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2.1.2 Der Hydrodynamischer Wandler 
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2.1.3 Die Wandlerüberbrückungskupplung 
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2.1.4 Das Schaltgetriebe 
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2.1.6 Translatorische Beschreibung des Fahrzeugs 
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3.1.2 Anwendung auf dynamische Systeme 
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3.1.3 Abschätzung des Rechenaufwands 
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3.3.2 Einstellungen für die MATLAB®-Funktion dpm.m
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3.3.3 Simulationsergebnisse 
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function [sys,x0,str,ts,simStateCompliance] = 
sfunMPC_t(t,x,u,flag,DC_t,DC_v,DC_incl,Ts,Th,T_shift,x0_MPC) 
% [sys,x0,str,ts,simStateCompliance] =  
% sfunMPC_t(t,x,u,flag,DC_t,DC_v,DC_incl,Ts,Th,T_shift,x0_MPC) 
%sfunMPC_t S-function for a user-defined MPC - algorithm 
% 
%   Inputs:     t                       time 
%               x                       s_function state  
%                                       [t;w_eng;v;gear;alpha;F_brake]' 
%               u                       input values [w_eng;v] 
%               [CD_t,DC_v,DC_incl]     DC data for receding horizon 
%               Ts                      sample time
%               Th                      prediction horizon 
%               T_shift                 shift time 
%               x0_MPC                  initial state of MPC 
% 
% for further information on S-functions: 
% http://www.mathworks.de/de/help/simulink/slref/sfunction.html  

  
  
switch flag, 
  
  %%%%%%%%%%%%%%%%%% 
  % Initialization % 
  %%%%%%%%%%%%%%%%%% 
  case 0,                                                 
    [sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes(Ts,x0_MPC);     
     
  %%%%%%%%%%   
  % Update % 
  %%%%%%%%%% 
  case 2,                                                
    sys = mdlUpdate(t,x,u,DC_t,DC_v,DC_incl,Ts,Th,T_shift); 
     
  %%%%%%%%%% 
  % Output % 
  %%%%%%%%%% 
  case 3,                                                
    sys = mdlOutputs(t,x,u);     
  
  %%%%%%%%%%%%% 
  % Terminate % 
  %%%%%%%%%%%%% 
  case 9,                                                
    sys = []; 
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  otherwise 
    DAStudio.error('Simulink:blocks:unhandledFlag', num2str(flag)); 
end 
  
end 
  
% 
%======================================================================== 
% mdlInitializeSizes 
% Return the sizes, initial conditions, and sample times for the S-
function. 
%======================================================================== 
% 
function [sys,x0,str,ts,simStateCompliance]=mdlInitializeSizes(Ts,x0_MPC) 
  
sizes = simsizes; 
  
sizes.NumContStates  = 0; 
sizes.NumDiscStates  = 6; 
sizes.NumOutputs     = 4; 
sizes.NumInputs      = 2; 
sizes.DirFeedthrough = 0; 
sizes.NumSampleTimes = 1; 
  
sys = simsizes(sizes); 
  
x0  = x0_MPC; 
str = []; 
ts  = [Ts 0]; % Sample period  
  
% specify that the simState for this s-function is same as the default 
simStateCompliance = 'DefaultSimState'; 
  
end 
  
% 
%======================================================================= 
% mdlUpdate 
% Handle discrete state updates, sample time hits, and major time step 
% requirements. 
%======================================================================= 
% 
function sys = mdlUpdate(t0,x,u,DC_t,DC_v,DC_incl,Ts,Th,T_shift) 
% tic; 
% read inputs - update state vector 
% disp('updated state:'); 
x(1) = t0; 
% t0 
% disp('next timestep'); 
% prediction error 
e = [t0,(x(2)-u(1))*30/pi,(x(3)-u(2)).*3.6]; 
  
x(2) = u(1); 
x(3) = u(2); 
  
% state prediction for next time step 
% disp('predicted state:'); 
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[tz,z] = 
ode23(@(t,z)f_vehicle(t,z,(x(4)+1),x(5),x(6),DC_t,DC_incl),[0,Ts],[x(2);x
(3)]); 
  
% state update with predicted states 
x(1) = x(1) + Ts; 
x(2) = z(end,1); 
x(3) = z(end,2); 
  
%------------------------------------------------------------------------ 
% DP - settings: 
%------------------------------------------------------------------------ 
model = 'MPC_vehicle'; 
par = []; 
res.a0 = 146.488132; 
res.a1 = 0.255831; 
res.a2 = 0.029651; 
wheel.r = 0.3;   
wheel.J = 4.3; 
DT.J = 0.27; 
vehicle.m = 1500; 
par.Nmin = 600*pi/30; 
par.Nmax = 4800*pi/30; 
  
% Create desired speed vector 
Tstart = x(1); 
Tend = x(1)+Th; 
t = Tstart:Ts:Tend; 
  
Drivecycle_v = [x(3),interp1(DC_t,DC_v,t+Ts,'linear','extrap')]; 
Drivecycle_dv = diff(Drivecycle_v)./Ts; 
Drivecycle_v = Drivecycle_v(1:end-1); 
Drivecycle_incl = interp1(DC_t,DC_incl,t,'linear','extrap'); 
shift_enable = (mod(t,T_shift)==0); 
% initial values for DP - algorithm 
grd.X0{1} = x(2); 
grd.X0{2} = x(4); 
  
% Calculation of required torque: 
% Torque by resistances(roll, air,...) 
T_res = wheel.r.*(res.a0 + res.a1.*Drivecycle_v + 
res.a2.*Drivecycle_v.^2); 
% Torque by road inclination 
T_incl = wheel.r.*vehicle.m.*9.81.*sin(Drivecycle_incl); 
% Torque by vehicle inertia 
T_inert = (wheel.J + DT.J + 
vehicle.m.*wheel.r.^2)./wheel.r.*Drivecycle_dv; 
  
T_req = T_res + T_incl + T_inert; 

% bounderies of u1 
u1_ub = T_req./8+40;ind = find(u1_ub>100); 
u1_lb = T_req./8-40; 
u1_lb(ind) = u1_lb(ind)-(u1_ub(ind)-100); 
u1_ub(ind)=100; 
  
% DP - problem and options structure: 
prb.Ts = Ts; 
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prb.N  = length(Drivecycle_v)-1;     
prb.N0 = 1; 
prb.W{1} = Drivecycle_v; 
prb.W{2} = Drivecycle_dv; 
prb.W{3} = T_req; 
prb.W{4} = shift_enable; 
  
options = dpm(); 
  
% DP - state and input grid: 
% X{1} grid structure for engine speed 
grd.Xn{1}.lo = (800*pi/30)-200*pi/30.*(x(2)>600*pi/30).*(x(2)<800*pi/30); 
grd.Xn{1}.hi = grd.Xn{1}.lo + (4000*pi/30); 
grd.XN{1}.lo = 800*pi/30; 
grd.XN{1}.hi = 4800*pi/30; 
grd.Nx{1} = 21;                  
  
% X{2} grid structure for gears 
grd.Xn{2}.lo = 0; 
grd.Xn{2}.hi = 3; 
grd.XN{2}.lo = 0; 
grd.XN{2}.hi = 3; 
grd.Nx{2} = 4;                         
             
% U{1} grid structure for u1 
grd.Un{1}.hi = u1_ub(1:end-1); 
grd.Un{1}.lo =  u1_lb(1:end-1); 
grd.Nu{1} = 17; 
  
% U{2} grid structure for u2 
grd.Un{2}.hi = 1;  
grd.Un{2}.lo = -1;  
grd.Nu{2} = 3;                              
  
  
options.MyInf = 10000;                                               
options.InputType = 'cd'; 
options.BoundaryMethod = 'none'; 
options.Waitbar     = 'off'; 
options.Verbose     = 'off'; 
  
%------------------------------------------------------------------------ 
% BASIC DP: 
%------------------------------------------------------------------------ 
global X2 U1 Fn_brake Tsim 
[out dyn] = dpm(model,par,grd,prb,options); 
  
% disp('new state'); 
  
% update state for new optimal output 
if isnan(out.X2(1)) 
    % optimization not successfull 
    x(4) = X2(2); 
    x(5) = U1(2).*(U1(2)>=0); 
    x(6) = -Fn_brake(2); 
    X2 = X2(2:end); 
    U1 = U1(2:end); 
    Fn_brake = Fn_brake(2:end); 



��������������	�
����������������

�

�

�

B@�

    fprintf('%s','MPC running:   %%'); 
  
%   disp('Optimization not successful, using stored output from previous 
optimization'); 
else 
    % optimization successfull 
    x(4) = out.X2(1); 
    x(5) = out.U{1}(1).*(out.U{1}(1)>=0); 
    x(6) = -out.Fn_brake(1); 
    X2 = out.X2; 
    U1 = out.U{1}; 
    Fn_brake = out.Fn_brake; 
end 
% update progress in statusbar 
fprintf('%s%2d %%',ones(1,4)*8,round(100*t0/Tsim));
sys = x;     
end 
  
% 
%======================================================================= 
% mdlOutputs 
% Return the output vector for the S-function 
%======================================================================= 
% 
function sys = mdlOutputs(t,x,u) 
sys = [x(5);(x(4)+1);x(6);x(1)]; 
  
end 
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