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Abstract—
Detecting the micromovements of eyes that reflect a person’s

inner state can be an essential step in many applications,
but most eye trackers need to fix the subject’s head using
a chin rest to obtain sufficient data quality. We propose a
stand-alone eye tracker that utilizes two 500 fps cameras, a
pair of rotating mirrors for gaze control, a liquid lens for
focus control and an intensity-controllable light source, and
describe how the proposed system works in real-time. The
experimental results show that our system covers more than
twice as wide a measurement range in the depth direction as the
conventional eye tracker while achieving sufficient data quality
to analyze microsaccades with an amplitude of down to 0.2 deg.
We also examine the practical use of the proposed system for
microsaccade detection.

I. INTRODUCTION
As the old saying goes: “Eyes are the windows to the soul.”

The state of the eyes embodies not only a person’s action
intentions but also inner states of mind. For example, eye
gaze information can be utilized for controlling or improving
the functionality of robots [1] [2]. Moreover, distinctive eye
movements such as saccades (rapid eye movements that
occur when shifting gaze to another object) and microsac-
cades (small saccades that occur during attempted fixation)
can identify a wide variety of internal conditions, including
concentration [3], depression [4], and even neurological /
cognitive disorders [5][6]. There will be many possible ap-
plications by combining them, however, measuring small eye
movements like microsaccades in real-world environments is
difficult due to device limitations.

Devices for measuring eye movements are called eye
trackers. Currently, most eye trackers are based on a non-
invasive method utilizing one or more cameras, and are
broadly divided into head-mounted types and stand-alone
types. For measurement of small eye movements, the stand-
alone type is suitable because of the required spatio-temporal
resolution. However, most stand-alone-type eye trackers as-
sume that neither the device and the head moves during
measurements, especially in the depth direction, with the
head fixed on a chin rest. This would not only be stressful
for the subject but also would limit the use of the device.
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There are two possible ways to make the stand-alone eye
tracker robust against head movements in the depth direction:
to increase the spatial resolution of the eye images and to
deepen the depth of field to achieve better focus. However,
high resolution over a wide area leads to an enormous
processing load, and closing down the aperture for a greater
depth of field will darken the image.

This paper proposes a stand-alone eye tracker that enables
microsaccade measurements while allowing dynamic head
movement against the device. The proposed system consists
of two 500 fps cameras and has following features.

• A mechanism to control the camera gaze, focal length,
and light intensity with low latency.

• Light-weight algorithms to update the control values and
estimate the eye angle in real-time.

We evaluate its performance in terms of the measurement
range in the depth direction and the robustness against head
movement. We also discuss the most effective way to detect
microsaccadic movements in the measured data.

II. BRIEF REVIEW OF EYE TRACKING
A. Eye Tracking Principles

Eye tracking systems can be broadly classified into three
categories: electro-oculography (EOG), scleral search coil
method, and video-oculography (VOG). EOG measures the
myoelectric potentials generated by eye movements with a
myoelectrometer attached to the face. This method is quite
simple but has low spatial and temporal resolution. The scle-
ral search coil method is highly accurate thanks to recording
small electric currents induced by the magnetic field in a coil
embedded in a donut-shaped plastic ring that is placed over
the eye. However, it causes discomfort for patients due to its
invasiveness. VOG is the most commonly utilized method
these days, as it achieves both non-invasiveness and high-
accuracy thanks to using stereo cameras.

B. Eye Angle Measurement Method

Most VOG-based eye trackers harness the pupil and
corneal reflection (CR) principle [7], where eye rotations
are inferred from pupil-CR vectors with more than one light
source in known locations in combination with a 3D model
of the eyeball. Usually, the eyeball is represented as a model
consisting of two spherical surfaces with two different radii
of curvature (Fig. 1). The obtained images are divided into
two types depending on how the illumination is installed: one
aligns the optical axes of the camera and illumination and
extracts the pupil as a bright area (bright pupil method), and
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Fig. 1. Eye anatomy (left) and its simple model (right).

the other positions the light source away from the camera
optical axis and extracts the pupil as a dark area (dark pupil
method). The dual-Purkinje-image (DPI)-based approach [8],
which utilizes the lens reflection instead of the pupil, has
also been proposed to improve the accuracy over the pupil-
CR method. However, the lens reflection has an extremely
low luminance compared to the pupil and cornea, making it
impractical.

C. VOG-based Eye Trackers

There are roughly two types of VOG-based eye trackers:
head-mounted and stand-alone. Head-mounted eye trackers
are built into a headband or glasses that are worn by the
subject, allowing for a high degree of postural freedom.
However, they usually do not have enough temporal or spatial
resolution to measure fast and small eye movements (e.g.,
microsaccades). As for stand-alone eye trackers, many of
them utilize a position-calibrated flat screen as the stimu-
lus area, have higher precision and are more suitable for
microsaccade research. In general, however, there is a trade-
off between data quality and robustness to head movement.
For example, EyeLink 1000 Plus [9] is one of the most
commonly used eye trackers for microsaccade research due
to its high sampling rate (up to 2,000 Hz) and precision, but
the allowed head movement is only 2 cm in depth. Another
state-of-the-art eye tracker, Tobii Pro Spectrum 1200 [10], is
more flexible and tolerant to head movement (up to 20–30
cm in depth), but it is still not sufficient when considering
natural head movement in the sitting position. According to
the statistical data of the dimensions of men and women
sitting [11], the eye level from the seat height is around 750
mm. Then, if a sitting person leans back and forth ±12 deg,
the eye moves more than 300 mm in the depth direction.

Various eye trackers based on active vision have been
proposed to tackle this issue. For example, Yoo and Chung
[12] proposed using two cameras, a wide-angle camera and
a telephoto camera, mounted on a pan-tilt unit to keep the
subject’s face in the field of view. In another example, Kim
et al. [13] utilized a pair of rotating mirrors instead of a pan-
tilt unit to control the camera gaze. However, these systems
run at only 10–15 Hz, which is too weak for microsaccade
measurements.

In light of this background, we propose an eye tracker with
sufficient temporal and spatial resolution for microsaccade
measurements while setting subjects more free from head
position restraint. Specifically, given that the microsaccade
duration is 6–25 ms [14] and the average magnitude is
0.5 ± 0.3 deg [15], we aim to achieve a system capable
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Fig. 2. Overview of proposed eye tracking system.

of measuring eye displacements equivalent to 0.2 deg at a
temporal resolution of 500 fps.

III. ROBUST EYE TRACKER FOR DYNAMIC
HEAD MOVEMENT

A. System Model

Fig. 2 shows an overview of the proposed eye tracking
system. In this system, a wide-angle camera captures eye
pairs in the face area while a telephoto camera, with a pair
of rotating mirrors in front, tracks one of the eye pupils that
looks brighter than the other areas by retro-reflecting infrared
light coaxial to the camera. Simultaneously, the depth po-
sition of the target eye is calculated using a triangulation
algorithm to adjust the focus of a liquid lens attached to
the telephoto camera, and the light intensity is adjusted to
maintain constant pupil brightness in the image.

The key concept of our system is to control gaze, focus,
and light intensity in real-time with low latency so that the
telephoto camera continuously obtains focused images with
the eye pupil always at the image center. This enables stable
measurement over a wide range—not only in the vertical
and horizontal directions but also for head movement in the
depth direction, which conventional stand-alone eye trackers
have difficulty with.

B. Process Flow

Initially, the target eye position in the wide-angle camera
image is manually instructed on the GUI to adjust mirror
angles so that the eye moves within the angle of view of
the telephoto camera. Then, the proposed system performs
the process shown in Fig. 3 in real time, synchronized with
the camera frame rate of 500 fps. The target eye is detected
in the wide-angle camera image using a hierarchical scheme
combined with face and eye detection [16], and the bright
pupil and CR of the eye in the telephoto camera image
are tracked to calculate pupil-CR vectors by using a self-
windowing algorithm [17], a lightweight tracking method
for high-speed cameras that limits the possible region where
the target exists under the assumption of a high frame rate.
To keep the eye within the field of view, the angles of the

10634



Fig. 3. Main process flow diagram of proposed system. Initial detection
of the target eye is to be performed beforehand.

rotating mirrors (i.e. gaze angles of the telephoto camera) are
controlled by proportional-integral-derivative (PID) control
with the displacement of eye pupil center from the image
center. The light intensity is also controlled by PID control to
maintain a constant average luminance value within the pupil
area. The focus control value for the liquid lens is updated
in accordance with the depth position of the eye, which is
derived from the eye position in the wide-angle camera and
the mirror angles. Then, the eye angle is estimated from the
pupil-CR vector by taking into account the system-specific
factor (i.e., magnification rate change) and head translation.

C. Prototype

Fig. 4 shows a prototype of the proposed system, which
features the folliwing components.

• A camera (Basler, ace acA800-510um, 720×500[px2],
500 fps) with a wide-angle lens (Edmond Optics, 6mm
C Series Fixed Focal Lens)

• A camera (FLIR, Blackfly S, 720× 540[px2], 500 fps)
with a telephoto lens (Nikon, AI AF Zoom-Nikkor 80–
200 mm, focal length fixed at 105mm) and a liquid lens
(Optotune, EL-16-40-TC-VIS-20D-1-C)

• A pair of rotating mirrors (Thorlabs, VantagePro, scan-
ning angle ±22.5deg)

• A collimated infrared light (Leimac, IBF-LXS30AIR-
850, wave-length 850 nm), whose optical axis is set as
coincident with that of the telephoto camera

• A computer (GALLERIA ZA9C-R38, Windows 10)

After targeting the eye pupil using a GUI, every image
from the telephoto camera is processed within 2 ms so that
the overall system runs at 500 Hz. Since the processing time
for wide-angle camera images can exceed 2 ms, processing
up to a maximum of approx. 4 ms is always performed on the
latest image so that the delay in processing results utilized
for distance estimation is within two frames.

D. Estimation of 3D Eye Position

Assuming that the eyeball exists at the center of the
telephoto camera image and that the rotation centers of
the mirrors coincide, as shown in Fig. 5, the 3D position
of the eye X in the wide-angle camera coordinate can be
derived from the corresponding point (u,v) on the image

Fig. 4. Prototype system.

Fig. 5. Coordinate relationships among two cameras and gaze control
mirrors under several assumptions. θm and ϕm represent horizontal and
vertical angles of the gaze.

plane and the gaze angle (θ ,ϕ) of the telephoto camera by
using triangulation method. Suppose

wc

u
v
1

= PPPcXXX , wm

θ
ϕ
1

= PPPmXXX (PPPc,PPPm ∈ R3×4), (1)

where wc and wm are scaling factors, PPPc is a camera matrix
of the wide-angle camera, PPPm = [RRR| −RRRttt], RRR is a rotation
matrix, and ttt is a translation vector from the mirror center,
respectively. Since a cross product of two vectors in the same
direction is zero, the following equations are derived from
Eq. 1: u

v
1

×PPPcXXX =

 vppp⊤c3 − ppp⊤c2
ppp⊤c1 −uppp⊤c3

uppp⊤c2 − vppp⊤c1

XXX = OOO,

θ
ϕ
1

×PPPmXXX =

 ϕ ppp⊤m3 − ppp⊤m2
ppp⊤m1 −θ ppp⊤m3

θ ppp⊤m2 −ϕ ppp⊤m1

XXX = OOO,

where pppn is the n-th row vector of matrix PPP. There are four
independent equations against XXX with three dimensions (the
third line of each above is a linear combination of the first
and second lines). As these equations are not equivalent due
to the influence of noise, we adopted a simple linear approach
called the linear-eigen method [18] to find a least squares
solution XXX∗ instead of finding the exact XXX .

10635



Fig. 6. Calibration results of relationship between depth distance of the
target and liquid lens focus value.

Fig. 7. Calibration results of relationship between focus distance and the
focus control value for the liquid lens. We used the square root of the ellipse-
approximation area size of the bright pupil as a measure of magnification
(almost the same results as when using other measures such as pupil width).

E. Liquid Lens Focus Control

The instruction value to control the liquid lens focus can
be determined by the depth distance of the target eye from
the telephoto camera, with a known distance between the
mirror center and the camera lens. Sueishi et al. [19] utilized
a look-up table for determination, but as Wang et al. [20]
noted that the relationship between the focus distance and the
input voltage can be expressed as a curve, we approximated
it using a 4th-order polynomial this time (Fig. 6).

F. Eye Angle Estimation

In the proposed system, several steps are required to con-
vert the acquired pupil-CR distance into angle information.

The first is to compensate for image magnification that
varies depending on the shooting distance of the eye and
liquid lens control value. In an ordinary zoom lens, two
mechanisms operate: one to change the focal length and the
other to keep the image magnification constant. However, the
proposed system only controls the focal length, so the image
magnification changes by the liquid lens control value. Since
the liquid lens control value is dependent on the shooting
distance, if the frame rate is high enough, the magnification
rate should be expressed only by the liquid lens control
value. After checking the relationship between the liquid lens
control value f and the magnification rate r in the prototype
system (Fig. 7), we found that even a linear function can
approximate with an error of less than 5%.

Next, to analyze the movement of the eyeball itself, the
component associated with head motion should be removed

Fig. 8. Setup for evaluating Tobii Pro Spectrum (left) and the proposed
system (right). Both capture the artificial eye [21] from slightly downward.

from the pupil-CR distance. Let xxx [px] be the pupil-CR
distance with magnification correction that corresponds to
the relative angle to the telephoto camera (referred to as
“gaze angle”), then xxx = xxxe + xxxht + xxxhr, where xxxe, xxxht and
xxxhr represent the components associated with the eyeball
rotation, head translation, and head rotation, respectively. xxxht
is estimated from the gaze direction of the telephoto camera
(i.e., the mirror angles) as follows:

xxxht = k1(aaa ·θθθ m +θθθ 000),

where k1 is the conversion coefficient between pixel and
angle, θθθ m is the mirror angle, and θθθ 0 is the origin angle
of the eye at θθθ m = (0,0)⊤. Each element of the slope aaa is
ideally a constant value of 1, but is subject to calibration
in consideration of disturbance effects in the mirror angle
acquisition. The eyeball may shift slightly from the image
center because the camera tracks not the eyeball itself but the
pupil, but the resultant change in mirror angle is presumably
negligible because the diameter of the eyeball is about 25
mm, which is sufficiently smaller than the shooting distance.
The estimation of the head rotation component xhr should be
an issue for future work because we consider that binocular
detection with a 3D face modeling is necessary to achieve
sufficient accuracy. Then, the remaining xxxe is multiplied by
a fixed coefficient k2 to obtain the eyeball rotation angle
(referred to as “eye angle”). In this paper, k1, k2, aaa and
θθθ 0 were calibrated using measurement data of two types of
eye movements at different depth positions: a) with the eye
stationary at the origin angle and b) with a square wave of
amplitude of 1.0 deg generated with a 2-second cycle.

IV. PERFORMANCE EVALUATION

A. Setup

To validate the performance under unfixed and unre-
strained head conditions, we compared the proposed system
with a conventional device called Tobii (Tobii Pro Spectrum
1200 [10]), one of the most commonly used devices in
microsaccade research, in terms of a) the measurement
range and b) the robustness against head movements during
measurement. Fig. 8 shows the experimental setup.

To ensure reproducibility of eye movements, we used a
bright-pupil eye model [21] (referred to as “eye”), which
allows fast and fine degree control. Since eye trackers need
face information for measurements, we prepared a head
model (referred to as “head”) with a face print on top and
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Fig. 9. Bright-pupil microsaccadic artificial eye [21] used in the experiment.
A human face printed on paper was placed in front of the eye so that the
trackers could detect face position.

TABLE I
MEASURABLE DISTANCE RANGE AGAINST STATIC AND MOVING HEAD

Static head Moving head
Tobii Ours Tobii Ours

Lower limit [mm] 450 300 450 300
Upper limit [mm] 820 950 750 950

Measurable range [mm] 370 650 300 650

the eye model placed on the eye part, as shown in Fig.
9. The head was set on a linear slider in front of each
eye tracker so that the head movement was limited to the
depth direction, where the proposed device is expected to be
the most effective compared to conventional eye trackers.
In order to match the conditions as closely as possible,
all measurements were made using the same calibration
information. Tobii used a calibration result for 600 mm in
the depth distance, and the proposed system calibrated the
relationships between the cameras, mirrors, and liquid lens
by using AR markers.

B. Measurement Range in Depth Direction

First, the measurement ranges in the depth direction were
identified for each setup. Table I lists the results of measure-
ment ranges where data can be acquired when the head is a)
stationary and b) moving at a speed of 10 mm/s.

For Tobii, the measurement range for a static head was
450–820 mm, but not beyond 750 mm when the head moved.
This is presumably because of a focal blur at the far end
and even a small amount of motion blur caused a loss of
CR in the image. In contrast, the proposed system covered
a measurement range of 300–950 mm for both static and
moving heads, nearly double that of Tobii, with a sufficiently
low noise level.

C. Data Quality

Next, we examined precision and accuracy, which are
typical indicators utilized to evaluate eye tracker perfor-
mance, using data acquired at each measurable distance per
5-second period of time. The precision is a measure of spatial
resolution calculated as the root mean square (RMS) and
standard deviation (SD) of inter-sample distances at eye rest,
which is desired to be less than 0.05 deg for detecting fine
movements to a minimum of 0.2 deg. The accuracy was
calculated as the error in the amplitude estimate of the square

Fig. 10. (a) Root mean square (RMS) of sample-to-sample distances. (b)
Standard deviation (SD) of the gaze signal. (c) Amplitude estimation errors
as accuracy scores. (a)–(c) contain results of each recording setup: Tobii
Pro Spectrum 1200 (Tobii) and the proposed system (Ours). “x” and “y”
refer to the horizontal and vertical dimensions of the data.

wave motion of a known amplitude of 1.0 deg. Fig. 10 shows
the results under each recording setup.

For the precision, the dotted and solid lines respectively
denote the results for raw data and data smoothed with a
Savitzky-Golay filter of 21 ms, where the filter size was
set based on the discussion in [10] so that high-frequency
noise could be removed without destroying the fine eye
movements. Tobii showed stable accuracy within a range of
approx. 300 mm wide centered at the calibrated distance of
600 mm, but outside of this range the quality deteriorated
noticeably, or the eye was out of the angle of view. In
contrast, the proposed device achieved sufficient precision
of less than 0.05deg over the entire measurement range of
650 mm.

In the accuracy plot, Tobii tends to estimate larger am-
plitudes at greater distances, indicating that it is difficult to
guarantee the eye angle as the depth position of the head
changes from the calibration point. The proposed system
shows a smaller difference in estimation trends by distance
and appears to maintain a constant error range.
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Fig. 11. (a) Vertical gaze angles obtained by Tobii Pro Spectrum 1200. (b) Vertical eye angles (i.e., gaze angles minus head translation components)
obtained by the proposed system. (c) Gaze angles obtained by the proposed system and the estimated head translation components. The head moved
forward at an approximate speed of 20 mm/s in both cases, and the eye generated microsaccadic movements of 0.2 deg every second.

D. Robustness against Head Movement

To investigate robustness against head movements, data
were acquired for each setup by moving the head on the
linear slider at a speed of 10 to 40 mm/s while the eye
generated saccadic movements of 0.2 deg every second. The
maximum speed is determined by the limitation of the linear
slider. Fig. 11 shows the results in a 5-second period of
time when the head was moved forward at an approximate
speed of 20 mm/s in each setup. All data were filtered by a
Savitzky-Golay filter of 21 ms. Both Tobii and the proposed
system were able to track the eye stably with small noise
in the entire measurement range. Tobii was expected to be
more robust against very fast head movements because of its
high frame rate, but no superior differences were observed
at the speed of up to 40 mm/s.

E. Head Movement Range in Sitting Position

Finally, we demonstrated the actual range of the head
movement as one of the authors sat while peering into the
screen and leaning back. The eye level from the seat height
was 770 mm and the head moved over a range of 340 mm,
which can be covered only by the proposed system. The
angle of inclination was then approx. ±12.5 deg. For details
on the estimated depth distances during this demonstration,
see the experimental results in the next chapter (Fig. 15).

Although difficult to discuss due to the author’s lack
of medical expertise, it is interesting that microsaccadic
movements occur even while the head moves from back to
front. It might be significant to be able to measure such
events.

V. STUDY FOR PRACTICAL USE

A. Dataset for Microsaccade Detection

The experimental results discussed in the previous section
demonstrate that the proposed system allows for a wide
measurement range of 650 mm in depth direction while
acquiring visible data down to a microsaccade of 0.2 deg.
For the next step, we studied a policy to detect saccades and
microsaccades automatically using the proposed system. A
list of the data utilized in this study is provided in Table II.

Fig. 12. (a) PR curve of detection results based on the thresholding
approach [22]. Labels indicate the microsaccade amplitude and the head
movement status. (b) Example of a detection result with low accuracy
(amplitude 0.2 deg / distance 600 mm).

In data 1 - 3, the eye generated microsaccadic movements
of a predetermined amplitude (0.2 - 1.0 deg) every second.
Data 4 measured the actual eye movements of one of the
author.

B. Rule-based Method

The most common approach to microsaccade detection
is to implement peak-velocity-based thresholding [22]. This
method allows setting a dynamic threshold based on the
standard deviation of each measurement data. However, since
microsaccades correlate with amplitude and peak velocity
([23]), the finer the motion, the smaller the peak velocity,
and the more likely it is to be confused with high-frequency
noise. Fig. 12 shows the PR curves and an example of the
prediction result when this method is applied to Data 1 and
2. The accuracy is noticeably worse for small amplitudes,
especially those below 0.4 deg. Moreover, the accuracy for
Data 2 seems to be adversely affected by the velocity offset
due to the estimation error of the head movement component.
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TABLE II
DATA UTILIZED IN STUDY OF MICROSACCADE DETECTION

# Eye type Head Distance Amplitude Total data length

1 Artificial Static 300–950 mm 0.2–1.0 deg 350 s
2 Artificial Dynamic 300–950 mm 0.2 deg, 1.0 deg 192 s

(uniform linear motion)
3 Artificial Dynamic 600–740 mm 0.2–1.0 deg 100 s

(figure ”8” motion)
4 Human Dynamic 600–940 mm — 20 s

(free motion)

Fig. 13. The best F1 values for different combinations of training and test
sets. (a) Results for eye angle data (i.e., gaze angles minus head translation
components). (b) Results for gaze angle data that contains head translation
components. For each pattern, we averaged five results with different seed
values for data split and learning.

C. CNN-based Method

In light of the above, we focused on U’n’Eye [24],
a method that classifies motion type with a CNN-based
discriminator, as an approach that can detect fine motion
and has high flexibility for head movement. We retained the
default model parameters and used differential waveforms
(i.e., velocities) as inputs to exclude the effects of the gaze
angle offset. The data length per input was set to 500 frames
(equivalent to 1 second), as 1 second or longer was found to
be good through trials. The duration of each microsaccade in
Data 1–3 was defined as 25 frames, roughly three times wider
than the visually confirmed duration, considering the latency
between the trigger input to the eye model and the waveform
observation. In addition, to suppress false positives, fires with
a continuous firing interval of less than six frames were
rejected.

Fig. 13 shows the prediction performance (best F1 val-
ues, harmonic mean of recall and precision) for different
combinations of training and test sets. Notably, using data
with the head translation component removed (Fig. 13 (a))
improved the performance of most patterns compared to data
with the component remaining (Fig. 13 (b)). This means
the removal worked appropriately so that the differences in
motion properties among data were canceled to a certain
extent. Training sets that included both data 2 and 3 yielded
good overall results, but test set 3 showed a decrease in recall
for microsaccades with amplitudes below 0.4 deg (Fig. 14).
A detailed check revealed that there were few false positives
in general, and that intervals with a high change rate in the
eye angle tended to result in false negatives. Assuming that

Fig. 14. (a) PR curve by amplitude under a training set of 1+2+3 and a
test set of 3. (b) Fragments of detection results with amplitude of 0.2 deg.

the head translation component was properly removed, the
head rotated quickly in those intervals. It is rather surprising
that microsaccades with amplitudes over 0.6 deg were visible
even during head rotation. There are a few possible reasons
for the false negatives, such as that data 1 and 2 did not
contain head rotations or that data 2 was too small to cover all
variations of motion. However, since microsaccades typically
occur during prolonged visual fixation, it is unlikely that they
occur during dynamic head rotation, and this result is thus
considered sufficient for practical use.

Furthermore, we applied the model trained on data 1+2+3
to data 4 (Fig. 15). Although we lack medical knowledge
to conduct rigorous analysis, the model fired appropriately
for all visible saccadic movements with a minimum jumping
of approx. 0.2 deg, indicating that we achieved sufficient
accuracy even if the training set contained only eye model
data. This finding will be helpful in future experiments with
humans or other biological life form.

The overall results indicated that the proposed system and
the CNN-based detector achieved high accuracy in detecting
microsaccades of down to 0.2 deg (0.6 deg with head
rotation), even when the head moves dynamically.

VI. CONCLUSION

In this paper, we proposed a desktop eye tracker that can
measure microsaccadic eye movements without requiring a
chin rest. The proposed eye tracker system composed of
two cameras, rotating mirrors, a liquid lens, and an infrared
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Fig. 15. Eye angles, depth distance, and saccade detection results of data
4 with a model trained on data 1+2+3.

light controlled in real-time at 500 Hz. We investigated
the usefulness of the proposed system through comparative
experiments with an existing high-accuracy desktop eye
tracker [10] and confirmed that the proposed system had a
wider measurement range in depth with sufficient temporal
and spatial resolution to detect microsaccades of down to 0.2
deg. We also examined automatic microsaccade detection,
confirming that the CNN-based method [24] could detect
small microsaccades even when the head moved dynamically
and that the model trained with eye model data could be
applied to human eye data.

We consider these results as the first step toward the
practical application of high-resolution eye trackers such
as to monitor driver concentration based on microsaccade
frequency and to measure psychological state of a subject
during counseling without him/her being aware of it. By
making the system smaller and increasing the shooting
distance, it would be possible to monitor driver concentra-
tion based on microsaccade frequency and to measure the
psychological state of a subject during counseling without
his/her being aware of it. Future work should include con-
ducting experiments in real-world scenarios against human
subjects to confirm that the proposed system really works.
The neural network had better be improved to separate
the head movements internally. Neurophysiological studies
using the proposed system are also necessary to find further
possible applications, and it becomes important to show the
relationship between the movements of the right and left eyes
and to separate the gaze angle into rotation components of
the eyeball and the head. Therefore, we will also plan to
develop a binocular system that combines one wide-angle
camera and two telephoto cameras.
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