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Abstract. The rapid growth of Internet of Things (IoT) technologies in agriculture has
increased the need to understand how these systems are designed. This paper analyzes
IoT system architectures used in smart agriculture, with a focus on layered models. A set
of 18 research articles describing real IoT systems was reviewed. Based on this analysis,
three main architecture types were identified: three-layer, four-layer, and five-layer
models. The results show that the four-layer architecture is the most commonly used, as
it provides better scalability and supports distributed systems through the use of a
gateway or edge layer. In addition to layered models, several design patterns that
correspond to specific system needs were identified. These patterns extend system
functionality but do not replace the base architecture. The results show that the choice of
architecture depends on system scale and requirements, and this choice has a direct
impact on system performance and scalability.
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Introduction. The popularity of Internet of Things (IoT) technologies has
grown exponentially in recent years. IoT is adopted to automate recurring
operations, improve monitoring, optimize resource use, and support data-driven
decision-making. As a result, IoT has been integrated into numerous diverse sectors.
Tasks that were performed manually before are now automated through IoT systems.
One of the biggest fields that has recently adopted IoT is agriculture. The integration
of these technologies has become one of the key drivers of precision agriculture
digitalization. The exact implementations of IoT in agriculture vary from simple
irrigation systems to complex monitoring and management frameworks. At the very
core of IoT systems lies their architectural design, which determines how sensing
devices, communication networks, processing layers and user interfaces are

organized. The choice of architecture for a particular system depends on multiple
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factors and impacts core system parameters, such as scalability, reliability, latency
and energy efficiency.

Results and Discussion. Conceptual models of IoT systems are often described
using a layered approach. The most popular architecture types are three-layer, four-
layer and five-layer architectures. Each new layer represents another explicit level of
responsibilities extracted from previous layers. It is a structured way to organize
system components into sensing, networking, computing and application layers.

While theoretical layer-based architecture type division is important for the
separation of concerns and enhanced scaling capabilities, the exact layer
implementation may differ among similar systems. For instance, a gateway network
layer configuration is vastly different from its fog computing analogue. It is very
important to understand the difference between a layered architecture framework
and its implementation, as well as how specific paradigms, such as edge computing,
microservices, or other design approaches, are integrated into layered models.

To better understand the practical side of architectures and their connection to
their actual implementations, a set of 18 articles, each describing a different IoT
system in the smart agriculture field, was reviewed. These articles represent IoT
systems ranging from simple irrigation systems to complex microservice-based
monitoring frameworks. Although the reviewed set is not exhaustive, its diversity
makes it possible to identify the dominant architectural tendencies and recurring
design patterns in smart agriculture IoT systems.

The main components that make up an average smart agriculture IoT system
are the perception, network and application layers. The perception layer is
responsible for physical sensors, such as soil moisture probes, thermocouples,
nutrient analyzers and other specialized sensor units. The network layer coordinates
the flow of the acquired sensory data. The application layer provides user-facing
services and system interaction, while data storage and analytics may be
implemented either within this layer or in dedicated processing components,
depending on the system architecture. Since these three main components are the
bare minimum for a functional automated IoT system, they naturally make up a

three-layer architecture, which is mainly used in prototype systems where a single
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unit communicates directly to the cloud or an application. In the analyzed literature,
the three-layer architecture is mainly used in small-scale implementations and
prototypes [1-2], accounting for around 28% of cases.

The four-layer architecture extends this model by introducing a dedicated
buffer layer between the sensing nodes and the cloud service. This solves the
problem of unreliable and inefficient direct connectivity. The resulting structure is
made up of perception, network, edge controller and application layers. Though the
perception and application layers stay the same as in the three-layer architecture,
the addition of the edge controller layer, coupled with the overhauled networking
layer, vastly improves the system’s scalability and reliability. The edge controller
introduces a dedicated layer for sampling, scheduling, data buffering and
preprocessing, while the network layer is now responsible for the flow of sensory
data to the edge controllers and aggregation of acquired results. This structure is
widely used in actual IoT field monitoring/irrigation systems [3-4], where networks
cover field sizes of tens or hundreds of hectares and are utilized in
around 67% of cases.

With the rapid development and popularization of microservice architecture in
the software engineering domain [5], other fields, including precision agriculture,
have begun to adopt its principles of separation of concerns and enhanced scalability.
Systems that implement a five-layer architecture with perception, network,
processing, application and business layers are generally decomposed into
microservices instead of being combined into one monolithic application. This
approach enables high scalability and allows the replacement of any component
without redesigning the entire system. Microservice-based five-layer architecture is
usually represented by systems implementing digital twins as a virtual
representation of physical conditions with predictive modeling support [6]. Because
of the sheer amount of work required for development and the scale required to
justify this amount of work, systems like this are underrepresented, with only 6% of

use cases. A short summary of base architecture types is presented in tab. 1.
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Table 1
Architecture types and associated patterns observed in the reviewed sample
. Articl i
Architecture rticles System scale Core layers Common design
count patterns
Three-layer s Small-scale, Perceptlo.n, n.etwork, Event-driven
prototypes application
Four-layer 12 Field-scale Perception, pet\/'vork, Edge comput'lng,
edge, application fog computing
Perception, network, . .
Five-layer 1 Enterprise processing, application Microservices,
’ ’ digital twins
business

Conclusion. Based on a structured review of a set of 18 published IoT
implementations, the diverse architectural frameworks used in smart agriculture
were identified. Three-layer, four-layer and five-layer architectures serve as the
dominant organizational framework, with each tier representing a more complex
and better-scaled layer. The three-layer architecture, implemented in 28% of the
cases, is typically used for small prototype or proof of concept systems, where
sensing nodes have direct communication with a cloud or application. The four-layer
architecture, which is the most common and accounts for approximately 67% of the
reviewed cases, improves system scalability by introducing a dedicated edge
controller layer. The five-layer architecture, while being used only in 5% of cases,
provides the highest degree of modularity/scalability for large-scale systems,
allowing it to be used in enterprise level systems.

Beyond base layered architecture types, a set of additional design patterns was
found. Edge computing, fog computing, digital twins and event-driven approaches
are independent patterns that can be combined with base architecture approaches to
address specific needs of a particular system. Matching the system's architecture
with its functional needs is crucial for proper system architecture selection. This
early decision is critical for a system’s efficiency, maintainability and future

scalability.
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APXITEKTYPHI ITATEPHU I1IOBYAOBU I0T-CUCTEM Y PO3YMHOMY
CIVIbCbKOMY TI'OCITOJAPCTBI

Bnagucnas Knumuyk, Bagym [ITamHuk

Anomauis. Illsudxe 3pocmaHHs 8UKopucmaxHs mexvonoziti Inmepuemy peueti (IoT) 6
CilbcbKoMy 20cnodapcmei  3ymosusno nompeby 6 Kpawomy pO3YyMiHHI mo20, SK
npoekmyromscss maxi cucmemu. Y uiti pobomi npoauanizoeaxo apximekmypu IoT-
cucmem, WO 3AcMOCOBYHMbCSI 8 PO3YMHOMY 3emM1epoOCcmei, 3 aKueHmom Ha
b6azamopigHesi moodeni. Byno posensHymo 18 Haykosux nybnaikauiti, sIKi onucyomo
peanvHi IoT-piwenHs. 3a pe3ynsmamamu avanizy e6udiieHo Mmpu OCHO8HI 8udu
apximekmyp: mpupieHesy, uomupupieHegy ma n’amupisHesy. 3’C08aHO, WO
HatinowupeHiuiow € YomupupieHesa apximekmypa, OCKiJibKu 80HA 3abe3neuye Kpauly
macumabosaxicms i niompumye po3noodineHi cucmemu 3a donoMoz010 Kpatioozo piHs.
Okpim 06a3osux OazamopieHesux Mmodeneli, 8U3HAUEHO MAKOX 000amkosi wWabnoHu
NpoeEkmMyeaHHs, w0 8idnogidaromes oOKpemMuM nompebam cucmem. Lli nidxodu
pPO3UWUPIOMb (PYHKUIOHANIBHICMb, ale He 3aMiHiolmp 6a3o8y apximekmypy. Ompumati
pe3yJbmamu nokasywms, wo 8ubip apximekmypu 3anexcums 8id macuimaby cucmemu
ma ii sumoz i 6e3nocepedHbo BNIUBAE HA NPOOYKMUBHICMb | MACUIMab08aAHICMb.
Kntouoei cnoea: IHmepHem peueli, mouHe 3emaepobcmeo, apximekmypa IHmepHemy
peueli, bazamowiaposa apximekmypa, po3yMHe CilibCbKe 20cCnodapcmao.
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