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Problem Statement/Research Question and Background  

Freezing of Gait (commonly shortened to FOG) is a symptom of idiopathic Parkinson’s 
disease (PD) that manifests in hesitancy of gait and/or a complete cessation in gait (Rahman, 
Griffin, Quinn, & Jahanshahi, 2008). It is estimated that 26% of individuals in early stage and 
70% in late stage Parkinson’s disease experience this symptom (Heremans, Nieuwboer, & 
Vercruysse, 2013). This phenomenon can lead to complications such as falls, social isolation, 
and a loss of valued roles. FOG commonly occurs in erratic, unpredictable patterns, making 
treatment difficult, and increasing the anxiety of individuals with Parkinson’s (Rahman et al, 
2008).  

Current research shows an improved ability to sustain a gait pattern when transverse 
lines are placed in front of an individual experiencing a freezing episode, providing a concrete 
goal of where to step (Rahman et al, 2008). Currently this technique is used most commonly in 
the home via strips of tape on the ground, however research has indicated a portable laser light 
with a transverse line provides a decrease in the frequency and duration of FOG episodes 
(Donovan et al, 2011). Additionally, paying extra attention to steps and purposely taking longer 
steps have been reported as helpful to reduce episodic freezing (Rahmen, et al). Auditory, 
rhythmic cueing has been found to help regain cadence after a FOG episode (Bachlin et al, 
2011). Finally, research has found that combining both auditory rhythmic cueing and a 
laser line cue creates better gait outcomes than either technique individually 
(Suteerawattananon, Morris, Etnyre, Jankovic, & Protas, 2004).  

The question our product answers is: can a wearable device provide both visual and 
auditory cueing for individuals with freezing of gait secondary to Parkinson’s in the 
American market? To answer this question, we have created the GaitMate, a compact device 
worn on the belt which provides a continuous laser cue, and auditory and haptic cueing during a 
FOG episode. Our hope is this device will fill the gap between research and the market and 
provide renewed confidence and increased competence in community mobility for individuals 
who experience freezing of gait as a result of Parkinson’s disease.  
 
Methods/Approach/Solutions Considered 

The evidence puts forth a clear picture: cueing devices work to help individuals with 
Parkinson’s disease who experience FOG episodes. A search on the market in the United 
States, however, returns few products, each of which have design flaws or whose price makes 
them inaccessible. Canes and walkers with transverse laser lights are on the market, however 
proper cane use requires the cane to be in an ineffective location for a laser line cue, and not all 
individuals with FOG need assistive devices for gait (Why U-Step, n.d.;  LASCAN: Laser Cane 
for Parkinson's disease, n.d.). Belt clips with lasers provide a single dot cue, despite a line being 
shown as the effective cue (Agilitas For Parkinson’s Gait, n.d.). Metronome apps are on the 



market to provide the auditory cueing research indicates is helpful, but they use phone battery 
at a greater speed and cannot be programmed to turn on only if gait slows. Only one product 
could be found that combined the two techniques in the American market, and it was on a 
walker, which as previously discussed is not used by the entire population of individuals with PD 
(Why U-Step, n.d). 

Our method for design considered functionality and available research first. Once we 
found that a combined approach of laser and metronome was most effective, a vibratory 
metronome was added to the product to ensure all individuals, regardless of hearing ability, 
would benefit from both the laser light and the metronome. We then moved to the process of 
considering its aesthetics, wearability, and most effective location. The waistband/belt was 
determined to be most effective for the relative stability the pelvic girdle provides. Other 
locations (glasses, necklace, broach) did not provide the stability and consistency that the 
waistband does. Additionally, pants or skirts are worn by nearly all men and women, and the 
GaitMate can also be attached to a belt placed around the waist while wearing a dress, making 
it easily a part of any clothing ensemble. Initial designs of the product used a separate laser and 
auditory/haptic cue, but a single device was determined to be most sensible when considering 
donning, and one piece makes it less likely to be lost or misplaced.  

Next, types of belt attachments were explored. The front of the belt was determined to 
be the most advantageous spot as it will not interfere with arm swing during a typical gait 
pattern. A clip on addition to a belt (versus a belt buckle or insert) was decided to be the least 
impactful to dressing, and would not prevent the doffing of pants for toileting, dressing, or 
bathing tasks. The aesthetics of the GaitMate went through multiple iterations, considering 
grippability, size, shape, and color before settling on our final design.  
 
Description of Final Approach and Design  

The approach to our final design began by creating a strictly functional prototype to 
ensure that the device could operate in the manner in which we intended.  This was achieved 
through the utilization of Arduino driven code that controlled our various components, including 
an accelerometer, gyroscope, laser, buzzer, vibration motor, LED, and button.  After 
troubleshooting the code and optimizing the performance of the device, the components were 
compacted to fit into a 3D printed casing that became our functional prototype. 

Following our testing of the functional prototype, we began to consider the usability of 
the device in relation to our target audience.  Due to the fact that arthritis and tremors are 
common among our target population, designing a product that does not require fine motor skills 
became a significant constraint that drove our design.  We had determined that our device 
would be most effective if worn around the waist.  In addition, we determined that our product 
should be able to be worn without the need for a belt.  With this in mind, we decided some sort 
of clip would be the best way to achieve the level of functionality required.  We decided against 
using a spring clip due to the fine motor skills required to operate the mechanism, ultimately 
allowing us to focus on a device that attaches to the waistband by utilizing a flexible hinge.  This 
allows the user to insert the back half of the device between the waistband and abdomen and 
simply fold the front half over the waistband, which could be further secured with magnets in 
both halves of the device.  Another concern was making the button used to turn the device on 



and off accessible for our target audience.  This was achieved by creating a button with a large 
surface area on the front face of the device and surrounding the button with ridges that allow the 
user to easily feel where the button is located.  Lastly, we wanted to be sure that the angle of 
the laser could be adjusted to the appropriate stride length for each user.  To accomplish this, 
the angle of the laser is able to be adjusted by inserting a large handled key into a socket 
connected to a worm gear.  This will allow the user to make very fine adjustments without the 
need for fine motor skills. 

After defining the important constraints of our design, we began to work with the overall 
form and aesthetic.  Our goal was to design a product that was not immediately recognizable as 
a medical device, while remaining as compact as possible.  We envisioned a friendly, discreet 
device with curvilinear form elements and soft edges. 

Keeping in mind that it would be somewhat limiting if the device would only be able to be 
attached to the user in a single configuration, we began working to make the device modular. 
This manifested itself in a modular device that contained all of the functional/electrical 
components within an ABS injection molded shell, and a silicone molded case that the device 
would be inserted into in order to be attached to the user.  This allows the GaitMate to be worn 
in multiple different configurations, while only purchasing one device.  This would allow for the 
product to be sold in a kit comprised of one device, a waistband attachment, a belt, a belt 
attachment, a key to adjust the laser, and a charging cable. 

With many of our design elements established, we created a second prototype to model 
the form of the final product to full scale.  This prototype also served to test the functionality of 
our flexible hinge clip.  In this prototype we demonstrated the function with wire; however, in the 
final design we picture the product to have armature wire insert molded into a flexible silicone 
hinge that is connected to the silicone body.  We also determined that the part of the body that 
is inserted on the inside of the waistband will be molded from a hard, shiny plastic to reduce 
friction.  Our final design was modeled in SolidWorks for accuracy, as well as rendered in 
KeyShot to depict our choices in materiality. 

With further development and increased resources, we envision GaitMate to be able to 
detect shuffling as well as falls with users.  In addition, we believe that the overall size of the 
device could be further reduced if produced on a larger scale, as the components are able to 
get much smaller, and the use of a custom circuit board would also reduce the volume of the 
product.  A development which we see as highly beneficial would be the integration of some 
aspect of machine learning or artificial intelligence in which the device would be able to 
understand more about each specific user with continued use, and tailor the target walking pace 
based on patterns or situations.  We believe all of these developments are highly possible and 
practical; however, they have fallen beyond our scope with the available time and resources. 
 
Outcome  

Currently, GaitMate has not been tested clinically, and therefore has not received user 
feedback from individuals with Parkinson’s disease. We consider this to be of the utmost 
importance and plan to explore this further in the future. We have, however, looked at user 
feedback from similar devices to ensure our product meets the needs and wants of the 



prospective user. This is how we determined a wearable device to be superior to a cane or 
walker, the need for a haptic metronome, and the importance of the aesthetics of the device.  

One limitation currently foreseen is the liability associated with any walking device in a 
fall-prone population. This can, in part, be remedied through clinical and human factors testing 
to optimize the safety of the device. Another limitation is that any client who uses the device will 
need proper postural and pelvic control and alignment to ensure the device is properly pointing 
forward for the laser. However, these skills are also needed for proper gait, and therefore the 
need for these should not significantly affect the number of individuals who can use GaitMate.  
 
COSTS (PROTOTYPE AND PRODUCTION)  
 
R and D Costs   

3D Prints 45  

Ardunio Uno and Nano, Various Adafruit Feather Boards 80  

Laser 30  

Buzzer 2  

LED 6  

Miscellaneous Electronics (Resistors, Wire, Solder... ie) 30  

Circuit Boards 12  

TOTAL 205  

   

   

COST TO PROTOTYPE (One Unit)   

3D Prints 30  

Ardunio 4  

Laser 20  

Buzzer 0.9  

LED 0.1  

TOTAL 55  

   

   

   

COST TO PRODUCE (SOLD AS A PACK) 10,000 Units 1 Unit 

Case Work (Injection Molded ABS) 13,000 1.3 

Custom PCB 81 0.1 

Electronics 150,000 25 



Hardware 20,000 2 

Silicon Rubber Casing (Clip) ... 10 

Silicon Rubber Casing (Belt) ... 10 

Custom Belt (Nylon Weave)  10 

 COST TO MAKE: 
About 45 US 

DOLLARS 

 RETAIL PRICE: 15 US DOLLARS 

 
 
Significance  

Individuals with Parkinson’s experience freezing of gait at high frequencies, upwards of 
70%, depending on the stage of the disease (Heremans, Nieuwboer, & Vercruysse, 2013). This 
causes anxiety when walking, which may cause a person to experience social isolation as they 
do not want to leave the home fear of falls, or social concerns of being burdensome to others. 
This may cause a lowered quality of life, depression, and withdrawal from meaningful activities. 
By incorporating the most up to date research surrounding the mitigation of FOG, GaitMate 
seeks to reduce both the frequency and duration of freezing of gait episodes.  
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