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Abstract

The effect of facial behaviour on gaze tracking accuracy was stud-
ied while using a prototype system that integrated head-mounted,
video-based gaze tracking and a capacitive facial movement detec-
tion for respective pointing and selecting objects in a simple graph-
ical user interface. Experiments were carried out to determine how
voluntary smiling movements that were used to indicate clicks af-
fect the accuracy of gaze tracking due to the combination of user
eye movement behaviour and the operation of gaze tracking algo-
rithms. The results showed no observable degradation of the gaze
tracking accuracy when using voluntary smiling for object selec-
tions.

Keywords: capacitive facial movement detection, gaze tracking,
human-computer interaction, multimodal interaction, voluntary fa-
cial movements

1 Introduction

Gaze tracking has been used in human-computer interaction (HCI)
already for some decades [Ware and Mikaelian 1987]. It is com-
monly used for two-dimensional pointing, which makes the accu-
racy of the tracking an important measure of its performance. The
accuracies of different video-based gaze trackers have been consid-
ered in several studies. The video-based trackers can be catego-
rized into head-mounted and remote trackers based on the location
of their cameras. Head-mounted devices have had accuracies better
than 2° [Li et al. 2006; Ryan et al. 2008; Rantanen et al. 2011].
Similar degree of accuracy has been achieved with a single remote
camera [Coutinho and Morimoto 2010]. Commercial gaze trackers
with multiple remote cameras, for example those by Tobii [2011],
report accuracies up to 0.5°.

Conventionally two-dimensional pointing in HCI is carried out with
the mouse that also includes another interaction modality, i.e. in-
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dicating the selections. However, in some cases using only infor-
mation measurable from the head area to implement both pointing
and selecting may be beneficial, e.g. when the user has physical
disabilities. New interaction methods different from the conven-
tional ones may also be experienced more interesting and fun to
use. Originally, when gaze tracking was used as a method to con-
trol an on-screen cursor, so called dwell time was introduced to
make the selections [Ware and Mikaelian 1987]. With the dwell
time, the selections are made when the gaze has dwelled on the
same location for a certain time period. Some studies have con-
sidered dwell time problematic and using another modality for the
selections has been suggested. Using blinking, winking and gaze
gestures and detecting them by, for example, imaging the eyes or
measuring electro-oculogram are some alternatives [Park and Lee
1996; Gips 1998]. After electromyography (EMG) was introduced
as a method to use voluntary facial muscle activity in the interac-
tion [Barreto et al. 2000], it has also been used for the clicking task
when gaze tracking is used for controlling the cursor [Partala et al.
2001; Surakka et al. 2004; Surakka et al. 2005; San Agustin et al.
2009]. These studies considered frowning, smiling, and tightening
the jaw movements in the interaction, with the statement that the
smiling is the fastest one in this context [Surakka et al. 2005]. Later
on, Rantanen et al. [2010] introduced a capacitive facial movement
measurement to detect the facial movements instead of the EMG
measurement to avoid using the electrodes with galvanic contact to
the skin. The method has been used to detect frowning and raising
eyebrows for clicking when a gaze tracker has been used for cur-
sor control [Rantanen et al. 2011; Tuisku et al. 2011; Tuisku et al.
2012].

Previous study [Rantanen et al. 2011] already discussed the angular
accuracy of making selections with a head-mounted gaze tracker
that has an integrated facial movement measurement for the click-
ing. While the use of voluntary facial movements in combination of
gaze tracking have been well justified and studied, the current study
provides information about the effect that the voluntary movements
have on the gaze tracking accuracy. The movement whose effect on
the gaze tracking accuracy was studied was the smiling movement.
Smiling was selected because it has previously been argued to be
the fastest one in this context [Surakka et al. 2005]. It is evident that
the dwell time should not compromise gaze tracking accuracy, but
the use of facial movements might have some effect due to the com-
bination of user eye movement behavior and the way the gaze track-
ing algorithms operate. For the study, we constructed a prototype
system that carries out head-mounted gaze tracking in combination
with a capacitive measurement that detects the facial movements.
The contactless, capacitive measurement was chosen because the
measurement shouldn’t be obtrusive as EMG is, and, thus, possi-
bly affect facial behaviour. The processing of the measured data to
achieve the point-and-click operation is also presented. The proto-
type system was built because head-mounted systems for the tasks



are not available if not built from separate components. Our system
contains many low-cost, off-the-shelf components but some of the
electronics is custom made. Off-the-shelf equipment for capacitive
facial movement detection is not available at all even if the techno-
logical solutions are.

2 Methods

2.1 Prototype System

Our prototype system has a similar design as previous head-
mounted prototype systems [Barreto et al. 2000; Li et al. 2006;
Ryan et al. 2008; Franchak et al. 2010; Rantanen et al. 2011]. The
constructed prototype device is seen in Figure 1. The head-mounted
unit consists of the measurement and imaging parts, and a separate
unit provides the wireless functionality. The two are connected via
wires. The wireless unit includes 4 AA batteries, power supply cir-
cuitry, and wireless transmitters for the video signals. The computer
that is used with the prototype needs receivers and frame grabbers
for the videos as well as Bluetooth functionality for the capacitive
facial movement measurement.

N

(b) Unit for wireless operation.

(a) Head-mounted unit.

Figure 1: The wearable prototype device.

The software for the interpretation of the data from the prototype
device to on-screen cursor movements and clicks was made us-
ing Microsoft Visual C++, Microsoft Foundation Classes (MFC),
the OpenCV and Boost libraries, and the OpenEyes software. The
software is designed for processing the data online with common
desktop or laptop computers.

2.1.1 Gaze Tracking

The gaze tracking is based on low-cost CMOS cameras with analog
video output in PAL format. The eye camera is a grayscale pinhole
camera with a resolution of 352 x 288 pixels and the scene camera
is a color camera with a resolution of 597 x 537 pixels. The view-
ing angles of the cameras are approximately 50° and 85° for the
eye and scene ones, respectively. The cameras are automatic except
for the focusing. The eye camera was slightly modified to image in
the infrared wavelengths. An infrared light emitting diode (LED) is
used to provide illumination and a corneal reflection for gaze track-
ing. Thus, the tracking is based on so-called dark pupil technique
[Li et al. 2006]. The used video transmitter and receiver modules
are AWMG630TX and AWM634RX by Airwave Technologies. The
transmission uses the common free 2.4 GHz band. Frame grabbers
are low-cost ones by MSI.

Before applying gaze tracking, the intrinsic camera parameters
(e.g., focal point) and distortions (e.g., lens distortion) need to be
accounted for. The commonly used chessboard calibration proce-
dure was used for the task [Bradski and Kaehler 2008].

The first task in the gaze tracking with the head-mounted system is
estimating the eye orientation. To find the locations of the pupil and
the corneal reflection for the estimation, a feature-based approach
similar to the one described in [Rantanen et al. 2011] is used. The
image is preprocessed, pupil is searched from the darkest pixels of
the image, and the reflection from the lightest. Different criteria
are set to identify the two from possible candidates, and the eye
orientation is considered to be the 2D vector between their centers
[Rantanen et al. 2011].

The second task for the gaze tracking is estimating the head orien-
tation. It is done by detecting the computer screen from the scene
camera image. Preprocessing is done with Gaussian filtering. Then,
threshold filtering is done to extract the dark screen border before
contours are searched from the resulting image. The contours are
classified as rectangles if their shape is rectangular enough. Possi-
ble candidates for the outer and inner contour of the screen border
are selected from the rectangles based on the colors of the neigh-
boring pixels of the rectangle corners. The screen is considered to
be found if an inner contour candidate has its corners close enough
to the diagonals of an outer contour candidate. If such criterion
is not met, the largest inner contour candidate is considered as the
screen’s inner border. Based on the found screen, the translation
and rotation of the camera is computed.

Calibration procedure is required to solve what point on the scene
image does each eye orientation vector correspond to. Gazing at
on-screen points is used to collect information for solving a homog-
raphy matrix that can be used to transform eye orientation vectors
to coordinates on the scene image [Li 2006; Rantanen et al. 2011].

The coordinates on the scene image still need to be projected to
physical coordinates on the computer screen to use the gaze for
pointing. Values for the scene image coordinates, the intrinsic
scene camera parameters, and the rotation and translation of the
scene camera are used in the projection. The physical coordinate
is mapped to a pixel coordinate to obtain the on-screen location of
the gaze. The pixel coordinates are filtered with a simple moving
average of 10 samples to smoothen the cursor movements.

2.1.2 Capacitive Facial Movement Detection

The measurement method for detecting facial movements capac-
itively in human-computer interaction uses the same principle as
capacitive push-buttons and has been introduced in [Rantanen et al.
2010]. Due to the advancements in the capacitive measurement
technology, the capacitive measurement can be implemented with a
single electrode that introduces an electric field. When a conduct-
ing object shunts the electric field to the ground, the shunting can
be measured. We chose a programmable controller for capacitance
touch sensors (AD7147 by Analog Devices) for the task. The pro-
totype device in Figure 1 has one electrode in front of the forehead
behind the scene camera, and one in front of both of the eyebrows
and cheekbones. This placement allows to target frowning, raising
eyebrows, and smiling movements. The measured signals are trans-
mitted to the computer via a Bluetooth transceiver module (RN-41
by Roving Networks).

The algorithm used for detecting the movements from the measured
signals is similar to the one described in [Rantanen et al. 2011]. The
signal is pre-processed before it’s fed to a constant false alarm rate
(CFAR) processor to produce an adaptive threshold. The threshold
can be used to produce a binary signal that is integrated, and the
output is compared with a second threshold to decide if a movement
has occurred or not.



2.2 Experiments

Point-and-click experiments were carried out in laboratory condi-
tions to collect data. Five participants, females between ages 21 to
34, were selected from volunteers. They all had normal vision. On-
screen targets, a pair at a time, were shown to the participants, and
participants had to select the targets by pointing them with the gaze
and carrying out the voluntary smiling movement as many times
as required to hit the target. After each pair was chosen there was
a few second pause to allow the participants to relax briefly. The
locations of the targets were varied so that the targets of the pairs
appeared in all the possible horizontal, vertical, and diagonal di-
rections with respect to each other. The sizes and distances of the
targets were also varied, so that the locations of the targets cov-
ered the screen quite extensively. Each participant had to select 72
pairs of targets. The described experimental procedure was chosen
to make the experiments similar to actual use in a point-and-click
computer interface. The cursor was kept visible during the exper-
iments. The computer screen was a 24-inch wide screen, and the
participants sat at a distance of 60 cm from it.

2.3 Measurement Data Analysis

Angular distances of consecutive gaze coordinates were considered
as an indicator of the accuracy for this purpose. While they actu-
ally represent the precision, they also contribute to the accuracy.
Using them as the inspected measure in the analysis provides a bit
more information about the behavior of the computed gaze coor-
dinates compared to using the angular error distances of the selec-
tions. Each angular distance was estimated by calculating the arc
tangent of the ratio of the on-screen distance of the coordinates and
the distance of the user to the computer screen. The distances were
calculated separately for two time frames: the entire experiment
and during the smiles. For the latter time frame, short intervals
right before each selection that was registered by the facial move-
ment detection algorithm were considered. The lengths of the in-
tervals were 10 samples, i.e. 0.4 seconds, based on the length of
the smoothing filter of the gaze coordinates. This makes the in-
tervals include the samples that contribute to the gaze coordinates
right at the selection. As this analysis would include all angular dis-
tances including those resulting from saccadic eye movements be-
tween the on-screen targets and possible eye movements resulting
from gazing somewhere else than at the targets, distances beyond
1.5 times the interquartile range from the upper quartile were con-
sidered outliers to leave only the data about the fixations. However,
outliers were included while comparing the distribution medians of
the two time frames. The comparison was done by calculating the
Mann-Whitney U test for the distances of the two time frames with
each participant individually. Removing also the resting periods be-
tween consecutive pairs of targets as outliers was considered, but it
was not done as it had an insignificant impact the results.

3 Results and Discussion

The distributions of the computed angular distances are shown in
Figure 2. Table 1 shows the comparison between the two time
frames and also lists the number of the angular distances they
included. The angular distances with participant 5 were larger
throughout the experiments due to distortions in the wireless trans-
mission resulting possibly from low battery charge levels of the
wearable prototype.

The results show that with the participants there was no observable
degradation of the gaze tracking accuracy in terms of the observed
angular distances due to the voluntary smiling movements that were
used for the selections. The angular distances of the gaze coordi-

3t - 3
|
|
25t . 2.5 1
| T
5 27 I I 2 I
g | g |
= T =
Soystoop T Sogstoe T I
ER E I
& I & T ST
= | | = |
< 0 < Af ool 1
OAS-E B E Q 0.5 Q Q Q Q 1
ol l L1 .1 1 obl L. 1.1 L]
1 2 3 4 5 1 2 3 4 5
Participant Participant

(a) Angular distances of the en-
tire experiment.

(b) Angular distances right be-
fore each selection.

Figure 2: The distributions of the angular distances between con-
secutive gaze coordinates. Horizontal lines are the medians, boxes
extend from lower to upper quartiles, and whiskers to the maximum
angle that is not considered an outlier.

Partic. Ntot, Nsel z P
1 8820, 1500 -7.65 < 0.001
2 11250, 1730 -3.12 < 0.01
3 9130,1740 -7.27 < 0.001
4 19450, 2270 -6.96 < 0.001
5 16400, 2600 -6.87 < 0.001

Table 1: Results of the Mann-Whitney U test that compared the
angular distances during the two time frames. The test reveals a
statistically significant difference with each participant. noy is the
number of angular distances in the entire experiment and nse; right
before each selection. The values for the normalized test statistic z
and the p value of the two-tailed test are also shown.

nates are even slightly smaller right before each selection. However,
this may be affected by the fact that the entire experiment includes
all the eye movements that are not considered outliers by the cho-
sen criterion. The criterion makes it possible to remove the effect of
saccadic eye movements, but other types of eye movements might
still affect the results.

The number of participants in our experiments was low, but we col-
lected relatively significant amount of data from the few female
participants we had. Bollen et al. [1993] have previously shown
that eye movements have large intra-individual variation which is
why a large group of participants may not even be needed to meet
different variations. The same study didn’t report any differences
between male and female participants.

4 Conclusion

Previous studies have reported the use of voluntary facial move-
ments in human-computer interaction to indicate selections when
gaze tracking has been used for cursor control. The effect of the
voluntary movements on the gaze tracking accuracy has not been
studied, although it has been stated that a multimodal system sim-
ilar to the one in this study can achieve an accuracy of selections



comparable to that of pure gaze trackers [Rantanen et al. 2011]. Our
results with the constructed prototype system do not show that the
gaze tracking accuracy would be compromised during the volun-
tary smiling movements. In other words, the possible effect of the
movements to eye movement behavior and the operation of gaze
tracking algorithms could not be observed.

The limitations of our study include the fact that the accuracy and
the precision of the constructed point-and-click prototype system
limit the smallest observable degradation of accuracy. As gaze
trackers improve, similar studies should be carried out to find out
if the effect we were looking for could be registered. Addition-
ally, the study could be expanded with different facial movements
in addition to the smiling one even if smiling has previously been
suggested as the fastest movement for the selections. A comparison
of accuracies between selecting with the facial movement detection
and with the dwell time could be carried out. Additional objective
measures and subjective ratings could be considered and compared
to provide more information for extending the current study.
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