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INTRODUCTION 

Blepharospasm is a focal dystonia and movement disorder 
where abnormal, antagonistic muscle activity leads to im-
paired blinking. Because blepharospasm affects one’s ability 
to keep their eyes open, it disables individuals during every-
day activities such as socialization and driving. As a rare 
condition, medical professionals have limited understanding 
of the disability, leading to little consensus over its diagnosis 
and treatment. 

Part of the problem is that there is no way to quantify the 
outpatient experience of blepharospasm. Aside from patient 
anecdotes, doctors often have no data on how their patients 
fare outside of the hospital setting. To remedy this, computer 
vision augmented glasses were prototyped in the Invention 
Lab at UC Berkeley. The components of the 
work-in-progress smart glasses are as follows: 1) a Rasp-
berry Pi Zero W (rPi) and no-infrared camera are mounted 
onto a pair of glasses through 3D-printed snap-fit housing.  
2) a secondary body supporting a tiny mirror captures the 
reflection of the eye for the camera, which sends a video 
stream of blink activity to the rPi for post-processing. 

This prototype leveraged the design expertise and resources 
found across UC Berkeley’s CITRIS Invention Lab and Ja-
cobs Institute of Design. Invention Lab managers, super us-
ers, and design specialists helped the author translate her de-
signs from concept to low fidelity cardboard prototypes to 
high fidelity CAD prints. Design engineering iterations and 
software iterations then took place in parallel. While the au-
thor utilized the dual extrusion and extended height capabili-
ties of the Ultimaker 3 and 2+ series, she compiled and pro-
grammed the rPi’s software dependencies and scripts outside 
of the makerspace.  

This prototype confirmed one of the potentials often men-
tioned of makerspaces: that they are hotbeds for the inven-
tion and customization of assistive technology. Every part of 
this prototype, from the printed housing to the acrylic la-
ser-cut mirror, was produced through digital fabrication. 
However, while the author found extensive support for the 
design engineering side of this project, the software proto-
typing process suggested that makerspaces could improve 
their resources for physical computing projects that integrate 
more complex features such as HDMI output and Wi-Fi. 

 

 

 
Fig 1. A smart glasses prototype made from 3D printing, laser cutting, 
and software. The angled mirror reflects the wearer’s blink activity to 
the camera module that is placed by the ear. 

METHODOLOGY 

Preliminary work began in early 2018 within the mak-
erspaces of CITRIS Invention Lab and Jacobs Institute of 
Design. Hall effect sensor circuits were prototyped to record 
whether or not blinks could produce binary signals by alter-
ing the local magnetic fields around the eye. At this time, the 
author also explored Adrian Roseblock’s OpenCV tutorials 
on facial landmark detection, which suggested how comput-
er vision could be used to detect blinking. 

In June 2018, the author began exploring how to physically 
append a rPi onto a pair of glasses, kickstarting the design of 
the current prototype. The author consulted Invention Lab 
managers Chris Myers and Mitchell Karchemsky on how 
best to house the rPi and stabilize the image readout of its 
ribbon-connected camera. Sketches, trial and error with hot 
glue and cardboard, and initial test prints justified the capac-
ity for the glasses to support a small sum of weight. These 
initial steps also provided a basis for the dimensioning of the 
snap-fit housing later on in Autodesk Fusion 360. 

The first prototypes mounted the camera directly in front of 
the eye. However, these prototypes quickly demonstrated 
that the blockage of one half of the visual field would be far 
too intrusive for any wearer. This led to a design pivot, 
which introduced a secondary body that would reflect the 
image of the eye through a tiny mirror back to the camera. 

Iterations on the Ultimaker 3 and 2+ then converged the de-
sign to its current state. The author pared down six points of 
contact along the glasses arm to three, created a three-walled 
protruding structure for the camera module to slide into, and 
constructed a fillet for the camera ribbon to neatly wrap 



  

around. A nut and bolt fastened the secondary body to the 
main body, a design choice that allowed the angle that the 
mirror would take on with the eye to be adjustable. 

Between iterations, the author learned how to analyze prints, 
document iterations, and sketch adjustments, a process that 
helped the author master the learning curve of CAD and 
slicing. In addition, the prototyping process made the author 
familiar with several miscellaneous, yet pivotal skills such 
shop tools, engineering diagrams, and shop terminology 
such as nuts, pitch, thread etc. The continuous iteration also 
taught the author how to design with the machine in mind. 
She minimized risk of print failure by reducing support 
along multiple axes and expedited iteration by printing mod-
ular components of the bodies to test changes. 

 

Fig 2. Timeline detailing CAD iterations from earliest (top left) to latest 
(bottom right).  

 

Fig 3. A collage of some of the iterations printed for both bodies.  

Once the housing was established, the wearable was capable 
of testing. However, major drawbacks of testing the glasses 
while wearing them quickly became apparent. Cables fun-
neling power and HDMI to the rPi, being fixed in length, 
constrained head movement during software testing. Again, 
the makerspace provided a solution, as the Ultimaker 2+ line 
was used to print a spiralized contour of a mannequin head. 
The testing of the wearable and optimization of the mirror 
body’s angle then migrated onto the hollow head. The eye 
grooves and realistic ears of the model allowed the author to 
freely test multiple angles and laser-cut mirror sizes without 
actually putting on the wearable. 

The portion of the work that did take place outside of the 
makerspace was the establishment of the software pipeline 
between the camera and computer. This was because testing 
the rPi was most conveniently done in an environment where 

the accessories (such as keyboard, HDMI monitor, and 
power) did not have to be constantly re-setup. In terms of the 
pipeline, the rPi parsed the video stream sent by the 
no-infrared camera and detected the left and right eye 
through OpenCV. The eyes and their blinking activity were 
quantified using a correlate known as the eye-aspect ratio, 
and this data was then plotted against time and saved using 
the matplotlib library.  

RESULTS AND DISCUSSION 

Though this prototype is still a work-in-progress, it has al-
ready yielded insights about blepharospasm tracking and 
blink activity analysis. After having experimented with dis-
crete readouts (i.e. Hall effect sensors) and continuous 
readouts, the author concluded that blinking is better tracked 
with continuous signals rather than discrete ones. This re-
flects the fact that blinking is actually a synergized effort 
from multiple muscles, which lift the eyelid incrementally 
before the lid reaches full-height. As blinks also occur at 
various amplitudes and with various frequencies depending 
on the nature of its origin (i.e. whether the blink is a sponta-
neous, voluntary, or reflexive), this prototype demonstrated 
how computer vision is an appropriate tool for capturing the 
nuances of blinking. 

Future work remains to be done, particularly in completing 
the signal processing and web interface of the software side. 
There are also still improvements to be made on the physical 
form. The wearable could still optimize its structural integ-
rity and work on minimizing the protruding mirror append-
age. Most importantly, user studies need to be planned in the 
future so that the purpose and the population the wearable is 
intended for can be served. 

Working on this wearable in the Invention Lab and Jacobs 
Institute of Design was incredibly instructive. Under the 
guidance of design specialists, super users, and lab manag-
ers, the author learned how to pull software and hardware 
together into a novel assistive technology prototype. 
Through utilizing many of the different modes of the mak-
erspace, the author learned how to design in a rapid, yet in-
formed manner. 

However, significant development of this project also took 
place outside of the makerspace, because the author found 
less explicit support for rPi prototyping. Such single-borad 
computers, which demand a slightly more permanent set-up 
for all their accessories, can be hard to serve in communal 
makerspaces. However, this presents a consideration mak-
erspaces could explore in the future to improve their capa-
bilities for physical computing.  
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