(3) Fruit position determination and obstacle 
avoidance harvesting techniques. It is necessary to 
further study the fruit identification and actuator ob-
stacle avoidance and clamping technology based on 
artificial intelligence to solve the problem of leaf 
and branch occlusion, and study the nondestructive 
harvesting method of fruit. The technology of hu-
man-machine combined harvesting is studied, and 
the implementation mechanism completes the oper-
ation under the decision of human, so as to reduce 
the design difficulty. 

(4) Accompanying robot problem. In view of 
the current agricultural situation in China, it may be 
a transitional method in line with China's national 
conditions to design accompanying robots to assist 
people in completing complicated transplanting and 
grafting operations, to realize semi-automatic pro-
duction of protected agriculture and to reduce labor 
intensity. 

5. Concluding remarks 

The research of agricultural robots in foreign 
countries started early, the technology was perfect, 
and various models developed comprehensively, but 
most of them have not reached the industrialization 
level. In addition, most foreign models have complex 
structures and high cost, so they can't adapt to the 
agricultural characteristics of China. Domestic agri-
cultural robot research started late, but related indus-
tries developed rapidly. Researchers have done a lot 

of useful research work and developed a variety of 
models, but most of them are in the theoretical de-
velopment stage. The development of new technol-
ogy and the improvement of agricultural production 
demand put forward higher requirements for agricul-
tural robots. In the 21st century, with the support 
of big data, artificial intelligence, sensors and other 
technologies, agricultural robots need to constantly 
improve their intelligence level in order to better 
serve agriculture and catch up with the international 
level. 
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