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OPTIMIZATION OF ROADSIDE AUTO 
CAMPING SITES (REST AREAS) ON HIGHWAYS 
USING ARTIFICIAL INTELLIGENCE: 
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Abstract. The road network plays a decisive role in Uzbekistan’s transport system due to the country’s double-landlocked 
position and its reliance on long-distance overland corridors for domestic and international connectivity. In recent years, 
large-scale modernization initiatives have been implemented to rehabilitate strategic highways, strengthen international 
corridors, and improve overall transport efficiency. At the same time, challenges persist regarding infrastructure quality, 
safety performance, and the provision of roadside services. This article examines the current condition of Uzbekistan’s 
highway system, analyzes key structural and safety-related issues, and places particular emphasis on the state of roadside 
rest areas as an integral yet still insufficiently developed component of road infrastructure. Drawing on academic studies 
and official documentation from international development institutions, the study shows that, while corridor rehabilitation 
increasingly follows a system-based approach, standardized and accessible roadside service facilities remain unevenly 
developed. The results indicate that improving the coverage and quality of rest areas should be regarded as a necessary 
element of road safety and corridor performance rather than as a supplementary service.

Keywords: Uzbekistan; highways; road infrastructure; transport corridors; road safety; roadside auto camping sites; 
roadside rest areas; infrastructure optimization; artificial intelligence; transport modernization.

Annotatsiya. Avtomobil yo‘llari tarmog‘i O‘zbekiston transport tizimida hal qiluvchi ahamiyatga ega bo‘lib, bu holat 
mamlakatning ikki tomonlama quruqlik bilan o‘ralgan geografik joylashuvi hamda ichki va xalqaro bog‘liqlikni ta’minlashda 
uzoq masofali quruqlik transport koridorlariga bo‘lgan yuqori darajadagi tayanishi bilan izohlanadi. So‘nggi yillarda 
strategik avtomobil yo‘llarini rekonstruksiya qilish, xalqaro transport koridorlarini mustahkamlash va umumiy transport 
samaradorligini oshirishga qaratilgan keng ko‘lamli modernizatsiya tashabbuslari amalga oshirildi. Shu bilan birga, 
infratuzilma sifati, yo‘l harakati xavfsizligi ko‘rsatkichlari va yo‘lbo‘yi xizmatlar bilan ta’minlash darajasiga oid masalalar 
dolzarbligicha qolmoqda. Mazkur maqolada O‘zbekiston avtomobil yo‘llari tizimining hozirgi holati ko‘rib chiqilib, asosiy 
strukturaviy va xavfsizlik bilan bog‘liq masalalar tahlil qilinadi hamda yo‘l infratuzilmasining ajralmas, biroq hozircha 
yetarli darajada rivojlanmagan elementi hisoblangan yo‘lbo‘yi dam olish maskanlarining holatiga alohida e’tibor qaratiladi. 
Ilmiy tadqiqotlar va xalqaro rivojlanish institutlarining rasmiy hujjatlariga tayangan holda o‘tkazilgan tahlil natijalari shuni 
ko‘rsatadiki, transport koridorlarini rekonstruksiya qilishda tizimli yondashuv tobora keng qo‘llanilayotgan bo‘lsa-da, 
standartlashtirilgan va foydalanish uchun qulay yo‘lbo‘yi xizmat obyektlari hanuz notekis rivojlangan. Tadqiqot natijalari 
dam olish maskanlari qamrovi va sifatini oshirishni yo‘l harakati xavfsizligi hamda transport koridorlari samaradorligining 
zaruriy elementi sifatida ko‘rish lozimligini, ularni faqat yordamchi xizmat sifatida baholash yetarli emasligini ko‘rsatadi.

Kalit so‘zlar: O‘zbekiston; avtomobil yo‘llari; yo‘l infratuzilmasi; transport koridorlari; yo‘l harakati xavfsizligi; avto 
kempinglar; yo‘lbo‘yi dam olish maskanlari; infratuzilmani optimallashtirish; sun’iy intellekt; transportni modernizatsiya 
qilish.
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Аннотация. Дорожная сеть играет ключевую роль в транспортной системе Узбекистана в силу двойного 
внутриконтинентального географического положения страны и её зависимости от протяжённых наземных 
транспортных коридоров для обеспечения внутренней и международной связанности. В последние годы 
реализованы масштабные инициативы по модернизации, направленные на реконструкцию стратегических 
автомагистралей, укрепление международных коридоров и повышение общей эффективности транспортной 
системы. Вместе с тем сохраняются вызовы, связанные с качеством инфраструктуры, показателями дорожной 
безопасности и уровнем развития придорожных сервисов. В статье рассматривается текущее состояние 
автомобильных дорог Узбекистана, анализируются ключевые структурные и связанные с безопасностью 
вопросы, а также уделяется особое внимание состоянию придорожных зон отдыха как неотъемлемого, но 
пока недостаточно развитого элемента дорожной инфраструктуры. На основе анализа научных исследований 
и официальной документации международных институтов развития показано, что, несмотря на всё более 
широкое внедрение системного подхода в рамках коридорной реконструкции, стандартизированные и доступные 
придорожные сервисные объекты развиты неравномерно. Полученные результаты свидетельствуют о том, 
что расширение охвата и повышение качества зон отдыха следует рассматривать как необходимый элемент 
дорожной безопасности и эффективности транспортных коридоров, а не как вспомогательную услугу.

Ключевые слова: Узбекистан; автомобильные дороги; дорожная инфраструктура; транспортные коридоры; 
дорожная безопасность; придорожные автокемпинги; зоны отдыха; оптимизация инфраструктуры; искусственный 
интеллект; модернизация транспорта.

I N T R O D U C T I O N
Road transport constitutes the dominant mode of movement for passengers and freight in Uzbekistan 

and represents a critical factor in the country’s economic competitiveness. Owing to its double-landlocked 
geographical position, Uzbekistan depends heavily on efficient domestic and international road corridors to 
ensure access to regional markets and global supply chains [1,2]. The importance of road infrastructure is 
further underscored by the role of the transport sector in the national economy, which accounts for approximately 
8% of GDP, 17.6% of fixed assets, and nearly 30% of paid services to the population, with road transport alone 
contributing more than 3% of GDP [1]. Transport and logistics costs therefore exert a substantial influence on 
trade performance, investment attractiveness, and regional development outcomes [1,2,9].

Academic and policy-oriented studies on Uzbekistan’s transport sector emphasize that the effectiveness of 
the road network cannot be assessed solely by its physical length. Increasing attention is being directed toward 
infrastructure quality, corridor continuity, safety performance, and the availability of supporting services [1,2]. 
Following a prolonged period of underinvestment after the post-Soviet transition, the road sector has entered 
a phase of active modernization, with particular emphasis on international transport corridors and interregional 
routes [2]. Despite these efforts, structural challenges persist, including uneven maintenance standards, safety 
risks on long-distance highways, and the still limited development of roadside service infrastructure [5].

Within this context, roadside rest areas represent a specific yet frequently underestimated component of 
road infrastructure. International practice increasingly recognizes rest areas as integral elements of road safety 
systems, freight efficiency, and user comfort, particularly along long-distance corridors with high traffic intensity 
[10]. In Uzbekistan, however, systematic analysis of roadside rest areas and their role within the highway 
system remains limited, and existing studies tend to address road rehabilitation and safety issues without 
explicitly examining roadside service provision as a distinct infrastructure element.

This research gap is especially relevant in light of the growing emphasis on corridor-based transport 
development and safety-oriented road management. The absence of standardized, accessible, and predictably 
distributed rest areas may reduce the overall effectiveness of corridor modernization efforts and increase 
fatigue-related safety risks on long highways [5].

Accordingly, the aim of this article is to provide an integrated assessment of Uzbekistan’s highway system 
with particular emphasis on the condition and role of roadside rest areas. The study seeks to identify structural 
and safety-related challenges associated with roadside service provision and to evaluate their relevance within 
broader corridor modernization initiatives. By synthesizing academic research and official documentation 
from international development institutions, the article contributes to the transport infrastructure literature by 
highlighting roadside rest areas as a functional component of road safety and corridor performance rather than 
as a supplementary service.

The remainder of the paper is structured as follows. Section 2 outlines the materials and research methods 
employed. Section 3 presents the main results concerning the characteristics of the road network, corridor 
modernization efforts, road safety conditions, and the current state of roadside rest areas. Section 4 discusses 
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the implications of the findings in relation to international practices and future infrastructure optimization, while 
Section 5 concludes the study and outlines directions for further research.

L I T E R A T U R E  R E V I E W 
The academic literature on Uzbekistan’s transport sector emphasizes the strategic importance of road 

infrastructure for national economic development and regional integration. Due to the country’s double-
landlocked position, efficient road corridors are widely recognized as essential for ensuring access to regional 
markets and global supply chains [1,2]. Studies focusing on transport and logistics systems indicate that 
transport costs significantly influence trade performance, investment attractiveness, and regional development 
outcomes, thereby underscoring the macroeconomic relevance of road infrastructure quality rather than 
network length alone [1,2,9].

A growing body of research argues that the effectiveness of a road network should be assessed from a 
system-based perspective that incorporates infrastructure quality, corridor continuity, safety performance, and 
supporting services [1,2]. Strategic analyses of Uzbekistan’s transport development priorities emphasize the 
modernization of international corridors and interregional routes as a response to prolonged underinvestment 
following the post-Soviet transition period [2]. At the same time, these studies acknowledge persistent structural 
constraints, including uneven maintenance standards and safety challenges along long-distance highways [5].

International institutional literature further reinforces the importance of adopting a corridor-oriented 
approach to road infrastructure development. Reports by international development organizations emphasize 
that modern highway systems increasingly integrate pavement rehabilitation with measures aimed at improving 
operational efficiency, safety frameworks, and service infrastructure [3,4]. Within this framework, roadside 
facilities are viewed as components that enhance corridor reliability and user support rather than as auxiliary 
amenities.

Road safety constitutes a central theme in both academic and institutional analyses. Global and regional 
studies underline that accident reduction requires comprehensive interventions extending beyond vehicle 
standards and enforcement to include infrastructure design and user-oriented facilities [5,6,7]. In the Uzbek 
context, safety assessments identify speed violations, driver fatigue, and long-distance driving conditions as 
recurring risk factors, particularly on corridors connecting major urban centers and border crossings [5,7,8]. 
These findings support the view that infrastructure elements enabling rest and recovery contribute to the 
mitigation of fatigue-related risks.

Despite the increasing recognition of system-based road management, the literature specifically addressing 
roadside rest areas in Uzbekistan remains limited. International practice, as reflected in technical guidance and 
safety frameworks, increasingly treats rest areas as integral elements of road safety systems, freight efficiency, 
and user comfort, especially on high-traffic and long-distance corridors [10]. However, existing national-level 
studies and policy documents tend to address roadside services indirectly or as secondary components within 
broader infrastructure projects, rather than as independent subjects of analysis [3,5].

Recent corridor rehabilitation initiatives supported by international development institutions indicate 
a gradual shift in this approach by explicitly incorporating rest and service areas into project design [3,4]. 
These initiatives emphasize requirements related to safety, sanitation, accessibility, and inclusivity, suggesting 
increasing alignment with evolving international standards [10]. Nevertheless, the uneven development and 
limited documentation of existing roadside facilities point to a clear research gap regarding their current 
condition, functional role, and integration within Uzbekistan’s highway system.

R E S E A R C H  M E T H O D O L O G Y
This study employs a qualitative and descriptive research design based on the analysis of academic 

literature and official documentation related to Uzbekistan’s road and transport sector. This methodological 
approach is well suited to examining the structural characteristics, policy orientations, and institutional practices 
associated with highway infrastructure and roadside service provision.

The core academic foundation of the analysis consists of national and regional studies addressing 
transport strategy, logistics development, and road infrastructure performance in Uzbekistan. These sources 
provide insight into network characteristics, policy priorities, safety considerations, and long-term development 
objectives [1–6]. The reviewed literature is used to contextualize the current state of the highway system and 
to identify recurring structural and safety-related challenges.

To ensure institutional reliability and analytical consistency, the study also draws on publicly available 
documentation from international organizations actively engaged in Uzbekistan’s road sector, including 
international development banks and United Nations agencies [3–7,9]. These materials are used to examine 
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corridor modernization initiatives, safety indicators, and the extent to which roadside services are incorporated 
into contemporary infrastructure programs.

The analytical procedure follows a three-stage structure. First, the general condition and structural 
characteristics of Uzbekistan’s road network are summarized based on academic and institutional sources. 
Second, recent trends in corridor modernization and road safety performance are examined with reference 
to documented project frameworks and safety assessments. Third, the condition of roadside rest areas is 
assessed through the lens of existing policy documents, project requirements, and international safety 
frameworks, thereby enabling the identification of structural gaps without resorting to speculative assumptions.

The study does not rely on primary data collection or statistical modeling. Instead, it adopts an 
interpretative approach that synthesizes qualitative evidence from verified secondary sources. This method 
allows for a system-based assessment of roadside rest areas as part of the broader highway infrastructure, 
while maintaining analytical transparency and consistency with the objectives of the study.

A N A LY S I S  A N D  R E S U LT S
General Characteristics of the Road Network
Uzbekistan’s road network extends to approximately 184,000 kilometers, including more than 42,000 

kilometers of public roads with a hard surface [13]. This network constitutes the backbone of domestic mobility 
and regional connectivity, linking major urban centers, industrial zones, and international border crossings. 
Strategic transport literature identifies the road system as a key component of Uzbekistan’s connections with 
neighboring states and international trade corridors [2].

National transport development strategies prioritize the strengthening of routes within international transport 
corridors, the enhancement of load-bearing capacity on major highways, and the gradual improvement of local 
road networks to support regional social and economic development [2,9]. Comparative indicators show that 
Uzbekistan’s integrated transport network density index is 1.63, exceeding that of some regional peers, such 
as Kazakhstan and Russia, while remaining lower than that of developed economies, including France and 
Germany [12].

Corridor Modernization and Institutional Support
Recent years have been characterized by corridor-oriented modernization initiatives supported by 

international development institutions. Rehabilitation projects along strategic highways increasingly combine 
pavement renewal with operational and safety-related components. For example, the Asian Infrastructure 
Investment Bank finances the Bukhara Road Network Improvement Project, which focuses on the rehabilitation 
and maintenance of a 78-kilometer section of the international A380 highway [4].

According to reports by the Asian Development Bank, corridor upgrade projects increasingly incorporate 
intelligent transport systems, axle-load control mechanisms, and the development of designated rest and 
service areas [3]. These components are integrated into broader project frameworks aimed at improving 
highway performance and operational efficiency along international corridors.

Road Safety Indicators
Road traffic safety remains a major public concern in Uzbekistan. According to World Health Organization 

data, the road traffic mortality rate in the country was approximately 9.3 deaths per 100,000 population in 2021 
[7]. Official statistics indicate that 3,559 road traffic accidents were recorded in the first half of 2022, resulting in 
784 fatalities and 2,775 injuries [11].

Accident data show that speed-limit violations accounted for 22.9% of recorded accidents, while failure to 
maintain a safe distance and driver inexperience together accounted for more than 12% [11]. These factors are 
frequently observed under long-distance driving conditions. Additional safety assessments note the presence 
of seasonal congestion and mixed traffic composition on major highways, which further underscores the 
importance of comprehensive safety-oriented infrastructure measures [5].

Condition of Roadside Rest Areas
Available documentation indicates that roadside rest areas in Uzbekistan are unevenly developed across 

the highway network [3,5]. While informal stopping points, fuel stations, and roadside cafés exist along 
selected routes, their spatial distribution, service quality, and safety features vary considerably. At present, 
comprehensive and publicly accessible national inventories of roadside rest areas are not available [5].

Logistics-related assessments further reflect infrastructure constraints. In 2023, Uzbekistan’s trade and 
transport infrastructure quality received a score of 2.40 in the Logistics Performance Index sub-components, 
representing the lowest score among the evaluated dimensions [14]. This indicator points to limitations in 
supporting infrastructure along transport corridors.

At the same time, recent corridor rehabilitation projects supported by international institutions explicitly 
include the construction of new rest and service areas with defined technical and service standards [3]. Project 
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documentation specifies requirements related to sanitation, lighting, security considerations, accessibility, 
and the inclusion of electric vehicle charging infrastructure, indicating a gradual alignment with contemporary 
international practices [9,10].

The results confirm that Uzbekistan’s highway system is undergoing a gradual transition from fragmented 
maintenance practices toward a more integrated, corridor-based modernization approach. Internationally 
supported rehabilitation projects increasingly combine pavement renewal with measures aimed at improving 
operational efficiency and safety performance [3,4]. This shift reflects a broader understanding of highways as 
complex transport systems rather than merely as physical assets, which is consistent with international road 
safety and corridor management frameworks [5].

Within this system-oriented perspective, roadside rest areas emerge as a functional yet still insufficiently 
developed element of highway infrastructure in Uzbekistan. Although recent projects explicitly include rest and 
service areas with defined standards [3], the overall findings indicate an uneven spatial distribution, limited 
standardization, and the absence of comprehensive national documentation of existing facilities [5]. These 
characteristics suggest that roadside services have historically been treated as secondary infrastructure 
components rather than as integral elements of road safety and corridor performance.

The road safety indicators presented in the Results section further underscore the importance of 
roadside rest areas. Accident statistics show that speed violations, failure to maintain a safe distance, and 
driver inexperience account for a substantial share of road traffic accidents [11]. International safety literature 
emphasizes that fatigue and prolonged driving conditions are closely associated with such risk factors, 
particularly on long-distance corridors [5,7]. In this context, the limited availability of predictable and well-
designed rest areas may increase fatigue-related risks, especially in sparsely populated regions where 
alternative stopping opportunities are limited.

The findings also point to an institutional shift toward the inclusion of safety, accessibility, and inclusivity 
considerations in newly planned roadside facilities. Project documentation increasingly refers to sanitation 
standards, lighting, security measures, accessibility features, and gender-responsive design elements [3,10]. 
The growing prominence of these requirements suggests alignment with evolving international practices, while 
also indicating that existing roadside infrastructure does not yet consistently meet contemporary safety and 
inclusivity standards.

From a planning and management perspective, the uneven development and limited documentation 
of roadside rest areas pose challenges for systematic infrastructure optimization. The absence of reliable 
inventories, standardized indicators, and usage data constrains evidence-based decision-making and long-term 
service planning [8]. This limitation is particularly relevant in the context of emerging data-driven approaches 
to infrastructure management.

In this regard, artificial intelligence–based optimization can be conceptually positioned as a forward-looking 
tool for improving the planning and operation of roadside auto camping sites and rest areas on highways. Within 
a system-based framework, AI-driven methods may support the analysis of traffic flows, corridor characteristics, 
safety indicators, and service demand patterns to inform optimal rest-area placement, spacing, and service 
composition. Although the present study does not implement algorithmic modeling, the identified structural 
gaps highlight the potential relevance of such approaches within future transport infrastructure modernization 
strategies.

Overall, the discussion indicates that improving the coverage and quality of roadside rest areas should be 
viewed as a core component of highway system performance, closely linked to safety outcomes and corridor 
efficiency. Integrating roadside services into corridor-based planning frameworks, supported by data-driven 
and artificial intelligence–assisted decision tools, is consistent with international trends in transport system 
management and addresses the documented infrastructure gaps within Uzbekistan’s road network.

C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S
This study examined the current state of Uzbekistan’s highway system with particular attention to roadside 

rest areas as an integral yet still underdeveloped component of road infrastructure. The analysis confirms that 
road transport plays a decisive role in national mobility, economic competitiveness, and regional connectivity, 
especially in light of Uzbekistan’s double-landlocked geographical position and its reliance on long-distance 
transport corridors.

The findings indicate that recent modernization efforts increasingly adopt a corridor-based and system-
oriented approach, supported by international development institutions. These initiatives combine physical 
rehabilitation with safety and operational components and, in several cases, explicitly incorporate roadside rest 
and service areas. At the same time, the results show that roadside rest areas remain unevenly distributed, 
insufficiently standardized, and weakly documented at the national level, which limits their functional contribution 
to road safety, user comfort, and corridor efficiency.
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Road safety indicators further underscore the relevance of roadside services within the broader transport 
system. Accident statistics associated with long-distance driving conditions highlight the importance of 
predictable and safe stopping opportunities along major corridors. In this context, roadside rest areas should 
be regarded not as supplementary amenities but as safety-relevant infrastructure elements that support fatigue 
management and reliable corridor operation.

From a development perspective, the absence of comprehensive inventories and standardized planning 
frameworks constrains evidence-based decision-making in roadside service provision. This limitation points 
to the need for more systematic approaches to rest-area planning and management. Within this framework, 
artificial intelligence–based optimization represents a promising direction for future infrastructure development. 
Data-driven methods can support the identification of optimal rest-area locations, service composition, and 
spacing along highways by integrating traffic patterns, safety indicators, and corridor characteristics.

In conclusion, strengthening the coverage, quality, and integration of roadside auto camping sites and rest 
areas should be considered a core component of highway modernization policy in Uzbekistan. Future research 
and planning efforts would benefit from systematic data collection and the gradual incorporation of artificial 
intelligence–assisted tools to enhance corridor performance, road safety, and user-oriented service provision.
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