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The Integration of FMS Process Planning and Scheduling Using
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This paper addresses the integrated problem of process planning and scheduling in FMS (Flexible Manufacturing
System). The integration of process planning and scheduling is important for an efficient utilization of
manufacturing resources. In this paper, a new method using an artificial intelligent search technique, called
asymmetric multileveled symbiotic evolutionary algorithm, is presented to handle the two functions at the same
time. Efficient genetic representations and operator schemes are considered. While designing the schemes, we
take into account the features specific to each of process planning and scheduling problems. The performance of
the proposed algorithm is compared with those of a traditional hierarchical approach and existing evolutionary
algorithms. The experimental results show that the proposed algorithm outperforms the compared algorithms.
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Figure 1. Network representation of FMS process plan.
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1 1,3,4,5,10 1,4,6,8
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3 1,3,9,10 2,3,5,9
4 4,5,6,7 7,10
5 5,6,7,9,10 3,6,7,9
6 1,2,4,8,9,10 4,7,8

(a) Alternative machines and tools for each operation
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(b) Representations of machine and tool populations

Figure 4. Example of the representations for machine and tool populations.
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cutting point cutting point

[1]21s]u]3]e]7]8]12]13]14] 4] 9 10]15]
R
o1 [1]2 11|12|5|3|13|14|6| [7]8]90]15]
AN
p2 [ui]2]2] s [3]i3]14]us] 6] 4] 78] [no]

(a) Crossover

A& - A7A

‘feaqible range for insertion,
s|uls]e]7[8]12]13]14] 4] 9 [10]15]

HE

o1 [1]2]s[ul8]3]e]7]i2[13]14[4 ]9 [10]15]

(b) Mutation

Figure 5. Genetic operators for sequence population.
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Part No TO Part No TO

MF TF PF SF MF TF PF SF
1 12 5.38 6.88 4 0.58 10 11 491 2.18 2 0.39
2 14 5.00 4.86 2 0.61 11 15 9.78 3.22 3 0.80
3 19 6.68 4.58 4 0.84 12 18 3.78 2.22 2 0.74
4 16 3.94 1.94 4 0.38 13 18 6.50 3.33 5 0.33
5 18 6.17 2.06 3 0.51 14 13 5.85 4.00 4 0.58
6 20 4.65 2.35 3 0.72 15 15 3.33 3.40 4 0.73
7 21 5.57 2.86 9 0.33 16 21 6.24 4.76 6 0.38
8 20 3.50 3.05 10 0.41 17 22 2.86 4.55 12 0.69
9 20 6.30 3.20 8 0.72 18 17 5.12 4.82 8 0.72
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AR FEFA UEAIE HolW gkom, #4455 = A2Z 7Hslth 24 7148 37 AR Y A&7, 2
JUE °sz FA2Kim(2002) 4] 28 5 Utk <Table 1> FT-HIAE 7H37F 2 73 E5F 872 <Table 3>
I TOE 2 ¥E ke Al AU TH E A Lol ABALTE o, 4 FFHALAE TR B
58 i3t <Table 1>l 4 Rl 18749 REES BU8 ke AHSstel Aloke] Fopo] HHE 4 Y= S sHec)
ZHste] <Table 2>9F o] 18749 AFEAE T EE 52 C++ T2y dojz FdHdeH,
ARFAEL A7 (FE £ A998 SHA 1.7GHz Pentium CPUE 3¢ IBM-PCOA T = Qi th2
THFaHA A A = A gt E = dqu P S Sot] v ¢ dsE BRI A
£ F A 10U, F 7HET 2070 S 2 o2 AT A (DY BEAF ¢, o5 F 1022 FU
Table 2. Test problems
Problem No. of parts No. of'total Part Number
No operations
Prm01 6 89 1, 2, 3, 10, 11, 12
Prm02 6 121 7, 8,9, 16, 17, 18
Prm03 6 111 3,59, 11, 13, 16
Prm04 6 76 7, 8,9, 13, 14, 15
Prm05 6 105 1, 2, 3, 16, 17, 18
Prm06 9 142 1, 2, 3,5, 6, 10, 11, 12, 15
Prm07 9 168 4,7, 8,9, 13, 14, 16, 17, 18
Prm08 9 160 2,3,6, 9, 11, 12, 15, 17, 18
Prm09 9 159 4,5,6,7,8,9, 10, 11, 12
Prm10 9 151 1, 2, 3, 13, 14, 15, 16, 17, 18
Prm11 12 189 1,2, 3, 4,5 6, 10, 11, 12, 13, 14, 15
Prm12 12 221 4,5 6,7, 8,9, 13, 14, 15, 16, 17, 18
Prm13 12 211 2,3,5 6,80, 11, 12, 14, 15, 17, 18
Prm14 12 199 1,2, 4,6,7,8, 10, 12, 14, 15, 17, 18
Prml15 12 212 1,2,3,7,8,09, 13, 14, 15, 16, 17, 18
Prm16 15 262 2,3,4,5, 6,8, 9,10, 11, 12, 13, 14, 16, 17, 18
Prm17 15 266 1, 4,5 6,7,8, 9, 11, 12, 13, 14, 15, 16, 17, 18
Prm18 18 310 1,2,3,4,5 6,78, 9,10, 11, 12, 13, 14, 15, 16, 17, 18

Table 3. Tool and tool magazine constraints

Machine

Tool

Tool magazine

No. of available copies

No. of available copies

No capacity Type (required slots) Type (required slots)
| 28 1 6(1) 1 7(1)
2 31 2 7(2) 12 10(2)
3 38 3 6(2) 13 9(3)
4 28 4 6(2) 14 8(2)
5 36 5 10(1) 15 6(2)
6 37 6 6(2) 16 10(2)
7 29 7 10(3) 17 9(1)
8 28 8 9(2) 18 6(2)
9 29 9 7(1) 19 8(2)
10 26 10 5(2) 20 7(3)
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Table 4. Performance comparison of the AMSEA and other algorithms

Evolutionary algorithms Improved

Problem HEA TEA SEA ASMEA rate(%)
Best Mean  s.d. Best  Mean  s.d. Best Mean s.d. Best  Mean s.d. [Min,Max]
Prm01 500.0 506.7 1.7 284.0 3185 26.8 282.0 306.0 17.0 280.0 292.2*% 98 [ 4.5, 75.5]
Prm02  385.0 391.0 8.0 273.0  302.0 24.1 236.0 280.5 259 2340 246.6* 7.1 [12.1, 52.9]
Prm03  381.0 382.0 2.1 268.0 3169 247 267.0 3069 275 278.0 291.9* 8.9 [ 4.9, 33.6]
Prm04  317.0 3195 42 257.0 280.7 19.8 2240 2740 243 230.0 243.3*% 12.1 [11.2, 29.6]
Prm05  342.0 349.0 9.9 299.0 3140 152 264.0 310.6 33.6 269.0 286.3* 129 [ 7.8, 21.0]
Prm06  432.0 4418 84 377.0 4293 306 368.0 4184 30.0 365.0 379.6* 10.5 [ 9.3, 16.5]
Prm07  362.0 3942 21.0 358.0 379.0 9.0 323.0 3612 18.8 309.0 335.1* 16.5 [ 7.2, 16.5]
Prm08  438.0 4802 213 436.0 4569 189 426.0 4355 93 397.0 421.9* 145 [ 3.1, 13.4]
Prm09  400.0 428.6 21.9 390.0 413.1 16.0 384.0 405.1 84 370.0 383.2* 7.5 [ 54, 11.6]
Prm10  380.0 384.7 4.1 340.0 3802 304 336.0 363.0 16.8 335.0 343.1* 713 [ 5.5, 12.2]
Prm11 548.0 549.6 2.6 482.0 5267 215 478.0  509.6 27.0 448.0 465.1* 9.8 [ 8.7, 17.5]
Prm12  485.0 514.1 175 455.0 4773 130 446.0 4571 93 407.0 426.5* 124 [ 6.7, 19.3]
Prm13  534.0 5875 273 524.0 550.7 233 495.0 503.1 5.1 484.0 500.2* 7.4 [ 0.6, 16.7]
Prm14  482.0 5313 312 448.0 504.0 28.5 450.0 4578 7.0 422.0 448.7* 137 [ 2.0, 18.4]
Prml15  487.0 5182 30.7 4770 4962 8.3 467.0 487.7 103 415.0 440.3* 144 [ 9.7, 16.3]
Prml6  611.0 638.1 21.7 607.0 6394 219 585.0 603.7 14.8 554.0 580.2*% 137 [ 3.9, 9.5]
Prm17  573.0 602.1 11.6 563.0 601.8 427 530.0 5534 117 499.0 526.6* 13.0 [ 4.8, 13.4]
Prm18  714.0 753.0 32.7 691.0 752.1 36.5 676.0 699.7 10.8 639.0 669.2* 19.2 [ 44, 12.1]
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