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      , 

       (  ).    

 . 

       

      .  

    ,    ,  

 ,    .  

        

    .   

  « »  « ».  

  « »    

, ё       

.         

    [20, 21]: 

    ( )   

(  2); 

      (  3); 



15 

    ( )   

(  4); 

    ( )   

(  5). 
 

 

 2 –    ( )   
 

  

 3 –        
 

 

 4 –    ( )    
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 5 –    ( )   
 

 ,     , 

   (  6),  SCARA-  

(Selective Compliant Assembly Robot Arm) (  7) [22]. 

 

 
 6 –       

 

 

 7 –   SCARA 
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       . 

  –      , 

 -   .   

  ,      

(  8).    ,       

    .  ,    

,     ,   [2]. 

 

 

)  ; ) –  ; ) –  
  

 8 –     
 

 
 –      ;  –  

    
 9 –    

 

,      ,    
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 ,        ,  
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 , ,       
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 10 –    
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. ,      
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,   –    ,   

    180°. 
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,  .    –    

  .     – .  

      .    
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1.3   я  я  
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    [4; 5; 21].      
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    .  ,  



21 

       

.  

       

 ,     , 

      . 

   ,   

   ,   – 40 °   + 40 °  

   90 %.      

     

      

     .  

      

       

 .  

      

 [1].       

    .  

     

        

 .     

        

  ,   

,  , ,  

    .  

      

     : 

  ;  

   ;  

    ;  
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;  

       . 

 

2  я 

 

   ,     

       

 ,    /   

         

,       

        

,    ,  , 

  ,  ,  ,   

 ,    

   . . 

       

,       

,     ,  

    -  , , 

           

   . .  

,         

      , 

        ,   

 ,     .  

       

     . , 

         

  ,    
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      . 

 , - ,     

   ,   -     

    ,  .  

     

   [1, 9],       

 .  

    

  [10]      

     

 .  ,  ,  

   ,   

  ( )  ,  

       

,     .  

        

  [11],    .  

,       

     

  .     

         [12, 

13],          

     .   

        

      .  

 [11]        

    .     

       

 ,     

.  
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-      

   [14]      

 (  )      

      .  

       

  [6, 7, 8].     

       

.  

  [7]      

        -  

  2-  ,      

       

.         

 ,  ,    

« »        

      .  

       

    ,   

   [5, 2, 3]   ,  

       

 .       

   ,    

   [4, 11, 13],   

 [15, 16],      [13],   

  ,    .  

      

    [4, 17],   

        

.        

  ,       
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 .      

       

     .  

    ,   

   ,  .  

   ,     

  .       

   .      

,    ,  

  .    

  MATLAB,      

  Simulink [18].  

Simulink        

  .       

  MATLAB,        

.  

    Simulink   

 ,    ,   

         

 .  

       

     

,    ,  

         

    (     

( )).         

,     .  

    ,    

        

   .     
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.      , 

      

 ,      

.   ,      

  ,       

       

       .    

  , ,     ,    

  .  

       

       .   

     

 ( ),     

    . ,     

    , 

   -   ( ). 

 

2.1   я   

 

        

 ,      

  .  ,    

       , 

    .    

,        

  .  ,   

     [8]  
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 ,  12. 

 

 

 12 –    
 

        

,      (  13).  

 

 

m2 –  2-  ; l –  ; r –   ; φ – 
  ; K0, L0, 0 –     

 13 –    
 

      

    ,     
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  r : 

 

𝜑 = 𝜑 = + + − ,                                                            (1) 

 

   1 –    I     ( 1 

= const); 

2  –    2   , 

  ; 

2 –   2; 

 l –  ; 

 r –   .  

 

         

   : 

 

𝜑 = 𝜑 + 𝜑 =  + 𝑐+ −𝜑𝜑 ,                                                              (2) 

 

     𝜑 –     ; 

𝜑 = (0,05÷ 0,25) × 𝜑 –   ,    

.  

 

,    ,    

,       

 .        

   .    = ,    

   ,     = 𝜑,   

 : 
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𝜀𝜑 =  𝜑 − 𝜑 = 𝜑 𝜑 − 𝜑 .                                                            (3) 

 

 ,    ,    [2],  

  (2)       

      ,    

   r,   :  

 

𝜑 = [ √ + √ ] ,                                                                                 (4) 

 = + − , = 𝜑 + 𝜑 + + 𝑐𝜑𝜑 , = 𝜑𝜑, 

 = 𝛼
𝑒𝜑𝛼 √ 𝑅я𝜑𝑧𝜑𝑐 𝜑 𝜑

,   = 𝑒𝜑 √ 𝜑 𝜑я𝜑 𝜑.  

 

 ,         

    r  , . .: 

 = + +


                                                                                    (5) 

 

        

    

 = [ √ + √ ] ,                                                                                 (6) 

 

       

     ( . , [3]).  



30 

   r   [0; 0,9]   

   𝜑   (1)   

   (3)     𝜑( )  𝜑  (  14).  

 

 

 
) 𝜑( ); ) 𝜑  

 14 –   
 

 ,     𝜑 ,  

    ,    

        (   

   ),    

     ,  

         [4].  

        

   15. 



31 

 

 15 –       
   

 
      

,    φ   

 :  

 𝜑 = 𝜔𝜑
𝜑𝑝, 

ω 𝑝я 𝑝 = 𝑝+ ,                                                                                              (7) 𝜔𝜑 = 𝜑𝜑𝑝+ я𝜑, 

я𝜑 = 𝜑 𝜀𝜑, 

𝜀𝜑 = 𝜑𝜀𝜑, 𝜀𝜑 = 𝜑 − 𝜑, 

 

  𝜔𝜑  –    ;  

𝜑 –   ; 

 𝜑0 –  ( ) ,   

  ; 

 𝜑 –  ,    

 .  

,       r 

  :  
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 = 𝜔 𝑝, 𝜔 = 𝑝+ я ,                                                                                            (8) 

я = 𝜀 , 

𝜀 = 𝜀 , 𝜀 = − . 

 

     

      

     (7)  (8):  

 𝜑 я𝜑 𝜑𝜑 𝜑 𝜑 𝜑 + 𝑒 𝜑𝜑 𝜑 𝜑 + 𝜑 = 𝜑 , 

я + 𝑒 + = ,                                                                  (9) 

 

  

 𝑇𝜑 𝜑 + 𝑇𝜑𝜑𝜑 + 𝜑 = 𝜑 , 𝑇 + 𝑇  + = ,                                                                               (10) 

 𝑇𝜑 = √ 𝜑 я𝜑 𝜑𝜑 𝜑 𝜑 ,            𝜑 = √ 𝜑 𝜑я𝜑 𝜑 𝜑 𝜑 , 
𝑇 = √ я ,   = √ я   .                                                   (11) 

 

  (11)    𝜑   (4)   

 r   [0; 0,9]  𝑇𝜑( )   𝜑( ).   

   (  16  17,    –   

,    –  ).    ,    
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 .  

 

 
 

 16 –   𝑇𝜑( ) 
 

 

 
 17 –   𝜉𝜑( ) 

 

       

        r.  

  (4)    .   

,     [4]:  

 𝜑 = +                                                                                               (12) 

 

   a  b    j-  

  .     

 



34 

= ∑ ∑ 𝜑 − ∑ 𝜑[∑ ] − ∑ , 

= [∑ 𝜑 − ∑ ],                                                                             (13) 

 

     𝜑  (r) –      ; 

 N –    .  

 

 
 18 –   kφ r   

 

       

         

       ,    

      . 

 = − cos 𝜑, 

                                                                                                                        (14) = − sin 𝜑. 

 

      

       . 

 = − √ +   
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                                                                                                                        (15) 𝜑 = 𝑔 𝑐𝑐. 
 

      

.     (10)    : 

 φ = ,       = , 𝑇𝜑 𝜑 + 𝑇𝜑𝜑𝜑 + 𝜑 = 𝜑 , 𝑇 + 𝑇  + =   =  − −   = 𝜑𝜑 − 𝜑𝜑 − 𝜑𝜑𝜑 .                                                                                (16) 

 

  -  4-  ,  , 

        φ  r. 

        

 ,   . 

    (10)    

  φ  r   (14)  

      ( , ).  

        

       

        

        

 . 

     ,      

   20-30%      .  

             

    𝜑 . 
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      ,   

       , 

      . 

        

          

      ,        

      ,      

    .   ,    

 I         

  II. 

 

2.2    я я  

   

 

      

       

  ,       

  2-    (   

 )      1-

   (    ).  

      2-      

1-           

.  

      

        

      ( ).  

       ,  , 

 ,     .  , 

 ,       , 
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       , 

 « - »     

. 

        

      

     , 

      [6,7], . .   

      

  (  ).  

       

        

       

  :  

 𝜔 𝑝я 𝑝 = 𝑝+ .                                                                                            (17) 

 

  ( ), 𝜔 ( ) –      

      ; 

 T ( ) –       

    . 

 𝑇 = +  𝑝+ 𝑝𝑧  Я
                                                                                  (18) 

 

   (18)     , 

      

      : 

 𝑇 = + +  ,                                                                                 (19) 
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    = Я


,   = Я


,    =  ( +  𝑝+  +  𝑐)


. 

 

       

       . 

     ,   

       

        

 19.  

 

 

 

 19 –        
 

 

      

        

  . -   

     ,  

 (  ) –    .  

   .  
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      :  

φ0 –  ( ) ,   

  ;  

φ –  ,    

,  

r0 –  ,    

  ,  

r –  ,    

 ;  

υ –     . 

 

  19        

         

    𝑇 ( )   

    ( ),   

       

, ,      

.         

       

 .     (  19) 

        

      

, . . ,    ,   

 (    )     

  .      

         

    ,  

  ,   (   ) 

   𝑇 ( ).   

 p=d/dt,   : 



40 

 𝜔 =  ( я − 𝜔 ).                                                         (20) 

 

    20,    

 (20),       

       

    . 

 

 

 

 20 –    
 

 

 21 –       
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      ,  

: 

 = [ ] , 𝜑 = + ,  = ,  [ × ], = ,  [ ],       = 𝜑 = ,      = , 9 [ × ], 𝜑 = , 9 [ × ],      𝜑 = ,   = , 𝑇 = ,  [ ] , = ,  [ ],     = − ,  [ ],      = ,  [ ], 
 

     −     ; 

 −    ; 

 𝜑 −  ; 

 a  b −  ; 

 φ(t) −    ;  

 r(t) −    ;  

 T ( ) −       

    . 

 

      

         

MATLAB (Simulink),       ̆

̆    .  

   Simulink     

    .     

  Simulink  ,     

    ̆.      

 ,    

.  
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   Simulink     

    .   

         

   ̆    

( )      .  

,    MATLAB (Simulink),    22.  

 

 

 
 22 –       

 

      

      (Subsystems):  

       

 (  23);  

       

 (  24);  



43 

 ,     

    ̆    

(  25);  

      

 ̆ ̆      

 (  26).  

  

 

 23 –       
    

 
 

 

 24 –       
    

 
 

 

 25 – ,     
        

 



44 

 

 

 

 26 –     
        

  
 

       

   (  22,  )    

.  

      : 

     φ(t); 

 ̆    r(t); 

        

̆  (Scope).    

 (  27,  28)     

            

. 

         

    σ    

 t .  

 



45 

 

 27 –      
 

 

 28 –      
 

   ,      

  φ        

    (  6,4%).  

       r  

    . 
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2.3    я я   

 

        

      . 

  ,    . 

       

        

: 

 

я = 𝑅Я Я я + я + я,  𝜔 = − , 𝜔 = 𝜃
,                                                                                                       (21)  я = 𝜔 , 

 = Я. 

 

    я, я,  я – ,   -  ;             Я, 𝑅Я,  Я = ЯЯ – ,    

  ;              𝜔 , , , 𝜃  –   ,  

,       ; 

  –   ;  

 ,    . 

 

 ,    (21)   

  ,    .   

1        

 ,    

. 
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 1 –       

 . 

P , В  ВU U , В  n , 1/  I , A R ,  ВR ,  J , 2 

0,12 110 3000 1.53 1.48 642 0.06 
0.20 110 3000 2.46 0.762 560 0.08 
0.25 110 3000 3.05 0.945 827 0.14 
0.37 110 3000 4.40 0.546 934 0.16 
0.45 110 3000 5.60 0.585 400 0.36 
1.00 110 3000 9.96 0.561 500 0.80 

 

  1   :  

P  –   , В ;  

U  –    , В;  

ВU  –   , В;  

I  –   , A;  

n  –    , 1/ ;  

R  –   , ;  

ВR  –   , . 

 

    (  ),     

(А),        

 

    = 𝜔 = 𝜋 , 

    = ,    

   = Я ,                                                                                                      (22) 

    = Я− Я Я𝜋 , 

    Я ≈ 𝜋 × Я 𝑋Я.  



48 

 

      𝑋 = 0,3-0,4 –  . 

 

        

      

: 

 𝑊 =  𝜔 я =  ⁄𝑇Я + + ,                                                            (23) 

𝑊` =  𝜔 =  (𝑇Я + )𝑇Я + + .                                                          (24) 

 

  (23), (24)  : 

 =  я ,       = .                                                                                    (25) 

    : 

 

, = − Я ± Я √ − 𝑇Я .                                                             (26) 

 

     𝑇Я     

     ,  

- .    𝑇Я  ≤   

   ,  

        

       

     𝑇 ,𝑇      ⁄ . 

 𝑊 =  я =  ⁄+ + + ,                                                                    (27) 



49 

 

       𝑇 = − ⁄ , 𝑇 = − ⁄ , 

 

       0,45 

В  (  1)   ,    

(8),    2. 

 

 2 –      

1 , 1/  2 , 1/А 2 kM, /A kЕ, В  T ,  T1,  T2,  

1.72 0.72 0.26 0.34 0.043 0.044 2.15 
 

    (7)    Simulink 

    ,  29.  

      

  Simulink – ontrol System    

.  ( )     

1 В.         

  30  31. 

 

 

 29 –     
 

    (  30, 31) ,   
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  .       

 2  ,   . 

 

 30 –      
 

 

 31 –      
 

       

   ( ) ,   

         

   . 

 

2.4  я   я   я    

 

       

  . 



51 

 𝜔 + 𝜔 + sin 𝜃 = я,                                                               (28) 

 

       –        ;  я –  ;  𝜃 =  ∫ 𝜔   –    .  

 

        

 

 𝑇Я я + я + Я 𝜔 = ЯЯ.                                                                            (29) 

 

  (28)  (29)    , 

    0,45 В    ,  32. 

 

 

 32 –     
 

     = , ,  = ,      

      33. 

 



52 

 
 

 33 –         
 

  ,        

     .  

    . 

       

         

    .     

 ,    –  .  

         (30) 

    : 

 𝑊 = × +  +  ,                                                                        (30) 

 

    𝑇 = , 𝑇 =   ,    = , ,  = ,   
   :  𝑇 = ,  ,  = , ,   . .     

 . 
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    -    

 ,      

        

 𝑇 < 𝑇, = , + 𝑝 = 𝑇 , 𝑝+ = 𝑇.                                                                        (31) 

 

      34. 

 

 
 

 34 –     
 

     𝑇 = ,  , 𝑝 =9, , = , = 9,     35. 

 



54 

 

 35 –      
 

 
  (  35) ,       

 ( )  .      

   . 

       

   ,  36.   

     0,001   0,003 . 

 

 36 –     
  

 

       

 37. 
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 37 –        

   
 

  (  37),     , , 

          (   

  )    ( )  . 

      . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

 

3  я 

 

3.1  

 

       

 ,     , 

   . ,   

     MATLAB (Simulink).  

     , 

    . [9].  

      

,    :  

     ;  

       ;  

      ;  

     ;  

       

    ,  

     ;  

       

    φ  r    

     ;  

       

     ;  

      : 

        

.  

       

  .      
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,   ,     -  

        

.       

  ,    . [ ] 

      ,  

    ,       

  /      [ ]. 

     -  

           

ё    ,     

      .    

     . 

       

- .      

. 

      

        

.      , 

         

    .  ,  

       

  -   - . 

      -

         : 

1)       

 i-   (i-1) –       

 . 

2)    -  
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- .   -    ,  

 ё .       

 ,     

. 

 -     

,   ,      

    .  

-     ,  

        . [12] 

      

 ,      

   , : MSC.ADAMS 

[17]; UM [17]; Unigraphics NX [17]; CATIA [ 17]; SolidWorks [17], MATLAB [ 17]. 

      : 

 ,  ,   

   ,     , 

      .  

        

          

  ,     

    . 

     -   

    MATLAB,    

  .    

,  ё    ё    

    ,   

    ,     

 [17]. 
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3.2   

 

  ё     

     .   

   .    

   . .    

      ,    

         

  .      

  3  :       

 1-   2-  .     ,  

    ё  ,    

        

  . 

       

Fanuc M-410iB/450 [39] (  38),   4    

   . 

 

 

 

 38 –  Fanuc M-410iB/450     

 

   ё   

   39.    1-   2-  ,  



60 

   q1  q2, ,    

   q0,  ,       

. 

 

 

 39 –    

 

       

  ,    ,  

       

  ,    q1  q2     

 40 ( , , , )     ,  

       ,   

    .   

  ,       , 

     .    

  3   .    

        

  3 ,      

  q0, q1, q2, ё      /  

. 
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 40 –     

 

3.3    

 

      

   -   Arduino.   

  : 

  ,  41; 

 ,  42; 

  Arduino Uno,  43. 

 

 
 

 41 –      
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 42 –   
 

 

 43 –      Arduino UNO R3 
 

 Arduino    ,  

           

 . 

 Arduino – ,     

        . 

   .     , 

    180 .  Arduino  

       . 
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     44. 

 

 

 44 –   
 

    ( ,   . .),  

      .  

  ,   .    

,     .  , 

      ( .  40). 

         

  ,    ,   

   ,         

. 

 Arduino –   .   

  ,       

     .   44  

      ,  , 

     . 

     «  ». 

     20 ,       

LOW.        HIGH    1 
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 2 .  1   0 ,   2  – 180 ,   

   0  180,  45. 

 

 

 45 –     

 

Arduino –   -    

      .  

     Arduino UNO R3,  

   ATmega328.    ё   

 43. 

   Arduino      

  .     

    , , ,   

,   Arduino UNO R3   .  

Arduino Uno    ATmega328.   14 

 /  (6       

), 6  ,   16 ,  USB, 

 ,  ICSP   .    

      USB,   

    AC/DC  . 
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 3 –  Arduino Uno 

  

 ATmega328 

  5  

 

  ( ) 7-12  

  ( ) 6-20  

 /  
14 (6      

 ) 

  6 

   /  40  

    3.3  50  

-  
32  (ATmega328)   0.5  

   

 2  (ATmega328) 

EEPROM 1  (ATmega328) 

  16  

 

Arduino Uno      USB   

  .    . 

  (  USB)     

 AC/DC (  )   . 

     2.1   

  .      

 Gnd  Vin  . 

       6   20 .  

   7 ,  5V    5 ,   

   .     

12        . 

   7   12 . 
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VIN.         (  

 5    USB     ). 

      . 

5V.   ,    

    .     

 VIN   ,    USB,   

   5 . 

3V3.    3.3     

 .    50 . 

GND.  . 

 ATmega328  32   ,  

 0.5     ,   2   

(SRAM)  1  EEPROM. 

 

3.4     

 

    Arduino.  

ATmega328    ,   

     .  

   STK500. 

   ,    Arduino, 

 C++ –       

,      

,     .  

 Arduino      Arduino IDE, 

         . 

Arduino IDE         

: www.arduino.cc/en/Main/Software,    

. 
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Arduino IDE.        

,    GNU LESSER GENERAL PUBLIC 

LICENSE      .   

 Windows      

 (  ).    

  ,   . 

      

.    Arduino IDE   (  

46),      .     

: setup  loop.  setup  ,   

   Arduino, –     /   

        Arduino 

 .  

 

 

 

 46 –  Arduino IDE 

 

 loop     –   ,   

  . 

  Arduino  . 
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        Arduino 

  USB- . 

 Arduino UNO     USB 

        Arduino IDE.  

    ,     (  

47). 

 

 47 –    

 

    Arduino.   48   

Arduino/Genuino Uno.     , 

    .   

     ,   

  Arduino. 

 

 48 –    Arduino 
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   Arduino IDE     

   ,  48.     

 ,           

     Arduino. 

         Arduino IDE 

  TX  RX   Arduino,      

 . 

    ,    

      .  —    

,       ,     

. ,  void setup  void loop.   

 –       Arduino IDE –  

,     .   

,         

   .      

 |  .      , 

       , 

     . 
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4 я   

 

  ,     ,  

   ,     

  Arduino -  ,    

.       , Arduino  

 ,  .        

  ,   

, ,   ,    

   ,       

,    .    

Arduino –     ,  Arduino 

    ,     

      .  ,    

  ,    Arduino –   , 

   .    

       ,  

     ,     

       . 

 

4.1 я  я    

  Arduino 

 

  .   

 (#include <Servo.h>),     servomotor. 

        

Arduino UNO R3,     .   

    (  49),     

(  50). 
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 49 –     Arduino 
 

 

 

 50 –     Arduino  
  

 

       

 –  1: 

#include <Servo.h>  //    

Servo servo1;  //    

void setup() 

{ 
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  servo1.attach(9);  //   9    

} 

void loop() 

{ 

  int position; 

  servo1.write(90);    //      90  

  delay(1000);           //  1 ,     

  servo1.write(180);  //      180  

  delay(1000);           //  1  

  servo1.write(0);      //      0  

  delay(1000);           //  1  

  //       180 , 

  //     : 

  for(position = 0; position < 180; position += 2) 

  { 

    servo1.write(position);   //      

    delay(20);             //   

  } 

  //       0 , 

  //    1 : 

  for(position = 180; position >= 0; position -= 1) 

  { 

  servo1.write(position);  //     

  //   

  delay(20);             //   

  } 

       

 –  2: 

 

int servopin=9;// select digital pin 9 for servomotor signal line 
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int myangle;// initialize angle variable 

int pulsewidth;// initialize width variable 

int val; 

void servopulse(int servopin,int myangle)// define a servo pulse function 

{ 

pulsewidth=(myangle*11)+500;// convert angle to 500-2480 pulse width 

digitalWrite(servopin,HIGH);// set the level of servo pin as “high” 

delayMicroseconds(pulsewidth);// delay microsecond of pulse width 

digitalWrite(servopin,LOW);// set the level of servo pin as “low” 

delay(20-pulsewidth/1000); 

} 

void setup() 

{ 

pinMode(servopin,OUTPUT);// set servo pin as “output” 

Serial.begin(9600);// connect to serial port, set baud rate at “9600” 

Serial.println("servo=o_seral_simple ready" ) ; 

} 

void loop()// convert number 0 to 9 to corresponding 0-180 degree angle, LED blinks 

corresponding number of time 

{ 

val=Serial.read();// read serial port value 

if(val>='0'&&val<='9') 

{ 

val=val-'0';// convert characteristic quantity to numerical variable 

val=val*(180/9);// convert number to angle 

Serial.print("moving servo to "); 

Serial.print(val,DEC); 

Serial.println(); 

for(int i=0;i<=50;i++) // giving the servo time to rotate to commanded position 

{ 
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servopulse(servopin,val);// use the pulse function 

} 

} 

} 

 

 51 –   2    
 

      

    52. 

 

 

 48 –      
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4.2  -  я  

 

 C++,       

Arduino,  - .  –   

,    ,      

,   . ,     

   . 

 

4.3   Simulink  Arduino 

 

 Arduino  SIMULINK  : 

http://www.mathworks.com/academia/arduino-software/arduino-simulink.html  

: MATLAB (R2010a  ) Simulink. 

  Simulink Support Package for Arduino 

http://www.mathworks.com/matlabcentral/fileexchange/30277   

   ,   c:\arduino_simulink.   

 Arduino IDE  ,  ,  c:\ArduinoTarget.  

    :  

>> cd c:\arduino_simulink 

>> addpath(fullfile(pwd,'arduino'),fullfile(pwd,'blocks'),fullfile(pwd,'demos')) 

>> savepath. 

 

,  : 

 

>> sl_refresh_customizations. 

 

  Arduino  . .  

   Arduino: 

 

>>arduino.Prefs.setArduinoPath('c:\ArduinoTarget') 



76 

    

>> arduino.Prefs.setBoard('mega') 

       

>> arduino.Prefs.setBoard  

Specify one of the following board labels: 

'uno' (Arduino Uno) 

'atmega328' (Arduino Duemilanove or Nano w/ ATmega328) 

'diecimila' (Arduino Diecimila, Duemilanove, or Nano w/ ATmega168) 

'mega2560' (Arduino Mega 2560) 

'mega' (Arduino Mega (ATmega1280)) 

'mini' (Arduino Mini) 

'fio' (Arduino Fio) 

'bt328' (Arduino BT w/ ATmega328) 

'bt' (Arduino BT w/ ATmega168) 

'lilypad328' (LilyPad Arduino w/ ATmega328) 

'lilypad' (LilyPad Arduino w/ ATmega168) 

'pro5v328' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328) 

'pro5v' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega168) 

'pro328' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328) 

'pro' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega168) 

'atmega168' (Arduino NG or older w/ ATmega168) 

'atmega8' (Arduino NG or older w/ Atmega8) 

  :  

>> comPorts=arduino.Prefs.searchForComPort  

comPorts = 

'COM3'  

 

   :  

 

>> arduino.Prefs.setComPort('COM3'); 
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  Simulink     

   53. 

 

 53 –  Simulink/Arduino 
 

  Simulink Servo Control   

    54: 

>> arduino_servocontrol_sweep 

 

 

 54 –       
Simulink 

 

  MATLAB/Simulink  Arduino  

     . 
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 ,      

       

      MATLAB .   

   :   ; 

     , 

  ;  ,   

      Simulink,   

   Command Window  MATLAB ;  

      

;       

. 

        - ,  

      .  

 ,      

    ,      

       

.         

      (    

) ,      

 .      

,        

    .  

    ,    ( ) 

      ,     

,       .  

  ,   ,   
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     , 
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     .  
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 ,      , 

   ,     , 

  ,     
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      , 

      .  
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   :    

  .  

:      

  .     

       

.        

 .      

-  ,  , 

    ,      

  .  

 : IBM PC- . . : Windows 7/8/8.1/10.  

 : MATLAB/Simulink. 

   : 76 . 

 

  MAG я  я / ++ 

 

File: ert_main.cpp 

1 // 

2 // File: ert_main.cpp 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

matlab:coder.internal.editUrlTextFile('file:///D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/ert_main.cpp')
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16 // 

17 #include <stddef.h> 
18 #include <stdio.h> // This ert_main.c example uses printf/fflush  

19 #include "mag2.h" // Model's header file 

20 #include "rtwtypes.h" 
21  

22 static mag2ModelClass rtObj; // Instance of model class 

23  

24 // 

25 // Associating rt_OneStep with a real-time clock or interrupt service routine 

26 // is what makes the generated code "real-time". The function rt_OneStep is 

27 // always associated with the base rate of the model. Subrates are managed 

28 // by the base rate from inside the generated code. Enabling/disabling 

29 // interrupts and floating point context switches are target specific. This 

30 // example code indicates where these should take place relative to executing 

31 // the generated code step function. Overrun behavior should be tailored to 

32 // your application needs. This example simply sets an error status in the 

33 // real-time model and returns from rt_OneStep. 

34 // 

35 void rt_OneStep(void); 

36 void rt_OneStep(void) 

37 { 
38 static boolean_T OverrunFlag = false; 

39  

40 // Disable interrupts here 

41  

42 // Check for overrun 

43 if (OverrunFlag) { 
44 rtmSetErrorStatus(rtObj.getRTM(), "Overrun"); 

45 return; 

46 } 
47  

48 OverrunFlag = true; 

49  

50 // Save FPU context here (if necessary) 

51 // Re-enable timer or interrupt here 

52 // Set model inputs here 

53  

54 // Step the model for base rate 

55 rtObj.step(); 

56  

57 // Get model outputs here 

58  
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59 // Indicate task complete 

60 OverrunFlag = false; 

61  

62 // Disable interrupts here 

63 // Restore FPU context here (if necessary) 

64 // Enable interrupts here 

65 } 
66  

67 // 

68 // The example "main" function illustrates what is required by your 

69 // application code to initialize, execute, and terminate the generated code. 

70 // Attaching rt_OneStep to a real-time clock is target specific. This example 

71 // illustrates how you do this relative to initializing the model. 

72 // 

73 int_T main(int_T argc, const char *argv[]) 

74 { 
75 // Unused arguments 

76 (void)(argc); 

77 (void)(argv); 

78  

79 // Initialize model 

80 rtObj.initialize(); 

81  

82 // Simulating the model step behavior (in non real-time) to 

83 // simulate model behavior at stop time. 

84  

85 while ((rtmGetErrorStatus(rtObj.getRTM()) == (NULL)) && !rtmGetStopRequested 

86 (rtObj.getRTM())) { 
87 rt_OneStep(); 

88 } 
89  

90 // Disable rt_OneStep() here 

91 return 0; 

92 } 
93  

94 // 

95 // File trailer for generated code. 

96 // 

97 // [EOF]  

98 // 

99  
 

/D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/html/rtwtypes_h.html#67
/D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/html/ert_main_cpp.html#73
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File: mag2.cpp 

1 // 

2 // File: mag2.cpp 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17 #include "mag2.h" 
18  

19 // Private macros used by the generated code to access rtModel 

20 #ifndef rtmIsMajorTimeStep 

21 # define rtmIsMajorTimeStep(rtm) (((rtm)->Timing.simTimeStep) == 
MAJOR_TIME_STEP) 

22 #endif 
23  

24 #ifndef rtmIsMinorTimeStep 

25 # define rtmIsMinorTimeStep(rtm) (((rtm)->Timing.simTimeStep) == 
MINOR_TIME_STEP) 

26 #endif 
27  

28 #ifndef rtmGetTPtr 

29 # define rtmGetTPtr(rtm) ((rtm)->Timing.t) 

30 #endif 
31  

32 #ifndef rtmSetTPtr 

33 # define rtmSetTPtr(rtm, val) ((rtm)->Timing.t = (val)) 

34 #endif 
35  

36 // private model entry point functions 

37 extern void mag2_derivatives(); 

38  

39 // 

40 // This function updates continuous states using the ODE3 fixed-step 
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41 // solver algorithm 

42 // 

43 void mag2ModelClass::rt_ertODEUpdateContinuousStates(RTWSolverInfo *si ) 

44 { 
45 // Solver Matrices 

46 static const real_T rt_ODE3_A[3] = { 
47 1.0/2.0, 3.0/4.0, 1.0 

48 }; 
49  

50 static const real_T rt_ODE3_B[3][3] = { 
51 { 1.0/2.0, 0.0, 0.0 }, 
52  

53 { 0.0, 3.0/4.0, 0.0 }, 
54  

55 { 2.0/9.0, 1.0/3.0, 4.0/9.0 } 
56 }; 
57  

58 time_T t = rtsiGetT(si); 

59 time_T tnew = rtsiGetSolverStopTime(si); 

60 time_T h = rtsiGetStepSize(si); 

61 real_T *x = rtsiGetContStates(si); 

62 ODE3_IntgData *id = (ODE3_IntgData *)rtsiGetSolverData(si); 

63 real_T *y = id->y; 

64 real_T *f0 = id->f[0]; 

65 real_T *f1 = id->f[1]; 

66 real_T *f2 = id->f[2]; 

67 real_T hB[3]; 

68 int_T i; 

69 int_T nXc = 4; 

70 rtsiSetSimTimeStep(si,MINOR_TIME_STEP); 

71  

72 // Save the state values at time t in y, we'll use x as ynew. 

73 (void) memcpy(y, x, 

74 (uint_T)nXc*sizeof(real_T)); 

75  

76 // Assumes that rtsiSetT and ModelOutputs are up-to-date 

77 // f0 = f(t,y) 

78 rtsiSetdX(si, f0); 

79 mag2_derivatives(); 

80  

81 // f(:,2) = feval(odefile, t + hA(1), y + f*hB(:,1), args(:)(*)); 

82 hB[0] = h * rt_ODE3_B[0][0]; 

83 for (i = 0; i < nXc; i++) { 
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84 x[i] = y[i] + (f0[i]*hB[0]); 

85 } 
86  

87 rtsiSetT(si, t + h*rt_ODE3_A[0]); 

88 rtsiSetdX(si, f1); 

89 this->step(); 

90 mag2_derivatives(); 

91  

92 // f(:,3) = feval(odefile, t + hA(2), y + f*hB(:,2), args(:)(*)); 

93 for (i = 0; i <= 1; i++) { 
94 hB[i] = h * rt_ODE3_B[1][i]; 

95 } 
96  

97 for (i = 0; i < nXc; i++) { 
98 x[i] = y[i] + (f0[i]*hB[0] + f1[i]*hB[1]); 

99 } 
100  

101 rtsiSetT(si, t + h*rt_ODE3_A[1]); 

102 rtsiSetdX(si, f2); 

103 this->step(); 

104 mag2_derivatives(); 

105  

106 // tnew = t + hA(3); 

107 // ynew = y + f*hB(:,3); 

108 for (i = 0; i <= 2; i++) { 
109 hB[i] = h * rt_ODE3_B[2][i]; 

110 } 
111  

112 for (i = 0; i < nXc; i++) { 
113 x[i] = y[i] + (f0[i]*hB[0] + f1[i]*hB[1] + f2[i]*hB[2]); 

114 } 
115  

116 rtsiSetT(si, tnew); 

117 rtsiSetSimTimeStep(si,MAJOR_TIME_STEP); 

118 } 
119  

120 // Model step function 

121 void mag2ModelClass::step() 

122 { 
123 if (rtmIsMajorTimeStep((&rtM))) { 
124 // set solver stop time 

125 rtsiSetSolverStopTime(&(&rtM)->solverInfo,(((&rtM)->Timing.clockTick0+1)* 

126 (&rtM)->Timing.stepSize0)); 
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127 } // end MajorTimeStep 

128  

129 // Update absolute time of base rate at minor time step 

130 if (rtmIsMinorTimeStep((&rtM))) { 
131 (&rtM)->Timing.t[0] = rtsiGetT(&(&rtM)->solverInfo); 

132 } 
133  

134 // Integrator: '<S1>/dfi' 

135 rtDW.dfi = rtX.dfi_CSTATE; 

136  

137 // Product: '<S1>/1// ' incorporates: 

138 // Constant: '<Root>/З   щ ' 

139 // Constant: '<S4>/alfa, betta' 

140 // Constant: '<S4>/gamma' 

141 // Integrator: '<S1>/fi' 

142 // Integrator: '<S2>/r' 

143 // Product: '<S4>/r**2' 

144 // Product: '<S4>/ 3' 

145 // Sum: '<Root>/Sum' 

146 // Sum: '<S1>/Sum' 

147 // Sum: '<S4>/Sum' 

148 // Sum: '<S4>/Sum1' 

149  

150 rtDW.u = ((1.14 - rtX.fi_CSTATE) - rtDW.dfi) / ((rtX.r_CSTATE - rtX.r_CSTATE * 

151 rtX.r_CSTATE) * 0.0412 + 0.0311); 

152  

153 // Integrator: '<S2>/dr' 

154 rtDW.dr = rtX.dr_CSTATE; 

155  

156 // Sum: '<S2>/Sum1' incorporates: 

157 // Constant: '<Root>/З   щ ' 

158 // Integrator: '<S2>/r' 

159 // Sum: '<S2>/Sum' 

160  

161 rtDW.Sum1 = (0.52 - rtX.r_CSTATE) - rtDW.dr; 

162 if (rtmIsMajorTimeStep((&rtM))) { 
163 rt_ertODEUpdateContinuousStates(&(&rtM)->solverInfo); 

164  

165 // Update absolute time for base rate 

166 // The "clockTick0" counts the number of times the code of this task has 

167 // been executed. The absolute time is the multiplication of "clockTick0" 

168 // and "Timing.stepSize0". Size of "clockTick0" ensures timer will not 

169 // overflow during the application lifespan selected. 
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170  

171 ++(&rtM)->Timing.clockTick0; 

172 (&rtM)->Timing.t[0] = rtsiGetSolverStopTime(&(&rtM)->solverInfo); 

173  

174 { 
175 // Update absolute timer for sample time: [0.3s, 0.0s] 

176 // The "clockTick1" counts the number of times the code of this task has 

177 // been executed. The resolution of this integer timer is 0.3, which is the step size 

178 // of the task. Size of "clockTick1" ensures timer will not overflow during the 

179 // application lifespan selected. 

180  

181 (&rtM)->Timing.clockTick1++; 

182 } 
183 } // end MajorTimeStep 

184 } 
185  

186 // Derivatives for root system: '<Root>' 

187 void mag2ModelClass::mag2_derivatives() 

188 { 
189 XDot *_rtXdot; 

190 _rtXdot = ((XDot *) (&rtM)->derivs); 

191  

192 // Derivatives for Integrator: '<S1>/fi' 

193 _rtXdot->fi_CSTATE = rtDW.dfi; 

194  

195 // Derivatives for Integrator: '<S1>/dfi' 

196 _rtXdot->dfi_CSTATE = rtDW.u; 

197  

198 // Derivatives for Integrator: '<S2>/r' 

199 _rtXdot->r_CSTATE = rtDW.dr; 

200  

201 // Derivatives for Integrator: '<S2>/dr' 

202 _rtXdot->dr_CSTATE = rtDW.Sum1; 

203 } 
204  

205 // Model initialize function 

206 void mag2ModelClass::initialize() 

207 { 
208 // Registration code 

209 { 
210 // Setup solver object 

211 rtsiSetSimTimeStepPtr(&(&rtM)->solverInfo, &(&rtM)->Timing.simTimeStep); 

212 rtsiSetTPtr(&(&rtM)->solverInfo, &rtmGetTPtr((&rtM))); 
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213 rtsiSetStepSizePtr(&(&rtM)->solverInfo, &(&rtM)->Timing.stepSize0); 

214 rtsiSetdXPtr(&(&rtM)->solverInfo, &(&rtM)->derivs); 

215 rtsiSetContStatesPtr(&(&rtM)->solverInfo, (real_T **) &(&rtM)->contStates); 

216 rtsiSetNumContStatesPtr(&(&rtM)->solverInfo, &(&rtM)->Sizes.numContStates); 

217 rtsiSetNumPeriodicContStatesPtr(&(&rtM)->solverInfo, &(&rtM) 

218 ->Sizes.numPeriodicContStates); 

219 rtsiSetPeriodicContStateIndicesPtr(&(&rtM)->solverInfo, &(&rtM) 

220 ->periodicContStateIndices); 

221 rtsiSetPeriodicContStateRangesPtr(&(&rtM)->solverInfo, &(&rtM) 

222 ->periodicContStateRanges); 

223 rtsiSetErrorStatusPtr(&(&rtM)->solverInfo, (&rtmGetErrorStatus((&rtM)))); 

224 rtsiSetRTModelPtr(&(&rtM)->solverInfo, (&rtM)); 

225 } 
226  

227 rtsiSetSimTimeStep(&(&rtM)->solverInfo, MAJOR_TIME_STEP); 

228 (&rtM)->intgData.y = (&rtM)->odeY; 

229 (&rtM)->intgData.f[0] = (&rtM)->odeF[0]; 

230 (&rtM)->intgData.f[1] = (&rtM)->odeF[1]; 

231 (&rtM)->intgData.f[2] = (&rtM)->odeF[2]; 

232 getRTM()->contStates = ((X *) &rtX); 

233 rtsiSetSolverData(&(&rtM)->solverInfo, (void *)&(&rtM)->intgData); 

234 rtsiSetSolverName(&(&rtM)->solverInfo,"ode3"); 

235 rtmSetTPtr(getRTM(), &(&rtM)->Timing.tArray[0]); 

236 (&rtM)->Timing.stepSize0 = 0.3; 

237  

238 // InitializeConditions for Integrator: '<S1>/fi' 

239 rtX.fi_CSTATE = 0.0; 

240  

241 // InitializeConditions for Integrator: '<S1>/dfi' 

242 rtX.dfi_CSTATE = 0.0; 

243  

244 // InitializeConditions for Integrator: '<S2>/r' 

245 rtX.r_CSTATE = 0.0; 

246  

247 // InitializeConditions for Integrator: '<S2>/dr' 

248 rtX.dr_CSTATE = 0.0; 

249 } 
250  

251 // Constructor 

252 mag2ModelClass::mag2ModelClass() 

253 { 
254 } 
255  
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256 // Destructor 

257 mag2ModelClass::~mag2ModelClass() 

258 { 
259 // Currently there is no destructor body generated. 

260 } 
261  

262 // Real-Time Model get method 

263 RT_MODEL * mag2ModelClass::getRTM() 

264 { 
265 return (&rtM); 

266 } 
267  

268 // 

269 // File trailer for generated code. 

270 // 

271 // [EOF]  

272 // 

273  
 

 

File: mag2.h 

1 // 

2 // File: mag2.h 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17 #ifndef RTW_HEADER_mag2_h_ 

18 #define RTW_HEADER_mag2_h_ 

19 #include <string.h> 
20 #ifndef mag2_COMMON_INCLUDES_ 

21 # define mag2_COMMON_INCLUDES_ 
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22 #include "rtwtypes.h" 
23 #include "rtw_continuous.h" 
24 #include "rtw_solver.h" 
25 #endif // mag2_COMMON_INCLUDES_ 

26  

27 // Macros for accessing real-time model data structure 

28 #ifndef rtmGetErrorStatus 

29 # define rtmGetErrorStatus(rtm) ((rtm)->errorStatus) 

30 #endif 
31  

32 #ifndef rtmSetErrorStatus 

33 # define rtmSetErrorStatus(rtm, val) ((rtm)->errorStatus = (val)) 

34 #endif 
35  

36 #ifndef rtmGetStopRequested 

37 # define rtmGetStopRequested(rtm) ((rtm)->Timing.stopRequestedFlag) 

38 #endif 
39  

40 #ifndef rtmSetStopRequested 

41 # define rtmSetStopRequested(rtm, val) ((rtm)->Timing.stopRequestedFlag = (val)) 

42 #endif 
43  

44 #ifndef rtmGetStopRequestedPtr 

45 # define rtmGetStopRequestedPtr(rtm) (&((rtm)->Timing.stopRequestedFlag)) 

46 #endif 
47  

48 #ifndef rtmGetT 

49 # define rtmGetT(rtm) (rtmGetTPtr((rtm))[0]) 

50 #endif 
51  

52 // Forward declaration for rtModel 

53 typedef struct tag_RTM RT_MODEL; 

54  

55 // Block signals and states (auto storage) for system '<Root>' 

56 typedef struct { 
57 real_T dfi; // '<S1>/dfi' 

58 real_T u; // '<S1>/1// ' 

59 real_T dr; // '<S2>/dr' 

60 real_T Sum1; // '<S2>/Sum1' 

61 } DW; 

62  

63 // Continuous states (auto storage) 

64 typedef struct { 
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65 real_T fi_CSTATE; // '<S1>/fi' 

66 real_T dfi_CSTATE; // '<S1>/dfi' 

67 real_T r_CSTATE; // '<S2>/r' 

68 real_T dr_CSTATE; // '<S2>/dr' 

69 } X; 

70  

71 // State derivatives (auto storage) 

72 typedef struct { 
73 real_T fi_CSTATE; // '<S1>/fi' 

74 real_T dfi_CSTATE; // '<S1>/dfi' 

75 real_T r_CSTATE; // '<S2>/r' 

76 real_T dr_CSTATE; // '<S2>/dr' 

77 } XDot; 

78  

79 // State disabled 

80 typedef struct { 
81 boolean_T fi_CSTATE; // '<S1>/fi' 

82 boolean_T dfi_CSTATE; // '<S1>/dfi' 

83 boolean_T r_CSTATE; // '<S2>/r' 

84 boolean_T dr_CSTATE; // '<S2>/dr' 

85 } XDis; 

86  

87 #ifndef ODE3_INTG 

88 #define ODE3_INTG 

89  

90 // ODE3 Integration Data 

91 typedef struct { 
92 real_T *y; // output 

93 real_T *f[3]; // derivatives 

94 } ODE3_IntgData; 

95  

96 #endif 
97  

98 // Real-time Model Data Structure 

99 struct tag_RTM { 
100 const char_T *errorStatus; 

101 RTWSolverInfo solverInfo; 

102 X *contStates; 

103 int_T *periodicContStateIndices; 

104 real_T *periodicContStateRanges; 

105 real_T *derivs; 

106 boolean_T *contStateDisabled; 

107 boolean_T zCCacheNeedsReset; 
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108 boolean_T derivCacheNeedsReset; 

109 boolean_T CTOutputIncnstWithState; 

110 real_T odeY[4]; 

111 real_T odeF[3][4]; 

112 ODE3_IntgData intgData; 

113  

114 // 

115 // Sizes: 

116 // The following substructure contains sizes information 

117 // for many of the model attributes such as inputs, outputs, 

118 // dwork, sample times, etc. 

119  

120 struct { 
121 int_T numContStates; 

122 int_T numPeriodicContStates; 

123 int_T numSampTimes; 

124 } Sizes; 

125  

126 // 

127 // Timing: 

128 // The following substructure contains information regarding 

129 // the timing information for the model. 

130  

131 struct { 
132 uint32_T clockTick0; 

133 time_T stepSize0; 

134 uint32_T clockTick1; 

135 SimTimeStep simTimeStep; 

136 boolean_T stopRequestedFlag; 

137 time_T *t; 

138 time_T tArray[2]; 

139 } Timing; 

140 }; 
141  

142 // Class declaration for model mag2 

143 class mag2ModelClass { 
144 // public data and function members 

145 public: 

146 // model initialize function 

147 void initialize(); 

148  

149 // model step function 

150 void step(); 



98 

151  

152 // Constructor 

153 mag2ModelClass(); 

154  

155 // Destructor 

156 ~mag2ModelClass(); 

157  

158 // Real-Time Model get method 

159 RT_MODEL * getRTM(); 

160  

161 // private data and function members 

162 private: 

163 // Block signals and states 

164 DW rtDW; 

165 X rtX; // Block continuous states 

166  

167 // Real-Time Model 

168 RT_MODEL rtM; 

169  

170 // Continuous states update member function 

171 void rt_ertODEUpdateContinuousStates(RTWSolverInfo *si ); 

172  

173 // Derivatives member function 

174 void mag2_derivatives(); 

175 }; 
176  

177 //- 

178 // These blocks were eliminated from the model due to optimizations: 

179 // 

180 // Block '<Root>/ ц  ' : Unused code path elimination 

181 // Block '<Root>/  щ ' : Unused code path elimination 

182 // Block '<Root>/ ц ' : Unused code path elimination 

183 // Block '<Root>/  щ ' : Unused code path elimination 

184 // Block '<S2>/1// ' : Eliminated nontunable gain of 1 

185 // Block '<Root>/ ' : Eliminated due to constant selection input 

186 // Block '<Root>/a' : Unused code path elimination 

187 // Block '<Root>/b' : Unused code path elimination 

188 // Block '<S3>/Sum' : Unused code path elimination 

189 // Block '<S3>/Sum1' : Unused code path elimination 

190 // Block '<S3>/ar' : Unused code path elimination 

191 // Block '<S3>/ 1' : Unused code path elimination 

192 // Block '<S3>/ 2' : Unused code path elimination 

193 // Block '<S3>/ 2' : Unused code path elimination 

matlab:coder.internal.code2model('mag2:46');
matlab:coder.internal.code2model('mag2:47');
matlab:coder.internal.code2model('mag2:51');
matlab:coder.internal.code2model('mag2:45');
matlab:coder.internal.code2model('mag2:68');
matlab:coder.internal.code2model('mag2:28');
matlab:coder.internal.code2model('mag2:2');
matlab:coder.internal.code2model('mag2:5');
matlab:coder.internal.code2model('mag2:81');
matlab:coder.internal.code2model('mag2:82');
matlab:coder.internal.code2model('mag2:80');
matlab:coder.internal.code2model('mag2:79');
matlab:coder.internal.code2model('mag2:78');
matlab:coder.internal.code2model('mag2:83');
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194  

195  

196 //- 

197 // The generated code includes comments that allow you to trace directly 

198 // back to the appropriate location in the model. The basic format 

199 // is <system>/block_name, where system is the system number (uniquely 

200 // assigned by Simulink) and block_name is the name of the block. 

201 // 

202 // Use the MATLAB hilite_system command to trace the generated code back 

203 // to the model. For example, 

204 // 

205 // hilite_system('<S3>') - opens system 3 

206 // hilite_system('<S3>/Kp') - opens and selects block Kp which resides in S3 

207 // 

208 // Here is the system hierarchy for this model 

209 // 

210 // '<Root>' : 'mag2' 

211 // '<S1>' : 'mag2/1-   ' 
212 // '<S2>' : 'mag2/2-   ' 
213 // '<S3>' : 'mag2/ ' 

214 // '<S4>' : 'mag2/ ' 

215  

216 #endif // RTW_HEADER_mag2_h_ 

217  

218 // 

219 // File trailer for generated code. 

220 // 

221 // [EOF]  

222 // 

223  
 

File: rtwtypes.h 

1 // 

2 // File: rtwtypes.h 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

matlab:coder.internal.code2model('mag2:30');
matlab:coder.internal.code2model('mag2');
matlab:coder.internal.code2model('mag2:41');
matlab:coder.internal.code2model('mag2:16');
matlab:coder.internal.code2model('mag2:30');
matlab:coder.internal.code2model('mag2:38');
matlab:coder.internal.editUrlTextFile('file:///D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/rtwtypes.h')
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10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17  

18 #ifndef RTWTYPES_H 

19 #define RTWTYPES_H 

20  

21 // Logical type definitions 

22 #if (!defined(__cplusplus)) 

23 # ifndef false 

24 # define false (0U) 

25 # endif 
26  

27 # ifndef true 

28 # define true (1U) 

29 # endif 
30 #endif 
31  

32 //================================================== =====
================*  

33 // Target hardware information 

34 // Device type: Intel->x86-64 (Windows64) 

35 // Number of bits: char: 8 short: 16 int: 32 

36 // long: 32 long long: 64 

37 // native word size: 64 

38 // Byte ordering: LittleEndian 

39 // Signed integer division rounds to: Zero 

40 // Shift right on a signed integer as arithmetic shift: on 

41 // 
=================================================== =====
===============  

42  

43 //================================================== =====
================*  

44 // Fixed width word size data types: * 

45 // int8_T, int16_T, int32_T - signed 8, 16, or 32 bit integers * 

46 // uint8_T, uint16_T, uint32_T - unsigned 8, 16, or 32 bit integers * 

47 // real32_T, real64_T - 32 and 64 bit floating point numbers * 

48 // 
=================================================== =====
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===============  

49 typedef signed char int8_T; 

50 typedef unsigned char uint8_T; 

51 typedef short int16_T; 

52 typedef unsigned short uint16_T; 

53 typedef int int32_T; 

54 typedef unsigned int uint32_T; 

55 typedef long long int64_T; 

56 typedef unsigned long long uint64_T; 

57 typedef float real32_T; 

58 typedef double real64_T; 

59  

60 //================================================== =====
====================*  

61 // Generic type definitions: boolean_T, char_T, byte_T, int_T, uint_T, * 

62 // real_T, time_T, ulong_T, ulonglong_T. * 

63 // 
=================================================== =====
===================  

64 typedef double real_T; 

65 typedef double time_T; 

66 typedef unsigned char boolean_T; 

67 typedef int int_T; 

68 typedef unsigned int uint_T; 

69 typedef unsigned long ulong_T; 

70 typedef unsigned long long ulonglong_T; 

71 typedef char char_T; 

72 typedef unsigned char uchar_T; 

73 typedef char_T byte_T; 

74  

75 //================================================== =====
================*  

76 // Min and Max: * 

77 // int8_T, int16_T, int32_T - signed 8, 16, or 32 bit integers * 

78 // uint8_T, uint16_T, uint32_T - unsigned 8, 16, or 32 bit integers * 

79 // 
=================================================== =====
===============  

80 #define MAX_int8_T ((int8_T)(127)) 

81 #define MIN_int8_T ((int8_T)(-128)) 

82 #define MAX_uint8_T ((uint8_T)(255U)) 

83 #define MAX_int16_T ((int16_T)(32767)) 

84 #define MIN_int16_T ((int16_T)(-32768)) 

85 #define MAX_uint16_T ((uint16_T)(65535U)) 
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86 #define MAX_int32_T ((int32_T)(2147483647)) 

87 #define MIN_int32_T ((int32_T)(-2147483647-1)) 

88 #define MAX_uint32_T ((uint32_T)(0xFFFFFFFFU)) 

89 #define MAX_int64_T ((int64_T)(9223372036854775807LL)) 

90 #define MIN_int64_T ((int64_T)(-9223372036854775807LL-1LL)) 

91 #define MAX_uint64_T ((uint64_T)(0xFFFFFFFFFFFFFFFFULL)) 

92  

93 // Block D-Work pointer type 

94 typedef void * pointer_T; 

95  

96 #endif // RTWTYPES_H 

97  

98 // 

99 // File trailer for generated code. 

10
0 

// 

10
1 

// [EOF]  

10
2 

// 

10
3 

 
 

 




