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Abstract: In this paper the applied methods and
obtained results of scanpath analysis are presented.
The volunteers’ goal was to recognize handwritten
digits gradually appearing from the background.
Two parameters: the focus time and the eye returns
count have been used to salient features detection.
The paper presents the scanpath processing algo-
rithm identifying the focus attention regions and
detecting the episodes of returning attention. The
quantitative comparison of scanpath parameters
was particularly investigated in case of handwritten
digits recognition for "1" and "7", very similar to
each other.

Introduction

Partial models of human visual system are used to
investigate many aspects covering the area from the
receptors' topology on the retina [1] or the analysis of
visual nerve data flow to the general studies of scene
understanding, pattern recognition and cognitive
identification [2]. The scanpath analysis [3][4] has
currently a growing impact on the design of visual
information media as well as on the applications of
search strategies in the artificial intelligence-based
visual systems.

This paper presents the method of scanpath
analysis aimed at indentification of salient features of
presented objects. The human gaze is recorded during
a visual experiment consisting of presentation of
frames sequence displaying an object gradually
emerging from the background. At certain point the
observer recognizes the object. The recorded eye
trajectories processed in context of the image reveal
observer's search strategy and scene conspicuity.

Materials and methods

Nine young volunteers performed a series of two
visual experiments aiming at handwritten digits
recognition. The visual tasks of such kind are often
performed by the human. Therefore it is believed that
the recognition is immediate, at a glance, so particular
presentation method was designed to motivate the
observers to perform the active search. One experiment
used a pixelated images sequence of increasing
resolution and the other used a texture background with
gradually contrasting shape of a digit (see figure 1). The
presentation time for each image varied from 5s for very
blurry frames to 2s for clear ones.

The infra-red reflection-based eyetracker OBER?2 [5]
recorded two-dimensional eye posititions independently
at a rate of 750Hz with 12-bit precision. The computer
image presentation and data acquisition were controlled
by a custom-developed software supporting the static
calibration of the eyetracker. The precise calibration is
the crucial condition for accurate positionning of a
scanpath layer over the background image. The
calibration scanpath was also used for automatic
determination of the dominant eye [6].

The search strategy was represented by a sequence
of focus areas derived from the eyeglobe position by a
custom-developed software. Two parameters of each
focus point were investigated as representative for the
salience of the scene region presented in the back-
ground: the focus time and the eye returns count.

The algorithm of focus point detection is explained
hereafter using the left eye trace from observer 4 as an
example (Figure 2). The algorithm consists of the fol-
lowing stages:

Figure 1. The sequence of three frames (digit “7”’) presented to the volunteers. Exposure periods were (from left to
right): 4, 3 and 3 [s] . The digit is gradually appearing from the background
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Figure 2. Analysis of the eye position data: source data after calibration (blue), line segment approximation (green —
shifted up), approximation error (red), fixation areas detected (black — the higher level).

e subsequent sections of the recorded eye trace are
approximated with the best fitted line; the ap-
proximation error is calculated for each line sepa- volunteer 4 - left eye
rately; the current approximation is discontinued s s s
and a new line is started if the approximation error

exceeds a given threshold value or if the error dif- 100 =
ference for subsequent points exceeds the thresh- 500 - )

old value (see figure 2 red line). The latter case de-

tects an abrupt change of the function slope repre- 300 |

senting fast eye movement,

o the fixation areas are detected as signal sections of 4001
the weak inclination (almost horizontal) of the 500 1
length exceeding a given threshold value (see fig-
ure 2 black line). In the given example 13 fixation 600 4
regions were detected and they are represented in l
figure 2 by upper positions of black line, 700+ j

e the fixation times are computed and the longest i ' ' ' '
fixation event is determined. 200 400 600 800 1000
The second part of the algorithm provides the

maximum number of returns that the eyeglobe per-

forms to each given foveation region:
e cach foveation region is converted to a separate 100 -
image, similar to the image presented in figure 3,
e a triple morphological dilation transform is per- 200 4 |
formed for each such image, for the reason the fo- 300 1 1
cus points for a given foveation may not be coher- 1
ent, 400 - i
e each foveation image is compared to the others 500
with use of the logical function AND; the non-
empty result of such operation indicates two fove- 600
ations targeting a partly common region. Such
cases are binary marked in a square matrix of a 700+
size equal to the total number of foveation points, ' ' ' ' '
e the marks in the matrix are cumulated row-wise; 200 400 600 800 1000

the biggest value of the sum detects the fixation
areas most attracting the observer returns,

o the fixation areas are put in a sequence by the re-
turns number order; for the visualization clarity,
the foveation regions are bordered by a rectangular
frame (Figure 3).

Figure 3: Upper: Original scanpath (green), fixation ar-
eas (magenta), maximal fixation (blue). Lower: two ar-
eas of maximal returns count

IFMBE Proc. 2005 11(1) ISSN: 1727-1983 © 2005 IFMBE



The 3™ European Medical and Biological Engineering Conference
EMBEC'05

November 20 — 25, 2005
Prague, Czech Republic

Results

The results were processed for each experiment
and for each of presented digit separately. As particu-
larly interesting we found the perception comparison
of very similar digits “1” and “7”.

The preliminary analysis of the fixation areas for
these two digits led to determining of three regions
most attracting the observers attention (Figure 4).
Tables 1 and 2 summarize the results of the analysis.

The recognition of the digit ,,1” (Table 1) involves
most of the observer’s attention in regions B (sloppy
dash in left upper part of the sign) and A (central lower
part of the sign).

/1

WV

21

Figure 4. Two images of handwritten digits: the codes
and locations of defined regions to be analysed

These results come from the detection of regions
of the longest fixation time (for 3 observers A, for 5
observers B) and is also confirmed by the analysis of
most frequently re-foveated regions (5 observers re-
turned their attention to regions A and B). In 7 cases
the longest fixation regions matched the most

frequently re-foveated regions. Among these cases 3
observers preferred region A, while 3 others — region B.

For the recognition of the digit ,,7” the observers fo-
cused mainly on the central part of the digit (region A
including a horizontal dash - see table 2). In seven ob-
servers (of the total of nine) the longest fixation region
was A. In 9 cases (of the total of 11) region A was also
the most frequently re-foveated region. Moreover, in all
7 cases region A was detected as the longest fixation
area, it was also revealed as the most frequently re-
foveated region. Region B (left upper part of the sign)
was significantly less attractive for the observers.

Conclusions

The detection of salient features in the scene can be
done properly using OBER2 eyetracker and the pre-
sented methodology of scanpath analysis. The parame-
ters proposed in the paper: the focus time and the eye
returns count indicate accurately the position of the
most informative elements of the scene.

The analysis provides detection of the most signifi-
cant features of selected handwritten digits. In case of
digit “1” these features are: region B (sloppy dash in left
upper part of the sign) and A (central lower part of the
sign). In case of digit “7” these features were detected in
the central part including a horizontal dash described as
region A.

The next step is the identification and description of
individual visual search strategy. We hope that the dif-
ferent strategies separated during our study will contrib-
ute to understanding of human image perception and
therefore will assist the research on biologically inspired
visual systems.
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Table 1: Results of experiments: recognition of handwritten digit “1”

No. Recognition: Dominant
image no. — time [ms] eye

Number of
fixation areas

Criterion 2 Criterion 1
Max. returns AND
count - zones criterion 2

Criterion 1
Max. fixation
time [ms] - zone

1. 2 9000 right 17 661 A 3 A B 1 A
2. 3 12000 left 15 2877 B 5 B C 1 B
3. 2 9000 left 17 896 A 6 A 1 A
4, 2 9000 left 13 940 A 2 A C 1A
5. 1 5000 right 10 1080 B 3 B C 1 B
6. 2 9000 left 21 801 CcC 3 B C 1 C
7. 2 9000 left 13 949 B 5 B 1 B
8. 2 9000 left 12 568 B 4 A 0
9. 3 12000 left 17 971 B 5 A 0
areas — total: 35 1 55 4 3 3 1
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Table 2: Results of experiments: recognition of handwritten digit “7”

No. Recognition:
image no. — time [ms] eye

Dominant Number of
fixation areas

Criterion 2: Criterion 1
Max. returns AND
count - zones  criterion 2

Criterion 1:
Max. fixation
time [ms] - zone

1. 3 12000 left 21 784 A 5 A 1 A
2. 2 9000 left 12 1543 A 9 A 1 A
3. 2 9000 left 14 856 A 6 A 1 A
4, 2 9000 right 14 1049 B 8 A 0
5. 1 5000 right 11 1123 A 2 A C 1A
6. 2 9000 left 19 805 A 3 A 1 A
7. 2 9000 left 13 756 B 5 A 0
8. 2 9000 left 14 469 A 2 A 1 A
9. 2 12000 left 13 728 A 2 A B 1 A
areas — total: 7 2 9 1 1 7
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