ETH-XGaze: A Large Scale Dataset
for Gaze Estimation under Extreme Head Pose
and Gaze Variation

Xucong Zhang!, Seonwook Park!, Thabo Beeler?, Derek Bradley, Siyu Tang'
and Otmar Hilliges!

! Department of Computer Science, ETH Zurich
{xucong.zhang, spark, siyu.tang, otmar.hilliges}@inf.ethz.ch
2 Google Inc.
tbeeler@google.com

Abstract. Gaze estimation is a fundamental task in many applications
of computer vision, human computer interaction and robotics. Many
state-of-the-art methods are trained and tested on custom datasets, mak-
ing comparison across methods challenging. Furthermore, existing gaze
estimation datasets have limited head pose and gaze variations, and the
evaluations are conducted using different protocols and metrics. In this
paper, we propose a new gaze estimation dataset called ETH-XGaze,
consisting of over one million high-resolution images of varying gaze un-
der extreme head poses. We collect this dataset from 110 participants
with a custom hardware setup including 18 digital SLR cameras and
adjustable illumination conditions, and a calibrated system to record
ground truth gaze targets. We show that our dataset can significantly
improve the robustness of gaze estimation methods across different head
poses and gaze angles. Additionally, we define a standardized experimen-
tal protocol and evaluation metric on ETH-XGaze, to better unify gaze
estimation research going forward. The dataset and benchmark website
are available at https://ait.ethz.ch/projects/2020/ETH-XGaze

1 Introduction

Estimating eye-gaze from monocular images alone has recently received signif-
icant interest in computer vision [35/38/9] due to its significance in many ap-
plication domains ranging from the cognitive sciences and HCI to robotics and
semi-autonomous driving [7J23]32]. Many arising computing paradigms such as
smart-home appliances, autonomous cars and robots, as well as body-worn cam-
eras will rely on understanding the attention and intent of humans without
directly interacting with the observed person. We argue that in order to be more
robust to a larger variety of environmental conditions, future methods should be
able to accurately estimate the gaze of humans in a broader range of settings,
including variation of viewpoint, extreme gaze angles, lighting variation, input
image resolutions, and in the presence of occluders such as glasses.
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Unfortunately, existing gaze datasets do not cater to such use-cases and are
mostly limited to the frontal setting, covering a relatively narrow range of head
poses and gaze directions. These are typically collected via laptops [42], mo-
bile devices [I9U13] or in stationary settings [10]. Recent work has moved to-
wards more unconstrained environmental conditions in particular with respect
to lighting but the coverage of head pose and gaze direction ranges remains
limited [I69140].

In this paper we detail a new dataset, dubbed ETH-XGaze, to facilitate re-
search into robust gaze estimation methods. The dataset exhaustively samples
large variations in head poses, up to the limit of where both eyes are still visible
(maximum =*+70° from directly facing the camera) as well as comprehensive gaze
directions (maximum =#50° in the head coordinate system) [27]. The dataset
will allow for the development of new methods that can robustly estimate gaze
direction without requiring a quasi-frontal camera placement. We show experi-
mentally that i) the data distribution of ETH-XGaze is more comprehensive than
other datasets (e.g., our dataset broadens the scope for eye-gaze research), and
ii) that training on our dataset significantly improves robustness towards head
pose and gaze direction variations. Beyond extending the gaze and head-pose
ranges, the proposed dataset allocates considerably more pixels to the perioc-
ular region compared to existing datasets (e.g. refer to Fig. [3)). This allows to
train gaze estimators that can take advantage of the high-resolution imagery of
modern camera hardware to improve gaze prediction. We collect data from 110
participants with different ethnicity, age, and gender — some with glasses and
some without — in order to provide a rich and diverse dataset. For each of the
participants we capture over 500 gaze directions with full-on illumination, plus
an additional 90 samples under 15 different illumination conditions. This results
in a total of over 1 million labeled samples. For all samples, the ground-truth
gaze direction is known since the gaze is guided by stimuli displayed on a large
screen in front of the participant, ensuring good label quality even under extreme
view angles. The capture setup is depicted in Fig. [1] (left).

To ensure fair and systematic comparisons between future methods that
leverage this new large-scale dataset, we also propose a standardized evaluation
protocol. Unlike other fields in computer vision that have benefited from such
benchmark frameworks (i.e. image classification [28], face recognition [24], full-
body [15], hand pose estimation [43] and multiview stereo reconstruction [29]),
the gaze estimation community has so far relied on a heterogeneous environment
where many papers employ custom data pre-processing and evaluation protocols,
rendering direct comparisons challenging. Motivated by the benchmarking ap-
proaches in adjacent areas we create a website open to the public to submit,
evaluate and compare gaze estimation methods based on ETH-XGaze.

Finally, in order to provide initial insights into the value of our dataset,
we provide results from a simple gaze estimation method that can serve as a
baseline. Our estimation approach leverages a standard CNN architecture (i.e.,
ResNet-50 [I1]), trained with the task of estimating gaze from a monocular face
patch. We present the estimation results as well as an ablation study of training
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Fig. 1: Our data collection device includes 18 high-resolution Canon 250D digital
SLR cameras (marked with red circles), a projector to project the stimuli on the
screen, and four Walimex Daylight 250 light boxes. A chair with a head rest
is positioned approximately one meter away from the screen. Captured samples

under different head poses and lighting conditions are shown on the right.

on different subsets of our dataset, indicating the importance of all sampled di-
mensions (e.g. head pose and gaze angles, number of subjects, lighting conditions
and input image resolution). We hope this baseline method and evaluations will
inspire future research in gaze estimation using our ETH-XGaze dataset.

In summary, our contribution is three-fold:

— A large scale dataset (over 1 Mio samples) for gaze estimation covering a
large head pose and gaze range from 110 participants of different age, gender
and ethnicity with consistent label quality and high-resolution images.

— Standardized experimental protocol and evaluation metrics including a new
robustness evaluation.

— Detailed analysis on different factors for gaze estimation training.

2 Related Work

2.1 Gaze Estimation Algorithms

Initial learning-based gaze estimation methods often assume a static head pose
[1U21], with later works allowing for gradually more head pose freedom [2233].
In parallel, gaze estimation errors on public datasets have improved rapidly in
recent years, through the use of domain adaptation [30], Bayesian networks [34],
adversarial approaches [35], coarse-to-fine [6], and multi-region CNNs [19/9]. Re-
cent development in the person-specific adaptation of gaze estimators [2538]j20]
are quickly reducing error metrics on public datasets even further. However,
gaze-estimation is studied mostly in the frontal setting which does not apply
to many emerging application domains. There is hence a need for a systematic
method to understanding the robustness of a model with regards to gaze direc-
tion and head orientation ranges. We thus propose our gaze estimation dataset
to cover these factors and propose concrete tasks for their evaluation.
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