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Abstract  

In this article, we describe the use of dynamic simulation when designing an effective system for order 

picking within a distribution warehouse. The simulation model was created in the Witness software 

environment for discrete dynamic simulation and is a modification of a general simulation model of 

material flows in supplier systems. Using the example of a batch system for picking orders in a 

drugstore goods warehouse, we discuss the possibilities of using a general simulation model of 

material flows as an effective framework for the development of system support for warehouse 

processes using WMS. The simulation model is based on the possibility of dividing any material flow 

in the supply system into a finite number of movements with the possibility of using one of the sources 

and fulfilment of certain conditions. In order to achieve the required optimisation of the order picking 

system, which depends, in particular, on the unknown duration of goods collection at the picking 

location, and on the duration of goods sorting in consolidation, the “what-if” analysis has been used 

as a tool to measure the impact of uncertainty of one or more variables entering the model on the 

uncertainty of output variables. The study showed that minimisation of the number of physical 

elements in the model leads to a significantly higher speed of its operation. By means of dynamic 

simulation, it is possible to test a large number of variants of the picking system layout in a relatively 

short time and minimise the risk of erroneous decisions associated with the implementation of a 

suitable WMS. 
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1 Introduction 

In terms of operating costs, the process of picking customer orders is the most important activity that 

takes place in distribution warehouses (Tompkins et al., 2010). The picking is very laborious, forming up 

to 55% of the costs associated with the warehouse operation, and up to 50% of the picking time is 

consumed by the movement of operators to reach goods localised at picking positions (de Koster et al., 

2007). Due to the fact that customer behaviour is characterised by constant pressure aimed at reducing the 

order processing time and by purchasing smaller quantities more frequently, good work organisation is 

crucial for the efficiency of order picking in the warehouse (M. Yu & de Koster, 2009).  

Designing picking systems, including system support, is one of the most difficult roles of logistics 

planning due to its considerable complexity (Altarazi & Ammouri, 2018). The system performance is 

influenced, for example, by the availability of resources such as premises, warehouse racking and 

handling equipment or availability of labour force (Gu et al., 2007). Effective system support of order 

picking is ensured by application of the controlled storage principles (i.e., the Warehouse Management 

System – WMS). This system provides information enabling control of the product or goods flow from 

receipt to dispatch thereof. They then become the basis for the proper operation of other business 

departments, such as purchase and sales. The WMS must be connected and able to communicate with 

other information systems across the company (Faber et al., 2002). WMS system integration provides 

companies with a competitive advantage in responding effectively to changes in internal or customer 

requirements or to those coming from the market. 

The key factors of optimal controlled storage functioning include, in particular (Bottani et al., 2019): 

• the warehouse layout; 

• the picking system type; 

• the order picking strategy; 

• the storage assignment policy; and  

• the routing of workers responsible for order picking between the individual locations. 

The warehouse layout is either conventional, i.e., with rectangular arrangement and parallel aisles, or 

non-conventional (Çelk & Süral, 2014). The non-conventional warehouse layout usually has a “fishbone” 

or “flying V” form, and is used, for example, for a low number of items in the order (Gue & Meller, 2009). 

The picking system type is either static, where the worker moves around goods that are firmly located, or 

dynamic, where the goods are moved to the picking point according to the worker’s requirements and 

returned to the warehouse after the required quantity has been removed (Lahmar, 2007). As regards static 

picking systems, which are most common in practice, we can distinguish between picking on the ground, 

i.e., within the reach of the worker who is standing on the ground (Dallari et al., 2009), and picking at 

height using special handling equipment (Pan et al., 2014). 

The strategies of order picking include individual, zone and batch picking (Ho & Lin, 2017). Individual 

picking means that the worker picks only one order at a time in its entirety. What is typical of zone picking 

is assignment of a worker to a certain fixed part of the warehouse (zone), where they pick parts of orders. 

During the sequence zone picking, they then pass a partially picked order to the next zone, while in the 

case of synchronised zone picking, the individual parts of orders are picked simultaneously in all zones 

and then usually consolidated via the sorting system (Bottani et al., 2019). Combining orders and picking 

them at the same time is typical of batch picking. The advantage of this method of collective order picking 

is significant saving of the time spent on the movement of operators to reach goods located at picking 

positions; nevertheless, there is a disadvantage consisting in the need to implement a related process of 

sorting goods into individual customer orders (Parikh & Meller, 2008). 
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The simplest methods of ordering goods at picking positions include random placement of the item into 

the assigned empty place (Fukunari & Malmborg, 2008) or maintenance of assortment groups in certain 

fixed zones (Petersen & Aase, 2004). The disadvantage of random placement of the item into an empty 

place is consumption of more time when workers move between picking locations, and the disadvantage 

of keeping the assortment groups is then poor utilisation of the warehouse space (Sooksaksun, 

2012).Therefore, what is more often used in practice is the ordering of goods based on classes that are 

defined using certain criteria determined in advance (Önüt et al., 2008). Such criteria usually concern the 

share in the turnover or the frequency of goods occurrence in orders for a certain period (Y. Yu et al., 

2015), where goods are sorted by means of the ABC analysis into 3 classes (Shah, 2009) and each class is 

assigned a certain part of the warehouse within which the goods are randomly placed to particular picking 

positions (Li et al., 2018). 

Finally, the route between the individual locations, along which the employee responsible for picking the 

order moves, can be proposed using a number of methods. Most often it is the S-method, the return 

method and the biggest gap method (Cano et al., 2017). 

If we combine the options described above for each factor influencing the picking system efficiency, we 

will receive a large number of different configuration variants, each of which may theoretically be the 

most suitable for a particular distribution channel with a specific order composition and service level 

requirement, while at the same time leading to minimum warehouse operating costs. Bottani et al. (2019) 

refer to dynamic simulation as to a suitable method to determine the effectiveness of a specific picking 

system layout. Simulation is a process of creating a logical-mathematical model of a real object, a system 

defined on it or a decision-making process and implementation of a large number of experiments with it, 

the purpose of which is to describe the system, recognise its function and estimate its future behaviour 

(Gros & Dyntar, 2015). The advantage of simulation is the possibility to verify a large number of variants 

of system layout before resources are spent on the actual implementation (Law, 2013). Although 

simulation is widely used as a method to address various problems in the design of distribution 

warehouses, there are only a limited number of studies in the literature on designing framework models 

suitable for verifying the effectiveness of picking system layouts.  

The purpose of this article is to describe the use of dynamic simulations in the design of an effective system 

of order picking in a drugstore goods warehouse. The simulation model of the system was created in the 

Witness software environment for discrete dynamic simulation with MS Excel support for the import of 

input data and the export and modification of outputs, and is based on a general simulation model of 

material flows in supplier systems (Dyntar, 2018).  

This is based on the assumption that any material flow in the supplier system can be broken down into a 

final number of movements, and the execution of a movement may require the use of any source and the 

fulfilment of any conditions. Based on the model outputs, we discuss the possibilities of using the general 

simulation model of material flows as a framework for development and system support of warehouse 

processes using the WMS. The Witness simulation software is widely used to manage and optimise 

production and logistics systems, and it can be applied successfully as support to supply chain modelling 

and optimisation, or it can simulate business processes effectively (Wang et al., 2020). 

The outputs obtained were further verified by the what-if analysis. The what-if analysis measures how 

uncertainty of one or more variables entering the model may affect the uncertainty of the output variables 

(Baio & Dawid, 2015). The most common forms include the what-if analysis of one variable, the multiple 

analysis and the probability analysis (Pichery, 2014). 
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2 Methods and input data 

The general simulation model, the modelled system and simulated scenarios are briefly described in this 

chapter. 

2.1 Modelled system 

The modelled system is a drugstore goods warehouse that supplies a network of 230 retail outlets in 

Slovakia. Based on the ABC analysis of sales data for 2019, 80% of the turnover was found to comprise 

1,449 items (i.e., group A), a further 15% of the turnover consisted of 1,736 items (i.e., group B) and the 

remaining 5% of 3,439 items (group C). The outlets’ demand is rather stable throughout the year in terms 

of the number of orders and items per order and shows a slight pre-Christmas season (see Figure 1). The 

median of the number of items per order is 109. The outlets are supplied from the warehouse on the basis 

of a distribution plan regularly twice a week.  

 

Figure 1: Number of orders and items in orders. 
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The warehouse layout is shown in Figure 2. 

 

Figure 2: Warehouse layout. 

The warehouse capacity is 10,430 pallets, and the number of picking positions has increased to 5,215 as 

compared to the original state thanks to the introduction of picking trolleys allowing picking at a height 

of ground+2. The introduction of new picking trolleys with a load capacity of 400 kg is also associated 

with a significant increase in the expected average speed of movement of the worker performing the order 

picking (hereinafter referred to as picker) from 3 km/h (original condition, walking) to 6 km/h. While 

assortment groups in certain fixed zones were maintained in the original picking system, the modelled 

system includes random placement of goods in zones A, B, C based on their share in the turnover. The 

movement of the warehouseman along the route obtained by the S-method is considered in zone A, while 

zones B and C use the return method. The last change considered in the modelled system is the transition 

from individual picking to batch picking. This means that orders placed by outlets are combined, within 

one day, into an internal order containing all the demanded items and the total demanded quantity 

thereof. The individual parts of the internal order are then assigned to pickers for picking so that the 

maximum permissible quantity of goods on the pallet (i.e., the load capacity of the picking trolley) is not 

exceeded. After picking a part of the internal order, this part is taken to the consolidation area, where the 

goods are sorted according to the orders from the outlets.         

2.2 General simulation model of material flows 

The system model is created in the Witness environment in the structure of the general simulation model 

of material flows (see Dyntar, 2018, page 84-118). In the general simulation model of material flows logic, 

each flow can be broken down into a finite number of movements. Each movement consists of four 

mutually related actions, which are simulated by the Part type element passing through the basic model 

structure (BMS), which consists of four Machine type elements. Part and Machine type elements are 

available in the Witness environment in a predefined form. In the BMS, two Machine type elements 

represent handling of the entity without changing its position, and two elements represent a change of 

the entity position. The specific material flow and its logic in the model are created in the Actions elements 

of the Machine type that make up the BMS using the program code and by making the input and output 

rules conditional.   

In the modelled system described in Chapter 2.1, the movements of picking of a part of the internal order 

and consolidation of outlet orders are simulated. While the consolidation of orders from outlets is 

modelled using the BMS described above, the BMS is modified to model the order picking. Such 

modification consists in the repeated transfer of the Part pKulicka type element between the Machine type 

elements forming a BMS mManipulaceBod1 and mPohybBod1Bod2 (see Figure 3). 
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Figure 3: BMS modification for simulation of picking of a part of an internal order. 

This corresponds to a situation where during the picking of a part of the internal order the picker moves 

repeatedly along the shortest route between two subsequent picking locations with goods (dynamic 

change of points 1 and 2 in the BMS) until the picking is over, and they then move to the consolidation 

area. The BMS modification referred to above is carried out by adjusting the program code of the Output 

Rule element mPohybBod1Bod2, where the output rule is conditioned by the logical structure of 

IF/ELSE/ENDIF. The requirements for executing a picking movement of part of an internal order are 

imported into the simulation from MS Excel and coded into the Variable type element. Each line of this 

element represents picking of one item, the columns contain information about what part of the internal 

order and what item is concerned, in what quantity the item is to be selected for the picking location and 

where the picking location is situated in the warehouse.  

The order of picking locations entering the simulation ensures the picker’s movement along the shortest 

route without having to return and is in accordance with the selected movement methods for groups A, 

B, C. In order to avoid slowing down the simulation run, random generation of picking locations and the 

sequencing thereof is already carried out in MS Excel. Random generation of picking locations is done 

using the RANDBETWEEN() function, ordering using Order/Upwardly according to the picking location 

number, where the A group items are situated in locations 1-156 in the respective part of the warehouse 

according to the layout (see Figure 2), the B group items in locations 157-276 and the C group items in 

locations 277-419. The shortest distances between the picking locations are obtained in MS Excel by means 

of dynamic programming, arranged in a square matrix (m = 419), imported into the simulation and coded 

into the Variable type element. The assignment of a certain number of items in a certain quantity to the 

part of the internal order which is assigned to pickers in the simulation is again done in MS Excel using 

macros, taking into account the maximum quantity of goods on the pallet. First, parts of the internal order 

are created, where the subject of picking is only one item in the quantity corresponding to the limit, then 

the parts of the internal order with more than one item are followed. After completing the simulation of 

the movement of the part of the internal order, the requirements for the implementation of the outlet order 

consolidation movement are coded into the Variable type element so that the Variable type element is 

increased by the number of items that arrived in the consolidation after the picking and become the subject 

of sorting. The required output of the simulation is the minimum daily number of BMS, which is necessary 

for the execution of movements corresponding to outlet orders in 2019 during the considered one-shift 

operation, the available time of 7.5 hours/BMS, the shift and the division of worker groups into pickers 

and consolidators without mutual penetration.     

2.3 Simulated scenarios 

The basic assumption that especially the duration of goods collection at the picking location and the 

duration of the goods sorting in consolidation, which are not known in advance, affect the required 

simulation outputs was verified using the what-if analysis. Please note that a change of the maximum of 

one variable is considered in all the simulated scenarios included in this study.  
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First of all, we simulated a scenario in which we looked into the influence of a change in the average 

duration of the collection of goods at the picking location on the need for pickers (see Table 1).  

 

Table 1: Input parameters of the simulation – Scenario 1. 

Average duration of collection of goods at picking location  10-120 step 5 [s/item] 

Maximum quantity of goods on pallet 400 kg 

 

In the first stage, we identified the minimum daily need for pickers for each day for the period of October, 

which is one of the busiest months in terms of the volume of goods ordered by outlets, and selected the 

maximum value out of them. In the second stage, we simulated the entire period by days for the required 

maximum number of pickers, which is linked to a certain duration of the collection of goods at the picking 

location in order to verify that the requirement is met. The required maximum number of pickers is 14 

and is based on the specified return on investment in picking trolleys and system support using WMS, 

which includes the assumption of saving the warehouse operating costs by reducing the number of 

picking workers compared to the original condition. 

Afterwards, we simulated the scenario in which we examined the impact of the maximum quantity of 

goods on the pallet during picking on the need for pickers (see Table 2).  

 

Table 2: Input parameters of the simulation – Scenario 2. 

Average duration of collection of goods at picking location  70 [s/item] 

Maximum quantity of goods on pallet 100-400 step 50 kg 

 

The simulated period was October 2019, and the average duration of goods picking at the picking location 

corresponded to the Scenario 1 simulation output for the maximum required number of pickers.            

Finally, in the last simulated scenario, we looked into the sensitivity of the need for consolidators to a 

change in the average duration of goods sorting in consolidation (see Table 3), with the maximum quantity 

of goods on a pallet corresponding to the loading capacity of the picking trolley and with the average 

duration of the goods collection at the picking location corresponding to the Scenario 1 simulation output 

for the maximum required number of pickers.  

 

Table 3: Input parameters of the simulation – Scenario 3. 

Average duration of collection of goods at picking location  70 [s/item] 

Maximum quantity of goods on pallet 400 kg 

Average duration of sorting of goods in consolidation  10-60 step 1 [s/item] 

 

Like with Scenario 1, we identified the minimum daily need for consolidators in the first stage for each 

day of October and selected the maximum value out of them. In the second stage, we simulated the period 

of the entire year by days for the required maximum number of consolidators, which is linked to a certain 
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duration of sorting of goods in consolidation to verify that the requirement was met. The required 

maximum number of consolidators is 4. 

The simulation model was created in the Witness 14 environment with the support of MS Excel 2016 for 

import of inputs. The scenario simulations were performed on a computer with an Intel Core i7 7600U  

– 2.9 GHz processor, 16 GB RAM. 

3 Results 

The simulation results show that in order to comply with the requirement for the maximum number of 

pickers (i.e., 14), the average time of the goods collection at the picking location must not exceed 70 s/item 

(see Figure 4). This was also confirmed by simulation of the entire period (see Figure 5). When the average 

duration of the goods collection at the picking location changes by 5 seconds/item, the need for pickers 

changes by 1 (see Figure 4). 

 

Figure 4: Need for pickers depending on average duration of goods collection per picking location. 
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Figure 5: Need for pickers throughout the year.  

The simulation results further show that if it is not possible to use the maximum load capacity of the 

picking trolley due, for example, to excessive volume or instability of the handling unit, the need for 

pickers will first increase slightly (i.e., by 1 picker within the range of 250-400 kg of goods per pallet), and 

this increase accelerates in the event of further decrease in the capacity utilisation (see Figure 6).      

 

Figure 6: Need for pickers depending on maximum quantity of goods on pallet. 
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Finally, the simulation outputs show that in the case of a requirement for the maximum number of 

consolidators (i.e., 4), the average time of sorting goods in consolidation must not exceed 25 s/item (see 

Figure 7). As for the need for consolidators, there is an increase by 1 upon a change in the average duration 

of the goods sorting in consolidation by 6-7 s/item. 

 

Figure: 7: Need for consolidators depending on average duration of sorting of goods in consolidation. 

 

Figure 8: Need for consolidators throughout the year. 
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We point out that during the simulation of the entire period, with the stated average time of goods sorting 

in consolidation of 25 s/item, the need for the consolidators in 7 days reached the limit of 5 (see Figure 8), 

which was found to be negligible by the company operating the warehouse. 

Potential faster or slower picking and consolidation associated with the increase or decrease in the need 

for workers has a direct impact on the return on investment in picking trolleys and system support of 

these processes through the WMS. 

4 Discussion and conclusion 

A very frequent method used to solve problems associated with optimising the order picking process is 

mathematical programming (e.g., Bolaños Zuñiga et al., 2020; Cano et al., 2020; Scholz et al., 2016). The 

presented models are similarly focused on improving the efficiency of order picking, allocation of storage 

places and inclusion of significant restrictions resulting from the basic characteristics of individual case 

studies (Bolaños Zuñiga et al., 2020). Dynamic simulation is an alternative to the design and optimisation 

of the logistics system through mathematical programming.  

Many studies demonstrate the effectiveness of dynamic simulation as a tool of strategic support in the 

design of very complex logistics systems (Helo, 2000; Manzini et al., 2005, 2007; Riddalls et al., 2000). The 

result of the proposals thereof is an integrated approach which, at the same time, applies different 

decision-making techniques based on both analytical and dynamic multi-parametric models. However, 

studies in scientific literature that use dynamic simulation often lack the detail of the model, and there is 

a high degree of dependence on the selected software, where each manufacturer offers different element 

logic and complexity. 

The environment of the dynamic simulation and the chosen modelling technique bring a number of 

advantages in terms of design of picking systems and their system support through WMS. Minimising 

the number of physical elements such as Part, Buffer and Machine in the model leads to a significantly 

higher speed of its operation. The simulation of one year in the modelled system, which is the subject of 

this study, lasted 72 seconds using the above-mentioned computer technology configuration. This means 

that it is possible to test a large number of variants of the picking system layout in a relatively short time 

and decide on the most appropriate method of system support before the WMS implementation itself. It 

is also possible to use the simulation as a powerful tool to support resource planning for the expected mix 

of orders in a shorter period. This is beneficial, for example, in the months that make up the high season. 

By adding new movements to the simulation, the modelled system can be expanded by the material flows 

implemented in other warehouse processes, thus achieving the effects resulting from the integration 

thereof in the entire logistic system. The BMS in the form described in Dyntar (2018) can be used to 

simulate processes running upon receipt in the warehouse (e.g., unloading of goods, checking of 

completeness and quality of delivery, etc.) and also to simulate controlled storage of homogeneous 

handling units with goods after the receipt or processes taking place in dispatch (e.g., check of the order 

completeness, packaging, loading, etc.). The modified BMS, which is described in Chapter 2.2, can be used 

to simulate controlled storage of heterogeneous handling units with goods after the receipt or storage of 

sorted returned goods as part of the implementation of return flows. Thanks to its simplicity and use of a 

limited range of physical elements, the model can be easily transferred into the environments of other 

simulation products such as Simul8 or Arena. As the present case study deals with supplies under the 

B2B scheme, possible fluctuations in the behaviour of orders during the day are not taken into account. 

Further research can therefore focus on adjusting the model for e-commerce, where there is a much higher 

risk of dynamic stock behaviour during the day. 
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