RBF-ADRC Based Intelligent Course
Control for a Twin Podded Ship
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1 Introduction

Podded electric propulsion ship is different from the conventional ship, because its
power and steering is provided by the propulsion motor. Due to the cancellation of
the rudder, we can establish a relationship between the speed and steering angle of
POD propeller and the conventional rudder angle, namely equivalent rudder angle
analysis method.

Mentioned in the literature [1], Ship Manoeuvrability Research and Training
Centre (SMRTC) in Poland Get the following conclusion on test of POD type ship:
in all cases, POD promote rotary capacity of the ship was very good, the main
problems existing is the ability to keep the ship heading stability. The stability of
twin podded ship is better than single. So it is very necessary to design the course
controller for the problem [2]. Neural network technology is a major bright spot in
the field of artificial intelligence, which can achieve a lot of functions and have a
successful application in the field of control, becoming a powerful branch of
intelligent control. ADRC has strong robustness and wide adaptability, it has the
ability to estimate and compensate the uncertain external disturbance, without
depending on the mathematical model, it can learn advantages from PID technology
and many advanced control technology in process control. The design of the
RBF-ADRC course control combines the advantages of both, in order to provide a
method for further optimizes the podded ship control problem.
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2 The Pod Thrust Vector Model and Equivalent Rudder
Angle Analysis Method

2.1 The Pod Thrust Vector Model

The pod thrust vector model can be calculated according to the following formula:

Xp = (1 —1,)(TpcosOp + T, cos 0y)
Yp = (1 —1,)(Tpsin 0p + T, sin 0,) (1)
Np = (1 —1,)(Tpcos Op — T cos 0,)0.5Lpg + YpLop

0 is steering Angle for pods; Lpg is the lateral distance between the two pro-
peller; Lop is the distance from the center of the ship to the pods; Tp and T;
respectively represent left and right pod propeller thrust; #, is the thrust deduction
coefficient [3].

Tp = pnpD* K1 (Jp) (2)

In formula (2) p is for the density of sea water; np is the left screw rotational
speed; D is the propeller diameter; Jp = Up/(npD) is the speed ratio; Ky is based
on pod propeller open water performance of the map which was used curve fitting
and interpolation methods find out the thrust coefficient, the specific formula see
(3). T, was calculated in the same way as Tp.

Ky = 0.740.3589Jp +0.1875.J,* (3)

2.2 Equivalent Rudder Angle Analysis Method

Without consideration of the influence of the roll motion of the ship, the force F;
generated by the conventional rudder is decomposed into the components of the
Surge X, the sway Y, and the yaw N [4-6], Xk, Y&, Nkg:

Xg = (1 — ZR)F,S sin 0
Yp = (1 +dig)Fs5cos0 (4)
Ng = (1 —l—dzR)ng(; cos 0

In the formula, F5 = 0.5pf,ApUssin(ap), Ap is rudder area, U is the flow
velocity of rudder blade; f, Is the lift coefficient C;. in the slope Angle of attack is
equal to zero, ap is angle of attack.
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Combined formula (1) and formula (4), this formula can be obtained:

0.5pf,ApU3 sin(ap) (1 + dag)xG cos &
= (1 —1,)(Tpcos Op — T, cos 0,)0.5Lpg (5)
+ (1 — lp)(TP sin 0p + T sin HX)LOP

The formula (2) is brought into the above formula:

0.50f,ApUsz sin(ap) (1 4 dag)xG cos 6
= (1 —1,)(pnsD*Kr(Jp) cos Op — pnsD*Kr(Js) cos 05)0.5Lps (6)
+(1- tp)(pnf,D“KT(Jp) sin 0p + pn§D4KT(JS) sin 05)Lop

We set ap=9, in the case of the rotation angle is not large, and it can be similar
that sina = a,cosa =1 — a2/2, and then the formula can be changed into:

& = [(1 = 1,)(pnpD*Kr(Jp) (1 — 63/2)
— pniD*Kr(Js)(1 — 05/2)0.5Lps
+ (1 —1,)(pnpD* K1 (Jp)0p
+ pnD*Kr(Js)05)Lop) /0.5t ApUa(1 + dag)xg

(7)

We  set (1 —1,)pD*/0.5pf,ApUs(1 +dor)xg = A,  n2Kr(Jp) = Ny,
nﬁKT(Js) = N,, The above formula can be simplified as:

0 =A[(N;(1 — 03/2) — Na(1 — 05/2))0.5Lps

+ (N10p + N20,)Lop] ®)

3 Twin Pod of Ship Maneuverability Analysis in Different
Working Conditions

In this paper, the simulation is carried out by taking the “Taian port” as an example
[7], which used two sets of SSP electric propulsion system. Its main parameters are
shown in Table 1.

Table 1 Ship’s main Total length L OA (m) 156

dimensions Beam B (m) 0
Draft d (m) 7.5
Square coefficient C,, 0.755
Displacement m (Ton) 26,426
Prismatic coefficient C, 0.8315
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According to relevant information, the movement of twin podded ship is divided

into the following four conditions [8]:
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The propeller rotation angle is equal, and the rotate speed is same, namely two
pods by linkage control. This condition is normal operation in the ocean of the
twin podded ship. Applying the equivalent rudder angle method, the given
podded propeller rotate speed is 144 r/min, steering angle is 10°, and operate in
the MATLAB simulation, we can get the following results (Fig. 1).

Twin podded propellers rotate speed is same, only a single rotary paddle. This
condition is ship’s approaching and leaving docks, or correcting the state in
special locations. The given left and right POD propeller rotate speed is
144 r/min, the left steering angle is 0°, the right steering angle is 10°, and we
can get the following results in MATLAB (Fig. 2).

Single pod function. This condition is when one pod in failure situation. The
steering angle and rotate speed of left pod was set zero. The given right podded
propeller rotate speed is 144 r/min, and the right steering angle is 10°. The
following simulation results can be obtained in MATLAB (Fig. 3).

The twin pods were not turned, but the rotate speeds are different. Because of
the particularity of podded propulsion mode, in this case it can still generate
torque. It is also well reflect the advanced nature of this propulsion mode. The
twin pod steering angle is 0°, given the right podded propeller rotate speed
60 r/min, left the podded propeller rotate speed is 144 r/min. The following
simulation results can be obtained in MATLAB (Fig. 4).
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Fig. 1 Equivalent rudder angle and turning circle in first work condition
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. 2 Equivalent rudder and turning circle angle in second work condition
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Fig. 3 Equivalent rudder angle and turning circle in third work condition
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Fig. 4 Equivalent rudder angle and turning circle in fourth work condition

3.1 RBF-ADRC Control Principle

The so-called RBF-ADRC course control is the combination of RBF neural net-
work and auto disturbance rejection controller in the course control. RBF neural
network which is a feed-forward neural network is composed of three layers, it is
nonlinear structure, but the second hidden layer to the third output layer is linear, so
accelerating effectively without the local minimum problem of learning speeds.

The ADRC is mainly composed of tracking differentiator (TD), the nonlinear
state error feedback control law (NLSEF) and the expansion of state observer
(ESO) three parts [9, 10].

The general steps of the design of RBF-ADRC are summarized as follows:

(1) By selecting the appropriate parameters, the auto disturbance rejection con-
troller can control the basic course of podded propulsion ship.

(2) The outputs zj,z2,z3 were taken from the state observer and save them. The
practice of this paper is to import the MATLAB state variable space, in this way
to save the data.

(3) Train the neural network, using RBF neural network, z;, z, for the input, z3 for
the expect output. In the course of training, the training parameters and ter-
mination conditions are given.
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Fig. 5 The structure of RBF-ADRC

(4) The trained neural network is embedded into the corresponding position in
Fig. 5 in the form of nonlinear function fsyy, and then the result of course
control is observed.

3.2 Simulation Studies of Course Control

Simulation experiment in this paper using the “Taian port” POD electric propulsion
ship as the control object [11, 12]. In order to compare the control effect, the
RBF-PID controller [13, 14] as a contrast objects. Target course are 10° and 20°,
and initial speed is 15.3 km, ship engine speed 140 r/min.

The simulation curve of course control in the MATLAB is shown below (Figs. 6
and 7).

When a given course angle is 10°, the RBF-PID controller takes about 200 s to
reach a stable value, and has an overshoot about ten percent, while the RBF-ADRC
takes only about 70 s. When a given course angle is 20°, the RBF-PID controller
takes about 150 s to reach a stable value, while the RBF-ADRC takes only about
60 s. The simulation results show that the two controllers were able to reach the
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Fig. 6 Simulation results of RBF-PID course control
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Fig. 7 Simulation results of RBF-ADRC course control

control requirement, but the RBF-ADRC course controller reached the expected
course more quickly, and in accordance with the expected steady driving, greatly
shorten the adjustment time.

4 Conclusions

This article started with the structure of twin podded propulsion ship, using the
equivalent rudder method to study the ship maneuverability and course control
problem. the “Taian port” ship was as example to simulate in the MATLAB, mainly
completed the following work:

(1) The thrust vector model of the pod is established, which the mathematical
model of ship motion based on.

(2) By using the method of equivalent rudder effect, the functional relationship
between the two twin podded propeller rotate speed, two rotation angle and
conventional rudder angle has been established, and four work conditions for
ship maneuverability have been analyzed.

(3) Through the analysis the advantages of RBF neural network and ADRC, the
RBF-ADRC course controller has been designed, and compared the control
effect with RBF-PID controller, and simulated in the MATLAB. Lay a foun-
dation for further study the control of twin podded ship.
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