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Abstract—This paper describes the results of developing con-
trol methods for an active exoskeleton for rehabilitation of human
upper limb motor activity. The experimental setup, real-time
software implementation of the control system, and also the devel-
oped software environment for stimulation of the subject during
the neurophysiological experiment are described. The research
object of the above system is the processes of activation of brain
areas in terms of analysis of bioelectrical electroencephalographic
signals registered during a motor activity, suitable for use in the
tasks of motor rehabilitation. The purpose of this work is to
develop a hardware-software part of the experiment to study
real-time algorithms for control of the upper limb exoskeleton
for rehabilitation and education tasks using ”brain-computer”
interfaces.

Index Terms—electroencephalography, patterns, frequency-
time analysis, motor activity, brain-computer interface, limb
exoskeleton

I. INTRODUCTION

Traditionally, one of the main applications of brain-

computer interfaces is control of external devices, such as

anthropomorphic manipulators, robots and exoskeletons, by

means of neural activity generated by imaginary movements

[1]–[6]. In this regard, the use of BCIs is aimed at improving

the quality of life of people with impaired motor functions due

to neurodegenerative diseases or loss of limbs. In particular,

a large number of studies are devoted to the development of

brain-computer interfaces for rehabilitation after stroke [7]–

[9] and spinal cord injury [10], control of bioprosthesis after

limb amputation [11] and paralysis [12]. Therefore, the field

of development of brain-computer interfaces is particularly

important.

II. EXPERIMENTAL SETUP

To conduct an experiment of real-time exoskeleton control

algorithms investigation, an upper limb neurotrengager was

chosen as the exoskeleton. The main components of the used

neurotrenger are two robotic arms equipped with six active and

six passive degrees of freedom. The main components and the

appearance of the experimental setup are shown in Figure 1.

Linear servo actuators are installed in each active joint to

bend and unbend the individual fingers of the human hand.

The installation of linear gears in the actuators is due to the

Fig. 1. Experimental setup.

high torque on the output shaft of the actuator. This makes it

possible to overcome muscle resistance in case of spasticity,

or if the test person has completely or partially lost motor

functions.Each finger is securely fastened with flexible self-

adhesive Velcro.

The fixation ensures the correct positioning of the fingers as

well as the correct execution of the exercise. The neurotrainer

is also equipped with an additional actuator for positioning

the thumb in the frontal plane; this improves the ergonomic

fixation and adapts the device to the individual characteristics

of the test person. The elbow locks shown in Figure 1 are used

to provide a more secure hold on the entire arm of the test

subject.

A custom wireless communication module is used to control

each individual arm of the neurotrainer. This module allows

you to send and receive control commands from the device in

real time and over long distances. To work with this module it

is necessary to install additional drivers. To increase mobility,

the neurotrainer is equipped with an external battery pack. This

unit allows the device to work continuously for more than 4

hours.

III. REAL-TIME CONTROL

To control the robotic arms of the upper limb neurotrainer

in real time, a software module was developed to control the

21
978-1-6654-6174-0/22/$31.00 ©2022 IEEE



position of each actuator of the system. The general functional

scheme of the experimental setup, as well as the methods of

interaction between the various blocks and coprograms of the

system are shown in Figure 2.

Fig. 2. Functional scheme of the experimental setup, interaction and methods
of data transfer between the various units of the system.

The low-level servo drives are controlled by the ACS in-

stalled on the controllers of each robotic arm. The controllers,

in turn, are connected wirelessly to the workstation using

special modules. The basic functionality of the network in-

terfaces is provided by the NeuroSkill software. This software

deploys over TCP/IP stack a web-server in the local network.

To access the server we provide an API based on WebSocket

(http) requests. To work with this API a program module was

developed - ”Rapper” in Python language. This module is a

class that provides a programming interface to each active

actuator on the neurotrainer. A set of methods allows you to

flexibly control the speed, compression/extension force and

position of each limb of the human hand. To detect the

correctness of the commands, the program allows to get the

current state of various system parameters in real time. For this

a special GET-request to the server is sent and then a JSON-

structure describing requested states is returned. Parsing of

this structure and reading of each of its fields allows to get

the required parameter and to correct the execution of the main

program.

To provide real-time operation, the Rapper is run in a sepa-

rate thread, which allows you to maintain a high operating

speed and low latency of the system. This is due to the

high load on the main program module, which processes

and analyzes the EEG data. To measure the EEG signals,

the ActiCHamp electroencephalograph is used, which allows

reading 64 channels of sensor information at a frequency

above 1000 Hz. The sensors are attached to the patient’s

head with an individually fitted actiCap. In addition, 3 EMG

sensors can be installed on each arm, which are recorded using

the Encephalan-EEGR-19/27 module with a sampling rate of

250 Hz. Based on this, the developed functional scheme of

the experimental setup can be described as follows: different

sensors recording bioelectrical signals are attached to the sub-

ject; in turn, the sensors are connected to a measuring device

(amplifier), which performs primary filtering and buffering of

the measured information. Then the measuring devices are

connected to a ”workstation” (for example: personal computer,

single-board computer, etc.) and transmit the measured data

to the ”BrainVision” (or similar) work program, which re-

transmits the data to the ”data processing algorithm” module.

The algorithm implements methods to extract the pat-terns

associated with imaginary upper limb movements. Then, via

WebSocket requests, the control actions are transmitted to

the ”NeuroSkill” software, which converts and retransmits the

necessary data via a wireless communication module to the

neurotrainer ACS. The device then begins to exercise and

”activate” the subject’s arms by flexion/extension movements,

thereby closing the biofeedback loop, which allows increasing

the efficiency of the process of rehabilitation of human upper

limb motor activity using the active exoskeleton.

IV. CONCLUSION

In the course of the work, a method for controlling an active

exoskeleton for rehabilitation of human upper limb motor

activity was developed. The experimental setup and developed

methods were tested Figure 3. The cross-platform software

Fig. 3. Illustration of the process of conducting a neurophysiological
experiment.

was developed, which allows to quickly implement various

multimodal algorithms of the subject’s stimulation in the

process of conducting various neurophysiological experiments.
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