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Research progress and prospect of intelligent weeding robot
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Abstract: Weed control is an important issue that must be faced in agricultural production. With the integration
of robotics and automation technology into agricultural production, various weeding robots emerge as the times
require, effectively reducing the pollution of chemicals to the environment. In this paper, the research status of
intelligent sensing technology, robot platform and weeding device of weeding robot are reviewed, and the
shortcomings of crop row and weed identification technology, structure of weeding robot platform and
intelligent control method of mechanical weeding device are analyzed. The future development trend of
intelligent weeding robot is prospected from four aspects of intelligent perception, precise weeding, efficient

operation and intelligent management.
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Fig.2 Location map of weeds in soybean field
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4 KEHARKEETERE
Fig. 4 Long-span walking device in paddy field

A, “FAR PR R &, i B AEAA R YR I H (Al R
b, ABAFAE T m) A R 18 81t 72 5 52 25 8] BR 1] 11
vl o B M A B T — Fho A R e
&, eg LI A 3 £ 38, HEA — 2T
TR, T AR H 2 AR BRI R ISR . B g
SO BT B B B ALK FH B A AT A LA B 2 AL
Bl QR B A S LA, 8 I A T A T DAAR Ffs FH ) 52
B A7 0 U8 715 B LS R, R A AT R A N
0.5 m/se HAKM 7 —F/NYKEPLEN, BRI
3.8 kg, AT LA /N E iyl il . SE[H Ibex
Automation 2 ®] AR Ik T8 2 E F L
WMANRG (E5), v AT 55 B 3R 1 2% BEA

5 Ibex Automation B H1 88 A
Fig. 5 Ibex Automation crawler robot



38 RGO K ZE 22 (hitps://xuebao.scau.edu.cn/zr/hnny_zr/home)

44 3

F7K RE BT .
23 EABRENTATLE

B AW AL 2% N V5 I i B 8, 0 5 4% A< HER
5% 103 B g 77 RN kR 1 Re )R 5, B A, i H
YR R s (H 2 L8 ANAT I B 1S 17
WAL PR 2, AT 8 T FR AR R E O P i
FER 2R . BUAE TR0 5 B i T
—Fp Y 2 BRFLNLES N, DY 2 AT A 45 4 1) A 2% TR 4
A 3 ANBEE B, 5y AL TR O AR
KT, VYR B FL A N4 ERE AL 1B P S
%o 5K R 22 ORI B O DY R Ok BR AL AR A
K — Ml )15 RELEE 7k, R4 % M H ARl
5, b RS OGTT IR 3h Sy A AT Ak, B A5
B 1 2H s B ER A, A 58 B H AR U 1Y) B 3
JIFE RN REE /N, P T EEiae 71, Wk 6 Fros .
P36 N B BE I R AR 2 I STWILL PO A2 30k b B
BLAS N, K ALK S, R 36 R A A0 IR 1 T
PR XA J5, PREEIE B 7 58, AT R & B R
B, B AE R R HIE . AmerZ5E Y B T — K44 N
Agri Bot [ Z DI REBR BLHLZE A (] 7), 6 Z&HLA R
P ] s 42 ), B R PR AT MO & B 1 5 AR
P

El6 MMENRIA
Fig. 6 Quadruped robot

7 Agri Bot ZINEEMRENZREA

Fig. 7 Agri Bot multifunctional weeding robot

24 BEAEXBRENTATLE

AARMEANOTEREL & REE A
JB R E AN AV NG SRR GE /1 #8
Bk, IF E6 A R AT BT (& R, TR AR
R HEFE AL 750K o 2RI it 1 — P g 2
ke JE N AR, TSR IR 5 8 2 Fhoi Rz
RO 48, 45 5 e A e i 1k 5 46 U A s pL sl
PEF — M, 8L AR B 1 AR S e Ty
i, RAN T AR GLR AL BRI, o T H A e X T
FEBUBR G 3 AR I 8 Pl 3 1) 4 5 xC 4 4
(3 I LAL 5 o SRS AT A 2 BAR S &, Wit
T—FoKk g 2L (E 8), I HBERA K
AN T R, R BRI L . A )
Wit 7 —Fhe 2 SRR ALEE N (] 9), SR FH ki
FEWLAL Bl Bhibk [, Adams B35 307 B 45 B,
RIS LB L NBREERE 0T, 286 TR
o IR BN R R T R RA B AL A,
JEIBA I AT WR BN, AT ATEASFAH [ B T AT R0
R

8 KERERNE
Fig. 8 Wheel crawler in paddy field

E19 Hylos #£BRESXBIEA
Fig. 9 Hylos wheel-leg compound mobile robot
ENEIEREN 2R -YNEAVR (W E R s I

NG RRNEF [ BREILSENT eI ETHE

AR B, /5 255 8 R AT IRIAT E L B

fia) DA K AE R BT 1R B TR A7 3R 55 1) j o R Bk

o3 R S ) 38, 3 g A B A TN

AR amEE S PR 2K RE U LE



1

B, S B BERR LA AR SR S R 39

i T RE T DL, FLE NP R BB TR
HRENTT AR,

3 NWRERE

B BT R R i PAAT B AL 2 B B AL 1) 22 20
BB 4y, B R R B BRFLBCR R IR, DR R i 44
AT UG RIE FERT BR BN R R RAA HE R . H
BT, FRREBR AL TR E 5y 2 Bl —Fi i KB a7
Lz 5] R REBREEHL L 59— Pl Hr M B B BE R 5L
LA
31 F3|XBERE

BEETFENBEAR S N TR AN AR, AT
BEe SRR R &SI T HoR Ea G, R A%
GO R AR HE N AL P&, HERCE REFRELHL
B, &g R LT S0E T, KORFE & T R AL
2, BN AMHAR T R TR R e RR AR 5
Fe RBINUE I TR 5, 25 5 0 Ak H 3 ol - 39 AR 45 55
i, HALE A &, BEFERUK

BAMRAETT R R N R ARIE B SR BT T
— PRI PR B B, T RIBE BT 7RI
LB e e TR J 1 42 1) B0, SR PRI PR 5 R 4
VIFIAVENDAT » A58 o3 B IO Jl L b A AR R I 2 Bk 1]
X I B, (] IR 388 I A A A7 IR R L) 42 ol Aok (R AL A
PR ELANERBEAEYAT, SCOl 7 R BE bR IA) BR B B bR .
FRIEET Beih 7 AT E o gk R (AT AR
WA 2 BR BB A, Al FEBTL e At Ik e 8 A 1 e e ok
B2, P IR A S ST I I ) B BRI I e
B B A el 5 R B ML T IR A & SRR
BN 95.1%, i RN 1%, BOREETS 5t
T Tl T S U LR 1R RE AR TAD AL o e
B, PR EEN 89.57%, itiE N 4.54%.
Midtiby S5 53t | —3K 4 4 Robovator ER AL
(B 10), HAR AT S B N, R LA AT
AP R R ZEAT 7 B, 38 ) B AT B

10 Robovator FREH
Fig. 10 Robovator weeder

()38 B 50328 58 1% B 5 AN BT ¥ R IR B o Pérez-
Ruiz S5 Pvh 1 — oK o 8 71 ) B B854 0 A
TAE AN, AL 28 R D B AR W AL EAE
S, b T R T I8 sh P, GX BB R H .
Tillett %™ A1 Dedousis™! Bt 1 —Fdk M [H 5% )
AR PAT 2 B 1 P B R AL (T 1), SR A LA AR
WA AR RN R B, B 4T
Xt 77, i e ) B AT BR B

11 Garford BEFREH]
Fig. 11 Garford weeder between seedlings

32 HEEMRERE

B DL N BRI R R, DL 2R S03H 7E K
N2 N - HUBOE BT FE. SRS &
RS e B DL A R AR A SR B R
R Jeon FEUY PR T —HCKR 10 el B2 SR DAL
B BT E RORS B BR R LA N, Gl I 5 L 12 5
SR ERE TG R, BREARIL 91%. B AR R
AR EEST BT T AR, 2 06T SRR L R
Uiy AT & S BRI SE A BU BR AL A8 N Gl A
FHUEAEMAT B EATE, BN RS 2 00
T AL B v e e o B T A RS 3 B H AR ok 5 B
PIE| 2 5, i 1) EcoRobotix HlL#s A (K 12)
FEHORBHBEN, 7T H 30 AR, Hlas A AT 54 kiR
WG, WL Delta ALK 13 HERGHIT 2% 52
BRI IHEBR 2 B o PUBE S ARV 55 BT T K i — 3

S M A e TR
12 Eit EcoRobotix 18§ A
Fig. 12 Swiss EcoRobotix robot

S -



40 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

Delta HLIE W5 Ab 72 2 45 Rl 25 HLIE 2R 40 4L A0
R F T2 S R R B LS A, S 2
B, b U B 3 28 Ak B B IR
i A B TE, A4 BRI 88%.
4 R

R TR L3 R B LS 4 1O ALK
B4y, FLH U 15 IR O 2ROl 2 P B 1
T, RS BN TT LA O A S B B 7 K
5 e, B A AP BRI B T . B (S B HLES
NHUCT A 5 R R R, 0 RS R B3 s 2
B B T R A, SR SR TR A 04
TRA/D AL A o AN RE R 202 A T

KGR, WA JE FTAM LT J LT TR AT I

1) B REAL BT . NSRS AT L T g AR 3R
5i, ARG B R G BAR N BR BN NES P E
AR FFREE P AR SRS . HLas Lo, 2 BRT
i P& R4t (Global navigation satellite system,
GNSS). F A% 2 it BEOR & 5% DL 8}
A XA BOR N BR AL 88 NS AEFE RN 5
FER BAEYDAT FH 4 B 1) [R] B 5 57 AR VDAL IR, DL A UK
FE AR S i R E MBS S, R,
Jita R VS 24 45 BR AR L S L E R (S B

2) FEHEACBR I . HUBRRR R B R RE R AL A
N B E AR, BRELWREIR, PR E
P Z S A HLAR AR B 6, T
JEE R BAE N, A TR AR T DX 338 ) v o e B
Fee AR AR HH o3k B3 AR SRl 1) BT 1o

3) m AR . N TR R S R I R FH R4 v
B B A b o B R, A e T MR M B AR R
PEME AN Z DhRe R JE . HH R Re R AL AE 51 1) o2 i
BRENLZ DR BHES N, W 2T AL AT GNSS
S5 EALIAT AL AIAR BRI BR B AL Hh /N AL BR AL 2% A AE
S H AR B EVEA ALY E T 1 A B Tt
Z BL3s N P[RR I AE B3 05 40 e o B2 A0 A4 T TR 42
PEMVRLER : [FI, B2 THLEs AF 6, BRE #F0. ji
JIES RV 245 45 Ty i v 3 aod PR B A LR SR SR BN,
TR S F A A Ve ) AT DA & AR R, RS
AP RUA

4) BEAER . BBV KRB =i
SRR RS N, HLEE ABREAE K =P Gk
ITIRE A, AL AT LLSZIAL a8 A AF L zs 74 i ) A
VEMVAE 55 2 55 D Re, 38 AT R AT 8 B TR, tn4h
AR RN DL R B KR L, 5RZMS S, B
AE I T 5 DIC ok 5 B 1)

P

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ZEVLHE, X ), SR, &5 A A H AU R R
WFAIARI]. RHLHT T, 2006, 28(10): 14-16.

PRI, TR, fE K, 55 E AR BORBT T
IR[I]. ARARTFE, 2002, 18(1): 17-18.

ASTRAND B, BAERVELDT A J. An agricultural mo-
bile robot with vision-based perception for mechanical
weed control[J]. Autonomous Robots, 2002, 13(1): 21-35.
BLASCO J, ALEIXOS N, ROGER J M, et al. AE-auto-
mation and emerging technologies: Robotic weed control
using machine vision[J]. Biosystems Engineering, 2002,
83(2): 149-157.

Wi, M. CRAP PERHERE T R4 27 BR B R HO T
TN RHUALHFFT, 2011, 33(9): 241-244,

2R, e, okBHE, &5 B RO BREHL a8 BT ST
WREEH ). THHEALIE S5, 2021, 29(5): 1-7.
FHFIL. R GEAL BT ROR R R IR & B2[T].
AR ML, 2021(4): 49-50.

e YL R IARAOL U BEAL IO S 5 K RE[T]. 7
T ARHL, 2020, 51(11): 65.

EAA AL AR GRS SRR D).
ool R 22441, 2005, 24(S1): 86-90.

FRR . F T AL LG AL i HE R0 BOR BT FE[D).
KA ML R, 2020

MARR D, HILDRETH E. Theory of edge detection[J].
Proceedings of the Royal Society B: Biological Sciences,
1980, 207(1167): 187-217.

LHUILLIER M, QUAN L. Robust dense matching using
local and global geometric constraints[C]//2000 15th In-
ternational Conference on Pattern Recognition (ICPR’
00). Barcelona: IEEE, 2000: 968-972.

REID J F, SEARCY S W. An algorithm for computer
vision sensing of a row crop guidance directrix[J]. Journ-
al of Commercial Vehicles, 1991, 100: 93-105.
FONTAINE V, CROWE T G. Development of line-de-
tection algorithms for local positioning in densely seeded
crops[J]. Canadian Society for Bioengineering, 2006, 48:
719-729.

GEE C, BOSSU J, JONES G, et al. Crop/weed discrimin-
ation in perspective agronomic images[J]. Computers and
Electronics in Agriculture, 2008, 60(1): 49-59.

FEE, KB, FRTE, S BT R R LA
UL oA e R EAS N D7 9 [0, Rk TR AR AR, 2013,
29(1): 41-47.

AR, KOFE, A, 5 T Census 4 W H
MRAEPIAT IR A T3], R0l TFE 24 4%, 2016, 32(11):
205-213.

MR, 254, 5kOCIR, 45, 2T H 3 Hough A8 4 2m
B AEL ) R S AE 0 AT SR U7 00 T 0], Ak T2 224k,
2019, 35(22): 314-322.

P IRIE. 215 RARHERL & BOEYAT IR0 5 B A2 R A
FL[D]. HHIL: VLR A2, 2020.

CHOI K H, HAN S K, HAN S H, et al. Morphology-
based guidance line extraction for an autonomous weed-


http://dx.doi.org/10.3969/j.issn.1003-188X.2006.10.006
http://dx.doi.org/10.1023/A:1015674004201
http://dx.doi.org/10.1006/bioe.2002.0109
http://dx.doi.org/10.3969/j.issn.1003-188X.2011.09.061
http://dx.doi.org/10.3969/j.issn.1672-3872.2020.11.043
http://dx.doi.org/10.3969/j.issn.1672-3872.2020.11.043
http://dx.doi.org/10.1016/j.compag.2007.06.003
http://dx.doi.org/10.1016/j.compag.2007.06.003
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.11.029
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.22.037
http://dx.doi.org/10.3969/j.issn.1003-188X.2006.10.006
http://dx.doi.org/10.1023/A:1015674004201
http://dx.doi.org/10.1006/bioe.2002.0109
http://dx.doi.org/10.3969/j.issn.1003-188X.2011.09.061
http://dx.doi.org/10.3969/j.issn.1672-3872.2020.11.043
http://dx.doi.org/10.3969/j.issn.1672-3872.2020.11.043
http://dx.doi.org/10.1016/j.compag.2007.06.003
http://dx.doi.org/10.1016/j.compag.2007.06.003
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.11.029
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.22.037

1

B, S B BERR LA AR SR S R 41

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

(34]

[35]

[36]

[37]

ing robot in paddy fields[J]. Computers and Electronics
in Agriculture, 2015, 113: 266-274.

W53, REB, [0 PH, A, T LA ) F IR 2K R 1 510
0l S B RIE ST D0 0 T AR Ak K2 A i (B R B IR,
2018, 44(3): 320-325.

A, A, KSR, AL OBE TR AR AAR R
Hough 722t (17 7K 78 Bk ¥ 47 A8 0 (9] Al LA 25 4k,
2020, 51(10): 18-25.

/NN K H BREAL G AL SRR 12 5 2 HER IO
IEWESL[D]. M S HE B K%, 2013,

PR, A, B, 4 BT 2 ARG LS KRR AT IR
5 ERER S AUEEFLT]. AL 4, 2022, 53(3): 18-
26.

HE J, ZANG Y, LUO X, et al. Visual detection of rice
rows based on Bayesian decision theory and robust re-
gression least squares method[J]. International Journal of
Agricultural and Biological Engineering, 2021, 14(1):
199-206.

ZHAO R M, HU L, LUO X W, et al. A novel approach
for describing and classifying the unevenness of the bot-
tom layer of paddy fields[J]. Computers and Electronics
in Agriculture, 2019, 162: 552-560.

HUL, LIN C X, LUO X W, et al. Design and experi-
ment on auto leveling control system of agricultural im-
plements[J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2015, 31(8): 15-20.

R BT LA L S B AL A PRI AR R 77 7
WEFED]. b5t A E AR K, 2017.

. 2 T B AL R B 2% SR ) 7 VA AT S [D]. 1<
AL R, 2020

i, EE . HA, EEALE BRI S 2%
FEEE[T]. 5, 2017(3): 164-170.

SABZI S, ABBASPOUR-GILANDEH Y, ARRIBAS J 1.
An automatic visible-range video weed detection, seg-
mentation and classification prototype in potato field[J].
Heliyon, 2020, 6(5): e3685.

WU Z, CHEN Y, ZHAO B, et al. Review of weed detec-
tion methods based on computer vision[J]. Sensors. 2021,
21(11): 3647. doi: 10.3390/s21113647.

ARROYO J, GUIJARRO M, PAJARES G. An instance-
based learning approach for thresholding in crop images
under different outdoor conditions[J]. Computers and
Electronics in Agriculture, 2016, 127: 669-679.

FAE, XL, W3, & E TR BRI 255
F[I]. AR S EIR, 2021, 17(17): 17-20.

FRZEZE RN, RERISR. FE T AL A SRR A D
FH 7] A B 0 0], 4 b ofolk R 2 2417, 2018, 37(2): 96-
102.

WA, RFF, HFL, 5 BT BUGA 2 Bk s
(¥ A B ARG WU 7 vk B R B [T]. 8 B R L (R 52, 2020,
2(4): 103-115.

EBR, M. TR G RS H EHRARHE 4 S FF )
LR AR 4 B[], Rk TAE 4K, 2016, 32(15):
165-174.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

TIWARI O, GOYAL V, KUMAR P, et al. An experi-
mental set up for utilizing convolutional neural network
in automated weed detection[C]//Proceedings of the 2019
4th International Conference on Internet of Things: Smart
Innovation and Usages (IoT-SIU). Ghaziabad, India:
IEEE, 2019: 1-6.

W, ©AR Y5, WM. M4 FPN 11 Faster R-CNN & J¢
T o A A B ROR TR [I] ARl DR AR AR,
2019, 35(20): 202-209.

DOS SANTOS FERREIRA A, MATTE FREITAS D,
GONCALVES DA SILVA G, et al. Weed detection in
soybean crops using ConvNets[J]. Computers and Elec-
tronics in Agriculture, 2017, 143: 314-324.

Trakss, R fE, BR, 4. 2T 2 0GE KB SVM
B 5 2K H TR) % R0 (7). R HLALHT 72, 2013, 35(8): 30-
34.

A, AL, MR, 2 B TR ST I AR BRI R
G[I]. BAESH, 2020, 19(7): 127-130.

KRIZHEVSKY A, SUTSKEVER I, HINTON G E. Im-
ageNet classification with deep convolutional neural net-
works[J]. Communications of the ACM, 2017, 60(6): 84-
90.

IMR, TN, SO, B FRE RS 2 R &
R 22 0 2 3 AE P 4 45 2% B ). ARk TR 73R,
2018, 34(11): 159-165.

IRHLEE, (T, AR, 5. BT REETMENHEE
IRIR B % BRI JT VA D] MR OR AR (L),
2021, 51(6): 2304-2312.

IR S THT A PR T R 2 v S 0 R0 45 0 i g 9
FED]. BB AL TR, 2020.

KPR X, Mk 37 5 T B R L P 2% 1) B A BT 5T [D]. 2
BT BRI, 2019.

WANG A C, ZHANG W, WEI X H. A review on weed
detection using ground-based machine vision and image
processing techniques[J]. Computers and Electronics in
Agriculture, 2019, 158: 226-240.

X, 75k, S, . 5T ZRERNG FRE B S M
2% 1) A8 T v ) R 0 0], ROl TR AR AR, 2018,
34(14): 165-172.

YU J, SHARPE S M, SCHUMANN A W, et al. Detec-
tion of broadleaf weeds growing in turfgrass with convo-
lutional neural networks[J]. Pest Management Science,
2019, 75(8): 2211-2218.

W AL s N B 2 P U AT S SRR ], HE
THARGEA T, 2019(17): 90-91.

TCHr. BRI N T A RER R R I]. AR
Hl, 2020(2): 10.

K, B, S X APLE AT R LRIR ). UK S5
I, 2009, 37(8): 242-247.

B, AN, BAE S, & KRR RBANELT 68
R RIE AR )], ARl TRE224R, 2005, 21(2): 83-85.
KB, BN, BOK DS, &R R LA N R G vt
505 R3], AWMU, 2011, 42(7): 196-199.

B IR, DY IKCAR LR N 3 F & Wi 12 50 4% il 5


http://dx.doi.org/10.1016/j.compag.2015.02.014
http://dx.doi.org/10.1016/j.compag.2015.02.014
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.10.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2022.03.002
http://dx.doi.org/10.25165/j.ijabe.20211401.5910
http://dx.doi.org/10.25165/j.ijabe.20211401.5910
http://dx.doi.org/10.1016/j.compag.2019.01.010
http://dx.doi.org/10.1016/j.compag.2019.01.010
http://dx.doi.org/10.1016/j.compag.2016.07.018
http://dx.doi.org/10.1016/j.compag.2016.07.018
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.15.023
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.20.025
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.13427/j.cnki.njyi.2013.08.020
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.11.020
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.1016/j.compag.2019.02.005
http://dx.doi.org/10.1016/j.compag.2019.02.005
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.14.021
http://dx.doi.org/10.1002/ps.5349
http://dx.doi.org/10.3969/j.issn.1001-3881.2009.08.079
http://dx.doi.org/10.3969/j.issn.1001-3881.2009.08.079
http://dx.doi.org/10.3321/j.issn:1002-6819.2005.02.018
http://dx.doi.org/10.1016/j.compag.2015.02.014
http://dx.doi.org/10.1016/j.compag.2015.02.014
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.10.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2022.03.002
http://dx.doi.org/10.25165/j.ijabe.20211401.5910
http://dx.doi.org/10.25165/j.ijabe.20211401.5910
http://dx.doi.org/10.1016/j.compag.2019.01.010
http://dx.doi.org/10.1016/j.compag.2019.01.010
http://dx.doi.org/10.1016/j.compag.2016.07.018
http://dx.doi.org/10.1016/j.compag.2016.07.018
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.15.023
http://dx.doi.org/10.11975/j.issn.1002-6819.2019.20.025
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.1016/j.compag.2017.10.027
http://dx.doi.org/10.13427/j.cnki.njyi.2013.08.020
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.11.020
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200733
http://dx.doi.org/10.1016/j.compag.2019.02.005
http://dx.doi.org/10.1016/j.compag.2019.02.005
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.14.021
http://dx.doi.org/10.1002/ps.5349
http://dx.doi.org/10.3969/j.issn.1001-3881.2009.08.079
http://dx.doi.org/10.3969/j.issn.1001-3881.2009.08.079
http://dx.doi.org/10.3321/j.issn:1002-6819.2005.02.018

42

Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

FED]. PRsE: bR R, 2018.

BAKKER T, VAN ASSELT K, BONTSEMA J, et al.
Autonomous navigation using a robot platform in a sugar
beet field[J]. Biosystems Engineering, 2011, 109(4): 357-
368.

T &, IME G, BRAE, & BT ARSI RS R H 4
TR BT G AR BT, WRHLS T, 2017(13):
1-3.

FH . KK B AT E 3 B = R R % [D).
PERR: VEBRAR LK, 2020.

N, WE KSR, EXEE, & RAIFGEE e s T &6
W], A HLIE AR, 2012, 43(4): 173-178.

FFAE, v E AL, 2R, S B OO R AL R
RG] Mol TFES4R, 2018, 3(4): 118-124.

AR %, BRETVL, Tk, RALHLE AR 3h~F & AT 58
RS #AI]. BTN, 2018, 49(18): 5.

FEIE, Rk, THL. DR BRENLEE AN ADAMS 5
MATLAB I & 17 B [J]. HUBORF: 5 50K, 2016, 35(3):
375-380.

FRIE. T REAFENLEOR (DU BRFEHL &5 A S5 44
TR D). EEH: B WIEE TR, 2015.

ik R 22, JEEE, BUKA, & R HOGERENL A AR ER 25
FIZHARAL[I]. Al TFE2E4R, 2020, 36(2): 7-15.
AMER G, MUDASSIR S M M, MALIK M A. Design
and operation of Wi-Fi agribot integrated integrated sys-
tem[C]// 2015 International Conference on Industrial In-
strumentation and Control. Piscataway: IEEE, 2015: 207-
212.

e, 20 E ARG BT S5 5T[D). fi e K
7R, 2017.

Ve NG . K B ke Uit 25 L it 5 R AL IR (D). 41
T TIR R, 2019.

TiEE, BT, RK, SRR AL AU BT Sk R
AEHT[I]. MU TT S i, 2016(8): 46-48.

GRAND C, BENAMAR F, PLUMET F. Motion kin-
ematics analysis of wheeled—legged rover over 3D sur-
face with posture adaptation[J]. Mechanism and Ma-
chine Theory, 2010, 45(3): 477-495.

TRk, BN, BRI, &5 ROWALES N RO Ak
JE[J]. P EREE: 5 B R, 2010, 40(S1): 71-87.

AR, BB, PO, B BT A RIBIZ SN HR EAL
i Bk B e B WE ) 5 K e 0], R Ol TRR A AR, 2012,
28(14): 10-16.

A, B0, 8, S FETHLEALE R TR LA R
FEMEWIR S € L7k Aol TR 4R, 2013,
29(10): 12-18.

SRR, PRIADS, Bttt &5, BT BeAH LI il i a2 =X
i B AU B 52 2R G 1 T[], W g MR IRY B AR 5 B
%, 2014, 14(4): 1-3.

AR, B0, IRER, 5. BT RIZBIZNM LR
IO 8 P 4 1R SR 0], Al TRE 2R, 2012, 28(23):
12-18.

[761 WA, B8, 5K NI, S Rk A Ak 2 LA 1) i £ R

TS VEWAT IR BRI I [7]. £k TR 444K, 2013, 29(14):

8-14.

FRI, XUy, B, & Al Al R A7 R ORAT TR BR R

Bt 55 (1] 75 ORI (L5 ), 2021,

51(4): 1518-1527.

BORTT, T, 5k 5 d, 25 37 Ui s 2 RERR IR HLIR R 2

BB WS IR [T]. LR 2 2R (AR FHERR), 2021,

42(5): 582-588.

[791 MIDTIBY H S, GISELSSON T M, JORGENSEN R N.
Estimating the plant stem emerging points (PSEPs) of

[77]

[78]

sugar beets at early growth stages[J]. Biosystems Engin-
eering, 2012, 111(1): 83-90.
[80] PEREZ-RUIZ M, SLAUGHTER D C, GLIEVER C J, et
al. Automatic GPS-based intra-row weed knife control
system for transplanted row crops[J]. Computers and
Electronics in Agriculture, 2012, 80: 41-49.
PEREZ-RUIZ M, SLAUGHTER D C, FATHALLAH F
A, et al. Co-robotic intra-row weed control system[J].
Biosystems Engineering, 2014, 126: 45-55.
TILLETT N D, HAGUE T, GRUNDY A C, et al. Mech-
anical within-row weed control for transplanted crops us-

(81]

(82]

ing computer vision[J]. Biosystems Engineering, 2008,
99(2): 171-178.

[83] DEDOUSIS A. An investigation into the design of preci-
sion weeding mechanisms for inter or intra-row weed
control[D]. Cranfield, Bedford-shire: Cranfield Uni-
versity, 2007.

[84] JEON HY, TIAN L F. Direct application end effector for
a precise weed control robot[J]. Biosystems Engineering,
2009, 104(4): 458-464.

[85] FBHK, MR B5, Besrot, 45, BRECHLEE NS 38 sk
i 5 PRI ]. AL TRE4R, 2009, 25(4): 108-112.

¥ oMk, B, 1984 54, 1%
+, EFHRERFFSHE, “T
WA BRESALITRALD 5
A, NEBEERZLHKAKR KA
FE. PEMBAER “HFFEAT I

\ (N 57 LA, RALAS AR AR
GEUECVRPI RO LR 5 R VI S -
RMEEZEF ARG KBERRFR, OFELAR
HRBEBAR . RO EFEHKGHE ARG
FMBAXRBEAKE, K5 kA SCIUELI #1F) & &
w38 F, PIEHRAMEA 42 :, Bint H ik
HEEAL S Mo 2020 F 3k F B R bk F & F F A
HE,

[R1E4iE

B&e, Fuir]


http://dx.doi.org/10.1016/j.biosystemseng.2011.05.001
http://dx.doi.org/10.3969/j.issn.1674-957X.2017.13.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.04.032
http://dx.doi.org/10.3969/j.issn.1672-3872.2018.18.004
http://dx.doi.org/10.13433/j.cnki.1003-8728.2016.0309
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.02.002
http://dx.doi.org/10.3969/j.issn.1001-3997.2016.08.013
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.biosystemseng.2014.07.009
http://dx.doi.org/10.1016/j.biosystemseng.2007.09.026
http://dx.doi.org/10.1016/j.biosystemseng.2009.09.005
http://dx.doi.org/10.1016/j.biosystemseng.2011.05.001
http://dx.doi.org/10.3969/j.issn.1674-957X.2017.13.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.04.032
http://dx.doi.org/10.3969/j.issn.1672-3872.2018.18.004
http://dx.doi.org/10.13433/j.cnki.1003-8728.2016.0309
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.02.002
http://dx.doi.org/10.3969/j.issn.1001-3997.2016.08.013
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.biosystemseng.2014.07.009
http://dx.doi.org/10.1016/j.biosystemseng.2007.09.026
http://dx.doi.org/10.1016/j.biosystemseng.2009.09.005
http://dx.doi.org/10.1016/j.biosystemseng.2011.05.001
http://dx.doi.org/10.3969/j.issn.1674-957X.2017.13.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.04.032
http://dx.doi.org/10.3969/j.issn.1672-3872.2018.18.004
http://dx.doi.org/10.13433/j.cnki.1003-8728.2016.0309
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.02.002
http://dx.doi.org/10.3969/j.issn.1001-3997.2016.08.013
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.biosystemseng.2011.05.001
http://dx.doi.org/10.3969/j.issn.1674-957X.2017.13.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.04.032
http://dx.doi.org/10.3969/j.issn.1672-3872.2018.18.004
http://dx.doi.org/10.13433/j.cnki.1003-8728.2016.0309
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.02.002
http://dx.doi.org/10.3969/j.issn.1001-3997.2016.08.013
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.1016/j.mechmachtheory.2009.10.007
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.biosystemseng.2014.07.009
http://dx.doi.org/10.1016/j.biosystemseng.2007.09.026
http://dx.doi.org/10.1016/j.biosystemseng.2009.09.005
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.13229/j.cnki.jdxbgxb20200264
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.biosystemseng.2011.10.011
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.compag.2011.10.006
http://dx.doi.org/10.1016/j.biosystemseng.2014.07.009
http://dx.doi.org/10.1016/j.biosystemseng.2007.09.026
http://dx.doi.org/10.1016/j.biosystemseng.2009.09.005

	1 智能感知技术
	1.1 作物行识别技术
	1.1.1 旱地作物行识别
	1.1.2 水田作物行识别

	1.2 杂草识别技术
	1.2.1 传统图像处理技术
	1.2.2 深度学习


	2 除草机器人平台
	2.1 轮式除草机器人平台
	2.2 履带式除草机器人平台
	2.3 足式除草机器人平台
	2.4 复合式除草机器人平台

	3 机械除草装置
	3.1 牵引式除草装置
	3.2 智能除草装置

	4 展望
	参考文献

