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-       ; 
-       

; 
-      . 

        
    ,    

         
. 

,       ,  
        

,       
          

     ( .1). 

 
 1 –        

:   
 

,   x, y, z       
 dX, dY, dZ    : 

 

 x = (r sin  cos ) ± dX, y = (r sin  sin ) ±dY , z = (r cos ) ± dZ.  (1) 
 

   .      
    : 

-    ; 
-      . 

      : 
1) ,          

 ( ); 
2) ,      

         . 
     ( )    

    -   [1-4].   
       . 2. 

      :  
-    ;  
-   .  

        t   
  22 ms  55 ms ( . 1)   : 

 

 t  = Blog2(1 + S/N), (2) 
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  t  –        ; 
B –     ; 
S –      ,     
  ; 

N –      ,    
   ; 

S/N –     ,    
. 

 
 2 –     

:   
 

         
 : Pulse-Position Modulation (PPM)  Pulse- ode Modulation (PCM) [N]. 

   PCM   .   
Advanced Frequency Hopping Spread Spectrum (AFHSS)     

 [2].  -     
  ,       . 

 

 1 –       

  - 
  , 

 
 
, ms 

1 Turnigy  PPM 8 9 42 
2 FlySky PPM 8 10 43 
3 JR/Graupner Z-PCM 8 9 44 
4 JR/Graupner S-PCM 8 10 44 
5 Simprop PCM 12 8 55 
6 Robbe Futaba PCM 9 10 28 
7 Hitec AFHSS 8 12 7 

:   
 

     PPM   . 3. 

 
 3 –   PPM 

: [5] 
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  3 ,    PPM    
  ,       .  

        
           
,        .  

         
  [5,6].  

      
 . 

 . 4     .  
 

 
 4 –    

:  . 
 

    20 ,    
     0,5 ms … 2,5 ms.    

        
:  

  = (d  + 0)k,  (3) 
 

   –    ; 
d  –     ; 

0 –      (0,5 ms); 
k –  .  

,   1,5 ms     
 ,   0,5 ms  2,5 ms –   . 

 . 4 ,      20 ms   
       17,5   19,5 ms. 

 . 1, . 3  . 4 ,      
  28-55 ms,       

.  
 ,        

          70 ms.  
      , 

    (100 /   27 / )   , 
,         

    dX, dY, dZ (1). 
 .  ,      

       
 : 

-        
; 

-        
     ; 
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-     . 
  .     

   ,    
   .  

     ,    
    : 
1)         

Real-Time Operating System (RTOS) ( . 5); 
2)     –  ; 
3)       . 

        
   . 

 
 5 –       RTOS 

:   
 

RTOS.  . 5 ,       
       ,  

  ,    [7]. 
-       

        , 
     . 

   .    
    . 

 ,       
      .   

,     .  
         

   ,   . 6.      
 

 
 

 6 –        
:   

 
   : 

-       UART; 
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-        ; 
-    .  

    ,    
 ,    ,     

     .    
     ,     ( . 7). 

 

 
 

 7 –     
:  . 

 
  8   10 .   : 

     : 
1) A1_ID:      – 4 ,  16 

 ; 
2) 1_Prm_1:  1  A1_ID. 12 ,  – 4096 ; 
3) 1_Prm_2:  2  A1_ID. 12 ,  – 4096 ; 
4) 1_Prm_3:   3  A1_ID. 4 , 16 . 

    : 
5) 2_ID:      - 4 ,  16 

; 
6) 2_Prm:   A2_ID. 12 ,  – 4096 . 

  : 
7) D_State_16:  16 , «1» - , «0» - . 

  : 
8) CRC – 12 . 

 ,         
   16     . 

        
  :      

 ,        
 .      . 

       
   ,    
     . 
     11.36 ms    9600 

.   19200       6 ms ( . 8).  

 
 

 8 –          
:   
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  ,      
       8 ms.    

         
     20 ms  8 ms.  

  8 , : 
1) ,        

  16,57 ms,     20 ms; 
2)     ,  

. 
 ,        

      .  
      ,  

 PIC18F25K22 [8]      
   20     12 . 

 .       
       

       . 
        

   ,     
        

      . 
   ,        

-    (90  ). 
      InMoov.  

       
          

    ,    
 .  

      
        

 . 
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Natalia Smirnova, Assoc. Prof., PhD tech. sci., Volodymyr Smirnov, Assoc. Prof., PhD tech. sci. 
Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine 
The Pool of Radio-controlled Robotic Systems Servo Synchronous Control  

The purpose of the article is to improve the characteristics a radio-controlled object servo drive pool 
control system  and solve the problems: reduce the transmission time of the driving influence to the object control 
system, minimize the influence of the driving action receiving cycle the time delay on the servo drive control 
cycle duration, servo drive pool provide synchronous control. 

The article describes the control system for a radio-controlled object in several coordinates 
implementation. The influence of time delays when transmitting data to the receiver is considered. It is shown 
that in such control systems there is no synchronous the servo pool control mode. The necessity a synchronous 
object's servos control system is substantiated creating. A data transfer protocol has been developed for the 
executing system. The format for the transmitted packet is developed. The fundamental difference between the 
packet transfer protocol in the developed system: not the value of the control action is transmitted to the 
executing system, but the numerical value of the state of the control elements on the transmitter side. The the 
control program architecture is developed. Reduced response time from the system to set action change in the 
value. The cycle of receiving the set action has a duration about 11 ms. The servo control cycle has a value from 
8 to 17 ms. Implemented pool of servos synchronous control. Implemented object control in several coordinates 
without delays in starting control cycles. The created system is used to control the InMoov robot. 

Implementation of the developed servo pool management system has shown the effectiveness of the 
selected architecture for creating software and hardware for radio-controlled robotic systems. Solved tasks to 
reduce the transmission time of the master object exposure control system to minimize the influence of the time 
delay cycle master receiving the impact on the duration and servo control loop is provided a synchronous servo 
control pool. 
control system, servo, synchronous control, object, interrupt, RTOS 
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