ANYAGTUDOMANYI-TEREK 2.

Nagy.Andr-és—ﬁ'é'l:hetTl Istvan Péter=Czifra Sandor (Szerk.)

= i -

- T
- : - T

MIRIAMA GOLISOVA-SAMER AL- RABFFI Urkyu KM'E-'AI\ms NAGY
Create an aireraft malntenance program

UtkU KALE-SAMER AL-RABEEI=BRANISEAVRACEK - ANDRAS Nagy
Analysis of utilization alternative fuels.in the Aviation. ™ s

SAMER AL-RABEEI-BRANISEAV:RACEK-PETER KORBAEMICHAL HOVANEE-UrKU KALE-ANDRAS NAGY

The Impact of Aircraft’s.Chassis Maintenangegon Ihe Fedlth of Mechanics

MARIO MAURO SALVATORE=ALESSIO. GALLORO-LEONARDO i Zz1-GIOVANNI PULLANO-PETER ODRY-GIUSEPPE CARBONE
Design of PEIS: A Low-Cost Pipe Inspector Robot

Erir KoruYUCU-MELIH-YHD1Z-EBRU-YA ZGAN=UTKU KATE- ANDRAb NAGY

Evaluating and Comparisép-af the Ergonomic Corﬁltlons ofdfwo Representative Training Aircraft Cockpit

MELIH YILDIZ=UTKU KALE- ANDRA&S NAGY ™=

Analyzing Well-To-Pump Emission§ _Qfl.Electrlc andrConyentional§&Fuel for Aircraft Propulsion

MELIH YiLDIZ-SAvAS MUTLU-UTKU KALE-ANDRAS NAGY

Environmental and Economic Analysw of EmissiomReduction Strategies for Alrport Ground Operations _

HELENA MANOJLOVIC 5 T : =
A-gesztusalapt technoldgiadielye.az oktatasban - _".'- 1.

GYSRFFYNE HOLLO KRISZTiNAS = ' = !
Az érintés .jlelkuh adatgytijtés kockazataitg €5 a-qu_ckazatszamltas modszerei
ZAKOTA ZOLTAN: L
Az Edison programozasi nyelv és szerepea konkurens program®Zasban =
MARIA PABANTKOU-UKTU KALESANDRAS. NA@Y KONSTANTINGS SFAMOULIS
Macrocognition for Predaredness in aviations-An opinion paper S
MaRiA PAPANIKOU-UKTU KALE-ANDRAS NAGY=KONSTANTINGS STAMOULIS
Understandlng aviation operators vgriability in adyangedt.systems
BARTHA MIKLOS—ZAKOTA ZOT AN = 3

A Forth-programozasi nyelv alkalmazas+lehetfségeirsl oo -

SZECHENYI @
e Eurépai Unié KR
g Eurdpai Szociélis L
X N Alap *ox*

MAGYARORSZAG
KORMANYA BEFEKTETES A JOVOBE

DUE PRESS:= &%




Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

‘ ANYAGTUDOMANYI \




© Nagy Andras—Németh Istvan Péter—Czifra Sandor (Szerk.) 2021

© Agocs Mihaly; Baki Roland; Bereczki Péter; Berki Borbala; Burkus Ervin; Csincsi Zsuzsanna;
Domonkos Levente Laszld; Gonda Viktor; Fehér Janosné; Katona Jozsef; Kecskés Istvan; Kiraly Zoltan;
Kiraly Vencel; Kiss Endre; Kocsé Endre; Kovacs-Bokor Eva; Kévéri Attila; Ladanyi Gabor; Molndr Jénos;
Nagy Balint; Odry Akos; Odry Péter; Pager Béla; Pamer Adam; Pazman Judit; Sudar Anna; Szabé Attila;
Szabo Péter; Szabd Szebasztian; Szikszai Kristof; Tadity Vladimir; Ujbanyi Tibor; Wizner Krisztian 2021

A kotet megjelenését a EFOP-3.6.1-16-2016-00003 K+F+I folyamatok hosszu tavii megerdsitése a
Dunadjvarosi Egyetemen projekt tamogatta.

Funding This research was funded by the EFOP-3.6.1-16-2016-00003 project which is co-financed by the

European Union.
Acknowledgements The current researches would like to thank the EFOP-3.6.1-16-2016-00003 project and

the European Union for financing this study.

DUNAUJVAROSI EGYETEM
www.uniduna.hu

D-U-E PRESS

Kiadovezeté Németh Istvan

Felelds kiad6 Dr. habil Andrés Istvan
Felel6s szerkeszt6 Nemeskéry Artar

Tordelés Duma Attila
Késziilt a HTSART nyomdaban
Felels vezeté Haldsz Ivan

ISBN 978-615-6142-17-7



'-—ﬂ-p

Mirrama GoOLISOVA- %AMER AL R}LBE&E UTKU I\'ﬁﬁm&ms I\Tqmr Foyd
Create-an aireraft nmnl‘té’namei_rug*m; '_'.__-c_- - &
Utku KALE-SAMER AT-RABEEI=BRANISLAw-RECEK - ANDRAS Nagy
Analysis of utilization alternative fuels in the AViatioh == s
SAMER AL-RABEEI- BRANISLAL.R@,(_ER—PEE‘TF‘R Korpx=hrcaar HovaNee -_UTRU KALE-ANDRAS NaGY

The Impact of Aircraft’ Chassis Maintgnanggon ThEHedth of otrl\lech(unc‘s

MARIO MAURO SALVATORE= A]_E:u__‘) GALLORO Iﬁomngjum—ﬁrmrmm PULL ANO-PETER ODRY-GIUSEPPE CARBONE
Design' of PELS: A Low-Cast Pipe TnSpector Robot - 3 - i

ELie KoRUYUCU- ML -Yuoiz-EpretYazgin~UTKu R!GTE ANDRAa Nam

Evaluating and Compatisthatthe Ergonomit @mﬁlmn\o‘tﬁaﬂﬂ resenmme T ammg Airci aﬁ Cockpit

Meri YiLoiz=lUtku KALE- ANDRA,} NA(;Y’"‘ ® O

Analyzing Well-To-Pump Enn:»s&on&ﬂﬂ.@ietm aRdCOTIV cntmn'!l*t—’fuei' for Aigcratt Propulsion

MELIH YILDIZ-S4vAg MUTLY ..UTE\U ALECANDRES va- .

Envir onmenmj and Ec om‘rmiu Ami} /sis: ot Emlﬂ'smn-Redumun Stmtegleb tm -\u rport Ground Operations _

HELENA MANOILOVIC 23" i g ~IuR. g Yira 2 "w‘-'f:\“- o
A -gesztisa L}pu technoldgia: helve.az katdab‘lilu-'f' :‘T '1;‘_- S T
GySrFFYNE Horro KriszFmey ™ S Tomd e
Azeér mtes,;ej.kuh adatgytijtés emmMs i&z’r sz’umﬁs umdszerel T
- ZAKOTA ZOLTANS - :Eza- ey
Az Edison progr amozasi melv €5 SZerepe, akgnl\_meuﬁ prugl.amﬁflsbau o s

MRLA Paganixou-UkTu KALESANDRAS | Nagy 'KONSTRNHNOE "f‘fm:[oum
Macrocognition for Predaredness in aviationy Aff opinion paper= " __ .

Maria Papanikou-Uktu Kare-ANDRAs NaGy= KONsTANTINGS STAMOULIS ,
Understanding aviation operator& aar mbrhrv in ady a.ngﬁ-,sa, afms : -
BARTHA MIKLOS-ZKKOTA ZOT TR = 2. b
A Forth. ]_)11321 anmza:u nyelv alkalm.lz'amehemsegefml

SZECHENYI (&%

Eurépai Unid
Europai Szocialis
Alap

BEFEKTETES A JOVOBE






MIRIAMA GOLISOVA-SAMER AL-RABEEI-UTKU KALE-ANDRAS NAGY
Create an aircraft maintenance program

UTKU KALE-SAMER AL-RABEEI-BRANISLAV RACEK-ANDRAS NAGY
Analysis of utilization alternative fuels in the Aviation

SAMER AL-RABEEI-BRANISLAV RACEK-PETER KORBA-MICHAL HOVANEC
-UTKU KALE-ANDRAS NAGY
The Impact of Aircraft’s Chassis Maintenance on The Health of Mechanics

MARIO MAURO SALVATORE-ALESSIO GALLORO-LEONARDO MUZZI
—GIOVANNI PULLANO-PETER ODRY-GIUSEPPE CARBONE
Design of PEIS: A Low-Cost Pipe Inspector Robot

ELIF KORUYUCU-MELIH YILDIZ-EBRU YAZGAN
~UTKU KALE-ANDRAS NAGY
Evaluating and Comparison of the Ergonomic Conditions of Two Representative

Training Aircraft Cockpit to Improve the Efficiency of Flight Training

MELIH YILDIZ-UTKU KALE-ANDRAS NAGY
Analyzing Well-To-Pump Emissions of Electric and Conventional Jet Fuel
for Aircraft Propulsion

MELIH YILDIZ-SAVAS MUTLU-UTKU KALE-ANDRAS NAGY

Environmental and Economic Analysis of Emission Reduction Strategies for
Airport Ground Operations: A Case Study of Esenboga International Airport

09
©

67

103



HELENA MANOJLOVIC
A gesztusalapu technoldgia helye az oktatdsban

GYORFFYNE HOLLO KRISZTINA
Az érintés nélkiili adatgytjtés kockdzatai és a kockdzatszamitas modszerei

ZAKOTA ZOLTAN
Az Edison programozasi nyelv és szerepe a konkurens programozasban

MARIA PAPANIKOU-UKTU KALE-ANDRAS NAGY-KONSTANTINOS STAMOULIS

Macrocognition for Predaredness in aviation: An opinion paper

MARIA PAPANIKOU-UKTU KALE-ANDRAS NAGY-KONSTANTINOS STAMOULIS

Understanding aviation operators’ variability in advanced systems

BARTHA MIKLOS-ZAKOTA ZOLTAN
A Forth programozasi nyelv alkalmazasi lehetdségeirdl a szamitastechnika
hatékony oktatdsaban

1115

11471

1163

IS

1189

205




MIRIAMA GOLISOVA *~SAMER AL-RABEEI **~UTKU KALE ***~ANDRAS NAGY ****

Create an aircraft maintenance
program

Abstract: Air traffic is accompanied by certain necessary rules that need to be
followed. Air transport and safety are an integral part. Without strict rules
that guarantee a high level of safety, air transport would not be able to develop.
In aviation, the basis is a functional aircraft, which is operated in accordance
with applicable regulations. Aircraft mechanics take care of the airworthiness
of aircraft. Use aircraft maintenance manuals to guide aircraft technicians.
The aim of the article was to approach the operation of the maintenance or-
ganization and points to the methodology of creating a certain aircraft main-
tenance program. Gradual analysis of the processes revealed that nowadays it
is necessary to use the program, the electronic form, in relation to the written
form as it was in the past. The result of solving the problem is the introduc-
tion of a maintenance program for a given type of aircraft. The proposal is to
apply in practice monitoring on a monthly basis of new revisions of aircraft,
engine and APU maintenance manuals, possibly by setting up a notification
in the form of an e-mail on the introduction of a new current revision due to
the prevention of aircraft grounding or failure of parts.

Keywords: Airtransport; maintenance; aircraft.

Introduction

Security, even if we don't realize it, is an everyday part of our lives. Ensuring
security and survival has been a major human task since the beginning of
history. However, there are areas where it is the responsibility of competent
persons to secure safety. In the aviation industry, it is provided by technicians
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who follow the relevant standards and approved manuals for maintaining the airworthiness of the aircraft.
Without strict rules that guarantee a high level of safety, air transport would not be able to develop. The
International Civil Aviation Organization, ICAQ, is implementing safety standards worldwide. The es-
tablishment of the internal market in air transport in Europe has ensured the guarantee of a uniform and
high level of passenger safety on all flights within the Union. The national rules have therefore left room
for common rules, the implementation of which is mandatory. National regulatory authorities and their
voluntary cooperation authorities have also been replaced by a Union mechanism linking national civil
aviation authorities, the European Commission and the European Union Aviation Safety Agency (EASA).
Since 2003, EASA has been responsible in particular for preparing the rules that form the basis for the
Commission’s legislative proposals. The Commission, the Agency and the national competent authorities
shall monitor the application of these rules in their respective areas of competence, but shall support each
other. Common rules in the field of civil aviation security have their origins in and often reinforce ICAO
standards and recommendations [1].

They gradually expanded to the entire air transport network. In general, they aim to prevent accidents
at the earliest possible stage and thus consist in controlling them. Since 2003, common rules have also
governed the airworthiness of aircraft, the way in which aircraft are designed, constructed and maintained.
In 2008, the regulations were extended to air operations and flight crew training, on the way aircraft are
to be used. In 2009, they were further expanded to include airport safety, air traffic management and
the provision of air navigation services. All these rules shall apply equally to organizations and person-
nel responsible for their design, construction, maintenance and use, including aircraft and carriers from
third countries operating in the Union. In 2015, the European Commission proposed that these rules be
strengthened to take into account, the development of unmanned aircraft (drones) and the interdepend-
ence between aviation safety and other areas such as safety or environmental protection. The proposal
extends EASA’s remit in areas such as safety and the environment. It also proposed several changes to
the structure of EASA. It can be noted that international cooperation in the field of aviation safety is also
aimed at facilitating the exchange of goods and services, as an increased number of national technical
standards could distort trade. [2], [3]

Of all the modes of transport, flying get up the greatest fear in unrivaled people. You can jump out
of the boat, escape from a burning car or train. But in the case of an airplane crashing helplessly from a
height of ten kilometers, the necessity of the end is as absolute as our dependence on the abilities of the
pilot and the condition of the aircraft at the moment we board it. That is why the regulations in the field
of air transport are among the strictest. Each aircraft in the first production run must pass certification
tests. These will verify the flight characteristics of the machine, such as landing behavior, minimum and
maximum speed or the time it takes for the aircraft to safely drop to a breathable atmosphere in the event
of a loss of pressure. Inspectors monitor the performance of the aircraft together with the crew and tech-
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nicians of the manufacturer. During the test, they produce dozens of records with measured outputs of
the devices, which are then compared with standards and evaluated. The certificate, thanks to which the
aircraft can carry passengers, is issued by the state civil aviation authorities. Every manufactured aircraft
must also pass through the so called a flying program in which it must comply with all monitored techni-
cal parameters. [4]

Commercial aircraft only make money while transporting passengers or cargo not while they are wait-
ing on the ground. While passengers are waiting for their luggage, the plane is easily prepared for the next
flight. Mechanics begin work by checking the logbook for any mechanical failures recorded by the last
flight crew. Any deficiencies affecting the safe operation of the aircraft are rectified. Wheels, tires, brakes,
engine oil level and others are checked in the aircraft before the flight. The cleaning staff puts the passenger
department in order. Kitchen, galleys are refilled with food and drinks. The fuel is refueled in tanks in the
wings of the aircraft. Before the aircraft is ready to take off again, the crew performs an external inspec-
tion of the aircraft and notices anything that could endanger safety. This pre-flight service and immediate
maintenance is performed every day on thousands of aircraft. But this is only a small part of what is need-
ed to guarantee the safety of a large transport aircraft. Just as cars need regular service, planes also require a
series of extensive and costly inspections. Who does this aircraft maintenance? How is this work done. [5]

Reach and finding of aircraft maintenance

The maintenance program for aircraft must be very carefully designed. During its lifetime, the aircraft
will go through thousands of inspections, which are based on the manufacturer’s recommendations and
regulations of aviation authorities. Each inspection has a set work schedule and a list of components to be
inspected. The inspection of each item on the list is signed by certified technicians, who are divided ac-
cording to specialization. Some focus on motors, some avionics, others electronics. Regular daily, weekly
and annual inspections are the basis. The daily inspection consists of a visual inspection of the aircraft
and an inspection of the systems. As more crews can take turns in the cabin at a certain time, each captain
performs his own visual inspection when taking over the aircraft, the so called walk around check. If, for
example, he finds a bird stuck on the landing gear during the previous flight and the technician did not
notice it, he must make a record of it and the aircraft will pass the special inspection prescribed in the event
of a collision with a bird at the earliest opportunity. Another inspection is made by the technician when
taking off the aircraft. The most common check is to check for leaking hydraulics. However, it is not an
exception if the aircraft is heading upwards, which is not in one hundred percent order. The pilot checks
the found deficiencies with the manufacturer’s manual and in case of minor faults, for example some of
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the lights do not light up or a part of the air conditioner falls out, he learns in the manual that he can do it
for another four years before repairing. Every approximately 250 flight hours, the aircraft then undergoes
a minor maintenance check. This involves the replacement of tires, filters, seals and bearings, or ultrasonic
inspection of stressed parts of the aircraft. The daily inspection lasts about an hour and a half, during the
weekly the machine goes to the hangar and the inspection lasts about a day or two. [6]

OVERHAUL MAINTENANCE

The aircraft undergoes further inspections after flying a certain number of kilometers, resp. completing a
certain number of take offs and landings. Pilots also call it ,,heavy maintenance”. Simply put, the plane un-
folds and reassembles. All defective or fatigue worn components will be replaced with new or refurbished
ones. For example, the Boeing 737 CL has eight types of general maintenance prescribed and undergoes
them every four thousand flight hours or 24 months. In addition, modern aircraft systems monitor the
age of their components and report components that need to be replaced for their longevity. In addition
to regular inspections, aircraft are also directed at non-scheduled inspections, which are prescribed by the
aircraft manufacturer’s manuals or by multinational aviation agencies such as the European Organization
for the Safety of Air Navigation. It is also good to know that in an aircraft, all systems are doubled to triple
and almost no accident is caused by a technical error, but by a combination of various influences such as
weather, pilotage, technology, control or the human factor. [4]

Ensure the flight ability of aircraf

The mission of aircraft mechanics, together with technicians and maintenance personnel, is to ensure that
aircraft are capable of flight. This means inspecting, troubleshooting and overhauling a large number of
specialized parts that allow the aircraft to fly. This prescribed maintenance includes everything from over-
hauls of jet engines weighing more than four tons to replacing ragged carpets in passenger compartments.
Most mechanical problems receive immediate attention. However, in other cases, the aircraft maintenance
program determines the maintenance according to the number of months during which the aircraft flew,
or according to the number of cycles and the number of hours flown, not according to the total number of
kilometers flown. This program begins with the maintenance recommended by the aircraft manufacturer
to the aircraft operator and which must be acceptable to the national aviation authorities. Each aircraft has
its own maintenance program, ranging from basic to more complex to the most demanding inspections.
These checks are indicated by the letters A, B, C, D, L or Q. One 747-200 took about eight years to fly ap-
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proximately 36,000 flight hours. Then it was time to head to the hangar for a thorough inspection, some-
times called Inspection D. Overhaul-Maintenance, the Aviation Management Magazine, commented on
this complex and time-consuming inspection: “Its goal is to return the entire the aircraft structure to its
original condition. Control D requires 15,000 to 35,000 hours of strenuous work and can decommission
an aircraft for 15 to 30 days or longer. The total cost ranges on average from $ 1 million to $ 2 million. ”Of
course, the cost depends on the number of technicians performing maintenance, the use of special tech-
nologies in non-destructive testing, or the type of aircraft. Typical control D equals 70 percent of the work
and 30 percent of the material. Part of these costs is, of course, included in the price of your ticket. [5], [7]

D-check

As soon as the aircraft is parked in the hangar, in a huge complex of aircraft services, auxiliary workshops
and warehouses, the maintenance team sets to work. Workbenches, platforms and scaffolding are set in a
position that allows access to otherwise inaccessible parts of the aircraft. Seats, floors, walls, ceiling panels,
kitchen equipment, toilets and other equipment are dismantled or removed from the aircraft for thorough
inspection. The plane is basically ,,dissected”. The workers, following the step by step instructions, look for
signs of cracks or corrosion of the metal parts of the aircraft. Entire parts of the chassis, hydraulic systems
and engines can be replaced. Inspection D requires the expertise of designers, technologists, technical
inspection inspectors, aeronautical electricians, tinsmiths, mechanics of aircraft structures and engines,
and most of these workers have a valid certificate for their work. When equipment repairers in the aircraft
departments, painters and cleaners are added, the number of maintenance staff rises to more than 100
per day. Many other staff provide the necessary equipment, components and services. Over time, in-flight
vibration, repeated build up of overpressure in the passenger compartments and shocks at thousands of
take offs and landings cause cracks to form in the aircraft’s metal structure. To solve this problem, the Air
Force uses diagnostic principles similar to those used in medicine. Both industries use methods such as
radiology, ultrasound, endoscopy, to detect what the human eye cannot see. [4]

Maintenance inspectors use various methods to x-ray the chassis, wings and engines. For example, a
sheet of X-ray film is placed on a given part of the motor surface. A long metal tube is then inserted into
the shaft cavity, which is located along the motor. Finally, a tablet of radioactive iridium Ir, a strong isotope
no larger than an eraser on a pencil, is inserted into the tube to expose the X-ray film. The developed film
helps to detect cracks and other defects that may require repair or replacement of the engine. During check
D, samples of aircraft fuel and fluid of its hydraulic systems are sent for laboratory analysis. If microorgan-
isms are present in the fuel sample, liquids are used to remove microorganisms from the fuel of jet engines,
fungi and bacteria that may enter the tanks with air, water or fuel. This treatment is important because
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microbial growth by products can cause corrosion of the protective layer on the surface of the tanks. They
can also damage the fuel sensors in the tank, causing pilots to receive inaccurate data from fuel gauge de-
vices. Due to normal wear, vibration and damage to the inner seal, cracks can form in the tanks. Fuel tanks
built into the wings of the aircraft. On board the aircraft at the height of the third floor above the ground,
an avionics technician checks a built in monoscope on a radar monitor to monitor the weather. Pilots use
this device to monitor storms and turbulence, which can be up to 500 kilometers in front of the aircraft.
These devices are used to avoid them. [5], [6]

During inspection D, safety devices such as life jackets and emergency lighting are inspected or re-
placed. Jet aircraft normally fly at altitudes from 6 to 11 kilometers above the ground, where the oxygen
content and atmospheric pressure are insufficient to sustain life. How is this problem solved? The aircraft’s
pressure system draws in outside air and then compresses it. This air is finally let into the passenger com-
partments at an acceptable temperature. If the air pressure in the compartment drops below a safe level,
oxygen masks will automatically fall out of the space above the passengers’ heads. Emergency oxygen is
thus delivered to the passengers until the aircraft descends to a height where emergency oxygen is no
longer required. In some aircraft, oxygen masks are stored inside the backrests, not in the space above
the heads. Therefore, attention should be paid to brief information for passengers at the beginning of the
flight, which indicates the location of the oxygen masks.

With more demanding maintenance, it is also time to replace walls, ceiling panels, as well as to replace
carpets, curtains and seat upholstery. The kitchen equipment is disassembled, cleaned and disinfected. [5]

Ready to fly

After several days of inspections, checks, repairs and maintenance, the aircraft is ready to leave
the hangar and transport passengers and cargo again. But before the aircraft starts flying again, it can be
flown by a special team to ensure that all systems work properly. A brief consideration of how much work
of experts and technologies enters the process of keeping an aircraft in good technical condition deepens
our confidence. However, it is said that the most effective tool in aircraft maintenance is the human factor,
sharp eyes and a flexible mind. Trained workers take their work very seriously. They know that careless
maintenance can cause big problems. Their goal is to provide a reliable aircraft that will transport you
safely, comfortably and quickly to your destination. One cycle corresponds to one take off and one land-
ing. Certificates for work on aircraft engines and structures allow the mechanic to certify the work he has
performed on the structures, systems and engines of the aircraft [4].

12
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Methodology of writing AMP

The methodology of writing a maintenance program follows two basic principles. Finding out
whether it is a new maintenance program or a follow up to the current maintenance program. In the case
of the first maintenance program, it is necessary to summarize all the documents, documentation and
manuals from which the data are collected. After a thorough analysis, a document will be created that will
contain these requirements. Each organization in charge of creating a maintenance program uses its own
approved form of document. In any case, it is necessary to provide information such as basic data about
the aircraft, engines or APU. Each of these aircraft components is manufactured in accordance with the
maintenance manuals, from which information, references and instructions for performing maintenance
must be entered. The basic information table (Tab. 1) must also include a revision of the maintenance
manual according to which the instructions were applied to the maintenance program.

Table 1. General aircraft information

General Information
Manufacturer Textron Aviation ing,
TCDS airframe EASATCDS IMAXX
TCDS engine EASATCDS IM.EXXX
A) XX-XXX
Type/Model 560XL (XLS+)
S/N airframe 560XL-0000
Date of Manufacture 13Jan 2021
Engine Model & P/N Pratt and Whitney Canada PW545C, P/N: XXX
APU Model & P/N Honeywell RE100 (XL), P/N: XXX
AMP concept MSG-3 scheduled inspection programme
Engine MP Baseline, LUI, MSG-3
ECTM Optional
Flight Profile normal
Special Operating Environment Continually operated or based in mild environment; Microbiological
contamination inspection 12 months
Anticipated Annual Utilization | 500 FH
Tracking & Records XXXX
Applicable appendices* Appendix A
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Each issued and approved revision of the maintenance program is kept under the approval number. At
the beginning of the maintenance program, there is content for faster information retrieval, shortcuts for
explanations, and last but not least, a very important description of the changes made in the maintenance
program. Every change made is marked, for faster and more efficient search of actions. Since it is the
time of electronics, of course, even in air traffic, computer programs are used, which, after programming,
greatly facilitate the search and, of course, can alert you in time to the next maintenance. Therefore, each
maintenance program also includes attachments from such systems. In the figure 1 we can see additional
information of maintenance program.

Figure 1. Process of maintenance program

¢ Check periods

‘ o Tasks and intervals

’ * Basics of the maintenance program

o |imits and utilization ]
* Concept and maintenance ]

o Accurate information on the aircraft
covered by the maintenance program

weaSoud scueuaquie

If a maintenance program has already been written, only the same model is added to it, it must be
examined whether it falls under the same processes and only its registration mark is entered. The same
applies when removing the aircraft from the maintenance program.
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Figure 2. Development of maintenance program
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Result and discussion

Through gradual examination and analysis, we found that each manual that is part of the AMP is revised
based on knowledge from the manufacturer of aircraft, engines, APUs and components. Of course, this
has its own hierarchy, and if they want to get to the beginning of the error, they have to go through all the
suppliers of the components and analyze the possibilities of wear and tear of the product or materials. The
manufacturer of aircraft, engines, APU deals with the knowledge it has from the suppliers of instruments
used in the manufacture of aircraft. Further investigation identifies the issue of the occurrence of the error
and, of course, the circumstances of the occurrence. In aviation, a reliability program is very important,
where data is summarized during the use of aircraft, engines or APUs and then provided to manufacturers
to streamline further production. The obligation to maintain the airworthiness of aircraft is to eliminate
the error, which is why the Airworthiness directive is issued when dealing with the issue, which points out
the steps to correct the error.

These documents are classified according to their degree of importance into three main categories:
1. Mandatory AD,
2. Recommended AD,
3. Optional AD.
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Ultimately, the maintenance manuals are revised as a result of long-term examination of all factors and
subsequent implementation for immediate use in operation. Therefore, unfortunately, it is not possible to
say exactly at what intervals the maintenance manuals are revised. One thing is certain, however, after the
release of a new revision of the manual, it is necessary to implement it in AMP by the end of the following
month from the finding of the release of a new revision.

The maintenance program, which is approved by the competent authority, must comply with:

- instructions for continued airworthiness issued by the holder of the type certificate, supplemental type
certificate and any other organization issuing such data in accordance with Part-21,

— instructions issued by the competent authority if they differ from previous airworthiness instructions or
if no specific recommendations are available,

- instructions defined by the owner, the operator, which are approved by the competent authority.

The maintenance program must also include a reliability program based on the MSG maintenance
management method and the condition monitoring method.

The maintenance program must be subject to regular revisions and, if necessary, amended. Each im-
plemented revision is checked by the transport authority. The purpose of revisions is to ensure that the
program remains valid in the light of maintenance experience, taking into account new or amended main-
tenance regulations, which will then be published by the type certificate holder. The maintenance program
shall reflect the applicable mandatory requirements mentioned in the documents prepared by the type
certificate holder in accordance with Part 21 A.61. Instructions for continuing airworthiness. [8]

The main goal of aircraft maintenance is to minimize overall operating costs and maximize profits,
while maintaining the following requirements:

Figure 3. Requirements of main goals

Aircraft
maintenance
manual

Quality of
performed
maintenance

Safety after
maintenance

Price for Compliance
total with
maintenance deadlines
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Each aircraft has a market value that varies. The main purpose of the maintenance is to ensure the air-
craft in the operational state - safety and to maintain the market value [9] [7].

The following areas are monitored during aircraft maintenance. The economic objectives must en-
sure, in particular, the prevention of interruptions in the operation of maintenance due to unexpected
events, e.g. accidents, breakdowns, accidents, injuries and the like. They must ensure the achievement of
the planned technical life of technological equipment and the implementation of maintenance activities
before the occurrence of failures, efficient use of internal hangar capacities and favorable use of mainte-
nance personnel. Humanitarian goals are primarily aimed at ensuring the safety of technical equipment
and safety at work in maintenance. Compliance with applicable aviation legislation and creation of condi-
tions for transposition of EASA Guidelines. The organization must take measures to prevent and minimize
negative impacts contributing to environmental damage. [10]

AIRCRAFT MAINTENANCE PROGRAM

In accordance with applicable legislation, each aircraft registered in an aircraft must have an approved
maintenance program. The maintenance program must include all regular maintenance tasks to be per-
formed on the aircraft and should be based on:

- approved maintenance documents (eg MRB, MPD, Maintenance Manual (MM)),
— the rules in force (L 8, L 8 / A, Regulation (EU) No 1321/2014 as amended,
- recommendations of the manufacturer and the Transport Authority (eg AD, service bulletins). [11], [12]

The maintenance program must be in accordance with the continuing airworthiness directives issued
by the follow step as we can see in the figure 2 below.

Figure 4. Process of maintenance program.

The holder of the type-Certificate.

The holder of a supplemental type-
certificate.

An organization that publishes data in
accordance with Part-21, Regulation
(EU) No 748/2012 as amended and the
competent supervisory authority.
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The transport authority approves the applicant’s maintenance program in accordance with Commis-
sion Regulation (EU) no. 1321/2014 on the continuing airworthiness of aircraft and aeronautical products,
parts and appliances and on the approval of organizations and personnel involved in these activities, Part
M, points M.A.302 and Decision of the Executive Director of the European Aviation Safety Agency no.
2015/029 / RM of 17 December 2015 Subpart C, AMC points M.A.30 [6].

If the maintenance program submitted differs from the type certificate holder’s recommendations, the
applicant shall provide the Authority with convincing evidence and explanations demonstrating the same
level of safety for those parts of its maintenance program that differ from the type certificate holder’s
recommendations. The transport authority will request additional evidence if the evidence and explana-
tions provided by the applicant are not considered sufficient. The Transport Authority shall approve the
proposed maintenance program for the aircraft entered in the aircraft register before the certificate of
airworthiness is issued. The transport authority may approve an incomplete maintenance program at the
commencement of the operation of the aircraft or the operator’s activity, provided that the approval of the
maintenance program is limited to a period not exceeding any required maintenance not yet approved.

(6], [7]

Conclusion

The revision of the maintenance program is not only the addition / removal of the aircraft from the fleet,
but also in the event of any necessary changes, whether by finding a new revision of the manuals or any
modification changes. Each maintenance program must go through approval processes. It is considered
a very necessary and important document for the aircraft. In the event of non-compliance with the pro-
cedures and intervals specified in the maintenance program, the aircraft must be grounded and becomes
inoperable until repaired. The maintenance of aircraft components shall be performed by appropriately
approved organizations in accordance with Subpart F (This Subpart establishes the requirements to be
met by an organization to be competent to issue or maintain an approval for the maintenance of aircraft
or aircraft components), or Part145. Prior to commencing maintenance, a written order must be agreed
between the organization and the customer to clearly specify which maintenance is to be performed. All
maintenance must be performed in accordance with the requirements of Part M. Upon completion of all
required aircraft maintenance in accordance with this Subpart, a Part M certificate of release to service
shall be issued. A valid maintenance program is the basis for aircraft maintenance planning.
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Analysis of utilization alternative fuels
in the Aviation

Abstract: The world as known it is changing under pressure from the public
and governments to reduce emissions. The automotive industry receives or
buys emission permits. The aviation industry is following a similar path as
automotive industry. Emission permits are reflected in the price of fuel and
the price of the ticket is associated with it. Air carriers and manufacturers of
aircraft and engines who care about the favorable development of the world’s
ecological route have joined forces and are working to reduce emissions. This
effort is much greater, namely to achieve zero emissions. Fuel producers in-
vest considerable funds in the production of fuel, which will leave a lower en-
vironmental footprint. Focusing on environmentally friendly energy sources
as fuels is the goal of the largest aviation manufacturers.

Keywords: Alternative fuels; emission reducing; aviation environment.

Introduction

This study aims at the emission in aviation and the solutions to get closer
to zero-emission. The ecological situation getting worse. In the last decades,
aviation transport has been developed quite fast. Aviation transport is not
anymore only for rich people but it widely open for people who want to travel.
Transportation by aircraft is much cheaper and faster like transport by car,
bus or train. As a result of such the development of aviation, an increase in
air emissions has also become necessary. [1], [2], [3] However, the worldwide
pandemic situation helps temporarily to improve the emission of the aviation
industry. Government regulations restricting mobility have activated emis-
sions reductions of up to 26 percent in some regions. The consequences of the
measures and government regulations will have an impact on the develop-
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ment of emissions in the next decade until the resumption of operations to such an extent that emissions
reach values before pandemic periods. [4], [5]

ICAO study shows that fuels used in road transportation are not useable and suitable for aviation
transportation. The main problem is the certification of these fuels in aviation. They have to satisfy strict
requirements about the fuel used in. the only few fuels meet the requirement with aviation. There should
be no fuels that contain any bacteria. Bacteria can contaminate fuel tanks and can damage fuel lines or
plugged the filters, nozzles. [6], [7] IATA overview shows that till the end of 2020 was producing 40 million
liters of SAE. This volume represents only 0.015% of the total consumption of jet fuel. [8], [9]

The way how to decrease emissions is alternative fuel or its substitution with eco-friendly fuel. In the
automotive industry are used various alternative fuels instead of diesel or petrol. In the field of aviation are
attempted for alternative fuels. Alternative power can be combining with kerosene-type fuel for commer-
cial aircraft. This power can be stored or gathered from photovoltaic cells, fuel cells, or ultra-capacitors.
This type of power is suitable for propeller aircraft. For large commercial aircraft are used to sustain alter-
native fuels. Studies confirm that the ecological path is similar to kerosene fuel but this type of fuel pro-
vides an eco-friendly benefit on a life cycle basis. [10], [11] Study sustainable aviation fuel concludes that
there are minimal differences between casual fuel JET A-1 and fuel blend of Amyris Farnesane. As their
aromatic contents are similar, there was a slight change in smoke numbers between the various fuels. [12]
Commercial flights feed with biofuel have been approved since 2008. Since that time has been regulated
legislative for alternative fuels Renewable Energy Directive (Directive 2009/28/EC). The European Union
in cooperation with the European air carrier’s leaders such as Lufthansa, AirFrance/KLM, and British Air-
ways and leading biofuels produces such as Nestle Oil, Biomass Technology Group, and UOP. [13], [14]

In order to reduce the viscosity of vegetable oils, it is necessary to be processed by some treatments be-
fore they are consumed such as transesterification, emulsification hydrogenation, blending, hydrotreated
vegetable oil, or green naphtha. By utilizing these methods, the combustion properties significantly will be
improved and the amounts of emissions will be reduced.

The greenhouse effect has come to the forefront in recent years since it has been blamed on the warm-
ing of the atmosphere, the melting of icebergs, and the overall deterioration of human health. In connec-
tion with this issue, the word fuels from renewable sources, so-called biofuels, appears. Metabolic engi-
neers have created a fourth generation of biofuels based on algae to biofuels technology. [15], [16]

On Sunday, November 29, 2020, the first commercial cargo flight took place, the fuel consumption of
which was completely covered by the so-called Sustainable Aviation Fuel (SAF). The Boeing 777F of Luf-
thansa Cargo marked LH8406, took off from Frankfurt to Shanghai at 8:10, from where it subsequently
returned to the Hessian capital as the first CO2-neutral freight. [17]
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Materials and methods

This part provides a survey of studies undertaken in the alternative propulsion and their impact environ-
mental impact on aviation. however, alt

Many companies are engaged in the production of a clean engine or clean drive that would be less
stressful for the environment and human health. The simplest new and revolutionary technologies are
implemented for small companies, which can be very flexible in terms of the use of materials or experi-
mentation. Alternative propulsion is an approach to decrease the ecological effect of aviation, however,
considerably more speculation to diminish costs is required.

Figure. 1. Used alternative propulsions in the aviation.
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The aviation industry is increasingly focusing on the development of the use of alternative fuels and
its use in order to improve the quality of aviation services and make the future of aviation useful. Figure 1
shows some alternative propulsions used in the aviation industry.

Propulsions admixed with ethanol have a bigger enthalpy of vanishing, which delivers a bigger tem-
perature drop of the ingested air in the carburetor. For aviation that is inclined to carburetor icing, utilizing
ethanol admixed fuel expands the danger.

This study is pointing out to use of alternative fuels in the aviation industry in order to minimize the
environmental aviation impact and improving aviation safety.
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Research and finding

The company Slovnaft Slovak fuel manufacturer produces fuel for aircraft engines. The fuel designation is
JET A-1. This fuel meets the strict standards of operation and storage of fuel, which are subject to storage,
refueling, and its transport. Normy British Ministry of Defense Standard DEF STAN 91-091 for Turbine
fuel, Aviation ,,Kerosene Type © JET-A1, NATO CODE F-35, American National Standard ASTM D 1655
Standard Specification for Aviation Turbine Fuels, JIG (Joint Inspection Group) EI/IG 1530 Quality Assur-
ance Requirements for the Manufacture, Storage and Distribution of Aviation Fuels to Airport, in all cases,
the product is covered by the latest edition of the relevant technical specifications and standards. [10] One
of the greatest advantages of the SAF is that it can be added to conventional aviation kerosene which can
be used for daily flight operations without making any modifications to the aircraft systems. Therefore, a
quantity of SAF for flights Frankfurt to Shanghai and back has played an important role. [17]

Figure 2. The first CO, neutral flight. [17]

The KLM Corporate SAF program fits perfectly into the Fly Responsibly initiative launched by KLM in
2019. KLM is at the forefront of Fly Responsibly to achieve a more sustainable aviation future. The main
goal of the KLM airline is to create more sustainable operations, products, and processes which can be only
possible if all sectors take responsibility for sustainability. In the framework of the Fly Responsibly, KLM
encourages people to use the CO2ZERO CO2 Compensation Scheme and invites passengers to reconsider
their transportation options before booking a plane ticket. [18]
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Figure 3. Plan of decarbonisation for European Aviation. [20]
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United Arab Emirates airline Etihad Airways has dared to use, for the first time, an environmentally
friendly alternative to traditional petroleum-based aviation fuels. The fuel was manufactured by the Mas-
dar Institute. Khalifa University participated in the development. The plants used to produce the fuel were
grown on a special desert farm in Masdar. It is the first farm in the world to be built for the purpose of
producing vegetable fuel. However, it was not a test in laboratory conditions, but a real flight. Equipped
with a pair of engines from General Electric, the Boeing 787 had to deal with biofuel mixed with tradi-
tional aviation fuel and did an excellent job. The machine completed the flight from the city of Abu Dhabi
to Amsterdam without complications. The journey to the destination took more than 7 hours. Why is this
plant so popular in the production of alternative fuels? It is not a coincidence at all, as its shoots contain
more than 30% natural oil. Maybe that’s why they consider it the plant of the future. In addition to being
used for the production of fuels, it is a very popular food for humans and is also used to make animal feed.

ETHANOL

Ethanol is a colorless flamable liquite that has high octane numbers above 100. Ethanol with an octane
number of 113 and low vapor pressure can be considered an excellent alternative to gasoline. The low pres-
sure of the ethanol might bring negative effects on engine performance and efficiency, particularly when
the engine is cold. According to fuel regulations, the fuel must have enough energy for a cold start, even
under a very cold temprature of -30 °C.

For the production of ethanol but also methanol, several plants can be used as suitable raw materials,
e.g. cereals, potatoes, maize, sugar cane, sugar beet, fruit, and other crops. The process of producing alco-
hol is called fermentation on sugar solutions. Sugars can also be made from vegetables or cellulose (wood).
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After 30 hours of fermentation, the slurry contains approximately 6-10% alcohol, which can be removed
by distillation and used as a liquid fuel in internal combustion engines. Due to the fact that the raw mate-
rial used is not completely converted into biofuel, valuable by-products are created in this process, which
can replace protein feeds.

A certain disadvantage of the production of ethanol from agricultural products is the fact that, in the
event of an effort to replace more conventional fuels, such large-scale production on a global scale would
be in competition with food production. At a time when many people in the world are starving, such an
effort would hardly be justifiable. In addition, the cultivation of monocultures that would accompany such
a strategy could create biodiversity and other problems. Given the current nature of agricultural produc-
tion, it is also necessary to use a large number of fertilizers to grow the raw material, and this brings with
it additional disadvantages in the form of environmental pollution. [20]

METHANOL

Methanol has several advantages and disadvantages compared to conventional fuels. The advantage is that
production technologies are tested in practice, reliable and widely used (alcohol production!?). The advan-
tage of methanol over ethanol is that there is wider potential for feedstocks to produce it. Methanol also
has the advantage over gasoline in that it has a higher octane number of about 105. Gasoline has an octane
number between 92 and 98. A higher octane number provides a higher compression with reducing the
engine knocking, thereby performing a better engine efficiency. For diesel engines, it is the cetane number
that is decisive for the fuel. The lower the cetane number, the longer the time required for compression
ignition. Methanol is characterized by having a lower cetane number than diesel.

It is also an advantage that methanol has a high calorific value, allows higher combustion efficiency in
the engine, has a lower combustion temperature, produces less pollutants, and generally poses less risk.
In addition, methanol is cheaper compared to ethanol. Methanol is also easier to handle than petrol, as it
is less volatile, safer in traffic accidents, and can be extinguished by water, as methanol is soluble in water.
The fire can be very easily eliminated even at a short distance from the fire, which is a consequence of the
low flame temperature.

HYDROGEN

Hydrogen is a clean and safe energy source that can be used to power vehicles, and industries, etc. The
fuel cell is an electrical cell that converts the chemical energy in hydrogen and other fuels to electricity
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by providing high efficiency and low environmental impact. They can be used for energy storage in the
medium to long term.

As seen in the Figure 6, the basic structure of the fuel cell consists of two electrodes, one anode-nega-
tive electrode, and the other cathode-positive electrode, and an electrolyte.

Figure 4. Hydrogen fuel cell. [20]

According to the flightpath 2050 project, this plans to reduce CO, emissions to zero. The Covid -19
pandemic contributed to the significant decline in aviation traffic. Air transport faces greater challenges
than other sectors due to the not-so-easy implementation of alternative fuels or alternative types of pro-
pulsion for reasons of safety and reliability and relatively low economic costs. The association, therefore,
seeks to quickly adopt their recommendations by the European Commission and governments in the
framework of the ,,EU Pact for Sustainable Aviation”, which is expected to be approved by the end of 2021.
This has greatly facilitated the financing of the project and its implementation.

With new technologies, it is possible to achieve a 30% reduction in engine emissions by 2035. Aircraft
powered by alternative hydrogen fuel would be able to reduce emissions per engine by 100%, which is zero
CO, emissions. Aircraft with such propulsion could fly within European airspace. [21]
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ELECTRIC AND HYBRID-ELECTRIC PROPULSION

The revolution in aviation is the hybrid - electric drive. This drive is revolutionary in both the automotive
and marine industries, not least. Today, this propulsion is used for small aircraft with a low take-off weight
and drones. The concept of hybrid propulsion systems provides comparably the same range but at the
expense of lower speed and increased weight. A higher amount (45%) of hybridization also provides the
desired range, but the weight of the aircraft increases significantly with the same amount of payload, which
is likely to compensate for fuel savings when the total cost and life cycle impact are taken into account.

Figure 5. Hybrid-electric propulsion.
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Overall, the aviation sector is responsible for 2-3 percent of the world’s total CO, emissions. If the
current growth in aviation use is maintained, the share of emissions generated by aviation is expected to
hit 10 percent by 2050, or 24 percent if the desired reductions in emissions from other industries occur as
estimated by several researchers. Although aviation fuel consumption has been improved over the last 50
years, the economic and social development has been supported by the aviation sector which invests to
last 1.5 times as global GDP. Further sharp expansion of air traffic is expected after returning to the pre-
pandemic period. [22], [23]

Figure 6. Electric propulsion.
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Most developments in electric propulsion take place in leading aerospace technology centers such as
Europe and North America. According to David Fessler et al., [24] and Nevzet Kaya et al, the approxi-
mately 215 aircraft under development are the majority of purely electric ones, whose source of energy is
only batteries, although greater development aviation market is experimenting mostly with turboelectric
hybrid propulsion with traditional hydrocarbon fuels to enable range and performance.

Results and discussions

The aviation industry long time dealing with environmental change specific activity, On the one hand,
rapid growth is giving more and more people around the world access to travel opportunities that their
parents or grandparents never had. The aviation industry’s path to reducing its climate footprint depends
on the dramatic expansion of biofuel production in aviation to meet the set targets. However, the use of
biofuels in aviation is still limited and there is no global regulatory framework to ensure that biofuels are
used to reduce actual aviation emissions. Efforts to supply 100% aviation fuel from alternative sources by
2050 are almost certainly unattainable and mechanisms for the rapid introduction of alternative aviation
fuels do not yet exist.

Figure 7. Alternative fuels.
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produce less CO, emissions. When evaluating individual models, it will also be important that they do not
have harmful effects on agriculture, land use, and water. They did not increase the demand for food. At the
same time, however, their mass production and overall distribution must be possible.
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The motivation is not only environmental awareness, but also new European legislation. Emissions
from aviation must be reduced by 3% by 2012 and by 5% a year later. At the same time, airlines will have
to trade in CO, emissions from 2012. This follows from the reform of the European Emissions Trading
Scheme approved by the European Parliament.

In the United States, the Federal Aviation Administration and the X Prize Foundation have joined
forces to develop green aviation fuels. Together, they have launched a call for tenders for producers of re-
newable fuels that are not based on fossil fuels and do not affect agricultural production or increase harm-
ful emissions. The foundation can fund the project with $ 10 million to $ 30 million.

The initiative stems from the ,,Second Generation Air Modernization” program, which aims to double
US air traffic by 2025 using renewable fuels.

Conclusion

Presently, a large number of researchers and studies consider alternative fuels for today’s aircraft engines,
however, the alternative fuel sources derived from kerosene are relatively limited. Modern technologies,
methods, and strategies for the application of alternative energy sources are related to developing new
powertrains, creating new concepts and approaches. The development and deployment of alternative fuels
in aviation have already begun in full swing and aviation will become a leader in this field. Fossil fuels in
aviation form the mainstay of fuel. Mixtures of renewable fuel, biofuels, and fossil fuels are initially in use
for aircraft turbine engines. Alternative drives such as battery drive face the problem of increased weight,
low speed, and short-range, the problem of distribution and storage of batteries is not solved. Unfortu-
nately, this energy is not so clean, as still a substantial part of the electricity is produced in coal-fired power
plants. The best fuel is the use of hydrogen when emissions are zero and vapours are water.
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The Impact of Aircraft’s Chassis

Maintenance on The Health of Mechanics

Abstract: Aircraft maintenance has always been a significantly important area
as it ultimately deals with the safety of all passengers and cargo traveling
in the aircraft. Aircraft mechanics that handle such operations have always
been in danger concerning their safety. This study concerns with the impact
of maintenance workers in an aircraft chassis maintenance. The main aim
of the study is to find out whether it has a positive or negative impact on
mechanics. This paper summarizes the literature outline and evidence of the
relationship between certain exposures important to the maintenance of the
aircraft’s chassis on the health of mechanics and the causes of this. This part of
the studies consisted of relevant chemical components, individual company
health danger reports, and limited case study notes documenting symptoms
of exposure intoxication, which may have been a result of the database and
search form that was used. This study will thus result ultimately in the safety
of aircraft mechanics and the methods that have to be followed in order to
do so. The overall study is a summarized overview of the data collected from
the company Roder Component Service Center s.r.o Airport Kosice Slovak
Republik.

Keywords: Aircraft maintenance; technical procedures; mechanic health.

Introduction

The aircraft maintenance staff is the most important component of the air-
craft renovation process. The fundamental part of the maintenance special-
ists is to classify and pass judgment on basic issues that can compromise the
airworthiness of the airplane, and whenever discovered basic perform suit-
able upkeep so that the aircraft will be able to keep flying. Understanding
how the human body and mind work, as well as how performance barriers
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can affect a technician’s ability to paint, is critical. Several elements can affect a protection of technician’s
performance. In this paper, the influences of stress on the high-quality of the work achieved by way of
an aircraft upkeep staff are investigated. Some mechanical-related accidents are examined alongside the
desired criteria in aviation maintenance legislation, whether this element is casual or contributory. Thus,
the role of human factors in aircraft renovation has been attempted to be emphasized. It is anticipated that
these human factors research and injuries will result in more research paintings on aviation safety. The air-
craft protection technician is the most critical aspect of an aircraft’s repair framework. [1], [2] The bodily
and intellectual characteristics of a person’s vision, hearing, statistics processing, attention and cognition,
memory, judgment, and decision making are among the bodily and intellectual human overall perfor-
mance characteristics that can influence the exceptional of his work. Time pressure, stress, responsibility,
weakness, interruption, pomposity, absence of discussion and focus, and so on. May affect a technician’s
overall performance.

The scope of human variables is to include the order’ relationship to other science and engineering dis-
ciplines. [2] Human factors are well known to play a role in aircraft maintenance accidents, and they may
be causal factors. According to Gammopathy and Drury, conventional research and interventions in the
area of human factors have focused on the errors of flight crews and air traffic controllers, but an increase
in repair and inspection errors has prompted more human factors study and intervention. [3][4] The word
»human factors” is only recently being used in the context of aircraft maintenance operations. Accidents as
Aloha Airlines Flight 243 in 1988 and the BAC 1-11 windscreen mishap in June 1990 highlighted the need
for human factors improvements in this area. [5] This is not to suggest that human factors or human error
were not present prior to these dates did not trigger other incidents; it clearly indicates that it required
explicit mishaps to bring these problems and planned arrangements to light. We've discovered that main-
tenance errors cause Maintenance failures cost the US industry more than 2 billion a year, according to
15% of air carrier accidents. “Human factors” coverages a huge scope of exercises, and they encroach on all
that AMTs do at work, from discussing successfully with partners to guaranteeing that they have sufficient
lighting that is precise and effective. [6], [7], [8]

The exposures that occur in the aircraft manufacturing industry have been Too many solvent mixtures,
zinc chromate paints, and resins were included as a related area of interest in this research. According to
the literature, some staff employed in the productions and repair of both commercial and military aircraft
suffer from negative health impacts as a result of their employment. The key source of concern has been
an increase in the number of cancer cases. [9] Several reports have looked into the mortality of employees
in the aircraft manufacturing industry. Cancers of the oesophagus, pancreas, and bladder were observed
in non-significant excesses in 14,067 subjects working between 1958 and 1982. Melanoma, mesothelioma,
and central nervous system tumors were not present in abundance in the sample. Both some cancer sites
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and malignant neoplasms showed major excesses in a Washington State surveillance sample of relative
mortality by occupation (including several digestive organs, the haemato-lymphopoietic system, and mel-
anomas) among aviation engineers from various firms, as well as Boeing officials, managers, and supervi-
sors. A preliminary investigation of central nervous system neoplasms in Los Angeles County (another
US state with a high concentration of aircraft manufacturing) found that aircraft manufacturing staff,
mainly engineers, are at an elevated risk. [10], [11] A mortality cohort study in a north Italian aircraft fac-
tory showed no excess of either oesophageal cancer or central nervous system tumors, despite the authors’
concerns that the study’s 15-year follow-up duration was inadequate for cancers with long latency times. It
was recently recorded Since 1960, a cohort study of 77,965 workers employed in a California aircraft pro-
ductions factory has been conducted. There were no substantial changes in risk for any of the 40 particular
causes of death inspected once more.

A study concludes that 18% of all reported fatal injuries happened during the years 2004-2005 were
caused due to contact with objects mainly being instrumental equipment. It has been shown in as shown
above. [12] One of the key issues posed in all of the studies was the staff” exposure to a large number of
different solvent mixtures. Zinc chromate paints and chromium exposure were investigated in a group of
employees at two military aircraft upkeep facilities that used zinc chromate paint for spray painting. [12]
Painters were found to have a higher prevalence of respiratory tract cancers, cirrhosis of the liver, and
cerebrovascular disease than the general population. Between 1952 and 1956, a team of reports looked at
the all-cause mortality and malignant growth level of airplane maintenance staffs at Hill Air Force Base in
Utah. This team has been experimenting with a number of solvents, including trichloroethylene.

The early study discovered substantial mortality excesses in women for non-lymphoma Hodgkin’s and
men for A follow-up analysis found no significant cancer or mortality excesses in the liver and biliary
passages. More newly, there has been concern about employees who have been exposed to jet fuels. [13],
(14], [15]

Another article addressed various aspects of a study that looked into the effect of exposure to JP-8 jet
fuel, which is now used by the US Air Force, on the sperm of mechanics who serve on planes. Low levels
of exposure to benzenes, one of JP-8’s constituents, at levels as low as 6 parts per million, were found in a
group of painters who were also exposed to solvent mixtures, were found to minimize sperm motility and
increase the frequency of sister-chromatid exchanges.
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Material and method

This section summarizes research performed in the aircraft production and repair industries around the
globe and pointing out some important case studies and describing briefly the impacts, pros and cons and
the measures taken to make a change in the existing scenario.

The methods and materials used in this study are to project the results of the mechanic’s point of view
and the data-driven from a basic questionnaire took among the workers of the company named Roder
Component Service Center s.r.o Airport Kosice Slovak Republik. Where we made a couple of questions
related to their work to get a conclusion regarding the total scenario and to find out the health and safety-
related issues faced by the mechanics, following them is an overview of one of the processes taking place
in an aircraft maintenance workshop where the workers are Re-assembling the tire assembly.

The study of the process involved in flight landing gear

Figure 1. Mechanic during maintenance performing.

Figure 1 shows the mechanic that performs visual inspection of the incoming brake. This action is used
forklift for easier manipulation with the brake unit because of its weight. The mechanic can inspect the
brake unit properly and he spares his spine. Since the equipment and the whole assembly is indeed rather
heavy. The figure above shows importance of keeping company rules to avoid injuries during maintenance
chassis component as break and wheels. The mechanic must use strong ergonomic shoes, gloves, glasses,
and good safety gear before handling such equipment. [16], [17]
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Figure 2. Processes maintenance of the parts of chassis aircraft.

During visual inspection the mechanic makes the decision if the brake should be repaired or over-
hauled. The first step of the disassembly is loosening of screws from the hydraulic crown, see Figure 2
above. The dismantled hydraulic crown is cleaned and inspected for leaking or any discrepancies accord-
ing to the manual. all processes should be performed under the certain of safety, during the maintenance
process, mechanics must have guards to prevent a sudden incident. responsible person inspects or me-
chanics comply with safety rules when maintaining individual parts of aircraft landing gear.

When the mechanic decides about the status that overhaul should be performed, the brake unit is
completely disassembled and prepared for sandblasting. After that components go for non-destructive
testing. Parts are divided according to related NTD action which should be performed on them, see Figure
3 below. Tanks with active coal for filtering water need for NDT. As was mentioned parts were blasted, it
is very important to restore the finish coating in the painting room. Painter restores finish according to
the service manual. all of the previous steps contain chemical substances which are have a big effect on
mechanicians health.

Figure 3. Tanks with filter for water needed for NDT penetrant inspection.
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Aircraft maintenance is the repair of something to restore functionality. It is an unplanned activity
without a schedule and is usually associated with greater hazards and higher levels of risk. Aircraft chassis
maintenance no specific domestic installers and mechanics. It is the responsibility of almost all workers in
every sector and is performed in almost every work environment. During the Aircraft chassis maintenance
process, the health and safety of workers may be affected, but this may also be due to a lack of or insuf-
ficient maintenance. The safety and health of maintenance workers are also significantly affected by the
construction equipment and the working environ. [16]

Maintenance is one of the activities in the workplace that can affect not only employees who work di-
rectly on it involved, but also other employees, if safe working procedures are not followed and the work
is not performed properly.

Maintenance activities can cause harm to employees and others in three main ways:

— Injury or injury may occur during maintenance - for example, employees repair-
ing a machine can be injured, if the machine is accidentally switched on, if they are exposed to danger
substances or if they have to work in the unnatural positions;

- poor maintenance quality, such as the use of incorrect parts when replaced or
repaired, can result in seriousness accidents;

- insufficient maintenance can not only shorten service life equipment and also
affect the health of workers, but it can also be the cause of accidents - for example, unrepaired damage to
the floor in the warehouse can cause a forklift accident, injury to the driver, but also damage to property.

Results and discussions

The result of the study is acquired from an industrial visit made in the company named Roder Component
Service Center s.r.o. Airport Kosice Slovak Republik. From the basic field notes and a questionnaire made
for the workers regarding their basic routine, we concluded that a majority of the workers are aware of the
risk involved in their work and future health problems related to the activities. The study shows the case
study of the health and exposure of aircraft mechanics who are involved in the maintenance of the air-
craft. The case studies show a wide range of examples of tests and experiments conducted on animals that
have undergone the similar exposure to an aircraft mechanic. We have finished fundamental substance
examinations dependent on the survey, and the example of results on those inquiries seem to help our
assumption that the most difficult parts of being a lead technician, and the difficulties respondents were
ready for such specialized issues as they have been all around prepared and trained by a mindful power.
The arranged reactions to the inquiries, ,What is the most difficult aspect of your responsibilities?”, ,What
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parts of your work do you believe you were least ready for?”, and ,What are the main abilities you should
be compelling in your present position?”, The reactions of the lead mechanics to this strategy of solicita-
tions all the specialists are appropriately engaged and absolutely mindful of the chance of their work and
the threats. As our data and our recounted encounters have shown us, the specialized capability is essential
yet not adequate for powerful administration. Our findings, at last, will be taken care of once more into
the preparation educational plan for new lead mechanics and will empower us to build up a more refined
arrangement of instruments for distinguishing and getting ready promising contenders for lead repairman
positions right off the bat in their professions.

Table 1. Modeling data table

Accidents
Accidents
Attendance reported
Safety reported
of Hours of due to
Month check due to
mechanics wakefulness lack of
- (n:54) high .
@3 workload salety
meastres
January 53 43 3 8 0
February 54 54 4 2 0
March 54 53 1 0 0
April 49 47 3 6 0
May 45 43 5 0 1
June 52 50 2 4 0
July 51 50 5 2 0
August 50 49 0 5 0
September 50 50 0 3 0
October 53 52 0 2 0
November 47 47 2 2 1
December 49 49 1 3 0
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Figure 4. Annual employee statistics.
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Series] represents the Attendance of mechanics, while series 2 represents the mandatory Safety check

conducted in the workplace, Series3 represents the Hours of wakefulness , Series 4 represents the ac-
cidents reported due to high work load and finally the series 5 represents accidents reported due to lack of
safety measures.

From the above table mentioning “Annual employee statistics “we have made a graph stating all at-
tributes which we have taken into consideration to compare the relation between each of them to find the
performance of the company and to know the exact position of the company based on following safety
measures and making their workers to follow them up. As we know safety is an important term when it
comes to work in which more human forces are involved. It is necessary for the company to monitor its
safety measures to avoid further future accidents. AS we know aircraft maintenance work is a risk involved
activity even life loss can occur even caused by a small error. From Figure 4., above we can understand the
attendance and the safety going together along throughout the year, it is clear that the company is having
a safety check almost all the working days throughout the year and the company is tracking the record of
the workers not following safety checks. The other related attributes are wakefulness, accidents reported
due to the high workload and accidents reported due to lack of safety measures. All these attributes are
human-related issues and the rate of these factors reported very less in the company and the company try-
ing its maximum to keep these rates at the minimum.
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Figure 5. Relationship between attendance rate of the mechanics and routine safety check.
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As we can see from the above Figure 5 the company has followed up the safety measure to keep up the
safety and discipline within the working environment and was completely well prepared for the uncertain
risky events that can happen naturally. as we can say safety inspections are done more often irrespective of
the attendance or any kind of events.

Figure 6. Relation between the Attendance and accident Due to human factor Error.
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Figure 6 above represents the relation between accidents reported and the employee strengths. But ac-
cording to the data, there was a slight rise in the rate of accidents reported when the whole plant was on full
strength. Even though it’s a slight setback for the firm, it is a lower value when compared with other related
industries with the range. The company is taking so much effort to minimize the errors and accidents and
protecting its employees under any circumstances.
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Figure 7. Relation between the Attendance and accident Due to human factor Error.
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Figure 7 above describes the relationship between workload and the employees. In certain months the
company faces immense workload activity and less mechanics to distribute the work and faces less pro-
ductivity and leaving pending works carried forwarded to the next consecutive month. Even accidents
happen uncertainly due to the lack of labour on some activities with involve prescribes number of labour
to accomplish the work. According to the data some incidents are reported and the company solved the is-
sue and tracking these errors to avoid in the future by providing better working schedules to the employee
and always tracking the attendance and the workload.

Figure 8. Relationship between wakefulness and mechanics.
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Figure 8 above represents the relation between wakefulness and the employees/ mechanics. Wakeful-
ness usually refers to sleeplessness, fatigue, stress, anxiety, depression. It is usually referred to as a state of
mind where the person feels wakefulness or being alert. The data shows that there is a slight increase in
the rate of

DiscussioN

We now explore the relationship between safety and organizational culture, in accordance with our theo-
retical framework. The majority of workers in the investigated company thought the safety requirements
were adequate. However, the evaluation of safety standards is not the main aim of this paper. We aimed to
search for the changing meanings of safety concerning organizational culture. All the more explicitly, we
contemplated the inward surface of the security culture regarding discontinuity, coordination, and sepa-
ration. An aircraft maintenance organization was the subject of our case study. We concentrated on the
process aspect of organizational growth. Previous research into safety cultures found that various types of
safety cultures exist both within and between organizations. Here we are showing a model of maintenance
resource management (MRM) model. [17], [18]

Here we will discuss the progress of the mechanics who are exposed to various kinds of hazardous
chemicals and a disturbed environment. So, based on the following data below we will compare and evalu-
ate the results of our study.

Figure 9. The final evaluation report.
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From Figure 9 we can come into a conclusion that throughout the year the company was performing
at its maximum and was following up its safety measures to avoid uncertain accidents and uplifting and
guiding the mechanics to follow up the safety measures and teaching them the importance of safety while
working in hazardous environment and risk involved in it. Throughout the year it was reported very less
amount of accidents and other serious related issues faced by mechanics. Throughout the year the com-
pany was constantly monitoring the workers’ safety and other parameters which are considered in order to
eliminate the risk factors that can occur at any time including a huge cost that can alter the performance
of the company as per the above figure it is well cleared that the company was doing preventive measures
to keep the accidents low and minor level. We can see the rate of wakefulness and workload has reduced
as fact that the employer considered the facts and grievances of the mechanics. Regular safety checking
was initiated from the beginning of the year and that was monitored accordingly. As a result, the rate of
accidents was acute, and the performances and morale of the workers stayed legit.

Conclusion

From the studies performed at the company Roder Component Service Center s.r.o Airport Kosice Slovak
Republic, we found out on the basis of a questionnaire aimed at the company’s employees, that the com-
pany’s priority is to follow safety instructions when maintaining aircraft landing gear and especially indi-
vidual parts such as brakes and others. In addition, the mechanics work on aircraft maintenance, the com-
pany performs regular health checks as well as daily inspections at the workplace, or the mechanics follow
the rules that increase their safety at work. The aim of the presented study is to get acquainted with Sudden
injuries, they arise as a result of the influence of some factors on the health of the company’s mechanics.

Not only should we think and plan for safety while performing the job at hand but consider that per-
forming a task improperly can have a serious impact on the aircraft’s reliability. A fully functioning and
focused maintenance team ensures aircraft get serviced the right way. Lives depend on what maintenance
technicians do, which means they need the proper tools, equipment, and a bulletproof maintenance plan.

Throughout the study, we saw the relation between various factors and mechanics in aircraft chassis
maintenance parts. As the company uplifting its safety measures to avoid further mistakes and accidents
and trying to eliminate further errors in the future and following up safety checking among the workers to
have a track record of it to monitor the performance of the employees. Conclusion the safety of mechanics
has proved to be important. Many tests and scientific research have been conducted to ensure this. The
organization has done so promisingly. Hence the future of safe mechanics looks to be bright in this firm
according to my observations and assumptions.

44,



Anyagtudomanyi terek II.

Funding: This research was funded by the EFOP-3.6.1-16-2016-00003 project. The project is co-financed
by the European Union.

Acknowledgments: This work is supported by the EFOP-3.6.1-16-2016-00003 project. The project is co-
financed by the European Union.

References

[1] Allen, J. P. Jr. (2001): Safety Management Systems for Maintenance Organizations: A U.S. Air Carrier Perspective.
Retrieved from http://www.faa.gov/about/initiatives/maintenance_hf/library/documents/media/human_fac-
tors_maintenance/ safety_management_systems_for_maintenance_organizations.a_u.s._air.carrier_perspective.pdf,

[2] Scott Johnson (2007): Statistical Analysis of Human Factors in Aviation, Comprehensive Examination Scott Johnson
Cox-Fuenzalida, L. Effect of Workload History on Task Performance. Hum Factors: The Journal of the Human Factors
and Ergonomics Society, 49. (2.) P. 277.

[3] Griffith, C. D.-Mahadevan, S. (2011): Inclusion of fatigue effects in human reliability analysis. Reliability Engineering
and System Safety, 96. (11.) Pp. 1437-1447.

[4] M Varaprasada Rao, MSRK Chaitanya, Vidhu KP. Aircraft Servicing, Manteca, Reppaire~ Overhaul The changed Sce-
narios Through outsourcing. 7. (5) Pp. 249-270. (May-2017).

[5] Varaprasada Rao M.- Dr. Rambabu, G. (2014): “Sustainable Cost Reduction Strategies in Supply Chain Management in
Aircraft Servicing in Indian Aircraft Industry” Second International Conference on Advances in Industrial Engi-
neering Applications, ICAIEA 2014, Chennai: Anna University.

[6] Hibit, R.-Marx, D. A. (1994): Reducing human error in aircraft maintenance operations with the maintenance error
decision aid (MEDA). Human Factors and Ergonomics Society Annual Meeting Proceedings, 38. (1.) Pp. 111-114.

[7] Becky L. Hooey (2019): A sampling of reports from aircraft maintenance personnel. Becky L. Hooey , Director NASA
Aviation Safety Reporting System. January 31.

[8] Serkan ALTUNTAS-Tiirkay DERELI ~Cengiz OZSALAP: Kalite fonksiyonu gégerimi (KFG) ile askeri havaciliktaki
bakim faaliyetleri i¢in yeni iirtin tasarimi, 34. (4) Pp. 2187-2202.

[9] Hobbs, A.-Williamson, A. (2002): Unsafe acts and unsafe outcomes in aircraft maintenance. Ergonomics, 45. (12.) Pp.
866-882.

[10] M. Varaprasada Rao-Vidhu Kampurath P.-K. Ananda Rao,-MSRK Chaitanya: “Advances In Ergonomic Aircraft
Design With Special Reference To Indian Aircraft Industries”. International Journal of Engineering-Scientific Research,
Publisher - International Journals of Multidisciplinary Research Academy.

[11] Kapoor, K.-Dharwada, P.-Iyengar, N.-Greenstein, J. S.-Gramopadhye, A. K. (2004): A Strategy for the Development
of a Web-Based Tool to Reduce Aviation Maintenance Errors. Proceedings of the Human Factors and Ergonomics Soci-
ety Annual Meeting, 48. (1.) 199-202.

[12] Mracek, D. L.-Arsenault, M. L.-Day, E. A.-Hardy, J. H.-Terry, R. A. (2014): A Multilevel Approach to Relating Sub-
jective Workload to Performance After Shifts in Task Demand. Human Factors: The Journal of the Human Factors and
Ergonomics Society, 56. (8.)

45



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

[13] Xavier, A. J. (2005): Managing human factors in aircraft maintenance through a performance excellence framework
(Unpublished master’s thesis, 2005). Embry-Riddle Aeronautical University. Retrieved from http://www.system-safety.
com/articles/xavier thesis.pdf,

[14] Embry-Riddle Aeronautical University ASCI 691 Graduate Capstone, Submitted to the Worldwide Campusin Partial
Fulfillment of the Requirements for the Degree of Master of Science in Aeronautics. [Online]: < https://erau.edu/de-
grees/master/aeronautics>July 18. (2016).

[15] Becky L. Hooey (2019): A sampling of reports from aircraft maintenance personnel. Becky L. Hooey, Director NASA
Aviation Safety Reporting System. January 31.

[16] Melih Yildiz (2021): Electric Energy Use in Aviation, Perspective and Applications. Journal Politeknik Dergisi. P. 1.
https://doi.org/10.2339/politeknik.852272,

[17] Becky Hooey (2019): NASA Aviation Safety Reporting System. ICASS 2019. NASA Ames Research Center, Moffett
Field, California, USA November 18-22.

[18] Adams, C.: Maintenance outsourcing safety debate. Aviation Today. Journal of Aviation Technology and Engineering.
1. (2.) Article 4. Available at: https://doi.



MARIO MAURO SALVATORE *~ALESSIO GALLORO *~-LEONARDO MUZZI *
~GIOVANNI PULLANO *-PETER ODRY **-GIUSEPPE CARBONE *

Design of PEIS: A Low-Cost Pipe Inspector

Robot

Abstract: This paper outlines the design of a novel mechatronic system for
semi-automatic in-spection and white-water in-pipe obstruction removals
without the need for destructive methods or specialized manpower. The de-
vice is characterized by a lightweight structure and high trans-portability. It is
composed by a front, a rear and a central module that realize the worm-like
lo-comotion of the robot with a specifically designed driving mechanism for
the straight motion of the robot along the pipeline. The proposed mechatronic
system is easily adaptable to pipes of various sizes. Each module is equipped
with a motor that actuates three slider-crank-based mechanisms. The central
module incorporates a length-varying mechanism that allows forward and
backward locomotion. The device is equipped with specific low-cost sensors
that allow an operator to monitor the device and locate an obstruction in
real time. The movement of the device can be automatic or controlled manu-
ally by using a specific user-friendly control board and a laptop. Preliminary
laboratory tests are reported to demonstrate the engineering feasibility and
effectiveness of the proposed design, which is currently under patenting.
Keywords: Pipe inspection; robot; detection.

Introduction

In the last decade, we have been experiencing a growing demand for robotic
systems aimed at assisting and collaborating with humans toward unsafe or
difficult tasks, widening a great market potential for service robotics applica-
tions as reported, for example, in [1]. In-pipe robots are one of the emerging
areas of practical service applications where a robot can explore a pipe from
the inside to perform various inspections and maintenance tasks.

* University of Calabria, De-
partment of Mechanical, Energy,
and Management Engineering
E-mail: giuseppe.carbone@
unical.it

** University of Dunatijvdros,
Department of Control
Engineering and Information
Technology

E-mail: podry@uniduna.hu

47



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

Pipeline grids of various sizes and materials are pervasive in today’s modern society and they require
frequent inspection and maintenance, setting very challenging engineering tasks. Obstructions in pipes
are sometimes spotted by the insertion of probes equipped with cameras or even manually in poor areas
but is most often avoided because of the costs needed for the operation; long sections of pipes are replaced
straight away. Buried white-water pipe infrastructures are regularly in need of maintenance, the cost of
which may be significantly reduced by more precisely locating faults by means of in-pipe robots as re-
ported, for example, in [2]. Several approaches and prototypes have been proposed, such as those based
on wheeled locomotion [3], crawler locomotion [4], caterpillar locomotion [5], wall-press locomotion [6],
walking locomotion [7], inchworm locomotion [8], screw locomotion [9], and spiral locomotion [10].
Each design solution has some merits and drawbacks that make each preferrable for specific applica-
tions. Among the existing solutions, particularly interesting is the worm-like locomotion as reported, for
example, by [11-13]; other locomotion strategies can be based on hybrid solutions and combinations of
locomotion principles, such as that in [14,15,16].

This work presents the mechanical, electrical and control design of PEIS (PipE Inspector System).
This is a low-cost pipe inspector robot, which introduces a novel, low-cost locomotion mechanism that
has been designed and built by the authors at University of Calabria as shown in Figure 1. The proposed
locomotion mechanisms allow to easily adapt the device to pipelines of various sizes with horizontal-,
inclined-, or even vertical-motion directions.

The paper is organized as follows: Section 2 outlines the mechanical design of the proposed PEIS
device with focus on the modeling and synthesis of the locomotion mechanism. Section 3 focuses on a
dynamic analysis and simulation of PEIS to size the main components, including the mechanical parts,
joints, and actuators, with proper performance to fulfil the desired task requirements. Section 4 focuses
on the robot controller to achieve a suitable and stable operation of PEIS. Section 5 outlines the selection
of proper, low-cost sensory components and details the electronics and control hardware set-up. Section 6
reports some preliminary experimental results to demonstrate the engineering feasibility and effectiveness
of the proposed design that is currently under patenting.
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Figure 1. The proposed PEIS design: (a) 3D CAD model; (b) built prototype of PEIS at DIMEG, University of Calabria.

(a) (b)

Mechanical Design

White-water pipelines are particularly subjected to occlusions caused by debris from various sources. They

are usually designed using straight pipes of 200 mm to 600 mm in diameter, spaced out by 500 x 500 mm

square inspector manholes. This kind of pipe-system design simplifies the proposed solution from a me-

chanical point of view, and it leads to a cost reduction that is a key factor for the proposed mechatronic

device. The target groups of the device are, indeed, small businesses and local administrations. The me-

chatronic system should be easy to use to avoid the employment of highly specialized manpower. Another

important feature needed is the capability to explore sloped pipes and to adapt to different pipe diameters.

After a careful analysis of the literature and the specifically addressed application task, we have identified

the following main design requirements:

— Suitable for pipelines with a diameter ranging from 200 to 600 mm.

— Device length lower than 400 mm (for easy fitting into the 500 x 500 mm manbholes).

— Power supply lower than 60 W (for autonomous driving and power autonomy).

— Weight lower than 3 kg (for transportability and for avoiding damages to the pipeline.

- Holding force ranging from 20 to 30 N (to avoid slippage and for avoiding damages to the pipeline).

- Move along a straight pipeline (since white-water pipelines are equipped with inspection manholes at
any direction change).

— Speed not lower than 5 cm/s (for timely execution of tasks).
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As additional requirements, the device should be user friendly and not require specific professional
skills for a semi-automatic operation.

The design process is based on multiple, creative-tactic strategies, including morphological charts to
help the topology synthesis, which led to a topology with three modules. Namely, the front module and
the back module are the “grasping modules”, being able to hold the robot body relative to the pipe walls.
A schematic view of the front module is reported in Figure 2a. This module hosts most of the sensors and
electronic components. The front and back module are equipped with telescopic elements that are driven
by a specifically designed mechanism. This is schematically outlined in Figure 2b. Each grasping module
is based on a crank-shaft mechanism with three interchangeable pistons of various lengths and a single
circular crank actuated by a servomotor. The rotation of the slider-crank mechanisms produces the exten-
sion of the telescopic elements, which hold firmly a module attached to the pipeline surface. The front or
back module are actuated alternatively so that one of them is attached to the pipeline surface and the other
one is free to move. The central body module embeds a crank-shaft mechanism actuated by a servomotor
that makes the length of the robot vary, thus allowing it to move in a worm-like manner. The locomotion
module is based, again, on a slider-crank mechanism that displaces the front module relative to the back
module as shown in Figure 2c. Accordingly, the locomotion strategy consists of locking one of the front
or back modules and allowing the locomotion module to displace forward or backward the other module.
The following sections outline the main aspects of the proposed mechanism design as based on the out-
lined conceptual design.

Figure 2. Details of the proposed PEIS design: (a) the front module; (b) the pipeline grasping module based on three

slider-crank mechanisms, actuating the telescopic elements by using one motor, (c) the central body driving module
based on one slider-crank mechanism and three sliders.

(a) (b) (c)

Telescopic elements Slider crank mechanisms sliders
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GRASPING MODULES

Two different configurations were studied. Namely, horizontal locomotion and vertical locomotion. One
module at a time is considered, clamped to the wall of the pipe, and a Coulomb static friction coefficient of
0.4 (rubber and wet concrete) is supposed. The worst-case scenario is considered when the friction force is
holding the robot as provided by a single piston. This case is outlined in the scheme in Figure 3. A 7 N force
by a single piston is sufficient to prevent the robot from sliding, based on its own weight (over-estimated as
equal to 1 kg), using a safety factor of two. Given the free body diagrams in Figure 4, it is possible to write
the relationship between the force exerted by the piston F_x and the input servomotor torque t from the
equilibrium equation that can be written as

2 212 12\ ?
()
_tcosa T lin 2lmlp
X 3 1y,cos0 31y . cZ—I%H—I% 2 1)
Zlmlb
The friction force can be assumed as equal to Fs = puFy (2)

where 1 is the crank length, |, the conrod length, c the length between the piston and the crank base and
0 the angle between F, and perpendicular to the crank. The dimensional synthesis of the mechanism
consists of identifying the values of | ,1, so that the mechanism can exert the desired force F_while mini-
mizing the ratio expressed in

S C
=— 3

I +1p ®
where S expresses how close a configuration is relative to the kinematic singularity of the slider-crank
mechanism. A value too close to the singularity can generate stability problems while a value too far from
the singularity will result in a less compact design. It is also worth noting that an additional grasping tool
could be added at the front module as proposed, for example, in [17-19].
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Figure 3. A free body diagram for static analysis in the horizontal plane.
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LocomoTioN MODULE

The proposed device moves along the pipeline by holding the pipeline wall with its front or rear module
through their telescopic elements (Figure 2). The worm-like locomotion is achieved by activation of the
front and rear module, alternately. Then, the central module displaces the free module relative to the one
holding the pipeline wall. Reversing the order of activation of the front and rear modules allows to reverse
the motion direction. These locomotion steps are repeated cyclically until an obstruction is found or until
the operator decides to stop the device. The selected driving mechanism is based on a slider-crank, whose
size synthesis is performed based on the desired motion speed and the expected loading conditions de-
fined in the design specifications.
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Figure 4. Geometry and free body diagrams of a single slider-crank mechanism in the grasping module.

Fx

Dynamic Analysis

A simplified model was developed for estimating the dynamic effects. The masses and moments of inertia
of the main components have obtained from the 3D CAD model of the device. These terms are used to im-
plement a Euler-Lagrange set of equations of motion that are solved in a Matlab environment. We assume
the slider-crank mechanisms as planar mechanisms; also, we assume homogeneous materials, rigid parts,
perfect constraints, and a safety factor equal to two to take into account the neglected aspects.

HoRrizoNTAL MOTION

The Euler-Lagrange equation (Equation (4)) is written by considering the 1 DOF slider-crank mechanism,
whose scheme is shown in Figure 5, in the following form:
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doL oL _ (4)
dtds  da ™

where ¢ is the time derivative of a depicted in Figure 4, T_ is the servo couple and L is the “Lagrangian”
defined as the difference between the sum of the kinetic energy and the sum of the potential energy of the

member in Equation (5).
L=ZEC—ZEp= )

1 2 2 2 5 2 2
= E[mlle + &% + myVg,” + B +mpVe ] — m;8Gyy — mygGyy,

where m, V, , I are the i member mass, center of gravity velocity and moment of inertia, respectively.
G,, and G, are the y coordinates of the crank and the rod, respectively; V_and m_are the front module
velocity and mass; & and ¢ are angles time derivative; and g is the gravitational acceleration, referring

to the scheme in Figure 5.

Figure 5. A scheme of the slider-crank mechanism for driving the central module.
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Geometrical considerations and the substitution of previous terms lead to the motion equation in the
following form:
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fla(), a(0), a0, t] = tn (D

A constant rotational speed is imposed in order to check the capability of the servomotors to make the
device advance and to make an estimate of the maximum motor torque needed during the operation after
the transient phase. This leads to the to the results shown in Figure 6, which are compared with similar
results that were obtained by a simulation in the Working Model multibody simulation software with the
same input data. The maximum required absolute torque can be estimated from Figure 6 as about 0.003

Nm.

(6)

Figure 6. Simulation results for motor sizing during a horizontal motion: (a) Simulated torque in a Matlab environment;
(b) simulated torque in the Working Model environment from 0 to 1.5 s.
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VERTICAL MOTION

This case is addressed again by developing a proper formulation as based on the Euler-Lagrange approach.
The main difference is given by the presence of the potential energy of the piston that can be computed as

follows:
L= z E.— z Ep =

1 ) .2
- E[mlvcl2 + 162 +myVg 2 + LBror + mpVCZ] )

—m; gG1x — mygGyy — mpgX,

where G, _and G, are the x coordinates of the crank and of the rod, while the other terms have the same
formulation as reported in Equation (5). The required can be obtained by referring to the plot in Figure 7
as having a maximum absolute value of about 0.45 Nm.

Figure 7. Simulation results for motor sizing during a vertical motion: (a) simulated torque in a Matlab environment;
(b) simulated torque in the Working Model environment from 0 to 1.5 s.
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Control Synthesis
The motion of the system can be described with the state space representation as follows. The linearization
of Equation (6) a(t) = f' (t, a(t), a(t), Ty (t)) with x = (o, &)T state vector and u=t_input of the

physical system around the equilibrium (1/2,0,0) results in the following:

. of' © + of' ®
X= Jx X du utt), (8)

X = Ax + Bu,

where y=Cx and, moreover, A and B are the state and input matrices, respectively. It is assumed, that the
output of the system is fully measurable, therefore y=[1 0]x=a. Based on Equation (6), the matrices A and
B are given as follows.

A= [ 0 1] B= [ 0 ] )
19871 0 840.3253

The evaluation of the controllability matrix results is M =[B AB], where rank M =2. Based on the Kalman
rank condition for controllability, the system described with Equation (8) is controllable since dimx=2. As
a result, a linear quadratic regulator (LQR) is proposed for the stabilization of the system, using the con-
trollable system (A,B). The LQR algorithm establishes a cost function J(x,u) for the obtainment of optimal
state-feedback gain K. This feedback gain minimizes the following cost function, thereby providing both
good system response and feasible control action:

N-1
1 1
J(x,u) = > Z(XEQXk + uﬁRuk) + EXEQXN, (10
k=0

where Q = QT € R?*?2,Q >0 and R e R,R > (0 are the weights in Equation (10), which deter-
mine the dynamics of asymptotic stability related to the control signal u,=-Kx,_in the kth epoch. The
feedback matrix is calculated as K=(R+B" PB)! BT PA, where P=P">0 denotes the solution of the Control
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Algebraic Riccati equation. To ensure the reference tracking as well, the N _and N matrices are employed

as follows:
-1
() =lc of (%) o

As a result, the control signal is obtained u:—Kx+(Nu+KNX)r, where r is the reference signal, while the
matrices are given as follows: 100 0
Q= [ ] R =50

K=[1.1110 0.0514)], N=[10], N =-0.0024
Based on Equations (9) and (12), the corresponding step response of the closed loop system is plotted in
the following Figures 8 and 9. The simulation results show that the implemented LQR strategy stabilizes

the system around the reference signal.

Figure 8. Reference tracking performance in terms of « versus time.
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A similar analysis can be conducted for the vertical motion. Based on Equation (7), the linearization of the
equations of motion is obtained, then the state and input matrices are derived as follows:
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1

A:[187.%978 0]; B:[840.2253] (13

Then, the state feedback and reference tracking matrices are calculated based on Equations (10) and (11),
which are given as follows.

K =[1.3238 0.0552], N, =[1 0], N, = —0.2234 (14)

The aforementioned results enable the definition of the control signal u=-Kx+(N +KN ) r, which ensures
asymptotic stability.

Figure 9. Reference tracking performance in terms of motor torque versus time.
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Sensors and Electronics

The robot is equipped with multiple sensors because it needs to obtain various information from the out-
side world. The sensors are powered by a battery located in the rear module and the motors are powered
by an external, cabled power source. An alert LED and manual command buttons are located on a board
that remains outside of the pipe during the operations. The electrical scheme is presented in Figure 10.
This control architecture can allow user-friendly operation in which an operator places the device at the
beginning of a pipeline. Then, a latch switch turns on the device, including the LED lighting and all sen-
sory feedbacks, which are streamed on the screen of a laptop and stored for further analyses. A second
latch switch selects the operation direction (forward or backward). The device automatically stops when
it reaches an obstruction while streaming a camera view to inspect the characteristics of an obstruction.
Furthermore, the sensory feedback allows to identify the position of the obstruction relative to the initial
position of the robot at the pipeline entrance.

Figure 10. A scheme of the electrical wiring.
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PrROXIMITY SENSOR

An essential feature of the device is being able to detect the occlusion. This is achieved using a proximity
sensor located on the front module. The HC-SR04 sensor (Robot Italy, Rome) used is an ultrasonic one:
the sensor is very well suited for the purpose since it is cheap, simple and works in a dark environment.

TEMPERATURE SENSOR

The temperature sensor is a tmp36 (Robot Italy, Rome) and is used to obtain the in-pipe temperature. This
information is used to correct the proximity sensor measurement because sound speed depends on the
temperature of the medium. It is located at the front module.

CAMERA

The camera and the lights mounted on the front module allow to see a live feed of the inside of the tube,
thus allowing an operator to evaluate the nature of the obstruction present and check for potential dam-
ages of the pipe.

The logic implemented realizes the autonomous motion of the robot by controlling, in the right order,
the positions of the servos. The control loop also checks for the presence of obstacle after each step and lis-
ten to possible user inputs. If an input is detected, the control is overridden and the user can move the robot
forward or backward, while it continues to automatically grasp the pipe. If no input is received, the robot
memorizes the number of steps to estimate the distance of the obstacle and allows an autonomous backward
motion to bring itself to the entrance of the pipe. Details of the built prototype are reported in Figure 11.

INERTIAL MEASUREMENT UNIT

The electronics can be extended with an inertial measurement unit (IMU) code MPU-9250 (Robot Italy,
Rome) to capture vibrations and parasitic accelerations and localize disturbances. The IMU is an exten-
sion that provides additional information of the state of the system with the accelerometer, gyroscope, and
magnetometer sensors. The magnetometer can be used to identify and localize magnetic disturbances dur-
ing the motion of the system. Additionally, the accelerometer and gyroscope signals can be incorporated
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in a state-of-the-art filter algorithm to monitor the instantaneous orientation of the system. This orienta-
tion filter is characterized by core parameters that determine the state estimation convergence; therefore,
the filter parameters should be carefully chosen to ensure accurate state measurements. An efficient ap-
proach to evaluate the filter performance and to tune the filter parameters is proposed in [20].

Preliminary Tests

The preliminary tests were carried out by using a 3D-printed proof-of-concept prototype as proposed in
[21]. The experimental tests consisted of the following steps:

Place the device at the beginning of a pipeline.

Turn on the device with a latch switch. This activates the device including all sensory feedbacks that are
streamed on the screen of a laptop and stored for further analyses.

Turn on the latch switch, selecting the semiautomatic forward motion. The device automatically stops
when it reaches an obstruction while streaming a camera view to inspect the characteristics of the obstruc-
tion.

Upon reaching an obstruction, the operator can visually inspect the obstruction by using video stream-
ing. Furthermore, the sensory feedback allows to identify the position of the obstruction relative to the
initial position of the robot at the pipeline entrance.

Turn on the latch switch, selecting the semiautomatic backward motion. The device automatically stops
when it is back at the initial position.

The same operation strategy was implemented for several tests. In particular, the PEIS prototype was
able to advance in pipelines that were horizontal, but also in a sloped pipeline and even in a vertical pipe-
line as shown in Figures 11 and 12. The locomotion principle was very effective in all operation conditions
with a simple operation and no grip loss. Various obstructions were successfully detected, and the LED
light, placed on the front module, allowed for seeing clearly through the camera. The drive current and
servomotor position/velocity feedback were monitored during operation. All the obtained readings were
within maximum values in the range 0.6 to 0.8 amperes, and their values are compatible with the simu-
lated values, even exceeding the performance expectations. The temperature and distance detection were
obtained with readings in the expected error range. The manual control worked well with no appreciable
delay. Several different types of obstructions were tested in terms of shape, size and position of obstacles in
the pipeline. The used ultrasonic sensors were proven to be very effective in identifying the obstructions,
regardless of their shape, size and position. The detection distance can be adjusted starting from a range of
1 m. Then, the operator can use video streaming to further inspect the characteristics of the obstruction.
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The performed tests successfully demonstrated the engineering feasibility of the proposed design as
well as the user-friendliness of the proposed design, which can be operated without professional skills in
a semi-automatic operation. Note that the aim of this work consisted of proposing a conceptual design.
In future, we do plan to design an improved prototype and carry out more experiments as based on the
outcomes of this work. Additionally, we do plan to perform safety tests, such as those outlined in [22].

Figure 11. Details of the assembling phases of PEIS at DIMEG, University of Calabria: (a) view of the back module as-
sembly; (b) view of the front module with main electronics and sensors.

(a) (b)

Figure 12. Details of the testing of PEIS at DIMEG, University of Calabria: (a) with natural light conditions; (b) with the
onboard lighting in dark conditions.

(a) (b)
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Conclusions

This paper outlines the design of a PEIS novel robotic system for semi-automatic inspection and white-wa-
ter in-pipe obstruction removal. The proposed device is characterized by a lightweight structure and high
transportability. It is composed of a front, a rear and a central module that realize a worm-like locomotion
of the robot with a specifically designed driving mechanism. Proper modeling and numerical simula-
tions were carried out to complete the design of the prototype. The proposed prototype is integrated with
control and sensory components and was preliminarily validated in laboratory tests under various opera-
tion conditions with horizontal and even vertical pipelines. All the tests were successful. The obtained
preliminary results demonstrated the engineering feasibility and effectiveness of the proposed design with
satisfactory in-pipe motion and inspection with proper visual and sensory detection of obstacles by means
of the onboard camera, proximity sensor, temperature sensor, and IMU sensor. Further investigations will
be carried out in the near future to integrate further sensory feedback as well as to test the device in real
operation conditions.

Patents

A specific Italian patent application has been made for the PEIS design as reported in [23].
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Evaluating and Comparison of the Ergonomic
Conditions of Two Representative Training
Aircraft Cockpit to Improve the Efficiency of
Flight Training

Abstract: Cockpit design plays an essential role in educational programs for
student pilots to improving the quality and efficieny of learning. This study
focuses on cockpit design on identifying design factors for educational pur-
poses. In this reaserch, two common trainer aircraft used in flight schools,
namely TB-20 and Cessna 172 cockpits have been selected. In order to ex-
amine two different trainer aircraft in terms of ergonomics, a questionnaire
is developed by obtaining opinion of aviation experts, flight instructors, and
student pilots. The questionnaire is conducted to a total number of 40 flight
instructors and student pilots for both trainer aircraft which includes differ-
ent types of survey questions related to displays, control elements, commu-
nication in the cockpit, anthropometry, environment, and flight safety. In the
statistical analysis, the significant differences between the TB-20 and Cessna
172 training aircraft cockpits are revealed such as (i) readings of the flight en-
gine displays, (ii) placing switches and lever within reach of both pilots, (iii)
headphone and microphone in terms of ease of use, (iv) comfort of the pilot
back height of the seats, (v) clear hearing of conversations between student
and instructor pilot and auditory signals in the cockpit, and (vi) distracting
noise and humidity conditions in the cockpit. Finally, based on the results of
the statistical and qualitative analysis in the study, the design issues and orien-
tations in additive manufacturing for a better educational cockpit design are
discussed. The outcomes of this study can be used for flight training organiza-
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Introduction

Cockpit design as a control room is of high importance for providing comfort, safety, and ease of com-
munication for pilots. Aircraft certification standards give basic requirements about the cockpit design
in terms of flight control systems (CS 23.2300), cockpit lightning (CS 23.2530), and crew compartment
arrangements (CS 23.2600). [1]

Aircraft cockpit display and control systems provide much information to the pilot(s) and consist of
a great many instruments and complex information. The number and complexity of the cockpit systems
increase crew workload thereby leading to increasing the rate of incidents and accidents particularly under
being in an emergency (Xiaoling et al., 2016).

Strickland et.al. defined pilots as a vital component of safe flight and emphasized the human aspects of
the cockpit. They analyzed man-machine interface effects on pilot's performance during a flight. [2]

Anderson and Hendy (1984) [3] developed an anthropometric model to evaluate seat adjustment of
CT-4A cockpit, for enhancing training effectiveness and improve flying safety. They performed an experi-
mental study with thirty pilots to evaluate and propose modifications by means of ergonomics.

Ergonomics is the knowledge of maximizing human productivity by properly fitting the product or
system accordingly. Prior to the development of the discipline of ergonomics, humans were required to use
the design instead of designing according to human requirements such as height, weight, and strength for
the use of the tools or systems. Besides, technology is advancing and changing rapidly which creates ad-
ditional operational procedures to be introduced, adapted, and allocated for the use of the human. [4], [5]

Consideration of human factors during the design of the aircraft and up to operations is essential. Er-
gonomics takes account of the human capabilities and limitations during the performance of the tasks, use
of equipment, the process of the information, and the environment in which human works suit to human
working conditions. For example, the cockpit of the fighter jets can be defined as one of the most complex
workplaces in the world which requires higher levels of information processing under stress conditions
with the requirement of “no error”. [6]

Indicator systems in cockpits are extremely complex. [7] The slightest mistake or negligence in aviation
could result in an air disaster. Display panels should be designed in a way to prevent errors that may arise
from the readings or use of these panels. In the study of Senol et al., (2009) [8] the positions of the analog
indicators on the front panel were evaluated in terms of human factors using quantitative and qualitative
methods. The “Multi-Criteria Decision Making (MCDM)” and “Card Sorting” approaches were adapted
and used in the design of a display panel. In this research, 8 pilots were given cards with the names of the
indicators, and the cards were asked to be placed correctly over the covered indicators. The examined
pilots were expected to find the location of the indicators. Based on the pilot responses, the results were
analyzed and evaluated.
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Zaitseva et. al. (2020) [8] studied the features of the location of devices and controls in the cockpit of
the aircraft, and the level of correct psychophysiological perception of their indications by the pilot during
the flight. They emphasized that the placement of indicators, alarms, and controls in the operator work-
place is an important factor for improving functional efficiency and reliability.

Zhang et. al (2014) [9] determined the ergonomics design elements in the transport category aircraft
cockpit due to the importance of ergonomics design for the efficiency of flight crew operation and flight
safety. Using a hierarchical cluster approach, researchers analyzed the design elements which is obtained
from airworthiness regulations and industry standards. da Silva et.al (2020) used 33 anthropometric
measurements for improving aircraft cockpit design ergonomically.

Jung, et al., (2009) [10] developed a quantitative method for assessing the physical workloads in a
digital environment for the cockpit of the Korean Utility Helicopter (KUH). The proposed method quan-
tified physical workloads for the target user under a 3-step process, aimed at identifying design features
that need to be improved based on the workload evaluation results. The parameters of quantified physical
workloads were posture, reach, visibility, and clearance.

The quality of the cockpit design affects the physiology, psychology, and situation awareness of pilots.
In addition, it directly affects the pilots’ working efficiency and flight safety. It is therefore essential to carry
out an ergonomic assessment in advance for cockpit design. Lijing et al., (2009) [11] used the “Cockpit
Ergonomics Layout and Assessment System (CEA)” which can simulate the human-computer interface.
In this study, they evaluated the visibility, accessibility, and comfort of the pilot’s operating posture in the
cockpit. The mannequins of the pilots were seated according to the operational posture, and accessibility
and visibility of cockpit layouts were evaluated with ergonomic analysis. In the cockpit, the accessibility
and visibility of the main dashboard, front center pedestal control stand, central plinth control stand,
upper control panel, sun visor, left and right side console, steering column, and pedal were evaluated by
ergonomic analysis. The accessibility of the pilot’s right arm and left arm accessible area was examined.
A comfort assessment of typical operating stops during take-off, landing, and cruise was aalso made. The
deficiencies in the cockpit layout design were identified by evaluating the cockpit ergonomics.

Kumar et al., (2019) [12] studied the ergonomics of pilot seats by means of the effects of cushion foam
on the comfort of the pilot. They conclude that the cushion foam thickness has a direct relation with the
seating comfort and at least a 100 mm foam thickness is required for minimal comfort.

In this study, in order to examine and compare two representative trainer aircraft in terms of ergonom-
ics based on literature, a questionnaire was developed for collecting the opinion of instructors and student
pilots. The survey results are analyzed statistically and the cockpits of the representative aircraft are evaluat-
ed. In the next section, representative trainer aircraft are briefly introduced as well. In the third section. the
methodology and questionnaire are presented widely. In the fourth part, the statistical results are given and
analyzed. The final section defines and explains the conclusion, discussion, and contributions of the study.
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TB-20 and CESSNA 172 Cockpit

This study focuses on the design impact of human factors in the cockpits of the trainer aircraft namely,
TB-20 and CESSNA 172. The cockpit design of these aircraft was examined ergonomically in the study.

The first representative aircraft, the Cessna 172 aircraft is a four-seat, single-engine, and high-wing
aircraft manufactured by the Skyhawk, Cessna Aircraft Company. The Cessna 172s flew for the first time
in 1955. The cockpit of the Cessna training aircraft is given in Figure 1.

Figure 1. Cessna 172 cockpit general view

The second representative aircraft, Socata TB-20 Trinidad is a metal semi-mono coke, a single-piston
engine with fixed velocity propeller and retractable landing gear, manufactured by Daher-Socata and de-
signed in the late 1970s. The cockpit of the TB-20 training aircraft is presented in Figure 2.
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Figure 2. Socata TB-20 cockpit general view

Methodology

For evaluation of ergonomics factors of the representative trainer aircraft, a questionnaire is developed.
The developed questionnaire has seven parts as following:

- General properties,

- Displays,

— Control elements,

- Communication in the cockpit,

- Anthropometry,

- Environment,

— Flight Safety.

In the first part of the questionnaire, an analysis of frequency and percent is used for the question
related to demographic information. In the other six parts, the five-point Likert scale (poor (1), fair (2),
average (3), good (4), and very good (5)) questions are used for taking pilots’ opinions. Besides, there are
also open-ended questions in the questionnaire. Analysis of open-ended questions is evaluated with the
most frequent answers.
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SPSS 22 program is used for statistical analysis of the questionnaire. For the two representative trainer
aircraft cockpit ergonomic aspects, frequencies, and percentages, means, and standard deviations of the
answers using the Likert scale are calculated. The difference between means of the answers given from
pilots for Cessna-172 and TB-20 cockpits is examined by using ANOVA. Analyses are revealed significant
differences between the TB-20 and the Cessna 172 training aircraft cockpits in terms of ergonomics. The
detailed analysis and evaluation of the results are given below.

DEMOGRAPHIC INFORMATION

The frequency and percentage distributions of the answers given by the flight instructors and student pi-
lots who answered the survey questions related to the general information in the first part of the question-
naire are given in Tables 1 to 4. As can be seen in Table 1, 37.5% of the respondents are instructor pilots,
while 62.5% are student pilots. 97.5% of the respondents were male pilots (Table 2) and 2.5% of them were
female. 22.5% of the participants are under 22 years old, while 35% of them were over 40 years old (Table
3). In addition, 57.5% of the examined pilots are over 165 cm in height (Table 4).

Table 1. Distribution of job title

TB-20 CESSNA 172 TOTAL
JOB TITLE
N % N % N %
Instructor Pilot 9 429 6 31.6 15 37.5
Student Pilot 12 57.1 13 68.4 25 62.5
Table 2. Gender distribution of pilots
TB-20 CESSNA 172 TOTAL
GENDER
N % N % N %
Female 0 0.0 1 5.3 1 2.5
Male 21 100 18 94.7 39 97.5
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Table 3. Distribution of age range

TB-20 CESSNA 172 TOTAL

AGE

N % N % N %
18-22 0 0.0 9 47.4 9 22.5
23-27 11 52.4 4 21.1 15 37.5
33-40 2 9.5 0 0.0 2 5.0
> 40 8 38.1 6 31.6 14 35.0

Table 4. Distribution of height
TB-20 CESSNA 172 TOTAL

HEIGHT

N % N % N %
155-165cm 6 28.6 11 57.9 17 42.5
166-175cm 13 | 619 8 42.1 21 | 525
>185 cm 2 9.5 0 0.0 2 5.0

QUESTIONS ASKED USING THE LIKERT SCALE

For both trainer aircraft cockpits, the frequencies, percentages, means, standard deviations of the respons-
es using the Likert Scale are calculated and given in Table 5. In the questionnaire, it is accepted that the
questions with ,,average + fair + poor” answers totaling 50% are factors open to improvement in terms of
the ergonomics of training aircraft. Morever, the mean and standard deviation for each question is showed
in Table 5.
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Tablo 5. Distribution of the Answers Using the Likert Scale

TB-20

CESSNA 172

Poor

Average

Good

Very Good

N %

N %

N

%

Mean

Std.
Deviation

Average

Good

Very Good

N %

N

%

N %

Mean

Std.
Deviation

A. QUESTIONS ABOUT DISPLAYS

0 [0.0%

2| 9.5%

8 |38.1%

11(52.4%

0.0%

3.43

0.676

0| 0.0%

0| 0.0%

3 [15.8%

68.4%

3 |15.8%

4.00

0.577

A2. Please evaluate the readings of
the engine displays on the cockpit
panel according to the normal
viewing angle by both

00.0%

1| 4.8%

6 | 28.6%

12 (57.1%

9.5%

3.71

0.717

0| 0.0%

0| 0.0%

6 |31.6%

52.6%

3 |15.8%

3.84

0.688

A3. Please evaluate the adequacy
of general lighting in the cockpit for
documents such as a map and
checklist.

1]4.8%

1| 4.8%

3 | 14.3%

15 71.4%

4.8%

3.67

0.856

0| 0.0%

1] 5.3%

3 [15.8%

73.7%

11 53%

3.79

0.631

A4. Please evaluate the adequacy
of the interior lighting of the displays
on the cockpit panel.

00.0%

1| 5.0%

3 |15.0%

14 [ 70.0%

10.0%

3.85

0.671

0| 0.0%

0| 0.0%

1] 53%

84.2%

2 110.5%

0.405

Please evaluate the flight and
engine displays on the cockpit
terms of brightness and
reflection.

A5. Brightness and reflection of
flight displays

1(4.8%

11 4.8%

6 | 28.6%

12 57.1%

4.8%

3.52

0.873

0| 0.0%

0| 0.0%

4 121.1%

78.9%

0| 0.0%

3.79

0.419

AB. Brightness and reflection of
engine displays

00.0%

1| 4.8%

5 |23.8%

13 61.9%

9.5%

3.76

0.700

0| 0.0%

0| 0.0%

2 [10.5%

89.5%

0 | 0.0%

3.89

0.315

A7.Please evaluate the conditions
of seeing surrounding conditions
(i.e. wing) of the aircraft during the
flight

00.0%

0| 0.0%

4 119.0%

14 | 66.7%

14.3%

3.95

0.590

0| 0.0%

0| 0.0%

7 |36.8%

42.1%

4 121.1%

3.84

0.765

A8. Please evaluate the display arc
imits and the moving speed of the
inders

00.0%

1| 4.8%

0 | 0.0%

18 [ 85.7%

9.5%

4.00

0.548

0| 0.0%

0| 0.0%

4 121.1%

73.7%

1] 53%

3.84

0.501

A9. Please evaluate to what extent
itis useful to provide the same
information with both analog and
digital displays for the flight

00.0%

0| 0.0%

1] 4.8%

14 | 66.7%

28.6%

4.24

0.539

0| 0.0%

0| 0.0%

2 [ 11.1%

33.3%

10 | 55.6%

444

0.705

A10. Please evaluate how wel
organized the descriptions of the
displays on the cockpit panel

00.0%

1| 4.8%

4 119.0%

14 | 66.7%

9.5%

3.81

0.680

0| 0.0%

1] 5.3%

2 [10.5%

78.9%

1] 53%

3.84

0.602
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TB-20 CESSNA 172
Poor Fair Average Good Very Good M Std. Poor Fair Average Good Very Good M Std.
ean P ean P
N % [N % N[ % [N] % [N] % Deviation N[ oo [N| % |N| % |N| % |N| % Deviation
B. QUESTIONS ABOUT CONTROL ELEMENTS
Please evaluate whether the
following control elements are
placed within the reach of both
pilots
B1. Switches 1[48%|0|00% | 2| 95% [17]81.0% | 1| 48% | 3.81 0.750 | 1| 5.3% |4 |21.1% | 8 |42.1% | 5 [26.3% | 1 | 53% | 3.05 | 0.970
B2. Buttons 0]0.0%| 0| 0.0% | 3 |14.3% |15|71.4% | 3 | 14.3% | 4.00 0548 | 1| 53% | 1| 53% | 3 [15.8% |13(68.4% | 1 | 53% | 3.63 | 0.895
B3. Pedals 1148%|1| 48% | 1| 48% |10|47.6% |8 |38.1% | 4.10 1.044 0| 0.0% [0]| 0.0% | O | 0.0% | 9 |47.4% | 10|52.6% | 4.53 0.513
B4. Lever 1148% (2| 95% | 1| 48% |13]619% |4 | 19.0% | 3.81 1.030(0| 0.0% [0]| 0.0% | O | 0.0% | 7 |36.8% |12|63.2% | 4.63 0.496
B5. Throttle 0[0.0%|0|00% |2|95% |13|61.9%|6 |28.6% | 4.19 0.602 (0| 0.0% | 0| 0.0% | 2 |10.5% | 8 [42.1% | 9 |47.4% | 4.37 | 0.684
How do you perceive the control
elements as tactile fe
using them in flight? (e.g. i
necessary to apply a very strong
force when using the pedals?)
B6. Switches 0]0.0%|1|48% | 3 |14.3%|11|524% | 6 |286% | 4.05 0.805| 0| 0.0% | 0| 0.0% | 3 |15.8% |13 |68.4% | 3 [15.8% | 4.00 | 0.577
B7. Buttons 0]0.0%|0|00% |2 |95% |15]|71.4% |4 | 19.0% | 4.10 0.539| 0| 0.0% 0| 0.0% | 1|53% |15|789% | 3 [15.8% | 4.1 | 0.459
BS. Pedals 0/0.0%|0| 00% | 1| 48% [12|571% |8 |38.1% | 4.33 0.577 (0| 0.0% (0| 0.0% | 3 |15.8% | 9 [47.4% | 7 | 36.8% | 4.21 0.713
BO. Lever 0/00%|1|48% | 0| 00% [15|714% |5 |23.8% | 4.14 0.655(0| 0.0% |0| 0.0% | 1| 53% [10|52.6% | 8 |42.1% | 4.37 0.597
B10. Throttle 00.0% 3| 14.3% | 11|52.4% | 7 | 33.3% | 4.19 0.680| 0| 0.0% 0| 0.0% | 4 |21.1% | 9 |47.4% | 6 [31.6% | 4.1 | 0.737
w_wrmﬂmm_wnmwﬂ_mwﬁﬁmumo::o_ 0[00%|2]95% |1|48% |16|762%|2| 9.5% | 3.86 0.727 (0| 0.0% | 0| 0.0% | 2 | 10.5% | 15|78.9% | 2 | 10.5% | 4.00 | 0.471
M_MwmﬂmmWmmﬁ_mwwmaﬁ_ﬁmwmﬁ%_ 0]00%|1|48% | 3 |14.3%|16|76.2% 1| 48% | 3.81 0.602| 0| 0.0% | 0| 0.0% | 2 |10.5% | 15|78.9% | 2 [ 10.5% | 4.00 | 0.471
C. QUESTIONS ABOUT COMMUNICATION IN THE COCKPIT
Please evaluate the devices given
below in terms of ease of use
C1. Headphone 1]48%|2|95% | 2| 95% | 9 |42.9% |7 |33.3% | 3.90 1136 2 [10.5% | 6 |31.6% | 5 [26.3% | 6 [31.6% | 0 | 0.0% | 279 | 1.032
C2. Microphone 1148%|0| 00% | 4 {19.0% |10|47.6% | 6 | 28.6% | 3.95 0.973(0| 0.0% |4|21.1%| 7 |36.8% | 8 [42.1% | 0 | 0.0% | 3.21 0.787
C3. Radiotelephone 1]4.8%|0|00% | 5|23.8%|11]524% |4 |19.0% | 3.81 0.928 (0| 0.0% | 0] 0.0% | 2 |10.5% |16 |84.2% | 1 | 5.3% | 3.95 | 0.405
TB-20 CESSNA 172
Poor Fair Average Good Very Good M Std. Poor Fair Average Good Very Good " Std.
ean oo ean o
N[ % N[ % [N] % [N|[ % [N[] % Deviation (N1 oo [N| % [N| % [N| % [N| % Deviation
I.nﬂmmmmmﬁ,ﬁ_:mavzmm_azmmaw\ 0[0.0%|3|14.3% | 18 [85.7% | 0 | 0.0% |0 | 0.0% | 3.86 0.359 (0| 0.0% |4|21.1%|14|73.7% | 1 | 5.3% 3.84 | 0.501
conaitions o € COCKpIl In general
F5. In case of receiving more than
one warning from the displays at
ﬁmmwmm@mﬁm__,zmﬁwaowww@ﬁm 0[00%|2| 905% |8 |381%| 9 [429% |2 | 95% | 352| 0814|1|53% |4|211% | 4 |21.1%| 8 |421% | 2 [105% | 332 | 1.108
pilot's decision to prioritize these
warnings?
F6. Please evaluate the overall
quality (in terms of ergonomics)of | 0|0.0% |2 | 95% | 8 |38.1% |11 |52.4% | 0 | 0.0% 3.43 0.676|0| 0.0% 1| 59% | 5 [29.4% |10(58.8% | 1 | 59% | 3.65 0.702
the cockpit design
\©
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Results
THE FREQUENCY AND PERCENTAGE ANALYSIS
Among the responses given in the survey, the questions with a total of ,,average + medium + poor” approx-
imately 50% are considered to be ergonomically problematic issues. When Table 5 is analyzed in detail, it is
seen that the factors that negatively affect the ergonomic conditions for both trainer aircraft cockpit (Table

6) are problematic issues open to improvement in cockpit design.

Table 6. Factors that negatively affecting the ergonomic conditions for both trainer aircraft cockpit

TB-20

CESSNA 172

Poor the readings of the flight displays according to the
normal viewing angle by both pilots

Brightness and reflection of engine displays

Brightness and reflection of engine displays

Switches are not placed within the reach of both pilots

Uncomfortable pilot seats in terms of seating area di-
mensions and seat back height

Headphone and microphone are not easy to use

Poor climate conditions in the cockpit

The conversations between the student and instructor
pilot and auditory signals in the cockpit are heard not
clearly and transparently

Uncomfortable entering and exiting to cockpit under
normal conditions

Poor environmental conditions such as vibration, noise,
humidity, and climate in the cockpit

Poor the overall quality in terms of ergonomics of the
cockpit design

Uncomfortable entering and exiting to cockpit under
normal conditions

ANOVA ANALYSIS

The difference between means of the responses given from pilots for Cessna-172-SP and TB-20 cockpits
is examined. The significance of this difference between means is determined at significance level a= 0,05
and Ho: P, 01 p = and H;i: The ANOVA analysis results are given in Table 7.

pTB—ZO HCessna 172 SP * HTB—ZO'
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Table 7. ANOVA analysis results

Question Sum of df | Mean Square F Sig.

no Squares

Between Groups 3.257 1 3.257 8.174 0.007
Al Within Groups 15.143 38 0.398

Total 18.400 39

Between Groups 5.715 1 5.714536 7.70441 0.009
B1 Within Groups 28.185 38 0.742

Total 33.900 39

Between Groups 6.741 1 6.740852 9.982887 0.003
B4 Within Groups 25.659 38 0.675

Total 32.400 39

Between Groups 12.408 1 12.40758 10.4851 0.002
C1 Within Groups 44.967 38 1.183

Total 57.375 39

Between Groups 5.490 1 5.489724 6.928184 0.012
(67] Within Groups 30.110 38 0.792

Total 35.600 39

Between Groups 2.672 1 2.672 6.303 0.017
C4 Within Groups 15.687 37 0.424

Total 18.359 38

Between Groups 2.310 1 2.309774 10.84907 0.002
D4 Within Groups 8.090 38 0.213

Total 10.400 39
E2 Between Groups 2.582 1 2.582018 4.230446 0.047

RESULTS OF OPEN-ENDED QUESTIONS

The responses given to the open-ended questions in the questionnaire for both trainer aircraft are given
in Table 8.
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Table 8. Answers to open-ended questions

TB-20 Cessna 172

TB-20

Cessna 172

Concerning the readability of flight indicators in an educational flight

- Readability of RPM, manifold, and turn coordinator
(TC) are found as difficult from the left seat for trainee
pilots

- Variometer located on the left side of the panel found as

hard to read from the right seat

- At night flights digital flow meter makes blin.

- Readability of RPM indicators, engine indicators is difficult from
the left seat for trainee pilots

— Flight and engine indicators should be placed on the cockpit panel
at a certain angle

— The heading indicator is poorly fitted by both pilots

Concerning the brightness and reflection of flight indicators and Control Elements

- IAS, VST, ALT, and Horizontal Situation Indicator is
unreadable from the left seat

— For the instructor pilot sitting on the right seat, indicators placed
on the left part are not readable because of reflections (viewing
difficult)

— The lower view is better than upper

- It is difficult to reach and activate buttons and switches from the
right seat

- Control systems should be supported by hydraulic systems

- Lighting switches from the right seat have a poor view

Environmental Conditions

- Disturbing vibrations in the cockpit is due to panel

- Difficulty with entrance to cockpit is reported

— Sun protective films are needed on front and side
windows

- The viewing angle can be increased

- Seat adjustment also avoids setting viewing angle

— Multiple bolt block is needed to avoid accidental
operation

- Difficult to do adjustments without pulling back the command
wheel on the indicators e.g. Difficult to adjust direction gyro and
heading bug (could be mounted upright

- Disturbing vibrations in the cockpit is due to engine indicator
vibration when the engine starts turbulence and wind conditions
also increase vibration perceptions

- Disturbing noise is due to the air conditioner, transmitter, heating
system, turbulence, and engine

- It is difficult to reach and activate buttons and switches from the
right seat

- The temperature reaches 50 degrees inside the cockpit and its
downsides will return to normal only after 1.5 or 2 hours if there
is no sun.

— Pedals are too hard and harder to feel
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TB-20

Cessna 172

Anthropometry

— Design suggestions in general focus towards, the seats
in TB-20 are not adjustable in the height and besides

back support is needed for flight comfort.
— The seat belt is found as too tight

— Leather seats make sweaty in warm weather
— The seat backrest should be adjusted for height

In-cockpit communication

- Headphones need to be replaced with less permeable ones to
increase student concentration

- Headphones do not insulate the sound enough.

- Headphones and microphones are problematic in terms of hy
giene.

!

light Safety

— It is difficult to secure a fire extinguisher after usage

- Engine noise is distracting.

— It is better to give visual and audio warning together in error
monitoring

— Cessna is better in emergencies (an airplane that can fly at low
speeds when there is a problem with the engine (due to its wings)

Conclusion and Discussion

In this study, a survey is conducted to evaluate the ergonomic conditions of the cocpits of the common
trainer aircraft, namely, TB-20 and CESSNA 172. The questionnaire developed is applied to the instruc-
tor and student pilots in training aircraft. When the results of the frequency and percentage analysis are
examined, it can be seen that there are important subjects open to improvement in terms of ergonomics

for the cockpits of these training aircraft.

The research results provide the following issues for the cockpit design to be improved:
TB-20: (i) the reading, brightness, and reflection of the engine and flight displays, (ii) the comfort of the
pilot seats, (iii) climate conditions, and (iv) overall quality in terms of ergonomics of the cockpit design.
CESSNA 172: (i) the brightness and reflection of the flight displays, (ii) access of switches by both pilot,
(iii) ease to use of headphone and microphone, (iv) audio quality of the conversations between the student
and instructor pilot and auditory signals in the cockpit, (v) environmental conditions.
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In order to increase the efficiency of piloting training by improving the ergonomic conditions of the

training aircraft cockpit, the recommendations of the authors determined in this study are as follows:

- Analog displays are better for education

— Colors can prioritize the warning inside the cockpit

- Air-condition is needed in the aircraft for effectiveness

- Engine displays can be positioned in the middle where both pilots can see

— The fuel indicator system should be changed from resistive to capacitive

- A digital display can be placed inside the analog display. Thus, cross-check during flight decreases cogni-
tive workload.

Based on the results, It can be indicated that the outcomes of ANOVA analysis provide enlightening
results. It is demonstrated that the (i) readings of the flight engine displays, (ii) placing switches and lever
within reach of both pilots, (iii) headphone and microphone in terms of ease of use, (iv) the comfort of
the pilot back height of the seats in terms of seating, (v) clear hearing of conversations between student-
instructor pilot and auditory signals in the cockpit, (vi) distracting noise and (vii) humidity conditions in
the cockpit have significant differences with regards to two representative trainer aircraft.

Flight training consist of different flight stages such as initial, development, and advanced. The results
of this analysis can be used to determine the suitable aircraft for training phase to increase the efficiency of
the training. It is anticipated that this study will be a useful guidance document for flight training organi-
zations and aircraft manufacturers by means of ergonomics.

With this study, it is clear that examining the ergonomic conditions of the cockpits of the widely used
trainer aircraft is very important in the efficiency and effectiveness of the pilot training. Considering the
findings obtained from this study, especially in the improvement areas of the training aircraft cockpits
design, this research may play an important role in minimizing errors and accidents in pilot training.

This study has limitations such as the data were collected from a single flight training organization. In
future work, it is planned to prioritize the investigated risk factors ergonomically in the cockpit design
determined by this study with the help of risk analysis and Multi-Criteria Decision-Making methods such
as Analytic Network Process (ANP).
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Abstract:

Purpose

Aviation, being one of the main transportation and economical driver of
global trade and consumerism, is responsible for an important ratio of an-
thropogenic emissions. Electric energy use in aircraft propulsion is gaining
interest as a method of providing sustainable and environmentally friendly
aviation. However, the production of electricity is more energy and emission
sensitive compared to conventional jet fuel.

Design/methodology/approach

A well-to-pump (WTP) energy use and emission analysis were conducted
to compare the electricity and conventional jet fuel emissions. For the cal-
culations, a software and related database which is developed by Argonne’s
Greenhouse gas, Regulated Emissions, and Energy use in Transportation
(GREET®) model is used to determine WTP analysis for electricity produc-
tion and delivery pathways and compared it to baseline conventional jet fuel.
Findings

The WTP results show that electricity production and transmission have 9
times higher average emissions compared to conventional jet fuel. The future
projection of emission calculations presented in this paper reveals that gen-
erating electricity from more renewable sources provides only a 50% reduc-
tion in general emissions. The electricity emission results are sensitive to the
sources of production.
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Introduction

Climate change is now a reality (McKie, 2018). Aviation is one of the factors in this climate change
(Beck et al., 1992; Marsden and Rye, 2010; Masiol and Harrison, 2014) which affects human health in
broader parameters (Jadaan, Khreis and Torok, 2017; Diaz, 2018; Lee et al., 2021) in return. For minimiz-
ing the emissions, every sector is looking for environmentally friendly means of operation. It is obvious
that the lifestyle needs to be changed in order to prevent further advert effects on the environment, as
present conditions are a result of how humans conceive and consume natural habitat (Baumeister, 2020).

Demand for aviation is increasing with increasing commercialism and global movements of people
and freight. Passenger kilometers growth estimation is given in Table I. It can be seen that annual growth
is expected to be around 4.2% in passenger traffic.

Table 1. Route Group and Global Compound Annual Growth Rates (CAGR) of Forecasted RPKs (ICAO, 2019)

Long-Term Forecasts 2018-2028 2018-2038 2018-2048
Route Group CAGR CAGR CAGR
Africa 4.6% 5.0% 5.2%
Europe 2.6% 2.8% 3.0%
Middle East 3.6% 3.9% 4.0%
North America 2.3% 2.5% 2.7%
North Asia 2.2% 2.5% 2.5%
World 4.2% 4.2% 4.2%

According to ICAO’s forecast, the air cargo traffic is also expected to grow, slower than the passenger
traffic, at a rate of 3.5% annually. Growth rate per region is given in Table II. The growth rate given is
modelled and represents an estimated figure. Both passenger and freight traffic are expected to double in
the next two decades.
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Table 2. Region and Global Compound Annual Growth Rates of Forecasted Total International FTKs (ICAO, 2019)

Region 10 Year CAGR 20 Year CAGR 30 Year CAGR
Africa 3.5% 4.0% 4.1%
Asia and Pacific 3.8% 3.2% 2.8%
Europe 1.4% 1.7% 1.9%
éztrii‘l‘)&r:;rica/ 0.8% 1.1% 1.2%
Middle East 6.1% 6.2% 6.1%
North America 3.3% 3.3% 3.3%
Total 3.5% 3.5% 3.5%

Energy sustainability and emission reduction is a key issue for aviation in order to overcome environ-
mental and economic issues (Larsson et al., 2019). The demand growth of the aviation makes it more com-
plex to cope with the sustainability efforts. Aircraft exhaust gases have a direct impact on environmental
pollution and global warming (European Comission (EC), 2011). CO, emission estimation depending on
models provided by ICAO is presented in Figure 1. While growing economies result in increasing utiliza-
tion of air travel, increasing operating costs make the operators search for fuel-saving measures (Li and

Trani, 2013).
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Figure 1. CO, emissions trends from international aviation, 2005 to 2050
(Fleming and Ziegler, 2016)
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The above-mentioned requirements push the academy and industry to develop fuel-efficient and en-
vironmentally friendly propulsion technologies (Lapefia-Rey et al., 2008). The most promising technol-
ogy came out to be electric propulsion which is widely analyzed in the research (Berton and Haller, 2014;
Epstein and O’Flarity, 2019). Electric propulsion do not produce emissions during operation and thus
assumed as environmentally friendly (Meszaros, Shatanawi and Ogunkunbi, 2020). However, storing the
electric energy onboard the aircraft with current battery technology creates additional weight problems
to be dealt (Pornet et al., 2014). Because of this limitation, all-electric propulsion does not seem to offer
competing performance with the fuel counterparts (Benjamin J Brelje and Martins, 2018).

Because of the battery technologies, hybrid propulsion seems to fill the gap (Wall and Meyer, 2017; Xie,
Savvaris and Tsourdos, 2018). Various configurations of hybrid-electric propulsion are analyzed in the lit-
erature. They include distributed propulsion (Steiner et al., 2014), series, and parallel architectures (Cinar
etal, 2017; Benjamin J. Brelje and Martins, 2018).

Among the flight phases, during descent the throttle setting of the engine drops. According to findings
of Glowacki et.al. (Glowacki and Kawalec, 2016), the fuel spend in take-off and climb phases are the high-
est, three times to cruise phase, and is approximately 15 times to descent.
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Using hybrid configuration, the engines can be used to charge the batteries during the low-fuel flow
phase, which can be used in high-power phases.

Design considerations of hybrid-electric aircraft show that the technology is applicable (Riboldi and
Gualdoni, 2016; Finger, Braun and Bil, 2018; Hoelzen et al., 2018; Vratny and Hornung, 2018). Conceptual
design studies of mid-range aircraft show that the battery weight will be around 15% of Maximum Take-off
Weight (MTOW) for hybrid (Pornet and Isikveren, 2015) and 28% for all-electric aircraft (Steiner et al.,
2012) which are given as 12tons and 30tons of battery weight respectively. Such amount of batteries need
to be charged on ground, without spending valuable on-board fuel.

Assuming a charging rate of around 1C, charging the batteries would require around 1 hour. In the
literature, faster charging have drawbacks such as thermal heating, degradation of useful life, and handling
problems (Farrington, 2001; Zheng et al., 2015; Schipper and Aurbach, 2016). Also, as the servicing time
of an aircraft in a domestic route is approximately 25 minutes (Marais and Waitz, 2009), battery charging
is not an option during aircraft servicing. Yet, safety and other operational requirements such as charging
during ground servicing operations are not discussed.

The practice of charging the batteries of ground service equipment (GSE) in a station (Justin et al.,
2020; Yildiz and Mutlu, 2020) can be applied for aircraft batteries. The battery is removed and placed in the
charging station, while another already charged battery is installed on board. By employing such a charg-
ing option, aircraft ground servicing time can be kept under a minimal duration. The duration needed will
then be the unloading and loading time of the battery.

Electric Energy Use: Production, Transmission and Storage

Electric energy use in aviation seems to be a future solution for overcoming emission and cost factors, at
least in the mid-term. The usage of the battery will create the necessity of charging, preferably at the airport
as explained above. At present, there is no published standard nor application of battery charging stations
for aircraft batteries.

This paper, analyzes the scenario of electricity generation, and transmission up to the airport where
aircraft batteries are charged and stored onboard the aircraft, with present electricity mix. In this scenario,
it is assumed that the batteries on board the aircraft are being charged on the airport using electricity pro-
vided by the grid which is already established. The batteries in this scenario can be still charged on board,
using the generators during the low-power flight phases. The initial, ground charge of the batteries can be
used during take-off and climb.

87



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

The cycles of electricity production, transmission, and charging are discussed under the respective sec-
tions. A brief relation of the cycles is given in Figure 2. The findings are gathered and analyzed under the
following sections.

Figure 2. Electric energy path from well (source) to airport (pump) in the case of using onboard

batteries charged on the ground

= i
=
recovery power plant transmission charging storage
\
| : |
Well to Pump (WTP) Pump to Wheel (PTW)
ProbucCTION

Electricity demand is increasing due to economic development and urbanization. Current electric energy
production mostly and widely depends on fossil fuels in the world (He et al., 2017; Li, Patifio-Echeverri
and Zhang, 2019). The fuels used to generate electricity can be listed as coal, lignite, petroleum, and natu-
ral gas (Kaygusuz, 2003). Emissions, produced by electric generation processes can reach up to 34% of
all emissions in the case of China (Li, Patino-Echeverri and Zhang, 2019) and 39% in Turkey (Kaygusuz,
2003).

In general, renewable energy production is increasing and as a result fossil fuel consumption and CO,
emissions are decreasing (Kasten et al., 2016). The benefits of renewable resources are known (Gibon and
Hertwich, 2014). Wind and solar generation may reveal cleaner energy, but recent research is suspicious
about the adverse effects on climate (Keith et al., 2004; Barrie and Kirk-Davidoff, 2010; Caduff et al., 2012;
Abbasi, Tabassum-Abbasi and Abbasi, 2016). The literature shows that although using renewable sources
such as wind gives the possibility to reduce emissions, indirect adverse effects on climate is a problem for
mid-term.

Another dimension of the conventional production of electric energy is the security and transportation
of the fuel from well up to the generation plant (Bouman, Ramirez and Hertwich, 2015). The downstream
of fuel has its own emission profile and has an adverse effect on climate and social life (Kruyt et al., 2009;
Winzer, 2012; Shepard and Pratson, 2020).
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TRANSMISSION

Electric energy transmission is not as environmentally clean as expected (Blackett et al., 2008; Turconi et
al., 2014). Various studies show that the transmission of 1 MWh of electric energy could create up to 7.8
kg of CO2 because of the inefliciencies and losses on the grid (Arvesen et al., 2015).

Power restrictions on the grid is also another negative aspect that should be evaluated for aviation. For
the case presented in this paper, a concentrated transmission is required from the production plant up to
the airport where the electric energy is used to charging the aircraft batteries besides present consumption.
As the present grid is designed according to the energy demand of the airport and related infrastructure,
the addition of an aircraft battery charging load may lead to limitations.

There are already some applications of roof-top solar panel installations in some airports (HDoT, 2019).
The investment is said to be secured using the energy cost of the airport and thus have no direct effect on
the energy supply cost to the aviation system. Application on the airport of Honolulu is shown in Figure 3.

Figure 3. Solar panel installation at HNL airport on Terminal 2 (HDoT, 2019)

STORAGE

The current technology of batteries depends mainly on lithium electrochemistry. The current technology
has a drawback by means of capacity degradation depending on usage and time (Marcicki et al., 2012;
Zheng et al., 2015; Jaguemont, Boulon and Dubé¢, 2016). This capacity degradation of the lithium-ion
batteries creates further economic and safety problems for aviation. Thus comprehensive health monitor-
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ing and life extension methodologies and measures are needed in order to achieve a safe use for aviation
(Penna, Nascimento and Rodrigues, 2012). Current battery technologies also have a deficiency by means
of power capability (Vutetakis, 2013). In case of higher instantaneous power required by the aircraft sys-
tems, the designer is urged to install a higher amount of battery which also means more added weight and
volume to aircraft. A recent calculation using current battery power and energy capacities yields a 28%
increase in MTOW of the aircraft which has a 1300 nm range and 180 passenger capacity (Pornet and
Isikveren, 2015).

Batteries also have inefliciencies such as loss of energy during charging and discharging by means of
Joule heating (Deng et al., 2018). Although this inefficiency is not high by means of energy loss, it bears a
safety problem and needs robust cooling systems (Hendricks et al., 2015).

The calculated battery capacity for a medium-range aircraft is above 10 tons of weight (Pornet and
Isikveren, 2015). A general turnaround time of a domestic aircraft is 25 minutes in which a battery charg-
ing would require the use of over 2C charging currents regardless of the battery capacity. Charging a
battery in high current values requires high power which again would create a high capacity demand
on transmission grid. Besides, high-speed charging also is known to degrade battery health (Maher and
Yazami, 2014; Rezvanizaniani et al., 2014; Gong, Xiong and Mi, 2015; Zheng et al., 2015). Heat produc-
tion during the charging of a high amount of battery and related safety issues will also add up to the list of
drawbacks (Yildiz, Karakoc and Dincer, 2016).

Data and Models
SYSTEM BOUNDARY

In this research, we have performed an analyze to compare the emission performances of electric energy
used to charge the aircraft batteries and current state of jet fuel emissions on the well to pump (WTP)
phases. The system boundary to analyze the effects of fuel production and delivery stages (i.e., WTP) is
given in Figure 4. We used Argonne’s Greenhouse gas, Regulated Emissions, and Energy use in Transpor-
tation (GREET®) model to determine WTP analysis for electricity production and delivery pathways, and
compared it to baseline conventional jet fuel (Wang et al., 2020). We focus exclusively on the fuel cycle.
Emissions related to aircraft operation is out of scope of this research.

We evaluated fuel production and delivery pathways for jet fuel and electricity to compare the WTP
emission and energy performance. For electricity production, European mix values with transmission and
distribution for year of 2019 is used.
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The system boundary for jet fuel is assumed to be started at the well where crude oil recovered. Search
and drilling efforts and emissions related to it is not included in this study. The schematic of the system
boundary for jet fuel WTP is given in Figure 4.

Figure 4. Conventional jet fuel WTP system boundary

Crude recovery H Crude transportation H Refining to JetA H JetA Transport and Delivery

\ J
!

Well to Pump (WTP)

Well to pump emissions for conventional jet fuel includes transportation and refinery emissions. Dur-
ing the refinery process of crude oil other types of energy sources are also utilized which ends up in addi-
tional emissions which have to counted in the emission budget of fuel use (Sun et al., 2019). Same research
also shows that downstream jet fuel pathway emissions (WTP) found to be around 1:8 of all the emissions
related to well to wheel (WTW), which is the result of fuel burnt during flight.

ELECTRICITY PRODUCTION MIX

Electricity production model parameters are given in Table 3. The ratios of European mix for electricity
depends on mainly nuclear, coal and natural gas fired thermal generation which give the source of produc-
tion of over 80% where hydroelectric and biomass generation fulfil the rest. Wind power generation also
seem as an emerging source and has a ratio of 15.5% for the 2019. In this study, electricity transmission
efficiency for Europe is taken as 93.56% in the model.
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Table 3. Electricity production mix and related emissions for Europe (2019)

Energy and Emission Intensities per 1 M]J of Electricity at

Electricity generation | European mix Wall Outlet

power source share (2019)

CO, Total (g) CO (g) NOx (g) GHG:s (g)

Qil fired 0.10% 260.00 0.65 1.17 270.00
Coal-fired 21.50% 282,120.00 24,300.00 140.00 259,790.00
Natural Gas-fired 20.50% 129,270.00 97.29 120.00 137,590.00
Nuclear 26.60% 1.89 0.00 0.00 2.03
Biomass 6.30% 6,510.00 1,390.00 310.00 18,590.00
Hydroelectric 9.50% 0.00 0.00 0.00 0.00
Wind 15.50% 0.00 0.00 0.00 0.00

In the model raw source emissions are also included in emission calculations. The source emissions in
the pathway of biomass power generation, arising from poplar, willow, forest residue productions are also
included in ethanol production phase. Coal production emission are included in pathway to coal fired
power generation. Natural gas production by conventional means is included in natural gas fired power
plant emission calculations. Nuclear power generation calculations are inclusive of uranium fuel enrich-
ment process emissions. Oil fired power generation calculations include residual oil production emission
from both crude oil refining and heavy butane production. The above mentioned emission parameters are
used as in the default values in the model (Wang et al., 2020).

In order to simulate the change in emissions using possible future alternative mix projections are cal-
culated. Possible future mix are dependent on the assumption of further deployment of renewable sources
such as solar and wind, in greater ratios. Introduction of higher renewable sources allowed the reduction
of coal and natural gas use, neglecting the effect of population and energy demand increase in those years.

JET FUEL PRODUCTION

Conventional jet fuel WTP steps were given in Figure 5. Emissions related to the steps are calculated using
GREET model. The model also regards the emissions related to energy used in refinery. The energy forms
used in refinery includes natural gas, unfinished oil, gaseous hydrogen, electricity, butane, naphtha and
crude oil. Emissions related to the recovery and transportation of these energy forms are also included in
the model (Wang et al., 2020).
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WTP Anavrysis UsinGg THE GREET MoDEL

The simulation year for upstream energy mixes and emissions for all fuel production pathways was se-
lected as 2019. Emission values for each energy type and pathways are calculated by the GREET tool.
We assumed that the electricity used is sourced from the current average European grid generation mix.
Since the electricity source plays a critical role in determining the environmental profile of energy used in
aviation, alternative mix ratios for possible future scenarios are also studied in this paper. In order to give
an overview of changes of emission values by introducing further renewable energy sources in the mix,
hypothetical future mix values for 2030 and 2050 are introduced.

Results and Discussion
WTP FossiL ENERGY Use AND GHG EmissioN RESULTS
Table 4. shows the GHG emissions for the WTP of 1 MJ of electric energy transmitted up to airport in
order to use charging the aircraft battery. Electricity transmission efficiency for Europe is taken as 93.56%
in the model. The emissions related to transmission and distribution in Europe is calculated by the GREET

model is also included in the results.

Table 4. WTP emissions of European electricity mix at wall output per 1M] of electricity

Emissions
CO, Total (g) 89.53
VOC (mg) 12.54
CO (g) 120
NOx (mg) 78.2
PM10 (mg) 49.09
PM2.5 (mg) 15.93
SOx (mg) 170
GHGs (g) 95.05
POC (mg) 4.49
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Table 5. shows the WTP GHG emissions for recovery, refining, transport and storage of 1 MJ of jet fuel
up to the airport. The WTP GHG emissions of the fuel energy is nearly one ninth of the emissions related
to electricity. As the thermodynamic processes of electric production is performed earlier in the upstream
of energy, WTP emission results of jet fuel seem cleaner compared to electric energy. On the other hand,
the PTW emissions including the burning of jet fuel in aircraft engine is not included in the results.

Table 5. WTP Emissions of 2019 figures for 1 M] of Conventional Jet Fuel

Emissions
CO, Total (g) 8.41
VOC (mg) 6.61
CO (mg) 0.01
NOx (mg) 19.74
PM10 (mg) 1.12
PM2.5 (mg) 0.94
SOx (mg) 6.01
GHGs (g) 11.23
POC (mg) 0.29

In a combined flight phase, aircraft emissions depend on several parameters such as take-off weight,
engine model and age, flight range, environment temperature, elevation, etc. The relative amount of ex-
haust emissions produced by engine, depends upon combustor temperature and pressure, fuel to air ratio
values and the extent to which fuel is atomized and mixed with inlet air, which also depends on flight
phase related conditions of the aircraft.

ICAO provided a databank which can be used for simplified approximation of jet fuel and related
emissions with specific values of aircraft and engine types (ICAO, 2011). Using this databank, an example
aircraft of Boeing 737 with CFM56-7B engine emission values is used. For the takeoft of the said aircraft
type, duration is given as 42 seconds and at a fuel flow rate of 1.154 kg/s which totals 48.468 kg of jet fuel.
Using lower calorific value of 42.8 MJ/kg, the spent fuel for the takeoff is found to be around 1.132 MJ.
The emissions related to takeoff phase of the aircraft for 1 MJ of fuel burnt are calculated as 1.32 kg NOx/
MJ and 8.56 g CO/MJ. As it can be seen, NOx emission well passes the value of electricity when added
to fuel emission, but CO emission of fuel added to the takeoft value still stays well below the electricity
CO emission. Again, the values calculated here are for only takeoft settings of engines. During cruise and
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other phases, specific emissions differs and need to be calculated accordingly. As the aim of this paper is
to discuss the possible emission factors using hybrid electric propulsion in aircraft, flight phases are not
included. The simplified calculation given here is for having a general idea and do not resemble the whole
flight cycle.

IMPACT OF ELECTRICITY GENERATION MIX ON WTP ENERGY USE AND EMISSIONS
It can be seen that the GHG emissions related to WTP electricity production and transmission is around
9 times higher than the emissions related to WTP fuel emissions. We have conducted a what-if analyze
using a hypothetical future projection for electricity production mix for Europe for 2030 and 2050. The

mix ratios are given in Table 6.

Table 6. Projected future electricity production mix shares

Electricity generation power mix share | mix share | mix share
source (2019) (2030) (2050)

Oil fired 0.10% 0.10% 0.10%
Coal-fired 21.50% 16.50% 11.50%
Natural Gas-fired 20.50% 17.50% 10.50%
Nuclear 26.60% 20.10% 16.60%
Biomass 6.30% 6.30% 2.30%
Hydroelectric 9.50% 9.50% 9.50%
Wind 15.50% 30.00% 45.50%
Solar 0.00% 0.00% 4.00%

The hypothetical approach depends on the main idea of introducing more renewable sources in elec-
tricity production, while reducing the ratio of coal and biomass sources. Here it is assumed that in 2030
wind power generation will prevail all others while coal, biomass, natural gas and nuclear sources are
reduced. In 2050, it is assumed that the coal fired, natural gas fired and biomass production will be nearly
halved compared to 2019 and wind power source is tripled, with an introduction of solar energy supply
with a share of 4%. The emissions related to these shares are given in Table 7.
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Table 7. Emissions of electricity production depending on projected mix values

Emissions 2019 mix 2030 mix 2050 mix

CO, Total (g) 89.53 71.18 47.38
VOC (mg) 12.54 10.65 6.17
CO (mg) 120 110 46.28
NOx (mg) 78.2 66.97 38.65
PM10 (mg) 49.09 46.81 19.66
PM2.5 (mg) 15.93 14.97 6.59
SOx (mg) 170 140 90.83
GHGs (g) 95.05 75.75 50.18
POC (mg) 4.49 4.34 1.76

It can be seen that the emission related to WTP electricity can be significantly reduced with the in-
troduction of renewable sources. Bearing in mind that the figures still inclusive of transmission losses
and emissions related to that. In case the renewable energy is produced in site such as in the example of
Honolulu airport, the efficiency loss of the transmission will be omitted thus the emissions will be further
reduced. The comparison of the emissions are given in Figure 5.

Figure 5. WTP GHG emissions of electricity according to mix values
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It can be seen that the WTP emission values of electricity nearly halved by using more renewable en-
ergy sources in production. More reductions can be seen on CO and PM10, while VOC and CO2 emission
could not be reduced in parallel, at the same rate.

Conclusion

Aviation, being one of the main transportation and economical driver of current lifestyle, is responsible
for an important ratio of the anthropogenic emissions. This paper compared the WTP energy use and
emissions of the electricity and conventional jet fuel supply to airport. The WTP results show that average
emissions related to electricity is nearly 9 timed higher than the WTP emissions of conventional jet fuel.
The WTP results are sensitive to the source of power used to generate electricity. With introduction of
more renewable energy sources in the mix, an average reduction in emissions is gained at a rate of around
50%. It can be concluded that turning from only fuel flight to electric-fuel hybrid is not a promising change
in practical means of eliminating the environmental effects of aviation in a radical order. In order to ben-
efit from the fuel-electric hybrid on especially mid-range aircraft, electric energy production using fossil
fuel and transmission inefficiencies have to be eliminated. The solution to this problem seems to have the
capability to produce electric energy just-in-place, for example, as in our case, at the airport. The possible
use of solar panels on top of the airport rooftop. With such installation and production capability, inef-
ficiencies and emissions resulted from production and transmission will also be eliminated. In addition
to this, the electrification of airports and ground support equipment would also benefit in case of the ap-
plication of the said method.
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Abstract: Aviation is a system of systems whose success depends on the per-
formance of each sub-system. Concerns on environmental protection makes
the aviation industry focus on reduction in emissions produced during op-
eration. Although aircraft emissions are widely discussed in the literature,
ground handling systems which are an integral part of the whole aviation
system also need to be studied regarding the environmental issues. Besides,
EU has set out targets of reducing emissions at the airports during ground
operations to zero. Ground handling is performed by using Ground Service
Equipment (GSE) which is historically powered by diesel and such internal
combustion engines. The emissions of these types of engines are well known
for their high emission rates. As the airports reside in or near the populated
areas as cities, GSE emissions need to be evaluated for reduction. For reducing
emissions of GSE, electric energy is thought of as an alternative. It is shown
that the emissions of electricity production are high, which causes it to decide
further on the electric energy use by environmental reasons. This paper eval-
uates the hypothetical situation; in a resembling airport of Esenboga Airport
and analyses the condition of all GSE equipment to be supplied by electricity
produced by solar panels mounted on the rooftop of the terminal building.
The case is discussed by means of environmental emissions and economic
feasibility. It is concluded in this research that installation of solar panels on
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Introduction

The aviation sector has a constant growth rate for years. Ground handling is an important part of the avia-
tion sector hence growing in parallel to increasing demand. The equipment used to provide service to the
aircraft and passengers at the airport is called Ground Support Equipment (GSE). Historically the GSEs
are powered by diesel engines which are well known for their high levels of hazardous emissions. With
increasing interest in environmental protection and high oil prices, electric propulsion is getting more
and more important. There are several projects all over the world in order to convert conventional GSE to
electrical ones (i.e.eGSE).

Regulations are also limiting the use of diesel engine GSE in closed areas such as under the terminal
building. The use of eGSE is started to get interested although its higher initial cost, in order to comply
with this regulation. There are several pros and cons about the eGSE compared to its diesel counterparts.

In this paper emissions and their effects are briefly explained. A survey on globally possible actions in
order to reduce the emissions is provided. Detailed information about Esenboga Airport and the GSE park
of one ground handling company is given in the following section. Using real data collected by the ground
handling company in Esenboga Airport, the total CO, emission of the GSE park is calculated on monthly
basis. Then a what-if analysis is provided for totally electrical eGSE park. The emissions of the electric and
diesel are compared, afterward, the possibility of providing all-electric energy via solar panels which to be
placed on representative Esenboga Airport Terminal building rooftop is discussed.

It has been seen that the indirect emissions of electric GSE depend on the electric production emis-
sions of the country. Besides the electric production, the transfer of energy is also causing emissions which
makes the indirect emission figures higher. It is the aim of this paper to investigate the possibility of
providing electric energy needed by GSE as much as possible by a sustainable source that is closer to the
airport and also enough for seasonal GSE activity fluctuations.

Also, the growing interest in solar electricity production at airports (Sreenath et.al, 2020: 698) led to the
investigation of the opportunity to use solar PV to recharge eGSE.

Emissions Produced in GSE Operation

Emissions are produced as a byproduct of fuel burn in internal combustion engines. These are Sulphur
oxides (SOx), nitrogen oxides (NOx), carbon monoxide (CO), and particle matters (PM) which are known
to be harmful to human health (Winther et al., 2015).

An ICE engine can convert 15 cubic meters of air which is needed for one day of breathing for humans,
into a harmful state in only 10 minutes (Marangoz, 2004). Emissions of ICE have been determined to cause
a large variety of diseases such as asthma, cancer, diabetics (Stettler, Eastham and Barrett, 2011).
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An environmental perspective, emissions from combustion engines also cause global warming by its
greenhouse effect. Global warming in turn cause the polar ice to melt and raise the sea level. This is one
of the main reasons for the change of seasons which affects human health by means of water resources,
agriculture, and food availability (Celik and Toprak, 2016, Sorusbay 2003).

All aviation-related activities are responsible for 2% of human-produced emissions and 12% of trans-
port-based CO, production (IATA, 2013). Airport operations have a share of 5% CO, emission among
the aviation emissions (Stimac at.al., 2013). On the other hand, it is suspected that aviation operations are
related to around 10.000 premature birth per year (Stettler et al., 2011).

GSE emissions take a major part in aviation emissions. Analyses of GSE propulsion system emissions
show that these systems have the same emission characteristics as automobiles (Winther et.al, 2015).

A comprehensive study performed on Copenhagen airport including hourly measurement of fuel con-
sumption showed that the GSE consumes 2% of the fuel consumed in all airport operations and 24% of all
airside consumptions. Also, the study showed that the NOx and PM emissions of the GSE are a couple of
times the APU and aircraft engine emissions. As an example, at the early hours of the day, GSE produces
3.2 kg NOx per hour compared to 1.2 kg produced by APUs and 0.5 kg NOx produced by the aircraft
engines. On the PM side, APUs produce approximately 50 gr/hour PM besides, GSE can produce as high
as 200 gr/hour PM. In the light of these figures, it can be seen that the GSE can be a more polluting factor
compared to APUs and aircraft engines (Winther et al., 2015).

There are some legal mechanisms in order to courage the use of electric GSE at airports. Those are
green airport certificates, limitations for use of ICE GSE on some parts of the airport, etc. Currently, there
are 35 airports in Turkey which are certificated as “green airport” (SHGM, 2019).

Emission Control Strategies in the Sector

According to EPA report (EPA, 1999) there are some control strategies to reduce the emissions of GSE in
both the long and short term. They can be summarized as follows;

— The development of standard requesting low emission for combustion engines used in GSEs.

- Use of LPG or CNG type engines instead of diesel and gasoline type engines in GSE.

— Use of electric power instead of combustion engines.

- Use of bridge-connected systems instead of GSE.

- Installing filters, catalytic converters, and particulate traps for combustion engines.

- Replacement of two stoke engines with four-stroke engines.

105



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

This paper concentrates on the replacement of electric power use instead of combustion engines for
GSE. The selection of a suitable strategy depends on the GSE usage characteristic per each case. Both the
feasibility and cost-effectiveness of emission reduction strategies should be considered.

There are also strategies to replace combustion engines with electric motor and battery systems (Delta,
2013; AA, 2011) and fuel cell energy conversion and electric motor integrated systems. One example is a
demonstration project performed by Charlatte company by using 15 electrical tug at Memphis/USA Air-
port which were used by FedEx, in real loading conditions. The demonstration showed that the system is
capable of extreme environmental conditions and even for high load requirements (Petrecky, 2014).

Some companies offer using of tug system during aircraft taxi, in order to reduce Auxiliary Power Unit
(APU) and aircraft engine used in airports. By reducing the APU and engine use during taxi, it is reported
that a fuel consumption worth 7.3 billion USD and 23 million tons of CO, emission would be saved per
year. This offer also can be a reduction strategy for aircraft Foreign Object Damage (FOD) that can occur
during taxi which is reported as 700 million USD in magnitude yearly (Decoux, 2015). Electrification of
baggage tractors can help most with this emission reduction strategy as their utilization is the highest
among all the GSE fleets.

Although the industry reports LNG/CNG/Gas power systems are not viable solutions for emission
reduction (Decoux, 2015), it is still an alternative and being used at airports (EPA, 1999). Decoux also
reports that some applications of tow tractors with hybrid power systems are not found to be cost-effective.

General Information About Esenboga Airport

Esenboga International Airport (ICAO Code is LTAC, and IATA Code is ESB) is located in Ankara, the
capital city of the Turkish Republic. Altitude is 952 meters (3125 feet). The terminal area is 182,000 square-
meter. International and domestic terminals have a 10 Million passengers per year capacity. Two runways
(3400 mt. and 3750 mt.), taxiways (Total 4320 mt), and seven aprons are available (www.esenboga.dhmi.
gov.tr). There are three A-type ground handling companies operate in Esenboga which are Celebi, Havas,
and TGS.

Esenboga Airport aerial view is presented in Figure 1. The total area of the airport is 10.7 sq km.
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Figure 1. General view of Esenboga Airport

Esenboga Airport

Google Earth

Monthly climate conditions at Esenboga Airport vary from hot (41 °C maximum) in summer and
cold (-24.9 °C minimum) in the winter time. The yearly temperature variation is shown in Figure 2. with
an average between the years 1927 and 2019 (MGM 2020). As it can be seen, there can be a temperature
difference of around 60 °C between winter minimum and summer maximum. The average temperature
variation is 24 °C between summer and winter. The GSE equipment and personnel are expected to work
under extreme environmental conditions.
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Figure 2. Temperature variations throughout year at Esenboga Airport (1927-2019)
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Monthly Energy Consumption of GSE at Esenboga

TGS has a fleet of 178 GSE, 21 of them are electric and 157 of them are ICE powered. The general
distribution of the fleet according to powertrain type is given in Figure 3. It is reported that the 21 pieces
of electric GSE consumed a total of 867,068 kWh electric energy in 2018. On the other hand, the ICE-
powered GSE fleet used a total of 735,715.17 liters of diesel in 2018. All of the GSE listed in the fleet can be
converted and be used as electric-powered GSE (eGSE).

Figure 3. Fleet distribution of ground handling company at Esenboga Airport
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The relative energy content of 1 liter of diesel can be assumed as 35.86 M] which is approximately 10
kWh. With the assumption of average thermal efficiency of 32% of diesel engines, the overall average en-
ergy of consumed diesel oil by GSE can be calculated as 2,354,288.54 kWh equivalent. Monthly equivalent

electric energy demand for the GSE fleet using the diesel usage data of 2018 given in Table 1.

Table 1. Monthly diesel consumption in 2018 and equivalent electric energy requirement

Monih | DiedConam, | Eqislnt e
January 77835.23 249,073
February 62491.18 199,972
March 59378.66 190,012
April 55645.3 178,065
May 56594.76 181,103
June 59018 188,858
July 65431.46 209,381
August 57171.33 182,948
September 50598.28 161,914
October 54393.96 174,061
November 60726.75 194,326
December 76430.26 244,577
TOTAL 735715.17 2,354,290

Table 1. data is given in graph in Figure 4. that interpret the demand is not stable during the whole
year. There is a high season which can be seen as a peak in July where air traffic is higher. The values also
pitch up for the winter season which starts around November and lasts up to March for Ankara when the
diesel expenditure gets higher. Taking into account the data given in Figure 2. it can be estimated that the
higher figures for December and January can relate to cold weather by means of fuel spent for the engine

and personnel heating.
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Figure 4. Monthly diesel consumption for 2018

90000
80000
70000
60000
50000
40000
30000
20000

Diesel Consumption (liters)

10000

Emissions of GSE

In the literature, several studies show a high correlation with the model developed by ICAQO. The models
for calculating the emission of GSE is provided by ICAO (ICAO, 2011) is as follows:

Emission-Y(g/GSE) = Fuel (Year kg.) x Emission Factor-Y (g/kg.fuel) x DE (1)
Where DF = Deterioration Factor. As the GSE park of TGS consist of various GSE of various age, all GSE
are assumed to be new hence deterioration factor is taken as 1. Using the emission factors, the emissions

are calculated per pollutant and are given in Table 2.

Table 2. Emission factors of pollutants and calculated emission figures for 2018

Pollutant | Factor (g/kg) eﬁ‘i,::iaoglf :tootflls)
NO, 48.2 29.50
HC 10.5 6.43
CcO 15.8 9.67
PM 5.7 3.49
Co, 3150 1,928.16
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Solar Energy (Photovoltaic-PV) Electricity Production

With the advances in technology, mankind is more interested in producing energy from renewable sourc-
es. Wind, sea waves, and sun are some of those types of resources. Sun is an important heat source for the
earth for billions of years and people now are trying to use its energy in electricity form.

One way of doing this is using cells that convert sunlight into electricity and called “Photovoltaic” or
PV in short. In this way, solar cells are composed of semiconducting layers (and when sunlight hits the
surface of those cells, electric fields across the layers start the electricity to flow (Tyagi et. al, 2013: 443).

According to Kim (2020:1), in the USA during the last ten years, 20% of public airports started to use
solar PV. One of the biggest reasons for that is the energy cost saving in the long run.

The aviation industry is blamed for greenhouse gas emissions and within that context, airports are
trying to decrease their carbon footprint. One way of doing that is using renewable and clean energy re-
sources instead of conventional ones (Sukumaran and Sudhakar, 2017: 309).

Monthly Electric Production Capability with the Terminal Rooftop
Installed Solar Panels

The rooftop area of the airport terminal building is given in Figure 5. The total area of the roof of the
terminal building is 27,662 sqm. In this research, although the suitable area of the airport is much bigger,
the only terminal building is preferred in order to save the energy transfer investment costs and emissions.
Also, most of the field area is used for landing instrument installations. Another reason for offering the
terminal building roof is to visualize the order of electric production in such a limited area. It can also be
postulated that the bigger the area of the terminal building, the higher the electricity need in that airport.

Figure 5. Esenboga Airport Terminal Rooftop Area
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In addition to the advantage of eliminating emissions generated by the electricity production, the
transfer cost and emissions related to the transfer will also be minimized by installing solar panels over the
roof of the terminal building, as the electric production will be in the vicinity of the consumption.

Photovoltaic panel efficiencies vary depending on production technology. A research performed in
Diizce, Turkey (Nearly 200 kilometers North-West of Ankara) showed that mono-crystalline PV panels’
performance ratio is highest (i.e. 91%), followed by polycrystalline (81%) and amorphous silicon (a-Si)
(%73) (Elibol et.al., 2017: 651-661). So, it is recommended to use mono-crystalline PV panels in real-life
applications in the Ankara region.

The solar energy that can be harvested by solar panels can be defined as;

PV capacity (kWh) = Area (m2) x average standard irradiance (kWh/m2/day) x days x Efficiency  (2)

Ankara has a high solar energy potential (Caglar et.al., 2013; Yesilbudak et.al., 2018). The solar energy
potential of Ankara is given in Table 3. Using the data provided by Caglar et.al., the monthly global radia-
tion value is calculated in kWh, using the average figure and multiplying it with the number of days of that
month. Then using an average solar panel efficiency of 14%, the energy potential of PV panel installation
of 27,000 sqm on the Esenboga Airport Terminal Building is calculated using (2). The results of the calcu-
lation are listed in Table 3.
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Table 3. Solar radiation converted to monthly radiation and calculated monthly electric production potential

Monthly average | Monthly global | Roof installation

Month global radiation | radiation (kWh/ electricity pro-

(M)/m?/ day) m?) duction (kWh)
January 6.28 54.08 204,414
February 9.61 74.74 282,534
March 13.57 116.85 441,704
April 17.30 144.17 544,950
May 21.86 188.24 711,543
June 24.25 202.08 763,875
July 2491 214.50 810,821
August 21.92 188.76 713,496
September 17.62 146.83 555,030
October 12.13 104.45 394,832
November 7.64 63.67 240,660
December 5.45 46.93 177,398

Daily radiation variations which will also cause variations of electric energy production can be com-
pensated via batteries that can be installed in the stations or the airport building. On the other hand, it
is known that aircraft movements are decreased during night time which also reduces the need for GSE

utilization.

Electricity Production Mix

Value for kg CO, per kWh of electricity generated for Turkey is given in the literature. The values vary
depending on calculation methods. The value presented by the electric production authority of Turkey is
used which is 0.67 kg CO,/kWh for 2012 (EUAS, 2017). It is assumed the value given is not changed in 6
years. With this assumption, the total CO, emission to produce 2,354,290 kWh will be around 1,577,374.30
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kg. Thus, it can be accepted that, by installing solar panels, this will be the amount of CO, saved per year.
The figure is calculated by multiplying the 0.67 kg CO,/kWh with the total electric energy demand cal-
culated in Table 1. The figure given is exclusive of emissions related to transmission. Without the use of a
sustainable energy source, the amount of CO, emission calculated here (1,577,374.30 kg) will be produced
in the vicinity of the electric energy production plant.

Results and Discussion

The comparison of the electric energy requirement of GSE given in Table 2. and electric energy produc-
tion potential of installed PV over terminal roof given in Table 3. are compared in Figure 6. It can be seen
that the low radiation months of January and December fall short against demand but fits very well for the
demand for the rest of the year.

Figure 6. Comparison of monthly electric energy demand and production potential at Esenboga Airport
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It can be also said that January and December are cold months and some of the energy spent for heat-
ing the diesel engine, which in the case of electric conversion, can be assumed to be required in a lesser
amount. Another solution for the shortage can be overcome by storing the electric energy during high
solar times and spending at high demand periods.

Solar panel installation in the vicinity of the consumption may also pave the way to investigate the
possibility of using tethered GSE which also removes the need for an on-board battery. The removal of the
on-board battery would nearly halve the cost of the GSE, which would also make the electric use in ground
handling preferable by means of cost reduction.
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Airport operators and ground handling companies are different entities. Therefore, in order to achieve
renewable energy production and usage in relevant areas of the airport needs close collaboration between
them. In order to achieve this collaborative approach towards environmentally friendly airports, regula-
tory institutions shall take the required steps.

It can also be estimated that the surge electric energy for high radiation months can also be consumed
at other parts of the airport.

Economic Assessment

According to Kirikkale 1st Organized Industry Region Solar Power Production Feasibility Report
(Kirikkale, 2019: 26-27), an investment of 12,171,945 US § is necessary for the installation of 20,216,693
kWh/year capacity solar electric production facility. Esenboga Airport is 54 kilometers away from that
region and the same solar conditions are valid here. Using this figure, the calculation for installation of
5,841,257 kWh/year solar electric production facility, an investment of 3,516,868 US $ is needed. With the
economic life duration of photovoltaic panels as 25 years (Kirikkale, 2019), the annual investment cost is
calculated 140,674 US $/year.

In Turkey, 1 kWh electricity is 0.5827 TL/kWh which is equal to 0,074 US $/kWh currently. Assuming
all economic conditions are stable for 25 years, the cost of buying 5,841,257 kWh from the network for
each year is 432,253 US $/year. The resulting reduction in energy cost is two-third which is approximately
equal to 70% cost saving per year, for a period of 25 years.

Conclusion

In this study, the possibility of using solar energy for the charging of electrical Ground Support Equip-
ment (eGSE) in Esenboga Airport is investigated. Solar radiation data collected by experimental research
is used to calculate the solar energy potential. Diesel consumption of the fleet provided by the Ankara sta-
tion of the largest ground service company is used. Monthly consumption data converted into equivalent
electric energy. The results compared with solar energy production potential. According to results, solar
energy production falls short of the requirement only in December and January which have the lowest and
shortest radiation of the year. As seen from the comparison, powering eGSEs with solar energy, provides
important reductions in hazardous emissions. In our representative case study a CO, reduction of around
1,500 tons per year.
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It is also important to note that producing the electric energy on the site where it is also consumed
eliminates electric energy transfer costs and emissions. This production-on-site method is only possible
with the collaboration of civil aviation authority, airport terminal operator, and ground support service
provider. These are three separate entities and need a means of the collaboration platform. In addition to
this, a legislative structure may be needed with the inclusion of energy administrations.

Another important point to note is that a new approach of energy transfer or storage can be discussed
for the GSE would be possible if such a production infrastructure can be established. Such as tethered GSE
or other means of energy transfer from ground to GSE would make higher cost savings. This approach is
immediately possible for preferring cables instead of using diesel generators. The generators mentioned
are consuming over one-tenth of all diesel. They are easy to convert to cables only and would reduce over
one-tenth of all CO2 emissions.

In economic terms, an investment of 12,171,945 US $ for the installation of solar panels for electricity
production that would be used a total return on the monthly savings of electric cost will be 291,579 US $
and at the end of the 25-year period, the sum of the savings will be 7,289,475 US $. This economic saving
will accompany the environmental saving of 50,000 tons of CO, emission at the end of the 25-year period.
The figures conclude that the investment will be feasible by means of both economic and environmental
aspects.
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HELENA MANOJLOVIC *

A gesztusalapu technoldgia helye
az oktatdsban

Osszefoglalas: A gesztusvezérlés, mint feltorekvé technoldgia 4j lehetGsége-
ket nyitott a tanulas szamdra. A gesztusalapt eszkozok hasznalata az tjon-
nan megjelend tanuldsi technoldgia (gesztusalapt tanulas) részeként olyan
tudomanyteriiletekhez kapcsolddik, mint az oktatastechnologia, az okta-
tastervezés, az ember—-szamitdgép-interakcio, a gépi tanulds, a mesterséges
intelligencia, a pszicholdgia, a tudomanyok tanuldsa, a pszichometria és a
szamitastechnika kiilonféle d4gai. Ma mar létfontossdguak az innovativ inter-
diszciplinaris kutatasok és a gesztuson alapuld tanulasi rendszereket doku-
mentdl6 publikdcidk. Altaluk az oktaték jobban megérthetik, hogyan lehet a
gesztusalapu technologiat megvaldsitani és hatékonyan felhasznalni a tanitas-
hoz és a tanulashoz kiillonféle oktatasi kornyezetben.

A kutatdk és rendszerfejleszték szamara kihivast jelent kérdés az, hogy a
gesztusalapu technoldgia milyen elényokkel jarhat a tanulds szempontjabol.
Igy e tanulmany egyik célja ennek a kérdésnek a feltarasa, illetve a gesztusala-
pu tanulasi modszerrel foglalkozo szakirodalom attekintése a tanulasi ered-
ményekre gyakorolt hatds kontextusaban.

Kulcsszavak: Gesztusalapu tanulasi rendszer (GBLS); gesztusalapt eszkoz; ok-
tatds.

Abstract: Gesture-based devices as an emerging technology have opened
up new opportunities for learning. The use of gesture-based enabled devices
as part of emergent learning technology (gesture-based learning) is related
to disciplines such as educational technology, instructional design, human
computer interaction, machine learning, artificial intelligence, psychology,
learning sciences, psychometrics, and various branches of computational
engineering. Therefore, innovative cross-disciplinary research and related
publications that document specific gesture-based learning systems and their
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associated designs are now vital. Once completed, educational researchers can better understand how
gesture-based computing can be effectively utilized and implemented for teaching and learning across a
wide array of educational settings.

However, how would a gesture-based technology benefit learning is a challenging question for novice
researchers and system developers in education. Thus, the aim of this studie is to explore this question.
Keywords: Gesture-Based Learning System; gesture-based device; education.

Bevezeto

A digitalis er6forrasokkal 1étrejové interakcié manapsag az érintésre, a gesztusokra, és egyre inkabb a
szem mozgasara épiil. Szamos hétkoznapi szérakoztatd elektronikai termék ma madr tartalmaz érintés-
alapu interfészeket: az e-kdnyvolvasoktdl a tablagépeken dt, a személyi szamitogépektdl kezdve az autd
GPS-rendszerekig. [1] A kérdés az, hogy milyen el6nyokkel jarnak ezen 4j interakcids formdk a tanitas
szempontjabol?

Az IKT-eszkozoket [2] évek 6ta haszndljak az oktatds tertiletén. A modern oktatasi korszakban a szami-
togépek minden osztalyterem alapvetd elemévé valtak. A gesztusalapu eszk6zok, mint feltérekv techno-
logia uj lehet6ségeket nydjtanak a tanulas terén. Sajatossagaik lehetévé teszik a felhasznald szamara, hogy
kontrollerként kdzvetlen kapcsolatba lépjen a szamitégéppel mozdulatok és mozgasok altal, méghozza oly
természetes mddon, mint ahogy azt a mindennapi életben teszik. [3] Az interakcid a beszéd, a gesztus, ujj-
és kézmozdulat, arckifejezés és a szemmozgatds atjan valosulhat meg. [3]; [4]

Az elmult években szamos kutatast végeztek a gesztusalapu tanuldsi rendszer (GBLS) hasznalatanak és
el6nyeinek kivizsgalasara, viszont a tanulasi eredményekre gyakorolt hatas vizsgalata még mindig kevés.
[5] A pszicholdgiai tanulmanyok rég kimutattdk, hogy a gesztusok befolydsoljak a tanulas modjat, azt
ahogyan gondolkodunk és észleljiik a vilagot. Nagyszamu tanulmany kimutatta, hogy a gesztusalapt tanu-
lasi rendszer mddszere pozitivan befolyasolja a hallgatok teljesitményét, az élvezetes és interaktiv tanulasi
kornyezet megteremtése altal. [6]; [7]

Noha a kezdetben a gesztusalapu technoldgia nagy mértékben a jatékokban és a mobileszkozokben
kapott helyet, a tanulasi célok kdnnyebb és érdekesebb elérésének a lehetésége a kozelmultban driasi ér-
deklédést valtott ki az oktatok korében. [7] A technika alkalmazasai és fejlesztése az oktatas minden te-
riiletén folyamatosan béviil. Ezekkel az eszkozokkel végzett kutatasok és az innovativ tanitdsi modszerek
bevezetése szamos teriileten novekszik, mint a gydgypedagogia, a fizika, a matematika, a fizikoterapia, a
miivészetek, a zene, a tudomdny, az irastudas és a tarsadalmi fejl6dés. [3] Az oktatdskutatok a gesztusalapu
eszkozok kiillonbozé hatasait vizsgaljak: a természetes bemenet hatdsat, illetve azt, hogy milyen hatdssal
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lehetnek a tanulds mas aspektusaira, példdul a memoridra. [8] Ujszer(isége és széles kor(i alkalmazasi lehe-
téségei miatt a gesztusalapu tanulds nagyon érdekes az oktatok, az ezzel foglalkozo szakemberek és a kuta-
tok szamadra egyarant. A gesztusalapu technoldgia az oktatas teriiletén interdiszciplinaris egyiittmtkodést
és innovativ gondolkodast igényel.

A szamitogéppel valo egyiittmiikodés tj mddja

A kozelmultban az informacidval valé interakcié Gj modjai széles korben elérhetévé valtak szamos tech-
noldgiai fejlédés eredményeként. Az érintés ma mar sok eszkoz fontos jellemzdje. A gomb vagy a képer-
nyé megnyomasat manapsag mar ugynevezett ,haptikus visszajelzéssel” nyugtazzak (rovid rezgés jelzi a
parancs beérkezését). Ezenkiviil napjainkban gyakran alkalmazzak a tobbérintéses parancsokat (multi-
touch) a telefonok, tablagépek és mas eszkoz6k manipulalasara. Az ujjak csusztatasa az objektumok moz-
gatasahoz a képernydn, a kicsinyitéshez vagy nagyitashoz, és a bonyolultabb tobbujjas érintéskombinaci-
ok példak az eszkozokkel vald kolcsonhatas meglehetdsen tjszerti modjai. Az Gjabb asztali szamitogépek
és laptopok egyre inkabb rendelkeznek beépitett érint6képernyével a tartalom manipulaldsanak tovabbi
modjaiként. [1]

Az ember és a szamitdgép kozotti interakcié (human-computer interaction) két f6 paradigmavaltdson
ment keresztiil az elmult hdrom évtizedben: a parancssori interfészekt6l (Command Line Interfaces -
CLIs) a grafikus felhasznaloi feliiletekig (Graphical User Interfaces — GUIs). A kozelmultban nyilvanvaléva
valt egy harmadik paradigmavaltas, amely a természetes felhasznaloi feliileteken (Natural User Interfaces
- NUI) alapul. [9] E feliileteknek célja, hogy a felhaszndlok természetesebb mdédon kommunikalhassanak
a szamitégépes rendszerekkel, hasonldan a valo vilagban végzett tevékenységiinkhoz [10]; [11] ezt olyan
felhasznaloi feliiletként definialta, melynek célja a meglévé készségek Gjrahasznositasa, a tartalommal valo
kozvetlen interakciohoz. Az IKT tamogatja a természetes felhasznaldi interakciokat, abbdl a célbdl, hogy
a hagyomanyos interfészek helyett, kiilonféle interakcios formak épiilhessenek be az eszkozokbe, példaul
multi-touch, szemkovetés, hang, gesztusok, kézirds stb. [4]

A gesztusalapu interakcio (gesture-based interaction) egy kifejezetten gyorsan fejlédé teriilet. Mds né-
ven gesztusalapt szamitastechnikaként (gesture-based computing) ismert, amely az emberi testet hasznal-
ja fel beviteli eszkozként. [12] Lehet6vé teszi a felhasznalok szdmara, hogy sokféle eszkozzel, példaul mo-
biltelefonokkal, tablagépekkel, jatékkonzolokkal vagy szamitégépes rendszerekkel 1épjenek kapcsolatba.
A kolcsonhatas példaul mozgasérzékel6k, adatkesztyli vagy gravitacios érzékelén keresztiil valosul meg,
természetes felhasznaloi feliilet dltal. A gesztusalapt technoldgia alkalmazdsa nem csak a test, hanem a
kognitiv dimenzidra gyakorolt lehetséges hatasra is 6sszpontosit. [12]

121



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

Széval, a gesztusalapu interakcid egy testalapt interakcid a szamitogéppel, amely kiilonboz6 érzékeldk,
példaul gravitacids, infravoros és strukturdlt fény 3D-érzékel6 hasznalataval vélik lehetévé, és a kovetke-
z6 funkciodkat biztositja [3]: gesztus- és hangfelismerés; helyzet, gyorsulas és irany; vizualis jelz6k olvasdsa;
razas, forgatas vagy mozgas reakcio; lehet6vé teszi, hogy a test és a kéz beviteli eszkozokként mikodje-
nek. E funkciok altal megvéltozik a szamitogéppel valo interakcid. A kézmozdulatok vezérléparancsként
torténd hasznalata novelheti az inger-valasz kompatibilitast, amely jobb érzéket adhat a felhasznalénak a
kozvetlen manipulaciohoz. A természetes felhasznaldi feliilet altal a testi bevitel, beleértve a gesztusokat és
ajarast, felhasznalhat6 példdul egy avatar vezérlésére, ami azt a latszatot kelti, hogy a felhasznalé személye-
sen a virtudlis kornyezetben jar. [12] A vezérl6bemenet és az ebbdl fakado effektus leképezése intuitivabb,
kozvetlenebb és kompatibilisebb a természetes felhasznaloi feliileten, mint a hagyomanyos interfészeknél.

Az iPhone, az iPad, a Nintendo Wii, a Microsoft Xbox 360 Kinect technolégia és mas gesztusalapu eszkoz
és szoftver fizikai mozgasok formajaban fogadjik a jeleket, ideértve a kopogtatasokat, érintéseket vagy ol-
yan mozdulatokat, amelyek lehetévé teszik a felhasznal6 szamara a rendszer irdnyitasat. 2019 janudrjaban
a Szovetségi Kommunikacids Bizottsag (the Federal Communications Commission) jovahagyta a Google
Project Soli érzékel6 technoldgiajat, amely miniatiir radart hasznal az érintés nélkiili gesztusok észlelésére.
A jovahagyast kovetGen a Google gyorsabb iitemben fejlesztheti a gesztustechnoldgiat.

A gesztusvezérlé technika mar megtalalhato kiilonféle alkalmazasokban: példaul a dél-afrikai O. R.
Tambo nemzetkozi repiilétéren (O. R. Tambo International Airport). Egy kavéipari vallalat olyan gépet tel-
epitett, amely elemzi az utazok arcmozdulatait és automatikusan kiad egy csésze kavét, amennyiben asitast
észlel valakinél. A Samsung TV tdmogatja a mozgasvezérlést a csatornavaltasnal, a jatékoknadl és az internet
hasznélatnal. A Leap Motion eszkoze lehet6vé teszi a felhasznal6 szamara, hogy kézmozdulatokkal irdnyit-
sa a szamitogépet vagy a laptopot. A BMW célja, a gesztusvezérlés altal, a zavartalan vezetés elGsegitése. A
BMW technolodgidja innovativ, és biztositja a vezetd biztonsagat és kényelmét. Egyszerti kézmozdulatokat
hasznalva kiillonb6z6 muveletek végrehajtasa végezhetd el: hivas fogaddsa vagy elutasitdsa, hangerd szaba-
lyozasa, a visszapillant6 kamera sz6g modositasa, illetve egyéni beallitasokra is lehetdség van.

A mozgas egy olyan fejlemény, amely lehetévé teszi a felhasznalok szamdra, hogy a telefonjukat
iranytiként hasznaljak, vagy fejjel lefelé forditsak az eszkoz kikapcsolasdhoz. A beépitett gyorsulasmérék
felismerik, azt amikor a felhaszndlok megdontik telefonjukat, amivel a képerny6n 1év6 objektumokat moz-
gatva, novelhetik vagy csdkkenthetik a hanger6t stb. [1]

A Microsoft Kinect technoldgidja példaul felismeri a jatékosok mozgasat, lehet6vé téve szamukra, hogy
testiiket felhaszndlva irdnyitsak a jaték karaktereit és targyait. A gesztusvezérlés a mobileszkozokbe is be-
épiil, lehet6vé téve a felhasznalok szamara, hogy a képerny6n keresztiil integessenek, be vagy kikapcsoljak
a hangot, vagy webkamerdkka valjanak. Az tjabb fejlemények kozé sorolando, példaul a Leap Motion gesz-
tusfelismerd rendszere, amely felismeri az egyes ujjmozdulatokat, és lehetévé teszi a gépelést vagy rajzolast
a kéz levegbben tartasaval a képernyd el6tt. [1]
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A tekintetkovetéses (Eye-tracking) kutatasok azt mutatjak, hogy lekovethetk a kognitiv folyamatok
hiszen kovetni lehet, hogy példaul milyen szempontokra figyelnek a felhasznalok. Noha ez a technoldgia
még mindig gyerekcipében jdr, a tekintetkovetés fejleményei jelentds igéreteket mutatnak abban, hogy
a felhasznaldk egyszerten kezelhetik a képernyén megjelend targyakat gy, hogy a szemiiket egy adott
pontra dsszpontositjak (http://www.tobii.com). [1]

A gesztusok bevitelén tal a gesztusalapu technoldgia gyakorlati tanulasi lehetdségeket is kindl. Mivel
a gesztusok és a testmozgas jelentik a f6 szerepet, a technika lehetévé teheti vagy segitheti a fizikai tanu-
last, kezdve a rehabilitaciotol, a testneveléstdl és a fizikai erénléttél. Ezenkiviil a test bevonasa a tanulasi
tevékenységbe megnovelheti a tapasztalati tanuldst. A gesztusalapt technoldgia lehet6vé teszi a hallgatok
szamara, hogy aktivan és fizikailag részt vegyenek a tanulasban.

A gesztus elonyei

Az emberek gesztusokat hasznalnak, amikor nem tudnak szavakba dnteni egy-egy kifejezést. A hallgatok
is gyakran gesztusokkal kommunikalnak, melyekkel gondolataikat probéljak kozvetiteni a tanarok felé.
[13]; [14]. A gesztusok alternativ mddjai a tudas és az dtletek kifejezésére [15], s6t a tudas befogadasara
is tanaraik gesztusaik altal. [16] Alibali és munkatarsai (2014) tanulmanya szerint a tanarok gesztusok-
kal erdsithetik oktatdsi feladataikat, ezzel segitve a hallgatéikat 6tleteik 6sszekapcsolasaban és a bonyolult
fogalmak egyszerusitésében. Ezen kiviil a gesztusok haszndlata a tanulds soran eldsegiti a hallgatok jobb
tanuldsat a tananyag megértése és a problémamegoldas szempontjabdl. [17] Folyt néhany kisérlet a gesz-
tusok értékének vizsgalatara a tanulds soran, ahol 9sszehasonlitottak azokat a hallgatdkat, akik a gesztu-
sokat alkalmaztak, mikozben 4j koncepcidt tanultak, olyan csoporttal ahol kizarélag a kommunikaciot
alkalmaztdk. E kisérletek eredménye is ramutatott a gesztusok elényére, hiszen bizonyitottan tobb tudast
sajatitott el a csoport, amelyben a gesztus is célzott alkalmazasra keriilt. [18]; [19]

Ebbdl kifolyolag a hallgatok osztonzése a gesztusok hasznalatara a tanulds soran pozitivan befolyasolhatja
tanulasi eredményeiket.

A gesztusalapu tanulds
A Kinect-érzékel6t 2010 novemberében adta ki a Microsoft az Xbox 360 jatékkonzol részeként, amely pél-

da az els6 vezérld nélkili videojaték-konzolra. A ,,Te vagy a vezérlé” szlogennel hirdették. [20] A Kinect
alkalmazasat a tanuldsban kiilonb6z6 fogalmakkal definialtak, mint példaul Kinect az oktatdsban, termé-
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szetes felhasznaldi feliilet (natural user interface), gesztusos feliiletek a tanulasban és a Kinect altal vezérelt
tanulds. [21]; [22]; [23] A Microsoft mozgasérzékeld szenzorja lehet6vé teszi a felhasznalok szamara, hogy
fizikailag és kognitiv intuitiv médon vegyenek részt virtualis tevékenységekben. A felhasznaldk a testiiket
hasznaljak az egér és a billentytizet helyett a feladat végrehajtasara. [12] A Kinect szamos fejlett természetes
felhasznaldi feliilet funkciot is kindl, mint péld4ul a kimondott parancsok vagy bemutatott objektumok,
arckovetés és beszédfelismerés. A Kinect-jatékok oktatasi elonyiik mellett el3segitik a testi fejlédést, hiszen
fizikai tevékenységet igényel a jatszasuk. [24] Ezenkiviil a Kinect-jatékok olcsénak tekinthetdék, ha dssze-
hasonlitjuk éket mds tanulasi technoldgiakkal [23], hiszen a Kinect-alapt tanulasi alkalmazasok tobbsége
nyilt forraskodu és ingyenesen elérhetd.

A gesztusalapu tanulasi rendszer a Kinect felhasznaléi feliileteit hasznalja, hogy élvezhetd és interak-
tiv tanuldsi kornyezetet teremtsen barmely tanteremben [23]; [3] A rendszer olyan oktatasi technoldgia,
amelyet vilagszerte egyre tobb oktatasi rendszer alkalmaz. A kifejezést a gesztusalapu felhasznaléi feliilet,
az oktatasi és tanulasi eszkéz hasznalatanak lefrasara alkalmazzak. [5] E rendszerek alkalmazasa elényos
lehet mind a tanarok, igy mind a tanulok szamara [23], hiszen az interakcios feliilet serkentheti a hallgatdi
motivaciot ugy, hogy lekoti a hallgatéok figyelmét. Ezek a multimodalis rendszerek megkonnyitik a kine-
zioldgiai kolcsonhatasokat és 6sszehangoljak azokat a hallasi és a vizualis informacidkkal. Ennek a harom
kiilonb6z6 bemeneti mdédnak az Gsszehangolasa teszi a gesztusalapu tanulasi rendszert kivalo eszkoziil
mind a vizualis, mind az auditiv, de kiilonosen a kinesztetikus tanulasi stilusu hallgatok szamara. [24]

A gesztusalapu technoldgiaval, mint kiilonb6z6 oktatasi célokat lehet6vé tevé vagy segitd technolo-
giaval, szamos tanulmany foglalkozott: tantermi oktatds [21], memoriandveld [8], fizikai rehabilitacid/
terapia [25], testnevelés [26], és nyelvtanulas. [27]; [28]

A gesztusalapu tanulasi rendszerek szamos elényt jelenthetnek az osztalyteremben, mivel egyediilallo
interakciés modszert kindlnak a tananyaggal [22]. Ezen feliil az eszkoz6k hasznalatanak egyik legfébb oka
a megfizethet8ség és szamitdgépes programozasi tudds nélkiil is alkalmazhatok. [7] Az esetek tobbségé-
ben igen kis mértékt mddositast kell végrehajtania a pedagoégusnak, hogy haszndlni tudjak az eszkozt a
tanordn.

Néhany tanulmany, amely komplex kognitiv és proceduralis tipust tanuldst igénylé targyakat tartal-
maz bemutatja, hogy a tanuldsi rendszerek testre szabhatok vagy megtervezhet6k gy, hogy kifejezetten a
tanulds igényei és céljai kielégitését szolgaljak. [7] Ide sorolandok az orvosi képzésben alkalmazott eszko-
z0k (példaul a mellvizsgalati eljards), az épitészet tervezési elemeinek feltarasa vagy a gyartashoz kapcso-
16d6 dsszeszerelés/szétszerelés.

Egy masik érdekes csoport a tanuldshoz szitkséges (digitalis) kézzelfoghat6 targyakbol all. Az ezekben
a tanulmdnyokban hasznalt és leirt tanuldsi rendszereket specidlis igények és tanulasi célok kielégitésére
hoztdk létre. Példaul egy oriasi fog és fogkefe a gyerekek fogmosasi szokasra valé tanitdsara [29], valamint
kiilonféle targyak, amelyek a gyermekek cselekedeteire reagalnak a dallamok és tempo tanuldsara a zene-
tanulds soran [30], vagy a specialis oktatasban alkalmazott ,Wii-terdpia”.
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Habar az oktatasi technologiak eltéréek lehetnek, ugyanazt az elképzelést erdsitik: a testmozgason ala-
puld tanulast (embodiment-based learning), amely alatt az érthetd, hogy a testmozgas formalja a megisme-
rést, illetve hogy a megismerés a kiilvilaggal kolcsonhatasban all6 testek révén fejlédik ki. Toébb kutatds is
bizonyitotta a megtestesiilt interakciok lehetséges elényeit a tanulas és a testi fejlodés szempontjabol. [31];
(32]; [33]; [34]

A gesztusalapu tanulasi rendszerek tervezését és fejlesztését korbe 6lel6 tanulmanyok teriiletei elté-
réek. Ide tartoznak az orvostudomany, a zene, az autizmus, mint specidlis oktatasi forma, a feldolgozo-
ipar, az épitészet stb. [7] A gesztusalapt eszkozok kozé tartozik az adatkesztyd, mozgaskovetd, haptikus
visszacsatolds és virtualis valosag (VR). Az épitészetben az eszkozok tartalmaznak érzékeldket, cimké-
ket, kamerakat, projektorokat stb. Az orvosi képzésben az els6dleges eszkozok kozé tartoznak a fizikai
mellszimulatorok és a VR.

Tanulasi eredmények

Az, hogy milyen hatassal vannak az ilyen tipust interakciok az oktatdsra bizonyos mértékig még ismeret-
len teriilet.

A gesztusalapt tanulasi rendszerek stimulald eszkozként miikddhetnek, ami hozzajarulhat a hallga-
toi motivacié fokozasahoz, mivel a rendszer egyediilall és természetes interakcidés mddszert alkalmaz. A
multimodalisnak kdszonhet6en, amely képes megkonnyiteni a kinesztetikus interakciokat és 6sszehangol-
ni azokat a hallasi és a vizualis informéciokkal. Az e hdarom kiilonb6z6 bemeneti-modalitas 6sszehango-
lasa miatt a rendszer kivald tanulasi modszer, amely timogatja a kiilonb6z6 tanuldsi stilussal rendelkezd
hallgatokat [23]. Még egy nagy elénye a fizikai fejlédéssel kapcsolatos. O’Hanlon (2007) tanulmanya ki-
mutatta, hogy a gesztusalapui tanuldsi modszer segitheti a talstlyos hallgatokat azéltal, hogy fizikai tevé-
kenységet, aktivitast igényel. Egyes kutatdsok szerint a hallgatok jobban tanulnak amennyiben a kognitiv
feladatokat fizikai mozgasokkal kombinaljak. [21]

Interaktivitds
Az osztalytermi interaktivitas a tanarok éltal az osztalytermi tevékenységek felett gyakorolt kontroll szint-

jével mérhetd. Mds szavakkal, az osztalytermi interaktivitas a tanar altal alkalmazott modszertantdl fiigg;
legyen sz6 tanar- vagy tanulokozpontd tanulasrol. [35]

125



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

A tanarkdzpontt pedagogia a hagyomanyos tanuldsi mdodszert képviseli, ezzel szemben a tanuldkoz-
pontu tanulds tobb lehetdséget kindl a hallgatdi részvételre, az ismeretek tartalménak elemzésére és rend-
szerezésére. [36] A hallgatok kozotti interaktivitds elmélyiti a tudast, eldsegitheti a kreativitast, esélyt ad
az osztalytermi tevékenységekben vald aktiv részvételre, és szamos hallgatoi puha készség fejlesztésére
szolgal, mint példaul a problémamegoldas, a kritikus gondolkodas, és a kommunikacié. [37]

A tanulékozpontu tanulas a konstruktivizmus tanulaselméletén alapszik, amely szerint a hallgatok ta-
pasztalataik és az Uj otletek kolcsonhatasabdl tanulnak. [36] Manapsag egyre gyakoribb a technologiak
jelenléte az osztdlytermekben a tanulokozpontu tanuldsi modszerek el6segitésére és az interaktivitas ta-
mogatasara. A gesztusalapu tanuldsi rendszerek alkalmazasa elGsegitheti az interaktivitast az osztalyte-
remben. [38] A rendszer egyszerre tobb felhasznaldt képes fogadni, amivel 6sztonzi a kollaboraciot. [23]

Multimodalitas

A multimodalitds az oktatds teriileten olyan tanulasi kdrnyezetre utal, amely megkonnyiti a tananyagele-
mek bemutatasat tobb mint egy-szenzoros modszerrel (vizudlis, auditiv, hangzasbéli, irasbeli és kinesz-
tetikus). [39] A tananyagok kiilonféle médon torténd bemutatasa altalaban a tanuldi figyelem felkeltését
eredményezi. [39] A multimodalis tanulasi kornyezet elsddleges el6nye, hogy lehet6vé teszi a hallgatok
szamara a tanulast a szamukra megfelel6 médon. [40]

A gesztusalapt tanuldsi rendszere multimodalis tanuldsi kdrnyezetet biztosit, amely szinte minden tanula-
si stilussal rendelkez6 egyén tanuldsat megkonnyitheti. Mas, a kinesztetikus tanulasi stilust figyelmen ki-
viil hagyo tanulasi technoldgidkkal ellentétben a gesztusalapt lehet6vé teszi a felhasznalok szamara, hogy
testmozgasuk segitségével kolcsonhatasba Iépjenek a tananyaggal. [23]

A megtestesiilt kognicié

A megtestesiilt kognicio (embodied cognition) elméletben rejt6zik az alapja, a testiink elménkre gyakorolt
hatasanak magyarazata. [12] Az elmélet azt sugallja, hogy az eszkoézzel valé manipuldlas és az interakcio
megvaltoztatja a gondolkoddsmddunkat és megértésiinket, és ez a valtozas hatassal van a kornyezetiink
érzékelésére. Mas szavakkal, a megtestesiiltkognicio-elmélet azt allitja, hogy az emberek a testiikkel meg-
tanuljak kiegésziteni az agyukat. [41]

Néhany tanulmany hangsulyozza a fizikai gesztusok és a kognitiv feladatok kombinacidjanak pozitiv
hatasat a tanulasra. [42]; [43] A megtestesiilt- kognicid-elmélet szerint az elménkre hatdssal lehet a cselek-
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vési tapasztalat. Hosszu tavon a cselekvési tapasztalatok hatassal lehetnek a vilagrdl alkotott felfogasunkra.
Rovid tavon minden cselekvési tapasztalat tovdbbra is hatassal van a tanulasra és a fejlddésre az egész éle-
ten at. Ez 6sszhangban van a tapasztalati tanulds koncepcidjaval is, amelyet Dewey (1938) javasolt.

Mivel a gesztusalapu technoldgidk f6leg gesztusokat vagy testmozgast foglalnak magukban, a megtes-
testiilt kogniciot széles korben alkalmaztak a tanulasra gyakorolt fizikai hatas tiamogatasara. A megtestesiilt
kognicid az ,észlelés, cselekvés, a test és a kdrnyezet kozotti kolesonhatasra” 6sszpontosit [44], amely eltér
a hagyomanyos perspektivatol, ahol a testnek alig van szerepe a megismerésben. A megtestesiilt kogniciot
feldolgozo6 tanulmanyok a cselekvések kiillonboz6 szerepét figyelték meg a kognitiv folyamatokban, és azt
sugalljak, hogy az emberi elme szorosan kapcsolddik a szenzomotoros tapasztalatokhoz. [45]

A megtestesiilt (embodied) és kiterjedt (extended) kognitiv elmélet [46] szerint a megismerés eleve
kapcsolddik a testi érzésekhez, és a kdrnyezettel valo kolcsonhatas kulcsfontossagu szerepet jatszik a tanu-
lasban, még az absztrakt kognitiv feladatokban is.

A memoria verbalizacidja konnyebb, ha a tanulasi testtartast vessziik fel a visszahivas sordn. A megtes-
testilt interakci6 (embodied interaction) egyfajta szociokognitiv cselekvés, amelyet az érintés és a gesztusos
interfészek képesek tamogatni.

Kuznetsov, Dey és Hudson (2009) hordhaté karkotéket alkalmaztak, amelyek kiilonb6z6 haptikus im-
pulzus-aldirasokat térképeztek fel uj koncepcidékhoz. Amikor ezekkel a koncepcidkkal késébb taldlkoztak,
a megfelel6 haptikus jelek visszajatszodtak, ami elésegitette a felidézést és a felismerést. A visszajelzések
kiilondsen a memoriazavarral kiizd6knek nyujtottak segitséget.

A gesztusalapu eszko6zok alkalmazasi kére az oktatdsban

A kutatok és rendszerfejlesztOk szamara kihivast jelentd kérdés az, hogy a gesztusalapu technoldgia milyen
el6nyokkel jarhat a tanulds szempontjabol. A gesztusalapu eszkdzoket szamos oktatdsi teriileten alkalmaz-
zak, ilyenek a gyakorlati képzések, munkahelyi segitségnyujtas, segité eszk6zok a mindennapi hasznalatra,
illetve rehabilitacio.

A gesztusalapu szamitastechnika potencialisan transzformativ technoldgia (transformative technology)
lehet, mivel a tanulas médiumaként torténd felhasznalasa megvaltoztathatja attitidjeinket és el3segiti az
aktiv tanulasi modszereket.

A Wii-terdpia” eszkozok és a hasonld termékek a fizikai és kognitiv nehézségekkel kiizd6 tanulok sza-
mara Oridsi segitséget jelentenek a mindennapi motoros készségek, a konkrét munkakorillmények, a re-
habilitacié és mas készségek tekintetében. [47] Burke és munkatérsai (2010) az iPhone-okat és mas kiegé-
szit6 eszkozoket olyan teljesitmény-tamogato rendszeré alakitottak, amelyek eldsegitik egy készségsorozat
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megtanuldsat az Osszetett feladatok egyszertsitésével és jelzések biztositasaval (just-in-time tamogatas).
Petersson és Brooks (2007) robotkésziilékkel és kameraval olyan kornyezetet terveztek, amely lehet6vé te-
szi a gyermekek (4-6 évesek) szamara a jatékterapiat. Az Exergame-et a specidlis oktatasban is alkalmaztak
a fizikai tevékenységek eldsegitésére. [48] Ezek a tanulmanyok azt mutatjak, hogy a gesztusalapu eszk6zok
ezen alkalmazasai pozitiv hatdssal vannak a fizikai vagy kognitiv nehézségekkel, illetve mindkettével rendel-
kezd hallgatok tanulasi eredményeire. Az alkalmazott technoldgia elsédleges célja a teljesitménytamogatas
azaltal, hogy kiilonboz6 jelzésekre, azonnali visszajelzéssel (just-in-time) nytjtanak informaciot, amelyre a
feladatok végrehajtasa sordn sziikség van. Egy masik eldnye az adaptiv és segit6 technoldgia a tanulashoz.

Erdemes észre venni, hogy a gesztusfelismerd technoldgia joval tébb, mint amit a Nintendo Wii nyujt
a testmozgas terén - a jatékkornyezetek olyan tevékenységeket népszeriisitenek és fejlesztenek, amelyek
javitjak a szocialis készségeket, magukban foglaljak a csapatmunkat, és lehet6vé teszik a felhasznalok sza-
mara, hogy kollaborativ médon oldjanak meg problémakat. Mindez a tanulokdzpontt tanitasi modszer
alkalmazasat jelenti, ahol a hallgatén, és nem a tandron van a fokusz. [49]

A gesztusalapu technikai eszkozoket a természettudomanyi és a matematikaoktatds terén is alkalmaz-
zak, leginkabb a fizikai, kémiai és matematikai tantargyakhoz kapcsoléddan. [7] Ezek a szimulaciot és a
digitalis manipuldciot biztositjak a tanitds, tanulds folyamén. [50] Altaldnossagban a szimuldciokbol, a
digitalis manipulaciokbdl és a kisérletekbdl tevédnek Gssze a gesztusalapt oktatasi eszkozok a természet-
tudomanyos oktatds teriiletén.

Az alkalmazasok kozott megtalalhatd olyan is, amely az érzelmek tanuldsaban, a tarsadalmi viselke-
désben és az egyiittmtikodés elGsegitésében jatszik nagy szerepet. [51]; [52] Tore és munkatarsai (2012)
a Kinect-et, a vizualis-motoros jatékot, alkalmaztak az 6tddik osztalyos tanuldk integracids képességek
javitasa érdekében. A Kinect-technolégia 6nmagéban is a tanulas egyik modja lehet. A gesztusalapu tech-
noldgia olyan kozegnek tekinthetd, amelyben a hallgaték interaktiv, aktiv tanuldsi modon tanulhatnak,
nem pedig egyszeriien a tananyagok lejatszasanak vagy elérésének eszkozeként jelenik meg.

Az id6sebb tanuloknal a ,,Wii Fit” alkalmaztak Grieser és munkatarsai (2012) az egyensuly gyakorla-
sara. A technoldgia alkalmazasakor a testmozgas és a tovabbi tevékenységek automatikus naplozasra ke-
riilnek, miutan 6sszehasonlithatok. Az adatokat tovabbi oktatasi stratégiakra is fel lehet hasznalni, példaul
teljesitmények bemutatdsara, jatékos versenyek szervezésére a hallgatok kozott, és a gyakorlatok egyes
részeinek a vizualizaldsara. [7] A gyogypedagogiai ,, Wii-terdpia” és a testneveléshez két6do ,, Exergame”
kozott szoros parhuzam all fenn. Ezek a gesztusalapu tanuldsi rendszerek vagy oktatasi megkozelitések ha-
sonld okokbdl hatékonyak: megfizethet6ségiik és a hasznalatukhoz és fenntartdsukhoz sziikséges alacsony
technikai készségek igénye. A hallgatok ismerik az eszkozoket, és kisebb modositasokkal vagy médosi-
tasok nélkiil oktatasi technoldgiava (vagy segité technologiavd) alakithatok. Nincs sziikség magas szintii
programozasi ismeretekre a rendszer futtatasahoz.
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Ezek az eszkozok gyakran tovabbi motivaciot és tanuloi elkotelezédést biztositanak. Az iskolakban
ezek a mozgasérzékeld eszkozok hasznosak lehetnek a kozos képerny6kon és egytittmikodési platformo-
kon alapul6 terekben.

Eddigi kutatasok

Szamos tanulmany szerint a gesztusalapu technoldgiak hozzajarulhatnak a hatékony tanuldsi kornyezet
el6segitéséhez. [53]; [54]

Az elmult években nagyszamu empirikus tanulmény késziilt, amely a gesztusalapt tanulasi rendsze-
rek fejlesztésére és tesztelésére iranyul. Kilonboz6 oktatasi teriileteken hasznaltdk, beleértve a fizikat, a
matematikat, a zenét és a muvészetet, a természettudomanyt, a tarsadalmi fejlédést és a fizikoterapiat.
[7] Ezenkiviil néhany kutatas tanulmdanyozta a gesztusalapu tanulasi rendszerek hatdsat az egyes tanuldsi
szempontokra, példdul a memoridra és a fizikai rehabilitaciora [8]; [47] A KinectEDucation (http://www.
kinecteducation.com) egy nem kereskedelmi platform a gesztusalapu tanulasi rendszerek sszes érintettje
szamara, beleértve a tanarokat, hallgatokat és szoftverfejlesztéket [55] [23] szerint a gesztusalapu tanulasi
rendszerekben nagy potencial rejtézik.

Ugy gondoljuk, hogy a kdzeljévében ez a tanuldsi technoldgia az osztalytermek fékuszéban fog allni,
hiszen a Kinect-technoldgia szamos olyan tulajdonsaggal rendelkezik, amelyek alkalmassa teszik az oktatas
teriiletén torténé alkalmazasra.

A gesztusalapu tanulasi rendszerek hatékonysagardl tobb tanulmany szamolt be. [5]; [56]; [21]; [57];
(58]; [59]

A rendszerek jellemzéi (az interaktivitas és a multimodalitas) olyan oktatasi tanulasi kornyezetet hoz-
nak létre, amely pozitivan befolydsolja a hallgatok belsé motivacidjat, ami a tanulasi eredmények javitdsa-
hoz vezethet. [24]

A gesztusalapu interfészek hasznalata tanulasi modszerként megjelenik Chang és munkatarsai (2013)
tanulmanyaban, ahol a gesztusok és a testmozgas hatasat tesztelték a tanulds soran a Kinect segitségével.
Az eredmények alapjan a résztvevok jobb megértést és magasabb szintli informaciofeldolgozast mutattak
a Kinect-alapu tanulasi mddszerrel. E mellett a hallgatok tobb informaciot tudtak felidézni a szokasos ta-
nuldsi modszert alkalmazott hallgatokhoz képest.

A haptikus visszacsatolast is tobb helyen alkalmaztak: példaul repiilési szimulacional [60], a fogaszat és
a kozépiskolai fizika ordk teriiletén. [61] Kiilondsen igéretes ez a technoldgia a visszajelzések tekintetében.
Bebizonyosodott, hogy a gyakori visszajelzések jelentds hatassal vannak a tanulasra, de a feladat teljesitése
soran adott visszajelzés zavaro lehet, akdr egy tanar adja meg szobeli észrevételekkel, akar egy szamitogép
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a képerny6n megjelend iizeneten keresztiil. Egy erre a célra hasznalt eszkoz révid rezgése az egyik modja
annak, hogy példaul a valasz helytelen volt. Illetve haptikus visszajelzést lehet adni, valahdnyszor a hallgato
megfelel vélaszt ad. [1]

Hwang és Cho (2012) ezt a technoldgiat hasznalta az intonacid tanitasara.

Wolski és Jagodzinski (2019), a lengyel Adam Mickiewicz Egyetem kutatéi, kozépiskolas tanuldk koré-
ben vizsgaltak a teljesitményt. A tanulok a Microsoft Kinect gesztustechnologiaval felszerelt virtudlis kémiai
laboratdriumot hasznaltak. A kutatok azt feltételezték, hogy a virtualis laboratériumot haszndl6 tanulok
jobban meg tudtak oldani az &sszetett laboratoriumi feladatokat és, hogy a kézmozdulat-technika oktatdsi
célu felhasznaldsa megkonnyiti az egytittmiikodést.

A gesztustechnika jovéje biztosnak tiinik: a Grand View Research (https://www.grandviewresearch.
com/press-release/global-gesture-recognition-market) becslései szerint a globalis gesztusfelismeré piac
2025-re kozel 31 milliard dollart fog elérni, szemben a 2017. évi 6,2 milliard dollarral.

Metodologia

A tanulmany célja a gesztusalapu technologia szakirodalmanak feltdrasa, kiilonds tekintettel az oktatésra.
E mellett a hallgat6i vélemény feltérképezésére keriilt sor a technoldgia ismeretérdl, a tanulasi eredmé-
nyekre gyakorolt hatdsardl és az esetleges fejlesztési szandékrdl. A felmérésben a Szabadkai Mszaki Szak-
f6iskola elsd és masodéves informatika szakos (Informatika, Miszaki informatika és Internet és elektroni-

kus tigyvitel) hallgatoi vettek részt.

ADATGYUJTES £S ELEMZES

Az adatgyijtés egy sajat szerkesztésii kérd6iv alkalmazasaval valosult meg, amely online volt elérhet6 a
hallgatok szamara. A féiskola etikai szabalyait betartva a részvétel teljesen onkéntes volt. A hallgatok ta-
jékoztatast kaptak arrdl, hogy az online kutatasban az adatokat névteleniil gytjtjiik és, hogy személyes
adatot nem rogzitiink. Tovabbd, hogy a kutatds soran nyert adatokat tablazatban név nélkiil 6sszegezziik,
statisztikai elemzéseket végziink rajta, amelyekbdl egyetlen résztvevé azonossaga sem allapithaté meg.

A kérdéivet 91 els6 és masodéves hallgatd toltotte ki: 15 lany és 76 fit, ami reprezentativ mintdnak szamit
a Szabadkai Muszaki Szakf6iskola informatika szakos hallgaték vonatkozasaban.
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Eredmények

A kérdéivben szerepld kérdésekre adott valaszok eloszlasat a a diagramok szemléltetik.

Ismeri-e a gesztusalapu
technolégia fogalmat?

Nem

A Nintendo a "Wii", a Microsoft
pedig az "Xbox 360 KiNemct" néven
fejlesztett gesztus-vezérelt alapu
jatékokat. Hallott-e ezekrél a
jatékokrol?

-' I

9
Igen Nem

Igen

Amennyiben alkalom adddna r3,
élne-e a lehet8séggel, hogy
kiprébaljon (tovabbi) az e
technolégidn alapulé jatékokat?

7
—————————
Nem

Igen

Ismeri-e a természetes
felhaszndléi felilet
(Natural User Interface -
NUI) fogalmat?

Igen Nem

Volt-e alkalma jatszani gesztus-
vezérelt jatékokkal?

Igen Nem

Hallott-e a Google "Project
Soli" The Untouched
projektjérél?

Igen Nem
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Véleménye szerint a
gesztusalapu eszkdzdknek van
szerepe az oktatasban?

Nem

Igen

Véleménye szerint a
gesztusalapu tanulds hatdssal
lehet a tanuldsi motivaciora?

Igen Nem

Van otlete, milyen tipusu
tantargyak integralhatdk a
gesztusalapu tanulasi
rendszerekbe? (t6bbet is kijel6lhet)

TERMESZETTUDOMANYOS 1
NYELV ‘ l
AMOZGAST IGENYLO TARGYAK, PL....

ZENE

TANC

80

Véleménye szerint a gesztus-
vezérelt technoldgia érdekésebbé
tehetné a tananyagot?

Nem

Igen

Véleménye szerint a gesztusalapu
tanulds hatdssal lehet a tanulasi
eredményességre?

Nem

Igen

Felkeltette az érdeklGdését a
gesztusalapu technoldgia?

Nem

Igen
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Amennyiben lehet6ség adddna r3, A kérdGiv altal sikerult-e valameljest
részt venne a gesztus-vezérelt megismertetni Onnel e technolégia
technoldgia és eszkozok fogalmat, lehet8ségeit?

fejlesztésében?

5]
lgen Nem Igen e
) 7 . ’ = ?
Sziletési éve Lakohelye?
<2000 2000 2001 varos falu/kozség/nagykozség

Arra is kivancsiak voltunk, hogy mik a hallgatok asszociacioi a gesztus vezérlés fogalom hallatdn. A

valaszok kozott a szofelh6t felépitd fogalmak szerepeltek.
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1. dbra: A gesztus vezérlés fogalomra adott hallgatéi asszocidciok
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Nem létezik szignifikans eltérés a nemek vonatkoztatasaban aszerint, hogy ismerik-e a gesztusalapt
technoldgia fogalmat (Mann-Whitney, U=580.5; p=0.795). A faluban és a varosban él6k kozott sem mu-
tatkozott meg kiillonbség ebben a kérdésben (Mann-Whitney, U=966.5; p=0.551), illetve nincs szignifi-
kans eltérés a kiilonboz6 korosztalyoknal sem (Chi-Square=13.366; p=0.1).

A nemek vonatkozasaban szignifikans kiilonbség mutatkozott meg a kovetkezd kérdésnél: Véleménye
szerint a gesztusalapu tanulds hatdssal lehet a tanulasi motivacidra? (Mann-Whitney, U=472.0; p=0.043).
Az §sszes megkérdezett lany pozitivan valaszolt a kérdésre.

A tanulasi eredményességre gyakorolt hatasban szintén szignifikans kiilonbség mutatkozott a lanyok és
a fiak valaszaiban (Man-Whitney, U=456.0; p=0.03). A lanyok nagyobb mértékben hiszik, hogy eredmé-
nyesebb lehet a tanulds a technolédgia alkalmazasa altal.

A lakohely vonatkozasaban szignifikans kiilonbség van a varosban és a faluban el6 hallgaték kozott
aszerint, hogy volt e alkalmuk jatszani gesztusvezérelt jatékokkal (Mann—-Whitney, U=721.0; p=0.004). A
varosban él6k elényt élveznek ebben a tekintetben.

A korosztaly tekintetében egy kérdésben sem volt szignifikdns kiilonbség a valaszok kozott.
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Kovetkeztetés

A modern szamitogépek felhasznaloi felilletének fejlédése dhatatlanul eljutott arra a pontra, amelyen a
felhasznald a fészerepld az ember-gép-interakcidban. Ez az interakcid természetes és intuitiv, a felhasz-
nal6é mozgasan és hangjan alapul, és elérelépést jelent a szamitogéppel valo kolcsonhatas megértésében.
Kezdetben a mozgas- és hangfelismerési algoritmusok meglehetdsen gyengék és pontatlanok voltak, de az
id6 el6rehaladtaval javultak, és ma mar kielégité a sikeraranyuk.

Fontos felismerni, hogy e technoldgiak szamos aga még gyerekcipSben jar; nincsenek kévetendd anya-
gok, meghatarozott iranyelvek vagy példak a bevalt gyakorlatokra. Ebben az értelemben a mozgastech-
nologidk hasznélata a tanitasi kisérlet egyik formaja. Természetesen nem minden iskola képes modern
technoldgiat biztositani a hallgatéinak. Azoknak azonban, akik képesek és hajlanddak befektetni ilyen
eszkozokbe, a gesztusalapt technoldgia nagyon jo lehetdségeket kinal: fokozza az osztalytermi interakciot
és lehetGvé teszi a hallgatok szamara, hogy lassak, megtanuljak, megértsék és interakcioba lépjenek a kor-
nyezettel, ezéltal interaktiv digitalis vildgot teremtsenek maguk kordil.

A gesztusalapu eszkoz oktatasban valo hasznalata kivanatos, hiszen novelheti a hallgatok kreativitasat
és munkakedvét, illetve javithatja a tanitasi folyamatot és a tanulast. A gesztusok jellege nemcsak univer-
zalis és természetesebb, mint az egér vagy a billentytizet miikodtetése, de értékes eszkoz lehet a hallgatok
figyelmének fenntartasdban és 6sszpontositasaban, valamint az interaktiv tanterem népszertisitésében. Az
osztalytermi hasznalat nagymértékben fiigg a jovébeni szoftverektdl és azok fejlesztési dinamikajatol.
Tartozunk annyival a kovetkezd generacionak, hogy megfelelen készitsiik fel dket az egyre digitalisabb
tarsadalomra.

Készonetnyilvanitds
A kozlemény megjelenését az EFOP-3.6.1-16-2016- 00003 ,,K+F+1I folyamatok hosszt tavi megerdsitése a
Dunadjvarosi Egyetemen” cimi projekt tamogatta.
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Jegyzetek

! Gesture-Based Learning System

2 Informacids és Kommunikdcids Technoldgidk - az informacié gytjtésének, tarolasanak, tovabbitasanak és prezentalasanak
hardver-, szoftver- és média feltételeit, legyen az informacié formaja hang, adat, széveg, vagy kép. Magéba foglalja a tele-
fon, mobiltelefon, hardver, szoftver teriiletét egészen az internetig (Detschew, 2008).
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GYORFFYNE HOLLO KRISZTINA *

Az érintés nélkiili adatgyiijtés kockdzatai

és a kockazatszamitas modszerei

Osszefoglalas: Bar egyre fejlettebb IT szabélyok, technologia és kibervédelmi
szakember csapat tamogatja virtualis vilagunkat, napjaink részévé valt a vi-
lag kiilonboz6 részeirdl érkezé tamadasi kisérletek észlelése és az inciden-
sek megakadalyozasa. Immar egyre tobb kozszolgalati intézmény igénye az
érintés nélkiili megoldasok alkalmazasa a védelmi technolégidban is. Egyes
torekvések szerint a térfigyel6 kamerak adatbazisanak sszekotése a hivatali,
védelmi vagy akar a banki adatbazisokkal elengedhetetlen, hiszen az adatokat
akar egy egységes blinlild6z6i rendszerben is felhasznalhatnak. Egyes orsza-
gok kormanyzatanak alldspontja szerint a személyek koztéri valds ideji azo-
nositasa visszaszorithatja a blinozést és a szigorubb azonositasi rendszerrel
csokkenthetd az internetes incidensek szdma. Az igény felvet néhany kérdést,
vajon hogyan hat az esetlegesen tdlzott ellenérzés a tobbi, rendes életet él6
polgarra? Valdban tulzott ez az ellendérzés, vagy létezik olyan orszag, ahol el-
engedhetetleniil szitkséges és immar hatassal van a tobbi orszagra is? Hogyan
gytjtik és hasznaljak fel a biometrikus adatokat és mi a célja? Milyen korlétai
és kihivasai vannak a biometrikus adatgyujtésnek? Kockazatkezelés szem-
pontjabdl mekkora jelentdséggel bir az esetlegesen kibertdmadasnak jobban
kitett személyes adat? A fizikai hatarok kezdenek elmosddni, kiilonb6z6 tipu-
st embercsoportok vandorolnak szerte a vilagban. Szinte par éra alatt képe-
sek vagyunk eljutni a vilag egyik végébdl a masikba, mivel a virtualis vilagban
nincsenek hatarok, igy a hasznos és a haszontalan vagy a kart okozo tizenetek,
programok vagy informaciok jorészt hatarok nélkil kozlekedhetnek. IT esz-
kozeinket egyre tobbféle védelemmel kell biztositani, igy védeni kell a szerve-
reket, az alkalmazasokat, a routereket, a végpontokat és a végpontokon futé
alkalmazasokat valamint a tarolt és éppen uton 1év6 adatokat egyarant. A koz-
teriileten elhelyezett vagy az informatika altal nyujtott, biometrikus adatokat
rogzitd és tovabbito, érintés nélkiili eszkozok és kommunikacidjuk védelmét,
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valamint az informdcidbiztonsagi garanciat sokszor multicégek vallaljak. Egyes technolégidkban az alkal-
mazasok sikerességének titka akdr az emberi arcok felismerése, az arcok mogott valds személyek tulajdon-
saganak beazonosithatdsaga és egy, a valos személy élethii masolata, ahol a virtualis karakter lényegesen
tobb informadcidval rendelkezik, mint egy retuséalt kép vagy egy szoveges leiras. A technoldgiat integral-
hatjak akar egy adott orszag digitalis azonositasi rendszerébe, amelyet 6sszekdthetnek mas hatdsaggal is.
Igy példaul a bliniildozéi tevékenység kiterjeszthetd mas funkciét elldté szakteriiletre is. Szdmos magén-
vallalkozas, autégyartassal foglalkozé multivallalat vagy pénzintézet is segitheti a projekt megvalosulasat.
Az incidensek szamossaga és az elmult években okozott anyagi kdr mértéke is mutatja, hogy a kiillonb6z6
projektek egyiittmiikodése elengedhetetlen abban az esetben, ha annak felhaszndldsa az informaciobiz-
tonsagi alapelvek mentén torténik. A személyes adatok utaztatasa egyik rendszerbél a masikba megfeleld
mindségl és fejlettségli informatikai technologiat és feliigyeletet igényel, kiemelt bizalmi statuszokkal. Az
informaciobiztonsagi alapelvek és eldirasok betartasa ezért rendkiviil dsszetett feladat, amely magas szintii
technikai és munkaeré adottsagokat igényel. Az adottsdgoknak és az informaciobiztonsagi elSirdsoknak
valé megfelelést és ellendrzését tanusitd cégek végzik. Az audit sordn feltarjak a hianyossdgokat, a bizton-
sagi réseket és az adott rendszer miikddésével kapcsolatos kockazatokat is. Az érintés nélkiili eszkozok
adatainak taroldsara szolgal6 adatbazisok létrehozasanak és ily modon valo felhaszndlasanak arnyoldalai
is vannak. A kilonboz8 IT-eszkdzok interoperabilitasi nehézségeit lekiizdd rendszerek fejlesztése soran
adatvédelmi kérdésekkel, etikai alapelvekkel és informacidbiztonsagi eldirasokkal keriilhetlink szembe. A
biniildozés és a -megel6zés fontossaga jelentds, de a modszerek kialakitasa soran a technikai és informa-
ciobiztonsagi el6irdsok alkalmazasa, a tarsadalom tudatositasa, a jogi, legféképp adatvédelmi lehet6ségek
feltérképezése és az eldirasok betartasa elengedhetetlen. Jelen tanulmany az érintés nélkiili adatbevitel in-
formaciobiztonsagi jelentségét és az alkalmazhaté kockdzatkezelési modszereket veszi szamba.
Kulcsszavak: Erintés nélkiili; informéciobiztonsag; kockazat.

Abstract: Although increasingly advanced IT rules, technology and cyber security team are supporting
our virtual world, even so it became part of our day the notice and prevention of incidents, which come
from the different parts of the World. More and more governments are now requiring the use of contact-
less solutions in defence technology as well. According to some theory;, it is essential the connection the
surveillance camera database to the official, defence or other banking databases, because data could even
be used in a unified law enforcement system.

According to the governments of some countries, real-time identification of people on the public area can
reduce crime and the stricter identification system can also reduce the number of Internet incidents. The
idea raises a question, so how does potentially excessive control affect other citizens living a normal life?
Is it really control excessive, or is there a country where this care is absolutely necessary and now has it
impact on other countries as well? How is the biometric data collected and used and what is its purpose?
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What are the limitations and challenges of biometric data collection? From the point of view of risk man-
agement, how important is the possibility of data entry that may be more exposed to a cyber attack?

The physical boundaries are starting to blur, different types of groups of people are migrating around
the World. We are able to get from one end of the world to the other in almost a few hours. There are no
boundaries in the virtual world, so useful and useless or harmful messages, programs, or information can
travel largely without boundaries. Our IT devices need to be protected in an increasing number of ways,
including servers, applications, routers, endpoints and applications running on endpoints, and even per-
sonal information. The multi company often guarantees the information security of the contactless, data
recording and sending IT devices, which are situated in a public area or which are made by robotics. In
some technologies, the secret of the successful application is recognizing human faces, is identifying the
characteristics of real people behind the faces and is realistic copying of a live person’s character, where
the virtual character has significantly more information than a retouched picture or a text description.
The technology can be integrated into a country’s digital identification system, which can also be linked to
another authority. Thus, for example, law enforcement can be extended to other area. Some private com-
panies, automotive multinationals firm or financial institutions can help in similar project. In recent years,
the number of incidents and the extent of the caused material damage also show that the cooperation is
essential between different projects, if the projects are used based on the information security principles.
The transfer of personal data between two systems requires a high degree of security technology and
supervision, with unique statuses of trust. Therefore following of the information security principles and
standards are an extremely complex task that requires a high level of technical and manpower. Compli-
ance, verification of capabilities, and information security standards are performed by companies, which
certify. The audit are identified the gaps, vulnerabilities and risks of the information system. There are
some disadvantages of creating and using databases, which store of data of contactless IT devices. During
the development of IT devices, which overcame the interoperability difficulties, we are facing data protec-
tion issues, ethical principles and information security standards. Crime prevention and law enforcement
are important, but the development of methods requires the application of the technical and the informa-
tion security standards, the user awareness, the analysing of legal and data protection options, and the
compliance with the standards. This paper is concerned with the information security and risks assess-
ment methods of contactless data recording.

Keywords: Contactless; information security; risk.
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Bevezetés

A biometrikus adatok gytjtésével és felhasznalasaval a személyes adatok palettaja kiboviil, ezaltal tobbféle
informatikai technoldgia valik elérhetévé a véllalkozasok és az allami intézmények, valamint a felhasz-
nalok szamara. A sziikségszer(i technoldgiai fejlddés altal megjelend 4j informacios feliiletek hasznala-
ta feltételezi a technoldgiai, az adatvédelmi és az informdcidbiztonsagi minimalis kovetelmény teljesii-
lését. Ugyanakkor a biometrikus adatok jellegiiktdl fogva nem valtoztathatok meg, ezért a védelmiik is
kiemelten kezelendd. Sériilésiik vagy veszélyeztetésiik az érintettre vonatkozdan helyrehozhatatlan karokat
okozhat. Az informaciobiztonsagi és az adatvédelmi alapelvek és eléirasok meghatarozzak az adatkeze-
1és technoldgiai és jogi kovetelményét. Altaléban a nagyobb munkavallal6i létszdmmal rendelkez vallal-
kozasok, valamint a kozszolgalatot teljesit6 intézmények informaciobiztonsagi ajanlasoknak, valamint a
torvényi rendelkezéseknek megfeleléen szabalyozzék a személyes adatkezelést. Az informaciobiztonsagi
szabalyozas 6nmagaban kevés, az informaciobiztonsagi kockazatok feltarasaval, elemzésével és kezelésével
meghatdrozhat6 az adott informacioés rendszer informaciobiztonsagi szintje, hatékonyabba tehet6 az inci-
denskezelés. A kockazatkezelési modszerek, mint a kockdzatmenedzsment eszkozei segitenek azonositani
és meghatarozni a rendszer gyenge pontjait, a kezelendd sebezhetéségeket, a kockazat mértékét és az elfo-
gathato tartomanyt, valamint a maradvanykockazat értékét.

Semmi sem eredményezi az innovacidt jobban, mint a valsag

Biometrikus modszereket tobb, mint szaz éve hasznaljuk, tobbek kozott a biniilldozési eljarasokban. 1901-
ben Anglidban és Irorszagban hasznaltak elészor ujjlenyomatot a biiniigyi nyilvéntartdsokban, késébb
1903-ban az Amerikai Egyesiilt Allamok, New York Allami Bérténében bevezették az ujjlenyomat-alapt
azonositast. Nagy fejlddést jelentett az FBI' ujjlenyomatok feldolgozasara létrehozott részlege 1924-ben,
amely 1946-ban mar kozel 100 millié ujjlenyomattal rendelkezett. 1936-ban pedig Frank Burch lefektet-
te az iriszvizsgalat alapjait. 1960-as évektdl szamithatjuk az arcfelismerd berendezéseket, mivel Bledsoe,
Goldstein és Lesk munkdassaga alapjan megsziilettek az elsé gépi arcfelismeréssel kapcsolatos eredmények.
Ugyanakkor azt is el kell mondani, hogy a biometrikus mddszerek elterjedésének korai szakaszaban a
pontos meghatarozds alulmaradt a vartnal, nagy volt a hibalehetdség is. 1965-ben létrejott az elsé automa-
tikus alairas-ellenérz6 rendszer, de csak az 1977-es szabadalmazast kovetéen fejlesztették tovabb. 1974-
ben megjelent az els¢ kereskedelmi forgalomba allitott kézgeometria-olvaso, és 1976-ban kifejlesztették a
hangalapti azonositas rendszerét.
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Késobb, 1998-ban bevezetésre keriilt a DNS-alapti azonositas és 1994-ben magyar fejlesztés alapjan
megalkottak az els6 tenyérlenyomatot hasznal6 rendszert. Arcfelismer$ rendszert 2001-ben telepitettek
el8szor az Egyesiilt Allamok egyik stadionjaban, majd a 2001. szeptember 11. utdn az amerikai hatésigok
az Osszes reptérre biometrikus rendszert vezettek be.” A biometrikus médszerek kifejlesztése és alkalmaza-
sa nagy utat tett meg mostanaig, ugyanakkor az elmult években, valéjaban az elmult szaz év eredményeire
alapozva szintén nagy elGrelépést tapasztalhattunk meg, immar a pontos és gyors azonositast igényl6 érin-
tés nélkiili biometrikus adatgytijtés terén. A Covid-19 vilagjarvany kovetkeztében az érintés nélkiili tech-
noldgia, a biometrikus adatgytijtést alkalmazé rendszerek hasznalata irant megnétt a kereslet. Az egyik
legtijabb és legszembetiindbb érintés nélkiili azonositasra szolgalo rendszer a norvég reptereken alkalma-
zott biztonsagos athaladdst segitd technoldgia, amely biztositja a fizikai kontaktus, személyzettel vagy be-
1éptets berendezésekkel valo elkertilését a poggyaszfeladastdl kezdve a beszallasig. A norvég Avinor vélla-
lat ezzel az intézkedéssel is szerette volna névelni az utasok bizalmat, akik mér az online regisztralds soran
megkapjak a beszallokdrtyat. Az intelligens poggyaszfelad6 automata segitségével elkeriilhetd a személyes
kontaktus. Budapesten, a Budapest Airport is alkalmaz hasonlé technoldgiat. Egyes repterek robotok hasz-
nalataval is kisérleteznek, mint példaul a dél-Koreai Incheon nemzetkoézi repiilétér egy utasokat arcmaszk
viselésére emlékeztetd robot tesztelését végzi. A robot rogziti és tovabbitja azon személyek arcarol készitett
felvételt, akik nem teljesitik a hatdsag altal el6irt feltételeket. Biometrikus adatgytijtés alapu IT-rendszerek
tesztelésben példdul Németorszag, Kanada, Kina, Japan, Izland, Olaszorszag, Spanyolorszag is részt vesz,
ezaltal jelentsen felgyorsitjak az ellenérzési folyamatot.> Tovabbi kezdeményezés, hogy az utasok egy spe-
cialis rendszerbe feltoltik a szelfiket, az arcukrdl készitett képet, a hitelesitett utlevéllel ezt ellenérzik, majd
a beszallokapunal egy képerny6 segitségével megtorténik az azonositas és beszallhatnak. Az automatizalt
hatédrellenérzési rendszer valdszint a Covid-19 utan is veliink marad.

Tovabbi érintés nélkiili megoldasok sziiletnek abbdl a célbdl, hogy biztositsak a személy és vagyonvé-
delmet:
- tdrsadalmi tdvolsagtartas mérése a reptereken és egyéb forgalmas helyeken,
— arcmaszkok viselésének detektalasa,
- testhOmérséklet-mérés,
— légsziir6 rendszerek alkalmazasa, fertétlenités,
- utasérkeztetés,

— szigorubb takaritasi eljardsok alkalmazasa.
A jarvanyhelyzet idején a mobilalkalmazasok hasznalata eldsegiti a sziikséges személyes kapcsolattar-

tas csokkentését az oktatdsi intézményekben, a munkahelyeken, valamint a hivatali tigyintézés soran, tehat
az applikaciokkal az tigyintézési és a személyes érintkezési kotelezettségek a minimalisra redukalhatok.
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A mesterséges intelligencia technoldgiajat alkalmazd rendszerek esetében barmely érintés nélkiili ve-
zérlés hozzaadhaté minden egyes kiszolgalo eszkozhoz, amely tovabbi fejlesztési lehetdséget biztosit. Ilyen
példaul az emberi reakcid érzékelése, feldolgozasa és értelemzése, mint példaul a mozgaskorlatozott sze-
mélyek esetében a fej mozgasaval iranyithat6 az adott onkiszolgalo eszkoz. A hangfelismerd eszkozok fej-
lesztésével, egyedi hangok, hangmintak gytijtésével, alkalmazasaval és az egyének felismerésével betegel-
laté intézmények munkdja is timogathato, vagy forgalmas helyeken az adott egyén hangja felismerhetd. A
gyors azonositasra szolgald technoldgia segithet megakadalyozni a kdrokozdk terjedését a repiilGtereken,
ezaltal a kozlekedés is biztonsagosabba valik. A biometrikus adatok tarolasa, feldolgozasa és felhasznalasa
kiilonb6z6 célokat szolgalhat. Az adatok hasznalhatdk kereskedelmi szolgaltatasok (pénzfelvétel, hozzafé-
rés-ellendrzés, szamlazas, vasarlas, beléptetés) nyujtasara, hatosagi (személyazonossag igazolasa, hatarat-
1épés, katonai programok, adathozzaférés) alkalmazasok hasznalatéra, blintigyi és birdsagi tigyek intézé-
sére és eljarasok lefolytatasara (halottazonositas, blin6z6k felderitése és azonositasa, emberi és vérszerinti
kapcsolatok meghatérozaséra, elveszett személyek felderitésére, blintetévégrehajtasra és nyomkovetésre:
borton, javitdintézet, hazi érizet). Az elébb felsoroltakon kivill szimos helyen magan és kozérdekbdl egy-
arant alkalmaznak kiilonb6z6é biometrikus adatok detektaldsara informacios eszkozoket, igy vided- és
hangrogzitd, arcfelismerd, érintés nélkiili ujjlenyomatolvaso, retinabeolvasé és felismerd rendszereket,
amelyek alkalmasak a személyes adatok (arcpontok, kézlenyomat, hang, mozgas) rogzitésére és tovabbita-
sara, feldolgozas és tovabbi felhasznalds céljabol. Az alkalmazasi teriileteket tobbféleképpen csoportosit-
hatjuk, mint példaul videofeliigyelet (személy és vagyonvédelem céljabol), egészségiigy, illetve gyogyitas
(orvosi kezelések, kortorténet meghatarozasa, személyazonositas, egészségiigyi rendszerhasznalat soran
azonositas), munkaltatoi ellenérzés (munkaidényilvantartas: be- és kilépés ellenérzése, azonositas, rend-
szerhozzaférés ellenérzés) céljabol alkalmazott informacios eszkozok.

Biometrikus adatok rogzitésének és tarolasdnak korlatai és kihivasai

A reptereken haszndlt biometrikus rendszerek magukban foglaljak a személyhez kapcsol6do regisztraciot,
azonositast és a tanusitast, amellyel egy bizonyos személy azonossaga igazolhat6. Az azonositasi folyamat
alkalmaval kiillonboz6 informacios rendszerek egytittmiikodését, interoperabilitasat biztostani kell, igy a
hat6sagi és a reptéri adatbaziskezel valamint alkalmazasrendszerek kozti folyamatok biztositasat, a fel-
adatainak biztonsagos elvégzését és a kommunikacié biztonsagat. A tudomany jelenlegi allasa alapjan az
ujjlenyomat, az irisz, az arcvonalak vagy az emberi hang tulajdonsaga ugyan megvaltoztathatd, de nagyon
koltséges és bonyolult orvosi modszer segitségével, ezért a biometrikus adatok kicserélése tomeges forma-
ban a jelenlegi orvosi gyakorlat szerint nem megoldhaté. Tehat a biometrikus adatok tarolasa, kezelése és
tovabbitasa kiilonleges biztonsagi védelmet kivan, mivel azok egyediek, nem lecserélhet6k és nem pétol-
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hatok. Ugyanakkor egy személyi igazolvanyszam vagy egy informdacios rendszer felhasznal6i adata barmi-
kor megvaltoztathato. A biometrikus rendszerek ipardgi szakért6i az érintés nélkili biometrikus adatokat
kezel6 rendszerek harom formajat latjak redlisnak: az arc-, irisz-felismerést vagy ujjlenyomat-azonositast.

Az arcfelismer6 rendszerek jellemzden négy komponensbdl allnak:
- képi rogzitésre alkalmas fényképezdgép,
— algoritmus az arc template létrehozasara,
- adatbazis a képek taroldsara,
- algoritmus a képek dsszehasonlitasara (a készitett képre és a tarolt képekre vonatkozdan).

Az arcfelismer6 rendszerek miikodését az igynevezett gépi tanulas (MI), a mélytanulas (deep learning)
és a neutralis halozatok technikai timogatjak.* A Google Picasa képszerkeszt6 szoftvere példaul arcfelis-
meréssel, nevekkel cimkézi az adatbézisba betoltott fotdkat. A Facebook szintén arcfelismerési funkciokat
hasznal a kapcsolatok azonositasahoz és képes 98%-o0s pontossaggal azonositani a fényképeken szerepld
személyeket az adatbazisuk segitségével. Az Amazon Prime Photos szoftvere nemcsak az arcokat vagy
a targyakat ismeri fel, hanem az arcanalizis technologiaval az egyének érzelmi dllapotat tudja elemezni,
ugymint a szaj, szemoldok allasa, tehat az egyén mosolyog vagy sem. Az Apple 3D arcszkennel6 funkcidja
ujjlenyomat-beolvasé helyett az arcfelismeré technoldgiat hasznalja a bejelentkezéshez. Bar az emberi arc
alakja, vonalai valtoznak, az arcfelismerd rendszereket ki kell egésziteni az 6regedési folyamat dltal létre-
hozott valtozasokkal, illetve annak valdszintiségével. Tovabbi hibatényezé lehet az arc megvilagitasa, az
éppen aktualis arckifejezés, vagyis mimika, a szemiivegviselés és az elmosodas.

Az érintés nélkiili ujjlenyomat-technolégia (CFT) hasznalata potencialis elényokkel jar az allami és a
maganfelhasznalok szamara. A CFT-technologiak nagymértékben javithatjak a LFT altal eddig begyujtott
adattartalom mindségét és drasztikusan novelhetik a gytijtemény méretét is. El6nye az el6z6 technoldgia-
hoz képest a gyorsabb és higiénikus adatrogzités, mivel nincs sziikség a fizikai érintésre. A CFT alkalma-
zésa soran 3D ujjlenyomat-kép késziil, ami a korabbi tinta, papir, lemez, optika vagy érzékel6 feliilet-alapu
technoldgiaval szemben hatékonyabbnak ttnik. A 3D technologia kikiiszobolheti a 2D technolégiak altal
okozott eredmények torzulasat, a szennyezédések (Gigymint tintaelmosddas, papiron vagy érint6képer-
ny6n 1évé szennyezddés) dltal okozott hianyossagokat, ezdltal gyorsabb a feldolgozas és hatékonyabb az
azonositas is. Az FBI altal hasznalt adatbdzisabdl az ujjlenyomat-egyeztetés algoritmusat alkalmazé NGI®
rendszere a kezdetekben 92%-ban, ma mar viszont 99,6%-os aranyban azonosithatok az egyének.® Ha-
sonl6 aranyban valtozott az arcillesztési és —felismerési technologia eredményessége is, amely 92%-rol
97,5%-ra nétt. A CJIS adattar kézponti rendszeréhez online kapcsolodé mobil azonositd eszkéz gyors
ujjlenyomat keresésre szolgdl, amivel a tisztviselok masodpercek alatt megkaphatjak az egyén Osszes elér-
het6 adatat. Ez a RISC gyorskeresd szolgaltatas hatékonysaga tobbek kozott abban rejlik, hogy képes ke-
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vesebb, mint 10 mp alatt adatot szolgaltatni. Az adattar hozzafér a Nemzeti Bliniigyi Informéciés Kézpont
adattartalmahoz (1. dbra) is, beleértve az elitéltek, jogsértok, terroristdk, vagy gyanusitottak, illetve eltiint
személyek adatbazisat.

1. dbra. FBI, NGI adatai, 2021.”

Morch 2021 Next Generation Identification (NGI) System Fact Sheet

Closeouts
Receipts 364,617 _06/25/2015 Closeouts 363,907 06/25/2015

Unfess noted atherwise, the Receipt and Closeout numbers provided in this monthiy report ore based on Tenprint
Fingerprint totals only, and do not include tronsactions inveling other biometric types.

MGI System Fingerprints in the ldentification and Slap Segmentation Fingerprint {idFP) Repository
Repository Type Repository Count for idFP Composite Fingerprints
| % Civil Fingerprint Repository e 4 : 59573538
ingerprint Repository |

# an additional 14,141,473 Civil Fingerprint composites are in both the criminal
mostly Office of Personnel Management and Military related fingerprints.

positories and consist of

A biometrikus adatokat, ugymint ujjlenyomat, arcvonal-felismeré technikdkat felhasznaljak a laptop,
telefon bejelentkezéséhez, majd tovabbi applikaciohoz, igymint banki tranzakcidkhoz, szavazasokhoz, és
egyéb tigyviteli rendszerekhez.

Az elmult tiz évben szamos olyan biometrikus azonositason alapul6 informacids rendszert vezettek be,
amelyek esetlegesen nem a kell6 médon teljesitik a magas informacidbiztonsagi és adatvédelmi kovetel-
ményeket. Sok esetben az dllami feliigyeleti szerveknek nincs ralatasunk a nagyvallalatok altal alkalmazott
rendszertechnoldgiara®, és esetenként az egyedi technoldgia jogvédelem ald esik. Az allampolgarok kevés-
bé jaratosak a technologiak megbizhatdsagaban, megfelel miikodésében és a biometrikus adattarolasra és
kezelésre vonatkozo informacidbiztonsagi tanusitvannyal is rendkiviil kevesen rendelkeznek.

Mivel a kormdnyzati szervek és a kereskedelmi szervezetek egyre inkabb arra torekszenek, hogy rogzit-
sék és adatbazisokban taroljak a biometrikus adatokat, amelyek természetitkbél adédéan nem valtozhat-
nak igy aggodalomra ad okot, hogy a felhasznalasra vonatkozd elirasok megfelel6 szigorral rendelkeznek
vagy sem. Mivel a biometrikus informdcidinak tarolasara adatbazisokat hoztak létre, és a kormanyzati
szervek ezt egyre jobban hasznaljak, ezek az adatbazisok immar célpontta véltak, és novekszik az adat-
védelmi jogsértés kockazata. Az adatvédelmi jogokkal foglalkozo szervezet, az Elektronikus Adatvédel-
mi Informaciés Kozpont (EPIC)® felszolitotta a TSA-t, hogy fontolja meg a TSA Pre-Check alkalmazas

s

biometrikus azonositéinak gytijtésének bévitési lehetdségeit.!” Az EPIC aggodalmat a kiilonleges adat-
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nak mindsiil6 biometrikus adatokhoz kapcsolddoé azonositok fokozottabb fenyegetettsége miatt fejtette ki,
amelyeket az elGzetes ellenérzésre valo jogosultsag meghatarozasan kiviil mas célokra is hasznalnak. Jelen-
lega TSA és a kormanyzat szamara is rendelkezésre all a technologia, de figyelembe kell venni a maganélet
befolydsolasara vonatkozo tényezdket és az adatvédelmi eldirasokat, mint példaul az adatok tarolasanak
minimalizalasara vonatkoz6 adattakarékossag elvét', valamint a kormanyzati adatbazisok biztonsagi koc-
kazatait is. Mivel a biometrikus adatok elérése egyre vonzobb a hackerek szamara, ezért novelheti a jogsér-
tések szamat, és az okozott kar mértékét. Szamos napi hasznalatban 1év6 informatikai eszkoz, tehat telefon
vagy laptop hasznal biometrikus azonositast, aminek védelmi technoldgidja rejtett a nagykozonség, illetve
esetlegesen a hatésagok szamdra is. A hitelesitési forgatokonyv szerint a hozzaférés biztonségos, mivel a
biometrikus adat a felhasznalo sajat mobiltelefonjan térolhato, és a hasznalata 6nkéntes és korlatozhato,
ugyanakkor a biztonsag érdekében a hozzaférés és az tizemeltetés szabalyain is szigoritani kell. Kormany-
zati szintli alkalmazdsok terén tobb millié személy biometrikus informaciodja keriilhet veszélybe, tehat a
kockazat jelentds. A biometrikus adatok minden egyes ember szamara egyediek, ha ezek veszélybe kertiil-
nek az egyének maganéletét és biztonsagat rokre befolyasolja. A biometrikus adatok gyujtését, tarolasat,
felhasznalasat és tovabbitasat hazai és nemzetkozi rendelkezések szabalyozzak. Tekintettel arra, hogy a
biometrikus adat, olyan kiillonleges adat,'? amely egy természetes személy fizikai, fiziologiai vagy viselke-
dési jellemzdire vonatkozo olyan, sajatos technikai eljarasokkal nyert személyes adat, amely lehetévé teszi
vagy megerdsiti a természetes személy egyedi azonositasat, ezért az adatvédelmi szabalyokon tul célszerti
az adott informacios rendszerre a kockdzatkezelést elvégezni. A kockazatkezelés a kockazatmenedzsment
részét képezi.

A biometrikus adatkezelés informaciobiztonsagi, kockazatértékelési
és kockazatkezelési modszerei

A kockézatmenedzsment egy proaktiv modszer a biztonsagi kockdzatok csokkentésére és a biztonsagi
teljesitmény javitasara. A hatékonyan végrehajtott kockdzatmenedzsment dokumentalt, folyamatalapu
és elGsegiti a biztonsagos miikodést. A legtobb agazat torekedett arra, hogy a sajat teriiletén a kockazat-
menedzsment folyamatat (2. dbra) alkalmazzak. A kockdzatmenedzsment célja, hogy a kockazatértékelés
kovetkeztében megallapitott kockazat, valamint a maradvanykockazat a lehetd legkisebb mértéki legyen.

A kockazatmenedzsment fazisai a kovetkezdk:

- bevezetés,

- eldzetes kockazatfelmérés,

- kockazatelemzés (Analyze): kockazatazonositas (Identify), kockazatbecslés és kockazatértékelés,
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— hatasellendrzés és -mérés, kockazatkezelés és -javitas, beavatkozas (Control),
- kockazatelfogadas, eredmények kozzététele (Communicate, Deliberate, and Document).

A kockazatkezelés folyamata mindaddig tart, amig a kockazatot a lehet6 legkisebb mértékiire sikeriil

csokkenteni.
A kockazatmenedzsmentnek nem célja, hogy felderitse az Gsszes lehetséges koriilményt és befolyasolo
tényez6t, de torekedni kell arra, hogy a lehet legtobb fenyegetés® tipusait (veszélyforrast'*) szamba ve-

gytnk.

2. dbra. ISO 31000 Risk management — guidelines alapjdn (sajdt szerkesztés)

Kornyezet-létrehozdsa

Kockizatazonositis

Kockizat-kommunikicié
Kisérése és atvi

A kockazatkezelésnél figyelembe kell venni a szervezetre hat6 input folyamatokat, az eréforrasokat,
amelyeket a rendszer a folyamatok és mtveletek végrehajtdsa soran felhaszndl, valamint a kdrnyezeti hata-
sokat és kapcsolatokat, tehat a rendszeren kiviilrél érkez6 hatasokat, amelyek meghatarozzak
- a szervezetek fenyegetéseit és a potencialis veszélyek jellegét és szintjét, — a karos hatasok bekovetkezé-

sének valdszintségét,
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- a megszakitasok (rendellenes rendszerleallas, szolgaltatdskimaradas) szintjét és a helyreallitas koltségét,
- a kockazatok kezelését szolgald ellendrzések hatékonysagat.

A sziikséges intézkedések tipusa befolyasolja a kockazatkezelést, ami lehet megel6z6 (preventiv), ész-
lelé (detektiv) és javito (korrektiv). Az intézkedések tipusdnak megvalasztasa esetfiiggd, ezért az alkal-
mazhat6 dltalanos érvényt elveket, modszereket érdemes figyelembe venni. Az incidensek sokféle méret-
ben, megnyilvanulasi formaban fordulnak eld, az altaluk okozott veszteség is kiillonb6z6, igy lehet ipari,
gazdasagi és személyi vonatkozasa kar. Az incidenst kivalté okokat, az incidens folyamatat és lehetséges
kimenetét tobbféle modszerrel lehet vizsgalni. Mivel a legtobb incidens Osszetett, ezért elemzésiikhoz is
tobbféle mddszer sziikséges. Minden egyes elemzés soran szamba kell venni az elemzéshez alkalmazott
eszkozoket, modszereket és egy-egy 1j modell bevezetése nem azt jelenti, hogy a régiek elavultak, inkabb
csak azok tovabbfejlesztett valtozata alkalmasabb a feladat elvégzéséhez. Az alkalmazott mddszerek és az
altaluk megfogalmazott elvek kiegészitik egymast. Minden kockazatkezelés egyedi, amely egyedi vagyon-
leltérral, sebezhet6ségekkel, esetleges incidensekkel és intézkedésekkel rendelkezik, ezért a kockdzatkeze-
1és sordn a meglévé kockazatkezelési modszerek megfeleld kivalasztasaval tokéletesithetd a kockdzatkeze-
1ési intézkedési terv, és csokkenthetd az esetlegesen bekovetkezd incidensek szama és hatasa, valamint a
kockazat, hiszen az esemény bekovetkezésének valoszintisége is csokken, igy novelhetd a kockazatkezelés
hatékonysaga. Az alabbiakban felsorakoztatott modszerek segitenek abban, hogy a kockazatot a lehet
legpontosabban hatarozhassuk meg.

Kockazatkezelésnél az alabbi modelleket, médszereket lehet figyelembe venni:

- Biztonsdgi modellek: amelyek a biztonsagra (elsdsorban ipari, informatikai, nemzet) vonatkozo tulaj-
donsagokkal és feltételezésekkel kapcsolatos hipotéziseket rogzitik, amelyek igazolasaval hozzéjarulnak
a rendszer biztonsaganak noveléséhez.

- Baleseti modellek: baleseti hipotézisek sszessége, amely az el6fordulasanak modjat és az elveket rogzitik,
ilyen példaul a Seveso-irdnyelv'® vagy az iranyelv alapjaul szolgalé modellek.
A baleseti modellek egyik alapja az egyszer, véletlenszert, szekvencialis modell, a H. W. Heinrich do-
minomodellje, amelynek lényege, hogy a balesetek egy meghatarozott sorrendben el6forduld, mechani-
kus események sorozatabol szarmaznak és a baleset megakadalyozhat6 azzal, ha eltavolitjuk a domino-
sorozat egyik meghatarozo tényez6jét (3. dbra).
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3. dbra. H. W. Heinrich dominémodellje, 1941.

SECTION 2.—THE ACCIDENT SEQUENCE:
The Five Factors in the Accident Seq —A preventable

aceident is one of five factors in a sequence that results in an
injury.

.-‘ L R
Fua. 4.- “The removal of the eentral
fartor makes the action of preceding
factors ineffective.

Fii. L-—The five factors in the accident sequence.

A domindelv a kockazatkezelés soran jol alkalmazhato, hiszen a megfelelden kivélasztott gyenge pont
kezelése és a biztonsagi rés befoltozasa. A sebezhetdség kijavitasa a sebezhetdséget kihasznald incidensek
szamat csokkenti, mivel a tamadds sordan ezen a helyen rést nem, csak bezart ajtot talalnak. A modell el6-
nye, hogy egyszert és konnyen atlathatd, megérthetd és lehetdséget nyujt a lényeges ok-okozati tényez6k
azonositasara, amelyek hozzajarulnak a baleset vagy incidens bekovetkezéséhez. A domindelv a viselke-
désalapu biztonsagi programok egyiittes alkalmazasaval lehetdséget nyujt a gyenge pont elétérbe helyezé-
séhez, az esetleges emberi hibak, hibas emberi teljesités észleléséhez.

A domindelv alapjan az alabbi kockazati faktorok allapithatok meg:
- kivalté ok (eredé tulajdonsag) és tarsadalmi kornyezet (hanyagsag, makacssag, kapzsisag; nem kivanatos
vagy zavaro tényezd),
- személy hibdja (veszély okozasa, barmely emberi tulajdonsagbol vagy viselkedésbdl eredGen),
- nem biztonsagos cselekmény és / vagy mechanikai vagy fizikai veszély,
— baleset (féként emberi hibabdl eredé esemény, ami sériilést okoz),
— sériilés (sértés vagy sériilés, ami a baleset kovetkezménye).

A H. W. Heinrich masik baleseti modellje a ,,biztonsagi piramis” vagy ,baleseti haromsz6g”, amelynek
teoridjat tovabb gondolva megallapithatd, hogy a kisebb események bekovetkezési gyakorisaganak csok-
kentése, csokkenti a stlyos balesetek bekovetkezésének valoszintiségét.

A kovetkezé modell, James Reason svajci sajtmodellje szerint, ha feltételezziik, hogy az incidenst az
aktiv hibak (hibas biztonsagi magatartas) és latens, kdrnyezeti tényez6k kombindcidja okozza, a korlatok
megerdsitésével megelézhetd a baleset. A biztonsdg menedzselése ebben az eseteben is megkoveteli a tel-
jesitmény-mutatokat.
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4. dbra. svdjci sajtmodell”

Some ‘holes’
due to active
failures

Defences
in depth

Other ‘holes”
due to latent
conditions

A modszer (4. dbra) lényege, hogy az incidens csak akkor kovetkezhet be, ha minden ,,sajt” rétegen,
azaz minden védelmi rendszeren atcstszik a nemkivant tamadasi kisérlet. Szamos ipardg, mint példaul
a kozlekedés (légitarsasagok) vagy az egészségligy hasznalja ezt a modellt. A védekezési lehetéségeket a
kiilonb6z6 méretti és elhelyezkedésti lyukakkal ellatott ,sajtszeletek” jelentik. Lehet6leg azonos méretii
és elhelyezkedésti lyukakkal ellatott ,sajtszeletek” ne kovessék egymast. Amennyiben ez mégis el6fordul,
az adott védelmi réteg nem éri el a sziikséges hatast és a tamadas atjut rajta. Sziikséges a gyenge pontok
minimalizaldsa és a biztonsagi rések befoltozasa.

A kovetkez6 modell, a Bow-tie, ami egy vizualis csokornyakkend6 modszer a veszély hatasainak, a koc-
kazatok, a kovetkezményeknek megértésére. A modszer lényege, hogy a bal oldalon fel kell sorolni az 6s-
szes olyan lehetséges okot vagy fenyegetést, amely az esemény bekovetkezéséhez vezethet. A jobb oldalon
pedig az Osszes olyan kovetkezményt fel kell tiintetni, amely az esetlegesen bekovetkezendé eseményhez
kapcsolhato. A kivalto okok és a lehetséges kovetkezmények egymassal dsszekapcsolhatok és az ok-okozat
kozott felallithato a logikai folyamatébra. A csokornyakkendd maddszer leegyszerusitett dbrazolasa az 5.
abran talalhato.
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5. dbra. Bow-tie modell alapjdn (sajdt szerkesztés)

Veszély

Kivalto ok preventiv esemeények Hatas
(fenyegetések) / (kévetkeztetések)
hibafa esemeényfa
(FTA) (ETA)

A Bow-tie modell tovabbfejlesztett valtozata a HSE-mddszer, ami egy strukturalt ellenérzési modell a

kockazatok kezelésére, aminek egy részletét a kovetkezd abra mutatja.

6. dbra. Health, Safety and Environment (HSE) Management System, TUV

Assess

Control >
Management Review —
Recaver : z ]
| | Continuous Improvement

A Loss of control accident model (7. dbra), az irdnyitas elvesztése — a nem linedris baleseti modell
(French BEA) feltételezése szerint, az incidens egy nem vart esemény és a normal teljesitményvaltozas
kombinacidjabol adédik. Az incidens megel6zése a folyamatok megértésében és a montirozasaban rejlik.
Az elvart védelmi szint megkoveteli a bekovetkezhetd események detektalhatosagat és a megfelel6 reagélas
képességét. A modellt repiil6gép balesetek analizalasahoz és megel6zéséhez hasznaljak.
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7. dbra. Loss of control accident model (French BEA) alapjdn (sajdt szerkesztés)

Megelézes / Destabilizacios pont
[

/_\—/—\. Helyredilitds

Baleset / incidens ‘ Enyhités / csillapitas

- A mentalis modellek alkalmazasa befolyasolhatja az adott rendszer tervezését és miikodését, az operativ
dontéseket és a munkavallalok viselkedését. A human modell szerint a biztonsag jelentésen javul, ha
eltavolitjuk a ,megromlott almat’, tehat az olyan alkalmazottakat, akik emberi hibdkat, ugynevezett
»human-error”-t generdlnak, mivel sorozatos gondatlan magatartasuk atterjed a tébbi munkavallaléra
is. Barmely rendszerben az emberi viselkedést a kornyezeti tényezdk, korlatok befolyasoljak, mint pél-
daul a nyereséges és veszteséges tipusu folyamatok, biztonsagi miiveletek, munkaterhelés. A ,human-
error” menedzsment rendszerszemlélet hiveinek egyik jelentés allaspontja, hogy egy olyan atfogo ira-
nyitasi programra torekszenek, amely tobb kiillonb6z6 célra iranyul: a személyre, a csapatra, a feladatra,
a munkahelyre és az intézményre.'®

8. dbra. ALARP-alapelv®®

= = = De Manifestis LoR

3 |
4
oc Decreasing scale of
Eﬂ “gross dispropertion”
=
A
S |
v |
'E:’ = = = = = = Scrutiny LoR
- 1
s et Generally Acceptable LoR
\
L‘ i
Acctig:na ble
]
=== De Minimis LoR
Negligible
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- Kockazatkezelést segité modszerek:
— ALARP (As Low As Reasonably Practicable) kockazatkezelési keretrendszer, amely a kockazatcsok-
kentés meghatarozasara szolgalé alapelveket rogziti.
Az Eurdpai Unid szamos dontési mechanizmusahoz," vagy repiilésbiztonsag rendszereihez hasznal-
jak az ALARP-keretrendszert, amelynek kritériumai.

- az elfogadhatatlan tartomdny, amely a tevékenységekhez kapcsolodo elényoktdl fiiggetlen.

- az elfogadhaté6 ALARP-tartomany, a kockazat vallalhatd, de van kovetkezménye. A javasolt
kockazatkezelést akkor kell végrehajtani, ha a veszteség nincs aranytalanul nagyobb aranyban a
végrehajtas altal elért elénnyel szemben. A kockazati szintet a lehetd legnagyobb mértékben csok-
kenteni kell, figyelembe véve koltségének mértékét.

- altalanossagban elfogadhatd tartomany, ebben az esetben nincs sziikség tovabbi kockdzatcsok-
kentési modszer alkalmazasara.

- COSO-keretrendszer, amelyet 1992-ben vezettek be az Amerikai Egyesiilt Allamokban, legf6képp

nagyvallalatok hasznaltak, azdta széles korben elterjedt és szamos kozszolgalati intézmény is alkal-
mazza az egységes belsd ellendrzési keretrendszert.
A COSO ERM kockazatviselési szintje azt mutatja meg, hogy a vezetéség mekkora kockazatot tart
elfogadhatonak, milyen mértékii lehet a kockdzati tolerancia elsédlegesen a gazdasagi tevékenysé-
gek figyelembe vételével. Az események lehetnek negativ hatdstiak, amelyek kockazatot jelentenek és
megakadalyozhatjak az értékteremtést, illetve ronthatjak a meglévé értéket, valamint lehetnek pozi-
tiv hatastak, amelyek ellensulyozhatjdk a negativ hatasokat vagy lehetséget jelenthetnek a szervezet
szamara. (9. és 10. dbra)

Pozitiv és negativ hatdsu események kombindcidja is el6fordulhat. A keretrendszer pozitivan befolya-
solja a célok elérését, tamogatja az értékteremtést és az értékmegdrzést.?' Ravilagit arra, hogy a lehetséges
események milyen mértékben befolyasolhatjak a vallalkozasok és intézmények célkitlizéseit. Két szempont
alapjan értékeli a kockazatokat: valoszintiség és hatds. A keretrendszer kvalitativ és kvantitativ kockdzatér-
tékelési modszerek kombinaciojat alkalmazza.
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9. dbra. COSO kocka*

Kontrolltevékenyséaek

Tdjékoztatds és kommunikdcid

Monitoringtevékenységek
|

11. dbra. COSO kockdzatértékelés

Medium Risk

- Loss of phones
- Loss of computers

Low Risk

- Fraud
- Lost transactions
- Employee morale

PROBABILITY

- Kockazatértékelés matematikai szamitasi modszerei
A kockazatelemzés a rendelkezésre allé informaciok szisztematikus felhasznaldsa a veszélyek azo-
nositasara és az egyénekre, a tulajdonsagokra, és a kdrnyezetre gyakorolt kockazat becsléséhez. (IEC
60300-3-9, 1995). A kockazatértékelés a kockazatelemzés és a kockazatszamitas vagy becslés atfogd
folyamata. (11. dbra)
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12. dabra. Kockdzatértékelés, IEC 60300-3-9, (1995.) alapjin

Risk management
|mmememmcressassmccmmm=s==sosTsamems======= -
] Risk assessment i
1 )
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4 Risk analysis Risk evaluation : Risk control
1 1
3 '
} | - Wdentify hazards and threats - Evaluale risk {agalnst : - Make decisions related 1o
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A kockazatértékelés alapelvei szerint a kockazatszamitas leegyszertisitett szamitasi modja:
R=CxF

ahol az R (Risk) kockazat egy adott incidens vagy esemény bekovetkezésének gyakorisaga vagy valdszint-
sége (F), valamint a kovetkezmény sulyossaganak (C) a szorzata®.

Komplex rendszerek esetén:
P r=> exd)

Ahol e

r — a rendszer biztonsagi kockazata,

T - a relevans fenyegetések halmaza,

p, - egy adott fenyegetés bekovetkezésének valdszintisége (gyakorisiga)
d, - egy adott fenyegetés bekovetkezésébdl szarmazo kar.*

A kockazatszamitasi modszerek lehetGséget biztositanak a kockazat gyors értékelésére, ezaltal lehetd-
ség van egy adott rendszer informdcidbiztonsagi kockdzatainak felmérésére és meghatarozasara, valamint
sziikséges intézkedések megvaldsitasaval az elvarhato és elfogadhato kockazati szint beallitasara.

A kockazati matrix (1. tabldzat), olyan kétdimenzios szamhalmaz, melynek fligg6leges tengelyén a ve-
szélyezteté hatas kovetkezménye, vizszintes tengelyén a veszélyeztetd hatas bekovetkezési valoszintisége
(gyakorisaga) talalhato, és amelynek eredményeként megallapithato, hogy egy adott veszélyezteté hatas
mekkora kockdzatot jelent az adott rendszerre, objektumra.?
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1. tabldzat. Kockdzati mdtrix tabldzatos formdban®

Bekovetkezési gyakorisag
Hatas
Ritka Nem gyakori Gyakori Nagyon gyakori
Nagyon stlyos I1. osztaly I1. osztaly
Sulyos II. osztaly II. osztaly
Nem stilyos I1. osztaly I1. osztaly
Alacsony

Szamos matematikai szamitasi modszer szolgal a kockdzatelemzésre, a maradvanykockazat, valamint
a hiba szamossaganak, ugymint a hibds folyamatok szamossaganak megallapitasara, amely a rendszer biz-
tonsagi szintjének kvantitativ értékelését eredményezi. Ezekhez a modszerekhez dsszetettebb matematikai
szamitdsi folyamatok sziikségesek, ugymint a HAZOP - Hazard Operability Analysis, a HACCP - Hazard
Analysis and Critical Control Points, az FMEA - Failure Mode Effects Analysis, vagy az FMCEA - Failure
Mode, Effects and Criticality Analysis. Altaldnossdgban megallapithatd, hogy a hibék szdma forditottan
aranyos a biztonsagi szint értékével (13. dbra).

13. dbra hibdk szdma és a biztonsdgi szint kapcsolata (sajdt szerkesztés)
inverz kapcsolat

hibak szama »  biztonsagi szint
mennyiség mindség

Osszegzés

A személyes adatok gytijtése soran a legtijabb, érintés nélkiili biometrikus adatgy(ijtésnél ugyan ugy figye-
lembe kell venni az adatvédelmi és az informacidbiztonsagi eléirasokat egyarant. Tekintettel arra, hogy a
biometrikus adatok az adatvédelemi szabalyok és alapfogalmak szerint kiilonleges adatnak mindsiilnek,
fokozottabb védelmet kivannak. A biometrikus adatokat gyujté véllalatok esetenként elhanyagoljak az in-
formaciobiztonsagi kockazatok felmérését és kezelését, ezaltal az intézkedési tervekbdl és a fejlesztésekbol
kimaradhatnak azok a tényez6k, legf6képp a jelentSs biztonsagi rések kezelésére iranyuld intézkedések,
amelyek az incidensek elkeriiléséhez, megelézéséhez vezethetnek. Informaciobiztonsagi szempontbol te-

hat elengedhetetlen azon informacios rendszerek kockazatkezelése, amelyek személyes adatokat gytijtenek,
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tarolnak és kezelnek. A kockdzatok felmérésére, analizdldsira és kockazatértékelésre az elmult évtizedek
soran tobbféle, sokszor egymasra épiild, az informacios technologiaval szinte egyfitt fejl6ds, szamos mo-
dellt és mddszert talalhatunk, amely az adott informdcids rendszer esetében relevans lehet. A megfeleld, de
specialis modszer kivalasztasa mindig rendszerfiiggd vagy iparagfiiggd, hiszen mas modszereket alkalmaz
a repiilésbiztonsag, az egészségiigy vagy a kozigazgatis. A tanulmanyban azon modszereket emeltem ki,
amelyek alapelveit tekintve szamos teriileten lehet haszndlni, ezaltal alkalmazasuk is népszeriibb. Azon
alapelvek és modszerek, amelyek legjobban szolgaljak az alkalmazasuk céljat, elésegitik a hatékony infor-
madcidbiztonsagi kockazatkezelést, koltséget takaritanak meg az adott szervezet szdmaéra, mivel az inci-
densek bekovetkezésének valdszintiségét is csokkentik, kozvetett mddon pedig az informacios rendszer
biztonsagi szintét novelik. Amennyiben a vallalatok és intézmények tamogatjak az informaciobiztonsagi
kockazatkezelési intézkedések hatékony végrehajtasat, az érintett a biometrikus adatat is nagyobb bizton-
sagban tudhatja.

Jegyzetek

! Federal Bureau of Investigation

* Czuni Laszl6 (2015): Biometria a szdmitogépes személyazonositdsban - vizudlis modszerek. Egyetemi jegyzet. Pannon Egye-
tem, Miiszaki Informatikai Kar, Képfeldolgozas Kutatdlaboratérium.

* How COVID Is Revolutionising Touchless Airport Technology, https://simpleflying.com/touchless-airport-technology-
covid/. Letoltés: 2021. majus 12.

* Lawrence, Steve, et al. (1997): ,,Face recognition: A convolutional neural-network approach.” IEEE transactions on neural
networks8.1 Pp. 98-113.

> Next Generation Identification (NGI)

¢ FBI, Advanced Fingerprint Identification Technology (AFIT), https://www.tbi.gov/services/cjis/fingerprints-and-other-
biometrics/ngi. Letdltés: 2021. méjus 5.

7 FBI, https://www.fbi.gov/file-repository/ngi-monthly-fact-sheet/view. Let6ltés: 2021. méjus 5.

8 Nemzeti Adatvédelmi és Informdcidszabadsdg Hatésag (NAIH), Az Adatvédelmi Hatdsag vizsgalja a Facebook hangfelvé-
tel leirdsi gyakorlatét (k6zlemény), https://naih.hu/files/2019-08-14-kozlemeny-FB-Messenger.pdf. Letoltés: 2021. majus 12.
? Electronic Privacy Information Center, https://epic.org/

' Transportation Security Administration (TSA), https://www.epic.org/apa/comments/EPIC-TSA-Pre-Check-Expansion-
Comments.pdf. Letoltés: 2021. majus 5.

" Eurdpai Bizottsdg, https://ec.europa.eu/info/law/law-topic/data-protection/reform/rules-business-and-organisations/
principles-gdpr/what-data-can-we-process-and-under-which-conditions_hu, letoltés: 2021. majus 12.

12 2011. évi CXIL torvény az informdcios onrendelkezési jogrol és az informacidszabadsagrol.

1 Fenyegetés (Threat): olyan lehetséges miivelet vagy esemény, amely sértheti az elektronikus informdacids rendszer vagy az
elektronikus informdacids rendszer elemei védettségét, biztonsagat, tovabba olyan mulasztasalapt cselekmény, amely sértheti
az elektronikus informacids rendszer védettségét, biztonsagat.

160



Anyagtudomanyi terek II.

' Veszély: olyan személy vagy koriilmények egytittese, mely biztonsagi esemény okozdja lehet.

15 Seveso-iranyelv I-III. Veszélyes anyagokkal kapcsolatos sulyos balesetek, https://eur-lex.europa.eu/legal-content/HU/
TXT/HTML/?uri=LEGISSUM:121215&from=HU, 1976-ban tortént seveso-i katasztrofa kovetkeztében a balesetek megeld-
zésére és kezelésére vonatkozo jogszabaly.

' H.W. Heinrich (1941): Industrial Accident Prevention, A Scientific Approach. Second edition. New York-London: McGraw-
Hill Book Company.

17 James Reason (1997): Managing the Risk of Organizational Accident. Routledge.

'8 James Reason (2000): Human error: models and management.

1 Health and Safety Executive, https://www.hse.gov.uk/managing/theory/index.htm, letoltés: 2021. majus 9.

» Reece, A.-Clothier, B. P-Williams, N.-Fulton, L.-XunGuo Lin (2013): ALARP and the Risk Management of Civil
Unmanned Aircraft Systems.

2 COSO Enterprise Risk Management - Integrated Framework, https://www.coso.org/pages/erm-integratedframework.
aspx. Letoltés: 2021. méjus 9.

> Az Eurdpai Bizottsag szervezetiranyitasi rendszere: helyes gyakorlatok?, www.eca.europa.eu/lists/ecadocuments/sr16_27/
sr_governance_hu.pdf, 2016. Luxembourg. Letoltés: 2021. méjus 9.

» Marvin Rausand, Risk Assessment Theory, Methods, and Applications, New Jersey, 2011.,

»Frequency analysis. This step will usually involve a deductive analysis to iden-tify the causes of each hazardous event and
to estimate the frequency of the hazardous event based on experience data and/or expert judgments.”

»Consequence analysis. Here, an inductive analysis is carried out to identify all potential sequences of events that can emerge
from the hazardous event. The objective of the inductive analysis is usually to identify all potential end consequences and
also their probability of occurrence”

# Muha Lajos (2009): Az informatikai biztonsdgi kockdzatok elemzése. Robothadviselés.

» NASA, Risk Management Reporting, 2009.

6 234/2011. (XI. 10.) Korm. rendelet, a katasztrofavédelemrdl és a hozzd kapcsolddo egyes térvények modositédsardl szold
2011. évi CXXVIIL. torvény végrehajtasardl, 2021. majus 9-i allapot.

161






ZAKOTA ZOLTAN *

Az Edison programozdsi nyelv és szerepe

a konkurens programozdsban

Osszefoglalas: A hetvenes évek egyik {6 jellemzdje a szamitastechnikaban az
operacios rendszerek szerepének széleskort elterjedése és fontossaganak elére
nem latott névekedése volt. Ennek oka egyrészt az alkalmazasi teriiletek gyors
szaporodasa, illetve azok komplexitasanak novekedése, masrészt az integralt
aramkorok technoldgiajanak terén elért fejlédés volt. A mikroprocesszorok
megjelenése megnyitotta az utat az elérhetd aron hozzaférhet6 altalanos céla
szamitastechnikai rendszerek elterjedése el6tt. Ezeknek a szamitogéprend-
szereknek a hatékony kihasznalasahoz pedig sziikség volt 1j koncepcidkon
alapuld, megbizhatéan miikddd operacids rendszerekre, ami Oriasi hajtéerét
adott a konkurens programozas fejlddésének. A hetvenes-nyolcvanas évtize-
dekben szamos uj, e célbdl késziilt specializalt programozasi nyelv jelent meg.
Jelen tanulmény célja bemutatni réviden az Edison programozasi nyelvet,
annak jelent6ségét a konkurens programozasban, elényeit és hatranyait, vala-
mint hanyatlasanak okait.

Kulcsszavak: Mikroprocesszorok megjelenése; Edison programozasi nyelv.

Abstract: One of the main features of the 1970s in computing was the
widespread use of operating systems and the unforeseen increase of their
importance. This was partly due to the rapid proliferation of application fields
and their increasing complexity, and partly due to the advances in integrated
circuit technology. The advent of microprocessors has paved the way for
the proliferation of affordable general-purpose computing systems, and the
effective use of these computer systems required reliable operating systems
based on new concepts, which gave a huge impetus to the development of
concurrent programming. In the seventies and eighties, a number of new
specialized programming languages developed for this purpose appeared.
The aim of the present study is to briefly present the Edison programming
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language, its importance in concurrent programming, its advantages and disadvantages, as well as the
reasons for its decline.
Keywords: The advent of microprocessors; Edison programming language.

Parhuzamossag, multiprogramozas, konkurencia

A hetvenes évek kozepére szinte altalanossa valt a hatartalan optimizmus a szamitastechnika fejlédését
illetden, melyet mi sem fejezett ki jobban, mint a ,,Moore-térvény” terminus megalkotasa és bevezetése
Carver Mead szamitogéptudds altal, és annak gyors és kvazi-dltalanos elfogadasa. [1] Mig a térvény elég
hosszt ideig jol alkalmazhatonak tlint hardver téren, a szoftvert illetGen mar kevésbé valt be: a programo-
zasi koltségek dra joval kisebb iitemben csokkent, mint a hardver elemeké. Ennek egyrészt munkaerdpiaci,
masrészt specifikus, a tevékenység jellegéhez kotott okai voltak.

A PROGRAMOZAS HATEKONYSAGA

Nyilvanvalo, hogy a programozas hatékonysdgat vagy termelékenységét nem lehet Gigy novelni, mint egy
szamitdgép komponensét, az integracio fokanak novelésével. Programozok esetében a hatékonysag, bar-
mely elfogadott meghatdrozasét is vizsgaljuk, nem valtozik extrém mértékben. ,,Mig az atlagos teljesit-
mény kiilonbozhet programozok kozott, a programfejlesztési erdfeszitések eltérésének csak fele tudhatd
be az inherens programozéi készségnek; a masik fele az egyes fejleszt6k napi valtozasain beliil van. Vagyis
a programozok ugyanannyiban kiilonbéznek 6nmaguktol, mint a csoport tobbi tagjatol” [2]

Szamos forras egyetért abban, hogy az egy programozd altal naponta megirt kédsorok szama nem
valtozik jelent6s mértékben a felhasznalt nyelv tipusanak fiiggvényében. A szébanforgé iddszakban, még
nem alltak kell6 mennyiségben rendelkezésre olyan szoftvereszkozok, amelyekkel, legalabbis részben, au-
tomatizalni lehessen a programozasi tevékenységet. Tehat, mindenképpen el6nyds a magas szint(i, erds
utasitaskészlettel rendelkez6 nyelvek haszndlata. Mindez komoly motivacids tényez6ként jarult hozza,
hogy Gj magasszintii programozasi nyelvek sziilethessenek egy relative révid id6szakon beliil.

A hetvenes évekre, a szamitogépek gyors technikai fejlédésének és a nagymérett, komplex szoftverek
iranti igény megjelenésének 6sszjatékabol eldallt helyzetet nagyon jol illusztralja E. W. Dijkstra egyik klas-
szikus szovege, amelyben felhivja a figyelmet egy 4j programozasi filozofia kialakitdsanak sziikségességére.
»Ha az embernek rendelkezésére all egy nagyteljesitményi elektronikus szamologép, azt ki is akarja hasz-
nélni. Ennélfogva a megoldandé problémak mérete alkalmazkodik a rendelkezésre allé6 berendezéshez
[...] Fel kell ismerniink, hogy a programozas mar ma is inkabb a bonyolultsag megszervezésének, a nagy
méretekkel jaro kdosz leheté leghatékonyabb elkertilésének a miivészete.” [3]
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STRUKTURALT PROGRAMOZAS

A megoldast a programozasnak erre a ,krizisére” a strukturalt programozasi paradigma megjelenése je-
lentette. A kezdé momentumnak hagyomanyosan Dijkstra 1968-as, a Communications of the ACM-ben
megjelent levelét tekintjilkk, melyben a goto-utasitds nyaklo nélkili hasznalatara hivja fel a figyelmet. [4]
A strukturalt programozas elmélete két nagyszer(i konyvben lett bemutatva. Az els§ 1972-ben jelent meg,
az O.-]. Dahl, E. W. Dijkstra és C. A. R. Hoare szerz6harmas nevével fémjelzett Strukturdlt programozds
[5], magyarul [6]), melybdl fennebb idéztem. Ra néhany évre, 1976-ban, kovetkezett egy masik alapmd,
Niklaus Wirth Algoritmusok + Adatstruktiirdk = Programok cimt mitive [7], magyarul [8].

Utdbbi konyv jelentdségét az is noveli, hogy ebben keriil részletes bemutatasra alkalmazasi szinten is
a, szintén Wirth altal kidolgozott, a strukturalt programozds paradigmajat modszeresen implementald
Pascal programozasi nyelv. [9] A Pascalt az Algol 60 alapjan fejlesztették ki, de hozza képest alkalmazhato-
saga jelentdsen megnovekedett, a sokféle adatstrukturalasi lehet6ség miatt. A nyelv megalkotasakor két 6
szempontra voltak tekintettel: a programozas megtanuldsanak kényelmes alapjaként, illetve a nagy prog-
ramok megirasanak hatékony eszkozeként torténé felhasznalasra. Ezért nagy hangsulyt fektettek az alap-
fogalmak szamanak csekély voltara, az egyszer(i és szisztematikus nyelvi strukturara, valamint a hatékony
megvaldsithatdsagra. Ezen okok miatt, a Pascal valdszintileg minden id6k legelegansabb és egyik legnép-
szerlibb programozasi nyelvévé valt. A CDC 6000 szamitogépcsalad szamara készitettek egy egylépcsds
forditot, amely teljes egészében Pascalban irddott. Szamtalan variansat implementéltak a legvaltozatosabb
szamitogéprendszerekre. Szamos programozasi nyelvre volt meghatarozé befolyassal, amelyek kozott ott
van az irasban késobb szereplé konkurens nyelvek nagy része is.

Megjelenésiik utan, kortilbelil a hetvenes évekig, a szamitogépprogramok szekvencidlisak voltak,
vagyis a gép egy program utasitasait a programoz¢ altal a programban meghatarozott sorrendben hajtotta
végre. A szekvencidlis programok esetében, a determinisztikus jelleg prevalalt, miszerint minden 1épés
pontosan, egyértelmiien kell legyen megfogalmazva és ugyanazon kiindulasi adatokra tetszéleges szamu
végrehajtas esetén ugyanazt az eredményt szolgaltassa. Hibamentes programok esetén nagy valdszintiség-
gel lehetett szamitani ra, hogy azonos bemenet mellett, t6bbszori futtatas esetén is ugyantigy miikodnek.
Egy szekvencialis program esetében, egy adott 1épés végrehajtdsa csak aztan kezdédik el, hogy az 6t meg-

"o

el6z6 1épés végrehajtasa befejezodott.
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PARHUZAMOSSAG, KONKURENCIA, VALOS IDEJU FELDOLGOZAS

A megszakitassal rendelkez6 szamitdgépek megjelenése utdn a programok egy részét mar nem lehetett
egyetlen szekvencialis utasitdssornak tekinteni, mivel annak egyes részei egyidében, vagy idében atlapol-
va, keriiltek végrehajtasra. Az addigi szekvencialis programozas mellett kialakult a multiprogramozas is,
amint azt Niklaus Wirth roviden 6sszefoglalja egyik irasanak elején: ,,A programok validalasdhoz sziiksé-
ges gondolatmenetek bonyolultabba valasaval, a programozas harom f6 kategéridra oszlik: szekvencialis
programozas, multiprogramozas és valos idejli programozas. Egy szigori programozasi fegyelem betar-
tasaval és az e fegyelem alapjan kialakitott megfeleld magas szintli nyelv hasznalataval drasztikusan csok-
kenthet6 a parhuzamossag és a végrehajtas id6beli korlatozasaval kapcsolatos okfejtés bonyolultsaga. Ez
lehet az egyetlen gyakorlati mddszer a valos idejii rendszerek analitikusan ellendrizhetévé és végsé soron
megbizhatdva tételéhez” [10]

A multiprogramozas a parhuzamos feldolgozas egy kezdetleges formaja, amelyben t6bb program fut
egyszerre egy uniprocesszor rendszerben. Mivel a rendszer csak egy processzort tartalmaz, a kiilonb6z6
programok, értelemszertien, nem hajthatok egyidejtileg végre. Valojaban, az operacios rendszer végrehajt-
ja az egyik program egy részét, majd egy masiknak egy részét és igy tovabb. Csak a felhasznald szamara
tlinik ugy, hogy az 0sszes program egyszerre fut.

Ha egy multiprogram olyan részeket (folyamatokat, processzeket) is tartalmaz, amelyeknek futasi ide-
jére valamilyen korlatozo feltételnek is teljesiilnie kell, akkor a feladat mar a valos ideju (real-time) prog-
ramozas korébe tartozik. A valds idejd, illetve multiprogramok k6zos tulajdonsaga, hogy azonos bemenet
esetén is miikodhetnek kiilonb6z6 modon és ezek egy része helyes, mig egy masik része hibas. Az ilyen
programok muikodése altalaban nem determinisztikus, ami nagy mértékben megneheziti a tervezésiiket és
ellenérzésiiket. Példaul tartalmazhatnak olyan hibakat, amelyek nem reprodukalhatdk, és igy szinte lehe-
tetlen megtalalni azokat. Ezért, az ilyen programok esetében igyekezni kell olyan programozasi nyelveket
hasznalni, amelyek mar a szintaxis szintjén is tartalmaznak beépitett biztonsagi mechanizmusokat.

A multiprogramozas implementalasanak egyik alapelve a konkurencia volt. Ezt a célt szolgaltak a kon-
kurens programozasi nyelvek, amelyek a folyamatok vagy végrehajtasi szalak egyidejii végrehajtasanak
koncepciojat hasznaljak egy program strukturdlasanak eszkozeként. A maésik alapelv a parhuzamossag. A
parhuzamos nyelvek olyan programok megirasara alkalmasak, amelyek tobb processzoron is futtathatéak.
A konkurencia hasznos eszkoz a parhuzamossag kifejezésében, de nem feltétleniil szitkséges. A specifikus
funkciok, mindkét esetben, a nyelv szintaxisanak kell részét képezzék és nem holmi kiterjesztésnek, mint
példaul egy konyvtarnak. Meg kell itt jegyezziik, hogy ez a megkiilonboztetés konkurencia és parhuza-
mossag kozott inkabb csak elméleti jellegli, mivel a szerz6k nagy része is sokszor szinonimaként kezeli a
két fogalmat.
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Komoly lendiiletet adott a konkurens programozas fejlédésének az operacios rendszerek terén beko-
vetkezett eldrelépés. A hetvenes évekre nyilvanvalévd vélt azok kitiintetett szerepe és fontossaga a szami-
togéprendszerekben. Ennek oka egyrészt az alkalmazasok teriiletének kiterjesztése, illetve komplexitasa-
nak novekedése, masrészt az integralt daramkorok technoldgidjanak terén elért latvanyos fejlédés volt. A
mikroprocesszorok megjelenésével és széleskor(i ipari felhasznalasaval megnyilt az ut az elérhet6 dron
hozzaférhet6 altaldnos célu szamitastechnikai rendszerek elterjedése el6tt. Ezek hatékony kihasznalasahoz
pedig sziikség volt Gj koncepcidkon alapuld, megbizhatéan miikodé operacios rendszerekre. Mindez driasi
hajtoerdt jelentett a konkurens programozas fejlédése szamara, mind az elmélet, mind pedig a gyakorlat
terén.

Minden operacids rendszer egyik alapvet6 problémadja a parhuzamosan futé tevékenységek kontrollja.
A gondot, egyrészt a rendszerkovetelmények, illetve célkitiizések, masrészt a hardver altal megvont hata-
rok alkotjak. Funkcionalis szempontbdl tekintve, a rendszer a folyamat (processz) fogalmanak segitségével
irhat¢ le, ami egy a program végrehajtasahoz sziikséges dinamikus entitas. Két vagy tobb folyamat kon-
kurens végrehajtasa feltételezi valamely kritikus mértékben rendelkezésre allo eréforras megosztasat. Ez
megvaldsithaté exkluziv modon, szekvencialisan hasznalva azt egy-egy folyamat éltal, vagy tobb folyamat
egyiuttmikodésével. Az utobbi esetben sziikség van a folyamatok kozotti jel- és adatcserére, illetve a végre-
hajtasuk szinkronizéalasara, elkeriilend6 a nemkivant kolcsonhatasokat.

A konkurencia alapelve nagyon egyszertien megragadhato: konkurencia = parhuzamossag + interak-
cié. A parhuzamossag egymastol fiiggetlen programok/programrészek (folyamatok, processzek, taskok)
id6ben (részben) egybeesd végrehajtasat, mig az interakcio a kozottiik zajlo (feltétleniil sziikséges) kom-
munikaciot jelenti. A konkurens kifejezés szerencsésen utal egyrészt arra, hogy a folyamatok versengenek
egymassal a kiilonb6z6 rendszereréforrasok haszndlataért, masrészt pedig arra, hogy egyiittmiikodnek a
kozos feladat megoldasaban.

A folyamat, mint a parhuzamos feldolgozas alapegysége, négy fontos tulajdonsaggal rendelkezik:

— osztatlan: a folyamat, a konkurencia szempontjabdl elemi egységnek szamit, nem tartalmaz olyan alegy-
ségeket/részeket, amelyek autonom modon rendelkeznek kiilonb6z6 eréforrasok felett;

- szekvencidlis: egy adott folyamat végrehajtasa tisztan szekvencidlis, nem tartalmaz semminemd parhu-
Zamossagot;

— aszinkron: a folyamatok relative fiiggetlen médon, egymassal parhuzamosan futnak, kivéve a szinkroni-
zalas soran folyé kommunikacidt;

- id6északos: egy folyamat csak a végrehajtasanak megkezdése és annak befejezése kozotti idtartam alatt
létezik.
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A folyamatok kozotti interakcionak harom alapvet6 formdja van:
— kolcsonos kizaras: amikor egy folyamat egy adott erdéforrds felett rendelkezik, mas folyamatok nem
interferalhatnak vele;
- szinkronizalas: a folyamatok kozotti egytittmiikodés idébeli feltételeinek szabélyozasa;
- egymas kozti kommunikalds: folyamatok kozotti tizenetcsere, amely tekintheté a szinkronizélas egy spe-
cifikus moédjanak is.
A konkurens programozasi technikak oriasi elérelépést jelentettek nem csak a modern operacios rend-
szerek megvalodsitasaban, hanem a valds idej(i rendszerek és implicite a folyamatvezérlés kifejlesztésében is.

Konkurens programozasi nyelvek

Az operacids rendszerek terén zajlo kutato- és fejlesztémunka szamos konkurens programozasi nyelv ki-
dolgozasat eredményezte a hetvenes évek folyaman. Ahogy az komplex fejlédési folyamatokban torténni
szokott, ezek némelyike sikeres volt, némelyike nem, egyesek utddnyelveket produkaltak, masok nem,
egyesek széles korben ismerté valtak, mig masok csak szlik szakmai berkekben voltak hasznalatosak. A
legismertebb konkurens programozasi nyelvek kozé tartoznak a Concurent Pascal, a Modula-2, vagy az
Ada.

A szakirodalom megkiilonboztet ugyan konkurens és valos idejt (real time) programozasi nyelveket,
de ez az osztdlyozas inkabb csak elméleti jellegti 1évén, hogy a gyakorlatban ezek nagymértékben fedik
egymast. A valos idejlii programozasi nyelvek jorésze implementdlja a konkurencia elveit és amelyik ezt
nem teszi meg, az is lehetévé kell tegye azok megvaldsitasat a gyakorlati kodolas soran. A kovetkezé felso-
rolasban jomagam sem alkalmazom a szigort elméleti kategorizalast, nem tartvan azt célszertinek a jelen
kontextusban.

CONCURRENT PascaL

A Concurrent Pascal (Konkurens Pascal) nyelvet Per Brinch Hansen alkotta meg 1972-75 kozétt. Célja
az volt vele, ,,[...] hogy az operacids rendszerek szamara azt tegye, amit a szekvencialis Pascal a forditok
szamara: a programozasi eréfeszités nagysagrenddel valo csokkentését. A Concurrent Pascal kiterjeszti a
szekvencialis Pascalt konkurens folyamatokkal és monitorokkal” [11]

Ez az els6 célorientalt megvalositasa egy konkurens programozasi nyelvnek, amely messze meghaladta
a konkurencia megvaldsitdsara tett megel6z6 kisérleteket, mint amilyen a PL/I vagy az Algol 68 voltak. A
szekvencialis Pascal egy megfelel6en strukturalt alapot képezett az 4j elvek biztonsagos befogadasara. A
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szintaxisat kibévitették sziikséges 1j kategoriakkal ugy, mint az el6z8ekben emlitett folyamatokkal, illetve
a Dijkstra altal 1971-ben javasolt és Hoare [12], valamint Brinch Hansen altal kifejlesztett monitorokkal
[13] és a Dahl dltal 1967-ben, a Simula-ban bevezetett osztalyokkal [14].

Bar a konkurens Pascal szamos jo tulajdonsaggal rendelkezett, amiknek egy részét a szekvencidlis Pas-
calbol orokolte, masik részét pedig néhany akkoriban modernnek szamité alapelv beépitésébdl nyerte.
Sajnos, a programozas terén lezajlé gyors fejlédés miatt megjelend ujabb nyelvek hamar kiszoritottak és
igy nem valthatta be a hozza fiz6tt reményeket. Maga Per Brinch Hansen, a megalkotdja, is Gj konkurens
nyelvvel rukkolt el6 alig fél évtized multan. Mégis, szamitastechnikatorténeti jelentGsége megkérddjelez-
hetetlen marad.

MESsA

A Mesa egy Algol-alapu nyelv, melyet eredetileg a Szamitégépes Rendszerek Laboratériumaban (CSL), a
Xerox Palo Alto-i Kutatokozpontjanak egyik fiokjaban terveztek meg az Alto, egy kisérleti mikrokddolt
munkadllomads, szamdra. Hasznalata, kezdetben, a PARC-ra és néhany olyan egyetemre korlatozddott,
amelyeknek a Xerox adomanyozott néhany Altot. A Mesat késébb a Xerox kereskedelmi munkaallomasa-
inak rendszerprogramozasi nyelveként fogadtak el.

A Mesa nyelv egy programozasi rendszer eleme, amelynek célja a rendszerek és az alkalmazasok széles
skalajanak fejlesztése és karbantartasa. Kiilonallo modulokbdl 4ll6 rendszerek fejlesztését timogatja, ellen-
6rzott informacidmegosztassal. A nyelv olyan lehetdségeket foglal magéban, mint a felhasznal¢ altal defini-
alt adattipusok, tipusok és interfészek szigoru ellendrzését a kompilacio alatt, procedura- és korutinvezérlé
mechanizmusokat, valamint a konkurencia és a kivételek kezelésére szolgald vezérldstruktarakat. [15]

Az Egyesiilt Allamok Védelmi Minisztériuma megkereste a Xeroxot, hogy hasznilhassa a Mesét az
»lronMan” programozasi nyelvéhez, de a Xerox elutasitotta. A Xerox PARC munkatarsai azzal érveltek,
hogy a Mesa olyan elényt jelent a cég szamara, amely produktivabba teszi a Xerox szoftvermérnokeit,
mint mas vallalatok mérndkei. A Védelmi Minisztérium ehelyett végiil a jeloltek koziil az Ada programo-
zasi nyelvet valasztotta és fejlesztette ki. 1976-ban, a Xerox PARC-ban, Niklaus Wirth megismerkedett a
Mesaval, amely nagy hatassal volt Modula-2 nyelvének kialakitasara, melyre ugy hivatkozik egyik alka-
lommal, mint a Pascal és a Mesa egy keverékére. [16]
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MobuLa

A Modula (MODULAr Programming Language - Moduldris Programozasi Nyelv) els6sorban dedikalt
szamitogépes rendszerek programozasara szolgalt, beleértve kisebb gépeken futé folyamatiranyité rend-
szereket is. Nagyrészt a Pascalra épiilt, de bevezetve egy addicionalis modulstrukturat is. A modul olyan
eljarasok, adattipusok és valtozok halmaza, amelyben a programozd pontosan ellenérzi a kérnyezetbdl
importalt és az abba exportalt neveket. A Modula tartalmaz altalanos multiprocesszalast megvalosito esz-
kozoket, nevezetesen folyamatokat, interfész modulokat és jeleket. Lehetévé teszi ugyanakkor adott perifé-
rias eszkozok specifikalasat is. [17] A nyelv £6 célkitiizése az assembler-szintli programozas kiiktatasa volt
kisméretl rendszerek szamara késziilt valds ideju alkalmazasok esetében. Ugyanakkor kompakt, konku-
rens és fizikai szinten kezeli a ki- és bemeneteket.

MoDULA-2

A Modula-2 nyelvet Niklaus Wirth alkotta meg 1977-80 kozott, a szintén altala készitett Pascal és Modula
nyelvekre alapozva. ,Mig a Pascalt altaldnos célti nyelvként tervezték meg és az 1970-es bevezetése utan
széles korben elterjedt, a Modula a multiprogramozassal kapcsolatos kisérletekbdl sziiletett meg, ezért az
adott alkalmazasi teriilet relevans szempontjaira 6sszpontositott. Kisérleti jelleggel 1975-ben definialtak és
implementaltak” [18, p. 3] Els6 implementalasa a PDP 11 minirendszerre tortént, 1979-ben.

Az utoédnyelv, a Modula-2, megprébalja 9sszeegyeztetni a rendszertervezés és a fizikai szinti prog-
ramozas kovetelményeit, egybehangolva a Pascal és a Modula jellemzit. A Pascal-hoz képest a modul
és folyamat elvekkel b6viil, valamint a procedura tipussal és gépi szintli programozasi lehetdségekkel. A
modularitasnak készonhetden, bar a rendszerprogramozasban hasznalatos, nagy mértékben megdrizte
gépfiggetlenségét és a Pascalbol 6rokolt atlathatdsagat és egyszeriiségét.

ApA

Az Ada egy majdnem 5 évig, 1974-t6l 1979-ig tartd tobbszakaszos szelekcios folyamat eredményeként szii-
letett meg. A CII-Honeywell Bull-nal alkotta meg egy Jean D. Ichbiah dltal vezetett munkacsoport, amely
1980-ban publikalja a referencia kézikonyvet [19], mely szerint ,,[a]z Ada nyelv egy kozos tervezési eréfe-
szités eredménye, nagymérett és valds idejli rendszerek programozasara.” [19] ,,Az Ada-t harom nyomos
indok alapjan tervezték: a programok megbizhatdséga és karbantarthatésaga fontossaganak elismerése, a
programozas, mint emberi tevékenység iranti odafigyelés és a hatékonysag.” [19]
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Az Ada-ra befolyassal 1év6 elédnyelvek koziill megemlitend6k a Pascal és rokonai (Euclid, Mesa,
Modula), illetve az Algol 68 és a Simula.

A nyelv kifejlesztésével parhuzamosan zajlott a programozasi kozeg kialakitdsa is, APSE (Ada
Programming Support Environment) néven. 1985-re létre is jott egy, de forditdprogrambdl ekkora mar
12 van validalva, tobbek kozott személyes szamitdgépekre is. Ugyanekkor mar két nagyméretti Ada-ban
megirt repiilésiranyité rendszer is mikodott, amelyek elokvensen bizonyitottdk a nyelv erejét valds idejii
kornyezetben.

Amint azt fennebb is idéztiik, az Ada megalkotdsat harom {6 célkittizés vezérelte:

- robusztussag és karbantarthatdsag: atlathatosag, joldefinialt tipusok, kiilon kompilalds, kivételek keze-
lése;

- a programozas hatékonysaga: az alkalmazasi teriiletek valtozatossagahoz képest viszonylag kisméretd
nyelv, moduldris koncepcio, privat tipusok, generikus egységek;

— a programok hatékonysaga: a kodos vagy draga megoldasok elkeriilése.

Megalkotdi az Ada-t amolyan univerzalis nyelvnek szantak, de az id6kozben bekovetkezett gyors tech-
noldgiai valtozasok (is) mds iranyba terelték a szoftverfejlesztést. Mindezek dacéra tagadhatatlan, hogy a
nyelv hatarkd a valds idejii programozas terén, féleg nagyméreti rendszerek tervezésében.

PoRrTAL

Megemlithetjitk még itt az 1978-ban publikalt Portal nyelvet is [20], amelyet a svajci Landys-Gyr vallalat-
nal implementaltak az Eidgendssische Technische Hochschule Ziirich-hel egyiittmiikédve, mind PDP 11,
illetve NOVA 3 miniszamitogépes rendszerekre, mind pedig Intel 8080 mikroprocesszorra. A Portal képes
Osszefogni egyedi programozok altal tervezett részprogramokat oly médon, hogy azokbdl egy hierarchi-
kus egységekbdl allo program keletkezzen, jol definialt interfészekkel. A nyelv magas szint{i biztonsagot
képes nyujtani, magaban foglalva parhuzamos szamitési tevékenységek programozasanak a lehet6ségét,
illetve tobb parhuzamosan mitikodé program vezérlését is. Megvalositasakor kiillonosképpen a valos idejti
programozas kovetelményeit vették figyelembe, ezért a nyelv minden olyan alkalmazashoz hasznalhatd,
amelyben az id6 fontos szerepet jatszik.

RTL/2

Egy szintén valds idejii programozasi célokra késziilt nyelv az RTL/2 is, amint azt a neve is mutatja (Real
Time Language 2). Ezt John G. P. Barnes tervezte az Imperial Chemical Industries (ICI) Ltd. szamara
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1971-ben, amit 1972-ben kovetett az implementalas ICI System 4 és PDP 11 rendszereken, majd 1974-
ben kiils6leg is hozzaférhet6vé valt az SPL International dltal, végiil 1980-ban valt brit szabvannya. [21]
Létrehozasanak f6 indokai egyrészt a valos idejli alkalmazasok programozasi és karbantartasi koltségeinek
a csokkentése, masrészt a programozas alapelveinek életbe tiltetése volt.

Az RTL/2, nevének dacara, nem tartalmaz a valos idejl programozasra jellemzé specifikus utasitaso-
kat. A konkurencidt vagy a fizikai szint(i ki- és bemenetet hagyomanyos médon, az operacios rendszerrel
val¢ interfészen keresztiil kell megvaldsitani. Ennek elénye a nagyfokd rugalmassag és az alacsony eréfor-
rasigény. Am ez ugyanakkor rontja a hordozhatésagot és a robusztussagot. Mindezek folyoményaként, az
RTL/2 egy kompakt és hatékony nyelv, mely megfeleld lehetségeket nyujt a strukturalt kodolas megvald-
sitdsara, am kevésbé alkalmas az adatok strukturalasara. Sajnos szekvencialis jellege nem teszi alkalmassa
komplex valos idejli programok megirasara.

Az RTL/2 el6zménye egy RTL/1 nevi kisérleti prototipus volt. Elsédlegesen az Algol-68-bdl szarmazik,
lecsokkentve annak hatalmas méretét és kiegészitve azt néhany hasznos tulajdonsaggal, mint: modularis
programstruktura, kiilon forditds és hatékony lebeg6vesszs miiveletek. Amint azt emlitettem, szamos
hianyossaga van, de mindezek ellenére a kora hetvenes évek egyik legsikeresebb valds idejti és egyik leg-
reprezentativabb Algol-alaptl programozasi nyelve.

ForTH

A Forth programozasi nyelv sem egy konkurens nyelv, a konkurencia megvaldsitasa adott esetben a prog-
ramozoéra lévén bizva. Charles Henry Moore, az arizonai Kitt Peak obszervatorium csillagasza alakitotta ki
cirka egy évtized alatt, az 1960-as évek elejétdl 1971-ig. Célja egy olyan konnyed, rugalmas és gyors nyelv
megalkotasa volt, amely ugyanakkor egy korlatlanul bévithetd utasitaskészlettel is rendelkezik [22].

A nyelv bemutatasa utdn kovetkezett Moore talalkozasa Elizabeth Ratherrel a US National Radio
Astronomy Observatory-tdl, akivel kozosen megalakitottdk a FORTH Inc. vallalatot [23], amit szamos
fejlesztés, verzio, illetve szabvany kovetett. 1976-t61 kezdenek megjelenni a microFORTH fejlesztések Intel
8080, Motorola 6800 és Zilog Z80 mikroprocesszorokra, majd 1978-ban az elsé rezidens Forth szoftver az
Intel 8086 chipre. Tobb szabvény is sztiletik, igy a FORTH-79, a FORTH-83, majd az 1994-es ANS Forth
(ANSI) szabvany. 1984-ben megjelenik a MacFORTH, az els6 rezidens fejlesztés Apple Macintoshra.

A Forthnak szamos olyan jellemzdje van, amely, ha nem is emeli a legnépszertibb programozasi nyel-
vek kozé, de felhaszndloi taboran beliil igen magas megelégedettség forrasa. Ezek kozé a jellemzok kozé
tartozik a lancolt kodu interpréteren alapuld interaktivitds, illetve a kompilalhatosag. Fontos jellemzdje,
hogy tal az imperativ és proceduralis jellegen, a nyelv szétarszertien kiterjeszthetd. Specifikuma, hogy
vermekre alapozott és a forditott lengyel jel6lést hasznalja, ami eléggé egzotikus jelleget kolcsonoz neki a
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programozasi nyelvek kozott. A Forth strukturalt, reflexiv és konkatenativ, de explicit nyelvtan és tipusel-
len6rzés nélkiili nyelv.

A nyelvnek szamos elénye van, ami miatt igencsak népszerti a gyakorlott programozdk kérében [24].
Ilyen a teljes programozasi kdrnyezet biztositasa, ami lehetévé teszi a gyors szoftverfejlesztést, a bovitheto-
ség, a portabilitas, a kis er6forrasigény és a gyors miitkodés. Mivel konnyti interaktiv kapcsolatot biztositani
a fejleszt6vel és a felhasznaldval, ez nagy mértékben noveli a felhasznaldbaratsagat. Nagy elénye még, hogy
az el6bb felsorolt tulajdonsagokbdl kifolyolag, jol hasznalhaté a mikrorendszerek megvaldsitasaban.

Mivel lehetévé teszi a multitaskingot, alkalmazasi teriiletei igen valtozatosak és kiterjedtek, joval meg-
haladva a valds idejii alkalmazasok korlatait. Ezek kozott olyanokat emlithetiink meg, természetesen nem
kizaro jelleggel, mint a szovegfeldolgozas, adatbaziskezelés, robotvezérlés, folyamatiranyitas, szamitogépes
grafika, oktatas. [24]

Az Edison konkurens programozasi nyelv

A fennebb bemutatott jeles tarsasagba tartozik a, szintén Per Brinch Hansen éltal megalkotott, Edison
konkurens programozasi nyelv is. Az Edisont 1978-80 kozott definialtdk, majd 1980-ban implementaltak.
A megrendelé a Mostek volt, amely szeretett volna egy multiprocesszor rendszerekre adaptalt valds idejti
nyelvet.

CELKITUZESEK ES ALKALMAZAS

A megrendel¢ altal kittizott cél boviilt és ennek eredményeként egy elég erds nyelv sziiletett ahhoz, hogy

sajat forditoprogramyjait, illetve egyszer(i operacids rendszereket is meg lehessen irni benne. A nyelv nem

vezet be 1j gondolatokat, inkabb a mar kiprobalt eszkdzoket alkalmazza egy a Pascalnal egyszertibb és a

Concurrent Pascalnal erGsebb nyelv létrehozasara. [25]

Sajat bevallasa szerint, az Edison programozasi nyelv megtervezésével, Brinch Hansen két {6 célt ko-
vetett:

(1) egyszertséget elérni, minek érdekében megkérddjelezte szamos jol ismert nyelvi fogalom sziikségessé-
gét, ami fokozatosan oda vezetett, hogy kihagyott szdmos, a Pascal és a Concurrent Pascal programozasi
nyelvek értékes tulajdonsaganak tekintett nyelvi elemet (tipusok, monitorok, folyamatok);

(2) 4j betekintést nyerni a nyelvtervezésbe egy teljesen Gj megkozelitéssel, amely szandékosan eltér attol a
szellemt6l, amelyben a Concurrent Pascalt megtervezték. [26]
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PROGRAMSZERKEZET

Végiil is az alkotonak sikeriilt célkitiizéseit megvalositani és azok eredményeként az Edison egy egyszerii
és kompakt nyelv lett, amelyben a konkurens programozas alapelvei ugy, mint modularitas, parhuzamos-
sag és szinkronizalas elkiiloniilnek egymastdl. A nyelv mechanizmusai altalanosak és kevés megszoritast,
am ugyanakkor kevés konnyitést is tartalmaznak.

Egy Edison program allandok és tipusok (opcionalis) deklaraciojabdl all, melyet egy teljes procedura
deklaracio kovet. Ez utdbbi fejrészbdl és torzsbdl all, mely torzs szintén deklaraciokbdl, valamint utasi-
tasokbdl all. A teljes programok, a modulok és proceduirak mind blokkokként viselkednek. A blokkokat
egymasba illesztve Gjabb blokkokat lehet alkotni.

A modul névvel ellatott entitasok (konstansok, valtozok, procedurak) egy csoportja, amelyek két ka-
tegdriaba sorolhatok: helyi entitasok, amelyek csak a modulon beliil hasznalhatok, illetve exportalt enti-
tasok, amelyek mind a modulon beliil, mind az azt kozvetleniil koriilvevé blokkon beliil hasznalhatok. A
modul entitdsai mindaddig léteznek, amig a kozvetleniil koriilvevo blokk entitasai is. A modul arra szolgal,
hogy helyi entitasait csak jol meghatarozott procedurak miikodtethessék, amelyeket a modulbél a kdzvet-
len kornyez6 blokkba exportalnak. Annak biztositasara, hogy a helyi véltozokat inicializaljak hasznalatuk
el6tt, egy modul tartalmaz egy utasitasrészt, amelyet a modul entitasok létrehozasakor hajtanak végre. [27]

Az Edison programok hasznalhatnak konyvtarakat is, vagyis killon kompilélt procedurakbdl allo spe-
cifikus gytijteményeket. Ezeket a procedurakat a programbol lehet meghivni a lib kulcsszo és egy konyv-
tarkulcs, egy implementalasfiiggs szerkezet segitségével.

TiPUSOK £S ADATSTRUKTURAK

Az Edisonbeli adattipusok hasonlitanak a Pascaléra, de csak harom predefinialt adattipus van a nyelvben:
int, char és bool. A tipusok diszjunktak, nincsenek a nyelvben altipusok, sem derivélt (szarmaztatott), sem
pedig anonim tipusok. Ez az egyszeriiség kiiktatja a tipusok ekvivalalasabol szarmazo ambiguitdsokat és
noveli a nyelv robusztussagat.

Lehet8ség van Osszetett tipusok definidlasara is, igy példaul zardjelek segitségével definidlhatok fel-
sorolastipusok, halmazok, tombdk vagy rekordok. A tdmbdk csak egydimenzidsak lehetnek, a rekordok
pedig nem tartalmazhatnak variansokat. Egy rekord kiilonb6z6 mezdit a Pascalbdl is jol ismert pont (.)
operatorral lehet elérni.

Ami az operatorokat illeti, azoknak miikddése a Pascalbeli megfeleléikhez hasonlatos. Bevezeti viszont
az Edison a constructor muveletet, amelynek segitségével két diszkrét tipus értékei kozotti megfeleltetést,
gyakorlatilag egy szigortuan ellen6rzott egyszer tipuskonverzidt, lehet megvaldsitani. [27]
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UTASITASOK ES VEZERLESI STRUKTURAK

Az Edison hét utasitast tartalmaz, ebbdl kettd, az értékadas (asszignalas) és a procedurahivas az altala-
nosan elfogadottak. Van még egy iires utasitas is, a skip, végrehajtasdanak nincs semmi hatdsa és mindig
végez. Az if és a while utasitasok Pascalbeli megfelel6ik 4ltalanositasai. A nyelv két specifikus, a valds idejii
programozast lehetové tevd, utasitast tartalmaz. Egyik a when szinkronizalasi, masik pedig a cobegin kon-
kurens utasitas.

A when szintaktikailag kozel all az if; illetve while utasitasokhoz, amennyiben mindharom valamilyen
utasitdsszekvenciat hajt végre adott logikai kifejezés igazsagértékének figgvényében. A when tulajdon-
képpen a Hoare altal korabban javasolt feltételes kritikus szekcid (conditional critical region) fogalom
[28] altalanositott megvalodsitasa [29]. Az utasitasnak két fazisa van: a szinkronizalas és a tulajdonképpeni
végrehajtds. A szinkronizalas alatt a folyamat blokkolva van mindaddig, mig a feltétel nem teljesiil, ami azt
jelenti, hogy egyetlen mas folyamat sem 4ll a kritikus szekcidban végrehajtas alatt. Mivel egy adott pillanat-
ban csak egyetlen folyamat hajthatja végre a whenben szereplé szinkronizalt utasitdst, a szinkronizalassal
egyszerre a kolcsonos kizaras is megvaldsul.

A konkurens utasitas szerepe, hogy létrehozzon egy tetszéleges szamu parhuzamos folyamatot és kez-
deményezze azok végrehajtasat. Az utasitas akkor fejez6dik be, amikor az éltala létrehozott 6sszes folyamat
befejez8dott. A konkurens Pascaltdl eltéren, az Edison megengedi a folyamatok dinamikus létrehozasat
és megsemmisitését, de azzal a kitétellel, hogy az egyidejtileg torténik mindnek a szamara.

ALKALMAZASI TERULETEK

Egyik tanulmanydban, Per Brinch Hansen ezt irja az Edison lehetséges felhasznalasi teriileteirdl: ,,[a] nyelv
alkalmas mind a konkurens programozas elveinek tanitasara, mind pedig megbizhaté valds idejt progra-
mok tervezésére egy tobbprocesszoros rendszer szamara.” Ugyanott még ezt is olvashatjuk: ,,[a]z Edison
kialakitasanak legf6bb gondja az egyszertliség elérése volt a kozepes méretd, 1000-2000 soros szoveges
programok tervezésében. Ez a cél néhany, a moduldris programozashoz sziikséges, elvont fogalom kiva-
lasztasahoz vezetett. Kiilondsen a modularitas, az egyidejiiség és a szinkronizalas kivanalmait osztottuk
szét kiilonalld nyelvi jellemzékre.” [27]

Ezek a célkittizések, figyelembe véve azt is, hogy elsdsorban olcso, mikroprocesszor-alapt parhuzamos
feldolgozast megvalositd rendszerek szamara késziilt, bizonyos mértékben behataroltak a felhasznalasi te-
riileteit. Ez a nyelv relative alacsony robusztussagaban is tiikroz6dik. Mégis, az Edisont hatékonyan alkal-
maztak nem til nagyméret(i alkalmazdsok készitésére kisméretli mono- és multiprocesszor rendszerek
esetében, operacios rendszerek vagy a sajat programozasi kornyezetei megirasara.
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ELONYOK ES HATRANYOK

Az Edisont altalaban a konkurens Pascallal 6sszevetve szokas mindsiteni. Maga Per Brinch Hansen is igy
jar el, mikor rola ir. ,,Az Edison hozzdadott rugalmassagat (és bizonytalansagat) a Concurrent Pascalhoz
képest egyesek visszalépésnek, masok kihivasnak fogjék tekinteni. Szamomra ez egyszerten egy kisérlet,
amely vagy megerdsiti, vagy ellentmond annak a jelenlegi érzésemnek, hogy a programozasi nyelvektdl
nem varhato el a komplex absztrakciok tamogatasa, hanem ehelyett meglehetésen kényelmessé kell ten-
nitik olyan programozasi stilusok adoptélasat, amelyek egyszer(ibb fogalmakat hasznalnak a bonyolultab-
bak felépitéséhez. Mondanom sem kell, hogy ez a programozasi nyelv kialakitasat egy kényes egyensuly
megtalalasavd teszi az asszembler nyelv anarchidja és a magasan specializalt nyelvek kényszerzubbonya
kozott” [26] Az Edison esetében, Brinch Hansen egyértelmien az asszembler rugalmassaga és 6hatatlanul,
alacsony biztonsaga irdnyaba mozditotta el az emlitett egyensulyt.

A nyelv el8nyei f6ként egyszerliségébdl eredeztethetSek. Ezek kozott meg kell emliteni a kovetkezoket:
- a forditéprogram és a forraskod kis mérete;
- az adattipusok definidlasanak és konvertalasanak egyszertisége;
- a komplex adatstrukturak hidnya;
— az utasitasok kis szama;
- a konkurencia implementaldsanak egyszertisége;
— a kényvtarak hasznalatanak biztositasa;
- a nyelv adaptalasa multiprocesszor rendszerekre.

A hétranyai nagyrészt ugyancsak az egyszertségébdl, illetve a fennebb emlitett programozasi filozofi-
&bdl fakadnak. Igy példaul:
— a valos idejli programok megfelel$ szintli megvalositasahoz sziikséges robusztussag csak kell6en fegyel-
mezett programozasi stilus alkalmazasaval érhetd el;
- a dinamikus adatstruktardk hianya;
- szamos, a strukturalt programozasbol, megszokott utasitas hidnya;
- a meglévd utasitasok idénként szokatlan forméja;
- a dinamikus folyamatok egyidej(i 1étrehozasa és megsziintetése idénként zavard;
- hidnyzik a kivételek kezelésének mechanizmusa;
— a gépi szintl hozzaférések szegényes mivolta.
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IMPLEMENTALAS

Az Edison rendszert el6szor 1980-ban implementaltak egy PDP 11/23 tipust minirendszeren, majd révid
id6n belul atvitték IBM személyi szamitogépre is. [30] Az Edison-11 név alatt futé nyelvet olcsé mikropro-
cesszorok tamogatasara tervezték, ezért igy dontottek, hogy elére latva ezt a felhasznalast figyelmen kiviil
hagyjak a megszakitasok kezelését a PDP 11-n, még gépi szinten is. [26]

Az Edisonnak szdmos implementalasarol tudunk, am ezek f6ként kisérleti és/vagy oktatési jelleggel ké-
sziiltek. Maga Brinch Hansen is fontosnak tartotta az Edisonnak a parhuzamos programozas oktatdsaban
val¢ felhasznalasat. 1983 janudrjaban, a University of Southern California létrehozott egy 10 IBM személyi
szamitogépbdl allo labort, ahol a hallgatok az operacids rendszerek készitését tanulhattak és gyakorolhat-
tak Edisonban. [31]

A ’80-as években a varsoi egyetemen is folyt egy érdekes kisérlet, melynek az volt a célja, hogy segitse
a konkurens programozas elveinek tanitasat. Az ott kialakitott Edison-N rendszer egy Z80 mikroproces-
szoron alapuld, Sinclair ZX Spectrum mikrokomputerekbél allé halézaton valésult meg (48 KB RAM-mal
és 16 KB ROM-mal). [32]

Az erlangeni ModulaWare GmbH-nal Guenter Dotzel implementalta 1982-ben, egy PDP-11/RT-11
rendszeren [33].

1981-ben, Magyarorszagon is megjelent egy komplex tanulmény a Magyar Tudomanyos Akadémia
Szamitastechnikai és Automatizalasi Kutato6 Intézete égisze alatt, Boszorményi Laszl6 tollabdl, ,, Multi-task
rendszerek fejlesztése magasszintti nyelven” cimmel, a Tanulmdnyok 128.-ik kéteteként. [34] Ebben bemu-
tatdsra kertilnek, a parhuzamossag, multitasking, konkurencia és kapcsolddo alapfogalmak mellett a, fen-
nebb mdr altalam is emlitett, legfontosabb ilyen jellegli programozasi nyelvek is. Ezek kozott megtalalhato
az Edisonnak is egy rovid leirasa. [34]

Erdekes médon, a ’80-as években, a roméniai szdmitéstechnika két jelentés intézményében, a temesvé-
ri, illetve a bukaresti miiszaki egyetemeken, is jelentds eréfeszitéseket tettek az Edison implementaldsanak
érdekében. A temesvari munkacsoportnak jelen tanulmany szerzéje is tagja volt egy ideig. Az érdekl6dés
valdszintileg azzal magyarazhato, hogy a figgetlenedni akaré romdn szamitogépipar mar orszagszerte te-
ritette a PDP-11 mintajara késziilt Coral mini-, illetve Intel 8080-alapu M18 mikrorendszereket. Ez egyér-
telmuen hozta magéval, szoftver téren is, a modernizalas kovetelményét, illetve a vildg élvonalbeli kutatasi
eredményeinek az ismeretét és alkalmazdsat.

Bar az Edison jonéhany pozitiv vondssal rendelkezett igy, mint egyszertiség, kis méret, adaptalha-
tosag, portabilitds, mégsem vélt soha olyan népszerivé, mint a létrejottét meghatarozdéan befolydsolo
Concurrent Pascal vagy Modula. Ennek okai, véleményem szerint, egyrészt a fennebb bemutatott hatrd-
nyainak, masrészt a parhuzamos programozas terén bekovetkezett gyors fejlddésnek és az ujabb, vitatha-
tatlanul magasabbrendtibb és komplexebb nyelvek megjelenésének tudhato be.
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Macrocognition for Predaredness in
aviation: An opinion paper

Abstract: The current opinion paper discusses key technological developments
both in aviation and lays out the potential for foresight under a systemic mac-
rocognitive view. The proposed approach is aimed to address the changing
aviation context, the organisational cognition and knowledge structures for
safe preparedness in information-driven environments. Following the key
tenets of the systemic paradigm and of naturalistic decision making, we posit
the added value of macrocognitive studies able to understand the shifts in
tacit and explicit knowledge. Deep understanding of transitions can aid cap-
turing the prerequisites for the safe prepardeness of aviation organisations
and their members. A systemic mapping is presented with the inclusion of
different levels of analysis in contrast to cognition being studied in a confined
problem space. Macrocognitive studies proposed should complement micro-
cognitive analyses.

Keywords: Macrocognition; systemic approach; aviation safety; foresight.

Introduction

Innovation is a driver for transitions and change management. Past transi-
tions have aided aviation reach an advanced knowledge over safety risks,
creating foresight. During the last decade organisations adjust or transit in
a much greater digitalised way of doings things, signifying a major transi-
tion. Industry 4.0., commonly referred to as the 4th industrial revolution
reflects the shift to even more advanced technologies and ‘smart’ industries
(e.g., digital manufacturing). This shift comes with drivers and barriers at the
management level (e.g., strategy and resource management), and at the work-
force level (e.g., lack of qualification, knowledge, understanding of interfaces,
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employee readiness) (Stentoft et al., 2020). Neumann et al., (2021) find that the focus so far has been brief
mentions of on organisational factors. This context requires a better understanding of such transitions.
For example, now, as in other contexts (Ferrari et al., 2020), human - data interactions (HDI) and over-re-
liance on machine-related information (McDonnell et al., 2018; Victorelli et al., 2020) become of seminal
importance to the aviation domain. Furthermore, Ton et al., (2020) report that in prognostics there is little
expert knowledge on application-specific aspects such as failure behaviour of components. Studies hence
emphasise on the need to understand “the black boxes” in transformation (Sgarbossa et al., 2020) and the
situational awareness of decision makers (Giacotto et al., 2021).

Over the decades, and following this focus, advances in technical systems have become so separated
from the human that there are documented concerns regarding human related data, and that these are
overlooked in industrial advancements (McDonnell et al., 2018). Foresight is hence under question, since
the negative transfer of (past) knowledge may endager future safety, as the organisations drift away from
learning. Softer approaches of learning, problematizing, including organisations and practitioners (Ison
2008) are confined to strategic levels, and human factors are ignored (Ton et al., 2020). Research (Golightly
et al., 2018) reports problems affecting the deployment of new technologies in predictive maintenance
due to issues of knowledge gaps and human-machine interface, amongst other higher level organisational
factors of strategy and culture. Furthermore, the cultural shift A-CDM undergoes, data management, re-
sponsibility allocation and the complexity of the required collaboration (Netto et al., 2020) and communi-
cation (Zuniga-Boosten, 2020) need addressing. As a wide range of teams and systems collaborate in this
process (e.g., ground handling, air traffic control, aircraft operators) emphasis is placed on the importance
of information flow, management, and processing.

Gaps are, therefore, observed in the understanding of higher levels of cognition, within an advanced
technological environment, involving hybrid teams, complex and multidisciplinary teams and overloaded
users. The organisational ‘collective memory’ comprises of experiences and tacit rules, aiding the operator
to recall the learning from safety issues, protecting it in the future (ESReDA 2020). Due to the emerging
interactions amongst users, teams and ultimately of systems, the current paper places the emphasis on the
need for systemic considerations, enabled by macrocognition. To this end, this paper proposes a systemic-
driven macrocognition framework placing the focus on a greater understanding of macrocognition in an
interacting environment.
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Macrocognition for prepardeness

Aviation is characterised as a system of systems. Human performance and safety in high-risk industries
are emergent behaviours of a domain - a systemic web of interactions between complex systems and their
users. Foresight requires deep understanding of contemporary decisions, emergent interactions and com-
plexity that can affect the future (ESReDA, 2020). Systems thinking in aviation, however, is characterised
by theoretical pluralism. In particular, different theories assume different “boundaries of analysis” of the
aviation system (Richardson-Midgley, 2007). Systemic analysis in aviation follows a legacy of systems
engineering thinking, lacking in broader analysis; and the term ‘systemic’ being commonly confused with
systematic or within system approaches that centre on a system of interest. Systems thinking, as such, has
been developed according to scientific silos and leads to the underexploring of systemic softer fields in
safety and in the impeccable increase of systematic approaches in other ones such as the technological
areas.

The literature assumes a static structure of the aviation domain and a confined problem space. The
focus remains on latest developments such as those of predictive maintenance, single pilot operations and
of collaborative platforms, yet addressing only microcognitive concerns. For this reason, we posit that
foresight requires a greater understanding of systems collectively and these to be studied in their natural
operational setting. This approach is known as naturalistic decision making (NDM) and addresses mac-
rocognition. Macrocognition is linked to knowledge creation in aviation, as knowledge is the product of
schemas, cognitive structures, that precede the transformation of data and information processing (Cac-
ciabue-Hollnagel, 1995, Fiore et al., 2010). The cognitive functions within the macrocognition move-
ment that originated in the 1980s include decision making in natural settings, where pressure and dilem-
mas prevail, and include situation assessment, planning, adaptation, problem detection and coordination
(Klein et al., 2003). This paradigm addresses the background of symptoms such as inattention and lack of
situational awareness. We posit that this paradigm is of importance in advanced technologies that pose the
emphasis on a different, evolving, set of knowledge, attitudes and skills for systems’ users and operators,
since it includes developing teams, a highly technological context and thus a broader inclusion of cognitive
functions (Klein et al., 2003). Such thicker descriptions can be useful in complex-adaptive systems such
as aviation.

We therefore draw on Simon’s (1991) conceptualisation of human cognition relating to their informa-
tion environments and that the human cannot simply choose between fixed alternatives as part of their
decision-making process. Within unexplored interactions, schemas - the collective memory - are being
developed and information is being processed and interpreted to fit the pattern (Axelrod, 1973). Prior
knowledge is hence key here as it activates information processing (Widmayer, 2004). Specifically, these
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schemas are formulated both by technical - explicit and tacit knowledge (Mortier-Anderson, 2017). The
role of macrocognition, therefore, encompasses the broader collective memory and information process-
ing of the aviation systems required for foresight.

Systems are hence characterised as information processing machines, also researched as decision-
making systems and communication systems (Egelhoff 1991), with emergent macrocognitive structures.
The system’s evolving knowledge leads to its schemas and cognitive structures, a collective memory and
ultimately performance (Obrenovic et al., 2015). The advanced systems in aviation, within and between
organisations and their operators/users, have a common ground of relying on a heavy load of information
and data, timely responses and reactions that require and promote a nexus of cognitive functions.

These systems also require communication amongst them as they are synergetic in terms of operations
and collective in terms of a common goal (safe performance) and these co-comprise the broader aviation
system. Their users also share common required characteristics and face problems that underpin the tech-
nological advancements. For example, as it has been mentioned, cockpit operators — whether these will
be on the air and/or on the ground- are going through a change in terms of their knowledge (e.g., from
tacit to explicit- reskilling). In addition, A-CDM airports involve multiple users that collaborate, yet are
largely unexplored. Finally, predictive maintenance shifts the levels of knowledge and practice to real time
monitoring and prediction methodologies requiring a different set of skills and knowledge, and thus creat-
ing a new cognitive structure. All these systems will also transform organisationally. Knowledge however
comes from the organisations and as they become data-driven, explicit knowledge will have an effect on
information processing. Such examples illustrate the complexity and adaptation required to aid foresight.
With the current focus on the interactions between the human (operators, users) and the automation/new
technology, the analysis is being stripped of context. Attempts to merely control the system will create new
interactions and implications, which initially require understanding.

Mapping of systemic macrocognition

Aiming to address the underexplored areas comprising of high change scenarios we propose a broad-
er analysis presented in the concept mapping (Figure 1). Because complex systems involve nonlinearity
and a dynamic space, the conceptual model is intended as an initial guide for systemic considerations
of macrocognition. Following the systemic approach, Figure 1 maps systems at an interconnected level
of analysis, considering users within a broader nexus of cognitive structures and functions. To showcase
the interconnectedness the mapping’s arrows are iterative, as the evolving cognitive structures feedback
and feedforward due to their interacting nature as explained. The double-sided arrows indicate these in-
teractions amongst cognitive structures, the transfers of information, as well as the dynamic relationship
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between top-down and bottom-up approaches. Specifically, higher levels of cognitive structure indicate
the evolvement of the organisational long-term cognitive structure, comprising of both the evolving ex-
plicit and tacit knowledge. The flows of information, and the results of interactions between and within
organisational teams, affect the cognitive structures. The flow between systems, and within a system as an
organisation of processes, resources and assets, are important for inter-domain teams, systemic relation-
ships and flows of information.

Figure 1. Concept mapping of the systemic macrocognition architecture (developed by authors)
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At a theoretical level, there are implications for lack of multidisciplinary and interdisciplinary research
and the communication and engagement of a variety of fields. In order to understand the emergent behav-
iour of the aviation domain following change, in particular what the implications might be for safety, the
analysis needs to include knowledge of what drives this change - i.e., it is the result of which interaction
— and how this change is affecting current or creating new interactions. Safety and human factors are, how-
ever, currently approached as a control problem, following the reductionist path of system decomposition.
By doing so, a static equilibrium is created, a static problem space of the observer (Asbhy 1961).This tradi-
tion of the aviation cognitive studying now has implications for knowledge gaps and knowledge transfer,
and hence prepardeness and foresight.

Aviation holds a mix of explicit and tacit knowledge. Manuals, training files, performance documenta-
tion and data management involve explicit knowledge, and skills, experience, etc. tacit knowledge. Hence
parts of aviations knowledge are external, and the rest is internalised to the users of its systems. The tech-
nological advancements in aviation have implications for both knowledge aspects. On the one hand, it is
unclear how new technologies” users will be able to capture the required knowledge, and on the other it is
unclear what kind of tacit knowledge is being built and is required so that the new technologies are sup-
ported. Despite notions that technology focuses on creating explicit knowledge — and hence relying less on
tacit aspects that are less controllable —, the collective information processing within and between systems

explicit *
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can affect the individual’s information processing and will ultimately create a different set of explicit and
tacit knowledge. It is unclear how foresight will be created to support future developments. There is an
ample gap of such research in aviation, where high automation, big data technologies and higher levels of
information processing are prevailing and further developing. For this reason, the current paper proposes
that microcognitive studies are supported by the inclusion of a systemic, emerging macrocognitive per-
spective. Since highly advanced technological systems create greater information load amongst users of
different systems that collaborate, the naturalistic decision-making focus of macrocognitive is proposed.
For this reason, the systems that include those users are conceptualised as cognitive structures driving
information processing and affecting the capacity of the users.

The mapping hence shows that the systemic view can be applied to understand within and across sys-
tems interactions, as for example would be required in a A-CDM approach where multiple stakeholders
collaborate. The analysis can, in addition, focus on the organisational level — alone or in combination with
other analyses-. For the intraorganizational analysis, certain methods can be of use and multiple analyses
are advised in complex cases. For example, in maintenance, there can be various modes of safety manage-
ment (early adaptation to lack of safety management systems), different resources and lack of readiness
(e.g., SMEs, Stentoft et al., 2020), and new implementations (e.g., predictive maintenance). Bottom up
and top-down analyses on the integration of old and new maintenance technologies is required. At the
management level, aspects of measures, and indicators, as well as intra-organisational processes, policies,
and tacit and explicit knowledge can be explored. At the bottom level, skills, knowledge (tacit and explicit),
experience, behavioural characteristics) can be targeted. Structural and technological (e.g., data, sensors)
aspects can be examined encorporating aspects of work groups and job (re)design.

Despite the advanced technologies, little knowledge is being captured and shared amongst aviation
systems. Since advanced information systems and data banks prevail - and will growingly do so-, explicit
and tacit knowledge should be explored in relation to cognitive functions. However, boundaries can differ
depending on the interaction with other systems (e.g., a weak or strong interaction with systems). In other
words, boundaries of system may not only be expanding but also to be shrinking (e.g., human factors). Un-
der this observation, the role of feedback loops should be explored and whether in systemic analysis these
can be useful or if these are reverting the analysis back to pairings. Furthermore, it is important that the
human capabilities are understood in a) context, i.e., the changing environments and b) in much greater
depth, since past changes and their effect are still under analysis and exploration. Before greater, and much
more fundamental, changes are introduced, we must better understand the change effects on systems’ us-
ers and their macrocognition to aid foresight.
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Conclusions

This paper discussed why human and organisational factors should be addressed for safety fore-
sight and for the effective deployment of new technologies and structures.The opinion paper argued that
a systemic view under macrocognition should be adopted to aid foresight. Macrocognitive studies can
explore the knowledge transfers in the changing context. In addition, macrocognitive studies can com-
plement microcognitive studies by producing insights from the dominant information processing models
of operators, and revealing areas in need of transformation and intervention. To this end, we proposed a
systemic analysis under macrocognition through assessments and interventions that are able to capture
shifts and reveal and close gaps in a naturalistic setting. However, some limitations should be noted, such
as aspects of organisational and safety culture, and resources may prove as barriers for smaller organisa-
tions. Future research should aim to apply novel tools through an open systemic view in settings with
different challenges. The macrocognitive profile of users should also be researched and how it can comple-
ment microcognitive approaches through mixed methodologies.
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Understanding aviation operators’
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Abstract:

Purpose

Research has commonly addressed human factors and advanced systems in
broad categories according to a group’s function (e.g., pilots, air traffic con-
trollers, engineers). Accordingly, pilots and air traffic controllers have been
treated as homogeneous groups with a set of characteristics. Currently, criti-
cal themes of human performance in light of systems’ developments focus the
emphasis on quality training for improved situational awareness (SA), deci-
sion making, and cognitive load. We posit that to this end a greater under-
standing of the operators’ groups is required.

Design/methodology/approach

Since key solutions center on the increased understanding and preparedness
of operators through quality training, we deploy an iterative mixed method-
ology to reveal generational changes of pilots and air traffic controllers. 46
participants were included in the qualitative instrument and 70 in the quan-
titative one. Preceding their triangulation, the qualitative data were analysed
using NVivo and the quantitative analysis was aided through descriptive sta-
tistics.

Findings

The results show that there is a generational gap between old and new genera-
tions of operators. Although positive views on advanced systems are being
expressed, concerns about cognitive capabilities in the new systems, training
and skills gaps, workload and role implications are presented.

Practical implications

The practical implications of this study extend to different profiles of opera-
tors that collaborate either directly or indirectly and that are critical to avia-
tion safety. Specific implications are targeted on automation complacency,
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bias and managing information load, and training aspects where quality training can be aided by better
understanding the occupational transitions under advanced systems.

Originality

In this paper we aimed to understand the changing nature of the operators’ profession within the advanced
technological context, and the perceptions and performance-shaping factors of pilots and air traffic con-
trollers in order to define the generational changes.

Keywords: Pilots; air traffic controllers; typologies; advanced systems; quality training.

Introduction

During the last decades technological advancements in systems and high use of automation in indus-
tries including aviation have characterised the fourth industrial revolution. Despite the positive implica-
tions of these advancements in operations and in safety, unintended consequences developed as the role
of technology grew. For example, due to the automation changes, concerns were placed on information
processing aspects and the functions of the pilots, the computer, and their interface (Parasuraman et al.,
2000). In this changing context, quality training in aviation is considered as one of the building blocks for
the effective addressing of contemporary issues that affect human performance, and commonly center on
situational awareness, decision making and communication, as well as developing skills. For example, de-
velopments since the early conceptualisation of airmanship, now emphasise on the reverse of a pilot’s pro-
file from “aviate-navigate-communicate (-manage)” to “manage-communicate-(navigate-aviate)” (Mohr-
mann-Stoop, 2019). Similarly, air traffic controllers (ATCOs) are in transition, whilst they are working
simultaneously with old and new systems (Miller et al., 2020). In order to develop appropriate training
programmes, the current paper posits that, as the operators’ work environment changes, it is seminal to
understand the generational changes in their occupations, with the insight of their current perceptions,
and the experience that is being built.

Previous research in understanding variability of pilot performance, centered on distinguishing civil from
military pilots, and, in civil aviation pilots, it was mainly focused on selection (Damos, 2003), person-
ality profiling (Hérmann-Maschke, 1996) and risk attitudes in order to prevent errors (Makarowski et
al., 2016). Personality profiling has also been attempted by distinguishing pilots from other groups out-
side aviation (e.g., Glicksohn-Naor-Ziv 2016). Other studies aimed to consider institutional factors (e.g.,
business-government interactions) to categorise pilots in terms of their attitudes to their work (Stensdal
2019). Similarly, ATCO performance has been studied though understanding training success variability
by investigating selection procedures (Peneca et al., 2013). Other studies aimed to find differences be-
tween ATCOs and maritime navigators (Makara-Studzinska et al., 2020). Within the ATCOs group, there
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have been no studies asides the team level performance inquiries (e.g., Mathieu et al., 2009). The role of
experience, and the nature of that experience, in operators’ performance has received less attention, and
in advanced systems it is rather assumed according to hours of experience and age. A few studies, albeit in
General Aviation (GA), report insights on experience and performance. For example, it is found that more
experienced pilots are less prone to error-induced accidents (Bazargan-Guzhva 2011).

Less studies have, however, investigated and contextualised the role of experience. Specifically, Taylor et al.,
(2007), engage in the role of age and accumulated expert knowledge and find that older pilots may show
lower performance but over time their performance declines less than that of younger pilots due to ex-
pertise compensating on the ageing-induced cognitive degradation. Experience in the latter study was ac-
counted as a result of advanced training and extensive engagement in tasks. Similarly, in a group of young
(20-25 y/o) pilots, Galand-Golebiewska et al., (2020) find that acquired skills and training were critical in
managing the impact of cognitive load, and that greater experience and knowledge of the aircraft lowered
their load. However, in another experimental study, more experienced, older pilots showed degradation
in their cognitive skills despite their experienced background over the decades (Papanikou et al., 2020).
Intra-group research (i.e., within civil aviation operators) has hence generalized amongst hours of experi-
ence and ranks in order to address experience levels and performance issues under a physiological and/or
a psychological perspective. To this end, a number of tools have been broadly utilised to measure factors
affecting operator performance and emphasise on specific training needs. However, quality of training has
not been considered before, meaning whether the operators’ profiles are understood. The current paper
aims to address this gap through exploring possible generational typologies within the change environ-
ment of the operators’ profession in order to aid the development of quality training.

Operators in advanced systems

Advanced systems in aviation encompass the notion of technological developments in aviation systems
such as cockpit/avionics and air traffic control. The increase of such developments is observed since the
aviation industry grew post-deregulation, focusing on the increase of cockpit automation to reduce ac-
cidents. Under the view that risk and safety are controlled processes, advanced systems were introduced
as risk barriers, amongst other reasons, to human error. However, Woods (2010) indicates that the devel-
opments in technology hide the complexity of machines, making it appear as simple and results in over-
confidence of the operator. Following changes in the cockpit, research (Young et al., 2006) found that the
emphasis on automation has a negative effect on the manual flying skills of pilots, while those with greater
flying experience were less affected. Pilot experience is highlighted as key for managing automation issues
(Wise et al., 2009), however it has not been understood as the pilots’ profession has been under change
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following the introduction of new business models, new training principles, and as automation grew. In
addition, little is known about ATCOs, yet the changes in their work systems are fast. Specifically, auto-
mation level transitions in air traffic control were addressed in a European project, where the changes in
the ATCOs tasks was highlighted (Deep Blue, 2018). In ATCOs skill-based errors are documented as the
most prevalent factors in incidents and accidents (Pape, Wiegmann-Shappell 2001). According to Reason
(1990) such errors describe a skilled user that performs tasks with little effort and has little conscious at-
tention on the tasks.

Hence, the argument for increased advanced systems, and less need for training, is offset by the fact
that new technologies do not require less but more knowledge, as well as more use of operator judgement
(Geiselman, 2013, Wise et al., 2009, Woods, 2010). Another study on ATCOs also reports that training,
physical fatigue and mental state, monitoring, and the systems themselves, have an effect on their per-
formance (Lyu et al., 2019). Furthermore, advances in air traffic control, has shown that the transition
between old and new systems has an impact to stress, vigilance, attention and workload of ATCOs (Deep
Blue, 2018). Therefore, the technological changes are affecting operator aspects such as workload, skills
and experience. However, there is lack of understanding of operator changes within their occupational
group, and their potential typologies to aid the appropriateness and design of training programmes. In
this context, international aviation organisations (cf. ICAO, IATA) note their concern about the lack of
data from the modified aviation system. Furthermore, the criticality of boredom, albeit not a new concern,
and the trust issues of pilots and ATCOs in the new systems, as well as older challenges of automation bias
and automation complacency are re-emerging. All the above discussed aspects create a challenging, con-
temporary profile of operators, with critical distinctions from the earlier generation of airmen and con-
trollers, which are however underexplored. Training programmes are then developed generically, without
considerations of changes and the operators’ generational gaps. In order to explore this problematic gap,
we present a mixed methodology that aimed to greater understand the different generations of operators.

Methods

In order to explore the operators’ perceived changes, the study deployed a mixed methods framework of
inquiry. Initially, the study deployed civil aviation pilots in two qualitative methods. Using these experts in
nominal groups and in semi-structured interviews, the current study helps understand ‘work as done’ The
current study employed the nominal group technique (NGT), a structured group process used to increase
participation and gain consensus on a topic (Van de Ven-Delbecq, 1972). The study included two nominal
groups of 23 pilots. Following this, the study deployed 23 civil pilots in semi-structured interviews about
their profession, such as training and their role. The sampling strategy was a mixed purposeful one (maxi-
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mum variance and stratified cases), so that different backgrounds, ranks and experiences were represented
in the sample. The data were analysed using the qualitative software NVivo by creating nodes and sub-
nodes from the raw data. Following the analysis of the qualitative data, as an iterative research process,
the study then deployed a survey comprising of general demographical questions, five-point Likert-scale
questions and two open-ended questions. The Likert scale questions were developed by following the
emergent qualitative themes of the operators’ role, training, views on automation and advanced systems,
their workload shifts, confidence in systems and differences in terms of skills and knowledge. The ques-
tions used generic terms and not specific systems as this span across aviation functions, and due to the
transition whilst working with old and new systems. The open-ended questions asked participants to re-
port three aspects that are affecting their work, and positive and negative effects of advanced systems on
their performance and were analysed through thematic analysis. The convenience sample included 70
operators from various countries, including an even balance between pilots and air traffic controllers. In
the following section we initially present the survey findings before we triangulate the Likert-scale data
with the qualitative data.

Results

From the 70 administered questionnaires, 69 were completed. The respondents were mainly male, from a
variety of nationalities, and their average age was 35 years old. Most pilots were fairly experienced with fly-
ing hours spanning between 1000-5000 and between 100-500, or less than 50, whereas a smaller percent-
age was of pilots with flying experience over 5000 hours. The ATCOs had 15 years of experience in average.
The results showcase mixed views on a variety of issues but also consent amongst operators in the cockpit
and in air traffic control. Table 1 shows the overall scores for each of the questions of the survey that in-
cluded questions on perceived role and value of the operators’ work, their view on advanced systems, and
of those on their knowledge, skills, and training. Most respondents agree that their experience is enough
for the operation of current systems, their job is being valued, and that they have gained more knowledge
and that their skills improved in the new environment, posing a distinction from past contexts. In addi-
tion, most respondents view that they have control over their work outcomes and that their training is ap-
propriate and enough. Most respondents hence appear positive in the technological advancements in their
function and work field, as their workload decreased, and the job became easier, and they are fascinated by
advanced systems. However, startle events are experienced, and most respondents believe that their role
is in transition to more passive monitoring of systems. In contrast to previous responses about their skills,
the respondents don't feel they can fully rely on advanced systems to operate as intended and prefer to use
a manual control that allows for inputs. Accordingly, most respondents report that there is a generational
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gap in terms of manual skills of operators. Lastly, despite the decrease in workload, the information load
from a variety of sources creates confusion to most of the respondents. Below we present the results from
open ended questions, nominal groups and interviews.

PILOTS AND AIR TRAFFIC CONTROLLERS’ PERCEPTIONS ON ADVANCED SYSTEMS

The results comprise of three categories of views on advanced systems. The positive views revealed advan-
tages in an operational and procedural manner. Specifically, the benefits focused on error prevention and
early identification of failures, access to data and accuracy, standardization, quality of service, cost and
time efficiency, and what was characterised as a “hassle free” way of working. The operators work becomes
faster and easier, including time of traffic planning and conflict resolution. These benefits are perceived
as having a decreasing effect on their workload, stress, and an increase of their mental capacity to address
“more important tasks” As seen in Table 2, positive views include that technology is decreasing mechani-
cal failures dramatically and mishandling of avionics. However, the participants viewed that, at the other
side of the same coin, this environment is affecting pilots skills and is making air traffic controllers “lazy”
and “relaxed” and when needed their alertness levels are affected. Such negative views reflect the deeper
issues such as interactions with the systems. Respondents indicate problems where there is contradictory
information, malfunctions and the unpredictability of the systems’ behaviour, lack of comprehensive pro-
cedures, too much complexity, and unharmonized information. The negative views on technology were
supported by the effect on awareness, distractions, confusion, a tunnel vision of scenarios, decreased com-
munication and an increase of workload, stress and mental load when there are failures. Respondents
noted there is a lot of reliance on automation and an increase in events such as runway excursions.
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Table 2. Perceptions of operators on the role of advanced systems.

Sub nodes Data/indicative quotes

For example, the failure of equipment is less and less important in the
Positive way accident chains develop. And the human element of it is taking a
large part.

I can do more operations the same time, conflict predictions can help
provide safety, so you can handle more traffic the same time. [It is] time
saving, hassle free.

This results in distraction, increased workload, and a big loss in flexibility.
Unless one is very ,on to it’ [...] it’s actually very easy to end up making
Negative a mistake without realizing it. When there is a failure or worse, a partial
failure, the workload becomes much higher than it used to be with more
basic systems.

Making the operator lazy and not self-independent. — Even if it’s an au-
tomatic system, you still need to monitor the process effectively which I
can’t guarantee all the time.

By exactly the same token {automation}, workload increased, and auto-

Mixed . - . )
mation can significantly increase confusion.

Automation saves from small mistakes — daily incidents - but it leads
to big accidents. For example, the Air France crash is one of the biggest
mistakes that automation causes.

Lastly, mixed views of “technology being good if it helps you” is noted by most operators. In detail, pi-
lots noted that the increased reliance on automation “solved old problems and created new ones” and that
technology “appears to be lowering the workload but increases confusion” and it depends on “the normal
operations and the abnormal operations division”. For example, the operators’ role and skills are affected
by highly advanced systems, which are presented in the next subsection. However, automation is noted as
a medium that “saved {us} from small mistakes and daily incidents”, yet the outcomes are conditioned by
the operators “manual background, knowledge and experience levels” In addition, respondents note that
there may be “faster decision making”, but that “this may lead to overconfidence’, and that “there is no such
thing” as “stall-proof airplanes”, meaning that pilots can lose sense of the aircraft’s condition and cannot
recover from a case of low air speed due to confusion. In that sense respondents noted that the view on
advanced systems is “positive but sceptical”.
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PERFORMANCE IN ADVANCED SYSTEMS

A positive feedback loop is observed between the operators and the advanced systems, meaning that the
changes in systems increase the changes in operators in the way these are already changing (e.g., manual
skills deteriorate, advanced system skills improve). Training was linked to lowering costs and to being con-
venient to operations, compliance to minimums, and learning gaps. Specifically, training is characterised
as “of poor quality and incomplete” and “shorter than before”, having the “wrong focus” and being “inad-
equate for advanced systems”, and rather “a convenient, blunt tool”. For this reason, respondents noted the
tendency to do the minimum training needed in order to be legally compliant. Pilots are “trained to legal
base minimums’, and this approach to training indicates the lower investments in people, since “the or-
ganisation itself invests very little in training”. Legal minimums hence dictate the training needed without
investing in more training that respondents found “not enough”

Table 3. Advanced systems and performance concerns.

Sub nodes Data/indicative quotes

I haven't seen anything new over the last years in terms of training. It (the

Training gaps material) is usually a copy and paste from others.

some seminars like ‘Dangerous Goods’ {...} there is too much emphasis
here without placing the emphasis on flying.

Pilots today are Airbus kids. I am afraid they don’t know what to do if

Skills gap something goes wrong.

There is a paradoxical system - safety through increased technology and
automation washing out the skills, which are needed for safety.

Their perception of raw data is when the computers are still telling me
Cognitive capabilities where to fly and what to fly and what altitude to set and I leave the auto-
throttle connected.

The pilots are startled by it because it is an anomaly. And they tend to over-
react on the problem and make things even worse {...} you get too comfort-
able.

Automation should reduce workload but actually by exactly the same token,
workload increased.

Workload

ATC often give aircraft shortcuts on a standard arrival. This creates unnec-
essary high workloads in the cockpit. I have found this to be unsafe at times
and not every crew member is able to handle it well.

Sometimes, automation makes me less sensitive about the movement of air

Role of operators traffic through radar screen.

You are the bus driver, but if something goes wrong you are a pilot. 197
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As shown in Table 3, respondents characterised their changing roles for pilots as “Airbus kids” and “bus
drivers”, and for air traffic controllers as “lazy and dependent on systems”, “less sensitive about air traffic
movements” and the environment creating overall in operators a “overconfidence in the system”, adding
that there is a “generational gap creating two tempos” in the use of advanced systems. Their “changing role”
was hence reported with “low morale”, and as “passive workers” due to the “lack of value” in their work.
The role of operators is characterised as “decreasing”, and that there is “lack of responsibility amongst
colleagues” The role of operators changed to monitoring the systems, and that pilots are simultaneously
required “to protect the system from failure”, and air traffic controllers find it difficult to “use their brains”
following “too much reliance on systems”. This was characterised as a “paradigm shift”, where there is a
need to “make operators that save the system” Specifically, pilots are noted as “being in the business of
managing the autopilot system {...} reluctant to practice manual flying”, becoming “rustier and rustier”, and
they “end up in a circle”, having “no experience in manual flying’, as these were “not allowed to be prac-
ticed”. Furthermore, it is reported that more “confirmation bias” is being developed and that “too many
rules and procedures ultimately kill common sense and airmanship”, and “loss of analytical thinking” “Old
school skills” as the previous generations of operators were characterised, involved “human skills” that are
now “lost”, leading to a “loss of confidence”

This changing role of operators paired with a “degradation of basic skills”, creates different types of
workload. Specifically, workload was found to be different instead of being decreasing, and to be con-
ditioned by other factors. For example, as respondents noted “workload has shifted”, “it is much higher
during failures”, and “simple monitoring skills are not effective”. For this reason, respondents noted that
focus is needed “on specifically what workload it is reduced or minimised”. There is hence “workload fluc-
tuation”, where load depends on the level of air traffic and flight hours, erratic roster patterns, and extra
hours for training, with an emphasis on “more efficient processes”. In addition, the respondents reported
that advanced systems affect their cognitive capabilities. Specifically, respondents noted that operators “get
too comfortable” with automation, their “mental abilities are degraded”. For example, one respondent ex-
plained that “what you do is you monitor the speed on the approach because the assumption in your brain
is that this has always been handled by the auto throttle” The operators find that the increased reliance on
systems affects their “situational awareness loop”, and that in several cases there is more “head down time”
and “serial thinking” Hence when something goes wrong operators stress increase, they are confused and
“overreact on the problem’, as they “don’t know exactly what is hiding behind the screens”.
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Discussion

The study’s results show concerns of high investments on systems whilst training is lagging in light of the
operators’ changes. These results are in accordance with concerns of inadequate training, and training in
automation, producing in the past 26 automation-related accidents' (Endsley, 2019) and the latest B737-
Max8 crashes. The data paint a picture of deskilled and reskilled operator typologies. These are labelled
generically in Table 4. as old generation (OldGen) and new generation (NewGen) operators to reflect their
skill change, knowledge gaps, and their work mentality. These changes support suggestions and concerns
of a shift in airmanship, as reported by Mohrmann and Stoop (2019). The results show that there are
changes that underpin the operators’ profession, in terms of their role, skills, mentality, workload, and that
these changes bring forward challenges to their performance. The NewGen’s observed functional mental-
ity is also critical. Functional mentality implies the need for a reengineering of the operator’ role, as the
training demands raised will be much more difficult to address in the future.

Table 4. High level typologies of operators and their characteristics.

Higher level typologies | Characteristics

Experience and skills- manual

OldGen Knowledge of systems

Old mentality- low acceptability of new systems

Experience and skills- advanced systems

Decreased cognitive capabilities in handling un-

usual circumstances
NewGen

s Functional mentality- dependent on systems

The functional mentality observed is linked to issues of automation complacency, since the former can
increase the latter and develop greater monitoring problems, and ultimately a decrease in performance
(Bailey-Scerbo, 2007). Moreover, as the two generations are distinct in mentality, skills, knowledge and
views of advanced systems, the findings support problems of automation bias, whether NewGen overlies
in automation and OldGen under-relies on automation (Mosier et al., 1997).
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For example, as studies on automation bias and complacency suggest (Parasuraman-Mazey, 2010),
under periods of multi-task loads, experts and naive users are both affected. In line with the research-
ers assumption, the respondents noted negative aspects of great reliance on technology, but also positive
and mixed views emerged. The negative views were mainly associated with the OldGen operators, whilst
NewGen operators portrayed a more functional culture on automation. Furthermore, the skills, training
and knowledge gaps have implications for studies researching the relationship between performance and
experience, the role of advanced training, knowledge of systems and task-based experience. In addition,
the researchers observe the changes in the piloting profession and lack of adequate training to support the
challenging aspects of pilot tasks in advanced automation systems, i.e., knowledge decay, fatigue, failures
diagnosis, and overseeing complexity (Mohrmann-Stoop, 2019) and different typologies of competencies
that affect operational performance (Mohrmann et al., 2015). Lastly, since the relationship between skill
and experience has not been studied in depth, the current study brings to light several concerns and chal-
lenges, not only for current operations, but for the designing of quality training the operators need in ad-
vanced systems. To this end, generational changes that add to the complexity of performance require more
attention as increased automation is creating a shortage of OldGen operators, creating a negative transfer
of knowledge. Current concerns centre on workload, boredom, confusion, and low situational awareness
(Endsley, 2019). The typologies can aid developments and research in high- and low-performing flights
crews (Mohrmann et al., 2015; Mohrmann et al., 2019). Further intra-group research is required to capture
within operator variability and address targeted training and other mitigation means.

Conclusion

Safety critical aviation operators that perplex the literature are pilots and ATCOs within new interfaces.
Challenges in advanced systems and their operators focus on cognitive and load aspects, quality of train-
ing as well as fatigue factors in the performance processes. However, research has commonly addressed
human factors in broad categories according to a group’s function (e.g., pilots, air traffic controllers, en-
gineers). To address the changes in operators for more quality training depending on their transitional
needs, the current study led to a high-level underpinning in the categorisation of operators, and in the way
their profession, skills, and mentality has shifted over the years. The findings indicate variability in percep-
tions of advanced systems and their effect on the operators’ performance and acceptance of the new work
setting. Changes are recorded in terms of skills, knowledge, and work attitudes of the operators. Further
research should aim to develop further and validate typologies within the two overarching OldGen and
NewGen types and explore the issue of a possible middle generational typology, that of operators in tran-
sition. Lastly, considering the documented acceptability issues in advanced systems, operators’ variability
could support future developments such as reduced crew operations.
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BARTHA MIKLOS *~ZAKOTA ZOLTAN **

A Forth programozdsi nyelv alkalmazdsi
lehetdségeirol a szdmitdstechnika
hatékony oktatdsdbans

Osszefoglalas: A Forth az els6 integralt fejlesztési rendszer (Integrated De-
velopment Environment — IDE), mely 15 évvel el6zte meg a Turbo Pascalt.
Ma is fontos szerepet jatszik a fejlesztésben, mivel igen jol hasznalhaté a
mikrorendszerek megvaldsitasaban A Forth {6 elonyei kozott meg kell emlite-
niink a szamitogéptol valo fiiggetlenséget (portabilitas), a kis eréforrasigényt,
a gyors mikodést és a bévithet6séget. Ha mindehhez még hozzavessziik az
interaktiv kapcsolat biztositasara valo alkalmassagat, konnyen megérthetjiik,
miért felel meg oly kivaléan a gyorsabb és hatékonyabb szoftverfejlesztés cél-
jainak. Ugyanezen okokbdl kifolydlag, a Forth alkalmas lehet a programo-
zas, illetve az informatika és szamitdstechnika oktatdsaban is. Tény, hogy
minden integrélt technoldgia, mint az Internet, adatbazisok, 3D stb. jelent6s
eréfeszitést kovetelnek meg mind a Forth implementacio fejleszt6itdl, mind
pedig, utélag, annak felhasznal6itél. Kombinalni a Forth-ot meglévé Rapid
Application Development (RAD) rendszerekkel lehetéséget nyujt ra, hogy a
sziikséges fiiggvényeket és a Forth-rendszer Kkiterjesztését minimalis er6feszi-
téssel illeszthessiik. Jelen tanulmanyunkban egy olyan Gj megoldast szandé-
kozunk bemutatni, mely lehetéséget ad egy Forth-rendszer hasznélatara az
oktatasban, meglévé Pascal, illetve C++ fejleszté rendszerrel kombinalva.
Ennek soran példakon keresztiil mutatjuk be, hogy milyen egyszerti és kézen-
fekv6 az altalunk javasolt eljaras alkalmazasa. A példak klasszikus oktatasi té-
makra koncentralnak, mint példaul a teknéc-grafika vagy a rekurzivitds. Jelen
tanulmany el6zményét két konferenciaszereplés [1], [2] képezi, amelyek utan
sajnos, egyéb elfoglaltsigok miatt, a projekt hittérbe szorult. Am, szandékunk
szerint, a kozeljovoben ezt sikeriil tovabb vinniink.

Kulcsszavak: Forth; integralt fejlesztési rendszerek; programozas; szamitas-
technika-oktatas.

* Partiumi Keresztény
Egyetem, Nagyvdrad
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Abstract: Forth is the first Integrated Development Environment (IDE) to precede Turbo Pascal 15 years
ago. Nevertheless, it still plays an important role in development today, as it can be used very well in the
implementation of microsystems. The main advantages of Forth include computer independence (port-
ability), low resource requirements, fast operation and scalability. Add to this the ability to provide an
interactive connection, and we can easily understand why it meets the goals of faster and more efficient
software development so well. For the same reasons, Forth may also be suitable for teaching programming
as well as IT and computer science. In fact, all integrated technologies such as the Internet, databases,
3D, etc. they require a significant effort from both the developers of the Forth implementation and its
users. Combining Forth with existing Rapid Application Development (RAD) systems allows you to fit
the required functions and Forth system extensions with minimal effort. In the present study, we intend
to present a new solution that allows the use of a Forth system in education, combined with an existing
Pascal or C++ development system. In doing so, we show through examples how simple and obvious it is
to use the procedure we propose. The examples focus on classic educational topics such as turtle graphics
and recursion. The present study is preceded by two conference presentations [1], [2], after which, unfor-
tunately, due to other occupations the project was pushed into the background. But we intend to take this
further in the near future.

Keywords: Forth; Integrated Development Systems, Programming; ICT Education.

Az IKT altal generalt tarsadalmi valtozasok

Az informacios és kommunikacids technolégiak (IKT) aktudlis kérdései a tarsadalmi, politikai és gazdasa-
gi élet igen széles spektrumat érintik, ugyanakkor jelent6s jogi és etikai vonzataik is vannak. Ilyen, példaul,
az immar klasszikusnak szamito, igen kiterjedt teriiletet alkotd szellemi tulajdon védelme, szabadalmak,
szerz6i jogok, valamint, ehhez kapcsoldddan a tisztességes hasznalat (Fair Use) kérdéskore. Ezzel rokon
teriiletet képez a kaldzkodas és ahhoz kotédGen a jogtalan P2P fajlmegosztas. Ehhez pedig az ingyenes
szoftver, a nyilt forraskod, valamint a nyilt szabvanyok teriilete kotédik, ami viszont a trosztellenes szaba-
lyozast is befolydsolja. Mar ebbél is latszik, hogy mindez szervesen dsszefonddik és egy monstre kiterjedt
elméleti és gyakorlati tudasteret alkot. Mindez jelent6s befolydssal van a kozpolitikakra és a szabalyozas
gyakorlatara is, olyan teriileteken, mint pl.:

- az informacidhoz / tudashoz val6 hozzaférés,

- a vilaghald semlegessége,

- nemzetkozi egyezmények,

— frekvenciasavok allokacidja.
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Az IKT-k nem csak a kozszféraban generalnak atalakuldsokat, de mély valtozasokat indukdlnak a ma-
ganéletben is, az utébbi évtizedekben féként a kozosségi haldzatok altal. Ugyanakkor nem hagyhatjuk
figyelmen kivil azt sem, hogy az IKT 4ltal életre hivott problémék egy nem elhanyagolhat része etikai
jellegt, igy példaul a kiberbiinozést, cenzurat, biztonsagot, vagy maganszférat érint6 kérdések.

A folyamatok, természetesen, kétiranytiak és a tarsadalmi kornyezet is véltozasokat indukal az IKT
kornyezetben, a legvaltozatosabb tertileteken, ugy mint:

- a vilaghalé és alkalmazasai,

— a halézati (f6ként TCP/IP-alapti) és mobil technologidk rohamos fejlédése és elterjedése,
— grafikus és multimédids alkalmazasok,

- bedgyazott rendszerek,

- relacionalis adatbazisok és adatbanyaszat,

- interoperabilitas,

— objektum-orientalt programozas,

- szofisztikalt alkalmazds-programozoi feliiletek hasznalata (API),
- ember-szamitogép kolcsonhatas,

- kriptografia és biztonsag,

— folyamatosan megujuld és béviilé felhasznaloi teriiletek.

A szamitégépek vildgmeéretli elterjedésének koszonheten az IKT befolydsa dramaian megnovekedett
és egy sor radikalis valtozast gerjesztett a kulturaban. Ebbdl a szamitastechnika akadémiai tantargyként
valé teljeskort elfogadésa, majd folyamatos béviilése is kovetkezett. Altaléban pedig a ,behédlézottsag”
széleskor elterjedése jott, gy mint:

- e-lizlet

- e-kormanyzas

- e-oktatas

- e-befogadas

- e-egészségiigy

- e-egyre tobb minden...
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IKT és EU politika

Mindez, természetesen, megjelent a koz- és kiilonboz6 szakpolitikakban is. Mar az eEurope 2000, az un.

Lisszaboni Stratégia is az informacids tarsadalom megteremtését célozta meg az Eurdpai Unidn belil.

Alapvet6 céljai kozott olyanok szerepeltek, mint [3]:

- minden egyén és haztartas, valamint iskola, vallalat és intézmény bevezetése a digitalis korba, ill. csatla-
koztatasa a Vilaghalohoz;

- egy, a vallalkozasi kulturara alapozott, 4j gondolatok finanszirozasara és kifejlesztésére kész, digitalisan
alfabetizalt Eurdpa létrehozasa;

- a teljes folyamat tarsadalmi befogadasanak biztositasa, a fogyasztok bizalmanak novelése és a tarsadalmi

w7

kohézio megerdsitése.

A stratégia megvaldsitasanak utjat tobb dokumentum is fémjelzi. Ezek koziil megemlitjiik itt az i2010
nevli dokumentumbol az EB stratégiai keretprogramjanak irdnyelveit [4]
- az Egységes Europai Informacids Tér létrehozasa:
- hozzaférhet6 és biztonsagos nagy savszélességli kommunikacio,
- gazdag és valtozatos tartalom és digitalis szolgaltatasok,
- innovaci6 és beruhdzasnovelés az IKT-kutatdsban:
- vilagszinvonalu teljesitmények tdmogatasa,
- Eurdpa kozelitése a vilagszinten vezetd poziciot betolté konkurensekhez,
- a tarsadalmi, gazdasagi és teriileti kohézi6 novelése:
- egy befogadd eurdpai informdcids tarsadalom létrehozasa,
- a ndvekedés és foglalkoztatottsag tamogatasa a fenntarthatd fejlddéssel 6sszhangban,
— jobb kozszolgaltatasok és életminéség biztositasa,
— javaslatok kidolgozasa és a keretprogram aktualizaldsa az elektronikus kommunikacid, az informacios
tarsadalom és a médiaszolgaltatasok terén,
— kozosségi pénziigyi eszkozok stratégiai kutatdsokba valo befektetése,
- az IKT-innovaci6 batoritasa.

Végiil meg kell feltétleniil emliteni az Eurdpai Parlament és a Tandcs 2021/694 rendeletét a Digitélis Eu-
répa program (DIGITAL) létrehozasardl. [5] A DIGITAL egy tj unids finanszirozasi program, amelynek
kozéppontjaban a digitalis technoldgia eljuttatasa all a véllalkozasok, az allampolgarok és a kozigazgatds
szamara. A Digitalis Europa program stratégiai timogatast nyujt az olyan aktualis kihivasok megvalaszo-
lasahoz, mint a kdrnyezeti problémak kezelése, a jarvanyok elleni védekezés vagy a kiilsé rendszerektdl és
megoldasoktdl valo fiiggdség.
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Ami az IKT sziikebb teriiletét illeti, 6t kulcsfontossagu iranyban tamogat projekteket:
- szuperszamitogépek,
- mesterséges intelligencia,
- kiberbiztonsag,
— fejlett digitalis készségek elsajatitasa,
- digitalis technologiak széles korti hasznalatdnak biztositasa a gazdasagban és a tarsadalomban, ideértve
a digitalis technologiat is.

A tervezett 9sszkoltségvetés 7,5 millidrd eurd (folyé arakon), amelynek célja a gazdasagi fellendiilés
felgyorsitasa és az eurdpai tarsadalom és gazdasag digitalis atalakulasanak alakitdsa, mindenki szamara, de
kiilondsen a kis- és kozépvallalkozasok szamara biztositva elényoket.

IKT és oktatas kolcsonhatasa

Az IKT olyan valtozasokat generalt az oktatas, képzés és nevelés vilagaban, mind az elmélet, mind pedig

a gyakorlat sikjan, melyekre néhany évtizeddel ezel6tt senki sem gondolt volna. Ez a megallapitds nem

csak a szakiranyu képzésre vonatkozik, hanem altalaban az egész szakmara. A legszembetlin6bbek kozott

olyanokat emlithetiink meg, mint:

- a szamitastechnika expanzidjahoz vezet6 miiszaki valtozasok kozvetleniil hatnak az oktatasi/képzési/
nevelési kultarara;

- a szamitogép-haldzatok konnyebben megvaldsithatdva és rugalmasabba teszik a tavoktatast, jelentés
novekedést generalva az tizletagban;

— az élethosszig tart6 tanulas megjelenése hozzdjarult a tavolsagi oktatasi formdk hasznalatanak elterjedé-
séhez;

- a szamitogép-haldzatoknak koszonhetden sokkal gyorsabba vélt a tantervi er6forrasok széleskort cse-
réje;

- a technologia kihatdassal van a pedagogiara a bemutat6 szoftverek, egyéni munkaallomasok stb. megjel-
enése altal;

- a szamitastechnikai tantervek valos idében kovethetik a technologiai valtozasokat.

Ebben az esetben valos kolcsonhatasrol, vagyis két iranyban zajlo folyamatok egyideji meglétérdl be-
széliink. Egyrészt az IKT hat az oktatdsra, olyan eszkozokkel, mint pl.:
- az oktatasi intézményrendszer atalakuldsa, 4j intézményi formak megjelenése;
- uj oktatasi/képzési formak megjelenése és elterjedése (Life Long Learning, tavoktatas, online képzés stb.);
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- Uj oktatdsi/képzési technikak kialakitasa;

- Uj tipusu (multimedidlis, interaktiv stb.) tananyagok kidolgozasa;

- az oktatasi/képzési infrastruktura dtalakuldsa (IKT);

masrészt az oktatds terén végbement valtozasok is kihatnak az IKT-szektor alakulasara, olyan csatornakon,
mint plL.:

- a szakemberek képzése;

- az 4ltalanos digitalis alfabetizacios szint emelkedése;

- visszahatas a kutatasi, fejlesztési és innovacios tevékenységekre.

A kérdéskor komplexitdsa, és ebbdl fakaddan: vizsgalatanak nehézsége, nemcsak az oda-vissza kap-
csolatok szamossagabdl fakad, hanem a két teriilet — IKT és oktatas — mas szakteriiletekkel valo szoros
Osszefonodasabol is. Az Osszetettséget noveld tényez6k kozott meg kell emlitentink olyanokat, mint:

- a targyak kiterjedtsége:

- matematika, logika, természettudomanyok;

- miuszaki tudomdnyok, technolégidk;

- tarsadalomtudomanyok;

- filozoéfia, etika;

- inter- és multidiszciplinaritas;
- a targyak gyorsiitem valtozasa/fejl6dése;
— globalizacid.

Az IKT szerepének ugrasszerii névekedése az oktatdsban

A koronavirus-jarvany kitorése ota eltelt idészak jol illusztralja, hogy milyen nagy jelentdséggel bir az IKT
az oktatdsban és mennyire felértékel6dhet ez a szerep egy krizishelyzetben. Az elétt, a vilag orszagaiban az
oktatas nagyrészt a hagyomanyos modon folyt, am a jarvany indukalta véltozasok hatdsara, a tarsadalom
egyik legnagyobb tehetetlenségti alrendszere, a stabilitas és az értékek hossza tavi megérzésének egyik
legf6bb eszkoze, elképzelhetetlen gyorsasaggal alkalmazkodott a megvéltozott kortilményekhez. Iskolak
és egyetemek, kihasznalva az IKT-ban rejlé lehetdségeket, gyakorlatilag egyik naprél a masikra tértek at
az online formak hasznélatara. Ez egyrészt — minimalis atallasi koltséggel — lehetévé tette a képzés folyta-
tasat, masrészt viszont egy sor Uj problémat generalt és 4j megvilagitasba helyezett szamos régit. Szamos
lappang6 hiba kerdilt felszinre, ravilagitva a hagyomanyos oktatasi és képzési formak anakronizmusaira,
belsé ellentmondasaira. Lathatéva véltak az intézményi infrastruktira- és miikodési keret hianyossagai,
rendellenességei, a szabalyozds elavultsdga nyilvanvalova valt. Az események az oktatas egészét és annak
csatolt teriileteit is érintik, igy mint [6]:
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- a gazdasdgossagi szempontok prevalencidja az atalakulasban;
- az infrastruktdra, mint teher az oktatasi intézmények szamara;
- a technolodgidhoz valé hozzaférés nehézségei;

- egy Uj digitalis szakadék megjelenésének a lehet6sége;

- a mobil technolégia rohamos térnyerése;

- platformok és virtualis terek megjelenése és alkalmazasa;

- a tanarok és oktatok digitalis kompetenciajanak kérdése;

- a didkok és hallgatdk differencialasanak nehézségei;

- a tanulasi eredmények mérésének és értékelésének nehézségei;
- a bizalom és ellenérzés kérdése a tanar-didk-sziil6-menedzsment viszonyrendszerben;
— a sziil6k tanuldsban betoltott szerepének tjraértékelése.

A koronavirus-krizis csak kivaltoja volt azoknak a valtozasoknak, amelyek j6 ideje varatnak magukra.
Ezeknek a valtozasoknak kozéppontjaban az online oktatas 4ll, mint egy eddig messze nem eléggé kiak-
nazott, felbecsiilhetetlen lehet8ség. Jovojét az hatarozza meg, miként kisérleteziink vele, a kutatdsok altal
kapott eredményeket hogyan teszteljiik, rogzitjiik és értelmezziik. Ennek a kisérletnek a kimenete nemcsak
az oktatas egészére lesz kihatassal, de a politikai diskurzust és a gazdasagpolitikat is gazdagitja majd. Ennek
az atalakuldsnak egyik legfontosabb eleme a folyamatban részvev aktorok - didkok, tanarok, az oktatdsi
folyamatok szervezdi és vezet6i és nem utols6 sorban, a sziil6k - digitélis miiveltségének a folyamatos
novelése és kiterjesztése. Es itt nem csak az IKT eszkdzok felhaszndldi szint(i hasznélatérél van sz6, hanem

egy mentalitasvaltasrol, egy uj szemléletmod kialakitasardl is.

Digitalis Alapmiiveltség

Az IKT és oktatas kolcsonhatasanak vizsgalatakor roppant fontos annak eldontése, hogyan hatarozzuk
meg a digitalis alapmuveltség (Digital Literacy) fogalmat. Nevezik még digitalis alfabetizacionak meg digi-
télis irastuddsnak is és ezek a nevek, egymas mellé téve ki is fejezik grosso modo a fogalom lényegét. Am ne
tévessziik szem el6l, hogy megjelenése 6ta a fogalom folyamatosan véltozik, lépést tartva az IKT-eszkozok
fejlodésével. Ezért szitkség van egy kellGen altalanos, atfogo eszkozfiiggetlen meghatarozasra. Az Amerikai
Konyvtarak Szovetsége (American Library Association — ALA) altal adott definicié meg is felel elvarasa-
inknak. E szerint, a digitalis irastudas ,az informacios és kommunikacios technoldgiak felhasznalasanak
képessége az informacidk megtalélasahoz, értékeléséhez, 1étrehozasahoz és kommunikacidjahoz, beleértve
mind a kognitiv, mind a technikai képességeket” [7]
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A tertilet szertedgazo volta miatt, a legfontosabb kérdés, amit fel kell tenniink magunknak, hogy mit is
oktassunk, mikor a digitdlis alapmuveltség elérésérél beszéliink. Meglatasunk szerint, alapvetéen a kovet-
kezd kérdéseket kell megvalaszolnunk:

- mi egy szamitégép és mire val?

- mi egy szamitdgép felépitése és mik mikodtetésének alapelvei?

- melyek a biztonsagos hasznalat feltételei?

- milyen tarsadalmi implikdci6i vannak az IKT-nak?

- hogyan allitsunk ssze dokumentumokat (szerkesztés, szkennelés, nyomtatas)?
- hogyan hasznaljunk alapszinten tablazatokat és adatbazisokat?

- melyek a szamitdgépes kommunikacid legelterjedtebb eszkozei?
- hogyan kezeljiink / hasznaljunk kiilénb6z6 tipusu allomanyokat?
- mik a multimedialis alapmiveltség nélkiilozhetetlen elemei?

- hogyan alkalmazzuk a mobiltechnologiat?

- hogyan kezeljiik / hasznaljuk az internetes forrasokat?

- hogyan hasznaljuk az IKT-t etikus médon?

Az informatikai és szamitastechnikai oktatas jelentésége

Manapsag, gyakorlatilag nincs olyan szakirany a kozép, illetve felsGoktatasban, amelynek tanrendjében ne
szerepelnének, valamilyen formaban, az IKT: szamitdstechnika, szamitégéphasznélat, informatikai alapfo-
galmak stb. Sajnos, szamos esetben ez nem jelent egyebet, mint a Microsoft Office leggyakrabban hasznalt
programjainak — a Word szévegszerkesztének, illetve az Excel tablazatkezelének és ha még belefér a ren-
delkezésre all idSbe, az Access adatbaziskezeldnek - az alapfoku ismerete. Persze, irodai programcsoma-
got tanitani egy roppant kényelmes megoldas: tanarnak, hallgatonak alig kell késziilnie és a sikeres vizsga
garantalva, minimalis erdfeszitéssel. Raadasul a hallgatok nagyobb hanyada mar eleve ugy kertlt be az
egyetemre, hogy alapszinten tudja kezelni a szovegszerkeszt6t és tablazatkezel6t. Felmeriil tehat a kérdés:
miért is tanitsunk IKT-t az egyetemen? Meglatasunk szerint, igenis van 1étjogosultsaga az IKT oktatasanak
egyetemi szinten is, amennyiben azt egy tagabb keretbe helyezziik, nem korlatozva a targyat néhany irodai
szoftver falhasznaldi szinti bemutatdsara. Indokaink a kovetkezdek:
- egy, a mindennapok igényeit kielégitd, digitalis alapmiiveltségi szint biztositdsa minden hallgaté szamara;
- az 6nallo gondolkodas fejlesztése: a technoldgiai tekintély elvének lerombolasaval arra késztetni a hall-
gatokat, hogy ne fogadjanak el egy eredményt csak azért, mert azt valamilyen gépi eszkoz segitségével
szamitottak ki, hanem mindig vizsgaljak meg, hogy az adott kontextusban helytall6 lehet-e;
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- a technika varazstalanitdsa: ,,a kell8en fejlett technika megkiillonboztethetetlen a magiatél” allitja Clarke
Harmadik Torvénye [8] és célunk elérni, hogy hallgatoink felesleges csodalattol mentesen, raciondlisan
viszonyuljanak a technikahoz;

- ugyanakkor, sziikségesnek latjuk névelni a technoldgidba vetett bizalmat is: a racionalitas terének kibo-
vitésével szeretnénk elérni, hogy hallgatéink nagyobb bizalommal hasznaljak a digitalis eszkozoket és
értsék, mikor és miért fogadhatjak el az altaluk produkalt eredményeket;

— attérni a kvantitativ gondolkodasmodrol a kvalitativra: nem csak szamolasra és/vagy szamitasok elvég-
zésére haszndlni a szamitastechnikdt, hanem értelmezni a szamitdsok eredményeit, s6t az értelmezésben
is hasznalni azt;

- elsajatitani az algoritmikus gondolkodasmodot, vagyis egy racionalis, a feladatok elemzésén és a megol-
das lépésenkénti megtervezésén alapuld problémamegoldo technika elsajatitasat;

- végiil a legkézenfekvébb, trividlis valasz: azért, mert benne van a tantervben és el6bb-utdbb sikeres vizs-
gat kell beléle letenni.

A Forth programozasi nyelv

A Forth programozasi nyelvet Charles Henry Moore, az egyesiilt dllamokbeli Kitt Peak obszervatérium
csillagasza alakitotta ki az 1960-as évek elején. Célja egy olyan konnyed, rugalmas és gyors nyelv megalko-
tasa volt, amely ugyanakkor egy korlatlanul bévithet6 utasitaskészlettel is rendelkezik [9].

Gyakorlott programozoként, Moore tisztaban volt kora szamitastechnikajanak egyik alapvetd probléma-
javal, a hardver és a szoftver fejlédése kozotti diszkrepanciaval. Ahogy 6 maga fogalmazza azt meg: ,[a]
minikomputerek kozelmultbeli fejlesztése javitotta képességeiket és csokkentette koltségeiket addig a pon-
tig, ahol nagyobb szamitogépeket és egyedi hardvereket is kiszoritanak. Egy kicsi szamitogép azonban
nem tud hatékonyan hasznalni egy hagyomanyos magas szintii nyelvet, és altalaban assembler nyelven
van programozva. Ez az alacsony szint(i megkozelités hozzaért6 programozdkat és jelentds eréfeszitéseket
igényel. Szinte egyetemes boldogtalansag tapasztalhaté a programozas koltségeit, késedelmét és mingségét
illetéen. Ez a helyzet a standard technikak hatékony megvaldsitasinak hatarozott probéalkozasai ellenére
is fennall” [10]

A nagyméretli szamitogépekre gyartott szoftverek nyelvek hierarchidjara épiilnek: az assembler meg-
hatarozza a fordit6 és az operacids rendszer nyelvét, emez pedig a munkakornyezet nyelvét; a fordito az
alkalmazdi programok nyelvét, az utdbbi pedig meghatarozza a bemenet nyelvét. A felhasznal6 valoszi-
nileg nem is ismeri ezeket a nyelveket, s6t szinte biztos, de ettdl fiiggetleniil azok még léteznek, kozte és
a szamitogépe kozott dllva és korlatokat allitva elé. A nyelvek e hatalmas hierarchidja hatalmas beruhdza-
sokat igényel emberi és gépi munkdban, ami persze jelentds koltséggel is jar, mind a termelésben, mind a
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fenntartasban. Es a sok eréfeszités és koltség utdn még mindig semmi garancia sincs r4, hogy a programok
hibamentesek, felhasznaldbaratak és képesek kielégiteni minden veliik szemben megfogalmazott elvarast.
A Forth célja, megalkotojanak szavaival élve, véget vetni ennek a ,,tobbszintes rémalomnak” [11]

A kora 1970-es években kovetkezett a nyelv bemutatdsa, illetve Moore talalkozasa Elizabeth Ratherrel
a US National Radio Astronomy Observatory-tdl, akivel kdzosen megalakitottdk a FORTH Inc. vallalatot
[12]. Ezutan szamos fejlesztés, verzio, illetve szabvany kovetkezett:
- 1976-t6l: microFORTH fejlesztések Intel 8080, Motorola 6800 és Zilog Z80 mikroprocesszorokra;
- 1978: Forth az els6 rezidens szoftver az Intel 8086 chipre;
- 1979: FORTH-79 szabvany;
- 1983: FORTH-83 szabvany;
- 1984: MacFORTH az els6 rezidens fejlesztés Apple Macintoshra;
- 1994: ANS Forth (ANSI) szabvany.

Azt, hogy mi a Forth és hogy mire valo talan Leo Brodie, a nyelv egyik legjobb ismerdje és alkalmazo-
ja, valamint tobb nagysiker(i Forth-tankonyv ir6ja fogalmazta meg a legtomorebben [13]: ,,A Forth sok
minden:

- magas szintd nyelv;

— assembler;

- operacids rendszer;

— fejlesztési eszkoztar;

- egy szoftvertervezési filozofia”

A Forthnak sok olyan jellemzéje van, amely, ha nem is emeli a legnépszertibb programozasi nyelvek
kozé, de felhasznaloi taboran beliil igen magas megelégedettségnek forrasa. Ezek a jellemzék, roviden
felsorolva, a kovetkezok:

- lancolt kédu interpreterre alapozé interaktivitas;

- kompilalhato;

- imperativ és proceduralis, szétarszer(ien kiterjeszthetd;
- vermekre alapozott, forditott lengyel jelolést hasznald;
- strukturalt;

— reflexiv;

- konkatenativ;

- multitaskingot lehetévé tevo;

— explicit nyelvtan és tipusellendrzés nélkiili.
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A Forthnak szamos elénye van, amelyek miatt a gyakorlott programozék kérében megérdemelten nép-
szerliségnek 6rvend [14]:
- teljes programozasi kornyezet biztositasa;
— jol hasznalhat6 a mikrorendszerek megvaldsitasdban,
- szamitogéptdl valé fliggetlenség (portabilitas),
— kis eréforrasigény,
- gyors muikodés,
- gyors szoftverfejlesztés,
- interaktiv kapcsolat biztositasa fejlesztével és felhasznal6val,
- bévithetdség.

Forth-alkalmazasok a nagyvilagban

A nyelv alkalmazasi teriiletei igen valtozatosak és kiterjedtek. Ezek kozott megemlithetjiik, természetesen
a teljesség igénye nélkiil, a kovetkezdket [14]:

- szovegfeldolgozas;

- adatbaziskezelés;

— robotvezérlés;

- bedgyazott rendszerek programozasa;

— folyamatiranyitas;

- szamitogépes grafika;

— oktatas.

A tovabbiakban, illusztralandé a Forth-alkalmazasok diverzitasat és dimenzidit, megemlitiink néhany
rendszert, amelyeket a vildg kiilonboz6 részein implementalt sikeresen a Forth Inc. [15]:
- AVCO / Textron Systems: épliletautomatizalas és kiegészit6 szolgaltatasok a King Khaled Nemzetko-
zi Repiil6téren, Szaud-Arabidban; a rendszer kilenc PDP 11/44-es, 378 8086 alapu szamitogépet és 320
8085-alapu biztonsagi processzort tartalmaz, amelyek egytittesen tobb mint 36000 pontot figyelnek és
iranyitanak.
- Eastman Kodak Company: film stiriség mindségellenérzési rendszer, amely tartalmazza a film mozga-
sanak vezérlését, a filmstir(iség-lépések automatikus felismerését és az egyedi IEEE-488 busz interfészt.
— Federal Express: kézi SuperTracker, amelyet minden FedEx szallité tigynok hasznal, vonalkédolvasét,
billentytizetet és 2x20 soros kijelz6t tartalmaz. Kiterjedt csomagbevezetési és nyomkovetési funkciokat
végez, beleértve az amerikai repiil6téri kddok és tobb, mint 10000 iranyitészam keresztindexelését. Az
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akkumulator élettartamanak meghosszabbitasa érdekében intelligens kikapcsolasi szekvenciaval rendel-
kezik.

- NASA Goddard Urrepiilési Kézpont:

- 50 1ab hosszt, hatcsuklds kar iranyitasa az tirsiklé szimulatorhoz. A kiterjedt matematikai rutinok
két haromtengelyes joystick-parancsot alakitanak at a sziikséges csukldsebességekre hat kiilonb6z6
koordinata-rendszerben.

- Multitasking operdacids rendszer, Forth fordité és konyvtarak az UT69R000 sugarzassal edzett mikro
processzorhoz, amelyet az Ursikl miiszereiben hasznélnak.

— Forth-alapu kis teherbirasu szallasi interfész modul (SPAIM) kifejlesztése, amely dsszekapcsolja a
Shuttle Solar Backscatter Ultraviolet (SSBUV) mtiszert az Ursiklé repiilési rendszereivel. Az SSBUV-t
az 6zonméré miiszerek kalibralasara hasznaljak a NOAA miholdak fedélzetén.

- Owens-Corning Fiberglas: évek 6ta a Forth-ot hasznalja alapfirmware-ként az elosztott ipari vezérlok-
ben, amelyek szamos kiilonféle funkcidt latnak el az tivegszélas termékek gyartdsaban.

- Saturn Corp: elosztott HVAC-rendszer a teljes autoszerel tizem szamara, amely tobb mint kétszaz 40
l6erds flitési-hiitési-parasitd egységet vezérel, Z-80-asokkal, egy kétszintti halozaton keresztiil, személyi
szamitogépeket hasznalva szoveges és grafikus rendszerfigyel6ként.

- Minnesotai Egyetem: PC-alapti rendszer tavcs6vezérléshez és adatgytjtéshez (IEEE-488 buszon keresz-
till), adatelemzéshez és grafikus megjelenitéshez.

— VertexRSI (Tripoint Global): szoftver egyedi miiholdas nyomkdovet6khoz. Frekvenciaszintetizator vezér-
lést, tavoli RS-232 parancsportot, vakuum fluoreszcens grafikus kijelz6t tartalmaz.

- Construction Computer Software: MARS és a CANDY alkalmazasok, amelyek vilagszabvanyok. A CCS
szoftver példa nagymeéret(i ProForth for Windows-ban irt alkalmazasra és a VEX Forth verzié mar tobb
mint 850000 kédsorbol 4ll. CCS szoftvert hasznaltak az tij Hongkongi Chai Tak repiil6tér tervezésénal is.

- Microsoft: Barefoot Auditor, melynek segitségével informacidkat gytijt sajat PC-ir6l és amelyet az MPE
Forth rendszereinek egyikével irtak.

- Micross Automation Systems: az MPE ProForth for Windows szoftvert hasznalja a kereskedelmi mo-
sodai vezérl6 rendszereiben, az MPE Forth 6 forditéit pedig a valos idejii vezérlést végzé PLC-i szamara.

- Europay International Open Terminal Architecture (OTA): az OTA egy Forth virtudlis gép (VM) archi-
tektdraval szallitja az alkalmazasokat kozvetlenil a fizetési terminalokhoz, fiiggetleniil azok hardverétdl
vagy processzoratol. Az OTA virtudlis gépet szamos CPU-ra telepitették. Az OTA projektben kevesebb,
mint 30 programozo vett részt, két kontinensen tobb helyén.
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A Forth alkalmazasa az oktatasban

Douglas Rushkoff, amerikai médiatudoés és iro, szerint ,,megtanitjuk ra a gyerekeket hogyan hasznaljanak
szoftvert az irashoz, de arra nem hogyan irjanak szoftvert. Ez azt jelenti, hogy hozzaférésiik lesz a masok
altal szamukra biztositott lehetdségekhez, de nem tudjak majd felmérni eme technologiak értékteremtd
lehetGségeit sajat maguk szamara” [16].

1. dbra. A 4E4th oktatdsi platform nyitélapja.
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Ez az idézet olvashat6 a 4E4th - Forth for Education nyitélapjan is (1. dbra), mely a Forth programozasi
nyelv eddigi legnépszertibb oktatasi alkalmazasdnak ad otthont [17]. A Forth for Education - 4E4th and
4EA4th IDE projektet Dirk Bruehl kezdeményezte 2012-ben, mikor Forth felhasznaldként, talalkozott az
igényeit kielégité megfeleld hardverrel [18]. Ez a Texas Instruments MSP-EXP430FR5739 Experimenter
Board volt, egy az MSP430FR57xx eszkozok szamara késziilt fejlesztési platform [19]. Ez kivaléan bevalt,
mintaz 4j generacios MSP430-as, FRAM (Ferroelectric Random Access Memory) memoriét integrald, mik-
rokontrolleres eszkozok alapja. Ugyanakkor kompatibilis szamos kis fogyasztast TI wireless modullal is.
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2018-ban, a 4E4th-nak megjelent egy uj verzidja [20], a B. J. Rodriguez altal készitett MSP430
CamelForth-ra alapozva. A CamelForth bedgyazott mikroprocesszorok (8051, 8086, Z80 és 6809) szamara
késziilt, ANS Forth-tal kompatibilis megvaldsitas. Eredetileg a The Computer Journal oktatdsi projektjé-
nek indult, de azdta népszeriivé valt a beagyazott rendszerek programozasa terén. [21]

Van a Forth-nak egy fontos vonasa, ami kihasznalhat6 az oktatasban is. A Forth a programozdt teszi fe-
lel6ssé a szamitogép hatékonysagaért. Ugyan nehezebben elsajatithato, mint a hagyomanyos magas szint(i
nyelvek, amelyek lényegében hasonlitanak egymasra (vagyis egyiket megtanulva nem nehéz megtanulni
masikat), de miutan a programozo elsajatitotta, a Forth lehetdséget nyujt a processzoridé és a memoria-
teriilet minimalizalasara, valamint egy olyan szervezési filozofia birtokéba keriil, amellyel dramai médon
csokkentheti a projektfejlesztési id6t.

A kérdésre, hogy miért pont a Forth nyelvet valasztana valaki oktatasi eszkoziil, a valdszintileg leg-
frappansabb valaszt maga a nyelv megalkotdja, Charles H. Moore adta: ,,6rom par egyszer(i szot leirni
és megoldani egy problémat. Mint agytorna, messze jobb, mint a kartya, keresztrejtvény vagy sudoku és
hasznos.” [22]

Egy ujabb Forth-rendszer

Természetesen, felvetddik a kérdés, teljesen jogosan, hogy mi sziikség lenne még egy Forth-rendszerre?
A valaszt a szoftver- és hardvereszkozok gyors iitem fejlddése rejti magaban. Amig a szamitogépek egy
alfanumerikus kijelzé és billentytzet segitségével kommunikaltak a felhasznéaléval, szinte minden gépre/
processzorra megjelent a Forth és a megirt programok szinte médositas nélkiil hasznalhatoéak voltak bar-
mely konfiguracién. Am a grafikus operacios rendszerek és az j technoldgidk (USB, internet...) megjele-
nése szitkségessé tette ezek hasznalatdnak beépitését a programfejleszté rendszerekbe. A Forth fejlesztésé-
re tobb préobalkozas is tortént, de mindegyik ,intenziv” elven, azaz a szdkészlet b6vitésén alapult. Példaul
a win32forth 2014 decemberi release tobb, mint 5000 Forth sz4t tartalmaz (2. dbra).
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2. dbra. A Forth-79 standard szokészletének egy részlete

EMPTY
CONFIGS
("OF-INCLUDE)
FOREGROUND
NOWAY-POINTER
ARROW-POINTER
NOTE
(F@)
R>F
ASCIIZ->ASC-LEN

.EDITOR

NT?

HEAP>

(*
MULTISTATUSBAR
LOGKEYSTROKES
SET-CONSOLE-MENU
CONSOLE-MENU
CUT-CONSOLE
PROJECTHNDL
SEARCH-WINDOW
+TRAILING
TARGET-SEARCH
CONTAINING?
SEARCHIA

NEVER

.WINDOWS
HELP-SYSTEM
-TOOLS.F
ABOUT-WIN32FORTH
IDD_EDIT2_TEXT
IDD-PROMPT TEXT2
IDD_PROMPT_TEXT
IDD_2UP
IDD_SAVE_MEMORY
IDD_ABOUT_TEXT
IDD_CHECK
BROWSEFORFOLDER
MENUBAR
MODELESSDIALOG
FIND-DIALOG-ID
EDITFIELD
DEFTOOLWIDTH
BHBUTTONBAR
DEFBHEIGHT
RADIOCONTROL
LISTCONTROL
CONTROL
CALLWINDOWPROC
ZMESSAGE
MSGWINDOW
FIND-WINDOW
ERRCFA
ZERO-WINDOWS
DIALOG-LINK
#PRINT-SCREEN
FPRINT
FOUR-PAGE
PAGE-SCALED
START-SCALED2
THEPRINTER

FORTHBOOT
SET-SHELL

"OF-COMPARE
SIZE-POINTER
ICON-POINTER
NEW-POINTER

FAX

FR@

FSP

OF-RANGE

ZEXEC
WIN32S?
WITH-IMG

<A

J*

STATUSBAR
HANDLEKEYDOWN
MENU-OFF
WIN32FORTH-MENU-BAR
COPY-CONSOLE
LATESTPROJECTFILES
*SEARCH
W-SEARCH
SCAN-FOR-WILDCARD
STARTING-WITH?
COMPARETIA
W_SEARCH.F

.DFC
CLASS-BROWSER
NEWEDITDIALOG
IDOK3
IDD-PROMPT2_TEXT
IDD_REPLACE_DIALOG
IDD_EDIT_TEXT
IDD_PAGEUP
IDD_ABOUT_TEXT4
IDD_ABOUT_HEAD
IDD_FONT
-BROWSEFLD.F
NEXTID
DIALOG

2?DLGERR
PICTUREBUTTON
DEFTOOLHEIGHT
VBUTTONBAR
DEFBWIDTH
CHECKCONTROL
COMBOLISTCONTROL
IN-BUTTON?
SUBCLASS-ENTRY
MESSAGE-ORIGIN
CHILD-WINDOW
WINDOW
CLASSNAMEID
GENERIC-WINDOW
WINDOWS-LINK
ROWSTRING
$FPRINT
TWO-PAGE
PRINT-MULTI-PAGE
START-SCALED
WINPRINTER

LOADCONFIGFILE
ABSE
("OF-COMPARE)
UPARROW-POINTER
IBEAM-POINTER
SP>COL

FPOP

FDUP>R

FSTACK
_OF-RANGE

. BROWSE

WINO8?

<CLASS

CONSOLEWINDOW
-STATUSBAR.F
HANDLEKEYS
CONSOLE-POPUP

LOADPROJECT

" SETTOFOREGROUND
*BUFFER
WILDCARD
CONTINUE-W-SEARCH?
CASESENSITIVE?
S-EXCHANGE
-LOADPROJECT . F
DEXH

. FORTHFORM
PAGE-UP-SETUP
IDD_PROMPT2_TEXT
IDD_EDIT2_DIALOG
IDB_OPTION
IDD_TITLE_TEXT
IDD_AVAIL_MEMORY
IDD_ABOUT_TEXT3
IDD_ABOUT_FORTH
IDDiFONTDLG
MIN-MENU-BAR
IDCOUNTER
LOAD-DIALOG
DIALOGID?
TOOLBAR
LRBUTTONBAR
GENERIC-BUTTONBAR
DIALOGWINDOW
STATICCONTROL
COMBOCONTROL
MOUSE-IS-DOWN?
SUBCLASS-RETURN
MESSAGE-ON
LOADICONFILE
WNDPROCERROR
DEFAULTMENUBAR
GET-MOUSE-XY
PRINT-CONSOLE
4PRINT

PRINT
SINGLE-PAGE
START-RAWZ
PAGE-SETUP
SPLITLINE

USERCONFIGS
"OF-INCLUDE
BACKGROUND
WAIT-POINTER
CROSS-POINTER
SET-POINTER
FPUSH

F>R

2UPPERCASE

sYs

.DOS
WINS5?

<OBJECT

poc

CcMD
COMMANDWINDOW
SET-CONSOLE-POPUP
WIN32FORTH-POPUP-BAR
MARK-ALL
COUNTMAPPEDFILE
WINDOWTOFOREGROUND
#NUMBER-LINE>
NEXT-SEARCH
WILDCARD-CHAR
LAST-CNT

-DUP

.LDE

XREF

.IDE
PAGE-UP-DIALOG
IDOK2
IDD_EDIT_TEXT2
IDD_EDIT_DIALOG
IDD_4UP
IDD_AVAIL
IDD_ABOUT_TEXT2
IDD_TEXT
FORTHDLG
POPUPBAR
IDSTART
READ-DIALOG
COMBOFIELD
DEFTOOLSPACING
HBUTTONBAR
BUILDBAR
BUTTONCONTROL
GROUPCONTROL
EDITCONTROL
INFO-FLAG
SUBCLASS-WNDPROC
MSG-WINDOW
SEND-WINDOW
ERRSTRING
DIALOG&CONTROL
WRECT
PRINT-SCREEN
2PRINT

PRINTER
PRINT-SCALED
START-RAW
START-PRINTER2
-BLSCAN1

Date: Thursday, August 20 2015 10:492M

Page: 1 of 10
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Jelen projekt 1ényege az 1j lehetéségek kihasznalasa Forth-bol, gyakorlatilag az alapszdkészlet bovité-
se nélkiil. Egy specialis szovegmez6 hasznalataval, amely fogadja a parancsokat és kijelzoként szerepel, a
Forth-rendszer beépithet6 barmely Delphi/Lazarus programba, mivel a kod és adatszegmens Forth koddal
vezérelheté barmely Lazarus/Delphi komponens. A szévegben szerepld abrakon néhany, a rendszeriinkkel
késziilt programrol mutatunk be képeket. Talan a mellékelt minimalis tekndc-grafika illusztralja a legjob-
ban ennek a kombindcidnak a lehetdségeit, ez ugyanis 5-6 sornyi programmal lett felépitve.

Mivel az altalunk hasznalt Lazarus Objective Pascal IDE [23] (3. dbra), illetve NASM Netwide Assemb-
ler [24] (4. dbra) open source és cross platform eszkozok, az igy épitett Forth természetesen futtathato
Windows, MAC és Linux rendszereken is. Ugyanakkor biztositva van a platform ingyenessége és jogtisz-
tasaga is.

3. dbra. A Lazarus Objective Pascal IDE kérnyezet

e f7| [ Qsearch ymoe £

IDOIARAS [ weather Bk Google Translate [ Family Agenda - Goog... ) Facebook @B httpy//livetv.sx/enx/all... Y¥ Tennis Live Stream On... B Juditka Gepen @ Indy »

lazarus-ide.org/

V0 Waterfox Home [ Program Tv - Azi-Eur.. @ Program €

HOME ABOUT SCREENSHOTS FAQ FEATURES DOWNLOADS FORUM WIKI

Download Now

What is Lazarus? What can it do? Where to learn?

Lazarus is a Delphi compatible cross-platform IDE for Rapid

You can create your own open source or commercial

Application D

It has variety of ready
for use and a graphical form designer to easily create
complex graphical user interfaces.

With Lazarus you can create file browsers,
image viewers, database applications, graphics editing
software, games, 3D software, medical analysis software or

any other type of software.

Leam more..  Wikipedia

See Application Gallery | Why use it?

Recent Announcements

Lazarus Release Candidate 1 of 2.2.0 - July 12, 2021, 01:12:20 pm

The Lazarus team is glad to announce the first release candidate of Lazarus 2.2. This release was built with FPC 3.2.2.
Here is the list. Learn more.

Save your
pm

is login => Moving to GitLab - June 27, 2021, 06:43:13

As announced we will move to GitLab soon: httpsy/forumlazarus freepascal.org/index.php/topic,55121.0 html If you
have an account on our. Learn more.
FpDebug 1.0 - June 23, 2021, 06:33:58 pm

FpDebug and LazDebuggerFp have reached version 1.0. This means on Windows and Linux, the upcoming Lazarus 2.2
will use this as the new default, Learn more.

Lazarus has a huge community of people supporting each
other. It include scientists and students, pupils and teachers,
professionals and hobbyists. Our wiki provides tutorials,
documentations and ideas. Our forums and mailing-list offer
a space to ask questions and talk to users and the
developers.

Start Learning | Books | Online Tutorials

Highlights
® Open Source
® Written in Pascal for Pascal
o Cross-platform
© Over 200 Components
o Extendable through packages
 Package Manager with Online Repositry
® Many Frameworks
o Converts from Delphi code
o Regular Releases

100% 2
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4. dbra. A NASM Netwide Assembler kornyezet

@ NASM - The Netwide Asseml- X

<« C @ O & ntps asm.us/xdoc/2.15.05/html/nasmdoc1 html#section-1.1 B o 9| | Qsearch rin@D o =

V¢ Woterfox Home [ Program Tv - Az - Eur.. @ Program O IDCIARAS B weather B Google Tansiate B Famity Agend - Goog.. @ Facebook & hitp/fvetvsxiensfall.. 1 Tennis Live Stream On... B ucitka Gepen @ indy >

Chapter2 Contents Index @’

NASM - The Netwide Assembler

version 2.15.05

Chapter 1: Introduction

1.1 What Is NASM?

The Netwide Assembler, NASM, is an 80x86 and x86-64 assembler designed for portability and modularity.
It supports a range of object file formats, including Linux and *BSD a. out, ELF, Mach-0, 16-bit and 32-bit
.obj (OMF) format, COFF (including its Win32 and Win64 variants.) It can also output plain binary files, Intel
hex and Motorola S-Record formats. Its syntax is designed to be simple and easy to understand, similar to
the syntax in the Intel Software Developer Manual with minimal complexity. It supports all currently known
x86 architectural extensions, and has strong support for macros.

1.1.1License

NASM is under the so-called 2-clause BSD license, also known as the simplified BSD license:

Copyright 1996-2020 the NASM Authors - Al rights reserved

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

« Redistributions of source code must retain the notice, this list of conditi dthe
following disclaimer.

« Redistributions in binary form must reproduce the above copyright notice, this list of conditi d
the following disclaimer in the and/or other material ided with

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TOR'
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVE
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

A Forth-rendszer haszndlata a modern operacios rendszerekben két f6 problémadba iitkozik. Az els6,
hogy az 1994-es szabvany kb. 200 Forth-utasitast tartalmaz. Ezek egytizedének az ismeretében el lehet kez-
deni a Forth hasznalatat bevezet6 alapszintii problémak megoldasara, ami egy Ujonc szamara is elfogad-
hato s6t, megfelel utmutatassal vonzo is lehet. Természetesen késébb a programozé hasznélni szeretné
az operacios rendszer altal hozzaférhet6vé tett technologiakat is tigy, mint internet, grafika, USB bévitések
stb. Amint azt fennebb emlitettiik, 1étezé Forth-rendszerek ezt az alapszotar bévitésével oldjak meg, mint
példaul a Winforth32, ami évekkel ezel6tt is 5000+ utasitast tartalmazott. Ez egyértelmien elbatortalanitja

még a lelkes érdekléddket is.
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5. dbra. Példdk sz6készlet-bovitésekre

Nucleus layer

' % %/ *%/MOD + +! - / /MOD O0< 0= 0> 1+ 1- 2+
2- 2/ < = > >R ?DUP @ ABS AND C! C@ CMOVE

CMOVE> COUNT D+ D< DEPTH DNEGATE DROP DUP EXECUTE
EXIT FILL I J MAX MIN MOD NEGATE NOT OR OVER PICK
R> R@ ROLL ROT SWAP U< UM* UM/MOD XOR

Device layer

BLOCK BUFFER CR EMIT EXPECT FLUSH KEY SAVE-BUFFERS
SPACE SPACES TYPE UPDATE

Interpreter layer

# #> #s #TIB ' ( -TRAILING . .( <# >BODY >IN
ABORT BASE BLK CONVERT DECIMAL DEFINITIONS FIND
FORGET FORTH FORTH-83 HERE HOLD LOAD PAD QUIT SIGN
SPAN TIB U. WORD

Compiler layer
HooE o '8 ; ABORT" ALLOT BEGIN COMPILE CONSTANT
CREATE DO DOES> ELSE IF IMMEDIATE LEAVE LITERAL LOOP

REPEAT STATE THEN UNTIL VARIABLE VOCABULARY WHILE
['] [COMPILE] ]

6. dbra. Példa szokészlet-bivitésre

i Win32Forth 6.14.02 - olEd

File Edit Display Tools Macros Help

o< 0> 0= ORD-JOIN "

WORD-SPLIT UH/HOD i D2/

D2x - 1+ u2,

2/ 2 ABS NEGATE

UNDER+ - + BIT-HSE

BIT-POP TOGGLE OFF ON

CDECR CINCR DECR INCR

RSHIFT LSHIFT INVERT XOR

OR I} AND BLANK ERASE

FILL HOVE CHMOVE > CHMOVE

CHAR+ CHARS —CELLS 4CELLS

CELL~ CELLY¥ CELLS~ CELLSY

CELLS U+! Wl Su@

wa C+! Ccl ca@

+1 I @ 2R@

2R> 2>R RDROFP R>DROP

DUFP >R R@ B> >R

RP! RF@ SP! Sp@

4REVERSE 3REVERSE S-REVERSE PICK

TUCK NIP ?DUP —ROT

ROT OVER SWAP DUP

DROP _ENDCASE _ENDOF _OF

_CiSE EOUNDS TNLOOP {+L0OF)

(L00F) 7LEAVE LEAVE b4

J I (7D0) (D0)

“wHILE ZuwTIL _REPEAT _AGAIN

_THEN ZBEGIN Z7BRANCH TERANCH

ERANCH CALLF RETURNF EXEC-SEQ

NEIT-SEQ CRIFS MAXCOUNTED MAXPATH

MAYSTRING HAY-HANDLE #V0C5 PTRNULL
FAISE TRUE BL

—CETL CELL 2 1

0 1 HOOP PERFORM

EXECUTE LT UNNEST DOCFF

DOUSER DOVALUE+! DOVALUE! DOVALUE

DO2VALUE DODEFER DOVAR DODOES

DOCON DOCOL

Displayed 2345 of thewards in the system.

wx Use: UORDS <substring> to limit the list *x

xx Use: CONSTANTS <substring> to display Vindows Constants xx
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7. dbra. Példa sz6készlet-bovitésre

TASK CLS FORTH \ WHILE ELSE IF REPEAT AGAIN END UNTIL
+LOOP LOOP DO THEN ENDIF BEGIN BACK BYE VLIST --> LOAD

BLOCK U. ? . D. .R D.R #S # SIGN #> <# SPACES RBUF
m/mob  */ */mMoD MOD / /MOD * M/ M* MAX MIN DABS ABS
S->D COLD ABORT QUIT ( DEFINITIONS FORGET ' VOCABULARY

IMMEDIATE INTERPRET ?STACK U< DLITERAL LITERAL [COMPILE]
CREATE ID. ERROR (ABORT) UPPER -FIND NUMBER (NUMBER) WORD
PAD HOLD BLANKS ERASE FILL QUERY EXPECT PALIGN
(.") -TRAILING TYPE COUNT DOES> <BUILDS (;CODE) OCTAL
DECIMAL HEX SMUDGE ] [ COMPILE ?LOADING ?CSP ?PAIRS ?
EXEC PCOMP ?ERROR !CSP PFA NFA CFA LFA LATEST TRAVERSE
-DUP 2DROP 2DUP SPACE ROT > < = - , ALLOT HERE 2+ 1+
ATTR FILE PREV USE HLD R# CSP FLD DPL BASE STATE
CURRENT CONTEXT OFFSET SCR OUT 1IN BLK LIMIT FIRST VOC-
LINK DP FENCE WARNING WIDTH TIB Re Se +ORIGIN B/SCR
B/BUF C/L BL 3 2 1 © USER VARIABLE CONSTANT ; : cC! !
C@ @ TOGGLE +! DUP SWAP DROP OVER MINUS ©< ©= R R>
>R LEAVE ;S RP! SP! SP@ XOR OR AND U* U/ CMOVE KEY
TRKEY CR ?TERMINAL GOTOXY EXCALL EMIT ENCLOSE (FIND)
DIGIT I (DO) (+LOOP) (LOOP) ©BRANCH BRANCH D+ + EXECUTE
LIT OK

A masik probléma pedig az, hogy a mai grafikus feliileti operacios rendszerek alapfiiggvényei, mint
példaul az ablakkezelés nem ritkan 10, vagy akar tobb paramétert is hasznalnak. Ugyanakkor: ,,a Forth-
programozas jelenlegi trendje az, hogy keriiljitk a verem mélyebbé tételét 3 vagy 4 elemnél. Az ennél
mélyebb verem altaldban annak a jele, hogy a programot nem megfelelden gondoltak at” [18] Még ha le is
szlikitenénk a szétar bovitését a minimumra, a til sok paraméter hasznalata a verem éatlathatosagat csok-
kenti és ezaltal a Forth programozasi filozdfia lényegének szem el6l vesztését okozza.

A tovabbiakban leirt médszer mindkét akadalyt athidalja, egy adott problémakorhoz a RAD-rendszerben
megirt altalaban néhdny, sz6 szerint par sornyi modul és a hozza tartozo egységes Forth-interfész révén.
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Példak

A tovabbiakban bemutatunk néhany, a mar emlitett Forth-fejlesztésben készitett példaprogramot. Sajnos
a kodok dltal megvaldsitott dinamikus strukturakat itt csak néhany statikus dbraval tudjuk illusztralni.

1. HANOI TORNYAT
:movel swap..cr;
:movel 213 excall swap..cr;
0 variable h_addr
: hanoi dup 1 = if drop movel else
>R over over over + 6 swap - R 1- h_addr @ execute
over over movel
swap over + 6 swap - swap r>1-h_addr @ execute endif ;

“hanoi cfa h_addr !

1 sor hozzdadasaval (over over movel) szemléletes animdcidt hoztunk létre:

8. dbra. Hanoi tornyai 1.
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9. dbra. Hanoi tornyai 2.

10. dbra. Hanoi tornyai 3.
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2. PI KISZAMITASA

Bar a Forth-rendszer egész szamokkal dolgozik, ez a példa a Pi, a kor keriilet/atmerd aranyanak (m) értékét
szamitja ki tobbszaz tizedesnyi pontossaggal, Euler képlete alapjan:

11. dbra. Pi kiszdmitdsa

T i 1 n 1
7 = are an2+arcan3

arctanz = ﬂZ:O é;_li_)jx%ﬂ =x- :t:_; +$—; - %? + ..
1000 constant v_| 0 variable ind
here v_| 4 * allot constant vtempa here v_| 4 * allot constant vtempb
here v_| 4 * allot constant at1/2 here v_| 4 * allot constant at1/3
V@AFrH@+@; :vidA*rH@+ !
:v_zerov_|0doi4*over+0swap!loop drop;
:v_printdup @ 1d.r46emitv_|1doi4 *over+ @ 1d.rloop drop;
:c/swapr#t!0v _|0do 10 * iv@ + over /mod i v! loop drop;
:c*swapr#!0v_lO0Odooverv li-1-v@ *+ 10 /mod swapv_li-1-v!loopdrop;
cviswapr#!Ov_|Odov_li-1-v@ swap +overv_li-1-4*+@ +10/mod

swapv_li-1-v!loopdrop;

cvi=swapr#! v I0dodupid4*+ @ iv!loopdrop;
:v-swap r# 1 0ind ! begin ind @ v@ 0= while 1 ind +! repeat
vIl-ind@doiv@1-iv!10i1+v@ +i1+v! loop
Ov_I0do v li-1-v@+overv_li-1-4*+@

-10 /mod swapv_li-1-v!loopdrop;

vtempa v_zero 5 vtempa 4 + | at1/2 vtempa v:=

:C_at1/2 100 1 do vtempa 4 ¢/ vtempb vtempa v:= vtempb i i + 1+ ¢/ at1/2 vtempb
i 2 mod if v- else v+ endif loop ; c_at1/2
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at1l/3 v_zero1atl/3!atl/3 3 ¢/ vtempaatl/3 v:=

:c_at1/3 100 1 do vtempa 9 ¢/ vtempb vtempa v:= vtempb i i + 1+ ¢/ at1/3 vtempb
i 2 mod if v- else v+ endif loop ; c_at1/3

atl/2 at1l/3 v+ atl/2 4 c* atl/2
crer” Pl="v_printcr

Végrehajtas:

Pl =
3.141592653589793238462643383279502884197169399375105820974944587
34437321538295376117614603945866419742307357130104932178994142901
91677721975482080111611784213707346556916072874749797963710806365
38111206230405528218070576329057925402081947421780511069476458023
99932921571046675475420374232180268792410134691659518585213598449
20767358804946747345712030063025145576704396915548362245833830913
73466398544594682380526838178493318223474814725796671080713297390
95166926844160375748446628322025101603352391239010539656295460932
05160399457031789098301143022696362323878213580456449260048604264
48031168494909216983899518708064610176494193661024380034854727866
33316928861193511654811079070811452536787953713999315319803361006
13022145585505207297124366836230175554369288524732676098812050165
77871362324685875034470906652738835934399526451762206844401493563
41202450789031429478911954474499001931340623868227425066397982009
86876517158640619357175225145973785962598604299127767657507236819
29472090952787340999460004
OK
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3. “TEKNOC’ GRAFIKA 3D VALTOZATA

Ez a bévités tovabbi fejlesztési lehetdségeket kindl, mint példaul robotkar interaktiv vezérlése, mértani hely
problémak szemléltetése stb.

Lévén ez egy aranylag bonyolult bévités, ezért a teljes implementaciot bemutatjuk illusztralandé, hogy
ez esetben is relative kevés programsorral megoldhato a Forth 3D utasitdskészlet létrehozasa.

Pascal Opengl implementacié (a tényleges 3D utasitasok végrehajtasa):

x3ang:=1; y3ang:=0; z3ang:=0;x3p0s0:=0;y3p0s0:=0;z3p0so0:=0;
if nrcmd>0 then
for i:=0 to nrcmd-1 do begin // dec

if cmd[i]=5 then begin  // “moveto
x3poso:=x3poso+cparamli]*x3ang; y3poso:=y3poso+cparamli]*y3ang;
z3poso:=z3poso+cparamli]*z3ang;
end;

if cmd[i]=10 then begin  // dirx
x3ang:=1; y3ang:=0; z3ang:=0;
end;
if cmd[i]=8 then begin  // ~“moveto
x3poso:=xparamli]; y3poso:=yparamli]; z3poso:=zparamli];
end;

if cmd[i]=7 then begin  // ~lineto
glBegin(GL_LINES);
glVertex3d(x3poso,y3p0so,z3p0so);
dist:=sqrt((x3poso-xparamli])*(x3poso-xparam[i])+(y3poso-yparam[i])*(y3poso-yparam
[(1)+(z3poso-zparam[i])*(z3poso-zparam(i]));
x3ang:=-(x3poso-xparam[i])/dist;y3ang:=-(y3poso-yparamli])/dist;z3ang:=-(z3poso-zparam
[i])/dist;
x3poso:=xparamli]; y3poso:=yparamli]; z3poso:=zparamlil;
glVertex3d(x3poso,y3p0so,z3p0so);
glEnd();

end;
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if cmd[i]=4 then begin  //~lin
glBegin(GL_LINES);
glVertex3d(x3poso,y3p0so,z3p0so);
x3poso:=x3poso+cparam[i]*x3ang; y3poso:=y3poso+cparam[i]*y3ang;

z3poso:=z3poso+cparam [i1*z3ang;
glVertex3d(x3poso,y3poso,z3poso);
glEnd();

end;

if cmd[i]=3 then begin // rz
angt:=arctan(y3ang/x3ang)+pi*2.0*cparamli]/360;
if x3ang<0then angt:=pi+arctan(y3ang/x3ang)+pi*2.0*cparam|i]/360;
rrt:=sqrt(y3ang*y3ang+x3ang*x3ang);
x3ang:=rrt*cos(angt);y3ang:=rrt*sin(angt);

end;

if cmd[i]=2 then begin // ry
angt:=arctan(x3ang/z3ang)+pi*cparamli]/180;
if z3ang<0 then angt:=pi+arctan(x3ang/z3ang)+pi*cparamli]/180;
rrt:=sqrt(z3ang*z3ang+x3ang*x3ang);
z3ang:=rrt*cos(angt);x3ang:=rrt*sin(angt);

end;

if cmd[i]=1 then begin // rx
angt:=arctan(z3ang/y3ang)+pi*2.0*cparam[i]/360;
if y3ang<0 then angt:=pi+arctan(z3ang/y3ang)+pi*cparam[i]/180;
rrt:=sqrt(y3ang*y3ang+z3ang*z3ang);
y3ang:=rrt*cos(angt);z3ang:=rrt*sin(angt);

end;

Pascal oldalrdl a Forth interfész:

case gparam of
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1011 : begin Imagel.left:=OpenGLControl1.left; // cl
Imagel.top:=OpenGLControll.top;lmagel.height:=384;Imagel.width:=384;
OpenGLControll.visible:=false; imagel.visible:=true;
imagel.canvas.fillrect(classes.rect(0,0,384,384));
imagel.canvas.pen.width:=3;
imagel.canvas.moveto(150,150); angle:=0;xpos:=150;ypos:=150;

// imagel.canvas.lineto(200,300);

end; // cl

1012 : begin angle:=angle+s0; end; //RT

1014 : begin //FD

xpos:=round(s0*sin(pi*2.0*angle/360))+xpos;
ypos:=round(s0*cos(pi*2.0*angle/360))+ypos;
imagel.canvas.lineto(xpos,ypos); delay(TrackBarl.position*100);
end; // FD

1018 : begin //plot
imagel.canvas.pixels[sO,s4]:=clred;
end; // PLOT

1050 : begin // rdrw

DrawGLScene();
OpenGLControll.SwapBuffers;
sleep(200);

end;

1051 : begin // cl
nrcmd:=0; x3ang:=1; y3ang:=0; z3ang:=0;x3p0s0:=0;y3p0s0:=0;z3p0s0:=0; end;

1052 : begin // lin
cmd[nrcmd]:=4;cparam[nrcmd]:=s0 /100; nrcmd:=nrcmd+1; end; //

1053 : begin // mov
cmd[nrecmd]:=5;cparam[nrcmd]:=s0 /100; nrcmd:=nrcmd+1; end; //
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1054 : begin //rz
cmd[nrcmd]:=3;cparam[nrcmd]:=s0 /100; nrcmd:=nrcmd+1; end; //

1055 : begin //ry
cmd[nrecmd]:=2;cparam[nrcmd]:=s0 /100; nrcmd:=nrcmd+1; end; //

1056 : begin // rx
cmd[nrcmd]:=1;cparam[nrcmd]:=s0 /100; nrcmd:=nrcmd+1; end; //

1057 : begin // lineto
cmd[nrecmd]:=7;xparam[nrcmd]:=s0 /100;
yparam[nrcmd]:=s4 /100; zparam[nrcmd]:=s8 /100; nrcmd:=nrcmd+1; end; //

1058 : begin // moveto
cmd[nrcmd]:=8;xparam[nrcmd]:=s0 /100;
yparam[nrcmd]:=s4 /100; zparam[nrcmd]:=s8 /100; nrcmd:=nrcmd+1; end; //

1060 : begin // dirx
cmd[nrcmd]:=10; nrcmd:=nrcmd+1; end; //

end; // case
//sleep(100);
application.processmessages;

Forth 3D bdvités interfész:

: rdrw 1050 excall ;

:cl 1051 excall ;

:lin 1052 excall drop ;

: mov 1053 excall drop ;

: rx 1056 excall drop ;

:ry 1055 excall drop ;

:rz 1054 excall drop ;

: lineto 1057 excall drop drop drop ;
: moveto 1058 excall drop drop drop ;
: dirx 1060 excall ;
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Mivel elég nehéz 3D modelleket sz6vegben leirni, ezért a kovetkezékben képekkel illusztraljuk a lehe-
téségek egy részét. A létrehozott térbeli modellek egér segitségével szabadon forgathatdk, ill. gorgetéssel
nagyitas/kicsinyités érhet6 el. Kiemelnénk a képek bal als6 sarkaban lathaté RGB koordindtarendszert,
ami a mindenkori abszolit XYZ iranyokat mutatja. Ez nagyban megkonnyiti a térbeli érzékelést (ugyan-
akkor sok kereskedelmi 3D programbdl is hianyzik).

3.1 statikus 3D dbra

:aa60do 6000rz 160 lin loop
500 rz

116 0 do 6000 ry 260 lin loop;

12. dbra. ‘Tekndc’ grafika 3D viltozata - statikus 3D dbra
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13. dbra. ‘Teknéc’ grafika 3D viltozata - statikus 3D dbra

3.2 Animadlt ‘vektor kiskandl’

: spoon // 9000 ry 100 mov -9000 ry
4500 ry 40 lin 9000 ry 40 lin

-4500 ry 250 lin -250 mov 13500 ry
40 lin 9000 ry 40 lin;

:stir 40do

0 0 -50 moveto spoon dirx rdrw cl
0 -50 0 moveto spoon dirx rdrw cl
0 0 50 moveto spoon dirx rdrw cl
0 50 0 moveto spoon dirx rdrw cl
loop ;
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14. dbra. Animalt ‘vektor kiskandl’ 1.

15. dbra. Animadlt ‘vektor kiskandl’ 2.
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TOVABBI LEHETOSEGEK

Befejezésiil megemlitenénk még egy fejlesztés alatt all6 iranyvonalat. Mivel egy Forth-rendszer szerves ré-
sze a beépitett forditd is, ezért kivaloan alkalmas evoliicids programok létrehozasara. Az alapoétlet viszony-
lag egyszerti: tobb ezer, vagy akar tizezer, azonos algoritmuson alapuld, de véletlenszerti médositasokat
tartalmazé program egyidejli futtatasa, majd ezek sziirése kiilonb6z6 kritériumok alapjan. Elméletileg,
igen sok generaci6 utan bonyolult problémakat megoldé programok is létrejohetnek. Ebben az irdnyban
haladva hoztuk létre a minimalis Forth-rendszert, amely egy 40k alatti EXE, ami lehetévé teszi egy otthoni
gépen is a tobb ezer program-példany futtatasat (16 dbra).

16. dbra. A minimdlis Forth-rendszer

Help 8

. =d ~[new volume] 386,318,268 k of 484,171,772 k free AW

|+ d:\minforth\* *

Name Ext Size $Date = Atr
] <DIR>  07/16/2021 10:12 ----
CIminforth exe 38,912 01/19/2017 10:33 -a--

W Window Title . %

FIG-FORTH V 1.3
1xx100doii*.loop;
oK

XX
0149162536496481 OK

vl



Nagy Andras—Németh Istvan Péter-Czifra Sandor (Szerk.)

Irodalomjegyzék

[1] M. Bartha-Z. Zakota (2015): ,,Using Forth Integrated with Pascal / C++ Development Systems in Education,” In: Report
of Meeting Researches in Didactics of Mathematics and Computer Sciences, Novi Sad.

[2] M. Bartha-Z. Zakota (2015): ,,Using an Integrated Adaptive Forth System in Education,” In: Proceedings of the 10th In-
ternational Conference on Virtual Learning ICVL 2015, Timisoara, 2015.

[3] European Parliament, The, ,,European Parliament legislative resolution on the Commission communication on e-Euro-
pe — An Information Society For All: a Commission Initiative for the Special European Council of Lisbon, 23/24
March2000 (COM(1999) 687 “ C5-0063/2000 “2000/2034(COS)),” 2000.

[4] Commission of The European Communities, ,Communication from The Commission to The Council, The European
Parliament, The European Economic and Social Committee and The Committee of The Regions - “i2010 - A European
Information Society for growth and employment” {SEC(2005) 717},” Brussels, 2005.

[5] EP-C, ,REGULATION (EU) 2021/694 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 29 April
2021 establishing the Digital Europe Programme and repealing Decision (EU) 2015/2240,” 29 04 2021. [Online].
Available: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0694&from=EN. [Hozzaférés
datuma: 15. 04. 2021]

[6] Zakota Zoltan (2020): ,,Oktatas jarvany idején - az alkalmazkodas nehézségei,” Civil Szemle. Oktatds, digitalizdcio, civil
tarsadalom kiilonszdm, Pp. 59-71.

[7] ALA, ,Digital Literacy,” American Library Association, 2021. [Online]. Available: https://literacy.ala.org/digital-literacy/.
[Hozzaférés datuma: 14. 07. 2021.]

[8] A. C. Clarke (1977): Profiles of the Future - An Inquiry into the Limits of the Possible Revised edition, 2nd Eds.,
Popular Library, CBS Publications.

[9] A. Seres-L. Feny6-K. Gyalogh (1986): A FORTH programozdsi nyelv, Budapest: Miiszaki.

[10] C. H. Moore (1974): ,FORTH: A New Way to Program a Mini-Computer,” Astronomy and Astrophysics Supplement
Series, 1. (15.) Pp. 497-511.

[11] C. H. Moore-G. C. Leach (1970): ,FORTH - A Language for Interactive Computing,” Amsterdam-NY.

[12] ,,The Evolution of Forth,” FORTH, Inc., [Online]. Available: https://www.forth.com/resources/forth-programming-
language/. [Hozzéférés datuma: 15. 07. 2015.]

[13] L. Brodie (1981): Starting FORTH. NJ: Prentice-Hall, Inc.

[14] G. Lipovszi-L. Subai-T. Beszeda (1985): FORTH programozisi rendszer és nyelv. Budapest: LSI Alkalmazastechnikai
Tanacsado Szolgalat.

[15] ,,.Introductions,” FORTH, Inc., 2021. [Online]. Available: https://www.forth.com/starting-forth/0-starting-forth/.
[Hozzaférés datuma: 15. 07. 2021.]

[16] D. Rushkoff (2010): Program or be Programmed. New York: OR Books.

(17] ,,4E4th - Forth For Education,” [Online]. Available: http://www.4e4th-ide.org/. [Hozzaférés datuma: 15. 07. 2021.]

(18] D. Bruehl: ,,Forth for Education — 4E4th and 4E4th IDE,” [Online]. Available: http://www.complang.tuwien.ac.at/anton/
euroforth/ef12/papers/bruehl.pdf. [Hozzaférés datuma: 15. 07. 2021.]

[19] Texas Instruments, ,, MSP-EXP430FR5739 Experimenter Board,” [Online]. Available: https://www.ti.com/tool/MSP-
EXP430FR5739?DCMP=ep-mcu-msp-dsbga-en&HQS=ep-mcu-msp-dsbga-pr-evm2-en. [Hozzaférés ddtuma: 15. 07.
2021.]

236



Anyagtudomanyi terek II.

[20] ,,4E4th - the New Version 2018, Forth - Gesellschaft e.V., [Online]. Available: https://wiki.forth-ev.de/doku.php/
en:projects:4edth:start. [Hozzaférés ddtuma: 15. 07. 2021.]

[21] ,,CamelForth,” [Online]. Available: http://www.camelforth.com/news.php. [Hozzaférés ddtuma: 15. 07. 2021.]

[22] N. Hamilton: ,,The A-Z of Programming Languages: Forth,”08. 07.2008. [Online]. Available: http://www.computerworld.
com/article/2534609/app-development/the-a-z-of-programming-languages--forth.html. [Hozzaférés datuma: 21. 08.
2015.]

[23] ,Lazarus - The professional Free Pascal RAD IDE,” [Online]. Available: https://www.lazarus-ide.org/. [Hozzaférés datu-
ma: 15. 07. 2021.]

[24] ,NASM,” [Online]. Available: https://www.nasm.us/. [Hozzéférés datuma: 15. 07. 2021.]

[25] A. Bloch (1989): Murphy torvénykinyve, avagy miért romlik el minden? Budapest: Gondolat.

[26] J. V. Noble: ,A Beginner’s Guide to Forth,” [Online]. Available: http://galileo.phys.virginia.edu/classes/551.jvn.fall01/
primer.htm. [Hozzéférés datuma: 14. 07. 2021.]



