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Abstract: Augmented reality (AR) is a significant Fourth Ustrial Revolution (IR4.0) technology that employs
computer-generated display, sound, text, and effiecenhance the user's real-world experience girable devices.
Order picking processes have had a substantialeinfe on overall operational efficiency in wareleoomsanagement
systems (WMS). The conventional picking processhallenging to handle, which may result in deviasidrom the
intended picking performance. Pick-by-vision, a neehnological solution for order picking, is regeg growing
attention and is now considered a significant WMBgorting technology. This article explores theifpeesimplications
and prospects of utilizing AR pick-by-vision teclogy in the warehouse picking processes by perfograi narrative
review of the previous review articles. To demagtstthe focus of the main area, this study alssgmts the hierarchical
classification structure of AR implementation in VBMnd highlights the pick-by-vision method. Thelgsia provided
important key findings by evaluating 23 articlesigmal articles and case studies) on AR pick-bsian technology
applications, which are significant to the prospectadvantages of AR pick-by-vision deployment imarahouse
operations. This study gathers knowledge and inghgit can be used by both academics and profedsiovho are
interested in optimizing this new advanced techgwlior future research.

1 Introduction However, the repetitive picking procedure, like dieg

Since the emergence of the IR4.0, augmented real@d checking, consumes time and increases erres rat
(AR) has become one of the most prominent techiesog OWing to human error. -
in manufacturing and logistical operations. In asmuse ~ Enhancing order picking can be costly. For effitien
management system (WMS), AR can be implemented picking process optimization, WMS administratorssmu
fundamental processes including receiving, storinghatch the suitable picking and automation techrique
inventory, order picking, Sh|pp|ng, and qua"ty tohto Fortunately, the use of AR in WMS has Iater bearan
enhance warehousing operations, value-added ssyviceoticeable in terms of enhancing order selectionis T
and transportation. This technology improves thal-re technology boosts WMS productivity by allowing for
world experience of users by using computer-geadratinteractive 3D visualization, quick object tracking
display, sound, text, and effects to help workersegjular inventory management, and automation [11].
tasks like order picking, assembly, and maintenfhei. To address the significance of AR in the order ipigk

Order picking is the process of finding a spedifien ~ Process to streamlmt_a the _wholg process of_ WMS, a
in storage based on a list, loading the items tmeaight Summary of seven review articles is presented daupto
transportation, and delivering them to the placeratthe the ascending years of publication. The earliesieve
follow-up process will take place. Considered asrttain  Paper by De Koster et al. (2007) presented a delail
and most labour-intensive task of warehouses, ordeview of typical decision problems in the desigmda
picking is an important part of prompt assemblye lin control of manual order picking processes. Theyided
production and is accomplished in many manufacgurinon the optimal (internal) layout design, storagegrsnent
industries [4]. Piece picking, cluster picking, equicking, Methods, routing methods, order batching, and zorim
and wave picking are the four types of order pigkjs- their findings, picker-to-part systems (order piske/alk
10]. or drive along the aisles to pick items) have nemgtiless

Manual order picking is recognized as the mostriaboresearch attention compared to parts-to-pickeresyst
intensive function in nearly every warehouse dudtgo [12]. Nonetheless, the study was still lacking eneral
simplicity and low cost. Manual order picking isfimctual ~design procedures and global optimization in opieking
for humans and is normally implemented on papefnd neglected the effect of storage assignment.
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A decade later, Haase & Beimborn (2017) reported tlopinion about defending the barriers. They belithat a
findings from a review study of 17 publicationsmokers’ qualitative, content-sensitive approach is necgssar
acceptance of order picking support systems (OP38)  extract the interactions of parameters insteackiéeting
discovered seven barriers to OPSS adoption, whithe discussed topics solely [16].
comprise an overwhelmingly high subjective taskdloa  The most current study by Rahman et al. (2022)
loss of autonomy, loss of social interaction, negat provided a comprehensive review of AR technology in
influences from co-workers, high complexity in hamgl  digital manufacturing applications. They investeght
the technology, a lack of training, and a lack atunity of mixed reality image recognition, explored mixedlitga
the technology. OPSS provides significant valueeims object recognition, and demonstrated assembly and
of performance improvements. However, social effectisassembly of 3D virtual models using Microsoft
among employees and different supporting situatibast Hololens [17]. Their broad ideas in reviewing AR an
be considered when deploying such solutions ardigital manufacturing context give valuable infotioa on
expecting warehouse workers to use OPSS. The lianita potential benefits and implications for future emtement.
of this study is that OPSS adoption seems to b&e qui In conclusion, the gaps in existing review studias
isolated so far. The suggestion is to integrate thme summarized into two key points. The first ist thvaler
technology with findings from related researchdtein the picking has been the main area of focus and diligen
future [13]. attention in WMS, as it will enhance the entire rapien’'s

In 2020, llankow et al. performed a narrative reviewefficiency. The second is the need for keyword cear
to describe the expected benefits and barriers Rfi\ clarity, as well as particularized documents infgrening
warehouse operations. They also presented resadesdb the review study. Overall, there is still a roomr fo
on the effect of information availability on ordgicking improvement in producing a comprehensive review tha
time. The study not only demonstrated the benefithis studies the state-of-the-art literature, discotleesmissing
picking method, but it also highlighted common &ssthat potential benefits, investigates the challengesd an
arise during order picking operations using AR tegbgy, discusses the possible trends of order pickingguaR in
particularly one involving pickers' comfort [14]oMever, WMS. Therefore, to close the research gap, we flase
this study has a limited review of selected stuydigich following research questions:

do not comprehensively represent the exploratioeadnt e What are the key findings concerning the
knowledge about the usage of AR in the picking meéth prospective advantages of pick-by-vision in
and pickers’ comfortability for pick-by-vision. WMS?

Egger & Masood (2020) conducted a thorough review ¢  What positive implications have been overlooked
to identify the current status, current challengesl future in the literature?
directions of manufacturing related to AR and mixed
reality (MR) research. They concentrated on shoprfl To address these concerns, this paper will highligh

management rather than picking processes, but thecentworks that have used AR in WMS, specificpilbk-
extracted items from the systematic literatureeevand by-vision technology, which will be discussed in mmo
citation network analysis are regarded as impon@ws detalil in the next section.
in AR in WMS perspective [15]. The anticipated outcomes from this review are te gi
A recent study by Rejeb et al. (2021) provided aseful insights into the gist of the previous pregmb
comprehensive review of the potential and challemafe methods, revealing potential, and future potentil
AR smart glasses in logistics and supply chaiprovide a knowledge base overview of the technofogy
management. They have selected 82 publications arabearchers and practitioners. The objectivesisfpdper
performed a systematic literature review with foo&in are as follows:

clusters of potential benefits, including visualiaa, 1. To conduct a comprehensive review by

interaction, user convenience, and navigation [THe identifying the positive implications of AR pick-

limitation that can be addressed in this studyhat the by-vision implementation for WMS in related

keywords chosen appear to be insufficiently reletathe studies.

publications chosen. 2. To discuss the key findings of prospective
Another recent study by Winkelhaus et al. 2021 advantages and the missing ones based on the

presented a conceptual design of order picking review findings.

corresponding to IR4.0, which they called OP 4.0.

Concurrently, they performed a systematic review to The remainder of this paper is organized as follows
identify the various possible concepts in OP 4.@ arnSection 2 presents a brief overview of the prirecgdl pick-
highlighted research opportunities within OP 4.0tre  by-vision in warehouse picking operations. Sect®n
intersection of social and technical aspects. Begfiound outlines the methodology for performing the revigwdy

in this study include the research methodology,ctvhi and presents the hierarchical classification strecof AR
relies on subjective decisions and does not apply implementation in WMS. Next, we identify importady
guantitative measurement. However, they had a gtrofindings with positive implications by evaluating3 2

~2 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 1 Pages: 1-10 ISSN 1339-5629

Areview on the positive implications of augmented reality pick-by-vision in warehouse management
systems
Shaliza Jumahat, Manjit Singh Sidhu, Sharulhizam Mohamad Shah

articles on AR pick-by-vision technology applicatioin levels [18]. The process entails the preparatiod an
section 4. Then, we discuss the findings from itieedture processing of input data, the suggestion of annggti
survey in section 5, which also reveals the missieg picking route, the proposal of an AR navigatiorteys the
findings. Finally, the last section gives a condosand selection of software and hardware resources, the

future work suggestions. incorporation of picking routes into process magsj the
actualization of the picking process [19].
2 Overview of AR pick-by-vision Figure 1 depicts the interrelationship of the AReyal

Pick-by-vision of AR is the visual aid of the ordersystem and the components of the AR pick-by-vision
picking process using head-mounted displays or tsm&ystem. The fundamental parts of an AR system tare t
glasses. It is a paperless picking operation thqtires Visualization technology, a sensor system, a tragki
processing orders with technologies that add vikyairs ~System, a processing unit, and the user interfaSp On
to the reality perceived via them. Significantlyckpby- the left of Figure 1, represents the system diagedm
vision has introduced an entirely new approach tgemponents for AR pick-by-vision from the projectiof
managing warehouses with AR, allowing manyisualization technology, which consists of theegrating
organizations to simplify their accuracy and effitty —Module for the wearable device [20].

O — @ —
AR Eyewear
1 User
Positioning . i
system Wearfible €==1
device % P Visualization o Userinterface
technology
Head 1 f .| Task specific
orientation I l application
tracker
Input t
Batte
tools v Model of
world P| Processing unit [ Tracking
T system
Data $
. . External s
Components of AR pick-by-vision system database ensor system

General AR system with interaction of each part
Figure 1 System diagram for general AR system antponents of AR pick-by-vision system (based qa 915

To complete a pick-by-vision operation, a user orechnology in warehouse operations that encompass
picker's operator must communicate by voice, sight, receiving, storing, order picking, shipping, andentory
gesture. Using virtual arrows, the AR device guitles [1,21].
user to the location of the things to be collected In Figure 2, the picking orders can be categorintal
subsequently displays the number of objects to leeven types of picking techniques, including pigk-b
collected. The user can see virtual informationuitibe paper, pick-by-light, pick-by-vision, pick-by-voiceick-
items, such as their names, numbers, and locafidiis. by-gesture, pick-by-scan, and cart-mounted display
operation will allow the user to quickly locate tm@ducts [7,22,23]. This study focuses on pick-by-vision wehthe
and accomplish the picking task. Once the operatias terms for devices’ names appear in the literatteehaad-
done, the AR system administrator would monitomounted display (HMD) [24], head-worn display (HWD)
operational management, order management, affb], heads-up-display (HUD) [22,26], and smartsgks
commodity management of the warehouse. [22,27]. Among the most popular models in the meake

Figure 2 shows the hierarchical classificationcitite  Golden-i by Motorola, Hololens by Microsoft, HD4069
of AR implementation in WMS and the highlightedlpic Zebra, Vuzix Blade, and Oculus Quest 2, as showheat
by-vision method to demonstrate the main area & thbottom right of the figure. An example of a Holdaen
study. From the figure, there are five main typefAR  application in a warehouse is given in the bottefn[R8].
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AR
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Pick-by-scan

Device names
Head-mounted display
Head-worn display

Heads-up display
Smart glasses —

Golden-i by Motorola Hololens by Microsoft
A / ﬁ T :
HD4000 by Zebra Wuzix Blade Oculus Quest 2
Types of model

Hololens application in warehouse

Figure 2 The hierarchical classification structuré AR implementation in WMS with highlighted digkvision methods and
application

3 Methodology in columns 1-3. The next column lists the majodiiitys

This section concentrates on reviewing the usefRf AOf this study, which consists of seven implicatidems of
pick-by-vision technology in previous research it@, Prospective  advantages for AR pick-by-vision
The snowballing technique (by tracking down refegmn !mplementation.in WMS. These items are briefly dissed
or citations in documents) and the use of sciensiiarch in the next sections.
engines (IEEE Xplore, Scopus, Science Direct, aoog&

Scholar) were used in the collection of relatedemat 4  Positive implications of AR pick-by-vision
from 2011-2021. Principal keywords in the list ¢fet implementation in WMS

related works search include "augmented reality]q Productivity and operational efficiency
"warehouse management system,” "order picking,” and order picking is one of the most costly operatisinse
"pick-by-vision”. We retained 23 papers (17 reskarcit might be challenging to get the appropriate piis from
articles and 6 case studies) for full-text reviefter he right section and in the right quantity. Thelsallenges
screening the titles and abstract; for relevance. _ may be solved by using AR technology integratech wit

Based on the survey of previous review studiesrsevmgpile devices to guide the worker through the ipigk
positive implications wh|ch_ are assomateq _W'ﬂbrocess and lead them to the correct picking drestse
prospective advantages are discovered: producttfity gportest possible duration of time. This eventuaids to
operational efficiency; error reduction; hardwarad a higher productivity.
software upgrades; distance reduction; worker ragon With automated capabilities that handle the praesss
and training; security and operation planning; an@r tools improve operational efficiency by enabling
ergonomic  consideration. Table 1 represents thgsrkers to work on many orders at once. The impiove
prospective ~ advantages of AR pick-by-visiomceyracy and effectiveness of warehouse operdtiomess
|mplgmentat|on in WMS from the selection of related,; 5qditional expenses related to finding, pickorgers,
studies. o _ _ and tracking, saving a significant number of labbours

In Table 1, the list is arranged in ascending oedléhe  anq corporate resources. Moreover, customers may

publication year. The author's name and year, targgicipate their supplies to arrive substantiatiylier and
applications, and types of system or devices uselisted \yith |ess asset downtime as a consequence [1].
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Table 1 Selected of relevant studies for AR piekidipn implementation in WMS

Prospective advantages of AR pick-by-vision implenrgation in WMS
s Proposed  |Productivity & Hardware/ h Worker’s Security & .
Authors, year Target application system operational reI(EiLrgtrion software rzgﬁiggﬁ motivation & | operation cgggi(:jr:eor;:gn
efficiency improvement training planning
ISchwerdtfeger [Navigation and grasping
et al. 201924] |aid. HMD v v
Gharbi etal. [Multi-agent system and HUD & AR v v v
2014[26] optimization glasse
IComparing the speed, [HUD compared
IGuo et al. 2014 [accuracy, error ith CMD, ) ) )
[22] types, workload, and pick-by-light,
preference. pick-by-paper
Performing In-Situ mobile camera-
g
Funk et al. 2015projection for storage brojector cart v v v v v
[29] management and )
. - (OrderPickAR)
lautomatic detection
u et al. 2015 |Performing comparison t%_'.UD Qompared
=IOt ith pick-by- v
[30] minimize error. i
ight
Diete et al. 20164Sensor realibility in IAR glasses and| v v
[31] picking proces: ristbanc
ISupporting assembly
Sand et al. 201¢workers in picking srgﬁg%\?ssemb v v v
[32] information and assembly
glasses
data
Hanson et al.  [Kit preparation for mixed H%Dp?:krlwb[;ired
2017 [33] model assembly. bape
Murauer et al. [Evaluating scan IAR glasses and|
2018[34] mechanism scan glov
Implemetation in
Puljiz et al. lautonomous warehouse |AR glasses and| v v v
2018 [23] (navigation, assistance farobot
picking and robot repai
Brauer & -
) Investigating the effects
{\gg]zarams ZOlggamification in WMS. ,&R glasses v v v
Elbert & IAR glasses and|
Sarnow 2019 [Cognitive ergonomics. |qualitative v
[36] assessme
eveloping a scalable anAR glasses and|
q
Eg}g etal. 201‘E)ng—term mobile AR marker-based v v
solution global may
Kim et al. 2019 [Evaluating performance iWD and User v v
[25] simulated warehouse jc |Interface desig
- (Optimizing the movement
gg?g?;; etal. of workers in the IAR glasses v
arehoust
Matsumo et al. [Investigating practical
2019[38] barriers HMD v
Focusing on low-level |HMD & web-
ggfg?ggt] al. machine-aided order based central v v
picking. (RASPICK)
Possibilities of using AR
Papcun et al. IAR glasses
land Humans-Robots ' v v
2019 [40] Interaction IAGV & Drone
Establishing adaptability
Fang & An land scalable ':Er?(l‘iﬁi:;d v v v
2020 [41] earable AR assistance
global map
system
Enhancing working
Plakas etal. |environment and IAR glasses & v v
2020 [2] upgrading the work ISMARTFLEX
lexperience
Plakas et al IAssessing the technical |AR glasses &
2020 [42] * |components and the gamification v v v
overall viability module
Reviewing current case
IColabella et al. [studies regarding the use
2021 [43] of AR technology in HMD v v v
supply chain operatior
. Focusing on based
12—82? ﬁ‘l;]lu interaction, voice-based |AR glasses v v
interaction and gesture- |(Hololens 2)
based interactio
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4.2 Error reduction as designing and testing the viability of a compredive
The conventional picking process is error-prone. ARvarehousing strategy. By using AR technology, wausk
implementation helps in guiding the worker througe managers can now plan and test the WMS in an eféect
warehouse to the desired item. Rework is elimindted way. Besides being hands-free and safe for a human

lowering the error rate. This enhances procedures bperator, AR also provides value-added serviceb aisc
reducing turnaround time and increasing systemracgu sharing insights and monitoring all activities tosere
Additionally, automation completely automates itenprecise service delivery. On top of that, the systeay
tracking while maintaining relevancy and accuraegdal give safety feedback and information, as well asnved
on real-time inventory data inputs, enhancing Viisjiand ~ impending danger [1].
quality control of warehouse operations [1].
4.7 Ergonomic consideration

4.3 Hardwareor softwareimprovement The ergonomic design of AR technology is related to

AR has a logical as well as a physical structutee T the perception of its ease of use. AR is considéveloe
logical structure of the AR, which contains stamdar durable, efficient, and easy to wear, which suppart
rules, procedures, and protocols, describes itsatipa, hands-free interface compared to handheld scarwigich
whereas the physical structure comprises hardwade aonly allow one free hand to work. By employing this
software [45]. The system complexity (like softwargechnology, virtual and real objects may be maaifad
applications), the weight of the devices, speedipghe Wwith both hands in the field of vision. MoreoverRA
processor's timing, and improving the picking sysi@ glasses are more practical and versatile than atdnd
recognising and monitoring activities (such asggirggand mobile devices and portable displays due to tlesitures
releasing of objects), are all aspects that candugpthe [11,15].
hardware and software in AR pick-by-vision. Another
element to consider is improving visual navigationed Result and discussion

information and vision quality on AR glasses [31]. Figure 3 represents the distribution of identified
studies over the key findings, which were extradtech
4.4 Distance reduction Table 1. The analysis from Figure 3 indicates thatt

One of the major purposes of AR in the picking psc research is giving more attention to productivityda
is to navigate the workers around the warehousthesp operational efficiency, followed by ergonomic
may take the quickest path determined in the pusvétage consideration and error reduction. About five togudies
and to provide them with the necessary information focus on reducing distances and workers' motivaioth
decrease picking errors. Additionally, reducingdhmount training. Meanwhile, security and operation plagniand
of time to retrieve an item may be accomplished blgardware or software improvement, receive very less
presenting the precise location of the chosen aelie attention from the researchers.
items and improving the visual information by enyihg According to our review, the key findings of inveryt
an efficient routing method. As a result, this w#ive time optimization, new technology acceptance, demand
and improve the way the WMS works in the long ri®,[ forecasting, and external factor improvement in gigk-

46]. by-vision have all been unexplored. Inventory ojation
is the practise of having the right amount of ineen
4.5 Workers motivation and training available to meet current and future demand. Aéhéean

Aside from training new employees with less effortt  ideal inventory level enables a company to not dulf
saving time, warehouse managers may adopt AR @emand projections but also reduce the expenses
visually test proposed procedures, ensuring thapemies associated with common inventory issues such as
are flexible and plan order placement with optirsdce backorders, overstocking, and stockouts. By enhanci
utilization. By familiarizing them with company presses, stock workflows, AR may enhance the supply chain.
this will help in seamless onboarding and imprazam  Additionally, with this technology, workers may
cooperation. As a consequence, they may practieffectively scan multiple objects with a brief gtanwhile
numerous times without disrupting or interferingttwi the AR devices scan and record barcodes.
existing activities. Furthermore, workers may be The acceptance of new technology indicates the
supervised to raise their awareness and prevetakasin  success of implementation in terms of employing

warehouse operations [2, 11]. technology at various organizational levels as agkt the
individual operator level [47]. Because it has &hdity to
4.6  Security and operation planning relieve physical and psychological stress, techmpolo

For any organization to succeed, warehouse opegaticicceptance has been generally acknowledged as an
must be structured to achieve maximum efficiencymportant driver for AR implementation [48,49)]. Extal
Standard warehouse operations require productdtispe variables, on the other hand, are connected to

allocation, assembling, packaging, and dispatckiagyell improvements in certain scenarios, such as faetotyient
illumination conditions, which may have a detrimant
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affect on AR pick-by-vision performance and us#pili Besides, a hierarchical classification structure AR
Readers may get an insight into how this aspechimigimplementation in WMS was produced, which emphasize
assist in boosting labour productivity and optimgi the pick-by-vision method in order to demonstraie t
workflows in warehouse operations by evaluating nefocus of the main area of the study.
technology acceptance and improving external factor The main contributions of this study are based on a
Besides, we also suggested that future researethdshasurvey of the literature, which attempts to addtheswo
explore the integration between AR and artificiatesearch questions in the context of the posithgication
intelligence (Al) to overcome the model-mismatctof AR pick-by-vision. The analysis of 23 articlesiginal
paradigm by establishing a complete feedback loagticles and case studies) on AR pick-by-visiomhtedtogy
between the user and the robot. This integratiamidco applications contributed to key findings with post
provide a solid foundation for raising the effiaigrof the implications that can be used by both academics and
robotic application as well as improving the humaprofessionals, especially those interested in agiimg this
operator’s situational awareness, safety, and &@cep of new advanced technology for future research. Ta#fgs
Al robots. of our study are one of the outcomes that couleblhgable
in initial efforts to add to the growing literatuaed theory
of AR pick-by-vision technologies and their usefsa in
WMS order picking operations. In addition, we also
identify the key findings that have not been fudiplored

as well as the limitations that the researchers nesy to
16 overcome in order to improve their work.
In the future, we could suggest that upcoming resea

21

look at the limitations, challenges, and managerial
implications of using AR pick-by-vision in WMS.
Additionally, future research could also exploree th

Number of articles

11

6 integration between AR and artificial intelligen@) in

5 order to develop a strong foundation for increading

) effectiveness of the robotic application and fdnancing

1 N the human operator's situational awareness, sadety,

- acceptance of Al robots.

&S & & ¢ @& & To conclude, improving the picking process in a

Qy“ S warehouse demands a continual effort on the paststém
& & ¢ & S suppliers and researchers to discover and analyee t

‘ capabilities of every current AR technology. Abalethe
3 best strategy involves concentrating on a particula
methodology for the development of the AR pick-by-

¥ vision system and carrying out a case study tostigate

the impacts, opportunities, and risks of the extend

Figure 3 Distribution of identified studies oveetkey findings Process of utilising AR pick-by-vision in warehouse
from Table 1 operations in order to achieve an extensive result.
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