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Abstract. On the basis of information technology “Photoshop™ the means of the objective ergonomic evaluation of
the professional activity of pilot on piloting the plane has been developed. Procedural characteristics, peculiarities and
objective criteria if his work on aviation equipment is ergonomically acceptable, as well as the order of revealing the
ergonomic shortcomings of the arrangement of his working place that decrease the flight safety from the position of

human factor have been determined.
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1. Introduction

According to current statistics of accidents in
aviation, the vast majority of aviation accidents are
caused by the irrational actions of the crew in
stressful flight conditions [Hurst, Hurst 1986]. This
“professional inefficiency” is caused firstly, by not
optimal algorithms, whose correctness of fulfilment
practically is not controlled in flight testing.

During the investigation of aviation accidents
[Rules...2002], the degree of compliance of the
performance of the working algorithms by pilots,
according to the Manual Instruction (MI), rather is
not determined but assigned on the basis of the
mentioned requirements.

2. Statement of the problem

It is known that, how the crew must work in the
normal and refusal flight situations, ultimately, is
defined in the flight tests. They are testers, first of
all pilots, who are “ideological creators” of MI,
thereby ensuring, first of all, the security of passengers
and, equally important, legal security of the crew in
the process of maintenance of serial aircraft. Thus,
MI as a legal document is a kind of “procedural
guarantor” of successful flight and a “legal shield”
for crew from legal proceedings, in the event of an
aircraft incident. Otherwise, it is ergonomic source
of flight risk, especially in respect to working
algorithms of the crew in refusal situations.

However, the responsibility of testers for
“dangerous FO” is not foreseen by existing aviation
legislation [The air...1993] and the guilty in an
aircraft accident as a rule considered being a victim
crew. Although from the standpoint of modern
aviation ergonomics, it's absolutely groundless,
because, in most cases, line pilots acted according
with the MI.

This situation occurs due to the lack of sufficient
attention to procedural characteristics of the
professional activities of the pilot in flight tests, as
by the testers themselves so by the relevant aviation
regulatory authorities.

3. Analysis of research and publications

Existing official documents on the flying
certification of the aircraft [Unified...1985;
Aviation...1994] do not contain a separate section
with special requirements to the ergonomics of the
working algorithms of the crew. This question
indirectly is considered in connection with the
assessment by the MI degree of flight situation
danger [Unified...1985] or professional personnel of
the crew [Aviation...1994]. As a consequence, out
of sight of controlling aviation bodies there are such
important procedural characteristics affecting flight
safety, as the timeliness of the beginning of the
algorithm execution, the order and the number of
necessary operations, their executors, the duration of
each operation and the whole algorithm, the time of
the day when test flight is performed etc. Often,
the positive results of flight tests, especially in
relation to takeoff and landing characteristics, bear
the imprint of the “special” test process
[Guidance...1982], which is aimed, first of all,
to confirm the safety of the operation of the
new aircraft, according to the ‘“aerodynamic”
requirements of existing regulations [Unified...
1985; Aviation...1994].

The lack of methodological maintenance for
objective control of ergonomics of the performance
of the algorithms that are directly related with flight
safety, does not allow to perform their objective
evaluation to identify ergonomic shortcomings of
professional activity of the pilot.
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Such lack of control leads to the fact that “linear
pilot”, performing his professional responsibilities
exactly according to MI (not adjusted to the
peculiarities of the test flight, unexpectedly for
himself, as if “specially” might create “a special flight
situation” with all the possible tragic consequences.

On the other hand, the natural aspiration of
the tester to demonstrate high maintenance
characteristics of the aircraft, even with taking into
account the special means of test flight security
[Guidance... 1982], can lead to purposely more
procedurally favourable redistribution of functional
responsibilities between the pilots, contrary to MI,
and the creation of more favourable time conditions
for the fulfilment of “refusal algorithm”. Thanks to
such “good” procedural violations, the time of
fulfilment of appropriate algorithm for the
elimination of refusal situation reduces and flight
safety in the investigated refusal situation such as
“interrupted take-off” will be objectively proven but
only according to aerodynamic indices.

Thus, the absence of separate special ergonomic
requirements for the objective control of the
procedural characteristics of the professional
activities of pilots as well as the absence of objective
methodology for their assessment significantly reduces
the quality of the certification tests. The obtained
results, as a rule, do not contain objective confirmation
of the flight safety of working algorithms of the
crew from the standpoint of human factor, first of
all, in respect to the refusal flight situations.

The existing methodological approaches can
provide preventive analytical estimation of the
ergonomic characteristics of the working activity of
the crew [Gorbunov 2010; Gorbunov 2012], even
before the flight tests. But they are not intended for
experimental testing of the ergonomics of the layout
of the workplace, working algorithms and
distribution of functional duties among the crew.

4. The purpose of the study

Therefore with the purpose of objectification of the
results of ergonomic flight tests, in respect to the
professional activity of pilots, the method of
objective after flight video-control and analysis of its
procedural peculiarities using information technology
Photoshop [Boughton 1998] has been developed.

5. Photoshop is software method of objectification
of the ergonomic assessment

The method of ergonomic assessment of
professional behaviour of the pilot using information
technology Photoshop contains the following stages:

marking various elements of the pilot under
investigation and his workplace, spatial calibration
of object (markers), video shooting, video recording
of working process, selection of video frames which
are necessary for picture analysis, layout of
generalizing picture from them, the following
analysis of the peculiarities of professional
behaviour, on the basis of corresponding video
registration, their expert evaluation for accordance
with ergonomic criteria.

Effective application of this method to the
“ergonomic certification” of professional behaviour
of the pilot is provided by certain methodological
requirements for each of the stages. So, labelling
(marking by marker) the item (parts of pilot’s body,
areas of workplace, etc.), that is video-recorded,
carries out if it could appear on a video frame only at
certain working postures of the pilot or is “key” in
the algorithm, or testify about the inconvenience of
performance of working operations, etc. First of all,
those potentially informational parts of the video-
shooting object are marked with special labels
(markers) that require particularly careful
monitoring because of their importance for flight
safety. They ultimately determine positive or
negative ergonomic assessment of the professional
activity of the pilot. Markers can be placed as
directly on the pilot’s hands, head, torso, legs, etc.,
as well as on separate areas of panels etc. associated
with the correct execution of the working algorithm.

So the markers placed on the separate
informational parts of the body, in certain point
places on the pilot’s head, arms, hands, torso
associated with the change of working postures
when performing certain operations, will a help to
record objectively the fact of inconvenience at work.
Marking of certain “functional areas of workplace”,
separate operation means (switches, buttons, levers,
etc.) will allow to determine the authorship and time
indices of their using in the process of work. Based
on the markers of “belonging to profession” for a
certain position in the crew we can clearly say who
of the pilots performed specific operations with
specific aircraft equipment, at what stage of the
performance of work process and at what time and
whether in accordance with the requirements of MI.

For the qualitative objective ergonomic assessment
of professional behaviour of the pilot, all of these
types of markers should be clearly visible in the
video frames and have such dimensions that when
creating the integral “picture” they will allow to
place them, according to the path of monitored item,
within the size of the picture on a video frame.



V. Gorbunov. Objectification of ergonomic assessment of the pilot operation on the basis of ““Photoshop — technology” 89

Marking is closely linked with spatial calibration
of markers’ location. It can be performed as for
separate marked parts and areas of the body, so for
separate working areas, that form working space
around the running pilot (the human-operator).
Preliminary determination at what positions of
markers on parts of the body in the “picture” there
are negative ergonomic characteristics of the layout
of the workplace, for example, uncomfortable, not
be seen, not achievable etc. will allow to
unambiguously interpret the spatial position of
these markers’ representation in the process of
the work.

Thus objective data, in the form of video frames,
in respect to comfortable performance of working
algorithm by the particular member of the crew with
the use of the respective operation means (switches,
buttons, levers, etc.), instruments, sensors, detectors,
etc. will be obtained.

Video registration is undertaken primarily for
those working processes, the results of which
unambiguously determine the safety and/or quality
and/or reliability of the performance of the specific
flight task. Constant shooting angle, for example,
with respect to the point “C”, will allow to fix the
markers on the working parts of the body (head,
fingers, hands, etc.) involved in the working process,
on background of the corresponding marked areas of
layout of workplace, thus providing an objective
control of the ergonomic parameters of activity of
the pilot.

Existing automatic indication of time under the
video frame (hour, minute, second) specifies the
daily period, the duration of individual work
operations and algorithm as a whole, and parallel
sound recording allows you to “bind” the audio
features of the negotiations to the appropriate video.

The selection of video frames, necessary for
ergonomic analysis, is caused, first of all by their
information content, that demonstrates the
“authorship” and the sequence of movement of
working parts of the body, changing the state of
applied functional items of the layout of the
workplace, as well as, if possible, emotional reaction
of the pilot (facial expressions, or/and the frequency-
amplitude characteristics of the voice in the
conversation, or/and the “emotional content” of the
negotiation).

When you create summarizing “picture”, the
representations of marked items from different video
frames recording working process in time, and also
their separate fragments, that play an important role
in ensuring flight safety, are used.

Further analysis of this “picture” will allow to
find out the time moments and places of appearance
of certain markers in the video frames, to compare
them with the results of calibration and to determine
authorship, correctness, completeness and ease of
performance of working algorithms, to calculate
time procedural gaps between individual work
operations and to determine their timeliness,
“associate” with them, in real time, the crew talks
and, thus, to evaluate the adequacy of the
professional actions of the pilot (crew) to the
requirements of MI.

The resulting video information will help to
confirm “documentary” the shortcomings of the
cabin layout, as well as the violation of the
distribution of functional responsibilities among the
members of the crew and the optimality of the
studied working algorithms.

Thus, “Photoshop”, method of ergonomic
objective evaluation of the professional activity of
the pilots either during the actual piloting an aircraft,
or in flight simulation on the simulator, or on the
model cockpit, developed on the basis of
information  technology, will allow more
qualitatively, compared with only subjective method
[Gorbunov 2009], to assess the correctness and the
comfort of the work of flight crew during the
specific flight missions. This will contribute to more
adequate measures to improve the ergonomics of the
working conditions of pilots to ensure the flight
safety from the standpoint of human factor.

6. Conclusions

1. “Photoshop” as a software tool for processing
the video information, allows to determine the
objective indices of ergonomic assessment of
professional activity of the pilot.

2. Objective video registration and expert
analysis of the procedural characteristics of the work
of the pilot, in the process of piloting, objectively
assess the degree of ergonomics of his workplace,
ergonomic perfectness of working algorithms and
optimal distribution of functional responsibilities
among the members of the crew.

3. Software information technology Photoshop
(and similar modern software products) is a
promising research method of aviation ergonomics
for the objective identifying ergonomic shortcomings
of professional activity of the pilot.
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B.B. I'opOyHnoB. O0’exTuBi3allisi eproHoMi4yHOl OLIHKYU JisVILHOCTI MiJIoTa HA 0cHOBI «Photoshop-TexHoJiorii»

HauionanpHuii aBianiiiHuii yHiBepeurer, npoci. Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03680

E-mail: d_gor@rambler.ru
Ha ocnoBi indopmauiitnoi Ttexnonorii «Photoshop» po3poGieno wmeron o00’€KTHBHOI E€proOHOMIYHOI OILHKH
npodeciiiHol IisuTbHOCTI TijoTa. BHU3HAa4YeHO NpoLERypHI XapaKTepHUCTHKH, OCOOJMBOCTI M 00’€KTHUBHI KpHTepil
€ProHOMIYHOI OIIHKH YMOB POOOTH 3 aBiaIliifHIM 00JaTHAHHSM, SPTOHOMIYHI HEJOMIKH KOMIIOHOBKH POOOYOTO MicCIis,
0 3HWKYIOTh Oe3mneKy monsotry. «Photoshop» posrmsHyTO sk mporpamHuii 3aci®6 oOpoOku BimeoiHhopmarii, sKuit
J03BOJISIE HA OCHOBI BifieopeecTparlii Ta eKCIIEpTHOTO aHali3y MPOIEeTypHUX XapaKTEPUCTUK POOOTH MIIOTa BU3HAYUTH
MMOKa3HUKHN TIPOLIECY MIJIOTYBAaHHS, OIIHUTH EPrOHOMIYHY JOCKOHAJICTh aJrOpUTMiB poOOTH Ta ONTHMAJIBHICTH
posnoainy GyHKIIOHATHHUX 000B’S3KiB MK WieHaMH ekinaxy. [loka3aHo, 1o mporpamHa iHpopMamiiHa TeXHOJIOTisA
«Photoshop» Ta aHajoOriyHi cyd4acHi HpOrpamHi MPOAYKTH € MEPCHEKTHBHUM JOCIHIJAHUIIBKUM METOJIOM aBiamiiHol
€proOHOMIKH JJIsl BUSIBJIICHHSI €prOHOMIYHUX HEJOJIKIB podeciiHol AisiIbHOCTI MioTa.
KaouoBi cioBa: Oesneka mojbOTy; €proHOMiYHa OIliHKa; iH(OpMaliiiHa TEXHOJIOTis; JIIOACKUI (akTop; miioT;
«Photoshopy.

B.B. T'opoynoB. O0bekTHBHM3alUsI IPrOHOMHYECKON OLEHKHM /IeATEeJHLHOCTH MHJIO0TA HAa OCHOBAHUM
«Photoshop-TexHonorum»

Hauunonanbhelit aBuaninonHslil yHuBepceutet, npocn. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: d_gor@rambler.ru

Ha ocnoBe wuH(popmammonHoit TtexHomorun «Photoshop» paspaboran Merom IProHOMHYECKOW — OIEHKU
npoecCHOHANIBHOW — JeATeNnbHOCTH —muioTa.  OmpeneneHsl  HpOLEAypHbIE XapaKTepPUCTHUKH, OCOOCHHOCTH H
OOBEKTUBHBIC KPUTEPHHM OJPrOHOMUYECKOW OLCHKH YyCIOBHI paboOTBl C aBHALMOHHBIM OOOpYHOBaHHEM,

SPrOHOMHMYECKHE HEIOCTATKH KOMIIOHOBKM pabouero Mecra, CHIDKalomue Oe3omacHocTh mnosera. «Photoshop»
PAacCMOTpPEH Kak MPOrpaMMHOE CpEICTBO OOpabOTKHM BHICOMH(OpPMAIMHU, I03BOJIONIEE Ha OCHOBAaHWUHM BHJIEO-
PEruCTpalMyi M SKCIEPTHOTO aHaIHW3a SPrOHOMUYECKUX XApaKTEPUCTHK Pa0OTHl MHUJIOTA ONPENEIHTh IOKA3aTelH
npolecca MUIOTUPOBAHUS, OLEHUTh 3PrOHOMHYECKOE COBEPLICHCTBO aJITOPUTMOB padOThl U  ONTUMAaJbHOCTH
pacnpeneneHuss (QYHKIMOHAIBHBIX OOS3aHHOCTEH MEXIy 4WieHaMH JSKumaxa. [loka3aHo, dYTO, MpOrpaMMHas
uHpopmanmonnas TexHosorus «Photoshop» u aHajmorn4Hele COBpPEMEHHBIE NPOrPAMMHBIE IPOAYKTHI SBISIFOTCS
TIEPCIIEKTUBHBIM ~ HCCIIEIOBATEIILCKUM METOJIOM aBHALMOHHOM SPrOHOMHUKH JUIS BBUIIBICHHS 3PrOHOMHYECKUX
HE/IOCTaTKOB NMPOQECCHOHATIBHON IESTEIBHOCTH MIJIOTA.

KaroueBble cioBa: 0e3omacHOCTh TmoNeTa; HWHGOPMAIMOHHAS TEXHOJIOTHS;
sproHommdeckas ornenka; «Photoshopy.

IMAJIOT, YEeJNOBEUECKUH (akTop;

Gorbunov Volodymyr (1948). Doctor of Biology. Professor. Aviation Psychology Department, National Aviation
University, Kyiv, Ukraine. Education: Shevchenko Kyiv State University.

Research area: ergonomical investigations of the reliability and safety of the operator's activity of aircrew and operators
of other “man - mashine” systems.

Publications: 72.

E-mail: d_gor @ rambler.ru



