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INTERNET OF THINGS FOR ROBOTIC PROJECTS

The subject of research in the article is the application of 10T technology in flexible integrated robotic systems. The goal of the work
is to integrate IOT technology with models and decision-making methods in order to create an adaptive control system for flexible
robotic production. The article solves the following tasks: to analyze the application of 10T technologies in various fields, including
in robotics, to consider the construction of an intelligent decision-making system as one of the key elements of automated control
systems, to consider the development of an adaptive control system for a flexible robotic section and its individual modules. The
following results were obtained: the main features of the IOT technology were analyzed, including those for implementation in
flexible integrated systems of modern production; it is proposed to introduce intelligent production agents into the composition of
technological systems, as means of transport and auxiliary assembly purposes, monitoring means and establish the basic requirements
for them; from a formal point of view, the decision-making process is considered until the achievement of individual technological
tasks. Conclusions: currently, there is a growing interest in the Industry 4.0 concept, in its implementation for the digital
transformation of production systems, and one of these areas is the use of IOT technology, which will allow in production conditions
to combine elements of flexible integrated production distributed in space, to ensure monitoring of production processes in real time,
the functioning of an adaptive control system based on an intelligent decision-making system, which will improve the characteristics

of control processes of a robotic system as part of a flexible integrated production.
Keywords: technology of the Internet of things; making decisions; mobile robot; flexible integrated system.

Introduction

While constant progress in communication and
computer systems attacts the permanent interest to them
from side of professionals, researchers and users,
manufacturing systems cannot show such quick changes,
because of technological problems and greater cost of
equipment. Among the concepts, which describe the
organization and control of manufacturing systems we still
can see Flexible Integrated Systems (FIS) (fig. 1),
currently improved by introduction of intelligent
components and tools [1, 2, 4]. Such system usually
consists of number of machine tools, manipulation a
assembling cells and special equipment. The supplement
of FIS is provided by robots [3].

Currently used FIS have several disadvantages. Their
control systems of FIS are too centralized. The
technological equipment simulation tools are obsolete.
The tools of autonomous monitoring and control for
workplaces are mostly at research stage. The intelligence
of modules of technological tasks analyses for decision-
making in particular workplaces on real-time monitoring
results is not sufficient. There are no modules of decision-
making adaptation to global of local changes of
workspace of FIS states. The learning and self-learning
tools are limited. The modern communication and
integration modules between elements need for
improvement. Such improvement can be achieved by
application of intelligent systems, including manipulation
and transport robots, integrated to distributed control
system of FIS [5, 6].

Functioning of technological equipment in FIS for
real conditions is affected by external factors of different
nature: of static and moving workspace objects, of people,
of robots, of other equipment. In such case, decision-
making systems have the increasing role, making plans of
FIS functioning for global and local tasks. This defines the
task to develop the tools for intelligent decision-making of
FIS control system, using Al-methods to improve the
quality of manufacturing problems solution.

Currently we can see growing interest to Industry 4.0
concept, to its introduction for digital transformation of
manufacturing systems. Production systems become the
market, for which the most of projects of Industrial
Internet of Things (110T) have their implementation. 10T,
with its base on Industry 4.0 and industrial Internet, is a
key component of industrial development worldwide [7].
The Internet of Robotic Things is a new vision of
problem, which unites the wide application of sensors and
robotic objects. This concept can be effectively applied to
solve problems of FIS, providing information support of
decision-making components of FIS control system and
more autonomous functioning of robots. Combination of
industrial technologies and Internet of Things can
potentially create perspective services [8].

Basic tasks of robotic iot concept

The initial idea of loT-robotics is traced from
distributed, heterogeniuos paradigms of robotic control,
for example from networking and clouding robotic
systems. The term of "Internet of Robotics Things" (I0RT)
was created to set the concept, according to which sensor
data from different sources are received and processed
with application of local and distributed data, then applied
to control and manipulate the objects of physical world
[7]. IoRT systems can be created by wide application of
sensor systems and technologes of data analyses with final
goal of best execution of tasks of industrial and other
application.

Cloud computations and 10T are technologies, which
not directly connected to robotics, but supply the creation
of distributed robotic systems. Fig. 2 shows the scheme of
this concept. Technologies of 10T must be based on the
next principal elements: wide application of sensors for
robotc objects and workspaces; connection between
intelligent mechatronic objects; analytic data tools with
semantic technologies, transforming heterogeneous sensor
data.
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Fig. 1. Example of FIS composition
In structure of I1oRT the real-time cloud The technologies, based on application of sensors

computations supply the networking access (on requests)
to virtualized hardware resources (of processing and
storage) or to services of upper level. The cloud
infrastructure is used by 10T tools for extraction of scaled
services of 10T platform, providing an access for sensor
data (not-processed, processed and mixed). The
processing of data streams, generated by loT-devices
inside several centralized data processing centers, can be
problem for real time systems in case of information
processing delays [8].

The cloud paradigm was meet by robotic community
as a tool to simplify tasks with abnormal comsumption of
resources, to exchange data and knowledges
between robots, to supply function of robot’s
reconfiguration.

Computation
(Cloud,
OnBoard)

and analytic loT tools, can give robots more wide
possibilities in comparison to on-board system, espessially
from point of view of workspace, time and information
type. Moreover, the application of in-build sensors allows
their application in more flexible and dynamic way,
possibility to use more complex strategies of active
research in workspace.

The key challenge of 10RT is a distribution in time
and in space. First, the methods to obtain data must be
selected. In a part of works [3], there is proposed to use
the local databases for every object. In this case data are
organized in hierarchi of space, for example: robot has
position in relation to robot, robot is positioned in a room
etc. Other authors propose [6] robots to send requests to
distributed centers on monitoring, for example of
particular areas and objects of workspace.

Communication
System

Control System
with Al

Fig. 2. Structure of 10RT [7, 8]
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The systems of sensors can also be organized in
distributed way. For example, the distributed cameras can
help robot to find the charging station in a huge
manufacturing workspace [5].

Avrtificial intelligence in Robotic IOT

The key element of robot’s ability to perceive
imformation is acquisition of knowledges on its location
with ability to construct or renew workspace models.
Despite the great progress in this area, the independent
localization is still complex problem, especially for global
or overcrowded workspace. In this view, the application
of GPS-sensors is limites by specifications of GPS-
standard (for civil systems) and by lacks for internal
workspaces. In this way, application of IoT can essentially
improve the quality of information about "robot’s world".

The ability to move is one of fundamental
charecteristics of mobile robotic system. The existence of
I0T supplies mobile robots with additional information on
workspace, for example on possible control of automatic
doors and lifts, on location of other mobile objects and
equipment.

Services of 10T can simplify application of robots for
such areas as logictics of object’s supplement; agriculture;
monitoring of environment; search and rescue in case of
disasters when infrastructure is damaged or absent. In
such case, mobile robots will possibly need extended
communication at level of special networks, when every
robot can be used as node in infocommunication system.

Manipulation of robots is also a key element of 10T.
Industrial robots, supplied by manipulators, or mobile
robots, equipped by on-board manipulators, can take,
elevate, keep and move objects, using the system of on-
board sensors.

The additional quality of 10T application for robotics
is in possibility to get specifications of objects, including
that of them, which are not observed by sensors, but, for
example, have an effect for procedures of manipulation
with objects like manipulations of assembling industrial
robot.

The autonomy of robot’s decisions belongs to ability
of system to select the best solutions for goals and tasks.
Here, more and more actual positions are for methods of
motion planning on base of Al, for probabilistic models of
workspaces and possible actions of robots in them.

The quality of plans is critically dependent of quality
of these models and of estimation of initial state.

Other interesting feature of loT for robotics is in
ability of robot to interact physically, cognitively and
socially to users, operators or other systems. Technologies
of IoRT can improve interaction between human and
robot on functional (command and software) and social
levels, and be tool of interaction [3, 7].

The functional possibilities of 10T sensors can make
more reliable the interaction of humans and robots. Here,
the desired level can be in application of natural
communication language, espessially for non-professional
users, while it is a base for various uncertainties and
undeterminations. The other kind of communication is
sign language, applied for example for pointing of objects.

In this case, the perspective way is in combination of
computer vision system with sensors in-build on clothes
of operative personal of factory [9, 10].

The responses of operative personal in a signs, voice
of face mimics cam be applied for estimation of emotion
state of users and for initialization of robot’s response for
them. The integration to 10T sensors on operator’s body or
clothes can improve estimation of solution by
measurement of physiological signals of heart rate, of skin
conductivity. These estimations are bases for adaptation of
robot’s interaction strategy, f.e., implemented for
development of robot-assistant for health-care or medical
sphere.

The cognitive abilities of robots on base of IoT can
be essentially increased if robots will "feel" the
connection between them and surrounding workspace,
will estimate possible their effect and results of actions.
All these are bases for such aspects of cognition and
multi-modal perception and social intelligence

Logical model for intelligent robot functioning

From point of view of robotic intelligent control
system development, the decision-making process is in the
functional strategies planning, which contains the
definition of objective, executed by system, the
description of all the alternative ways of objective
achievement, solving methods for particular practical
tasks [11, 12].

To solve the tasks of intelligent system decision-
making support for flexible integrated robotized system
(FIRS) there is proposed the following concept on
adaptation of functionality [13]:

a) there are the subject (subjects) of strategies
planning — the mobile or manipulation robot (robots),
equipped by automated control system;

b) there are the objects of FIRS, for which the
decision is made and decision can be implemented,;

c) there is the workspace, which includes the
subjects and object of strategies planning, also other
objects, having effect to strategies planning process, the
nature of FIRS workspace is given and can be
determinated or stochastic;

d) properties of strategies planning subject are:

- technical (ability for decision execution);

- functioning strategies development according to
current state of workspace;

- strategies execution by way of movements in space
or manipulation with objects as to developed strategy;

- strategy adaptation for cases of manufacturing task
changes or changes in workspace;

- plan execution adaptation according to strategy;

e) Intelligent system of decision-making support of
executing subject’s control system, correspodently
consists of the following parts:

- workspace information storage unit (for simplest
case — database, for more complex cases is connected to
sensor system of executive subject);

- the unit of operative schemes with standardized
description of particular problem solutions (in other word,
the knowledge base of robot’s ACS);
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- strategies search unit, which on base of particular
strategies planning stage or global goal proposes the
hypothesis (in general case) for functional strategy;

- strategies planning unit, which on base of sensor
system interaction must monitor the workspace changes
and, therefore, change (in other terms modify or adapt) the
solution implementation plan;

- target formulation unit;

- ACS results verification unit;

- movements and manipulation formation unit.

The actual problem of modern flexible integrated
system (FIS) is still in supplement of execution of
production functions, directed to production efficiency
[15].

The selection of logical model as a base for
strategies planning isn’t accidental. The planned actions of
robot may look ordered, checked and logical for common
sense. Other feature of accepted solution is it’s
verification for current conditions of WS, so the decision,
accepted for space S is true at time moment t and
can be false at t+1, but decision always has the value of
varity.

Logical model gives possibility to use designations
similar to standard theory set model.

Suppose, there are sets X,D,S of robotic system

(RTS) states, its decisions, states of workspace (WS),
correspondently.

Then X €X,d;eD,s;eS are the atomic
expressions in model describing RTS and WS activity.

For element of sets, X,D,S  operations
—, A, V,—> <> are introduced.

In this way the Right-Constructed Formulas are
X XAY,XVY, XY, X<>Y.

To describe the theory sets X,D,S the functions

and predicated are introduced.
Function of RTS

X = f (X0 X 1),

Function of WS state’s transition: s; = f (S, ..., Si_1)-

Also there is introduced the predicates connecting
elements of sets X,D,S: pt(x), pt(s), pt(d;),
pt(x;,s;), pt(x;.d;), pt(d;,s;), pt(x.d;,s;), supplying the
description of RTS and WS properties, their interaction
and connection.

Among the predicates:

pr(x;,s;) c pt —set of RTS descriptions in WS,

ps(x;,S;) < pt — set of WS states,

pa(x;,s;) = pt —set of RTS actions in WS,

pg(pr, ps) c pt —set of RTS goals in WS.

The goal of RS is defined as a new (or existing) state
of RS or of WS: pg(pr, ps) < (pr(x,s;) v ps(%;,s;)) -

RS database is defined as a set of declarations of
type pr(), ptO: pr(x), pr(x.s;). ps(si), ps(x,si)-

RS knowledge base is depicted as definition of
possible actions pa(x;,s;) of RTS in WS.

state’s transition:

Description pa(x;,s;) is a strategy to reach goal
pg (pr(x,si), ps(x,s;)), if conjunction of RTS actions,
which supplies pg(pr(x;,s;), ps(x;,s;)) is:
Pg(Pr(x,si), Ps(X,s;)) <
pa’ (%, ) A pat(%,5) A.a patt(x,s)
or pg(pr(x,si), ps(x;,s;)) < /\ir:(} pa' (%),
and besides:
Hf, f S F :Xl = fl (Xl—l’sl—l) y

Jy,w eV ix =vyi(X4,51) -

Therefore, pa(x;,s;)=T ” fi +wi ”

The decision-making process is sequential set of m-
alternatives to reach the goals of the system:

pg® (pr, ps) < pgo(Pro, PSe, Pay)
APYL (PR, PSy, Pay) Ao A POS_y (PFyg, Py, Pay_y)
=~ pg? (pr, ps;, pa;)
pg"™ (pr, ps) < pgg (Pry. Py, Pay)
APYY (PR, PSy, Pay) A A PRy (PFy 1, PSy 1, Pay )
=~ pa" (pr, PS;, P;).
In this way the global goal is describes as follows:
pg" ™™ (pr, ps) « V5 Al pal" (pr, ps;, pa;) -

For conditions of RTS goal formulation there is
developed the initial plan with next state’s
transformations:

pr(x.,s;) < pag(pr(xo,so)v Ps(Xo, o)) »

pr(xn =Yvsn) <~ par?—l( pr(xn—l7 Sn—l) Vv ps(xn—l7 Sn—l)) .
But for case of dynamic state of WS the achievement
of particular pa(pr(x;,s;), Ps(X;,s;)) becomes
impossible:
pr(x.,s;) # paj (pr(% 1,5 1) v PS(% 1,5 1)) -
For such case, the scheme needs for modification:

pr(x.,s;) < pa; (Pr(X_1,51)v PS(% 1,5 1)),

Pr(Xi,1,Siv1) < pa:+1(pr(xi|5i)\/ ps(Xi, ),

what, as result, gives the strategy decision modification:

pg™ (pr, ps) < pgg” (P, PSy, PAg)
APG" (PR, PSy, Pay) Ao A PO (PR, Sy, PA,4) Defi
=Alg g™ (pr, ps;, pay).

ne X ={X°, Xt X”‘l} as a set of RTS states.
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Therefore, there is leveloped the logical model of
adaptive strategies planning for intellectual control
systems of FIS, which uses the predicates logics and
describes the relatioships between robot and objects in
WS, formulates the goals of control system as needed
states of workspace and supplies the constructions of
logical inference. This model is tested in Robotic Lab of
CITAM dept in KhNURE.

Proposed model is applied for realtime decision-
making as a part of compex industrial system, including
mobile, manipulation robots and other equipment, united
by wireless integrated control system, combining all the
parts under concept of 1o0RT. From other hand I0RT part
supplies the information support for predicate-based
decision-making.

Conclusion

Growing interest to Industry 4.0 concept, to its
introduction for digital transformation of manufacturing
systems. Production systems become the market, for
which the most of projects of Industrial Internet of Things
(IoT) have their implementation. 10T, with its base on
Industry 4.0 and industrial Internet, is a key component of
industrial development worldwide.
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IHTEPHET PEUEN /11 POBOTOTEXHIYHUX ITPOEKTIB

IIpenmeToM nociipkeHHs B CTaTTi € 3actocyBaHHs TexHousoril IOT y rHydYkux iHTErpoBaHUX POOOTHM30BaHMX cHcTeMax. Mera
po6otn — interpauis texHosorii IOT 3 MoxenssMu Ta MeTOAaMHM NPUIHATTS pIillleHb 3 METOI0 CTBOPEHHS aJalTHBHOI CHCTEMH
KepyBaHHsI THYYKHM pOOOTH30BaHMM BHPOOHMITBOM. B CTaTTi BHPILIYIOTHCS HACTYIHI 3aBAAHHS: MPOBECTH aHANI3 3aCTOCYBAaHHS
texHouorii IOT B pi3HMX ramy3six, B TOMy 4YUCIi, B pOOOTOTEXHII, PO3IJSHYTH MOOYAOBY IHTEIEKTYaJbHOI CUCTEMH HPUHHSITTS
pillleHb SIK OAHOTO 3 KIIOYOBHX EJEMEHTIB aBTOMAaTH30BAaHMX CHCTEM KEPyBaHHS, PO3IVISIHYTH PO3POOKY aJalTHBHOI CHCTEMH
KepyBaHHS THYYHOI poOOTH30BaHOI AUISHKM Ta ii OKpeMuX MOmyliB. OTpUMaHO HACTYIHI pe3yJbTATH: IMPOaHATI30BaHO OCHOBHI
ocobmmBocti TexHoxorii 0T, B ToMy umci, A pearnizalii y THy9YKAX IHTETPOBaHHUX CHCTEMaX CyYacHOTO BHPOOHHMIITBA; IO CKIIAIy
TEXHOJIOTIYHIX CHCTEM NPOIMOHYEThCS BIPOBAKEHHS IHTENEKTYaJlbHUX BHUPOOHMYMX areHTiB, SK 3ac00iB TpPaHCIOPTHOTO 1
JOTIOMDKHOTO CKJIaJaJbHOTO NMPHU3HAYECHHs, 3aC00y MOHITOPHHTY Ta BCTAHOBIIOIOTHCSI OCHOBHI BUMOTH 10 HUX; 3 ()OPMaJIbHOI TOUKH
30py PO3MIIAAETBCS MPOLEC NPUHUHATTS PIlIeHb IO JOCATHEHHS OKPEeMHX TEXHOJOTiYHHX 3aBlaHb. BHCHOBKH: B jaHumii yac
criocTepiraeThbesi 3poctanHs iHTepecy mo koHuenuii Industry 4.0, no ii BupoBamkenHs misa mudpoBoi Tpancdopmartii BUpoOHUYNX
CHCTEM 1 OJIHUM 3 TaKUX HampsMKIB € 3actocyBaHHs TexHouoril 0T, 1m0 103B0aNUTh B BUPOOHUUYMX YMOBaxX 00'€JHATH PO3MOJiNICH] B
MPOCTOpi €NEMEHTH THYYKOTO iHTETPOBAHOTO BUPOOHHIITBA, 3a0€3MI€YUTH MOHITOPHHT BHPOOHUYHX IIPOIIECIB B PEXKUMI peabHOTO
Yacy, (pyHKIIIOHYBaHHS aJalTHBHOI CHCTEMH YIIPaBIiHHS Ha OCHOBi IHTEJEKTYaJbHOI CHCTEMH MPUHHATTS PillleHb, IO JO3BOJUTH
TIOJIIMIINTH XapaKTEPUCTUKH MPOIIECiB YIPABIiHHSI POOOTH30BaHOI CHCTEMH B CKJIa/li THYYKOTO iHTETPOBaHOTO BUPOOHMIITBA.
Knio4oBi ci10Ba: TeXHONOTIS IHTEPHETY peyeld; IPUHHATTA PillleHb; MOOUTHHUI pOOOT; THyYKa iHTErpOBaHa CHCTEMA.

UHTEPHET BEIIEH JIJIA POBOTOTEXHUYECKHX ITPOEKTOB

IIpenmeToM mccnenoBaHUs B cTaThe sBIsieTcs NmpuMeHeHHe TexHoinornu |OT B rHOKMX HWHTErpHPOBAHHBIX POOOTH3MPOBAHHBIX
cucremax. Leap paGorsl — wmHTerpamms TtexHoioruu |OT ¢ MomemssMum M MeTOJaMU TIPHHSTHS PEHICHWH C IETBI0 CO3MAHUS
aNaNTUBHONW CHCTEMBI YNpPaBIEHHS T'MOKHM pOOOTH3MPOBAHHBIM IIPOM3BOJCTBOM. B cTaThe pemraloTcs CleAyIoIue 3aJajuu:
npoBecTy aHanu3 npuMeHeHus TexHonorui |OT B pasnudHBIX 001acTsAX, B TOM YHCIE, B pOOOTOTEXHHKE, pPACCMOTPEThH MTOCTPOCHHUE
MHTEJJIEKTYaJIbHOM CUCTEMbI IPUHSTUS PELIeHNI KaK OJJHOTO U3 KIIFOYEBBIX AJIEMEHTOB aBTOMATH3HPOBAHHBIX CUCTEM YIPaBIICHHUS,
paccMoTpeTh pa3paboTKy aJanTHBHON CHCTEMBl YIpaBieHHs T'MOKWil poOOTH3MPOBAHHOW y4acTKa M €ro OTHACIBHBIX MOJYJICH.
[Tomy4eHsl crneayonye pe3yJbTaThl: IPOAHATH3UPOBAHbI OCHOBHBIE 0cobeHHOocTH TexHonoruu |OT, B ToM umcrne, uis peann3anun
B THOKUX MHTETPHPOBAHHBIX CUCTEMaX COBPEMEHHOI'O NMPOU3BOJCTBA; B COCTAB TEXHOJIOTMYECKUX CUCTEM IIpejlaraeTcs BHEIpeHHe
HHTEIUICKTYaTbHBIX IPOWU3BOJCTBEHHBIX areHTOB, KaK CPEICTB TPAHCIIOPTHOTO M BCIOMOTAaTENLHOTO COOPOYHOTO Ha3HAYEHHUS,
Cpe/ICTBa MOHUTOPUHTA U yCTAaHABINBAIOTCSI OCHOBHBIE TPEOOBAaHMS K HUM; C ()OPMAJILHON TOUKHM 3pPEHMSI pPacCMaTPHBAETCS MPOIIECC
MIPUHATHA PEMICHHI 0 MOCTIKEHHs OTAENBHBIX TEXHOJIIOTHMYECKHX 3ajad. BbIBOABI: B HacTosmiee BpeMs HAOMIOmaeTcss pocT
uHTepeca Kk kouuenuu Industry 4.0, k ee BHeApeHHIO 11t MGPOBO# TpaHCHOPMAIUK TPOU3BOACTBEHHBIX CHCTEM M OJJHUM M3 TaKHX
HampaBJIeHUH sBisieTcs: TpuMeneHne TexHonoruu |OT, 4To Mo3BOJUT B MPOM3BOJICTBEHHBIX YCIOBUIX O0BEIUHUTE PacrpeeIeHHbIS
B TIPOCTPAHCTBE JIEMEHTHI TMOKOTO MHTETPHPOBAHHOIO MPOU3BOJICTBA, 00ECIIEUNTh MOHUTOPUHT MPOM3BOJICTBEHHBIX HPOIECCOB B
peXHMe peanbHOro BpeMeHH, (pyHKIHOHHPOBAaHMS aJanTHBHON CHCTEMBl YIPABICHUS HAa OCHOBE WHTEIUICKTYaJlbHOH CHCTEMBI
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MPUHATHSA PEIICHUH, YTO TMO3BOJUT yIy4YIINTh XapaKTEPUCTUKH IMPOLECCOB YMPAaBICHHS POOOTH3MPOBAHHOM CHCTEMBI B COCTaBE

IHOKOTO MHTETPUPOBAHHOTO MPOU3BOACTBA.
KnioueBble ci1oBa: TEXHOJOTHS HMHTEpHETA BeUlel; NMPUHATHE pPEIIeHHH; MOOWIBHBIH poOOT; TMOKas HMHTErpHUpOBaHHAS

Ccucrema.
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