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1. Introduction

We are interested in developing a method to direct or
control user’s gaze in a teleconference environment. This
problem is important when the object to focus on, i.e. the
person talking, is not obvious from the video stream due to
clutters in the scene. In this work, we assume that the region
of interest in the video stream has been detected through
other means: we focus on signaling the region of interest to
viewers with minimal visual artifacts.

One obvious way to draw the user’s attention is to place
a bounding box around the region of interest. However, the
bounding box obstructs the video content, and can be vi-
sually disturbing. The computer graphics community de-
veloped methods that keep the focus in the region of inter-
est and blurs uninteresting regions [7], or that dynamically
change the level of details in stylized renderings according
to the level of interest [3, 4]. All these techniques modify
the image/video content andforce the user to look at certain
directions, which may not be desirable for viewing experi-
ences.

Recently, Baileyet al. [2] introduced an invisible gaze
control system leveraging the eye-tracking system. The dis-
play flickers the region of interest to grab the user’s atten-
tion, and as soon as the user directs the gaze to the desired
region (detected using the eye-tracker), the flicker stops,
thereby not interfering with the viewer experience. We ex-
tend the idea of controlling the gaze direction without sacri-
ficing the viewer experience, but also without using an eye-
tracker.

The main idea of this work is to make use of the physi-
ological characteristics of human eyes. Photoreceptors that
are sensitive to short-wavelength waves, called S-cones, are
present only at the periphery of human eyes. If we can de-
sign a flicker signal that triggers just the S-cones and not the
other photoreceptors, we can, in theory, attract the user’sat-
tention to the region of interest, but when the user looks
straight at the region of interest, the user shall not perceive
the flicker. This visit to HP Labs focused primarily on de-
veloping methods to implement this idea.

Figure 1. Cones are concentrated at the center of retina (i.e. the
foveal region) whereas rods are densely populated in the periphery
of retina. (adopted from [5])

2. Background

There are two types of photoreceptors in human eyes:
rods and cones. Rods respond to a low dose of illumination
(i.e. achromatic), making it suitable for viewing low-light
scenes. Cones respond to chromatic light and are less sensi-
tive compared to Rods. Cones are concentrated at the center
of retina (i.e. the foveal region) whereas rods are densely
populated at the periphery of retina.

There are three types of cones: L-cones, M-cones and
S-cones. Different cones are sensitive to different spec-
trums of light (Figure 2): L-cones are sensitive to long
wavelengths (∼ 600 nm); M-cones are sensitive to moder-
ate wavelengths (∼ 550nm); S-cones are sensitive to short
wavelengths (∼ 430 nm).

Of particular interest to us are S-cones. S-cones consti-
tute only about8 − 10% of the cone photoreceptor popula-
tion in retina [6], rendering the human visual perception less
sensitive to blue compared to red or green. Also, S-cones
are extremely sparse in the central region of retina, called
the S-cone blind spot [8]. The diameter of the S-cone blind
spot is about100µm or 0.35◦ of retina.
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Figure 2. Different cones have different spectral sensitivities.

3. Implementation ideas

Our idea is to make use of the S-cone blind spot. By
overlaying the video stream with a small-enough flicker pat-
tern that just stimulates the S-cones and not the other types
of cones, we can direct the user’s gaze to the desired ob-
ject/location while being invisible when focused on the de-
sired object.

Since S-cones are sensitive to∼ 430 nm waves, we can
overlay the video stream with violet flickers. We tried this
idea. Given that the S-cone blind spot is about 0.35◦ and
that a casual user would be about50cm away from the dis-
play, the size of the flicker blob should be less than3mm.
We rendered a video stream with a flickering violet dot,
running the flicker at close to 25Hz1. However, the flick-
ers were visible when we focused on them. The reason is
that the violet on regular displays isnot the true violet with
∼ 430nm wavelength, but only ametamer of the violet we
need. Therefore, exciting the S-cones using the flickers on
regular LCD displays is difficult.

One solution to this problem involves using LED-backlit
LCD monitors. Recently, electronics companies, Samsung
in particular, released a line of LED TV’s that back-lights
the LCD using LEDs. Among many benefits that the LED
backlight has, an interesting feature we can leverage is that
the LEDs are narrow-band. An LED backlight panel con-
sists of red, green and blue LEDs with narrow wavelengths
(i.e. the true red, green, and blue instead of their metamers).
Figure 3 shows that the blue light emitted from the LED
is narrower-band compared to the blue-channel color filter
from the LCD. In fact, the spectral content of the blue LED
for the backlight panel is quite well aligned with the spec-
trum to which S-cones are sensitive to Figure 3. We can use

1Running the flicker at a higher rate would cause aliasing in videos due
to 60Hz display refresh rates

Figure 3. LED spectral characteristics and LCD color filter spectral
characteristics (Adopted from [1])

such LED for signaling the region of interest. Since LEDs
can be small, we should be able to generate a flicker pattern
that is only sensitive to the peripheral S-cones.
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