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Annotatsiya. Shaharsozlikning jadal sur'atlarda rivojlanishi va maishiy chigindilar
hajmining ortib borishi sharoitida aholi punktlarida qattiq maishiy chiqindilarni (QMCh)
samarali boshqarish masalasi tobora dolzarb bo‘lib bormoqda. Ushbu muammoni hal etishda
istigbolli yo‘nalishlardan biri bu — chiqindilarni yig‘ish bo‘yicha robotlashtirilgan tizimlarni joriy
etishdir. Mazkur maqolada shahar va qishloq hududlarida avtonom chiqindi yig‘uvchi
robotlardan foydalanish bo‘yicha zamonaviy texnologiyalar va innovatsion yondashuvlar ko ‘rib
chiqiladi. Ushbu robotlarning konstruktiv xususiyatlari, dasturiy ta'minoti, atrof-muhit bilan
o'zaro ta’siri va navigatsiya algoritmlari tahlil qilinadi. Ayniqsa, energiya tejamkorligi, ekologik
xavfsizlik va ularni "aqlli infratuzilma'ga integratsiya qilish masalalariga alohida e’tibor
qaratiladi.

Kalit so‘zlar: Chiqindi yig‘uvchi robotlar, intellektual tizimlar, avtonom tozalash,
chigindilarni boshqarish, aqlli shahar, ekologik barqarorlik, robototexnika, shahar infratuzilmasi,
qattiq maishiy chiqindilar.

Abstract. In the context of rapid urbanization and the growing volume of household waste,
the efficient management of municipal solid waste (MSW) in residential areas has become
increasingly critical. One of the most promising solutions to this issue is the deployment of robotic
waste collection systems. This paper examines current technologies and innovative approaches to
the use of autonomous waste-collecting robots in both urban and rural environments. The study
analyzes their design features, software architecture, navigation algorithms, and interaction with
the surrounding environment. Special attention is given to energy efficiency, environmental safety,
and integration with the city's smart infrastructure.
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AHHOmMayus. B yca08usix cmpemumebHO20 pocma ypbaHu3ayuu U ygeauyeHus 06s6mos
6bIMo8bIX 0MX0008 0COGEHHO aKMya/bHOU cmaHosumcs 3ada4a 3g@PekmusHo20 ynpasieHus
meepobiMu  KOMMYHAAbHbIMU omxodamu (TKO) e HaceaéHHbix nyHkmax. OOHUM U3
nepcneKmMuBHblX Hanpas/eHull 8 pewleHuu O0aHHOU npobaembl s8/455emcsi  8HedpeHue
po60mMu3UpOBAHHbIX cucmem cbopa Mycopa. B dannoli cmamwe paccmampusaromces
CO8peMeHHble MEXHO0/102UU U UHHOBAYUOHHble N00X0dbl K UCNO/Ab308AHUK) (AB8MOHOMHbBIX
po6omos-cb6opuuko8 Mycopa 8 20p00CKUX U Ce/AbCKUX meppumopusiX. AHAAU3UPYrmMcs ux
KOHCMpYKMUB8Hble 0COGEHHOCMU, Nhpo2paMMHoe obecneveHue, aA20pummbl Hagueayuu U
g3aumodelicmeusi ¢ okpyxcaroujelii cpedoii. Ocoboe 6HumaHue ydeseHO B80NPoOCaAM
3HepzoapekmusHoCcmMU, IKO/02U4ecKoll  6ezonacHocmu U uHmMezpayuu ¢ 'yMHOU
uH@pacmpykmypolii” zopoda.
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UHmMe/171eKmyaJ/ibHble Ccucmemebul,

as8mMoHOMHasl ybopka, ynpasaeHue omxodamu, YMHbIU 20p00, IKOA02UYECKAS] YCMOLYu8ocmy,
pobomomexHuKa, 20podckasi uHppacmpykmypa, meépavle 6b1mosvle omxodbl.

Introduction

In the modern context of
accelerated urbanization, population
growth, and increasing consumer
activity, the management of municipal
solid waste (MSW) has become one of
the most pressing challenges in
populated areas. Traditional methods
of waste collection and disposal often
fail to keep pace with the rising volume
of waste, leading to environmental,
sanitary, and economic consequences.
As a result, there is a growing demand
for innovative solutions that can
enhance the efficiency and
sustainability of waste management
systems.One of the promising
directions in this field is the application
of robotic technologies for automated
waste collection. These robots have the
potential to reduce operational costs,
improve the accuracy and consistency
of cleaning processes, and minimize
human involvement in hazardous and
labor-intensive tasks. Furthermore,
integrating waste-collecting robots
with elements of a smart city
contributes to the creation of a cleaner,
more technologically advanced urban
environment.

Main body
In the face of rapid urbanization,
population  growth, and rising
consumer activity, the issue of effective
municipal solid waste (MSW)
management has emerged as one of the
core challenges of modern
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environmental  governance  [1-3].
Traditional methods of waste collection
and disposal often prove inadequate in
coping with the increasing volume of
waste, leading to environmental
degradation, higher sanitary risks, and
substantial economic losses [2-4]. In
this regard, the integration of
innovative technologies—particularly
robotic systems—has become a
strategic priority for enhancing the
efficiency and sustainability of waste
management frameworks [3-6]. The
robotization of waste collection opens
new horizons for organizing an
environmentally safe and economically
viable waste handling process. The use
of autonomous robots reduces the
impact of human factors, minimizes
health risks for operators, and
increases the regularity and accuracy of
waste collection [2-5-9].

Architecture and Principles of
Operation of Robotic Waste Collection
Systems

Modern robotic waste collection
systems are generally divided into two
main categories:

1. Autonomous mobile robots
- capable of independently navigating
urban environments and performing
waste  collection tasks  without
continuous human supervision [2-3].

2. Integrated  systems -
involving interaction between robots,
urban infrastructure, and centralized
management systems to optimize
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logistics and improve service efficiency
[4-6].

Autonomous robots are equipped
with a suite of sensors (LiDAR,
ultrasonic sensors, cameras) as well as
artificial intelligence algorithms for
navigation and object recognition [3-7].
Technologies such as SLAM
(Simultaneous Localization and
Mapping), computer vision, and GPS
are employed to generate
environmental maps and determine
optimal collection routes [7-9].

Integrated systems provide two-
way communication with urban
management centers, allowing real-
time data exchange on bin fill levels,
weather conditions, and traffic status.
This enables dynamic route adjustment
and efficient resource allocation [6-10].

Technological Innovations and
Their Effectiveness
A key focus is on the energy efficiency
of robotic systems. The use of electric
drives, high-capacity battery packs,
energy recuperation systems, and the
potential integration of solar panels
significantly reduces operating costs
and minimizes the carbon footprint [4-
5-9].

Moreover, modern robots are
increasingly equipped with automated
waste-sorting systems powered by
machine learning. These systems
improve recycling quality and reduce
landfill loads [3-8]. Such innovations
support the shift toward closed-loop
resource  management and the
implementation of circular economy
principles [7-9].
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Environmental and Social
Significance. The robotization of waste
collection contributes not only to
improved environmental conditions
through timely and consistent waste
removal but also to reduced health
risks for both the general population
and industry workers [2-4]. Removing
the human element from hazardous
processes minimizes the chances of
injuries and occupational diseases [1-
5].

From a socio-economic
standpoint, this transformation also
impacts the labor market: while routine
jobs may decrease, new opportunities
emerge in the fields of robotic system
maintenance and programming. This
shift necessitates the development of
educational programs and workforce
reskilling initiatives [5-10].

Prospects for Implementation in

Uzbekistan. Given the  specific
infrastructure and environmental
challenges of Uzbekistan, the
implementation of robotic waste

collection systems presents a highly
promising  direction [5-10]. Of
particular  importance is  pilot
deployment in major cities, such as
Tashkent, where waste disposal issues
are most acute.

However, several challenges
remain. These include limited financial
resources, a shortage of qualified
professionals, and the need to adapt
technologies to the country’s climatic
and infrastructural conditions [5-10].
Addressing these issues will require
coordinated efforts from government
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bodies, academic institutions, and the
private sector, as well as the active
promotion of innovative projects and
educational initiatives [1-6].

Conclusion

The implementation of robotic
systems for the collection of municipal
solid waste (MSW) in populated areas
represents a significant step toward
creating environmentally sustainable
and technologically advanced cities [3-
6]. The use of autonomous robots and
integrated intelligent platforms not
only enhances the efficiency of waste
collection processes but also minimizes
the negative environmental impact and

improves sanitary and hygienic
conditions for the population [2-4].
Scientific and  technological
progress in robotics, sensor
technologies, and artificial intelligence
opens new opportunities to address a
range of environmental, social, and
economic challenges related to waste
management [6-7-8]. However, the
successful  realization of these
innovations requires a comprehensive
approach, including the development of
infrastructure, the training of qualified
personnel, and the adaptation of
technologies to local conditions [5-10].
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