202149 J &k MLk 2= i 52 % 9 W

doi:10.6041/j. issn. 1000-1298.2021.09. 001

A Ml AL S i B 12 A R B 3 AR

B R’ ki
(ALK 2% T2 1% 210031)

FE . AR AL B 3 S0 0 SRR ARk )T v TR B i B 3 SR AR R
AR ST 43 53N 4 R 6 A58 A0 K R Ry IS S A LR W A A B T IR 3 AT T AR M LA T AT B AR R I g IR R R . &R %
TR AR T A i AR R R A R B B AR R O A AN SRS T AE RS HEAE M AR M B i N A B B
P A5 T T PR T R RN LR N o R S B A R T A SR T o R IR AR K] R R S B R AR LR, T Al A A A
B2 5 Z VR 2 7 S P Jep S g A RO A 5T %) o R SR I SR I M RO B R R R ek . IR R AR
T R I B A BT 5% Ty - B30 B R A v Al B R R0 s A e = s 5 PR BT A5 R B R T B 0 5 1 S Bl AR R
Rk fg 5 B AR LR 5 R LR PEAE S5 G
KEWR: R H; B LRk i
HESES: S-1; 24 XHERARIRAD: A XEHS: 1000-1298(2021)09-0001-14 0SID . B3ty

Research Progress on Navigation Path Planning of Agricultural Machinery

ZHOU Jun HE Yongqiang
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; Navigation path planning of agricultural machinery is the key technology in automatic
navigation, which has been widely used in the process of plowing, planting, managing and harvesting
automatic navigation in recent years. A review of the current situation and research progress in
agricultural machinery navigation path planning was presented, focusing on the global path planning and
local path planning, respectively. Global path planning focused on full coverage path planning and global
point-to-point path planning, and the research results and specific applications in precision operation,
agricultural transportation and agricultural machinery cross plot scheduling were summarized. Local path
planning focused on obstacle avoidance path planning and local tracking path planning. Due to the
complexity and spatiotemporal variability of agricultural operation environment, the focus of local path
planning research was real-time, high efficiency, robustness and security of the algorithm. Finally, it is
pointed that the future research focus of navigation path planning technology: standardizing and sharing of
the data resource; improving of the environmental information perception and analysis; enhancing of the
real-time dynamic planning; incorporating of the agricultural machinery characteristics.

Key words: agriculture machinery; navigation; path planning; review

FH AR LR T BB TE T 85 NFEE
ARG B F AR ZR o B ol A 7 BE AL 1
20 fit 22 80 AFAUH I LUK (LI A SRR L AR AR R, (R BG4kt 2 A2 7 BN BT B2
i 1%‘5'27!%[1*”ﬁ%%’*%ﬂﬁﬂi%?ﬁi&ﬂ%ﬁﬁﬂiﬂﬁﬁiﬂ 55 Bl FIFF Sk 1 AR A A 77 T e B, BB BE AL 12
P2 GNSS HORFEAO Gk A HE ) A, JERHE B Yot B S BOR BOR 25 A A B 7 A

51

il

erTfMti%ﬂkifzﬂﬁrﬂ* REAL 5 BAL BEA Sy BACAR L AR 7 R BB AL B AR, IF AT 2R ) — R 1 1

KA gy et & T R H A Rk E FRER KRR,

W e H 9. 2021 =06 —20 &8l H 3] . 2021 —07 — 02
EE£WB: LHAMARIEESH A REHE) T H (NJ2020 - 61 NJ2019 —29)
EE/N: AR O974—) B 8z WA B I0, FEN RO 2 28 fe L B AR Rl AL g8 AWFSE , E-mail: zhoujun@ njau. edu. cn



2 £~k

IR

2021 4

AN HUBK A Bl 3 B AR B BEA M e A S i 1
RZ—, EEAHAR M PREE AR L5 B 7
UL S A R3S 0 ) 4 o RGeS S A R O
SEPRAR B S A0 R B A o) A R Al e R LAAE A
Can AR BB Ak i [R] BEFE 25 ) S AR H b, 1
PO DX 3k 9 g [ 3l A 8 1 — A Bt 14 T R AR
A BEAR 5 PR A S U0 AR AL AT L A AR L B
BB R 2 B iR R R TR AL 1R K
RO AR AU T A R R ARl S i sk
R — T B A SR Ak SRR A B 2 2 AR i AR
WEAMET A AR AUR HER) T 105 &, 18
A B TR e AR ML L B i EL, 45 A AR 2R A
AU BE A8 A T T A2 ) 2 R TR Al A 7
77 SbR AL A LIS AL, £ 2 0 AR A o R0 ™

A DA 4 JRy 6 A KL 0 Sy S A R R A A
X R P9 7S AL B A R 3 B R B 3 3 T, 255 AR AL
AT L S A RS T 9 O R, A S A R £
AR I L, L D Al LA BE 1k e e i
2%,

1 £FRBREMANFARER

4 J5) B A L 2 AE A X SR B 1 L R T R
BT T 2 E BB R ok
B SELHE A Al X I8 R 4 B i TR R
WV 7 5 R 5], 4 Ja) 1 72 B K 7T 43 oy 4 )
5 A LT T S a5 ) A A R R R R B R
DL S R T BEARAE L A S LR B A, oK 38
1t (9 V8 b B 42
1.1 2BBEEBRERL
L1 1 A DU e 4 7 2 B A 10 K

LT i1 5 M e 4 B 5 %R ML RS A G R O
W DFE T RS TR 07 v, R EAT T Hubh 4
(— MR B — 00 ) 1 32 o £ 42 1R M T o 4% ()
TR TR 2 4% BRI K A T B AR R e,
R S R AR MV 0 26 5 G 3 1 b Sk B 4 SR, I
T U T S I e A R o 0 O A R S
A B, {H b S 2 25 b 75 R P A% TR AT B S A ) Bk
N T BEEES . Q3R R 36 A b 2 1, TS 00 4 b
L) 4 ASTo0 5 A b, 422 B8 VR b J7 =00 il Sk 7% 2
7 AT G0 B AR AT A, PR A M A
I3 I A B 1) 5 A R AR I v R
FIXF A 2% H A A T R A L o2 8 1l 7
g N LT, 8 1 0 A 25 %A% B0 R 5% w1 1
R

S [ ) U A7 K 2 RYERSON 28110 1o e 4
WAL, )P 382 40 v R0 8 36 T AR K L B

Motk 5t

Bre:

st ([ S (S [OO
EIE) PN N R Y] ERHE adal AT e
FwivEk MBHEE WDk RNk S

(a) R BRI R

W W W
il
14
Lz s Z e

(b)AchLEE T Ik
GRS F ¥ 2 R
Fig.1 Full coverage path planning strategy
JiE B S A A . H A NAGASAKA %1 i 5
7235 RTK — GPS I 546 % 1 Be 4 AN TH &5 A6 b5, 1
WRAT ¥ HE 4T TE N 25 B4 B PL AR Al B AR R,
BOCHTIS %" £5 4 % & AR K LTI IR AR i
Fi MR /NG A PR AE I R 5 A s R
() 4 7 55 A2, AR AR L BE 25 v] ik 2 50% . CONESA-
MUNOZ 4 SR T — iR & B8 T T &
KA SO B IF Rl A BLGR K RR T £
Vb 440 4 7 55 B AR R, VR M B an A 2 0 kA R
B, TSI 9 4 4 JRy A M B 2k b FG A R A o8 e
1% .
P, 8 346 M RTK — DGPS SR 4 b bk
I TG 15, A1 i, B4 40 M AT 5 R B 85 0t e R bR 4
SR £, 3R 5 47 Sk 5 1) 10 7 X4 AT 1R
(B2) o BER R4 5 5k 0l 4k 60 JE T e T A
BRALRI AT Al 2R, 4R 40 468 1 BL 5% 1) 2 78 /D ik
PR AT 18] Rk 7 2, R AR b 4 0 A b A R
VRV B4 o P - 25170 SR S 90T 8 % 5 vt 3 A ol IX
3435 D

ol o B

3L
3425 PR T2

3420 ¢
3415
g
i
3400+
3395}
3390+

3385 . B] 1 . . . . )
4650 4660 4670 4680 4690 4700 4710 4720 4730

ZR[6]/m

P2 0N e 4 e AR B R
Fig.2 Full coverage path planning of regular field



%9 1)

AR 2 AR AU 0 B AR LI BF 5 0E J 3

SR TS5 AR, TR R B AR AE A, A A A i ) X
S R AR, RS R — R L
SN AR TR T AR B S B > FEfE
e/ R 4% 05 S 5 B AR TSR BIE L Oy 1),
AR B b B A o 4T LB 4 S RE AR R
1E 77 A A 32 4 8 37 S AR ol X3 A A% e T
K-35 (1 R0 J3E T 3R b s o0, AR 01 472 1 JELAIR AN
Ry TS 25 W AT M ML B R R oA g
 La TR 5 Rl 0% 05 35 20 B AT T 48 R
RBEAT AR W B A e e o 28 4k 52 45 ) I A%
¥ 30 43 T A HLIE G 1 b X0, MR R 4 7 25 A BR 4R .
7R ¢ s 2 S I 1 v N Ol 0 A i SID A £
43 591 % G B A A ) A b DX 3k | TG B AN B DU A A
DX S5 R s A1 L X 3 5 B 4 2 S A BT

[ A1 24t 7R L2 B I B AR AR LA
HEH TSR SR I RE R R ML A Bh B
fit R G532 B R i (K 3a.3b) , HAF 45 1S0O 11783
s v, R T A B RCH 3L 0 W s ROR A 3 1 T 4
LML FEFHL A DL RS ML A 31 %
WUAEME o B YA ML A b An 3= 5 e E R IR A
C/NES A RSy B NN EERG 3 M P S 1 e g
F ., Trimble 4§ 7~ W] #& it () 3¢ B I /8 28 b 7 5
(Kl 3¢.3d),

(c) AIFE A
K3 AR ML B 4 s AL

Fig.3 Agricultural machinery intelligent terminal

(d) Il

typical products

FI i FE A AL A 3h T TR 5858 B i R A o B
FEAEDIRE P KO 4 0 3E £E PRSI AR E AR AT
T R A v S5 [ AL, X ) O P o 45 A AL
Al AR 4R THE BEA L A it 19 [] B, oK S W 122 i 4
i AR EAL , (2 HER AL BEL S /e A [ A2 AN )
i WA ML 22 [ 1Y) B 48 07 T 2E T A B T R SR Xk A
BURCHE T s 5 B BT R DR S

Zf b IR, AR 5 e 4 B o A LA
AR C B (E A7 75 7] — 3 P o 200 5040 )
FHABAR A 1] 3L, TR 0h e 7S A ) B 30 5467 8
SR 1 e 3 = 6 B BEAR LI A IR

TR AT R R — AN T I
112 R 50 55 h He 4 8 5 ik 2 0 a1

TE AN B 3 Bt e 4 T 36 B AR ML R 5 A b
2B b B B BR 22 A 4% 5 Ak BRI BT 43 Sl R AT IS
P ML), T LT 320 5 25 o B 1) R ) ek B L
B XA % A2 B i R 0 . 35§ FREITAS
R — R LKH 53k, R 0R T A KL AT LA 7
TR Hb He 31T 4 B 26 M 12 LR, A 807 o5 T B
T 1.54% AENBCRIERE T 9.54% . HAJLEIE K
2 RAHMAN %825 7 8 /N 2 e A3 ML i) A6l 45
2 R RS TN T b B i AR R
ik RTK — GPS il IMU £ 3 25 K5 6 ] 4k b B 31 57
A0 TR A VR R AR R B AR . TR
f TUAN 3 5 520 v 4 7R A 000 B 42 ol 1K 38 1 30 4
T E N E SN R =l = W R =Y &Y e o
55 IR AR HLRIATE 45 . OKSANEN 45 2% 36 8 100 21 S
M B 43351 Sk 22 A4 17 B B 43 Sl 2R AT 4 7 o B A LR
(F 4) ., BOCHTIS 45" DL bd #F Hu L 25 A\ i 1 7
5 T AR A AR, 6 S Bl 47 14 A0 AT 8] HE AT B A 4
], 5 1 Bl 5 i A L ST B HE B U D T2, 2% ~
6.4% ., HAMEED % $i th — Fh = 4 % 42 #0 % 35
W, A B 2 A B TR S A T 1), A S
TEZaREEm,

B4 SBT3 K AR ML R Y

Fig.4 Full coverage path planning of irregular field
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