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Abstract: [Objective] To improve the motion efficiency and operational stability of food handling robots, a robot trajectory planning
method is proposed using a hybrid-improved whale optimization algorithm. [ Methods] Firstly, a "quintic-cubic-quintic" hybrid polynomial
trajectory model is constructed to ensure smoothness during the start and stop phases. Secondly, a weighted comprehensive objective
function is established, aiming to minimize both running time and the integral of Jerk, thereby quantifying the overall performance of the
trajectory. Then, addressing the shortcomings of the standard whale algorithm, such as the high randomness of population initialization and
the imbalance between global exploration and local development, the standard whale optimization algorithm is subjected to multi-strategy
hybrid and deep improvement. This hybrid-improved whale optimization algorithm is subsequently utilized to optimize and solve the
trajectory time parameters. Finally, comparative tests are conducted in two typical scenarios, "high-frequency sorting" and "liquid food
transfer", using the latest enhanced algorithms as a benchmark. [Results] In the efficiency-prioritized scenario, the proposed method
reduces running time by 3.7% and the overall performance metrics by 8.4%. In the stability-prioritized scenario, its advantages are even
more pronounced, with the average Jerk decreases by 18.2% and overall performance metrics drops by 16.2%. [ Conclusion] The proposed

trajectory planning method effectively addresses the multi-objective balance between efficiency and smoothness in the trajectory planning of
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Figure 1 Block diagram of algorithm implementation
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Table 1 6-Kinematic constraints of DOF robot joints Table 2 Parameter settings of methods
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Figure 2 Task path of scene one
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Table 3 Performance comparison of methods under scene

one (efficiency-prioritized)

o RIBAT mKJerk/ FHerk/ LZibis WSk
IfiE /s (rad-s™®) (rad-s®)  #RF  fREL
GA 6.88 1550.4 451.7 1521 185
ISSA 6.42 1380.1 398.2 13.55 162
IWOA 6.25 12955 370.6 12.80 140
DAIHHO 6.18 13108 385.1 1292 135
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Jrik)

A3 UE BT S8 5 v A DR 4R e B T A O T Y R
g
322 YR WABRKEERBTS R RN
K AT 7 S N — A TR i R 8 5 — 4 T
BL o AE 55 1A% 0 S B B SF- AR, LB Ik VR IR 52 80 A ik
W, I ] SR IR

(1) AT 55 B 42 - W8 — AW 3 TR M B SF 28 5 fA
N A . P (10, —10,0) —>P, (30,20, 15) > P, (50,
—5,0)—>P,(10,—10,0)

| -aP30,20,15)

NN oA
,,,,,,,,,, S et

Y

// ‘\ o

P10, ST0.00

XA/
B3 Bx_a5biz

Figure 3 Task path of scene two

H AR o8 BB 5N w0 = 0.2, Wneon = 0.8, TR E
B E T Jerk (AR

(2) RN 45 IR FE R E TR e s T &
B 4,

s o S AR R E O B 1) S IPE B HIWOA

EMES - ETRANEREMUIEZN T RISV AT AL

R4 BRZTEFEMEEI L (ERME)
Table 4 Performance comparison of methods under scene

two (stability-prioritized)

- Mastr kK Jerk/ FHJerk/  LEAIE

IffEl/s  (rades ) (rad-s™®)  #RF

GA 531 980.5 280.4 23.48
ISSA 5.15 850.2 235.1 20.93
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Figure 4 Jerk curves of joint 3 in scene two
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Table 5  Test results of high-speed sorting production line
o FHiETT R Jerk/  ERGE

R[] /s (rad-s?) br F

GA 0.88 1.04 28.5

ISSA 0.85 0.97 26.2

IWOA 0.81 091 24.7

DAIHHO 0.79 0.87 21.9
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Table 6 Test results of liquid food filling and transfer

FHIELT FeRJerk/ LA W I

ik

mfmE/s  (radss ) FRF BEEE/mm
GA 1.62 15.2 0.92 2.5
ISSA 1.58 13.5 0.86 2.1
IWOA 1.55 12.6 0.81 1.8
DAIHHO 1.52 10.8 0.77 1.6
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