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Freguency characteristics of closed loop system for all M ship models
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Transfer functicon:

0.008362 z*8 - 0.01825 z*7 - 0.01166 "6 + O.06796 z*5 - 0.07548 z*¢ + 0.03423 z*3 - 0.004526 z*2 - 0.0006884 z + 5.271e-005

z*9 - 5.867 z*8 + 14.88 =77 - 21.31 z*6 + 18.73 z*5 - 10.3 z*4 + 3.429 z*3 - 0.6272 z*2 + 0.05054 =z - 0.001403

Sampling time: ZI

Transfer functien:
Q.04866 z*8 - 0.1694 z*7 + 0.2231 %6 - 0.1355 z*5 + 0.03625 z*4 - 0.003611 z*3 + 0.00052¢ 2 - 9.783=-0058 z + &.852=-008

z2*9 - 4.448 z*8 + 8.008 27 - 7.388 z*6 + 3.657 25 - 0.9133 z2+4 + 0.1068 2*3 - 0.01335 2*2 + 0.002519 z - (Q.0001862

Sampling time: 2

Transfer functien:

0.03255 z*8 - 0.08166 27 + 0.04618 z"6 + 0.02854 z*5 - 0.02914 z*4 + 0.00138 z*3 + 0.001785 =22 + 0.0003371 z + 3.013e-005

z*9 - 3.952 z"*8 + 5.8B51 =77 - 3.721 z"E + 0.617 z"5 + 0.2&03 z"4 - 0.03405 z*3 - 0.01814 =z"2 - 0.0028& =z - 0.0001F&2

Sampling time: 2

Transfer function:
0.02393 z*8 - 0.04888 z*7 - 0.010899 z*6 + 0.1043 =5 - 0.1012 z*4 + 0.03879 z*3 - 0.00445 z*2 - 0.00086855F =z + 0.0001379

z*9 - 4.546 z*8 + B.581 27 - B.74 26 + 5.274 25 - 2.002 24 + 0.5286 2*3 - 0.1125 22 + 0.01817 z - 0.001403

Sampling time: 2

G,lo 0 diges yloy ol - V-Y-Y-0

Axgh (S AL pimed g plee Seeliod 4 Wb gl p iged oy Sl sl

Gl ¢ 00,5 Sl 5SasS by diged loj Az e atelS Djse 4 J5S 0

s

93,5 o S iz Gl e Byl 3 J5 el 5 Koo ST il 5 55 ol

S>o5 6yl diged oy bl 4 5l aitiie aS Swelioo sl a5 ol w5 4o

1,38 tely Sllog & a>g5 S0 0 diged yloy bl oS D9 o0 Aoyl Jos 0 bl oo

B, 03]y diged A g lugd 3l 0gs 2 40 aS (6l 5K w5 plxl

15



PID coiss J a8 a0 piwnw gl -¥-Y-0

s el 00U oo”]ﬁ)’)o PID ooss Jﬁjmwcmb

Response with PID Controller

1.4

1.2

0.8 /
0.6 /
0.4

|

00 10 20 30 40 50 60 70
PIDo fJ 54; s C.M:L—YQ-& li
Response with Digital PID Controller
1.4
1.2
1

0.8
0.6 /
0.4

0.2 /

L

0 20 40 60 80 100 120

PID Jtuous oaisS J,u8 gl =Yoo IS

vy



Lol 00l duglio p2 bl 90 55 40

Response with PID and Digital PID Controller

14

12

N
J

S
J

0 20 40 60 80 100 120

S g dwg PID sos IS ol aslae — YV -0 S8

aA






[1]. Hoppis, C.H. and C. H. Rasmussen, “Quantitative Feedback Theory
(QFT) Fundamentals and Applications.” MARCEL DEKKER, INC., NY,
1th Ed. 1999.

[2]. Petkov, P.H, and M. M. Konstantinov, “Rubost control Design with
Matlab.” Springer, INC., London, 1th Ed. 2005.

[3]. Tristan, P. “Ship Motion Control.” Springer, INC., London, 1th Ed.
2005.

[4]. Duc Do, K., and J. Pan, “Control of Ships and Underwater Vehicles.”
Springer, INC., London, 1th Ed. 2009.

[5]. Fossen, T.I. “Marine Control Systems.” Trondheim, Norway: Marine
Cybernetics, 2002

[6]. Amerongen, J. Van “Adaptive Steering of Ships — A Model
Reference Approach”, Automatica, vol. 20, no. 1, pp. 3-14, 1984.

[7]. Blanke, M. and M. Knudsen, “A sensitivity approach to identification
of ship dynamics from sea trial data”, Proc. of the IFAC Conf. CAMS’98,
Fukuoka, pp. 261-269, 1998.

[8]. Nomoto, K. T. Taguchi, K. Honda and S. Hirano, “On the Steering
Qualities of Ships”, Technical Report, International Shipbuilding
Progress, vol. 4, 1957.

[9]. Norrbin, N. H. “On the Design and Analyses of the Zig-Zag Test on
Base of Quasi-Linear Frequency Response”, Tech. Report B104-3,
Swedish State Shipbuilding Experimental Tank (SSPA), Gothenburg,
Sweden, 1963.

[10]. Dove, M. J. and C. B. Wright, “Development of marine autopilots”,
Computer methods in marine and offshore eng., pp.259-272, 1991.

[11]. Yang, C. P. C. Austin and C. M. Xiao, “An H-inf controller with
feedforward for yacht course-keeping”, in Proc. of the IFAC Conf.
CAMS 2001, Glasgow, Scotland,UK, 2001.

[12]. Fairbaim, N. A. and M. J. Grimble, “H-inf Marine Autopilot Design
for Course- Keeping and Course-Changing”, in Proc.Of SCSS’90, pp.
3311-3335, Bethesda, MD, 1990.

[13]. Popescu, D. “Analiza si sinteza sistemelor robust”, Editura
Universitaria, Craiova, 2002.

[14]. Wu, J. C., A. K. Agraval and J. N. Yang, “Application of Sliding
Mode Control to a Benchmark Problem”, in Proc. of the ASCE Structures
Congress, Portland, 1997.



[15]. Rueda, T. M. R. F. J. G. Velasco, E. P. Moyano and E. G. Lopez,
“Robust QFT controller for marine course-changing control”, 5th Int.
Symposium on Quantitative Feedback Theory and Robust Frequency
Domain Methods, Public University of Navare, Pamplona, Spain, 2001.

[16]. McFarland, M. B. and A. J. Calise, “Robust Adaptive Control of
Uncertain Nonlinear Systems Using Neural Networks”, in Proceedings of
the American Control Conf., Albuguerque, New Mexico, 1997.

[17] Rumyantzev,S., A. Miroshnikov and E. Popova, “Design of PID
controllers for ship course-keeping using approximations to Hinf
solutions”, in Proc. of IFAC Conference CAMS 2001, Glasgow, UK,
2001.

[18] Nicolau, V. and E. Ceanga, “Wave spectrum correction with the
ship’s speed and the incidence angle”, in Proc. of IFAC Conference
CAMS 2001, pp. 331-336, Glasgow, UK, 2001.

[19] Van der Klugt, P. G. M., “Rudder Roll Stabilization”, Ph.D. Thesis,
Delft University of Technology, 1987.

[20] Kallstrom, C. G. “Identification and Adaptive Control Applied to
Ship Steering”, Ph.D. Thesis, Lund Institute of Tech., Lund, Sweden,
1979.

[21]. Houpis, C. H. "Linear Control System Analysis and
Design."McGraw-Hill, NY, 4th Ed. 1995.

[22]. Houpis, C. H. "Quantitative Feedback Theory (QFT) for the
Engineer: A Paradigm for the Design of Control Systems for Uncertain
Systems,” WL-TR-95-3061, AF Wright Laboratory, Wright-Patterson
AFB, OH, 1995 (Available from National Technical Information Service,
5285 Port Royal Road, Springfield, VA 22151, document number AD-
A297571.)

[23]. Horowitz I. M, and M. Sidi, "Synthesis of Feedback Systems with
Large Plant Ignorance for Prescribed Time Domain Tolerances," Int. J. of
Control, vol. 16, pp 287-309, 1973.

[24]. Horowitz, 1. M. and C. Loecher, "Design 3x3 Multivariable
Feedback System with Large Plant Uncertainty,” hit. J. Control, vol. 33,
pp. 677-699,1981.

[25]. Horowitz, 1. M., "Optimum Loop Transfer Function in Single-Loop
Minimum Phase Feedback Systems," Int. J. Control, vol. 22, pp. 97-
113,1973.

Ve



[26]. Houpis, C. H. and P. R. Chandler, Editors: "Quantitative Feedback
Theory  Symposium  Proceedings,”  WL-TR-92-3063,  Wright
Laboratories, Wright-Patterson AFB, OH, 1992.

[27]. Houpis, C. H. and G. Lament, "Digital Control Systems: Theory,
Hardware, Software," McGraw-Hill.NY, 2nd Ed., 1992.

[28]. Horowitz, I. M. and Y. K. Liao, "Quantitative Feedback Design for
Sampled-Data System," Int. J. Control, vol. 44, pp. 665-675,1986.

[29]. Schneider, D. L, "QFT Digital Flight Control Design as Applied to
the AFIT/F-16," M.S. Thesis, AFIT/GE/ENG/66D-4, Graduate School of
Engineering, Air Force Institute of Technology, 1986.

[30]. Horowitz, I. M., "Advanced Control Theory and Applications," The
Weizmann Institute of Science, Rehovot, Israel, unpublished notes, 1982.

[31]. Horowitz, I. M. and T. Kopelman, "Multivariable Flight Control
Design with Uncertain Parameters, "The Weizmann Institute of Science,
Rehovot, Israel, Final Report, Oct. 1981.

[32]. Horowitz, I. M., "Design of Feedback Systems with Nonminimum-
Phase Unstable Plants,"” Int. J. Sys. Sciences, vol. 10, pp. 1025-104,1979.

[33]. Fossen, T.1., "Guidance and Control of Ocean Vehicles." New York:
Wiley, 1994.

[34]. Godhavn, J.M. T.I. Fossen, and S. Berge, “Nonlinear and adaptive
backstepping designs for tracking control of ships,” International Journal
of Adaptive Control and Signal Processing, vol. 12, no. 8, pp. 649-670,
1998.

[35]. Fossen, T.I. and M. Blanke, “Nonlinear output feedback control of
underwater vehicle propellers using feedback from estimated axial flow
velocity,” IEEE Journal of Oceanic Engineering, vol. 25, no. 2, pp. 241—
255, 2000.

VoV



Abstract

Since physical systems, in almost cases do not show good stability and
tracking characteristics, therefore Physical systems need to have a
controller. Due to this reason, a controller with a proper compensator
should be designed for physical systems to make them stable and also
features for tracking the system input.

Professor Horowitz began developing the Quantitative Feedback
Theory (QFT) in early 1960. Since then great studies have been made in
exploiting the full potential of QFT technique. It is a frequency domain
technique for designing a class of control systems for linear and nonlinear
systems. Ship system can also have a controller for stability and tracking.
The main aim, is steering and controlling rudder in maneuvering which
results in changing or keeping ship direction, in a manner, to improve the
performance and reduction fuel consuming.

The model which is considered in this paper is Nomoto linear model.
In this research, a conventional model for ship pilot is considered, then
for this system at first, uncertainty region of the ship, characteristics of
the stability and robust tracking and eliminating disturbance is assumed.
Then ship direction changing and direction keeping pilot and the pre filter
is designed. At last this controller in Z domain is designed and compared
with digital PID.

Keywords: Ship controller, Quantitative Feedback Theory, Z domain
controller, Nomoto model, digital PID
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