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Research on trajectory planning method for food sorting
robot based on machine vision and improved BOA

CUI Wei'*®  YUAN Rui'** SUN Litao"* WANG Wei'
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Xingtai, Hebei 054000, China; 4. Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract: [Objective] Reduce the trajectory running time, energy consumption, and operational impact of parallel robots during the food
sorting process. [ Methods] Based on the analysis of the Delta parallel robot food sorting system, an improved 4-3-3-4 interpolation method
was proposed for trajectory optimization of the Delta parallel robot. Built a model to optimize the joint coefficients of the 4-3-3-4
interpolation polynomial with the goal of optimizing the running time, energy consumption, and impact. By improving the butterfly
optimization algorithm, the optimal solution for the motion trajectory of the parallel robot was obtained and its superiority was verified.
[Results ] Compared with conventional methods, the proposed trajectory optimization method had better operational efficiency and control
effects, with the more smoother of the planned trajectory. In actual sorting, the sorting error was less than 0.5 mm, the sorting success rate
was 99.60%, and the average sorting time was 0.620 s. [ Conclusion] Optimizing polynomial interpolation can effectively improve the
efficiency and stability of trajectory planning for parallel robots.

Keywords: parallel robots; trajectory planning; butterfly optimization algorithm; 4-3-3-4 interpolation method; food sorting

Delta JFBRHL & A RLw 1 R PR E PRSI0 AT, LA A A S AT A% CANHLARE | DICHCRR 45 ) 132 s L
BT R TR ARG S TRTIILA R OGS A DAY Dy i I R R AR T AR SR O Y
TR P AR AR A PR 30, 45 B R Delta JRRALAR AR 28 MIBUIE LRIy i BEAT T W50, ER AR T 2 00
8 P R AT OCHECTY . AR, R R BT T BAESRAREAE ik . Bhar TR I T — A T T Delta L

EEE Wby & F AR EE AR T AR 5 4T B (405 :QN2022098) 5T & 1 Bk 44 AR 535 B (4 %5 :20222C008)
BAEVEE A2 (1983—), 53 Wb ML AL Bl 45 AR 24 Be Rl 2082 , B+ . E-mail: cuiwgsgfs13@126.com
s H#3:2024-06-11 2218 H #3:2024-10-09



F&M | Vol.40, No.10

i N0 KA A B0l NURBS 6 {5 09 5325, A AR T 4
PR o A7 AR AEEHR T —Fib Lamé il £ A 2c kb 7 R
S5 1 Delta L g AU BRI 9 J5 1 A AR T 43 it
(i), 17 L LR T 2 BT 9 o B a5 AR S e Y R
PEALTT AL AL Delta LA B , 32 i 1 3 36 20 ol 54
RO BRI T — BT T Delta Bl & A Ui ALK
18 S T o 32y R B R N A R . L
U5 AT RLSE I Delta Lt A B9 U AL, H A A7 75 R ) il
LB T PR P R A e A T A, X A R R vk BT 5T
ATy 3 — 25 Tk

WF5EAUAE 23 7 Delta I 3% HL A% A £ dh 70 45 5 48 10 5
fift b, 42— &b T Delta 3 56 AL % A 8030 10 1 i ek
4-3-3-4 40 {H %k . Lz A7 ] BEAE A vh o 27 5 B O H
Py A O Al 4-3-3-4 4 (i 22 100 0047 A B, i ok
Ul W {F £k 5% (butterfly optimization algorithm, BOA) 3K
fifk I TR HL e Az Sh BT B e AL, O S A A B T
R e B A7 A S A K P4 AR
1 RS

Kl 1 Delta JfBRALG AN B AL 2 R R S0, ERALE L
f AL FE ) 2R G5 AR 7 ML Delta I BE HL#% A 2514 #6343 .
AL HIL B BT R A FR G B A A B @?ﬁlﬁ]%’x% 4k

B3 A LA B 5 i A B AR A AR R AR R
P RGUARME bR A S B AR Sl mﬁf%‘

TR b B LS R A B Y o [N, _E S LI S o A
AR A 1 LAY A R, X 2645 B X TR B 75 ) Delta
IFBEDLG AT E SR E R ER . LRI AT
FEALAR K B a4, 58 L PR 20 PR AE 55 o Delta JFHEAL
e N DR FCAR o 1R 3 B2 BB A8 DR A s A A
kil EordritioR. ARG TARRE T LS N b
A2 APLIE S [ A SR A1 I T A 0 A BT A 9 £ S SRR T
TR PR  JF I R SLBLAT 125K W, S i R

AR A,

&F
Bih ik B
Bl 2%z
Figure 1 System structure

2 Delta FFICHLES A HLads LRI
2.1 4-33-4ZMAKXBEEE

Delta Jf- R HL % A7E 70 25 18] 9 2E 47 40 B iz e

E OES ETHNRAEMBE BOAWR R RV NSIT I 77 EH R

BT 7 0l S0 N A5 B 59— A IICER R B 4
PRI SR 4-3-3-4 Z2 100 203 (1 0 K A2 AT Bl 7
TTBUBIE RN A By, 4-3-3-4 TR AE(E A0 & 2 TR o

s | | | |
| (=100, 50, 850)
- AT T L
£ 800]- (200, 200,300)
780 1 ™ N\
760
740
400
2005 |
7 X . . . X
200 05— 300
20 300100 300
400505400307 - 100, 1 1210

B2 4-3-3-411H3E4
Figure 2 4-3-3-4 gated interpolation

4-3-3-4 Y 2 T XA {E PR B 35y

ha ()= apst! + st + apoti + api il + aqo
hyp (£)= st + apots + apmty + ap "
hys (£)= st + aaets + amts + ag
R ()= ajutf + apusti + apti + aut! + a
K
LN TN TN W jARFEBE(1~4) A5 i R B
R ()l () hy (2) Ry ()
[E] ¢ ) PRERC o
KR A5 32 By 2% J5 B W] 45 3] 2 R &1
hy (0)= g
R (0)=0
hi (0)=0
hyp (0)=h; (1,)= 8,
hy (0)=h; (1)
hy (0)=h; (#))
Iy (0)=hy ()= 8
hy (0)=h}, (2,) , (2)
his (0)=hj (2,)
Ry (0)= hy (2,)= B
Ry (0)=h (1)
R (0)=h (1))
h(0)=p,
A (0)=0
his (0)=0
K rh
Lty t—— AN B (1~4) IS 4TI ] s 5
BioBi B BT j AT Bt (1~4) (W3R 3l £ B rad.

H (2O AK (D) TR FETE 5X

81



ARESS5E6E4H/E FOOD EQUIPMENT & INTELLIGENT MANUFACTURING BEE 276 83 | 2024 5 10 A | RRS5HUR

82

[ 4 ¢4 410 0o 0 -1 0 0 0O O 0 0 0 0 0]
4t 37 26, 1 0 0 0 —1 0 0 0 0 0 0 0 0 0 0
12¢7 644, 2 0 0 0 —2 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 4 & 1, 1 0 0 0 —1 0 0 0 0 0
0 0 0 0 0 34 25 1 0 0 0 —1 O 0 0 0 0 0
0 0 0 0 0 61, 2 0 0 0O —2 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 B 2 1 0 0 0 0 —1
0 0 0 0 0 0 0 0 0 3t 2t 1 0 0 0 0 —1 0
0 0 0 0 0 0 0 0 0 61 2 0 0 0 0 —2 0 0
A= 4 3 2 ’ (3)
0 0 0 0 0 0 0 0 0 0 0 0 0 I 12 I 1y 1
0 0 0 0 0 0 0 0 0 0 0 0 0 4y 3t 2t 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 12 64 2 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 O 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
L O 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 (O
Qi Qo Qg Qe Qe Qg Qjzz Qjzz Az Azo Qjug Qjus Ajue Qg a’_;aw:l '

b=[0 0 0 0 0 0 0 0 0 By 0 0 g
(5)

{ a— [0(,14 Q3 QA

a=A"b,
22 fR4BR
FEBRHLEE AP RETR PR 2, LB AT I E]  BEARE AN ph i Ry
AR T 4-3-3-44fikb 2 B O0C 1 RE LA, HAR ek &8 «

N

C, !
i=1
L N 1 T )
LZ*Z 7J0a dr, (6)
N 1 T
C,= — | Jid
; Z TJO, t
A
C,.C,,Cs—3z B it [a] (s) | 8 #E (rad/s’) Fil v <
(rad/s®);
Liva J —55 i BEWF R 45 (s) Vi B (rad/s®) A o
i (rad/s®) 5

T—— 45— s
BEX) 22 AARE AL R, 51 AR 5 B0 — Bl
J5 i, T A FATAs AN W) B AR 22 18] (34 AR X H ST 19,
Delta JF AL &5 P58 58 AL ARAF L, 7 2845 58T Bl
RSB — 2 AR . SO XTB AT i G2 #%
JBE INGE R bk AR HEAT 20, AN (7) R
|y ()| P
| ()] < v
| by ()| < s
b (O] < T

| M, ()| < M,

(7)

|F ()| < Fo
K.

(4)

0 0 lng ﬂ/Z ﬂJI:IT

R () by (o) b () by (o )t s 20 5745 f s B L A5
(rad) .7 J¥ (rad/s) i B (rad/s®) filh i 42 (rad/s’) 5

M, (1) F; (¢ )——t W Z0 5645 I35 (N - m) F 2 fr (kg)

P Vsnas s Qs s T v s Ml s F v KL (rad)
B (rad/s) J# JE (rad/s?)  ofifi 3 (rad/s®) L) 4E (N-m) (2
fif (kg ) A fe KA o
23 REEEE

BOA Bk LA S5 fa Fi 45 S 800 (i & 4% B AT
GOL AL W)z T RERLSR A% . SCrhid i BOA B kR
fife B BRASEAY  (E B 7 4 JR 4 3 R R R i B S B T
A, 75 DU SR W] R 23 B AR T due O s SR R R R

(1) VR i e S R A« 38 ok VR ol ke G 3 i o B 22 A 1
Y L 35 2R T T WS s A Gn =X (8) T

Ty =cos [ kcos ()], (8)
e
k——We S R

(2) ShABREMAL 51 A A E N AE o $2 5 5 2% R

Fefe S, () PR,
Fb* Fw

T F—F,

A

F— AR 119 3 1 A

Fy F 1 & Jm te 5 4 25308 1y JE A o

(3) &R REA GIANER T S e mamY
e, = (10) s,

t
e = betarnd X sin EX* s
2 M

(9)

W,

(10)
o

t— 2 AR AL

M e K EARWEL




F&M | Vol.40, No.10

betarnd 52 beta 70 A A BEHLEL
W EN 2 )RE RN

' =i e g — xi s(]‘;*xf) Io7,
A
S AR U S W A YRR

(11)

2 AR e VR WIE A )
r——FlALEL 5
Lhes MRk O

(4) R iR R ALAL 5T S A A XML 05 J5) v 48 %

A 2R, s (12) s o
p,:#Xcos(randX%), (12)

A
7

JE 3 2 ¥, 10.85,0.95];
rand [0,173 7 B HLEL ;
L
AR <lp,, AR HE (1D BT A7 8 5T, 45 I AR 4

X C13) BEAT o 5 .

27 ={1+T Xtan [« X(rand — 0.5) ]} gpeex +

(V5 — Dz — x)X

E OES ETHNRAEMBE BOAWR R RV NSIT I 77 EH R

s

T2 40 5 53 A 1) BE LA

4-3-3-4 Z2 T A7 (B 400500 0G5 R B AL A BN

B 1.3 BOA S ATH) 16 Ak, 88 52 VR 0 e S w0 4
fEFhEE

TR 2 %8 B bR RRBCHEAT SR M VTS I R (R (4
A o

0K 32 B0 7 T N IR o A e SR L RLE
IO A G AME N RS2k P B % 4 .

LR A <p, MR 01D 2 R R, & WAR
i (13) AT R %R .

SRS < T I 5 U 2 5 AR AR T L A o R e R
WL 2 Ak R — kA
3 Delta$LB{E AL IALS

3.1 BHIEE

T SR g U5 ik B 0 B L PC D A T AR iS-

13600 CPU, #l A 5.0 GHz Ay #l % 1 32 GB B N 17 ,
Window 11 4. BB FAESH UL L1, BESH

5 (13) k2,
x1 RBWFESHY
Table 1  Test platform parameters
R OISR HLEF N () ¥ AHAL FZIIN S B o B3k PAT AR 17 Al HL L
R 245 /mm £ /mm
150 g 4825 Wit =4l Deltabl#§ N W Basleriy acA2500- 65,200 447,1 100  HEFE WK FATF MSME20
(1kg) l4gc AT % 2SGM
T HUAL I 2l Jn 3 PRS2 i 2 a2y bk AR FHEAN AR kg
R 7 /rad (rad-s™") Hi/(rad-s ?) (rad-s?) (N+-m)
42MM23A89P ACC385H 1.92 3 9.5 20 21.6 1

®2 HEBY
Table 2 Algorithm parameters

i1 fE 4 {1
R B 100 | F g% 0.5
FRE RN 50 || HEAE AL 0.3
R 0.01 | HARALE (i i) (BEFE . #idi) 0.1,0.2,0.7

32 REHH

T B BT R 7 2 0 P DL Ay A AR
( —400, —300, 750) mm. i ¥ & hy A 45 (200, 200,
750) mm , 1] 5 Ry A8 AR (—400, —300,800) mm 7 [A] &
hy 28 F5 (200, 200, 800) mm ., H [] 25 A, A8 5 (—100, 50,
850) mm 1l J& JT BIF 5%, 4-3-3-4 47 {806 Ak 1 S 56 5 0
A AL £ AN & 3 B

3R], B0 Ak T 0 26T A Bl £ B IR AR
oL, e 1A A8 fb s 3 — 3. PR AL S AL A 3K 3 65 Bl
P 45 A0 56 2 800 1 iz B2 29 . IR AR TS DG Y e %

T2 L A0 A i BT % S R PR

RTS8 E T 56 T R AR AL SR A B 1 1 £ M e
T T AR 1 T ) O Ak SRR Sk (7] AR Bk
AR (81 kR T B B vk A AT X L A BT, L 3R AS [ O 9k Bl 22
AR AE b 1 e S it 28 Gn 181 4 977

P T 4 T 1, 556 O v R SR (810 I SSOKS B A8 L L
T2 7 vk 0 A SR B R . SOk [714E 25 AR 70 IR 22 A7 I
SR S U AH, SR [817F 2 4% 45 Wk A2 A7 83 Fe AR A, it
By AR AR 22 A AT WS B B (B . XA R 5 Sk
(700 3% 1% 533 A0 SC Tk (8100 4 7 i 5906 4 e L i 56 T 42
BOA BIL1E SRR B 4 R0 R AE J7 SR 3 1
VA B 5 FE A B3 1) &85 5 R S O T B — 2 AR

T 5 UE 56 T 4 B0 O Ak T i i R AR L 7E IR 43
V-5 EUEAT 100 Uik 86, He A [R] Oy gk (IR 06 325 L SCilik
[7] SCHR[81) Y 43 8 - 1% 2%, Delta H IR HLAEF A 173
T Ay 3% E A 80,100, 120 YK /min, AN [ 75 2 4 43 5
JERE M3,

83



84

ARESS5E6E4H/E FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

0.4¢ — Lk

— ek

BEE 276 83 | 2024 5 10 A | RRS5HUR

Lol — efli

= < <
& £ F - g
'\é o2k N ﬁl:'“:}ﬁ *\g ””” 'ﬁE’HCE 42 1:17 ,,,,, UMJCJE
3 5 0.8 ;
RE ool 22 pilo
2 2 4 E209
&%_0.2, &2 &2 08
< < < 0.7
= = 00 =
B-04 BN %06
= ~0.6 ‘ : : ‘ : L “-04f : : : : : L “ost : ‘ : ‘ : L
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
P a] ] ]
Time/ms Time/ms Time/ms
(a) XK1 (b) X752 (¢) K53
B3 4-3-3-43GERALAT G X W 42 K A
Figure 3 4-3-3-4 interpolation optimization before and after changes in joint position
L0 ) F4 ARAFENABHGLER
5 08 f%%[}i]% Table 4 Different methods of food sorting results

I 0 (R
Fitness valt
o o o
S

0.0 L I L I L L L L L j
0 10 20 30 40 50 60 70 80 90 10

PARUCEL

Iterations

B4 RE kAR ALK St &

Figure 4 Convergence curves of different methods with

iterative changes

xR3 AEAENHSBEERE
Table 3 Sorting speed error of different methods

Oy R B/ ki %25 /mm

(¥ -min ") SCHR[7] SCHR(8] I Ty ik

80 X 0.5 0.3 0.2

Y 0.5 0.4 0.2

zZ 0.5 0.4 0.3

100 X 0.5 0.4 0.2

Y 0.6 0.5 0.3

zZ 0.8 0.6 0.3

120 X 1.0 0.9 0.5

Y 0.8 0.7 0.5

zZ 0.9 0.8 0.5

1R 3 a0, e v SCHR[ 7RI SCHR 813 LA 1 4K
T BB IR 2238 <71 mm, B % 2045 8 A 4w, A 4R
FEREA AHIK IRy Ik 19 4 BB R 22 19 <C0.5 mm , IR 22 AR R
T o X IR 58 BT SRR AL T I SR A B R T s AT
6] BEAE A My, HLER G PR RE AR R o

R T HE— 25 5 E I 6 Ur 4 O Ak 5 vk 0 P e it
B 7 35 SCHR[ 7109 NURBS il 48 25 4 ik o 5 1% 8032 Fn
MR [81/4 45 & Lamé [ 42 ekt br - #F 53 1k HE A7 4T EE 43 B o
PR 7 5 o 3507 & 3R T R Ak 2E
R 100 mm/s, BB 43 A 48255 H 42 500 A, A [\ 75 vk
B b o R e 4

Iy ik 3% -89 53 R ) /s
SCHR[7] 96.60 0.645
SCHK[8] 98.00 0.630
T 99.60 0.620

i 2% 4 AT, U0 7 T A R T Ol 99.60% , -3
YRR 0.620 s 5 SCHK[7]F1 SCHK[814H Lt , 156 U5 v
B 0 5 T 0 IR T T 3.11% M 1.63% , - 44 43 5 it ]
Iy AR T 3.88% Ml 1.59% . X AR L/ T
4-3-3-4 4 {EL % 15 050 ) 00 0 T B 0 R I O R R A TR
4

UG AR TR 4-3-3-4 46 (8 1 5 etk v e O Ak 5 vk
LS A TS B Ak . EERALER A LLiz 17 i
W] REFE . vh i B ARG AL 4-3-3-4 4 {1 2 0 = 06 1 & 5L,
DAL TR T A ) T B 3 SR A A 2 I BR ML 28 A2 3 B i d 1
fift o 4 A FEU R AT B B O Ak ik R i e T in oF
T LD L AL TR R IR R ik R Ak
b 5 4 v R0 SRA J7  E RE EO L L A AR
T VEE NI A3 R A5 22 A 4 R ) R RN 43 5 I ] 45
BrERER M . R RIS R S LB T R
SO ARAURIF ST T 800 B0 J7 9k L U S n] LS 4 o R
T (e 42 4 45 ) L 552 3900 B s 200 R g A B ) 2

5% 3k

(1] VB, WURR, B8 2, 45 . 26 T B2z S A AY Delta
Bl NBLIE HLRI (0], i3k 7 34k, 2021, 43(6): 88-94.
LIU X W, JIE T C, XU Y W, et al. Delta robot trajectory
planning based on superimposed cycloidal motion laws[J].
Manufacturing Automation, 2021, 43(6): 88-94.

(2] BB, R, X FHT . BT o G i R B i 1 AR 7
BUBA SRR 7 1 (0], & i S HLBK, 2021, 37(2): 123-126.
HU G X, WANG C, LIU Y H. Control method of fruit sorting

robot clamping mechanism based on improved smooth sliding



F&M | Vol.40, No.10

mode impedance control[J]. Food & Machinery, 2021, 37(2):
123-126.

[3] M M5, 25, AL 58 . A& T RE 498 45 19 Delta IF HE AL AR AL
W2 B e S S (0], LR MO R 4, 2018, 24(12):
3073-3 081.

XIE Z S, LI B, REN P. Optimization and verification of Delta
parallel robot pickup and release trajectory parameters based on
energy index[J]. Computer Integrated Computing System, 2018,
24(12):3073-3 081.

[4] 753 . Delta P 2 HHL s A 90308 00 F6 B iL BE5E 9], HLAR 3T
i, 2021, 12(6): 288-295.
ZHANG H. Research on trajectory optimization algorithm of

Delta rapid sorting robot[J]. Mechanical Design and
Manufacturing, 2021, 12(6): 288-295.
[5] 2 . Ak T Sk ] 0y 8 R BT 00 R O HE AL AR BRI Ak

[J]. £ &b 5P, 2022, 38(5): 82-86.

XU Y. Trajectory optimization of high-speed parallel robots

based on improved gravity search algorithm[J]. Food &
Machinery, 2022, 38(5): 82-86.

[6] S8R, LHT . £ S A 3-PUU FREEAL 8 A BB BRI (7], £ 4k
Tolk, 2021, 42(2): 223-226.
GUO J, WANG X. Trajectory planning of 3-PUU parallel robot
for food picking and placing[J]. Food Industry, 2021, 42(2):
223-226.

[7] W20, 2= . 5L Bt NURBS iy 2R 4 b 330 2 1 2 b 0 WL
ZENBIE RN [I]. &5 5L, 2022, 38(3): 80-85.
YAO X F, LI C. Trajectory planning of food sorting robots
based on improved NURBS curve interpolation algorithm[J].
Food & Machinery, 2022, 38(3): 80-85.

[8) AL bk, B, 22 o, A5 . B T 0] 5 203l B BRI B 9F 3k X

e 2% WL B0 38 R S 3R 45 SR W (] BLAR AR 24 4R, 2022, 58

(9): 62-70.
YANG H L, ZHONG Y, JIANG Y Z, et al. Hybrid strategy for
trajectory planning of parallel tea picking robot based on

optimal time and Journal of Mechanical
Engineering, 2022, 58(9): 62-70.

[9] e 05, 5% b Ay, WA LT RO ] TR B0 0 2 A 7 4R
DELTA 43 HLES A B3 B [7]. £ a5 LR, 2023, 39(8): 71-
75, 154.

FENG Y F, WU B R, ZHAO Q. Trajectory planning of DELTA

urgency[J].

sorting robot for tomato production line
door shaped trajectory[J]. Food & Machinery, 2023, 39(8): 71-
75, 154.
[10] BB %S, T B . T otk 570057 15 B9 DELTA HLas A2 Hhi 42
AL ] 4l A MUK S A shfkm T8 R, 2021, 12(12): 58-
61, 66.

ZHAO T J, WANG L. Optimization of DELTA robot sorting

based on improved

path based on improved greedy algorithm[J]. Combination
Machine Tool and Automation Processing Technology, 2021,
12(12): 58-61, 66.

[117LT W, XIONG R. A hybrid visual servo control method for

E OES ETHNRAEMBE BOAWR R RV NSIT I 77 EH R

simultaneously controlling a nonholonomic mobile and a

manipulator[J]. Frontiers of
Electronic Engineering, 2021, 22(2): 141-154.

[12] 200, RRIE, A7 B, 55 . Bk 758 22 BP i 22 45 4 6 1 H JiE
HLES AALSEARE [T]. AR ALK, 2021, 52(4): 366-374.
LI G, ZHANG X F, YANG J C, et al. Vision calibration of
6-DOF robot based on residual BP neural network[J]. Journal
of Agricultural Machinery, 2021, 52(4): 366-374.

[I3]RKE, e, EM, &5 — P IR Bl S AP0l ML 58 ik
WEFE[I]. MUK 5%, 2023, 51(5): 14-22.
ZHU D C, PAN Y H, DU B L, et al. Research on a trajectory
planning algorithm for parallel robots[J]. Machine Tool and
Hydraulic, 2023, 51(5): 14-22.

(4] R 280, tRitt i, L 08, % . 2T Adams /9 = [ 1 J# Delta #ll
T 1942 322405 B BT [J]. BPF, 2017, 38(6): 108-112.
WU J W, XU S X, WANG P, et al. Kinematics simulation

Information Technology &

analysis of 3-DOF Delta manipulator based on Adamsl[J].
Software, 2017, 38(6): 108-112.

[15] sk 5=, XVWEAR, AL, &5 . JRBRHL % N L2 3 2
DU AL (0], HLARBEIT 5 13, 2021, 12(4): 282-292.
ZHANG H Y, LIU X W, REN C, et al. Forward kinematics and

5 NURBS

NURBS trajectory planning of parallel robot[J]. Mechanical
Design and Manufacturing, 2021, 12(4): 282-292.

[16] B4, S FEN . L T /N 5RO AR Rl B 3 2R S 9 ik
[I1. &5 S5 HLME, 2020, 36(4): 142-145.
ZHAO L P, WU D G. Apple grading algorithm based on
Wavelet and fuzzy fusion[J]. Food & Machinery, 2020, 36(4):
142-145.

[17] B 5, XUSOM, 5 5%, 45 . 2T kot GA-PSO R & B E 1Y
AR WL R HE AR D). D R R S R, 2017, 45(23):
143-150.

HE Y Q, LIU G S, XIAO Y Y, et al. Substation location
optimization based on improved GA-PSO hybrid algorithm[J].
Power System Protection and Control, 2017, 45(23): 143-150.
(18] ARG M . kT TCAx i W 0L ) JIR 149 4 1) B Sl AL B B B 42 ol
[J]. o F i ik R, 2020, 43(23): 23-29.
ZHU G Y. Tracking control of omnidirectional mobile
manipulator based on uncalibrated visual servo[J]. Electronic
Measurement Technology, 2020, 43(23): 23-29.
[19] F v . 3 T ek OHE 3 125 1) 7 3 AL A A B A ML F 52
HUBR I T 5 3, 2018, 12(1): 242-244.
WANG Z Z. Research on mobile robot path planning based on
improved ant colony algorithm[J].
Manufacturing, 2018, 12(1): 242-244.
[20] T 0, ToZ, ST IE, 4 2T NSGA-IE 4k (1 I B pll v A
Z H b3 AL R0 (7). HUAR 3T 5 ) LR, 2022, 51(12):
72-77.
WANG X, WANG Z Y, ZHANG Y T, et al. Multi objective

Mechanical Design and

trajectory planning for parallel robots based on NSGA-IL
algorithm[J].  Mechanical

Engineering, 2022, 51(12): 72-77.

Design  and  Manufacturing

85



