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Abstract : The selection technique for optimal operation position selection technique is used to present the initial bow and stern draft with minimum
resistance, for achievingthat is, the optimal fuel consumption efficiency at a given operating displacement and speed. The main purpose of this studypaper
is to develop a program to select the optimal operating position with maximum energy efficiency under given operating conditions based on the effective
power data of the target ship. This program was written as a Python-based GUI (Graphic User Interface) usingbased on artificial intelligence techniques
sucho that ship owners could easily use the GUIit. In the process, tThe introduction of the target ship, the collection of effective power data through
computational fluid dynamics (CFD), the learning method of the effective power model using deep learning, and the program for presenting the optimal
operation position using the deep neural network (DNN) model were specifically explained. Ships are loaded and unloaded for each operation, which
changes the cargo load and changes the displacement. The shipowners wants to know the optimal operating position with minimum resistance, that is,

maximum energy efficiency, according to the given speed of each displacement. The developed GUI can be installed on the ship’s tablet PC and

application and used to determineselect the optimal operating position.
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1. M E FVlETolA FLF el 27] desk Anl &

230wt dube] ARS yehdl= AEA @l f R

HH LZAA AR V1ol Folzl & wieda 3 vk Bl A of 25% Aol7t = AE BAFdTh f R

AEHEZ e &3 AE5S B =2dM e &&8xde]  vpg o Aol= Aol whet Adute] frA=HE = gre o]

ghal gefehell M Hae] AdS 7= &, A di & gepgoew Qe g Wt la, ol i x3AF
H 885 M e 7] A5EFst AvEFE AXete A oA ZolE YEdiE Flolth

ojtk. & =] A= 2017 AHAIR] AbalE 247t kel wipgk i H A LA AL dedit s Bl

o

2 AENE BAN B 9% 1 HATEGFAT, A e 2ok w5 0~80%I N RS 4 0] 0

of me 4dd di aHa, HH A ARl o]

t dwpark@tu.ac kr, 051-629-1654

- 681 -



=13

=

71t o] o] A= H3F AUt 7hsshel w80 ~ 90 %ol
Ae FH R wE2d TR ) e A FU)
7h A E 7] wfdell HA e A AA os] thEA <l
Ax 2z @37t 7Fssioh el A, wiSEEE 90 ~ 100 %ol A

N

R

T e¥E R et HAste 2 Aol JJ&OFEP
SEAA L BAH AFARE g 2ok
t al.(2021) 11,000 TEU A= o|u 9] sambe A7t
wslel] #ek A AdE Avfsielch A
o7 AFEHo] F7t g

2

B

Q

]

H}A o

ﬁjgg

od o

,__E
[e)
T

s

(o3
3
XN
miJ

rir

0%

(2

e T 2 off e

i)

2
(o
!
Ho
fol
ol

Han et al.(2015)> E
W EN ATE Ay
Ao ALt o

e HEsSH]
AN AARE 5

Folsglnh. £,

3732 El| (Fixed)
& s

=

(Free) <}
A&el ol &

et al.(2015) CFDE
5 A4 Asel A %
Part et al.(2013)> Al
B e
e -Efﬂxvﬂ

N 319,
o

R

o\ Ed Mo & 1 rf rlr

2
1o, o
© so
N
i-'%ﬂ aa

X

fo
R
k18 ox

Mo Mo ngt
o

o Q
o
0%t
N
M

A >
2

2L
X
%
o

Ll

o
o

}
ot

Bt

EEEEEES
R I PARER

L
L

[‘E

o

]
rE >

=

ol ff

r

—1)431

al,
1_
=

jus)
_

oft

R

i

o
=

f
tlo

G

-

_ﬁ
X

e = T

, Ao ovAgEES 7HA
6&5}. B mgogae olyxs
Ul(Graphical User Interface)= 2}Hd

sisick = 3490 3
=3 585 gl o]
e

ﬁmiﬂm&
O-

L o
e T N
:

2
oh &
o
Q

oo N o

O]Ci

N
N
x
z

o 2 pE ¥ B &1

1

=
N B
)
2
Ho
__>|4_A,‘

2

o>
%
ofy

%1_40
2

o

>~
iad

Bom oo N b B oS o o

of mN Py

>
e oo
o o

r,
o
td

fl
I
faic)
tlo
_y
__>|4_A,‘

X

o
i
e
ol
ol

J
l

s

[e)
°
2. o M4t A CiojH 44
21 o4 M4 % Hio[H
7 Ak Figo 19 el=sg o] fraEEs A%
163.57m, & 2560m, 20| 1321m 123 A7 E5FE 45m
oltt.

Fig. 1. Target ship.
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2 EVENES X g3slo] 77FA]ol A 18]al A& 15EA
VEEZA [=E 7FAo 2 grtARE 23 E = 247MAE

Axrsle] =R&kITh =, Table 19] 56714 E5=¢l thal] A,
7} E5 MR g7hA) Al vig AS FASST Table 1
o EQ(Trimye AFE5sh AnE5el Aol 2, AFES
AR EFE oS, $O0 YEE b Ede AvE
2 (Trim by Stern)& YERA I 9l
Table 1. Calculation condition

3.5m draft | 4.0m draft | 4.5m draft | 5.0m draft
Condition
FP. | AP.| EP. | AP. | EP. | AP. | EP. | AP.
EVEN | 3.50 | 3.50 | 4.00 | 4.00 | 450 | 4.50 | 5.00 | 5.00
05m Trim | 5 55 395 | 375 | 425 | 425 | 475 | 475 | 5.25
by Stern
05m Trim| 5 o5 | 355 | 495 | 375 | 475 | 425 | 525 | 475
by Bow

-1.0m Trim | 5 501 400 | 3.50 | 4.50 | 400 | 5.00 | 4.50 | 5.50
by Stern

FLOm Trim |y 501300 | 450 | 3.50 | 5.00 | 400 | 5.50 | 4.50
by Bow

-Lom Tim| ) oo | 405 | 325 | 475 | 375 | 525 | 425 | 575
by Stern

N )

L3m Trim| o5 | 575 | 475 | 325 | 525 | 375 | 5.75 | 425

by Bow
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Varc[x] te Break Power
MLP(x) = max (0, x W, +b,) W, +b, (7 Fig. 2. DNN architecture.
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Table 2. Hyperparameters of DNN learning
y < Affine,, (LN(z)) ) Optimizer e
Learning rate 0.001
A\t}%{\l%lno} A=) dﬂ %): yg]r %): y Akel 9] 7131'3‘ Gradient clipping by norm 1.0
Q%Q‘%Q] =4 ;::Ti A& ?)S\E»o—u:], 7131'% 74]’?}3]'7] 2130 Number of epochs 1,000
2](10)7 7ol Smooth L1 35 AH&3F3A T Smooth L1 37 Batch size 24
= Adigh LA Lory Avkd Alggk LA, ok A Number of feature channels: C 64
gk S-S Abgshs WA o, Al 2 @A Ha Number of residual blocks: L 4
al ol kel @ wiastel et ES} Slshs wAIE 2 Number of hidden channels: D 256
o F Ut Activation function ReLU
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Fig. 3. Graph of calculated effective power using CFD (x: trim,
y: displacement).

Fig. 4. Graph of predicted effective power using DNN (x: trim, y:
displacement).
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Table 3. Python code for visualization of interpolated data

Python code for visualization of interpolated data

import numpy as np
import matplotlib.pyplot as plt

N = 101

vs = np.linspace(15, 22, 8) # velocity

ds = np.linspace(5500, 10000, N) # displacement
ts = np.linspace(-1.5, 1.5, N) # trim

vdt = np.meshgrid(vs, ds, ts, indexing="j")

vdt = np.stack(vdt, axis=1).reshape(-1, 3)

p = DNN(vdt).reshape(8, N, N) # power

for 1 in range(len(vs)):
plt.title(vs[i])
plt.pcolormesh(ts, ds, p[i], cmap=jet")
¢ = plt.contour(ts, ds, p[i], colors='gray")
plt.clabel(c)
plt.show()

Table 4. Python code for trim optimization to minimize effective

power

Python code for trim optimization to minimize effective power

import numpy as np
from scipy.optimize import minimize scalar
from functools import partial

def function(v, t, d):
return DNN(np.array([[v, d, t]])).squeeze()

# v_query & d query are user-defined

f = partial(function, v=v_query, d=d_query)
result = minimize scalar(f, bounds=[-1.5, 1.5])
best_trim = result['x']

best_power = result['fun']
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Fig. 5. Example contour graph (left) and cross section graph (right).
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Fig. 6. Optimal trim proposal program.
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