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Abstract 
Paper presents analysis of the order picking system efficiency under congestion situations. Analysed 

picking system is manual and organized as picker-to-part system with very narrow aisles. About 150 

different variants of the system was taken into consideration. Each of them is characterized by 

different storage policies (random, class-based and volume-based), number of order pickers and 

picking strategies (single picking and batch picking). Main attention was paid to picker blocking 

phenomenon and its impact on order picking efficiency. Authors explain where, when and why such 

situations may happen. Additionally, they point out how the number of pickers, storage policy and 

picking strategy impact pickers blocking and picking process efficiency. Due to complexity of 

presented issue, dynamics and volatility of picking processes, simulation method was implemented. 
(Received in January 2018, accepted in June 2018. This paper was with the authors 2 months for 1 revision.) 
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1. INTRODUCTION 

Logistics facilities like distribution warehouses influence the supply chain ability to satisfy 

customers’ needs. The key task of warehouses is fulfilling customers’ orders in the specified 

time and at the minimal cost. Therefore, there is a need to search for organizational and 

technological solutions to improve warehouse processes like order picking, ensuring smooth, 

quick and accurate fulfilment of orders [1-3]. 

Order picking is a key determinant of logistics service reliability [4]. Order picking 

processes can absorb up to 60 % of FTE for all warehouse activities [5] and generate about 

55 % of costs [6]. Therefore, there is a need to minimize a time of orders fulfilment as well as 

to maximize a productivity and efficiency of picking processes. 

There are three main types of order picking systems divided by a number of employees 

and type of picking process. Thus, there are manual, semi-automated, and automated order 

picking systems. In the manual (picker-to-product) system, pickers move to locations and pick 

manually items. A semi-automated (product-to-picker) system moves products from storage 

locations to picking station by internal transport means like carousels, vertical lift modules, 

SBS/RS [3], movable shelves [7], etc. Automated order picking systems are able to fulfil 

orders without any human assistance (e.g., A-frame). 

Order picking process is very laborious. Manual order picking usually needs a number of 

pickers working simultaneously. It should potentially increase throughput of the system, but 

very often congestion issues occur. Congestion in manual order picking system is related to 

the situation when tasks of the order picker are interrupted by another picker while all 

requirements for a regular picking process are met. The picking process is considered as 

regular when the stream of orders is uninterrupted, all supporting systems (e.g. IT or 

equipment) are fit to work and interfaces with other areas (e.g. receiving, sorting, packaging 

or shipping areas) are in operation [8]. 

Congestion in order picking system was considered quite rarely in the literature. Ottjes 

and Hoogenes [9] focused on order picking trucks traffic in distribution centre. Their results 
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showed that waiting time of order picking trucks (due to congestion) grows exponentially 

with the number of trucks. 

In [10] the authors evaluated the influence of batch construction heuristics, three storage 

assignment policies (random, turnover-based and family-based) and traversal routing policy 

on order picking system throughput. In their research they also considered congestion issues. 

Results were derived from the simulation of a single hypothetical warehouse model. 

Other publication [11] presents comparison of random and class-based storage policies 

with three routing policies (traversal, return and optimal). Congestion was analysed as total 

aisle blocking (if a picker reserved and entered the aisle, all other pickers must wait until this 

picker completed work and left that aisle to get in). 

In researches [12] and [13] authors considered congestion in order picking area and 

influence of pick density on that congestion. Congestion was estimated as the percentage 

share of time in which pickers are blocked in relation to the entire picking process. In the first 

publication [12] the authors analysed order picking area with narrow aisles and in the second 

one [13] with the wide aisles. In both cases Markov chains were used in the tests. 

Congestion aspects in order picking were also considered in [14]. Authors focused on the 

problem of selecting between a batch picking and a zone picking strategy. In their research 

the picking strategy selection decision was depended on pick-rate, picker blocking, workload-

imbalance, and the sorting system requirements. To solve that issue, they proposed the cost 

model which was used to estimate the cost of both types of picking strategy. 

Analysis of congestion in complex processes like order picking, require specific research 

methods. Simulation [1, 10, 11, 14] and queueing theory [8, 15] are the methods which are 

used most often. 

In our research we would like to emphasize, that determining order picking process 

productivity depends on a wide variety of factors, including: area layout (see e.g.: [16, 17]), 

storage system configuration, storage assignment method, routing policy (see e.g.:  

[16, 18-20]), picking method, order picking strategy, number of pickers, material handling 

equipment, as well as congestion issues. All these factors should be taken into account during 

the research since omitting any of them can degrade analysis and make results only theoretical 

without practical application [1]. 

In this paper, we present an approach to estimate order picking efficiency with regard to 

factors listed above. We mainly focus on the impact of storage assignment method, number of 

pickers and picking strategy on congestion. 

2. PICKING STRATEGY AND PICKERS BLOCKING  

A picking strategy defines the manner in which pickers navigate within aisles of a picking 

area to pick up required items. The basic order picking strategies are: 

 single picking (also discrete picking),  

 batch picking,  

 zone picking, 

 and combinations of the above (e.g. zone-batch picking). 

Single picking is a strategy in which a picker picks all items from a single order during 

a single pick-tour. This policy is preferred because it is easy to implement and maintains order 

integrity. Single picking performs well with a small number of orders and a high number of 

picks per order. Picking orders with small number of picks (per order) will lead to an 

excessive travel time. Picking many orders with small numbers of picks will cause congestion 

situations – many pickers simultaneously working in the same area will slow down a picking 

process. 
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In batch picking several orders are batched (grouped) together. Pickers pick all items 

(from a given batch) in a single pick-tour. Batch usually includes a few to several orders. It 

depends on the average number of picks per order and a size of picked items. Batch picking 

systems may use complex logics which are useful for consolidated orders. 

Zone picking is a policy that divides order picking area into zones. Pickers retrieve items 

(SKUs) only within a single zone. This strategy requires additional operations to consolidate 

orders picked in different zones. Batching and zoning strategies can also be combined (zone-

batch picking). In such situation each picker needs to pick items from different pick lists 

prepared for particular areas. 

In each of these strategies orders (from customers) can be fulfilled by different employees 

simultaneously. Assigning orders to the relevant time window is usually dictated by the time 

of their appearing in system or the time till which they have to be fulfilled (to send them to 

customers on time). 

As mentioned, simultaneous picking by many pickers may give rise to phenomenon of 

"pickers blocking". It occurs when work performed by one picker is disturbed by another one 

(see Fig. 1). Congestion situations lead to time loss. This is due to the fact that pickers have to 

wait for the opportunity to continue their picking processes. In manual order picking systems 

– „picker to parts” – blocking (congestion) situations may occur when: 

 all pickers start or finish picking near to a depot (Fig. 1 – situation C), 

 at cross aisles (Fig. 1 – situations A, C, G), 

 at pick aisles and sub aisles (Fig. 1 – situations D, E, F). 

 

Figure 1: Examples of a pickers blocking in order picking area. 

In the first case, pickers are receiving orders at the same time. So, they are able to start 

picking at the same moment. It may cause disruption of unconstrained workers movement 

near to the depot area. A similar situation can occur when more than one picker finish the 

process and put away a mixed unit load (Fig. 1 – situation C).  

In most cases, cross aisles of order picking area are not wide enough to enable pickers 

passing each other. However, very often it is assumed that in cross aisles, pickers can pass 

each other only when they are moving in opposite directions (Fig. 1 – situation B). If they are 

moving in the same direction, they will move sequentially, one after another (Fig. 1 – 
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situation A). Such assumptions lead to pickers' speed limitations in cross aisles, hence these 

assumptions can significantly increase safety in order picking area. 

Pickers blocking may also appear in the narrow pick aisles. Fig. 1 shows four examples of 

such situations (Fig. 1 – situation D-G). In the first case, picker No. 1 is picking items and 

blocking picker No. 2 at the same time (picker No. 2 can’t reach his picking location). Similar 

situation is shown in Fig. 1 – situation E, where pickers No. 1 and 2 are both being blocked 

by the third one. 

Other example of pickers blocking phenomenon is when pickers are moving in opposite 

directions in pick aisles (Fig. 1 – situation F). That situation requires from one of picker to 

change his move direction and leave an aisle from the other side than he was about to. It 

results in longer picking path, additional loss of time as well as increasing duration of an 

entire order picking process. 

In the last example (Fig. 1 – situation G) picker No. 2 sees another worker in pick aisle 

that he was going to visit. In that situation picker No. 2 does not enter this aisle, but waits for 

a moment when it will be released. It avoids situation that one of the pickers must retreat to 

release the aisle for the next one. Additionally, simultaneous work of two and more picking 

trucks (high-level vertical order picking trucks) in one pick aisle could be forbidden because 

of safety rules. 

3. STORAGE ASSIGNMENT 

A storage assignment policy (SAP) is a set of rules used to assign products (SKUs, items) to 

storage locations. The following storage assignments methods are used: random, closest-

open-location, volume-based (a type of dedicated storage assignment), class-based, family-

grouping, etc. 

Random storage assignment allocates SKUs randomly over available storage locations. 

This method is very often used as a benchmark to compare different assignments methods. 

Closest-open-location method is a variation of random policy. It allocates all incoming 

items (SKUs) to the closest and still empty storage locations. This is one of the simplest 

methods used when employees have to select storage locations (when put-away/replenishment 

operations are not directed by WMS). The first encountered empty location is the potential 

place for the item storage. This policy has been widely discussed in [21]. 

Volume-based storage assignment uses dedicated locations. This method usually assigns 

each SKU to storage location according to the expected pick volume, so each type of items 

has a fixed storage place. The pick volume of SKU can be measured by number of unit loads 

(pallets, boxes), number of items or pick lines picked in certain time. Frequently picked items 

are located close to depot. SKUs can be assigned to locations also according to another 

criterion such as pick regularity. 

Family-grouping storage assignment is a variant of dedicated methods. It is based on the 

idea that similar products are located in the same space of the storage area. For example, 

SKUs that usually appear together in the same pick orders, or are usually picked in the same 

pick-tour, should be stored close to each other. Another reason for that can be the same 

supplier or the same owner. To apply family grouping a correlation between SKUs should be 

known (or at least should be predictable), e.g. frequency at which they appear together in the 

order (see [22]). 

Another dedicated storage assignment method is the cube-per-order index (COI method) 

[21]. The method assigns items to storage locations according to COI parameter which is 

defined as the ratio of the total space required for SKU and the number of trips required to 

satisfy its demand per period. Items with the lowest COI are located closest to the depot. For 

more details see [23-25]. 
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Class-based assignment is a combination of random and dedicated methods. It bases on 

items grouping (clustering), and divides both the SKUs and the storage locations into the 

same number of classes. Items to classes assignment is based on parameters such as, e.g.: pick 

volume, pick frequency or pick regularity (XYZ method). Storage locations are divided into 

clusters (classes) usually according to the distance from the depot. Next, classes of SKU and 

locations are sorted (SKUs in decreasing order and storage location in increasing order) and 

then combined in that order. Usually, number of SKU classes is limited to three and each of 

them named respectively A, B and C or X, Y and Z (the first class collects the fastest moving 

items or the most regular, while the last class collects the slowest or the most irregular). Using 

more than three classes is of course possible but with a number of classes also space 

requirements increases (effect of the fixed storage locations for stock of materials in classes). 

For more information about class-based assignment as well as its impact on layout of storage 

area see [26]. 

Numerous methods are used to assign items to locations. Each of them can affect pick 

paths lengths, picking time and congestion. Selecting storage assignment method for 

particular order picking system is one of the crucial steps to obtain expected order picking 

efficiency.  

The influence of storage assignment on congestion and pickers blocking (see [10, 11]) is 

not widely considered in the literature, but these issues are strongly correlated. The situation 

when the most frequently picked items are located in the same, closest aisle will make pickers 

visiting that aisle often at the same time and will result in congestion and delays. Therefore, 

we investigate, which storage assignment method brings the lowest time losses (due to 

congestion) over specific order picking conditions (related to specific number of pickers, 

picking strategy or routing method). 

4. EVALUATION OF PICKING PROCESS 

The picking list is generated according to customers’ orders. As a result, mixed unit loads 

(consisting of more than single SKUs) are prepared. Formal presentation of order picking 

evaluation criteria required defining the following sets: set of pickers OP (op is the number of 

an order picker), set of all picking lists PL (pl is the number of a picking list), set of picking 

lists assigned to picker PL
op

, set of types of picked articles (SKUs) G (g is the number of an 

item type), and a set of rows in a given picking list LR
pl

. 

It was also assumed that, the order picking process time is a period between the receiving 

of the first picking list and putting off the last prepared mixed unit load at the depot. To 

determine the time of picking of all picking lists, it is necessary to determine beginning 

(t
s
(op, pl)) and ending process (t

e
(op, pl)) moments for all pickers [17]. These moments 

should be placed on the timeline. Next, the earliest moment of beginning and the latest 

moment of ending picking of each picker can be determined. Time duration between these 

two moments defines the time of all picking list fulfilment (see Fig. 2). It was presented as 

Eq. (1). 
 

 

Figure 2: Moments of the beginning and ending of fulfilling individual picking lists 



Klodawski, Jachimowski, Jacyna-Golda, Izdebski: Simulation Analysis of Order Picking … 

436 

The moment when picking of particular list is completed can be determined by the Eq. (2). 

It is a sum of picking beginning moment and a period in which picking list was fulfilled. Time 

of an individual picking list fulfilment by individual picker can be determined by Eq. (3). 

Components used in this formula are as follows: t
r
(op, pl) – travel time of order picker op 

during picking list pl fulfilment; t
p
(op, pl) – picking time (reaching and placing items to load 

carrier) by order picker op during picking list pl fulfilment; t
w
(op, pl) – picker op waiting 

time during picking list pl fulfilment (time when picker is blocked and can’t continue 

pickings). 

Usually the efficiency of order picking process is measured by the number of orders, lines 

or SKU items fulfilled or picked per time unit. In case of the orders number, the efficiency 

can be determined as presented in Eq. (4). We assumed, that (pl, op) = 1 when picker op is 

assigned to picking list pl. Otherwise, (pl, op) = 0. In case when order picking efficiency is 

evaluated by the number of lines (rows of picking list) picked in a unit of time, we can use 

Eq. (5). Designation (pl) in Eq. (5) is the total number of rows (lines) that list pl contains. If 

a single line is defined as a single picked item, then order picking efficiency would be 

presented as a number of items picked per unit time, see Eq. (6). Designation ((pl), g) in 

Eq. (6) is the number of g-type items picked in a row (pl) of a picking list pl. 

Order picking process can be also evaluated using the efficiency of individual pickers or 

pickers working time utilization. In this paper we assumed, that efficiency of the operator op 

is measured by a number of his picked items in a unit of time. It can be formulated as it is 

presented in Eq. (7). Work time utilization of the picker op is a ratio of his undisturbed 

working time (working time that do not include time when picker has to wait or is blocked) 

and a total of his picking time. Picker working time utilization can be formulated as Eq. (8). 

For more information about Eqs. (1) to (8) see [17]. 

𝑇𝑝𝑖𝑐𝑘 = max
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑒(𝑜𝑝, 𝑝𝑙)} − min
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑠(𝑜𝑝, 𝑝𝑙)} (1) 

𝑡𝑒(𝑜𝑝, 𝑝𝑙) = 𝑡𝑠(𝑜𝑝, 𝑝𝑙) + ∆𝑡(𝑜𝑝, 𝑝𝑙) ∀𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳𝒐𝒑  (2) 

∆𝑡(𝑜𝑝, 𝑝𝑙) = ∆𝑡𝑟(𝑜𝑝, 𝑝𝑙) + ∆𝑡𝑝(𝑜𝑝, 𝑝𝑙) + ∆𝑡𝑤(𝑜𝑝, 𝑝𝑙) ∀𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳𝒐𝒑  (3) 

𝑊𝑝𝑖𝑐𝑘 =
∑ ∑ 𝜎(𝑜𝑝, 𝑝𝑙)𝑝𝑙∈𝑷𝑳𝒐𝒑𝑜𝑝∈𝑶𝑷

max
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑒(𝑜𝑝, 𝑝𝑙)} − min
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑠(𝑜𝑝, 𝑝𝑙)}
 (4) 

𝑊𝑝𝑖𝑐𝑘 =
∑ ∑ 𝜎(𝑜𝑝, 𝑝𝑙)𝑝𝑙∈𝑷𝑳𝒐𝒑𝑜𝑝∈𝑶𝑷 𝜉(𝑝𝑙)

max
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑒(𝑜𝑝, 𝑝𝑙)} − min
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑠(𝑜𝑝, 𝑝𝑙)}
 (5) 

𝑊𝑝𝑖𝑐𝑘 =
∑ ∑ ∑ ∑ 𝜎(𝑜𝑝, 𝑝𝑙) 𝜉(𝑝𝑙) 𝜔(𝜇(𝑝𝑙), 𝑔)𝑔∈𝑮𝜇(𝑝𝑙)∈𝑹𝑳𝒑𝒍𝑝𝑙∈𝑷𝑳𝒐𝒑𝑜𝑝∈𝑶𝑷  

max
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑒(𝑜𝑝, 𝑝𝑙)} − min
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳

{𝑡𝑠(𝑜𝑝, 𝑝𝑙)}
 (6) 

𝑊𝑝𝑖𝑐𝑘(𝑜𝑝) =
∑ ∑ ∑ 𝜉(𝑝𝑙) 𝜔(𝜇(𝑝𝑙), 𝑔)𝑔∈𝑮𝜇(𝑝𝑙)∈𝑹𝑳𝒑𝒍𝑝𝑙∈𝑷𝑳𝒐𝒑  

max
𝑜𝑝∈𝑶𝑷,𝑝𝑙∈𝑷𝑳𝒐𝒑

{𝑡𝑒(𝑜𝑝, 𝑝𝑙)} − min
𝑜𝑝∈𝑶𝑷,𝑷𝑳𝒐𝒑

{𝑡𝑠(𝑜𝑝, 𝑝𝑙)}
 (7) 

𝑃𝑇𝑈(𝑜𝑝) =
∑ ∆𝑡(𝑜𝑝, 𝑝𝑙) + ∆𝑡𝑤(𝑜𝑝, 𝑝𝑙)𝑝𝑙∈𝑷𝑳𝒐𝒑  

∑ ∆𝑡(𝑜𝑝, 𝑝𝑙)𝑝𝑙∈𝑷𝑳𝒐𝒑
100 % ∀𝑜𝑝∈𝑶𝑷 (8) 

5. ASSUMPTIONS FOR MODEL OF ORDER PICKING SYSTEM 

To simulate and evaluate variants of the order picking process the model of order picking 

system was developed. The main model assumptions are presented below:  

 order picking is performed in a bulk-storage area according to the manual-picker-to-part 

method, 



Klodawski, Jachimowski, Jacyna-Golda, Izdebski: Simulation Analysis of Order Picking … 

437 

 pickers use Narrow Aisle Order Picker Trucks (items are retrieved – picked– from all 

possible storage levels, order picking area includes narrow pick aisles), 

 picking area uses pallet racks with a total storage capacity of 2160 pallets, 

 picking area is composed of 3 storage blocks and 9 pick aisles (see Fig. 3), 

 each rack consists of 8 bays and 5 storage levels (see Fig. 3), 

 depot is located in front of the leftmost pick aisle (see Fig. 3), 

 pickers can’t turn back and pass each other in pick aisles, 

 if a pick aisle is occupied by a picker that is moving towards the other picker that is 

entering that aisle, then entering picker must wait till an aisle is available (see Fig. 1 – 

situation G), 

 pickers that are moving the same direction cannot pass each other in cross aisle, 

 order picking area replenishment is not considered (doesn’t influence congestion), 

 S-shape routing policy is used, 

 horizontal velocity of order picking truck is 0,97 m/s, and vertical velocity is 0,25 m/s, 

 time of single item picking up is 4,5 s, 

 200 order lines are processed into pick lists to be fulfilled in order picking process, 

 pick lists are generated on the base of historical (annual) orders, 

 both, the single picking and the batch picking strategies are used, 

 3, 6, 9 or 12 pickers are engaged, 

 in case of batch picking, pick lists are assigned to pickers according to the criterion of 

equal workload – number of items to be picked by each picker is the same or quite similar, 

 different variations of three basic storage policies: random, class-based and volume-based 

are used. 

As mentioned in a list of assumptions, variations of three basic storage policies: random 

assignment, class-based assignment and volume-based assignment were applied in model. In 

the class-based policies (ABC, XYZ) SKUs were divided into three subsets (classes) 

according to such parameters as: pick frequency – ABC1, pick volume – ABC2 and pick 

regularity – XYZ. The same parameters were used to volume-based methods: pick frequency 

– VOL1, pick volume – VOL 2, pick regularity – VOL3 (see Table I). Additionally, storage 

locations were ranked according to different criteria (ranks determine the order of SKUs 

assignment to locations), such as: access time from the depot (R1), distance from the depot 

(R2), the closest pick aisle and the access time from the depot to location (R3), the closest 

pick aisle and distance from the depot to location (R4). In the R3 and the R4 methods, firstly 

are ranked pick aisles according to distance from the depot, then storage locations they 

include. 

As a result, 25 different storage assignments methods were configured (see Table II). For 

example, ABC1R1 means that SKUs were assigned to classes according to the method ABC1 

(using pick frequency parameter) and storage locations were ranked according to the access 

time from the depot (R1). 

Table I: Types of storage assignment methods. 

SAP 
Random Class-based Volume-based 

Ran ABC1 ABC2 XYZ VOL1 VOL2 VOL3 

Rank 

parameter – 

Pick 

frequency 
[times / year] 

Pick 

volume 
[units / year] 

Pick 

regularity 

Pick 

frequency 
[times / year] 

Pick 

volume 
[units / year] 

Pick 

regularity 

Basing on above assumptions, 150 variants of the order picking system were generated, 

picking process was simulated and basic measures of process effectiveness were calculated. 
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The algorithm for generating pick lists was developed. Algorithm analyses a structure of 

historical orders (how often each SKU was ordered, what was order quantity, who ordered, 

etc.) and then generates order lines and processes them into pick lists. Assignment of order 

lines to a particular pick list is dependent on who was ordering (if a single pick strategy is 

used) and what was the maximal acceptable weight and volume of all items picked in one tour 

(capacity of carrier). The same historical data were used for storage assignment methods, 

therefore generated pick lists can be used for evaluation of these methods (simulation). 

6. SIMULATOR OF ORDER PICKING PROCESS 

To simulate order picking process SimPick application was developed (see Fig. 3). Its main 

function is to allow researcher to shape, design and organize “picker-to-part” order picking 

system. SimPick application allows for: external data import, designing and organizing order 

picking system, order picking process simulation and results display and export. 
 

 

Figure 3: Selected screens of SimPick. 

The module of designing and organization of an order picking allows to: design order 

picking area layout, storage assignment, generating and batching order picking lists, selection 

of the number of picker used to order picking, allocation of picking lists to individual pickers 

and routing (determining pick routs). This module requires also data as e.g.: parameters of 

uniform and mixed pallet units (kg, m
3
), dimensions of pick locations, pick and cross aisles 

etc. 

Order picking simulation module allows calculating and analysing all activities performed 

by pickers. The algorithm monitors current status of all pickers (e.g. traveling, picking up, 

blocked) and calculates that status duration. The given status time is used to estimate total 

order picking time. Simplified form of algorithm for each pickier is presented below: 

 

STORAGE ASSIGNMENT IN ORDER PICKING AREA 

PICK ROUTE 

PICKER 

PICK LOCATION 

ORDER PICKING DIGITAL STOPWATCH 

PICKING PROCESS ANIMATION 

STORAGE ASSIGNMENT - PICK FACE 

CHARTS AND SIMULATION RESULTS 
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Step 1. START – Begin order picking; YES – go to Step 9; 
NO – go to Step 12; 

Step 2. Check destination – specify the coordinates of next 
location; 

Step 9. Check if there is a pick location in current location: 

Step 3. Check if your location is currently occupied by another 
picker: 

YES – go to Step 10; 
NO – go to Step 12; 

YES – go to Step 4; 
NO – go to Step 6; 

Step 10. Pick up items; 

Step 4. If blocked by other picker – WAIT; 
Step 11. Calculate the time of picking up items in this pick 

location; 
Step 5. Calculate waiting (blocking) time in current location, then 

go to Step 3; 
Step 12. Move to the next location; 

Step 6. Check if you are entering the pick aisle: Step 13. Calculate the travel time to next location; 

YES – go to Step 7; 
NO – go to Step 8; 

Step 14. Check if you are currently in a depot: 

Step 7. Check if this aisle is currently occupied:  
YES – go to Step 15 
NO – go to Step 2; 

YES – go to Step 4; 
NO – go to Step 12; 

Step 15. Calculate time of the all order picking activities (process); 

Step 8. Check if you are currently in pick aisle: STOP – Order picking is finished. 

As a result of the simulation, individual activities of every picker (e.g. picking time, free 

ride time, blocking time), time of picking lists fulfilment, order picking efficiency, individual 

order pickers productivity, individual order pickers time utilization, etc. were determined. 

Thanks to these results, the congestion in order picking area could be specified. 

The last module is used for graphical and tabular presentation of results and their export to 

external files. It allows displaying: order picking area layout, storage assignment in this area, 

slotting results in pick faces, presentation of picking routes, and order picking process 

animation (see Fig. 3). All external data loaded into the application, generated order picking 

lists, as well as results of analysis and simulation can be presented in a tabular form. 

7. SIMULATION RESULTS 

All variants of order picking system described in chapter 5 were modelled in SimPick and 

used to simulate order picking processes. Results of simulations are presented in Table II and 

in Fig. 4. 

The comparison of variants presented in Fig. 4 and in Table II shows that the most 

efficient variant was characterized by: volume-based assignment policy according to pick 

volume (units per year), storage locations ranking according to the closest pick aisle and 

access time from the depot, 9 pickers and discrete picking strategy (VOL2R3). The worst 

variant was the one characterized by: class-based assignment according to pick volume (units 

per year), storage locations rank according to the distance from the depot, 3 picking workers 

and batch picking strategy (ABC2R2). 

Simulations results show that order picking efficiency is directly correlated with the 

number of pickers (see Fig. 4). With the increasing number of workers also the process 

efficiency increases, but it causes the lower growth in efficiency too. It is related to 

congestion situations in the order picking area. Regardless of storage assignment as well as 

picking method, the blocking time always increases with the number of pickers (see Table II). 

Therefore, the correlations between congestion situations and picking organisation should be 

considered. 

In both, single and batch picking variants, volume-based methods were more efficient than 

class-based (ABC) methods. Analyses show that order picking variants with volume-based 

methods were characterised by shorter picking times and pickers blocking times. However, 

they had the longer free ride times, which mean that picking paths were also longer. It is 

connected to the number of storage units per SKU that are offered in order picking area. 

Inventory data used in simulation indicate that there were many units per particular SKU. 

Thus, in consequence, it led to the less pick density in aisles (no more than few different 

SKUs were located in every pick aisle) and less congestion. On the other hand, pickers had to 
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visit more aisles, what extended the pick paths. Within each class in ABC methods, SKUs are 

assigned to storage locations randomly. So, many different SKUs can be offered in one 

particular aisle. It provided shortening picking paths as well as a congestion increase (e.g. the 

fast moved SKUs are offered only in one aisle). 

Table II: Results of the order picking simulation in selected variants of the order picking system. 

SAP 

NUMBER OF PICKERS 

3 6 9 

OPT FRT BT PT PTU OPT FRT BT PT PTU OPT FRT BT PT PTU 

[min] [min] [min] [min] [%] [min] [min] [min] [min] [%] [min] [min] [min] [min] [%] 

SINGLE PICK 

RAN 37,29 12,05 1,86 23,38 95,11 21,49 5,86 3,94 11,69 82,29 15,63 3,98 3,86 7,79 78,89 

ABC1R1 34,67 10,61 0,68 23,38 97,96 19,01 5,3 2,02 11,69 88,96 14,97 3,53 3,65 7,79 77,7 

ABC1R2 35,32 9,6 2,34 23,38 93,77 19,16 4,8 2,67 11,69 87,24 14,6 3,2 3,61 7,79 78,4 

ABC1R3 35,51 10 2,13 23,38 94,5 20,87 5 4,18 11,69 80,73 17,74 3,33 6,62 7,79 65,88 

ABC1R4 37,11 9,57 4,16 23,38 89,41 21,91 4,78 5,44 11,69 75,37 18,61 3,19 7,63 7,79 63,02 

ABC2R1 37,11 10,44 3,29 23,38 92,05 20,4 5,22 3,49 11,69 83,49 16,25 3,48 4,98 7,79 70,09 

ABC2R2 33,88 9,81 0,69 23,38 97,94 20,79 4,84 4,26 11,69 80,32 14,69 3,18 3,72 7,79 76,23 

ABC2R3 35,31 9,66 2,27 23,38 93,65 21,84 4,83 5,32 11,69 75,89 15,98 3,22 4,97 7,79 68,81 

ABC2R4 35,4 9,64 2,38 23,38 93,38 21,61 4,82 5,1 11,69 78,91 15,01 3,21 4,01 7,79 73,34 

XYZR1 35,08 10,25 1,45 23,38 95,97 19,37 5,12 2,56 11,69 88,65 14,55 3,42 3,34 7,79 79,72 

XYZR2 34,84 9,94 1,52 23,38 95,66 20,13 4,97 3,47 11,69 82,75 15,34 3,31 4,24 7,79 75,81 

XYZR3 35,42 9,62 2,42 23,38 93,28 19,83 4,81 3,33 11,69 85,06 13,92 3,21 2,92 7,79 81,15 

XYZR4 34,62 9,13 2,11 23,38 94,2 19,49 4,57 3,23 11,69 84,25 15,62 3,04 4,79 7,79 72,27 

Vol1R1 37,05 11,26 2,41 23,38 93,49 19,48 5,63 2,16 11,69 89,1 15,98 3,75 4,44 7,79 74,19 

Vol1R2 35,71 10,02 2,31 23,38 93,5 19,88 5,01 3,18 11,69 84,71 17,04 3,37 5,88 7,79 68,86 

Vol1R3 35,51 10,31 1,82 23,38 94,9 20,03 5,15 3,19 11,69 84,61 15,26 3,44 4,03 7,79 74,03 

Vol1R4 34,63 10,08 1,17 23,38 96,74 20,02 5,04 3,29 11,69 83,78 14,83 3,36 3,68 7,79 75,16 

Vol2R1 36,99 11,41 2,2 23,38 94,22 19,86 5,7 2,47 11,69 87,46 14,93 3,8 3,34 7,79 79,98 

Vol2R2 34,68 10,19 1,11 23,38 96,7 18,89 4,95 2,25 11,69 88,57 17,04 3,37 5,88 7,79 68,86 

Vol2R3 34,52 10,14 1 23,38 97,15 19,85 5,07 3,09 11,69 84,14 14,6 3,38 3,43 7,79 76,29 

Vol2R4 35,3 10,29 1,63 23,38 95,55 21,17 5,14 4,34 11,69 79,49 15,05 3,29 3,97 7,79 76,62 

Vol3R1 35,95 11,3 1,27 23,38 96,55 20,53 5,65 3,19 11,69 85,55 15,34 3,77 3,78 7,79 78,53 

Vol3R2 34,47 10,01 1,08 23,38 97,11 20,09 5 3,4 11,69 84,16 14,31 3,34 3,18 7,79 79,8 

Vol3R3 34,03 9,7 0,95 23,38 97,31 19,15 4,85 2,61 11,69 87,07 15,21 3,45 3,97 7,79 73,92 

Vol3R4 35,73 10,46 1,89 23,38 95,16 20,48 5,23 3,56 11,69 82,29 15,45 3,49 4,17 7,79 73,19 

  ORDER BATCHING 

RAN 32,3 5,2 3,72 23,38 89,41 19,36 4,18 3,49 11,69 83,47 14,54 3,33 3,42 7,79 79,68 

ABC1R1 35,3 5,3 6,62 23,38 82,37 18,59 3,86 3,04 11,69 84,11 14,9 3 4,11 7,79 73,86 

ABC1R2 30,5 4,56 2,56 23,38 91,91 19,31 3,28 4,34 11,69 79,39 15,04 2,7 4,55 7,79 72,94 

ABC1R3 31,39 4,49 3,52 23,38 90,35 20,29 3,47 5,13 11,69 77,68 17,25 2,75 6,71 7,79 62,3 

ABC1R4 34,32 4,38 6,56 23,38 81,96 20,13 3,32 5,12 11,69 77,7 17,17 2,65 6,73 7,79 63,98 

ABC2R1 35,78 4,96 7,44 23,38 81,82 20,61 3,77 5,15 11,69 79,81 16,04 3,05 5,2 7,79 68,99 

ABC2R2 34,75 4,48 6,89 23,38 83,62 18,00 3,61 2,7 11,69 86,99 14,55 2,83 3,93 7,79 75,18 

ABC2R3 32,74 4,46 4,9 23,38 86,7 20,72 3,4 5,63 11,69 74,87 17,44 2,81 6,84 7,79 61,7 

ABC2R4 31,63 4,46 3,79 23,38 89,29 19,43 3,32 4,42 11,69 78,98 16,56 2,86 5,91 7,79 64,56 

XYZR1 32,39 4,98 4,03 23,38 88,35 18,27 3,75 2,83 11,69 85,7 14,06 2,94 3,33 7,79 78,25 

XYZR2 31,27 4,65 3,24 23,38 90,65 20,28 3,47 5,12 11,69 77,1 16,01 2,75 5,47 7,79 69,05 

XYZR3 31,46 4,67 3,41 23,38 90,22 18,84 3,3 3,85 11,69 81,12 16,06 2,71 5,56 7,79 66,83 

XYZR4 31,78 4,35 4,05 23,38 88,55 19,56 3,18 4,69 11,69 77,04 16,44 2,56 6,09 7,79 64,09 

Vol1R1 33,77 5,5 4,89 23,38 87,09 22,47 4,16 6,62 11,69 73,02 17,36 3,3 6,27 7,79 65,87 

Vol1R2 34,12 4,49 6,25 23,38 83,83 20,37 3,47 5,21 11,69 76,85 15,91 2,87 5,25 7,79 69,8 

Vol1R3 31,74 4,85 3,51 23,38 89,93 17,99 3,44 2,86 11,69 85,29 14,34 2,8 3,75 7,79 78,97 

Vol1R4 31,07 4,66 3,03 23,38 91,13 19,74 3,58 4,47 11,69 77,61 15,65 2,99 4,87 7,79 69,16 

Vol2R1 33,96 5,65 4,93 23,38 85,42 20,7 4,15 4,86 11,69 77,53 15,42 3,36 4,27 7,79 74,63 

Vol2R2 32,97 4,56 5,03 23,38 86,77 22,75 3,53 7,53 11,69 71,42 13,65 2,86 3 7,79 81,34 

Vol2R3 36,09 4,92 7,79 23,38 81,31 18,86 3,58 3,59 11,69 81,36 14,47 2,96 3,72 7,79 75,02 

Vol2R4 34,69 4,82 6,49 23,38 83,59 21,97 3,71 6,57 11,69 70,47 16,13 3,04 5,3 7,79 68,03 

Vol3R1 32,75 5,51 3,86 23,38 89,26 20,6 3,98 4,93 11,69 78,82 15,71 3,25 4,67 7,79 73,2 

Vol3R2 31,3 5,04 2,88 23,38 92,17 18,64 3,51 3,44 11,69 82,86 14,48 2,78 3,91 7,79 74,6 

Vol3R3 32,78 4,66 4,74 23,38 87 19,32 3,65 3,98 11,69 80,32 15,06 3,03 4,24 7,79 73,23 

Vol3R4 31,54 4,7 3,46 23,38 90,06 19,34 3,62 4,03 11,69 80,24 16,08 3,05 5,24 7,79 68,35 

(OPT – order picking time, FRT - free ride time, BT - blocking time, PT - picking time, PTU - picker time utilization) 

With regard to the impact on congestion, better results were obtained with methods using 

pick regularity parameter (XYZ, VOL3). This is due to fact that SKUs' regularity has lower 

impact on blocking situations than their popularity. High SKU picking regularity does not 

mean that it is picked very often as well. According to these methods, popular SKUs could be 

scattered among many different aisles. As a consequence, travelled distances were increased 
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but pickers' blocking time was decreased significantly. Such effect was noticed for a single 

and a batch picking. 
 

 

Figure 4: Average order picking productivity for a single picking strategy and a batch picking strategy. 

As mentioned in chapter 5, storage locations were ranked according to different criteria 

(R1-R4). For a single and a batch picking method, the shortest free ride times were for R4 

and R2 criteria (directly related to distance). The longest pick paths were obtained for R1 

criterion (including access time from the depot). Due to the fact that the vertical velocity of 

order picking truck was few times lower than a horizontal, this criterion usually selects more 

distant locations for valuable SKUs. Using R3 and R4 criteria resulted in congestion increase 

(a single and batch picking). Both criteria assign “the most important” SKUs to the closest 

aisles. Thus, many pickers may want to pick in the same aisle at the same time. 

The average share of main activities in order picking process shows the relation between 

picking strategy, number of pickers and pickers blocking time (Table III). For the variants 

with the same number of pickers but different picking strategies, the ratio of travel time and 

picking time was the same or quite similar. As an example see single picking and batch 

carried out by six pickers (Table III). In both cases travel time (free ride time and blocking 

time) was about 42 % of whole time of order picking activities. However, in a single picking 

strategy, travelling time usually dominates over the blocking time. In the case of batch 

picking, results are quite opposite. It shows that, batch picking leads to longer pickers 

blocking time than single picking. It is caused by extended pick cycles, larger number of units 

picked in one cycle, and extended times of blocking pick locations and pick aisles (for a batch 

picking). 

Table III: Average share of main activities in order picking process time. 

Activity 
Single Picking 

3 

Single Picking 

6 

Single Picking 

9 

Single/Batch 

Picking 12 

Batch Picking 

3 

Batch Picking 

6 

Batch Picking 

9 

FRT 29 % 25 % 22 % 21 % 15 % 18 % 19 % 

BT 5 % 17 % 28 % 32 % 14 % 23 % 31 % 

PT 66 % 58 % 50 % 47 % 71 % 59 % 50 % 

8. CONCLUSION 

The paper presents a comprehensive approach to research on order picking system 

productivity. It proves that reliable and conclusive assessment of order picking processes is 

crucial and requires including a large number of system components. Main attention was paid 

to pickers blocking in picking area. Authors researched impact of different storage policies, 
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picking strategies and number of pickers on congestion and picking efficiency in specific 

conditions. 

Simulation revealed that picking efficiency is directly correlated with the number of 

pickers. It increases (disproportionately) with the increase in the number of pickers, but more 

pickers leads to congestion and cuts the picking efficiency. Volume-based storage policies are 

more efficient for order picking than the class-based. Volume-based policies cause shorter 

order picking times, shorter pickers blocking times and longer picking paths. The number of 

material units per SKU that are offered in order picking area is crucial. In proposed analysis 

volume-based policies gave better results because in analysed variants many load unites per 

SKU were offered and congestion in aisles was smaller then. The further step is to analyse 

what is the optimal number of material units per SKU offered in picking area (for different 

storage policies) to minimise congestion and replenishment time. 

The congestion is less sensitive for storage policies using pick regularity parameter the 

policies using pick frequency and pick volume. This is due to fact that SKUs' regularity has 

lower impact on blocking situations than their popularity. Additionally, batch picking leads to 

longer pickers blocking time than single picking. 

The SimPick application can be used for analysing various "picker to part" and S-shape 

order picking systems and to simulate existing or planned order picking processes. It can be 

applied to solve academic and industrial issues as well. The application will be extended for 

new functionalities to allow modelling of the wider spectrum of order picking systems. 
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