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ABSTRACT: Human gait impairments caused by neurological disorders, injuries, or aging significantly reduce 
mobility and quality of life. This paper presents a Human Adaptive Mechatronics (HAM) system designed to assist gait 
using real-time electromyography (EMG) signals. The system captures muscle activity, processes it through feature 
extraction, and predicts intended motion using a Support Vector Neural Network (SVNN). Based on predictions, a 
neuromuscular controller generates control signals to actuate an exoskeleton system. A cybernetic feedback loop 
ensures adaptive and real-time assistance. Experimental results demonstrate improved gait synchronization and 
responsiveness, making the system suitable for rehabilitation and assistive applications. 
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I. INTRODUCTION 

 

Walking is something we do every day. It is an important thing that we can do. When we walk, our muscles and joints 
and the systems in our brain all work together.. When people get older or have problems like a stroke or Parkinsons 
disease it can be very hard to walk. 
 

The number of people in the world is getting bigger very fast. Soon there will be a lot of people who're over 65 years 
old. When people get older they often have problems with their muscles and balance. It is hard for them to walk. 
 

The old way of helping people walk again is not very good. It is usually done by people. It does not change to help each 
person individually. Each person walks a little differently. The old systems do not understand this. 
 

Human Adaptive Mechatronics or Human Adaptive Mechatronics is an idea. It combines what people can do with what 
machines can do. Human Adaptive Mechatronics helps machines understand what people want to do. Then the 
machines can help. This is very good for people who need help walking again. 
 

This project is about making a system that uses Human Adaptive Mechatronics to help people walk. The system will 
use sensors to understand what the person wants to do and then it will help them walk using a smart control system. 
The Human Adaptive Mechatronics system will be very good, at helping people walk again. 
 

The system uses something called EMG signals to predict what movement a person wants to make. Then it helps them 
make that movement, with the exoskeleton. This is all part of Human Adaptive Mechatronics. It is a really important 
area of research. 
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II. PROBLEM STATEMENT 

 

Gait disorders can really affect peoples independence. Make them rely more on caregivers. There are some problems 
with the rehabilitation systems we have now. 
These include: 
1. They cannot adapt to what's happening at the moment 
2. They are not very good at predicting what will happen 

3. It takes them a time to respond 

4. They do not take into account what people think and feel 
 

Older people often have muscles and trouble, with coordination, which makes them more likely to fall. 
The exoskeleton systems we have now can help people. They do not change what they are doing based on 

 

what the person wants. 
So we need a system that's smart and can: 
1. Figure out what the person wants to do with their body 

2. Change what it is doing away 

3. Make it easy for people and machines to work together smoothly 

Gait disorders and these systems are a problem and we need to make them better. 
 

 
 

 
 

III. PROPOSED SYSTEM ARCHITECT 

 

The proposed HAM system is made up of different parts that work together. 
These parts are like a team that helps the HAM system do its job. 
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3.1 EMG Signal Acquisition 

To get the signals from the muscles we put sensors on the skin.These sensors go on muscles like the quadriceps and 
hamstrings.They catch the electrical signals that the muscles make when they move. 
 

3.2 Signal Processing 

The signals we get from the muscles are not very clear. They have a lot of noise that we need to get rid of. 
To make them clearer we do a thing to the signals: 
a. We use a filter to block out signals that are too high or too low 

b. We make all the signals positive so they are easier to work with 

c. We make sure all the signals are at the level so they are comparable 

 

3.3 Feature Extraction 

Now that we have clean signals we need to find the important parts.We use tools to find these important parts: 
a. We calculate the size of the signal 
b. We calculate the strength of the signal 
c. We calculate how often the signal crosses zero 

d. We use a math tool to look at the signal in a different way 

These important parts tell us a lot about what the muscles are doing. 
 

3.4 SVNN-Based Prediction 

To figure out what the muscles will do next we use a special kind of computer program. 
This program is called a Support Vector Neural Network or SVNN for short. 
It is good at figuring out what will happen next. It can adapt to new situations. 
 

3.5 Neuromuscular Controller 

The controller is like the brain of the HAM system. 
It sends signals to the muscles based on what it thinks they will do next. 
It can also change its mind if something unexpected happens. 
 

3.6 Exoskeleton System 

The exoskeleton is like a suit that helps people move. 
It helps at the hip and the knee, which are joints for walking. 
 

3.7 Cybernetic Feedback Loop 

The HAM system is always paying attention to what's happening. 
It uses this information to make sure it is doing the thing. 
This helps it adapt to situations and do its job better. 
The HAM system is always. Getting better thanks, to this feedback loop. 
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IV. METHODOLOGY 

 

The system does things in an order. 
The system follows an approach to get the job done. 
 

4.1 Data Acquisition 

The system collects EMG signals when a person is walking. The EMG signals are collected during parts of the walk 
like when the heel hits the ground when the foot is in the middle of the step and when the toe leaves the ground. 
These parts are: 
a. Heel strike 

b. stance 

c. Toe-off 
 

4.2 Signal Preprocessing 

The system removes noise from the signals.It uses filters to clean up the signals and make them smoother and more 
even. The signal is. Normalized so it is easier to work with. 
 

4.3 Feature Extraction 

The system uses tools to get important information from the signals.It looks at the signals in two ways: by time and by 
frequency. The system uses wavelet transforms to get time-domain and frequency-domain features, from the EMG 
signals. 
4.4 Model Training 

The system uses the SVNN model to learn from the labelled EMG data The SVNN model is trained using labelled 
EMG data so it can make predictions. The more the SVNN model trains, the better it gets at predicting things. 
 

4.5 Control Strategy 

The system takes the predicted motion. Turns it into signals that the machine can understand. It uses a controller to 
convert the predicted motion into actuator signals. 
 

4.6 Real-Time Implementation 

The system works in time which means it does things right away. The system operates in time using a cybernetic 
feedback loop, which helps it make good decisions quickly. 
 

The systems performance is evaluated based on: 
a. Accuracy 

Our system gets around 95 to 96 percent accuracy in predicting motion. 
b.  Response Time 

 

The response time is under 100 milliseconds, which allows for real-time help. 
System Performance 

Smooth working together between the user and the exoskeleton 

Better stability while walking 

delay 

 

Advantages 

a. The system adapts to users 

b. It has accuracy 

c. It works in time 

 

Limitations 

a. Noise, in EMG signals 

b. Needs calibration 

c. Complex hardware 
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V. CONCLUSION 

 

This paper is about a Human Adaptive Mechatronics system that helps people walk. It uses EMG signals and SVNN to 
do this. The system puts together signal processing and machine learning to give people the help they need when they 
need it. 
 

The results show that this system is really good at what it does. It is very accurate. It works in real time. This means 
that people can use it and it will help them away. The Human Adaptive Mechatronics system is also very good at 
working with people. This is important, for people who need help walking. The Human Adaptive Mechatronics system 
can be used to help people get better. It can also be used to help people who need assistance. 
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