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JIvgiscbko20 Oepoicasro2o yHigepcumemy QizuyHoi Kyabmypu imeni Ieana
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InHoBamii, rocTUHHICTH, TYPU3M: OCBiTa, HAyKa, MPaKTHKA : 30.
Te3 gom. VI Beeykp. Hayk.-mpakT. KOH(]. MOJIIOIUX YYEHUX 3 MIXHAp. Y4acTIO,
npucesd. 80-piuuro JIAYDK imeni IBana Bobepchkoro (21 tpasus 2026 poky,
M. JIbBiB). JIbBiB : JI[IY®K im. IBana Bobepcerkoro, 2026. 511 c.
30ipHuK MicTuTh Te3u gonosiaei VI BeeykpaiHchbkoi HayKOBO-TIPaKTHIHOT
KoHpepeHIli «[HHOBaIii, TOCTUHHICTh, TYpHU3M: OCBiTa, HayKa, MPAaKTUKay», SKa
BinOynacst 21 TtpaBHs 2026 poky. Y Te3ax JONOBijJeH BUCBITICHO pPE3yJbTaTH
JIOCITI/PKEHb TIPIOPUTETIB 1 MEPCHEeKTHB PO3BUTKY MIANPHEMCTB TOTENHHO-
pectopanHoro Oi3HeCy; IHHOBAIllii XapyoOBHX TEXHOJOTIH Ta TPOAYKIIT
PECTOPAaHHOIO TOCIIONAPCTBA; CydYacHI TEHIEHII Ta pPEriOHANbHI MPIOPUTETH
PO3BUTKY TypuU3My B YMOBax IioOaiizaiii; CoIliaJlbHO-eKOHOMIYHI 3acaju
MEHEDKMEHTY Ta MAapKeTWHTY iHAYCTpil TOCTUHHOCTI; aKTyalbHi MpoOiIeMu
MOJepHi3alii TOTEIbHO-PECTOPAHHOTO TOCIONAPCTBA; BU3HAYCHHS IUISXIB
PO3IIMPEHHsT 3B’S3KIB MDK BHIIOK OCBITOIO Ta OI3HEC-CepPEeIOBHILEM;
YIOCKOHAJICHHS MiAXOAiB 10 TpodeciiiHoi MiAroTOBKM BHUCOKOKBaTi(piKOBAaHHX
(axiBLiB 3 yNpaBJiHHSA Ta aAMiHICTpYBaHH: i chepr 00CTYTOBYBaHHSI.
Marepianu 30ipHHKa OYAyTh KOPUCHUMH JJIs CTYICHTIB, BUKJIa1a4iB, HAYKOBIIIB Ta
MPaIiBHHUKIB iHTYCTpPii TOCTUHHOCTI.
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TRANSFORMATION OF COFFEE PREPARATION
TECHNOLOGIES UNDER THE INFLUENCE OF ARTIFICIAL
INTELLIGENCE

The transformation of the coffee industry from a subjective cultural
approach to a data-driven high-tech ecosystem is not a future opportunity,
but a present-day reality [1-4].

Deep learning, a subset of machine learning based on artificial neural
networks, has revolutionized image recognition. Coffee uses convolutional
neural networks (CNNs) to analyze images of coffee beans. The architecture
of the CNN allows it to learn spatial hierarchies of features, from simple
edges to complex textures and shapes, making it ideal for detecting defects
in agricultural products [5].

The YOLO (You Only Look Once) algorithm is a significant step
forward in this field. Unlike traditional classifiers that scan an image region
by region (which is computationally expensive), YOLO processes the entire
image in a single pass, simultaneously predicting bounding boxes and class
probabilities. This real-time capability is critical for industrial sorting
machines that must process thousands of grains per second. Recent
iterations, such as YOLOV8, have demonstrated accuracy exceeding 98-99%
in detecting subtle defects such as insect damage or immature grains,
significantly outperforming traditional color sorters [6-7].

While computer vision sees the surface, near-infrared (NIR)
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spectroscopy sees the chemical composition. This technology measures the
absorption of light in the near-infrared spectrum (780-2500 nm), which
correlates with the vibrational energy of molecular bonds (CH, NH, OH). By
applying chemometric algorithms to these spectral signatures, artificial
intelligence can quantify chemical constituents such as caffeine, sucrose,
lipids, and moisture content without destroying the sample [8-10]. This
effectively “digitizes” the flavor potential of the beans, allowing for an
objective assessment of quality before roasting.

Roasting is a time- and temperature-dependent process involving
complex chemical reactions, including the Maillard reaction and Strecker
degradation. Theoretical models of roasting dynamics are now being
integrated with recurrent neural networks (RNNs) and long short-term
memory (LSTM) networks. These Al architectures are designed to process
time series data, making them ideal for predicting the future trajectory of the
roasting curve based on historical data. The mechanism of this predictive
control loop, in particular with respect to the expectation of the “first crack”,
is depicted in Fig. 1.

Coffee Bean Probes (Temp/Gas) AI Predictive Model (LSTM) Gas Burner

Roast Phase: Maillard Reaction
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Figure 1 - The process of predictive control based on artificial
intelligence in thermodynamics roasting

By analyzing the “Rate of Rise” (RoR ) — the rate at which the
temperature of the grains increases — Al can predict critical events, such as
the “first crack” (exothermic steam release), minutes before they occur,
allowing for precise temperature control.
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Artificial intelligence - based roasting much more energy efficient.
Preventing roasting defects that lead to losses parties, and optimizing
thermal curve, smart roasting ovens reduce gas consumption and emissions
carbon. Furthermore, addressing the ecological aspects of supply chain
management and proving the economic efficiency of robotic FoodTech
solutions are vital for the sustainable development of modern food
enterprises. In addition, the exact artificial intelligence - based agriculture
helps farmers optimize water and fertilizer use, reducing influence
environmental cultivation environment.

Predicted fast coffee market growth from artificial intelligence
(18.3% CAGR) indicates that investors are considering these technologies
as necessary for sustainable activities enterprises industry in conditions
changes climate (which threatens yields coffee) and shortages working
forces.

Thus, the comprehensive integration of artificial intelligence and
robotic systems into the coffee industry is not merely a global trend, but a
necessary vector for the modernization of the domestic hospitality sector. As
highlighted in the foundational manuals and recent studies by Ukrainian
scholars, the evolution from traditional craft methods to digitalized
FoodTech solutions requires a balanced approach to quality management,
ecological sustainability, and economic efficiency. This synergy of human
creativity and algorithmic precision forms a new paradigm for restaurant
enterprises, effectively preparing them for future market challenges.

Keywords: hospitality industry, artificial intelligence, quality,
innovations, technologies, development.
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