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The parallax effect describes the displacement between the perceived and detected touch locations on a touch-enabled surface.
Parallax is a key usability challenge for interactive displays, particularly for those that require thick layers of glass between
the screen and the touch surface to protect them from vandalism. To address this challenge, we present EyePACT, a method
that compensates for input error caused by parallax on public displays. Our method uses a display-mounted depth camera
to detect the user’s 3D eye position in front of the display and the detected touch location to predict the perceived touch
location on the surface. We evaluate our method in two user studies in terms of parallax correction performance as well as
multi-user support. Our evaluations demonstrate that EyePACT (1) significantly improves accuracy even with varying gap
distances between the touch surface and the display, (2) adapts to different levels of parallax by resulting in significantly
larger corrections with larger gap distances, and (3) maintains a significantly large distance between two users’ fingers when
interacting with the same object. These findings are promising for the development of future parallax-free interactive displays.
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1 INTRODUCTION

Interactive displays are becoming ubiquitous and are increasingly deployed in public areas, such as universities,
train stations, airports, or shopping malls. While advances in sensing technology enable new types of interaction,
such as with mid-air gestures [29] or gaze [20], touch remains among the most commonly employed modalities [4].
In the early days of touch screens, infrared sensors were mounted above the screen surface to detect where the
user’s finger was touching. Hence, a relatively large distance existed between the touch screen and the display
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Fig. 1. The parallax e ect commonly occurs on public displays where a protective glass layer separates the display and the
touch screen (A) and results in the system recognizing a touch location (marked in green) that deviates from the intended
one (red). To compensate for this error, EyePACT determines the expected touch location based on the position of the user's
eyes and the touch point on the screen (blue) to trigger it at the perceived location (red).

that led to the so-called parallax e ecBH], i.e., a di erence between the perceived location at a particular Ul
element and users' actual touch location (see Figure 1A). This di erence becomes larger as the angle between the
display and the user's eyes increases (e.g., when looking at far corners of the display). The parallax e ect can
trigger unwanted input actions that can negatively impact usability and user experience [31].

Advances in capacitive touch screens have resulted in the screens becoming more compact, thereby reducing
the parallax e ect. However, the e ect has become prominent again with the widespread use of public displays
(see Figure 2). The reason is that on one hand, manufacturers typically protect displays against vandalism by
using thick layers of glass. On the other hand, displays are often deployed behind shop windows and touch input
is enabled through a transparent foil attached to the window. This increases the distance between touch screen
and display and, in turn, introduces parallax (cf. Figure 1B).

Compensating for the error caused by the parallax e ect is important because it makes interaction cumbersome
and time-consuming which can, in turn, lead to users abandoning the displags44. The negative impact on
user experience is particularly prominent in interfaces that require several accurately located touch events, where
an inaccurate touch event could result in unintended inp@tl]. Examples of such interfaces include interactive
maps (see Figure 1B), on-screen keyboards used to provide text input or passwords (see Figure 2), calendars for
choosing departure dates, etc. These interfaces would bene t from parallax correction to overcome inaccurate
selections which impacts the user experience. Although a common approach is to use larger buttons aimed at
covering the active and perceived touch areas, the use of larger buttons may not be feasible in the aforementioned
applications. On the other hand, software-based solutions, such as training and using o set regression models
like the one we discuss in Section 5, would not compensate for parallax accurately without knowledge of the
user's height and position, as well as the number of users. Note that public displays often expect multiple users
interacting simultaneously [11, 19, 29]

In this work we propose EyePACT, a simple, yet e ective, method to overcome the parallax e ect. The technique
corrects for the parallax o set by estimating a gaze vector that intersects the user's touch point, hence estimating
where on the screen the uséntendedto touch. Our approach relies on a depth camera, hence EyePACT is
unlikely to require a signi cant cost, particularly since an increasing number of displays has integrated cameras
to measure audience attentio,[35, for security purposes (e.g., ATMs), and for interactidt]. While similar
ideas have been described in some pateit$H]6, 18 40, eye-based parallax compensation has never been
evaluated and it therefore remains unclear how well such compensation can work and how well it is perceived
by users. This work makes the following contributions: (1) We introduce the concept and implementation of
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Fig. 2. The parallax e ect has recently become prominent again with the widespread use of public displays that are augmented
with thick layers of glass to protect against vandalism. The figure shows multiple cases where the parallax e ect is prominent
on real-world deployments. The red area is the touched area from the user's perspective, while the green one is the area the
system mistakenly activated due to parallax.

EyePACT, a simple yet e ective approach for compensating for parallax. (2) We report on our ndings of an
accuracy evaluation of EyePACT, which show that EyePACT brings the touch points signi cantly closer to the
target even with varying degrees of parallax. (3) We demonstrate the e ectiveness of EyePACT in allowing
multiple users to interact on parallax-enabled displays without overlapping ngers.

2 BACKGROUND AND RELATED WORK

Our work builds on three strands of prior research, namely (1) parallax in HCI research, (2) parallax on touch-based
public displays, and (3) eye detection on public displays.

2.1 Parallax in HCI research

While we focus on one way the parallax e ect could occur, there are many conditions that could lead to a similar

e ect. As the distance between a touch surface and a display increases, so does the discrepancy between what
each of the eyes sees. This is often referred to as binocular paralgx Previous work showed that when
pointing at 3D stereoscopic objects, users touch between their dominant and non-dominant eye position with a
bias towards the dominant eye positioBf. Addressing binocular parallax is out of the scope of this work. (1) In

our work, we focus on the parallax e ect on public displays, where an increase in the distance between the touch
surface and the display is rarely more than 7 cf¥] 15 30 49. On the other hand, binocular parallax occurs at
larger distances (e.g., 30 cm between the touchscreen and the Ul ele&®#ni(R) Employing gaze or mid-air
gestures would be more suitable for contexts where the public display is physically unreachable or too far away
from the user [4, 20]. And (3), our participants did not report experiencing binocular parallax in our setup.

In contrast, motion parallax refers to the depth cues that humans perceive while moving; as we move or as
objects move around us, we perceive closer objects to be moving faster than farther ones. Humans use this cue (i.e.,
the perceived speed of objects) to estimate how far the objects are compared to each3thédrallax is often
exploited for simulating depth perception by using so-called parallax barriéf, which enables stereoscopic
rendering by limiting the observer's point of view41]. The idea is to use two stacked screens, with the front one
showing an array of pinholes. By doing so, the setup exploits binocular and motion parallax cues to present the
user with the illusion of depth.

2.2 Parallax in Public Displays

In contrast to the aforementioned types of parallax, we focus on the parallax error induced by large distances
between the touchscreen and the display, which results in a displacement between the perceived and detected
touch point on a touch-enabled public display. This was previously referred to as parallax er@df dr visual
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