
 

 
Abstract—In this paper some structural solution for human 

legs motion assistance and rehabilitations exoskeletons are 
presented. These solutions are used to develop virtual 
prototype for exoskeletons model, in order to build an 
optimized kinematic and dynamic model. The virtual prototype 
motion is analyzed using ADAMS multibody dynamics 
software. The exoskeletons motion is studied in two conditions, 
when it’s performs motion connected to a fixed supporting 
base and when it’s performs motion on the ground. The 
exoskeletons motion capabilities are analyzed and compared 
with normal human gait reference parameters. To obtain 
human motion gait parameters an experimental analysis is 
performed. The proposed solutions are original ones with easy 
operation features, low cost and easy implementation. 
 

Index Terms—Exoskeleton design, motion analysis, human 
gait, leg mechanism. 
 

I. INTRODUCTION 

URRENTRLY, the subject of human motion 
assistance and rehabilitation is present in a large 

number of studies [1], [2], [3], [4], [5]. 
In order to recover the motor functions of the human 

lower limb, numerous passive or active solutions are known. 
Active recovery systems include exoskeleton-type 
locomotion devices. The exoskeleton is a system that helps 
the patient to walk and thus recover as much locomotion as 
possible. This is accomplished by providing an extra force 
to the human foot to which it is attached. 

An exoskeleton robot provides active, programmable and 
controllable therapeutic assistance to patients with 
neuromotor deficiencies. Research in the field of 
exoskeletons robots has spread over the last decade. 
Progress in hardware and energy sources has enabled 
technically viable prototypes. In recent years, exoskeletons 
capable of reproducing human walking began to gain 
increased popularity in the United States for both 
locomotive assistance and rehabilitation. For example, the 
REX exoskeleton, produced by REX Bionics, is capable of 
providing locomotor recovery assistance to patients [2]. 
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The features of exoskeleton systems and their obvious 
utility as active walking support systems are highlighted for 
Rewalk ™, Mina, Indego®, Ekso ™ systems and Rex® 
ReWalk ™, Indego® and Mina (lower limb exoskeleton) 
are effective for walking in clinical laboratory conditions 
[3]. 

 In the field of medical recovery, the locomotors recovery 
is required for patients who have had strokes or spinal cord 
injuries in order to be able to practice walking again. The 
first research in this area, of motor exoskeleton systems, 
dates from 1960, and the initiative returns to two separate 
groups of researchers, one from the US and one from the 
former Yugoslavia [4]. The first group aimed at developing 
a technology to improve the abilities of the human carrier 
body, often for military purposes, while the second group 
attempted to develop a technology for assisting people with 
disabilities. 

Currently the subject of human motion assistance and 
rehabilitation exoskeleton design is presented in a large 
number of papers, as presented in [7-11]. For disabled 
people’s motion assistance exoskeleton systems are 
developed by numerous research centers, which can assist 
the rehabilitation therapy [10]. Significant existing systems 
are discussed in: Chen, (2016) [1]; Anama et. al (2012) [2]; 
Diaz (2011) [3]; Yan (2015) [4]; Dumitru (2015) [23]; 
Geonea (2015) [6], with a large number of design solutions. 
But an important task of these systems is represented by the 
cost and easy operation feature and also easy 
implementation in practice [18-23].  

The vast majority of exoskeleton solutions use one 
actuator motor for each leg joint. The originality of the 
proposed solutions consists in design of mechanical systems 
with a single degree of mobility, for which only one drive 
motor is required, according to Figs. 1-6. 

In this paper are presented three design solutions for 
human motion assistance and rehabilitation exoskeletons. 

II. STRUCTURAL AND DESIGN SOLUTION FOR LEG 

EXOSKELETONS 

A. Exoskeleton first proposed structural solution 

An exoskeleton is defined as an external powered device 
used to assist human motion. The first structural solution is 
presented in previous research papers [6-10]. The kinematic 
scheme of this proposed exoskeleton leg is presented in Fig. 
1. This solution is an original one, developed by the first 
author of this paper, in the year 2013, in paper [9]. Also the 
second and third solutions for exoskeletons legs are original, 
developed in the year 2017.   
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Fig. 1.  Exoskeleton leg kinematic scheme and design solution. 
 

 Thus, in Fig. 2, a general view of the exoskeleton for 
assisting the locomotion is presented, having the structure of 
the kinematic chains of the left and the right leg made by the 
mechanisms of bars with a single degree of mobility. The 
kinematic scheme of the bar mechanism used for the legs is 
shown in Fig. 1. The system provides the three anatomical 
flexion-extension movements for the hip, knee and ankle 
joints. The movement is transmitted from the drive motor 13 
mounted on the upper support frame 18 by transmission 
with the chain wheels 14 and 15 of the shaft 19 which is 
supported at the ends in the bearings on the upper frame 12. 
The drive elements 1 of the leg mechanism with bars, are 
rigidly fixed to the motor shaft 19 in diametrically opposed 
positions to ensure the succession of the steps of the two 
legs of the exoskeleton. The C and G couplings of the bar 
mechanism are rotatable couplings with the base (top frame 
12). By moving the two driving elements of each 
mechanism (corresponding to the two legs), the elements 5 
and 9 of the mechanism perform a determined (unique) 
motion that reproduces the movement of the femur and tibia, 
as well as the motion law for the angle of joints G and I (hip 
and knee). For stepping on the ground, the exoskeleton is 
provided with a foot support 11. The articulation of the 
supports 11 with the element 9 is accomplished by mounting 
on the spindle axis M a torsion spring having an end with 
the foot 11 and the other end connected with the tibia 
element 9. 

 
 

Fig. 2.  Exoskeleton first proposed design solution (isometric view). 
 

B. Exoskeleton second structural solution 

Another exoskeleton solution for assisting human lower 
limb movement is shown in Fig. 3. It is characterized by the 
fact that it consists of two mechanisms, each of them 
consists of seven movable cinematic elements (1, 2, 3…7) 
of the bar type with parallelepiped section, articulated 
between them with rotating joints materialized by means of 
the pins 12. The motor elements of the two corresponding 
right and left foot mechanisms are actuated by the electric 
motor 9 which transmits the movement through two chain 
wheels a) and b) and the chain, to the shaft (11) which is 
mounted on the upper frame (12) by the bearings (A). 

The solution is characterized in that it uses a single drive 
motor (9) provided with a gear box, transmitting the 
movement through the shaft (11) to the motor elements (1) 
of the two mechanisms for the left and right legs. The 
elements (1) are being mounted offset at 180 degrees on the 
shaft (11). Also, the exoskeleton is provided with a plastic 
piece on which a textile material for protecting the patient's 
back is fastened by gluing. 
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Fig.3. Kinematic scheme and prototype for the exoskeleton second 
solution. 
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Fig.4. A virtual prototype (second solution), the isometric view. 
 

C. Exoskeleton third structural solution 

The kinematic scheme of the mechanism for the 
assistant's exoskeleton legs (third solution) is shown in Fig. 
5. The proposed leg mechanism is composed by a 
parallelogram mechanism completed with a motor link for 
the mechanism. The links are noted with numbers from (1) 
to (5) and the joints with letters. The motor link of the 
mechanism is denoted with (1). The link (3) represents the 
femur, the tibia link is (5), the joint D represents the hip 
joint, and the knee joint is denoted with E. The size of the 
links (3) and (5) can be adjusted so that the shape of the 
point M trajectory to be an ovoid one, as to human gait. 

The exoskeleton consists of two mechanisms for the left 
and right legs. The legs are composed of 5 elements 
connected by 7 kinematic rotating joints. The electric motor 
with reducer (8), which is mounted on the upper frame (6), 
is used to drive the two mechanisms. 

This leg mechanism can assure the mobility of knee and 
hip joints. The ankle joint is not considered because its 
angular amplitude during walking is small. 
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Fig. 5. A mechanical design of the third proposed exoskeleton. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Aspects of mechanical design of the proposed exoskeleton. 

III. HUMAN GAIT BIOMECHANICS ANALYSIS 

Today exists on the market, a large number of 
equipment’s and software to study human gait. The human 
leg joints angular variations were analyzed for a healthy 
male of 1.65 m height, 68 kg, age 35 by using goniometers 
sensors on each joint, as in Fig. 7. 

With the aid of Biometrics software, the angular 
variations of each joint were acquired and plotted, in Figs. 
8-10, and analyzed by comparison with others obtained data 
for human gait from literature [12-16]. The obtained results 
are usual for normal gait. The knee angle amplitude reaches 
70°, as is plotted in Fig. 9, and the hip joint angle amplitude 
reaches 35-40°, as is plotted in Fig. 10. 

 

 
Fig. 7. Subject with wearable sensors and motion processing. 
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Fig. 8. Ankle joints angle variation in time. 
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Fig. 9. Knee joints angle variation in time. 
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Fig. 10. Hip joints angle variations in time. 

IV. MODELING AND SIMULATION OF EXOSKELETONS 

MOTION 

A dynamic simulation has been developed by using a 
proper model for operation tests in ADAMS environment 
(ADAMS 2013). Contact, stiffness, damping coefficients, 
and friction force coefficients have been introduced in the 
ADAMS model accordingly, as listed in Fig. 14, with links 
made of steel. 

 
Fig. 11. Superimposed frames of the exoskeleton walking (first design). 
 

 
Fig. 12. Superimposed frames of the exoskeleton walking (second design). 
 

 
Fig. 13. Superimposed frames of the exoskeleton walking (third design). 
 

The exoskeletons walking frames sequences, for each 
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design model are shown in Figs. 11, 12 and 13. 
 

 
Fig. 14. Adams dynamic model contact parameters. 
 

 

 
Fig. 15. Knee joints angle variation in time, computed in ADAMS. 
 

 

 
Fig. 16. Hip joints angle variation in time, computed in ADAMS. 
 

For the first design model, the knee joints angle variation 
in time is shown in Fig. 15, and hip joints angle variation in 
time are presented in Fig. 16. 
 

 
Fig. 17. Exoskeleton (first design) ADAMS computed foot path trajectory. 
 

 
Fig. 18.  Exoskeleton walking (first design) computed foot path trajectory. 
 

The exoskeleton computed foot path trajectory, for the 
first design solution is presented in Fig. 17, when it’s 
operate on a fixed support, and in Fig. 18, in case when the 
exoskeleton is performing gait. The computed foot path 
trajectory, for second and third design solutions are 
presented in Figs. 19 and 20. The trajectory is computed 
when the exoskeletons operate on a fixed base. The ovoid 
computed trajectory is suitable for exoskeleton operation. 
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Fig. 19. Exoskeleton (second design) computed foot trajectory. 
 

 
Fig. 20. Exoskeleton (third design) computed foot trajectory. 

V. CONCLUSION 

In this paper original design solutions for prototypes of 
motion assistance and rehabilitation exoskeletons of human 
are presented, with low cost and easy-operation features. 
The results obtained with ADAMS computational model 
indicate suitable performance for operation in walking 
rehabilitation application. The proposed design is simple, 
wearable and light with anthropomorphic structure.  The 
proposed solutions operate with only one motor with 
controllable angular velocity. The exoskeletons design 
purpose is to fully or partially help and assist human 
walking and also to assure proper motions for gait 
rehabilitation.  
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