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Abstract
The rapid development of machine learning algorithms can be leveraged for potential software solutions in many domains
including techniques for depth estimation of human eye gaze. In this paper, we propose an implicit and continuous data ac-
quisition method for 3D gaze depth estimation for an optical see-Through head mounted display (OST-HMD) equipped with
an eye tracker. Our method constantly monitoring and generating user gaze data for training our machine learning algorithm.
The gaze data acquired through the eye-tracker include the inter-pupillary distance (IPD) and the gaze distance to the real and
virtual target for each eye.

CCS Concepts
•Human-centered computing → Mixed / augmented reality;

1. Introduction

The recent advancements and commercialization of the optical see-
through head mounted displays (OST-HMD) and eye-trackers en-
able better Augmented Reality (AR) experience and higher preci-
sion gaze tracking. Both areas are crucial and active research topic
that would influence how we interact with the machine in the near
future [PLL∗17, BGK∗16]. Consumer graded eye trackers such as
Pupil-labs, Tobii, SMI are more accessible and they recently of-
fered the eye-trackers for HMDs. There are also HMDs that have
the eye tracker integration [KPB14].

Past research have studied the acquisition of the 3D gaze plane.
Geometrical calculations could be used to obtain 2D gaze position.
However, due to the physiological characteristics of the human eye
such as convergence and accommodation as well as the limitations
of the current sensor, it has been challenging to obtain accurate and
reliable continuous 3D gaze position. To alleviate this problem, the
machine learning techniques such as Supporting Vector Machine
(SVM) and Multi-layer Perceptron (MLP) were used to estimate
3D gaze depth [LSP∗17]. To train this model, we require the gaze
data for a continuous distance.

In this paper, we propose an implicit and continuous data ac-
quisition method for 3D gaze-depth estimation for an OST-HMD
with an eye-tracker. Our method generates training data for ma-
chine learning by acquiring the gaze-vector and the pupil distance
of the two eyes and the distance to the object. Our procedure has
three steps. Firstly, it measures the distance between eyes (IPD),
while estimating the gaze vector of the eyes looking at the AR tar-
get at the same time. Secondly, it displays a virtual target on the

OST-HMD and records the gaze vectors and the corresponding dis-
tance. This data between eyes and the real and virtual targets are
used for training. Lastly, our technique aligns the virtual target to
the real one.

The primary contribution of the proposed technique is the ability
to implicitly and continuously collect the necessary data for adjust-
ing the 3D gaze estimation in real-time. This method can increase
the accuracy by acquiring continuous distance value from real and
virtual. This offers an advantage over the conventional calibration
method, which potentially reduce error over time causing by the
HMD drifting.

2. Related Work

There have been few studies conducted for estimating gaze depth
for OST-HMD. Kwon and Shul presented an experimental result
for gaze-based 3D interaction to stereo image display [KS06].
Toyama et al. used eye-tracker to determine the focal plane for the
multi-focal length OST-HMD [TOSK14]. Lee et al. determined the
gaze plane of a multi-focal plane for OST-HMD to estimate the
continuous gaze depths of human eyes [LSP∗17].

Lee et al. found that machine learning algorithms could re-
duce the estimation error but required constant update of gaze
data [LSP∗17]. When the distance between eyes and a target object
of the learning data is discrete, the error in the estimated value of
the intermediate position grew larger. Therefore, the gaze vectors
and the corresponding continuous distance values should be used
for training. Moreover, HMD was found drifting after a period of
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time of usage and therefore, constant correction is required. They
concluded that it is necessary to acquire and train data as often as
possible.

3. Proposed Method

The machine learning techniques require data to learn and improve
the prediction. To calculate the 3D gaze depth, gaze data from an
eye-tracker, corresponding distance data, and pupil distance of the
user must be collected. Figure 1 describes this process. Once those
data is input into the neural network, a suitable model is generated.
Then, we can predict an estimated distance, with a gaze data as an
input.

Figure 1: Procedure for 3D gaze estimation. The dotted line is the
learning process and the solid line is the estimation process.

Our system’s hardware comprises of the Microsoft Hololens and
an eye-tracker [Mic16]. We used neural network as our machine
learning algorithm. The system used the eye cameras and the world
camera to track and measure the distance between eyes and an AR
target. The OST-HMD has a 3D display so that it can show a virtual
target at a specific distance. The distance between user’s head and
virtual target can be determined. The eye-tracker has to track both
eyes and generate the gaze data in real time.

The proposed method has two steps. Firstly, it matches the real
and virtual targets displayed on to the user. This procedure is re-
quired to calibrate the coordinates of OST-HMD and eye-tracker.
Secondly, it obtains the gaze data from the eye-tracker, the pupil
distance, and the distance between eyes and the real AR target, the
AR target moves in a specific interval. Figure 2 shows geometrical
details.

4. Conclusion

In this paper, we proposed a technique for 3D gaze depth estimation
using an implicit and continuous gaze data acquisition. Our previ-
ous work found that we need gaze data corresponding to continuous
distance and should be obtained as quickly as possible. Based on
this finding, we proposed a method that allows us to capture gaze
data at a continuous distance in the real and virtual worlds. In the
future, we are going to implement a system to realize our proposed
idea.
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