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Table 1 Comparison of different types of obstacle detection
sensors
FEIREE R s B %0k
Sensor type Advantage Disadvantage Reference
., R RERE. MR, L
wus gy R B R I [47]
BOEEIE KEHENEE. K e, JulE) FRASH [100]

ZRWHEIE FFEVERR. AEREN YR PRI AR [106]

fecahlid PR/ RERAS AT RN [115]

®2 AFERBEMREREIFIILL

Table 2 Comparison of different types of vision sensors
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Table 4 Different levels of data fusion and comparison
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ONHRIERBEREE =45 8. —Fah & a2 TR A RE
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Fig.3 Vision sensor and LiDAR data level fusion diagram
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VOIS NTIE N4 ALY/l E DA RSN RS
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TESNIRS (global navigation satellite system, GNSS) 3k
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Fig.4 Vision sensor and LiDAR feature level fusion diagram
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Fig.5 Vision sensor and LiDAR feature decision fusion diagram
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2320 ey o KU B ik 5 AL A7 I 1] [ 25 R0 25 ) AR s e
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SEA AR PR ENE B .
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FRALSNUATERAG B o FRAE R RG] 3R A5 5 A i H br
R, WABARAEE, PR THE AR, B RFRIE R LR
AR X = R LRl G

v 52 2055 S Bt YOLO B3k A B 21 4 & 4545 3
H AR AL, SR 5 I 22 K05 76k 204 3R 15 B AR iR
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18 554050 A B AR I RS DA I 77 V%, T AR B 4y
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153 SR E0as

B R WL AR S fil A T SRk, T DO A 2
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HE— BRIV AL 28 A FE RS YDAG I E 14144,
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=5 TRIZERRHENEFERS
Table 5 Obstacle avoidance characteristics of different types of
agricultural robots
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EANLTIUAHIFRE: (1) EETRABREEN R
GeinzAGRE /7, A REAE 52 AR PR v A R0 I 2R
IF IO A & SRR S Y, 3L BB AR AR H I Y PR A
Y. AUk, ] AR KA A AT 2 B 2 o) Bl g5 B A
2, S5G/DRAREREE R E IR B #AT ISR, LA
PG RNEE oAb, SRRV (generative
adversarial network, GAN) %+ AR A B RS 00477 B A4
B [F 2R BRI T A8 R A5, 3 78 I SR8 48
$2 AL R AR BE 0 A6 R AN B RS P I B AN BE 1. (2D
AT R, FEORIE 2 A6 RS R & i [F ), b
THREE R, IRRE AN EIES M, g a2
B, BIRGHOR . FRZ&MSE, IRTHRAE L ot ik
# EREA TR (3) WREVEEANFER AT
Rifie /1, #EEA RS NS R E . FRAEE
ERNEAR, IRIEIEE SRR FM TS, RiE
FNVHLE N BRI LEA R RS T A AT

2) RIS

AT ET X 2h A5 B 5400 (1) 38E B A ST AR R 80D . T30
25 B0 A P v S AN e A ol 15 AR DN e [ 8 5 9 5
Mo AKRWFFFHE SN LT HITE: (1D FIHLE
2C)EYE, WBhA % Nk (dynamic window approaches,
DWA) . &8 il Ml 4% ] ( model predictive control,
MPC), X s FEGY) AT B S T, a0 B3
PRt P 1)z S AR A 2, T Pl R Sk ag A7 Bk
(2) FIHEBMEAR, WLV N5 H AR B %
AR R EERER, UG BILE ML E(E,
IRECHAd AR B2 A B HESEE S, A DL = 4
JEE (R A 42 28 R P AL 28 ANV R 4, 3 B
AL ALER N Z 18] (R RlEd i, 7E 22 LI IR () Bt b SEIRATL-
H PR (3) My GG b P ], &5 & SR IV P A
Phr B AR N4, Dyl b A2 AR B4
BETRE T N EE o i — PR TR R SRR .
(4) ZZEFBLMZEN S B ABEIGY) A 2 4P S
AL EGAERN], J TS Rmas g Be . J7 m)
TR, BT Ae e PR SR, SEITHRDE 2 4 ER
B, R IR I B SR, AT S v AR HL 22 4 1Y)
PRt .

[& £ x W]

[1] SHAFI U, MUMTAZ R, GARCIA-NIETO J, et al. Precision
Agriculture Techniques and Practices: From Considerations
to Applications[J]. Sensors, 2019, 19(17): 3796-3820.

21 pbt, EeoR, BRI RAABRHOCR AR K BRIV S
B[] O HIAREETR, 2018, 49(8): 1-17.
XIE Bin WU Zhongbin MAO Enrong. Development and
prospect of key technologies on agricultural tractor[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2018, 49(8): 1-17. (in Chinese with English
abstract)

[31] ZHANG Q. Opinion paper: Precision agriculture, smart
agriculture, or digital agriculture[J]. Computers and

(4]

(10]

[11]

[12]

[13]

[14]

Electronics in Agriculture, 2023, 211: 107982.

XU R, T3, ik, & AOVLEE A SCEEFARRE IR
R BB R, 2022, 53(7): 1-22.

LIU Chengliang, GONG Liang, YUAN Jin, et al. Current
status and development trends of agricultural robots[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2022, 53(7): 1-22.

iKig, FFRE, S, 5 RSB 5 R
[0]. Ab AU AR, 2020, 51(4): 1-18.

ZHANG Man, JI Yuhan, LI Shichao, et al. Research progress
of agricultural machinery navigation technology[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2020, 51(4): 1-18. (in Chinese with English
abstract)

FANG H, CHEN H, JIANG H, et al. Research on method of
farmland obstacle boundary extraction in UAV remote
sensing images[J]. Sensors, 2019, 19(20): 4431-4443.
RNz, KT, EIEH, R B SRR R
MW T ] VL9 K i e CH AR RO, 2023,
44(4): 415-425.

CHENG Keyang, ZHU Xuesen, PEI Yunshen, et al. Research
progress of agricultural automatic machinery obstacle
detection[J]. Journal of Jiangsu University (Natural Science
Edition), 2023, 44(4): 415-425. (in Chinese with English
abstract)

ZHOU J, WANG X, ZHANG R, et al. Automatic navigation
based on navigation map of agricultural Machine[C]//
Computer and Computing Technologies in Agriculture VI.
Berlin, Heidelberg, 2013: 304-311.

LIU Pingzeng, BI Shusheng, ZANG Guansheng, et al.
Obstacle avoidance system for agricultural robots based on
multi-sensor information fusion[C]// Proceedings of 2011
International Conference on Computer Science and Network
Technology. Harbin, China, 2011, 2: 1181-1185.

AGUILAR W G, CASALIGLLA V P, POLIT J L. Obstacle
avoidance based-visual navigation for
vehicles[J]. Electronics, 2017, 6(1): 6010010.
LyA, BB, B, F RN T IR AR IR RS
HEE S RE[T]. Ol TRE =4, 2023, 39(15): 1-14.
SHI Yangjie, CHENG Xinhui, XI Xiaobo, et al. Research
progress on the path tracking control methods for agricultural

micro aerial

machinery navigation[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2023,
39(15): 1-14. (in Chinese with English abstract)

HE Y, ZHANG X, ZHANG Z, et al. Automated detection of
boundary line in paddy field using MobileV2-UNet and
RANSACIJ]. Computers and Electronics in Agriculture, 2022,
194: 106697.

YIN X, WANG Y, CHEN Y, et al. Development of
autonomous navigation controller for agricultural vehicles[J].
International Journal of Agricultural
Engineering, 2020, 13(4): 70-76.

A, TP AR ARG MRERL 5 ST FT[T]. R Lk
4R, 2009, 40(S1): 187-189, 104.

CAO Qian, WANG Ku, et, al. Vision navigation Based on
agricultural non-structural characteristic[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2009,

and Biological


https://doi.org/10.3390/s19173796
https://doi.org/10.6041/j.issn.1000-1298.2018.08.001
https://doi.org/10.6041/j.issn.1000-1298.2018.08.001
https://doi.org/10.6041/j.issn.1000-1298.2018.08.001
https://doi.org/10.1016/j.compag.2023.107982
https://doi.org/10.1016/j.compag.2023.107982
https://doi.org/10.6041/ j.issn.10001298.2022.07.001
https://doi.org/10.6041/ j.issn.10001298.2022.07.001
https://doi.org/10.6041/ j.issn.10001298.2022.07.001
https://doi.org/10.6041/j.issn.1000-1298.2020.04.001
https://doi.org/10.6041/j.issn.1000-1298.2020.04.001
https://doi.org/10.6041/j.issn.1000-1298.2020.04.001
https://doi.org/10.3390/s19204431
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.3969/j.issn.1671-7775.2023.04.007
https://doi.org/10.11975/j.issn.1002-6819.202304004
https://doi.org/10.11975/j.issn.1002-6819.202304004
https://doi.org/10.11975/j.issn.1002-6819.202304004
https://doi.org/10.1016/j.compag.2022.106697
https://doi.org/10.25165/j.ijabe.20201304.5470
https://doi.org/10.25165/j.ijabe.20201304.5470

430

Flk T2 (http://www.tcsae.org)

2025 4F

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

40(S1): 187-189, 104. (in Chinese with English abstract)
GAO X, LiJ, FAN L, et al. Review of wheeled mobile robots’
navigation problems and application prospects in
agriculture[J]. IEEE Access, 2018, 6: 49248-49268.

WANG T, CHEN B, ZHANG Z, et al. Applications of
machine vision in agricultural robot navigation: A review[J].
Computers and Electronics in Agriculture, 2022, 198: 107085.
WANG Q, YANG C, WANG Y, et al. Application of low
cost integrated navigation system in precision agriculture[J].
Intelligent Automation & Soft Computing, 2020, 26(4): 1433-
1442.

XIE D, XU Y, WANG R. Obstacle detection and tracking
method for autonomous vehicle based on three-dimensional
LiDAR[J]. International Journal of Advanced Robotic
Systems, 2019, 16(2): 1729881419831587.

YANG Y, HAN Y, LI S, et al. Vision based fruit recognition
and positioning technology for harvesting robots[J].
Computers and Electronics in Agriculture, 2023, 213: 108258.
W, Has, FAWKE, & ETHISEINEREEX
A B AR B EHARSHEFL, 2019, 41(5): 59-62.
WEI Tao, HAN Jinglu, ZHOU Yuhui, et al. Vehicle target
detection with millimeter-wave radar based on machine
learning[J]. Bus & Coach Technology and Tesearch, 2019,
41(5): 59-62. (in Chinese with English abstract)

5, Wik, J7E, SRR RE RS M DN T VE B
M SR FUE R )], A TRE A4, 2018, 34(9): 21-32.
HE Yong, JIANG Hao, FANG Hui, et, al. Research progress
of intelligent obstacle detection methods of vehicles and their
application on agriculture[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2018, 34(9): 21-32. (in
Chinese with English abstract)

KORTHALS T, KRAGH M, CHRISTIANSEN P, et al. Multi-
modal detection and mapping of static and dynamic obstacles
in agriculture for process evaluation[J]. Frontiers in Robotics
and Al 2018, 5: 00028.

MOBUS R, KOLBE U. Multi-target multi-object tracking,
sensor fusion of radar and infrared[C]/IEEE Intelligent
Vehicles Symposium, University of Parma, Parma, Italy, 2004:
732-737.

LAGHMARA H, BOUDALI M T, LAURAIN T, et al.
Obstacle avoidance, path planning
autonomous vehicles[C]//IEEE intelligent
symposium (IV),Paris, France, 2019: 529-534.
HUANG W, HUO Y, YANG S, et al. Detection of
Laodelphax striatellus (small brown planthopper) based on
improved YOLOv5[J]. Computers
Agriculture, 2023, 206: 107657.
KANEKO N, YOSHIDA T, SUMI K. Fast Obstacle detection
for monocular autonomous mobile robots[J]. SICE Journal of

and control for

vehicles

and Electronics in

Control, Measurement, and System Integration, 2017, 10(5):
370-377.

ALI-KAFF A, GARCIA F, MARTIN D, et al. Obstacle
detection and avoidance system Based on monocular camera
and size expansion algorithm for UAVs[J]. Sensors, 2017,
17(5): 1061-1082.

WIEERE, wKME, 2R, AE K E AR A3 E BRI
B R CAESHR, 2022, 38(13): 228-240.

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

CHU Mengyuan, SI Yongsheng, LI Qian, et al. Research
advances in the automatic measurement technology for
livestock body size[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2022,
38(13): 228-240. (in Chinese with English abstract)

R, EEE, JESC 2R HBEE B 4 4% 23
RUUNTHED]. AL HUAAR, 2018, 4908 H] 1): 35-41.
XUE Jinlin, YAN Jia, FAN Bowen, et, al. Classification and
identification method of multiple kinds of farm obstacles
based on convolutional neural network[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2018, 49(Supp.1):
35-41. (in Chinese with English abstract)

S8, B XE, S FETRH NS S0 YOLOV3 5
IR REAT AR R[], AR, 2020, 51(9):
34-39, 25.

JING Liang, WANG Rui, LIU Hui, et, al. Orchard pedestrian
detection and location based on binocular camera and
improved YOLOV3 Algorithm[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2020, 51(9): 34-39,25.
(in Chinese with English abstract)

GHOLAMI F, KHANMIRZA E, RIAHI M. Real-time
obstacle detection by stereo vision and ultrasonic data
fusion[J]. Measurement, 2022, 190: 110718.

LIY, LIDA M, SUYAMA T, et, al. Implementation of deep-
learning algorithm for obstacle detection and collision
avoidance for robotic harvester[J]. Computers and Electronics
in Agriculture, 2020, 174: 105499.

MRk, 5Ki8, RaAwmi, 25 Tt YOLO v3-tiny H 45
B G AR H A R 0], R WL 24, 2021, 52(S1):
58-65.

CHEN Bin, ZHANG Man, XU Hongzhen, et, al. Farmland
obstacle detection in panoramic image based on improved
YOLO v3-tiny[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2021, 52(S1): 58-65. (in Chinese
with English abstract)

TRERAR, W, Xbed, 2. FET 8 AT ARG
PREED T[] WOt 5405h, 2009, 39(6): 673-676.
ZHANG Yuedong, LI li, LIU Xiaobo, et, al. Obstacle
detection for unmanned aerial vehicle based on monocular
vision[J]. Laser and Infrared, 2009, 39(6): 673-676. (in
Chinese with English abstract)

FER, BOKE, FRSE BT AL RS BRI T].
HEHL TSN, 2015, 51(4): 180-183.

WANG Tiantao, ZHAO Yongguo, CHANG Faliang. Obstacle
detection based on vision sensor.[J]. Computer Engineering
and Applications, 2015, 51(4): 180-183. (in Chinese with
English abstract)

HUANG Y, QIAN Y, WEI H, et al. A survey of deep learning-
based object detection methods in crop counting[J].
Computers and Electronics in Agriculture, 2023, 215: 108425.
ROY A M, BOSE R, BHADURI J. A fast accurate fine-grain
object detection model based on YOLOv4 deep neural
network[J]. Neural Computing and Applications, 2022, 34(5):
3895-3921.

XUE J, CHENG F, Li Y, et al. Detection of farmland
obstacles based on an Improved YOLOvS5s algorithm by
using CloU and anchor box scale clustering[J]. Sensors, 2022,


https://doi.org/10.1109/ACCESS.2018.2868848
https://doi.org/10.1016/j.compag.2022.107085
https://doi.org/10.1016/j.compag.2023.108258
https://doi.org/10.11975/j.issn.1002-6819.2018.09.003
https://doi.org/10.11975/j.issn.1002-6819.2018.09.003
https://doi.org/10.11975/j.issn.1002-6819.2018.09.003
https://doi.org/10.3389/frobt.2018.00028
https://doi.org/10.3389/frobt.2018.00028
https://doi.org/10.9746/jcmsi.10.370
https://doi.org/10.9746/jcmsi.10.370
https://doi.org/10.3390/s17051061
https://doi.org/10.11975/j.issn.1002-6819.2022.13.026
https://doi.org/10.11975/j.issn.1002-6819.2022.13.026
https://doi.org/10.11975/j.issn.1002-6819.2022.13.026
https://doi.org/10.6041/j.issn.1000-1298.2020.09.004
https://doi.org/10.6041/j.issn.1000-1298.2020.09.004
https://doi.org/10.6041/j.issn.1000-1298.2020.09.004
https://doi.org/10.1016/j.measurement.2022.110718
https://doi.org/10.1016/j.compag.2020.105499
https://doi.org/10.1016/j.compag.2020.105499
https://doi.org/10.3778/j.issn.1002-8331.1304-0239
https://doi.org/10.3778/j.issn.1002-8331.1304-0239
https://doi.org/10.3778/j.issn.1002-8331.1304-0239
https://doi.org/10.1007/s00521-021-06651-x
https://doi.org/10.3390/s22051790
http://www.tcsae.org

8 1

H IR A AROLHLEE N FEASPe 5 8 Fs AR B 7Tt

431

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

22(5): 1790-1805.

Hhkde, FEH, B, T NEZ SRS RNAL
H BEAF A [T]. LU=, 2013, 44(6): 215-221.
HAN Yonghua, WANG Yaming, KANG Feng, et al
Detection of obstacles in farmland based on wavelet multi-
resolution transform[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2013, 44(6): 215-221. (in
Chinese with English abstract)

KRR, TR, SRR, BT HLA A0 00 ) A 45 1 Al B
I 5 B A5 TR 5 5 R [D). ARE DR SRR, 2011, 27(6):
225-230.

SONG Huaibo, HE Dongjian, XIN Xiangjun. Unstructured
road detection and obstacle recognition algorithm based on
machine vision[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2011,
27(6): 225-230. (in Chinese with English abstract)

DAIRI A, HARROU F, SENOUCI M, et al. Unsupervised
obstacle detection in driving environments using deep-
learning-based stereovision[J]. Robotics and Autonomous
Systems, 2018, 100: 287-301.

EFE, BB AT U0 YOLOVS I AN LAEFR
BB AFARIN 5  AE (3], BRIV ER, 2023, 44(3):
171-176.

WANG Xinyan, YI Zhengyang. Research on obstacle
detection method of mowing robot working environment
based on improved YOLOV5[J]. Journal of Chinese
Agriculture Mechanization, 2023, 44(3): 171-176. (in Chinese
with English abstract)

REN S, HE K, GIRSHICK R, et al. Faster R-CNN: Towards
real-time object detection with region proposal networks[J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2016, 39(6): 1137-1149.

JIANG P, ERGU D, LIU F, et al. A Review of YOLO
algorithm developments[J]. Procedia Computer Science, 2022,
199: 1066-1073.

LIU W, ANGUELOV D, ERHAN D, et al. Ssd: Single
shotmultibox detector[C]//Computer Vision-ECCV 2016:
14thEuropean Conference, Amsterdam, The Netherlands,
October11-14, 2016, Proceedings, Part I 14. Springer
InternationalPublishing, 2016: 21-37

WANG D, LI Z, DU X, et al. Farmland obstacle detection
from the perspective of uavs based on non-local deformable
detr[J]. Agriculture, 2022, 12(12): 1983.

LI Y, LI M, QI J, et al. Detection of typical obstacles in
orchards based on deep convolutional neural network[J].
Computers and Electronics in Agriculture, 2021, 181: 105932.
BEEPT, PMING, IR, 45 SR TSR YOLOV4 1 SR [f
AP SR 7 YR [0). ARk TRE2A 4R, 2021, 37(2): 36-
43.

CAI Shuping, SUN Zhongming, LIU Hui, et al. Real-time
detection methodology for obstacles in orchards using
improved YOLOvV4[J]. Transactions of the Chinese Society of
Agricultural Engineering(Transactions of the CSAE), 2021,
37(2): 36-43. (in Chinese with English abstract)

L, TRER, A BT oo SSD ISREET NS AT VA T].
AN AR, 2019, 50(4): 29-35, 101.

LIU Hui, ZHANG Lishuai, Shen Yue, et, al. Real-time

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

pedestrian detection in orchard based on improved SSD[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2019, 50(4): 29-35, 101. (in Chinese with English
abstract)

BEEAR, RN, R SR TR SR SRR H R
FHRREHAT A [T]. AU EAR, 2022, 53(3): 234-242.
XUE Jinlin, LI Yuqing, CAO Zijian. Obstacle detection based
on deep learning for blurred farmland images[J]. Transactions
of the Chinese Society for Agricultural Machinery , 2022,
53(3): 234-242. (in Chinese with English abstract)

CHENGK, ZHU X, ZHAN'Y, et al. Video deblurring and flow-
guided feature aggregation for obstacle detection in
agricultural videos[J]. International Journal of Multimedia
Information Retrieval, 2022, 11(4): 577-588.

He Z, Bao Y, Yu Q, et al. Dynamic path planning method for
headland turning of unmanned agricultural vehicles[J].
Computers and Electronics in Agriculture, 2023, 206: 107699.
FEFE S, FE T AL B AR A8 Bl B RS A I B b s
SRESHTFE[D]. Bt MRt 2014,

CHENB Jiayu. Research on Moving Obstacle Detection and
Avoidance Strategy for Agriculture Robot Based on Machine
Vison[D]. Nanjing: Nanjing Agriculture University, 2014. (in
Chinese with English abstract)

JAAR, REFE . FE T HLEAE AL LS Nis 3l IEas H br
LI, LM AR, 2011, 42(8): 154-158.

ZHOU Jun, CHENG lJiayu. Moving obstacle detection based
vision for robot[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2011, 42(8): 154-158. (in Chinese with English
abstract)

CAMPOS Y, SOSSA H, PAJARES G. Spatio-temporal
analysis for obstacle detection in agricultural videos[J].
Applied Soft Computing, 2016, 45: 86-97.

QIU Z, ZHAO N, ZHOU L, et al. Vision-based moving
obstacle detection and tracking in paddy field using improved
yolov3 and deep SORT(J]. Sensors, 2020, 20(15): 4082-4096.
TAE, kiR, FREA, % ARUMERAKESFAD].
TR & 5455, 2014, 22(6): 1664-1666, 1679.
WANG lJian, ZHANG Zhenhai, LI Kejie, et al. Development
and application of panoramic vision system[J]. Computer
Measurement & Control, 2014, 22(6): 1664-1666,1679. (in
Chinese with English abstract)

HOH, BAE . Ladybug R4 2 H 4SS HOR KR H]
W[ HUS T, 2017, 35(12): 27-30.

CAO Wenjun, ZHAO Zuoxi. Study on application of multi-
view panoramic vision technology to Ladybug series[J].
Mechinety & Electronics, 2017, 35(12): 27-30. (in Chinese
with English abstract)

YANG L, NOGUCHI N. Human detection for a robot tractor
using omni-directional stereo vision[J]. Computers and
Electronics in Agriculture, 2012, 89: 116-125.

XUH, LIS, JI'Y, et al. Dynamic obstacle detection based on
panoramic vision in the moving

on machine agricultural mobile

state of agricultural
machineries[J]. Computers and Electronics in Agriculture,
2021, 184: 106104.

WANG T, CHEN B, WANG N, et al. Zero - shot obstacle
detection using panoramic vision in farmland[J]. Journal of


https://doi.org/10.6041/j.issn.1000-1298.2013.06.037
https://doi.org/10.6041/j.issn.1000-1298.2013.06.037
https://doi.org/10.6041/j.issn.1000-1298.2013.06.037
https://doi.org/10.3969/j.issn.1002-6819.2011.06.041
https://doi.org/10.3969/j.issn.1002-6819.2011.06.041
https://doi.org/10.3969/j.issn.1002-6819.2011.06.041
https://doi.org/10.1016/j.robot.2017.11.014
https://doi.org/10.1016/j.robot.2017.11.014
https://doi.org/10.1016/j.procs.2022.01.135
https://doi.org/10.3390/agriculture12121983
https://doi.org/10.1016/j.compag.2020.105932
https://doi.org/10.11975/j.issn.1002-6819.2021.2.005
https://doi.org/10.11975/j.issn.1002-6819.2021.2.005
https://doi.org/10.11975/j.issn.1002-6819.2021.2.005
https://doi.org/10.6041/j.issn.1000-1298.2022.03.024
https://doi.org/10.6041/j.issn.1000-1298.2022.03.024
https://doi.org/10.6041/j.issn.1000-1298.2022.03.024
https://doi.org/10.6041/j.issn.1000-1298.2022.03.024
https://doi.org/10.1007/s13735-022-00263-4
https://doi.org/10.1007/s13735-022-00263-4
https://doi.org/10.1016/j.asoc.2016.03.016
https://doi.org/10.3390/s20154082
https://doi.org/10.3969/j.issn.1671-4598.2014.06.001
https://doi.org/10.3969/j.issn.1671-4598.2014.06.001
https://doi.org/10.3969/j.issn.1671-4598.2014.06.001
https://doi.org/10.3969/j.issn.1001-2257.2017.12.007
https://doi.org/10.3969/j.issn.1001-2257.2017.12.007
https://doi.org/10.1016/j.compag.2012.08.011
https://doi.org/10.1016/j.compag.2012.08.011
https://doi.org/10.1016/j.compag.2021.106104
https://doi.org/10.1002/rob.22224

432

Flk T2 (http://www.tcsae.org)

2025 4F

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Field Robotics, 2024, 41(7): 2169-2183.

BALL D, UPCROFT B, WYETH G, et al. Vision - based
obstacle detection and navigation for an agricultural robot[J].
Journal of field robotics, 2016, 33(8): 1107-1130.

Fija, tRigEe, Bufife, 5. 2T Intel Realsense ¥R & 1
1B 18D L A N E B S T T VALD]. AR, 2018,
42(12): 66-70, 127.

WAN Xu, XU Haili, RUAN Youbing, et al. Obstacle
avoidance methods for patrol robot using RealSense camera[J].
Video Engineering, 2018, 42(12): 66-70,127. (in Chinese with
English abstract)

PR . HET RGB-D ) H LRGN RS
SCHLD]. HUH: FUM TR, 2022

ZHONG Shenyou. Obstacle avoidance for autonomous
mobile robot using RGB-D camera[D]. Hangzhou: Hangzhou
Dianzi University, 2022. (in Chinese with English abstract)
NISSIMOV S, GOLDBERGER J, ALCHANATIS V.
Obstacle detection in a greenhouse environment using the
Kinect sensor[J]. Computers and Electronics in Agriculture,
2015, 113: 104-115.

IR, WA BT IR AL = N RS e I 505 ).
BCDURHE R 22544, 2022, 45(3): 213-222.

FANG Dongjun, JIANG Lin. Indoor obstacle detection
algorithm, based on depth camera[J]. Journal of Wuhan
University of Science and Technology, 2022, 45(3): 213-222.
(in Chinese with English abstract)

INOUE K, KAIZU Y, IGARASHIS, et al. The development
of autonomous navigation and obstacle avoidance for a
robotic vision
IFAC(International Federation of Automatic
PapersOnLine, 2019, 52(30): 173-177.

WANG D, LI W, LIU X, et al. UAV environmental
perception and autonomous obstacle avoidance: A deep

mower using machine technique[J].

Control)-

learning and depth camera combined solution[J]. Computers
and Electronics in Agriculture, 2020, 175: 105523.
SKOCZEN M, OCHMAN M, SPYRA K, et al. Obstacle
detection system for agricultural mobile robot application
using RGB-D cameras[J]. Sensors, 2021, 21(16): 5292-5308.
Zhang R, Lian S, Li L, et al. Design and experiment of a
binocular vision-based canopy volume extraction system for
precision pesticide application by UAVs[J]. Computers and
Electronics in Agriculture, 2023, 213: 108197.

DR, ZRLLNE. BT XH M AL B3 Nigsh gL S
BERERA FU[I]. ARALEIETT, 2020, 42(9): 228-232.
MAYaofeng, LI Hongli. Research on motion location and
obstacle avoidance of agricultural robot based on binocular
vision[J]. Journal of Agricultural Mechanization Research,
2020, 42(9): 228-232. (in Chinese with English abstract)

CAO L, WANG C, LI J. Robust depth-based object tracking
from a moving binocular camera[J]. Signal Processing, 2015,
112: 154-161.

Hu G, Chen C, Chen J, et al. Simplified 4-DOF manipulator
for rapid robotic apple harvesting[J].
electronics in agriculture, 2022, 199: 107177.
SUN Y, ZHANG L, LENG J, et al. An obstacle detection
method based on binocular stereovision[C]// Springer
International Publishing, 2018: 571-580.

Computers and

(73]

[76]

[77]

(78]

[79]

(80]

(81]

[82]

(83]

[84]

(85]

TANG Y, ZHOU H, WANG H, et al. Fruit detection and
positioning technology for a camellia oleifera C. Abel orchard
based on improved YOLOvV4-tiny model and binocular stereo
vision[J]. Expert Systems with Applications, 2023, 211:
118573.

WARTE, LT3R, BUEN, S ET A s BRI SHihiE
TR I 3], Aol TR =4, 2015, 31(7): 173-179.
JI Changying, SHEN Ziyao, GU Baoxing, et, al. Obstacle
detection based on point clouds in application of agricultural
navigation[J]. of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2015,
31(7): 173-179. (in Chinese with English abstract).

THE, EHR, R AR AR L3R5 R as YAl 75
R[] RALHLAR AR, 2009, 40(S1): 23-27, 17.

DING Youchun, WANG Shumao, CHEN Hong. Obstacle
detection in the working area of agricultural vehicle based on

Transactions

machine vision[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2009, 40(S1): 23-27,17. (in Chinese
with English abstract)

HIE, WA, TRER FE T2 EIRIAREIIASEE T AR FH RS
BJET]. EEHL LR S 3, 2013, 34(2): 707-710.
GOU Qin, GENG Nan, ZHANG Zhiyi. Obstacle detection for
farmland in unknown environment based on disparity image[J].
Computer Engineering And Design, 2013, 34(2): 707-710. (in
Chinese with English abstract)

WRASGH,  BRZE. T 00 H LS 0 R el B s A il 5 5 2],
RHALIETT, 2023, 45(4): 196-201.

CHEN Chengkun, CHEN Jun. Orchard obstacle detection and
location based on binocular vision[J]. Journal of Agricultural
Mechanization Research, 2023, 45(4): 196-201. (in Chinese
with English abstract)

B, R, HDRIE, SRR E A AT
FE gt SRR Rl TR, 2021, 37(9): 55-63.
WEI lJiansheng, PAN Shuguo, TIAN Guangzhao, et al.
Design and experiments of the binocular visual obstacle
perception system for agricultural vehicles[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2021, 37(9):
55-63. (in Chinese with English abstract)

MAKSYMOVA 1, STEGER C, DRUML N. Review of
LiDAR
automotive applications[J]. Proceedings, 2018, 2(13): 852.
SHANG E, AN X, WU T, et al. Lidar based negative obstacle
detection for field autonomous land vehicles[J]. Journal of
Field Robotics, 2016, 33(5): 591-617.

Westling F, Mahmud K, Underwood J, et al. Replacing
traditional light measurement with LIDAR based methods in

sensor data acquisition and compression for

orchards[J]. Computers and Electronics in Agriculture, 2020,
179: 105798.

PENG Y, QU D, ZHONG Y, et al. The obstacle detection and
obstacle avoidance algorithm based on 2-d lidar[C]/IEEE
international conference on information and automation,
Lijiang, China, 2015: 1648-1653.

MADHAVAN T R, ADHARSH M. Obstacle detection and
obstacle  avoidance  algorithm  based on  2-D
RPLiDAR[C]/IEEE International Conference on Computer
Communication and Informatics (ICCCI), Coimbatore, India,
2019: 1-4.


https://doi.org/10.1002/rob.22224
https://doi.org/10.1002/rob.21644
https://doi.org/10.1016/j.compag.2015.02.001
https://doi.org/10.3969/j.issn.1674-3644.2022.03.008
https://doi.org/10.3969/j.issn.1674-3644.2022.03.008
https://doi.org/10.3969/j.issn.1674-3644.2022.03.008
https://doi.org/10.1016/j.ifacol.2019.12.517
https://doi.org/10.1016/j.ifacol.2019.12.517
https://doi.org/10.1016/j.ifacol.2019.12.517
https://doi.org/10.1016/j.compag.2020.105523
https://doi.org/10.1016/j.compag.2020.105523
https://doi.org/10.3390/s21165292
https://doi.org/10.3969/j.issn.1003-188X.2020.09.040
https://doi.org/10.3969/j.issn.1003-188X.2020.09.040
https://doi.org/10.1016/j.sigpro.2014.08.041
https://doi.org/10.1016/j.eswa.2022.118573
https://doi.org/10.3969/j.issn.1000-7024.2013.02.061
https://doi.org/10.3969/j.issn.1000-7024.2013.02.061
https://doi.org/10.3969/j.issn.1003-188X.2023.04.032
https://doi.org/10.3969/j.issn.1003-188X.2023.04.032
https://doi.org/10.3969/j.issn.1003-188X.2023.04.032
https://doi.org/10.11975/j.issn.1002-6819.2021.09.007
https://doi.org/10.11975/j.issn.1002-6819.2021.09.007
https://doi.org/10.11975/j.issn.1002-6819.2021.09.007
https://doi.org/10.1002/rob.21609
https://doi.org/10.1002/rob.21609
http://www.tcsae.org

8 1

H IR A AROLHLEE N FEASPe 5 8 Fs AR B 7Tt

433

(86]

[87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

GAO M, TANG J, YANG Y, et al. An obstacle detection and

avoidance system for mobile robot with a laser
radar[C]/IEEE International Conference on Networking,
Sensing and Control (ICNSC), Banff, Alberta, Canada, 2019:
63-68.

Rk, W, VPR, SRR T RARBOCHEIRMTA
TR RG] T E LR S, 2013,
21(7): 1902-1904, 1907.

WU Yue, LAN Wei, XU Dafu, et al. Design of an obstacle
avoidance system for navigation of unmanned vehicles with
single-line laser radar[J]. Computer Measurement, 2013, 21(7):
1902-1904, 1907. (in Chinese with English abstract)

KA A T HOG TR IS B AR LR Z LA A SRR AR e i A0
FHMFL[D]. M At BRI, 2017

ZHANG Yingying. Research on Agriculture Mobile Robot
Tree Trunk Detection and Navigation in Orchard Based on
Laser Radar[D]. Nanjing: Nanjing Agriculture University,
2017 . (in Chinese with English abstract)

K B SRl 7 Sh AL s N\ S A0S EERE DT VAR 7T (D). AL
HhERREABORREE, 2020

ZHANG Xiangyang. Research on Navigation and Obstacle
Avoidance Method for Orchard Mobile Robots[D]. Hefei:
University of Science and Technology of China, 2020. (in
Chinese with English abstract)

SHANG Y, WANG H, QIN W, et al. Design and test of
obstacle detection and harvester pre-collision system based on
2D lidar[J]. Agronomy, 2023, 13(2): 388.

FFEIE, RV KB, FEETHOUE MR HEREE S
RERG[I]. R AR, 2019, 50(ST): 1-7.

JI Yuhan, XU hongzhen, ZHANG Man, et al. Design of point
cloud acquisition system for farmland environment based on

LiDAR[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2019, 50(S1): 1-7. (in Chinese with
English abstract)

JI'Y H, LI S C, PENG C, et al. Obstacle detection and
recognition in farmland based on fusion point cloud data[J].
Computers and Electronics in Agriculture, 2021, 189: 106409.
SHANG E, AN X, LI J, et al. A novel setup method of 3D
LIDAR for negative field
environment[C]//IEEE Conference on Intelligent
Transportation Systems (ITSC), Qingdao, China, 2014: 1436-
1441.

LA, TROGEE, mEE, FETRIRERN=4E00
R W ARSI I VR[], R UEAAR, 2022, 53(1):
23-32.

SHANG Yehua, ZHANG GuangQiang, MENG Zhijun, et al.
Field obstacle detection method of 3D LiDAR point cloud
based on euclidean clustering[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2022, 53(1): 23-32. (in
Chinese with English abstract)

QIN J, SUN R, ZHOU K, et al. Lidar-based 3D obstacle
detection using focal voxel R-CNN for
environment[J]. Agronomy, 2023, 13(3): 650.
WANG T, WANG N, XIAO J, et al. One-shot domain
adaptive real-time 3D obstacle detection in farmland based on

obstacle detection in

farmland

semantic-geometry-intensity fusion strategy[J]. Computers
and Electronics in Agriculture, 2023, 214: 108264.

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

CORTES 1, BELTRAN J, DE LA ESCALERA A, et al. Dali:
Domain adaptation in lidar point clouds for 3d obstacle
detection[C]//IEEE International Conference on Intelligent
Transportation Systems (ITSC), Macau, China, 2022: 3837-
3842.

ZHONG Q, LIU Y, GUO X, et al. Dynamic obstacle
detection and tracking based on 3D lidar[J]. Journal of
Advanced Computational Intelligence and
Informatics, 2018, 22(5): 602-610.

JI'Y H, PENG C, LI S C, et al. Multiple object tracking in
farmland based on fusion point cloud data[J]. Computers and
Electronics in Agriculture, 2022, 200: 107259.

JIANG W, CHEN W, SONG C, et al. Obstacle detection and
tracking for intelligent agricultural machinery[J]. Computers
and Electrical Engineering, 2023, 108: 108670.

W, T, IR, F R 64 LBPOLEH XM L
T8 B A I 55 23 R BRI FE[0]. YR 4 AR, 2019,
41(7): 779-784.

LOU Xinyu, WANG Hai, CAI Yingfeng, et al. A research on
an algorithm for real-time detection and classification of road

Intelligent

obstacle by using 64-line lidar[J]. Automotive Engineering,
2019, 41(7): 779-784. (in Chinese with English abstract)

AW E, EAM, B8 s 5RO E X RRRG
WA TV, AL AL AR K224, 2023, 49(10):
2608-2616.

NIU Guocheng, WANG Yueyang, CAI Yibo, et al. LIDAR
obstacle detection based on improved density clustering[J].
Journal of Beijing University of Aeronautics and Astronautics,
2023, 49(10): 2608-2616. (in Chinese with English abstract)
%, g0, T ETHOCEXRM TN E WSk
TN BR ER[I]. 76 RS A K A AR, 2021, 56(6):  1346-
1354.

WANG Tao, ZENG Wenhao, YU Qi. Obstacle detection and
tracking for driverless cars based on lidar[J]. Journal of
Southwest Jiaotong University, 2021, 56(6): 1346-1354. (in
Chinese with English abstract)

Bai J, Zheng L, Li S, et al. Radar transformer: An object
classification network based on 4D MMW imaging radar[J].
Sensors, 2021, 21(11): 3854.

HUANG J T, LU C L, CHANG P K, et al. Cross-modal
contrastive learning of representations for navigation using
lightweight, low-cost millimeter wave radar for adverse
environmental conditions[J]. IEEE Robotics and Automation
Letters, 2021, 6(2): 3333-3340.

Abdu F J, Zhang Y, Fu M, et al. Application of deep learning
on millimeter-wave radar signals: A review[J]. Sensors, 2021,
21(6): 1951.

REEAR, FRUE, VEUKIE, S5 BT IORCH FRIERR =K
TR IR AR I BERS PIR I VR[] AU AR, 2023, 54(4):
233-240.

XUE Jinlin, CHENG Feng, WANG Bingqing, et al. A method
for millimeter wave radar farm obstacle detection based on
invalid target filtering[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2023, 54(4): 233-240. (in
Chinese with English abstract)

TR 2K U KA A R TG AL 3EE B o ) 82 [D]. BFH -
BRI R, 2021.


https://doi.org/10.3969/j.issn.1671-4598.2013.07.055
https://doi.org/10.3969/j.issn.1671-4598.2013.07.055
https://doi.org/10.3390/agronomy13020388
https://doi.org/10.1016/j.compag.2021.106409
https://doi.org/10.6041/j.issn.1000-1298.2022.01.003
https://doi.org/10.6041/j.issn.1000-1298.2022.01.003
https://doi.org/10.6041/j.issn.1000-1298.2022.01.003
https://doi.org/10.3390/agronomy13030650
https://doi.org/10.1016/j.compag.2023.108264
https://doi.org/10.1016/j.compag.2023.108264
https://doi.org/10.20965/jaciii.2018.p0602
https://doi.org/10.20965/jaciii.2018.p0602
https://doi.org/10.20965/jaciii.2018.p0602
https://doi.org/10.1016/j.compag.2022.107259
https://doi.org/10.1016/j.compag.2022.107259
https://doi.org/10.1016/j.compeleceng.2023.108670
https://doi.org/10.1016/j.compeleceng.2023.108670
https://doi.org/10.1109/LRA.2021.3062011
https://doi.org/10.1109/LRA.2021.3062011
https://doi.org/10.6041/j.issn.1000-1298.2023.04.023
https://doi.org/10.6041/j.issn.1000-1298.2023.04.023
https://doi.org/10.6041/j.issn.1000-1298.2023.04.023

434

Flk T2 (http://www.tcsae.org)

2025 4F

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

TAN Zheng. Application of Millimeter Wave in Obstacle
Avoidance of Plant Protection UAV[D]. Fuyang: Fuyang
Normal University, 2021. (in Chinese with English abstract)
IMRT, RITHE, FEWiE, & BT2KEEEIHERT AL
e AR G TLI]. AR R AR SR S, 2020, 39(6): 73-76.
SUN Ke, WU Kaihua, WANG Yatao, et al. Research on
obstacle avoidance system of plant protection UAV based on
millimeter wave radar[J]. Transducer and Microsystem
Technologies, 2020, 39(6): 73-76. (in Chinese with English
abstract)

SONG S, WU J, ZHANG S, et al. Research on target tracking
algorithm using millimeter-wave radar on curved road[J].
Mathematical Problems in Engineering, 2020, 2020: 3749759.
WANG T, ZHENG N, XIN J, et al. Integrating millimeter
wave radar with a monocular vision sensor for on-road
obstacle detection applications[J]. Sensors, 2011, 11(9): 8992-
9008.

PARK J, JE Y, LEE H, et al. Design of an ultrasonic sensor
for measuring distance and detecting obstacles[J]. Ultrasonics,
2010, 50(3): 340-346.

YASIN J N, Mohamed S A S, Haghbayan M H, et al. Low-
cost ultrasonic based object detection and collision avoidance
method for autonomous robots[J]. International Journal of
Information Technology, 2021, 13: 97-107.

A, ARICE, KRB ARV LS A H i 75 i 0 ER (A
SEMERF R, RHULBFFT, 2010, 32(12): 19-22.

SHI Biao, NI Wenzhi, LIU Limu. Discussion of regional
realization patterns of rice llanting mechanization in china[J].
Journal of Agricultural Mechanization Research, 2010,
32(12): 19-22. (in Chinese with English abstract)

BEE, AN, VAR, S A E RIS L I
BERE R 400wt 5 AR [0]. £l TR R, 2015, 310%
F] 2): 69-74.

JIA Chuang, LI Jianian, HONG Tiansheng, et, al. Design and
test of ultrasonic obstacle avoidance system for mountain
orchard monorail conveyor[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2015, 31(Supp.2): 69-74. (in Chinese with English
abstract)

GIBBS G, JIA H, MADANI 1. Obstacle detection with
ultrasonic  sensors and signal analysis metrics[J].
Transportation Research Procedia, 2017, 28: 173-182.

DE M C, RIVERA Z B, GUIDA D. Obstacle avoidance
system for unmanned ground vehicles by using ultrasonic
sensors[J]. Machines, 2018, 6(2): 6020018.

HU J, ZHENG B, WANG C, et al. A survey on multi-sensor
fusion based obstacle detection for intelligent ground vehicles
in off-road environments[J]. Frontiers of Information
Technology & Electronic Engineering, 2020, 21(5): 675-692.
CHEN C S, LIN C J, LAI C C, et al. Velocity estimation and
cost map generation for dynamic obstacle avoidance of ROS
based AMR[J]. Machines, 2022, 10(7): 10070501.

ROVID A, REMELI V, SZALAY Z. Raw fusion of camera
and sparse LiDAR for detecting distant objects[J]. at-
Automatisierungstechnik, 2020, 68(5): 337-346.

WKE, BME, WA, S BRSSO SR L2
NIBERETTIERT U] o EAR N 4], 2020, 41(8): 170-

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

177.
GENG Qian, MAO Pengjun, LI Pengju, et al. Research on
obstacle avoidance method of orchard robot based obstacle

classification[J].  Journal = of  Chinese  Agricultural
Mechanization, 2020, 41(8): 170-177. (in Chinese with
English abstract)

KUMAR G A, LEE J H, HWANG J, et al. LiDAR and

camera fusion approach for object distance estimation in self-
driving vehicles[J]. Symmetry, 2020, 12(2): 12020324.

AR, FREIE, 20, T RBEORTE IR S MR A
(¥ R AR I VAT, THEENL AR, 2017, 43(7): 303-308.
WANG Pei, GUO Jianhui, LI Lunbo, et al. Negative obstacle
detection algorithm based on single line laser radar and vision
fusion[J]. Computer Engineering, 2017, 43(7): 303-308. (in
Chinese with English abstract)

B0, RS, A, % Kinect 5 YEEOCH LG A1
PUEE N BE A5t D). B 7 RHE K2 2240, 2018, 47(3):
337-342.

XIAO Yufeng, HUANG He, ZHENG lJie, et al. Obstacle
detection for robot based on kinect and 2D lidar[J]. Journal of
University of Electronic Science and Technology of China,
2018, 47(3): 337-342. (in Chinese with English abstract)
KRAGH M, UNDERWOOD J. Multimodal obstacle
detection in unstructured environments with conditional
random fields[J]. Journal of Field Robotics, 2020, 37(1): 53-72.
BRI, YIS ETEERS R E EEW
A PIRLI 572 [0]. AU A 4R, 2018, 49(S1): 29-34.
XUE Jinlin, DONG ShuXian, FAN Bowen. Detection of
obstacles based on information fusion for autonomous
agricultural vehicles[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2018, 49(S1): 29-34. (in Chinese
with English abstract)

2. FET =4 RGB B AR H B RS 43R 0l 75 ik
500 0 [D]. . 1L REE TR, 2023,

LI Fan. Application of Millimeter Wave in Obstacle
Avoidance of Plant Protection UAV[D]. Zibo: Shandong
University of Technology, 2023. (in Chinese with English
abstract)

77 8. T 2 AR R AR Al A B R A R LS R ST A
[D]. HHE: LR R, 2023

FANG Xu. Research on Navigation System for Orchard Crop
Protection Machinery Based on Muli-Sensor Fusion[D]. Hefei:
Anhui Agriculture University, 2023. (in Chinese with English
abstract)

GATESICHAPAKORN S, TAKAMATSU J,
RUCHANURUCKS M. ROS based autonomous mobile robot
navigation using 2D LiDAR and RGB-D camera[C]//IEEE
First International Symposium on Instrumentation, Control,
Artificial Intelligence, and Robotics (ICA-SYMP), 2019:
151-154.

FADR, WoRE, BROEFE. 2T HOG IR & A AALE AL 5
IR I]. DARTEIE, 2021, 43(5): 57-62.

YUAN Hongbin, CAO Huiqun, OU Qunyong. Obstacle
detection based on lidar and machine vision[J]. Modern Radar,
2021, 43(5): 57-62. (in Chinese with English abstract)
ZEWGE N S, KIM Y, KIM J, et al. Millimeter-wave radar
and RGB-D camera sensor fusion for real-time people


https://doi.org/10.3390/s110908992
https://doi.org/10.1016/j.ultras.2009.10.013
https://doi.org/10.1007/s41870-020-00513-w
https://doi.org/10.1007/s41870-020-00513-w
https://doi.org/10.3969/j.issn.1003-188X.2010.12.005
https://doi.org/10.3969/j.issn.1003-188X.2010.12.005
https://doi.org/10.1016/j.trpro.2017.12.183
https://doi.org/10.1515/auto-2019-0086
https://doi.org/10.1515/auto-2019-0086
https://doi.org/10.1515/auto-2019-0086
https://doi.org/10.3969/j.issn.1000-3428.2017.07.051
https://doi.org/10.3969/j.issn.1000-3428.2017.07.051
https://doi.org/10.3969/j.issn.1001-0548.2018.03.003
https://doi.org/10.3969/j.issn.1001-0548.2018.03.003
https://doi.org/10.3969/j.issn.1001-0548.2018.03.003
https://doi.org/10.1002/rob.21866
http://www.tcsae.org

8 1

H IR A AROLHLEE N FEASPe 5 8 Fs AR B 7Tt

435

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

detection and tracking[C]//IEEE 7th International Conference
on Robot Intelligence Technology and Applications (RiTA),
Daejeon, Korea (South), 2019: 93-98.

HUANG X, DONG X, MA J, et al. The improved A*
obstacle avoidance algorithm for the plant protection UAV
with millimeter wave radar and monocular camera data
fusion[J]. Remote Sensing, 2021, 13(17): 13173364.

KA, WAL MRELL, SNSRI
AHUAT 7 ISR, A0l TARES), 2021, 37(15): 169-178.
ZHANG Yan, PAN Shengquan, XIE Yinshan, et al. Detection
of ridge in front of agricultural machinery by fusion of
camera and millimeter wave radar[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2021, 37(15): 169-178. (in Chinese with English
abstract)

KATO T, NINOMIYA Y, MASAKI 1. An obstacle detection
IEEE
transactions on intelligent transportation systems, 2002, 3(3):
182-188.

MR, FhILE, FOOR. ETLAMENI =K R RS
MR TEAT NRINI]. AR R 4, 2021, 34(9): 1137-
1145.

SHANG Hao, SUN Libo, QIN Wenhu. Pedestrian detection at
night based on the fusion of infrared camera and millimeter-

method by fusion of radar and motion stereo[J].

wave radar[J]. Chinese Journal of sensors and actuators, 2021,
34(9): 1137-1145. (in Chinese with English abstract)

FEEE . JE T2 oK T IR A LS AL 5 P8 90 i 5 2 S0z AT
D] KF: #HHKE, 2016.

CHENG Lei. Study on Preceding Vehicle Detection at Night
Based on Millimeter-wave Radar-vision[D]. Changchun: Jilin
University, 2016. (in Chinese with English abstract)

CHANG S, ZHANG Y, ZHANG F, et al. Spatial attention
fusion for obstacle detection using mmwave radar and vision
sensor[J]. Sensors, 2020, 20(4): 956-976.

LIU X, CAI Z. Advanced obstacles detection and tracking by
fusing millimeter wave radar and image sensor data[C]// IEEE,
International Conference on Control, Automation and Systems,
KINTEX, Gyeonggi-do, Korea, 2010: 1115-1120.

LV P, WANG B, CHENG F,
association detection of farmland obstacles

et al. Multi-objective
based on
information fusion of millimeter wave radar and camera[J].
Sensors, 2022, 23(1): 230-247.

RIST L. BT 22 K o R AN ) e FAE O TE AL B 3k
BEHIFTT[D]. M /KR35, ARAEMOll RS, 2020.

LIU Lichen. Research on Autonomous Obstacle Avoidance of
Rotor Plant Protection UAV Based on Millimeter-wave Radar
and Vision[D]. Haerbin: Northeast Forestry University, 2020.
(in Chinese with English abstract)

FE Bk, 2 4% B Al A RO IR TC AV LBEAS R 0 T VAT 5T
[D]. PLBH: PLBATALRA:, 2023.

WANG Xiaobin. Research on Obstacle Recognition Scheme
of Plant Protection UAV Based on Muli-sensor Fusion[D].
Shenyang: Shenyang University of Technology, 2023. (in
Chinese with English abstract)

MOCANU B, TAPU R, ZAHARIA T. When ultrasonic
sensors and computer vision join forces for efficient obstacle
detection and recognition[J]. Sensors, 2016, 16(11): 1807-

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

1829.

MOBUS R, KOLBE U. Multi-target multi-object tracking,
sensor fusion of radar and infrared[C]/IEEE Intelligent
Vehicles Symposium,Parma, Italy, 2004: 732-737.

BOVCON B, PERS J, KRISTAN M. Stereo obstacle
detection for unmanned surface vehicles by IMU-assisted
semantic segmentation[J]. Robotics and Autonomous Systems,
2018, 104: 1-13.

BENET B, ROUSSEAU V, LENAIN R. Fusion between a
color camera and a TOF camera to improve traversability of
agricultural vehicles[C]//The 6th International Workshop
Applications of Computer Image Analysis and Spectroscopy
in Agriculture, Aarhus, Denmark, 2016: 1-7

LIU M C, CHEN J, ZHAO X, et al. Dynamic obstacle
detection based on multi-sensor information fusion[J].
IFAC(International ~Federation of Automatic Control)-
PapersOnLine, 2018, 51(17): 861-865.

CHEN X, ZHANG B, LUO L. Multi-feature fusion tree trunk
detection and orchard mobile robot localization using
camera/ultrasonic sensors[J]. Computers and Electronics in
Agriculture, 2018, 147: 91-108.

JEON C W, KIM H J, YUN C, et al. An entry-exit path
planner for an autonomous tractor in a paddy field[J].
Computers and Electronics in Agriculture, 2021, 191: 106548.
CHEN H, XIE H, SUN L, et al. Research on tractor optimal
obstacle avoidance path planning for improving navigation
accuracy and avoiding land waste[J]. Agriculture, 2023,
13(5): 934.

ZHAO X, WANG K, WU S, et al. An obstacle avoidance
path planner for an autonomous tractor using the minimum
snap algorithm[J]. Computers and Electronics in Agriculture,
2023, 207: 107738.

Bk, B, Sy, AT SR M RN X
AR R B A S R[], A AR 244, 2022, 38(6):
34-43.

YANG Yang, WEN Xing, Ma Longgiang, et al. Real time
planning of the obstacle avoidance path of agricultural
machinery in dynamic recognition areas based on Bezier
curve[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2022, 38(6): 34-43.
(in Chinese with English abstract)

TRAS I T H ARG AR 10 SR el ) B L R R 4 BT [D].
fRE: el R, 2020.

ZHANG Mengjiao. Design of Obstacle Avoidance System of
Orchard Lawn
Technology[D]. Baoding: Hebei Agriculture University, 2020.
(in Chinese with English abstract)

Zhels, BHIE, fEFEE, & AT LS ENE
LGRS T[], AWHU AR, 2022, 53(S1): 20-27.
JIANG Longteng, CHI Ruijuan, XIONG Zexin, et al.
Obstacle winding strategy of rice transplanter based on

Mower Based on Binocular Vision

optimized artificial potential field method[J]. Transactions of
the Chinese Society for Agricultural Machinery (Transactions
of the CSAE), 2022, 53(S1): 20-27. (in Chinese with English
abstract)

MORI T, SCHERER 8. First results in detecting and avoiding
frontal obstacles from a monocular camera for micro

unmanned aerial vehicles[C]//2013 IEEE International


https://doi.org/10.11975/j.issn.1002-6819.2021.15.021
https://doi.org/10.11975/j.issn.1002-6819.2021.15.021
https://doi.org/10.11975/j.issn.1002-6819.2021.15.021
https://doi.org/10.11975/j.issn.1002-6819.2021.15.021
https://doi.org/10.1109/TITS.2002.802932
https://doi.org/10.1109/TITS.2002.802932
https://doi.org/10.3969/j.issn.1004-1699.2021.09.001
https://doi.org/10.3969/j.issn.1004-1699.2021.09.001
https://doi.org/10.3390/s20040956
https://doi.org/10.3390/s23010230
https://doi.org/10.3390/s16111807
https://doi.org/10.1016/j.robot.2018.02.017
https://doi.org/10.1016/j.ifacol.2018.08.086
https://doi.org/10.1016/j.ifacol.2018.08.086
https://doi.org/10.1016/j.ifacol.2018.08.086
https://doi.org/10.1016/j.compag.2018.02.009
https://doi.org/10.1016/j.compag.2018.02.009
https://doi.org/10.1016/j.compag.2021.106548
https://doi.org/10.3390/agriculture13050934
https://doi.org/10.1016/j.compag.2023.107738
https://doi.org/10.11975/j.issn.1002-6819.2022.06.004
https://doi.org/10.11975/j.issn.1002-6819.2022.06.004
https://doi.org/10.11975/j.issn.1002-6819.2022.06.004

436 Ak TREZH (http://www.tcsae.org) 2025 4E

Conference on Robotics and Automation. Karlsruhe, Germany, [156] WANG L, LAN Y, Zhang Y, et al. Applications and

2013: 1750-1757. prospects of agricultural unmanned aerial vehicle obstacle
[155] #lEhE. 5 TR B2 ST AR H 6 A WLk R S 72 (D). == avoidance technology in China[J]. Sensors, 2019, 19(3):

M HRRALRE:, 2020. 19030642.

YANG Juanjuan. Study on Obstacle Avoidance System of  [157] HUANG X, DONG X, MA J, et al. The improved A*

Agriculture UAV Based on Deep Learning[D]. Lanzhou: obstacle avoidance algorithm for the plant protection UAV

Gansu Agriculture University, 2020. (in Chinese with English with millimeter wave radar and monocular camera data

abstract) fusion[J]. Remote Sensing, 2021, 13(17): 3364.

Research progress of obstacle detection and obstacle avoidance technology
for agricultural robots

XIAO Jianxing! , WANG Tianhai* , WANG Ning! , LI Shunda®, LI Han! , ZHANG Man**

(1. Key Laboratory of Smart Agriculture Systems Integration, Ministry of Education, China Agricultural University, Beijing 100083, China,
2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture and Rural Affairs, China Agricultural
University, Beijing 100083, China)

Abstract: Obstacle detection and avoidance are critical technologies in the autonomous navigation of agricultural robots. The
ability to accurately perceive and avoid obstacles ensures the safe operation of agricultural robots in complex environments,
reduces labor costs, and improves production efficiency. This paper provides a comprehensive review of the applications of
single-sensor technologies and multi-sensor fusion technologies in obstacle detection for agricultural robots from various
perspectives. First, the paper reviews recent advancements in using single-sensor technologies for obstacle detection, including
RGB cameras, panoramic cameras, stereo cameras, depth cameras, LIDAR, ultrasonic radar, and millimeter-wave radar. The
technical advantages and limitations of each type of sensor are analyzed in detail. For example, RGB and depth cameras offer
high spatial resolution and are effective in structured environments but face challenges in low-light or high-dust conditions.
Similarly, LiDAR provides precise distance measurements and is highly reliable for obstacle detection but remains costly for
large-scale deployment. Ultrasonic and millimeter-wave radars, known for their robustness in harsh conditions, are often
limited by their resolution and detection range. These analyses highlight the trade-offs involved in adopting specific sensors for
agricultural robotics. Second, the paper summarizes the research progress in multi-sensor fusion technologies for obstacle
detection, such as the integration of visual sensors with LiDAR and the fusion of visual sensors with millimeter-wave radar.
Detailed analyses are provided on the characteristics and advantages of these fusion techniques. For instance, combining vision-
based sensors with LiDAR enhances obstacle detection accuracy by leveraging the complementary strengths of high-resolution
imagery and precise distance measurements. Similarly, the fusion of millimeter-wave radar with vision-based systems enables
reliable detection in adverse weather conditions, such as rain or fog, while mitigating the limitations of individual sensors.
These fusion approaches are discussed in the context of their suitability for various agricultural scenarios, emphasizing their
ability to enhance the robustness and reliability of obstacle detection systems. Additionally, the paper reviews the progress of
obstacle avoidance technologies for agricultural robots. Agricultural robots are broadly categorized into three types: large-scale
agricultural machinery, small agricultural robots, and agricultural drones. For each category, the paper systematically examines
the recent advancements in obstacle avoidance technologies, focusing on their applications in complex agricultural
environments. The discussion highlights the unique requirements and challenges faced by each type of robot. For instance,
large-scale agricultural machinery requires highly reliable obstacle avoidance systems to navigate expansive fields efficiently,
while small robots emphasize flexibility and precision in row crops. Agricultural unmanned aerial vehicle, operating in three-
dimensional environments, face unique challenges in real-time obstacle detection and avoidance due to their high-speed motion
and variable terrain. Finally, the paper summarizes the current state of research and identifies the key challenges in obstacle
detection and avoidance technologies for agricultural robots. These include the need for improving the adaptability of sensors
and algorithms to highly dynamic agricultural environments, reducing the cost and energy consumption of sensing systems, and
enhancing the robustness of multi-sensor fusion approaches. Furthermore, this paper provides a forward-looking perspective on
the development of these technologies, offering theoretical foundations and technical references to accelerate the advancement
of autonomous navigation for agricultural robots. This comprehensive review aims to contribute to the field by identifying
current limitations and exploring innovative solutions, ultimately facilitating the safe and efficient deployment of agricultural
robots in diverse and challenging environments.
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