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Abstract: Manual order picking is considered as one of the costliest and time-consuming processes in a manual picker-to-order
system. The process starts with customer orders release. After distributing the orders to multiple order pickers, order picking
associates starts to fulfill customer demands. Picking is the process of collecting (picking) the order items from their storage
locations. Finding the most efficient route to visit all items locations is the main goal of optimizing order picking routing path.
Due to the fact that each warehouse runs its operations with multiple pickers, and the pickers may work in the same zone to
pick items on customer orders, congestion may occur during the picking time. This can affect the order picking finishing time.
The optimization solution obtained without considering the order picking congestion might not provide the most satisfaction
result. Most of the studies focus on the single picker to order systems, where the effect of the congestion does not exist.
However, in reality, multiple pickers are used. Therefore, this research will focus on the congested order picking problem, and
solve for the best picking route. Literature will be reviewed to identify the studies that consider the congestion effect in multiple
picker systems, and to review the models used to represent this problem.
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1. Introduction
Warehouses are buildings or controlled spaces which are responsible for storing different types of goods with different
sizes. Goods which are stored inside warehouses are usually received and placed in pre-designated storage locations (Muppani
& Adil, 2008). After orders from customers are received, these goods are retrieved from their locations and then prepared for
shipping. Therefore, warehouses play an important role in the middle of the supply chain, in which they connect manufacturers
with customers. Processes inside the warehouse are to control the inside operations, and those outside its borders are to control
its relations with other supply chain parties. Warehouses can be operated independently or within a manufacturer or retailer
site. They are usually built near highways, railroads, seaports, or airports for easy and efficient shipping. Warehouse buildings
usually have an inbound dock for receiving and an outbound dock for shipping; however, in other cases, receiving and shipping
can be completed through one dock.
Warehouses usually have different types of resources that manage and support different internal and external warehouse
operations. People, vehicles and trailers, and operating and management systems are considered the main resources of any
warehouse. Material processes in a warehouse handling can be differentiated based on the layout design and/or product
specifications. After products arrive at the inbound dock, they are received. Then, they are transferred to and placed at the
storage locations. Storage locations may be fixed (dedicated) for fixed types of products, or dynamically changed based on the
policies followed for each warehouse. The process where products are sent to the storage locations is also called put away.
During the receiving process, products can be checked for the type and condition, and counted. Customer orders initiate the
order picking process in which the ordered products are retrieved from their storage locations and then prepared for shipping.
As part of the supply chain, warehouse operations become more important as the logistics industry expands (higher volume
and product variety), and requires more accurate decisions within a limited time window. Among the logistic costs, 20% of the
total operational costs is due to warehouse operations (De Koster et al., 2007). This will lead to the need of more improvement
of warehouse operations.
As a building that is used to store different kinds of goods, a warehouse becomes a main component of the trading series,
used by different industrial companies, transporters, wholesale businesses, customers, etc. Warehouses usually occupy a large
space that can accommodate all stored items differentiated by storage needs. Warehouse docks are used for loading and
unloading. Modern warehouses, or sometimes known as distribution centers, are built and designed based on many optimization
studies. In addition, management systems become significant for processes in the warehouse. As they are becoming complex
(Karsek, 2013), they are now becoming more difficult to use. As a result, different software was developed with different
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