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Abstract: This paper gives an analysis of the dynamic charac-
teristics of situation elements (SEs) in situation awareness (SA)
research. The purpose of the discussion is to understand the fac-
tors that influence SA and to help in designing the training systems
to improve operators’ SA. The status function of SEs is defined
and the derivative of the function represents trends of the status of
SEs at each moment. Then, Fourier transform (FT) is used to give
the frequency-domain function in terms of the time-domain status
function. In frequency domain, the bandwidth of the status func-
tion is used as a criterion to characterize the notion of “fast” and
“slow” of the change of SE’s status, which represents the dynamic
characteristic of SEs. The criterion constitutes the first analytical
measurement of the dynamic characteristic of SEs, which is one
of the important factors that influence the SA process.
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1. Introduction

This paper proposes a discussion on the dynamic char-
acteristic of situation elements (SEs) in situation aware-
ness (SA) research. SA is an important issue which needs
to be addressed in many disciplines, such as human-
controlled and human-monitored mobile communication
networks [1], patient care [2], information security risk
management [3], social networks, intelligent transporta-
tion systems [4], and operational battlefield command and
control [5] and so on [6—19]. Many definitions of SA are
found in the literature, and the most commonly accepted
definition is “the perception of the elements in the envi-
ronment within a volume of time and space, the compre-
hension of their meaning, and the projection of their status

Manuscript received September 01, 2016.

*Corresponding author.

This work was supported by the National Natural Science Foundation
of China (61174198) and the PLA Military Graduate Students Foundation
(20113Y002-163).

in the near future,” which was proposed by Endsley in
1995 [1,20]. In addition to individual SA, team SA and dis-
tributes SA are also highly concerned by researchers [21 —
25]. According to the definitions and related research, SA
of an operator is influenced by plenty of factors such as
attention, stress [26], working memory, information avail-
ability and goals [27-32]. The above factors are con-
cluded from the perspective of the operator. In fact, the
dynamic characteristic of the SE that the operator needs
to perceive and understand also influences the SA of an
operator [33,34].

The dynamic characteristic can be used to determine
which SE changes fast and which changes slowly. If an
SE changes slowly, it is easy for operators to perceive, un-
derstand, and even to predict the status of this SE in the
near future. However, for an SE that changes fast, getting a
high-level SA is difficult for operators. Take commanders
on the battlefield as an example: the position of a missile
changes so quickly that the commander hardly knows the
specific position of the missile even with the help of the
advanced command and control information system. How-
ever, if the target is a tank, it is easier for the same com-
mander to predict the position of the tank. Therefore, the
study of the dynamic characteristic of SEs is useful for SA
estimation of certain operators and system designing.

However, the existing research rarely involves the dy-
namic characteristic of SEs since the types of SEs are ex-
tremely varied and their dynamic characters are different
from one another. Our research proposes that the status of
an SE can be represented as a function named status func-
tion of the SE, the derivative of which describes the trends
of the SE at each moment. Fourier transform (FT) is used to
analyze the status value function in the frequency-domain,
and the bandwidth of the status value function is defined to
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evaluate the dynamic characteristic of the SE.
2. Status function of the SE

Characteristics of an SE include two parts: status and the
dynamic characteristic. The description of status of an SE
is needed to analyze the dynamic characteristic of the SE.
Therefore, some basic definitions about the status of the
SE are discussed in this section.

Operators usually obtain the status of SEs from infor-
mation systems. In systems like military command and
control information systems, sensors take “snapshots” of
the battlefield environment at regular intervals to get sta-
tus value of SEs, which will then be displayed to operators
through the information system. Therefore, operators get
the status of SEs at each snapshot. In general, we can fit
the status of SEs by mathematical functions.

Definition 1 Status function f: The changing status of
situation element A is represented by the function f4, and
fal(t) is the status of A at time ¢.

A snapshot is a sampling of status of SEs. To help ope-
rators accurately understand changes of SEs, sensor sys-
tems usually gather information periodically. Thus, opera-
tors generally get situation information (SI) at a fixed fre-
quency.

Definition 2 Sampling frequency R: The time between
two snapshots is At, which means the sampling period is

At; therefore, the sampling frequency R = A

The changing rates of the status of various SEs are dif-
ferent from one another. Therefore, different sampling fre-
quencies are used to meet the actual demand. High sam-
pling frequency can help the operator know the current
situation when the status of an SE changes fast or the mis-
sion of the operator is with real-time requirements, and
vice versa. For instance, the position of a missile is an SE
that changes rapidly for military commanders, therefore, it
is necessary to set a high sampling frequency in the infor-
mation system for commanders to fully know the position
of the missile.

Since the derivative of a function describes the trends of
the function in each value of the independent variable in
mathematics, we define the trend of status at a particular
moment based on the definition of the status function of
the SE as follows:

Definition 3  Status trends function f’: If the status
of situation element A is expressed by f4, then the status
trends at time ¢ is f’; (¢), where f/; is derivative of f4.

The sign of f/,(t) shows whether the status of A is in-
creasing or decreasing and the value of f/;(¢) reflects the
intensity of the change.

Take the flight altitude of aircraft A as an example.
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fait_a(t) describes the flight altitude of aircraft A in an
hour, and f!,, ,(t), the derivative of fu;;:_a(t), reflects the
trend of the flight altitude at each moment. Fig. 1 shows
fare_a(t) and f;, (t). When ¢t = 0.8 h, the flight alti-
tude is faz¢_4(0.8) = 10 km, and f/,, ,(0.8) = 0.23. The
flight altitude of aircraft A rises sharply.
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Fig. 1 Current status information and trends information (deriva-
tive) of aircraft A

3. Dynamic characteristics of the SE

Although the status trends function represents variation of
the status at each moment, whether the SE changes fast or
slowly as a whole is still unknown. For example, curves
in Fig. 2 represent the flight altitude of two aircrafts dur-
ing a task, and we are unable to determine which of them
changes fast through the curves. Set the status function of
the two flight altitudes as h;(t) and ha(t), and the status
trends function A/ (¢) and h%(t) show the variation of the
flight altitude at each moment in Fig. 3. Comparing the
curves of A} (t) and h%(t) in Fig. 3, we cannot determine
which aircraft’s flight altitude changes faster.
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Fig. 3 Derivative h’(t) of flight altitude h(t)

In this section, FT is used to transform the status func-
tion of SEs from the time-domain into the frequency-
domain, and then the bandwidth of the status function in
the frequency-domain is defined as a criterion to character-
ize the notion of “fast” and “slow” of the change of SEs.

3.1 Status function of the SA in frequency-domain

In the signal processing, time and frequency describe the
same signal from two different aspects [35]. FT is a for-
mula that gives the frequency-domain function in terms of
the time-domain function. FT takes sine and cosine sig-
nals as the basic unit, and then arbitrary signals can be de-
scribed as sums of sine and cosine signals in Fig. 4. Signals
are functions, so we can also use FT to transform the sta-
tus value function of the SE from the time-domain to the
frequency-domain.
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Fig. 4 Schematic diagram of FT

3.1.1 Fourier series of periodic status value function

Fourier series (FS) can be used to periodically describe
the changed SE. Suppose the period of function f(t) is T,
if f(t) satisfies Dirichlet conditions, which include three
things [33]:

(1) in any finite interval, f(¢) is continuous at all but a
finite number of points;

(ii) in any finite interval, f(¢) is of bounded variation,
which means that there are no more than a finite number of
maxima or minima;
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(iii) f(t) is absolutely integrable,

to+T
J F(B)dt < oo, )

to

then, f(¢) can be described as a weighted sum of complex
exponentials.

f(t) = ap + a1 coswot + ag cos 2wpt + - - - =

bl sinwot —+ b2 Sin 2&)0t + .=

ap + Z[an cos(nwot) + by, sin(nwet)] =

n=1
co + Z ¢ cos(nwot + ¢dp,) 2)
n=1
For (2):
B 1 to+T
apg = Co = f LO f(t)dt (3)
2 to+T
an = = £ (%) cos(nwot)dt 4)
T,
2 to+T
b, = = J £ () sin(nwot)dt Q)
T Jy,
cn =/ a2 + b2 (6)
¢, = — arctan b—" @)
an

where wy is the fundamental frequency in radians per se-
cond, wy = 2_75’ and tg = ) [35].

According to Definition 1, the status value function
about situation element A is f4(¢). When the sampling
period At of an operator is small enough, in which case
the sampling frequency R — oo, then f4(t) can be re-
garded as continuous. Additionally, since the status value
of the SE describes some physical quantities, it should be
bounded. Therefore, f4(t) satisfies Dirichlet conditions,
so that f4(t) can be represented by (2), and the frequency
of the components are integral multiples of wy.

Take the flight altitudes of aircraft 1 and aircraft 2 in
Fig. 2 as an example. The status value functions A4 (t) and
hs(t) are periodic functions where

1 5 1
hi(t) = 10+§ cos(2.5nt)+g cos(7.5nt)+g cos(10mtt)
A ®)
ha(t) =2+ %cos(2.5nt) + 3 cos(5mt). )
The unit of the flight altitude is km, and the period of
both is 7" = 0.8 h. After the FT, the magnitude of the FS
coefficients of hy(t) and ha(t) are discrete as can be seen

in Fig. 5 and Fig. 6, and the magnitude of components is
different from each other.
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Fig. 5 Magnitude of the FS coefficients of aircraft 1’s flight altitude
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Fig. 6 Magnitude of the FS coefficients of aircraft 2’s flight altitude

3.1.2 FT of aperiodic status value function

For aperiodic status value function, FT gives the
frequency-domain function in terms of the time-domain
function. Suppose f(t) is an aperiodic function, if f(¢) is
absolutely integrable, then it has FT.

F(w) :f f(t)e iwtdt (10)
ft) = % L F(jw)e! dw (11)

Equation (10) is the FT and (11) is the inverse FT. F'(jw)
in (10) and (11) can also be written in the form of trigono-
metric functions:

f(t):%fo F(w)] cos(wt + p(w)dw.  (12)

Equation (10) shows that an aperiodic function can also
be expressed as a sum of trigonometric functions. The pe-
riod T' of an aperiodic function is infinity and the fun-
damental frequency is infinitesimal. Therefore, frequen-
cies of the sinusoidal functions range from 0 to infinity.
For the arbitrary signal whose energy is limited, amplitude
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%dw of the components at different frequencies is in-
finitesimal. | F'(jw)| is the magnitude of the FT of f(¢), and
it reflects the relative size of amplitudes of those trigono-
metric functions.

The status value function is a physical quantity, thus,
it is finite and continuous. As a result, FT can be used to
transform the aperiodic status value function.

Fig. 7 shows the distance between two tanks and their
destination in 10 minutes. The moment we start to sample
the distance is the initial moment. Suppose the distance
during this period is in line with the exponential function,
distance between tank 1 and its destination is d; (¢) and dis-
tance between tank 2 and its destination is da(¢). The unit
of the distance is km.

di(t) = 60e 01 (13)

do(t) = 60e 0% (14)
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Fig.7 Distance between two tanks and their destinations

According to the FT of the aperiodic status value func-
tion, the magnitudes of the FT of d; (¢) and dz(t) are shown
in Fig. 8 and Fig. 9.
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Fig.8 Magnitude of FT of dy (t)



1130

80 T T T T T T T

0 . . . .
20 -15 -10 -05 0 0.5 1.0 15 20
Frequency/Hz

Fig.9 Magnitude of FT of d2(t)

3.2 Analysis of dynamic characteristics of the SE

In this section, we discuss how to use the bandwidth to
access the dynamic characteristics of the SE.

In the frequency-domain, we use the bandwidth of the
status value function of an SE to analyze the dynamic char-
acteristics of the SE. The term bandwidth is applied to both
signals and systems. There are many different definitions
of the bandwidth. Some definitions are based on the sig-
nal power and others on the decay of the signal magnitude.
In our research, f(t), which is the status value function
of the SE, can be represented as the sum of trigonometric
functions. Since these trigonometric functions have differ-
ent amplitudes, each trigonometric function has a different
influence on f(t). The larger the amplitude of a sine or co-
sine signal is, the greater it effects f(¢). Therefore, we use
the definition of the bandwidth based on the decay of the
signal amplitude to describe the effects of different coeffi-
cients of f(t).

Definition 4 Bandwidth of status value function: the
bandwidth is the distance between 0 and the point where
the signal is 1/ /2 of the maximum signal amplitude in the
frequency-domain.

Set F'(jw) as the result of FT of f(t), then the magni-
tude of F'(jw) is | F(jw)|. |F'(jw)| is maximal when w = 0.
The maximum value is expressed as |F'(0)|. If we(w. > 0)

satisfies |F(jw.)| = %\F(O)

, w 1s the bandwidth of

the status value function f(¢). For the periodic status value
function f(¢) whose amplitude spectrum is discrete, w, is
the bandwidth of f(t) if w. satisfies

[ e

. 1 . 1
[|F<ch> - 5IFO)] < |G - ﬁF(O)@ ,

0<w< we. (15)
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According to the definition of the bandwidth of the sta-
tus value function f(¢), when w < w,, the amplitude of
corresponding components of f(t) in frequency domain is
large enough to influence f(¢); and for those components
whose frequency w is less than w,, their amplitude is less
than 1/ /2 of the maximum amplitude and their influence
on f(t) is too small to consider.

Therefore, if the bandwidth of the status value of the
SE is large, the influence of high-frequency components in
f(t) is greater than other components. High frequency im-
plies rapid change, therefore, the SE that has a large band-
width changes fast. Taking the SE in Fig. 8 as an example,
the distance between tank 1 and its destination is d(¢),
and according to the magnitude of d; (), maximum ampli-
tude is |F(0)| = 59.30. Since |F(jwe1)| = |F(0)|/vV2 =
41.94, then the bandwidth of d; (¢) is we1 = 0.097 Hz. In
the same way, the bandwidth of da(t) is wee = 0.5 Hz.
Schematic diagrams of the bandwidth of d; (t) and da(t)
are shown in Fig. 10 and Fig. 11. Since w.o > wei, the
distance between tank 2 and its destination changes faster.
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Fig. 10 Schematic diagram of the bandwidth of d; (t)
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Fig. 11 Schematic diagram of the bandwidth of dz(t)

Now, we can analyze the dynamic characteristics of
hi1(t) and hso(t) in Fig. 2. As mentioned at the beginning
in Section 3, the derivation cannot be used to access the
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dynamic characteristic in this example because it is dif-
ficult to compare the value of h}(t) and h)(t) at differ-
ent time. However, the proposed method does not need to
consider this problem. For A1 (t), the maximum amplitude
in the frequency-domain is |F(0)| = 10, |[F(0)|/v2 =
7.07, then according to (15), the bandwidth of h;(t) is
we1 = 0 Hz. And for ho(t), the maximum amplitude in the
frequency-domain is | F(0)| = 2, |F(0)|/v2 = 1.41, and
the bandwidth of ho(¢) is we; = 1.25 Hz. Since we1 < wea,
the flight altitude of aircraft 1 changes more slowly than the
flight altitude of aircraft 2. In practice, although the flight
altitude of aircraft 1 fluctuates rapidly up and down, the
total altitude of aircraft 1 stabilizes at 10 km, which im-
plies that this small rapid fluctuation does not have very
big impact on the whole. However, for aircraft 2, though
the number of the fluctuations is low, the range of these
fluctuations is large and this leads to the result that ho(t)
changes faster than hy (t).

The above example fully proves that the frequency do-
main analysis method proposed in this paper can effec-
tively determine the dynamic characteristics of the SE.

4. Conclusions

A method based on FT and bandwidth of the status value
function of the SE defined in this paper is used to ana-
lyze dynamic characteristics of the SE. Our results have
implications for researches such as battlefield SA and in-
telligence analysis.

Nonetheless, since the method is in line with some hy-
potheses, and the definition of the status value function of
the SE is limited by some conditions, more work is needed
to extend the application fields of the method.
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