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Abstract: The presented manuscript points to the poss#slitf implementing Smart glasses in warehouse neamef.
With the introduction of augmented reality (AR)istpossible to speed up warehouse employees'sgesenust ensure
significantly. The first part of the article dealsth the issue of augmented reality and the olgecising system. The
second part is focused on the possibilities of ARarehouse management to increase productivigy nfdin part of the
study focuses on comparing four systems that opeénatlistribution centres. The study evaluated deskcribed the
benefits of their implementation. Overall, the fimgs show that the performance of Smart technotofpeusing on
augmented reality is becoming a novelty in warehmuwith significant services for businesses. ARIs pointed out
by implementing Industry 4.0 ideas in the concépteating digital twins of manufacturing companiebich is a current
trend.

1 Introduction translation capture is the process of recognisiognning,
The time we live in is technologically advanced an§egmenting and analysing the environment performed

offers us new challenges. Augmented reality aga fof USing a camera and various sensors (GPS sensor,

perception of the environment is its result. Ityides us accelerometer, gyroscope, digital compass, etf.) [1

with a worldview that enriches us to create adddesfor The blog blippAR.com writes that augmented reality

society. Currently, the display of reality with @ddobjects can be divided into three basic methods accordirtipptv

is very popular and trendy. Therefore, this arickmain  digital objects are displayed. Let's look at théics we

purpose is to analyse the use of augmented reiality know to start displaying digital content [2].

warehousing as a tool to facilitate the activitieb

employees in a human-warehouse relationship. Pisoep 1.1 ~ Marked- Based AR

of augmented reality we can say that we use a mobil Marker-based AR or augmented reality based on

display unit to display 3D models and informatigh. markers is a typical way that real-time object kiag can

mobile phone, tablet and smart glasses can sereairas Work. The marker is the starting point and charéstte of

unit. this method. It can be characters, pictures, aziigects,
Division according to AR display whose main task is to carry digital information. eTh
The technology we use to display augmented realitgchnology uses a marker to recognise the position,
includes: orientation of an element in space, or other prigrethat
«  Imaging device - we consider it a camera or a came#lescribe an object. Subsequently, using the softmakes
that captures the real environment. it possible to turn the marker into a digital iteising AR.
« Computing devices — smartphones, tabletdflarkers also developed, which led to the fact tay
computers, and other similar devices that perforiiinage, even a living element of the physical wockl,ld
software operations. be considered a marker. Bar codes and later QRscee

« Imaging device - its task is to draw the resultingonsidered among the first markers. Clear developme
image. These are devices such as a monitor, poojectand division of markers into groups was prepared by
HMD glasses, smartphone or tablet. Professor Vladimir Geroimenko and shown in the

following diagram in Figure 1 [3].
AR's accessibility to the general public is theutesf

an advanced time that has given us such devicesaha

operate easily and contain all three component&ingr

synchronously and together. Tracking, trackingrofuill
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space. It is a method where the user can moveseritival
objects in a real environment. We will also giveesample
to clarify this way of displaying AR: Imagine an
: application that can help us furnish an apartmamgsior.
Real-ife The application must be available on a device wvaith
jarker (2 camera; the most commonly used are smartphones or
human face) tablets. Subsequently, the user must decide whensert
piatural the virtual object (in our case furniture), and ttanera
e captures the space. The table does not float wibegdsin
the area; we can anchor it on a flat surface fagadistic

Printed AR

EIE | Marker idea. Many such markerless AR applications are more
m mn““ accessible to the general public, especially ontghanes.
89012

1.3 Location - Based AR

This kind of augmented reality does not need marker

Figure 1 Development of markers according to V.dBeenko  to track. Position recognition is important. Spatia

[3] orientation is performed using GPS coordinatestednic
roscope or compass. Location-based AR is motatdei
pecially for the exterior. A device using this ARethod
knows with sufficient accuracy where it is located
rotated. As with the previous types, it is better t
understand AR's workings with an example: Imagire w
are walking down an urban street. We see a landmark
would like to know more about. A device with the
appropriate location-based AR application registars
irtual tag with the camera. It will then displayfarmation
Bout the object. However, to ensure that digit&t A
content appears in the right place, your device tmus
pinpoint its location. The Pokemon GO applicatistaliso
known for this way of displaying AR [4].

I

0123456

To better understand the use of marker-based AR, \gé
can give an example with animation in a book: Ifwamnt
to display an educational application in a boole tiser
must have a device with appropriate software azahzera.
The user must recognise this marker on the relesidet
where a distinctive image serves as a marker, aimd fhe
device's camera at it. Subsequently, a digitalalisation
will be displayed, i.e. an animation hidden in th
appropriate tag. The user can also move through tg
physical book and see how the virtual object "hbdaisthe
page's actual surface [2].

1.2 Markerless- Based AR
As the name implies, we can deduce that markerleg$ision according to the use of the senses

AR applications do not use markers to recognise amkfining the division of AR according to the senges
mediate augmented reality. This augmented reakhod  ghown in Figure 2, which depicts all kinds of reasthat

does not require prior knowledge of the user emvirent 5 person can perceive and the corresponding kind of
for the 3D content to occur and be held in a figktte in augmented reality.

“ Visual AR - Sight
“ Audio AR - Hearing

Figure 2 Augmented Reality divided according tesgsr5]

* Visual AR - Most of the information a person has simultaneously. It is the most common way of
visually acquired. AR enhances the visual sense and administering AR, applicable almost everywhere.
allows people to see the digital and physical worlde  Audio AR - Audio-transmitted AR mainly uses

glasses and headsets to, e.g. the workers had their
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hands free and could operate the handling equipmegt  Methodology

The kit has the attenuating effects of external
background noise and can
information at work.

) Picking goods is one of the most important phases a
provide producperations in the warehouse, where proper warehouse
logistics can save the company considerable fimdnci

* Haptic AR - This AR is based on tactile sensors angosts. This initial phase of fulfilling a customerder is
their feedback. It can play an important role imost important, as it is essential for the fundlig of
medicine by using 5G haptic gloves in remote syrgepther processes such as order packaging, shippirdy,
and teaching doctors in large numbers through reajfter-sales activities. Besides, this basic warsimgu

time professional cooperation.

process covers the highest part of the warehouse's

Olfactory AR, Gustatory AR - Smell and taste are gperating costs and expenses. Therefore, the iseleait
theoretically also usable in augmented reality,diut goods from the warehouse, respectively. Pickingtrhes
the moment they are just thoughts of the futures It flawless, and automated systems and technologglsee
assumed that these types of AR could sensory fgentheeded to streamline the whole process. In thig, are
the threat in the company. According to the blog cdugmented reality is engaged and implemented as a
the ericsson.com portal, they are more likely to bgyanagement tool for picking goods.
used in the gaming industry, to improve the To streamline and speed up the entire order picking

enjoyment and enjoyment of the game [5].

process, employees are looking for ever newer isolsit

through new technologies and picking systems [9]:

Division according to the way the image is joined .

There are three different ways to combine a physica
environment image and a virtual environment imadfe.
know the so-called "See-through AR" (optical andea
display) and "Spatial AR" (PA model) [6].

OPTICAL SEE-THROUGH

This optical display method uses normal or semi-
transparent mirrors to display the real environm@&ie
virtual object is implemented in these mirrors, #mgs the
real and digital world and its combination are cectad. It
belongs to the older ways of clicking the imagelaowe
already know much more advanced methods.

VIDEO SEE-THROUGH

A well-known system using a camera for recordirg th
surroundings, where the connection and displayhef t.
relationship between the digital and real imagetiom
display is performed utilising a computing deviag(
smartphone, tablet). The great advantage of tlEtesyis
the possibility of interaction with augmented rali .

Projection augmented models (PA Model)
Spatial AR is a type of augmented reality where
computer-generated information is projected diyeitto
the user environment. The PA model belongs toARs
type and is closely related to the tactile usetirenment
(TUI. TUI was developed by Hiroshi Ishii, a prafes at
MIT Media Laboratory, who presents tangible bitsaas
vision that seeks to give a physical form of digita
information. The bits can then be directly manipedsand

The Pick-by-Paper system is a traditional way for
employees to remove goods from the warehouse. In
their work, they use a paper list of goods, which
contains the number of goods, the number of reduire
pieces and the location in which the assortment is
located. Working with such a system is inefficiant
very laborious.

The RF picking system is a very popular picking
system, where all products must be marked with
RFID codes. Using radiofrequency mobile devices -
terminals, the appropriate RFID code is scanned fro
the tag, and then the action is performed. RFID
scanning can be easily disturbed by the close pcese
of some devices, amounts of fluids or metals.

The Pick-by-Light system is more difficult to inkta

as you need barcode scanners and special LEDs
located directly on the shelves and racks of the
warehouse, so this system is costly.

The Pick-by-Voice system is another way to help an
employee and streamline their work in selecting and
picking goods through a headset that provides him
with an input flow of information and instructions.
This system's disadvantage is the impossibilitysaf

in a noisy environment because the employee would
not hear instructions from the system.

Pick-by-Vision system

It is the Pick-by-Vision system that will interest from
the perspective of augmented reality. It is onghefmost

tactile, thus seeking a seamless connection betweg@dern techniques for the order picking processiéffets

physical and virtual objects [7].

significantly from the systems mentioned above. The

The PA model can be understood as imaging usingierest of this system supported by augmentedtydal

projector, where the object can be projected dirento
the real environment on a wall, objects or as adram.
According to Di Donat, when casting on a wall or on
objects, it is not always necessary to speak of ARthis

is quite certain [8].

navigation based mainly on visualisation, which ¢ten
divided into 3 types, which are mutually supporfte@]:

Meta navigation- Draws the user's attention toabje
that are out of the HMD's field of view at a pautar
time.

Rough navigation - The goal is to transport the use
to the correct aisle and shelf of the warehouse.
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* Fine navigation - From it, the user has the bes$bcuses on vision picking, which describes in deites use
experience of augmented reality, because the systefpick-by-vision by DHL, which has long been invetl
navigates him directly to the field he needsin developing this innovation and, in addition tonaal
Subsequently, he can pick up the goods from threports, also provided an expert study on thistofle also
found box. know other companies in the world known for

implementing such tools to support and streamlime t
With augmented reality, Vision picking has created entire logistics process [14].

completely new way of managing warehouses and has

made it possible for many companies to streamie&t 3.1 Vision picking by DHL

accuracy and productivity level. This relatively wne DHL's global supply chain is one of the first comigs

technology advances warehouse management by saviodntroduce augmented reality technology into \figion

manual effort, time, and eliminating individual @s. Picking program. In cooperation with Google, Vuaixd

There are development companies on the marketeBirer Ubimax, it was first tested in 2014 at the DutchLDpfant.

currently systems from Knapp, SAP, DHL and Ubimashe entire system runs on a platform from Ubimabere

creating an extended environment using HMD forpilck- & worker uses Google Glass or Vuzix smart glassésaa
by-vision system, from which large companies casose ring scanner to pick up goods. These devices peotlid

to address them [11]. operator with several functions and informatione Tinst
step for working with the system is to log in thgeator
3 Results and Discussion and turn on the necessary equipment. After beiegtgd

In terms of sales and logistics, the two areaslasely by the device, the user selects an available aguitk and
linked. The importance of logistics for total sdies inthe scans it into the machine. A visual aid is graphica
speed and efficiency of the delivery of goods in 8isplayed through the glasses, where you will fthe
warehouse-customer relationship. This sectionladlk at  information needed to pick up the order. The usesshe
how the logistics process has changed and how A®sle number in the graphical tool, the exact aflimn of
technology is implemented in this area. the goods, the quantity he has to select, anddRkeitem.

In recent years, the entire logistics process b This information accurately, quickly and efficignguides
technologically improved by transforming and digjitig the worker to a given order item. Therefore, thetimod of
various processes, resulting in Logistics 4.0. .[12picking goods is much more efficient than the dtapaper
Technological improvements can also be seen in tiierm of picking. After reading the item's barcodéthw
introduction of advanced computer vision techniggash glasses, the system automatically indicates in kvbfdhe
as augmented reality. It can influence and strew#ey boxes on the cart the item should be inserted manehat
processes in the warehouse, such as collectintpgaand number. The system knows exactly the position ef th
loading goods. This technology makes the warehoub@xes on the trolley. By using the headset, thekers
smarter by making it easier for operators to piokds, hands are released, so he can work more efficientig
show them the right way to sort the range, helgaipes Visual aid in the glasses helps sort the prodiritgite 3),
load goods in the best possible order, and ideatifyalert thus ensuring the speed and overall quality of work
the risk of damage when distributing goods [13].this is Regarding training workers and comprehensive iat&yr
done with 10T, which helps us connect devices,abjand into the work process, we can say that this tedgyols
people to the Internet. In warehouses, this wibviitle not difficult to use and will be quickly adopted liye
much faster access to data and information. Thenmany worker. DHL's vision is to integrate AR into theties
possibilities for using augmented reality in thgistics process of distributing goods in the warehouse sacro
system, but the most common is vision picking. Agultiple operations to increase and improve custome
mentioned above, pick by vision is mediated by anCH benefits [15].
display, i.e. smart glasses of various brands. @Hisle

»

Progress 8

Aisle Number —— TO6
Location T 010.2

Quantity — 3X

— Trolley
TO7

Next Pick -

0221

Figure 3 DHL Vision Picking [15]
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DHL is considered to be one of the first compamies information technologies such as loT, Al, Blockehand
address the topic of augmented reality through-pick the like. As part of the Samsung Cello project,ythe
vision in logistics. However, we also know otherrido introduced vision picking in 2015 and incorporatieitito
giants in their field who have also started pickgmpds their intelligent storage program at a Europeatritligion
using this technology because they saw potentiaith& centre in the Netherlands. The entire technologns ron
companies use xPick from Ubimax for picking goaas, the Ubimax platform. After switching on the devithe
well as DHL, xPick. This augmented reality solugon user starts picking the goods by finding the gopdsition
company is among the best in its field. Becausseddicted using smart glasses. Employee checks (Figure 4) the
companies use xPick, the way the software works amdimber of the selected goods if everything fitscdmfirms

works is very similar. it with a smartwatch and enters the number. Thel@mnep
continues by checking the other goods with glasses
3.2 Samsung SDS going over them. The visual aid mediated by thessga

SAMSUNG SDS is a subsidiary of Samsungprovides information to a similar extent as in MElL
Corporation, which develops and researches nesystem [16].

| !
Figure 4 Samsung Vision Picking [16]

3.3 Coca-ColaHBC image in the field of view, the worker sees thekeit

Coca-Cola HBC is a company based in Thessalonikipjects, picking points and quantities. He givesrirctions
Greece, known to everyone as a beverage compaey. Ky voice and confirms the process. The hands-fealso
difference between the method of picking goodshis t includes a camera, with which the worker readsQfe
company and the previous two is using the devioe. £ode of the pallet needed when picking the gootisy T
northern Greece, in 2019, they began this method e®mbined this innovation with the Coca-Cola SAP and
picking through the RealWear HMT-1, which have aeno WMS production system for fast real-time informatio
powerful appearance than Google Glass. In the alirtuflow [17].

Pallet Overview CAMERA [ Pallet Overview - CAMERA

Figure 5 Coca — Cola HBC [17]

34 Intd ADC and shelf position where the goods are located|éfhpart

The Intel distribution centre in Arizona testediais Of the field of view is the remaining informatiosiich as
picking in 2017. The xPick software was supplemeig the product code, the number of goods and theitesrt
Intel Recon Jet Pro glasses developed specifitaiiheir When picking up the product, a Zebra ring scansi@tso
distribution centre. These glasses are designedit to used, which scans individual objects' barcodes.syhtem
ergonomically in a given work environment. Theautomatically notifies the employee to documengiFe
information about the goods is graphically dispthirethe  6) the delivery note before proceeding to the rexer
glasses. In the upper right corner, the worker #eeaisle [18,19].
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Figure 6 Intel ADC Pilot [18]

Table 1 shows the technologies used by selected
companies when picking goods in a pick-by-visiommex
for better clarity.

Table 1 Equipment used by selected companies $mrvPicking [authors own processing]

Google Glass

ENTERPRISE EDITION Doogle Siss

ENTERPRISE EDITION
Intel Recon Jet Pro

R SOCKET mobile RealWear HMT-1
VUZIX M300XL sCanner ZEBRA scanner
ZEBRA scanner AMHSHAR Gear 35
Conclusion DHL Supply |[SAMSUNG|COCA-COLA| INTEL
Each of the analysed companies using vision pickir»g Ch‘f’“_” SDS_ i HBC ADC
for the distribution of goods praises the techngloger ~|roductivity OProductlwty Increase Speed
time and sees great benefits. In the following fmithe |increase by 15 mcreaose bperforrg]ance ncrease
benefits brought by augmented reality technologyttie spee% increai12-22% by 6-8% by 29%
support of warehouse logistics are subjectivelyuatad: by 25% i
«  improving ergonomics at work Increased Reduction |Accuracy Error rate
« increased safety by releasing the hands accuracy of error rat¢99,9% 0%
« faster picking by 10%

response speed

facility

absorption effect on the worker

These benefits are reflected in the overall in@das
productivity. The error rate will be reduced manyes
with the introduction of vision picking.

Accuracy is very important for customer satisfattio
In the following Table 2, we can see how the use
augmented reality in selected companies has corgdb

Table 2 Equipment used by selected companies $@mrVi

amount of information in one device L ,
Picking [authors own processing]

connection to the entire warehouse system and

The analysis of the way of using augmented reatity
picking goods brings added value in two pointse-ghare
of the use of augmented reality in the logisticglabal
companies and a description of the benefits of the
technology based on research activities of these
companies. It is known that more than half of #sources
in the warehouse are involved in order picking wankd
éherefore major global companies are trying to cedhese
costs. One of the innovative tools is the visiarkpig just
researched. Selected companies (DHL Supply Chain,
Samsung SDS, Coca-Cola GBC, Intel ADC) adopted this
method in their operations in 2014-2020, but aésth
companies had uniform conclusions. Implementing
augmented reality through smart glasses with apiatep

ftware reduces errors and the risk of injury atkwOn
the contrary, it increases the accuracy, performasmeed
and flexibility of the worker, which bears fruit imgher
overall productivity. From the point of view of thissue,

no rugged scanners and papers
ease of use
clarity of information about the goods in the

speed of training

use even in noisy environments

eliminates the risk of causing an error to pensbn
change in the work environment and th
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we conclude that medium and large companies’ Tangible and embedded interaction, pp. 15-25, 2008.
attractiveness and potential is very great. Thisv ne  doi:10.1145/1347390.1347392

technology investment could be costly and unnecgésa  [8] DI DONATO, M., FIORENTINO, M., UVA, A.E.,
small businesses due to the smaller number of ptedu  GATTULLO, M., MONNO, G.: Text legibility for
We assume that vision picking will, thanks to ienbfits, projected Augmented Reality on industrial
become an increasingly popular option for distioyt workbenchesComputer in IndustpNol. 70, No. June,
goods to customers, and many new warehouses andpp. 70-78, 2015. doi:10.1016/j.compind.2015.02.008
distribution centres will adopt this technology. &t [9] Order Picking — Definition, Types & Process,
glasses allow employees to work ergonomically aodem www.zoho.com [Online], Available:
efficiently to work hands-free and without work  https://www.zoho.com/inventory/guides/picking.html
administration. However, these glasses have limited [30 Dec 2020], 2020.

endurance, so manufacturers' challenge is to iserttas [10] SCHWERDTFEGER, B.Pick-by-Vision: Bringing
battery capacity constantly. We are concernedibeking HMD-based Augmented Reality into the Warehpuse
with headsets for a long time may result in posiori and Disertation work, TU Munchen. 2009.

headaches. But compared to traditional paper mickin [11] MOURTZIS, D., SAMOTHRAKIS, V.,
popular barcodes and RFID scanners, this methal is ZOGOPOULOS, V., VLACHOU, E.:Warehouse

much more efficient solution. Design and Operation using Augmented Reality
technology: A Papermaking Industry Case Stad)
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