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The analysis of oculography is presented taking into account 
the physiological and psychological characteristics of a person, 
as well as possible ways of using modern oculographic devices 
(eye trackers) to track the user’s gaze direction in GNU/Linux.
The overview of the features and performance of both software 
and hardware implementations is given. An experimental scheme 
used by the authors to study user interaction with graphical 
applications in GNU/Linux is discussed. The limitations and 
interpretation specifics are discussed.

When interacting with modem software, vision plays the role of the 
тш п , and in some cases, the only channel for perceiving information. At 
the same time, the dear and detailed vision prodded by the central part 
of the retina covers an extremely small area, but half of the information 
processing is dedicated to it. Accordingly, detailed information is 
obtained using visual sampling and scanning [1].

Oculographic rest:arch involves the analysis of the gaze movement 
and the areas of visual foealization on which the gaze is concentrated. 
Its application to assess the effectiveness of human-machine interaction 
can be divided into three categories [2]:

-  ident ification of sources of difficulties (time-consuming form filling, 
etc.), in particular, related to the noticeability of elements, points 
of focus., mental stress and distractions;

-  ident ification of specifics o f user behavior ( visual search strategies, 
reading and scanning patterns);

-  comparison of several design decisions in conjunction with other 
types of testing (questionnaire, another biometric assessment).

Modem, eye trackers typically use digital cameras that record the 
user’s eye movements. The tracker is mounted on the user’s head or is 
stationary fixed in the field of view.

Developers who wish to perform the oculographic testing of GNU/ 
Linux software have several options. The most budget option is the face
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and eye recognition using a webcam. This approach is implemented in 
such free projects as eviacam, TrackEye, WebGazer.js. They cam be 
used to track gaze [3], but the result is very limited due to the webcam: 
it has a low frame rate and effective gaze positioning accuracy (half 
the resolution o f the camera), and it :1s also difficult to recognize head 
rotation. Professional IT trackers, designed for research laboratories 
with a large budget (for some of them there are drivers for Linux) are 
on the opposite end of the scale. And there is a compromise solution, eye 
trackers that are targeted at the entertainment area but have accuracy 
sufficient for research tasks [4. 5]. We used together with GNU/Linux 
the eye trackers o f this compromised category, produced by Tobii.

Tobii eye trackers are divided into the expensh/e Tobii Pro 
professional series and consumer segment devices, for which the 
manufacturer offers two types of SDKs: a low-level Stream Engine 
(declared to support Linux) and a higher-level Core SDK!. We have 
tested two eye trackers, Tobii REX и Tobii EyeX. The alpha version of 
Stream Engine for Linux appeared only in 2018, and before there vras 
a low-level Gaze SDK for Linux, which is currently not provided by the 
company.
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Fig. 25.1. User’s gaze fixations when working with the application

As a result of work, t he eye tracker produces an array of coordinates 
corresponding to the position of the gaze fit various points in time.
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Central vision provides information about the fine details of the image, 
but covers a relatively small part of the field of view; as a result, 
information is received using visual sampling, and peripheral vision 
indicates the next point of focus [5J. The gaze moves with rapid leaps 
(saccades) with short pauses between them (fixations). So, when working 
with text, 7-9 letters are read in one saccade, and the fixation time is 
about 250 milliseconds, but the perception extends to twice as many 
letters due to peripheral vision [7]. However, in the study of eye 
movements, only central vision is recorded, and peripheral is not taken 
into account.

Visualization of the results of eye-tracking provides two options:
-  building a heat map, highlighting parts of the screen depending 

on the intensity of fixing the gaze;
-  time-lapse mapping.
In both cases, the map is superimposed on the image of the user’s 

working screen. When processing in GNU/Linux, it is convenient to 
use GNU Octave with a two-dimensional nuclear density estimation 
function to create heat maps by coordinates [8J, and in case of a gaze 
map, one can just draw a graph in Graphviz, or also in Octave (see Fig. 
25.1, which illustrates the user’s work with a typical office application).

The parameters of descriptive statistics characterizing the shift of 
the distribution center are also informative when evaluating the results 
of the experiment (Fig. 25.2): it is advisable, first of all, to select the 
middle region through which the gaze passes, calculate the median, the 
average value o f the coordinates of the point where the gaze was fixed, 
and also determine the point at which the user most often focused his 
eyes, using mode.

If necessary, the percentage of eye fixations on individual functional 
parts of the application window (for example, the toolbar) and eye 
fixations outside the window (distraction area) can serve as simple 
numerical estimates of human-machine interactions obtained based on 
eye tracker data.

It is also necessary to take into account that there are physiological 
limitations due to which this technique cannot be applied: for example, 
nystagmus, which is characterized by involuntary eye movements with 
a high frequency, as a result of which the brain receives a fuzzy image 
of the object, and the eye tracker is not able to catch eye gaze.
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Fig. 25.2. Typical heatmap for gaze localization (left) and shift of the 
distribution center of the sample (right) by the example of the table

processor usage
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