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Abstract: This research summarises the results of the sfigetiscussion on the possibilities of improvingjistics flow
in industrial practice. The objective of the pajperto introduce an exploratory case study aimingtegamlining
production logistics flow through the implementatiof automatic identification technology (RFID) andw storage
solutions in warehouses in industrial enterpriSé¢ge main aim of the paper is to introduce an intiggasolution
regarding implementation of the Internet of Thirfgsl) in the warehouse operations to eliminate wasdttime and
material guided by Plan —Do-Check- Act ( PDCA) eyekrified both by observation and statistical mdth The results
of this research propose and realise new innovablgions to reduce waste in logistics processegarehousing. The
key improvements include the elimination of wastd anovative solutions to increase the efficien€yracking kitting
trucks, improving the clarity of the sequencindkitfing carts, and creating standards for theicaifon of boxes that
result in time savings, optimisation of the worlq@aand scrap minimisation, and increased qualityheflogistics
processes. The article concludes future recommiendaib streamline logistics flow and implementiamovative lean
solutions in industrial enterprises.

1 Introduction Given rapid industrial growth and increasing densand

Lean logistics is an approach to supply chain arf@r efficiency, optimising production Iogistics hbecome
logistics management based on the principles ofi le& key concern for many companies. Integration of
management. Key ideas in lean management inclugévanced technologies such as automatic identditat
minimising waste, optimising processes, and inéngas Systems, including Radio Frequency IdentificatiRfiD),
efficiency. The lean logistics considers possibititand S €merging as a crucial tool to improve the marvaege of
new solution including Industry 4.0 for minimizing Warehousing and logistics operations.
inventory, times, reducing movements, and costs Despite numerous studies highlighting the potertial
throughout the supply chain, while maintaining #élity ~ RFID in supply chain management, there remaingabie
to respond quickly to changes in demand and ottwofs 9ap in  published contributions — addressing its
(legislative, economic, ecological, ergonomic aoda). implementati_on in the spec!fic context of indudtria

The adoption of lean and green logistics practice¥arehouses in the automotive industry. This gapreld to
brings Synergies and improvement to industry l[_’bhn the lack of C-ase studies that qomblne RFID with new
logistic principles, derived from lean manufactgiirare Storage solutions and systematically evaluate éseilts
applied throughout the logistics chain, including!Sing a continuous improvement methodology.
warehouse and distribution [2]. Essential elemamtside The objective of the paper is to introduce an evgitoy
continuous process improvement, inventory minintsgt  case study aiming at streamlining production logastow
and optimisation of material and information flow i through the implementation of automatic identificat
logistics [2,3]. technology (RFID) and new storage solutions in

Recent studies in scientific papers emphasigarehouses in industrial enterprises. Specificallyis
elimination of waste in logistics processes, white study explores how the integration of the Intenféfthings
emphasis is on the system's contribution, contisuo@loT) into warehouse operations can eliminate waste
improvement, and enhancement of quality attribute§me and materials. Furthermore, by implementing th
Several authors [4,5] discussed new opportunitms fPDCA cycle, this provides practical insight intoahtoT

logistics flow, technical elements in logistics asupply ~Solutions can create more efficient, responsived an
chain management. sustainable logistics processes.
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For this case study-based article, the researc$tiqne constantly reducing waste and combining severahoukst
and hypothesis can be formulated as follows: of industrial engineering, it can be possible tinglate
Research Question: How can the implementation @faste to a minimum level.
automatic identification technology (RFID) and new In terms of waste definition, it can be specifisl
storage solutions, integrated with the InternefTbings waste of time (waiting for a trolley, for work agsment),
(loT), streamline production logistics and reduaste of non-conformity (scrap, wrong assignment of work),
time and materials in automotive industry using thannecessary stocks (excess stocks of finished pr&du
continuous improvement by PDCA cycle? work in progress), overproduction (production obrm
Hypothesis: The implementation of RFID technologyieces than the next process consumes), not @egess
and loT-based storage solutions in industrial wamshs, transport (redundant transport, lengthy transpamt) not
guided by the PDCA cycle, will significantly redutise necessary movements (redundant movements).
and material waste in the automotive industry, itegdo Katayama, H. [9]characterised conceptual legerids o
more efficient and sustainable production logistickean management as follows: perfect eliminatioMaofi
processes. This hypothesis reflects the assumptian (Strain), Mura (Variegate), and Muda (Waste) onRlan,
RFID and IoT technologies, when systematically egopl Do, Check, and Action Cycles (PDCA).
can improve logistics operations by improving rémle MURI: That is, a massive resource overload. Thithés

tracking, inventory management, and overall efficie opposite case to MURA. In the short term, this tgbe
transport can have a positive effect, but as timeciases,
2 Literaturereview the wear and tear of the transport machines inesediseir

The concept of lean thinking helps eliminate logss Performance decreases, and the entire logistictersys
activities that do not add direct added value te thoecomesoverloaded.
company. Many authors discuss the implementation MURA: Translated in English means unevenness.disde
digitalisation and the Internet of Things as pdsnfor ~With under-utilisation of resources; that is, wenmat
eliminating waste, improving efficiency [6-11] andeffectively fill the capacity of our transport mawés,
sustainability [12-15]. In the theory of logisti@nd Which transport material half-empty.
production, waste is’ as understood, often anyt]ﬂim MUDA: The meaning is translated in EﬂgllSh as waste
adds cost to a product or service without increpsis Uselessness or purposelessness, which is contrahet
value. Everything that the customer does not want €reation of added value. Value-added work is agssthat
recognise as value and pay for is considered asewadncreases the value of a product or service so ttieat
Therefore, every company strives to produce witho@ustomer is willing to pay for it.
waste. This issue might be very difficult to act@gbut by

MURI = Overload

elps Almagm

MURA = Irregularity, volatility, variation
MUDA = Waste

. A

NO MUDA, MURI OR MURA
Figure 1 Types of waste in production logistics: mura, muri, muda
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Two types of Muda can be defined, namely type 1 anchplementation and use of RFID technology, ensduitirag
type 2 (Figure 1). Muda type 1 includes activitias the technology is used to its full potential. Theewse of
processes that do not add direct value to the firmuct, RFID in logistics flow and its potential are prethin
but are necessary to ensure the quality and sefetiye [17,18].
product for the customer. An example can be ingpect Nowadays, RFIDs are relatively cheap, provided by
and safety tests, which do not provide value imglves unique identifiers and can be equipped with a Warid
but are necessary for the safety of the producdaviype sensing capabilities [9]. The advantage of RFIDitss
2 includes activities in processes that do not\adde to extremely low price and its simple methods of piiiun.
the product and are not needed by the customeiseThélowever, there are definitely limitations that needbe
activities should be completely eliminated, ideallynoted, such as the amount of information requinaghd
because they do not contribute to improving thdiguar  implementation. On the other hand, Katayama [9]
value of the product to the customer. The ideahfpigito considers this limitation to be much less serious o
reach the state described as zero muda. irrelevant.

The key principles of the strategic approach Ingust  Data volumes in each supply chain can be generated
4.0 include the Industrial Internet of Things, cydigysical from various sources of data, business procesads|Ta
systems, vertical and horizontal software integrati systems, including enterprise resource planningP(ER
augmented reality, predictive manufacturing, ldgisind systems; order and transport logistics; custometasing
maintenance, autonomous robots, additive technedpgi patterns; and technology-driven data sources suglobal
mass individualisation, innovative methods for edling positioning systems (GPS), radio frequency-based
and processing big data, and many other real-tiata didentification (RFID) tracking, mobile devices, aothers
analysis techniques utilising the potential of dou(7].
computing [12]. The Internet of Things creates an The application of bar code and RFID technologies
industrial system that combines intelligent machjnelogistics, as the most common forms of auto-ID
advanced predictive analytics, and machine-humaachnology, enables fast and enables product faeitbn
collaboration to promote efficiency and reliabilif¥6]. and supports the logistics flow, including prodonti
The loT is a system composed of heterogeneous efevidogistics, transport, handling, warehouse and sales
and organised as networks. Each device (a thing) aperations, thereby reducing lead time, operaticoats,
equipped with unique identifiers and the capabititghare and transaction costs [10,19,20].
information or transmit data using a wireless oblea
network without the need for human interaction. 3 Methodology

RFID (Radio Frequency Identification Technolog®@is  The proposed solution is based on an analysiseof th
major prerequisite for the Internet of Things (IoWhich,  |iterature, including case studies and previoustjmes and
as part of Industry 4.0 connects physical objestshe  research. Following the main aim is increasing ilation
Internet [12]. Radio frequency identification isvreless of waste in the industrial enterprise and contirsuou
communication technology that uses radio signals {ghprovement the PDCA cycle was applied.
identify specific targets and read and write relatiata The PDCA methodology can be applied to all
without the need for mechanical or optical contettveen processes, including logistics. The Demings cyalsp

the system and a specific target to determine. REl&n  called the PDCA cycle consists of four phases tevis:
efficient means of identification and one of theima . pjan requires the setting of the objectives and

sources of data in the supply chain [7]. processes necessary to achieve the desired results
The implementation of radio frequency identificatis in accordance with the customer requirements.
a very interesting and widespread solution in itgut .

Do means implement the action plan to achieve the
objectives.

* Check means monitor and measure processes and
products, compare it with stated objectives and

implement 10T systems or distributed sensor nets/§®dk
RFID represents an innovative tool in warehousimaf t
enables automation of the identification and tragkof
materials and products. When combined with lean

il REID nificantly | . indicators.
principies, can significantly improve inveryor Act is taking action to improve process
accuracy, reduce errors in storage and dispatchttars performance

improve the efficiency and transparency of logsstic
operations [3].

By combining lean principles with RFID's tracking
capabilities, enterprises can achieve a higherl lefe
efficiency, minimise waste, and ensure timely dsivof
products. For example, RFID can provide real-tira¢gad
that supports JIT inventory systems, enabling con@sao
reduce excess stock and associated costs. Furtiegiine
continuous improvement culture can drive the eiffect

In a study conducted in industrial enterprise gishe
idea of continuous improvement by the PDCA cydhe, t
three most significant deficiencies and waste were
identified in the logistics flow in an a kittingarehouse in
industrial company.

e Plan: First, during the planning phase, processes

were identified. The task was to increase the
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efficiency of tracking the kittling trucks in the
warehouse and to improve the clarity of the
kittling trucks.

» Do: The introduction of the selected innovation
took place: RFID technology in the warehouse.
This solution included the selection of suitable

devices (RFID tags and readers), the design ofan

implementation plan (taking into account time
and financial constraints), and the defining the
implementation schedule of the solution itself,
including the budget. The realisation includes

Check: During this phase, the performance of the
RFID system was monitored and data about the
use of the RFID system in logistics were collected
and analysed. The focus was mainly on the
identification of specific areas for improvementin
this project.

Act: During this phase, corrective measures were
implemented based on previous actions, and
opportunities for standardising these new
measures were identified to facilitate continuous
improvement.

activities necessary for the purchase of RFID tags
and readers, the installation of RFID antennas,
and reading devices.

Figure 2 PDCA cycle (https://mwwv.cems-en.comyarticle/820-pdca-cycle)

The implementation of the PDCA cycle (Figure 2) fowas chosen for improvement due to its use of intreva
identification of shortcomings, planning and reaiisn of approaches to production and its strong commitnoént
corrective measures to eliminate waste (time, relén  management to quality and innovation.
logistics process and verification of implementellisons
result in time savings, workplace optimisation, @etap 4.1 |dentification of deficiencies in terms of
minimisation and improving of logistics process€ke material flowsin theindustrial enterprise
solutions themselves were implemented, and their Based on the concept of lean philosophy and the
effectiveness was verified by measurement. analysis of logistics processes, specific stepsewer

implemented to optimise movement flows and the
4 Resultsand discussion arrangement of warehouse spaces, which could batgri

This part of the paper focusses on the presentafian to further increasing the efficiency and overaltess of
innovative logistics solution in an a case studpndustrial the company within the competitive automotive irtdus
enterprise and validation of the research. Theobloethe The main focus was to plan the improvement of
analysis was an industrial company that producesian  logistics processes in the pilot project in thetikg area
components for the automotive industry. The orgdiia with several innovative technologies. During the
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workplace, some innovative technologies and alsneso for monitoring, the desired kitting truck can beufid and
opportunities for improvement were identified, asllvas selected from the rest in seconds. The RFID leadhtignt
potential shortcomings. The use of innovative sohd, be placed on the visible top of the kitting cartngsa
e.g. the pick-to-light system, was considered toabe magnetic mount. At the beginning of the process, th
effective tool, increasing the accuracy and speeth® warehouse worker scans the QR code in the
work used during the selection of parts from thelocumentation. Using loT technology, this inforroatis
warehouse. The use of smart gloves to scan the catriinsferred to the reader and, by subsequent attadthof
enables easier handling of small parts and a rediust  the RFID led tag, this information can be trangfdrto a
unnecessary movements. Subsequently, several afeaspecific tag.

production logistics were identified where improvants The advantage of implementing the RFID led tag @oul
could be made. occur during a specific search for the truck. TEDUight

First, one of the main problems was the inefficieribuilt into this device, together with sound sigime|
movement of operators when retrieving parts from threduces the search for kitting carts to a minimians. also
racks as the actual layout of the racks was ingpfate, an advantage that the worker can search for sexamntal at
often causing time delays. the same time or the entire production batch. Tateely

Second, there was a need to replace cardboard.boxX#e of an RFID led tag is stated to be 40 montry] the
Standardizing the packaging could enhance procesattery can be replaced. The assumed range ofle R
efficiency in terms of time tag is set at a distance of 30 metres.

The third challenge was inadequate waste managementThe second measure to improve logistics flow was th
during the work process. Empty packaging thrown bintroduction of a drop rack to avoid used emptykaging.
operators on the ground slowed the process andl@oseBy implementing this measure, the prevention oftevas
safety risk. the form of accumulated empty boxes that warehouse

Fourth, the last problem to be solved was the iregai operators place on the ground. When empty packagidg
identification of specific kitting tracks due tceihuniform  boxes are placed freely on the ground in this \ilaste is
construction, design and colour design. It wasallehge a risk that operators may stumble while working and
for the operators to recognise the kitting trolley. accident will occur. The second aspect is as ataolasin

the movement of operators when filling the kitticgrts
4.2 Measures for streamlining and innovative and it affects their handling space in the warebolsop
solutionsin logistics rack are a special type of racks that is used lleatand

The first technology introduced to streamline théhen remove unnecessary boxes from the workplace
logistics workflow and avoid waste and waste ofetiand  Without the energy supplied. They are designed \ith
material in the workplace is radio frequency idération. ~ slope between the beginning and end of the racéug
In this case, this method of automatic data cabeatsing Which the empty boxes can move forward indepenygentl
radio waves would be used directly in the kittingrhe most useful type of drop for this solution lielbne
warehouse to s|mp||fy the identification, trackingmd Wlth ral!S. For the SOlUtlon, a total of six ﬂO\ﬂGkSWlth
movement of kitting carts, which serve to assentbie dimensions of 280 x 60 x 106 cm (length, width baiht)
door panel. The main reason for this 10T technolisgypy Were needed each. For efficient movement at wockpla
prevent waiting times and to prevent blocking dfary ~ three pieces of flow rack were needed, each omigné
production batches. and left sides. After the implementation of thesgeges,

The problem that might be prevented is where thé became easier for logistics operators to haedtgpty
assembled door does not pass the final qualityrcomtie Packaging.
to a defect. Subsequently, such doors cannot bbedsto In the introduction of the unification of contaisethis
the final container that is intended for final geliy to the Measure was directly related to the one described
customer. Setting up is consider as a waste bedhase Previously. The main identified problem was the
faulty door has to be reassembled with new pahs.lihe complicated handling of packaging operators. Wendou
transmits the information to the warehouse, wheneva that non-standardised packaging increases significa
document with identical components is reprintede Thhandling time. Such cardboard packaging tears eeakb
problem occurs at the moment when these prioril%-'””g use, with the risk of damage to the storedental.
components are mixed into another batch of kitdags. ©Operators usually cut a hole in the front of thedbaard
As a priority, it is necessary to produce this dosequired POx to improve access.
quality, amount and on time so that the final ciotacan The proposed measure to streamline logistics flow i
be closed, scanned and handed over to the custiiries.  the purchase of plastic containers with a cutouherfront
priority kitting cart is mixed with another batcimang Part. Such packaging would be regularly filled bgistics
several different kitting carts, it is problematfor ~Operators from the original cardboard boxes. Thénma
warehouse operators to find this priority cart an@dvantages of the proposed solutions are theingtre

immediately send it to the assembly line. The psego accessibility, and low weight. At the same timesh new
solution is the application of RFID led tags. UsREID  Standardised containers can be stored on racksasohe
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components stored in them would have a logicahean of the population lies within this range, higjfting

connection and continuity in cooperation with thdhe precision of the sample mean.

implemented pick-to-light system. This would preven On the other hand, the time demand after the

unnecessary walking between the left and rightveisel implementation of the measures was reduced, witlean
The dimensions of the plastic container are 200003 time of only 10.8 seconds, reflecting the significa

500 millimetres (height, width, and depth). Theautage improvement in operational efficiency. The standamar

is the possible stack ability and the possibildye¢use for also decreased to 0.58 seconds, indicating mudcktegre

a long time. precision in the post-intervention time measuresefte
median time demand was 11 seconds, closely aligitad
4.3 Verification of innovative solutions the mean, demonstrating consistency in the time

After the introduction of automatic identificatiavith  improvements across the operators. The mode of 12
RFID led tags, the efficiency of finding the rigkitting ~seconds suggests that this was the most frequeet ti
truck has increased. For the verification phagst the recorded after the intervention. The standard adievi
measurement of five operators were conducted feltbw after the measures was reduced to 1.30 secondsatind
with five measurements with five purchased RFIDstagower degree of variability compared to the prevjmes
were in the workplace. The data clearly demonstrateeasurement. This reduction is further confirmedhsy
significant reductions in time demand across adirapors, sample variance, which dropped from 94.7 before the
reflecting the effectiveness of the applied measufdle measures to just 1.7 after. This suggests thattithe
Table 1 provides a comparative analysis of the timéemand was much more uniform after the improvements
demand for five operators before and after thé&he range of 3 seconds (with a minimum of 9 secamds
implementation of improvement measures aimed atmaximum of 12 seconds) shows a minimal dispeision

optimizing the efficiency of logistics operations. time demand following the intervention, reinforcitige
notion of enhanced consistency among operators. The
Table 1 Conparative analysis of the time demand after skewness value shifted to -0.54, indicating a shgigative
implementation of measures skew, where the distribution is now slightly lekesved,
Time demand Time demand | Saved| with most time demands being on the lower end.
before[s] |after measures ||time [s| Additionally, the kurtosis value of -1.49 is simil the
Operator 154 10 144 pre-intervention kurtosis, indicating that the tiokemand
Operator 14t 12 13: distribution remained somewhat flat even after the
Operator 13€ 11 12t measures were applied. The 95% confidence lee! thie
Operator . 16( 9 151 measures was 1.62 seconds, significantly narrdvaerthe
Operator 141 12 12¢ confidence level before the measures.
Total 73€ 54 682 In summary, the descriptive statistics presenteithén

Table 2 demonstrate improvement in the efficienicthe

After statistical analysis of data (Table 2), we state operators fqllowing the implementation of the measu
that the mean time demand of five operators befas The mean time demand decreased from 147.2 seconds t
147.2 seconds, with a standard error of 4.35 sepond0-8 seconds, and the variability in time demands
indicating moderate variability in the sample. Thedian Significantly reduced as evidenced by the lowendad
time, 145 seconds, suggests that half of the aplsratdev'at'o_” and variance. The _skewngss and kurtedies,
completed their tasks in less than this time, wititeother - 2/0ng with the narrower confidence intervals, ssggeat
half took more time. Notably, there was no moddh€ improvements were not only effective but also
indicating no repeated values among the operaiiorg’ CconSistent across the operators, resulting in raoiferm
demands. The standard deviation of 9.73 secondgssho Performance outcomes. These findings provide strong
moderate degree of variability in the times befdre €MPpirical support for the effectiveness of the veation
measures, with a sample variance of 94.7 confirrttigy N optimizing the logistics processes within theuatrial
spread in the data. The range of 24 seconds (withS&tting o
minimum of 136 seconds and a maximum of 160 segonds " the presented case for logistics, for the comple
further reflects the spread in time demand amorg tt§elution, 40 pieces of RFID tags have to be purthasne
operators. The skewness of 0.34 suggests that df €ach kitting trolley used at the workplace.
distribution was slightly positively skewed, witHenger ~Subsequently, two RFID readers are required tRISB
tail on the right, indicating that a few operatdook te€chnology. After the introduction of automatic
considerably longer to complete their tasks. Thgatige dentification using RFID led tags, the efficienaf
kurtosis value of -1.56 reveals that the time deﬂman_searchmg the kitting trucks has been significantly
distribution is flatter than a normal distributichiae 95% Increased.

confidence level of 12.08 seconds suggests thatrtiee At the same time, the realised measures contribboted
optimising the removal of empty boxes and packaging

from the warehouse. The operator's work is easied,
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potential safety risk is avoided with removal of mn
boxes on the ground, and simple solution for s®iadhe
flow racks works eliminated waste of time in logist The

costs for one drop shelf are 335 euros. In theirgitt
warehouse, six flow shelves were purchased fol totts
of 2010 euros.

Table 2 Descriptive statistical analysis of the time demand after i mprovement

Time before measur Time after measur
Mear 147.2 Mear 10.8
Standard Err¢ 4,35201102 Standard Err¢ 0.58309518
Mediar 14k Mediar 11
Mode na Mode 12
Standard Deviatic 9.73139250 Standard Deviatic 1.30384048
Sample Varianc 94,7 Sample Varianc 17
Kurtosis -1.5580017 Kurtosis -1.48788927
Skewnes 0.34257022 Skewnes -0.54138705
Rangt 24 Rangt 3
Minimum 13€ Minimum 9
Maximurmr 16C Maximurmnr 12
Sunr 73¢ Sunr 54
Coun 5 Coun 5
Confidence Levt (95.0%) 12.0831197. Confidence Levt (95.0%) 161893178

Replacement of the original cardboard boxes witidpr
many benefits to warehouse operators. Operatofseiil
waste move in the form of cutting access to the bidre
handling in the logistics flow will also be imprayeue to
the fact that their original cardboard will no l@ngear and. improvement of logistics processes.
get stuck on the shelves. The stack ability of aioers is The findings indicate the potential of future inative
also an advantage for storage. For the workplade, fean solutions to increase the efficiency of lagsstin
containers need to be purchased for the amount7of 6ndustrial enterprises. Several authors emphasiee t
euros, with estimated costs of 368.1 euros. importance and relevance of sustainable solutioesy

In summary, the results presented in this casg/ stted  technologies, and the digitisation of industriahqiice
consistent with objective and validate the statef1-26]. In future research, we will contribute[&Y] and
hypothesis, showing that RFID technology and newontinue to explore 10T development, using advaruzgd
storage solutions significantly improved logisticsanalytics, application of emerging technologies
efficiency and reduced waste. applications in logistics, such as blockchain fappy
chain transparency and security, while focussing on
sustainability . Specifically, future researctediions will
be essential to maintain and multiply the addddevand
efficiency achieved through current innovative sohs in
context of sustainable development goals, ensuitieg
continuous optimization of industrial logistics and
fostering both economic, social and environmeraakits
in the long term.

conditions, reduced scrap, enhanced quality conérud
overall advancements in logistics performance. twiacl
to significant time savings, workplace optimisation
minimization of scrap, increased quality and owueral

5 Conclusions

The study focused on an innovative logistics sofut
considering the improvement of current state ofitalig
transformation in Industry 4.0 and its technologieshe
logistics processes in automotive industry, foomgsin a
case study of an industrial enterprise. The aith@ftudy
was to promote a more efficient solution in ltigis by
implementing automatic identification technology~(R)
and innovative warehouse management solutions. References
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