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development and their application in vAfious sectors is also examined:
ses. The use of
mivar expert systems allows solving a lal
robot actions. Moreover, solving
fully autonomous delivery trd
analogs are analyzed. The & implementing this task is

described. In the end, a conclt o1V nd the feasibility of this
system is evaluated, Jilmis afibes part of the architecture of a web
application, whi ctor of mivar expert systems. The
created expert s bject area embedded in them by the

development were: convenience,

er actions. This work is intended for engineers
development of autonomous robotic systems related to the

s are capable of competing with established methods. The business sector is
actively iterested in automating the processes involved in the production of products. The
evelopment of automation opens up large-scale prospects for the wide decision-making
em and use of artificial intelligence in such areas as development, production, and many
others. An example of use is the massive creation of decision-making systems (DMS) for
autonomous robots.

The development of mivar technologies of logical artificial intelligence has been going
on for quite some time. They have proven themselves well in solving tasks in the format of
production networks because they allow finding a solution with linear computational
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complexity [1]. Mivar technologies are actively used to create expert systems in the
following areas: management of educational programs at the university [2], detailed
description of knowledge in a scientific discipline [3], detection of bank check fraud [4],
intelligent plant care systems [5], decision-making on the safety of thermolabile blood
components [6], optimization of the process of preparing fresh frozen plasma for
transfusion [7], diagnosis of diabetes [8], artificial intelligence in medicine [9], mechanical
engineering [10] and many other areas. When creating hybrid artificial intelligencg

wide variety of activities: creating a brief overview of judicial practice [11
energy theft in smart grids using explainable attention maps [12], using

[15], for tasks of analysis and classification [16] of equivalent logi
solving first-order logical equations with exhaustive search for soluti

working with satellite images [22] and with text queries [
used in the development of polymer microstructures [25], in modeling
1 units [27]. The
use of mivar technologies in conjunction with a
process of data analysis from LiDAR for the rees and estimating their
for carbon landfills [29].
but also with intelligent
1cal location system [30]. The

and hybrid Al is the development

[34] with planning the robotic complex [35]. Especially many
conditions need to be yiien moving autonomous transport on public
roads [36].

Building a p e is a labor-intensive process that takes a large amount of
time, but inv beof similar operations, so the use of robots, due to their

al, etc. As examples of spheres, in which it is necessary to use decision-
m for autonomous robot we can imagine for example: direction of safety on
the road, industrial care of infrastructure of megacities, household furniture assembly, as it
easy to notice, the possibilities of using decision- makmg system for autonomous robot
unlimited. In this paper, a decision-making system is developed to automate assembly
processes using robots.

2 Overview of robotic systems for automated product assembly

Analogues of the developed technology can be conveyor robots, which are customized for
assembly of specific products. In contrast to most common systems, mivar technology
allows to adapt the robot for the assembly of products with significant design differences,
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just by changing the knowledge base and rules that are set by software or special interfaces,
without affecting the hardware of the robot or making very minor changes to it. A striking
example in the area of assembly and parts production is the BMW assembly line. BMW
uses robotic systems with computer vision to assemble car parts. This allows for faster
assembly and greater precision, which is particularly important for the production of high-
quality cars. Parts on the production line pass through a series of robotic stations that are
equipped with cameras and other sensors for recognition and assembly.

Also, one of the most famous and close analogues are the robots of the A

goal. What makes these robots special is their ability to make indepe
on the information they receive from their sensors. For exam
SpotMini robot shows its ability to make real-time decisio
designated point. It uses its cameras and sensors to detect obst in i rms

manufacturing processes of many leading companies, in
others.

The use of automated systems in product a
accuracy, as robots can perform operations withfreater speed and accuracy than humans.
In addition, the use of robots and computer visio te and reassembly, which
of robots are designed to
perform single-type operations, whic
The algorithm being developed is neces g robot assembler is not limited
to several similar tasks and can be used i
software modifications.

3 Description of y for automated assembly of
products

assembly, we will consider the assembly of furniture,
wibly are the most accurate and informative. The main
hown in Figure 1. An assembly instruction in pdf format is taken

g optical character recognition methods, as well as natural language
such as named entity recognition (NER), entity extraction (EE), and

are fed as input to the KESMI, which composes the algorithm that the robot will
use to assemble the product. The robot uses computer vision methods, in particular Siamese
ral network models, to determine the parts to be assembled. Also, a set of files of
models, parts and fasteners used in the assembly can be given as input data. An alternative
algorithm is also possible: using image comparison methods based on the same Siamese
neural network model, a missing object is compared with the contents of the model files
until the correct one is found, freeing the operator from standardising the files.
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Fig. 1. Methodology for automated assembly of produc

4 Review of analogs of automated duct delivery systems

tonia ny Starship Technologies. In
2017 Starship became the first delivery
rerce leaders such as Alibaba Group
ot "Scout") and Yandex (Russia, robot
robots. The user can order a delivery via a
wtime. "Hyperlocal delivery of items by robot
courier" is a joint i j 1 assian Post and Yandex to deliver mail items by
36 autonomous r i 30 post offices in Moscow, St. Petersburg and Innopolis.
.Y andex.Rover" is 70 kg, its maximum speed is 8 km/h.
wheels. ¥he minimum ground clearance when fully loaded is 100
bot uses Lidar technology to detect objects and determine its

One of the pioneers in this industry
2016, their robot was tested by Swiss
robot to hit the sidewalks of London I
(China, robot "G Plus")

"Yandex.Rover") are alsqdic

the retailer's press release, the range of the drones is up to 300 kilometers with
a maximum load of 200 kilograms. At the same time, the company claims that it will only
eliver small cargoes using drones.

5 Solving the logistics problem by means of mivar technologies

For delivery from the company's warehouses to the points of goods delivery, small cargo
transport with a load capacity of up to 3 tons is usually used. Such vehicles move within the
city, which allows them to use standard algorithms for driving unmanned vehicles.
However, a payload capacity of 3 tons allows to deliver goods in one trip for 6 pickup
points, which creates a route optimization problem for both human and robot driven
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vehicles. Therefore, developments in route optimization between multiple points in urban
areas can be used both as part of unmanned driving and as part of a decision support system
for the driver. To solve this problem, it will be effective to use mivar technologies, as they
are used to create both decision support systems and decision systems for autonomous
robots.

For small-sized trucks, it will be sufficient for the points to be located in the same
neighborhood, since due to the payload limitation, it is impossible to carry goods fo

scaled for many points.

In order to fully automate the process of delivery to the
implement courier delivery of goods. The results obtained
example. They can be summarized as an approach to aut
autonomous robots that can serve limited areas and deli

making for multiple deliveries consists of findj
address to make the delivery. Therefore, in the ¢
of cargo unmanned transportation, we can apply

ery robots, as in the case
hm for finding minimum

and other details. i putlng techniques used in the mivar approach allow for the
creation of deci i abms and the extension of an existing system to incorporate
this data to i
points, n riorities, and other constraints The ability to reuse rules in mivar
tonomous delivery system using different types of robots, but
itional resedrch and analysis of the various factors described below.

ining the optimal number of robots. One important research aspect is to

cond, consideration of neighborhood characteristics and user needs. End
borhood characteristics can influence the design of an autonomous delivery

n.“Studies can be conducted to analyze user needs and preferences, neighborhood
infrastructure features such as road network, obstacles, and other factors. Third, scaling and
atimization of the system. When designing an overall autonomous delivery system, it is
also important to consider scaling and optimizing the system for real-world conditions. This
will create an efficient and scalable autonomous delivery system that can handle the
increasing volume of orders and user requirements.
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7 Web service architecture for a product assembly and delivery
system

The structure of the “Cloud KESMI” model consists of two parts: client and server. The
client part gives the user the ability to work with models: creation, editing, sending the
model to the server for saving, launching, and managing models. Registered users or
standalone devices can work with multiple models simultaneously, as well as a gro

send the model to the server for further processing. By sending requests, the
interact with the models and receive processing results, information about
launched model.

Interaction with the launched mivar model can be carried out in
the user’s key or public key, interaction through the web client in
receive from the launched model the result of the model’s wo
console output, the status of the launched model. When the
will be saved using the version control system. “Cloud
operation of the model before implementing it into the system.
more secure version compared to its counterparts. This version
unauthorized access, ensure protection against i
software from reverse engineering.

> is also a
S you to prevent
d protect mivar

8 Client part of the "Cloud

The Front-End consists of two parts: a del editor and an interface for managing
running models. The task of the mivar el @ ¥ provide the user with the ability to

the editor can work withouf’a i ection, with the network being used only for
synchronizing the loca el on the server. Synchronization involves
sending or receivin on of the model. A version control system is
provided for this

After finishi odel and synchronizing with the server, the client has
ly. There is an interface for managing running models
ions on the model. This interface provides the ability to launch the
del, send input data to the running model, receive output data
receive the model log, i.e., the algorithm for processing input data of the
ive information about the state of the running model, and receive the
del. This interface will be implemented as a web application, for this

9 Server part of the "Cloud KESMI" web service

server part consists of the Reasoner, which processes mivar models, a version control
system for mivar models, a database, and server software to link all components, an API for
interaction with the launched model. The Reasoner is the logical core of the complex
management system. The Reasoner uses the mivar approach. The mivar approach is based
on a multidimensional space {V,S,0} - (V) thing, (S) property, (O) relation. The term
“thing” implies the name of the object, its designation. The concept of “property” means a
list of properties of a given object, its characteristic features, special signs inherent in this
object. The term “relation” is understood as the totality of all the relationships of a given
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object with other instances of objects. After determining the coordinates along the
corresponding axes, it is necessary to define the object as a set of points in the VSO space.
Thus, it turns out that the object is a cloud of points in three-dimensional space, the
received clouds for different objects can intersect if they use common points.

Given that the “Cloud KESMI” system provides for authorization, there is a need to
determine the place to store account records. It is also necessary to determine the place to
store information about the model: who is granted the right to launch and interact wi
model, the date of creation of the model, the date of the last change of thg
information about the launched model; service information. For these purpose
database that has high performance and the ability to cluster to ensur

integrate the mivar model into the user’s software using Rest
architectural style of interaction of components of a distributed appli

from the model. To ensure controlled access to the model a

unique key identifier is used. There is also the possibilit model
without a key, limiting functionality.

To connect the components of the system toge eeded that would
implement the following functions: database querj i model storage,

preparation and launch of the model in the ffeasoner, collection of statistical data,
expansion of the Reasoner API for external i
software is to manage information about acco
server software is responsible for load

10 Conclusion

I” allows expanding the work of KESMI, accelerating the
tems using the mivar approach. “Cloud KESMI” facilitates the

managed and serviced taking into account the peculiarities of the environment,
user needs, and technical constraints.
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