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Abstract 

The purpose of the research is to improve the effectiveness of upper limb motor function rehabilitation by synchro-
nizing real and imagined motor activity with the servo drives of the units and mechanisms that provide technical sup-
port for the rehabilitation process. 
Methods. A prototype biotechnical system for managing the rehabilitation of upper limb motor function disorders was 
developed. This system incorporates EEG, EMG, and dynamometer analysis modules into the control loop's forward 
loop, and a virtual reality control module into the biofeedback loop, enabling adaptation of local rehabilitation proce-
dure parameters to the patient's current functional state. An algorithm for controlling upper limb rehabilitation was 
developed, featuring monitoring of an indirect biotechnical resonance criterion through distance analysis in a cluster 
space constructed using dynamometer readings and muscle fatigue coordinates, enabling global rehabilitation pro-
cedure parameters to be controlled with a granularity of one patch. 
Results. Experimental studies of a biotechnical system monitoring the indirect criterion of biotechnical resonance 
were conducted. These studies demonstrated that the results obtained through biotechnical resonance monitoring 
exceed those of the established rehabilitation method by 6% on the MBI scale, 20% on the MFT scale, 13% on the 
muscle strength scale, 23% on the ARAT scale, 12% on the FMA scale, and 13% on the Ashworth scale. 
Conclusion. This article presents a solution to the problem of synchronizing the motor activity of human upper limbs 

and assistive robotic devices. The results of the study can be used to develop biotechnical rehabilitation systems for 

motor disorders with rehabilitation procedure control through biotechnical resonance monitoring. 
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Fig. 1. Schematic diagram of the brain-computer interface system used for limb treatment, including  
            operator and patient, used in the study [2] 
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Fig. 2. Study design for the BCI and placebo-BCI intervention in the study [6] 
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Fig. 3. Rehabilitation procedure diagram 
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Fig. 4. Structural diagram of the prototype biotechnical system 
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Fig. 5. Two-dimensional cluster space for assessing the dynamics of patient rehabilitation  

            using the indirect criterion of biotechnical resonance 
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Fig. 6. Diagram of the algorithm for managing rehabilitation using an indirect criterion  
           of biotechnical resonance 
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Fig. 7. Rehabilitation complex with monitoring  
            of indirect criterion of biotechnical  
            resonance 
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Table 1. Dynamics of the patient's functional state indicators and upper limb function in the main  
               and control groups at different stages of rehabilitation 
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 >48D8F8@>20==K9 (@5=G09 B5AB 
(MFT) 

2,58 ± 0,07 2,47 ± 0,11 3,81 ± 0,12 3,14 ± 0,11 
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Table 2. Comparative assessment of the effectiveness of rehabilitation on various scales in the main  
               and control groups 
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