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Abstract: Autopilot is an important navigation instrument, and it plays an important role in safe navigation. In order to further

improve the performance of the autopilot, this paper adopts the first-order closed loop gain shaping algorithm (PID) to design

autopilot control algorithm with robustness, and uses tangent function nonlinear feedback technology to replace the linear feed-

back to improve the energy saving effect of autopilot. Taking Dalian Maritime University’s newly-built YUPENG ship as an

example, the simulation research is carried out. The results show that the control effect is still satisfactory when the model pa-

rameters change by 25%, which suggests that the designed autopilot algorithm has good robustness. Compared with linear

feedback, nonlinear feedback can save 7. 9% of energy. The algorithm proposed in this paper is simple and has obvious physical

meaning. At the same time, the control algorithm is also helpful for the localization of controller design.
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0 Introduction

Dalian Maritime University is the only one subor-
dinate college of the Department of Transportation.
The school ship updates rapidly, and now there are
two ships in service; YUKUNG and YUPENG. The
retired ships includes HONGZHONG, YUHONG,
YUYING,ZHENGHE and YULONG. YUPENG is
China’s second generation of the first modern multi-
purpose cargo practice teaching ship. It was delivered
to Dalian Maritime University on October 16, 2016.
The vessel is mainly used for internship of naviga-
tional students, it can be used for transferring bulk
cargo, engineering equipment and containers, and
can also be used in scientific research and experiment
by the students who major in traffic information engi-
neering and control, navigation science and technolo-
gy, marine engineering and environmental engineer-

ing. As a newly-built teaching and training vessel,
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there is few research on YUPENG. Therefore, it is
necessary to design control algorithm for course-
keeping. Witkowska designed a nonlinear controller
based on the backstepping method™, using genetic
algorithm to optimize the parameters of the control-
ler, whose control effect is better than that of the
traditional PD controller. ZHANG Xian-ku used the
essence of nonlinear feedback algorithm based on sine
function'”*, and ZHANG Guo-qing justified that the
nonlinear feedback algorithm has the characteristics
of energy saving and safety'™). This paper adopts a
new method, using tangent function instead of sine
function to design the control algorithm of nonlinear
feedback, and taking YUPENG ship as an example to
verify the validity of the algorithm. At present, most
of the autopilot mounted on the ship in China is pro-
duced in foreign countries. The autopilot in YU-
PENG is produced by a British company, Ross Royce

company. It is necessary to design our own country’s
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autopilot, therefore the algorithm proposed in this

paper has a certain practical significance.

1 YUPENG real ship test description

According to YUPENG ship integrated perform-
ance test report provided by Dalian Zhongyuan Ship-
ping Engineering Co. Ltd, we can get the weather

and sea conditions, the ship parameters and other da-

ta when YUPENG is in right turning test. The data
of the turning test are obtained by the equipment on
the ship, the main equipment including one set of dif-
ferential global positioning system (DGPS) satellite
signal receiving system, one DELL laptop, one set of
the ship performance test software. The environmen-
tal data and test data are acquired when the ship is in

ballast condition, as shown in Table 1.

Table 1 Turning test data in ballast condition

Parameters Values Parameters Values

Wind scale 35 kn Turning circle diameter (m) 633. 36
Depth of water (m) 47 Turning circle speed (knot) 10. 2
Wind direction P175 deg. Turning circle w-speed (deg/s) 0.76
Draft TF (m) 4,542 Time at angle 90 (s) 126
Draft TM (m) 6.313 Time at angle 180 (s) 228
Draft TA (m) 8. 126 Time at angle 270 (s) 345
Max heeling angle (deg) ldeg Time at angle 360 (s) 472
Start heading (deg) 0. 24 Time at angle 540 (s) 697
End heading (deg) 168. 96 Speed at angle 90 (knot) 11.42
End speed (knot) 7.75 Speed at angle 180 (knot) 9.59
Turning circle duration (s) 697 Speed at angle 270 (knot) 8. 29
Transfer (m) 398. 36 Speed at angle 360 (knot) 7.71
Advance (m) 686. 48 Speed at angle 540 (knot) 7.75

We can get the ship’s parameters in both ballast

condition and full loaded condition by estimating

some data.

The result is shown in Table 2.

Table 2 Parameters of YUPENG ship in full loaded and ballast conditions

L (m) B (m) T (m) Xc(m) Cb A (D) v (kn) Ay (m?)
Full load 189.0 27.8 11.0 —1.8 0.72 30 000 17.5 38
Ballast 189.0 27.8 6. 32 —4.043 0. 661 22 587. 6 17. 26 31. 67

2 Right turning simulation in ballast

condition

In the turning test, due to the limitation of envi-
ronment, YUPENG ship only carried out the ballast
test and without full loaded test. According to the
method given by Ref. [5], using VB programming to
calculate parameters K, T, @ and 8 of YUPENG ship
in ballast and full loaded conditions, the results are
shown in Table 3.

Table 3 Ballast and full loaded parameters

K T a B
Ballast 0.21 107. 78 13.17 16 323. 89
Full load 0. 08 39.09 18. 59 20 732.57

The simulation uses nonlinear Nomoto model, as
shown in Eq. (1), to establish mathematical model of
YUPENG ship, which is from the rudder angle § to
the heading angle ¢, namely

o Koo yE :K _
¢+T(Q¢+ﬁl} ) T(8+8wmd)’ (1)

where Owing 18 equivalent rudder angle, whose value
can be obtained by using the method provided by
ZHANG Xian-ku in Ref. [6]. The Beaufort scale and
the leeway angle are acquired by using cubic interpo-
lation method. The simulation uses simulink toolbox
in Matlab, building simulation diagram, as shown in
Fig. 1. The rudder servo system T, is described by
the first-order inertia system. T, is 5 s and rudder

speed is 5 °/s. The mathematical model of Eq. (1)



80 Journal of Measurement Science and Instrumentation

Vol. 8 No. 1, Mar. 2017

with wind interference is realized by programming an
S function.

Simulating the right turning circle of YUPENG
ship in full rudder, a comparison is made between the
simulated circle and the circle of the real ship test, as

shown in Fig. 2. In Fig. 2, X and Y are the coordi-

nates of the position of YUPENG ship, and L is the
length of YUPENG ship. It is calculated that the
simulation of the turning circle and real ship test cir-
cle fitting is 89. 52%. As far as the accuracy of the
model itself is concerned, the simulation results are

satisfactory.
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Fig. 1 YUPENG ship turning simulation
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Fig.2 Comparison of turning experiment

3 Design and verification of automatic
control algorithm

3.1 Algorithm design

Autopilot is an indispensable equipment of modern
ship for navigation, whose main function is to main-
tain or change the course of a ship automatically, re-
duce the workload of the crew, and avoid accidents
caused by human errors. Therefore, the design of
autopilot control algorithm has important signifi-

cance. According to Eq. (1) of nonlinear Nomoto

model, the first-order closed loop gain shaping algo-

rithm is applied'?.

_ (1 T
u= (KTI +p+KT1.S>e. (2)
Conventional linear feedback feedbacks the error
(e) to the controller directly. In this paper, the non-
linear processing of e is firstly carried out. Compared

‘21, this paper attempts

with the use of sine function
to use tangent function to carry out the research. In
the simulation, the interferences of the ocean waves,
the random wind and the constant wind are all con-
sidered. A simple method to consider wave interfer-
ence is to use white noise to drive a typical 2-order
oscillation component, and then the wave transfer
function is obtained under the influence of Beaufort

scale of 6 as

0.419 8s

h(s) = s2+0.363 8s-+0.367 5"

3

The sampling time of white noise is 0. 5 s, and the
power noise parameter is set at 0, 000 01. The white
noise of the ocean waves is the same as that block
which is used to simulate the interference of random
wind. The controller bandwidth parameter T} is 3 s

and p is 2. The final diagram is shown in Fig. 3.
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Fig. 3 Simulation block diagram of Simulink

3.2 Algorithm validation

Using the data of YUPENG ship to carry out simu-
lation test of the control algorithms put forward in
this paper. Input parameters K, T, « and 8 given a-
bove in Fig. 3, and YUPENG ship is in full loaded
condition. The desired course input is set to 60°, and

the simulation curves are shown in Figs. 4 and 5.
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Fig. 5 Rudder angle simulation

According to Fig. 4, it can be calculated that when
the nonlinear feedback autopilot control algorithm

reaches the set course, keeps in a stable state and the

settling time is 140 s, it can maintain the course. It
does not exist overshoot phenomenon. Fig. 5 shows
the usage of rudder of YUPENG ship in the process
of keeping course steady. The average rudder angle
in the simulation process is 4. 06°, the maximum rud-
der angle is 35°, and the minimum rudder angle is 0°.
This indicates that the algorithm can achieve the pur-
pose of keeping course in a small rudder angle, there-
by reducing the consumption of energy and having
the effect of energy saving and economy. In order to
verify the robustness of the system, the parameters
of the Nomoto model are changed by 25%, and then
the simulation test is carried out.

The simulation curve of the course and rudder an-

gle is shown in Fig. 6.
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Fig. 6 Course and rudder angle simulation when model pa-

rameters change by 25%
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From the figures we can see that the course curve
and the rudder angle curve are very similar to that
without change of parameters. This shows that the
designed control algorithm has good robust perform-
ance for model perturbation. After removing tangent
nonlinear feedback, there is little change in the
course curve. The rudder angle simulation curve is
shown in Fig. 7, with the average rudder angle of
4, 41°, Tf the average rudder angle is used for repre-
senting the energy consumption of the ship, the use
of tangent nonlinear feedback can save 7. 9% of ener-

gy than the linear feedback.
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Fig. 7 Rudder angle simulation without tangent feedback

4 Conclusion

Autopilot is an important tool for modern ship and
has a variety of control algorithms. At present, most
domestic ships use imported autopilot, which not on-
ly increases the shipbuilding cost, but also makes
China limited to other countries in this technology.
This paper carried out a research for the newly-built
vessel and made a simulation for right turning cycle.
The simulation results verifies the control algorithm
has good performance of control and robustness. The
autopilot control algorithm based on tangent nonlin-
ear feedback used in this paper will make a little ef-

fort to realize the localization of autopilot. At the

same time, the algorithm has certain engineering ap-
plication value and can be used in the design of con-

troller.
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