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Abstract For the practical implementation of autonomous agricultural machinery, reliable obstacle
recognition and collision prevention systems are essential in agricultural environments. This study aimed
to develop a collision prevention system for autonomous tractors capable of real-time obstacle
recognition and responsive collision avoidance using video sensor fusion technology. Emphasizing
human safety as the top priority, the system targeted obstacle recognition specifically for humans and
operated within designed risk and warning zone ranges aligned with the tractor's direction. The
developed sensor fusion system integrated the robust object classification capabilities of an RGB camera
with a lidar sensor for precise distance measurement, achieving synchronization through camera-lidar
calibration. The recognition algorithm, based on the YOLO model applied to RGB images, identified
humans, while the lidar data projected onto the image measured the relative distance from the tractor.
The collision prevention system, relying on the relative distance of recognized obstacles, halted the
tractor in hazardous areas, resuming operation once the obstacle cleared. Validation in static and
dynamic situations on flat farmland demonstrated a recognition rate exceeding 99% in collision risk
zones, a 24 cm RMSE for distance measurement, and a success rate of over 98% in collision prevention
and response.
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Table 1. Specification of D435i Camera

Intel Realsense D435i
1920x 1080 pixels
30 fps
87°x58°
Rolling Shutter
USB Type-C 3.1

90 mmX25 mmX25 mm

Maximum Resolution

Frame Rate
Field of View(HxV)
Shutter Type

Connector

Mechanical(L xD xH)

Table 2. Specification of VLP-16 LiDAR

Velodyne VLP-16

Maximum Range 100 m
Range Accuracy 3 cm
Output Rate(pts/sec) 3,000,000
Field of View(HxV) 360°x30°
Rotation Rate 10 Hz

Vertical Resolution 2°
Horizontal Resolution 0.1°
Laser Wavelength 905 nm
Operating Temperature -10T to +60C
Environmental Protection P67
Weight 830 g
Power Consumption 8 W

Table 3. Specification of Jetson Xavier NX Module

Jetson Xavier NX 16GB Module

CPU 6-core ARM 64-bit
GPU 384-core NVIDIA Volta
Memory 16 GB LPDDR4x
Storage 16 GB eMMC 5.1
Power 10~20 W
Mechanical 69.6 mmx45 mm
[ RGB Camera ] [ LiDAR ]

USB 3.0

Tractor Controller PC

Ethernet

Fig. 1. Sensors and Controllers of developed system
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Fig. 2. (a) Human detection based on YOLOv3-tiny
(b) LiDAR pointcloud projected on RGB
image (c) distance to the object measured by
LiDAR data in bounding boxes.

Start

| Capture RGB and Pointcloud data |

.

I CNN model based on YOLOv3—tiny |

Yes

I Get distance in bounding boxes I
Yo
Harzard Zone?
Yes
| Send stop signal |

Fig. 3. The principal flow of the collision avoidance
algorithm



ARS8 =2 A A253 Al1E, 2024

A&y EE | 71&0] aEslgd] wet £k
Aoide P 7ol Aot AeFy EYHY
PR RS flaile A4 AAFIO] Fgo] Fastt,

2.1.3 i AAR9 XEFH

AA &304 ALE 5 A AA"Y HE4E
gelsty] Yol EHE AW EREZ Fig. 49 2ol
Tttt A& EE = 851 EHE(TX853,
TYM, Seoul, Korea)& 7|12 MUY &4 &
], Inertial Measurement Unit)7} W3E GNSS AlA]
(Ellipse-D, SBG, Carriéres-sur-Seine, France), &
¥z} MA(Steer Sensor, Comesys, Seoul, Korea) 71
2l AR} 2H 3 AX|(Blectric steering system,
Unmmand Korea, Seoul, Korea)Z A2151%th. EE
F9 FE Ao7le] Fr % dalE|E2 LabVIEW
(National Instruments, Texas, USA)9] &502 %
A% Extended Ackermann F3F 2@ ARESIHCH15,
16]. 35 HA AlA"ES dHTiE FFEQF TCP/IP X
EEE BAIE o= E54, TCP/IP 8419 717 Als
PHOR 2 AL FA ol 11F Ale EELE +
Aottt 113 Als B2 &A1Y A5, BER T
darelE FA, BHo|A 7hs, A 7|0 FY, 4
S A E HRo a3t AlojgEs Wik dHlY
AFE= EFEY AW ol A=on, 7
2o} gojths A5 EHE 9 X9 Bkl e
=S QA5 Yol EHEY FAE ol AA=A
ot A9 EFEH| SE A AlAES dAT 5 A
L& st A5 &F FolE AR F 5582
2 3T 5 Y&E sisith

Tractor
Coatroller PC

EE| Mg

f

2.1.4 3% A3
4 9L EdE 24014 B AH A%, &
279 F QAskE 54 4ol +uEgcth AL

784

B

202249 109 18Y 1440 AL
A3k AZFY B4 FREAL
20224 109 28%0f| =AUtk
EE7} ZA5 Aol 9 0~20 m A
ool et 14 B Bk
A1EFe o2 U4 ATES AT SF 24, ¥
A 374 Ass Brhotarh. AolEd EFEHY A=
RTK-GNSSE AH&ste] Z7gst3lom, FofEgs A4
ARFE GNSS AA(FOP, u-blox, Thalwill, Swiss)&
A7 A olE5rt. AolE2] GNSS HlolH«& ¢arg]
<9 dlojglet A7t 5715kE Bl A=A

o FoES] A 22t HY 1 m oJhdl EH=H
914 AFog wuslgion, <l
B =7t Aet I
=7ttt AolEte]
Hlwsto] Azjof| wZ QlAE W

ol
=

i}

ok

5

]

N
%
N

O o rlo do

L

g

=

3= Aokl

A &4 2= AolEd EFE Q] RTK-GNSS 9
2] ] Zpol2 ALttt B AdAete] A £ A5
o] H|Z-E H5f H A 20 m7HA] FojE Ql4lo] ks
3t ~AHHQHEA FHHEHZED2, Stereolabs, San
Francisco, USA)2} A7 &4 dz|&3} v|wsgle
o, ZoET}t Ao 2 XS S5 AHHL
HZ ZhEke] Q14] dae)ES AxAelA Algshe A
UAF =0] ARt Q14 HES ARSSHRITH

W 1A AARY d7 H84E Hrskr] s
A AEFY Y dZolAY FolE 914 ¢ S
of gt AES APkt A&y EHEH= AL T
<+ AR E gt FYoi, A2 o FofEo] U=
Aol tfgste] AL FA 9 ANk

HA A3 FAT A 7 HHZ ote] Q14 &
1EEo] A EHY FYA)7R BA FHE
Bl AHEE EAE7}E 46| FR sk AR7HA Y A
A AR A5G Q14 AJAH PCYF EFE A4
o7l ARt 57130l AR BY & EHE 9 X<t
& JHE GNSS HolEolA HEstAT

@7 Aol A RTK-GNSS AIME 445k AFggo] o]
ot A&y EFEY Y A2 99 AF +F
AX skt AAl BEY AGolA AEFH EEL
AFEE vl A2 Alo] SE9] FE 71&0]A
2l AU ol B AHYE & oke A& 7Hdst
of, AolEQl AR 71 ZA| olQolz, gk et
227 AAE FHorh

=X
e}



A EANE ga v AN §3F 7]

Aohe 94 @ 55 A 7% L

>
Mo e g

£
oo

o

off o
2 oo
> rlo

oM, i
N

jin

N

o
;% i

o o

Tt
o

541744

13 A 22 2
228 A9 Foh AHA
57d0] 283], FHA FPolA= 353] YEFRT

>

[N}

o >
>
ool

o rlo =
s} ‘1991
i

=2

i

Fig. 5. Tillage path of the autonomous tractor
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Table 4. Test 1 obstacle detection and collision
avoidance results

) Number of
Number of Times . ion Fail Collision
8 Person s Rate (%) Avoidance Failure
Appeared {ff) P
Position of On-path 24 126 0
Obstacle Oft:path 4 138 0
Overall 28 128 0
Pos . Standing 16 1.23 0
ture of a = ans.
Pers Sitting 9 1.24 0
Fallen 3 2.7t 0
Overall 28 128 0
Table 5. Test 2 obstacle detection and collision
avoidance results
) Number of
Number of Times . ion Fail Collision
8 Person s Rate (%) Avoidance Failure
Appeared (i) P
Positionof ~ On-path P 5.81 1
Obstacle Oft:path 7 177 o
Overall 35 624 0
Standing 18 472 0
Poswreofa g 12 514 0
Fallen 5 8.55 1
Overall 35 6.24 1
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