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Abstract — Aircraft crew training corresponds to the interactive learning models of
sensorimotor skill acquisition, and the dynamics of skill acquirement can be approximated by
the exponential trend. A model of 5-grade assessment of separate exercises is offered. It helps
to calculate a resulting evaluation, in accordance with which the progress level of a discrete
exercise is evaluated. Such an evaluation forms one of the points for the analytical construction
of a learning curve using the Gaussian method. Possible applications of the learning curve are
covered.
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l. INTRODUCTION

It is recognized that operator performance skills develop from the initial level to the required level
as a result of interactive learning and exercises.

The dynamics of skill acquisition by a particular aircraft crew is influenced by many factors and a
possible precise identification of this correlation creates a chance to optimize and individualize the
learning process.

In order to obtain skill acquisition parameters, several consecutive measurements of successful
exercise fulfillment are necessary. These measurements cannot be reliably acquired by means of
assessing a single exercise since the assessment is usually formed by a low-resolution grading system
and deals with an absolute security level rather than with skill acquisition progress.

Since basically all known techniques, for example [9], produce the resulting assessment from the
partial assessments of individual parameters and actions, it is necessary to develop a criterion which,
in using these assessments, would be maximally sensitive to the target reaching progress of an
exercise.

In order to correctly identify the characteristics and parameters of skill acquisition dynamics, it is
necessary to ascertain how sensorimotor skills and knowledge are created and preserved in the
memory of the operator.

It also has to be taken into consideration that exercise details change during the learning process,
which creates new situations that consequently produce the dispersion of exercise assessments around
the theoretical curve of the learning progress.

Il. MEMORY, SENSORIMOTOR SKILL ACQUISITION PROCESS AND MODELS

Psychology claims that humans have at least three types of memory: sensory, short-term memory
and long-term memory [2], [5], [14], [21]. The information that comes through the five senses is kept
in full amount in the sensory memory (sensory register) only for a few seconds or even fractions of a
second, and if it is not acknowledged, it is forgotten (Fig. 1).
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Acknowledged information is stored in the short-term (working) memory for about 30 seconds and
then either gets coded for storage in the long-term memory or is forgotten. The capacity of the short-
term memory is not large — approximately 7 + 2 bits (meaningful units of information). The rehearsal
buffer promotes the steady production of information codes for long-term information storage in the
long-term memory.
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Fig. 1. Success in accordance with the linguistic meaning of marking.

The long-term memory consists of a declarative memory, where direct knowledge acquired by
direct memorization of information is stored, and a non-declarative memory, which is related to
specific reflexes to incoming stimuli. The procedural memory storing sensorimotor skills (for the
pilot — the piloting skills) is the most important part of the non-declarative memory.

A semantic memory, a part of the declarative memory, is equally important since the knowledge
of necessary actions in specific flight situations acquired from instructions or theoretical lessons is
kept there. However, a lot of this knowledge has to be turned into sensorimotor skills during exercises.
Then it has to be secured and periodically refreshed since there is a possibility that in course of time
knowledge and skills can be partially or completely lost.

Frequently, a three phase or stage model [10], [11] is used in describing sensorimotor skill
acquisition. In 1967, Fitts and Posner proposed the most used labels of the three stages (or phases) of
learning: the cognitive, associative and autonomous stages. Rasmussen’s [23] sensorimotor action
model (Fig. 2) is also widely used and there the stages are classified as Knowledge-based, Rule-based
and Skill-based control.

According to this model, new sensorimotor skills (cognitive stage) are created by sensory
information producing particular time-space variables — symbols indicating the necessity to take
action. Based on previous experience, semantic knowledge and action goals, planning and attempts
to implement the necessary automatic actions take place. In the event of successful implementation,
they are gradually secured into the procedural memory as particular action scripts.

During the associative stage, cues corresponding to particular action scripts are identified within
sensory information, and an attempt to implement them through the respective procedures is made.

During the autonomous stage, changes and signals in sensory information create automatic
sensorimotor reaction and its pattern is stored in the procedural memory of the operator.

During the real life operator performance, all the three stages overleap and function simultaneously
in accordance with the recognition of the existing situation and the solidity of the developed reflexes.
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Fig. 2. Three levels of performance by skilled human operators. (Redrawn from [23]).

Among others, the Gentile [15], [16] two-stage model is also popular. It consists of an Initial Stage
(getting the idea of movement) and a Later Stage (fixation/diversification stage) which basically
combines the associative and autonomous stages.

Studying the development of the learning curve, Ritter and Schooler [24] consider the opposite
process — forgetting to be equally important for skill acquisition and retention (Fig. 3)

The first stage of learning is dominated by the declarative memory and preserved information can
be forgotten completely. Thus, after 1 hour only about 50 % of memorized information are kept
within the declarative memory and after six days only 25 % of information. The autonomous stage is
dominated by the procedural memory and skills acquired during this stage usually do not get lost,
however they can decrease to an unacceptable level and therefore some practice for skill renewal is
necessary. It was also established that the pace of various skill acquisition and forgetting processes
can differ considerably.

Consequently, the operators’ actual sensorimotor skill level constantly changes in time and as a
result of practice. It is important to clarify how to measure it and identify by which mathematical
coherence actual skill level results can be approximated.
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Fig. 3. Sensorimotor skill acquisition and loss during different learning stages. (Redrawn from [24]).
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I11. LEARNING CURVE

Processing the results of many simple frequentative exercise series, it was established that by
putting aside the results depending on exercise quantity within logarithmic coordinates they position
approximately in the linear order (except the initial learning stage). It allows to conclude that the
progress (decrease in mistake quantity or exercise performance time) resulting from exercises
complies either with an exponential function E(n) =Bn® or with an exponential correlation
E(n) = Be ", where E is an evaluation of the progress after n exercises, B is a range of progress
changes, while o and 3 are coefficients of the speed of progress changes.

The approximation of the exponential function (Power Law) [18] is popular in psychology and
used in several theories of expanded cognition such as ACT-R [3], [4] and SOAR [19]. However, the
statistic processing of large quantity exercise series [17] performed later on reveals that in about 80 %
of cases approximation with exponential correlation is more precise, particularly if this is a minor
series performed by a particular operator.

Looking at a possible frequentative learning theoretical basis from five different vantage points and
analysing 28 different possible models, Novikov [20] concludes that none of those is in conflict with
the exponential character of progress changes. By using exponential correlation, it is possible to
approximate the increase of exercise performance progress (Fig. 4a) and the decrease in amount of
mistakes (Fig. 4b), as well as S-type correlation (Fig. 4c) that is specific to the start of learning from
the theoretical basis without any corresponding preliminary sensorimotor skills.
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Fig. 4. The approximation of the dynamics of frequentative learning with exponential correlation.

As it is often necessary to evaluate the progress dynamics of a particular crew during each series of
exercises when the initial learning of the pilot (cognitive stage) is not examined, the progress can be
best approximated using the Fig. 4a type correlation:

Progr(n,) =100 - (100 — Progr,)e "™ (1)
where
Progro initial level of progress (learning);
Lsp learning speed constant (individual for the crew);
nf exercise serial number (usually flight in circle).

The parameters Lsp and Progro are obtained by processing exercise result marks using the Gauss
method.
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The possible nature of exercise progress dynamics according to (3) is represented in Fig. 5:
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Fig. 5. The possible arc of learning curve using the approximation of exponential exercise progress evaluation.

To make the results maximally precise, it is important to evaluate each exercise accurately and in
detail. The situation is made complicated by the fact that the conditions of exercises are changed from
one exercise to another to make the crew experience as many probable flight situations as possible.
This kind of learning does not correspond to the standard frequentative exercise scheme and the
evaluation of a particular exercise can differ considerably from the actual progress level.

V. EVALUATING THE PROGRESS OF A DISCRETE EXERCISE

For the evaluation of a discrete exercise to be used in the assessment of skill dynamics, the produced
evaluation has to be maximally sensitive even to the smallest progress changes. The evaluation has
to include all the crucial aspects of the action at the same time focusing the attention on the crucial —
the parts which directly influence the progress of the whole exercise.

The existing official evaluation techniques [1], [6] are mainly focused on a 2-grade evaluation
(acceptable, unacceptable), and actually there are formulated end results to be achieved. Only the
piloting technique is evaluated in quantitative figures, while the decision-making and discrete actions
are not assessed at all or are assessed only through qualitative evaluation.

Many pilot instruction and training centres use their own evaluation systems with 3 to 5 grade
detailing [8], [9], [13], [22], [25]. These types of assessment in many instances are approved or
developed by the respective country’s CAA (Civil Aviation Administration) [12], [13] or military
organizations [25]. However, for the main part, it is not specifically defined how the resulting
evaluation should be formed and which of the partial assessments should be regarded as crucial in
producing the resulting evaluation.

It should also be noted that most partial assessments can be obtained by processing flight
registration data — from actual flights, as well as from training sessions on a full-flight simulator [7],
[9]. In practice, by evaluating all flight parameters and actions in this way it can be observed [9] that
high-level partial assessments dominate and that it is necessary to develop a specific methodology
for producing the resulting evaluation.

The evaluation of a discrete exercise, particularly a test, should be focused on “absolute safety”.
Thus, if something crucial does not comply with the requirements, the resulting evaluation should be
“unacceptable”. However, progress evaluations should have more detailed assessments that would
allow to identify the slightest positive improvements by simultaneously putting the emphasis on the
lowest grades.
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It is proposed to use a slightly modified 5-grade system with markings from 5 — excellent to 2 —
unacceptable with transitional marking 2.5 — bad, but not disastrous (marking 1 will not be used since
in school evaluation mark 1 usually means total incompetence and is rarely applied in practice).

Consequently, for the identification of aircraft crew skill dynamics, the following methods are
proposed:

— For the evaluation of exercise progress, the partial assessment of the following activities should

be used:

e Keeping the flight parameters within the defined ranges;

e Systems control (turning on, turning off);

e Decision making in each exercise step;

— The emphasis should be put on the most important flight steps (summarizing the similar ones),

and in each step the parameters should be classified by their importance into 3 groups:

e Group 1 - the aim of the step is to reach the defined value of the parameter (criterion
weight is 4);

e Group 2 — the parameter directly influences the parameters of the first group (criterion
weight is 2);

e Group 3 — the parameter is evaluated, but it is not included in the first or second group
(criterion weight is 1).

For example, during the landing approach, the flight speed, vertical speed, lateral deviation and

altitude should refer to the first group; pitch angle, bank angle and sideslip angle — to the second

group, but load factor — to the third group.

— In accordance with the grading linguistic meaning:

e Partial mark “5” means ‘the aim is fully achieved’, ‘excellent’ — therefore, the successes
level for the following particular parameter, operation or decision is 100 %.

e Partial mark “2” means ‘the aim is not achieved’, below acceptable standards’ — success
0 %.

e Partial mark “3” means ‘average’, ‘good enough’ — success = 50 %

e Partial mark ,,4” means ‘good’, ‘above average’, ‘normally’ — success ~ 80 %

e Partial mark “2.5” — ‘below average, but not complete failure’ — success = 25 % to 30 %.

— The impact of marks on the progress evaluation can be quite precisely described by the

approximation (2), (Fig. 6), which shows about 1.5 times larger impact of negative marks;

Progr(Mark) =142.1-42.1.1.567%), (2)
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Fig. 6. Success in accordance with the linguistic meaning of marking.
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— Evaluation of a particular action ‘k’ should be calculated by summing up partial assessments
taking into account their weight and 1.5 times larger impact of negative marks (3):

> (Mark; -1.5™ . Mcn,)

Mark, = -=— , (3)
D (@587 Meny)
i=1
where
Marki particular partial mark;
n number of different grades, marks;
Mcn; number of the marks of the particular Mark; grade (for the evaluation of piloting, it

should be multiplied by the “weight” of a particular parameter: 4, 2 or 1).

— The relation (3) is used to acquire the resulting mark of piloting quality during each step; after
that, the resulting mark of piloting quality for the whole exercise (n — number of steps); then
the mark of discrete operations and decision making (summarizing all the partial marks); and
finally of the whole exercise in total. If the partial marks take only the given fixed values,
inserting them into the expression (3) will make it possible to obtain:

5Mcn ;+6Mcn ,+6.75Mcn ,+6.9Mcn , .+ 6.75Mcn ,

Mark ;, = : 4)
Mcn, +1.5Mcn ,+2.25Mcn, +2.76Mcn , .+ 3.375Mcen,

If the partial marks are acquired through the calculation, for example, processing the data of
objective control which has decimal values, the total evaluation of piloting will be more precise
when Mark;is used without the approximation. In this case:

Zn:(Marki .1.56-Mark) .2(37%))

Mark ; = =— , (4a)
Z (1.5(5*Mafki) X 2(3*%))
i=1
where
gri is the “weight” of the group according to the evaluation parameter: 4, 2 or 1.

— The quantity of partial marks for decision-making and discrete actions is rather small, therefore
it is proposed to merge them and produce a total resulting grade Markgqdc in accordance with the
expression, like in (4). Considering that the quantitative assessment techniques for these actions
are still insufficiently developed, initially the level of “weight” for these marks should be
attributed equally. If for the evaluation of actions we use uninterrupted timeliness distribution
statistic function as, for example, in [9], we can also use the analogous expression (4a) to
evaluate discrete actions.

— The resulting grade for the progress evaluation of an exercise consisting of resulting progress
marks for piloting and discrete actions/decision making is:

5—Mark

Mark 1.5

pil) (5-Marl 44c)
, + Mark,, 1.5

_ pil ddc
Mark ., =

1.5(5— Mark ;) n 1.5(57 Mark 4q0)

(5)

— The percentage evaluation of progress level for a particular exercise for learning curve
construction is:

Progr, =142 .1-42.1.1,5¢ "), (6)
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V. CALCULATION OF LEARNING CURVE PARAMETERS

If the learning process, i.e. the learning curve, is approximated with the help of expression (1), the
initial level of progress is obtained from the progress assessments of discrete exercises before the
exercise series Progro and learning speed constant Lsp.

Since the progress evaluation of a particular exercise is rather approximate and the progress itself
can be perceived as a plateau or even in decline (when the tasks of the exercise get complicated), for
the calculation of approximation parameters it is necessary to use the Gauss Least Squares method
including all the flights nq of the exercise series.

In accordance with the Gauss method the learning speed constant is:

Lsp = [nﬂ ni (nfl Yﬂ i Ny, i Ya, J’ (7)

where

a= nﬂi”ﬂ [i Ny, ] , (8)

Ys, =In(100-Progr, ); 9)
n, index number of exercise i within the exercise series.

The initial level of progress before the training:
Progr, =100—-¢°, (10)

where

[Zﬂ:nﬂ Zﬂ:yﬂ Zﬂ:nﬂ Zﬂ: (g, - Vs ] (11)

The graphical interpretation of the initial level of progress before the exercise series Progro and the
learning speed constant Lsp are represented in Fig. 7.
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Fig. 7. The approximation of the quantity of exercises necessary for achieving the required progress level.
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V1. LEARNING CURVE APPLICATION

The initial level of progress before the exercise series ProgrO characterizes the initial level of
qualifications and depends on the theoretical preparedness, previous flight experience, hiatus in
piloting practice, etc.

The learning speed constant Lsp describes the speed of skill acquisition and the abilities and
teamwork of a particular crew, however if the curve is constructed on the basis of flights by multiple
crews, it can be used to judge the efficiency of the training course and learning methodology.

If a definite number of exercises have been completed, the learning curve makes it possible to
forecast the required total amount of the exercises N nees NECESSAry for achieving the needed learning
level Progrneed.

The needed exercise quantity Nr need Can be determined either graphically (Fig.7) or by using the
following expression:

1 In 100 - Progr,

Mooy =1——— 12
fineed Lsp 100 - Progr, (12)

eed
The dispersion of exercise assessments around the approximated learning curve is also an
important feature of the learning process. The dispersion can be calculated in accordance with:

Wi

1
DProgr = n_z Progrﬂi - Progr(nﬂi ))2’ (13)

fli=1
where Progr(n,) is the point on the learning curve which corresponds to a particular exercise

calculated in accordance with (1).

The dispersion characterizes both the stability of skill acquisition by a particular crew and the
accuracy of the exercise sequence of the learning program itself when it is calculated for a large
quantity of crews. The dispersion is also a criterion by minimizing which it is possible to optimize
the calculation algorithm of discrete exercise progress level.

The learning curve can also facilitate the rationalization of the learning process. Thus, by analyzing
the progress level dynamics of a particular number of trainees, they can be divided, for example, into
3 groups depending on the achieved progress level by the end of training. A new group of trainees
can also be divided, with a large probability, into 3 corresponding groups after the completion of the
first 3 to 4 exercises. Then a slightly different further training program can be planned for each group.

It is advisable to form the final evaluation of learning steps not only from the assessment of the
final control exercise, but also by taking into consideration the marks of previous exercises. The
resulting grade for a series of exercises can be determined as a grade which corresponds to the
progress level on the learning curve for the flight quantity n = nq (Fig. 7):

_ 5.767-In(42.1+ (100 - Progr,)e™ ™)

Marko 0.405

, (14)

where
Ng is the index number of the last exercise.

VII. CONCLUSION

The offered method of learning curve construction has to be verified and specified in practice and
the best way to do it is by using an automated equipment of discrete exercise assessment that is based
on the instrumental means of objective control in combination with the expert evaluations of
instructors.
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If the learning curve is not constructed, it is proposed to use the linear assessment of previous
exercise weights taking into account from 1 to 5 of the previous assessment results, since the
evaluation of exercise series based only on the results produced during the final exercise may have a
random nature. The final exercise, of course, has a greater impact. At the same time, the number of
included exercises must not be too large so that the total evaluation would not be negatively affected
by the previous mistakes which have already been eliminated during the learning process.

The resulting assessments of discrete exercises depending on the quantity of included exercises
should be multiplied in accordance with the weight coefficients listed in the following Table I:

TABLE |

WEIGHT COEFFICIENTS FOR ASSESSMENTS DEPENDING ON THE QUANTITY OF
INCLUDED FINAL EXERCISES

QUANTITY OF INCLUDED EXERCISE INDEX
EXERCISES 1 2 3 4 5
2 0.33 | 0.67
3 0.17 | 0.33 | 0.50
4 0.10 | 0.20 | 0.30 | 0.40
5 0.07 | 0.13 | 0.20 | 0.27 | 0.33

REFERENCES

[1] A. Urbahs and V. Feofanovs, “ldentification of the norms for the objective appraisal of the work of air crafts’ crew
based on the analysis of the flight information”, in Proceedings of International Conference Transport Means,
Kaunas University of Technology, Lithuania. 2005, pp. 203-206.

[2] R. C. Atkinson, Cheloveceskaja pamat i process obuchenia. (Human memory and the learning process),
Moskva: Progress, 1980.

[3] A.D. Baddeley, Essentials of human memory. Philadelphia: Psychology Press, 1999.

[4] M. S. Gazzaniga, R. Ivry, and G. R. Mangun, Cognitive Neuroscience: The Biology of the Mind. W.W. Norton,
4t ed., 2013.

[5] J. E. Ormrod, Human Learning. Peterson Education, 6th ed., University of Northern Colorado, 2012.

[6] P. M. Fitts, “Perceptual-motor skill learning,” in Categories of human learning, A. W. Melton, Ed., New York:
Academic Press, 1964, pp. 243-285. https://doi.org/10.1016/B978-1-4832-3145-7.50016-9

[7] P. M. Fits and M. I. Posner, Human performance. Belmont, C.A: Brooks/Cole, 1967.

[8] J. Rasmussen, “Skills, rules and knowledge: Signals, signs and symbols, and their distinctions in human performance
models,” IEEE Transactions on Systems, Man, and Cybernetics, vol. SMC-13, issue 3, pp. 257-266, 1983.
https://doi.org/10.1109/TSMC.1983.6313160

[9]1 A. M. Gentile, “A working model of skill acquisition with applications to teaching,” Quest, vol. 17, pp. 3-23, 1972.
https://doi.org/10.1080/00336297.1972.10519717

[10] A. M. Gentile, “Skill acquisition: Action, movement, and neuromotor processes,” in Movement science: Foundations
for physical therapy, 2nd ed., H. Carr and R. B. Shepherd, Eds., 1987, pp. 111-187.

[11]F. E. Ritter and L. J. Schooler, “The learning curve,” in International encyclopedia of the social and behavioral
sciences, Amsterdam: Pergamon, 2002, pp. 8602-8605.

[12] A. Newell and P. S. Rosenbloom, “Mechanisms of skill acquisition and the law of practice,” in Cognitive skills and
their acquisition, J. R. Anderson, Hillsdale, NJ: Erlbaum, 1981, pp. 1-55.

[13]J. R. Anderson, “Acquisition of cognitive skill,” Psychological Review, vol. 89, issue 4, pp. 369-406, 1982.
https://doi.org/10.1037/0033-295X.89.4.369

[14]J. R. Anderson and D. Bothell, The ACT-R 5.0 Tutorial. Carnegie Mellon University, 2002. [Online]. Available:
http://act-r.psy.cmu.edu/tutorials. [Accessed Dec. 18, 2016]

[15] A. Newell, Unified Theories of Cognition. Harvard University Press, Cambridge, MA, 1994.

[16] A. Heathcote, S. Brown, and D. J. K. Mewhort, “The power law repealed: The case for an exponential law of
practice,” Psychonomic Bulletin & Review, vol. 7, issue 2, pp. 185-207, 2000. https://doi.org/10.3758/BF03212979

[17]1D. A. Novikov, Zakonomernosti iterativnovo naucenija. M.: Institut problem upravlenia, RAN, 1998.

[18] Acceptable Means of Compliance and Guidance Material to Part-FCL, EASA, 2011. [Online]. Available:
http://www.easa.europa.eu. [Accessed Feb. 10, 2017].

[19] Commercial Pilot Practical Test Standards for Airplane (FAA-S-8081-12C) [Online]. Available:
http://www.faa.gov/training_testing/testing/test_standards/ [Accessed Feb. 22, 2016]

62


https://doi.org/10.1016/B978-1-4832-3145-7.50016-9
https://doi.org/10.1109/TSMC.1983.6313160
https://doi.org/10.1080/00336297.1972.10519717
https://doi.org/10.1037/0033-295X.89.4.369
https://doi.org/10.3758/BF03212979

Transport and Aerospace Engineering
2017 /4

[20] C. Warton, Pilot Training Evaluation Techniques [Online]. Available:
http://www.nbaa.org/events/amc/2011/news/presentations/1010-Mon/NBAA2011-Pilot-Marking-System-
Bombardier.pdf_[Accessed Apr. 22, 2016]

[21] Flight test standards guides, CAA New Zealand. [Online]. Available: https://www.caa.govt.nz/pilots/pilots.htm
[Accessed May 1, 2016].

[22] Programma podgotovki letnovo sostava vertoletov s polotnoj massoj ot 7 do 20 tonn, Moscow, 2011. (in Russian)

[23] Air force instruction 11-2c-17, [Online]. Available: http://www.e-publishing.af.mil. [Accessed Jan. 12, 2016]

[24] Flight Test Guide. [Online]. Available: https://www.tc.gc.ca/media/documents/ca-
publications/FLIGHT_TEST_GUIDE_INSTRUMENT_RATING_GROUPS_1_ 2 AND_3_ NINTH_EDITION_
APRIL_2014.pdf. [Accessed May 12, 2016]

[25]F. L. Cornstock and H. J. J. Uyttenhove, “Computer-Implemented Grading of Flight Simulator Students,” Journal of
Aircraft, vol. 16, issue 11, pp. 780-786, 1979. https://doi.org/10.2514/3.58604

Aloizs Lesinskis graduated from the Faculty of Mechanical Engineering of Riga Civil Aviation
Institute in 1975 and was awarded a degree of Master of Engineering Science by Riga Aviation
University in 1996. Work experience: since 2012 — Assistant Professor at the Institute of
Aeronautics, Riga Technical University; from 2001 to 2012 — Assistant Professor at the Riga
International School of Economics and Business Administration (RISEBA); from 1999 to 2001 —
Lecturer at Riga Technical University; from 1992 to 1999 — Lecturer at Riga Aviation University;
from 1975 to 1992 — Engineer and Senior Researcher at Riga Civil Aviation Institute. Professional
interests: computer-aided training system, aerodynamics, flight dynamics, aviation ergonomics,
supervisory control and data acquisition (SCADA), telemetry systems, information technology
applications, analysis and modelling of complex systems, decision support systems.

Address: Institute of Aeronautics, Faculty of Mechanical Engineering, Transport and Aeronautics,
Riga Technical University, Lomonosova 1A, k-1, Riga, LV-1019, Latvia.

Phone: +371 67089990

E-mail: Aloizs.Lesinskis@rtu.lv

Rafal Chatys graduated from the Faculty of Mechanical Engineering, Riga Aviation University
in 1994 (former Riga Civil Aviation Engineering Institute). In 1998 he was awarded a Dr. sc. ing.
degree by the same faculty. From 1998 to 2010 — Assistant Professor in the Chair of Metal
Science and Heat Treatment (Faculty of Mechanical), and since 2012 — Assistant Professor in
. the Chair of Computing and Armament (Faculty of Mechatronics and Machine Building) at
Kielce University of Technology. From 2010 to 2011 — work on project “Human Resource
Involvement in Modern Composite Materials Research” ESF at the Institute of Polymer
Mechanics University of Latvia (IPMUL).

He holds 2 patents and has published 99 scientific papers.

His fields of research: structural materials, nanomaterials, problems of mechanics of fiber-
reinforced polymer matrix composites materials, methods for forecasting fatigue properties of polymer composites,
unmanned vehicles, transport systems and logistics.

Address: Kielce University of Technology. Al. 1000-lecia Panstwa Polskiego 7, Kielce, 25-314, Poland.

Phone: +48 601 23 38 25

E-mail: chatys@tu.kielce.pl

63


https://doi.org/10.2514/3.58604
http://tu.kielce.pl/organizacja/wmibm/jednostki/jednostka.mhtml/id=241
mailto:chatys@tu.kielce.pl

