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Annotation 
In this paper, a biotechnical device for recording and assessing a person's physical activity is 
presented, which is a dumbbell equipped with a microprocessor board and inertial sensors. To 
restore the trajectory of the projectile, a gyroscope and an accelerometer are used. The trajectory 
of the motion is based on the coordinates: the angles of rotation and displacement. The movement 
is calculated by double integration of the accelerometer readings, the angles of rotation of the 
dumbbell are determined by integrating the angular velocity of rotation of the gyroscope. The 
data read from the sensors is fed to the microprocessor board, where they are filtered and 
processed. Based on the processed data, the trajectory of the projectile's motion is constructed. 



 

 . .,  . .,  . .   я  
       //  .  

 . – .3, №4, 2018 
49 

 

 .   

RESEARCH RESULT. INFORMATION TECHNOLOGIES  

The weight of the dumbbell is 0.50 kg, the total mass of the device is 0.54 kg. The developed 
biotechnical device is able to detect the elbow joint pathology of the upper human shoulder girdle 
and to assess the physical parameters of the patient with injuries of the elbow joint. 
Keywords: smart sports equipment; inertial sensors; motion analysis; Kalman filter; 
rehabilitation. 
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Р . 1.     

Fig. 1. Structural scheme of the biotechnical device 
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Р . 2.    Arduino Nano IMU-  

Fig. 2. Connection scheme of the IMU-sensor Arduino Nano board 
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Fig. 3. The functional scheme of the device 
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Fig. 4. The result of filtering the gyro (a) and accelerometer (b) values along three axes at rest 

 

  5      -   
      . 



 

 . .,  . .,  . .   я  
       //  .  

 . – .3, №4, 2018 
57 

 

 .   

RESEARCH RESULT. INFORMATION TECHNOLOGIES  

  

  

  

  

Р . 5.           
-   :   (   –   

) ( );   (   –  ) ( );  , 
   ,  (   –  ) ( ); 

     ( ) 
Fig. 5. The trajectory of dumbbell movement in three-dimensional space when performing the flexion-

extension exercise of the elbow joint: a healthy person (the starting position is the elbow on the table) (a); 

healthy person (starting position - the arm is straight) (b); healthy person, the exercise is too fast, jerky 

(starting position - the arm is straight) (c); subject with an elbow joint injury (d) 
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