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Time-optimal Trajectory Planning Method for Cooperative
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Abstract; To address the issues of high labor intensity andlow work efficiency for the transfer of
agricultural products from harvesting place to warehouse or transportation vehicle in the agricultural field,
a material handling robot was designed, which enabled the robot to perform tasks such as grabbing,
transporting, and placing materials. Aiming at the problem that the moving track and the working track
were relatively independent and time-consuming when the material handling robot moved and grabed
simultaneously, a time-optimal trajectory planning methodology for the cooperative working of the
designed material handling robot was proposed, which can obtain the time-optimal trajectory for the
simultaneous performance of the robot driving and grasping operation. This methodology was used to
conduct the time-optimal trajectory planning for the material handling robot, which allowed to take into
account the robot’s kinematic and dynamic constraints of both the operation system and the driving
system. Additionally, a control law was designed based on Lyapunov theory to reduce the error for the
robot’s path tracking and improve the accuracy and stability of the robot’s trajectory tracking. Finally, the
effectiveness of the time-optimal trajectory planning method for collaborative operation was verified
through joint simulation by the co-simulation in Matlab/Simulink and ADAMS. The results showed that
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the proposed methodology can enable the robot to obtain a smooth and time-optimal motion trajectory

during the material handling process, the displacement, velocity, acceleration, and force/torque of the

operation system, and the tractive force curves of each joint of the robot changed gently, and the two-

track tractive force met the requirements of the robot which can quickly and stably track the time-optimal

path. The designed material handling robot and the proposed time-optimal trajectory planning

methodology can provide an effective technical solution for the transfer of agricultural products in the

agricultural field.

Key words: material handling robot; trajectory planning; time optimization; cooperative working;
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Fig. 1  Structure schematic of material handling robot
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Fig.2  Schematic of robot workflow
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Fig.4 Flowchart of robot grasping and unloading

collaborative operation trajectory planning

2.2 BEMHhEELERERL
TE W) R AL s AL a8 A RV L 3 F2 b, BLAS AN T
A X 3 PRI BE A A 8 K 0 B 40, 2% 285 I 1 0 0 5
M HL g N BERa s sh A IE W AT 08 . A T R o e b
59 TAE X80 N A0 B A2 B0 R 0] R, 38 3 % e B S )
Y SRSIE SN W& RAL C R S AN R A [E1FS
R0 R 12 AL 2% A RE T [ A5y 1) I5F i) B A B A2
TE IV E REL f, 8 O R RS a8 ML A TE P AL
YA A B ) 1Y B AR, AR S N A A BT
TR RN R R R AT RS A AR Y G R
ERTEHE ¢ N, YRR ZHLEE AKTT 3 ~6 FILTT{H
EIHC 0, FT A5 Wk A% iz ML g A BE [ Bi6 ] 42 . 1 B T
A B A R R T Ky
5 :minz (Ap? + Apf)
X, < X,, .
X, < X, .
X1 < X, (9)

LX< X,




%13

BT & A R RS G AL A B TR AR b i 1] s DG 0 38 R 3 vk 29

X Ap, Ap, —— LA NAE A RAE T I X, Jil
Y Jalt B4 47 B g

X, A

X, A

I max \Xz..\ax—ZE \Eﬁﬁgﬁﬁ%kﬁ
>

T e i e ik 9/1b: 4% SN}
win—ROG TR 5 BT A I B W0 R B G2 L AR A
3] [ A ) e T L) P

FEAE 20 (9) Az B RE RS iz AL i N ik o ) s ]
e Mtizs gl AR I, AL A AP SO k52 s A I
Bl B 5 497 , ARl OG0 1K 9 S B A B, L) HL &%
N AL BN A AFTE A Y s S B . A SCR
F AT SR YR RS s AL A% N AT 25 18 R A 1) B B
) e AL B AR AL, ERERAR AN 5 Poos 2B 3R

(1) WA AL PR RS 32 BL A A B B 07 B M2 a0
(DA TN N R VAR R PSS

(2) fdft JH #0515 i 41 40 PR 5T, 2K R A5
R DACR IR SN

(3) Fa st 3t 11, o SO o S ARG 0 81 e e i )
SRSt BT

(4) 75 1 e A5 49y B A 6 9 o o7 B, P A
SR M PR v 4 RO 7 B AR L Y e
HAE

(5) FU B % A2 5 m AT, AR AR AT AT, E A
PRC6) AR B AR A W] AT, 2 5 T e A O 4 W AT A7
P, %00 B B AR BT AT I B AR

(6) MR A2 iz las NhAT % 3l , BT 4 AT o B o

(7) B 5 i o7 B 75 e 4 5 B IR R
SREE WISR R 25 30, B A5 A BRI O e e A, AR
AR GALE R PIDER(2) .

3 HRBEYLEE A E FE R BRI H

Yo oRE R iz HLas N AT JTOBORE B TR 75l #9372
OmBLAR A 1.2 R (RT3 R G 2 A AT )
B 5 Bl e N AE L AR AR 2 R B R B E, LA A 3
4.5.6 5 (R L R GE R 45 5619 ) B 22 LA AR g
TEHE AL BR 2 0 ORS00 B 5 W0 R A% a2 B & Nk 47
W I3 o) 405 ol i R v, 2l BILE N B AT 3 R g ik
FrESAR R AL R GE R T N s A7 5 R R A B
JIFE MR AF AL o A7 B R G iz 3l 1 i 1R X ) 6t 7%
iz Hlae N RETS 52 A [A) 1 Mk A 4 = 28 B 2 0, PR itk
0 AT B0 AR GETE O ] 4 Ml 3 i o ) S A O A R R
P o
31 MBATHERSE)SEHIREEE

RAT B R G0 HAE 487 10 4 iz 3 HOE A

ot M B e

SH

[ ot sz s B SRECH B B A2

| O AR G B AR |

| ssotmEstm B nps s 2 |

| oA s g |
|l

LRy eih e

BLS AL S B B 1) VR Mz 8% A% H0 Ja) dat A2 51
Fig.5 Flowchart of path planning for robot obstacle

avoidance cooperative operation
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Tab.3 Joint values of robot

KA P55 il
@ 0, 05 Qs s Qs
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3 0. 785 4 rad 0.785 4 rad 0 rad 0 rad —-0.628 3 rad —-0.628 3 rad
4 0 rad 0. 050 6 rad 0 rad 0 rad 0.523 2 rad 0.254 4 rad
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Tab.4 Execution time in each trajectory of
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Tab.5 Joint velocity of robot

3;; i R /)N R Y (E Ly 2%
1 2.4743 m/s 0m/s 0.8527 m/s 0.545 6 m*/s’
2 24743 m/s 0m/s 0.8527m/s  0.5456 m>/s’
3 0.0972rad/s -0.6729rad/s -0.1507 rad/s 0.041 5 rad’>/s>
4 0.2785rad/s -0.2204rad/s 0.027 1 rad/s 0.016 6 rad’/s>
5 0.2154rad/s -0.8907 rad/s —0.069 1 rad/s 0.084 1 rad®/s>
6 0.4755 m/s -0.4682m/s -0.0244m/s 0.071 9 m*/s?
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Tab.6 Joint acceleration of robot

o BRI m/NMEEE S s 2
1 L7975m/s> -2.0712m/s’ 0 m/s? 1.051 3 m?/s*
2 1.7975m/s*  -2.0712m/s 0 m/s? 1.051 3 m?/s*
3 0.6861rad/s* —1.2451rad/s*> 0 rad/s’ 0.119 2 rad*/s*
: 4 0.2273rad/s*> -0.6069 rad/s*> 0 rad/s 0.030 6 rad®/s*
19 BILAR A e i 2 5 0.9259rad/s* -1.8462rad/s*> 0 rad/s’ 0.221 2 rad*/s*
Fig.9 Joint velocity displacement curves of robot 6 0.5576m/s> —1.008 8 m/s> 0 m/s2 0.1159 m2/s*
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Fig. 11  Path planning results of robot A” algorithm

for obstacle avoidance collaborative work
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Fig. 17  Joint force/moment change curves of robot
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operating system in different positions
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