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Fig. 3 Waterline fitting and control points distribution
1
Tab.1 Input data of the waterline approximation
(xiyyi) /m a. /(%) R,/m (xisyi)/m a./ () Ri/m
(&, 3)/m (&, 3)/m
(— 101.575, 0.236)
(— 95.600,1.087) (59.750,19. 905)
(— 83.850,3.776) (71.700,18.216)
(— 71.700,7.354) (83.650,13.593)
No. 1 0.117 (— 103.340,0.210) 0.210 32.965 (107.461,0.161 8) 0.193
(—59.750,12. 064) (89.625, 10.734)
(— 47.800,16.280) (95.600,7.527)
(— 35.850,18.986) (101.575, 3.936)
(— 23.900,19.905)
(71.700,22.000)
(83.650,21.529)
(— 113.525,3.157)
(89.625,20.586)
(—107.550,7.654)
(95.600,18.899)
(— 101.575,11.150)
(101.575,16. 326)
(— 95.600,14.132
No. 2 46.992 (— 115.816,0.826) 1.211 (107.550,12. 805) 55.985 (121.693,0.236) 0.422
(— 83.650,18.294)
(110.538,10. 807)
(— 71.700,20.568)
(113.525,8.572)
(— 59.750,21.873)
(116.513,6.045)
(— 47.800,22.000)
(119.500,3.202)
(121.552,0.502)
(71.700,22.000)
(— 119.500,9.537) (83.650,21.851)
(— 113.525,12.539) (89.625,21.198)
(—107.550, 15.291) (95.600,19.767)
(— 101.575,17.556) (101.575,17. 605)
No. 3 27.681 (— 124.628,6.862) — 54.223 (120.165,0.533) 0.911

(— 95.600, 19.212)
(— 83.650, 20.991)
(— 71.700, 21.900)
(— 59.750,22.000)

(107.550,14. 050)
(110.538,11.537)
(113.525,8.578)
(116.513,5.160)
(119.500,1.443)
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2
Tab. 2 Result data of the waterline approximation
(x,y)/m w; /% (z,y)/m @, /%
Vi (— 103.550,0) L0 Vien (59.750,19. 905) Lo
Vs, (—103.550,0.210) 0.708 Vis (70.972,19.905) 3.382
Vi (—103.340,0. 210) 1.0 Vis (92.781,9.369) 6. 034
No. 1 v, (— 99.726,0.217) 8.743 0. 462 Vi (100. 740,4. 521) 3.124 0.197
Ve (— 74.255,5.108) 9. 635 Visis (107.461,0.162) 1.0
v, (— 42.04,19.905) 4.125 Vi (107.550,0. 105) 0. 879
Vio (— 23.900.,19. 905) 1.0 Vi (107.550,0) 1.0
Vi (— 116.141,0) 1.0 Vien (71.700,22.000) 1.0
V, (— 116.141,0.477) 0.930 Vip (77.955,22.000) 20.191
Vs (— 115.816,0. 826) 1.0 Vis (100. 467,21.201) 20. 771
No. 2 Vs (— 114.713,2.008)  32.010 0. 450 Vi, (119.499,3. 487) 16. 552 0.420
Ve (— 103.671,13.726) 4.472 Visis (121.693,0. 236) 1.0
Vs (— 84.409,22.000) 2. 368 Vs (121.766,0.129) 0.956
Vo (— 47.800. 22. 000 1.0 Vi (121.766,0) 1.0
Vi (— 124.628,0) 1.0 Vien (71.700,22. 000) 1.0
V, (— 124.629,6.862) 1.0 Vs (95.231,22.000) 8. 352
Vi (— 124.629,6.862) 1.0 Vis (110. 066,13.197) 23.332
No. 3 Vs (— 115.213,11.801) 39. 749 0. 415 Vi (119. 048,2. 082) 13.178 0. 332
Ve (— 97.001.20.673)  40.947 Viste (120.165,0. 533) 1.0
Vs (— 69.454,22.000) 14. 040 Vi (120. 337,0.294) 0.952
Ve (— 59.750,22. 000) 1.0 Vi (120. 337,0) 1.0
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NURBS approximation of hull waterline based on

reduced control points number with adaptive genetic algorithm

LU Cong-hong, LIN Yan®, JI Zhuo-shang

( Ship CAD Eng. Cent. , Dalian Univ. of Technol. , Dalian 116024, China )

Abstract ; Based on the analysis of the geometrical properties of the hull waterline, the waterline was
approximated with as few NURBS control points as possible. Using the given waterline offset, the
end points of its flat side line, tangent points of the fore and aft arc curves and the tangent vector, the
start tangent control point, end tangent control point and form control point are set for the aft and
fore free curve respectively. The optimization model is constructed with the weights and the
coordinates of the control points as the design variables. The appropriate constraints are set. The
objective function of this optimization problem is set to minimize the maximum value among the
relative errors between the half breadth values of the given waterline and the corresponding ones of
the fitted waterline. An adaptive genetic algorithm is applied to solving this optimization problem.
And then, a waterline, combined with arc curves, free curves and lines, is described with a single
NURBS curve function. The instances of the hull form approximation and design for full-scale ship
indicate that it is feasible and can satisfy the requirements of the engineering design to fit the

waterline. Applying this method, the data used for hull waterline representation can be reduced.

Key words: hull form; waterline; NURBS; control point; weight factor; adaptive genetic algorithm



