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Food sorting trajectory optimization based on improved
NURBS and Delta parallel robots
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Abstract: [Objective] Reduce the running time and impact of Delta robot in food sorting trajectory, improve the efficiency and stability of
Delta robot operation. [ Methods] Based on the analysis of the food sorting system (using Delta robots), a Delta robot food sorting
trajectory optimization method was proposed, which combined NURBS algorithm, sparrow search algorithm and butterfly optimization
algorithm. Optimizing the running trajectory of Delta robot for NURBS curve planning with the goal of minimizing running time and
impact, combining sparrow search algorithm and butterfly optimization algorithm to solve the model, which realized the optimization of
Delta robot sorting trajectory. [ Results] The proposed Delta robot sorting trajectory optimization method could balance running time and
impact, reduce running time by more than 6.00% and running impact by more than 80.00%. The dynamic grasping success rate of the
system was over 99.00%, which could meet the requirements of food sorting. [ Conclusion] Optimizing NURBS curves through a
combination of runtime and impact optimization can effectively improve the food sorting performance of Delta robots.
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Figure 1  Structure of Delta robot food sorting system
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Figure 2 Delta robot structure
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Figure 3 Delta robot door type sorting trajectory

22 HBHALER

50 25 6 7 A [ d5 O AN o g /0N | o I e B < 7 U
JEAT 55 TR AN HLAS A B A BRI Y SR ah b, SR B2
A5 I 6] e /AR R B o bl die /D« 78 AR AIE 32 Bl I 8] A 21
i B 43R SR L . AR eR N = (5) TR .

cl:’l’zl‘f,.

e (5)
CZZ,,Z ?J()det
X

Cr——3BATHHAL, 55

Co— i i i 545 5

T——HL#8 N3 — U ) s

55 i A B AR AR AR A R B L s 5

J——HLEE NTES i A~ P A2 s ksl i a2, (0) /8

Delta HL i Ak 8 {4732 17 0 M B8 Rk e ok, 20 21 5%
B — R0 B BR A A A A 2 T R ek O L
SERE I I R g R A 1 S 0 G A A R
9, = (6) TR .

DR LSRR AE L

Vo BRAE, (°) /55

A I BE PR AE, (°) /57

I3 BEBRAA, (°) /57

M JHERAE ,N-mm;

F 80057 FRAE , N/mm?,

TR0 2 I R] e P AN o i e /N — S AR L P JE 1 H
B, Ry TR A e R, T A R A R X0 R A
YQER 7RG AR A IR R AT E R 7 v f o LT
K ()P

C,
+6

1

C,
)

7
Camax 7

minf=a

E

a.b i /N8 AT B )R g N ol B A R B,
atb=1;

C i~ Conx—38 AT I [18) 1 3 285 149 05 RAA

AN TR B A EE 43 e 2% B HE 5% A B ML g N 38 B0 L
Rl A ) SR O A b il AL S S BOML g8 A TE IS B
T v BT 00T £ o o 808 3, DA T 98 X LA 2 A )
T3 RVt AR AT RE 23 0 56 R S AT 5 BT R I A A
S, 48K B B T A 0 2 A1 A L 2 AR P 58 AT 45, (R T
RE Sk — o 0 P R VR FORE BE o A8 SEBR T T, S ARG
ELAR 1 0 A S R SR K A AN T R AR I 6 ST AR
VRS B 1k B R A e 0 1) T 356 28 6 K 1 b o AN 47 I ]
Aopre TS AL B AR R ACER - 43l i 0.1 F10.9,

75



76

AREES5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

23 Bk

U1 B8 0 A B8V A Sy — Tl % A B e O AL T ik L T
U O Ak S R B TR G I ) 0 kB
EH WA MR RERE AR L R R R SR>
RAYCR & T RIBIR i o 8 ] 85 00 Ak 5300 A7 72 R T
o Pt FISC S R A5 ), ) A A B R 4 ) B A R
T A A 5 0 AR O R AL R AR RACR
B AE B2 S0 5 5T 1T BE 23 4 BT I8k, T T E i S B0 4
R W S HE R B e SCHPE R RRAE I R RIS S
AR VG 2 A AR St AT AR AR
231 REHRMA  FEWEOL SR D TR A
RN H s AT AKE s Sk IR R R IT R B8 0 o K T B
TR 53 SR T A AN 6] R /N B F BEAA , e B0 6 08 2 s TR £,
A A TE R A8 2R W R R v % R A AT R
14 e 38 &, A8 TR = (8) T o

X/ +r.

X/ = {fzk :
g* +‘X,’* g*‘-A . L ,others

s

X2 R B 2538 o A5
A—FALEE [ (1Xd)
232 ABENBEC AENACE R o AT ORI % UK
RN 2 T B R D0 AT AR (AR SR AR R T LA
R EJE WIS sh FREANTT 4 0 H s =X (10)
J7s

) d
w’ZI—COSh[e"V“‘”/(e—1)} , (10)
e

d—TIRH

233 [ VHE4EAE A4k e B O A Rk TR ] R
1A 5 0 B B L R ORE A A 23 I 22 A M 0 LR A
Jr 8 B A A 0 ) R SRy T RS A ) A, AT LLGE a5 A
] DY 3% 20k A5 S ok B AR 1) 22 B DR 4R T IR 0 & R Y
RS, (1D PIR.

g=g +C Xg,

K

C,——15 g [R1 4k iy ] 74 DL AR

Pk Ak ad B (&l 4 R ) -

LB LR LS80, RN R R R A
T 4 {1 R o 45

22 PEBS JERNTIE e

(11)

n

BEE 276 83 | 2024 5 10 A | RRS5HUR

[ R—
X/ =

X,’+[r2-g*X,’-exp( )]-f,,R2<S»[-

(8)

a+ Ny,
X/+Q+L,R,=S;
Hr:

r.a

[0, 1]7H] B HLEL ;

X AR e+ LR 5 W 1
Q——IEZ 4 A KL 5
L—F [ (1Xd);

g% BN IRy A
Ny e RIERIREL
f 4 AT N E 5

St R,——TVE A A
BT IAE TR S B O Ja i3 N AT I R

o7 B B R () s .

Xo— X/ Xo— X, Xo— X,
e gl o

ERPRIN G

HOHRCE R A R L
ﬁﬂf\%‘{ﬁﬁjﬂﬁlﬂiﬁﬁ

F LA AT G % S il
SRR T

1 25 R
i AL A
Y
g
B4 ik

Figure 4 Trajectory optimization
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curves of each joint
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