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JOIIJILHO CIPSMYBaTH Ha PO3POOKY YHIBEPCAIbHUX IMMIAXOIB JO0 Y3TOJKEHHS
PI3HOPIIHUX JAHUX 1 TTOOYI0BY CIIUJIBHUX MOJIeIeH TTpeCTaBICHHS.
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COGNITIVE PLATFORM ENGINEERING: REVIEW OF RESEARCH
AREAS AT THE ITM OF NASU
Tereshonok M., Prokopchuk Y.
Institute of Technical Mechanics of the NASU and the SSA of Ukraine

Current developments in artificial intelligence and machine learning paradigms
open up new opportunities for creating innovative digital architecture tools. Since a
bio-inspired approach [1] can be applied to complex intelligent systems of any scale,
smart objects and environments can be viewed as 'living cognitive systems.'
Specifically, the 'autonomous systems' approach is applicable to them. Examples
include: NASA’s Autonomous Systems Platform; Activating the Home/City Nervous
System; and drones with a 'nervous system'. These technologies are aimed at making
drones, agents and robots more resilient, autonomous, and capable of self-diagnosis
and self-repair (antifragility).

The issues of Al, smart environments, and cognitive platforms are being actively
developed at the ITM NASU under the leadership of Yurii A. Prokopchuk. The
methodological basis of the developments is the paradigm of limit generalizations
(LGP) [1], [2], [3]. A methodology for analyzing the functioning, development, and
management of complex dynamic intelligent systems based on the LGP has been
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developed [4], [5]. These developments are applied in the construction industry (Smart

Home/Smart City/IoT; Assistive technology), transport and aerospace industries

(autonomous systems), education (Al assistants, cognitive simulators), medicine

(hospital information systems), and other sectors [5].

The flexibility required by next-generation autonomous/aerospace systems entails
a profound modification of the control system core itself. Connectivity and data
management capabilities allow for the creation of more flexible and reactive control
systems based on cooperation between autonomous and connected objects during
decision-making. A multiscale model of any signal or variable based on multi-
formalism, experience, and consensus control has been generalized, allowing for full
diversification of computational paths and primary information sources. A scheme for
applying morphological computing to integrate and generalize primary information has
been developed [4]. The model enables the implementation of a total audit of
information flows and embodied forecasting or deep intuition [1]. A method has been
developed to determine the optimal scale of input data for solving discrimination tasks.
A stochastic fault-tolerant control scheme has been developed, specifically a sensor
fault management scheme and a 'task continuum' discrimination model [4]. This
scheme forms the basis of 'agentic intelligence'.

The objective of the research was to study new promising technologies for
cognitive platform engineering, specifically:

- Monitoring of a complex technical object based on cognitive measurements and
LGP (Cognitive Measurements in LGP are associated with the "measurement" of
subjective meanings and qualitative characteristics of an object that cannot be
assessed by conventional sensors);

- LGP-based early detection systems  for  problematic  situations
(Incubation/dissociation of fast-and-frugal heuristics for the early detection of
threatening states using the LGP methodology).

The report discusses possible solutions.

Conclusions. The architecture of advanced autonomous (aerospace/transport)
systems takes the form of a 'System of Systems' with fractal-like properties in both
structure and information, enabling the automatic scaling of any control processes and
the detection/neutralization of threats. Control systems based on LGP ensure
antifragility and catastrophe resilience. Recommendations have been developed for
implementing the proposed approach, which can serve as a foundation for creating
'Autonomous System Platforms' for various applications.

Reference

1. Prokopchuk Y. (2022). Intuition: The Experience of Formal Research. Dnepr,
Ukraine: PSACEA Press. 724 p. (in RU)

26



Inghopmamuxka, inpopmayitini cucmemu ma mexHon02ii

2. Prokopchuk Y. (2025). Designing Ecosystems of Intelligence: Logic of Fast
Distinction. Materials of the 17th international scientific and practical conference
‘Modern Information and Innovative Technologies in Transport (MINTT-2025)’
(May 28-30, 2025, Odesa). Odesa: Kherson State Maritime Academy. Pp. 29 — 34.

3. Prokopchuk Y. (2025). Combinatorial, expanding phase space of cognitive
dynamic systems. XXVII International Scientific and Practical Seminar
‘Combinator  Configurations and Their Applications’.  Zaporizhzhia—
Kropyvnytskyi—Kiev, Ukraine: National University ‘Zaporizhzhia Polytechnic’.
Pp. 175 — 183.

4. Prokopchuk Y. (2025). Mathematical model of the meaning/gist of the
signal/variable. Abstracts of the XIX International Conference ‘Modern
Information and Communication Technologies on a Transport, in Industry and
Education’.  Dnipro, Ukraine: Ukrainian State University of Science and
Technology. P.63 [in Ukrainian]

5. Prokopchuk Y., Poshyvalov V. (2025). Development of a methodology for
analyzing the functioning, development, and management of complex dynamic
intelligent systems. Proceedings of the Fifth International Scientific and Practical
Conference “Problems of Sustainable Development of the Maritime Industry
(PSDMI-2025)”. Odesa, Ukraine: Kherson State Maritime Academy, 2025. —Pp.
46 — 50 [in Ukrainian].

PO3POBKA THOOPMAIIMHOI CUCTEMM 3 BIZTHOBJIEHHS ITAPOJIIB
3uxose M. €.
Hamionanpauit yHiBepcutet «OiechbKa MogiTeXHIKa

Po3pobriene mporpamHe pilieHHsST A03BOJsiE €(PEKTUBHO 3acTOCYBaTH BiAOMY
iH(hopMaIio a1 3MEHIIEHHS KIUIBbKOCTI KOMOIHAIli MaposiiB MH(PPOBAHOrO ZIp-
apxiBy, HEOOX1THUX NIl TiA00pYy. CTBOPEHUI aNrOPUTM € CAMOCTIMHHMM PIIIEHHSM,
[0 Ma€ TMOTEHIaN /i (YHKIIIOHATLHOTO PO3MIUPEHHS Ta 1HTErpallii 10 Ccy4acHUX
1H(MOPMAITIHHUX CHCTEM.

Kntouoei cnosa: BITHOBICHHS Iapoii0, KOMOIHAII MHapoiito, OOYHMCIIOBAIbHA
IIBUJIKICTb, ZIP-apXiB, MAapOJib, AITOPUTM, MiI01IP.

Ha notoynuii MOMEHT aBTOMaTU4HI 3aCO0M /1JIs TeHepallii Ta 30epe’KeHHs apoJIiB
IHTErpyIOThCsl A0 BEJIMKOI KyNHU MPOrpaMHUX 3acoOiB, SIKI 30€piratoTh Mapoii y
NEBHOMY CEpelOBHUIlI. AJle HE NepeadaueHO MOXKIJIMBOCTI BIJHOBJICHHSI MapoJIo y
MEPBUHHOMY BUTJISIAIL.

KitodoBoto mpo6iieMor0 € BIICYTHICTh TEBHUX TMPOTPAMHUX PINICHb Ta
HE3JIaTHICTh BHUKOPUCTAHHS MpOrpaM, CIHPSIMOBAaHMX Ha BIJHOBJIEHHS MEBHOI
iHpopMallii, yepe3 HecTauy JAeTalli30BAHUX 1HCTPYMEHTIB JUIsl OMKCY HapouiB. 3 i€l
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