B Annexe B : 
Programmes des contrôleurs

	CLASS C1
  (* class = "controller" *)
  "Biodome scheduler"

// Biodome scheduler for mode 3


// Leiv Rieger, March 2006
// update 07.06.2006 LR
//




// Purpose:

// Switches between different states depending on timers, filling ratio or 
// concentrations.

// 
// Description:

//

  SPECIALISES
  PhysicalDAEModelType :=
  {:
    comments <- "A model for the Biodome Scheduler";
    interface <-
    {
      OBJ V_BR (* terminal = "in_1" *) "Volume main reactor" : 
               Volume := {: causality <- "CIN" ; group <- "Measurement data" :};
      OBJ NO_BR (* terminal = "in_1" *) "NOx concentration in main reactor" : 
               Concentration := {: causality <- "CIN" ; group <- "Measurement data" :};

      OBJ XTSS_BR (* terminal = "in_1" *) "TSS concentration in main reactor" : 
               Concentration := {: causality <- "CIN" ; group <- "Measurement data" :};

      OBJ V_ST (* terminal = "in_1" *) "Volume stock tank" : 
               Volume := {: causality <- "CIN" ; group <- "Measurement data" :};


      OBJ PO4_ST (* terminal = "in_1" *) "PO4 concentration in stock tank" : 
               Concentration := {: causality <- "CIN" ; group <- "Measurement data" :};

      OBJ u_QSLMout (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_QSTout (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_QBRout (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_QWAS (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};


	      OBJ u_F_X_OUT (* terminal = "out_1" *) "Manipulated variable" : 
               Fraction := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_valve_fout2 (* terminal = "out_1" *) "Manipulated variable" : 
               Integer := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_valve_fout3 (* terminal = "out_1" *) "Manipulated variable" : 
               Integer := {: causality <- "COUT" ; group <- "Control action" :};
      OBJ u_ID (* terminal = "out_1" *) "Variable" : 
               Integer := {: causality <- "COUT" ; group <- "Control action" :};
   

   

    };

    parameters <-
    {

    OBJ p_QSLMout "Pumped flow SLM on" : FlowRate := {: value <- 37876.48 ; group <- "Operational" :};
    OBJ p_QSTout "Pumped flow ST on" : FlowRate := {: value <- 39093.4 ; group <- "Operational" :};    
    OBJ p_QBRoutSLM "Pumped flow BR to SLM" : FlowRate := {: value <- 22073.14; group <- "Operational" :};

    OBJ p_QBRoutST "Pumped flow BR to ST" : FlowRate := {: value <- 14682.14 ; group <- "Operational" :};

    OBJ p_QWAS "Pumped flow WAS" : FlowRate := {: value <- 1 ; group <- "Operational" :};

    OBJ p_Vmin "Minimum volume main reactor" : Volume := {: value <- 1 ; group <- "Operational" :};
    OBJ p_Vmax "Maximum volume main reactor" : Volume := {: value <- 113.965 ; group <- "Operational" :};
    OBJ p_TSSsetp "Setpoint for TSS mass" : Mass := {: value <- 170950 ; group <- "Operational" :};
    OBJ p_NOsetp "Setpoint for SNO concentration" : Concentration := {: value <- 0.5 ; group <- "Operational" :};
    OBJ p_PO4setp_ST "Setpoint for SPO4 concentration in ST" : Concentration := {: value <- 10000 ; group <- "Operational" :};

    OBJ p_Vmax_ST "Maximum volume stock tank" : Volume := {: value <- 220 ; group <- "Operational" :};
    OBJ p_Qfresh "Pumped flow freshwater" : FlowRate := {: value <- 11 ; group <- "Operational" :};


OBJ t_SLMfill "Timer filling with SLM" : 
         Time := {: value <- 0.006944444 ; group <- "Operational" :};

OBJ t_Pupt "Timer P-Uptake" : 
         Time := {: value <- 0.083333333 ; group <- "Operational" :};

OBJ t_WASTAGE "Timer WAS" : 
         Time := {: value <- 0.013888889 ; group <- "Operational" :};

 

OBJ t_RestDeni "Timer rest deni" : 
         Time := {: value <- 0.083333333 ; group <- "Operational" :};

OBJ t_Prel "Timer P-Release" : 
         Time := {: value <- 0.166666667 ; group <- "Operational" :};


	
    };

  independent <- 
  { 
    OBJ t "Time" : Time := {: group <- "Time" :}; 
   };

  state <-
     {

     OBJ Prev_time "Help variable to calculate the begin of each period" : Time ;
     OBJ Tvar "Timer variable" : Time ;
 

 OBJ ID "Help variable for State identifcation" : Integer ;
     OBJ TSSmass "TSS mass in main reactor" : Mass ;
     };

 
  initial <-
    {

state.Tvar = parameters.t_SLMfill;
    };


  equations <-
    {

state.TSSmass = interface.XTSS_BR * interface.V_BR;

// Initialisation of the timer operational within each state

    state.Prev_time =  
IF
( (previous(independent.t) - previous(state.Prev_time)) < state.Tvar )
              


 
THEN
previous(state.Prev_time)
              



ELSE    independent.t;



	// Endtime of current state
    state.Tvar = IF
(state.ID == 0) //State SLM ->BR


     THEN
parameters.t_SLMfill


       ELSE




    IF (state.ID == 1) // State P-uptake 



     THEN parameters.t_Pupt



       ELSE




    IF (state.ID == 2) // State Rest Deni




     THEN parameters.t_RestDeni




       ELSE 





    IF (state.ID == 3) // WAS





     THEN parameters.t_WASTAGE





       ELSE
        




    IF (state.ID == 6) // State P-release
        




     THEN parameters.t_Prel 
        




       ELSE 
        





    IF ( (state.ID == 4) || (state.ID == 5) || (state.ID == 7) )
        





     THEN 999
        





       ELSE -1; // will give a warning if lowerbound exceeded


// **** State switch ***

// State 0 (Filling SLM -> BR)
   state.ID=


 IF ( (previous(state.ID) == 0) && ((independent.t - previous(state.Prev_time)) > parameters.t_SLMfill) )


 
 THEN 1



 
//State 1 (P-Uptake)
   ELSE
   

 IF ( ((previous(state.ID) == 1) && ((independent.t - previous(state.Prev_time)) > parameters.t_Pupt)) || 


      ((previous(state.ID) == 1) && (interface.NO_BR <= parameters.p_NOsetp)) )




 THEN 2





	//State 2 (Rest deni)
   ELSE
   

 IF ( ( (previous(state.ID) == 2) && ((independent.t - previous(state.Prev_time)) > parameters.t_RestDeni) ) || 


      ((previous(state.ID) == 2) && (interface.NO_BR <= parameters.p_NOsetp)) )




 THEN 3

//State 3 (WAS)
   ELSE
   

  IF( ((previous(state.ID) == 3) && ((independent.t - previous(state.Prev_time)) > parameters.t_WASTAGE)) || 


      ((previous(state.ID) == 3) && (state.TSSmass <= parameters.p_TSSsetp)) )




 THEN 4



//State 4 (Withdrawal to SLM)
   ELSE
   

  IF ( (previous(state.ID) == 4) && (interface.V_BR < parameters.p_Vmin) ) 



 THEN 5






//State 5 (ST -> BR)
   ELSE
   

  IF ( (previous(state.ID) == 5) && (interface.V_BR > parameters.p_Vmax) ) 



 THEN 6


 

//State 6 (P-Release)
   ELSE
   

  IF ( (previous(state.ID) == 6) && ((independent.t - previous(state.Prev_time)) > parameters.t_Prel) ) 



 THEN 7




 
//State 7 (BR -> ST)
   ELSE
   

  IF ( (previous(state.ID) == 7) && (interface.V_BR < parameters.p_Vmin) ) 


  
 THEN 0



 ELSE previous(state.ID); 
// No change of state ID


 





 
    interface.u_ID = state.ID;




 





 


	// *** Controlled variables based on states ***
//SLM pump
    interface.u_QSLMout = IF (state.ID == 0)




THEN parameters.p_QSLMout




ELSE 0;

// QWAS
    interface.u_QWAS = IF (state.ID == 3)




THEN parameters.p_QWAS




ELSE 0;

interface.u_F_X_OUT = IF (state.ID == 3)




THEN 1




ELSE 0;

// BR pump
    interface.u_QBRout = IF (state.ID == 4)
                THEN parameters.p_QBRoutSLM




ELSE 





 IF (state.ID == 7)





 THEN parameters.p_QBRoutST




 





 ELSE
    




 IF (state.ID == 3)
        




 THEN parameters.p_QWAS






 
        




 ELSE 0;






 

// ST pump
    interface.u_QSTout = IF (state.ID == 5)




THEN parameters.p_QSTout




ELSE 0;






	// ** Valve control (3way splitter) **
// fout2
    interface.u_valve_fout2 = IF ( (state.ID == 0) || (state.ID == 4) )




THEN 1




ELSE 0;
// fout3
    interface.u_valve_fout3 = IF (state.ID == 7)




THEN 1




ELSE 0;





    };
  :}; 



CLASS C2 
  (* class = "controller" *)
  "Biodome V ST P-controller"

EXTENDS P WITH
  {:
// Volume ST P-controller


// Leiv Rieger, March 2006
//




// Purpose:

// Controls the refilling of the ST tank 
// 
// Description:


    comments <- "Biodome ST Volume P-controller";

    interface <-
    {
      OBJ ID (* terminal = "in_1" *) "State ID from Biodome Scheduler" : 
               Integer := {: causality <- "CIN" ; group <- "Measurement data" :};


  OBJ u_QSTfresh (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};

    };



	  equations <-
    { 
// *** Controlled variables based on states ***

   interface.u_QSTfresh = IF (interface.ID <= 4)







THEN interface.u







ELSE 0;
    };
  :};  



CLASS C3 
  (* class = "controller" *)
  "Biodome Ac P-controller"

EXTENDS P WITH
  {:
// Ac P-controller


// Leiv Rieger, March 2006
//




// Purpose:

// Guarantees a certain Acetate concentration in the stock tank (ST) 
// 
// Description:


    comments <- "Biodome Ac P-controller";

    interface <-
    {
      OBJ ID (* terminal = "in_1" *) "State ID from Biodome Scheduler" : 
               Integer := {: causality <- "CIN" ; group <- "Measurement data" :};


  OBJ u_QAc (* terminal = "out_1" *) "Controlled variable" : 
               FlowRate := {: causality <- "COUT" ; group <- "Control action" :};

    };



	
  equations <-
    { 
// *** Controlled variables based on states ***
   interface.u_QAc = IF (interface.ID < 4)







THEN interface.u







ELSE 0;
    };
  :};  


