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A Study on the Layout Design of Ocean Space Submergible Boat
by the Simulated Annealing Method

Seung Ho Jang“, Myung Jin Choi”
ABSTRACT

In this paper, a method to apply the simulated annealing method to three dimensional layout design
problem which has multiple constraint conditions and evaluation criteria, was suggested. A program to support
three dimensional layout design was developed according to the suggested method. This program was applied
to the layout design of the wireless unmaned ocean space submergible boat. The layout result was improved
19.0% for the result of layout design expert. By this, it was verified that the suggested method has validity
in supporting three dimensional layout design problem.
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a) external appearance of ocean space submergible

TE

b) shapes of components(primitive) to be arranged

Fig. 1 Shapes of ocean space submergible boat and
components
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Table 1 Components to be arranged in the ocean space sbmergible boat

Comp.1: emergency air bombe(right)
Comp.2: emergency air bombe(left)
Comp.3: ballastl

Comp.4: ballast2

Comp.5: camera

Comp.6: Strobo

Comp.7: deballasterl

Comp.8: deballaster2

Comp.9: beacon

Comp.10: transporter

Comp.11: water temperature sensor
Comp.12: water current meter
Comp.13: pinger

Comp.14: supersonic sensor(front)
Comp.15: supersonic sensor(rear)
Comp.16: rear tank

Comp.17: PH meter

Comp.18: telecommunication apparatus
Comp.19: paint emitter(for emergency)
Comp.20: antenna ascent and descent equipment

Comp.21: power sourcel, 2

Comp.22: power source3

Comp.23: Central Processing Unit
Comp.24: inertial navigator(sensor)
Comp.25: inertial navigator(power source)
Comp.26: azimuth sensor

Comp.27: thruster(right)

Comp.28: thruster(left)

Comp.29: inverter{right)

Comp.30: inverter(left)

Comp.31: compensator

Comp.32: horizontal rudder actuator(right)
Comp.33: horizontal rudder actuator(left)

Comp.34: vertical rudder actuator(right)
Comp.35: vertical rudder actuator{left)

Comp.36: distance measuring sensor 1
Comp.37: distance measuring sensor 2
Comp.38: distance measuring sensor 3
Comp.39: AMP of distance measuring sensor
Comp.40: receiver of distance measuring sensor

Fig. 2 Orientation of components in 3-dimensional
space
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Fig. 3 Wiring diagram between components(numbers
represent components in table 1)
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Table 2 Shape and size of each component

size(mm) size(mm)
Shape Shape -
a b c a b c
Comp.1 cylinder 95 325 -[ Comp.21 | hexahedron 120 120 300
Comp.2 hexahedron 90 90| 320} Comp.22 | hexahedron 40 40 80
Comp.3 hexahedron 45 45 28! Comp.23 | hexahedron 50 50 120
Comp.4 | hexahedron 45 45 28| Comp.24 | cylinder 175 340 -
Comp.5 hexahedron 60 60 170 Comp.25 | cylinder 130 170 -
Comp.6 hexahedron 70 70 110 Comp.26 | cone 40 90 -
Comp.7 hexahedron 80 80 90| Comp.27 | cylinder 70 145 -
Comp.8 hexahedron 80 80 90| Comp.28 | cylinder 70 145 -
Comp.9 sphere 80 - - Comp.29 | pentahedron 100 100 300
Comp.10 | cylinder 74 300 - Comp.30 | pentahedron 100 100 300
Comp.11 | cylinder 65 94 - Comp.31 | cone 55 120 -
Comp.12 | cylinder 88 379 - Comp.32 | cylinder 105 300 -
Comp.13 | sphere 70 - - Comp.33 | cylinder 105 300 -
Comp.14 | hexahedron 50 50 70} Comp.34 | cylinder 105 170 -
Comp.15 | hexahedron 50 60 60l Comp.35 | cylinder 105 170 -
Comp.16 | cylinder 105 340 - Comp.36 | cylinder 60 60 -
Comp.17 | hexahedron 60 65 75| Comp.37 | cylinder 60 60 -
Comp.18 | pentahedron 60 65 75| Comp.38 | cylinder 60 60 -
Comp.19 | hexahedron 70 80 110 Comp.39 | pentahedron 50 50 70
Comp.20 | cylinder 60 60 -l Comp.40 | pentahedron 50 50 70
Table 3 Weight and buoyant force of each component
Weight on | Bygyant Weight in Weight on Buoyant Weight in
ground Force Water ground Force Water
(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)
Comp.1 2.80 ~0.87 193 Comp.21 24.99 -12.31 12.68
Comp.2 2.80 ~-0.87 193] Comp.22 6.62 ~3.40 3.22
Comp.3 6.50 -1.70 480 Comp.23 20.86 ~-23.85 -2.99
Comp.4 6.50 -1.70 480 Comp.24 7.65 -8.54 -0.89
Comp.5 1.05 -0.94 011§ Comp.25 2.75 -2.08 0.67
Comp.6 0.05 -0.79 -0.29] Comp.26 0.88 -0.30 0.58
Comp.7 3.00 -0.84 216§ Comp.27 9.80 ~3.00 6.80
Comp.8 3.00 -0.84 2.16] Comp.28 9.80 -3.00 6.80
Comp.9 1.60 ~0.65 0950 Comp.29 821 ~7.46 0.75
Comp.10 1.40 -0.38 1.02§  Comp.30 8.21 -7.46 0.75
Comp.11 0.88 -0.30 058 Comp.31 3.00 -1.44 1.56
Comp.12 3.00 -1.44 156 Comp.32 2.80 -0.87 1.93
Comp.13 1.50 -1.00 050f Comp.33 2.80 -0.87 1.93
Comp.14 0.50 -0.17 0.33] Comp.34 3.00 -0.87 2.13
Comp.15 0.88 ~-0.88 058 Comp.35 3.00 -0.87 2.13
Comp.16 2.80 -0.87 1093|| Comp.36 0.50 -0.17 0.33
Comp.17 0.88 -0.30 058] Comp.37 0.50 -0.17 0.33
Comp.18 0.88 -0.30 058} Comp.38 0.50 -0.17 0.33
Comp.19 1.05 -0.94 0.1l Comp.39 0.50 -0.17 0.33
Comp.20 0.50 -0.17 0.33] Comp.40 0.50 -0.17 0.33
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Table 4 Total improvement rate and optimization schedule of simulated annealingmethod and

quenching method

Ann.1 Ann.2 Ann.3 Annd Que.l Que.2 Que.3 Que.4
Initial 400.0 300.0 200.0 100.0 0.0 0.0 0.0 0.0
temp.
Temp.
renewal 092 0.94 0.96 0.98 0.00 0.00 0.00 0.00

coef.

Initial

cost 785.2 762.3 650.0 650.0 772.3 755.6 702.1 650.0 .
value

Final

cost 526.3 544.0 556.2 549.8 556.3 613.2 5784 565.2
value

TIR 19.0% 16.3% 14.4% 15.4% 14.4% 5.6% 11.0% 13.0%
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Table 5 Constraint conditions of each component

CC1 Ccc2 CC3 CC4 CC1 cCc2 CcC3 CC4
Comp.1 X X O X Comp.21 O X O X
Comp.2 X X O X Comp.22 O X O X
Comp.3 O O X O Comp.23 O X X X
Comp.4 O O O O Comp.24 O X x X
Comp5 O O X O Comp.25 O X X X
Comp.6 O O X O Comp.26 X O X X
Comp.7 O O X O Comp.27 O X Q X
Comp.8 O O X O Comp.28 O X O X
Comp.9 X X X X Comp.29 X X O O
Comp.10 X X X X Comp.30 X X O O
Comp.11 X X X X Comp.31 X O X X
Comp.12. X X x X Comp.32 O O O X
Comp.13 X X X X Comp.33 O O O X
Comp.14 O X O O Comp.34 QO O X X
Comp.15 O X O O Comp.35 O X X O
Comp.16 O X X X Comp.36 O X X O
Comp.17 X X X X Comp.37 O X X O
Comp.18 X X X X Comp.38 O X X @)
Comp.19 X X X X Comp.39 X X X X
Comp.20 X X X X Comp.40 X X X X

Table 6 Layout design optimization result of ocean space submergible boat by simulated

annealing and quenching schedules

El E2 E3 E4 E5 E6 E7 E8 TIR

0.7 (0.9) 0.7 0.8) 0.8) 0.7) 09 - (1.0)
Ann.1 +2.5% +3.2% +4.8% +5.2% +2.6% -2.2% +35.7% -2.8% +19.0%
Ann.2 +3.2% +3.1% +4.5% -1.3% +4.2% -4.3% +5.4% +1.5% +16.3%
Ann.3 +2.8% +3.5% -2.3% -5.2% +6.3% -4.3% - +3.2% | +2.8% +14.4%
Annd -45% +2.2% +2.6% +3.2% -5.5% +7.6% +4.2% +5.6% +15.4%
Que.l +3.2% +4.2% +2.3% +4.3% -1.6% +2.1% -1.2% +1.1% +14.4%
Que.2 +1.1% +2.5% +4.3% +2.2% +1.2% -4.1% +0.9% -2.5% +5.6%
Que.3 +2.5% -9.6% +3.2% -9.2% +6.5% +6.19%6 +7.2% +4.3% +11.0%
Que4 +7.2% +6.3% +2.2% +5.5% +1.1% +1.4% -5.9% -4.8% +13.0%
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