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oot drop is a condition where a patient is unable to lift the foot due to a neuromuscular 
disorder affecting the lower body. Although many assistive devices are available, they 
often have certain limitations. To address this, we propose a solution: the Muscle Signal 

Amplification and Transmission System (MSATS). This system captures muscle signals from 
the healthy leg, processes and amplifies them, and then transmits the signals to a muscle 
stimulator worn on the affected leg. The system stimulates the muscles with precise timing, 
synchronized with the gait cycle. The goal of this project is to enhance the quality of life for 
individuals with foot drop by improving their mobility and promoting greater independence. 
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Introduction: 
Foot drop, a disorder affecting millions globally, results in dysfunction of the lower 

limbs and muscle weakness. This condition severely impacts mobility and independence, 
creating daily challenges for those affected by paralysis or other neurological disorders. These 
challenges highlight the need for novel and effective solutions. The Muscle Signal 
Amplification and Transmission System (MSATS) represents a significant advancement in 
restoring functional walking. Unlike existing solutions, MSATS captures muscle signals from 
the healthy leg, processes and transmits them to the disabled leg. On the affected side, the 
receiving circuit introduces a necessary delay and applies electrical stimulation to the muscle 
at the appropriate moment during the gait cycle. 

The Muscle Signal Amplification and Transmission System (MSATS) is poised to be 
a transformative solution in foot drop management. The objective of this project is to 
leverage advanced technologies to address the limitations of current assistive devices, offering 
new ways to restore mobility and independence [1]. Signal processing systems are at the core 
of MSATS, ensuring accurate signal acquisition, noise reduction, and efficient transmission. 
Additionally, the integration of functional electrical stimulation (FES) provides targeted 
muscle activation, significantly enhancing muscle response and mobility.  

Foot drop is a debilitating condition caused by a range of nerve or muscle disorders 
in the lower body, leading to loss of muscle strength and motor function. Existing assistive 
technologies often fail to fully address the needs of individuals with foot drop. This project 
aims to bridge that gap by introducing MSATS, a muscle signal amplification and transmission 
system designed to significantly improve mobility and quality of life for individuals with 
paraplegia. The background of this project emphasizes managing foot drop through 
neurologic signal amplification (MSATS), requiring a deep understanding of the condition, its 
impact on individuals, and the shortcomings of current assistive technologies [2].  Figure 1 
shows the Functional Electrical Simulation. 

 
Figure 1. A signal is captured, conditioned, transmitted, delayed, and then used for 

Functional Electrical Stimulation (FES). 
Amplitude is a groundbreaking technological innovation in the rehabilitation of 

leg paralysis, offering a comprehensive, end-to-end solution by integrating advanced 
technologies to restore mobility and enhance the lives of patients. At its core, Amplistride 
employs a sophisticated neural interface mechanism, seamlessly translating neural signals 
into real-time representations of user intent, thus bridging the critical communication gap 
between the brain and paralyzed limbs. Adaptive learning algorithms enable a personalized 
and progressively optimized rehabilitation process, effectively addressing the diverse 
challenges posed by different types and severities of leg paralysis. 
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The system’s biomechanical feedback mechanisms prevent compensatory movements, 
ensuring that patients develop natural and effective gait patterns. Furthermore, the integration 
of virtual reality provides an interactive rehabilitation environment, actively engaging users 
and contributing positively to their psychological well-being. Preliminary clinical trials indicate 
that Amplistride improves muscle strength, joint range of motion, and overall mobility. As a 
holistic and state-of-the-art solution, Amplistride is poised to revolutionize disability 
rehabilitation, marking a significant step toward restoring independence and enhancing the 
quality of life for individuals affected by this disabling condition [3]. 
Discussion: 
Impact on Individuals: 

Foot drop significantly impairs mobility and presents challenges to independent 
daily activities. The loss of foot control affects gait patterns, leading to instability, increased 
risk of falls, and reduced walking confidence, while existing assistive devices—such as 
braces, orthotics, and electrical stimulation systems—partially address these issues, they 
often have limitations in terms of function, comfort, and overall effectiveness. 
Limitations of Current Assistive Technology: 

Current assistive technologies for foot control come with notable drawbacks. Braces 
and orthotics provide structural support but may restrict natural movement and lack flexibility 
across different positions. Electrical stimulation systems, though promising, often face 
challenges related to accuracy, adaptability, and user control.  
Technological Prospects: 

MSATS leverages state-of-the-art technologies, including wearable devices, advanced 
signal processing, and wireless transmission systems. These innovations not only improve 
walking performance but also open new avenues for advancement in related rehabilitation 
technologies [4]. 
Objectives: 

Integrating mobility solutions through MSATS has the potential to reduce long-term 
disability-related healthcare costs, support social reintegration for individuals with walking 
impairments, and enhance their overall quality of life.  
Longevity: 

Develop sustainable and user-friendly solutions that ensure long-term 
implementation and durability in addressing the challenges of foot drop. Longevity in 
assistive devices helps individuals maintain an active and independent lifestyle.    

In conclusion, the true value of this project lies in its ability to transform the lives of 
individuals with foot drop by providing effective, innovative, and accessible solutions—
surpassing the limitations of existing assistive technologies. This initiative aligns with broader 
goals to advance health technologies and promote well-being for people with mobility 
impairments. 
Accessibility: 

Ensure that MSATS remains affordable and widely accessible, allowing individuals 
across different socioeconomic backgrounds and healthcare systems to benefit from 
sophisticated assistive technologies. 
Adaptability: 

Design MSATS to be adaptable to different user needs, allowing for adjustable 
stimulation levels, sensitivity settings, and device configurations based on the severity and 
specific requirements of each case of foot drop. 
Integration with Rehabilitation Programs: 

Collaborate closely with physical therapists and healthcare providers to integrate 
MSATS into rehabilitation programs. This integration will optimize patient recovery 
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outcomes, promote long-term mobility improvements, and ensure that the system 
accommodates a diverse range of users and conditions. 
 
Methodology: 

The research approach adopted in this study aims to address the challenges posed by 
leg paralysis through the development and implementation of the Muscle Signal Amplification 
and Transmission System (MSATS). Leg paralysis is a debilitating condition that affects 
millions of individuals worldwide, severely impairing muscle strength and motor function in 
one or both legs. Existing assistive technologies often fall short of effectively supporting 
individuals with leg paralysis, highlighting the urgent need for innovative solutions to enhance 
mobility and improve quality of life. 
Flowchart: 

This project utilizes two ESP32 microcontrollers—one functioning as a transmitter 
and the other as a receiver—to wirelessly transmit EMG signals from the healthy leg to the 
affected leg. The transmitter captures the EMG signals from the healthy leg using an EMG 
sensor, processes the data, and transmits it via Wi-Fi. The receiver then decodes these signals 
and activates the appropriate muscle stimulation in the affected leg, facilitating rehabilitation 
and improving mobility. The flowchart is shown in Figure 2. 

 
Figure 2. Flowchart of methodology 

The method presented here follows a systematic process of designing, developing, and 
testing the MSATS system. Here we have used the Arduino ide platform C programming 
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language and Esp32 microprocessors for communication (i.e. through a Wi-Fi module) using 
wifi.h library.  It also comprises several key components, including the signal capture module, 
transmission mechanism, and functional electrical stimulation (FES) module.  

The signal capture module that we used is the Electromyogram EMG Muscle signal 
sensor v3.0 module kit for signal capturing. Its sampling rate is not fixed but is determined by 
the microcontroller's analog-to-digital converter (ADC) configuration, in this case, the ESP32. 

The ESP32’s ADC can sample at rates up to 100 kHz (100,000 samples per second) 
in theory, but practical sampling rates for EMG applications are typically much lower due to 
processing constraints and the nature of EMG signals, which generally have relevant frequency 
components below 500 Hz. For EMG applications, common sampling rates range from 500 
Hz to 2000 Hz to capture sufficient signal detail without overwhelming the microcontroller. 
Also, the pulse width and frequency of FES aren’t fixed but change from person to person. 
Pulse Width: Typically ranges from 50 to 500 microseconds (µs).  
• Common settings are 200–300 µs for surface stimulation, as they balance comfort 
and effective muscle contraction [5]. 
Frequency: Typically ranges from 20 to 50 Hz.  
• 20–25 Hz is often used for SCI patients to minimize muscle fatigue, especially in 
early FES stages [6]. 

Each component is carefully designed and integrated to create a cohesive system aimed 
at restoring mobility and independence for individuals affected by leg paralysis [7]. Throughout 
the research process, rigorous evaluation and validation techniques are employed to assess the 
performance and functionality of the MSATS prototype. Laboratory testing in controlled 
environments allows for the examination of signal capture, amplification, and transmission 
processes using EMG and FES modules. Furthermore, user trials involving individuals with 
leg paralysis provide critical insights into the usability, effectiveness, and real-world application 
of the MSATS system. Figure 3 shows the wearable FES system for foot drop with sensors 
and surface electrodes. 

 
Figure 3. Wearable FES system for foot drop correction with sensors and surface 

electrodes. 
While the proposed methodology offers a comprehensive approach to addressing the 

challenges of leg paralysis, it is crucial to acknowledge potential limitations and avenues for 
future research. By embracing a multidisciplinary approach and leveraging technological 
advancements, the MSATS system holds significant promise for enhancing the quality of life 
for individuals living with leg paralysis. 
Integrating with EMG Signals: 

FES can be triggered based on decoded EMG signals to facilitate coordinated limb 
movements. For example, when EMG signals indicate the intention to move a specific 
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muscle group, corresponding FES electrodes can be activated to stimulate those muscles, 
initiating movement [8].  
Closed Loop Control: 

Implementing a closed-loop control system that combines EMG signal decoding 
with FES activation enables real-time adjustments in stimulation parameters. Continuous 
monitoring of EMG signals in real-time allows the system to adapt to changes in muscle 
activity and user intent, optimizing movement control and improving functional outcomes. 
Muscle Conditioning & Rehabilitation: 

FES can also be employed for muscle conditioning and rehabilitation. By selectively 
stimulating paralyzed muscles, FES helps prevent muscle atrophy, maintain muscle strength, 
and promote neuroplasticity, thereby enhancing long-term mobility outcomes for patients. 
User Feedback and Adjustment: 

Incorporating user feedback mechanisms within the system allows users to provide 
input on FES intensity, timing, and effectiveness. Personalized adjustments based on 
feedback enhance user comfort, satisfaction, and system performance. 
Technological Innovation: 

At the core of MSATS are advanced signal processing systems that ensure 
accurate signal acquisition, minimal noise, and secure transmission. The integration of 
FES further differentiates the system by enhancing muscle responsiveness and overall 
mobility. 
Potential Impact: 

The potential of MSATS to transform rehabilitation for individuals with limb 
paralysis is substantial. By restoring muscle control and mobility, the system offers a 
promising avenue to significantly improve the quality of life, promote self-sufficiency, 
and enhance the overall well-being of those affected [9]. 
Future Directions: 

Future research must address challenges related to cost, accessibility, and long-term 
effectiveness. Expanding the application of MSATS to a wider range of paralysis types and 
diverse demographic groups is essential. Continuous innovation and adaptation to emerging 
needs in rehabilitation technology will ensure the system remains effective and inclusive over 
time. 
Results: 

The device we are implementing captures EMG signals from the healthy leg using an 
EMG module as shown in Figure 4 and transmits these signals to the affected leg via an ESP32 
microcontroller. After transmission, the system analyzes the received signal values to 
determine the appropriate stimulation needed for the affected leg. 

 
Figure 4. EMG signals 
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The captured EMG signal is then processed, so that it only gives the value at specific 
intervals i.e. while taking the step. 

Typically, when taking a forward step, the EMG module records a signal value 
approximately greater than 1, as illustrated in Figure 5.  

 
Figure 5. Processed EMG signals, First Step 

By analyzing the EMG values, we have concluded that when taking a step, the resultant 
values exceed 1. When the receiver side (ESP32) detects a value greater than 1, it triggers a 
stimulus to the paralyzed leg, allowing the patient to walk more naturally.  
These readings are obtained during specific phases of the gait cycle, such as Midstance.   
Gait cycle: 
Normal gait consists of two phases: 

• Stance Phase: The stance phase accounts for 60% of the total gait cycle, during which 
part of the foot remains in contact with the ground. Figure 6 shows the processed EMG 
signals. It is further subdivided into five sub-phases:  
1. Initial contact (heel strike)  
2. Loading response (foot flat)  
3. Mid-stance  
4. Terminal stance (heel off)  
5. Pre-swing (toe off)  

 
Figure 6. Processed EMG signals, Second Step 

• Swing Phase: The swing phase makes up 40% of the total gait cycle (presented in 
figure 7), during which the foot is off the ground, and the body weight is supported by the 
opposite leg and foot. This phase is further divided into three sub-phases: 
1. Initial swing  
2. Mid-swing  
3. Late swing 
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Figure 7. Breakdown of Gait Cycle Sub-Phases 

Conclusion: 
The conclusion of the MSATS study effectively captures the significance, potential 

impact, and future directions of the system. It opens with a strong emphasis on the critical 
role that electromyography (EMG) signals play in the treatment of limb paralysis. The use of 
EMG signals is highlighted as the key enabler of communication between the user's intent 
and the system, ensuring precise control and interaction for improved functionality. The 
study then highlights Amplistride's potentially groundbreaking effect on recovery from limb 
paralysis. By combining cutting-edge technologies with customized rehabilitation strategies, 
the system offers immense promise in enhancing the lives of those living with leg paralysis. 
The conclusion underscores the three key objectives: increasing mobility, fostering 
independence, and improving the overall well-being of the patients [10]. 

Moreover, the conclusion stresses the importance of long-term innovation and 
collaboration among researchers, engineers, and healthcare professionals to keep pushing the 
boundaries of EMG-based rehabilitation technology. It calls for continued research and 
development in the field, advocating for the synergies that drive forward these innovations. 

Incorporating visual elements, such as graphs or photographs illustrating 
improvements in joint range of motion, muscle strength, and other performance metrics, can 
further solidify the conclusions drawn. These visuals not only demonstrate the tangible 
results of the MSATS system but also inspire further exploration in the field. 

Finally, the conclusion serves as a reminder of the need for continued innovation in 
rehabilitation technology, with the potential for significant growth in the application of 
EMG-based systems. This study offers a prime example of how simulation settings can be 
leveraged to explore medical problems, such as foot drop, that affect millions of people. By 
offering a model that simulates foot-drop cases, this work paves the way for future research 
and technological advancements that can improve patient outcomes without the need for 
direct patient interaction in early testing phases [11]. 
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