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Mounting sequence optimization on surface mounting machine using

ant-colony algorithm and shuffled frog-leaping algorithm
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College of Automation Science and Technology, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: The component mounting sequence optimization of the surface mounting machine is considered under the
condition that the feeder allocations are known. A new mathematical model of mounting sequence is specifically built for
arch surface mounting machines. Based on the characteristics of searching for the optimal path, a new hybrid algorithm of
ant-colony algorithm merged with the shuffled frog-leaping algorithm is proposed to solve the problem. According to the
actual mounting situation, a few improved methods are proposed in the algorithm, such as the segmented heuristic function,
the segmented pheromone, and the pheromone update strategy. To verify the efficiency of the algorithm, component
mounting experiments of 20 printed-circuit-boards(PCBs) are tested. The results show the algorithm has higher accuracy
in solving the problem, and in searching the optimal path. It provides an improvement in average efficiency 7.89% over the
single shuffled frog-leaping algorithm, and 3.79% over the single ant-colony algorithm.
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1 5| (Introduction)
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Fig. 1 Frame diagram of arch surface mounting machines
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rithm)
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3.4.1 {FHEEZRE 4 P (Computational complexity
analysis)
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3.4.2 W43 P (Convergence analysis)
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4 SEE 2553 BT (Analysis of experimental re-
sults)
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Table 1 Parameters of 20 PCBs
P ®E HH || BSOS 4H
1 4 60 11 20 50
2 24 12 20 117
3 6 72 13 22 121
4 8 57 14 26 223
5 9 264 15 29 110
6 14 34 16 35 195
7 15 93 17 35 378
8 15 208 18 36 276
9 16 189 19 39 171
10 19 49 20 43 162

4.1 SEIZ W5 (Study of experimental parame-
ters)

W T WO L & S HCR B G, SEBOE
TCT R T ELS A, 22 A B i e e S ) —
W78 T o AT SO SR T & S HO6 SRR R
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Qo = 100; WA R & 1 =1=0.1, p=0.5, a=1,
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= 10. 25 H T 55, ZHT7HL, SEOHAIE 184PCB
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B RN SSAAR 73 50 Ry He A 2 BB AN 5847104k
(1) 3R AT fe R 5 A2 (10 1 S8 0 R B /M. T 2 50,
2 B0 1) 3k BURL AT B8 A S X4 R R0 S A0 A 1 R TA B e
/N 2R, AR H Al S B BRI I, o = BI
FIT A5 04 S 40 (1L A B A0 At B oo R At 1 82 e 4 ()
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q0=0.9; PCBOZH MM E N: a=2, B=1, p=
0.5, g0 = 0.9; PCBISZ A M AL E Na = 0.1,
B=1, p=0.5, g =0.9.
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Table 2 Parameter configuring and results of 4 PCBs

PCB5/mm PCB7/mm PCB9/mm PCB18/mm

EME A CPRIE B PIE B CPE O

0 487542 48603 14797.6 14695  37506.5 37253  59292.1 58582

o 0.5 477943 47366 144854 14321 367673 36421  58177.1 56954
1 47895.8 47607 14517.8 14174 3678477 36313  57787.8 56997

2 48147.2 47942 14488.5 14183 365356 36199 576583 56770

0 52751.8 52346 15133 14781  37364.5 36874  60759.4 59516

8 1 481349 47732 14445 14149  36428.8 36117 57307 56725
2 47895.8 47607 14517.8 14174 367847 36313  57787.8 56997

5 4815.2 47804 14564.6 14443  36951.1 136494 58082.6 57317

0.3 47868 47582 14552 14346  36823.2 36474 57835 57337

p 0.5 47895.8 47607 14517.8 14174 367847 36313  57787.8 56997
0.7 47894.5 47677 144946 14303  36724.6 36353  57817.4 56447.1

0.9 47895.8 47607 14517.8 14174  36784.7 36313  57787.8 56997

qo 0.7 47939.2 479104 144363 14305 36869.8 36335 57966 56916
0.5 47830.3 47595 145159 14380 369689 36469 57938 57235

4.2 Xf bt 52 50 #F FU(Study of comparison experi-
ment)

R 56 U A SV T I SR B A O s H

R, AR WRORE S 1 A7 B E B[R] AE ERPCBAR (1)

TG A A i SN T A5 AT 2 B A RIS BT, 4 0k

F 120 PCB AR TR 5 Ik 50025  MSCRE S50 5 R

TE—TR A BRI AL TG B8 4 B . el T
B PPCBAR 1) A [\) (R 5 M, WSURE R0 & S 50
MG B A AN R, AT S 0 LU, WU
A B STV S HCR BN T S 5O S TR A
Bk B3 1) 2 HCR F SCHR (1010 19 2 54, A
360, BRI 5015, Rk QR 10, A
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A3 Fikrinds
Table 3 Algorithm comparison results

. Fy/mm Fa/mm Fas/mm W ZE Y% PEE2%
5 Tew mm v m M RG PH R PHRG
1 101932 10040 98207 97524 97468 9675.1 438 363 075 079
2 3462.0  3392.8 34209  3380.6  3303.8 32718 457 357 342 322
3 124644 12119 12118 12004 118341 11691 506 353 234 261
4 116113 11461 113166 11266  11161.1 11057 388 353 137 186
5 481565 48000 48079.1 47874 478958 47607 1199 11.00 038  0.56
6 6152.0 59337 59089 58453 57787 57005 607 393 221 248
7 16009.1 15416 148765 14696  14517.8 14174 932 806 241 3.5
8 431403 41606 403105 39422 391072 38666 935 7.07 299 192
9 302022 38246 380669 37595 367847 36313 638 505 337 341
10 88843 8591.6 90905 8713.0 82729 80703 688 7.38 899 738
1 95456 9406.8 96782 94879 90499 89354 519 501 649 582
12 23477.4 22597 20876.1 20851.1 20353.1 20172 1331 1073 251 326
13 218849 21025 209573 20484 200339 19549 924 755 441 457
14 244632 23390 22529.1 21858 214913 21163 1215 952 461  3.18
15 3906727 37969 38672 38028 365909 36329 778 432 538 447
16 86382.3 84111 80951.8 80039 793549 78612 816 654 197 178
17 57988 55016 537669 52796  52583.8 51639 932 619 220 2.19
18 651903 62860 592279 58065 57787.8 56997 1136 933 243  1.84
19 422215 40055 436132 42722 395438 38933 634 494 933 887
20 36827.2 35655 37303.1 36212 342127 33851 7.10 506 829 652
205PCBAL 789 630 379 351
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Fig. 3 Search processes of three algorithms of No.§ PCB
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Fig. 4 Search processes of three algorithms of No.3 PCB
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5 45iE(Conclusions)
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