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Abstract 
Many people struggle with balance as a result of strokes, aging, and neurological disorders.              
Currently, canes are one of the least technological yet most widely used assistive devices. We               
strongly believe that through the use of emerging technology, canes can be improved to be               
intelligent and more effective towards fall prevention. Since canes currently have a wide variety              
of styles, our cane technology was made to be modular, so that it can be used in addition to any                    
existing cane. The modular device we are developing uses an Inertial Measurement Unit (IMU),              
a vibration motor, and a microprocessor to alert the user of when the cane becomes unbalanced.                
This device could either be used daily by the user, or it could be used by physical therapists to                   
train new patients on how to safely use a cane. Future directions with the device also include                 
implementing modules to help prevent freezing episodes, which are sudden blocks of movement             
that occur during walking. Additionally, future iterations will include a small LED light that              
automatically illuminates when the cane is used at night. Ultimately, a modular device that              
creates an “intelligent cane” would be low cost and widely available to bring technology to cane                
users. 
 
Problem Statement 
Fall prevention is a prevalent and expensive problem that must be addressed in present-day              
society. Currently, approximately 6.5 million people use a cane, walker, or crutches to assist with               
mobility1 and in 2015, costs for falls to Medicare were over $31 billion total.2 Moreover, over                
800,000 patients are hospitalized because of a fall injury per year.3 
 
There are many reasons people suffer from falls; in particular, our design product focuses on               
people who are unaware they are unbalanced or walking in a unsafe manner. For instance, this                
could be caused by a lack of proprioception or could be a result of a stroke. Although the usage                   
of a cane does help prevent falls, some users may need to be trained to utilize one properly.  
 
By encouraging safe walking habits, our cane has the potential to help millions of people regain                
mobility and greatly reduce their risks of falling.  
 
Research Question and Background 
The possible solutions for fall prevention can be split up into two main categories: training and                
walking aids. According to American Physical Therapy Association (APTA)4, patients can           
improve walking ability and balance through various coordination activities such as obstacle            
courses, dancing, or Tai Chi. Although therapy helps to increase independence, gerontology            
experts recommend that individuals do these exercises daily and even then, the positive effect is               
not immediate and cannot prevent all types of falls.  
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There are also many pros and cons of walking aids, which include canes. However, they are not                 
an effective solution if users are unaware that they are using the cane incorrectly and in an unsafe                  
manner. Commercial solutions of canes that stand upright by themselves, such as the HurryCane,              
exist, but there are no available commercial products that train people to use canes correctly. 
 
We also spoke extensively with Nora Ames, who uses a cane in her day-to-day life and briefly                 
used it for rehabilitation purposes. She emphasized the difference between using a cane for              
learning how to walk again versus using a cane to assist or help with walking. Nora also                 
explained that some people may use a cane for balance while others use a cane due to weakness                  
in a limb. She encouraged us to select one specific condition to address with our cane.  
 
Thus, our goal is to allow people who are unaware of their own balance incoordination to                
become more aware and thus, reduce their risks of falling. 
 
Methods/Approach/Solutions Considered 
The first idea that was generated as a possible solution was a cane that had an active method of                   
stabilization, which would bypass the need for users to become aware that they were unbalanced               
and stop users from falling. This idea incorporated a gyroscopic momentum wheel that would              
exert a force on the cane so that the cane was able to stabilize itself. Some of the solutions that                    
were considered involve using momentum wheels to provide active stabilization. These wheels            
need to be accelerated to very high speeds to provide the forces necessary for stabilization, which                
could potentially be dangerous to the user. However, to decrease the required speeds, the size of                
the momentum wheels must be increased, which would decrease portability and ease of use.  
 
Our idea gradually evolved into an “intelligent” cane that monitors the orientation of the cane               
and notifies the user when the cane becomes unbalanced. This design would serve as a               
rehabilitation device and physical therapy training implement. We also believe that for a product              
to be effective, the hardware and implementation must be kept simple and cheap so that it can be                  
marketable. Although we considered implementing a method of artificial intelligence or machine            
learning in the project, which could potentially monitor gait cycles or determine the surrounding              
terrain of the local environment, we realized that this addition could cause unnecessary             
complications for people who simply needed the cane to train. We also wanted the product to be                 
intuitive so that trainers, physical therapists, and cane users could easily understand how to use               
our design.  
 
Our talk with others also made us realize that all cane users have their own preference for canes.                  
For example, Nora, who is an architect, wanted an aesthetically pleasing cane. As a result, we                
determined that instead of reinventing the cane, we could make a modular device that attaches to                
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a variety of canes and allow users to retain their own personal style. The modular device would                 
also allow us to reach a larger population of people. 
 
Description of Final Approach and Design 
The final approach and design features (Fig. 1) an existing commercial passive stabilizing cane              
(the HurryCane) with stabilizing haptic feedback. The haptic feedback incorporates a small            
vibration to the cane that occurs when the cane is angled past a certain threshold. It is not                  
triggered in certain directions, such as when the user swings the cane from front to back, which                 
is expected from a normal gait pattern. When the cane tilts from side-to-side past the threshold, a                 
vibration is felt through the handle.  
 
The angle of the cane is measured using an IMU sensor suite with 6 degrees of freedom (x-, y-,                   
z-axis accelerometer and gyroscope), the MPU 6050. To drive the vibration motor, we utilize a               
motor driver. Everything is run and programmed in Arduino on the Arduino Uno. The system is                
powered by a 9 Volt battery and can be turned on and off using a simple on/off switch.  
 
The entire electronics suite is mounted to a 3D printed polylactic acid (PLA) backing we               
designed, which is connected to two 3D printed PLA bar clamps that are attached with #3 screws                 
onto the straight portion of the cane. Because the bar clamps are 3D printed, their radius can                 
easily be adjusted to fit on a variety of cane radii.  
 

 
Figure 1. Design Attached to HurryCane. Side view (left) and frontal view (right). 
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Outcome 
The module works as expected and vibrated when the cane was tilted sideways past the threshold                
we set manually. In any other direction, the vibration was not triggered.  
 
We presented at the Aging into the Future Conference (Fig. 2) on March 2, 2018 at the                 
Millennium Biltmore Hotel Los Angeles and received lots of useful feedback from experts in the               
field (i.e. gerontologists, cane users and developers). Many people believed that the signals             
would eventually enable an instinctual response in users to correct their position and would be               
useful in training people to walk properly with a cane. In general, people also seemed to really                 
like the modularity of the device. Like Nora had mentioned to us, there are many canes on the                  
market because every user has individual needs and unique requirements. Additionally, some            
users have multiple canes to use for different purposes. Therefore, a modular device that can               
easily attach to different canes allows users to use a cane that suits their style best.  
 
When we visited Rancho Los Amigos Rehabilitation Center, we received positive feedback from             
physical therapists that we extensively consulted with. Oscar Gallarado and Randy Joe are             
Rancho PT’s that have many of years of experience working with clients who utilize canes. They                
liked the simplicity of the design and believed that it would be extremely helpful for               
rehabilitation and training purposes. Similar to the participants who attended our conference            
presentation, the physical therapists thought that the modular idea was useful and could even be               
adapted to help with other physical therapy training. For instance, one of the physical therapists               
told us of studies where displaying a straight red laser line in front of the user or playing                  
metronomic sounds help prevent people with Parkinson’s from having freezing episodes. One of             
the future directions we want to take would involve adding more modules that can easily be                
removed and inserted to help with a wider variety of walking therapies or to add an LED light                  
that could help prevent falls at night. We also plan on downsizing the entire module in the future                  
and we plan on integrating a design that will protect the hardware from environmental factors.               
Finally, we plan on presenting our later approaches to more people who use canes as               
rehabilitative devices. 
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Figure 2. Photos featured on the Aging into the Future Website5 of our presentation. 

Cost 
Our goal is to create technology that is affordable for all users by minimizing the required parts                 
and material. Additionally, our device uses common electronics. We currently estimate that the             
final cost of our modular device would be approximately $12. Currently, our device costs around               
$50 in parts because the volume of parts is extremely low. We are also using a microprocessor,                 
which is more expensive, for ease of prototyping.  
 
The final device would have a custom electronic board with a built in IMU and motor controller.                 
It would be very simple and cheap to manufacture and also drastically reduce the size of our                 
design. The plastic components would require large tooling costs, but once the tool was made the                
part cost would also be reduced drastically. Additionally, since this is a simple device, we expect                
the entire assembly process to be mechanized.  
 
The estimated materials cost breakdown for one module can be seen in Table 1. There was a lot                  
of overestimation regarding the predicted costs, so it is very likely that the final cost would be                 
less than the estimated total cost. 
 

Table 1. Estimated Cost Breakdown 
Part Estimated Cost 

Plastic Module Housing Base $0.10 
Plastic Module Housing Cover $0.10 

Plastic clamp $0.50 
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Electronic Board $3.00 
IMU chip $1.36 

Vibration Motor $2.88 
Miscellaneous Electronic Components 

(resistors, capacitors, transistors) 
$0.30 

9V Battery $0.80 
LED light $0.07 
Fasteners $0.50 
Assembly $1.50 

Total $11.11 
 

Significance 
There are no modular devices currently on the market that can help train balance-impaired              
people to use canes or walk safely. Thus, many people who have trouble remaining in balance                
while walking do not have an effective way of training to maintain their balance while walking                
during their everyday lives. Our device allows users to regain their balance and help them               
prevent future falls; its affordability allows it to reach many users from around the world, such as                 
those with lower socioeconomic statuses. 
 
Our product can provide people who use canes for the sake of providing balance a semblance of                 
independence. Many of these people end up having to go through extensive training and              
rehabilitation, which can be expensive. This design will allow these people to independently             
train and practice on their own. It will also be a useful tool for therapists so that they can help                    
their patients train in a more effective manner and become more aware of their own balance                
issues while walking. 
 
In the future, we hope to include more modules and decrease the size of the current IMU module.                  
We also want to work on creating more intuitive clamps that do not require users to manually put                  
together and can tighten and loosen using a simple mechanism (for instance, ratcheting). This              
would allow us to target a larger population and help users who do not have strong grip strength                  
or enough manual dexterity.  
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