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Order picking is the process of retrieving items from storage to meet a specific customer order, which
is known to be the most labor-intensive and costly function among all the warehouse functions. This
function is also important in that it has a critical impact on downstream customer service especially
in facing the current covid-19 pandemic. This research aims to provide information, description and
more comprehensively identifies the design and control of warehouse order picking by using
empirical literature review. In this research, the stages are Identification of potential study, Study
Selection based on criteria, quality assessment, data extraction, and data analysis. Based on the
literature review systematically compiled it is obtained 37 main articles that correspond to the purpose
of research. From these 37 articles can be identified further research on design and control of
warehouse order picking that provides increased transactions in e-commerce.

This is an open access article under the CC BY-NC-S4 license.
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1. INTRODUCTION

The Covid-19 pandemic that has swept the world has not only had an impact on the economy of a country, but also on
changes in consumption behavior for essential goods, both primary and secondary. Research by [1] explains that Covid-
19 pandemic has resulted in government issuing rules for maintaining social distance between people, to large-scale
social restrictions (PSBB) which have an impact on changing people's habits in buying and shopping activities. In 2019
the number of internet users in Indonesia is estimated to grow 12.6% compared to 2018, which is 107.2 million users.
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Based on a report released by Google and Temasek, e-commerce is one of the sectors with the largest value in Southeast
Asia [3]. The number of transactions in e-commerce also continues to increase. In 2025, Indonesia is predicted to have
top rank and reach a value of 82 billion dollars. As penetration rate of number of e-commerce users in Indonesia in 2017
reached 139 million users, then it continued to increase to 154.1 million users [3].

The increase in e-commerce users has an impact on the logistics industry, especially warehouse industry, including
choosing the warehouse location, accustomed to processing bulk orders to individual items, unpredictable buying
patterns, increased return product, 24/7 shift operations, and adoption of warehouse technologies [4], [S] and [6].
Although e-commerce has only been around for a short time, its impact has already brought significant changes to the
warehouse industry. So, we should pay more attention to optimizing to boost warehouse efficiency. The development of
e-commerce in Indonesia is certainly in line with challenges faced. The challenges of e-logistics in developing countries
include an unstable economic system, unequal infrastructure, trust and privacy from consumers, obstacles in logistics
delivery process, security problems, and geographical barriers. Lack of infrastructure, namely telecommunications
infrastructure that is not optimal and short computer access creates obstacles in electronic logistics. The cost of internet
access also creates bottlenecks in electronic logistics. Among the many types of business models in e-commerce, business
to consumer (B2C) has experienced a significant increase in Indonesia, especially with pandemic conditions that have
occurred since last year. This is because people are currently making purchases online more often to avoid infection
during the pandemic. The increasing number of e-commerce users in Indonesia, especially B2C model, has become focus
of industry players to make efficiency in warchouse operational activities. Significant e-commerce developments
certainly have an impact on warehousing. It starts with attracting more companies into the online retail world, and
warehouse operations were forced to adapt to rapidly increasing need for single-item fulfillment. Besides that, consumers
who shop at retail stores have different behavior from consumers who shop online. Consumers who buy online tend to
return goods at a higher rate than those who shop in stores. In addition to online sales there are unexpected sales patterns
that can arise with purchases by consumers, thus requiring a quick response from the distribution center.

Order picking is one of important warehouse activities related to retrieve stock keeping units (SKUs) from their storage
locations to satisfy a given demand specified by one or more customer orders. These SKUSs are then sent to the sorting
process for shipment of each order. Generally, order picking accounts for about 60% of total labor cost in warchouse,
while 90% of picking time is spent on travelling [7]. Therefore, warehouse operations by improving efficiency, such as
minimize response time and travelling distance. There are numerous factors affecting efficiency of order picking, such
as warehouse design, storage location allocation and picking policy. As for order picking, warehouse design mainly refers
to the design of a picking system. If a picker travels to storage location to pick SKUSs, the system is defined as a ‘picker-
to-part’ system. If SKUSs are brought to pickers, which means there is no interface between storage position and pickers,
the system is defined as a “part-to-picker’ system. ‘Part-to-picker’ system is relatively new taking orders related to taking
SKUs from their storage locations to fulfill certain requests determined by one or more customer orders, this is certainly
one of activities that needs to be done efficiently from costs and processes. Automated storage and retrieval system
(AS/RS) and shuttle-based storage and retrieval system (SBS/RS) are one of systems which are included in ‘part-to-
picker’ system. Due to high investment costs to implementing automated system not many companies that can use these
systems. Warehouses of most online retailers prefer to adapt “picker-to-part’ system. One of the picking strategies used
in practice of electronic commerce is order batching policy, to allocate a set of orders into several subsets named order
batch. The order batching strategy is not only a short-term, but also a long-term and strategic one because it involves both
operating process (e.g. routing for order pickers) and strategic decision such as warehouse layout. Order batch also can
be related to maximum order quantity can be stored in the capacitated warehouse [8], [9], and [10]. According to [11] the
objective of the order batching strategy is to minimize the picking route distance in a manual sorting system particularly.
In a multi-block warehouse, SKUs in a batch can be picked either by several workers in distinct blocks at one time [12]
single picker crossing different zones.

Thus, this study conducts a systematic literature review of design and control of warehouse picking that expand before
by [13]. 37 papers related to design and control of warehouse picking have been collected from peer-reviewed
international journals, articles, and theses. The rest of this study is structured as follows: section two presents the
methodology of this article, section three maps the results of the literature review of design and control of warehouse
picking themes and timeline. At the end of article, we conclude and identify some potential issues and future research
directions related to warehouse order picking model especially in single picker problem and ‘picker-to-part’ system in
warehouse.

2. METHOD

Systematic reviews and traditional reviews are both types of literature reviews, but they differ in terms of their
methodologies, objectives, and rigor. Systematic review is a research method to identify, evaluate, and interpret all
relevant research results related to certain research statements, certain topics, or phenomena of concern [14] and [15]. In
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principle, a systematic review is a research method that summarizes the results of primary research to present more
comprehensive and balanced facts. While the traditional review is a review method in which the method of collecting
facts and the synthesis technique does not follow the standard methods as systematic reviews. The aim of systematic
literature review is tightly specified with the research topics and objectives with a specific review question, while the aim
of traditional literature review is to gain broad understanding and give descriptions about the research topics.

1. Identification of

o ) o
Scope & Purpose ) 1. Conceptualization
VI. Classifications 1 I1l. Database <
A
\‘ -Journal
-Author
. -Year
V- Paper Analysis -Type IV.B. Systematic
-Key Word .
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Figure 1 - Framewori(iforiLitier;tru're Analysis

2.1. Identification of Scope and Purpose

This research aims to collect and investigate research trends in design and control of warehouse order picking agenda
and identify the most used methods in related topics. Accuracy is needed while design the research questions so there
will be related match between paper and topic to be researched by give more attention to important component in each
criterion of PICOC [16]. The framework of population, intervention, comparison, outcome, and context (PICOC) is
applicable to determine the research scope. According to [17]. PICOC framework together with the definition of each
concept and it applies to each systematic literature review step. Table 1 shows the (PICOC) structure of the research
questions.

Table 1 — PICOC Structure

Population Warehouse Design, Warehouse Control, Batching, Zoning, and Sorting

Intervention | Proposing Design and Control of Warehouse Order Picking Model

Comparison | n/a

Outcome Optimal model for Design and Control of Warehouse Order Picking

Context Studies in companies that implement Design and Control of Warehouse Order Picking Model

With referring to PICOC criteria above then further can be identified specific research questions. The following research
questions (RQs) are raised that shows in Table.2

Table 2 — Research Question

ID RQ Motivation

RQI The most significant in reviewing Design and Identify the most significant journal which reviewing
Control of Warehouse Order Picking Model Design and Control of Warehouse Order Picking Model

RQ2 The most often discussed Design and Control of | Identify the research trends in Design and Control of
Warehouse Order Picking Model Warehouse Order Picking Model

RQ3 The most often variables discussed in Design and | Identify the most used variables in Design and Control
Control of Warehouse Order Picking Model of Warehouse Order Picking Model

2.2. Conceptualization

Conceptualization is to specify exactly what we mean and dont mean by the terms we use in our research. The purposes
of the search process was the identification of the journal articles that investigated design and control of warehouse order

*didadiah@telkomuniversity.ac.id 62



Damayanti, et al., IJIES (International Journal of Innovation in Enterprise System) Vol. 08 No. 01 (2024) p. 60-68

picking model and it focuses on the variables that has not been considered in join design and control of warehouse order
picking model especially in batching, zoning, and sorting. A search strategy is generated to get a study that addresses
only certain issues of design and control of warehouse order picking model. Search is done by using Boolean AND to
the word "warehouse" and "design" and “control” and “batching” and “zoning” and “sorting”. After carrying out a series
of investigations and classifications based on search strategies, 37 related main studies were obtained as illustrated in
Figure 2.

Digital
Libraries
l Exclude Exclude
. Exclude . .
Is Retrieve Primary Primary Primary
Select Define Execute Primar List of Studies Studies Studies
Digital » Search > Pilot > , Y »  Primary ~» basedon » basedon
P X Studies " based on
Libraries String Search Studies ) Area of Relevant
found ? Title "
(1472) (479) Studies Research
(163) (37)

|

Define
Search
String

Figure 2 - Search & Selection of Primary Studies

2.3. Database

The searches conducted to find relevant research in this survey are limited by searching only for journal articles and
conference papers in order to obtain valid results. The query strings were applied titles, abstract and body of studies, the
search was conducted between 2010-2021 using the online scientific database. Online database included Scopus & Web
of Science.

2.4. Systematic Analysis

The next step is doing study selection that focuse more on attributes ot each journal after we find the relevant journals
which have obtained from online database or journal publisher, In the process of selecting the primary studies, we used
insertion and rejection criteria. Insertion criteria is attributes of subjects that are essential for their selection to praticipate
while rejection criteria is responses of subjects that require their removal subjects These criteria are shown in Table 3.

Table 3 — Insertion and Rejection Criteria

For research or studies that have both the conference and journal versions

Insertion Criteria | For duplicate publications of the same research or studies, only the most complete and newest
one will be included

For research or studies that published between 2010 until 2021

Rejection

Criteria Publication is written in a language other than English

2.5. Paper Analysis

In this survey, we used Mendeley (https://www.mendeley.com) as software that used to store and manage the search
results. For the next Figure, we will detail search process and tumber of studies identified at each phase. The final list of
selected studies for the first stage had 1472 primary studies. Selected studies were selected using the insertion and
rejection criteria with removed similiar studies by same authors in order to find specific research questions.

2.6. Classification

Classification is the action or process of classifying something according to shared qualities or research characteristics.
This survey are limited by classify topics related to design and control of warehouse order picking model especially in
single picker problem and ‘picker-to-part’ system in warehouse. This is as explained in the previous section because not
all companies can implement ‘part-to-picker’ system in warechouse due to high investment. On the other picker
assignment is a problem that the company focuses on because of the increasing number of ecommerce users especially
in business to consumer (B2C) model.
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3. RESULT AND DISCUSSION

The process of determining the topic and type of research classification was obtained based on analysis of research on
related topics and systematic reviews on similar topics. The process of obtaining primary articles can be seen in figure 2.
The number of articles obtained in the initial search step from Scopus and Web of Science based on the title of articles
were 1472 articles respectively. From those articles obtained from both databases, there are 110 duplicate articles.
Moreover, out of 479 articles obtained, 234 articles were excluded from this study since it didn’t match with the criteria,
while from 245 articles obtained from Web of Science. Therefore, there were 163 articles from both databases that would
be further reviewed to perform quality assessment and data extraction process and the primary articles for this study were
obtained. Therefore, there are 163 articles in total from both databases to be further reviewed and screened to obtain
primary articles. Finally, 37 articles were selected as primary articles to be analyzed in this study. The summary of 37
selected articles can be seen in Table 4.

Table 4 — The Summary of Primary Articles

Topics Type Reference
Order . [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30],
Picking Picker-to-Parts 1 311" 13511331, [34], [35], [36], [37), [381], [39]
Systems Parts-to-Picker [40], [41], [42], [43]
Storage
. [29], [38], [41], [42], [44]
. Assignment
gﬁiﬁ? Zoning [22], [26]. [43]
Order
Issues Consolidation [20], [21], [28], [45]
Routing [18], [19], [21], [24], [27], [32], [36], [44], [45]
Pick-and-sort [22],[25], [43], [45]
Batching o) (4], 237, (77, [, 0L, 11, 5%, 051, 7, 0, . 1
Pick-by-order [4 5]’ 4 6]’ ’ ’ ’ ’ ’ ’ ’ ’
' (18], [19], [21], [23], [25], [26], [27], [28], [33], [34], [36], [37], [38],
g;(tieﬁin Static [44] [46]
ching Dynamic [26], [30], [42]
. Synchronized [16], [42], [23], [41], [45]
Zoning Progressive [19], [25], [30], [34], [35], [36], [38], [44], [46]
Order Discrete [21], [42]
Release Continuous [19], [25], [28], [301, [34], [36], [37], [44], [45], [46]
Warehouse 1 (one) [26], [43], [44], [45]
Dimensiomaiy [ 2 (%01 151,019, 20, (23], 25, 5. (291, 501, 5. (541 1353, 6. 7
ree ,
Analytic [271, [29], [33], [37], [38], [46]
Routing Heuristics [21], [27], [28], [39], [43], [45], [46]
Method Metaheuristics [18], [19], [22], [23], [24], [28], [36], [44], [45], [47]
Simulation [25], [26], [34], [35], [39], [41],
Dedicated [25]
Storage Class Based [20], [21], [22], [23], [27], [29], [33], [35], [37], [44]
Random [23], [26], [36], [38], [39], [41], [45]
Travel Time [20], [21], [22], [26], [29], [32], [34], [36], [38], [39]
Travel Distance [18], [19], [24], [25], [31], [37], [44], [46]
Objectives Search Time [20], [27], [33], [44], [45]
Picking time [23], [24], [31], [35], [45]
Cycle Time [42], [42], [43]
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3.1. Significant Journal Publication

The distribution of the 37 selected publications form journals that explain the design and control of warehouse picking
model can be shown in figure 2. It is shown in figure 2 that the most journal sources of the selected publications discussing
the design and control of warehouse picking model from International Journal of Production Research (14 articles),
Production Planning & Control (4 articles), International Journal of Logistics Research and Applications (3 articles),
Supply Chain Forum: An International Journal (2 articles), IISE Transactions (8 articles), International Journal of
Computer Integrated Manufacturing (2 articles), Enterprise Information Systems (2 articles), and Journal of the
Operational Research Society (2 articles).

3.2. Research Topics in Design and Control of Warehouse Order Picking

3.2.1. Order Picking Systems

According to [48] order picking method can divide into two categories namely (1) picker-to-parts’ that assign picker
travels to storage location to pick SKUs which conveyed by research from [18], [19], [20], [21], [22], [23], [24], [25],
[26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], and [39]. (2) Part-to-picker’ that taking orders
related to taking stock storage units (SKUs) from their storage locations to fulfill certain requests determined by one or
more customer orders that conveyed by research from [40], [41], [42], and [43].

3.2.2. Operative Planning Issues in order Picking

Operative planning issues in order picking based on literature can divide into (1) storage assignment that conveyed by
research from [29], [38], [41], [42], and [44]. (2) Zoning that conveyed by research [22], [26], and [43]. (3) order
consolidation that conveyed by research from [20], [21], [28], and [45]. (4) Routing that conveyed by research from [18],
[19], [21], [24], [27], [32], [36], [44], and [45].

3.2.3. Batching

Batching can divide into three categories, namely (1) pick and sort that conveyed by research from [22],[25], [43], and
[45]. (2) pick by article that conveyed by research from [20] and [33]. (3) pick by order that conveyed by research from
[18], [14], [23], [27], [28], [30], [311, [32], [35], [37], [42], [44], [21], [45], and [46].

3.2.4. Order Batching

Order batching can divide into two categories namely, (1) static that conveyed by research from [18], [19], [21], [23],
[25], [26], [27], [28], [33], [34], [36], [37], [38], [44], and [46]. (2) dynamic that conveyed by research from [26], [30],
and [42].
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3.2.5. Zoning
Zoning can divide into tqo categories namely, (1) synchronized that conveyed by research from [16], [42], [23], [41], and
[45]. (2) progressive that conveyed by research from [19], [25], [30], [34], [35], [36], [38], [44], and [46].

3.3. Research Topics in Design and Control of Warehouse Order Picking

In E-commerce environment, consumers have higher requirement on rapid order processing, therefore, how to optimize
the efficiency of picking operation in order to shorten the order processing time is the emphasis and difficulty for
warehouse management of E-commerce enterprises. E-commerce orders are in small batch and high frequency, therefore,
the order batching strategy is more suitable to optimize the picking operation efficiency. In the era of big data, the E-
commerce enterprises need to face massive customer orders, which makes it necessary for the E-commerce enterprises
to adopt big data analysis methods such as data mining to process orders and design the batching algorithm

3.3.1. Order Release Mode
Order release mode can divide into two categories namely (1) discrete that conveyed by research from [21], and [42]. (2)
continuous that conveyed by research from [19], [25], [28], [30], [34], [36], [37], [44], [45], and [46]

3.3.2. Warehouse Dimensionality

Accroding to [48] warehouse dimensionality commonly classified into (1) one dimensionality (e.g vetical carousel) which
conveyed by research from [26], [43], [44], and [45]. (2) two dimensionality (e.g single-aisle AS/RS) which conveyed
by research from [18], [19], [20], [23], [25], [28], [29], [30], [33], [34], [35], [36], and [37]. (3) three dimensionality (e.g
many aisles, each several storage levels) which conveyed by research from [41], and [42]

3.3.3. Routing Method

According to [49] routing method that commonly used in solving problems in warehouses are, (1) analytic that use exact
theorems to present formulas that can be used to present numerical solutions to mathematical problems with or without
the use of numerical methods that conveyed by research from [27], [29], [33], [37], [38], and [46]. (2) heuristics that was
problem dependent techniques that are usually adapted to the problem at hand that conveyed by research from [21], [27],
[28], [39], [43], [45], and [46]. (3) metaheuristics that was problem independent techniques that can be used as black
boxes and can be applied to solve a wide range of problems. That conveyed by research from [18], [19], [22], [23], [24],
[28], [36], [44], [45], and [47]. (4) simulation that was imitation of the operation of a real-world process or system over
time. Simulations require the use of models; the model represents the key characteristics or behaviors of the selected
system or process, whereas the simulation represents the evolution of the model over time that conveyed by research
from [25], [26], [34], [35], [39], and [41],

3.3.4. Storage

According to [40] storage policy classified into three categories i.e (1) dedicated storage specific locations for each SKU
within the warehouse that conveyed by research from [25]. (2) class base storage that different classes of homogeneous
SKUs according to a specific criterion, e.g. the turn index measured for each SKU that conveyed by research from [20],
[21], [22], [23], [27], [29], [33], [35], [37], and [44]. (3) random storage that assigned SKU to the first available location
in warehouse and conveyed by research from [23], [26], [36], [38], [39], [41], and [45]

3.3.5. Objectives

Research related to design and control of warehouse order picking into several research objectives can be identified,
namely: (1) objectives travel time that conveyed by research from [20], [21], [22], [26], [29], [32], [34], [36], [38], and
[39]. (2) travel distance that conveyed by research from [18], [19], [24], [25], [31], [37], [44], and [46]. (3) searching
time that conveyed by research from [20], [27], [33], [44], and [45]. (4) picking time that conveyed by research from
[23], [24], [31], [35], and [45]. (5) cycle time that conveyed by research from [42], [42], and [43].

4. CONCLUSION

This research provides a systematic literature review on design and control of warehouse picking. 37 papers related to
design and control of warehouse picking have been collected from peer-reviewed international journals and articles. From
the research we can deduce that research related to parts-to-picker has less research compared to picker-to-parts. This is
because there are not many companies in the industry implemented picker-to-parts system due to high investment, with
the result that research related to picker-to-parts still can be developed further. On the other hand, research related to
picker-to-part also has opportunities for further development, for example to handle the development of e-commerce,
which is currently growing massively, especially coupled with changing public spending patterns. It can be identified
that the number of publications related to storage assignment, zoning, order consolidation is still limited. It can be clearly
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identified that research related to routing has been done by previous researchers. However, not many researchers have
combined the two problems in one research.

On the other part we can identified that pick by order system on batching method quite a lot has been done compared to
pick by articles and pick and sort. However, in this part all batching methods still can be developed further. Furthermore,
research related to dynamic order batching has become a more interesting discussion and can be developed compared to
static order batching. Discrete order release is still lacking compared to continuous order release. As well as three
dimensional of warehouse can be developed further compared to one and two dimensional of warehouse. In the Routing
method section, we can identify that metaheuristics and simulation can be more developed compared to analytic and
heuristics methods. Random storage can be more developed compared to class based and dedicated storage. Also related
to objective, we can identify that picking time, search time, and cycle time can be more developed further compared to
travel time and travel distance.
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