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EVOLUTIONS OF GROUP MANAGEMENT DEVELOPMENT OF MOBILE
ROBOTIC PLATFORMS IN WAREHOUSING 4.0.

The subject of this research is the technology of management of mobile robot groups in the concept of Industry 4.0 and its
composition. The purpose of this article is to find ways to implement an effective strategy for building and managing mobile robotic
platforms in Warehousing, as a key tool of Lean Production. To achieve this goal, it is necessary to solve the following tasks: to
analyze the management of supply chains in Smart Manufacturing, within Industry 4.0 and its impact on achieving the goals of Lean
Production; to study the evolution of technologies used in Warehousing in the dynamics of the Industrial Revolution; to analyze the
evolution of Warehouse Management Systems (WMS) as one of the most important components on the basis of which the
requirements for automation of Warehousing automation in Smart Manufacturing with group management of mobile robotic
platforms are implemented and achieved; to compare the impact of the technologies used by Warehousing 4.0 and Warehouse
Management Systems on the key indicators of Lean Production. Results: One of the promising ways to achieve the effectiveness of
the implementation of Lean Production tools in WMS systems is the use of Collaborative Robot System technology, which makes it
possible to ensure a high density of product storage in Warehousing. However, modern mobile robotic platforms have their limitations
both in the methods of loading and unloading products, and in the design. Therefore, the authors see the task in improving the design
of mobile robotic platforms, which will develop a new intelligent group method of loading and unloading products, increasing the
storage density for a variety of goods. Conclusions: The paper compares the impact of Warehousing 4.0 and Warehouse Management
Systems on key Lean Production tools, which shows how the introduction of new group management technologies for robotic
platforms in Warehousing 4.0 and Warehouse Management Systems (WMS) affects the effectiveness of Lean Production tools such
as Heijunka, Just-in-time, 5S. This suggests that the introduction of new models and methods of managing complex warehouses with
high density and chaotic storage of products, through the use of mobile robotic autonomous systems, will significantly optimize the

process of supply chain management in Smart Manufacturing.
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Introduction

The introduction of Industry 4.0 has brought about a
number of dramatic changes in industrial process
management systems, in operations and supply chain
management (SCM) processes. Rapid changes in
manufacturing and service systems have resulted in
phenomenal productivity gains that are reflected in the
Smart Manufacturing (SM) concept. A rapidly changing
environment creates new challenges and opportunities for
manufacturing that are associated with adapting to new
technologies such as the Industrial Internet of Things
(I1oT) and cyber-physical production systems (CPPS),
artificial intelligence (Al), robotics, cybersecurity, data
analytics, block chain and cloud technologies, which
directly affect the achievement of economic results, by
creating the prerequisites for the implementation of Lean
Production. Therefore, the implementation of the modern
concept of Industry 4.0 in SM is impossible without
creating more efficient distribution strategies (Logistics),
storage (Warehousing) and supply chain management
(SCM). Warehousing 4.0 is an automated intelligent
warehouse concept for tasks such as automatic
replenishment of stocks, autonomous identification of
stocks, order picking and routing of delivery systems for
loading and unloading using group control of robotic
autonomous vehicles. Autonomous transport robotic
vehicles that can “scan” their surroundings with laser
scanners, infrared sensors, and RFID chips for
autonomous navigation in warehouses. Each of them has
the ability to make autonomous decisions about their
movements, route selection and transit priorities,
exchanging data about their location and status with other
transport robotic vehicles. The implementation of
Warehousing 4.0 in enterprises can reduce operating costs

through more efficient inventory management, optimize
supply chain management and access to resources, and
research into this area of Industry 4.0 is an urgent task.

Analysis of recent research and publications

In [1], a study of the Logistics 4.0 maturity model is
carried out in the general concept of Industry 4.0, the
authors focus on the influence of the development of
supply chain management on the improvement of the
entire production process. At the same time, the authors of
[1] do not define the positive dynamics of Lean
Production parameters as an important factor in
determining the level of implementation of Industry 4.0 in
an enterprise.

The author [2], in his work, focuses on the fact that
Warehousing 4.0 is a new area of storage and retrieval of
goods using shuttle storage systems and autonomous
transport robotic means to retrieve and store objects. But,
in turn, this is impossible without improvements in the
technology and management system of Warehousing 4.0,
which will reduce and optimize the storage, accounting
and preparation for transportation of items necessary for
production in Smart Manufacturing.

The work [3] shows that warehouse services are an
important component of logistics and play a decisive role
in achieving the success of the company and achieving the
goals of Lean Production. The author [3] points out that
these systems are constantly being revised to ensure a
continuous flow of products in logistics. At the same time,
the author [3] does not disclose the issue of the
development of warehouse management systems of their
evolution and does not consider the solution of this issue
in combination with the study of the development and
evolution of Warehouse Management Systems (WMS),
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which in total does not provide complete information
about the requirements for modern Warehousing 4.0
systems.

In [4], theoretical studies are carried out that show
the positive effectiveness of the impact of Logistics 4.0 on
the operation of SM, in the framework of assessing the
performance of warehouse facilities. At the same time, the
work [4] does not pay attention and unreasonably misses
the thesis that the efficiency of Logistics 4.0 is based on
minimizing the loss of time by improving Warehousing
4.0 by introducing autonomous transport robotic means.

The authors of [5] consider the work as a stimulating
factor for SM, the introduction of modern technologies in
logistics supply chains and their use in Industry 4.0. To
substantiate this assumption, the authors cited Unity
Industry 4.0. Roadmap: Logistics, where they made the
assumption that Warehousing, in the framework of
Industry 4.0, is not needed. This assumption is incorrect
from the point of view of organizing supply chain
management in cyber-physical production systems, since
the need to provide the technological process with
consumables, transport blanks or move finished products
to another production area, is one of the key parameters in
SM [6].

Based on the analysis of the publications, it can be
seen that many authors do not pay enough attention to the

study of Warehousing and Warehouse Management
Systems, which are some of the important elements of SM
organizations.

The aim of this article is to implement an effective
strategy for building and managing mobile robotic
platforms in Warehousing 4.0, as a key tool for achieving
Lean Production.

1. The Role of Supply Chain Management in Smart
Manufacturing

Modern digital production is a seamless connection
of all the main and auxiliary elements of the production
process, which includes all the necessary stages from the
stage of product design, planning the use of production
and material resources. One of the key elements of the SM
organization is the implementation of high-quality Supply
Chain Management (SCM), within the framework of the
Logistics 4.0 concept, using modern technologies for
storing and processing data in Cloud Computing (CC),
obtaining information about the location of an object in
SCM using identification systems and tracking at all
stages of production, storage and delivery in real time. An
example of building an SCM in SM is shown in fig. 1.
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Fig. 1. Supply Chain Management in Smart Manufacturing

Correctly implemented SCM allows: to provide
uninterrupted production, storage, reception and shipment
of products to customers [7-10]. By analyzing SCM,
within the framework of the Logistics 4.0 concept for SM,
you can see that warehousing is a complex organizational
and technical structure. Therefore, in order to achieve the
goals in SM, it is necessary to develop and implement
modern technologies in Warehousing management
systems [11-14].

2. A study of the evolution of Warehousing in the
dynamics of the industrial revolutions Industry 4.0

The evolution of Warehousing cannot be viewed in
isolation from the stages of the Industrial 4.0 revolution.
In the classical view, the industrial revolution went
through four stages of development, such as: Industry 1.0
— Mechanization, Steam Power, Weaving Long (circa
1784); Industry 2.0. — Mass Production, Assembly Line,
Electrica Energy (circa 1870); Industry 3.0. — Automation,
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computers and Electronics (circa 1960); Industry 4.0 —
Cyber physical system, Industrial Internet of Things
(11oT), Network (since 2011) [15-18]. Based on the
analysis, the authors propose to trace the stages of the
Warehousing revolution, depending on the achievements

of the technology for each revolution. As a result, the
following technologies were considered as the key ones
that were used in Warehousing at different stages of
Industry development. The results of the comparative
analysis are presented in table 1.

Table 1. Stages of the Industrial Revolution Industry and the Evolution of Warehousing Development

Stages of the
industrial
revolution

development

Technologies

Evolution stages

Technologies

Industry

Warehousing

Mechanization of production;
steam power
[19-20]

Industry 1.0
(1784-1860)

Warehousing 1.0

Manual System; Mechanical System; Bulk/Case
Handling; Bulk & Horizontal Storage; Wide Aisle
Configuration; Oral-Based Communication;
Individual Decision

Electricity and production

Industry 2.0 assembly lines; mass
(1861-1947) production
[21-22]

Warehousing 2.0

Electrical System; Electrical-mechano System; Pallet
Handling; Block-Stracking & Verticla Storage;
Narrow Aisle Configuration; Paper-Based
Communication; Group Decision.

Partial automation of
production processes;
computer systems;
mobile robots
[23-24]

Industry 3.0
(1947-2010)

Warehousing 3.0

Information System; Automated System; Automatic
Handling; Dense& High-Level Storage; Very Narrow
Aisle Configuration; Computer-Based
Communication; Centralized Decision.

Industrial Internet of Things;
Smart Manufacturing;
Cyber-physical system

[25-27]

Industry 4.0
(2011- uptill now)

Warehousing 4.0

Collaborative System; Autonomous System; Smart
Handling; Chaotic and Compact Storage; Dynamic
Aisle Configuration; Interconnection-Based
Communication; Decentralized Decision

As you can see from the table 1 technologies that are
used in Warehousing are directly dependent on the level
of development of the basic technologies of the current
industrial ~ revolution.  Considering  the  modern
technological advances that have found application in
Industry 4.0, you can see that modern Warehousing 4.0
systems are aimed at solving the problems of Smart
Manufacturing and should implement the following
functions:

- Collaborative System is a synthesis of systems, on
the one hand - an operator who monitors the warehouse
through the Human-machine interface (HMI), on the other
hand - automatic robotic platforms (Shuttle) based on
artificial intelligence (Al) that can work together with a
human for solving problems of optimal storage of
different types of products;

- Autonomous System is an autonomous self-healing
system for storing data on the arrival, transportation,
movement of products inside the warehouse and their
issuance for the implementation of the Lean Production
concept (Just in Time and 5C), which allows you to
reduce the loss of time waiting for materials, parts, semi-
finished products or the necessary information for
production process;

- Smart Handling — identification of products by a
robotic platform (Shuttle) using modern Near Field
Communication (NFC), Radio Frequency ldentification

(RFID) technologies, as well as the use of computer vision
to recognize 2D barcodes, ISBN and QR codes;

- Chaotic and Compact Storage — storage of different
types of products on the same level of the shuttle system
of storage racks (Pallet Shuttle system), to achieve the
highest possible storage density;

- Dynamic Aisle Configuration — implementation of
methods for constructing a route of movement of a robotic
platform (Shuttle) in both horizontal and vertical
projections for loading and unloading products, using
intelligent decision-making systems;

- Interconnection-Based Communication — the use of
multiple computer networks (wired, wireless), since any
pair of hosts on connected networks can exchange
messages, regardless of their hardware-level networking
technologies, within the overall Industrial Internet of
Things for Smart Manufacturing;

- Decentralized Decision — making decisions on the
placement, movement and path of unloading products
from storage racks is delegated to a robotic platform
(Shuttle), and general information on the number and type
of products stored in the warehouse (s) is in
the general control system implemented on Cloud
Computing.

The stages of the evolution of Warehousing with the
technologies used for the development of industrial
technologies are shown in fig. 2.
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Fig. 2. Evolution of Warehousing

Analyzing the technologies that led to the
development of Warehousing, it is worth paying attention
to the evolution of Warehouse Management Systems
(WMS), as one of the most important components on the
basis of which the requirements for warehouse automation
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in Smart Manufacturing are implemented and achieved
[28-32]. Based on the analysis, the following technologies
were selected as the basis for each stage of WMS
development, which are presented in table 2 for ease of
comparison.

Table 2. The use of basic WMS technologies in the evolution stages of Warehousing

Evolution stages

Warehouse Management Systems

Technologies

Mechanical

Warehousing 1.0 Handling System

Manual or Hydraulic Pallet Jack; Manual or Hydraulic
Pulley; Manual or Hydraulic Crane; Manual or Cravity
Conveyor

Electro-Mechanical

Warehousing 2.0 Handling System

Electro-mechano Pallet Jack; Forklift; Order-Picker Truck;
Electro-mechano Crane; Electro-Mechano Conveyor

Automated

Warehousing 3.0 Handling System

Automated Guided Vehicle; Automated Storage and
Retrieval System; Horizontal Carousel; Vertical Life Module

Autonomous

Warehousing 4.0 Handling System

Mobile Autonomous Rack System; Autonomous Vehicle
Storage and Retrieval System; Compact Storage and
Retrieval System; Collaborative Robot System.

To implement the requirements for modern WMS,
within the framework of Industry 4.0 concepts for SM, it
is necessary to implement basic technologies that allow
providing the following functions:

- Mobile Autonomous Rack System — Shelving
systems that fit into a rail system so that the shelves can
move back and forth along the rails. The advantage of
mobile shelving systems is that it is possible to transform
small sections of a building into storage rooms that can
accommodate a large number of items. Modern WMS
uses mobile robotic platforms (Shuttle) or automated
forklifts that move along or inside the racking system;

- Autonomous Vehicle Storage and Retrieval System
(AS / RS) — the use of automated controlled lifting and
transport devices that deliver products to the warehouse
and retrieve them from there as needed. Automated
warehouse systems allow you to save storage space, which
speeds up warehouse operations and improves control
over SM inventory, based on the use of technologies for

identifying products and their location in the warehouse.
AS | RS, as a rule, is used in warehouses where large
cargo is moved with high intensity, with high storage
density due to space constraints;

- Compact Storage and Retrieval System -
automated systems that efficiently and safely store
products in a compact size. They also allow operators to
retrieve items quickly and easily, provided with an
extensive list of alternative names as needed, such as:
dynamic storage systems, high-density storage and
retrieval systems, and custom picking technology;

- Collaborative Robot System - a system of
automatic group control of mobile robotic platforms,
which interacts with the operator, in order to share the
workspace, to solve the problems of storage, loading,
unloading of products.

The levels of development of basic WMS
technologies, at the stages of the evolution of
Warehousing, are shown in fig. 3.
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Fig. 3. Levels of development of basic WMS technologies in the stages of evolution of Warehousing

3. Analysis of the implementation of modern
technologies Warehousing 4.0 for Lean Production
indicators, within the framework of the industrial
revolutions Industry 4.0

One of the complex indicators of the effectiveness of the
implementation of modern technologies in Warehouse
Management Systems (WMS), in the form of
Warehousing 4.0, is its impact on the performance of Lean

Production [33-35]. Table 3 shows the results of a
comparative analysis of the impact of Warehousing 4.0
and Warehouse Management Systems technologies on key
LP indicators: Heijunka, Just-in-time, Kanban, Total
Productive Maintenance (TPM), Optimize the ergonomics
of the place of work (5S), Single Minute Exchange of Die
(SMED), and Mistake proofing (Poka yoke).

Table 3. Comparison of the impact of Warehousing 4.0 and Warehouse Management Systems technologies on LP key indicators

Industry 4.0 _ - Instruments of Lean Production
ys Heijunka | Just-in-time | Kanban [ TPM | 55 | SMED | Poka yoke
Warehousing 4.0
Collaborative System +++ +++ ++ + +++ + FH+
Autonomous System ++ +++ + + T+ 4+ T
Smart Handling +++ +++ + + 4+ +++ 4+
Chaotic and Compact Storage ++ ++ - + ++ + ++
Dynamic Aisle Configuration +++ +++ + ++ ++ T+
Interconnection-Based +++ +++ + - +++ 4+ +
Communication
Decentralized Decision +++ +++ + - ++ +++ 4+
Warehouse Management Systems (WMS)
Mobile Autonomous Rack System +++ ++ + + +++ +++ +
Autonomous Vehicle Storage and it - i . ot R s
Retrieval System
Compact Storage and Retrieval - + . . s ] R
System
Collaborative Robot System +++ +++ ++ - 4+ +++ +++
“+++” — strong impact; “++” — medium impact; “+” — weak impact; “— — no impact

Results

Analyzing the results obtained, it can be concluded
that the introduction of advanced technologies in WMS, in
the framework of Warehousing 4.0, will improve the
process of supply chain management of the necessary
materials for the smooth functioning of cyber-physical
production systems in the SM concept. One of the
promising directions for achieving the effectiveness of the
implementation of Lean Production tools in WMS systems
is the use of Collaborative Robot System technology,
which makes it possible to ensure high density of storage
of goods in Warehousing. It is worth noting that modern
control systems for mobile robotic platforms, such as
Toyota RadioShuttle, Raymond RadioShuttle, Rochiev
RadioShuttle, have their own limitations in the methods of
warehousing, loading and unloading goods (First-In-First-
Out (FIFO), Last-In -First-Out (LIFQ)) and in design.

These limitations do not allow such systems to be used in
the implementation of Warehousing systems with high
density chaotic storage. Consequently, the authors see the
task in improving the designs of mabile robotic platforms,
which will allow developing a new intelligent group
method for the implementation of loading and unloading
goods, increasing the storage density for unlike goods
(chaotic storage).

Conclusions

Research in this area has shown that Industry 4.0 has
become an impetus in the development of modern
production, due to the introduction of new technologies:
Industrial Internet of Things; Smart Manufacturing;
Cyber-physical system, which requires a change in
management mechanisms, construction and support of
production processes. The authors, during the literary
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analysis of publications, drew attention to the fact that the
existence of Smart Manufacturing is impossible without
the implementation of a more effective strategy for
building and managing supply chains (SCM), which is
based on the synthesis of distribution strategy (Logistics),
storage (Warehousing) and Lean tools. Production. Based
on this, the stages of development of technologies used in
the framework of the industrial revolution Industry were
investigated, and their impact on the evolution of
Warehousing, in terms of functionality, and therefore
made it possible to conduct research on the development
of Warehouse Management Systems (WMS) technology.
To prove the need for research and search for new
solutions for the implementation of storage tasks with

high randomness and density, in the framework of
Warehousing 4.0 for Smart Manufacturing, a table was
developed comparing the impact of Warehousing 4.0 and
Warehouse Management Systems technologies on key
Lean Production tools. This table shows how the
implementation of new technologies in Warehousing 4.0
and Warehouse Management Systems (WMS) affects the
efficiency of Lean Production tools such as: Heijunka,
Just-in-time, 5S. This makes it possible to assert that the
introduction of new models and methods for managing
complex warehouses with chaatic storage of high-density
products is impossible without the use of maobile robotic
autonomous systems, which will optimize the supply
chain management process in Smart Manufacturing.
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EBOJIIOLII PO3BUTKY I'PYIIOBOI'O YIIPABJIIHHS MOBLIBHUMHU
POBOTU30BAHUMMU INVIAT®OPMAMMU B WAREHOUSING 4.0.

O0’€KTOM JaHOTO JOCTIHKEHHS € TEXHOJIOTiA YIPaBIiHHA rpynaMi MoOUTEHHX poOoTiB B KoHuenuii Industry 4.0 ta ii ckinagoBux.
MeTto10 cTaTTi € aHaji3 LUIAXiB peamizauii eQeKTUBHOI cTparerii Ta ympaBliHHSI MOOINBHHUMH pOOOTH30BaHMMHU IUIaTGopmMamu B
CKJIQJICBKHX CHCTEMax, K KII0Y0BOTo iHcTpyMeHTy Lean Production. [[yist mocsirHEHHS NOCTaBIEHOI METH HEOOXiTHO BHUPIIIMTH
HACTYIHI 3aBJaHHSI: IIPOBECTH aHAaJi3 YIPABIIHHS JaHOIOTaMH IMOCTaBOK B Smart Manufacturing, B pamkax Industry 4.0, i #oro
BIUIMB Ha JOCSTHeHHs miied Lean Production; mocmimuTe eBONIONIIO 1X 3aCTOCOBYBAaHHMX y CKJIAJCHKHX TEXHOJOTISX B JMHAMIII
PO3BHTKY TIpoMHUCIOoBO1 peBodromii Industry 4.0; npoananizyBatu eBonronito Warechouse Management Systems (WMS), sixk ogHOTO 13
HaBaXIUBIIIUX KOMIIOHEHTIB, SIKi BiANOBiAlOTh BUMOTaM JI0 aBTOMAaTH3allil ckiaagyBaHHA B Smart Manufacturing 3a 1omomororo
IPYNOBOTO YMpPAaBIiHHSA MOOITPHHMH POOOTH30BAaHHUMHK IUIAT(OPMAMH; MPOBECTH MOPIBHSHHS TEXHOJOTIH, IO 3aCTOCOBYIOTHCS
Warehousing 4.0 i cucremMu ympaBiHHS CKJIaJ0OM Ta iX BIUIMB Ha Ki040Bi mokasHukd Lean Production. PesyabraTm: ogHum i3
MEPCICKTUBHUX HANPSAMKIB JOCATHEHHS e(QEeKTHBHOCTI BIPOBA/LKEHHS iHCTpyMeHTiB Lean Production y cuctemu WMS e
BukopucranHs texHouorii Collaborative Robot System, sika 1ae MOJIMBICTh 3a0€3MI€UNTH BHCOKY IIUIBHICTH 30epiraHHs TOBapiB y
Warehousing. OnHak cydacHi MOOITPHUMH POOOTOTEXHIYHUMH ILUIATGOpPMaMH MalOTh CBOI OOMEXEHHS, SIK y MeToAax peaiizamii
3aBaHTAXCHHS Ta BUBAHTA)KCHHS TOBAPIB, TaK 1 y KOHCTPYKLifHOMY BHKOHaHHI. OT)Xe, aBTOpPH BOAUAIOTh 3aBJaHHs B YJOCKOHAJICHH]
KOHCTPYKI[IH MOOUTEHMX pPOOOTOTEXHIUYHHMX IIaTGopM, IO JO3BOJUTH PO3POOUTH HOBHI IHTENEKTyalbHHH TPYIOBHH METOJ
peamizamii 3aBaHTa)KCHHS Ta BUBAHTaKCHHS TOBApiB, 30UIBLIMBIIM IIUIBHICTH 30epiraHHs pi3HOMMEHHHUX TOBapiB. BHUCHOBKHM:
MIPOBENICHO 3arajibHUil aHami3 BILIMBY TexHosorid Warehousing 4.0 i Warehouse Management Systems Ha KJIFOUOBi iHCTPYMEHTH
Lean Production, sikuii mokasye Sk BIOPOBAaI)KCHHS HOBUX TEXHOJIOTiIH TPyMOBOTO YHPAaBIiHHS POOOTH30BaHMMH IUTaTPOPMaMH B
Warehousing 4.0 i cucremu ympasiiHHS ckinagamu (WMS) BrnmBae Ha eQeKTHBHICTh Takux iHCTpyMeHTIB Lean Production sk:
Heijunka, Just-in-time, 5S. Ile mo3BOJIsIE CTBEPIDKYBATH, IO BIPOBA[DKEHHS HOBHUX MOJENEH 1 METOMIB YIPABIiHHI CKJIAJIHUMHU
CKJIQJIaMH 3 BHCOKOIO LIUTBHICTIO Ta XaOTHYHHM 30epiraHHsAM BHpOOIB, HIIIXOM BHUKOPHUCTAHHS MOOUIBHHX POOOTOTEXHIYHHX
ABTOHOMHHX CHCTEM, JI03BOJIUTH 3HAYHO ONTHMIi3yBaTH HPOLEC YIPaBIiHHA JIAHIFOTaMHU ITOCTaBOK B Smart Manufacturing.
Kumrouogi ciiosa: Industry 4.0; Smart Manufacturing; Logistics 4.0; Warehousing 4.0; Lean Production.

IBOJIIOIIMU PAZBUTUSA I'PYIIIIOBOI'O YIIPABJIEHUA MOBUJIBHBIMH
POBOTU3NPOBAHBIMU IIVIAT®OPMAMMU B WAREHOUSING 4.0.

IIpeaAMeTOM TaHHOTO HCCICAOBAHUS SBIISIETCS TEXHOJIOTHS YIIPABJICHHS TPyIIaMi MOOWIIBHBIX po00TOB B KoHIeniwmu Industry 4.0 u
ee cocrapistonyx. [leblo TaHHON CTaThM SABISIETCS TOUCK MyTeil peanu3annu 3G PEeKTHBHOI cTpaTerny MOCTPOCHHUS U YIPABICHUS
MOOWIEHBIMU poOOTH3MpOBaHHBIMHE TTaTdopmamu B Warehousing, kak kirodeBoro uacTpymenta Lean Production. {ins moctmkeHus
MOCTAaBJICHHOH LIEJIM HEOOXOJMMO DPEIINTh CICIYIOIIHE 3aJa4Yd: IPOBECTH aHAIN3 YNpPAaBJCHMS LENOYKaMH IOCTaBOK B Smart
Manufacturing, B pamkax Industry 4.0 u ero BmusiHme Ha mocTmkeHus nenedl Lean Production; wuccrmenoBate 3BONIOMHUIO
npuMensieMbix B Warehousing TexHoJorHil B [MHAMHKE Pa3BUTHS MPOMbINLICHHON peBomonun Industry 4.0; mpoaHamu3upoBath
ssosmorio Warehouse Management Systems (WMS), kak 0HOTO W3 BaKHEWIIHNX KOMIIOHEHTOB, Ha 0a3e KOTOPOTO Peau3yoTcs U
JOCTHTAlOTCsl TpeOOBaHMSI K aBTOMATH3alMK CKiaaupoBanus B Smart Manufacturing mpu rpynmoBoM ympaBIeHHH MOGHIBHBIMH
POOOTH3UPOBAHHBIMU UIATGHOPMAMHU; MPOBECTH CPABHEHHE BIUSHHS TEXHONOTHWi, mpumensiembix Warehousing 4.0 u Warehouse
Management Systems, ma xmoueBble mokasarenu Lean Production. Pe3yabTaThl: OZHMM M3 MEPCICKTUBHBIX HAIPABICHUI
nmoctmkerns 3 dekTuBHOCTH BHeApeHus nHctpymentoB Lean Production B cucremsr WMS siBiisietcst nCTonb30BaHUE TEXHOIOTHH
Collaborative Robot System, kortopas maeT BO3MOXKHOCTh OOECIIEYUTH BBICOKYIO IJIOTHOCTh XpaHeHus u3menuit B \Warehousing.
OnHaKo COBpEMEHHbIE MOOHJIBHBIE POOOTOTEXHHYECKHE ILIaT(GOPMBI HMEIOT CBOM OTPaHMYEHHS KaKk B METOJaX pealH3alluu
NOTPY3KH W BBITPY3KH U3JCIMi, TaK W B KOHCTPYKUHOHHOM ucnoiHeHnH. CrefoBarelbHO, aBTOPbl BHAAT 3a1a4y B
YCOBEPIICHCTBOBAHUKM ~ KOHCTPYKIMIT MOOHIIBHBIX ~POGOTOTEXHHYECKHX IIAaTopM, 4YTO TO3BOJMT pa3paboTaTth  HOBBIH
MHTEJUIEKTYalbHBIA TPYNIOBOM METOJ pealu3allid TMOTPY3KH M BBITPY3KH H3JCHi, YBEIMYHB IUIOTHOCTh XPAaHEHHS IS
Pa3HOMMEHHBIX TOBapOB. BBIBOABI: B paboTe MPOBE/ICH CPaBHUTENBHbIN aHaIn3 BIusHUS TexHosoruii Warehousing 4.0 u Warehouse
Management Systems Ha xiroyeBble HHCTpyMeHTHI Lean Production, xoTopslii mokasbIBaeT, Kak BHEIPEHHE HOBBIX TEXHOJOTHI
rPYIIIOBOTO ympaBieHus pobortusupoBanubiMu miathopmamu B Warehousing 4.0 u Warehouse Management Systems (WMS)
BiusieT Ha addekTuBHOCTH HHCTpyMeHTOB Lean Production, takux kak: Heijunka, Just-in-time, 5S. Dto nmo3Bosnio yTBepkaaTh, 4TO
BHE/IPCHHE HOBBIX MOJENEH M METOJOB YIPABJICHUS CIOXKHBIMH CKJIaIaMH C BBICOKOW IUIOTHOCTBIO M XAOTHYECKMM XpaHEHHEM
H3}16J’llfll\/’1, IYTEM HCIIOJIb30BAHUA MOOHMIIBHBIX pOGOTOTeXHI/I‘[eCKI/IX ABTOHOMHBIX CHCTEM, IMO3BOJIUT 3HAYUTCIBHO ONTHUMH3UPOBATH
Tpoliecc ympasJeHus ernoykaMu moctaBok B Smart Manufacturing.
Kimouesnie ciioBa: Industry 4.0; Smart Manufacturing; Logistics 4.0; Warehousing 4.0; Lean Production.
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