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In the contemporary food and beverage sector, operational efficiency and
accuracy in inventory management are critical to business sustainability. Manual
inventory tracking remains prevalent in many small-scale establishments, particularly
coffee shops, despite its well-documented inefficiencies. Such traditional methods are
labor-intensive, prone to human error, and often lead to suboptimal stock control —
manifesting in either shortages that impair service delivery or overstocking that incurs
unnecessary financial burdens.

This study explores the development and evaluation of an automated inventory
management system tailored for coffee shop operations. It addresses the pressing
challenge of unreliable manual stock-taking by introducing an integrated technological
solution that combines sensor-based hardware with an interactive software interface.
Specifically, the system comprises a custom-designed smart shelving unit equipped
with weight sensors and a Telegram-based bot for real-time monitoring and user
engagement.

The core functionality of the system lies in its ability to automate the collection,
processing, and communication of inventory data. The hardware component consists
of a standard shelf structure embedded with high-precision load cells. These sensors
continuously measure the aggregate weight of stock items, with the data transmitted to
a server via an ESP32 microcontroller. On the software side, a Python-based backend
manages data storage and processing using a MySQL database and the pandas
analytical library. A Telegram bot, developed through the python-telegram-bot
framework, provides a user interface for staff to receive alerts, check stock levels, and
interact with the system.

Operationally, the system follows a four-stage cycle:

First, sensor data is continuously gathered and sent to a central server.
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Second, raw weight measurements are converted into item counts by dividing
total shelf weight by known per-unit weights. These figures are compared against
predefined stock thresholds to detect shortages or excesses.

Third, when a discrepancy is identified, the server issues real-time alerts via the
Telegram bot and allows users to query inventory status or update stock levels.

Finally, all data is synchronized with the database, and based on consumption
patterns, the system can suggest replenishment quantities to maintain optimal
inventory.

Empirical evaluation of the prototype was conducted in a controlled environment
over a two-month period. The results demonstrated a 70% reduction in the time
required for inventory audits and an 85% decrease in stockout incidents. Additionally,
the system achieved an inventory accuracy rate of 98%, underscoring its reliability and
potential for real-world deployment.

The proposed solution not only streamlines routine inventory tasks but also
enables data-driven decision-making. By reducing dependency on manual input and
improving the granularity of stock information, the system mitigates common sources
of operational inefficiency. Its modular and scalable architecture further permits future
integration with Point of Sale (POS) systems, enabling comprehensive synchronization
of sales and inventory data.

This research contributes meaningfully to the expanding domain of smart retail
technologies by presenting a practical, scalable, and cost-efficient solution for
automating inventory processes within small-scale food service operations. Through
the integration of sensor-based hardware and user-friendly software interfaces, the
system demonstrates that even modest establishments such as coffee shops can benefit
from technological innovations traditionally reserved for larger enterprises. The
findings underscore the potential of embedded systems and lightweight automation to
drastically reduce manual labor, improve data reliability, and enable timely decision-
making based on real-time inventory insights.

Beyond its immediate operational benefits — such as reduced stock shortages,
increased audit efficiency, and heightened inventory accuracy — the system lays the
groundwork for further advancements in intelligent inventory control. The modular
architecture facilitates adaptation and integration with other business systems,
including Point of Sale (POS) platforms and enterprise resource planning (ERP) tools,
opening avenues for comprehensive supply chain optimization.

Future research should focus on deploying the system in live retail environments
to evaluate its robustness under real-world conditions, user behavior variability, and
fluctuating consumption patterns. Long-term monitoring will also help identify trends
in stock usage, allowing for the incorporation of machine learning algorithms to
develop predictive models for inventory replenishment. Such extensions would not
only enhance operational resilience but also support sustainable inventory practices by
minimizing waste and overconsumption. Ultimately, this work represents a
foundational step toward the democratization of intelligent retail infrastructure in the
food and beverage industry.
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VY cydacHOoMy cBiTi mudpoBizallisi OXOIUTIOE BCi cepr JIFOACHKOT TisSITBHOCTI,
30KpeMa OCBiTy Ta mpodeciiHuil pOo3BUTOK. 3POCTAHHS MOMUTY Ha 1HAMBIIYyalbHE
HAaBYaHHS Ta MEHTOPCTBO 3yMOBJIEHE II00ANi3alli€l0 PUHKY Mpaili, HEOOX1AHICTIO
MIBUKOI mepekBatidikaiii Ta MONIyKOM THYYKUX (OpM camopeanizalii. 3a JaHUMH
LinkedIn Learning, monan 70% axiBLiB BBa)KalOTb MEHTOPCTBO KJIIOYOBHM
(akTOpoM Kap’€pHOI0 3pOCTaHHA, 0 cTUMYtoe po3BUToKk EdTech-cextopy. [Iporte
icaytoui mardopmu, Taki sk MentorCruise[1], Superpeer[2] Ta ADPList[2], MatoTh
OOMEXEHHS: BIJICYTHICTh IHTETPOBAHMX YarTiB, HENOCTATHA THYYKICTh y POJIAX
(MeHTOp/yUueHb) Ta cliadKa ajganTailisi A0 JOKAIbHUX PUHKIB, 30KpeMa yKPaiHCHKOTO.
[le migkpeciioe akTyallbHICTb CTBOPEHHS HOBOI IJIAaTOpMHU, fAKa BHpPIIIYE I
npobiemu, 3a0e3Meuyroun 3pYyYHH JOCTYN O MEHTOPCHKHX IOCIHYT, Oe3neuHy
KOMYHIKAaI[ll0 Ta TMpo3opy MoHeTusanito[4]. Po3pobka Takoi cuUCTEMHU CHpHsE
MOy pU3aIii MEHTOPCHKOI KyAbTYpH, MiIBUIEHHIO TOCTYIHOCTI AKICHOI OCBITH Ta
iATpUMIT TIPodeciitHOTO PO3BUTKY B YMOBaX HECTAOUIbHOT EKOHOMIKH.

Jlnst peanizauii marGopMu 3aCTOCOBAHO CYYACHUM TEXHOJOTTYHUM CTEK, IO
rapaHTye BHUCOKY TMPOAYKTUBHICTh 1 MacmTaboBaHicTh. Kili€eHTChKa dYacTHHA
po3poOiieHa Ha oOcHOBI Next.Js — (QpelMBOpKy, sKkuil 3abe3rnedye CepBEpHUIA
penaepunr i ontumizaiiro SEO, i3 Bukopuctanasam Tailwind CSS ans agantuBHOTO Ta
IIBUJIKOTO CTHIII3alii iHTepdeiicy. AyTenTudikals peanizoBaHa dyepe3 NextAuth i3
nigrpuMkoro JWT 1 Google OAuth, mio 3abe3neuye Oe3rneky Ta 3py4HICTH BXO.Y.
CepBepHa Jsorika noOynoBana Ha FastAPI — acunxponnomy ¢perimBopky Python,
KU MIATPUMY€E aBTOMATH4YHY JOKyMEHTAIll0 4yepe3 Swagger 1 BUCOKY LIBUIKICTD
00poOku 3amuTiB. s 30epirannsa nanux oOpano PostgreSQL — pensiiiiny 6a3y
JAHUX 13 MATPUMKOIO CKJIQJIHMX 3alUTIB 1 TpaH3aKI[id, 0 1/IealbHO MAXOIUTh s

70


https://python-telegram-bot.readthedocs.io/en/stable/
https://python-telegram-bot.readthedocs.io/en/stable/

	Програмна система для організації менторських та освітніх онлайн-послуг

