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Research progress on trajectory planning of agroforestry robots

ZHOU Kanggian'®>, JIANG Shuhai'*>, LI Cun"’
(1. College of Mechanical and Electronic Engineering, Nanjing Foresiry University, Nanjing 210037, China; 2. Institute of Intelligent Control and
Robotics, Nanjing Forestry University, Nanjing 210037, China)

Abstract:  Agroforestry robots are widely applied in the field of agricultural and forestry modernization due to their
good flexibility and environmental adaptability. Trajectory planning is crucial for agroforestry robots to complete the tasks. This
paper introduced basic trajectory planning and optimal trajectory planning. Aiming at the application of trajectory planning in
agroforestry robots, this paper discussed in detail from the aspects of picking robots, transplanting robots, spraying robots and
agroforestry monitoring robots. The problems existing in the research of trajectory planning of agricultural and forestry robots
were pointed out, and the future development trend of trajectory planning of agricultural and forestry robots was prospected.
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Table 1 Characteristics of trajectory planning in Cartesian space and joint space
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Table 2 Comparison of basic trajectory planning characteristics
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Fig.1 Classification of optimal trajectory planning
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Fig.2 Common agroforestry robots

AR S TTA A - 25 0K Bsf 1] 43 591 He BIA
5 13.33% 21. 49% F1 23. 96% , V- 15 K 4 FE 25 3 5
Ft BIA %5 0.0. 66% 1 0. 67% ,1% 77 1% A] LA 52 BLAE A
55 2 TH 5 B SR A7 A A I PR A R S A 7 6 1 R A7
BRAR AT S5 S A K] A s ] g R B LA R SR A7
MAERCRART AT,

25 R R DA AL N 32 PR B R il 7], DA
FAN HLas A XTIz 2 2 55000 B ] 2 5K e i [ i, F
FITREMIT, T %Y R AR ZI
M) e X 25 SR SR AR AT LA 7 61 23 (R A T
PRI, IR S A IR B3 X LR 32 B Ll
HEATOLAR , SRS ) 5 A E B o R e AR B
AR IS 5 AN R B A5 0T B, etk i) R BB
B B A RS P R SO, B i S P, U
TR FE WA 27 B T s s Rk X AR
FER RAB MU 121 T AR 14 ) T, 22 92 2 0 fifi 1)
5-5-5 Z 3 AR B2 X MUBRUE JEA T B R, ok
FH SR o Hoz sh LB e AT 4k, S AL
U= B N A BT R G R R [ v = R 1A
FRER RN L, & % 7 vE A I AT A6 R R A
HUMERE 32173 A vp (9 4R 2 A oo 50N | 32 3h 0
L,

N SIS RS R A, A RS ST it
[i] 55 230 B A v I 36 SR 2 ML N R AT 203 A1
R, A IE TR AR M b FREO AL S, T4k
RN 22 SRR e 5 (0 A ) (B] B S 8, S5 SRR,
T L RS 4 R A A5 v A e ) ORAFIE Y
3R R ROR

R RCE A ALK LA NS AT A i
ey B Sh LRI R8T, Zhang 262 42 1T —Fh et Y
WO (ACA ), R BRI 21 46 R 4% 45 10 = 4 1%
o DA S st 1) R J I 8 4 Sl B AR R R 1) A H

b, SR BUS AR A T AL, 48 AR B A i
AR A], f5 BLE5 R SEG WA R AL,
MR Y ACA BRI B B8 AR B BEAR A T 74. 32%,
FAEUH B 4650 T 0. 957 s, #2801 BUR i 2RLL 46 R4
BLES AR A%

o F AU T MR ZS A8 1 R B 1 A AR e itk R 2R
T EOHUBE T 7 B R A7k B AR B B ) B A% K | g
R b 2 RS [ L S EAS R AN
AR A a0 SR FH AR SCBCHE P i8R 30155 — WL (NS-
GA-T) F A ffg pe 2 B bR fb £ SR M) 8, JEF NS-
GA-TIHEE A | SR FH = IR FE A5 5805 BT K DL 2 ity
LB A7 MR AR 25 FE I AE 0.006 m DL, B 07 &
(I ITARIR 22 /N T 3%, L4 25 BRI A] | REFE N uf
di 3R, el & 7 ZRe IS MR AL TP
T R B R A B A B 805 4 e T ] i = R A

SKABHLAS AR R AT L L A SAT LA
IS S , PR ERAR S 1 , P AL SR A R B N RR
W RE T FE R I, 255 5 IR IR A AE KDL
BLER N H BRRPE  SEEE R0 A R4
2.2 BRI/ APITHX]

FERRMLER N T4 H 55 el 2237 b e i oA A
b, FEAT R Y S H A SR S R R R T R A
VeV, B2 AR Il A A

2008 4, £ 5% A [ i 2 A PTBOR B 1) T AR 3
T2, Yang %5 SR F OG5 45 7] F0R 22 0020 R R IR
A RS [B] ELER TR L R 2 R R R A R L At
FHEAE LRI, XL A 2 sl 4T T 05 &, 5 B
SERFH LA AL h 2o i L iz s P AR, 5K
Broil i 2 SR B, HLae A AR T D44 BBl ALK iz
7, FE M/ T 0.5 mm, HLEE AT LAEE S50
P /ME PR, SRS S 1



1762 H K&k 2% W]

2024 4 5 40 & 9 1

2013 4%, Ma 25 B 7 LA [ R B IR
RN, LS MU TR R i BT 5 119 8 i 4
BB R AR ML AR A, AR SR (0 R i RN 5 2
FEVIRE B S A2 4 T T O RT3 AR
AR, BEF AR 2 I A (R R R LA AT T8
TSR | MR 3 R AR A% iz 5l R AR B R | 7RI 1)
FEDLE AT B AR5, B AR B i F 0T 36 92.71%, 1
min A A 60 BRLA I, 7EBLEERE LA TSRS
TR A SRR B RIRR , 2014 4F Hu 2550 $2H T
— P e R LR A TEREAE AR, DU IR 28 A T AR 23 6] (Y )
WA TERE . [RIRE R R 230 2 (B X B AR L
FENMUBE T AT 8 BRI, B T 7T LATE — 2 0
FeEEAE T RS A R AR . LA 128 FLFE#ERS
AR E 50 FLITEL R, F5e K TAE S 18] B RS A% & 301 0
1. 08 s, ML T B AR AR T AT K 1 min 55 ¥k, B0F
T R B A B T R AR T R 2017
4E  Hu %577 2R Delta JFBEHLI AL &S SIHLIEF %
T B R P A R DL AR RO R AL AR A
B8l oK, R AR 2 WA (6 2 6HE 5 F & HE T
Bl LR, WY 2 SR R RS AR R T R A
95. 5% ,HRAE R NI 8348 92. 0% , UEWT TR
K AR AN Delta SE-A7HLUF HEFT 80305 B0 R 1)
SRR A B

2016 4, Quan 28 48 T —Fh R F 4 3 s
BLER NIEAT 25 25 18] B vl 45452 1 ik, R = ke
AT RS MU T 56 777 28 18 14 B A% pR 500k 2, B3
T T AR R AR 00 0 S A B R R LA, 4 A
YT A,

2023 4F, Wang %5 LUK HLEE A (TPR) 43
MIXt %, HE T B AR R RBE A AR AR &R T TPR 1Y
R SR, AR FH 2 SR W 2R 47 0 0 4 ek U 4
ML, BUEBIZE R R TPR Fl 5 BUbHE
F14) i 22 W 28 i )~

FEARAIL R A1 300 K3 T LIRS o 2 7 Ry 1 o
FEAVE B, RS S A 0 AL B A2, 4 e AR AL SR, il
IV ELSE, R 1
2.3 MEZHLE NPT MK

g 25 AL g A2 A A R LAY E Bh ki A
Mt 2 AL g A B R A 6 A0 S B Ak RS o
MW A 25 3 H A Ak F9 5 , DAGR B AR VR o 32
hERE,

LT VG Sl DX A AL %) 2 HE R B /N T

LA o5, Ma 25090 5 R O FH /N A D A AR DL 28 A
SEERAR 25 T AR, BF5T T P8 38 T 5 3 XA PR AL A%
N AP AR 7, AR A AR VR Y AP 1 A B
A ENLES N3z 3 4%, )P ORE B vk o it fee A
WP KA, TR AL s ALas N0 TAERKAS

Nl e AR AR R E H RN SO 8 S )
FOT | T T B 25O R M — o A e A ) R A P
AR ML N B A, D FR I 5 R B, Y
R AT LAAE AN [R) (14) PR iR 760 8 2% 1) e o 11 ot
W B AR |, 4 JE s 2588 S AL as A B9 AE ML B Ia]

Sk ZZ AL AR R Y 1) B8, Lal 251 B
5% 1 H sl Az B e B Ll iy [n) @, $2 i T T2
JIRATHERS 53 A R 1B] S A L A RN T SRS ) 40
AL SR ORI A 1, DA 1 200 DU e 3 AL 2 A 1o
A P R AR i) B R R E F  [X I % 3, S — Py
ARG T IR 5 RO R T A e,
RO ORI R BRI e RN 7R
G S AR AR 2 T R T B A LA

RSB AE A 2 B R R A RS B Y
25 RIS Becee S50 HE Y T AT 4E B4 5% 1] UK A
#5 Theta BIE A G, BT B A 1) 2 T3 TE AL
RGN, B ARS8 0 ML A % el e AR 1
PP A B RSCAS R ]

= T U N S e oo 1 B 4
2R ,2022 4F, Liu 26§ H T — Fh et il 0 i s
PREREHUM AL (RRT ™) B R, R T =
UHESSIS] B R 2% il 4 ) S el et 25 ML 2 A 345 B0 3
ek, DUtk st 2 v 32 2% SR mE 55 AL A% A A Al 45 A
TR, 45 R FEM], 2 =W ifENA) B B4
PRI BT A5 260 320 35 JE W% 35 LA A A AT P A4 I i
TRIREE N AR K M 3R 29 0 AR AT D S B 08 4 Ak
TAEREST N AT AW LA AR Bl &,
HE— 2 i e SR Bl w5 S5 AL A AE 32 Bl R P A R
SRR, 2023 AF PRER AR B L T i/ N A e 4R
L2 ARG, R = KARSS) B BRI X Wi
WLES A B932 S AT AR, B 08N T 060 R
S 4 R AR Ak

R TR S 1 B st 2 ML s A Al B 777 2L
RAK B BT RN 22 P A5 (Al o MANE 2000 1
H TR e AT R IR G ZhAS T DL (DWA) ,
A IS 25 HLAR A\ ekt A2 1 28 B i 4, 1l ik —
UK B REA I XHEZG Mg A EAT AR, B



JEIHERE 4 AR LS AU IR AT T i 1763

W, P EAS SRR RS PSR R Y A T
S 24, AT DA KR I 2 LA TR R A AL S S
K

Wt 2 HL AR A B B A 2 3 5 A BB VA B B
24 RO S 0 WP L, D i R b 7 5 A
VEY) , F8 /0 5 A 0 A7 Bh T4 A e
RR KGUERE WD X N T AR
2.4 MRl B MIHLEE N BT F K

AR W AL 30 R ) A S v sk L 4
TR M A 0 4 T B8 DX A 0 A9 A bR 20 £ R 1A
8 B R B, FE R TR RN B

FrAf 2% ST ST MG 5 1 T AR A TR AR I
SR FH OB 0 BRI B2 A A T R e A2
BRI, 27 75 AT LASE B ER N A St B HL R, 14
PLER AR IZ Bt a], AL N B R A okt s 1)
fi, JLIHIE G 256 PN 4 R MO AT BE AR R

ST B 2 TC ML AT SRR
FEAE S A R 3 L R S BT, R T ALK
Fr7E 35 B4 B AR K AL, Pradeep 251 32 H L3
IX 7 5 e KAk R 2 fe /M Ry 2 AN S7 i RE dE
B, AT B el . SR FHUE T 2 5K A [
SE I E) AR e s il ), o 1 76 [ R AT
() Ve FiE 2 YRR I B 1K, TE AMLAZ ZELA 12,089 m/s
R FE R AT, Munoz 251 38 g W KBRS VE 40 A
FTC AR S5 5 A2 BRI R 384 i gk ) 2k ek
B D A 0 W AT 45 R A JE PR b TR EE

R T FRPEAE R RS TC 2 AL SR 45 (WSN) Hi R
FHZ2 BT ML T 8508 R SR st Fa 3t 75 i A PR A
2 2P R) A, Betalo 261700 3 3 e 43 3 3R 1 A5 FREL
R T MR CATELE , 32 1 T 6 AHL-WSN &
GreRReRER/ MBI, R F S L B (GA) B
WSN A3 42 BN RN ST R A B, it
T2 ACH 5 Ak 2% ] (MADRL) By 7 4248 17 5
IR AT P M A AL J T A 2 B A, SR TE AL
V6 S8 Ll A i /D i BE TR AN WAL AR BB

BT X A5 BE 0K 5 T 2 o I RCR AR, DL S 5 256t
K A R A A5 1] B | Mesquita 257 B2 HY T — A
FFR TR (PSO) YRR 2T AHLEK 12 LK)
AL A R AL 5k B RS B ALY
AT B A CAT R[], T 3R A A AR R ) A B
SRR 22 S A, ST ) 3 T E ALK

H1 P 2 2% | B AR ) Ak 2 LU S AR 3R B 152
i), AL 580 i A X AR TT RE 23 38 1) /AT R AR E S A
Jry R AL 45 ) 8, Peng AP — R TR A
AR KB (GA-SA) HLRIAR FH T AHL=4E &
AR T W R M RAOR , Wk,
GA-SA FUllR TAESE SA #6715 S RACE B -
05 T ) Jey R | REASAE = ZE RS LR H B fedlt
() CATHEAE , GA-SA IS vk /b, 458 T I
DB I B, B 0L FH A4 FH TE AL A 8RS S 30 R
%,

h T AEHLES A REAE /RS 3l B kK B IF , Pana-
hi S BT — Rl G LR AL AR RN S o R 4
(R FRAMR TR AN FD AL, FE42 ) —FhHLE A %
P ML , 454 B0 A 4 2 A B A 11 B B 7 T fof A
B Q2421 (FQL) LIt L , v 7 foe 4 fr) Bisf [ P 2
SRR KK X e 2 . SR80 Q 2= 2L,
AT FQL AY 3R & I, 3 Ak Ay Bz R
o

Xof A MR W AL 28 A T R AT LS BAL
N2 Bl B o A FH EOMR DX 4 4 T A DM e
T HESE s A2 ) SR AR SR LA b
SR, 5 s A MR ) % BB AR KT, 4k B s G v
(OEEI TSRS N
2.5 EAREKHLEE AT K]

BR T ORAM B AR I 24 R I 25 40K, A ARl AL
BB LRI A )32 0 T HA AU, bk
TR Aol 2 e

R T AR AR /N RS S E], AT A e, 4
JERRER , Yao 2517 SR H 3-5-3 1 22 151 347 (i R 5L
X ICA LS N EA T2 shBal LR 2 Bk A 28R
WERY B TEHLZS AR IR AR LT SRR, R T ALY
NGRS A T 7 14 NE s bt i) B /N, 357 T — A~
A e 24 TR /N i TR I A AR, R 2 17
SR REL AL (QPSO) Bk b AT A Ak ok A, 15 3 Bt
M E i NN [ PR i N ST T = VA LU K5 B3
K, 362 QPSO B ik 5 2 i e Al 25 R 5 42 Fk
TREOU AL A3 15 Bk A9 20 W e AL R E AT T L,
QPSO F 5B T i a] F5e I AV ¥ A B, B X A
W EHLER A, Zhou 2517 4 T — Fh R i % s
BhF LIRS0 12 20 o] R it e L as s ik,
N TR R LB Bt T —Fh e T ) i 2 i
2R A TS 3 S T S LK) R AR LRI B, 4 R R



1764 H K&k 2% W]

2024 4 5 40 & 9 1

W, 205 Ui Re s A A R g e m L AR

EFXFARAER AR B ALIE I RRT 553 1530 1t [
A TR] L, Ay s 25 7O AR At N T 34837 JELAEL 1) Sl
PR A A-RRT Bk T AR R, I H R
B FEAR I WA E 32 sh Pl 17T 4k, 52 R R
s/ M HUME SCT5 A BE AR5 2L i 3 P AR

R4 R AR FLAS NHE I 3 A0 v B AR 9 0
7 g SCHIC () B 6] , Chien 26177 2 HY —F 3L T
SRR AATE Y B AR IR i | e 7E Bk AR
S PR AR Z A (A A S SR HAR S B AR
TR B SRR B AR, %07 T DA AR T A
BE B IR RO HLER A 1) o AR e
P LR BRI TRk 3l

Feng 2578 H T —Fh L TS Sk | ORFBL0A
F=UR B RE ST 55005 10 R ML AL 25 N I 428 R K
B ZITESAT 3 MRS RS T
ERAR AN A R G N 2R AR T AR IR %
FLB TR AT/, 5 AR AE E , S5/ N ]
THFEIN 38% , Fe KINFAITH FEW D 54% , Bk #kqT
TV AT B AR 5 B WD BRAI T AL AATAE
(A BE BT AE , P20 T &k

SRR AL N T AR, Gao 25 FF & T —Fh
T RAEBRA BRSPS, R & B 1
W ISR I LA (5 775 W ARG R RA {4 e 5 7
FUAT B 2 FhAAE T R4 TR A Ml o o v A 2
FFRLR 120735 T AR UE G I BREFAS BE . TRl 3%
TR T AR SR e 1Y a2 ), I AN & 32 3 v
i IR BIA AR SR A5

BT AR AR 22 TAERCRAR A ) B, T A 2
K HH 3-5-3 43 B 22 300 A (B0 42 S B0 4R A7 R
I HR SR B B A B 38 17 B[], ik
J A WSO B R 4% DG ) R A e iy
LA THAL, BITH R0 T 13%, #2587 T AR

XA AT RN N B AR OR A5
IR, W 25 B T — Rl il A SO 5L (ACA) I
B REOLILIR I (PSO) S ARRLRIAL . H e R
RRAR KB i — 20 P A 4 Jmy s A2 B R, 4R 0
PSO 7£ T4k e M i 42 0 T 1 4 SR & BE 1 Al ACA
TR 7 T 9 R R R A, AR AL T a8 AFER L
Wiz ohiigts, SRR ZHEHE T 2R
AR RS 0 P R ] 400 T TR S A R 1 B

], B 1AL ae N RERERE T , Rl B s 1 Aol A5 S
P IR INCOL (A% &

BEXTA A iz Hlas AR sh B 5 TAER
TE AR 7 LR S5 ) B, Guo 251 1 T —
BEXHIT i B MR L s AP ] AR 4 R e e e
BB Tk %07 1L BE R AR AT AL & A B I 1] f £
Bk, D7 ELAURFEW], BT 5 L RS ML AT
77 s i e P ARAT V- LI ) B L 412 S

AMAL AL NI MR Y 3 255 B R A LA
PN DR AR I 27 R U S R U INE RSy d R TR i A
PABAE MR SR B ARk, 5 R AL L e NARAT
TR AOAT 55 AR A, LU ML) 75 2RI BT 55
SRR 4 s AT BT, S B e A R T A £
28

3 4iitHEE

S ZAE AR, AR E AN AL LR A
PUBHLRITTE RN B 28 B, BRI e
AR B AN BETT & BB Bh s A AL, LSS
e A NS TER VL, B2 R 1A AR BIL & AAT5E
iR E AU — BRI AL AN Bl AL
R BTG TARZ MR (B AT A7 A — LB AL, 14 oy
HE— B RARIT,

() NTHEBERIN, BEE N T BEH AR B
W A J AL AL giw Al ML B e A,
I GBS T TR BE 7 ) Bk AR HLAR A AT
LA FE R0 Rl | R R A A s i 45
PN v 6 T Rl S I W R (B4 G T (A Ay &
B,

(2) AR Z B EAL B . F AT, Ak
AL ARSI 52 2% 0 TAERR G, 322 5 H A5
8 R L BT ML) 0 B T s ] s BB S ) DAL, fEARR
WAL ANTESE B R AL I i 75 255 R A ARl i
TAAMFNR, AR EEIZIEY KZ HiRK
KON G B 77 1 ik AERS 18] fEd A ARk B
2 R F bR 2 (B #EAT AU, LA B e 01
ML SR A Ak

(3) ZHLE NP R AL BB o Bl Al AR
AR PR, B —BIL s AR AR A B 2
R ARAMAL LA N U RUIKE I Z LA N
Z A B BRI IR, e i X 22 Bl A A B LA
HoTEE , m] AR VR L B3 R A = BE T



JEIHERE 4 AR LS AU IR AT T i

1765

(4) FEBEPT RN R . AR A AMOL ML A
R A 6 KR O R BN B R A B T, O
IREFE RSN . S5 A N T34y WU RS

B BB AT TR S T B AR R R S R X I ) A A TR
A, DA 52 2 AR ML AR b R 55 ¥ kR

(S)RHLGREMEE AR, BEE AL
1R RN S A Z 2 G C R 3 & A0l A 723k
AR EE T, WA N R 5k 2
25 ARMRON LR A 0T DL PR S5 AR A1 L 42
75 2, SCE e AP 5 WG | % A S k), SRR AR
YRS S m AR AL PR RCR R AT RSk

S AR AL A N3 B 7 AR ok &R T )
WG N T 6e AR Z His b 2188 AP
VR eI AR BG4 EAREE BRI, X
@E%ﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬂ#%%%&

Jr 5 IHHESAHRL R B REAL Ay AL 7 13
S B30k
[1] W R,E LGS ASRBIICILRLI]. Bk, 2013,

39(7) :963-972.

[2] STEPHAN K D, MICHAEL K, MICHAEL M G, et al. Social im-
plications of technology : the past, the present, and the future[]].
Proceedings of the IEEE,2012,100;1752-1781.

[3] HUANG Y A, XIONG C H, XIONG Y L. Research status and de-
velopment trends of intelligent robot and application[ J]. Interna-
tional Academic Developments,2009(4) :38-39.

[4] CHONNAPARAMUTT W, KAWASAKI H, UEKI S, et al. Devel-
opment of a timberjack-like pruning robot : climbing experiment and
fuzzy velocity control [ C]//IEEE. 2009 ICCAS-SICE. Fukuoka:
TEEE,2009:1195-1199.

[5] UEKIS, KAWASAKI H, ISHIGURE Y, et al. Development and
experimental study of a novel pruning robot[ J]. Artificial Life and
Robotics,2011,16( 1) :86-89.

[6] MONTA M, KONDO N, TING K C. End-effectors for tomato har-
vesting robot[ J]. Artificial Intelligence Review,1998,12(1) ;11-
25.

[7] TANIGAKI K, FUJIURA T, AKASE A, et al. Cherry-harvesting
robot[ J]. Computers and Electronics in Agriculture,2008,63(1) :
65-72.

(8] IRIGHE, LW, ZRAAE AL ADFRHE[T].
4¢.,2017,30(2) :51-55.

[9] CUILL, WANG H'S, CHEN W D. Trajectory planning of a spa-

T F Aol F

tial flexible manipulator for vibration suppression[ J]. Robotics and
Autonomous Systems,2020,123:103316.
[10] TANG L W, TANG X Q, JIANG X L, et al. Dynamic trajectory

planning study of planar two-dof redundantly actuated cable-sus-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18

[

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

pended parallel robots[ J]. Mechatronics,2015,30:187-197.

2R XSEINE B R AF. HLER G S IR I A AT 7

JELIY. HUBRR S5 i TR, 2022,51(10) :15-23.

OB MRZT G, . T BTV LS AP LRI AT 5T

ZER[)]. RN LR SN, 2018,54(5) :36-50.

Bey e, THRIE. —Fb A bt LR AP R TR,

HLIRL 2 56K ,2018,37(10) : 1489-1495.

HOFFMANN W, SAUER T. A spline optimization problem from

robotics[ J ]. Rediconti di Mathematica,2006,26:221-230.

#HOMLY R EER TS NP kLR (1]

&6 T2 ,2022,29(12) :2365-2374.

PAYANDEH S, GOLDENBERG A A. Formulation of the kinemat-

ic model of a general (6 DOF) robot manipulator using a screw op-

erator[ J]. Journal of Robotic Systems,1987,4(6) :771-797.

ZHUD C, HEY L, YU X Z, et al. Trajectory smoothing planning

of delta parallel robot combining cartesian and joint space [ J].

Mathematics,2023,11(21) :4509.

VALERO F, MATA V, BESA A. Trajectory planning in workspac-

es with obstacles taking into account the dynamic robot behaviour
[J]. Mechanism & Machine Theory,2006,41(5) :525-536.

kM, 3R RN D AR T I SR SR A A AL A

HEASIBT T [J]. HULMRL: 5 8K, 2015,34 (11) : 1670-
1674.

XIONG Z C, FENG Q C, LI T, et al. Dual-manipulator optimal

design for apple robotic harvesting[ J]. Agronomy,2022,12(12) ;

3128.

GARRIDO J, YU W, LI X O. Robot trajectory generation using

modified hidden Markov model and Lloyd’ s algorithm in joint
space [ J ]. Engineering Applications of Artificial Intelligence,

2016,53:32-40.

LUO L, GUO T B, CUI K K, et al. Trajectory planning in robot

joint space based on improved quantum particle swarm optimization
algorithm[ J]. Applied Sciences,2023,13(12) ;7031.

WGETS I T 4% . RS TORPLAS AT 25 MR #L
RACRIELT]. HURLA S8R 2018,37(12) 1 1870-1874.
ik BT SO S M AR IEHIL s A B AL Ry i
[J]. EdAREN,2018,28(1) ;78-82

FJREL K 5 IR AF. 2P A LRI B T Sk Kk
JEFH[)]. HURSWUE,2021,49(12) : 184-189.

ZEERAN, FEOLAE, T SCE. N A M EE U I8 B2 40 B S Lk

EALL)]. R (A ABHAIR) ,2019,42(1) :68-

73.

HU X P, PENG T, ZUO F Y. A trajectory planning method based

on newton interpolation and polynomial for manipulator[ J]. China

Mechanical Engineering,2012,23(24) :2946-2949.

SBUE R HU T2 18] [ 3Gz 3 i —Fh oA 280 L) s

BT, HLEEA,1999(1) :9-12,46.

WANG H, WANG H, HUANG J H, et al. Smooth point-to-point

trajectory planning for industrial robots with kinematical constraints

based on high-order polynomial curve [ J]. Mechanism and Ma-



1766

FAND N S| A=

2024 4 5 40 & 9 1

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

chine Theory,2019,139,284-293.

AT, WA, BN . fiz ML g A G 2 B Bl ALK BF 52
(1. ASMEBAR SR ,2020,39(11) :86-90.

i LB R BT IR 2B SLEE AR R[]
{2 T#2,2017,38(21) : 159-163.

FEREWT R 3 RRARHET, 55, Bk B HESR TR AL aR AN B L
AU LR S IALE, 2021,40(2) :41-43.

Je BRI A T LS AP0 BT B AR 2R
L] HURHE 540K ,2021,40(6) :853-862.

HUANG J S, HUP F, WU K Y, et al. Optimal time-jerk trajecto-
ry planning for industrial robots[ J]. Mechanism and Machine The-
ory,2018,121:530-544.

LIU C, CAOGH, QUY Y, etal. An improved PSO algorithm for
time-optimal trajectory planning of Delta robot in intelligent packa-
ging[ J]. The International Journal of Advanced Manufacturing
Technology,2020,107(3) :1091-1099.

LIU Y, GUO C, WENG Y P. Online time-optimal trajectory plan-
ning for robotic manipulators using adaptive elite genetic algorithm
with singularity avoidance [ J ]. IEEE Access, 2019, 7. 146301-
146308.

B ke, TR A BT RO S A B S A
WA )], THTHLALH 2024 ,44(6) :1959-1964.

CHEN J, SHI Z W, GENG X, et al. Optimal trajectory planning
of a small UAV using solar energy and wind energy[ J]. AIP Ad-
vances,2023,13(5) :055134.

i aks AR AR GK. FE T8 Sl il A A3 BT 9 B B L
A RERER DL L AL [J]. A S b4, 2020, 46 (5) - 934-
945.

GASPARETTO A, LANZUTTI A, VIDONI R, et al. Experimental
validation and comparative analysis of optimal time-jerk algorithms
for trajectory planning[ J]. Robotics and Computer-Integrated Man-
ufacturing,2012,28(2) : 164-181.

CHETTIBI T, LEHTIHET H E, HADDAD M, et al. Minimum
cost trajectory planning for industrial robots [ J]. European Journal
of Mechanics-A/Solids,2004,23(4) :703-715.

ZRE. MO B A & R BUIR [ T]. ZR b pol K227 4
2009,37(12) :95-97.

MR R[] BRI, 2002 (10) «
35-37.
N
(11):37-39.
WANG M L, LI X X, XU K'Y, et al. Smooth trajectory planning

. AR HLAR A (22) (1] 3RO, 2002

for manipulator of cotton harvesting machinery based on quaternion
and B-spline [ C ]//IEEE. 2012 International Symposium on In-
strumentation & Measurement, Sensor Network and Automation.
Sanya:IEEE,2012.134-137.

WANG D, DONG Y X, LIAN J, et al. Adaptive end-effector pose
control for tomato harvesting robots[ J]. Journal of Field Robotics,
2023,40(3) :535-551.

XU L J, LIANG Y, KANG Z L. Kinematic analysis and trajectory

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[60]

[61]

[62]

planning simulation of citrus picking manipulator[ J]. Journal of
Physics : Conference Series,2020,1637(1) :012111.

TANG Z L, XU L J, XIE H. Picking trajectory planning of citrus
based on improved immune algorithm and binocular vision[ C]//
IEEE. 2020 IEEE International Conference on Artificial Intelli-
gence and Computer Applications. Dalian:[EEE 2020;6-10.
WFEZ, B TS5, BT B RORE 1 I 2 A R4
HUBEF P LRI 1] . LR S35 ,2022,38(1) :195-201.
=R R TR RESER I AS AE R
SRAGHURUE PO HLRI[J]. PUWIES),2023,47(2) :86-92.
AR, Bl S ZEUCE, AE. BT RTS8l B iR A i ORI
R NBUL AR & e (1], LA T RS2 4R, 2022, 58
(9) :62-70.

ZHANG H, GE Y, SUN C, et al. Picking path planning method
of dual rollers type safflower picking robot based on improved ant
colony algorithm[ J]. Processes,2022,10(6) :1213.

LIX, LYUH L, ZENG D T, et al. An improved multi-objective
trajectory planning algorithm for kiwifruit harvesting manipulator
[J]. IEEE Access,2023,11:65689-65699.

YANG L, ZHANG T Z, ZHANG K L. Trajectory planning of tis-
sue culture plantlet transplanting robot in transporting seedling[ J].
Transactions of the Chinese Society of Agricultural Machinery,
2008,39(9) :112-117.

MA J, HUJ P, YAN X Y, et al. Transplanting path planning and
motion functions research of the high-speed tray seedling transplan-
ting robot[ J]. Advanced Materials Research,2013,694/695/696/
697:1747-1752.

HUJP, YANX Y, MA ], et al. Dimensional synthesis and kine-
matics simulation of a high-speed plug seedling transplanting robot
[J]. Computers and Electronics in Agriculture,2014,107 ;64-72.
HU J P, JINH Q, CHANG Y C, et al. Dimensional synthesis and
trajectory planning of plug seedling transplanting robot based on
delta parallel mechanism[ J]. Transactions of the Chinese Society
for Agricultural Machinery,2017,48(5) :28-35.

QUAN LZ, SHEN J C, XI D J, et al. Motion planning and test of
robot for seedling tray handling in narrow space[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2016,47 (1) .
51-59.

WANG X J, ZHANG Z Q, MENG X ]J. Kinematic analysis and
trajectory planning for a tree planting robot in forest environment
[J]. Journal of Vibroengineering,2023,25(3) :630-640.

MA J Y, SUN B G. The exploration of the trajectory planning of
plant protection robot for small planting crops in western mountain-
ous areas| C]//IEEE. 2018 IEEE International Conference of In-
telligent Robotic and Control Engineering. Lanzhou:IEEE, 2018
42-45.

FEWGFH , RRIAR R IE 0%, 4. 56T Bk OB 22 1 A BT 25 1L
AANHARRRI[T]. PUR SR IE,2018,46(21) :15-19,6.

LAL R, PRABHAKAR P. Time-Optimal multi-quadrotor trajectory
planning for pesticide spraying[ C]//IEEE. 2021 IEEE Internation-



JEIHERE 4 AR LS AU IR AT T i

1767

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

al Conference on Robotics and Automation. Xi’ an: IEEE, 2021 .
7965-7971.

BECCE L, BLOISE N, GUGLIERI G. Optimal path planning for
autonomous spraying UAS framework in precision agriculture
[ C]//1EEE. 2021 International Conference on Unmanned Aircraft
Systems. Athens;IEEE,2021:698-707.

LIU H, ZHANG S Y, DUAN Y P, et al. Orchard robot motion
planning algorithm based on improved bidirectional RRT™ [ ] ].
Transactions of the Chinese Society for Agricultural Machinery,
2022,53(11) :31-39.

W OBR X, X B AR BT 2 TR AR Y SR B B 2 L g
NBEPRBITEL) ] AR HBREAR ,2023,54(7) :56-67.
FMEE ATJIAE, 5. BRI E NS HLE A Y B AR
FURBFFE [ 1/70L]. HHAPL T A5 8 , 2023 1-8[ 2023-11-21].
http://kns. cnki. net/kems/detail/11. 2127. TP. 20230920. 1203.
040.html.

FeAe2s RO, AR, A5 BRI JCURRI AL AR A B % A2 ALl
D5 EBFE[ )], ARHLBTTE,2008(5) :32-34,37.

PRADEEP P, PARK S G, WEI P. Trajectory optimization of mul-
tirotor agricultural UAVs[ C]//IEEE. 2018 IEEE Aerospace Con-
ference. Big Sky:IEEE,2018.1-7.

MUNOZ C S, CORREDOR J S, PATINO D A, et al. UAV trajec-
tory optimization for precision agriculture[ C]//IEEE. 2020 Virtu-
al Symposium in Plant Omics Sciences. Bogota:IEEE,2020.1-6.
BETALO M L, LENG S, ABISHU H N, et al. Multi-agent deep
reinforcement learning-based task scheduling and resource sharing
for O-RAN-empowered multi-UAV-assisted wireless sensor net-
works[ J]. IEEE Transactions on Vehicular Technology, 2024, 73
(7) :9247-9261.

MESQUITA R, GASPAR P D. A novel path planning optimization
algorithm based on particle swarm optimization for UAVs for bird
monitoring and repelling[ J]. Processes,2022,10(1) :62.

PENG Y S, WANG L, LI Q X. 3D trajectory planning of agricul-
tural unmanned aerial vehicles based on GA-SA algorithm [ ] ].
Journal of Engineering Science and Technology Review, 2023, 16
(3):191-198.

[73]

[74]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

PANAHI F H, PANAHI F H, OHTSUKI T. An intelligent path
planning mechanism for firefighting in wireless sensor and actor
networks[ J ]. IEEE Internet of Things Journal,2023,10(11) .
9646-9661.

YAO JJ, HUANG Y X, WAN Z S, et al. Minimum-time trajecto-
ry planning for an inchworm-like climbing robot based on quantum-
behaved particle swarm optimization[ J]. Proceedings of the Insti-
tution of Mechanical Engineers,Part C:Journal of Mechanical En-
gineering Science,2017,231(18) ;3443-3454.

ZHOU X F, JIANG L, GUAN Y S, et al. Energy-optimal motion
planning of a biped pole-climbing robot with kinodynamic con-
straints[ J]. Industrial Robot,2018,45(3) :343-353.
T XE T — 7, 5. MORIEG SR B DB ik e 12
MRILT]. Mol Al ,2021,57(2) :179-192.

CHIEN J C, CHANG C L, YU C C. Fast path planning method for
agricultural robot automatic guidance based on cubic spline inter-
polation in strip farssssming[ C]//IEEE. 2022 International Con-
ference on System Science and Engineering. Taiwan:IEEE,2022 .
64-67.

FENG K, HE X N, WANG M L, et al. Path optimization of agri-
cultural robot based on immune ant colony: B-spline interpolation
algorithm[ J |. Mathematical Problems in Engineering,2022( 1) ;
2585910.

GAO R, ZHANG W, WANG G F, et al. Experimental research on
motion analysis model and trajectory planning of GLT palletizing
robot[ J]. Buildings,2023,13(4) :966.

FE AR RIS, 2R AR FETRGHE PSO ST AR/ L 2
Bumee[ 1], BRARTRE,2023,39(1) :107-113,122.

WU Q, CHEN H, LIU B L. Path planning of agricultural informa-
tion collection robot integrating ant colony algorithm and particle
swarm algorithm[ J ]. TEEE Access,2024,12.50821-50833.

GUO W J, LI R, HAO Q L, et al. Time-optimal trajectory plan-
ning method for cooperative working of agriculture material han-
dling robot[ J]. Transactions of the Chinese Society for Agricultural
Machinery,2024,55(1) :22-38.

(wHEHHE. T B)





