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Abstract—Hemiplegia is a form of paralysis which affects one side of the body due to 

stroke. Many children are affected with hemiplegia which cannot be cured but can be 

minimized by providing physiotherapy to regain motor function in the affected limb. 

Physiotherapy is a labor intensive, manually assisted training and therefore training is limited 

by personnel shortage. Aiming to train the hemiplegic patients who are suffering from motor 

dysfunction and to reduce the stress of physiotherapist, wheelchair integrated lower limb 

rehabilitation system has been developed for the motion recovery. At first, 3D model of 

wheelchair integrated lower limb rehabilitation system is created and then motion analysis 

was done using Solidworks and then the pattern of behavior of lower limb exoskeleton can be 

predicted using Simmechanics of Matlab. Secondly, the analyzing of biomechanical properties 

to design hardware setup of wheelchair integrated lower limb exoskeleton as an assisting 

rehabilitation system which is designed with the help of Myoware Muscle sensor. EMG signal 

of lower limb is acquired before and after treatment are analyzed to get a statistical 

improvement of Muscle activity. During this treatment, the muscle activity is induced by 

exercising the lower limb by angle wise movement of Exoskeleton using Stepper motor. 
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Objectives: To design a lower limb rehabilitation system for Left Hemiplegic patients and 

also to analyze the EMG signal before and after therapy. 
 

Methods: Limb physiotherapy Physical Therapy includes passive, assisted-active and active 
range-of-motion exercise for the left leg of hemiplegic patients carried out between April and 
June 2018, among male and female aged 20-44 years. 
 

 
 

I INTRODUCTION 
 

Hemiplegia is a condition that causes half of the body to be paralyzed (unable to move). 
It may also be referred to as hemiparesis and is a form of Cerebral palsy. It's caused by damage 
to one half of the brain; specifically, when that damage affects the parts of the brain responsible 
for motor movements. The half of the body affected depends on which half of the brain has been 
damaged. This can occur at birth, or may occur after birth as a result of stroke, cerebral palsy, 
perinatal strokes in infants, and traumatic brain injury. If the person experiences injury on the 
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right side of the brain, then the left side of the body will be affected. If the person experiences 
injury on the left side of the brain, then the right side of the brain will be affected. Hemiplegia 
affects everyone differently but it's most obvious result is a varying degree of weakness and lack 
of control in one side of the body (rather like someone who has had a stroke). Some children are 
only mildly affected, others more seriously. In some, the leg is more badly affected than the arm, 
in others it is the arm which is more seriously affected. But in a majority of children, the damage 
to their brain affects more than their limbs and movement. Specific learning difficulties such as 
dyslexia, perceptual and concentration problems are common, as are emotional and behavioral 
problems. And hemiplegia can also cause medical problems such as visual impairment, speech 
difficulties and epilepsy. 

Hemiplegia is a permanent condition and it cannot be cured. But it is also non-progressive, 

which means it will not get any worse, and with help, its effects may be reduced. Right 
hemiplegia is caused by damages in the left hemisphere. Right hemiplegia most often shows loss 

of sensations on left side and there will be difficulty in understanding the spoken or written word 
condition called aphasia. Knee joint problems cause pain, inflammation, and 

joint destruction caused by degeneration and deterioration of the joint. Bursitis: inflammation 
caused by repeated overuse or injury of the knee. Chondromalacia patella which cause damaged 
cartilage under the kneecap. Gout arthritis caused by the buildup of uric acid. In recent years’ 

conventional therapy is overcome by robotic rehabilitation system which reduces the work of 
physiotherapist and can deliver high repetitive training [7, 8]. Another approach is based on 

functional electrical stimulation (FES) of muscles promotes the recovery of muscle strength after 
the cerebrovascular accident [5]. Lower limb rehabilitation robot technology is a new technique 
in the medical rehabilitation field. The robot can be fixed on the affected lower limb which can 

be driven by actuators [10, 11]. Lower limb rehabilitation robots can be divided into gait training 
robot and joint training robots. Gait training robots are LOKOMAT, ALES, LOPES, where joint 

training robots are NeXOS and TEM [2]. Other ambulatory exoskeletons for clinical use are 
ReWalk, Vanderbilt exoskeleton, EKSo Kinesis and H2 [12]. Exoskeleton like LOKOMAT, 

LOPES, ALES requires a treadmill with at least one physiotherapist. However, the above 
mentioned robotic rehabilitation programs manifest good performance, they are complicated and 
high cost [2]. 

In this paper, we designed a low-cost wheelchair integrated rehabilitation system which can 

be driven by electric actuators fixed at the knee joint. Through this patient can be trained to 

recover their motor function. The effect of rehabilitation can be assessed by analyzing EMG 

signal of the patient before and after therapy. The device works only if it has suitable mechanical 

structure and appropriate design parameters. Solidworks is one of the CAD software used for 

designing and simulation of mechanical designs and products. So that initially 3D model of 

wheelchair integrated lower limb rehabilitation system was created using SolidWorks and then 

motion analysis can be performed to know the pattern of behavior of lower limb exoskeleton. 

The hardware of this 3D designed wheelchair is designed using DC motor and Myoware muscle 

sensor in which it is used to get the signal to perform an Exoskeleton movement at different 

angle. 
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II DESIGN OF THE EXOSKELETON 
 

The first exoskeleton design serves as proof of concept for our approach in designing linear 
gear movement with progress of gear forces for control. The goal was a lower limb exoskeleton 

which allows a hemiplegic subject to move their paralyzed leg. In the following we describe the 
design of exoskeleton frame and the hardware, the mechanical coupling of the exoskeleton to the 
user leg and the hardware architecture.  

A. Design of Lower Limb Exoskeleton  
The aluminum is soft, the frame is rigid enough to carry a body weight of 75 kg while 

providing three DOF, namely knee flexion/extension, ankle plantar flexion and dorsiflexion. 

Mechanical stops of the orthotic joints limit the dorsiflexion and plantarflexion to 25º/ 45ºin the 
ankle and to 0º knee extension. Limited by the length and mounting position of the actuator 

posterior of the leg the maximum knee flexion is 65º with moderate speed. The assembled frame 
has a weight of 1.5kg including all straps, and the shoe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Exoskeleton along with Wheelchair  

 

B. Sensor System of the Exoskeleton  
To measure interaction forces between exoskeleton and user as well as to determine 

muscular contraction, Myoware Muscle Sensor issued. This sensor has a flat surface and small 

size which allow its integration in narrow spaces. To achieve a fast response of the exoskeleton 
to the user’s movement, the muscular contraction of specific thigh muscles is observed.  

Sensor setup is illustrated in Fig.1. The placement of electrode anterior lateral shank where 
A represents the ground electrode, B and Care surface electrode placed over the motor point of 

the peroneal nerve and the tibialis anterior muscle belly. 
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Figure 2: Electrode placement for Myoware Sensor 

 

The circuit system for the myoware muscle sensor is the combination of Arduino 
microcontroller and the 2 channel relay unit. The 12v DC motor is connected with the circuit 
with the help of 12v external battery. The Exo-limb is controlled by the Gear setup which is 

connected along with the 12v DC motor. The Arduino microcontroller is driven by the 
myoware muscle sensor which is placed on the healthy working muscle through electrodes. 

 
 

 

 

 

 

 

 

 
                                                                                Figure 3: Sensor Circuit 

 

 

III EMG SIGNAL ACQUISTION AND PROCESSING 
 

The EMG signals were recorded from few subjects. For each subject, two sets (using wired 
and surface electrodes) of EMG signals were recorded. The exoskeleton is moved at 2 different 

angle says 45º and 65º. Thus the EMG signal is measured before and after therapy. 
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Figure 4: Biopac vs. Myoware Sensor EMG signal output 

A. Subjects  
Paralyzed volunteers were recruited as subjects with the age’s ranges from 20-30 years old 

(25±). For each subject, the wired EMG signal measurement is taken at the time of moving their 
healthy arm/leg which intern to give input signal to the circuit that helps to move exoskeleton 

based on the gear movement. 

 

 

 

 

 

 

 

 

 

B. Activities  
We are interested in knowing whether the patient having difficulty at all with the activities 

listed below because of their paralyzed lower limb problem for which they are currently seeking 
attention. It is based on providing an answer for each activity based on rating the functional 

scale. 
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Table 1: Baseline Characteristics of the population (Total Participants) 

 
 

 Characteristics      Male      Female  Total   
 

                                 
 

Range (Age)  20-45       20-45    20    
 

                                 
 

Mean (Age)  25±       25±     20    
 

                                 
 

Gender  10         10      20    
 

                                 
 

Education level  4         4      08    
 

(Degree)                         
 

Uneducated  2         2      04    
 

                                 
 

Secondary and  2         2      04    
 

Below                         
 

Tertiary  1         1      02    
 

                               
 

 

Table 2: Activities for Hemiplegic patients and Related variables. 

   
                            

 

Activities  Quite a bit of   Moderate        A little bit of No 
 

           difficulty   difficulty   difficulty Difficulty 
 

                                 
 

Standing for one                     
 

Hour                          
 

                                
 

walking on even                         
 

Ground                          
 

                                 
 

walking on                     
 

uneven ground                          
 

                                 
 

Performing light                      
 

activities around                          
 

your home                          
 

                                 
 

Performing heavy                     
 

activities   around                          
 

your home                          
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IV RESULT AND DISCUSSION 

 
Figure 5: Patients subjected with and without load at different degrees 

 

 
Figure 6: Patients subjected with and without load at 25 degrees 

 
Figure 7: Patients subjected with and without load at 45 degrees 
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For general purpose investigations, the scaling methodologies should be applied on a large 

population of subjects. Doing so would require significantly more data and it was not the goal of 
this study. The dataset used in the present study was chosen for two important reasons. Firstly, 

the experimental work was from the beginning designed for benchmarking and validation 
purposes and not with a particular research question in mind. Secondly, the open nature of the 
dataset and the fact that other groups have used the same dataset in their work to create 

musculoskeletal models creates the opportunity to compare results with other published research. 

Finally, it allows sharing of the models without the ethical or legal problems, often affiliated with 
human subject data. Thus, the dataset provides an excellent base for presenting and comparing 
new methods. This work also illustrates how large the implicit uncertainty may be in models 

based on linear segment-wise scaling. 
 
EMG signals were obtained at a constant force and static contraction. Even though the time 
consumption and dimension for TD features were faster and smaller than other features, 
recognition performance was not satisfactory as claimed by the standards. For the training set, 
arbitrary outputs were chosen for each motion of the lower limb. They were able to determine 
the correctness of the system by recognizing each motion. It is noted that a large number of EMG 
channels will increase the number of control commands. 
 

From the above figures, the results show that there were large difficulties faced by these 
patients when they stand for a long period of time and when they walk over uneven surface. A lit 
bit of difficulty was faced when the people walked on an even ground. Performing light activities 
around the home was moderate difficulty for the patients and when they perform activities for a 
long time they found the thing to be very difficult. 
 
 

V CONCLUSION 
 
The following points can be concluded from the proposed work: 

 
 A 3D model of wheelchair integrated lower limb rehabilitation system was created and 

then motion analysis was done using Solidworks and then the pattern of behavior of lower 
limb exoskeleton was predicted using Sim mechanics of Matlab. 

 
 The biomechanical properties of wheelchair integrated lower limb exoskeleton as an 

assisting rehabilitation system was analyzed. 
 

 A prototype was then designed with the help of Myoware Muscle sensor. 
 

 EMG signal of lower limb was acquired before and after treatment to get a statistical 
improvement of Muscle activity was analyzed. 

 
 During this treatment, the muscle activity is induced by exercising the lower limb by 

angle wise movement of Exoskeleton using Stepper motor. 
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