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Executive Summary 

Neuromuscular disorders are among the most common medical disorders worldwide, affecting over 

14,000,000 people [1]. One of the most indicative symptoms of neuromuscular disorders is tremors in the hand 

or arm, which can make many daily activities more challenging and even dangerous. [2]. Neuromuscular 

disorders that deteriorate nerves, such as multiple sclerosis, can involve agonizing muscle spasms that worsen 

as the condition progresses [3].  

Patients with neuromuscular disorders must adjust to physical limitations as well as deal with other 

psychological factors that are indirectly caused by their condition. Studies have shown a positive correlation 

between patients suffering from neuromuscular disorders and depressive symptoms [4]. In addition, epilepsy 

patients often experience a decrease in their quality of life after diagnosis [5]. Also, the decrease in mobility 

seen in elderly neuromuscular disorder patients has been shown to cause strain on their families [6]. Essentially, 

the main problems associated with neuromuscular disorders are pain, symptom management, and quality of life. 

Our team designed a wearable personal monitoring device to help individuals achieve more transparency 

and autonomy regarding their disorder and medical treatment. Our customer demographic would be individuals 

in the early stages of neuromuscular disorder symptom development, characterized by arm and hand 

tremors/spasms. Studies have found that the average onset age for neuromuscular disorders such as multiple 

sclerosis is early 30s, meaning most users of our device are expected to be well into adulthood [7]. 

The finalized design consists of a glove-sleeve combination with embedded electrodes connected to two 

EMG muscle sensors on the surface – one on the forearm and one on the bicep. To help individuals assess the 

severity of their tremors/spasms without an overly intrusive alert, we placed coloured LEDs on top of the 

battery box on the back of the arm, with high, cautionary, or mild muscle activity turning on a red, yellow, or 

green LED, respectively. This data is also stored for later reference. In addition, the device has a therapeutic 

function in the form of heating wiring sewn throughout the sleeve and glove. When more severe or quickly 

escalating tremors/spasms are detected, this would activate the heating elements, warming the sleeve to help 

ease muscle activity [8].  

This product is unique in its versatility, combining key features of symptom tracking and symptom 

management for a variety of neuromuscular disorders. It has a user-friendly design, and its predictive function 

can help prevent potentially life-threatening accidents. This product would not only be marketed directly to 

consumers, but we would also direct it towards medical practitioners who work closely with neuromuscular 

disorder patients. Since doctors are the ones who will be referring patients to specific wearable devices, it is 

important they understand the improvements in patient autonomy and lifestyle that this device would facilitate. 

Overall, our wearable device will help individuals with neuromuscular disorders gain more insight into 

their symptoms and disease progression, while also offering relief from abnormal muscle activity, thereby 

improving quality of life. 

 

 

 

 



1P10 DP-3 Final Report Design Studio Section T05 Team 36 

5 

  

Main Body  

Summary of Design Objectives 

Milestone 1 Need Statement 
 

- Design a wearable device for individuals suffering from neuromuscular disorders such as epilepsy, 

Parkinson’s, and multiple sclerosis. The device should detect symptoms and monitor disease 

progression, while collecting and storing information that can help direct their treatment. The device 

must gather data from a sensor and output relevant suggestions to the user that will improve their 

lifestyle. The device should help the user achieve more transparency, clarity, and autonomy regarding 

their disorder and medical care, thereby improving their quality of life. 
 

Milestone 1 Design Criteria 

- Objectives: The device should be user-friendly and easy to operate, lightweight, and applicable to 

multiple neuromuscular disorders regardless of their severity. It should also incorporate user input to 

help tailor device outputs (i.e., alerts, warnings, etc.) as feedback to the user. 
 

- Constraints: The device must be portable and not too bulky, as well as easily wearable (i.e., easy to put 

on and remove). It must also include only one type of sensor compatible with a Raspberry Pi 4, and the 

coding behind the sensor’s function must be within the capabilities of the same Raspberry Pi.  
 

- Functions: The device will record data received from the sensor mentioned above, as well as store this 

data in a dedicated file for later use (i.e., to be reviewed by the user or during a doctor’s appointment 

and added to the user’s patient profile). It will also pass information back to the user through output 

devices based on readings from the sensor, especially in the case that a severe neuromuscular episode is 

predicted. 

Refinements / Updates to Design Objectives 

- The device should be able to address the user’s disease more directly by allowing customization of 

threshold values used to determine the appropriate output(s) to the user, as not all neuromuscular 

conditions / diseases may exhibit the same range of sensor readings. 
 

- The sensor data and the resulting output device feedback should be recorded in multiple text files rather 

than just one dedicated file. This would allow a personalized data timeline to be established (i.e., 

compiling the data in a new file each day to track progression over an extended period). 

Background & Research Summary 

The concept for our design consists of a compression sleeve/glove with the various outputs embedded 

within the sleeve. The two EMG sensors would be contained within the sleeve, with electrodes attached in order 

to detect muscle spasms/tremors. In addition, wires would be contained within the sleeve and would heat up as a 

therapeutic response to high levels of EMG activity. The level of detected EMG activity would be displayed 

using three LEDs, helping to give a visual depiction of the severity to the user. Realistically, the input and 

output devices cannot be physically attached to our design due to limitations of resources and capabilities, but 

the concepts still execute successfully. In our prototype, the heating wires are represented by a buzzer. 
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The two EMG sensors are placed on the arm, one on the bicep and one on the forearm. The sensors can 

read muscular activity through the electrodes, due to the depolarization of your muscles when 

moved/contracted, which causes changes in electrical activity [9]. Electrodes are typically made from silver 

chloride, since they are nearly nonpolarizable, meaning the electrode-skin impedance is a resistance and not a 

capacitance [10]. Each sensor has three electrodes, one of which is the ‘ground’ and is placed away from 

muscular areas in order to be used as a comparison.  

Connected to the Raspberry Pi 4 and breadboard through GPIO pins, the data from the sensors can be 

scaled down using the functions within the given sensor library. We broke these values into three levels of 

severity in order to trigger the output devices. When the values are of cautionary magnitude (yellow LED is on), 

our predictive heating function turns on, which would turn on the heating wires as a therapeutic response before 

the values reach extreme EMG activity (preventative measure). In our prototype, this is represented by the 

buzzer turning on. In addition, normal values would display the green LED and no buzzer vibration, whereas 

high values would display the red LED and would cause the buzzer to vibrate. All of this data is sent to a text 

file, in order for the user to track the progression of their condition. 

The compression sleeve/glove would be made of a nylon-elastane blend in order to give the design 

stretchy and insulating characteristics. Nylon is an electrical insulator, which is favourable because we do not 

want the EMG signal to be disrupted by a conductive material, since the sensors would be contained within the 

sleeve [11]. In addition, nylon acts as an insulator of heat which is favourable since we are using heat as a 

therapeutic response. The nylon and elastane are very stretchy materials often used in athletic clothing, which is 

ideal in the case of a compression sleeve [12]. Lastly, the heating wires themselves would be composed of 

carbon fiber insulated heating wires because they are durable, lightweight, and flexible, making them 

favourable for an area like the arm [13]. The wires are also low-voltage, making them a safe option [13]. 

Market Analysis 

1. PDMonitor System 

Created by PD Neurotechnology, this system is meant to aid with monitoring movement disorders such 

as Parkinson’s disease. It helps the user keep track of their symptoms and provides a record of the disorder’s 

progression [14]. The PDMonitor also has a dedicated app to improve communication between the user and 

their physician, based on the information provided by the device. This is a similar concept to one of our ideas 

for future development of our device, where an app would allow our user to customize functionality.  

Unlike our device, the PDMonitor is not limited to one type of sensor and utilizes five different 

monitoring devices to record the user’s symptoms. However, these sensors are tailored to ‘collect kinematic 

data’ rather than relying on EMG activity [14]. Furthermore, the files containing patient data are stored in the 

Raspberry Pi connected to the device instead of having a Cloud-based system. 

The PDMonitor has also been used in studies assessing the accuracy of monitoring Parkinson’s 

symptoms using a wearable device, especially during the pandemic. Several case studies were analyzed where 

the PDMonitor was used in lieu of frequent doctor’s appointments, and it was found that data recorded by the 

device successfully aided physicians in assessing what courses of treatment were required [15].  

2. Embrace2 Seizure Monitoring 

The Empatica Embrace2 bracelet is currently marketed as the only FDA-approved wearable for seizure 

disorders (i.e., epilepsy) [16]. While our design is fully user-oriented, this bracelet also allows the user to set up 
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a link with the personal devices of caregivers. This is especially useful in the case of users with particularly 

extreme seizure disorders or children using the device.  

This device determines possible seizure-related activity by sensing electrical impulses, which is the 

same concept as our design. However, it uses EDA (electrodermal) sensors rather than EMG sensors, and it also 

uses other criteria to determine if a seizure is occurring such as readings from motion and temperature sensors.  

In terms of consumer reviews, the Embrace2 bracelet is not without its drawbacks. For example, the 

device may register certain rapid movements such as erasing writing from paper, and it may also have issues 

registering all types of seizures [17]. On top of this, the bracelet requires a prescription to be sold and includes a 

monthly fee, which may turn away potential customers.  

Concluding Remarks 

Overall, our design has space in the market for neuromuscular disease monitoring because there is no 

concept as versatile as ours. As seen above, each device is tailored for a specific condition and is less applicable 

to other disorders. Our device is all-inclusive, as evidenced by our choice of sensor. For almost all 

neuromuscular conditions characterized by tremors and spasms, the constant is abnormal electro-muscular 

activity, so our design incorporates several EMG sensors with variable ‘threshold values’. In addition, our 

design includes a heating function to ease muscle activity as a form of symptom management (see Description 

of Design).  

Description of Design 

This wearable device is designed to aid individuals suffering from neuromuscular disorders such as 

Parkinson’s and multiple sclerosis to achieve more transparency, clarity, and autonomy regarding their disorder 

and medical care, thereby improving their quality of life.  

Our design consists of a glove and compressive sleeve (attached separately for easy assembly), with 

electrical heating elements installed throughout it, transmitted through wires (as seen in Figure 1-2). The 

design’s main purpose is to react to ongoing or incoming hand tremors. This was achieved through two EMG 

MyoWare muscle sensors and their corresponding electrodes, which detects the filtered electric potential of the 

muscle and outputs a value in volts. To best capture the electric muscle potential of the entire arm, the two 

EMG sensors have been placed on the forearm and bicep (Figure 3). These sensors are used to identify when the 

user is experiencing a tremor/spasm and has been equipped to record the time and severity of said spasm as well 

as lessen the symptoms through a heating function. The device is coded to be able to display the severity of the 

tremor/spasm in real time through green, yellow, and red LEDs, and this information is then stored into files for 

future medical reference either by the user or their physician. This LED colour scale is located on the back of 

the upper arm on top of the rechargeable battery pack which powers the device, so it would be easy to check, 

while not being in the way of everyday activities.  

Next, since there have been studies showing that heat eases hand tremors in Parkinson’s, the entire 

glove/sleeve will heat up to alleviate the severity/pain of the arm spasm [8]. The medium-fidelity prototype of 

the device has a vibration motor as a stand-in for the heating due of a lack of materials. The heating function 

also has a predictive feature. This feature can predict when a tremor will occur in the future based on the slope 

of the muscle sensor readings, causing the device to heat up accordingly. In terms of storage, the device can be 

stored inside of a housing unit that can be mounted to different heights of shelves/tables using a clamp (Figure 
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4). The Raspberry Pi 4, breadboard, and T-cobbler are stored in a compartment at the top that is covered by a 

lid, while the sleeve/glove itself can be hung on two pegs at the front for easy access. 

 

 

Figure 1: The medium-fidelity prototype (palm up), with heating wires and LEDs on top of the battery pack, 

located at the bottom right. 

 

 

Figure 2: The medium-fidelity prototype (palm down), with heating wires and muscle sensors. 
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Figure 3: The Raspberry Pi 4, breadboard, T-cobbler, EMG sensors, and electrodes used to record the data. 

 

 

Figure 4: Raspberry Pi housing, the clamp is adjusted and customized to the thickness of the given surface. 
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Design Critique, Discussion & Recommendations 

A key strength of our device is that it incorporates a therapeutic response in addition to monitoring and 

recording data about symptoms. Additionally, the therapeutic heating is not limited to one disease in terms of its 

applicability – the functionality of our device is broad enough that a variety of individuals and neuromuscular 

disorders can benefit from it. This means that our device can help individuals better manage their muscle 

tremors/spasms, and thus carry out daily tasks more efficiently. However, the device is currently unable to 

locate the muscle activity signal, nor localize the heating. Because tremors/spasms do not always occur 

throughout the entire arm, it would be useful to be able to determine where (i.e., from which sensor) the data 

was gathered so that the heating elements could be activated in that area specifically. This could be carried out 

through coding that is able to distinguish between multiple muscle sensors, thus allowing clusters of heating 

wiring that to be activated independently. 

Another strength of our current design is that all of its electrical components are powered by a battery 

attached to the sleeve, making it portable. This means that a user could wear it around the house without having 

to keep it plugged into a wall socket. However, there are inherent limitations of using a battery pack to supply 

energy to the heating elements and LEDs. Because heating elements require substantial energy to operate, the 

batteries would need to be recharged frequently, which is inconvenient. Therefore, supplementing the design 

with reusable, mechanically-activated chemical heating packs would reduce demands on the battery, thus giving 

it a longer lifespan.  

In addition, it would be beneficial to be able to control the temperature for the heating response. This 

would be helpful if, for example, a user preferred a higher heating for more severe tremors/spasms and lower 

heating for mild ones. This could be achieved through an app that interfaces with the device’s computer 

program, allowing the user to adjust the temperature settings based on their preferences.  

Also, it is important to consider that our sleeve/glove design currently involves all the hardware - the 

heating wiring, muscle sensors, LEDs, and battery - being directly sewn into the sleeve. This is useful in many 

ways because it makes putting on the sleeve easier, and there is only a single component that users need to keep 

track of. However, this could be an issue since users would likely want to be able to wash the sleeve without 

damaging the hardware. This issue could be resolved by having the hardware attached to a separate, inside layer 

that can be removed from between two surrounding sleeve layers. This would mean that the outside ‘shell’ of 

the sleeve could be washed, and the inner hardware sleeve re-inserted afterwards. This could also possibly limit 

wear and tear of the device, as the outer layers would be exposed to the arm and outside world and could 

subsequently be easily replaced without replacing any of the expensive hardware inside.  
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Appendices  

Appendix A: Project Schedule 

Preliminary Gantt Chart  

 

Final Gantt Chart 
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Logbook of Additional Meetings and Discussions 
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Appendix E: Additional Documentation 

Screenshots of Computer Program 
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Screenshots and Photos of Raspberry Pi Housing (CAD Model and Physical 3D Print) 
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Early Iterations of Raspberry Pi Housing 
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Engineering Drawings of Raspberry Pi Housing 
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