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ABSTRACT

In recent studies of gaze tracking system using 3D model-based methods, the optical axis of the eye
is estimated without user calibration. The remaining problem for achieving implicit user calibration
is to estimate the difference between the optical axis and visual axis of the eye (angle ). In this paper,
we propose an implicit user calibration method using face detection around the optical axis of the
eye. We assume that the peak of the average of face region images indicates the visual axis of the eye
in the eye coordinate system. The angle x is estimated as the difference between the optical axis of
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the eye and the peak of the average of face region images. We developed a prototype system with two
cameras and two IR-LEDs. The experimental results showed that the proposed method can estimate
the angle x more accurately than the method that uses Itti’s saliency map instead of face detection.

INTRODUCTION

Gaze-tracking technology serves as a user interface. However, conventional gaze-tracking systems
require user calibration which requires the user to gaze at specific points on the screen before the
system can be used. Calibration is one of the biggest obstacles to seamless interaction with gaze-
based systems. In recent studies using 3D eye model as shown in Figure 1, the optical axis (pupillary
axis) of the eye was estimated without user calibration [2]. There is a difference between the optical
axis and visual axis (line of sight) of the eye. This difference is called the angle k. We refer to a
method estimating the angle k without active user participation as implicit calibration. The remaining
problem for achieving implicit user calibration is to estimate the angle k automatically.

In order to estimate the angle k, a method that exploits the binocular constraint (the visual axes of
both eyes intersect each other on a display) was proposed [7]; however, it is sensitive to noise. Another
approach is to use the information displayed on the screen. Model and Eizenman [6] proposed a
calibration method for infants based on the assumption that when a small attractive stimulus is
presented, there is a higher probability that the infant will look at the stimulus. However, this is not
an implicit calibration in the strictest sense, because they controlled the position of the stimulus.
Hiroe et al. [3] proposed an implicit calibration method using a saliency map around the optical axis
of the eye; we call this method a saliency method. Their assumption was that the user is more likely
gazing at the salient region near the optical axis of the eye. In their method, a single-point calibration
was done using the averaged Itti’s saliency map [4] around the optical axis of the eye. However, the
salient points were not always good predictions of gaze; there are many objects that attract human
attention but have low saliency.

Human faces are known to be one of the most prominent object that attract human attention.
Therefore, considering only when the optical axis is near a face, we assume the user gazes at the
face.

In this paper, we propose an implicit user calibration method for gaze-tracking systems using face
detection.

NEW USER CALIBRATION METHOD USING FACE DETECTION ON DISPLAY IMAGE

We propose a method that estimates the angle x (horizontal: @, vertical: ) using face detection
around the optical axis of the eye. The optical axis of the eye can be estimated using the model-
based method [2]. Figure 2 shows a scene of discussing together that are displayed on a computer
display. The cross indicates the intersection of the optical axis of the each eye and the display plane
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(green : right eye, red : left eye). The red and green quadrilaterals show the search range of gazing
point around the optical axis of the left and right eye, respectively. We decided that the search ranges
around the optical axes of both eyes are from -3 to 7 degrees for the right eye (-7 to 3 degrees for the
left eye) horizontally, and -3 to 3 degrees vertically as same as Hiroe’s work [3] .

After estimating the optical axis of the eye, the search range is cropped and transformed into the
each eye coordinates. In Hiroe’s method, they just cropped the image around the optical axis of the
eye from the display image in just rectangles. Since Hiroe’s method did not take into account the
perspective transformation, those cropped images were not the images the user actually looked at.
Therefore, we perform homography transformation in order to convert the cropped images to the
images of the user’s viewpoint. The calculation takes into account Listing’s law. The search ranges
move according to movement of the optical axes of both eyes.

Same as in Hiroe’s method [3] we used both eyes restriction (both eye gaze at the same point). Fig-
ure 3 shows image processing for left and right eyes that were cropped and homography-transformed.
When a human gazes at something on a display, both eyes are directed toward the same object.
Therefore, the search ranges of k for both eyes can be reduced to the overlapping search range of
both eyes. We change the value of the image where the search range for both eyes do not overlap
with each other to 0 (black), as shown in the top row of Fig.3. Next, we detect faces in the images as
shown in the middle row of Fig. 3. Afterwards, we convert the images so that the face area is white
and the rest is black, as shown in the bottom row of Fig. 3. We call these black and white images as
the “face region image.”

Then, we calculate the average images of the face region images as shown in Fig.4. We determine
the visual axis of the eye based on the point of maximum value of the averaged face region images. If
at least one of the face region images at a certain time has no white area, then the face region images
at that time are not used to calculate the averaged face region images. This is because the optical
axes of both eyes may not be detected correctly, or face detection may fail. With this selection, the
probability that the wrong data is used can be decreased.

The difference between the peak of average of face region images and the point that the optical
axis directs is considered the angle k for each eye.

EVALUATION
System

A prototype system was implemented, as shown in Figure 5. This system consists of two monochrome
GigkE digital cameras (HXG20NIR, Baumer GmbH), three displays, and a Windows-based PC (Win-
dows 7). One display is for the participant (a 19” LCD), and the others are for the experimenter. Each
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camera is equipped with a 2/3” CMOS image sensor with a resolution of 2048 x 1088 pixels. A 16-
mm lens and a visible light cut filter were attached to each camera. These cameras were positioned
under the display. IR-LEDs were attached to the left and right sides of the display, and the positions
were measured. The camera parameters were determined beforehand. The software was developed
using OpenCV in C++ language. The diameter of the pupil in the captured image is approximately
30 pixels.

Method

We conducted an experiment to compare the single-point calibration (base line) [8], our proposed,
and the saliency methods [3]. The participants were six adults (Participants A-F). Only participant
B wore soft contact lenses. The stimuli were three videos included in the YouTube-8M Dataset [1].
Video 1is a TV news show that includes studio scenes and interviews. The length is 198 s. Video 2
is the coverage of a professional basketball team including scenes from games. The length is 150 s.
Video 3 is the trailer of a fantasy movie. The length is 235 s. Although the proposed method can work
when the head moves, the participants’ heads were supported by a chin rest during the experiment to
reduce errors caused by image processing. The participants’ eyes were approximately 600 mm from
the display. All three videos were presented to each participant, who was asked to look at the display
freely for each video.

Results

Figure 6 shows the estimation of the angle k (a1, fr, ar, and fr) in degrees for 6 participants. The
graphs are plotted in the eye coordinate system and the origin indicates the optical axis of the eye.
The horizontal axis indicates « while the vertical axis indicates 8 in degrees. The cross indicates the «
and f estimated by a single point calibration. In the calibration process, the participants intentionally
Figure 5: Developed system gazed at a single point to calibrate the angle «, i.e., @ and f. The red and blue square indicate the
estimated values when participants looked at video 1 using our proposed and the saliency methods,
respectively. The red and blue triangle indicate the estimated values when participants looked at
video 2. The red and blue x-mark indicate the estimated values when participants looked at video 3.

Figure 7 shows the comparison of the error angles between the single-point calibration, our pro-
posed, and the saliency methods for the left and right eyes when the participants looked at different
stimuli. The data are the average error angle when the participants gazed at a grid of nine points
(£8.9 degrees horizontally, £7.1 degrees vertically) on the display. The red and blue-tinged color
graphs indicate our proposed and the saliency methods, respectively. In each color series, 1, 2, and 3
correspond to the error angles in cases where each participant watched videos 1, 2, and 3. The aver-
age error angles with the single-point calibration, our proposed, and the saliency methods were 1.25,
1.71, and 2.65 degrees, respectively.
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Table 1 and Table 2 show the converged time of the saliency and our proposed methods, respec-
tively. We judged that it converged when all as and fis for each case reached a value within 0.5 degree
from the final value. The number of face detection is shown in Table 3. The number indicates the
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Figure 6: Estimation of ay, fi, ag, and fir As for the converged time, our proposed method took longer time than the saliency method com-
in the eye coordinate system in degrees. paring Table 1 and Table 2. Our proposed method only uses frames that include faces, but the saliency
The black crosses, red symbols, and blue method uses all frame images. Therefore, the saliency method converged fast. However, our proposed
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The number of face detection is affected by the size of the angle k. If the angle «k is large as the par-
ticipant E, the overlapping search range becomes small and the number of face detection decreases.

Table 1: Converged time using the The saliency method by Hiroe et al. uses Itti’s saliency map, we will compare to the saliency method
saliency method [sec.]. that uses the state-of-the-art saliency map in future work.
There is a limitation of the proposed method. In cases where the face image does not appear on
participant videol video2 video3 the display, the proposed method is not effective. In order to solve this problem, we will introduce
(news) (sports) (movie) other probable fixation targets [5] such as texts, icons, logos, etc. Furthermore, we can use a saliency
A 26 52 36 map, when there are no probable fixation targets.
B 34 36 20
¢ 25 4 2 CONCLUSION
D 36 12 33
E 2 31 41 We proposed an implicit user calibration method for gaze-tracking systems using face detection
F 20 28 36 around the optical axis of the eye. We assumed that the peak of the average of face region images

indicates the visual axis of the eye in the eye coordinate system. The experimental results showed
that the proposed method can estimate the angle k more accurately than the method that uses Itti’s
saliency map.

Table 2: Converged time using our
proposed method [sec.].
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