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Planing hull type ships are often equipped with interceptor or trim tab to improve the excessive trim angle which leads to poor
resistance and sea keeping performances, The purpose of this study is to design a controller to control the attitude of the ship
by controllable stern interceptor and validate the effectiveness of the attitude control by the towing tank test, Embedded
controller, servo motor and controllable stern interceptor system were equipped with planing hull type model ship, Prior to
designing the control algorithm, a model test was performed to identify the system dynamic model of the planing hull type ship
including the stern interceptor, The matrix components of model were optimized by Genetic Algorithm, Using the identified model,
PID controller which is a classical controller and sliding mode controller which is a nonlinear robust controller were designed,
Gain tuning of the controllers and running simulation was conducted before the towing tank test, Inserting the designed control
algorithm into the embedded controller of the model ship, the effectiveness of the active control of the stern interceptor was
validated by towing tank test, In still water test with small disturbance, the sliding mode controller showed better performance of
canceling the disturbance and the steady—state control performance than the PID controller,

Keywords : High speed planing hull(11£s 22=4M) Stern interceptor(M0] QIE{AIE]), Ship attitude control(AEF XEA| X[04), System
identification(AAE! AlEH) - Genetic algorithm($M L 1121E), Towing tank test(0f|Q 14T AIS)
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Table 1 Principal dimensions of ships

o712 FHEC S QIEEE PR F57(2 QIHYHE
EE510{ AHICI= MOof7[olM HHE Hhot 31 252 LA
7|= MER2E{(Servo motor) 2F A{E ZE{2] il’ﬁ 252 MR

o=z e ClHYES ZEL0IE = 24
(rack and pinion)22 TFAEICE Z&MO l QIEfHEl= Ao
FEE QlEME|Q} ZO[MALE SHRIF0] MIZISIQICE Table 201

Item Full scale Model scale AMTE IEM OIEMElS] FQ X4 LiEpfion KAk ol
LOA 8.000 m 1.500 m EMEIS 28Mo| Bakst 242 Fig. 31} 2k
LWL 7.539 m 1.414 m
Breadth (ext) 2.300 m 0.431 m Table 2 Principal dimensions of interceptors
Breadth (chine) 2.200 m 0.413 m ltem Full scale Model scale
Draft 0.415 m 0.0778 m
- Interceptor 300 mm 56.3 mm
Displacement 3000 kg 19.78 kg breath
LCG from A.P. 2.647 m 0.496 m Maximum
Interceptor 50 mm 9.4 mm
_ stroke
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M2zl £E 10 m/s2 e F U TRIMRIE|E
ZE=1 el ER{A(truss) FEZ MZEHE 1% of ol ™MK= ofl 2l
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Heave

Fig. 2 High speed towing system(Left),
measurement unit(Right)

IS0 AsTAl PP oYM £ S
of HFF{o|E B4} BRI Z2{wsoR ofelzio] XIS Jok
=[RAct (Kim, 2012).
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Fig. 3 Stern interceptors of model ship
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E
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Table 3 Test condition for the system identification

test
Test # Control input [%]
test 1 20
test 2 40
Step Input oot 3 0
test 4 80
test 5 100
Test # Amplitude [%] w [rad/sec]
test 6 40 10.41
test 7 40 9.18
test 8 40 8.25
o fest 9 40 6.91
S'”;';Z'tda' fest 10 40 6.00
test 11 50 10.41
test 12 50 9.18
test 13 50 8.25
test 14 50 6.91
test 15 50 6.00

Fig. 5, 62 A|AH AlEZ 25 ofjole=AlSo| ATl Tafj=
o ofAIS LigkhC

Fig. 5, 62| J2iZoll= &2 Ztol AslE 20 50 ol
2ol QIEWME] SEZole] A Hlo|ElS LIEIICE Fig 6ol
= Zojdom S4 bl EERE AlRlge Tgs A
S Ujefiich

HS AlREH 3 of 725E| ofolo] AltEls|, 5x7le| 7i
7242 7Kl 3 1252 54 T2loll T Ik ol 15%
B} QIE{E] Mofeizo] Sol7i =ind 255 72| 2120| A

o hl
=01 of2lS okAA| Elch DRIMAD L Fl § UF-E &

—

£ Y ®RIsK| Rsp| mEol 5% Tt 275t
£ ol 30| Z=oIlet AT =z7io| deoiM= S
% Tl £ ol goe M £ gleg Y2siH =X
oF oin) i zoilMs O < @lct Sst RES My 2
92 71Ys9Y| ool Yelnt lHg FAS o, Eel 24 &
EifHrS2 & HetdefollA i2int Fujps ZX|2h TZEat 9
40| ChE Fauz LELP Elch 2222 Fajof Heks of
S51H &3 12 Fig. 62| F Hu| J2fzet Zo| AlelgrE
TAE = Aok OIXME At zxzdo| FdAIY 2= H

A HIfE ARISE ZAlHE WAlez EES HAHsH
Hio|EE 0l Z5Ict.

Step Input 60% (test3)

10 ™

] MWM
@
= 0 1
n
-10 i i L
0 5 10 15 20 25 30 35 40
Time [sec]
100 v v T T
E /_ﬂL'—"———“—'—\
E ) \\f"’ NNV
-100 A . L i A L i
0 5 10 15 20 25 30 35 40
Time [sec]
=100
k=)
2 50
g
= 0 L L .
0 5 10 15 20 25 30 35 40
Time [sec]

Fig. 5 Example of system identification test result
(test 3)

Sinusoidal Input (test14)

= .
o

g , w%
@

= 10 1 . I . . I

0 B 10 15 20 25 30 35 an

Time[sed ——Rawdata

10 — = =Sine fitting

16 17 18 19 20 21 22 23 24 25
Time[sed

5 [rmm]
L=}

0 B 10 15 20 25 30 35 a0
Time[sed

5 10 15 20 25 30 35 a0
Time[sed

—
=4
(=]

Interceptar [%)]
o 8

©

Fig. 6 Example of system identification test result
(test 16)
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ol SRk 7 SuSiES FhMR SHONN= 2 e goj gloz fetsich w31, ZEd olzsie F2lag
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Slsietdlof 7125101 S H 22 GS DSOS A TR (ragent gesent)nt 20| SafEol Moke x| oim S8zt
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_ (Oh et al., 2012). ZAXISHS 0|3l0f AlAH AlHg Siod
( St ) 21 2p0) |TN Ehsiol 73 283 ololeRioz g S
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Initial group Sofst oY HKE AN £7| sh2 AR X7 5 FiHof
seneration A o4 512 TEHOE Eishs WALLR BN olotn| A
Genetic operators 7le ci=sict
—— 4 ) SARSHE 0IgE AAY AEIE ciga 2o 24
evaluation & Mutation HEkolzd AJARN Al AMSZDL Mool e HAMMEOAM
Selection ‘-| o| Ezlzt HAIZES Taple 42} ZC}

Crossover

_T Table 4 Relationship between static control input

No and trim, Rise of C.G

Meet stop
conditions?,

\_ s J J h[%]| o | 20 | 40 | 60 | 80 | 100

7 [°] |6.05| 5.24 | 459 | 4.05 | 3.56 | 3.03
Result
47.0

43.01 | 40.31 | 37.15 | 34.87 | 32.85

L 4

Reproduction

Fig. 7 Basic structure of genetic algorithm
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7|&=o| B atmp|En FEEE ¥ 7K §FEE 7KIct Fazoz MMSIQICt Mozl e Aslselt T5RE
(Goldberg, 1989). LIERHT Table 52 Zict.
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Table 5 Relationship between static control input
and shifted pitch, heave

hil%] ] 0 20 40 60 80 100
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Table 7 Components of dynamic model matrix (result

of system identification wusing Genetic
Algorithm)
Component Value Component Value
a, 57.318 ag —-1.406
ay -12.088 a, -5.946
a, 85.186 ag -0.333
ay, 133.987 b, 11.393
as -4.002 b, -0.795
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Table 8 System Identification result (Step Input, trim
angle & sinkage)

Han} o] disiMe 2 Z2H2 871e] AME0[HE #
Hajol| ARBsIlend 2712 AEUIOHE ABol ARSSINACE
Table 30i|M test6, test?, test9, test10, test11, test12, test14,
test15= 2 HSIE 2o ARREAL test8, test132 AS0H AR
=|RACt Fig. 9= HEul Qi3 Aot 2+ oHH AlS2olM
Za} o|AlE HofFECt

test14(pitch)

7

ng(deg)
N w £ [¢,] »

0 1 2 3 4 5 6 7
time(sec)

test14(heave)

—m Experiment
- = - -Least square
Genetic Algorithm |

time(sec)

Fig. 9 Example of system identification result
(Sinusoidal input, test 14)
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Experiment Least square Geﬂétlc Table 9 System !der'ltlflcatlonl result  (Sinusoidal
. Algorithm input, objective function)
[%Z] Sinka Sinka Sinka .
7[°] ge 7[°] ge 7[°] ge Set Test # | Least square Genghc
[mm] [mm] [mm] Algorithm
0 6.05 | 47.01 | 6.05 | 47.01 | 6.05 | 47.01 test 6 0.0892 0.0221
20 5.24 | 43.01 | 5.48 | 43.81 | 5.33 | 44.11 test 7 0.0549 0.0191
40 | 459 | 40.31 | 4.86 | 40.74 | 4.60 | 41.21 test 9 0.0819 0.0187
60 | 4.05| 37.15 | 4.24 | 37.70 | 3.88 | 38.31 e 10 0520 0022
P . es . .
80 | 3.56 | 34.87 | 3.60 | 34.68 | 3.16 | 35.40 optimization
set test 11 0.0919 0.0115
100 | 3.03 | 32.85 | 2.97 | 31.65 | 2.43 | 32.50
test 12 0.0549 0.0274
Hck Qldof| CHsk AlsZmlol Ul A|S2||o|M Zo} Aloje] 2 test 14 0.1000 0.0269
A= BEO| £Z0M 7]l 2 oM E MY s 2H test 15 0.0816 0.0305
S 71H510] ABIER2 Z=Q0| 2&s5k= Mo2Ho| 25 =5
Zlolof| Maixo= Hfsicin 7I3ICt Table 82 B A3 Validation | test8 0.0615 0.0207
XMooz Zlske Mool ths AN AlsiZanie EZizint 8 set test 13 0.0978 0.0188
Aol ZIAE0| UNSIK| oLl ZH AlZ2|old Zxf EEZt
e e Total sum - 0.8057 0.2199
I} BARE QE MEXMoz ZHsln Qe AW Eolg 4= ok
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N PID control simulation, Desired Trim : 3deg
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Fig. 10 PID control simulation result (Desired trim : 3
deg)

0 PID control simulation, Desired Trim : 4deg
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Fig. 11 PID control simulation result (Desired trim : 4
deg)

PID control simulation, Desired Trim : 5deg
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Sliding Mode Control simulation, Desired Trim : 3deg
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Fig. 13 Sliding mode control simulation result

(Desired trim : 3deg)
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Fig. 14 Sliding mode control simulation result
(Desired trim : 4deg)

, Sliding Mode Control simulation, Desired Trim : 5deg
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Fig. 15 Sliding mode control simulation result

(Desired trim : 5deg)

PID control, Desired Trim : 3 deg
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Fig. 16 PID control test result (Desired Trim : 3 deg)
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Fig. 17 PID control test result (Desired trim : 4 deg)

JSNAK; Vol. 55, No. 5, October 2018

411



SSHOt 7Fseh Mof QIEfMET FAIE S Muo] AAR AEnt XAl Fojol| 2het o7

o)
—

PID control, Desired Trim : 5 deg yi’_,es,,ﬁu.t _E -

T T T T |— — ~Desired Trim O‘I7|9—| A2 17 OIK._'I, §E|-0|'é| 2= X‘"O‘I7|9—| A2 4= OI
M) M2 2H 7)o MX| Mefol] A Mulo| ofelo] AlEt=|
HAM ofele| Bolof w2t Muke| ZE52t0| MM BJlst,

2 3 o 5 0l FE o0l EE5i0] MEo] KA
X

Time [sec]

219 W T
Rl

h; [%)

™o
it
>
ofn
[}
Hel
ogt
n
=)
30
rir
N
o
ok
ro
ot
4>
30
ik
o
rir

L A
B 10 15 20 25
Time [sec]

30

o0
ol
F[F
o
A
|0
Hu
z
N
nd
>
20
_r|_

>
=
=
2
i
Rl
A0
O
Rl
n
r2
> -
T
)
of
i
=
il
N

Il

i=l
00
=OII__|
x

Fig. 18 PID control test result (Desired trim : 5deg)

A7F AL, ofol TFEoA == 2Etof CHst A a2
lidi rol, i im : o =lol= = —
10 Sliding mode colnt ° Desl|red T .3 deg HE ol 4= Ct Table 100 5 Mof7 |2 =% EEZt HE
L —] —testresult
g s Haluel Egi7int 27 Egzinio] 215 Ui  Hof
e/ 7] B 2E =% EEZo]| ofsiM MARMEl ERZio| 5% E
0 8 10 e sec 1 20 2 Bzt I Hel-tk= HE =ele o= QIct PIDHOZ |7t &2t
' o ol = Hoflof blsh HAAE] 27+ 32 Liefbed],
) T L Y
- / \ < moplel Aozl 718 ulmaED BE 2F S0
2 5 ]
= Chsll PIDX0{7 || ®lojeido] &2lolY == Xof7]2] HMof=
% 5 10 15 20 25 off vislf =AH LIEKICE = PIDMOf7[2] B2 &=3t Mojelzs
e BISOfUiX| 25tm glend o2 olsf 22jold 2= Moo B
Fig. 19 Sliding mode control test result off MAAEY @A 3A| LIERCY,
(Desired trim : 3 deg)
. . . Tabl - rim angle for h controller
Sliding mode control, Desired Trim : 4 deg able 10 Steady-state t angle for each controlie
- = = —DusiredTin Desired PID sMC
) R A -
o trim
T i | i ang|e T error T error
0 5 10 15 20 25
fmeeed 3° 3.34° | 11.3% | 3.06° 2.0%
100 T T T
= 4° 4.49° 12.3% 4.13° 3.3%
= sof 1
- M 5° 5.56° 11.2% 5.17° 3.4%
DU 5 10 16 20 25
Time [sec]
. . . . 2
Fig. 20 Sliding mode control test result (Desired trim 6 = %
. 4deg)
&2 AF0lM = SSHI07t 7tse Mol QIEME T EakE &
1o —aing mode control, Desired Thim : 5 deg FMY Mol B Sos DU AEsizion!, Mo T
S sb o N £ Hojskz 7|2 MAISID ofele=ARE Sl sSH
= ol T e o MaME ASSINLEL & =22 T2 ZES Ma2lslH 2
0 5 10 15 20 25 o 2t

=1
o
Ofelszl o523 ClolES 0/85/01 AlAY 4

- 2 Al
= M dl FARSH ZDE V(X2 o=t M ¢uE|EE SEt
% : - - - o A[AE] AHZATL AAR Al Mz0| JHME
Time [sec] 3) Alst mHlS 0| 83]0] Mete| XiM| HMof7| AAH|. K| |
Fig. 21 Sliding Mode Control test result (Desired trim of MY Z3} £2j0|Y 2= Hof7|7} PIDMO|7 [0l H[5H 22tS
: 5deg) ZH AMA|F7|0] HAAE] Mo{ME S 4ol LIEH

412 CHSIEAMSISI=2%! &|55 # M55 20184 10



e
o

70| $HOE CIST 2 UTE MRt
1) B57| A EE BRSRR Ho7| AAE S A6lS
28 T2f3t K| Hof| A

2) 1} 2 Azl 29 $ Sois ado| X
S SEZ 543t APIE Hop| 4
RREFAES 5ot M3l 5 B5e U MaimY Aof 5

SSHofol| 2ret o7t

1 22 cefet 242 QlEHH

7tstof kg

7|

ok

= EE2 sYiiFe ITIRDAKY "TEA Rsd el
=iket 7HE(8/8)" (MS3750) 2t =katsiodta Al "1

p
2EH SSM siAVIE el Rigkg ol SaslgigLIct

B =

References

Baker, J.E.,
genetic algorithms. Proceeding of 1% International

1985. Adaptive selection methods for

Conference on Genetic Algorithms and Their
Applications, Pittsburgh, United States of America,
24-26 July 1985.

De Jong, K.A.,
class of genetic adaptive systems. Engineering

1975. An analysis of the behavior of a

Doctoral Dissertation.
Ann Arbor.

Ertogan, M., Wilson, P.A., Tayyar, G.T., & Ertugrul,
S. 2017. Optimal trim control of a high—-speed craft

The University of Michigan

by trim tabs/inerceptors Part I: Pitch and surge
coupled dynamic modelling using sea trial data.

Ocean Engineering, 130, pp.300-309.

Faltinsen, O.M., 2005. Hydrodynamics of high-speed
marine  vehicles. Cambridge University Press:
Cambridge.

Goldberg, D.E., 1989. Genetic algorithms in search,

optimization and machine learning. Addison—Wesley
Publishing Co. Inc.:

Goldberg, D.E., 1991. Real-coded genetic algorithms,
virtual alphabets, and blocking. Complex Systems,
5, pp.139-167.

Holland, J.H., 1975. Adadaptation in natural and
artificial systems. The University of Michigan Press:
Michigan.

Janikow, C.Z. & Michalewicz, Z., 1991. An
experimental comparison of binary and floating point
representations in genetic algorithms. Proceeding of
4" nternational Conference on Genetic Algorithms,

Boston.

San Diego, United States of America,
1991.

Jin, G.G. & Joo, S.R., 2000. A study on a
real-coded genetic algorithm. Journal of Control,
Automation Engineering,  6(4),
pp.268-275.

Karimi, M.H., Seif, M.S. & Abbaspoor, M., 2015. A
study on vertical motions of high—speed planing
boats with automatically controlled stern interceptors

13-16 July

and  Systems

in calm water and head waves. Ships and Offshore
Structure, 10(3) pp.335-348.

Khalil, H.K., 2002. MNonlinear systems. Upper Saddle
River, NJ: Prentice—Hall.

Kim, D.J., Park, J.Y., Lee, J.H., Go, J.Y., & Rhee,
K.P., 2011. Effects of trim tabs on running attitude
and resistance performance of a water—jet propelled
high speed vessel.
Autumn Meating, SNAK, Mokpo, Republic of Korea,
3-4 November 2011.

Kim, D.J., 2012. A study on the running attitude and
dynamic stability of a semi-displacement round
bilge vessel at high speed. Engineering Doctorial
Dissertation, Seoul National University.

Luca, F.D. & Pensa, C., 2012. Experimental
investigation on conventional and unconventional
interceptors. /nternational Journal of Small Craft
Technology Part B of The Royal Institution of Naval

Proceedings of the Annual

Architects  transactions technical papers, 153,
pp.B65-B72.
Mansila, R.M., Aranda, J., Diaz, J.M. & Cruz, J.,

2009. Parametric model identification of high—speed
craft dynamics. Ocean Engineering, 36(12),
pp.1025-1038, 2009.

Michalewicz, Z., 1996. Genetic algorithms + data
structures = evolution Programs. Springer—Verlag:
Berlin.

Molini, 2005. Hydrodynamics of
interceptors: a fundamental study. /nfernational
Conference on Marine Research and Transportation,
Naples, lItaly, 19-21 September 2005.

Oh, K.T., Park, C.W., Kim, M.G., Park, J.H. & Kim,
Y.D., 2012. Small UAV system identification in time
domain. Korean Conference on Aeronautical And
Space Sciences, Gangwon, Republic of Korea,
11-13 April, 2012.

Rijkens, A.A.K., Keuning, J.A. & Huijsmans, R.H.M..
2011. A computational tool for the design of ride
control  systems for fast planing

A. Brizzolara, S.,

vessels.

JSNAK; Vol. 55, No. 5, October 2018

413



SSHO7} 7tS$H Mo| CIEfME{7} FAHE EeME Mutol A|AR AlETL XpM| Hofof| 25t oA+
International Shipbuilding Progress, 58(4), Applications, Arlington, United States of America,
pp.165-190. 1989.

N. & Atlar, M., 2013.

Seo, K.C., Copakumar,
Experimental investigation of dynamic trim control
devices in fast speed vessel. Journal of Korean
Institute of Navigation and Port Research, 37(2),

pp.137-142.
Sonnenburg, C.R. & Woolsey, C.A., 2013. Modeling,
identification, and control of an unmanned surface
of Field Robotics, 30(3),

vehicle.  Journal
pp.371-398, 2013.
Wang, L.W., 1985. A study on motions of high speed

planing boats with controllable flaps in regular
waves. /nternational Shipbuilding Progress, 32(365),

pp.6-23.
Whitley, D., 1989. The genitor algorithm and selection
pressure: why rank—-based allocation of reproductive
39 International

trials is best. Proceeding of
Conference on Genetic Algorithms and  Their

ChstEMSIS =27 x| 55 H M55 20184 108

414





