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Offset table

Half-breath of waterline r
Frame 3 355 3 36.5 Kl 7.5 38 38.5 39 395 40 405 L) "5 |
Waterlines
07WL | 22177 | 22.132| 22084 22032| 21.975 21.911| 21839 21.756] 21.660 | 21.548 | 21.419| 21.272 | 21.107 | 20.924
14WL | 22766 | 22735| 22699 | 22656 | 22605 22545| 22473 ) 22388 22.287 | 22.169 | 22033 | 21.877| 21.703| 21.509
2AWL | 23022 | 22997 | 22964 22922 | 22.871 22809 | 22735 22646) 22541| 22419 | 22278| 22119 21.940| 21.742
28WL | 23069 | 23.048| 23018 22981 | 22.933 22874 | 22802 22716] 22614 | 22493 | 22354 | 22196 | 22.018| 21.820
35WL | 23071 23.050| 23022 22986 | 22.940 22884 | 22B15) 22733 22634 | 22518 | 22384 | 22230 | 22.058 | 21.866
42WL | 23072 | 23052 | 23025| 22990 | 22.046| 22802 | 228250 22746) 22651 | 22539 | 22409 | 22.262 | 22.096| 21.910
49WL | 23073 | 23053 | 23.027 | 22993 | 22950 22898 | 22833 22.756) 22664 | 22556 | 22.431| 22289 | 22129 21.951
S6WL | 23073 | 23.054| 23029 22995| 22.954 22902 | 22839 22764) 22675| 22570 | 22450 | 22313 | 22.160 | 21.990
63WL | 23074 | 23.065| 23.030 22997 | 22.956 22906 | 22844 ) 22771) 22684 | 22564 | 22468 | 22339 | 22.193| 22.032
TOWL | 23074 | 23.056| 23031 22999 | 22.959 22909 | 22849 22779) 22696 | 22602 | 22494 | 22373 | 22.237| 22.084
TTWL | 23074 | 23056 | 23.032| 23001 | 22961 22913 | 22856 22.790) 22714 | 22627 | 22.527| 22414 22286 22.140
84WL | 23075| 23057 | 23.033 23.003| 22.965| 22920 | 22.867 | 22806 22736 | 22.656 | 22.563 | 22456 22334 | 22197
9AWL | 23.076 | 23.058| 23035 23.006| 22.071 22029 | 22880 22.825) 22762 22689 | 22605 22.507 | 22.39% | 22.271
-] 98 23.076 | 23.060| 23.038 23011 ] 22978 22940 | 22897 22,850 22.795 | 22731 22 655 | 22568 | 22.468 | 22. 354'
105WL | 23078 23062| 23042 | 23017 | 22088 | 22057 | 22922 22881] 22834 | 22777| 22710] 22633 | 22544 | 22.443
11.2WL | 23.079 | 23.065| 23.047 | 23027 | 23.004 & 22979 | 22949 22914) 22873 | 22824 | 22765| 22698 | 22.620 | 22531
MWL | 23082 20.071| 23057 | 23041 20.023| 23001 | 22976 22.947) 22911 | 22868 | 22818 | 22760 | 22693 | 22617
126WL | 23.086 | 20.078| 23.067 | 23.055| 23.040| 23022 | 23.001§ 22.976) 22.946 | 22910 | 22.868 | 22.820 | 22.764 | 22.700
13.3WL | 23091 23.084| 23076 23066 23.054 | 23040 | 23023 ) 23.002) 22978 | 22950 | 22916 | 22877 | 22.832| 22.781
140WL | 23.094 | 23089 | 23083 | 23.076( 23.067 23.05| 23.043) 23.027] 23009| 22988 | 22962| 22933 | 22899 | 22860 |
147WL | 23096 | 23.093| 23089 23.084)| 23078 23071 | 23.062) 23051) 23039 | 23.024 | 23007 | 22987 | 22.964| 22.937
15.4WL | 23098 | 23096| 23.094 23.092| 23.088| 23.085| 23.080§ 23.075) 23.068 | 23.061 | 23.052| 23.041 | 23029 23.015
161 WL | 23099 23098| 23.098 23.098| 23.098| 23.098| 23.098 | 23.097) 23.098 | 23.098 | 23.098| 23.097 | 23097 | 23.096
Height ot buttock
Frame 7 15 8 8.5 9 9.5 10 10.5 11 1.5 12 125 13 13.5
Buttocks
00B 2858 | 2576 2315( 2072 | 1841 1620 1408 1209 1026| 0860 0715 0590 | 0482| 0390
07B 2984 | 2685 2404 | 2142 | 1895 1661 | 1441 1235 1047 | 0878 0729 0601 | 0492| 0.398
14B 3107 | 2791 2492 2211 1948| 1.702| 1473 1.262| 1.068| 0895 0743| 0612| 0502| 0407
21B 3227 | 2894 2577| 2279 2001| 1.744| 1506, 1.288| 1.090| 0912 0757| 0624| O0S511| 0415
28B 3343| 2994 2660 2345, 2053 1785| 1539 1314| 1.411| 0029 0770 0635 | 0520 0423
358 3454 | 3090 2740 2410 2106| 1826| 1572, 1341| 1.132| 0946 0784| 0646) 0530 0432
42B 3560 | 3181 2816 2472 2155 1.866| 1604 1367| 1.153| 0963 0798| 0657 0539| 0440
498 3659 | 8267 2888| 2532 2203| 1905 1636, 1392| 1.174| 0980 0811 | 0668 0548| 0448
568 3751 | 30346 2956| 2588 ) 2249 1943| 1667, 1418| 1.195| 0997 0825| 0679) 0558| 0456
~ 63B 3836 | 3419 3018| 2640, 2293 1980| 1607 1443| 1215| 1.013| 0838 0690 0.567| 0465
708 3012| 3485| 3075| 2689 23365| 2015| 1726, 1467| 1.235| 1030 0852| 0701 0576 | 0473
778 3978 35431 3126] 2733 23731 2047| 1754 1491 12661 1046 0865 07121 0586
848 4033 | 3501| 3.168) 2771| 2407( 2078] 1781 1514| 1.274| 1062 0878| 0723| 0505 0489 "
L 4076 | 3620| 0203 2804 2438 2.106| 1806 1536 1.293| 1.078| 0892 0735| 0604| 0497
98B 4105| 03656) 3229| 2830, 2464 2131| 1830, 1557| 1.312| 1094 0905| 0746| 0614| 0.506
105B 4114 | 3670 3247| 2851 2485| 2152| 1848 1573| 1.326| 1.106| 0915 0753| 0620 0512
11.28 4111 | B675) 3256| 2863 2498| 2165| 1861 1584| 1.335| 1114 0922 0760| 0626] 0517
11.9B 4096 | 3668( 3.255| 2864 2502| 2170| 1.867) 1591 | 1.341| 1120 0927 0765| 0631 0521
126B 4068 | 3647 3.240| 2854 2495| 2167| 1866, 1592| 1.344| 1.123| 0931 | 0769| 0635] 0525
133B 4022 | 8610) 3210 2831 2478| 2155| 1859 1589| 1.344| 1.125| 0934| 0772| 0638| 0.528
140B 3956 | 3553 3.163| 2794 2452 2137| 1847 1562| 1.341| 1124 0935| 0775| 0641| 0532
1478 3867 | 3478| 3102 2747 2417| 2112| 1831 | 15672| 1336| 1123 0836, 0777| 0644 0535
154 B 3760 | 3889 3031 2693 2377| 2083| 1812, 1561| 1.330| 1121 0937| 0780) 0648| 0.539
16.1B 3643 | 3292 2954| 2633 2333| 2053| 1791, 1548 1.324] 1120 0938 0782| 0651| 0542
168 B 3523 | 8193 2875| 2573 2288| 2021| 1770 1535| 1.317| 1118 0040| 0.785| 0655| 0.546
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Body plan of ship A

Body plan of ship B

Forward

t=1 t=11

h

New curve Source Intermediate curves (interpolation) Target New curve
(extrapolation) curve curve (extrapolation)
Figure 4

T T I I
14 - Interpolated Graph |
O  Given Points
1 V Interpolated points

Z-axis

0 2 4 6 8 10
Y-axis

Figure 5
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t= 0 (Source)

t=1 (Target)

t=0.25

t=0.75

Figure 7

Body plan of ship A

Forward

N7

Body plan of ship B

= Forward

Body plan of combined ship A
(aft) and ship B (forward)

Forward

(c)

Figure 8
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=0 (source) t=1(Target)

<Crom-morpl'>

Linear morphing
(Interpolation)

Station 0 | 05|10

Morphing ofo]o
parameter

Figure 9

Body plan of combined ship A (aft) and ship B (forward)

Station 0|05 (|10]15
Morphing parameter 0 0 0 0
-It |
Shi pA\ II". I|I II,."
\ || I{- ,; ,.
‘\,ll\ .-'I ff. /
4/ !.f v
Aft

Forward

Figure 10
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Body plan of combined ship A (aft) and ship B (forward)

Station 0 05 (10| 15| 20 |25 (30| 35|40 (45| 50|55 |60 (65 |70| 75 |80| 85 )|90)|95| 10
Morphing parameter 0 0 0 0 0 0 0 0 0 0 0 |o1]02|03|04|05]|06]|07 (08|09 1
4 4

Ship A Ship B

Aft Forward
(a)
Figure 11(a)
Body plan of combined ship A (aft) and ship B (forward)
Station 0 05 |10 15) 20 | 25|30 |35|40 |45 50 (55|60|65|70(75|80|85]|90]|95]| 10
Morphing parameter o |01]02 03|04 |05|06|07|08|09]| 1 1 1 1 1 1 1 1 1 1 1
4 4
Ship A Ship B

Aft Forward

(b)
Figure 11(b)
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t =0 (source)

t=1 (Target 1)

t =0 (Target 2)

Cross-morph

Cross-morph

Ship A (aft)

Ship B (mid)
Figure 12

Body plan of ship C (Target 2)

Forward

Figure 13(a)

N\

Aft

Body plan of combined ship A (aft), ship B (mid) and ship C (forward)

Ship C (forward)

Station no. (STN) 0 |05|10|[15|20|25/30|35)|40|45|50|55([60|[65[70)75(|[80]85|90]95]10
Morphing parameter(t) | 0 (04 |02 |03 |04 [05]/06(07 |08 |09 1 |05 |08|07|06|05([04]03[02|01(0
. 4 4
Ship A Ship B Ship C
Aft = /,//

Figure 13(b)
9/82

Forward



t=1(VLCC)

0 (Pipe-lay)

t

AIII I

Figure 14(b)

Figure 14(a)

Figure 15
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Combined Pipe-lay (forward) and VLCC (aft) -2D lines

VLCC Vessel B

Cross morph
transition section

Pipe lay
Vessel A

Figure 16(a)

Combined Pipe-lay (forward) and VLCC (aft) - surface

Figure 16(b)
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t=0 (source)

t=1 (Target 1)

t=2 (Target 2)

Crossover Ship B

(C rossover

-

I /
Interpolatlon

Interpolatlon

)

parameter (t)

Aft body

Figure 17

Mid body

Sta(tlsctJrr]l)nO- 0 |05|1.0(15)2.0/25!3.0135}4.0/4.5|5.0|55)6.0!65 7.518.0/85/9.0/9.5| 10
Morphing |0 | o| 0|0 J02/04/06j08) 1|1 |1]1}j12 14 1821212122

Forward body

Container

Bulk Carrier

Oil Tanker

A A
Morphing (Interpolation)  Morphing (Interpolation)
Figure 18
Stern section Mid section Bow section
A- Transom type A- ‘box’ type A- Axe bow
B- Elliptical type B- ‘U’ type B- Conventional bow
C- Cruiser type C- V' type C- Double bow

Station no. (STN)

2.0

3.0

35 | 40 | 45 | 50 | 55 | 6.0

Morphing
parameter (t)

Two-point cross-morph

Figure 19
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Forward Boundary curve
[4] (=3

orecastle deck
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Providing a set of body designs of a vehicle

300

!

\ 305

Evaluating each body design with respect to at least one objective function

_/"310

'

Performing a crossover combination of two or more body designs from the set
to provide two or more initial body designs based on a crossover rate, wherein
the crossover rate is a probability of the combination occurring

315

'

Providing each of the initial body designs in a two-dimensional space with a
plurality of frame lines

'

Selecting two boundary frame lines in each initial body design

'

Selecting a reference frame line between the two boundary frame lines

!

Selecting a morphing parameter, wherein the morphing parameter is a rate of
change between the boundary frame line/s and the reference frame line

!

Modifying each initial body design based on the morphing parameter and a
mutation rate, wherein the mutation rate is a probability of modifying the
initial body design

'

Generating a plurality of new body designs

'

Evaluating the plurality of new body designs based on the at least one
objective function

!

Ranking the body designs in the set of body designs and in the plurality of new
body designs based on the evaluation of the at least one objective function

/"355

'

Providing a new set of body designs based on the ranking

Figure 28
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Combine parent and offspring population [P U Q]

Assign rank based on pareto dominance sorting
algorithm
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Select the best N individual based on ranking and

Calculate the crowning distance of individual in each

crowning distance
Figure 32
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Displacement, A (Tons)
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Ship 1- Container Ship A Ship 2- Container Ship B

(a) (b)

Ship 3- Container Ship C Ship 4- Container Ship D

(c) (d)

Ship 5- ROPAX Ship 6- Bulk Carrier

Figure 36A
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Ship 7- Product Tanker Ship 8- Chemical Tanker

(e) (h)

Ship 9- VLCC Ship 10- Pipe-laying Ship

(i)

Ship 11- Cable-laying Ship Ship 12- Offshore Accommodation Ship

(k) 1)
Figure 36B
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Ship 1 - Container Ship A

7

Aft section Forward section
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Ship 3 — Container Ship C

Ship 2 — Container Ship B

Aft section Forward section
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Figure 37A
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Ship 1 (source vessel)

Ship 4 (target vessel)
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Figure 38



Total Resistance, Rt (kN)

Convergence Plot (Cross-rate = 0.5)
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Convergence Plot (Cross-rate = 0.9)
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Solution Space (Cross 0.8, Mut 0.7)
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Figure 41
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Figure 42
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Convergence Plot (Cross-rate = 0.6)
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Total Resistance, Rt (kN)
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Ship 1 (Source) Child $1-52_(t = 0.5) Ship 2 (Target)
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Figure 48
42 / 82



Total Resistance, Rt (kN)
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Convergence Plot (Cross-rate = 0.9)

45 / 82
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Convergence Plot (Cross-rate = 0.6)
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Convergence Plot (Cross-rate = 1.0)
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Convergence Plot (Cross-rate = 0.6)
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Convergence Plot (Cross-rate = 0.8)
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Normalised fitness value (minimisation)
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Convergence Plot (Cross-rate = 0.6)
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Convergence Plot (Cross-rate = 0.8)
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Convergence Plot (Cross-rate = 1.0)
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Convergence Plot (Cross-rate = 0.6)
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Convergence Plot (Cross-rate = 0.8)
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Convergence Plot (Cross-rate = 0.6)
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Convergence Plot (Cross-rate = 0.8)
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Convergence Plot
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Solution Space For Heave and Resistance
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Solution Space For Pitch and Resistance
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Solution Space For Roll and Resistance
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Solution Space For Heave and Pitch
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Solution Space For Heave and Roll
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Solution Space For Roll and Pitch
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Best Heave

Aft section Forward section

Best initial parent Best child
(Ship 11) (Solution 1190)

(a)
Best Pitch

Aft section Forward section

Best initial parent Best child
(Ship 10) (Solution 1191)

(c)

Best Resistance

Aft section Forward section

Best initial parent Best child
(Ship 1) (solution 1192)

(b)

Best Roll

Forward section

Best initial parent Best child
(Ship 7) (Solution 1193)

(d)

Figure 77
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