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DEVELOPMENT OF AN INTELLIGENT ROBOT CONTROL SUBSYSTEM

Abstract. The subsystem should provide the following functionalities: planning of trajectories of movement of an intelligent
robot in an a priori uncertain dynamic environment of operation: representation of opposing objects of the environment and
functional and executive nodes of a mobile robot using a fuzzy configuration space; formation of a movement trajectory with a
fixed level of confidence; updating the environment map when exploring new areas of the operating environment; real-time
operation of the scheduler; modularity and scalability of the subsystem. To successfully navigate in space, the robot control
system must be able to build a route, control movement parameters, correctly interpret information about the world around it
received from sensors, and constantly track its own coordinates. The paper investigates the development of control subsystems
for an intelligent robot. To achieve this goal, the initial data were analyzed, the general principle of building a simulation model
of the robot was described, and a structural diagram of the control system of an intelligent robot was developed.
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Introduction

The subsystem under development is designed to
plan the targeted actions of an intelligent mobile robot in
an a priori uncertain environment [1]. It is difficult to
develop such a subsystem based only on arigid algorithm
for working out a given trajectory of movement of the
robot's executive subsystems (RS). The absence of
feedback on the operations performed indicates a low
flexibility of the system as a whole, which significantly
reduces the possibility of using the RP in real conditions
of automated production. The direct operation of such a
system faces the following problems

- the need to create a flexible distributed structure
of flexible production modules;

- solving the problem of time coordination of
several robots performing a single task;

- the need to change the control program when
moving to new unstructured production areas, where it is
difficult to enter the trajectory of the robot's technological
operation.

The main disadvantage is the strict requirement for
the accuracy of the reference trajectory, the violation of
which during operation leads to a disruption of the entire
technological process (TP), and this situation is difficult
to automatically correct, requiring intelligent action
planning [2-5]. The subsystem should provide the
following functionalities:

a) planning of trajectories of movement of an
intelligent robot in an a priori uncertain dynamic
environment of operation:

1) representation of opposing objects of the
environment and functional and executive nodes of a
mobile robot using a fuzzy configuration space;

2) formation of a movement trajectory with a fixed
level of confidence;

3) updating the environment map when exploring
new areas of the operating environment;

b) real-time operation of the scheduler;

c¢) modularity and scalability of the subsystem.

When filling the knowledge base, the operator is
responsible for selecting the general characteristics
(name, code, etc.) of known objects. Object traversal
parameters are recorded as additional object parameters.
Changes to the trajectory in the object knowledge base

are made only by the subsystem itself; the operator
cannot change these characteristics manually.

The subsystem should provide for updating
decision-making methods due to the object-oriented
structure of the information and modeling complex, i.e.,
recomposition without changing the basic relationships
between modeling objects.

1 General principle of building a robot
simulation model

In accordance with the traditional model of modeling
organization, when information flows are exchanged
between the researcher-designer and the simulation model,
feedback on the results of the simulation is provided by a
chain external to the simulation modeling system - a person
with the involvement of auxiliary tools and software
methods. At the same time, the researcher-designer
performs the function of information transformation, which
consists in interpreting the results and making decisions on
managing experiments and generalizing information to the
knowledge base of an intelligent robot. Automation of
experiment management involves the creation of a closed
software-implemented control loop of the simulation model
within the framework of external software [6-9]. The
structure of the model is shown in Fig. 1.

-
! External software

| Planning of information and movement actions |

| Processing of statistical information |

Experiment control module

Fig. 1. Structure of the information and control model

Targeted series of experiments, in accordance with
the set goal of the robot's functioning and taking into
account the constraints of the configuration parameters,
are organized by modules that are specifically included
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in the external software. In general, these modules must
set the initial data sets, initiate model runs as a whole,
process the results, and make decisions about the further
development of experiments in accordance with the
implemented modeling control algorithm.

Such an algorithm, directing the experiments,
searches for such a combination of parameters in the field
of permissible values of parameters that would ensure the
optimum of a given quality indicator, i.e., essentially
solves the optimization task:

1)

where f — the objective function represented by the
algorithmic  simulation model; ¥ =(x;,xp,...%3) —

vector of parameters of the modeling object; X — a set of
valid values of input parameters.

Thus, a set of algorithmic and software tools that
provides the process of automated modeling forms a
simulation automation modeling system (SAMS). Since the
user does not enter each set of initial data for the next run of
the simulation model and only specifies the goal or criterion
and the range of parameter variation, while the search for
valid solutions to simulation problems is performed
automatically by the SAMS, the definition of an intelligent
simulation system can be applied to the latter. For example,
the functions of the SAMS in the control loop of a flexible
production system generally consist in analyzing alternative
options for robot behavior after making a particular possible
decision on dispatching and operational planning of
information and motion actions, etc.

The effectiveness of these functions is due to the
replacement of the rigid control logic of an intelligent robot,
which involves the use of specified and fixed heuristics in
certain situations, with a flexible and dynamic mechanism
that ensures decision-making not only on the basis of a
similar analysis of the current state of the robot, but also
taking into account the prospects for its development. The
problem of automating the management of experiments,
synthesizing knowledge and building a knowledge base can
be represented by the logical structure of the step-by-step
solution of individual tasks of an intelligent robot, as shown
in Fig. 2. At the first stage of automating the control of
experiments, two tasks are solved:

- structural and algorithmic construction of the
control module itself is performed;

- forming the substantive basis and formal
requirements for the organization of information
exchange with the simulation model.

The task of structural and algorithmic
construction of the experiment control
module and synthesis of the knowledge
system is solved in the following sequence:
the composition and structure of the module
are determined (the conditions of interaction
of its components and position in the overall
structure of the SAMS are developed).

When performing a series of simulation
model runs, a targeted variation of parameter
values occurs, which can affect the value of the
objective function not only through direct
influence on the functioning of the modeling

Second stage

object, but also indirectly through other elements of the
object (robot) that are connected. As a result, cost and other
indicators change. In addition, restrictions can be imposed
on the values of some parameters, in particular, some of
them can be fixed, i.e. set declaratively. This can be reflected
in the formation of initial data sets and initialization of the
initial states of the knowledge system modeling process.
Considering a simulation model as a means of
purposeful transformation of information in accordance
with a certain system of prescriptions, it makes sense to
talk about a simulation modeling algorithm. Then the

formal interpretation of the requirements under
consideration can be written as follows:
SeQ; SeC, (2)

where S — input word of the simulation modeling
algorithm; Q — a set of valid sets of robot parameter
values; C — the scope of the simulation modeling
algorithm definition.

The input word S specifies a set of initial data of a
particular dataset, i.e. S = (i,¢j,...., ;) , where each value

& corresponds to a certain value of a certain parameter of
the modeling object. The domain is determined by the
software implementation of the simulation algorithm, and
it can be formed by the set Di, of input alphabet sets. All
values & that have a permitted realization of the modeling
object U. Thus, expressions (1) respectively define the
conditions for matching S with the simulation model and
algorithm. The task is to develop an apparatus for formal
analysis of the consistency of changes in semantically
interrelated parameters to ensure that the variation does not
violate condition (1) and does not lead to changes in fixed
parameters. At the second stage, the automation of
experiment management and the construction of a
knowledge system is carried out, and the following stages
are solved:

- development of principles, interaction of the
logical inference system and numerical optimization

procedures;
- selection (development) of an apparatus for
implementing logical inference from combined

algorithms for managing experiments;

- development of effective inference algorithms
based on the proposed apparatus, taking into account the
specifics of interaction with numerical optimization
procedures.

This stage solves the problem of developing
optimization procedures used in planning extreme

Interaction of numerous procedures and i
Third stage

*— Numerical optimization

procedures

Logical output
system

—

L

First stage

Experiment management module

_______________________

Fig. 2. Automated modeling of an intelligent object
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actions. At the same time, the issue of developing
algorithmic support can be considered for specific
aspects of object modeling, namely

- automation of experiments management under
conditions of linguistic uncertainty of parameters, for
example, "degree of similarity/difference..." has no
natural numerical measurement;

- organization of extreme experiments in the
problems of one-parameter optimization with a
significantly uneven location of points in the middle of
the interval, for example, a unimodal response function,
and fixing the corresponding states in the model of the
knowledge system;

- reduction of search time with a significant
duration of the simulation model run, which is important
for multi-iterative search algorithms, full search of
options, etc.

2 Block diagram of the robot control system

The main task of an intelligent control system (ICS)
is to physically implement various movements of an

| 9. Sensors

Operator, Remote system

intelligent robot, with an adequate response to
uncontrolled environmental changes and unpredictable
drift of the robot's parameters. To fulfill the main task of
the ICS during operation, it is necessary to solve many
additional tasks that interact with each other. The
analysis of these tasks and the specifics of controlling an
intelligent robot led to the construction of a control
system in the form of a three-level hierarchical structure,
shown in Figure 3.

At the first level, the ICS makes a decision on the
possibility or impossibility of movement, determines the
composition of electromechanical devices (EMDs) used
for movement, and builds a general plan of movement
(maneuver). At the second level, EMD control programs
are formed, their control models are determined, the
current situation is recognized, and self-learning is
performed during operation. At the third level,
controlling influences are formed to perform movements
in an optimal way: for a minimum time, with a given
accuracy, quality of transients, etc. with the necessary
adjustment (adaptation) of EMD control models.
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Fig. 3. Structure of an intelligent control system for an intelligent robot

The structure is focused on the realization of IR
movements in real time, in which the interaction between
levels occurs according to a limited number of movement
parameters: linear speed V; position coordinates X, VY;
heading angle Z (angle between the main axis of the IR and
one of the coordinate axes); angular velocities of wheels and
motors « . In the proposed system for controlling the
movements of the IR, the current goal of the movement or
movements is received from the upper-level control system
(external computer) in the form of parameters X, Y, Z, or
parameters defined regarding the obstacle X, Yo, Zo.

The movements are controlled as follows. Block 3
receives a request to perform the movement of the IP
(movement of the IR in the workspace, location of the
working body of the attachment, or performing these
actions simultaneously). Based on the data of blocks 1
and 2 on the current location of the intelligent robot and

obstacles to movement in the workspace, as well as
information from the second and third levels of control,
block 3 determines whether the specified movement can
be performed or not. In case of a positive decision, the
coordinates of the points of the trajectory ending at the
target point X, Y, Z; are calculated. These coordinates
are transmitted to the second level block 5.

In block 5, according to the incoming coordinates
and knowledge about the properties of the current working
space of the intelligent robot and the location of fixed
obstacles in it, as well as knowledge about how this goal
was achieved in the past, the desired linear speed Vg4 and
the desired steering angle «g of the steering device (if any)
for the next point of the trajectory are determined. For this
purpose, the information coming from the navigation
system Xp, Yp, Zp or the subsystem for determining the
position of the robot relative to the obstacle Xo, Yo, Zo, as
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well as the knowledge accumulated in block 4 by experts
during the design of the system and during the period of
operation of the robot is used. In the absence of navigation
subsystems and an obstacle positioning subsystem, the
current trajectory planning subsystem uses its own path
calculator to determine the coordinates of its position
based on data from wheel rotation sensors, motors, or
special travel distance sensors.

IfV gand 6 4 are calculated, then in block 4, based on
information from the upper-level systems and the internal
state of the robot, the current situation is recognized and
adaptive EMD control models adequate to the current
situation are selected. These models are sent to block 6. In
block 6, the angular velocities of the motors w1, ..., wng,
participating in the movement, are calculated. The
sequence wig, ..., wng iN time represents the control
program for the corresponding motor (motors) and is
stored in block 4. Thus, block 4 accumulates the
movement programs that the system uses in the absence or
malfunction of the navigation subsystems. In addition,
these programs include programs for maneuvers (turns and
movements) in a limited space that are not described by
smooth continuous trajectories.

The calculated angular velocities are sent to block 7
of the third level. The task of the block is to generate
control influences mg;, ..., my; on all the motors involved
in the movement. Block 7 implements the functions of
parametric adaptive automatic control systems that

monitor the angular velocity of wheels or motors. If the
disturbances go beyond the permissible limits, the current
trajectory planning system at the second level or the
decision-making subsystem at the first level is accessed
to make a decision on further control.

During operation in block 7, the parameters of
automatic control systems are identified using real data
from block 9.

These parameters are processed and accumulated in
block 4. They are then used to determine the initial
conditions of the adaptive control subsystems when
performing subsequent movements in similar conditions.

In addition, all data are stored for subsequent
processing to determine control errors and develop
methods for their accounting. In the simplest case, when
moving repeatedly along the same trajectory, this
subsystem determines the average values for the desired
parameters of each trajectory point.

Conclusions

To successfully navigate in space, the robot control
system must be able to build a route, control movement
parameters, correctly interpret information about the
world around it received from sensors, and constantly
track its own coordinates. To achieve these goals, we
have developed an architecture and a generalized
algorithm for controlling a mobile robot and a block
diagram of the robot control system.
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Po3podxka mincuctemu ynpasieHHs iHTeJeKTyaIbHUM POOOTOM
M. T. Crapony6ues, B. B. Hepironosa, M. O. Bxecuescbkuii, C. B. [1Iln6aHos

Anotaunin: [lizcucrema mae 3abe3neuyBaT Taki (YHKIIOHATBHI MOIJIMBOCTI: TUIAHYBaHHS TPAEKTOPiH IepecyBaHHS
IHTEJIeKTyaJbHOTO pPO00Ta B ampiOpHO HEBU3HAUYCHOMY JWHAMIYHOMY CEPEHOBHINI (QYHKIIIOHYBAaHHS: pENpe3eHTaIlis
MPOTHIIIOYMX O0'€KTIB CepeloBHINA Ta (PYHKIIOHATHHO-BUKOHABYHX BY3IiB MOOLIBHOTO POOOTa 3 BUKOPUCTAHHAM HEYITKOTO
KOH(IrypariifHoro npocropy; GopMyBaHHS TPAEKTOPIi HepecyBaHHsI 3 piKCOBAaHUM PiBHEM JOBIpH; OHOBJICHHS KAPTH CEPEAOBHUILA
HPH JOCITIIKSHHI HOBHX JAUISTHOK CepeoBHIIa (yHKIIOHYBaHHSI; PSKHM pOOOTH IIaHyBaJIbHUKA B peabHOMY 4aci; MOAYJIbHICTh
i HapoIllyBaHiCTh migcucTeMu. s ycmimiHoi Hapiraiii B MpoOCTOpi CHCTeMa YNpaBliHHS poOOTa MOBHMHHA BMITH OyayBaTh
MapLIpyT, KepyBaTH MapaMeTpaMu pyXy, NpPaBWIbHO IHTEpPIPETYBaTH BiJOMOCTI MPO HABKOJMIIHIM CBIT, OJep)KyBaHi Bif
JATYHKIB, 1 IOCTIHHO BiJICTE)KYBaTH BJIACHI KOOpAWHATH. B po0OTI mMpoBeneHi AOCTiIKEeHHS 3 PO3pOOKH MMiJACUCTEM YIIPaBIiHHS
IHTEeNIeKTyanbHUM pOoOOTOM. J[JIst TOCSATHEHHS METH NIPOBEAEHO aHalli3 BUXiJHUX HAaHHX, OIMHMCAHO 3aTILHUI IIPUHIUI T00YyI0BI
imMiTaniitHo Mozeni po6oTa i po3pobIeHO CTPYKTYPHY CXeMy CHCTEMH YIPaBIHHS IHTEJICKTyaTbHIM pOOOTOM.

KawuoBi caoBa: iHtenekryansHuil poboT, [aTUYHK, CHCTEMa HaBiraiiii, intepdeiic.
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