LN
Electronics and information technologies, 2025, 29, 5-12 (j ELIT
http://publications.lnu.edu.ua/collections/index.php/electronics/index

UDC 004.932

APPLICATION OF ARTIFICIAL NEURON NETWORK AND FUZZY
INFERENCE IN THE HOUSEPLANT WATERING INTELLIGENT SYSTEM

Roman Korostenskyi®©9, Igor Olenych
Radioelectronic and Computer Systems Department,
Ivan Franko National University of Lviv,
50 Dragomanov Street, 79005 Lviv, Ukraine

Korostenskyi, R. & Olenych, 1. (2025). Application of artificial neural network and fuzzy inference in
the houseplant watering intelligent system. Electronics and Information Technologies, 29, 5-12.
https://doi.org/10.30970/eli.29.1

ABSTRACT

Background. The automation of modern technologies and the widespread adoption of
smart Internet of Things (loT) devices not only provide an opportunity to optimize routine
processes but also offer innovative solutions within intelligent smart home systems, enhanc-
ing the daily comfort of residents. In particular, the integration of artificial intelligence (Al)
technologies can expand the functionality of embedded smart home systems and improve
their efficiency. Consequently, the development of hardware and software tools for such
systems represents a pertinent area of research in the field of smart solutions.

Materials and Methods. The automatic indoor plant irrigation system is implemented
using the Raspberry Pi 4 microcomputer and the SEN0308 soil moisture sensor. Control of
the irrigation system is achieved through an artificial neural network with two hidden layers
and fuzzy logic inference methods. These methods determine the required water volume for
irrigation based on soil relative moisture and air temperature.

Results and Discussion. The system operates by periodically analyzing the soil’s rela-
tive humidity and indoor air temperature, making decisions regarding the activation of the
irrigation mechanism based on the collected data. It has been established that implementing
artificial intelligence algorithms and fuzzy logic enables automatic regulation of water usage
according to environmental conditions, preventing excessive soil moisture. The proposed
approach ensures an optimal soil moisture level of 50-60%, suitable for plant growth and
development, while also reducing the average monthly water consumption by 25-27%.

Conclusion. The results indicate the high efficiency of using artificial intelligence and
fuzzy logic methods for the rational utilization of water resources. Moreover, the proposed
algorithms can be implemented on low-power computational platforms commonly used in
automation and loT systems. The proposed intelligent irrigation system demonstrates the
potential for functional expansion and the integration of innovative technologies for indoor
plant care.

Keywords: Smart home, loT, embedded systems, irrigation system, artificial neural net-
work, fuzzy logic.

INTRODUCTION

The technological revolution of recent decades has profoundly transformed daily life.
Among the key trends driving this progress is the automation of modern technologies,
which not only optimizes routine processes but also, through the widespread adoption of
the Internet, offers innovative solutions for everyday comfort in intelligent smart home sys-
tems [1-3].
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Examining contemporary models of embedded smart home systems reveals key tech-
nological components, including centralized control systems and smart sensors. Popular
systems such as Google Home, Amazon Alexa, and Apple HomeKit utilize voice control to
activate and manage various home devices [4-6]. Integrated solutions encompass intelli-
gent automation systems that regulate lighting, heating, ventilation, and air conditioning.
Notably, smart home systems from Crestron or Control4 allow users to schedule and create
scenarios for different situations [7,8]. Smart thermostats can automatically adjust home
temperatures based on residents’ schedules and habits. Continuous monitoring of all smart
home systems optimizes energy consumption and enhances energy efficiency. Security
systems frequently incorporate video surveillance, motion and door sensors, and technical
tools for identification and access control. For instance, Google’s Nest Secure provides an
integrated system of video surveillance and security sensors with remote control capabili-
ties via smartphone [9]. Furthermore, embedded smart home systems employing unified
platforms for integration and management can interact seamlessly with various household
devices under the loT paradigm [10,11].

Most lIoT household devices in smart homes are designed to perform single functions,
such as watering plants at a predetermined time or raising blinds at sunrise. However, the
rapid advancement in microcomputer technology, edge computing, and the availability of
tools like TensorFlow Lite, which enables neural network deployment on mobile phones,
tablets, televisions, and other embedded systems, opens new possibilities for the develop-
ment of intelligent smart home systems [12].

This study aimed to explore the integration of artificial intelligence (Al) and fuzzy logic
technologies in automatic indoor plant irrigation systems to ensure the efficient use of nat-
ural resources. Special attention was given to investigating the potential of low-power com-
putational technologies and artificial neural networks in advancing innovative smart home
systems.

MATERIALS AND METHODS

To investigate the efficiency of using artificial intelligence and fuzzy logic technologies
in smart home systems, an automatic indoor plant irrigation system was developed based
on a Raspberry Pi 4 microcomputer [13] and a SEN0308 soil moisture sensor [14]. The
schematic diagram of the irrigation system is shown in Fig. 1.

The system operates by periodically analyzing the relative humidity (RH) of the soil
and air, as well as the air temperature, every 8 hours. Based on the collected data, deci-
sions are made regarding the activation of the irrigation mechanism. Since the experimental
studies were conducted using a ficus plant, the proposed irrigation system aimed to main-
tain optimal conditions for this plant. Specifically, in the simplest implementation, automatic
watering with 150 ml of water occurred when the soil moisture at a depth of 6—7 centimeters
fell below 50% (Fig. 2).

The application of artificial intelligence technology and fuzzy logic algorithms not only
determines the necessary volume of water for irrigation but also adapts it to changing en-
vironmental conditions, maintaining optimal soil moisture for the ficus within the range of
50-60%. In the initial implementation, the plant irrigation system was controlled using a
neural network with two hidden layers, trained on historical data of soil moisture and water
usage over 100 epochs. Mean Squared Error (MSE) was employed as the loss function,
and the weights of the neural network were optimized using the backpropagation algorithm
with an adaptive gradient optimizer [15,16]. Model validation was performed through cross-
validation using independent datasets.

Another approach involved using a fuzzy logic inference system with two inputs and
one output. This system determined the required water volume for irrigation based on the
soil relative moisture and indoor air temperature. The input linguistic variables were "Soil
moisture"” = {"Low" (L), "Moderate" (M), "High" (H)} and "Indoor temperature" = {"Cold" (C),
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Fig 1. Schematic diagram of the automated indoor plant irrigation system.

"Warm" (W), "Hot" (H)}. The terms of the output linguistic variable "Used water volume"
characterized the need for very low (LL), low (L), moderate (M), high (H), and very high
(HH) levels of soil hydration. The membership functions of the fuzzy sets corresponding to
the terms of these linguistic variables are shown in Fig 3.
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Fig 2. Algorithm of automated irrigation system operation.
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Fig. 3. Membership functions of fuzzy sets characterizing the input linguistic variables "Soil moisture" (a) and
"Indoor temperature" (b) as well as output linguistic variable "Used water volume" (c)

The fuzzy rule base was formed in the form IF (sub-condition 1) AND (sub-condition
2) THAT (action). Sub-condition 1 establishes the affiliation of the current value of the soll
relative moisture to fuzzy sets characterizing the terms of the linguistic variable "Soil mois-
ture". Sub-condition 2 is associated with the affiliation of the current value of temperature
to terms of the linguistic variable "Indoor temperature”. The fuzzy sets of the corresponding
terms of the output linguistic variable "Used water volume" are the rule conclusions.

The base of fuzzy rules for the houseplant watering system is given in Table 1. In
general, the fuzzy rules accumulate information from various sources, including experi-
mental data, simulation results, and expert opinions.

The fuzzy logic-based irrigation system was implemented using the Mamdani algo-
rithm, whose main stages include the fuzzification of input variable values, min-activation
and max-accumulation of the conclusions from fuzzy production rules, and the defuzzifica-
tion of the output variable using the centroid method [17,18].
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Table 1. The base of fuzzy rules of the houseplant watering system

Soil Mois- Indoor Temperature
ture L M H
L H HH
M L M H
H LL L M

RESULTS AND DISCUSSION

The primary objective of the developed system is to ensure efficient irrigation of indoor
plants while minimizing water consumption and preventing potential harm to the plants.
Considering that environmental conditions such as temperature and humidity vary through-
out the year, the effectiveness of irrigation can also fluctuate. Therefore, experimental stud-
ies were conducted in two stages under different indoor climatic conditions. In the first
stage, the relative humidity and air temperature were approximately 60% and 20°C, re-
spectively. During the second stage, the plant was subjected to warmer and drier conditions
— with a relative humidity of about 45% and an air temperature of 25°C.

An important parameter for the functioning of the irrigation system is the soil moisture
at the time of each watering, as it is essential to maintain the optimal soil moisture level for
the plant — approximately 55% for ficus. The temporal variations of soil moisture under
different indoor climatic conditions and various irrigation methods are illustrated in Fig. 4.

Integrating artificial intelligence technologies into the irrigation system enables auto-
matic regulation of the water volume used based on environmental conditions, preventing
excessive soil moisture. As a result, this approach not only provides optimal conditions for
plant growth and development but also ensures rational water consumption (see Table 2).
Specifically, a reduction of 25% in average monthly water usage was observed during the
first stage of the studies, and a 27% water savings during the second stage.

The intelligent indoor plant irrigation system based on fuzzy logic inference demon-
strates similar water usage and soil moisture levels to those of the neural network system
(see Fig. 4). The results of testing the irrigation system with fuzzy inference are illustrated
in Fig. 5. Based on the analysis of the input—output surface of the fuzzy controller, it was
established that the volume of water used for irrigation depends on both soil moisture and
air temperature. Specifically, the irrigation system requires a significantly larger volume of
water when soil moisture is low and indoor air temperature is high.
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Fig. 4. Time dependence of soil moisture during the first (a) and second (b) stages of the study using the auto-

mated irrigation system (1) and one with an integrated artificial neural network (2) and fuzzy inference (3)
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Table 2. Average monthly mater volume used for irrigating an indoor plant (ficus)
under different indoor climatic conditions

Used water volume, ml
Irrigation system type Stage 1 Stage 2
RH=60%, t=20°C RH=45%, t=25°C
Automated 2228 3085
Integrated Al 1688 2260
Fuzzy inference 1663 2243

Unlike more complex machine learning algorithms, fuzzy logic methods can be effec-
tively implemented on low-power platforms such as the Raspberry Pi Pico or Arduino, which
are widely used in automation and loT systems. The low cost and low energy consumption
of microcontrollers make them an ideal choice for use in budget-friendly and energy-effi-
cient irrigation systems. Moreover, fuzzy logic algorithms allow for the consideration of a
wide range of input parameters and enable decision-making that mimics human reasoning.
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Fig 5. Dependence of used water volume on soil moisture and indoor temperature

CONCLUSION

In this work, an automated indoor plant irrigation system was developed using loT
technologies. The proposed irrigation system enables periodic monitoring of soil moisture
and waters the plant as needed. Soft computing methods were employed to determine the
necessary amount of water under varying air temperatures and relative soil moisture levels.
It was established that integrating an artificial neural network and fuzzy logic inference into
the irrigation system allows for maintaining an optimal moisture level in the range of 50—
60% and reducing water consumption by 25-27%. An additional advantage of using fuzzy
logic inference algorithms is their ability to be implemented on low-power computing
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devices, aligning with the loT paradigm. By integrating new sensors, the proposed intelli-
gent irrigation system has the potential to expand its functionality and implement innovative
technologies for indoor plant care.
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3ACTOCYBAHHS WTYYHOI HEMPOMEPEXI TA HEYITKOIrO BACHOBKY B
IHTENEKTYAIbHIA CUCTEMI NOJNIUBY KIMHATHUX POCNUH

PomaH KopocmeHcbkull, lzop OneHuy

Kagpedpa padioenekmpoHHUX i KOMITIOMEPHUX cucmem,
JIbsiecbkuli HayioHanbHUl yHieepcumem imeHi IsaHa ®paHka,
8yn. [ipazomaHosa 50, 79005 m. Jibeie, YkpaiHa

AHOTALIA

BeTyn. ABTOMaTM3aLis Cy4acHMX TEXHOMOTIN i LUMPOKE BNPOBAAXEHHS PO3YMHUX Npu-
CTpoiB IHTEpHETY peyen Aae 3mMory He TinbKy ONTUMI3yBaTW PYTUHHI NpoLlecu, ane n 3anpo-
MOHyBaTW iHHOBAUIVHI PilLEHHS B iHTENEKTyanbHWX cUcCTeMax po3yMHOro OyAMHKY, ki 3a-
6e3nevyloTb NOBCAKAEHHUIA KOMAOPT MeLLKaHLiB. 30kpema, BUKOPUCTaHHS 3acobiB LTyY-
HOro IHTENEKTY MOXe PO3LIMPUTU (DYHKLIIOHANbHICTb BOyJOBaHUX CUCTEM pO3yMHOro Oyau-
HKY i NigBMWMTK iX edpeKkTuBHICTb. TOMy po3pobka nporpamMHo-anapaTHuX 3aco0iB Ans Ta-
KMX CUCTEM € OOHWUM i3 aKTyarnbHMUX HanpsMKiB AOCNIAXEHb Y ranysi po3yMHUX pilleHb.

MaTtepianu Ta MmeTtoau. Crictema aBTOMaTU4YHOIO MOMMUBY KiIMHATHUX POCNWH peani3o-
BaHa Ha OCHOBI MikpokomMm'toTepa Raspberry Pi 4 Ta ceHcopa BonorocTi rpyHTy SEN0308.
[nsa kepyBaHHSA ipyraLiiHol cuctemoro Oyno BUKOPUCTAHO LUTYYHY HEpOMEepeXy 3 ABOMaA
NPUXOBaHMMM LUApaMn Ta METOOU HEYITKOrO MOFYHOrO BUCHOBKY, SIKi HA OCHOBI 3Ha4Y€Hb
BiAHOCHOI BONOrOCTi I'PyHTY Ta TemnepaTypu NOBiTPS BU3Ha4yaTe 06’em BOAW A4S NONMBY.

Pe3ynbTtaTtn. PyHKUIOHYBaHHS CUCTEMU Nondrae y nepioAnYHOMyY aHanisi BigHOCHOI BO-
NOrocTi 'pyHTY Ta TemnepaTtypu NOBITPSA Y NPUMILLEHHI | MPUNHATI PiLLEHHS NPO aKTUBaLito
MeXaHi3aMy NonmBy Ha OCHOBI OTPMMaHWX AaHuX. BctaHoBReHo, Wo peanisadis anroputMis
LUTYYHOrO iHTENEKTY Ta HEYITKOI NOriku Jae 3Mory aBTOMaTU4YHoO perynoBaTu 06’em BUkopu-
CTaHOI BOAM 3aneXHO Bif YMOB HaBKOMMWLLIHBOIO CepeaoByLLa Ta YHUKaTN HagMipHOroO 3BO-
TNOXEHHS I'pyHTY. 3anponoHoBaHWi niaxia 3abesnevye He Tinbku ONTUMarnbHWUN ANS POCTY
Ta PO3BUTKY POCIMVH piBEHb 3BOJIOXEHHS I'PYHTY y Aiana3oHi 50-60%, ane N 3MeHLIeHHs
cepeaHbOMICAYHOro 06’eMy BMKOpPUCTaHOI Boau Ha 25—-27%.

BucHoBku. OpepxaHi pe3ynbTati cBigyaTb NpPo BUCOKY €DEKTUBHICTb BUKOPUCTAHHSA
MeTOZiB LUTYYHOrO iHTENEeKTY Ta HeYiTKOI Norikv Ans pauioHanbHOro BUKOPUCTaHHSA BOOHUX
pecypciB. Kpim Toro, 3anponoHoBaHi anropyutMn MoxyTb OyTu peanisoBaHi Ha ManonoTyx-
HMX 0BYMCcnoBanbHUX NnaTopMax, siKi LLMPOKO BUKOPUCTOBYHOTLCS B CUCTEMaxX aBTOMaTu-
3avuii Ta IHTepHeTy pedeli (I0T). 3anponoHoBaHa cucTeMa iHTENEKTYyanbHOro NonvMBy Mae
noTeHuian Ans po3wmupeHHs YHKLIOHaNbHOCTI Ta BNPOBaXXEHHS iIHHOBALIMHNX TEXHOIO-
riv Anga gornagy 3a KiMHaTHUMK POCIIMHaMN.

Knroyoei cnosa: Po3ymHuin 6yanHOK, iIHTEPHET peyen, BOyaoBaHi cuctemu, ipuradinHa
cucTema, LWTyYHa HepoMepexa, HediTka forika.
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