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1 ABSTRACT

The report provides an overview of Al methods amalg and of their applicability for creation of wils
intelligence. By a term “robot” we simultaneouskyfer to a decision support system in a form of an
autonomous device (a traditional robot) and to seystem presented in the form of special softwhag t
implements the functions of an intelligent assistdine totality of works on Al can be divided int@wo
areas, two types:

« imitation of human intellectual activity;

» decision support, autonomous decision making basednference (usually first-order predicate
algebra), or other tools.

Our company deals exclusively with systems of #word type.
Structure of the paper:

(1) An overview of Al: pattern recognition, machilearning, data meaning, neural networks, singudiue
decomposition (SVD). Here we discuss the advantagddimitations of the most well-known approachmes
the field of applied Al methods today.

(2) Our experience in Al: knowledge base, ontolagference machine, scenario approach, ontomodeller
Protege 2000. A brief history of the applicationfdfmethods in our company since the late 90s eflést
century is presented.

(3) Tactical situation analysis. In our systemse ttoncept of a tactical situation is the basis tfor
application of Al in real-time systems and in moriitg systems for various purposes. A tacticalagitun is
a basic concept for determining the reaction tem&l circumstances and conditions that have afisea
robot that ensures the fulfilment of a certain moiss

(4) Smart city applications. Developed within thaniework of the European CRISALIDE project, an
intelligent decision support system in the intesest a smart city, is one of the options for impésting
basic Al technologies in the interests of urbanegoance.

(5) Future work: RIC technology, discussion: a “GréButton” idea. Based on our experience of thaalet
and technological research, a technology systepnagosed, a technological platform that can besdadl

core of robatics intelligence (RIC). This platfoattows you to form a full cycle of intelligent cant of the

robot:

* obtaining data on the external environment (robwtirenment) from various sources, own and
external;

e evaluation of options for fulfilling one's own mies and making a decision (close to the optimal
solution);

¢ monitoring the implementation of the decision;
* proofreading of the solution if necessary;

« making a decision on the completion of a missiamfad for a robot, or a general system for which
a decision is made on automatic control withoubimwg (directly) a person.

Accumulation of experience and self-training basadhe analysis of tactical situations and the ltesaf
decisions made. We call this idea a “Green Buttdea.

Keywaords: robotics, planning, artificial intellige@, smart city, green button idea

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E_
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



A Core of Robotics Intelligence. A “Green Button” Idea

2 INTRODUCTION

The history of the practical application of Al metis and tools in our company goes back more than 20
years. During this time, we have formed a systeneciinologies, including in the field of Al, implemted
applications in the interests of marine monitoraygtems and Smart City. Among the Al tools useainy
company, the following should be noted first of. ahtology system, expert systems (knowledge bases,
inference machines), scenario system and singallarevdecomposition (SVD) method. According to our
experience, the application of Al was carried outwo stages: during the development of applicatiand
during their operation. All this allowed us to fomrelatively small set of Al technologies in tloerh of a
platform on which you can develop applications afieus scale and purpose.

Currently, the entire set of works united by onenaa— Al, can be divided into two large groups. Tingt
group — which formed this scientific direction —am attempt to replicate the intellectual functiafighe
human brain. Despite great efforts in this direttithe progress is very modest. The second grotipeis
endowment of applications or robotic complexes vntiellectual functions based on formal logic arkdeo
approaches. It is safe to say that all of our Aled@oments belong to the second group.

During the period of our company's activity, whistsince the early 2000s, we have developed a nuaibe
hardware and software systems, including tools amdhods of artificial intelligence. Based on our
experience in the development, production and éspion of our products, it was concluded that ¢hemas

a need to create some kind of intellectual cordchvicould be scaled over a wide range, namely feom
micro-robot to large organizational and technigaiteams. For such a wide range of manufactured regste
we have an invariant representation of our tectgietoand development tools. Therefore, we can sty w
confidence that we have some basic core, whiclmesirntellectual basis of all our products. The main
motivation and the main idea behind the developmamd implementation of RIC is the maximum
automation of the application of our products ie thterests of the end user, a “Green Button” Ided's
take a look at the main elements of RIC and soraenples of its implementation.

3 AN OVERVIEW OF Al

In the last decade, Al has received a “second wait#r decades of oblivion, when hopes for its wpiead
use and replacement of people's intellectual agtactually failed (70s of the last century). Tlewival of
Al is due to the following factors: the sharplylieased computing capabilities of modern computedstiae
rapid development of the global Internet. The mogewer of computers has made it possible to imptem
complex algorithms and process large amounts @. defdespread access to the Internet has drantgtical
increased the number of users of Al applicationshsas voice analysis, pattern recognition, andchefar
useful information. The whole set of works thabfsinterest to us can be reduced to the followiag]y
well-known, areas in the field of Al: Pattern rendgpn, machine learning, data meaning, neural nete;
singular value decomposition (SVD). It is not pbssito analyse the whole variety of works and ajapions
in Al within the framework of this article. We wibriefly review only those that we have exploredaas
platform for practical applications.

3.1 Pattern Recognition

Pattern recognition is the automated recognitiopatterns and regularities in data. It has apptioatin
statistical data analysis, signal processing, imagalysis, information retrieval, bioinformaticsatd
compression, computer graphics and machine learRiatiern recognition has its origins in statistesl
engineering; some modern approaches to patterigméimmn include the use of machine learning, duthto
increased availability of big data and a new abuondaof processing power. These activities can eeedl
as two facets of the same field of application, ey have undergone substantial development begpast
few decades" [Wikipedia ]. This idea works well wheie have a large statistical sample of initialadat
Typically, millions of test images are requiredffldulties arise for rare phenomena when one attertqp
use expert, formalized knowledge.

3.2 Machine Learning

Machine learning (ML) is a field of inquiry devotéd understanding and building methods that “learn”
that is, methods that leverage data to improveopadince on some set of tasks.[1] It is seen agstaopa
artificial intelligence. [Wikipedia ]. Just like Rarn recognition, this idea works well for caseseve we
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have a large statistical sample of initial datae Tiain drawback is the lack of interpretation af thsults
obtained. The main advantage of this method is #hdecision is made that was not predetermined in
advance.

3.3 Big Data

“Big data primarily refers to data sets that are krge or complex to be dealt with by traditionaita-
processing application software. Data with manyieat(rows) offer greater statistical power, whdata
with higher complexity (more attributes or colummsay lead to a higher false discovery rate.[2] Tdiou
used sometimes loosely partly because of a ladkrafal definition, the interpretation that seemsbtst
describe big data is the one associated with laogly of information that we could not comprehencewh
used only in smaller amounts” [Wikipedia].

3.4 Neural Networks

“A neural network is a network or circuit of bioliegl neurons, or, in a modern sense, an artific@alral
network, composed of artificial neurons or noddsT[thius, a neural network is either a biological nadu
network, made up of biological neurons, or an iaréif neural network, used for solving artificial
intelligence (Al) problems” [Wikipedia ]. This appach is now very widely used in various subjectare
and is very popular. However, we do not use thig@gch in our applications due to a key drawbatke-
lack of interpretation of the results obtained. aksalternative, we use the singular value decortipnsif
matrices.

3.5 Singular Value Decomposition

“In linear algebra, the singular value decomposgit{8VD) is a factorization of a real or complex matlt
generalizes the eigendecomposition of a square alomatrix with an orthonormal eigenbasis to any
matrix. It is related to the polar decompositioWVikipedia ]. This approach allows us to solve taene
problems as neural networks, but here we can dttplaontrol the accuracy of the solution and cdefice

in adequate results. The use of SVD in our apptinathas shown its high efficiency. Recognitioriaaftical
situations using SVD gives this method a high degfeversatility.

4 OUR EXPERIENCE IN Al

Knowledge base, ontology, inference machine, sezreggproach, onto-modeller, Protege 2000. A brief
history of the application of Al methods in our quany since the late 90s of the last century isgoriesl.

4.1 System of Ontology

The main motivation for the development of the @pioof ontology was an attempt to combine software
from different subject areas (domains), and, ataly¢o form a system of non-intersecting setsafaepts.
The first tool for developing ontologies was ourt@vodeler software product, Fig. 1, developed m ltie

90s of the last century. To describe the logic bodiness intelligence, a special scripting languagk
Pascal syntax was developed. These technologies tiverbasis for the development of knowledge bases
and logical scenarios. Also, OntoModeler was irdaeagt into a GIS of its own design, see Fig.2.

The increasing complexity of GIS, the emergencemufdern web technologies and technologies of
distributed heterogeneous systems have dramaticalhgased the cost of maintaining and upgrading ou
key technologies. In the mid-2000s, a decision made to switch to the JEE platform as the main\sott
development environment and Protege 2000 as the toali for developing and maintaining ontologie=e s
Fig.3. A special Plug-in was developed to creatptcbased on the Drools language.
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n OntoModeler in to GIS

The application of the Protege 2000 system magesdsible to speed up the development of an ontology
system and to integrate various software componenish as GIS for various purposes, databases and
knowledge bases, to implement a fairly powerfulpdorg system that allows implementing fairly compl
business analytics without involving programmersisTapproach made it possible to reduce the apiplica
development time, its cost, reliability and maintdiility during exploitation by dozens of times.
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4.2 Scenario Approach

A scenario is the same as algorithm, but with tbsspbility of executing 2 or more parallel develaprh
branches that are executed simultaneously. A flélyged scripting system was developed in the Beote
2000 system as a special Plug-in, which implemeatetsual script editor that allows you to implermen
business intelligence in a visual representatidmchv drastically reduced the time for its implenagiun,
since the work was performed directly by subjecttensexperts without involving programmers. Notatth
there are two approaches to visual computer modella scenario approach — when the content and
sequence of steps to implement some businesdgetate are known, and a rule-based approach farabe
when the business intelligence or process is nowknin advance. We use both approaches. An exaofiple
a simple scenario, its scheme, is shown in Fig. 4.
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Fig. 4: A simple Scenario

The scenario scheme is a two-dimensional graphyeheces of which are the stages (phases) of idecis
making, and the arcs are the transitions from om&se@ of decision making to another. The difference
between a scenario and an algorithm is visually atestnated, where the stages are performed in strict
sequence one after another.

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, E
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



A Core of Robotics Intelligence. A “Green Button” Idea

4.3 Micro Service Architecture

The expansion of the scope of our solutions hastdetthe fact that scaling has fairly wide limitsorin
smartphone applications to large heterogeneoustdittd systems. The technology system that usssd
as an ontology editor is a rather heavy solutioth @n not be universally applied. In this regard, vave
developed a system of technologies for which atlgight ontology editor and a scripting systemthie t
Drools language have been created, which allowsiles to create flexible and lightweight developtmen
tools based on scenario approach in almost angraited software development environment, for exampl
in JetBrains products.

5 TACTICAL SITUATION ANALYSIS

In our systems, the concept of a tactical situatsotne basis for the application of Al in real-irsystems
and in monitoring systems for various purposesadital situation is a basic concept for deterngntime
reaction to external circumstances and conditibas ltave arisen for a robot that ensures the rfilt of a
certain mission.

5.1 JDL Model as a Spiral Processing of Information

In our systems, the concept of a tactical situatsotne basis for the application of Al in real-irsystems
and in monitoring systems for various purposesadital situation is a basic concept for deterngntime
reaction to external circumstances and conditibat ltave arisen for a robot that ensures the riufilt of a
certain mission. The levels of this model corresptmsuch fundamental concepts as measuremenss, dat
information, knowledge and understanding. At theesdéime, these concepts are not absolute, butveldt

all depends on the scale of the model. For exaroplepicro-robot level, unmanned device, mannedclehi
weather monitoring centre or other purpose.

Measurements, data and information can be intexgras some attributes of a certain entity (robeg)
(physical world), or abstract (digital world). Knteelge is a direct clarification, the work of “aitifl
consciousness”, “intelligence” at the level of sughconcept as “phenomenon”. This is the level of a
“simple” robot that performs a set of embedded fess intelligence, its activities are quite wedjukated,
despite the fact that it can be performed usinmgmence machine.

“Understanding” is the clarification of the essené@ccurring phenomena on the basis of self-leggnie.
it is the rectification of embedded business iigelce in the form of scenarios based on self-legrar on-
the-fly revision by a supervisor.

5.2 Cycle of Control

The control cycle (CC) is the logical basis of aontrol, artificial or physical entity, includingedision
support systems. CC is inherent in human natura fre very beginning and, according to the hypashefs

I. Kant [], is pre-established. It is simply notvalys realized and is often realized fragmentarilg probably
not consciously. The control centre is implementey some system consisting of two parts:
Command&Control. This is military terminology, bugcently it has been directly applied when congder
such concepts as a decision support system (DSB)hananalysis of tactical situations. From thenpof
view of technical cybernetics, “command” is a giveontrol function, and “control” itself is a tecleal
implementation of the control function, i.e. isscarf a control action and, through feedback, cbmf its
execution.

5.3 Tactical Situation Definition

The basis of the analysis of the tactical situaifFs) is the situation. The situation is not fodnaebitrarily,

but taking into account a certain class of vehikeldurn, the TS does not arise without a spet#gk (tasks),
which is solved by the monitoring system, DSS andéxision maker. That is, TS is closely relatedht®
concept of “task”. In human activity, it is quitataral to solve a number of problems almost cootisly.
DSS is also developed to solve a certain set dflenas, and not in general for any problems. Theesfae

can say with confidence that the starting pointstarting the analysis of the TS is the formatibm tist of
tasks that the decision maker solves and the DSfosts their solution. The process of fulfillingpligng)

the task takes place against the backdrop of agamgrenvironment and the emergence of new TS. The
analysis and evaluation of the TS allows the decisnaker to make the following types of decisions:
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(a) continue the task according to the previouslyetbped plan; (b) adjust the plan; (c) make a degision
in connection with such a change in the situatigmich led to a change in the TS.

TS analysis is carried out by processing the imgitdam of measurements, data and information and
evaluating the problem being solved. If the perfange indicators of the problem being solved do not
correspond to the specified (expected), we sayttiealT S has changed. But this is only for thosesagen

we can set the criterion and performance indicafbihe decision on a “specifically new” vehicle mag
done in two ways:

(a) logical, or scenario, based on the logic dtforder predicates; (b) mathematical, or imitati@aclusion.
Having identified a new vehicle, a new cycle begins

To clarify, let us give a simple everyday examplarious situations can lead to the threat of atipging
over on the road in motion: — slippery road (ramow, ice, etc.); — high speed of movement; — sharp —
sharp movements of the steering wheel; — poor paxeof the road surface (clay, sand, gravel),atd. so
on. Therefore, it is advisable to create a lighotats and associate them with possible TS.

6 SMART CITY APPLICATIONS

Developed within the framework of the European ORIBE project, an intelligent decision support
system in the interests of a smart city, is on¢hefoptions for implementing basic Al technologieshe
interests of urban governance. In the CRISALIDEjgoban Innovative Decision-Making Tool has been
developed for Contributions on:

e Urban Information Systems;

» Urban Decision Support Systems;

¢ Geo-Information-Infrastructures, Data availability;
e Urban Planning.

We consider the CRISALIDE as an instrument for asdrs. Decision making support system (DMSS) can
help CRISALIDE users to satisfy human’s demand dpace. CRISALIDE is a software and hardware
complex based on intelligent GIS, which providess dbility to integrate maps of various formats, lienpent

a scenario approach in urban development modelfiBgmodelling, support for 2D + t modelling, suppor
for 3D + t modelling, support for decision-makingsed on expert knowledge, the ability to monit@andes
and assess the possible impact of decisions auritzg environment.

The software and hardware complex provides the wuas with a universal set of technological and
functional solutions within the framework of theska configuration with the possibility of expanding
functional tasks in accordance with the requirementhe customer and the subject area, multi-gratfand
the absence of mandatory additional paid software.

The main end users of the developed CRISALIDE systee state authorities and local self-government,
public and private enterprises and organizationsctly related to the functioning and developmeithe
urban environment. The introduction of the CRISAEIBystem allows us to solve the following tasks: to
develop e-government, to improve the quality of lmubadministration through the creation and
implementation of modern information technologi€be proposed system of intellectual decision-making
support makes it possible to predict the developgraénrban infrastructure both within the city asvhole
and in selected districts and quarters, to idengifeficit or surplus of construction facilities déor
infrastructure, as well as to take into account Burio-economic aspects of the development of
municipalities and regions. Main services can bes@nted by text, graphics and voice forms. A list o
services is very big and covers all of city lifeitines. Most of the services are presented byriatehrough
different gadgets. But, as was noted by Erich Frorioday people would like to know and can to do
primitive operations, especially how to use gadgets do not wish to understand things. It is tiggest
demand of our civilization. According to this ewvidly fact our proposal is to include in to a plah o
CRISALIDE project next generation a systems of e, pointed to understanding process. So,
understanding should be as a service from InteTiet.CRISALIDE project will be consists next maiaris

as follows:

(1) Knowledge clouds as services for individuals.
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(2) Private business analytics for understandingld@ment.

(3) An intelligent social networks development asplkatform or environment for knowledge and
understanding existences and processes.

7 A*“GREEN BUTTON”"

In this article, we have presented a far from cateplist of technologies that can be used to devtie
intelligent core of a robotic complex. A roboticnoplex can be either completely autonomous or autiena
i.e. with human participation. The main featureRIC is the ability of the installed software to pice
decision support, both in stand-alone and automatesions. At the current time, our technologidsvalus

to form a relatively simple logic of the robot'shiaeiour, which can act autonomously. But when swjvi
more complex problems, such as, for example, iINnGRESALIDE project — the operation of a decision
support system for managing the urban environmbatparticipation of a whole team of people of vas
specialties is required.

A reasonable question arises: is it possible imraated systems to entrust the formation of progofal
making decisions offline? Theoretically, such agiluity exists, but what about practice? Let'snslate
these questions into a technological plane. Thg fiest step is confidence in the chosen technaialgi
solutions. What does it mean, for example. TS amlgan be considered as a problem of pattern
recognition, or simply recognition. Stereotypicadlyggests the idea of using neural networks. Betntain
drawback of neural networks is immediately remeratier the lack of interpretation of recognition fesu
Believing in such an autonomous decision generaystem becomes a matter of faith, which will ndkyf

suit pragmatically minded people who are ultimatelyponsible for the decision made.

The use of SVD eliminates this drawback, since ae @ontrol the accuracy of decision making. Why are
we discussing this issue at all? We are discusbiecause here, maybe. two extremes: the firsaiswh do

not need an automated DSS, we only need well-adieeision makers. The second extreme is the meed t
create DSS, which will eventually replace a perspany decision-making process. Our arguments sre a
follows: even if the decision maker is well preghend has extensive experience, he is not immuwnre fr
mistakes. It is a human trait — to make mistakeSSPDeven if it cannot offer the optimal solutiohcan
protect against making a misguided decision in adea

At the current level of development of Al techndtsy it is impossible to create a DSS that will &y
make optimal decisions. But you can set up the B&S$hat it will not make gross mistakes and make
decisions that are close to optimal. We will nohgider the concept of “close to optimal” in thidice,
since this is a separate special topic. The looatlasion that we can draw now is that there i®tao$
technologies that allows you to automate the DSBwash as possible. We call this hypothesis the éGre
Button” idea. The general scenario for implementheyGreen Button idea is as follows.

7.1 Access to Environment Data

This is a connection with the outside world in réade. To do this, we have created a whole famfly o
different servers that receive data from a varieftymeters and interacting external systems, praogidi
heterogeneity and distribution. The RIC must haseeas to external information, preferably in réaletor
near real time. The more channels for obtainingrin&tion about the external situation, the betbertfie
adequate behaviour of RIC and, ultimately, the sssful completion of the assigned mission. Our
experience with real-time systems shows that mraltyi the entire set of information about the emétr
environment can be formed in the form of typicadwhels, regardless of the type of physical fiet tleeds

to be registered. The first and the simplest opi®meographic (spatial) coordinates and one physic
measurement: temperature, relative humidity, atimesp pressure, etc. The second option is assdciate
with the processing of data from the analysis oédain plane or volume, associated with the reggisn of
objects in various environments: the surface ofdagh, the air atmosphere, the aquatic environnieont
these systems, integrated processing can be retiutkd problem of pattern recognition on a planena
volume. As a result, we get an abstract repregentaf the surrounding world in some functions andhys

of measurements, as well as selected physicaltsbjec
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7.2 System of Ontologies

A set of technologies allows you to formalize thébject area and form a number of non-intersecting
concepts and relationships between them. Suchtensys also called a knowledge base system. Therays
of ontologies and/or knowledge bases is a way teffimeting the environment (paragraph 6.1) andnassi
intelligence, which ultimately determines the nissiof RIC. Thus, a system is obtained that can be
interpreted by different logics. As a rule, we tisgt-order predicate logic and generic tools thapport it.
The most important property of ontology (in ourrmaph) is a unified system of concepts for suchedéht
entities as decision makers, applications and datsh This significantly reduces the developmene tbf
such intelligent systems, their maintenance, sgalimd modernization.

7.3 Scenario System

The scenario system allows you to formalize theéamer's business analytics, which is the basis®ISS.
Actually, with the help of this idea, the “Green tBuw” is implemented. Those. automation from an
automated system (with human participation) to lly fautonomous system (without human participation)
This idea is very productive for cases when, faiotss reasons, the decision maker cannot makeisialec
under the circumstances and conditions.

7.4 Tactical Situations Processing

This is the basis of the DSS, which connects a murobfundamental concepts: the tasks (missiorthef
object and/or system in whose interests the DSSdeasloped, the current situation (data, geogragptdy
time), the system of restrictions. The technicaidaf TSP are: SVD classifier (recognition) andc
interpreter. The implementation of TSP allows yowabstract from the elements of what is happerdagg(
measurements, information) and operate with suciteqs as knowledge and understanding. Either the
decision maker, or the decision maker + RIC, or BV&@luates what is happening from the point of \ileat

the mission is feasible, or not, needs to be ctadecor should be replaced by another, or cancelled
completely. To understand what we are talking abwety roughly TSP can be interpreted as a pattern
recognition process, but! The images here areatisaind have no direct physical interpretationsPhany

of these “images” refer to cases of “rare evenis'this case, a number of well-established Al md#an
particular neural networks, are not applicablethis regard, we apply the SVD method, which can be
applied to large statistics (like neural networles) well as to “rare events”, the abstract imadeghich are
formed by experts.

7.5 Web interface

Interacting RIC system with decision makers ancoiDSS users. Interaction through touch and through
voice communication.

The proposed idea of the “Green Button” has bestedein our systems since the mid-2000s. In theentir
conditions, a mechanism is being developed to obmlre degree of automation of the decision support
process: from complete autonomy to the participatbthe decision maker or the decision maker team
the decision selection process. Our current salgtido not directly evaluate or manage the degree of
automation. When solving this issue, we will bedgui by the fact that the degree of automation béll
determined by the decision maker.

8 CONCLUSION

Development of RIC technology, discussion of it tech “Green Button” idea. Based on our experiesfce
theoretical and technological research, a systeteabinology is proposed, a technological platfdnat tan
be called a core of robotics intelligence. Thidfplen allows us to form a full cycle of intelligenbntrol of
the robot and decision making process for largiesgsstems:

e obtaining data from the external environment (robotironment) from various sources, own and
external;

» evaluation of options for fulfilling one's own miss and making a decision (close to the optimal
solution);

e monitoring the implementation of the decision;
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» proofreading of the solution if necessary;

* making a decision on the completion of a missiamtx for a robot, or a general system for which
a decision is made on automatic control withoubiwwng (directly) a person.

Accumulation of experience and self-training basadhe analysis of tactical situations and the Itesof
decisions has been made. In general we call taessad'Green Button” idea.

Our next step is to provide a set of real work magions with embedded such system. The firs oriiebei
an extension of CRIALIDE project, maritime monitagi systems, autonomous mobile devices of different
types for ground, aerial and maritime purpose.
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