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Figure 1: We propose GazeCast, a novel system that leverages users’ personal hand-held mobile devices to enable gaze-based
interaction with surrounding displays using Pursuits (A). In a user study, we evaluate GazeCast by experimenting with three
tracking setups where participants’ gaze was tracked: using a web camera (B), GazeCast with a mobile device attached to a stand
(C), and GazeCast with a mobile device held by the participants (D). The illustration is adapted from GTmoPass by Khamis et

al. [Khamis et al. 2017a].
ABSTRACT

Gaze is promising for natural and spontaneous interaction with pub-
lic displays, but current gaze-enabled displays require movement-
hindering stationary eye trackers or cumbersome head-mounted
eye trackers. We propose and evaluate GazeCast — a novel system
that leverages users’ handheld mobile devices to allow gaze-based
interaction with surrounding displays. In a user study (N = 20),
we compared GazeCast to a standard webcam for gaze-based inter-
action using Pursuits. We found that while selection using Gaze-
Cast requires more time and physical demand, participants value
GazeCast’s high accuracy and flexible positioning. We conclude
by discussing how mobile computing can facilitate the adoption of
gaze interaction with pervasive displays.
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1 INTRODUCTION

Gaze-based interaction is deemed particularly promising for public
displays. Interacting using gaze is fast [Sibert and Jacob 2000] pos-
sible from a distance, hence offering users an attractive alternative
to touch interaction that is also suitable for unreachable displays
(e.g., displays behind glass windows [Davies et al. 2014]). So far,
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gaze interaction has been enabled for public displays by either aug-

menting the display using remote eye trackers and webcams or
requiring the user to wear a head-mounted eye tracker [Khamis
et al 2016; Lander et a015a]. While public displays require users
to interact from di erent positions and distances to the display
[Mdller et al. 2012], stationary eye trackers have a limited range.
This means that for users to interact with public displays using gaze,
they need to position themselves in the display's sweet spot [Alt
et al 2015]. While head-mounted eye trackers allow for freedom
of movement and interaction from a distance [Lander et2015a],
they require person-speci c calibration and gaze mapping to each
display. Although head-mounted trackers have recently become
a ordable [Kassner et al2014] and are envisioned to be integrated
into daily Eyewear [Bulling and Kunze 2016], they are still not in
wide-spread use and require augmentation of each user [Lander
et al. 2015a]. At the same time, o -the-the-shelf mobile phones
allow for accurate gaze estimation, which resulted in many mobile
apps in which gaze outperforms touch [Khamis et 2022; Liu et al
2015; Zhang et aR017a]. In this paper, we introduce GazeCast a
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2013], measuring attention [Alt et aR016], and authentication
[Khamis et al 2017a, 2018c]. A recurring challenge in gaze inter-
action with public displays is that public displays expect users to
interact from di erent positions and distances to the display [Mller
etal 2012]. However, current remote eye trackers limit users' mobil-
ity [San Agustin et al2010] and require users to keep their heads in
a con ned tracking box about 70 cm away from the screen [Khamis
et al 2017b]. Approaches to address this included the use of head-
mounted eye trackers [Lander et.&015a], which require gaze
mapping to each display and are cumbersome to wear. Another
approach was to use active eye tracking, where the eye tracker phys-
ically moves depending on the user's position, as done in EyeScout
[Khamis et al 2017b]. In EyeScout, the eye tracker was mounted on
a conveyor-belt-like rail but only covered a limited area. A second
challenge is that most remote eye trackers are optimized for view-
ing angles that correspond to screens up to 24 inches, which means
that they may not track gaze accurately on larger displays [Rajanna
and Hammond 2018]. A third challenge is that public displays ex-
pect multiple users to interact simultaneously [Memarovic et al

novel system that leverages users' handheld devices for gaze-based2014], but most remote eye-tracking setups support one user at a
interaction on public displays. GazeCast uses the smartphone's time. GazeCast works around these challenges as it does not pose
front-facing camera to cast users' gaze onto the display. As such, positioning and display size requirements, and multiple users can
GazeCast does not require special-purpose eye tracking equipment, connect to the same display using their handheld mobile devices.

does not restrict the user's positioning, can support calibration-
free interaction as demonstrated in our study, and can be easily
extended to support multiple users. Furthermore, collecting gaze
data through public displays has privacy implications due to the
sheer amount of sensitive information inferred from eye move-
ments [Bozkir et al2021, 2020; David-John et 2022], GazeCast
gives more control to the user on which gaze data is transferred to
the display. In our implementation, we transfer the gaze estimates
to the display for processing, but the concept allows gaze data to
be processed locally on the user's phone.

We present the results of a user study in which 20 participants
provided gaze input on a situated display using Pursuits [Vidal et al
2013]. To evaluate GazeCast, we experimented with three tracking

2.2 Gaze-enabled Handheld Mobile Devices

Mobile devices are now equipped with high-resolution front-facing
depth cameras and high-performance processors. These advances,
alongside the recent developments in computational gaze estima-
tion, have made eye tracking increasingly available on mobile de-
vices [Khamis et al2018a]. This resulted in increased eye-tracking
applications that run directly on smartphones and tablets. A sur-
vey on gaze-enabled handheld mobile devices classi es eye track-
ing applications on mobile devices to: 1) gaze behaviour analysis,
where users' eye movements are silently tracked for later anal-
ysis, 2) implicit gaze-based interaction where the system reacts

setups: participants' gaze was tracked using 1) a webcam (baseline),to the users' natural eye movements, and 3) explicit gaze-based
2) GazeCast with the smartphone attached to a stand, GazeCast (on ainteraction where the user deliberately moves their eyes to pro-
stand), and 3) GazeCast with the smartphone held by the participant, vide input [Khamis et al2018a]. We focus on the last as GazeCast
GazeCast (handheld). Results show that while selection time and is an application for explicit gaze-based interaction. Examples of
perceived workload increase with GazeCast, error counts are lower mobile apps that feature real-time gaze-based interaction include
and subjective feedback indicates users value how GazeCast makesGazeSpeak [Zhang et.&017a], which supports communication
their task easier and more accurate and has the potential to make for people with motor disabilities, gaze-based authentication using
the experience more privacy-preserving. We discuss how mobile GazeTouchPass [Khamis et 2022], and many other generic gaze
computing facilitates the adoption of gaze interaction on public interaction applications from research [Kong et @021; Lee et al
displays. 2017; Li et al2017; Miluzzo et aR010] and industry [Access 2019;
SeeSo 2022].

Most relevant to our work are WorldGaze [Mayer et. &020]
and GTmoPass [Khamis et.&1017a]. WorldGaze estimates the
head-pose using the front-facing camera and detects the gazed-
at objects using the rear camera. This was then used to improve
. . . voice assistants e.g., looking at a store and asking What time
2.1 Gaze-based Interaction on Public Displays does this close? . GazeCast is di erent in that it detects eye gaze
Researchers have investigated the use of gaze input for public dis- rather than head-pose, and relies on stimuli that are displayed on
play applications, such as voting [Khamis et 2016], consum- nearby displays. GTmoPass detects multimodal gaze and touch
ing news [Lander et al2015b], interacting with medical images input on mobile devices to authenticate users on public displays.
data [Hatscher et aR017], gaming [Vidal et aR013; Zhang et al While GTmoPass only detects gaze gestures and only communicates

2 RELATED WORK

We build on prior work on gaze-based interaction on public displays
and gaze-enabled handheld mobile devices.
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Figure 2: Three trajectories are shown on the screen.

The circular movement is located at the upper left

of the screen; the lower center portion of the screen

is where the zigzag route is situated; the diagonal

trajectory runs from the upper right corner of the

screen to the middle. The white lines are shown for ~ Figure 3: Study Screens A) Public display initial screen showing the

illustration purposes and were not shown to the  di erent tracking setups, B) Connection status, C) Example trajectory

participants. on the public display with gaze data printed on the mobile device, D)

Selection Screen.

to the display whether the authentication attempt was successful, and the server. The client can access the application via a browser,
GazeCast can detect smooth pursuit eye movements and is not such as Google Chrome, and can connect to the application by send-

limited to authentication applications. ing a message to join the connection. The server receives the gaze
data from the client and calculates the correlation every second (30

3 GAZECAST CONCEPT AND frames). After detecting the target, it sends the message back to
IMPLEMENTATION the client to trigger the following view. The message can be sent

31 C directly to the client by the server or broadcast to all connected

) oncept clients. Throughout the application, we continuously log the gaze
The idea behind GazeCast is to use one's smartphone's camera as andata and the moving target's locations in x-, y- coordinates. Gaze
eye tracker to interact with public displays. There are di erentways  data was collected using the SeeSo.io SDK [SeeSo 2022]. We used
to connect the smartphone to the public display. In our work, a QR Pearson's product-moment correlation coe cient to compute the
code is shown on the display, which users can scan, directing them correlation between the user's gaze and the targets' movement as
to the web application with instructions allowing them to interact  done in prior work [Drewes et al2018, 2019; Esteves et2015;
with the display. We implemented two web applications (server and  Velloso et al2017; Vidal et a2013]. A target is selected if it has
client) that can be accessed using di erent internet browsers e.g., the highest correlation to the user's eye movements as long as the
Google Chrome. The concept of GazeCast can be extended to allow correlation of the smallest of x and y is greater than the threshold
more than one user to interact with the same display concurrently  value of 0.8 as suggested by the literature [Esteves .e2G15]. The

by connecting their devices to the public display and establishing choice of the window size of 1 second (30 samples at a rate of 30

the connection. frames per second) is based on prior work [Esteves £2@20, 2015]
Building on previous work [Khamis et aR016; Vidal et a013], and pilot testing with two participants.

our system uses Pursuits to enable calibration-free gaze-based in-  while in principle, the calculation of the correlation can be done
teraction with public displays. Being a calibration-free interaction  on the client's side (i.e., the personal mobile device), we decided
technique, Pursuits is particularly suitable for public displays which o process the gaze data on the server. This was done to ensure a
need to be immediately usable [Davies et @014]. By adopting  fair comparison with the baseline this way, the data is processed
Pursuits, GazeCast allows spontaneous interaction with public dis- py the same machine for all experimental conditions. Extending
plays eIiminating the need for calibration. Pursuits checks for mo- GazeCast to allow the processing of gaze data on the phone would
tion correlation between the user's eye movements and trajectories have privacy bene ts, as we discuss further in Section 6.

of on-screen moving targets [Esteves et al. 2015; Vidal et al. 2013].

The method's strength lies in its ability to determine which object
the user is gazing at by studying their eye behaviour without the 4 GAZECAST EVALUATION

need for accurate gaze estimates. 4.1 Study Design
. To evaluate the performance of the tracking setups for interaction
3.2 Implementation with public displays, we designed a repeated measures lab study.

GazeCast has two main components: the web application user in- The experiment has one independent variable: The tracking setups,
terface (Client) and the Server, implemented using Next.js. We used which has three levels: (1) A webcam mounted on a stand (baseline)
socket.io-client for two-way communication between the client  (Figure 1B), (2) GazeCast with the mobile device attached to a stand,
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