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1. Introduction

Despite the increasing trend toward automation,
robotics and artificial intelligence in many
environments, the human operator will probably
continue for some time to be integrally involved in
the control and regulation of various machines (e.g.,
spacecrafts, helicopters, jet fighters, etc.).

A typical manual control task is the task in
which the control of these machines is
accomplished by manipulation of the hands or
fingers [3].

The important part of operator activity is a
detection of visual random signals and their
tracking.

In the last two decades technical improvement
of video monitors has largely changed their physical
and technical parameters.

The appearance of liquid crystal displays which
uses Thin-film Transistor (TFT) technology is based on
active matrix has a new step in the evolution of
displays, but cannot be seen as an opportunity to
eliminate the negative impact on the organ of sight.
New video monitors suffer from unchanging of sweep
mode, spectral imperfection and a special type of the
pixel that ultimately forms the so-called discrete image.

Thus actual problem is to estimate the influence
of TFT monitor on a human-operator.

The main characteristics of the human operator
are speed, accuracy, and reliability.

Assessment of high-speed performance of the
operator is the time of the problem solving, mainly
time from the appearing of the signal to the end of
the control actions.

Together with the indicators of the high-speed
performance of the “human-machine”, this indicator
measures the performance of the entire system. Its
assessment is time of information passing through
the closed loop of “human-machine” [1, 3].

2. Analysis of researches and publications

The number of computer users is growing every
year. At the same time the amount of computer and
electrical equipment in our work places, at home
and everywhere is also increasing.

When studying the influence of the monitors on the
operator in the first place there is the question about the
impact of electromagnetic radiation on the human body
and monitor influence on the work of the organs of
vision [2, 4]. But quantitatively the influence of the type
of monitor on the professional activities of the operator
is not sufficiently studied.

Purpose of work is to use quasilinear analytical
models to estimate the influence of the TFT monitor
on human-operator activities.

2. Experimental determination of the dynamic
models of human-operators “visual channel”

The “visual channel” consists of the receptors, which
receive information onto (human eyes), the central
nervous system that processes this information and
effector (in this case a human hand).

Human operators are known to be nonlinear,
adaptive, time varying and intelligent controllers. In
some cases, the human operator may or may not be
well trained or an expert, showing different
dynamics from operator to operator.

Therefore, it is very difficult to obtain
mathematical models of human operators in a
human-in-the-loop-manual control tasks. But in
these practical cases human characteristics can be
presented as quasilinear model.

Principals of defining of human’s linear model,
which perform an operation of input signal tracking
in open control circuit, are described on the block
diagram Fig. 1.

Human represented on it by the transfer function
and so-called source of remnant, or remnant 7 (f).
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Fig. 1. Operator’s block diagram in the control loop:
u(t) — input visual signal;

x(t) —output signal;

®(#) — is an error processing of the input signal

Human represented on it by the transfer function W
and so-called source of remnant, or remnant 7 (7).

We consider remnant as a part of output signal
of the human-operator, which can’t be obtained by
the linear transformation of output signal.

We can specify next sources, which reproduce
the remnant:

— operator reacts not only on the signal, which requires
reaction, but also on the another signal (for example, it
reacts during two-coordinates observation, working in
the horizontal direction, on the vertical signal);

— nonlinear part of reaction on the input signal;
own noise of operator;

— nonstationarity of parameters of the operator’s
transfer function.

Of course the transfer function of operator’s
“visual channel” describes the average for this
observation or series of observations result. For short
periods of time, and also for single observations the
deviations from average values can take place.

Caused by this deviation of linear reaction
around average reaction can be contained in the
observation error.

Therefore to carry out only one observation and
to reduce these errors stochastic input and output
signals are used.

A computer-based experiment has been
designed using the system identification theory to
collect data from human operators.

The purpose of this work is to estimate an
influence of TFT monitor on the structure and
parameters of operator’s “visual channel” dynamic
model on the basis of the experimental data.

Processing of the input and output signals in the
system of the “visual channel” research of a human
was performed on a basis of the structural
identification algorithm with a help of the applications
package, which were specially designed in National
Aviation University and are based on a spectral
analysis method of a random ergodic processes.

4. Structural identification algorithm of the
dynamic system model

We use well-known algorithm [1]. Let the
experiments determine arrays of input u (t) and
output x (t) signals of the object (Fig. 2).
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Data processing system

Fig. 2. Block diagram of the identification of the
dynamics of the object

The behavior of the researching object described
by a system of ordinary differential equations with
constant coefficients

Px =Mu+ vy (1)
where P and M — polynomial matrix argument:

S=jo;

x and u — vectors of the input and output
signals of the object,

y — vector signal uncontrolled disturbances,
which is a stationary random process, uncorrelated
with the input u.

The problem is to find the matrix of transfer
functions of the identified object and the matrix
spectral density disturbance vector.

The spectral matrix and mutual spectral density
S (8), Six (8), Sux (5), and S,,, (s) are determined as a
result of the primary signal processing

Introducing the symbol

y="YA,
where W — the matrix of transfer functions of the
filter, which forms the vector y(s).

Fourier images of disturbing signals on the basis
of “white” noise vector A(s), equation (1) can be
rewritten as follows

x =P 'Mu+ P'WA.

Assuming that the measurement signals u and r
are “ideal”, we form the structural identification
algorithm as follows:

— the matrix of transfer
identification object

functions of the
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W=P'M=S8, (Si)", )

— the matrix spectral density perturbation acting
on an object

S =P WS WL =S =SL(Sp) 'S, ()

xu 2

where “T” — the sign of transposition;
“x” — a symbol of the Hermitian conjugation.

Model of operator's “visual channel” while
working with TFT monitor.

The experiment was carried out with the
participation of 27 operators (16 men, 11 women, at
the age of 20-23 years).

Random signal is presented to the operator. Human-
operator can see only a part of this signal (five points).

Another points become invisible due to the
convenience of performing the tracking task.

The task of operator is — to repeat an input signal
as precise as possible, using a mouse cursor. The input
signal and the vertical coordinate of the mouse were
saved and late these signals were processed using the
algorithm of structural identification.

For example consider the steps of the structural
identification for one of the operators group.

First step is to find spectral density input
(Fig.3,a), the output (Fig.3,b) signals and their
mutual spectral density (Fig. 4) and to approxi-
mate these characteristics by mathematical
expression.

MatLab has been used for all these operation.

A A
1 02 102
10' | ] 10' - :
10° RS 10°
10_1 » X ; 10'1 .
10 10 10 fHz 10™ 10°
a b
Fig. 3. Input (a) and output (b)signal spectral density (—) and its approximation (---)
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Fig. 4. Amplitude-frequency (a) and phase-frequency (b) characteristic of the mutual spectral density
of the input and output signals (—) and its approximation (---)
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Approximation of graphical dependencies
analytical expressions is as follows:
— input test signal
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— mutual spectral density of the input signal and
the reaction of the operator
1

i — X
(0.05"s° +2-0.45-0.055 +1)

ux

1 —0.21s
003+ ¢ ©)
Second step is to substitute expressions (4), (5)

and (6) into (2) and (3) and obtain transfer function

and spectral density of remnant of human operator

“visual channel”.

Amplitude and phase frequency characteristics
of the operator are shown in Fig.5.

Analytical expression for the transfer function
of the operator has the form

1
W (s)=0.73
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Fig. 6 shows the spectral density of the remnant
that operator makes while working in the open-loop
control system and its analytical expression:

=1.62| !
Ton |(0.332S2+2~0.7~0.33s+1)|‘

|2

S

The transfer functions and spectral density of
remnant of all 16 operators are found in the same way.

Analysis of the dynamic characteristics of
operator’'s “visual channel” is showed what
parameters can be used for estimation of influence
of TFT monitor on the work of the operator.

Therefore the gain (K) and time delay of
operator reaction (), the bandwidth of the signal (f)
and the signal intensity of remnant (R) are chosen.

Then statistical analysis of each parameter was
carried out.

The Table represents the average value and root
mean square deviation of these parameters for
researched group of operators.

Statistical analysis
of the mathematical models parameters

Parameter | Average value Rootd%r{;cl%%(s)ﬂuare
K 0,71 0,006
T -0,2 0,003
f 2,81 0,16
R 1,14 0,083
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Fig. 5. Amplitude-frequency (a) and phase-frequency (b) characteristic of the transfer function

of operator “visual channel” (—) and its approximation (---)



48 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2014. N 1 (58): 44—48

10 .

1071 —

10 10

10" f,Hz

Fig. 6. Spectral density of operator remnant (—)
and its approximation(---)

5. Conclusions

The transfer functions and spectral density of remnant
of the operators group are found on the basis of the
structural identification of experimental data.

Parameters for estimation of influence of TFT
monitor are chosen and statistical analysis of these
parameters was carried out.

In the future, these results will be compared with
the results of structural identification of dynamic
characteristics of operator's “visual channel” when
operator working with cathode-ray tube monitor.
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1O. B. IlerpoBa. luHaMiuHi XapaKTePHCTHKH «30POBOT0 KAaHATY» omeparopa mijx dac fioro podoru 3 TFT
MOHITOPOM
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E-mails:panijulia@yandex.ru
Po3rnsHyTO BIUIMB MOHITOPIB HAa OIEpaTOpa Ta OPraHH 30pPYy, 4 TAKOX CJICKTPOMATHITHOTO BHUIPOMIHIOBAHHSA HA
OpPTaHi3M JIOOWHH. 3a3HAYCHO, IO KUTPKICHO BIUIMB THIly MOHITOpa HAa TPO(CCiiiHy misATBHICTH oOmepaTopa
HCAOCTATHRO BHUBUYCHHH. /[lma kimpkicHOI omwiHkm BmBY TFT MOHITOPY HA JISUTBHICTE JIFOIWHH-OTICPATOpa
BHKOPHCTAHO KBA3LTIHIMHI aHANITHYHI MOJEN. JHAHICHO TepeaBaibHi (DYHKINI Ta CIEKTPAIbHI IILTHHOCTI PEMHAHTH
TPYIIH OIIEPATOPIB HA OCHOB1 CTPYKTYPHOI iIeHTU(iKALIi CKCTIEPUMECHTAIBHAX JaHNX. BHOpaHo mapamerpu A7 OIHKA
pomBy TFT monitopa. [IpoBeieHO CTaTHCTHYHUI aHATI3 IHX ITAPAMETPIB.
KimouoRi ciioBa: nuHaMIYHA MOJCTH; 30POBHH KaHAN, IEepeaaBaibHA (DYHKIIN; PEMHAHTA; CTIICKTPAIbHA IMITHHICTS;
cTpykrypHa izenrudikamis; TFT moriTOp.
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HarmoHanbpHBI aBUalMOHHBIN YHUBEpCHTET, ITpocll. KocmoHaBTa Komaposa, 1, Kues, Ykpanna, 03680

E-mails: panijulia@yandex.ru
PaccMOTPEHO BIMSHHE MOHMTOPOB HA ONEPATOPA M OPraHbI 3PCHHA, 4 TAKKS JICKTPOMATHHTHOTO H3JIYHYCHHA HA OPTAHI3M
yenoBeKa. OTMEUCHO, YTO KOJMYECTBEHHO BIMSIHHC THIIA MOHHTOPA HA MPO(ECCHOHANBHYIO ICATEIIbHOCT OIIEpaTopa M3yHeHO
HEAOCTATOUHO. {711 KOMMUYECTBCHHOW OLCHKU BAWsHUA TFT MOHHTOpA Ha JCATENbHOCTh YETOBEKA-ONEPATOPA HCHOJb30BAHBI
AHATMTHHECKUE KB3WIMHEHHBIC MoJermy. HalineHsl mepenartounble ()YHKIMHM M CHICKTPAJTbHBIC IJIOTHOCTH PEMHAHTHI TPYIIIEI
OTICPATOPOB HA OCHOBE CTPYKTYPHOH HICHTH(DHKAIINH 3KCTICPHMCHTAIBHBIX TAHHBIX. BRIOPAHbI HAapaMeTphl T OUCHKH BIIMSTHUAL
TFT monuTopa. [TpoBencH CTAaTHCTHYECKUI AHATU3 3THX MAapaMETPOB.
KioueBbie cioBa: TUHAMHYCCKAS MOJICIb; 3PUTCIBHBIN KaHAT, MepeJarovHas (DYHKIWA; PEMHAHTA; CHCKTPAIbHASL
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