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Abstract  This paper deals with robotic exoskeletons and their using in rehabilitation of the upper limbs. First part 
describes application of robotic devices in rehabilitation. In the second part there is described an architecture of 
rehabilitation robotic system and its main subsystems. Third part of the proposed paper is dedicated to robotic 
exoskeletons. This section deals with internal and external force action in exoskeletons. In the last part of the paper, 
there is shown design of robotic exoskeleton for the upper limb. 
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1. Introduction 
Robotic technology is currently becoming one of the 

essential elements of a comprehensive restructuring and 
automation in the manufacturing and non-manufacturing 
sector. In the future, there is expectation of significant 
percentage rise of elderly people (65+), about 1/3 of the 
population. This fact makes an opportunity for the 
deployment of robotic devices, especially in rehabilitation 
of the upper limbs. Such applications have high demands 
on development of associated devices. Current robotics 
uses for these cases principles of biomechanics and 
biomechanisms. For designing these robotic devices, it is 
important to use knowledge about anatomy of the upper 
limb in biomechanical principles of proposed 
rehabilitation robot [1,2]. 

2. Architecture of Robot-assisted 
Rehabilitation of the upper Limb 

The main functions of robot-assisted rehabilitation are: 
•  measurement and evaluation of patient´s physical 

condition for specifying diagnosis and selection of 
suitable therapy 

•  controlled manipulation of the treated motional 
segment to improve its motional abilities 

The basic system function of these diagnostic and 
mechano-therapeutic systems is: 

•  controlling movement in the joint of the robotic arm 
(adjustable range of motion, adjustable load, speed 
and acceleration, controlled trajectory of the arm 
with more than two degrees of freedom) 

•  collecting, processing and analysis of measured data 
(real-time measurement, monitoring, statistical and 
graphical analysis) 

•  effectiveness of the rehabilitation procedures 
•  reliability and safety 
•  motivation and comfort of the patient 
Architecture of rehabilitation robotic systems (RRS) 

has its own specifications which results from the 
requirements for anthropometric, biomechanical and 
medical aspects. Architecture of RRS can be described by 
arranged structure, Figure 1, [1,3]. 

 

Figure 1. Architecture of rehabilitation robotic system [1] 
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3. Exoskeletons in Rehabilitation Robotics 
Exoskeleton is defined as active robotic device with 

anthropomorphic kinematics. It is worn by user, adheres to 
his body and cooperates with user´s movements or user 
cooperates with movements of the exoskeleton [4]. 
Exoskeletons were firstly used in industrial but mostly in 
military applications. For such purposes, exoskeletons for 
amplification of physical abilities of the user were 
developed. Rehabilitation is another area of their 
utilization. 

In exoskeleton, there is transport of energy between 
human and robot. Mutual interaction of mechanical 
construction and human limb can be provided by applying 
inner or outer force action. The determining whether the 
force is inner or outer depends on an application. 
Conception of outer force action deals with empowering 
exoskeletons, Figure 2, and their aim is to increase user’s 
force. This exoskeleton has to be able to resist outer forces, 
which are acting on it from environment so that forces 
have to be grounded. That means the fact that most of 
force applied is absorbed by mechanical construction and 
only small, negligible force is transmitted to the operator. 
The only force interaction between operator and robot is 
when user acts on the exoskeleton with the aim to control 
it. On the other hand, orthotic/therapeutic exoskeletons 
or exoskeletons for functional compensation of physical 
disability of limbs, Figure 2, use the principle of inner 
force interaction. Force is transferred from robot onto 
human limbs. Orthotic/therapeutic exoskeletons are 
implemented when limbs are weakened or functionally 
limited. This kind of assistive technology is intended to 
strengthen, restore or, in some cases, replace movement 
abilities of limbs. These exoskeletons should be able to 
complement or replace motoric function of human’s 
muscle-bone system. In this case, inner force action is not 
grounded - exoskeleton acts by force on limbs and forces 
them to move [5,6]. 

 

Figure 2. Internal (on the left) and external (on the right) force action in 
exoskeleton [5,6] 

Special aspect of exoskeletons is their kinematic chain 
that has to be compatible with kinematic chain of human 
limb. In other words, joint’s axes of the exoskeleton have 
to be identical to joint´s axes of human. This kinematic 
compatibility is the key aspect for reaching ergonomic 
interface HUMAN-ROBOT. Exoskeleton must not 
compromise or limit user in performing of natural moves. 
Kinematic compliance has meaning in exoskeletons which 
work on principle of inner force action. Typical 
demonstration of kinematic incompatibility is creation of 
unwanted force interactions on places and areas where 
both systems are connected to each other. However, 
avoiding of such problem is very difficult [5,6]. 

4. Design of an Exoskeleton for the Upper 
Limb 

Conception of the designed rehabilitation robot is based 
on the structure of the rehabilitation robotic system which 
is shown on Figure 1. The main parts of the mechanical 
subsystem are clamping and action mechanisms. 
Clamping mechanism has to fix treated motional segment 
(upper limb) and it has to achieve stability of this segment 
during rehabilitation process. It must not block circulation 
of the blood and it has to provide maximum comfort to 
treated segment. Action mechanism is a robotic arm which 
imitates motions of the treated motional segment. 

Kinematic analysis of the upper limb is very important 
for the design of proposed robotic arm. Mobility of the 
upper limb consists of movements in three functional 
areas - movements in shoulder, elbow and wrist joint. On 
the Figure 3, there is modified kinematic model of the 
upper limb. 

 

Figure 3. Modified kinematic model of the upper limb [7] 

 

Figure 4. Robotic exoskeleton for upper limb [1] 
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According to the requirements of the rehabilitation 
process and on the basis of the kinematic analysis of the 
upper limb, there was designed robotic exoskeletal system 
for upper limb and its scheme is on Figure 4. 

Exoskeleton has seven degrees of freedom (DOF). 
Three DOF are in the shoulder joint, another two DOF are 
in the elbow joint and two DOF are in the wrist joint. 
Seven DOF is needed for the full mobility of the upper 
limb. Axes in shoulder joint are arranged to intersect in 
one point as it is in the shoulder joint of the upper limb. 
There is achieved kinematic compatibility in shoulder 
joint which is very important to achieve kinematic 
compatibility in whole mechanism. 

Every joint (except of joint in axes 3) is equipped with 
incremental rotary encoder Heidenhain ERO 1400, Figure 
5, for purpose to measure angle of rotation. Encoder is 
without integral bearing and it´s self-centring. 

 

Figure 5. Incremental rotary encoder (Heidenhain ERO 1400)[8] 

Joint in axes 3 is equipped with absolute rotary encoder 
Heidenhain EBI 1135, which is also without integral 
bearing, Figure 6. 

 

Figure 6. Absolute rotary encoder (Heidenhain EBI 1135) [8] 

The arm is adjustable in length for different sizes of the 
upper limb. It is adjustable in three segments: wrist, 
forearm and upper arm segment. Also carrier frame is 
adjustable in length in three axes which are perpendicular 
to each other. The carrier frame works as manipulator with 
three translational motion units, Figure 7. During 
rehabilitation process, patient is sitting on a chair which is 
fixed to the ground, or patient can also sit on a wheelchair. 

Each joint of the arm is driven by couple of pneumatic 
artificial muscles (PAM) which are arranged in 
antagonistic connection, Figure 8. Artificial muscle can 
only reduce its length and that is reason for 
implementation of another muscle for the regression 
movement in the joint. Muscles are placed outside of the 
arm, they are placed in carrier frame, as shown in Figure 7. 
Transmission of motion between actuators - PAM and 
joints of the robotic device is done by cables which are 
held in bowdens. Cables are connected to pulleys in the 
joints of the robotic arm. 

 

Figure 7. The layout of the entire rehabilitation robotic system (arm + carrier frame) 
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Figure 8. Pneumatic artificial muscles in antagonistic connection [9] 

5. Conclusion 
Proposed article describes using robotic devices in 

rehabilitation process. This would increase number of 
rehabilitated patients per a period of time. There is also 
described an architecture of the robot-assisted 
rehabilitation of the upper limb. Next part of the paper 
deals with robotic exoskeletons and with their distribution. 
Using an exoskeleton, we can achieve bigger range of 
motions. The upper limb is connected with an exoskeleton 
in several points. Our design of rehabilitation robotic 
device is also based on a principle of an exoskeletal 
system. In our approach, as actuators are used pneumatic 
artificial muscles, which are in antagonistic connection. 
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