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Abstract

Aiming at the problems of low efficiency and high cost of manual inspection on front and back of
lithium battery explosion-proof pieces and then assembly, a set of visual location and detection
system of explosion-proof pieces of lithium battery handling robot is developed. The location in-
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formation of the target is collected by the positioning camera, and the target location is solved by
Blob analysis. The detection camera collects the characteristic information of the target, corrects
the target position through image registration, and judges the front and back of explosion-proof
pieces according to the gray mean of the selected area in ROI. The motion trajectory of the joint of
the manipulator is constructed by seventh-degree B-spline curve. Under the condition of satisfying
the constraints of the manipulator, the motion trajectory is optimized by NSGA-II and MOPSO hy-
brid algorithm (NSGA II-MOPSO) with less time consumption, low energy consumption and small
impact as the optimization objectives. Experimental results show that front and back detection
accuracy of the system is more than 98%, which verifies the effectiveness of the detection algo-
rithm. The simulation results show that, compared with NSGA-II and MOPSO algorithms, the non-
dominated set of this optimization method has better distribution and is closer to the real Pareto
frontier. And the final trajectory not only meets the requirement of the running time of the mani-
pulator in the production line, but also reduces the energy consumption and impact of the mani-
pulator, and improves the quality of explosion-proof pieces grasping and handling.
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Figure 1. Structure of explosion-proof pieces automatic swing system
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Figure 3. Suction range of each nozzle
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Figure 4. Blob analysis in the first nozzle region
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Figure 5. Characteristic parameters of explosion-proof pieces in the first nozzle region
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Figure 6. Front and back detection of explosion-proof pieces

&l 6. Brid A IEREN

Figure 7. Template matching of left explosion-proof piece

Bl 7. ZMRGE AR LA

HT RGAAERE, HUE R IGa AT S X b B S A 220, X 23E BN ROI H AR X
SRR RS, DRI 75 a5 e PR R (A2 B B 4 B B AT A 1 A I BT Py B 1 S
H YRR FEHE T, I AR AR UL RC SR 7 B Bkt F UL IC s AR 3 AR R BE SR A AR
PERRAR VL AL AS SR B VLG i 5 B RO AR G L, S8 SRQ)BEAT O S 22 i, SEBLBT R i BB 1R A
T 488 Py 57 L FA) A I A e

{u}{@s@ —sine}{x}{tx} ?
v singd cosé ||y| |t
Hrf(x, y) AIRIEAEAS, (u, v) RS E AR 6RO BRAE x D7 ERP R R, & FoR BB LE y J7 1 R
TR 0 WFRER K e .

DOI: 10.12677/mo0s.2023.126522 5755 e RSE TR


https://doi.org/10.12677/mos.2023.126522

WA

4. BETEHE, BEFERB VTR
4.1. AL BfsER

B H IR e L e B, HURRES AT LLSE BRI 5%, FEB6 A HUIRES B B 2026 1F R, AR —
SREAERISATINIE, L AR IE L S A H bR e, HNFIE] S REREANSR i = HARIA BRI ARYE
Z AR ACECA R 11], @ U R AR E s

n-1 n-1
S =T=) At = (ti+1 _ti) (3)
i=0 i=0
N1
n=1
NoJ1 et
o= 2T e ©)

A TOANURE B AT P —IREOEIE); At, &, 6 o 0N AT SR | BRI ARG I [R) AN 45 RIS
)5 ay, ji 70 BNE AT O BERIUIEBE s S, RIZATI R, BT EHUE RIS AT R0 S ARTTFY
DL, AT RN T RIRERE: Se o RT T IIINIE EE,  A EAUE S 1 b e S PUOE P .

PR ST BUZERS, 75225 FENUMUVE (RS . T8 s A A2, B S
|0()] < Qe 5 FRTTHUBE |V (1)) SV s RTTMIE [@ ()] <@gy s FRTTHIMMIEE | (1) < iy o

4.2. KYsENIE LR R AIE

TEHUBCE ORI T, A SRl 2 IASE E L2 RA SR Tk, AR THUE fiszhisil. h
T BRI EA Nk RS SRR SRR, MORSOR 7 AR 2] B R i 2R 58 AL OG5
WIRE . B FEAR 2 [13]RBE T

p()= 34 N,u (0)= 3 4N, (1) ©

j=i-k
A dy AFEHRI TR N (U)K R B RESRIOEE R uelup, Uiy | (U Uny ] < U Uy ey | AIA—FRES AT
5 p(u) NS TR u AR E

N TN E PO Zd B s il Py, FlId H AR UK H B FESAPUE I ZR A HI T . no+ kAN
TR i 59 R R U AR EZ B AR 4L, Ho: uy=u, =---=u, =0, U, =U, . ="=U,, =1,
X8 (RS B) 5 Rt A — A IR F BT S5 K S H D7 AR B A Y A

U =u, + |Atik1Vn2|Atj | )
j=0
Hi=k+L-,n+k-1, At =t , -t (k=01---,n-1) 5%, HXT - BEZEGH n+1 NI
i+k
( |+k) Zdijk( |+k) P (8)

AU €Uy =000 . B 7 % B REAR A ERN k- 1 81 6 AR A Bk TRl 4 bl
R DA TP o I RE A Ay 0 79510 6 AN, WSy sR(8) SR H B IO, 7 ehy 2eob) 0 I 45 15
R R

DOI: 10.12677/m0s.2023.126522 5756 e RSE TR


https://doi.org/10.12677/mos.2023.126522

A

4.3. EF NSGAII-MOPSO ByF a1t

NSGA-II5 MOPSO HUiE#E i AR EIE. BEMIE R E . FR A, Hp
NSCGA-NFIEA T ZRAE S o B 2 11 MOPSO #ilA # R AR S USIH B A 55 .

b 5tt b  Fe B 9k ) S R S AS SCHR Y NSGAII-MOPSO JEAH i, AHBEER — iR h &t
NSGA-IIFI MOPSO 345 Al A AR EE R /NA N I ASTACRBE, SR )5 & 9F FAURMBE S SO 75 2 Fh
BERUBEN 3N TRl E, ZaddESCleHEy, MBFRBE RS N N EEMAMEIE R T — R, 21
AR G133 Pareto S fLAfEE, ZHERAEZ BARPUS AL R AL I E 8 Fion. 1ZIRAHZEY KT
A, IR T HRIRE, MR AP E R IEIE s .

Fr i

| mEmbie, |

y
BT o
¥

PREIEIEHT . FEF
BB

\i Y
HEAT — TR S RTHAE. ALB RIS
R, R T3S
¥ ¥
B TRAEQ, | B TRARQ, |
| ]

FFFTT EETTer
‘ y
Bos IR .
SRR
1]
| mEN AP, |

RBIEE
RKH

iR

Figure 8. Process of solving optimal trajectory using NSGAII-MOPSO
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Table 1. Detection test of explosion-proof pieces
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$SN RlllRe1t RGN IEA 2 RGN TR 7 (%)
100 99 1
200 197 05
400 397 0.75
800 793 0.88
1200 1188 0.84
1600 1586 0.94
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Table 2. Joint position series
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Po 17.54 ~111.64 100.00 -94.10
P ~11.25 -119.31 226.00 —60.00
P2 -11.25 -119.31 221.00 —60.00
Ps —35.59 ~111.64 226.00 —45.00
P4 —2.67 -91.52 126.00 -94.19
Ps ~19.52 91.57 246.00 ~17.95
Pe ~14.77 88.06 236.00 ~16.70
P 17.54 ~111.64 100.00 -94.10

Table 3. Kinematic constraints
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Figure 9. Pareto front surface of trajectory optimization based on different algorithms
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Figure 10. Pareto front surface of trajectory optimization based on different algorithms
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Table 4. Trajectory optimal partial data of manipulator
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C 4.1917 304.6928 1501.1156
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Figure 11. The trajectory curve of each joint of the manipulator
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Figure 12. Velocity, acceleration and acceleration curve of each joint of manipulator
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