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Abstract: The purpose of this study is to suggest the direction for the development of intelligent agricultural

machinery technology in the Republic of Korea. For this purpose, intelligent technology of agricultural machinery

was divided into autonomous agricultural machinery and tractor-implement intelligent communication technology.

Then, a survey and analysis of a previous study of the Republic of Korea and foreign countries were conducted.

GNSS-based autonomous driving technology is still widely used worldwide, and recently, as research on camera

and LiDAR-based autonomous driving is actively progressing, autonomous driving technology is becoming more

advanced. ISOBUS-based technology is being developed worldwide for intelligent control of tractor-attached

implements, and major global agricultural machinery manufacturers are actively applying it to their products.

However, although some ISOBUS technologies are being researched in the Republic of Korea, there are no cases

of application on agricultural machinery yet. Therefore, to be globally competitive in the agricultural machinery

manufacturing industry, there is an urgent need to advance autonomous driving technology and commercialize

agricultural machinery using ISOBUS technology.
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Table 1 Characteristics of each system of
autonomous agricultural machinery

Items Characteristics
- Provides accurate position and travel
speed in open-field
- Accuracy varies depending on GNSS
GNSS . . .
signal reception environment (orchard,
etc.)
- Unable to recognize surroundings
- Capable of intuitively recognizing the
surrounding environment
Camera ) .
- Cheaper sensor price compared to LiDAR
- Decreased accuracy by illumination, etc.
- Provides surrounding status information
LiDAR |- Less affected on illumination
- High-precision LiDAR is expensive

82 Journal of Drive and Control 2023. 12

=]

S5

3) Level 2(F-& A&sh: 23 2 A3 A&+
gk opuz} &‘ﬁﬂ Alo7} 7hsd @A

4) Level 3(ZHF A53h): AGA7E AA% A=
271 8l A3 A&FdYo] 7hssi, 2y 28 4
] ¥ 5349 ZUEA] 7Hs3 9

5) Level 45318 253N A, A&, #E,
ol & et TAY oF sl Hed w4

6) Level 5($Hd A&3h: As 2 A8 o]
7FsetH AdAF B askA S e AR 9

Table 2= 2 2 344 &t =8 714 71%

W AT A2 T R 4 B Adelt b

=
£ Az

N

1A= EFE, FupQl, o]y, BE ZYPEoF %L
Batgor, 7|EHE A4 TR AAAIAE T
T AY 34 9 g0 mE A g B4 43

stgem, O AAE AAEAT. AR o R A&
& 71&e gxAe U4 71E E
()]

4 79, gt A 2 ZHY AL 55 tFe
2 3la 9lom, FE RTK-GPS 7|¥o g #4853
O o

7ol A= RTK-GPS 7|8F A-&58 7]&o0] “‘01 AT
B ZloZ YEPYT) Kise et al. (2001)= RTK-GPS2}
BAR Ao|2AIEZE o]gete] FYHE A& EY
B el tigk ATE FAsALEY EFE ] A&
Fg skl A g LSS HEstdon,
1 A% 6 em PR QAME AEF3Y o] JhssiThal
Bustdch®  ZolAs RTK-GNSS$F  Motion
SensorE §F3t AlLtE 1A HRE 7oz z}

T3 51 1A 71t V& FHo| #Ad AT

g SAHADD A% B A%, AFY oA

Level classification
Ao mous Level 0. Level 1. Level 2. Level 3. Level 4. Level 5.
echnology el Operator Partially Conditional High Full

Straight &
curve path

machinery Level
26— 27)

Fig. 1 Autonomous agricultural
(Reproduced by previous study
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Table 2 Study on autonomous agricultural machinery by operation and environment

Machinery Operations Sensors Performance Ref.
Seeding,
Spraying, - RTK-GPS, IMU - Driving error of 5 cm | 14
Harvesting
. - RTK-GPS, Fiber Optical - Heading error of 1.3°
Rotary tillage 15
Gyroscope (FOG) - Lateral error of 6 cm
. - Increase of 5.5% in field traersal
Plow tillage - RTK-GPS ] 16
Tractor efficiency
- RTK-GPS, Motion Sensor
(Accelerometers, - Tracking error of 0.34 m 28
. Gyroscopes, Magnetometers)
Driving . pTK.GPS, IMU, Laser
L - Less than 5 cm of lateral error
scanner, Proximity sensor, . 31
. - Less than 1° of heading error
Tape switch
Combine Harvesting - RTK-GPS, IMU - Lateral error of 7.1 cm 14
harvester
Rice . - Max. deviation of 12 cm
Transplanting - RTK-GPS, IMU o 29
transplanter - Root mean square deviation of 5.5 cm
Robot . - RTK-GPS, IMU - Lateral error of 0.08 m
Driving . ) ] 30
platform - Potentiometer, Vehicle ECU - Heading error of 1.2°
cojole-7EE 2023. 12 83



Table 3 Study on environmental awareness for
autonomous agricultural machinery

Items Performance Ref.
- F1 score of 0.9885 18
- Soil segmentation accuracy of 92% | 32
Open-field | Crop height measprement errors
of 3.8% (dynamic mode) and 33
5.08% (static mode)
- Harvest success rate of 94.12% 34
- Max. intersection over union of 0.81 6
Orchard | Average angular error of 7.8°
- Apple detection accuracy of 85.3% | 36
- The lateral position standard 33
deviation of 2.5 cm |
Crops : Tomat(') 'maturity classification 39
probability of 91%
- Wheat disease diagnostic accuracy 40
growth rate of 3.94%
- Weed classification accuracy of
Weed 97% 41
- Work-crossing efficiency increase
. 1 1
Obstacle of 5.5% while avoiding obstacles 6
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Table 4 Study on swarm control technology for
autonomous multiple machine

Characteristic Ref.

Type

- Swarm control of 4 robot tractors
(RTs) in field operation

- 4RTs work time of 13.2 minutes
(efficiency improvement compared to
single RT as 352.9%)

- The simulations of 3RTs,
7TRTs system

- Simulation lateral error of 0.03 m

- Simulation longitudinal distance as
0.08~0.14 m

- Swarm control of crawler robot
tractor, combine  harvester, rice
transplanter and wheel robot tractor

- Driving error of +0.05 m

- Average lateral error of 0.03 m

- Average longitudinal error of 0.4 m

5RTs, 1

Tractor-
Tractor

14

- Field traversal efficiency of
68~94.4%

- Maintain inter-vehicle connectivity

- Prevents possible  singularity
collision during the operation

16

Tractor
(Trailer)-
Combine

and| 43

harvester |- Ouput-feedback coordinated tracking

control of an autonomous tractor-trailer
and a combine harvester

44

of)

g -

of\
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Table 5 Summary of autonomous
machinery commercialization

agricultural

Manu-
Type Sensors Level factures
RTK-GNSS, Commer. John
Stereo cameras (Lev.4) Deere
RTK-GNSS, LiDAR, | Concept
Radar, Camera (Lev.4) Case TH
RTK-GNSS, IMU,
Commer.
Laser Scanner, Kubota
. (Lev.3)
Ultrasonic sensor
Tractor RTK-GNSS Commer. Daed
- (Lev.2.5)| —aeeons
Commer.
RTK-GN LSMt
GNSS (Lev2.s) | SMtron
Commer.
expected
RTK-GNSS (24) TYM
(Lev.2)
RTK-GNSS, Commer. John
Ultrasonic sensor (Lev.4) Deere
Combine| by GNSS, Radar | O™ | Kubota
harvester (Lev.2)
Commer.
RTK- D
GNSS (Lev.2.5) acdong
Commer.
RTK-GNSS (Lev.2) Kubota
Commer.
Trans- RTK-GNSS, FOG (Lev.2) Yanmar
planter i Commer.
RTK-GNSS (Lev.1) Daedong
Commer.
RTK- TYM
GNSS (Lev.1)
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Table 6 ISOBUS certification Label

Label

Description

UT

- The capability of using one terminal

for operating different implements

- The capability of using one terminal

for operating different implements

AUX-N

- Auxiliary Control
- Additional control elements ex)

Joystick

TC-BAS

- ISO-XML data format is used

TC-GEO

- Capability of acquiring location- based

data

- Location-based actions through

applications

TC-SC

- Automatic switching sections about

GPS location

- ex) Sprayer, Seed drill, Fertilizer

spreader

TECU

- Uni-directional
- Provide speed, power take-off RPM

TIM

- Bi-directional communication
- ex) Forward speed or the remote

valves of a tractor

LOG

- Logging of device values that can be

collected independent of a task

- ex) Tractor, Implement, etc

ISB

- Deactivates functions on the machine

activated via the ISOBUS terminal.

stal 7leS A=) s IAldes B
F7F =3 k. ISOBUSS <15 H#l-2 Table 6
3} o] Universal Terminal (UT), Auxiliary Control
New (AUX-N), Task Controller Basic (TC-BAS), Task
Controller ~Geo-based (TC-GEO), Task Controller
Section Control (TC-SC), Basic Tractor ECU (TECU),
Tractor Implement Management (TIM), Logging of
device values independent of the task (LOG), ISOBUS
Shortcut Button (ISB) 974 2 TR TS A 97)]

9] o1& g = TIM, LOG, ISB= /i o 9o
H, 2 9 yHA 671e ghdel tisiAe dse

gtar Yok

Table 7 5714 %+ ISOBUS T4l& 283 o
of #s A Aifolrt l=7l7il-xﬂi7l EE.-~
tojo], EAE-3F7], ELEANZ7E FE3A S
), AA A 2~E]L Zﬂoiﬂi s 9 ISOBUS U=
Hol| gk A5 ZAF B A4S F3si5om, 1
HE A ASFA. Sharipov et al. (2023)= Ax 2
of ISOBUS #%F 7l&< A8sigon, 1 23 d%
Az ZFoll A Az 0] 94 ~ 100%Z BF7H=E S
t}.2 Paraforos et al. (2019)= ISOBUS ZZ2EFS 3
g3l Az 2 wE AR BE 9 3 2UEHY
of sty AFE F3HstgTt? =3 Rite Yield Al
AE AHESt] &S HolHE da, F8F EUH
g 2 S =3I Th?? Sharipov et al. (2021)=

m&ﬂ lo |-

Table 7 Study on agricultural machinery applying ISOBUS

Machinery Sensors Control Performance Label | Ref.
- RTK-GNSS, ZF
Agricultural Terental sensor, |- Driving path and - Good quality of weeding in field
robot-Weeder Two stereo speed for weeding as 94 ~ 100%
TIM | 20
camera, Encoder
Tractor-Spraver | RTK-GNSS, . Spravine volume - Less than 10% variation in
pray RGB-D cameras praying applied rate
- Development of recognition devices
for spray and mechanical weeding
Agricultural |- RGB-D imaging | Spray amount machines o TECU | 50
robot-Sprayer | sensor - Implement of communication
between two different agricultural
robots
. . TECU,
- RTK-GNSS - Working depth - Working depth error of £10 mm TIM 52
Tractor-Seed - Steering angle of the |- Implementation of the concept of
drill - RTK-GNSS, front wheels an integrated guidance system in TECU | 53
IMU, Radar - Articulated drawbar which tractors and an implement
angle of the seed dril | are steered side by side in the field
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SERRE PN
I[SOBUS ZZEZFS 83l Y4 fr3 ~xy
te 1448 A4 7S A% &5 Ao Jes

A3} TE! Paraforos et al. (2022)= ISOBUSE 53
AAZE B 3 04 Ves E8ste FHE
2H3 ~xgo] 2A7]o o s B3 AT
Z FHAL? Iglesias et al. (2014)=  transparent
data ¥=S F3| ISOBUSOIA  Graphical User
Interface (GUDE A s}sh= ATFE AYPsHHTh
Suomi et al. (2015)= ZH&2] Zolo wet 9F7] =
& Zeo] Aol ZAE AMLs T ISOBUS
n2E AR Ao Az"He s AANE 83ty
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o)
e

mme| 23k oA Ao rhssitta Buskgich?
Backman et al. (2013)2 F7|A18 4+ T3 <)

AT

=

A zE oA e] ISOBUSS] &4 7FsAdol tiste
FYFALEY g A= A g
Nonlinear Model Predictive Control (NMPC)< A
Aom,® ISOBUS %% HAIAE Agste] E
AEEY 3t ﬂﬁ% T JE BRY O
Aro tste] BHFE 3Pt Al-Mallahi et al.
(2023)= ISOBUSE &% &7|A-2=x#ole] AFY
AF 7)ol B3 AFE APEATE® Polonen et
al. (2021) ISOBUS 7% 438 wWde FHsy =
14E1€"8}: s A2EE AT o] A|2E]
& Wdo] F2E RFID Bj719} A4, %1%, GPS
A5 &8st HoHE FHsta g A
5P o5 Fil APAE =ukd e T A
= FHsta, By 9 AYES 7Y 7hsst
a ST
=] HE EFH 9 222k4i7]¢l ISOBUSS| &
A A7 7 FHEHJATE Kim et al. (2021)
A-E&F8 5471419 GPS dlolE AHIE %
ISOBUS Z2ZEZ 7|4t et = Al 28-S /#3134
1) o) 3 7MdERdd VT9l GPS ECU 7H9
EAS T3 Lee et al. (2017)= ISOBUS 7]4k
A&Fd EFEHE AT 7MIEHAE A" AA
A3 ATE FHSFIAT Lee et al. (2017)
ISOBUS ¥%< WEZ+ Front-End-Loader (FEL) 3=
Ao Az=ElE B8 AAZIeRE WA

AATL ol Ed, Mzl 4% fA sgo] A
Hew, FEL Ao Al 479 kA 23 Ho
/\42. 61:)\]-}\]71 :‘[: )\hq._]_ E_J_O]_giq_ﬂ)
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