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Abstract: This paper describes the application of an important tool which can capture shifting information from
pilots’ visual attention data. In order to investigate the shifting information, the shifting state space is defined by
visual tracking, visual interference and visual dormancy. Using this analysis, the movement of pilots’ visual
attention can be completely measured. The results that the forecast of the probability shifting model is
coincident with the fact suggest the use of the model as a powerful technique for measuring the movement of
pilots’ visual attention. Furthermore, the link between visual attention and driving experience or sexual
distinction are also discussed in the probability shifting model. Copyright © 2013 IFSA
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1. Introduction

This paper addresses the task of providing the
ground work for a logically formulated and
computationally motivated model of attention in
visual perception. Attention that moves was first
experimentally investigated by Helmholtz who found
that one can read a letter in periphery presented
briefly enough to prevent eye movements if he
attended the location of the letter. However, intensive
research such as movement models and algorithms
has been generated by the research of machine vision
over the last several decades on account of their
importance to the machine vision application
including surveillance, driver assistance and artificial
robot system. Although a lot of outstanding model
and modified algorithms are proposed [1, 2], most of
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them are dependent on special assumption and some
of them is not adaptable to difficult and changeable
environments in different video sequences.

In spite of this, previous work addressed several
aspects of human visual attention, including
generation of autonomic scan paths of eye gaze
movements, aspects of secondary and covert
attention, and of exogenous and endogenous
attention. Moreover, Scholl provides a detailed
discussion of the issues involved, highlighting the
difficulties in defining what should constitute an
object relative to attention and raising the question as
to whether notions of objects are formed pre-
attentively or post-attentively [3]. In part visual
attention is task or activity dependent, controlled by
higher level cognitive processes that select what is to
be viewed preferentially according to the current role,
for instance, as indicated by visual search tasks [4, 5].
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According to the findings in psychology, selective
visual attention acts like a filter to select the useful
information out of the deluge information of the
image what is the nature’s answer to computational
difficult and changeable environments [6]. On the
early selection process, human visual attention is
attracted by the salient objects based on innate
principles obtained through evolution and shifts
between them. And on the late selection process,
human brain may adopt a need-based approach that
uses task specification and learning knowledge to
detect the desired object [7].

Some phenomenon has always been to provide
explanations for the characteristics of biological.
Reynolds et al proposed a quantification of the biased
competition model [8, 9]. Subsequently, Lee and
Maunsell appeared a normalization model, the
normalization model of attentional modulation,
showing how attention changes the gain of responses
to individual stimuli and why attentional modulation
is more than a gain change when multiple stimuli are
present in a receptive field [10].

However, a model of visual attention shifting
addresses the observed or predicted behavior of
human and non-human primate visual attention.
Models, from mathematical, psychological to
biological, explain or predict some or all of visual
attentive behavior [11-18]. It is necessary to measure
the visual tracking, visual interference, and visual

dormancy for understanding the movement
of visual attention.
Consequently, this paper presents a novel

probability shifting model to measure the movement
of pilots’ visual attention for dealing with these
troubles. In probability shifting model, the shifting
state space is defining by state vector such as visual
tracking, visual interference and visual dormancy.
The probability of three state vectors are all
investigated to  measure  the  movement
of visual attention.

The rest of the paper is organized as follows.
Section 2 gives the overview and derivation of the
probability shifting model. Essential experiment and
analysis of probability shifting model are detailed in
section 3. Section 4 presents the important conclusion
of this paper.

2. Probability Shifting Model

Measuring the movements of attention is not as
easy as measuring eye movements and the proposed
probability shifting model tries to use the three
essential processes of selective attention to gain more
information about the direction of estimation when
target disappears in the scene. A brief description of
the proposed probability shifting model algorithm is
given in this section.

For convenience, the shifting state space of pilots’
visual attention is defining by visual tracking, visual
interference and visual dormancy, where visual
tracking show that driving information is disposing,
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visual interference indicate that disposing of driving
information is void by unrelated information., visual
dormancy mean that disposing of driving information
is void owing to physical and psychological trouble.
In order to make derivation convenient, we set the
state space denoted by:

Q={4,B,C},

where (2 is the whole attention event, A4 is the event
of visual tracking, B is the event of visual
interference, and C is the event of visual dormancy.

2.1. Shifting State Probability

Previous research had found that the movement of
visual  attention  follows the  exponential
behavior [19, 20]:

G(t)y=1-e",

[ —

where /11 =—, Z is the mean of duration at state

~

vector i, i =A,B ,and C.
Therefore, the shifting probability between
A and A is derived as follows:

P, (A1) = P{X(t+At)= A X (1) = 4}
=P{T, > At}
=1-G,()
=1-A4,At +o(At)

where the random variable X (¢) denote the state
vector of visual attention at i ,i = A, B, and C'.

The shifting probability between A4 and B is
expressed as P, ;(Af) and shifting probability

between A and C is expressed as P, (A7) .

Based on the maximum likelihood estimator

(MLE), the shifting probability from 4 to B or C
is actually in proportion to the mean of duration at
state vector I, i = B, and C.

On the other hand, the shifting probability
satisfies following conditions

PA,B(At) + PA,C(At) =1 _PA,A(At)

Therefore,

PA,B(AI) = %At‘i‘O(AI)

B C
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P, (A1) = 7 A At + o(Ar)

B C

The shifting probability between A , B and
C are roughly analogous:

P, ,(At)=1-4,At + o(At)

P, (A = /Iff - At + o(A?)
P, (At)= /13/1—3/%& + o(At)
P, ,(Af) =1~ 2,At + 0o(A?)
P, (A= AA/EFC/IC At + o(Al) » 0
P, (At) = /IA/I—AACAI + 0(At)

P. o(At)=1- A At +0(At)

A
P. (At)=—22
o /’i’A B

A’A

A B

At + o(At)

F. z(At) = At +o(At)

Further, the shifting matrix can be calculated.

2.2. Model and Problem Solving

Based on the theory of Markov process, the
differential equation is obtained by Eq. 1:

FAGYAGYAG)

[p.0.py 0.0, P

where H is the shifting state matrix obtained from
section 2.1.
This probability satisfies following conditions.

1) for each attention event in state space 2,

0<pyPppe =1
2) for the whole attention event ),
P(Q)=1.

3) for mutually exclusive attention event,

P(U i) = Z b -

i=A4,B,C i=4,B,C

Let the initial condition,

[2,,(0), p,(0), p.(0)] = [1,1,0].

And then, Laplace transform is employed for
solving probability shifting model.

3. Factor Analysis

More than 60 percent of all aircraft accidents are
concerned to pilot error. Identifying when equipment
and procedures do not fully support the operational
needs of pilots is critical to reducing error and
improving flight safety [21]. Therefore, to develop
new flight deck technologies that have traditionally
followed a design process more focused on
component functionality and technical performance
than pilot usage and operability is
especially important.

For a number of tasks, the pilots’ visual attention
is divided between tracking one or more vehicles and
scanning the environment for information. Serious
piloting errors and accidents are rare events and the
low-probability of occurrence makes the study of
pilot error difficult to investigation.

For contributing to counter these errors and
accidents, we simplify these troubles as follows.
Pilots’ visual attention is conveyed by state vector
such as visual tracking, visual interference and
visual dormancy.

In this paper we present a method for making
short-term predictions about the visual attention
shifting. The motivation to develope a method for
anticipating where to look is rooted in the need for
visual attention in virtual pilots.

Next, the pilots’ visual attention data are used to
illustrate the performance of the probability
shifting model.

There are so many factors affect the pilot in the
aircraft flying, but the experience and sex play an
important role. For investigating the effect of driving
experience and sexual distinction on pilots’ visual
attention, the volunteer is split up into two groups for
this experiment. Firstly, the experiment is launched
between male pilots and female pilots. And then,
similar experiment is launched between experienced
pilots and inexperienced pilots.

4. Analyze to Driving Experience

For the purposes of researching the effect of
driving experience on pilots’ visual attention, the
probability of visual tracking, visual interference and
visual dormancy for different experienced and
inexperienced pilots are calculated.

4.1. Experiment 1: Experienced Pilots
Fig. 1 illustrates the probability of state vector
including visual tracking, visual interference and

visual dormancy for experienced pilots. We observe
that the probability of visual tracking is far larger

359



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 357-362

than the sum of visual interference and
visual dormancy.
For experienced pilots, the probability of visual

tracking (black) p, >0.95 in 50 minutes. The
probability of visual interference (red) p, and visual

dormancy (blue) p,. are very little by comparison.
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Fig. 1. The probability of visual tracking (black), visual
interference (red) and visual dormancy (blue)
for experienced pilots.

4.2. Experiment 2: Inexperienced Pilots

Fig. 2 illustrates the probability of visual tracking,
visual interference and visual dormancy for
inexperienced pilots. The cited experimental curves
analogously with the probability of
experienced pilots.
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Fig. 2. The probability of visual tracking (black), visual
interference (red) and visual dormancy (blue) for
inexperienced pilots.
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Despite similar signs of the probability for visual
tracking, visual interference and visual dormancy
between inexperienced pilots and experienced pilots
when ¢<50 minutes, the probability of visual
interference for inexperienced pilots is greater than it
for experienced pilots when ¢>150 minutes. This
shows that the capacity of resisting disturbance is
becoming stronger and stronger with experience.

5. Analyze to Sexual Distinction

For the purposes of researching the effect of
sexual distinction on pilots’ visual attention, the
probability of visual tracking, visual interference and
visual dormancy for different sex pilots are calculated.

5.1. Experiment 3: Male Pilots

The probability of state vector including visual
tracking, visual interference and visual dormancy for
male pilots is shown in Fig. 3. That the probability of
visual tracking is far larger than the sum of visual
interference and visual dormancy is in keeping with
the real conditions.

For male pilots, the probability of visual tracking

(black) p, >0.95 in 60 minutes, on the contrary,
the probability of visual interference (red) p, and

visual dormancy (blue) p,. are less than 0.02 .
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Fig. 3. The probability of visual tracking (black), visual
interference (red) and visual dormancy (blue) for male
pilots.

5.2. Experiment 4: Female Pilots

For researching the visual attention of female
pilots’ visual attention, the probability of visual
tracking, visual interference and visual dormancy for
female pilots are displayed in Fig. 4. Apparently, the
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probability of visual tracking (black)
P4 > 0.95 about 50 minutes, which is less than the

probability of male pilots.
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Fig. 4. The probability of visual tracking (black), visual
interference (red) and visual dormancy (blue)
for female pilots.

By comparing Fig. 3 and Fig. 4, we can find that
the probability of visual tracking, visual interference
and visual dormancy of female pilots are similar to
male pilots. The forecast of the probability shifting
model is coincident with the fact. The results of this
section suggest the use of the probability shifting
model as a powerful technique for measuring the
movement of pilots’ visual attention.

4. Conclusions

The probability shifting model is applied to the
pilots’ visual attention data in order to investigate the
movement of visual attention. It is found that shifting
model can provide very useful information about
possible movement of pilots’ visual attention.

Moreover, we can find that the forecast of the
model agree with the actual facts by investigating the
effect of driving experience and sexual distinction on
pilots’ visual attention. It might be seen that the
method presented in the paper is of practicality and
reliability. In conclusion, we have reported here on
exploratory results that demonstrate effective and
potential usefulness of probability-based techniques.
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