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This paper considers the possibility of using a stepping robot - hexapod for research, monitoring the condition of
technical dry channels, enclosed spaces and more. Compared to existing designs used today, the hexapod has a list of
advantages that make it a more versatile tool, namely: autonomy, due to the power supply installed at work, design
features that ensure its increased patency on uneven surfaces. Instead, this type of work requires the development of
complex algorithms for movement than in the case of wheeled or tracked machines, ie. hexapod is a platform that moves
the limbs, which in turn move with the help of servos. Therefore, the movement of the platform is provided by the con-
trol of each servo. In addition, environmental information is additionally processed from rangefinders, limb contact
sensors with the surface, cameras, accelerometers, etc.

Particular attention is paid to robot rotation algorithms, as the proposed scope imposes restrictions on the ability
to maneuver freely in space. An algorithm for rotating robots in confined spaces based on limb state matrices has been
developed, which greatly simplifies the practical implementation and allows to easily change the type of stroke during
the hexapod operation. It is also proposed to introduce a buffer state matrix, which allows you to remember the last
position of the limbs of the robot in case of its failure, after the elimination of which, it is possible to continue moving
from any last state. Or return to the starting position and change the route.

The versatility of the algorithm allows its use not only in the development of the software part of the hesapod, but
also for other types of walking robots. Since the developed algorithm allows you to easily modify the types of moves at
each iteration of the step.

In the future, it is planned to test this algorithm on a model of a hexapod and supplement it with the necessary
components for vertical movement, which is very important for passability in this area of application.
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Introduction and problem statement

In recent years, the scope of use of such robots
has developed quite rapidly, replenishing the arsenal
of ideas and designs. This was facilitated not only by
general technical progress in general, but also by the
development of technical base, algorithmic compo-
nent, thus it was possible to apply such machines in
new areas in which these machines did not compete
with classical designs based on wheel chassis or cater-
pillar [1-2]. . Such new areas include search opera-
tions, research tasks, civilian use, industrial applica-
tions, diagnostics and condition monitoring of various
structures or premises. Today there are methods and
tools used in all the above areas. such are various
caterpillar works, miniature wheeled machines, multi-
link works for in-tube diagnostics. However, despite
the availability of ready-made solutions, there are still
unresolved problems related to the control and diag-
nosis of the condition of objects, in particular, in con-
fined spaces. These include: in-tube diagnostics, in-

spection and monitoring of ventilation shafts, various
tanks or technical channels, caves, tunnels, etc. Exist-
ing designs used today have shortcomings that make
them highly specialized tools that do not cover the full
range of possible tasks. Therefore, there is a need to
develop a universal option for each case [3].

Recent research by leading manufacturers of
stepping robots focuses on the use of quadropods, but
such work is less stable than hexapods and requires
complex control algorithms, which complicates devel-
opment and makes it more expensive. This paper
considers the use of hexapod for its use in the field of
technical condition control in narrow or closed spaces,
technical ducts, ventilation, etc.

Note that wheel or crawler works are also used
for these purposes, but their passability is limited and
usually in the case of such robots select a specific
solution for each case, respectively, wheel / crawler
structures are not universal and require a whole arse-
nal of different structures, which is expensive in pro-

58 Bicnuk KIII. Cepia IIPH/IA/IOBY/IYBAHHA, Bun. 62(2), 2021.



ISSN (p) 0321-2211, ISSN (e) 2663-3450

Asmomamusayia ma inmenekmyanizayia npunadodyoysanna

duction.

Recent work aimed at developing hexapod con-
trol algorithms is aimed primarily at the use of this
class of robots in open areas, which makes them un-
suitable for the proposed field. Therefore, this paper
will consider hexapod control algorithms that can be
used to monitor the technical condition of narrow or
closed spaces, technical ducts, ventilation, and so on.

Review of literature sources

To carry out operations on flat horizontal sur-
faces, a lot of machines and devices have been cre-
ated, but there is a problem of carrying out various
operations in places, access to which is limited or
difficult for any reason. This problem was especially
acute in the industrial sector. As a result, walking
robots of vertical movement were designed, which
later became a separate class of walking robots. The
main task of such robots was to gain access to hard-to-
reach places located on a vertical plane. Such robots
are considered in [4]. A feature of their designs is the
use of vacuum suction cups for adhesion to the sur-
face, which partly solves a whole range of problems,
since it allows the robot to move vertically through
ventilation shafts and channels, and thus there is no
need to disassemble these structures, especially if it is
difficult. But such a solution requires a vacuum unit,
which in turn increases the robot's weight and dimen-
sions. This imposes restrictions on both the investi-
gated areas and the time of the hexapod's autonomous
operation due to the additional consumption of the
compressor (s).

Analysis of the designs of modern robots de-
signed to diagnose and monitor the condition, which
are presented in the sources [4, 5], use for their work
cable for data transmission and power. There is also a
chassis with wheels, which does not allow the work to
rise vertically or overcome protrusions and significant
irregularities.

In the existing prototypes of walking robots,
much attention is paid to the algorithms of movement,
which basically use adaptive control. As shown in [6],
such algorithms allow you to move in four directions,
bypass obstacles and restore motion in the event of a
robot overturning. However, these algorithms are
presented for open traffic. Diagnosis of confined
spaces and channels requires the development of new
algorithms, as there is no room for maneuver, and
options for overcoming obstacles are much less than
in the open. Adaptive algorithms also include the
method of reinforcement learning (RL), which is cov-
ered in [7], but this method was considered only for
wheeled robots.

The work [8], carried out by developers from
France led by Jean-Baptiste Moret, deserves special
attention. Based on the results of this work, the walk-
ing robot can adapt to work with broken or lost limbs.
After the loss / breakage of any limb, the robot was
able to resume up to 96% of its initial speed.

The algorithms presented in the work are, of
course, very useful, but only in open areas, where there
is time and space for adaptation. In conditions of robot
motion limitation, such algorithms are not appropriate
for use for the proposed scope of the robot.

In [9], a motion algorithm is proposed with a cor-
rection for the deformable surface along which the
robot moves. Deformation compensation is certainly
necessary if the movement occurs on soft surfaces
(sand, swamp, etc.), but for the proposed field of ap-
plication of the robot, such an amendment is not nec-
essary, since mainly in such places, reinforced con-
crete structures, wooden or metal structures are used.
Therefore, this amendment can be neglected.

The authors from the Federal Polytechnic School
of Lausanne and the University of Lausanne investi-
gated that an algorithm that implements a bipedal gait
makes movement faster on a flat surface than a
tripedal algorithm used by most insects [10]. Instead,
the tripedal algorithm predominates when moving
vertically. Also in the course of research it was found
that with poor traction bipedal gait shows the best
result. In this paper, we will use the results of these
studies and take into account important aspects that
will become the basis for the development of our own
algorithms for motion in confined spaces.

Thus, the existing developments cover the range
of applications of robots only in open areas and there-
fore are not suitable for the proposed field of applica-
tion of hexapod. Therefore, it was decided to adapt the
existing algorithms for the movement of the hexapod
for its operation in conditions of movement in con-
fined spaces, technical dry ducts, ventilation shafts,
pipes, etc.

Development of motion algorithms

The direct motion of the hexapod in space on a
flat surface is determined and all the steps of the con-
trol algorithm are defined, and the kinematics is un-
changed. In the process of monitoring the condition of
technical dry ducts, ventilation shafts, pipes, etc., the
use of previously specified actions in the algorithm
can lead to loss of stability of the robot, lead to its fall
into failure or damage to the components of the robot.

To solve this problem, it is necessary to use
adaptive motion algorithms, which are aimed at ana-
lyzing the environment using sensors mounted on the
hexapod, and, depending on the situation, change or
correction of motion [11]. There are many such adap-
tive algorithms for hexapods, but they are all designed
to control the robot in open areas. Operations in venti-
lation shafts and ducts require adjustments in the
process of movement, as these objects are closed
spaces and can have various obstacles, failures, etc. In
general, management principles remain unchanged.

For the efficiency of the adaptive motion algo-
rithm it is necessary to know all the components that
can be determined either experimentally or in fact dur-
ing the operation of the robot. From the known parame-
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ters it is possible to allocate the following: weight and
dimensions of the robot, parameters of the applied
sensors, on indications of these sensors the type and
environment is defined. Uncertain will be: the size,
curvature, length of the studied objects, as well as the

presence of obstacles. So, for example, in fig. 1-a, b, d
show a typical ventilation shaft, with concrete protru-
sions and gaps between the bricks. And in fig. 1-c
shows the part of the shaft that has irregularities and
variable size, descents and ascents, etc.

C

Figure 1. Possible application environments of the robot: a — standard ventilation shaft in brickwork; b — ventilation
shaft with a cement barrier; ¢ — ventilation shaft with uneven edges; d — ventilation shaft from a brick in a panel

design

In such cases, the hexapod must analyze the na-
ture of the obstacle, its size, location and be able to
determine the possibility of bypassing it in a confined
space. The task is complicated by the fact that for
effective operation, the hexapod must maintain a
given speed and balance. Summarizing the above, we
can form the main class of tasks assigned to the con-
trol system, which in the general case has the form
(simplified) shown in Fig. 2.

Environment

Sensors

Control system

.

Actuators

Figure 2. Simplified functional diagram of the adap-
tive control system

In general, the principle of operation of such a
system is quite simple — receiving data from environ-
mental sensors, as well as information about the posi-
tion of the limbs, is the calculation of their further
movement, and, accordingly, the robot platform.

In [12] the author uses a mathematical model of
the state of the limbs, which is a vector of the state of
each limb and has the following form:

(1= 1 - the limb is raised
TY9719 _ the limb is lowered

That is, the state of the i-th limb at time t is de-
termined by the state function qi (t), which has two

values. In [13], this model was supplemented by the
third state to simplify the practical implementation of
the algorithm in the computing core of the robot and
on the basis of the obtained complex model developed
algorithms for rectilinear motion for bipedal and
tripedal gait. Since closed spaces can have rotations or
curvatures in the horizon, it is necessary to implement,
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in addition to gait algorithms, rotation algorithms in
closed spaces.

For this purpose we will use the supplemented
model from work [13] and we will use it for realiza-
tion of turns which can schematically look as follows
(fig. 3-4).
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Figure 3. Iterations of the rotation process for bipedal

gait
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Figure 4. Iterations of the rotation process for tripedal
travel

Where 0-4 and 0-3 are iterations for bipedal and
tripedal gaits that need to be performed to rotate the
robot. From these schemes it is seen that the rotation in
the case of using a bipedal gait requires one iteration
more than a similar rotation for a tripedal gait.

It is also noticeable that the iterations of 0.3.4
(bipedal) and 0.2.3 (tripedal) for both gaits are the
same, so for practical implementation will differ only
1, 2 and 1 for bipedal and tripedal gaits, respectively.
This approach allows you to quickly switch between
types of gait, if necessary, because only the intermedi-
ate matrices of 1.2 by 1 will change and vice versa,
depending on which gait was used previously.

Suppose that:

Max — the maximum angle of rotation of the drive
shaft;
Mean — the average (or initial) position of the drive
shaft;
Min — the minimum angle of rotation of the drive
shaft.

Then, taking into account the model from [13],

the drive state matrix has the form:
Max
k =| Mean |. 9]
Min

According to the matrix (1), the position of the
servo shaft will be as follows (Fig. 5).

That is, at the position of the minimum angle
(Min) the shaft will rotate counterclockwise, and at
(Max) - clockwise, which will bring the joint (joint) of
the limb to the minimum and maximum possible posi-
tion, respectively, where the position is the angle of
deviation. Mean is the initial (neutral) state in which
the robot stands motionless on the surface and has
maximum stability. This condition takes into account
the design of all servos in such a way that all their
shafts at the start of the robot occupy the middle posi-

tion of the entire range of the drive (for example, if the
drive shaft has a range from 0° to 120°, the average
position will be 60°). Consequently, the limb is in the

middle position.
Min

Mean

Figure 5. The position of the servo shaft according to
the proposed model

And the matrices realizing turn to the left for a
bipedal gait will look (tab. 1).

And for tripedal, respectively (table 2).

Based on the obtained matrices, it is convenient
to implement the program code of the movement algo-
rithm, because such a matrix determines the state of
the limb and allows you to easily change it using the
parameters without processing the entire program.

This makes it easy to design different gait algo-
rithms, which facilitates and speeds up experimental
studies of gait work in specific locations where it is
located.

The subroutine algorithm responsible for turns
can be implemented as follows (Fig. 6). Let the robot,
in the process of work, use sensors to detect that it is
necessary to make a turn. In this case, for both types
of gait, three iterations of the turn cycle will be per-
formed.

{ Startrotate )
Bipedal
{tripedal) walk |
matrix__/

=" counter < 3 T—
- -
., L

I =
{ End

Figure 6. Simplified block diagram of a routine for
rotating the robot by 90°

This number is due to the design features of the
model on which the tests were carried out. As you can
see in fig. 7 shows the structure of the limb of a hexa-
pod, which consists of two servos, respectively, has
two degrees of freedom, connected by a hinge.
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Table 1. Matrices that implement the rotation of
the robot to the left for bipedal gait

Table 2. Matrices that implement the rotation of
the robot to the left for tripedal gait

Matrix Iteration Matrix Iteration

Mean Mean Mean Mean | [Mean Mean Mean Mean |
Mean Mean Mean Mean 0 Mean Mean Mean Mean 0
| Mean Mean Mean Mean | | Mean Mean Mean Mean |
[ Max Mean Mean Min | [ Max Mean Mean Min |
Mean Mean Mean Mean Mean Mean Mean Mean
| Mean Mean Mean Mean | | Max Mean Mean Mean |

Max Min Min Min [ Max Min Min Min |
Mean Mean Mean Mean 1 Mean Mean Mean Mean 1
| Mean Mean Mean Mean | | Min Min Mean Mean |
[ Mean Min Min Mean | [ Mean Min Min Mean |
Mean Mean Mean Mean Mean Mean Mean Mean
| Mean Mean Mean Mean | | Mean Min Mean Mean |
[ Mean Min Min Mean | Mean Min Min Mean
Mean Mean Mean Mean Max Mean Mean Max
| Max Mean Mean Min | Mean Min Mean Max
[ Mean Min Min Mean | Mean Min Min Mean
Mean Mean Mean Mean 2 Max Min Min Max 2
| Max Min Min Min | Mean Min Min Max

Mean Min Min Mean Mean Min Min Mean
Mean Mean Mean Mean Mean Min Min Mean
| Mean Min Min Mean | Mean Min Min Mean

Mean Min Min Mean Mean Mean Mean Mean

Max Mean Mean Min Mean Mean Mean Mean] 3
Mean Min Min Mean Mean Mean Mean Mean
[Mean Min Min Mean |

Max Min Min Min 3
| Mean Min Min Mean |
[Mean Min Min Mean |

Mean Min Min Mean
| Mean Min Min Mean |
Mean Mean Mean Mean
Mean Mean Mean Mean 4
Mean Mean Mean Mean :

This is the order in which the images are de-
signed to move the robot's style, so that it will ensure
that everybody falls. The maximum and minimum
angle of rotation of the servo drive connected to the
platform body is 30°. Thus, three iterations of the loop
implement a 90° rotation. For constructions other than
the one shown, the values of the angles and, ulti-
mately, the values of the iterations of the rotation
cycle may differ.

Figure 7. Design of the tested model of a walking
robot-hexapod

In the process of movement of the hexapod
around the object, situations may arise when it takes
some time to study the environment, be it a difficult
obstacle or a difficult-to-pass area. Since the use of
adaptive algorithms does not guarantee an instant
response to the environment, from a practical point of
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view it is convenient to use an additional buffer matrix
that will remember the last state of the robot's limbs,
which was not taken into account earlier in [13].

Thus, after analyzing and making a decision, the
robot can continue the route from the last saved state
in space or, in the case of an impassable obstacle,
using the buffer matrix, return to its original state.

Next, it is planned to test the proposed rotation
algorithm on a mock-up sample. And also to supple-
ment the existing one for vertical movement and rota-
tion in spaces with complex branches.

Conclusion

This paper proposes the use of a walking robot -
hexapod for tasks of technical condition control and
diagnostics of narrow enclosed spaces, technical
channels, ventilation, etc.

The analysis of the robot motion algorithm
showed that most of the existing solutions are aimed
at the use of robots in open spaces, which does not
fully satisfy the tasks. The shortcomings of previous
work have also been identified, and a new motion
algorithm has been developed that implements the
angular turns of a six-legged robot in a confined space
for bipedal and tripedal gait.

For this purpose, using the matrix of positions
of the limb states from [13], rotation matrices were
formed. In addition, it is proposed to use an additional
matrix to saving the state of the limb in space. In the
event of an emergency, this will allow you to continue
moving from any stable position.
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I. M. IInatos, O. M. IlaBaoBcebkuid, FO. O. IlaBiaoBcbKka

Hayionanonuii mexuiunuil ynigepcumem Ykpainu « Kuiecokuti nonimexuiynutl incmumym imeni 1eo-
psa Cikopcwbrozo», Kuis, Yrpaina

AJITOPUTMU PYXY I'EKCAIIOA IJII OMUHAHHA ITEPEIIKO/I. KYTOBUU PYX

B naHniit po0oTi po3risiaeTbCs MOXKIMBICTH 3aCTOCYBAaHHS KPOKYHOUOTO po0OOTa - TeKcanoia i JOCIiIKEeHb, KOHTPO-
JIFO CTAHY TEXHIYHUX CYXUX KaHAJIB, 3aMKHYTHX MPOCTOPIB TOMIO. [IOPIBHSIHO 3 iCHYIOYMMH KOHCTPYKI[iSIMHU, IIO 3a-
CTOCOBYIOTbCS CHOTOZIHI, T€KCaIo/ Mae IepesiK Iepesar, Mo poOUTh Horo OLbII yHIBepcalbHUM 3aco0OM, a came:
aBTOHOMHICTb, 32 paXyHOK JDKepelia KUBJICHHS, BCTAHOBJICHOTO Ha POOOTi, KOHCTPYKTUBHI 0COOJUBOCTI, 10 3a0e31e-
YyIOTh HOTO MiIBHINEHY MPOXITHICTH MO HEPIBHUM IMOBEpXHAM. HaTtomicTh, Takuii TN poOOTa BUMarae po3poOKy
OUTBII CKIIQJIHUX AJTOPUTMIB PyXY, HiJK Y BUTIAJKY 3 KOJICHUMH 200 TYCEHWIHUMH MAIIHHAMH, TaK sSIK TeKCaro mpe/-
cTaBisie co00r0 TIaThopMy i3, pyXOMUMH KiHIIIBKAMH, SIKI ¥ CBOIO YEPTY PYXarOThCs 3a JOIIOMOTOIO CEPBOIPHBO/IIB.
Tomy pyx mratdopmu 3a0e3meuyeTbess KepyBaHHIM KOXKHOTO cepBonpuBoaa. OKpiM IbOTO, T0JaTKOBO 00pOOIAETHCS
iH(hOopMAIlisS PO HABKOJIUIITHE CEPEOBHIIE 3 NATYUKIB-TAJIEKOMIpPiB, JaTIUKIB TOTHKY KiHI[IBKH 3 MMOBEPXHEIO, KaMepa-
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MHU, aKCeJIePOMETPAMH 1 T.II.

Oco0iuBy yBary npuiJICHO aJlfOPUTMaM MOBOPOTY po0OOTa, OCKLIBKH 3allPOIIOHOBaHA cpepa 3aCTOCYBAHHS HAKIIANAE
00OME)KEHHSI Ha MOJJIMBICTh BUILHO MAHEBPYBAaTH y MPOCTOPi. PO3po0IeHO anropuT™ moBOpPOTY poOOTa B 3aMKHYTHX
npocTopax Ha 0a3l MaTPHIL CTAHY KiHI[BOK, III0 3HAYHO CIPOIIYE MPAKTHYHY PEati3allifo Ta JO3BOJISE JIETKO 3MIHIOBA-
TH TUN XOAH Yy TPOIEci poOOTH rekcamnona. TakoxkK 3amporoHOBAaHO BBEICHHS Oy(pepHOi MATPHIl CTaHy, siKa JO3BOJISIE
3amam'sITOBYBaTH OCTAHHE MOJIOKEHHS KiHI[IBOK PO0OOTa y BUMAIKY HOTO IMOJIOMKH, TCIISI JIIKBiAAMIT SIKO1, € MOKIIMBICTh
MIPOJIOBXKUTH PYX 13 TOBITBHOT'O OCTAHHBOTO CTaHy. AOO MOBEPHYTHUCS Y ITOYATKOBE TIOJIOKEHHS Ta 3MiHUTH MApIIPYT.
YHIBepCATBbHICTh aITOPUTMY J03BOJISIE BUKOPUCTOBYBATH HOTO HE JIUIIIE TPU PO3POOIIi MPOTpaMHOi YaCTHHH Tecaro/ia,
a W s 1HIIUX BUIIB KPOKYIOUUX poOOTiB. Tak sk po3poOIeHHI aIrTOPUTM JO3BOJISE JIETKO MOAN(DIKYBATH THITH XOIH
Ha KOKHIH iTeparii Kpoky.

VY nopanbIioMy IMJIaHYETHCS TPOTECTYBATH JAHUI AITOPUTM HA MAaKeTi reKcanoja Ta JOMOBHUTH HOTo HEOOXITHUMHU
CKJIaJIOBHMHU JIJIsl BEPTHKAIBHOTO TIEPEMIILICHHS, 10 € JIy>KE BAXKJIMBHM JJIS IPOXITHOCTI B AaHil cepi 3acTOCyBaHHS.
KuarouoBi ciioBa: kpokyroda miaTgopma; BEHTHIALIHHII KaHal; KOHTPOJIb TEXHIYHOTO CTaHY; aJTOPUTMH KEPYBaHHS,
TeKCaro/I; CTATUYHA CTIHKICTh; MAaTPHIIS; CEPBOTIPUBOIH; IIarHOCTUKA; KBAJAPOIIO; aIalITHBHE KEPYBAHHS.

H. M. Ilnartos, A. M. [1aBiaoBckuii, FO. A. IlaBioBckasi

Hayuonanvnoiii mexnuueckuu ynusepcumem Yxpaunovl «Kuesckuii nonumexHuvyeckui uHCmumym
umenu Heops Cuxopckozo», Kues, Ykpauna

AJITOPUTMBI JBWXEHUA TEKCAIIOAA AJI1 OBXOJA TIOMEX. VIJIOBOE
JABWXEHUE

B nanHOi#l paboTe paccMaTpHBacTCs BO3MOXHOCTh MPUMCHEHHS IIATAIOIIEro podoTa — reKcamnoja Ui MCCIICIOBaHUMA,
KOHTPOJISI COCTOSIHUSI TEXHUUECKUX CYXMX KaHAJIOB, 3aMKHYTHIX MPOCTPAHCTB U T.I. [10 CpaBHEHMIO C CYIIECTBYIOIIUMHU
KOHCTPYKIUSMH, TIPAMEHIEMBIMHI CETOHS, TeKCarol UMEET PSII IIPEUMYIIIECTB, UYTO AeTaeT ero Oojee yHHBEPCAaIbHBIM
CpPEICTBOM, 2 IMEHHO: aBTOHOMHOCTb, 32 CYET MCTOYHMKA MMUTAHUs, YCTAHOBIEHHOTO Ha paboTe, KOHCTPYKTHBHBIE OCO-
OeHHOCTH, 00ECTIEYNBAIOIINE €TO MOBBIIICHHYIO MPOXOANMOCTh 10 HEPOBHBIM ITOBEPXHOCTAM. B CBOIO ouepens, Takoi
THII poboTa TpedyeT pa3paboTku Ooliee CIOKHBIX ANTOPUTMOB JIBIDKEHHS, 9EM B CITydae ¢ KOJICCHBIMH WIH T'yCEHHIHBIMA
MAaIIHAMH, T.K. TeKCANoA MPeACTaBIsIeT co00H mIaThopMy ¢ ABIDKYIIMMHUCSH KOHEYHOCTSIMH, KOTOPBIE B CBOIO O4Yepellh
JBUTAIOTCS C TIOMOIIBIO CEPBONPUBOIOB. IloaToMy mBIKEHHE TIAT(HOPMBI OCYIIECTBIICTCS YIIPABICHUEM Ka)KIOTO Cep-
BorpuBosa. Kpome 3TOro, NOMONHUTENBHO 00OpadarthiBacTcs HH(MOpPMALUS 00 OKpPYKAMOIICH CpeAe U3 JaTYUKOB-
JTAIbHOMEPOB, TATYNKOB COMPUKOCHOBEHUSI KOHEYHOCTH C MIOBEPXHOCTHIO, KaMEpaMU, aKCeJIepoMeTpamMHu U T.I1.

Oco00e BHUMaHKE YICICHO alTOpUTMaM IMOBOPOTa POOOTA, MOCKOJIBKY MpeiaraeMas 00JacTh MPUMEHECHHST HAKIIA [bI-
BacT OTPAHUYCHHUS Ha BO3MOXKHOCTh CBOOOJHO MaHCBPHUPOBATh B MPOCTPAHCTBE. Pa3paboTaH airoputM MOBOpPOTa pa-
0OTHI B 3aMKHYTBIX IIPOCTPAHCTBAX Ha 0a3¢ MATPUI[ COCTOSIHUS KOHCYHOCTEH, YTO 3HAYUTEIHHO YIPOINACT MPaKTHYC-
CKYIO PCaJHM3alHI0 W MO3BOJISICT JIETKO U3MCHSTH THI MOXOJKU B MPOIECCe PabOTHI rekcamnofa. Takke MpPeasioKeHO
BBezZicHrEe Oy(epHO MaTpHIIBI COCTOSHUS, MMO3BOJISIONICH 3aIIOMUHATH TIOCIIEAHEE TOJI0KEHHEe KOHeUHOCTel padoTa B
ClIydae ero IOJIOMKH, TI0CJIe TMKBUAAINN KOTOPO €CTh BO3MOXXHOCTh IPOJOJDKHUTE IBIKEHUE U3 IMPOU3BOJIBHOTO IO-
CIIeITHET0o cocTOsHUS. Vi BO3BpaTUTHCS B UCXOTHOE TIOJI0KEHUE W U3MEHHUTH MapIIPyT.

YHHUBEpCAIFHOCTH aJITOPUTMA TTO3BOJISIET HCIIONB30BATh €ro HE TOJIBKO MPH pa3padoTKe MPOTPaMMHON YacTH recamnona,
HO ¥ JUIS IPYTHX BHJIOB Iararoummx poOotoB. Tak Kak pa3paOOTaHHBIA alTOPUTM IO3BOJISET JIETKO MOTU(PHUINPOBATH
THUIIBI TIOXOJKH HAa KaXKIOW UTEPALUH 1I1ara.

B nmanpHeimem miaHUpyeTCs MPOTECTUPOBATh JAHHBIA alrOPUTM HAa MaKeTe TeKcaroja W JOMOJHHUTh €ro HeoOXOmu-
MBIMH COCTABIISIOIIAMU ISl BEPTHKAIHHOTO MEPEMEIICHHUS, YTO OYCHb BAXKHO JUIS MPOXOJUMOCTH B JAHHOH 00JacTh
MPUMEHCHUS.

KuroueBble cjioBa: mararomias miathpopma; BEeHTUISIIUOHHBINA KaHAJ; KOHTPOJIb TEXHUYECKOTO COCTOSIHUS; aITOPUTMBI
yIOpaBlIeHUS; TeKCaroa; CTaTUUecKasi yCTOMYMBOCTh; MaTPUIA; CEPBONPUBObI; IUArHOCTUKA; KBaJIPOIO; aallTUBHOE
yIpaBiIeHHUE.
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