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1. Introduction 
In modern medical practice the recovery of 

impaired limb function is often performed with 
the help of CPM machines (Continuous Passive 
Motion) – power-driven devices that allow the 
selection of angle of the limb flexion-extension in 
isotonic and isometric modes with controlled 
speed and range of motion [13, 17, 22]. Robot-
assisted mechanical treatment reduces the time 
needed for recovery of the range of motion in 
isolated joint, tissue regeneration, and edema al-
leviation. Such treatment also decreases the inci-
dence of adhesions and joint contractures [1, 8, 
15, 21, 23, 26, 27]. Another benefit of CPM 
therapy is that the patient may start exercising as 
early as in 24 hours after brain hemorrhage epi-
sode, which prevents complications associated 
with prolonged immobility, such as contractures 
and muscle atrophy, thrombosis and thromboem-
bolism etc. [24, 25, 26].  

In order to improve the effectiveness of post-
hemorrhage rehabilitation process, the principle 
of mirror therapy is used: the patient sits at the 
table with his arms stretched along the table; on 
the table there is a mirror placed in such a way 
that the patient can see the reflection of his/her 
intact arm meanwhile his/her affected arm is be-
hind the mirror [4, 12, 19]. The patient tries to 

rise up both arms, but, due to brain damage, the 
affected arm does not move at all, or its move-
ment is restricted. However, thanks to the mirror, 
the patient is unable to see it and believes his/her 
affected arm to be intact and move freely. Thus, 
damaged regions of the motor cortex are stimu-
lated to find new neural connections, which acce-
lerates the recovery process [3, 9].  

The modern technique of mirror therapy is 
the following: the manipulating device put on the 
intact arm transfers the signal to servos of ex-
oskeleton that copies the movements of the ma-
nipulating device. The manipulating device al-
lows the therapist or the patient him/herself to 
conduct rehabilitative treatment remotely or at 
home [10, 11]. 

The aim of our research was to design a pro-
totype robot-assisted “movement-mirroring” ma-
chine with manipulating device that is put on the 
intact arm and “reflects” its movements on the 
exoskeleton servos to recover motor function of 
the affected upper limb. 

2. Materials and methods  
When we started working on the prototype 

of the robot-assisted system we had to fulfil sev-
eral related tasks and analyse the ways of rehabil-
itation [2, 6]. We intended to minimize the range 
of potential problems for the patient, so we chose 
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ПРИМЕНЕНИЕ ЭКЗОСКЕЛЕТА РУКИ С ФУНКЦИЕЙ 
«ЗЕРКАЛЬНОГО ДВИЖЕНИЯ» В РЕАБИЛИТАЦИОННЫХ ЦЕЛЯХ 
 
А.А. Петров1, А.С. Смирнов1, В.В. Епишев1, А.В. Шевцов2 
1Южно-Уральский государственный университет, г. Челябинск, Россия 
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спорта и здоровья имени П.Ф. Лесгафта, г. Санкт-Петербург, Россия 

 
 

Цель. Разработать прототип экзоскелета руки, предназначенного для лечения проблем
движения верхней конечности после кровоизлияния в мозг или инфаркта. Материалы и
методы. Функция «зеркального движения» реализована с использованием манипуляцион-
ного устройства, включающего в себя три акселерометра GY-85, программное обеспече-
ние, которое отслеживает углы перемещения, устройства для беспроводной передачи дан-
ных, контроллер Arduino и сервомоторы экзоскелета. Результаты. В ходе этого исследо-
вания был разработан прототип реабилитационного устройства. Устройство было
протестировано на 6 добровольцах. Использование Arduino позволило сократить время от-
клика сервомоторов до 400 мс. Выводы. Если поражена только одна рука, в случае геми-
пареза / гемиплегии, то восстановительная терапия может проводиться в соответствии с
указанной программой или путем копирования движений здоровой конечности путем
«зеркального движения». 
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