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Dynamic food sorting by multiple Delta robot collaboration
based on the improved NSGA-III
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Abstract: [Objective] To explore methods for improving the accuracy and efficiency of food dynamic sorting through multi-Delta robot
collaboration. [ Methods] Based on a multi-Delta robot food automation production line, a collaborative dynamic sorting method integrating
dynamic target tracking, multi-robot task classification, and robot trajectory planning is proposed. By accurately calculating the movement
distance of the conveyor belt and combining it with real-time target coordinates acquired by cameras, accurate tracking of the dynamic
positions of food items is achieved. A centralized control allocation strategy is adopted to assign tasks scientifically and rationally according
to each robot's working status and task priority. Multi-objective comprehensive optimal trajectory planning is realized using an improved
third-generation Non-dominated Sorting Genetic Algorithm (NSGA-III) and a fifth-order Non-Uniform Rational B-Spline (NURBS) curve.
The performance of the proposed method is comprehensively verified through the construction of an experimental platform. [ Results] The
proposed multi-Delta robot collaborative sorting method exhibits excellent performance. In practical operation, it achieves high accuracy,
efficiency, and stability in food sorting, with a sorting success rate of 100%, an average sorting time of 0.231 s, an average operational

impact of 4.4510° (°)/s*, and an average energy consumption of 2.45X 10° (°)/s?, effectively meeting the requirements for efficient and
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stable food production. [ Conclusion] By optimizing existing dynamic sorting methods and integrating multiple robots, this approach

enables accurate, efficient, and stable food sorting.

Keywords: food automation production line; multiple Delta robots; dynamic target tracking; Non-dominated Sorting Genetic Algorithm III;

Non-uniform Rational B-Spline
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Figure 1 Multi-Delta robot food automation production line

2 Z Delta L2 A&7k
2.1 EhEERRE

R I8 45 B 15 265 G 55 #45% RT AR ML 3K B E B A B A A
ez 359 /DO S Tl =[F5) K A e S ) PO e M I VA WA Y A £
R P S b A ML AL R 5 Y R Bl kAT
VR BE AT, i — R A G Ak B L (i Gk R AE
PEWCCH AR E)  RIEAEMMAERE . N
(i i 7)o T8 28 250 28 Ik o (B0 6 47 B 40 30, g2 v H
bW U AE AL 3% T — 7 B AR PR R (2 v 7 N
TR R (D) B

«1‘=1',-+(N*N,-)%
_ ) (1)
Y=V
r=r,
A
(x,y,7) H A5 S 8 LA B R

A B {57 ik i % 126 I £ 485
N——R A ki .

73



74

ARESS5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

22 BNBAESHE

FEXT 2 WL N UME 3 ¥ R b Be I 42 i —Fb
BT B AR HE )y (8] B 24 43 14 Z2 MU 43 B SR W . il i 2 A
R 43 TR TN, A A s PR B ML N T B B 2R
T, S AR S A R A W AR T

VLI BT 14 3% 4 iz 2y 7 ] B I 30 A Dl SR L,
2 B F I FR R T LA A A% 3K 2 R A A 2 AL A
25 5l N ZAL I O RAE ZH WAETFAT R R . ARLIHTHA
AR I 92 B BT 55 4 BC L I K T A B R W A 1 A A
gL H R AL NI AR R AT AN B, SR TR %
R IE B R AR IR 5 LR L0 s MR B B o
ok APLEE N TAE IR S8 5 T o 350 i H AR 107
BEAAR R (2, y,), H BN IEHEL LI FE 2 =X (2) P .
‘y,-*Cotﬂof,-*Z(cotﬂ-tcos&)+sin€|
23 BRI FE
230 BUEHA] FEPUE AR AR R A AR ST A #E B
S5 2 A7 (L A7 2900 8 R R B 8 ) AR S LI B AT
K AN ALTE 0 W% K32 B0 15 T i R TS 2 T
IF 3%t 2k 0T B AT 1 s B 3 2 W] e v T (s B R
A 1| B e OIS (£ B A S 5 1 P e DA R SR AR o Q]
Ut ol 593 R 8E . kIR B FE £ sR BN =X (3) iR .

u)fzd N,

K

N—i{H m 8

d,—— M2l 5

N, (u) K B S5 B bR B
p—— R

[2/Q: 1 =31 SR HE- 97 S\
lu<u<u .,

0, others

L= (2)

), 0<<u<1, (3)

w) I (4) Frs .

Awi,o(u):

LN ) (4)

Uivrp — U

Uiprp—1 U

Nz+1,k—1(u)
Uit p—1 7 Uit

itEPZ
WESE

R 5 IRAR 514 31 B RE S5 T S A (B R B RO b
LA R % ST B8 B LI i 24 8IS H T Delta ML 4%
N TR R0, AP 2 R .
232 BB b S2I Delta HLAE A ST T B A9 4 R
fe P A T o gt NSGA-TIT 3 19 2 H A AL
IZBR DL TAERCR R G R w Y FRe AR VR N Lk 2 B AR,
R 22 5 AN A 1 0 300 S EGHE AT RS A A IR R . TAERL
A8 AR AR T AL 0 [R] 9 AE 55 50 i, 8 AR Ak g Bl
BERL R B AR BT, 4R BT 55 AT RN R G AR v

B 2858 | 20254 7 A | BRRSHM

P3 P4

Pl P6

B2 5k3AE¥HHHEBHLHIT

Figure 2 Five non-uniform rational B-spline trajectories
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Figure 3  Pareto frontier solutions before and after optimization
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