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Abstract — Customers receive services that require a lot of
labor from warehouse. High cost and unmet demand from
customers could be the outcome of underperformance. In
order to handle this, order picking procedures must be
streamlined by finding solutions to a variety of planning
issues. A bad overall warehouse performance may result from
progressively optimizing order picking planning challenges.
This literature review is investigating combinations of various
order picking planning issues and and their impact on picker
blocking that affects the length of time it takes for pickers to
complete a customer order. To automate the search for items
in storage in warehouses, IOT-based technologies like RFID
can be used in order picking planning. RFID can improve
traceability of products. Aplication of this technologies can
support development of effective order-picking systems and
enhance customer service by finding the best technological
and policy combinations.

Keywords — Order picking, Technologies, RFID

I. INTRODUCTION

Order picking is one of the most significant procedures
that consumes the most energy and expenditures,
accounting for around 60% of all labor activities in the
warehouse and 55% of operational costs. [1]. In order to
increase efficiency and reduce warehouse expenses, several
businesses are implementing effective order picking
designs [2][3]. Efficiency gains in order picking will
indirectly result in better warehouse services, which will
enhance performance across the entire supply chain [1]

A very important and challenging issue, according to
van Gils et al. (2019), is managing an effective and efficient
order picking system. Travel distance is one of the many
parameters that must be adjusted when selecting a pick-up
route to shorten the time necessary for order service. Aisle
congestion, which can happen when several pickers are
assigned to the same location at once and decrease order
fulfillment efficiency while lengthening wait times, is
rarely included in the selecting routing algorithms that are
currently in use. According to F. Chen et al., 2016 and
Franzke et al., 2017, the order picking process is also
influenced by a number of other parameters, including
order grouping, picking zone, order consolidation, sorting,
labor level, assignment zone, storage location, and picker
allocation and assignment [4].

In a number of earlier studies, order-taking robots were
also utilized in the design of order picking to boost

efficiency, but in actuality, manual picking systems by
pickers are still more prevalent [5]. According to van Gils
et al. (2019), automatic order picking systems utilizing
robots still need to incorporate the manual pickers' function
in the system so that they may interface with the machines
[6]. This contributes to the system's comparatively high
initial investment costs. Order picking system design has
improved as a result of the usage of technology in the
warehouse. Bar coding, radio frequency communication
(RF), and warehouse management systems (WMS) are
examples of technology that can assist improve warehouse
operations and regulate automation processes in real-world
settings. [7]

Order picking research has been conducted to
investigate issues that affect the picking system by creating
new models and applications of IoT-based technologies
such as RFID that close the gap between real-world
application and academic study. This review of the
literature tries to outline some of the systematic issues with
order picking, picker blocking, and the use of technology
to improve order picking system efficiency in order to
automation order picking system to finding the best
combination planning problem to reduce picker blocking
that affect to order picking total travel time.

II. BRIEF LITERATURE REVIEW

A. Order Picking

Marchet et al., 2015 describe that there are four main
factors that determine the classification of an order picking
system: who picks up the goods—a human or a machine—
who goes through the picking area—pickers or goods—
whether each picking zone is connected by a conveyor, and
the picking policy that has been created. According to Fig.1
Order picking systems are classified as picker to part,
picker to box, pick and sort, picker to picker, and automated
picking. [9].

B. Operational Planning Problems

To build a successful order picking system, four
operational planning issues must be resolved, as shown in
Table 1. Regardless of the fact that layout and other
strategic decisions can have a substantial influence on
performance[10]. Order picking efficiency is calculated
using the setup time, search and pick time, trip time, and
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Fig. 1. Classification of order picking systems (Dallari et al., 2009)

wait time that make up total order picking time [11]. The
number of aisles that a picker can travel in during each pick
round is restricted, As a result of splitting the order picking
region into zones, the covered area of order pickers during
a pick cycle is reduced, resulting in shorter trip times. [12].

There are several affecting aspects when arranging
order picking, of course. Batching, zoning, routing, and
storage location are just a few of the components that have
been combined based on prior research to improve order
picking systems [4].

Storage location assignment policies govern how SKUs
are assigned to storage facilities within a zone. [5]. When
various storage classes are allocated to a pick aisle, the fast-
moving products are stored at the storage sites with the
shortest travel distance beginning at the aisle entry.

According to the order grouping strategy, which decides
which consumer orders should be taken in one round of
collection, batching is the process of deciding which orders
should be taken together [ 13]. To achieve picking efficiency
in this case, batching must balance picking effort across
zones.

The zoning policy, which governs how the picking area
is divided into zones, determines the flow of client orders
through each order picking zone. The benefit of zoning is
that each picker only needs to travel a smaller area, which
can assist alleviate aisle traffic congestion, and

TABLE 1.

DEFINITION OF THE FOUR PRIMARY ORDER PICKING
PLANNING ISSUES (van Gils, Ramaekers, Caris, et al., 2018)
Description
Zoning laws determine how to split an area into zones and
where each zone should be located. Each order picker is
assigned a single zone. In small aisle high level picking
systems, parallel zoning is more beneficial than
sequential zoning.

The regulations for assigning storage locations to SKUs
spell out the procedures. The distribution of order pickup
areas for swiftly moving SKUs is governed by storage
location assignment.

Order batching procedures define how to mix client
orders in a single pick cycle.

The order of storage facilities must be visited during each
pick round in order to acquire every item on a pick list is
specified by routing regulations.

Zoning

Storage

Batching

Routing

pickers are better familiar with the locations of
commodities in their zone [2].

The routing policy determines the order of the locations
on a choose list once the batching technique has produced
it. The picker must visit each storage location in turn,
according to the routing rules, to obtain all needed

commodities on the picking list. [15].

C. Picker Blocking

Wait times are unavoidable when many order pickers
operate concurrently in the same order picking area because
they may clash when picking in the same location of the
order picking system.. [16]. Picker blocking causes order
pickers to become idle, lengthening the overall order
picking period [17]. Picker blocking occurs when a picker
is unable to reach a storage rack due to another picker
removing items from that rack (storage-rack blocking) or
when a picker is unable to pass in an aisle (blocking inside
or in the aisle).

The pick and search time at each place visited, the
transit time, and the wait time due to picker blockage make
up the overall order pick time. Wait times are determined
for each narrow pick aisle by combining within-aisle
blocking, storage-rack blocking, and aisle entry blocking.
[5]-

As shown at Table 2, in recent literature, four order
picking planning challenges have received the majority of
the attention in an effort to combine planning problems and
increase order picking efficiency. The efficiency of the
policies for assigning storage locations has a substantial
impact on wait times depending on the number of zones.
Picker zoning rules spread pickers around the order picking
area by assigning them to a single pick zone, whereas
storage site assignment policies increase pick density in a
confined region, increasing the risk of picker blockage. By
increasing the number of zones and decreasing the size of
each zone, the chance that all aisles within a zone will be
visited during a pick round increases, lowering the negative
impact of traffic rules on travel [4].

D. Radio Frequency Identification (RFID)
RFID has developed as a critical technology for increasing
efficiency and effectiveness in manufacturing, logistics,
and supply chain management. FID can electronically
identify, categorize, and govern the flow of objects and
information along the supply chain, reducing human error.
It is feasible to store and retrieve data about an object's
position, condition, and history in real time, which
improves decision-making visibility[18].

Four components make up a whole RFID system: a
reader, a tag (also called a responder), an antenna, and an



TABLE II. OVERVIEW OF THE REVIEWED ARTICLES

Picker
R Blocking

Planning problems
4

(Petersen & Aase, 2004)
(Hsieh & Tsai, 2006)
(Ho & Tseng, 2006)
(Manzini et al., 2007)

(Parikh & Meller, 2009)

(Ho et al., 2008)

(Yu & de Koster, 2009) \
(Theys et al., 2010)

(C. M. Chen et al., 2010)

(Pan & Wu, 2012)

(Hong et al., 2012)

(Chackelson et al., 2013)

(Pan et al., 2014) N
(Shgair et al., 2014) \
(Zhang, 2016)

(Lin et al., 2016)

(Hong et al., 2016) v

(F. Chen et al., 2016)

(Lietal, 2017) N
(Quader &  Castillo-Villar, N N

2018)

(Dijkstra & Roodbergen, 2017)
(Franzke et al., 2017)

(Wang et al., 2017)

(Valle et al., 2017)

(Scholz et al., 2017)

(Scholz & Wiischer, 2017) \
(Matusiak et al., 2017)

(Hong & Kim, 2017) N
(Bahrami et al., 2017) \
(F. Chen et al., 2018)

(van Gils, Ramacekers, Caris, et N N
al., 2018)

(Van Gils et al., 2019) N
Z = zoning S = Storage B = Batching

2|2 =2 W

2|2 | 2 |22 |2 |n

< (<2

< (<2 2|2 |2 |2

< |2

< (<2

2 (< 22| 2 |2]=<2 < 2 2|2 2|2 |2

2 |elee ool o 2]

\/

= Routing

N2 2 |22

system of application software. Its operating principle is as
follows: The reader transmits radio wave energy at a certain
frequency to the receiver, allowing the reception circuit to
transmit data within. After receiving and reading the data in
sequence, the reader then receives, reads, and passes it to
the application software for suitable processing. The
induced current will be produced as the target object of the
tag enters the working area of the transmitting antenna after
the Reader transmits radio frequency signals at specific
frequencies through the transmitting antenna, and then,
relying on the energy obtained by the induced current, the
tag actively transmits the product information stored in the
chip, according to the basic work flow of an RFID.

TABLE III. MAIN EFFECT OF ORDER PICKING PLANNING

PROBLEMS
Travel time Picker Blocking
Zoning ] |
Storage | 1
Batching ] l
Routing | 1

(van Gils et al., 2019)

system. After demodulating and decoding the carrier wave
signal received from the tag to the receiving antenna, the
reader transfers the information to the data management
system for appropriate processing. Through logical
operation, the data management system assesses the tag's
authenticity, processes and regulates suitably in accordance
with the different settings, and then sends out a command
signal to control the actuator's function [19].

III. DISCUSSION

The findings of this literature review highlight how
crucial it is to combine numerous order picking planning
challenges in order to handle order picking activities
efficiently. According to the findings of the literature
research, the time horizon of the decisions that are made
has a significant impact on the method that should be used
to solve mixed order picking planning problems. The main
impact of each planning issue on order picking efficiency
is related to picker blocking and total travel time. Based on
a number of earlier investigations, see the Table II,
Numerous studies have linked the four planning issues and
picker blocking in order to reduce overall travel time.
Smaller covered regions of order pickers result in shorter
travel times during a pick round, which is done by splitting
the order picking region into zones: During each pick
round, a picker is only permitted to move through a certain
number of aisles. Additionally, when zoning restricts the
order picking area that pickers can cover during a pick
round, wait times caused by picker blockage decrease.
Assigning SKUs to storage locations at random would
increase the risk of picker blocking, although storage
location assignment regulations seek to save travel by
combining rapidly moving SKUs into a limited order
picking region, resulting in high pick density in some
locations. Order batching combines comparable orders in a
pick round in an effort to reduce travel as shown at Table
II1. Because there is a limited amount of covered space in a
pick round, efficient batches include storage sites that are
close to one another. This reduces picker blocking. By
arranging the order lines (and ensuing storage sites) inside
each batch in a specific order, routing policies seek to
minimize travel Despite the fact that sequences may be the
most practical in terms of travel, these routing procedures
are subject to stricter traffic laws to reduce the likelihood
of different order pickers' routes intersecting. Longer wait
times are the result of stricter traffic regulations, which are
reflected as a lower permitted number of pickers per aisle.

IoT-based technologies such as RFID can be used as
alternative to automate product search in storage, where
mileage can already be estimated, to reduce overall journey
time and picker blockage. A RFID reader can
simultaneously scan multiple RFID labels. RFID. Utilizing
RFID technology can assist with order picking planning so



that pickers can take items out of storage areas with open
paths and minimize picker blocking concerns.

Warehouse managers can use the results of analytical
and simulation models as a decision-support tool to design
successful order picking systems that take into account the
linkages between order picking planning difficulties..

The bulk of tactical and operational order choosing
planning combinations have gotten little attention from
study. Articles in this review, on the other hand, have
proven the need of integrating these planning difficulties in
order to improve order choosing performance..

IV. CONCLUSION

A variety of factors influence order selecting system
planning like planning issues. According to earlier studies,
zoning, storage, batching, and routing have a substantial
influence on picker blockage and the overall travel time of
pickers. In these studies, a variety of planning problem
combinations have been simulated in order to optimize the
order picking system, but a variety of technologies, such as
the use of RFID tags, have not been combined to help with
the process of looking for goods by automating distances
and definite routes for pickers.

REFERENCE

[1] Chen, F., Wang, H., Xie, Y., & Qi, C. (2016). An
ACO-based online routing method for multiple
order pickers with congestion consideration in
warehouse. Journal of Intelligent Manufacturing,
27(2), 389-408. https://doi.org/10.1007/s10845-
014-0871-1

[2]  de Koster, R., Le-Duc, T., & Roodbergen, K. J.
(2007). Design and control of warehouse order
picking: A literature review. European Journal of
Operational ~ Research, 182(2), 481-501.
https://doi.org/10.1016/j.ejor.2006.07.009

[3] Mowrey, C. H., & Parikh, P. J. (2014). Mixed-
width aisle configurations for order picking in
distribution centers. European Journal of
Operational ~ Research,  232(1), 87-97.
https://doi.org/10.1016/j.ejor.2013.07.002

[4] van Gils, T., Ramaekers, K., Caris, A., & de
Koster, R. B. M. (2018). Designing efficient
order picking systems by combining planning
problems: State-of-the-art classification and
review. FEuropean Journal of Operational
Research, 267(1),1-15.
https://doi.org/10.1016/j.ejor.2017.09.002

[5] wvan Gils, T., Caris, A., Ramaekers, K., Braekers,
K., & de Koster, R. B. M. (2019). Designing
efficient order picking systems: The effect of
real-life features on the relationship among
planning problems. Transportation Research
Part E: Logistics and Transportation Review,
125(January), 47-73.

(6]

[7]

[9]

[11]

[12]

[13]

[15]

https://doi.org/10.1016/j.tre.2019.02.010
Azadeh, K., de Koster, M. B. M., & Roy, D.
(2017). Robotized Warehouse Systems:
Developments and Research Opportunities.
SSRN Electronic Journal, 1-55.
https://doi.org/10.2139/ssrn.2977779

Gu, J., Goetschalckx, M., & McGinnis, L. F.
(2007). Research on warehouse operation: A
comprehensive review. European Journal of
Operational Research, 177(1), 1-21.
https://doi.org/10.1016/j.ejor.2006.02.025
Marchet, G., Melacini, M., & Perotti, S. (2015).
Investigating order picking system adoption: a
case-study-based approach. International
Journal of Logistics Research and Applications,
18(1), 82-98.
https://doi.org/10.1080/13675567.2014.945400
Dallari, F., Marchet, G., & Melacini, M. (2009).
Design of order picking system. International
Journal of Advanced Manufacturing
Technology, 42(1-2), 1-12.
https://doi.org/10.1007/s00170-008-1571-9
Pohl, L. M., Meller, R. D., & Gue, K. R. (2009).
An analysis of dual-command operations in
common warchouse designs. Transportation
Research Part E: Logistics and Transportation
Review, 45(3), 367-379.
https://doi.org/10.1016/j.tre.2008.09.010

Chen, C. M., Gong, Y., De Koster, R. B. M., &
Van Nunen, J. A. E. E. (2010). A flexible
evaluative framework for order picking systems.
Production and Operations Management, 19(1),
70-82. https://doi.org/10.1111/j.1937-
5956.2009.01047.x

De Koster, R. B. M., Le-Duc, T., & Zaerpour, N.
(2012). Determining the number of zones in a
pick-and-sort order picking system.
International Journal of Production Research,
50(3), 7157-771.
https://doi.org/10.1080/00207543.2010.543941
Van Nieuwenhuyse, 1., & de Koster, R. B. M.
(2009). Evaluating order throughput time in 2-
block warehouses with time window batching.
International Journal of Production Economics,
121(2), 654-664.
https://doi.org/10.1016/].ijpe.2009.01.013

Ho, Y. C., & Tseng, Y. Y. (2006). A study on
order-batching methods of order-picking in a
distribution centre with two cross-aisles.
International Journal of Production Research,
44(17), 3391-3417.
https://doi.org/10.1080/00207540600558015
Roodbergen, K. J., & De Koster, R. (2001).
Routing methods for warehouses with multiple
cross aisles. International Journal of Production
Research, 39(9), 1865—1883.
https://doi.org/10.1080/00207540110028128
Pan, J. C. H.,, Wu, M. H., & Chang, W. L.
(2014). A travel time estimation model for a



[17]

(18]

[19]

(21]

(22]

(23]

[25]

high-level picker-to-part system with class-based
storage policies. European Journal of
Operational Research, 237(3), 1054-1066.
https://doi.org/10.1016/j.ejor.2014.02.037
Parikh, P. J., & Meller, R. D. (2009). Estimating
picker blocking in wide-aisle order picking
systems. [IE Transactions (Institute of Industrial
Engineers), 41(3), 232-246.
https://doi.org/10.1080/07408170802108518
Chen, J. C., Cheng, C. H., Huang, P. B., Wang,
K.J., Huang, C. J., & Ting, T. C. (2013).
Warehouse management with lean and RFID
application: A case study. International Journal
of Advanced Manufacturing Technology, 69(1—
4), 531-542. https://doi.org/10.1007/s00170-
013-5016-8

Tan, H. (2008). The application of RFID
technology in the warehouse management
information system. Proceedings of the
International Symposium on Electronic
Commerce and Security, ISECS 2008, 1063—
1067. https://doi.org/10.1109/ISECS.2008.17
Bahrami, B., Aghezzaf, E. H., & Limere, V.
(2017). Using Simulation to Analyze Picker
Blocking in Manual Order Picking Systems.
Procedia Manufacturing, 11(June), 1798—1808.
https://doi.org/10.1016/j.promfg.2017.07.317
Chackelson, C., Errasti, A., Ciprés, D., & Lahoz,
F. (2013). Evaluating order picking performance
trade-offs by configuring main operating
strategies in a retail distributor: A Design of
Experiments approach. International Journal of
Production Research, 51(20), 6097-6109.
https://doi.org/10.1080/00207543.2013.796421
Chen, F., Wang, H., Xie, Y., & Qi, C. (2016).
An ACO-based online routing method for
multiple order pickers with congestion
consideration in warchouse. Journal of
Intelligent Manufacturing, 27(2), 389—-408.
https://doi.org/10.1007/s10845-014-0871-1
Chen, F., Wei, Y., & Wang, H. (2018). A
heuristic based batching and assigning method
for online customer orders. Flexible Services
and Manufacturing Journal, 30(4), 640-685.
https://doi.org/10.1007/s10696-017-9277-7
Dijkstra, A. S., & Roodbergen, K. J. (2017).
Exact route-length formulas and a storage
location assignment heuristic for picker-to-parts
warehouses. Transportation Research Part E:
Logistics and Transportation Review, 102, 38—
59. https://doi.org/10.1016/j.tre.2017.04.003
Franzke, T., Grosse, E. H., Glock, C. H., &
Elbert, R. (2017). An investigation of the effects
of storage assignment and picker routing on the
occurrence of picker blocking in manual picker-
to-parts warehouses. International Journal of
Logistics Management, 28(3), 841-863.
https://doi.org/10.1108/IJLM-04-2016-0095
Henn, S., Koch, S., Doerner, K. F., Strauss, C.,

[27]

[28]

[29]

[32]

[33]

[34]

& Wischer, G. (2010). Metaheuristics for the
Order Batching Problem in Manual Order
Picking Systems. Business Research, 3(1), 82—
105. https://doi.org/10.1007/BF03342717

Ho, Y. C., Su, T. S., & Shi, Z. Bin. (2008).
Order-batching methods for an order-picking
warehouse with two cross aisles. Computers and
Industrial Engineering, 55(2), 321-347.
https://doi.org/10.1016/j.cie.2007.12.018
Hsieh, L. F., & Tsai, L. (2006). The optimum
design of a warehouse system on order picking
efficiency. International Journal of Advanced
Manufacturing Technology, 28(5-6), 626—637.
https://doi.org/10.1007/s00170-004-2404-0
Matusiak, M., de Koster, R., & Saarinen, J.
(2017). Utilizing individual picker skills to
improve order batching in a warehouse.
European Journal of Operational Research,
263(3), 888-899.
https://doi.org/10.1016/j.ejor.2017.05.002

Pan, J. C. H., & Wu, M. H. (2012). Throughput
analysis for order picking system with multiple
pickers and aisle congestion considerations.
Computers and Operations Research, 39(7),
1661-1672.
https://doi.org/10.1016/j.cor.2011.09.022
Valle, C. A., Beasley, J. E., & da Cunha, A. S.
(2017). Optimally solving the joint order
batching and picker routing problem. European
Journal of Operational Research, 262(3), 817—
834. https://doi.org/10.1016/j.ejor.2017.03.069
Wang, X., Ruan, J., Ruan, J., & Ruan, J. (2017).
On-line order batching and sequencing problem
with multiple pickers: A hybrid rule-based
algorithm. Applied Mathematical Modelling, 45,
271-284.
https://doi.org/10.1016/j.apm.2016.12.012

Yu, M., & de Koster, R. B. M. (2009). The
impact of order batching and picking area
zoning on order picking system performance.
European Journal of Operational Research,
198(2), 480—-490.
https://doi.org/10.1016/j.ejor.2008.09.011
Zhang, Y. (2016). Correlated Storage
Assignment Strategy to reduce Travel Distance
in Order Picking. IFAC-PapersOnLine, 49(2),
30-35.
https://doi.org/10.1016/j.ifacol.2016.03.006
Quader, S., & Castillo-Villar, K. K. (2018).
Design of an enhanced multi-aisle order-picking
system considering storage assignments and
routing heuristics. Robotics and Computer-
Integrated Manufacturing, 50, 13-29.
https://doi.org/10.1016/j.rcim.2015.12.009



