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OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesIntrodutionI Oean navigation: The proess of planning, reording, andontrolling the movement of a raft/vehile from one plae toanother.I The hydrodynami behavior of a vessel sailing under di�erentsea onditions are assoiated with higher order non-linearity inthe vessel model as well as the sea onditions.I The study of vessel dynamis is divided into two setions:Steering & maneuverability (absene of wave exitations), andSeakeeping (presene of wave exitations).I A proper systems identi�ation of the vessel steering system isultimately inuenes on the vessel maneuverability as well asthe ontrollability. Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesObjetivesI Identi�ation of the steering & maneuverability parameters ofoean vessels that assumed to be assoiated with thestohasti behavior.I The maneuverability onditions an further divide into twosetion: Course keeping and Course hanging onditions.I The linearized model of vessel steering an use for the oursekeeping maneuvering not adequate for the ourse hangingmaneuvers.I Therefore for a nonlinear model of vessel steering is proposedto failitate ourse hanging maneuvers.I Extended Kalman Filter is proposed as the tool for estimatingnonlinear model parameters of vessel steering system.Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation
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I XnYnZn earth �xed oordinate system.I XbYbZb vessel body �xed oordinatesystem.I u surge linear veloity , v sway linearveloity , and w heave linear veloity.I p roll angular veloity , q pith angularveloity, and r yaw angular veloity.I X surge fore, Y sway fore, and Z heavefore.I K roll moment, M pith moment, and Nyaw moment.Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesLinear Vessel Maneuvering Modelm ( _v + u0r + xG _r) = Y (v ; r ; ÆR ; _v ; _r) (1)Iz _r +mxG ( _v + u0r) = N(v ; r ; ÆR ; _v ; _r) (2)whereY (v ; r ; ÆR ; _v ; _r) = Y _v _v + Y_r _r + Yvv + Yr r + YÆÆR (3)N(v ; r ; ÆR ; _v ; _r) = N _v _v + N_r _r + Nvv + Nr r + NÆÆR (4)Further Y _v ;Y _r ;Yv ;Yr ;YÆ;N _v ;N _r ;Nv ;Nr and NÆ; are respetivehydrodynami oeÆients and the rudder angle is presented by ÆR .Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesLinear Nomoto ModelThe Nomoto model derived by eliminating the sway veloity vfrom Equations 1 and 2.T1T2�r + (T1 + T2) _r + r = KR �T3 _ÆR + ÆR� (5)The Nomoto model ould be presented in transfer funtion formatwith r = _ :T1T2... + (T1 + T2) � + _ = KR �T3 _ÆR + ÆR� (6)The Equation 6 ould be written as... +� 1T1 + 1T2� � + 1T1T2 _ = KRT1T2 �T3 _ÆR + ÆR� (7)Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesModi�ed Nomoto ModelThe linearized model ould be used for the ourse keepingmaneuvering but this model not adequate for the ourse hangingmaneuvers. Therefore for Nomoto is modi�ed into failitate oursehanging maneuvers as proposed with the formulation of(1=KR ) _ � H( _ ): (3) +� 1T1 + 1T2� � + KRT1T2H( _ ) = KRT1T2 �T3 _ÆR + ÆR� (8)where H( _ ) = a1 _ + a2 _ 3 is a non-linear funtion represents thesteady-state relation between ÆR and r .Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesModi�ed Nomoto Model (ont.)The Non-linear model ould be written as (3) = �a01 � � K 0R �a2 _ 3 + a1 _ �+ K 0R �a02 _ÆR + ÆR� (9)where a01 = 1T1 + 1T2 , K 0R = KRT1T2 and a02 = T3. The Equation 9ould be rewritten as (3) = �a2K 0R _ 3 � a1K 0R _ � a01 � + a02K 0R _ÆR + K 0RÆR (10)ould be written as (3) = �1 _ 3 + �2 _ + �4 � + �1ÆR + �2 _ÆR (11)where the system parameters are de�ned as �1 = �a3K 0R ,�2 = �a2K 0R , �3 = �a1K 0R , �4 = �a01, �1 = K 0R and �2 = a02K 0RPrasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesNonlinear Dynami System ModelThe dynami system model isformulated in ontinuous-time:_x(t) = f (x(t);u(t); t) + w(t)(12)where w(t) � N(0;Q(t))proess noise is Gaussiandistribution with the meanvalue of 0 and ovariane ofQ(t).
f (x(t);u(t)) =2666666666666666664

_ (t)� (t)�1 _ 3 + �2 _ + �3 � + �1ÆR + �2 _ÆR00000000
3777777777777777775Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation
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��x f (:) =

26666666666666664
0 1 0 0 0 0 0 0 0 00 0 1 0 0 0 0 0 0 00 3�1 _ 2 + �2 �3 _ 3 _ � ÆR _ÆR �1 �20 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0

37777777777777775(13)Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesMeasurement ModelThe measurement model has been onsidered in disrete-time:z(k) = hk(x(k);u(k); k) + vk (14)where zk = 2664 z (k)z _ (k)zÆR (k)z _ÆR (k) 3775, hk = 2664  (k)_ (k)ÆR(k)_ÆR(k) 3775 and vk � N(0;Rk ) ismeasurement noise with Gaussian distribution with mean value of0 and ovariane of Rk .Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesThe Jakobian Matrix h(x(t);u(t); t)
��xh(:) = 2664 1 0 0 0 0 0 0 0 0 0 00 1 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 1 00 0 0 0 0 0 0 0 0 0 1 3775 (15)where system states are:x(t) = h (t) _ (t) � (t) �1(t) �2(t) �3(t) �1(t) �2(t) ÆR _ÆRiTPrasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesExtended Kalman FilterSystem Model _x(t) = f (x(t); u(t); t) + w(t)w(t) � N(0;Q(t))Measurement Model zk = hk(x(k); u(k); k) + vkvk � N(0;Rk )Initial Conditions x(0) � N(x̂0;P0)Other Conditions E (w(t)vTk ) = 0 for all k ; tState Estimation Propagation _̂x(t) = f (x̂(t); t)Error Covariane _P(t) = F (x̂(t); t)P(t)Extrapolation +P(t)FT (x̂(t); t) +Q(t)Table: Summary of Continuous Disreet Extended Kalman FilterEquations Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesExtended Kalman Filter (ont.)State Estimate Update x̂k+ = x̂k� + Kk [zk � hk(x̂k�)℄Error Covariane Update Pk+ = [1� KkHk (x̂k�)℄Pk�Kalman Gain Matrix Kk = Pk�HTk (x̂k�)[Hk (x̂k�)Pk�HTk (x̂k�)+ Rk ℄�1De�nitions F (x̂(t); t) = �f (x(t);t)�x(t) ���x(t)=x̂(t)Hk (x̂k�) = �hk (x(tk ))�x(tk) ���x(tk)=x̂k�Table: Summary of Continuous Disreet Extended Kalman FilterEquations Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesNonlinear Parameter Estimation EstimationI Implemented on MATLAB software platform.I Nonlinear system model approximated by Taylor seriesexpansion.I Sampling time of 0.1 (s) is used for the simulations.I Violent maneuvers of the vessel navigation is onsidered forthe simulations.I Rudder angle and rudder rate are onsidered as independentstates. Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation
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OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesConlusionI The EKF Performane on Dynami Parameter Estimations isevaluated.I The aurate estimation of nonlinear parameters an bearhived byI violent variation in assoiated state variable if the parametervalue is small.I moderate variation in assoiated state variable if the parametervalue is large.I However some state variables ould not in-ooperated withviolent variations. Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation



OutlineIntrodution Oean Navigation SystemVessel Steering/Maneuvering ModelNonlinear Dynami System ModelDynamis Parameter EstimationComputational ImplementationConlusionReferenesReferenesI A. Gelb, J.Ff. Kasper, Jr., R.A. Nash, Jr., C.F. Prie, andA.A. Sutherland,Jr., "Applied Optimal Estimation", 2001,MIT Press.I K. J. Astrom and C. G. Kalstrom, "Identi�ation of shipsteering dynamis," Automatia, vol. 12, pp. 9-12, 1976.I M. A. Abkowitz, "Measurement of hydrodynamiharateristis from ship maneuvering trials by systemidenti�ation," SNAME Transations, vol. 88, pp. 283-318,1980.I T. I. Fossen, Marine Control System - Guidane, Navigation,and Control of Ships, Rigs and Underwater Vehiles.Trondheim, Norway: Marine Cybernetis, 2002.Prasad Perera Dynami Parameter Estimation of Nonlinear Vessel Maneuvering Model in Oean Navigation
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