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Abstract— In this paper, a series of static water pitching
attenuation tests were carried out on a small swath unmanned
underwater SWATH-USV under different draft and different
initial pitch angles. By changing the composition of the restoring
moment and damping torque, 9 mathematical models of the
system identification were established. By changing the
composition of the restoring moment and damping moment, a
systematic identification mathematical model for 9 modes of
pitch attenuation motion was established. Based on the system
identification theory and genetic algorithm, the system
identification software was written in C# language. The
experimental data of the unmanned craft were identified and
analyzed, and a good mathematical model of the longitudinal
pitch motion was obtained by identification and calculation, and
the changes of the parameters of the identification parameters
under different water and tilt angles are compared. The
variation of each identification parameter at different draught
and tilt angles was also compared. The relative error between
the software forecast value and the test value shows that the
prediction value is in good agreement with the test value, which
proves the reliability of the system identification software, and
can predict the future navigation and motion posture of the
unmanned craft.

Index Terms— SWATH-USV; pitch attenuation test; system
identification; pitch motion mode.

I. INTRODUCTION

The SWATH ship [1] consists of three parts: deep
underwater double submerged body, small water plane double
pillar and spacious upper hull. Its characteristic is that the
waterline surface is much smaller than the catamaran and is
less disturbed by the wave, so it has excellent sea keeping
ability and can perform offshore operations smoothly.
According to the motion characteristics of the SWATH ship
form, Ma Jianwen [2] based on the MMG three degrees of
freedom model, and has incorporated the coupled
longitudinal sway and yaw. The five degrees of freedom
motion mathematical model of the SWATH were established
by swaying, surging, rolling, pitching, yawing. Based on this
application model, the real ship mathematical model of the
SWATH is established, and the mathematical model is solved
by differential solution. The cycle motion rotation and Z
shape motion of the SWATH are simulated and the qualitative
analysis is carried out. In the process of semi-submersible
unmanned yacht, Jin Bo [3] has a great influence on the
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external environment of the yaw and roll, which affects the
effectiveness of the motion control system. The method of
time series analysis and Grey prediction is used to study the
motion attitude prediction method. The AR model and GM
(1,1) model was established based on the initial and
longitudinal data of semi-submersible unmanned craft in
general working conditions, and the real-time prediction
simulation and comparison were carried out. Li Jun [4]
proposed a multi-objective system identification method for
surface unmanned craft, and verified the correctness of the
method through the model test and calculation analysis. The
loss functions of roll motion, roll motion and control motion
are established by the error functions of rolling angular
velocity, pitch angle velocity, lateral velocity and rotation
angle velocity respectively. The evaluation function of mufti
target identification optimization problem of unmanned yacht
is constructed by subdivision method, and the mufti target
identification problem of unmanned yacht is transformed into
an evaluation function. Finally, a genetic algorithm is used to
solve the optimal solution.

In this paper, the model of hydro static pitching motion of a
SWATH-USV model was tested and analyzed. A
mathematical model and method of system identification
based on genetic algorithm [5] were established. The
identification software was developed and the identification
analysis of the longitudinal motion was carried out. The
identification and analysis of the longitudinal rolling test data
were carried out by the identification program. The relative
error between the measured value and the predicted value is
small, and the fitting degree is good, which proves the
reliability of the system identification method.

Il. PITTING TEST OF HYDRO STATIC WATER

A. Test Model

An SWATH-USV model is selected in this pitch test. Its main
scale principal dimension is shown in table 1.1 :

Table 1 Main parameters of SWATH-USV

numerical

principal principal numerical

dimension Symbol value unit dimension Symbol value unit
Skipper L 1.26 m
Yacht Design speed \ 5 kn
width 06 m

Space
Type D 0.37 m between 0.54 m
depth N C

pieces 0
Design Length of

N T 0.154 m submersible 1.28 m

draft L

body
Design 4 30 K Dive " 0.128
drainage 9 diameter Dl ’ m
Maximum
width  of t 0.538 m Prop length 118 m
pillar s LS

The completed model view is shown in Figure 1 :

Www.ijeas.org



Research on Pitch Motion mode of SWATH based on System Identification

Figure 1 Front view of a two swath unmanned yacht model
(a) , Overall effect diagram (b)

B. Test Steps of Pitching

Due to the relationship between the test conditions, the pitch
test cannot simulate the motion of the wave in the wave, and
the swaying law of the ship model is determined mainly by
measuring the swing angle of the ship model in the free decay
process of the hydro static water. The test of the longitudinal
pitching and rolling of the still water is carried out in this
paper. The hydro static pitching test was conducted in a test
pond.

(1) We prepared for trial the instrument including test model
with length of 1.26 meter test ship model, the MTI-G inertial
measuring instrument the ship's six degrees of freedom
movement, the data transmission line, and the computer on
the shore.

(2) in order to avoid the wall effect, the ship model is placed
in the center of the pool, and the ship model is adjusted to
float forward by loading weights, so that the draught is at the
design water line.

(3) the MTI-G inertial measurement unit is placed
horizontally on the center of gravity of the ship model and
connected to the equipment with data lines.

(4) when the ship model is in the positive floating state, the
data of the shore machine is observed to read the longitudinal
angle of the ship model. By adjusting the horizontal position
of the MTI-G, the initial pitch angle of the software is
guaranteed to be between 0.1 degrees.

(5) manually give the ship model a required pitch angle, click
record data, release the ship model at the same time, wait for
the ship model to regain the positive floating state, stop data
collection, and save the test data.

(6) repeating (4) process, changing the required pitch angle,
and designing the initial pitch angle of the draft section in
three groups, including: 3 degrees, 6 degrees, 9 degrees;

(7) by adding or reducing the load to carry out 1.1 and 0.9
times the design of the draft test, and adding two loading,
repeat steps (3) - (5), the test process, as shown in Figure 1.2.

Figure 2 Hydro static pitching attenuation test of SWATH

I1l. SYSTEM IDENTIFICATION EQUATION AND
MATHEMATICAL MODEL

System identification is a branch of modern control theory.
System identification is a model [6] which is equivalent to the
measured system in a set of given model classes on the basis
of known or measured input and output data. The three
elements of system identification are data, model class and
equivalence criterion, in which data is the basis of
identification, which refers to the input data and output data of
the system process. The model class is the range of the
identification of the model, referring to the set of known
system process models, and the equivalence criterion is the
target of identification and optimization. The essence of
identification is to select a model from a group of known
model classes according to certain criteria, so that it can best
match the dynamic characteristics of the actual process [7].
The definition of Zadeh, such as [8-10], is that identification
is based on input and output data, and determines a model that
is equivalent to the measured system from a given set of
model classes. Generally speaking, there are three elements in
identification: data, models and criteria. Identification is to
select a model that best fits the data in a set of model classes
according to a criterion.

The following equation can be obtained from the equation of
static water moment balance.

o+ 2Ny /I L+ Wl g 1]
+xy?l L +Dhy/ll =0
According to the characteristics of the ship type, the linear,
the quadratic and the cubic combinations of the damping
moment and restoration moment are transformed. A total of
nine equations of the longitudinal pitch motion were
established for the system identification and analysis to find

the adjustment equation of the ship model in this paper.
Equation 1:

€]

!

G+ 2Ny + WL |y + X1+

r.. 3 r.2 ! _ 2
C/ > +Cll y?>+Cll jy =0
Equation 2:
o+ 2N/ Ly + WL |y + C
Low® + Gl w* + Gl w =0 @)
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Equation 3:

y + 2N/ )y + C L y?

+C,/1 ;yl//z +G/1y =0 ()
Equation 4:

W+ 2N/ + WL

vy +x/
L+ Gl w? +Cllly =0 (5
Equation 5:

o+ 2Ny + WL |y +
C/l,w*+CJll w =0 ©6)
Equation 6:
W+ 2NNy +CI ' +Coll Ly =0
()
Equation 7:
o+ 2NI g + WL |y +
r -3 ’ _ 8
XMy +GCll y =0 ®)
Equation 8:
W+ 2NNy + WLyl + Cy/1 =0 @
Equation 9:
w+2NN yw + Gl w =0 (10)

We selected the design variables as follows:
17 ,N,W,x,C,,C,,C, - the value range of design var

yy!
iables is as follows:

1), €[0,0.1],N e[0,,W [0,1],x €[0,10],
he[0,10],C, €[0,10],C, €[0,10],C, €[0,10]

Of the above nine equations » Iy'y—the total inertia moment

of hull longitudinal pitching ; y —pitch angle ; y./—pitch
angle velocity ; , —pitch acceleration ; 2N —the linear
damping moment coefficient, ; W, X —the nonlinear
damping moment coefficient ; C, , C, —the nonlinear
restoring moment coefficient ; C, —the linear restoring

moment coefficient -

The above nine identifications models, by measuring the
angle of the test K, have the error estimation criteria at K+1
time as follows:

_ . ’ .
Sk TV —VWka (11)
In the form: 7, , —the measured value of the angular
velocity of the K+1 moment; W{M —the value obtained from

the identification result.

According to the error estimation criterion, the objective
function of pitch identification model is established as
follows:

FW= | S0 v

IV ANALYSES

(12)
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A. Comparative analysis of test data

In the test process, three tests are carried out for each initial
pitch angle during the test, and the best data of the test data are
selected as the effective data. Due to human measurement
factors, there are some errors in the experiment. The initial
angle of the longitudinal pitch is 3 degrees, and the draft of the
draft is 0.9 times the design draft, the design draft, the 1.1
times the design of the draft, and the velocity attenuation of
the pitch angle in the Figure 3, so the test data can be used. So
the data of pitch test are available.

—o4T
—T
— 14T

-5 0 5 10 15 20 25 30 35 40

Figure 3 The curve of angular velocity at different initial draft
angles of 3 degrees

As shown in Figure 3, when the three groups of water and
initial angle of pitch are 3 degrees, with the increase of water,
the peak value of the pitch angle decreases and the
longitudinal rolling period increases. It shows that the higher
the load is, the worse unfavorable the wave resistance
performance is. The attenuation law of the red curve (design
draft) appears in the abnormal state when the red curve
(design draft) is at 15s. The reason may be the reflection of the
two bodies on the waves, weakening the pitch motion. In
addition, the longitudinal attenuation period of the ship model
is longer than that of the general single ship, one is that the
longitudinal roll motion is accompanied by the rolling
movement in the process of longitudinal rolling, and the
rolling period is close to the rolling period, and the "wagging"
is formed, and the two is due to the layout factors and the
position of the ballast placement. The center of gravity of the
ship model is high, and it needs to be improved. Since the
pitch motion was affected at 15s, only the test data of the first
15s were taken for pitch identification.

B. Analysis of Identification Results

Genetic algorithms are selected to set the basic parameters as:
optimization algebra 2000, population size 200, cross
probability 0.8, mutation probability 0.15, genetic factor 0.05,
and evolutionary weight 0.9.

The identification system of three different drafts and
different initial pitch angles with nine different pitch
mathematical models is identified and identified, as shown in
Table 2:
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Table 2 Identifying the value of the objective function of a mathematical model

Objective function

Equation 5 Equation 6

value Equation 1 Equation 2 Equation 3 Equation 4 Equation 7 Equation 8 Equation 9

0.9T 0.023405752 0.0234057 0.023428109 0.023406 0.023405970 0.023428259 0.023407885 0.023407881 0.023429430

;aj?\gllzl of 3 T 0.023476381 0.02347629 0.023476849 0.0234766 0.023477119 0.023477101 0.023484324 0.023484730 0.023484725
egrees

’ 11T 0.059237538 0.05923563 0.059291416 0.0592373 0.059245461 0.059291401 0.059237292 0.059245535 0.059291473

0.9T 0.024820112 0.02481978 0.024884315 0.0248214 0.024821285 0.024821278 0.024823878 0.024823858 0.024823842

;aj?\gllzl of 6 T 0.023195876 0.02319572 0.023195439 0.0231975 0.023197448 0.023197438 0.023204474 0.023222002 0.023204458
egrees

’ 11T 0.0202619 0.02026185 0.020270943 0.0202627 0.020262725 0.020272272 0.020262657 0.020262722 0.020272257

0.9T 0.026101928 0.0261004 0.026100687 0.0261049 0.026104799 0.026104746 0.026105510 0.026105448 0.026105441

:1?1I§t;llzl of 9 T 0.025670453 0.0256616 0.025662312 0.0256785 0.025678388 0.025836097 0.025686201 0.025686116 0.025686081
degrees

? 11T 0.023390004 0.02338618 0.023386278 0.0233979 0.023397692 0.023397671 0.023397712 0.023397661 0.023397652

By comparing the objective function values of the above nine
equations, it is found that the objective function value of the 3
initial longitudinal pitching angles and the 3 different drafts
equation 2 is the least, indicating that the fitting effect of the
equation 2 is the best. Taking the design of the draft angle of 6
degrees below the draft as an example, the identification
equation is as follows:

¥ + 0. 137953966/ | / i + 0. 006320314/

Iy, @]y + 8.704769096/ 1 [ yw° +
1. 744499553/ | | w* + 0. 910961951/

(14)

byw =0

In order to analyze the error of the test value and the fitting
value, the experimental values of the angular velocity of the
design draft and the initial angle of 9 degrees are compared
with the fitting values identified by formula 2, as shown in
Figure 4

Test value
Fitted value|

0.4

-2 (0] 2 4 6 8 10 12 14 16
Time(s)
Figure 4 The curve of Test angular velocity and identification
angle velocity fitting curve
Table 3 Error table of experimental and identification results

Time (s) Experimental angular velocity Angular velocity identification error

0.32 -0.598542757 -0.599854568 0.22%
0.33 -0.597305415 -0.586284718 1.85%
0.34 -0.592448517 -0.584074995 1.41%
0.35 -0.580790576 -0.578335304 0.42%
0.36 -0.572090756 -0.565955143 1.07%
0.37 -0.570465969 -0.556495185 2.45%
0.38 -0.555617801 -0.553977795 0.30%
0.39 -0.543450262 -0.538521542 0.91%
0.4 -0.536940663 -0.525712422 2.09%
0.41 -0.517738224 -0.518458466 0.14%

According to Figure 4, it can be seen that the fitting effect of
test angular velocity and identification angular velocity is
better. It can be seen from Table 3 that the error between the
test angular velocity and the angular velocity is less than 3%,
indicating that the software is reliable and can predict the
angular velocity at the next moment.

C Analysis of the Hydrodynamic Torque Coefficient of the
Longitudinal Pitching

Through the identification and calculation of the 9 groups of
longitudinal test data, the total inertia moment of the hull Iyy,

the linear damping torque coefficient N , the nonlinear
damping torque coefficient W and X | the linear recovery
moment coefficient C, and the nonlinear recovery moment

coefficient C» C, are obtained. Among them, at different

initial pitch angles, the hydrodynamic moment coefficient of
the ship's pitch is measured with the draft curve shown in
figure 3.3-3.5.
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Figure 5 The curve of relative linear damping coefficient N
(left) and relative damping moment coefficient W (right) vary

with initial pitch angle and draft
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Figure 6 The curve of relative nonlinear restoring moment
coefficients C; and C, vary with initial pitch angle and draft
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Figure 7 The curve of relative linear restoring moment
coefficient varies with initial pitch angle and draft
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It can be seen from Figure 5-7 that the values of the moment
coefficients change with the change of draft and initial pitch
angle. The relative linear damping torque coefficient N
decreases with the increase of the initial pitch angle. When the
angle of the pitch is 3-6 degrees, the relative linear damping
torque coefficient N presents a tendency to increase first and
then decrease, while the relative linear damping torque
coefficient N decreases when the pitch angle is 6-9 degrees.
The damping torque is smaller, and the relative damping
torque coefficient W decreases with the increase of the initial
pitch angle. When the angle of the pitch is 3 degree, the
relative damping torque coefficient W decreases first and then
increases. While the pitch angle at 6-9 degrees, the trend of
the damping moment is in the flat basically near zero,
indicating that the damping torque does not exist at a large
angle. The nonlinear recovery moment coefficient C;
decreases with the increase of draft water at 3 degrees, and the
change amplitude is slow between 6-9 degrees, and the
relative nonlinear recovery moment coefficient C, increases
with the increase of water, and decreases with the increase of

ISSN: 2394-3661, Volume-5, Issue-10, October 2018

the pitch angle. The relative linear recovery moment
coefficient C; increases first and then decreases with the
increase of the draft angle at 3 degrees, while the pitch angle
at 6-9 degrees decreases with the increase of the draft.

IV. CONCLUSION

In this paper, the model test and system identification method
are used to study the damping motion mode of the hydro static
roll in the swath unmanned yacht. Through the identification
program calculation, a mathematical model of the static water
longitudinal rolling is found that is the most suitable for the
ship model in the 81 working conditions, which can
accurately describe the process of the roll motion and give the
exact value of the moment coefficient. The variation of each
moment coefficient with the angle of draft and roll is found,
and the reliability of the system identification software is
verified. The research shows that the system identification
software can predict the future navigation parameters and
motion attitude of unmanned ships, which can provide a
reference for further study of the longitudinal motion of
SWATH USV.
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