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1. Problem Statement/Research: Question and Background  

    
Paralysis or weakness of the muscles in the wrist makes it difficult for individuals with 

high-level spinal cord injuries (SCI), carpal tunnel or stroke to perform daily manual activities 
such as eating, writing, unlocking doors with keys or swiping credit cards [1][2] .Without 
appropriate treatment opportunities, there exists the risk of developing a clenched fist from 
contractures, which may exacerbate problems performing typical activities of daily living 
(ADL) and hygiene maintenance[3]  

In order to stabilize a flaccid wrist, wrist orthoses or braces can be used to maintain 
the normal position of the hand and wrist [4]. Wrist orthotics have long been used in 
rehabilitation of individuals with SCI, stroke, and other upper limb mobility impairments to 
allow for the correct positioning of joints in the wrist. This ensures the maintenance of 
optimal muscle tone and structure[5][6]. With the addition of a pocket in the palm cuff, 
individuals are able to insert dining utensils, pencils, pens, toothbrushes, or other tools to 
accomplish some ADL independently with traditional commercial wrist braces (Figure 1). 
However, the usability of these passive tools are limited by the existing motor function of the 
individual. One pair of the wrist orthotics costs $70 and has to replaced regularly. After 
speaking to our primary user, an individual with a C4/C5 SCI, our team discovered that 
traditional wrist supports can be enhanced and improved to add greater functionality for 
quadriplegics with little or no hand function. 

  
Figure 1. Typical commercial wrist brace.  They do not provide additional functionality than to 

support the flaccid wrist and a cuff for holding narrow handled implements.  
  

It is also difficult to customize how traditional wrist orthoses are controlled and what 
functions they can perform. Common ways to control actuators on 
these systems include speech recognition and gesture recognition 
[7][8]. Other devices which use mechanical actuators or ratchet 
systems are bulky and cause fatigue for the individual[9]. The 
drawbacks of these non-traditional orthotic devices are that they are 
extremely bulky, heavy, and burdensome to put on [9]. As of 2015, the 
market of upper limb prostheses and orthotics was estimated to be 
$130 million[10].  

 In today’s smart-age, the traditional wrist orthotic needs a 
makeover. We designed the WristSense (Figure 2), a rapidly 
prototyped wrist brace outfitted with off-the-shelf electronics and Figure 2. The WristSense, a 3D 

printed smart wrist orthotic 
 



the power of artificial intelligence. In addition to providing the required amount of support, the 
WristSense also allows users to use gestures to control customizable outputs. The use of AI 
allows users to train customizable gestures that are most intuitive to them to perform.  
 

2. Methods/Approach/Solutions Considered  
 
The WristSense has been developed through an iterative design process wherein the 

team first identified the needs of the user, and then designed several versions of the wrist 
orthotic which meet these needs best. The primary user defined that they would need a light-
weight, multi-functional wrist orthotic which could be activated with gesture control. We 
decided that the use of rapid prototyping techniques, such as 3D printing, would be ideal for 
the design of WristSense. This would enable individuals with access to 3D printers to print 
their own wrist orthotics based on the designs the team has developed. Furthermore, off-the-
shelf electronics and sensors were used in all iterations of the WristSense to allow gesture 
recognition. We designed and implemented a unique machine learning algorithm to learn 
different gestures trained by users and implemented it in the WristSense[11].  

In the first iteration, we attempted to recreate a traditional wrist orthotic which used a 
wrap-around framework and Velcro straps to keep it in place. The first prototype involved 
bulky electronics and had large batteries which powered the system. In addition, the initial 
versions of the WristSense were programmed with pre-defined gestures which controlled 
different tools attached to the orthotic. However, the system proved to be difficult to 
customize for different users’ movements. The ability to customize the system to different 
users’ gestures with greater ease will make the product more marketable and could lead to a 
higher adoption rate of the WristSense. Moreover, the ability to control the different tools with 
tailored gestures enables users to use gestures which are comfortable and intuitive to them.  

In the second iteration, in addition to 3D printing a more streamlined version of the 
traditional wrist orthotic, the team also identified different mounting techniques for the 
electronics to make it less encumbered. As can be seen in Figure 3A and 3B, a smaller 
battery pack was used, and the number of electronics chosen were significantly reduced. In 
the original design of the WristSense, the Arduino was the microprocessor chosen to handle 
the communication between the sensors and the various tools.  
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Figure. 3. Iteration of the WristSense A) First prototype B) Second prototype C) 3D scanned 
prototype 



Through the different prototypes, we determined that a more moldable version of the 
3D printed plastic was a suitable solution to allow customizability of the wrist orthotic for 
different individuals. In the third prototype, the team explored 3D scanning as an alternative 
technique to allow a better fit of the WristSense (Figure 3C). In this iteration, we also decided 
to use a Raspberry Pi as the computational element to serve as an interface between the 
sensors and the output tools. However, 3D scanning required the use of special equipment( 
3D scanner), which is not as widely available as a 3D printer. Moreover, 3D scans of the arm 
were not consistent and printing a customized model took upwards of 20 hours.  

 
3. Description of Final Approach and Design  

 
 The final design of the WristSense comprises of two parts, a 3D printed plastic body 
and off-the-shelf electronics to facilitate gesture recognition and customizability of the tools 
used. For the development of the WristSense, the team prioritized developing a solution 
which was a) easily and rapidly manufactured/fabricated, b) customizable fit, and c) 
customizable control.  

A. Easily and rapidly manufactured/fabricated.  
The WristSense is designed to provide support to the user and can be worn over a 

traditional fabric wrist brace to maximize comfort (Figure 4). It adheres to the design of 
current orthotics by including support to the sides of the hand to ensure correct positioning of 
the wrist. The WristSense was 3D printed with a Lulzbot printer and its honeycomb structure 
provides a good strength to weight ratio and is breathable. It also allows the sensors and 
other electronics to be mounted with relative ease. It is designed to allow individuals with 
different wrist sizes to wear it comfortably. Anyone 
with access to a 3D printer can create their own 
wrist orthotic.  

The electronics used for the control of the 
WristSense are inexpensive, off-the-shelf 
components. They include a Raspberry Pi, an 
inertial measurement unit (IMU) which combines 
the functionality of an accelerometer and 
gyroscope, and a rechargeable battery pack.  
These components can be easily assembled, and 
the Raspberry Pi runs a python service which, 
when turned on, allows the recognition of 
gestures.  
 

B. Customizable fit 
In order to customize the 3D printed WristSense to different users, it is printed flat 

using PLA plastic (Figure 5A). Printing the WristSense flat allows for easier and faster 3D 
printing, reducing the printing time from 20 hours in the previous iteration of the design to 
almost 3 hours. The flat print is then mildly heated using a hair dryer or hot water in order to 
make it moldable (Figure 5B). Once it is heated and becomes flexible, the WristSense can 
be formed to an individual’s hand without the need for trained personnel.  There was no pain 
reported by the user due to the heat of the moldable plastic.  

Figure 4. The WristSense worn by a tetraplegic user 
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Figure 5: A) WristSense printed flat B) Flat print mildly heated by a hairdryer to make it 
moldable C) Flexible WristSense fitted to the user’s hand by molding D) Fitted form of the 

WristSense. Straps and electronics are added to the fitted WristSense. 
 

C. Customizable control 
There are two aspects of customizable control:  gesture recognition and the 

controllable tools. For the gesture recognition, we implemented a dynamic time warping 
based machine learning algorithm. This algorithm uses data from the IMU to allow users to 
train the system with gestures they find most comfortable or intuitive for them. The users first 
determine the gestures they want to perform based on the ones that are most convenient for 
them. They then run the training algorithm which requests them to repeat each gesture being 
trained four times. Once the system has been trained, it saves the gesture profile of the user. 
This can be reset if the user finds other gestures which are more comfortable.  

The activation of the WristSense is critical in order to prevent unintentional activation. 
The options for activation methods can be customized based on individual preferences and 
abilities and may include electromyography (EMG), gestures, or touch switches. In our final 
design, the WristSense is activated with the press of a push button. Once the WristSense is 
activated, the ‘listening’ mode is active during which it identifies the gesture being performed 
by the user.   

The users can also link gestures to different outputs. For instance, the user can turn 
on a coffee maker with a specific gesture, while another gesture controls the lights. The 
WristSense can communicate with any smart-device using Bluetooth or WiFi capabilities. 
This allows gestures to control any internet-of-things enabled device. In the presented 
iteration of the WristSense, our user wanted to control a laser pointer and a buzzer using 
gestures that were convenient for him.  



4. Outcome (Results of any outcomes testing and/or user feedback)  
 
We tested WristSense with our primary user, a tetraplegic due to spinal cord injury. 

Our user was able to train the system with relative ease and chose four different gestures 
which were most intuitive for him. The gestures chosen include a vertical circle drawn in 
clockwise and counter-clockwise directions, an up-down motion and an out-in motion (Figure 
6).  
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Figure 6: The user performing four intuitive gestures A) Vertical circle in a clockwise direction 
B) Vertical circle in a counterclockwise direction C) Up-down D) Out-In. 

 
The WristSense had an almost 100% accuracy in detecting the four gestures and 

activating the linked outputs- in this case, a laser pointer and a buzzer (refer to video). The 
user reported that the WristSense was comfortable to wear in the short-term. Future work 
will involve extensive testing of the comfort of the WristSense for long-term wear.  
 

5. Cost (Cost to produce and expected pricing)  
 

 The table below lists the cost price of making the WristSense. We estimate that it 
would cost $91.50 to make one WristSense. The WristSense will be sold at $200. Since the 
WristSense will be covered by insurance, we expect that it will be easily adopted by the 
community. Moreover, with the customizable ability of the WristSense we eventually 
anticipate being able to open-source the CAD file for the WristSense allowing other 



individuals to 3D print their own and providing them with the kit to make it a smart-device. 
This would involve a completely different business model.  

Materials Cost (USD) 

3D printing filament (100g) 5.00 

Raspberry Pi  24.50 

IMU 28.50 

Electronics (battery, button, laser, buzzer)  20.00 

Fabric wrist brace 13.50 

Total Cost 91.5 

 
   
 

6. Significance     
         
The WristSense is designed to be a universal tool for people who use wrist orthoses 

to perform activities of daily life. The ability of the wearer to program gestures they find most 
comfortable allows a high degree of customizability. Moreover, the 3D printed nature and the 
ease of availability of the electronics would allow easy deployment or creation of the 
lightweight wrist orthotic.  The WristSense can also be used to activate or deploy various 
lightweight tools attached to the orthotic, like an automated “Swiss Army” knife. Ultimately, 
the WristSense would be able to control various smart-devices such as a smart thermostat, 
a coffee machine or even a smart-home.  

This would improve the usability of the traditional wrist brace and allow users to 
adopt the WristSense more easily. The modular nature of the device allows various 
attachments to be added and motorized to allow more independence. In this particular case, 
our user, a professor, enjoyed the use of the WristSense as a laser pointer with which he 
could explain his slides. The WristSense would open more employment opportunities for 
people with upper limb impairments, increase their independence and productivity, as well 
as reduce their reliance on caregiver services.  

We also anticipate that the technology can be used by people who are able-bodied 
as well. It would enable them to perform any gesture to control their smart-devices.   
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