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INFORMATION MODELS FOR MANUFACTURING WORKSPACES IN ROBOTIC
PROJECTS

The subject of research in the article are the workspace models for flexible integrated robotic systems. The goal of the work is in
development of information models to represent workspaces for following application in the automated control systems of flexible
integrated manufacturing. The article solves the next tasks: to analyze the representation of workspace to decide practical problems of
robotic systems of different nature, to consider the development of informational models for representation on workspaces of
intelligent control systems of integrated manufacturing, to consider the practical examples of information presentation on workspaces
of production systems. Research methods are set theory and predicate theory. The following results were obtained: there were
analysed the main features of informational models development to solve robotic tasks of different nature and were pointed the
limitations of existing approaches of formal description, the need of integration of workspace models to decision-support systems and
systems of graphical and mathematical simulation of integrated systems; the set theory-based model of information representation for
problem-solving processes of flexible integrated robotic systems is proposed; the information-logic model of workspace for mobile
robot applications, functioning in flexible integrated systems. is developed and contains the list of objects, includes their geometrical
dimensions and supplies the preservation of parameters in time and space; information presentation for automated control system of
flexible integrated manufacturing, which implements proposed models, is considered. Conclusions: application of models of
information type for automated control systems makes to supply logical unification of flexible integrated manufacturing elements, to
provide monitoring of states of technological equipment of production systems in space and time and formation of their digital twins,
to promote functioning of intelligent decision-support systems for robotic systems of different types, that improves characteristics of
production control.
Keywords: information model; workspace; mobile robot; flexible integrated system.

Introduction started many vyears before appearance of current

manufacturing concepts, for example, in STRIPS problem

While Industry 4.0 as a concept of economy and  solver [2] the workspace (WS) of an intelligent robot was

society development quit recently celebrated its 10th
anniversary in 2021 [1], the implementation of this
concept still doesn’t cover a lot of different fields.
Successful examples of Industry 4.0 applications first of
all connected to creation of new manufacturing units,
which incorporate novel production ideas just from first
step. Another case is for elderly production areas with
their existing structure, logistics, equipment, and services.
They can become great attention points for Industry 4.0
applications to get new impacts to production processes
and to achieve new sufficient levels without huger
investments, compared to creations of new manufacturing
units.

Simultaneously, application of new industrial
concepts defines huge rise of information on every
production element and its numerous connections to other
elements. At the level of model, each parameter of the
system must be taken in account. In these conditions,
development of informational models becomes important
but routine procedures for manufacturing systems
simulation and development. Such simulation of
manufacturing objects makes essentially real the idea of
digital twins for any element of flexible systems.

Current article considers approaches to build
informational models of workspaces for flexible
integrated robotic systems, for the following support of
intelligent decision-making systems of robots, also to
support concept of digital twins of manufacturing units.

1. Analyses of existing approaches for robotic
workspace presentation

Simulation and presentation of robotics workspaces

described as a set of predicate-described facts, connecting
static and dynamic properties of WS areas, position of
robot and object of production process. Other approach,
described in [3] deals with same ideas as STRIPS but for
Human Robotic Collaborative workspace, divided into
passive resources (working tables, fixtures etc.) and active
resources (humans and robots) given a task and secondly,
with the number and type of active resources to be
selected for a task. Thus, authors of [3] propose to
organize WS in form of facts and actions with estimation
of floor spaces, reachability of robotic resources,
ergonomics, and investments (see fig. 1), while with
minor formal description of WS properties.

In [4] authors consider human-robot collaboration
for adaptive autonomous systems, including robot
assistants. They consider human-robot team as a Markov
decision process (MDP), with states of robotic world
(WS) x e X , robotic actions a® e A¥, and human actions

a" e A" . The proposed decision-making system evolves
according to a probabilistic state transition function

p(x'|x,aR,aH), that specifies the probability of

transitioning from state x to state X", when actions a® and

a" are applied in state x. Also, [4] proposes to store the
history of interactions between robot and human in time.
Research in [5] suggest to look at manipulation of
robotic systems as a knowledge-based system, supported
by skills and presents a method for automatically
generating planning problems from existing skill
definitions such that the resulting problems can be solved
using off-the-shelf planning software, and the solutions
can be used to control robot actions in the world. The key
role for robotic WS representation here is provided by
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SkiROS and its world model. According to [6] The world
state is partially predefined by a human operator in the
by

ontology, partially abstracted from the robot

perception, and completed with the procedural knowledge
embedded in the skills and primitives, that is shown in
figure 2.

Fig. 1. Optimized workspace layout for manufacturing robotic cell [3]

Article [7] considers knowledge presentation of
robotics systems from different levels: abstraction of low-
level features (features that can be acquired by a robotic
system) with high-level knowledge that can be interpreted
by humans, described as skills. Transfer of skills
(manipulations) is  provided by  demonstration
of human actions and next imitation of them

by the robot manipulator. Problems of robotic system
are

workspaces also discussed

in [8 - 10].
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For instance, [8 - 9] proposes the formal description
of data for robot’s automated control system (ACS). ACS
from strategies planning viewpoint is depicted by sets:

Robotic technical system (RTS as part of FIS), with
states of set x e X,i=0..n-1, is a vector of states

X ={X° X*,...,X"}, that at time moments t,,....t,

has values Xo={X, %5, %07}

Xn—l}
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Fig. 2. World model instance for physical (blue) and abstract (orange) objects in [5]
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WS is 2-dimensional or 3-dimensional and depends
of time. The set of specifications of WS is given as vector

of states S:{S",Sl,...,S”’l} and at the time moments

t

ooobiihas  the  values S, = {s5,85,--807}

S, ={s) St S s Sy =S Sh e Sha )
RTS can generate decisions d, € D,k=0..I-1 on

transformation of its states and states of WS. The set of
decisions, generated by strategies planning system (SPS)

defines vector D={d,,d,,...,d,_,} , with m — the number
of decisions for times t,,...,t, ,;

Decisions are implemented by RTS actions:
a,eAi=0.1-1.

The set of actions A={a’,a’,...,a"*} is executed

by RTS as implementation of found decisions Iji with
subsets of movements or manipulations a, c A,
a,, < A.

The purpose of RTS functioning is a state ye X,

which is reached by sequential states transitions:
Xo =X —> . > X =Y.
Therefore at process of target achievement there are
transformations:

X = f,(%,¥, 8.0y, 8, )+¢&, "x1 —)(0" <&,

y=f XY 8.0,5,8,,)+Fe, "y_xnfl" Sép

f — transition function, & — transition error.

Transitions are described by cost ¢, € A,i=1..n and
duration t, € T,i=1...n. The aim is to find such sequence
of transitions f,,...,f , which will supply the system
transition from initial state x, to purpose y .

search are:

Conditions  of >t —>min,

i=1

n n
D¢, —>min, Y g —>min.
i=1 i=1
The mentioned sets present the real elements of ACS
and provide information support for decision-making
system of mobile or manipulation robots, acting as a part
of flexible integrated production system.

2. Information-logical model of mobile robot
workspace

The creation of any control objects model is
impossible without a workspace model in which there are
such objects that perform their tasks [11 - 13].

Let us consider the construction of a workspace
model of a flexible integrated manufacturing system
(FIMS), in which the tasks of mobile robot control are set.

Let there be a workspace W, of robot Rb.

Workspace is described by properties:
- geometric dimensions D(x, Y, z) ;

- a set of space-belonging objects Obj ;
- time interval T of WS existence.

param

Then the space can be written as follows:
W, =< D(X,Y,2),00),T . > 1)

Each of the objects of the WS objects set Obj has a

unique identifier ID, which means the ability to identify
the object, using barcodes, QR codes, etc.

It is necessary to consider the main property of space
— its discreteness and finiteness (limitedness). By
finiteness we mean the limits of the camera working
space. The case of opened (unlimited) space is, in
principle, a separate problem.

By discreteness, we mean the division of space into
cells that are the same in length and width. Depending on
the WS discretization level, it is possible to set the tasks of
moving (or manipulating) control objects of different
accuracy.

The discrete nature of the working space means the
presence of the coordinates of objects located in the WS
and the occupancy factor of the WS section:

m |

D(z,y,2) :Zn:ZZd(xi,yj,zk), Ko €[01], (2

i=1 j=1 k=1

where d(x;,Y;,z,) — geometric parameters of a discrete
space cell, K. — cell fill coefficient. All cell parameters
must be the same size.

_Sa(d(xy,2))

=R K, £0.25, 3
Tosd(xy2) T ©
where  S(d(x,y,z)) - discrete space cell area,
Se (d(x,y,z)) — filled part of discrete space cell
d(x,y,z).

The FIMS workspace assumes the existence of
certain objects Obj— verstats (Vr), instrument (Ins),

equipment (Osn ), humans (Hum ), robot (Rb), storages
(Storage), conveyors (Conv), workspace monitoring

devices (Mon) :
Vr eW,; 3Ins eW,; 30sn eW,; IHUM e W,; IRb eW,;

4
3Storage e W,; 3Conv e W, ;IMon e W, )

Obj =<Vr, Ins,Osn, Hum, Rb, Storage, Conv, Mon >.  (5)

It follows from this that, from the point of view of
property declaration, the entire GIVS can be expressed by
the expression:

FIS =<W,,Rb,Vr, Ins,Osn, Hum, Storage, Conv, Mon >. (6)
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Each of the objects owns a set of parameters. These
properties have specific values, are included in a set of
property names and values. Table 1 shows the main
characteristics of objects in the symbolic representation.

There are ownership relations between objects
(objects) and their properties, that is, certain properties
belong to a certain object. An example of the properties of
objects is also presented in table 1.

An example of the scheme of the workspace and the
objects in it is shown in fig. 3, which shows the need to
consider the human factor when planning transportation
operations for mobile robots.

Workspace objects W, exist both statically and

The following objects can be carried to the static
objects, which do not change the position and do not
influence states of the robot movement: verstats (Vr ),
conveyors (Conv ) and storages ( Storage ).

Dynamic objects that can change their position and
thereby affect the movement state in the workspace are:
instruments ( Ins ), equipment (Osn ), humans ( Hum ).

Observation of the dynamics of the working space is
provided by monitoring devices, which include object
systems of computer / technical vision (OVSC) -
Camera,,,, and local computer / technical vision systems

(LVSC) — Camera, other workspace status sensors

Loc !

dynamically. (Sens).
Ins Q Ins
vr Conv Storage Conv vr
Osn Osn
Hum Hum
@ =D
o —
Rb 2] 2
Ins O O Ins
Vr Storage
Storage <
Hum Hum
Storage @
Rb
Ins O O Ins
vr Conv Storage Conv vr
Osn Osn
Hum Hum
Fig. 3. An example of the objects locations in the workspace
Table 1. List of objects Obj properties
Obiject ) Param... Property name indication
) Object property Obj perty
Vr Verstat type Type,,
Geometric parameters Dy, (% Yors Zye)
Processing methods PM,,
Special conditions Scy,
Unique identifier ID,,
Ins Instrument type Type,
Geometric parameters D, Xins s Yins » Zins )
Processing methods PM .
Unique identifier D,
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The end Table 1.

Osn Equipment type

TypeOSI‘I
Geometric parameters Dogn (Xosns Yosn» Zosn)
Unique identifier ID,,,
Mon ovsc Camerag,,,
LVSC Camera, .
Other sensors Sens
Hum Geometric parameters

DHum (XHum ’ yHle 1 ZHLII‘ﬂ)

IVIVHum (XHuva ! yHuva 1 ZHuva)

Movement parameters in workspace

Belonging to the staff

Perm

Experience EXPyum
Age AgeHum

Quality QuaIHum
Unique identifier IDyium

Rb Geometric parameters Dry (Xgo 1 Yro 1 Zro)

MVRb (XRb ! be ! ZRh)

Movement parameters in workspace

Movement speed Speed,
Current position CPro (Xepro s Yopro » Zepro)
Unique identifier IDg,
Object Param.. Property name indication
Object property Obj
Storage Geometric parameters Detorage (XStorage' Ystorage zsmrage)
Type Typesmrage
Quantity of parts Quang age
Unique identifier IDgiorage
Conv Geometric parameters Doy Xcom + Yeony s Zeony)
Type TYPEony
Quantity of parts Quang,,,
Speed Speedc,,,
Unique identifier IDc,n,

According to table 1, all properties of objects can be written in the form of tuples of parameters.

VV eVI’, E'V =< TypeVr’ DVr (X\lr’ er ! ZVr)' I:),\/|Vr ! SCVr’ IDVr > (7)
vins e |nS,E|inS =< Typelns' Dlns(xlns' ylnsl Zlns)’ PMVr’ IDlns > (8)
Voe Osn’ Jo=< TypeOsn' DOsn (XOsn ' yOsn ’ ZOsn)' IDOsn > (9)

Vh € Hum' Elh =< DVr (XVr ' er ' ZVr)’ MVHum (XHumMV’ yHuva’ ZHuva)! (10)
PerHum ' EXpHum ' AgeHum ’ QuaIHum' IDHum >

Vrb e Rb,3rb =< Dy, (Xays Yo Zro ) MV, (Xap s Yeo + Zry)s SPe€d 1)
Cpr (chRb ' ychb' Zchb)l IDRb >

vStorage € Storagev EIStorage =< DStorage (XStorage ’ yStorage’ ZStorage)lTypeStorage’

12
Quanswrage ! ID ( )

Storage >

VCOHV € ConV, E|C0nV =< DConv (XConW yConv7 ZConv)lTypeConv ' QuanConv' (13)
SpeedCOnV’ IDConv >
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vYmon € Mon,3mon =< Cameray,,,, Camera,

Sens > (14)

Loc?

At the same time, the monitoring system consists of surveillance cameras and sensors of various types and

purposes.
Cameras have the following properties:

vcam e Cam,3cam =< Inst, (X, Y, 2, ), Angley,,, Resolution > .

All objects of the working space interact with each
other by various kinds of dependencies, which allows us
to introduce a definition.

Definition 1. Each workspace object has at least one

property.
VX(x € Obj)3param(param € Paramy,; )[x(param)], (16)

where V — general quantifier, 3 — quantifier of existence,

x — a WS specific object, Obj — set of WS objects,
Param,,; — set of object parameters.

Param,,; set of objects properties includes
parameters such as: Param, — set of verstats properties,
Param,,, — set of intstruments properties, Param,,, — set
of equipment properties,

poperties, Paramg, — set of robot properties, Paramg,..

Param — set of human

Hum

— set of storage properties, Param

properties, as described in table 1.
Hence:

— set of conveyor

Conv

Param,,; = Param, w Param, U Param,, U

Ins

(17)

wParam,,, U Paramg, U Paramg, ... U Param,, '
From these definitions it follows that:
vx3Param,,; [Param,, (X)] , (18)
vx3Paramg, [Param, (x)], (19)
vx3Paramg,; [Param, (x)], (20)
vx3Param, [Paramy, . (X)] , (21)
vx3Paramy, [Paramg, (x)] , (22)
vx3Paramg, [Paramg, ... (X)], (23)
vx3Param,, [Paramc,,, (X)]. (24)

Vparam,3param, ([ param;] <[param;], param; € N, param; € N)

In addition to the FIMS workspace, where the robot
works, there is another one — the warehouse equipment

space Warehouse , which interacts with the FIMS and has
a set of characteristics, in particular geometric parameters
D\Narehouse (X\Narehouse' yWarehouse’ ZWarehouss) ’ materials (blanks7

Warehouse =< D,

In this model, the parameter Material can be shown
with a set of materials:

Warehouse (X\Narehouse7 yWarehouse ' ZWarehouse)’ Material, PrOdUCt,TranSport >

(15)

Definition 2. Each object of space relates to any
object with another object:

vxaAy(x < y). (25)
The definition is correct since each of the objects is
designed to interact with other objects.
Definition 3. All FIMS workspace are ordered in
relation to others:

vx3y,{x,y}.

Definition 4. For each item in the workspace, there is
another item that is compatible with the first one in the
process of work:

(26)

X3y, xNy. 27)

The definition is true since each of the robotic area
objects exists in order to participate in the technological
process.

Definition 5. There are such items that predetermine
each other in the technological process.

X3y, x> Y. (28)

This relation is a special case of expression by
definition 4, so it exists between the same objects.
Definition 6. There are the same objects.

VXyex=y. (29)

Definition 7. For each property value param: there

will be a match for him. Symbolically, this expression can

be written as:
Vparam,3param;, ([ param;] =[ param; ]). (30)

Definition 8. For each numerical value of a property
(except for the maximum value on a finite set of values),
you can find a value greater than the current one.

(1)

component parts and folding etc.) Material and ready

products Product, as well as transport parameters
Transport .

(32)

Material = (material,, material,, ..., material ) . (33)

Similarly for products and transportation parameters:
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Product = (product,, product,,..., product,), (34)

Transport = (transport,,transport, ..., transport, ) . (35)

Thus, all the introduced designations of the FIMS
WS objects and the belonging transportation system form
an information-logical model of the robotic system. The
main purpose of the proposed model is to save current
information about the state of FIMS objects and related
systems, as well as to support the execution of queries
about the objects properties that are included in the
information-logical model description.

For example, for the workspace shown in fig. 1.5,

the construction of an information-logical model
will  be formed based on the following
input data.

There is a workspace with geometric dimensions of
70 x 25 x 10 m. It contains objects such as people,
machines and equipment with various kinds of tools,
storage, overhead stacker crane as a system for moving

goods between two machines, or a machine and an
equipment cabinet.

The machines used have certain overall dimensions
(1.7 x 1.906 x 2.26 m for ANS machines, 1.78 x 2.2 x
1.675 m for ASM machines used in production).

Cabinets are equipped with geometric dimensions of
1.5x 0.7 x 1.7 m. They contain both general purpose tools
and specialized tools used on machine tools.

If the tool is heavy, then a stacker crane is used to
move it between the tool cabinet and the machine (10 m).

Operations for changing the load, its movement, as
well as tracking the machines are performed by a person.

After assembling the products, they are moved to the
drives, from where a person, using a trolley, delivers them
to the equipment warehouse.

It should be noted that the gaps between the objects
of the workspace are very wide, and it is advisable to use
mobile robots for transportation operations, which will
significantly speed up the process.

Presentation of a flexible production site based on
the developed model is shown in fig. 4.

Instrument(Ins)

Locksmith tool

Mounting tool

Auxiliary tool

The size depends on the purpose

— ]

Humans(Hum)

Work area (1.5; 1.5; 1.5) m.

Staff

Experience from 5 years

Age from 23 years

2 qualification category
——

Verstats(Vr) FIS Jabil
D_ANS (1.7; 1,906; 2.26) D (70; 25; 10)
D_ASM (1.78;2.2;1.675) | | [_|Humans (Hum)
ANS - turning | Verstats (Vr)
ASM - grinding — | Equipment (Osn)

Fastening to the floor
General rules
Using

Intrument (Ins)

Storage

Stacker Crane (Conv)

Stacker Crane (Conv)

D (2.0;0.7;0.5)
Moving cargo
Maximum load 250 kg.
Speed 5 m/ min

electrical equipment

—
Equipment(Osn)

D (1.5;0.7; 1.7)
General tools
Special tools
Measuring
Control
Finishing

Fig. 4. Flexible production site based on the developed model

Proposed approach can describe basic properties of
flexible manufacturing units, cells or areas. Composition
of such descriptions can present background for
development of automated control systems or their
particular elements, including intelligent decision-making
systems.

Conclusion

The actual problem of modern flexible integrated
system (FIS), which follow the concept of Industry 4.0 is

Storage

D (2.0;2.0; 1.5)
Static tables-shelves
Maximum load of 1 ton.

in large-scale supplement of informational support for
production processes at all their stages. Such support can
be supplied by introduction of information models,
presenting elements of production systems. While
consideration of robotic workspace models is still an
actual task for researchers [11 - 13], new approaches,
including visual sensoring [14 - 15] can give impacts to
models of workspaces, especially in case of dynamic
changes.

The FIS and robot’s functioning in real-time mode
also require information on production system, on robot
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itself, on all surrounding objects, making workspace of
manufacturing robot.

Proposed article makes an analysis of existing
approaches to simulate robotics workspaces, contains
description of workspace models of informational type,
which can be used to supply functioning of automated

control systems, of intelligent decision-making systems
for robots and other elements of FIS. The results of this
work were used to supply execution of scientific project
“Multi-purpose  robotic  platform  with  advanced
Mmanipulation possibilities” in the Kharkiv National
University of Radio Electronics.
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TH®OPMAIIMHI MOJIEJII JIJI1 BAPOBHUUNUX POBOUYNX ITPOCTOPIB ¥
POBOTOTEXHIYHUX ITPOEKTAX

IIpenMeToM mocmimKeHHS CTaTTi € MoJedl poOOYoro MpOCTOpy THYYKHX IHTErpOBaHHX pOOOTH30BaHMX cucTeM. Merta poboTtn —
noOynoBa iHpopManifHNX MoJenel MPeACTaBIeHHS poOOYOro IMPOCTOPY 3 METOI0 MOJABIIOr0 BUKOPHCTAHHS y aBTOMAaTH30BAaHMX
cHCcTeMax KepyBaHHsS THYYKOTO IHTErpOBaHOTO BHPOOHMITBA. B cTaTTi BHPINIYIOTHCS HACTYNHI 3aBAAHHS: IIPOBECTH aHAII3
MpeCTaBIeHH POO0YOro MpOCTOpy MiJ Yac po3B’s3aHHS NMPAKTUYHUX 3aBAaHb POOOTHU30BAHUX CHCTEM PI3HOTO THUILY, PO3TJIIHYTH
noOynoBy iHpOpMAIIHHIX MOAeNel MpeacTaBIeHHs pPOOOYOro MPOCTOPY IHTENEKTyaJbHHX CHCTEM KEPYBAaHHsS IHTEIPOBAHHM
BUPOOHHUIITBOM, PO3MVSIHYTH MPAKTHYHI MPUKIAIM TMpeAcTaBiIeHHs iHpopMmanii mpo pobodwii HpPOCTip BUPOOHHYHUX CHCTEM.
MeTtonamMu JOCIHIIKEHHS € TEOopiss MHOXKMH Ta Teopis mpenukariB. OTpHUMaHO HACTYNHI pe3yJbTATH: MPOAHAII30BAaHO OCHOBHI
ocoOymBOCTI MOOYZOBH iH(pOpManifHUX Monenell poOOYoro IMpPOCTOpPY JUI PO3BSA3aHHS 3aBAaHb POOOTOTEXHIKM PI3HOTO THITY,
BKa3y€THCSl HA OOMEKEHICTh iCHYIOUMX MiAXOAiB (opManbHOTO ONHCY, Ha HEOOXIMHICTh iHTerpalii Mojenel po6odoro mpocropy i3
CHCTEeMaMt MIiITPUMKU HPUHHATTS pilleHb, CHCTEMaMH TrpadiyHOr0 Ta MaTeMaTHYHOTO MOJETIOBAHHS IHTEIPOBAHUX CHCTEM;
3aIpONIOHOBAHO TEOPETUKO-MHOKUHHY MOJETb MOAaHHs iH(opMalii mogo mponeciB NPUHHATTS PIllleHb Y THYYKHX 1HTETPOBAHUX
poOOTH30BaHUX CHCTEMaX; POo3poOIeHo iH(OPMALIHHO-IOTIYHY MOAETh POOOYOro MPOCTOPY MOOIIBHOTO poOOTa, sSKa MICTUTH
nepenik 00’€KTiB, BpaXxoBye iX T€OMETPUYHI po3MipH, 3a0e3mnedye 30epiraHas mapaMeTpiB y 4aci Ta MPOCTOPi; PO3TISTHYTO MOAAHHS
iH(popMaLii y aBTOMaTH30BaHUIM CHCTEMi KepyBaHHA THYYKOTO IHTETPOBAHOTO BUPOOHHIITBA, IO peajli3ye 3alpOIIOHOBAaHI MOZEI.
BucHoBKH: 3acTOCYBaHHS MoJenel iHQOPMAaLifHOTO THITY Y aBTOMAaTH30BaHUX CHCTEMax KEpyBaHHS JO3BOJHTH JIOTIYHO 00 €HATH
€JIEMEHTH THYYKOTO IHTETPOBAaHOTO BHPOOHUITBA, 3a0C3MEYUTH MOHITOPHUHT CTaHY TEXHOJOTIYHOTO OOJIaHaHHA y pobodomy
IIPOCTOPI BUPOOHHYMX CHUCTEM Ta y 4aci, 3MIHCHATH (HOpMyBaHHS HU(PPOBUX JIBIIHUKIB €IEMEHTIB poOOYOro MPOCTOpY, 3a0e3MeUNTH
(YHKIIOHYBaHHS IHTEJIEKTYAJIBHUX CHCTEM HiITPHUMKH HNPUHHATTS pilieHb POOOTH30BAaHHX CHCTEM PI3HOTO THUILy, IO JO3BOJHTH
MIOKPAIINTH XapaKTEePUCTHKHU MPOLECiB KepyBaHH BUPOOHUIITBOM.
Kumrouosi ciioBa: indopmaniiina Mmoens; po6ounii mpocTip; MOOLIEHHI poOOT; THyYKa iHTErpOBaHa CHCTEMA.

NH®OPMALIMNOHHBIE MOJAEJIM UIs1 TIPOU3BOJACTBEHHBIX PABOYUX
IMPOCTPAHCTB B POBOTOTEXHHUYECKHUX ITPOEKTAX

IIpeaMeTOM HCCIIEIOBaHMS CTAaThU SIBISIFOTCS MOJENIH paboyuero MpPOCTPAHCTBA THOKHMX BCTPOCHHBIX POOOTH3MPOBAHHBIX CHCTEM.
Ienb paGoTsl — MOCTPOCHUE HHPOPMALTMOHHBIX MOJIENEH Mpe/ICTaBICHUs Pabovero MpocTpaHCTBa ISl AAIbHEHIIET0 HCTIOIb30BaHHS
B ABTOMATH3MPOBAHHBIX CHCTEMaX YNPABJICHUS TMOKOTO HHTErPUPOBAHHOTO IPOM3BOJCTBA. B cTaThe peIIAIOTCS CIEAYIOIHe
3aJa4M: NPOBECTU aHAIM3 MPECTABICHUS paboyero MpOCTPAHCTBA MPH PEIICHUH NPAKTHYECKHX 3a]a4 POOOTH3UPOBAHHBIX CHCTEM
pa3HOro THIIA, PACCMOTPEThH MOCTPOEHHE MH(POPMALMOHHBIX MOJENeil MpeACTaBIeH T paboyero MPOCTPAHCTBA MHTEIUICKTYaIbHBIX
CHCTEM YIPAaBJIECHHUS WHTETPUPOBAHHBIM MPOU3BOJCTBOM, PACCMOTPETh MPAKTHYECKHE MPUMEPhI Ipe/CTaBlIeHHs MHPOpManuH O
paboveM IpOoCTpaHCTBE NMPOM3BOJICTBEHHBIX cUCTeM. MeToaaMu UCCIIeIOBaHUS SIBISIIOTCSI TEOPHSI MHOXKECTB U TEOPHSI TIPEANKATOB.
[Monyuensl cnenyromye pe3yJbTaThl: NPOAHATU3UPOBAHBI OCHOBHBIE OCOOCHHOCTH ITOCTPOEHMs MH(OPMAIMOHHBIX Mojenel
paboyero mpoCTpaHCTBA JUI PELICHHS 3a4a4 POOOTOTEXHMKHM PA3HOTO THUIA, YKA3bIBACTCS HA OTPAaHUYEHHOCTH CYIIECTBYIOIIMX
MO/IX0J0B (hOPMAIBEHOTO OIHMCAHMS, HEOOXOIMMOCTh MHTETpalMd Mojenel pabodero MpoCTpaHCTBA C CHCTEMaMH IOJJCPKKH
NPHUHATHS PEIICHHH, CHCTeMaMH rpadUyecKoro M MaTeMaTHYeCKOTO MOJCIHUPOBAHMS HHTETPUPOBAHHBIX CHCTEM; MNPEIOKEeHa
TEOPETHKO-MHOXKECTBEHHAsI MOJEIb TPEACTaBICHHUs HHOOPMAILMK O TpoLeccaX NMPUHATHS PeLIeHHH B TMOKMX MHTETPUPOBAHHBIX
POOOTH3MPOBAHHBIX CHUCTEMax; pa3paboTaHa MH(OPMALMOHHO-IOrMYECKass MOJelb pabodero IMpoCTpaHCTBa MOOWIBHOTO poOoTa,
KOTOpast COAEPKUT MepeueHb 0OBEKTOB, YUNTHIBAET UX T€OMETPHUUECKUE Pa3Mephl, 00ecrieYnBaeT XpaHeHNe MapaMeTpoB BO BPEMEHH
U TPOCTPAHCTBE;, pPACCMOTPEHO IMpE/ACTaBieHWe WH(OpMalMu B aBTOMATH3MPOBAHHON CHCTEME yYIpaBiIeHHS THOKOTro
MHTETPUPOBAHHOTO MPOU3BO/ICTBA, pealn3yIOlIeil pearaeMble MoJied. BeIBoabI: nprMeHeHre Moeseil HHPOPMAIIHOHHOTO THIIA
B ABTOMATH3UPOBAHHBIX CHCTEMaX YIPABJICHUS IO3BOJUT JIOTHYECKH OOBEAMHUTH OJIEMEHThl T'MOKOr0 WHTErPHPOBAHHOIO
MPOU3BOJICTBA, 00ECIIEYHTh MOHUTOPUHI COCTOSIHUS TEXHOJIOTHYECKOr0 000pyJOBaHKS B pabo4eM IPOCTPAHCTBE MPOU3BOICTBEHHBIX
CHCTEM M BO BPEMEHH, OCYIIECTBUTh (HOpPMHpOBaHHE LHM(POBBIX JBOWHHUKOB 3JIEMEHTOB PabOYero MpOCTPaHCTBA, 0OECHICYUTH
(GYHKIMOHMPOBAaHUE HHTEUICKTYaIbHBIX CHCTEM [UIsl NPUHATHS PELICHUWH CHCTEM pPa3HOTO THIA, YTO IO3BOJIUT YJIy4LINTh
XapaKTePUCTHUKH MPOLIECCOB YIPABICHHS IIPOM3BOICTBOM.

KiioueBble cioBa: HHpOpMALMOHHAsS MOJeEib; pabouyee MPOCTPAHCTBO; MOOWIBHBIH pPOOOT; THOKas HMHTErPUPOBAHHAsS
cucTema.
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