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THE VIRTUAL SENSORS FOR INTELLIGENT CONTROL

OF THE MOBILE ROBOT

The completeness of situational awareness has an important significance for intelligent control of autonomous mobile robot when it
is operated at dynamic environment. Usually the robot is equipped with some set of physical sensors for evaluating certain environ-
mental properties. However, the information from physical devices only may not be enough at analyzing situations to select targeted
robot actions. The technique of some virtual sensors implementations for estimations of possible mutual “robot — surrounding
objects” states which necessary for path planning problem or planning the robot’s target positions are considered.
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Introduction

The mobile robots that are able to autonomously
carry out a specific class of the missions at the dy-
namic environment are in demand in various fields
of human activity. The practical implementation
of intelligent control techniques for the technical
systems with similar properties are being actively
developed [1-3].

The multi-functional robots that are able to au-
tonomously achieve user-defined target states in
undefined or partial defined surroundings are of
most interest. Such robotic system when it opera-
tions at partial determinacy conditions should be
able to independently perceive the environment
and form sequence of task-oriented actions allow
for current mutual states «robot — environment».
In this case the completeness of situational aware-
ness has an important significance for selection and
activating by robot control system the adequate
actions from the available set of its behavior algo-
rithms.

The intelligent control system (ICS) of an au-
tonomous mobile robot (MR) should not only

be situational aware of the current robot states in
environment, but also predict the possible states.
As the sources of current awareness are the aggre-
gate of hardware in the form of sensors for percei-
ving certain environment properties and software
implementations for the interpretation of the data
received from them. The ability of ICS MR to form
its own representation of surrounding and the ro-
bot state in it is an essential property of the autono-
mous intelligent systems.

A wide range of sensors — the devices for sig-
nals registration of certain physical modality, can
be used as information providers on the actual
environment features for MR. As a rule, modern
sensors are microprocessor-based devices with pri-
mary signal processing and generation of output
data in digital formats. MR can be equipped with
video cameras, rangefinders of various types, ther-
mal imagers or modern devices for direct forming
3D environment models. The sensors for evalua-
ting any specific environmental characteristics can
also be used.

The motion control issues — where and how the
robot can and should move, largely depend on the
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relative positions of the MR and surrounding ob-
jects. However, the information only from physical
devices may not be enough at analyzing situations
by control system to select and activate targeted
MR actions. So, the physical devices data charac-
terize the current position of the MR and surroun-
ding objects, while the decision on next MR actions
requires an estimation of the predicted states in
which the MR will be as a result of these actions. In
addition, for some aspects of the situations analy-
sis, there are no physical devices as providers of the
necessary information.

The estimates of the actual states of the pair
“MR, environment” are formed on the current
data from onboard physical sensors, when exter-
nal objects directly surrounding the MR during its
movement are found in the zones of their percep-
tion. However, each type of physical sensors has a
limited perception zone with data reliability suffi-
cient for MR control tasks. The computer models
of environment representing in ICS memory and
real time simulations of MR functional interaction
with surroundings provide substantial assistance in
generating missing information and must com-
pensate the actual situations uncertainty outside
these zones.

Based on these software tools, a number of virtual
sensors as software modules that generates relevant
structured information when analyzing the mutual
states of 3D models of MR and surroundings ob-
jects can be implemented. In some cases, the vir-
tual sensors are able to replace expensive physical
sensor devices or to generate data that, in principle,
cannot be registered with physical devices.

The virtual sensors presented in this work, using
a dynamically edited model of the robot’s external
environment, which is based on information about
the real world from available physical sources, gene-
rate the predicted characteristics of possible mu-
tual states of the “MR, environment” pair, which
are necessary for the autonomous control system to
select appropriate robot actions. Samples of virtual
sensors used by ICS MR ERIC developed at the
International Research and Training Center of the
National Academy of Sciences of Ukraine and the
Ministry of Education and Science of Ukraine are
shown [4, 5]. These software tools as the sources of

information about potential events and MR states
are important primarily in the tasks of choosing the
allowable MR paths and positions that satisfy cer-
tain target conditions.

Problem definition

The MR environment in our case is the premises
with initially unknown or partially known loca-
tion of the objects, the visual features and geo-
metric parameters of some of them are already at
the robot ICS knowledge base. The surface of the
MR motion is a horizontal plane. The key role in
the perception of surrounding objects is played by
rangefinder sensors and video camera installed on
the MR functioning prototype. Technologies for
analyzing and interpreting the information of these
devices are shown in [5—7].

The MR ICS is the control system with infor-
mational feedbacks, the organization principle of
which in the case under consideration is shown in
[4, 5]. The expected informational equivalent of
the robot action result is formed by mathemati-
cal modeling and represents the expected mutual
state of the pair “MR, environment” in the special
memory structures.

The spatial-geometrical and visual characte-
ristics of surrounding objects are functionally im-
portant. The 3D models of environment objects
including the robot model are represented by the
sets of nonintersecting convex polyhedrons, which
approximate the connected piecewise-homoge-
neous spatial domains occupied by these objects
with some accuracy [8]. In specialized ICS per-
manent memory structures, the representation of
the spatial geometry of objects is supplemented by
their inherent attributes — the visual properties of
the objects surfaces, namely, the dominant colour
components and image feature descriptors of these
objects. For example, the SIFT (Scale-Invariant
Feature Transform) algorithm can be used for for-
mation of the sets of descriptors characterizing the
object visual features [9].

The formation of the 3D models of the MR
environment in real time is provided by software
implementation of algorithms for analysis of cur-
rent sensory information and object recognition.
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Fig. 1. The results of 3D simulation

In addition to these models, the basic tools for
implementation of ICS virtual sensors are software
resources for simulating in spatial virtual environ-
ment the MR functional activities such as the robot
motion and environmental perception by onboard
rangefinders and video camera. Fig. 1 shows signifi-
cant fragments of the simulation results, namely:

= an arbitrary view of the MR operating space
model with current robot position (Fig. 1, a);

= the model of object perceptions by rangefin-
ders (Fig. 1, b);

= the shot model of the MR operating space by
the robot camera model (Fig. 1, c¢), when the robot
located as in Fig. 1, a.

The rangefinder model generates the results of
distance measurements between the rangefinder
receiver and the object surfaces that fall into the
sensor sensitivity zone, and the video camera model
generates the images of the environment model
when the MP model is in a certain position. These
processes mathematical models are based on the
recursive algorithm for determining intersections
of convex polyhedrons and the methods of projec-
tive geometry.

The software presented in the work as virtual
sensors, using specified above resources, generate
model estimates of the following characteristics:

= the presence of obstacles in the near zone of
the MR maneuvering;

= the presence of obstacles along the MR path,
planned to the target position in the form of a bro-
ken line;

= the objects that can fall into the robot camera
field of view when MR is located at a certain posi-
tion.

The unified structures of mathematical repre-
sentation of the models of MR environment ob-
jects and the robot functional components allow
MR ICS to effectively generate the necessary in-
formation at solving these problems.

The virtual sensor for safety motion
verification

Safety motion verification should be preceded by
any MR maneuvers in the environment. Of course,
in a dynamic environment, only the data of physi-
cal sensors recording the actual current MR state
in a real environment can be considered reliable.
However, free space estimation based on the cur-
rent rangefinders data is possible only within their
sensitivity zones, and according to the results of the
analysis of onboard camera images — in the zone
of reliable visual recognition of objects. In this ap-
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proach to the ICS organization, the monitoring of
the correspondence of the actual environment sen-
sory perception to the expected information equi-
valent of the MR action results is constantly active
[5]. Detection of the state of the so-called sensory
discomfort leads to automatic activation of MR ac-
tions to clarify the situation and the corresponding
correction of the environment model. All the vir-
tual sensors presented in the work are implemented
taking into account this property of the ICS.

One of the computationally intensive but impor-
tant tasks is identification of the obstacle collisions
threat when the robot path planning. Actually, the
algorithm for the robot path planning to target state
with obstacles avoidance is not considered here.

However, the estimates of the obstacles free path
are based on the computational procedure of a vir-
tual sensor for safety motion verification. It genera-
tes information on the obstacles presence or ab-
sence in the spatial area within which the planned
trajectory is located.

Let us consider two types of feasible MR motion
paths:

= maneuvering in the near area of the current
MR location;

- motion along a lengthy trajectory in the
polyline form.

The first motion type is typical for kinematic
scheme of two-wheel MR, when during the robot
rotation around its vertical axis only its orientation
changes. Short robot linear motions of forward or
backward also belong to this type if their lengths
and lengths of areas near robot platform, where
there is no perception of physical sensors, are com-
parable. The presence of such “dead areas” is asso-
ciated with location of sensors relative to the robot
platform either with own characteristics of certain
sensors. The second MR motion paths type arises
at motion planning to predetermined target posi-
tion located in the environment model outside the
areas of efficient perception of the actual surroun-
dings by physical sensors.

A preliminary estimate of MR free maneuvering
area both in a small neighborhood around robot
platform and along each of linear sections of the
lengthy motion path can be obtained using simpli-
fied 3D models of such areas as sequences of con-
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Fig. 2. The sensitivity areas of virtual sensor for safety mo-
tion verification

vex polyhedrons, inside which the robot motion is
supposed.

Checking the intersections of such convex poly-
hedrons with of environment object models which
are also represented by the sets of convex polyhe-
drons is the main computing task of a virtual sensor
for verification of MR safety motion. In our case,
these calculations are based on the recursive algo-
rithm for determining the minimum distance bet-
ween convex polyhedrons [10]. The output of this
sensor is a list of objects, whose 3D models have at
least one common point with the specified sets of
convex polyhedrons as 3D model of the MR mo-
tion area from current position to the planned tar-
get one. The absence of the objects in the list indi-
cates the possibility of safe MR motion of along the
selected path. Fig. 2 schematically shows the sensi-
tivity areas of this virtual sensor. Fig. 2, a represents
the first stage of planning a safe MR path from cur-
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Fig. 3. Simulation of the onboard camera field of view

rent position to the predetermined target one based
on the environment model, when according to the
virtual sensor generated data several obstacles are
detected on the MR path. In Fig. 2, b the final plan
of the safe robot motion with obstacles absence in
each trajectory linear section and in the robot’s ro-
tation areas is shown.

The virtual sensor for camera field
of view verification

Some mission successful completion by the auto-
nomous service robot equipped with video camera
and object recognition software depends on the
ability of the ICS to determine previously in what
location should be MR in order for objects of its
functional interest to be in the onboard camera
field of view. The virtual sensor with the output as a
list of surroundings model objects that will fall into
the camera field of view, when the MR model is in
the defined location, has been implemented for
this. This software sensor can predict what objects
the onboard camera would see if the robot moves to
given location.

As shown above (see Fig. 1, ¢), the software ICS
resources for each MR location in the environ-
ment model synthesizes the shot model of onboard
camera. Such preliminary field of view verification
makes it possible to select from the set of possible
MR locations such target robot positions in which
the real camera shot will image specific objects or
environment area of interest. Fig. 3, a shows an
arbitrary viewpoint of 3D environment model and

the MR model in it, and Fig. 3, b — the shot model
of onboard camera corresponding to a given MR
position relative to objects. According to the output
of this virtual sensor, not all objects in front of the
robot fall into the camera field of view and can be
imaged on shot of real onboard camera when the
MR takes the certain location. The computing re-
sources of this sensor also verify the possible over-
lap of some object models by others on the camera
shot due to the shape, size and spatial location of
this objects.

Fig. 4 shows the result of using this virtual sen-
sor in the task of selecting such MR positions from
which the target object will fall into the camera’s
field of view. Namely, Fig. 4, a shows the set of
planned robot locations satisfying such goal, and
Fig. 4, b is the shot model of onboard camera when
MR is in one of the appropriate positions.

Thus, the considered virtual sensors generate
structured information in goal-directed mutual
analysis of 3D models of the robot and surrounding
objects. Such information cannot be obtained from
physical sensors for environment perception from
the current MR location, and its absence signifi-
cantly complicates the ICS abilities to successfully
select robot path for safe moving and certain target
MR positions from a variety of potentially accep-
table ones.

Conclusions

A mobile robot, as a moving technical system,
needs, first of all, to identify the spatial characteri-
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Fig. 4. The choice of target MR positions on the virtual sensor information

stics of surrounding objects for safe and effective
autonomous functioning. Fulfillment by the robot
of missions to search, pursue or move certain ob-
jects requires its ability to form the object models
and recognize both the obstacles and target ones
for the corresponding mission.

The proposed approaches to implementation
and use of virtual sensors significantly complement
the abilities of the intelligent MR control system
to analyze the sets of potentially permissible mu-

tual states of a moving system with surrounding
objects.

Such analysis is impossible if robot control sys-
tem uses only current information from physical
sensors. The virtual sensors allow expanding the
analyzed set of robot states to activate its adequate
purposeful behaviors, and the ability of an artificial
system to represent its state in the certain spatial
locations is an important characteristic of intellec-
tuality.
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MixxHapoIHU1IT HayKOBO-HaBUAJIbLHMI LIEHTP iH(popMalliitHuX TexHojoriii Ta cucteM HAH ta
MOH Ykpainu, npocn. Akagemika [Diymikosa, 40, m. Kuis, 03187, YkpaiHa,
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BIPTYAJIbHI CEHCOPU UTA IHTEJIEKTYAJIbBHOI'O
YITPABJIHHA MOBIJIbBHHUM POBOTOM

Beryn. TToBHOTa cutyaliliHOi 00i3HAHOCTI Ma€ BaxKJIMBE 3HAYEHHS /ISl iHTEJIEKTYyaJbHOIO YIPaBIiHHS aBTOHOMHUM
MOOiTbHUM poboToM (MP), Kosu BiH npailtoe B AMHaMiuHOMY cepenoBuilli. 3a3Bu4ail MP ocHalieHuii 1esikuM HabopoM
Gi3MYHUX CEHCOpIB ISl OLIHKM MEBHUX BIACTUMBOCTEN oTo4YeHHs. OpHak iHdopmallii auuie Bia ¢GisMYHUX NPUCTPOIB
MoOXe OyTH HeAOCTaTHbO JISl aHali3y CUTYyaliil, Jisi BUOOpY LIILOBUX Hili podoTa. Po3risiHyTo miaxoau Ao peajizalii
JeSIKUX BipTyaJbHUX CEHCOPIB 15T OLIIHKYA MOXJIMBUX B3aEMHUX CTaHIB “pOOOT — OTOUyI0Ui 00'€eKTH”, SIKi HEOOXiTHI IS
3a7a4i MJIaHyBaHHS MaplIpyTy ado0 IJIaHyBaHHS LiJIbOBUX MOJI0XeHb MP.

Mera crarti — npeacTaBieHHs IMiAXOIiB 10 peallizallii NeKiJIbKOX TUITiB BipTyaJbHUX CEHCOPIB IS OLIiIHKW B3aEMHUX
noyioxkeHb MP i 00’eKTiB OTOUEHHS, sIKi HEOOXiIHi B 3amayax IJIaHYBaHHS LiJIeCIPsIMOBAHUX Miii poOoTa CUCTEMOIO
iHTeJIeKTyabHOTO ynpaniiHHs. ClUpaloyrch Ha OLIiHKY BipTyaJlbHUX CEHCOPiB MOXHAa 00paTH Oe3MeyuHi TpaeKTOpil pyxy
200 TaKi MOJIOXKEHHS y MPOCTOPI, 110 € JOMTYCTUMUMU Ta BiATIOBiAAIOTh IEBHUM YMOBaM.

Metomu. [IpencraBieHi Migxoau CUPaOThCS HA BUKOPUCTAHHST TIPOCTOPOBUX MOZENeil 00 €KTIB Ta MOAETIOBAHHS
CIIPUIHATTSI OTOYEHHSI O00OPTOBOIO Bimeokamepoiro MP. TeoMmerpuuHi Momesi 00’e€KTiB 0a3ylOThCsl HA MpPEACTaBIEHHI iX
CYKYITHOCTSIMU ONYKJIMX OaraTOrpaHHMKiB. BUKOPUCTOBYETBCSI PEKyPCUBHUII aJITOPUTM OLIIHKM B3a€MHMX TMOJIOXEHb
mozesieit 06’exTiB. CIpUMHATTS OTOYEHHS BileoKaMepor podoTa MOAETIOEThCS 3a MPaBUIaMU ITPOEKTUBHOI FeOMETpii.
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Pe3ynbrar. 3anporoHOBaHi BipTyaJibHi CEHCOPU BUKOPUCTAHO K 0a30Bi MOMIYJIi alrOpUTMiB OLIIHKUA B3a€EMHUX
TOJIOXKEHb pobOoTa i 0TOUyIOUMX OO’€KTIB B MPOTPAMHUX pecypcax CUCTEMU iHTENEKTyaTbHOTO YIPAaBIiHHS MiI0UYUM
npototuriom MP ERIC, 110 3a6e3meuye MOXIUBICTh aBTOHOMHOTO BUKOHAHHST pOOOTOM CKJIQJHUX 3aBIaHb KOPHCTYBaya
y HeleTepMiHOBAaHOMY TMHAMiYHOMY CepeIOBUIIL.

BucHoBKH. 3arnpoIoHOBaHi MiAX0oAM OO peajidalii Ta BUKOPUCTaAHHS BipTyaJlbHUX CEHCOpPIB CYTTEBO JOIOBHIOIOTH
MOXJIMBOCTi iHT€JIeKTyalbHOI CUCTEMU YIpaBisiHHd MP aHaizyBaTM MHOXWHU TMOTEHLIIMHO JOMYCTMMHUX B3aEMHUX
CTaHiB PyXOMOi CUCTEMHU 3 OTOUYIOUUMHU 00’e€KTaMu. Taki OLIIHKM MPUHLIMIOBO HEMOXJIUBI 3 BUKOPUCTAHHSAM JIMIIE
IMOTOYHOI iH(popMamii Di3uyHMX ceHCOpiB. 3HATHICTh ITYYHOI CHUCTEMU YSIBUTU CBili CTaH Yy IMEBHUX ITPOCTOPOBUX
TTOJIOXKEHHSIX € BAXJTMBOIO XapaKTePUCTUKOIO 00pa3HOro MucieHHs. BipTyanbHi ceHCOpu BKa3aHOTO TUITY JO3BOJSIIOTH
¢opMyBaTH MHOXXMHU MOXJIMBUX CTaHiB po0OTa, sIKi BilMMOBiAalOTh LIIJILOBUM BUMOTaM, i 00UpaTh Oe3MeyHi TpaeKTOpii
pPYyXy A0 HUX.

Karouosi caosa: asmornommuii MobinvHuil pobom, inmeneKkmyanvHe YnpasainHs, 8ipmyaivHuil cencop, 3D-mooens.

O.H CyxopyukuHa, cTapiinii Hay9HbII COTPYIHUK,

MexxnyHapoaHBIif Hay9HO-YIeOHBIN LIEHTP MH(GOPMALIMOHHBIX TeXHOJI0THIi 1 cucteM HAH
1 MOH VYkpaunsl, npocn. Akan. [nymkosa, 40, Kues, 03187, YkpanHa,
sukhoru@gmail.com,

BUPTYAJIbHBIE CEHCOPLI AJIA UHTEJUVIEKTYAJIbBHOI'O
YITPABJIEIHUA MOBIJIBHBIM POBOTOM

Beenenne. 1151 MHTENIEKTYaIbHOTO YIIpaBJIeHUS! aBTOHOMHBIM MOOWJIBHBIM pob6oToM (MP) B nuHamuueckoi cpene
BaXXHOE 3HAUeHWE MMeeT IOJTHOTa CUTYallMOHHOM OcBemoMIIeHHOCTU. OOBIYHO POOOT OCHAIIIEH HEKOTOPBIM HAOOpOM
(pr3MYeCKNX JATYMKOB UIST OLICHKHU OIpEAeSIEHHBIX CBOMCTB OKpyXKatolel cpeabl. OmHako MHGOPMALMU TOJBKO OT
(bu3nYeCKNX YCTPOMCTB MOXET OBbITh HEIOCTATOYHO IPU aHaJIM3e CUTyallWii IJis BbIOOpA 1eJeBBIX NEMCTBUI poOOTa.
PaccmoTpeHbl moaxobl K peau3alii HEKOTOPbIX BUPTYaJIbHBIX CEHCOPOB /151 OIEHKH BO3MOXHbBIX B3AMMHbBIX COCTOSTHU I
“po0OT — OKpyXKalollre 00beKThl”’, KOTOpble HEOOXOAMMBI IS 3aa4M TUIAHUPOBAHUS MapLIpyTa WX TUIAHUPOBAHMS
LieJIeBbIX MoJioXeHuit MP.

Ileab craTbu — MMpeACTaBICHNUE TOAXOI0B K peaTn3allii HECKOJIBKUX TUTTOB BUPTYaJIBHBIX CEHCOPOB JIJIST OLICHKY B3aVIM -
HBIX TIOJIOXeHNT MP 1 00BeKTOB OKpYXEeHUsI, KOTOpble HEOOXOMMMBI B 3afadax TUIAHWPOBAHMS IIeJIEHAIPaBICHHBIX
NeWCTBUI poOOTa CUCTEMOM MHTEJJIEKTYyaJbHOTO yrnpaBieHus. Onupasch Ha OLEHKU BUPTYaJIbHBIX CEHCOPOB MOXHO
BBIOpATh Oe30MacHbIe TPAEKTOPUU ABUXKEHUSI UM TaKWe MOJIOXKEHUS B IPOCTPAHCTBE, KOTOPBIE SIBJSIIOTCS AOMYCTUMBIMU
U COOTBETCTBYIOT OTIPEEICHHBIM YCIOBUSIM.

Metoapl. [IpencraBieHHble MOAXOAbI OMUPAIOTCS Ha MCIIOJb30BAHUE MPOCTPAHCTBEHHBIX MoOJEIeil 0OBEKTOB U
MOJIEJIMPOBaHNE BOCIIPUSITUSI OKPYKeHUsI 00pTOBOI Buneokamepoit MP. [eomeTpuyeckie Momen 00beKTOB 6a3upyroTCs
Ha TIPEICTaBJICHUH UX COBOKYITHOCTSIMM BBITTYKJIBIX MHOTOTPaHHUKOB. McTioNib3yeTcsl peKypCUBHBII aJlTOPUTM OLIEHKH
B3aMMHBIX MTOJIOKEHUI Mofiesieit 00beKTOB. BocmipusTiie oKpykKeHUs BUIEOKaMePOii poOoTa MOAEIUPYETCS MO MpaBUIaM
MPOEKTUBHOM r€OMETPUM

Pesyabrar. [lpemioxeHHble BUPTYaJlbHbIE CEHCOPBI MCIIOJIb30BaHbl KaK 0a30Bble MOAYJM aJITOPUTMOB OLEHKU
B3aMMHBIX TOJOXEHUI paboTa M OKpYXKalolUX OOBEKTOB B MPOrPAMMHBIX Pecypcax CUCTEMbl WHTEUIEKTYaJTbHOIO
yrpasieHus aeiictyroniero nporoturia MP ERIC, yto o6ecriednBaeT BO3MOXHOCTh aBTOHOMHOTO BBITIOJTHEHUSI pOOOTOM
CJIOXXHBIX 3a1a4 TTOJIb30BaTEIIs B HEAETCPMUHUPOBAHHON TUHAMWYECKOM cpere.

BoiBoapl. [1pemioxkeHHbIE MOAXOIbI K pealr3alliyi M UCTIOJIb30BAaHUIO BUPTYaTbHBIX CEHCOPOB CYIIIECTBEHHO TOMOJIHSIIOT
BO3MOXHOCTH MHTEJJIEKTYaJIbHOM CUCTeMbI ynpaBiieHuss MP aHanu3upoBaTh MHOXECTBA MOTEHIIMATbHO JTOMYCTUMBbIX
B3aMMHBIX COCTOSTHUI TTOIBMKHOM CCTEMBI ¢ OKPYKAIOIMMU 00beKTaMu. Takye OlleHKH MPUHIIMITAATHBHO HEBO3MOXKHBI
C MCIIOJIb30BAHWEM TOJIbKO TeKyllell MHpopMmauuu ¢pusndyeckux ceHcopoB. CIOCOOHOCTb MCKYCCTBEHHON CUCTEMBI
MPEACTABUTL CBOE COCTOSIHHME B OIPEIEICHHBIX ITPOCTPAHCTBEHHBIX ITOJIOXKEHUSX SIBIIICTCS BaXKHOM XapaKTePUCTUKOM
00pa3HOro MBIILICHUS. BupTyanbHbIe CEHCOpPHI YKa3aHHOTO THUIIA TTO3BOJISIOT (DOPMUPOBATH MHOXKECTBA BO3MOKHBIX
COCTOSIHMIT po0OOTa, COOTBETCTBYIOIIMX 1I€JIEBHIM TPEOOBAHUSIM M BBIOMPATh O€30MacHbIe TPAGKTOPUU IBMKEHUS K HUM.

Karouegwie cao6a: agmonomublil MOOUAbHBLIL pOOOM, UHMEANEKMYAAbHOE YNPABAeHUe, BUPMYANbHbLI ceHcop, 3D-modens.
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