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Optimization of Ship steering control system using Genetic Algorithms Rahul Barman Roll number 03NA1013 Department of Ocean Engineering & Naval architecture Indian Institute of Technology, Kharagpur -721302, India Email: [email protected] Abstract The rise in the use of petroleum oil and the growing demand associated with it has lead to the expansion of petroleum industry in recent decades. In order for the industry to meet this demand the transport of crude oil has multiplied and the size of the tankers used for oil transportation has also increased accordingly. However, with the increase in size of the tankers which inherently are high block coefficient vessels with sluggish maneuverability characteristics the maneuvering and navigational control safety issues have come up with many problems. The bulk of the vessel and the restricted size of the rudder pose difficulties in improving the navigational efficiency. Of late, the reduced controllability of these high bulk vessels has been rectified by using automatic control systems. In order to obtain optimal performance from such controllers, key design parameters must be tuned to the correct value. In this paper the use of genetic algorithms to tune the non-linear controller system have been reported. Genetic algorithms have been used because it is known to be highly powerful to handle non-linear optimization problems. Problem Definition Tankers are full form ships and are thus generally difficult to maneuver, as characteristic of high bulk vessels. The effectiveness of the radar is also reduced and this is another reason for the tanker’s limited controllability. The amount of turning moment generated by the rudder is dependent on the flow over the rudder which in turn depends on the surge velocity and the speed of the propeller. Both these quantities are relatively small due to the big size of the vessel and as a result the flow over the rudder over the rudder and the turning moment it can generate are also relatively small. In order to make the tanker turn quickly or move through a large heading angle the commanded rudder angle will be large exceeding the above possible limit. In that scenario there is very little that the controller or helmsman can do and the tanker becomes practically uncontrollable. Therefore it is very important to ensure that the rudder operates well within its operational envelope thus ensuring that there is additional deflection available if more control effort is required. To achieve this control an automatic control system is used that is able to execute a commanded turn accurately while keeping the rudder defection within its operational limits. Two different control configurations available are Course Changing systems and Track Keeping systems. A ship operates under variety of conditions the controller must be tuned accordingly for each operating condition. This process is very time consuming and tedious using conventional optimizing methods, particularly if the designer has limited experience in using this form of control law. This has inspired the use of genetic algorithms in this controller parameter optimization problem. Details about the Problem In the present paper we wish to tune the controller key parameters using genetic algorithms for different kind of tanker operating conditions. Before we go ahead it may be worthwhile to take a quick look at the 2 different kind of control configurations mentioned above. To recapitulate, the control system configurations available are: 1. Course Changing 2. Track Keeping The controller used in both the Course Changing and Track Keeping control systems is obtained from a sliding mode control law. The purpose of the controller in both situations is to change the heading of the vessel by manipulating the rudder.



2 Course Changing mechanism involves the change of heading direction of the vessel as it responds to step commands from a pilot. These commands are usually step changes in the heading reference which are then used by the controller to change path by manipulating the radar deflection angle. The amount that the heading angle changes is determined by the amplitude of the step command ( ψref ).This produces the desired heading and yaw rate response for the sliding mode controller to track. These responses are the components of the desired heading state vector ( xhd ) which are compared with the actual heading subsystem's state vector ( x h ). This controller configuration does not automatically regulate the position of the vessel. Instead the tanker's position and heading are solely determined by the judgement of the operator. In Track Keeping the tanker follows the commands of an autopilot rather than the step commands of a pilot. In this context an autopilot is a system which automatically determines the heading that a vessel should follow in order to stay on course. It does this by taking vehicle position information and using it to calculate heading corrections so that the vessel follows a predetermined course, which is set prior to autopilot activation. In this paper, for simplicity, only track keeping is discussed. Figure 1 illustrates a ship autopilot. In figure 2, a block diagram of a track keeping controller is presented.



Figure 1. Autopilot illustrations



Figure 2. Track Keeping controller block diagram The current position coordinates ( x p , y p ) of the tanker are obtained from a Global Positioning System (GPS). ( xwp , ywp ) represent the way point coordinates. The autopilot follows the course by guiding the tanker from waypoint to waypoint. Once the tanker comes within a specified distance of the current waypoint, the autopilot acquires the next waypoint position and the tanker heads towards it. This distance is called the acceptance radius. The acquisition process is repeated until the tanker reaches its final destination.



3 The controller changes the heading of the vessel by manipulating the rudder. Effectively it will provide the δrcom signal for the tanker model. Using the derivation given by Fossen (1994) and Slotine and Li (1991) the following sliding mode controller equation is obtained for the commanded rudder input: . σ δrcom = -k T xh + (hT bh )-1[hT xhd - ηh tanh( h )] (1) φh In this equation k is the feedback gain vector for the subsystem, which represents the nominal linear control element for this controller. In the non-linear term h is the right eigenvector of the desired closed-loop system matrix and xhd is the desired heading state vector. The tanh function provides the switching action which characterizes sliding mode controllers. The magnitude of this switching action is determined by the switching gain ηh . In order to smooth the switching action so that no oscillatory chattering occurs a boundary layer thickness φh is incorporated. The switching action determines how robust the system will be to such things as model uncertainties and external disturbances. If the switching gain is made sufficiently large to counteract these disturbances the controller is able to compensate for them. The controlled output is the heading angle ψ which follows the desired heading response in a type of model reference control system. These controllers contain specific parameters that determine how well the system will perform. In our problem, the controller has four optimisable parameters. They are shown in Table 1. Table 1. Parameters to be optimized 1st heading closed loop pole 2nd heading closed loop pole



ph1 ph 2



Heading switch gain



ηh



Heading boundary layer thickness



φh



These pole values correspond to the three states that define the major heading dynamics of the tanker(r, δrcom and ψ ), and are used to calculate the required feedback gain k and subsequently the right eigenvector h. The last two parameters are the controller's switching gain and boundary layer thickness as described above. In applying the optimization techniques, values for these key parameters are manipulated and a measure of the cost is calculated using the simulation results obtained from the complete tanker system. A flow diagram of the process of genetic algorithm is presented in figure 3.



Figure 3. Genetic Algorithm flow diagram.
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Details about the set applied In the present paper we have four parameters to be optimized and each parameter is represented by 5 genes. We follow a decoding method where the first four genes represent the digits of a real number, each gene being multiplied by a descending power of 10 (i.e. 1, 0.1, 0.01 and 0.001).The sum of these scaled digits forms a real number between 0.000 and 9.999. The fifth gene is scaled to represent an integer value between 3 and -2. This scaled integer is used as an exponent of 10, which is subsequently used to multiply the real number obtained from the other four genes. This decoding process provides real number values between 0.001x10-2 and 9.999 x103 . As there are four parameters to be optimised, the number of genes in each chromosome is 20. In this study 50 chromosomes are initially generated at random (population).



Figure 4. Genetic Algorithm decoding process The decoded real number parameters are applied to the tanker control problem which is then simulated. The simulation data are then used to evaluate the chromosome by obtaining a value of the cost. This cost value is used to determine how well the present solution and corresponding chromosome is performing in terms of a predetermined set of guidelines. The smaller the cost value, the better the response is. This evaluation process is carried out for every chromosome in the population. After all the cost values are obtained they are subjected to a selection process which arranges the chromosomes into descending cost order. Then the operations of reproduction, crossover and mutation are executed in order to change the chromosomes and search in different areas of the search space. In our study, at the reproduction stage the best 20% of the present population are kept for the next generation. New chromosomes that are formed through the crossover and mutation of the present population replace the remaining poorer 80% individuals. A generation size of 100 is chosen. The cost function used as the design criterion in the Track Keeping sections of this investigation is fundamentally a least square criterion and is defined by: m



C = [∑ (λ (Δψ i ) 2 + δ ri 2 )] + [κ | η wp − 3 |]



(2)



i =0



The quantity Δψ gives an indication of how close the actual heading is to the desired heading, therefore showing how well the controller is operating. The component δr is used to keep the magnitude of the rudder actuator deflection to a minimum. This in turn reduces the movement of the actuator since changes in the amplitude are also reduced. This ensures that the actuator operates well within the actuator's operating limits. The last term in the cost function is related to the number of waypoints considered in simulation. It is believed that in the time interval of the simulation only three waypoints should be acquired and therefore the following cost penalty function is used to calculate an addition cost value. Results and discussion Simulations were carried out for a 304.8 m long, 190,000 tons dead weight oil tanker. Simulations were carried out for variable operating conditions of the tanker. Loaded and unloaded responses for optimised parameter values are shown for one depth configuration. The results of the study showed a satisfactory optimization and tanker performance. The path to be simulated and the track keeping responses are shown in figure 6.
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Figure 6. The simulated path and the Track keeping responses
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Summary It has thus been shown that automatic sliding mode control systems can be used effectively to maneuver an oil tanker for Track Keeping operations. Although in this paper only results for Track Keeping simulations are shown, Studies on the Course Changing simulations have also shown equally satisfactory results. Further, studies show that only the addition of an autopilot can ensure good course tracking irrespective of the operating conditions (Course changing is effective for maneuvers where the positional course is not of particular importance, e.g. in open waters). Since both operate well it can be said that automatic controllers can be considered as effective alternatives to the manual open-loop operation of a tanker. Future directions The study on tanker indicated that through utilizing modern techniques for the design and implementation of automatic control systems the navigation of oil tankers could be improved. This would be beneficial in making the transportation of crude oil safer and subsequently less expensive. The success of genetic algorithms in solving multivariate non-linear optimization problems which seem pretty complex otherwise inspires us to make an attempt to solve similar problems using the same. In fact, latest evolutionary computational techniques such as simulated annealing have been applied to optimize ship design process and the results obtained are very encouraging. References McGookin, E. W., Murray, D., Li, Yun. (1999). ‘‘Ship steering control system optimization using genetic algorithms’’, Control Engineering Practice 8, 429-443. Roberts, G. N., Sutton, R., Tiano, A., Zirilli, A. (2003). ‘’Intelligent ship autopilots – a historical perspective’’, Mechatronics 13, 1091-1103. Velagic, J., Vukic, Z. (2003). ‘’Adaptive fuzzy ship autopilot for track-keeping’’, Control engineering Practice 11, 433-443.
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