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ABSTRACT
Presbyopia, the loss of accommodation due to the stiffening of the
crystalline lens, affects nearly 20% of the population worldwide.
Traditional forms of presbyopia correction use fixed focal elements
that inherently trade off field of view or stereo vision for a greater
range of distances at which the wearer can see clearly. However,
none of these offer the same natural refocusing enjoyed in youth. In
this work, we built a new presbyopia correction, dubbed Autofocals,
which externally mimics the natural accommodation response by
combining data from eye trackers and a depth sensor, and then
automatically drives focus-tunable lenses. In our testing, wearers
generally reported that the Autofocals compare favorably with their
own current corrective eyewear.
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1 INTRODUCTION
Vision is one of the most, if not the most, important senses that
humans use to navigate their everyday worlds. Unfortunately, as
people age, their ability to accommodate, or refocus the crystalline
lenses in their eyes to near distances, steadily decreases until most
cannot view anything within arms’ reach in sharp focus [Duane
1912]. This loss in range of clear vision is known as presbyopia and
affects over a billion people worldwide [Holden et al. 2008].

The problem of presbyopia is understandably not a new one,
and people have used various solutions to help them perform tasks
at near distances (Figure 1). Traditional forms of correction use
fixed-focus optics, often with different lenses or portions of the lens
set aside for either near or far vision. Some typical corrections used
today include reading glasses, bifocals, progressive addition lenses,
and monovision.

Despite the variety of vision correction options available to pres-
byopes, these all fall short of restoring the quality of vision they
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Figure 1: Typical vision for a presbyope through various
methods of correction. Without any correction, near dis-
tances are blurry. Progressives and monovision allow focus
to both near and far distances by either splitting up the field
of view, or using different eyes for each distance, as illus-
trated. The Autofocals use information from each eye’s gaze
to dynamically update the focus to near or far.

once enjoyed in their youth. Reading glasses can be forgotten or
misplaced, rendering the wearer incapable of performing near tasks
for an extended period. Bifocals, trifocals, and progressives restrict
the field of view at any given desired focal distance and introduce
distortions in regions where the refractive power transitions. As
for monovision and the various simultaneous vision approaches,
studies consistently show that they too fall short of reading glasses
for visual acuity or stereoacuity, with some prospective wearers
rejecting them entirely due to poor or unnatural vision [Erickson
and Schor 1990; Harris et al. 1992; Sheedy et al. 1991].
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Figure 2: The prototype, with focus-tunable lenses, depth
sensor, eye-tracking cameras, and offset lenses mounted on
a universal optometrist trial lens frame.

Traditional methods of correction use fixed focal elements to
approximate vision that was once achieved by varifocal lenses
in the wearer’s eyes, but varifocal elements such as liquid-filled
membrane lenses or liquid-crystal (LC) lenses suggest a new ap-
proach. For example, there have been proposals using liquid lenses
in eyeglasses-based correction [Hasan et al. 2017a]. LC lenses may
be even more flexible in that they can directly address phase across
the field of view, allowing for more varied corrections with a single
element, with much recent work on improving focusing time and
range [Chen et al. 2014; Lin and Chen 2013; Lin et al. 2014].

2 AUTOFOCALS
Lenses such as the above have been used in prototypes of electron-
ically tunable eyewear, controllable via either manual input or a
depth sensor [Hasan et al. 2017b; Li et al. 2006; Wang et al. 2014].
However, none of these solutions emulate accommodation in a way
that matches the behavior that younger people are accustomed to:
looking around and having focus simply work. A system capable of
meeting this ideal would require both a depth camera and robust,
affordable eye trackers. For example, despite having a depth sensor,
Hasan et al. [2017b] omit eye tracking and therefore force the focus
to the object directly in the center of the user’s vision.

Drawing inspiration from gaze-contigent varifocal systems for
virtual reality [Padmanaban et al. 2017], we present Autofocals
(Figure 2), which we believe to be the first focus-tunable eyewear
for presbyopia correction to incorporate eye trackers and a depth
camera, with a sensor fusion algorithm designed to jointly and
effectively make use of both. Our technology is built largely from
commercially available components, including a Realsense R200
depth camera, Pupil Labs eye trackers, and Optotune EL-30-45
liquid lenses, all mounted on a universal optometrist trial lens
frame with the help of custom 3D-printed components. To make
the device more accessible to people with a wider range of visual
impairments, we also allow for mounting of offset lenses to account
for the wearer’s distance prescription. The liquid lenses have a
range of roughly 4 diopters, which allows a presbyope to focus as
close as 25 cm.

Finally, to drive the liquid lenses, we design a sensor fusion algo-
rithm combining the gaze data from the eye trackers and the depth
information from the R200. The high-level operation of the sensor
fusion is to determine a vergence estimate using the eye tracker,

and an additive error correction term using the gaze position in
the depth map. In testing, the Autofocals’ performance compares
favorably with that of commonly prescribed treatments, specifically
progressives and monovision.

3 CONCLUSION
Presbyopia, despite being a nearly universal problem in old age,
still does not have an ideal commercially-available solution. Com-
putational approaches have demonstrated their ability to compen-
sate for shortcomings in vision [Huang et al. 2014]. Extending
computationally-augmented correction further, focus-tunable lens
technology may enable eyewear closer to the ideal of youthful
vision, and the Autofocals are an important step in this process.
Even with an early prototype, the Autofocals are comparable to and
sometimes better than traditional correction, with important ramifi-
cations for real-world tasks. Furthermore, the “natural” operation of
the Autofocals makes them usable on first wear, unlike progressives
or monovision which can requires days to weeks of adjustment.
This is a promising result for continued pursuit of focus-tunable
presbyopia corrections.
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