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[Abstract]

In this paper, we proposes a method of optimizing the processing order of skids to minimize the
span time in a conveyor environment of the shipbuilding subassembly process. The subassembly process
consists of a series of fixed tasks where the required work time is varied according to the skid type.
The loading order of skids on a conveyor which determines the span time should be properly optimized
and the problem size exponentially increases with the number of skids. In this regard, we propose a
novel method called UniDev by defining a measure of the mean-absolute-deviation about the time
difference among simultaneously processed tasks and iteratively improving it. Through simulations with
various numbers of skids and processes, it was observed that our proposed method can efficiently

reduce the overall work time compared with the multi-start and the 2-OPT methods.

» Key words: Subassembly process, Conveyor environment, Skid, Order optimization,
Mean-absolute-deviation
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I. Introduction
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II. Preliminaries

1. Related Works
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Skid Span Time

A
Process X Process Y Gase 1 i 14
A 1 2 D
B
B 2 4 Case 2 ? 16
C 3 1 D
A
D 4 3 =
Case 3 13
B
A. Skid Table C

B. Schedule of Skid Conveyor

Fig. 1. An Example of Skid Processing on a Conveyor
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Function UniDev(I7)
// S™ is the i"-order skid in schedule IT
bestSolution «— II
for e=1 to epoch
Randomly select t={1,---,N+M—1}with a

probability
1 2 om
B—A+1 ,;A“(S )

proportional to

where A=max(t—N+1,1) and
B=min(t,M)
ift <M

m <« t
else if M <t <N

m«— M
else

m«— N+ M-t
Randomly select i€{t—m+1,--t}with a
probability

proportional to u(S™" )
X 1
Randomly select y&{1,---,N}with a probability

inversely proportional to e(S™,S™)
Swap the order of §™ and S™ in IT
if span(I7) < span(bestSolution)

bestSolution < II

return bestSolution

Fig. 2. Pseudo Code of UniDev

III. The Proposed Method

1. Mean Absolute Deviation
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Table 1. Characteristics of Compared Methods
Features Multi-Start 2-0PT UniDev UniDevHalf
Search Type Random Iterative Heuristic Iterative Heuristic Iterative Heuristic
Swap Element Selection NA Deterministic Probabilistic Random + Probabilistic
Search Area Global Local Local Local
Convergence Rate Low High High High
300000 300000 300000
0000 0000 0000
00000 00000 00000
. 1 ] . emame 0L s mrmomr i B
& 12 M 4B 9 & 12 M 4B 9 & 12 M 4B 9
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(A) N =50 (B) N =100 (C) N =200
00000 300000
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(D) N = 400

(F) N =800

Fig. 3. Comparison Results of Span Time according to the Number of Skid
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Fig. 4. Comparison Results of Running Time according to the Number of Skid

Table 2. Details of Span Time Results

(N, M) 1% ( o )
’ UniDev UniDevHalf 2-0PT Multi-Start

(50,6) 12731 (1274) 12741 (1289) 13014 (1153) 13327 (1101)
(50, 12) 15479 (977) 15465 (963) 15709 (873) 15963 (750)
(50, 24) 18990 (826) 18974 (823) 19329 (770) 19619 (741)
(50, 48 ) 25994 (848) 26020 (842) 26440 (707) 26751 (658)
(50, 96 ) 40615 (898) 40628 (902) 41029 (792) 41330 (705)
(100, 6 ) 24427 (2566) 24431 (2564) 25452 (2310) 26393 (2187)
(100, 12 ) 27639 (953) 27671 (971) 28806 (889) 29704 (791)
(100, 24 ) 32515 (898) 32527 (896) 33538 (762) 34191 (701)
( 100 , 48 ) 40144 (1052) 40161 (1029) 41141 (803) 41667 (672)
( 100 , 96 ) 54203 (558) 54224 (578) 55304 (507) 55911 (491)
(200, 6) 45706 (2711) 45725 (2729) 48917 (2444) 51239 (2294)
(200, 12) 52543 (2064) 52522 (2052) 55376 (1690) 57205 (1589)
(200, 24 ) 59649 (880) 59714 (970) 61882 (924) 63174 (870)
(200 , 48 ) 67962 (802) 67940 (800) 70018 (626) 71059 (581)
(200, 96 ) 83168 (476) 83160 (505) 85194 (378) 86112 (336)
(1400 , 6 ) 87783 (4510) 87937 (4460) 97254 (3748) 103295 (3491)
(400 , 12 ) 101550 (2467) 101609 (2440) 108581 (2278) 112847 (2009)
( 400, 24 ) 112580 (1498) 112601 (1471) 117385 (1359) 120258 (1215)
( 400 , 48 ) 124367 (1228) 124387 (1228) 127953 (1101) 129917 (993)
( 400 , 96 ) 141485 (657) 141523 (688) 144461 (608) 145983 (534)
(800, 6 ) 174840 (4769) 175244 (4763) 194336 (4372) 206832 (4037)
(800, 12 ) 200210 (3801) 200320 (3911) 214078 (3390) 223149 (2971)
(800, 24 ) 222105 (2195) 222091 (2173) 230746 (2023) 236438 (1788)
( 800 , 48 ) 239759 (1297) 239821 (1289) 245255 (1108) 248825 (995)
( 800, 96 ) 259606 (741) 259768 (799) 263703 (613) 266220 (599)
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Table 3. Details of Running Time Results

(N, M) H ( o )
UniDev UniDevHalf 2-0PT
(50,6) 36 (1) 17 (0) 3 (1)
(50, 12) 40 (2) 19 (1) 3(1)
(50, 24 ) 47 (2) 22. (1) 4 (2)
(50, 48 ) 59 (2) 28 (1) 5 (2)
(50, 96 ) 83. (3) 39 (1) 5 (2)
(100 , 6 ) 63 (2) 30 (1) 10. (4)
(100, 12 ) 69 (3) 34, (2) 12 (3)
(100, 24 ) 79 (4) 40 (1) 13 (5)
(100 , 48 ) 99 (5) 52 (2) 17 (6)
( 100 , 96 ) 136 (6) 74 (3) 17 (5)
(200,6) 120 (6) 58 (3) 41 (11)
(200, 12) 130 (6) 64 (2) 43 (16)
(200, 24) 147 (7) 77 (3) 50 (17)
(200 , 48 ) 180. (9) 100 (4) 62 (21)
(200, 96 ) 244 (11) 144 (6) 78 (32)
(400, 6 ) 281 (15) 113 (5) 217 (69)
( 400 , 12 ) 299 (16) 127 (5) 250 (92)
(1400 , 24 ) 330 (18) 152 (7) 247 (82)
( 400 , 48 ) 390 (21) 198. (9) 313 (95)
( 400 , 96 ) 509 (28) 286 (12) 333 (168)
(800, 6 ) 727 (42) 236 (10) 1409 (404)
(800, 12 ) 756 (43) 264 (11) 1695 (671)
(800, 24 ) 814 (41) 314 (14) 1904 (716)
( 800 , 48 ) 930 (47) 407 (17) 2059 (952)
( 800, 96 ) 1138 (61) 583 (26) 2400 (667)
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