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Abstract

Activities related to allocation of goods in the warehouse are crucial for logis-
tics. All operations with goods in the warehousing area are labour-intensive and
time-consuming, which in turn generates warehousing costs. Despite the ongoing
automation in this area, human labour is still applicable in many warehouses. This
study includes researches on impact of the assortment allocation in the warehouse on
the human factor (HR). It includes the analysis for research literature concerning the
warehousing and picking influence on HR in its scope, as well as simulation of goods
allocation in the warehousing area and discussion concerning the obtained results.
The simulation is carried out with application of the swarm algorithm, and the results
were subjected to the statistical analysis. Correlation of cost optimization and factors
influencing the ergonomics of operation in the warehousing area is determined.

Keywords Human factor - Warehousing - Products location - Warehouse costs -
Swarm algorithms

1 Introduction

People are crucial part in the company. They participate in assembly, transport, man-
ufacturing, warehousing, use, maintenance and disassembly. They are the resources
of every designed and created system. However, according to Glock et al. (2017), HF
are scarcely involved in the engineering studies.
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The existing interactions between a human and the created industrial system
(Jasiulewicz-Kaczmarek and Saniuk 2015), particularly the warehousing system, may
be or are a technical problem. They are mainly related to the efficiency and effective-
ness of processes occurring in the warehousing system, which is characterized with
large amount of manual human labour (Grosse et al. 2015).

Warehouses are important points in every company and supply chain. Due to the
consumption of labour and time, the picking process is widely taken into account.
This process can account for over 50% of warehouse operational costs (Grosse et al.
2015; Frazelle 2002). Automation at warehouses allows for optimisation of processes
in many companies, but in most companies manual operations are still applicable, as
it is demonstrated in the latest DHL report (Report DHL 2018).

When personnel costs constitute the general cost for majority of warehouse oper-
ations, two surprising statistics were included in the DHL report, namely only 5% of
current warehouses are fully automated, and 80% were manually operated without
any automation support (Report DHL 2018; Report Automation in warehouse 2018).
Similar studies were also carried out by Baker and Perotti (2008), as well as Napolitano
(2012).

The Robotics in Logistics report (Report DHL 2018) stated, that the warehouses
increased efficiency and capacity when the work of the warehouses worker was sup-
ported by a good warehouse layout design, mobile reloading devices and constant
improvement in the IT infrastructure. It was found, that “even in the most automated
environments, people still had to be employed at key functions” (Report Automation
in warehouse 2018). Large sorting centres are the example, where even more than
1000 employees can still pursue operations such as loading and unloading of trans-
port, manual sorting of objects with unusual sizes. Slow pace is the effect of traditional
organizational change scenarios (Report Automation in warehouse 2018).

In addition, people are more flexible than machines and react faster to unexpected
changes in the warehousing process, particularly when a change requires logical jus-
tification (Grosse et al. 2015). This is confirmed by the researchers presented by De
Koster et al. (2007), who suggested that more than 80% of labour is done manually
(Grosse et al. 2015). In turn, high flexibility of warehouse employees leads to high
labour costs, what makes that the picking process is expensive and time-consuming
(Tompkins et al. 2010; Richards 2014).

In the warehousing process, many activities are made manually. A traditional ware-
houseman usually spends majority of own time at walking around the warehouse or
such a person occupies sitting position and drives the means of internal transport.
When moving in the warehouse, such a worker can make up to 25 km during a single
shift (Report Automatization in warehouse 2018).

With an aging European society (e.g. in Poland) we should be aware, that few
employees are willing or capable to perform such works at the age of sixty. Apart from
that, labour in the warehouse is not homogeneous. Threats related to the warehouse-
man’s operation are significantly related to the stored goods and storage conditions.
The most important risks resulting from labour in the warehouse are: mechanical
injuries, overloading of the motoric system, usually arising from a position on a trol-
ley or a lift chair, musculoskeletal diseases, a psychological stress often caused by
working conditions, such as lighting, noise or pressure exerted by superiors. The pro-
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fession of a warehouse worker is difficult job and the presented threats comprise only
a selection of the most common risks.

In order to demonstrate the actual scale of accidents at work in the analysed industry,
the researches made for the Polish Social Insurance Institution (pol. Zaktad Ubez-
pieczen Spotecznych - ZUS) and data from the Central Statistical Office (Statistics
Poland (GUS)) were used. According to the studies conducted in Poland in the first
half of 2018, the number of people injured during the accidents at work amounted
to 3193, in total, and although it is smaller than last year, it is still high when com-
pared to other industries. For example, in the construction industry, the number of
people injured in accidents at work amounted to 2226 in the same period, whereas
in the mining and extractive industries it amounted to 981. With breaking down into
the economic activities in Poland, the accident rate was one of the highest and it was
at the level of 3.72, which means that in the sections of the Polish Classification of
Activities (pol. Polska Klasyfikacja Dziatalno§ci—PKD) transport and warehousing
industry occupied the fifth place, in terms of the number of victims per 1000 workers
(Statistics Poland (GUS)).

The current statistical data presented above confirms that the human factor problem
in the warehousing industry is important and up-to-date. In addition, in the papers of
Grosse et al. (2015) it is also emphasized, that the role of human factor in designing
the process is often ignored for benefit of management. Researchers and scientists are
focused on developing decision-supporting models, that primarily provide aid in the
achievement of economic efficiency goals, such as low costs, what was highlighted in
the papers of Grosse et al. (2017), and in the papers of De Koster et al. (2007), without
paying attention to the system design, in terms of human-system and system-human
relations.

This study has the following structure. Section 2 illustrates the research method-
ology and the problematic context, with main assumptions. Section 3 is analysis for
available scientific literature in terms of warehousing, with particular focus on ware-
housing and human factor. Section 4 is a model and analysis for obtained results. This
study is ended up with Sect. 5, where conclusions are presented.

2 Research problem

Due to the relation between the ergonomic aspects and the effectiveness of warehous-
ing, several authors made researches on incorporating the ergonomics elements in
the decision-supporting model, in the scope of picking process (Boysen et al. 2015;
Grosse et al. 2015). In order to supplement the above research gap, authors of this
study focused on studying the human-system relation, with respect to allocation of
goods.

The warehousing process is important, because of i.e. the function of establishing
applicability of time. In other words, in the warehousing area goods should be stored
at such time and in such a location, where they are needed by recipients for provision
of the demanded customer service level. The pursued activities are primarily transport
and handling, that have a significant impact on the warehousing cost. In addition, the

@ Springer



782 1. Kudelska, G. Pawtowski

allocation method has also impact on the picking process, thus the researches in this
respect are included in the literature analysis.

Therefore, allocation of goods in the warehouse, where the goods are located,
presents the research concern. Analysis for allocation, with regard to HR, is the purpose
of analysis. In order to reach the primary goal, it was decomposed into detailed goals:

e DG1: literature analysis for the subject, referring to HR
e DQG2: constructing the simulation model
e DG3: analysis for results obtained from the conducted simulation

On the basis of the presented research goal, the following research question was
formulated:

e RQI: is the optimal configuration for a goods allocation the best, when focusing on
labor intensity of a warehouseman?
e RQ2: how the logistic factors for efficiency of a warehouseman look like?

3 A literature review

In recent decades literature on the warehouse management has been widely discussed
in many prestigious scientific journals. According to studies by Grosse et al. (2017), the
largest number of papers was noted in the Journal of Production Research, where 30
documents were published. Whereas, this subject was also discussed in the following
journals: European Journal Operational Research, IIE Transactions, Computers &
Industrial Engineering. Problems in the papers referred above were generally related
to designing and management researches in the field of picking.

A typical approach to planning (e.g. grouping of orders, routes) in the picking pro-
cess was presented by Van den Berg (1999). The warehouse designing and control
aspects at the strategic, tactical and operational level were presented by Rouwen-
horst et al. (2000). Authors demonstrated, that warehouse efficiency is the maximum
throughput with minimal investment and operational costs. However, environmental
and ergonomic aspects, although very important, are difficult in the assessment (Grosse
et al. 2017). Pervin et al. (2018) developed recently a deterministic inventory control
model with deterioration.

A wide review and assessment for processes in the picking area, including allocation
of routes, is presented by Gu et al. (2007), (2010). An approach to planning, that can
provide efficient management for warehousing processes, is presented by De Koster
et al. (2007).

Stochastic models for warehouse operations were provided by Gong and de Koster
(2011). In the studies they demonstrated that employees may be inaccurate or may
make mistakes in the picking phase. The main reason for such a state is absenteeism
or longer sick leaves.

Staudt et al. (2015) studied the performance measurement factors in the warehouse.
In the study they demonstrated four basic indicators regarding time, quality, labour
cost and efficiency. On the other hand, Davarzani and Norrman (2015) demonstrated in
the research that majority of researches pertain to mathematical models and simulation
models within the picking area (Grosse et al. 2017).
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Objectives 18%

Outcomes 36%

System design 42%

Human factors 4%

Fig. 1 Top mentioned recording units in each content category

HF aspects in the warehousing economy in relation to the picking phase, were for-
merly underlined by aforementioned Grosse et al. (2015). In the studies they selected
4 groups of factors: perceptual, psychical, physical and psychological, affecting the
efficiency and health of the picking personnel.

Due to the influence of ergonomic aspects on the picking process, several authors
have made researches on incorporating these aspects in decision-supporting models,
in the field of picking (Boysen et al. 2015). This integration takes place in the area of
goods assignment, which is important from the picking-planning scope of view.

However in 2017 research was undertaken in which was included the perception of
working conditions and health problems by warehouse worker (Gajsek et al. 2017).

In 2018 Vujica Herzog et al. conducted research on the effects of using smart glasses
on the comfort of users during order picking activities. Smart glasses were tested for
4 h. Ophthalmologic tests were performed before and after use of smart glasses and
the result this test showed that there were some statistically differences between test.
The result of the performed ophthalmologic tests (visual acuity, contrast sensitivity,
colour test) showed that of smart glasses for 4 h during work can cause scotomas and
thus impairment in the visual field and vision.

When reassuming the above statements and with application of the Grosse et al.
(2017) researches, HF aspects are insufficiently researched in the warehousing
management, in the field of picking at mechanized warehouses, which is clearly
demonstrated at Fig. 1. They reached only 4% of total topics that included the design
and warehouse management. Moreover, when comparing total hits, it can be also con-
cluded, that the literature on manual picking generally pertains to economic aspects,
and ergonomic aspects is considered in a lesser degree. For example, ergonomics had
only 177 hits in 186 papers, what is demonstrated in Table 1 (Grosse et al. 2017).

Since this study is focused on the problem of assortment allocation in the warehouse,
a short description for the problem is required.
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Table 1 Results of the content analysis

Category Framework component Results of the content analysis
1 Objectives Cost 2009
Travel distance 1220
Travel time 901
Pick time 694
Throughput time 371
2 System design Batching 4355
Route 3450
Zone 1923
Layout 1728
Shape 442
3 Human factors Learning 470
Workload 214
Ergonomic 177
Physical 176
Incentive 161
4 Outcomes Time 7507
Performance 1999
Quality 354
Error 187
Efficiency 172

Source: development based on Grosse et al. (2017)

Products in the warehousing area can be randomly assigned to warehousing loca-
tions, or according to certain criteria (e.g. frequency, groups of recipients), which is
referred to as dedicated attribution of locations. Both allocation methods have own
advantages and disadvantages. The main advantage for random allocation of location
is large exploitation of warehousing zone (Petersen 1997; Battini et al. 2016). In the
case of dedicated location assignments, all items are allocated to fixed locations in
the warehouse. A popular criterion for this type of warehousing method is turnover
of products, where frequently ordered items are assigned to the places located closest
to the release area (Rao and Adil 2013; Battini et al. 2016). An advantage of this
method is shortened time required for searching goods in the warehouse (Grosse and
Glock 2013, 2015). However, it should be noted that demand for a particular product
changes in time, thus allocation of places according to this method requires alloca-
tion changes according to demand, what can increase operational costs and decrease
efficiency (Grosse et al. 2013; Battini et al. 2016).

Several decision making problems such as fixing the cost of goods, profit for sell-
ers are solved by the TP. Nowadays, in the competitive market scenario, minimizing
the transportation cost in a business economy is one of the utmost important chal-
lenges (Maity et al. 2019). The uncertainty of supply and demand in TP’s problems
was taken into account in the research Maity et al. (2019) and Roy et al. (2017a).
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Roy et al. (2017a) formulated the mathematical model of Two-Stage Multi-Objective
Transportation Problem (MOTP) where allowed for the supply and demand contrants.
In this way the solution of the MOTP under these goals through RMCGP provided
a technique for multi-objective decision (Roy et al. 2017a). Also considered fuzzy
multiple-choice goals to the objective functions of the MOTP and Fuzzy Multi-Choice
Goal Programming to properly select goals for the objective function of the proposed
MOTP (Maity et al. 2016). Another important notation is to incorporate the goal
preferences of the decision maker. The authors have proposed to solve multi-choice
multi-objective transportation problem by employing the conic scalarization approach
with less number of variables and with minimum computational burden (Roy et al.
2017b). Whereas Das et al. (2019) they studied the solid transportation-p-facility loca-
tion problem (ST-p-FLP). They presented a generalization of the classical STP in which
location facility sites are sought so that the total transportation cost by means of con-
veyances from existing facility sites to potential facility sites will be minimized. They
developed two heuristic and the heuristics were evaluated by an application example.
Also a multi-objective fixed-charge transportation problem (MOFCTP) was consid-
ered in which the parameters of the objective functions are random rough variables,
while the supply and the demand parameters are rough variables (Roy et al. 2018).

A method also can be found, that combines the method of permanent and random
storage locations. In this case, all products are allocated to many different classes (e.g.
according to demand) and each class is allocated to a specific area in the warehousing
zone (area A, area B, etc.). In this case of warehouse, the most-demanded goods are
allocated in the area, that is closest to the release/picking zone (Chackelson et al. 2013;
Battini et al. 2015, 2016). Another version of this method is assignment of locations
for goods, that are often jointly ordered. In this situation, the jointly ordered goods are
assigned to the places located close to each other (Chuang et al. 2012; Battini et al.
2016).

Warehousing economy is generally discussed in the presented literature, where
it focuses on development of methods decreasing transportation time and distance,
therefore reducing the order picking time. Whereas, the goals related to ergonomics
were omitted in this literature. The analysis for this literature primarily demonstrated
support for managerial decisions related to financial efficiency and warehouse perfor-
mance.

4 Research and discussion

Analysis for the assortment allocation problem in the warehouse with multiple cor-
ridors was analysed in the researches. For simplicity reasons, it was assumed that
the collection and release zone is located next to one warehouse wall (hereinafter
referred to as the I/O point), which means that the bag-type warehouse is analysed.
The assortment is classified according to the ABC model and its size and shape is
normalised.

The swarm optimization algorithm was used in the analysis (Karaboga 2005;
Tereshko and Loengarov 2005). The software was made in C++, and the corresponding
UML class diagram is illustrated in Fig. 2.
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1st population

assortment
. R +permutaions of the assortment
+index: int
-category: char L «dataType» «dataType»
-weight: float group of assortments set of warehouses
+copy(): assortment
+print() 1.*
slot +sorting by objective function

+assortmentindex: int[0..*]

row: In .
zc?Jlumr:: int 2nd population
#level: int M
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#area: char «dataType» .

set of the 50% best cofigurations
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+copy(): slot 1
+print() i +base to search

i

v

«dataType» newWarehouse
set of slots - -
+mutationlevel: static float
+1..* +accepetdWh: bool
warehouse +newWarehouse(charf], slot[])
+searchNewWh(warehouse)

+symbol[]: char +print()
+id: int
+s]]: slot
+Table: int[0..1] +accepted ngw warehouse
+timeTable: int[0..1]
+warehouse(charf], slot[]) «dataType»
+verifyWarehouse() set of the best and new configurations
+copy(): warehouse
+print()
+objectiveFunction(): int next .
+effectiveTime(): int populations

Fig. 2 The UML class diagram of the algorithm. In the phase (1) of the simulation the associated objects:
assortment, slot, warehouse are created, while during phase (2) the hundreds of warehouse copies with
permutations of the assortment are sorted by objective function and the best of them are mutated as new Ware-
house objects in the next populations

The simulation is divided into two phases: (1) creating the initial configuration of
a warehouse, including a completely random set of warehouse permutations, as the
so-called initial population and (2) the warehouse optimization phase, as modification
of the best representatives in the subsequent populations.

In the phase (1) the assortment is selected. The warehouse is constructed as several
shelf areas composed of levels, columns and sockets. The algorithm assigns the assort-
ment to specific sockets, with possibility of multiple selection of the same assortment.
The specified configuration creates the warehouse. Next, the simulation is based on
random mutation of assortment locations (relocations to empty spaces, replacement
of locations) within many variants of warehouses. In this way, an output set consisting
of hundreds of warehouse copies with the same assortment is created.

The phase (2) is based on application of the selection mechanism, by selection of
50% the best configurations, based on the objective function. Better configurations are
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searched with means of the controlled (subject to the assessment), gradual mutation of
warehouses. It is so-called local optimization, defined as a neighbourhood search. In
this way, another population composed of the best and improved sequences is created.
Simulations are completed for the generation, when no better values for the objective
function are not found or changes are below the expected accuracy criterion.
The objective function is described with two components:

e square, considering correlation between the assortment (from various product

groups),
e linear, depending on allocation and type (e.g. weight) for an individual assortment:

N N N N N

N
min — f:ZZZZSiijqupqu+chipxip M

i=1 j=1 p=1g=1 i=1 p=1

where Lj,,—distance for a unit of goods from the p location to the g location,
Sjj—correlation coefficient between the i and j goods, C;,—transportation cost of
i goods at p location from I/O point, X;,, X j,—decision variables (0/1); location of the
i and j goods (i, j=1,2,...,N), respectively at the p and ¢ location (p, g=1,2,...,N).

The square factor describes the cost of relative allocation of goods, as a result of
goods relationship within a category, whereas linear factor expresses transportation
cost for goods to the warehousing location. Detailed schema of the calculations of
both terms are shown on Fig. 3.

Variability of individual objective function components is easily illustrated by a
simple example (Fig. 4). Let analyse the set comprised of three warehouse sockets,
where products are allocated: two from A category and one from B. Variants (i) and
(ii) differ with A and B locations, that have shifted locations, with constant location
of other element from the A group (position’1’).

Let the product correlations amount to Sq4=40, S4p=3, distances Li=1, Li3=
11, Ly3=10 and transportation costs to the socket are C41=20, C42=18, C43=36 and
Cp=6, Cp3=12 (the cost depends on distance and weight of the product A and B).

The objective function in the case of (i) is given by:

Jiy =SapLi2+SaaLl13+SapLaz + Ca1 + Cpy + Cp3 =473 +62 = 535
while in the case (ii):
faiy = SaaLli2+ SapL13+ SapLaz + Ca1 + Caz + Cp3 = 103 + 50 = 153

The square factor of the f objective function in the case (i) amounts to 473, whereas
in (ii) to 103, the linear factor are equal 62 and 50, respectively. Total sum of both sub-
tracts in the cases (i) and (ii) are 535 and 153, respectively. The example demonstrates
that shifting only two products with locations can imply a considerable difference in
the objective function.

Minimization of the objective function conducted on the hundreds of trials produced
optimal configuration of variable assortment allocation, for which articles in the same
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Fig. 3 Calculation schema for the objective function and the effective warehousing time
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Fig. 4 Warehouse diagram including 3 products for two location versions (i)/(ii). Calculations of the square
and the linear terms are illustrated on the left- and right side, respectively

category are stored as close to each other as possible (as a result of minimised square
factor) and closest to the entrance to the warehouse, with leaving a free warehouse
space at the farthest locations (with regard to the minimization of linear factor).

The question arises, whether the optimal configuration is also the best one, in
terms of ergonomics of work? The answer is not obvious. However, we can assess the
impact of variable allocation of goods on time-consumption and complexity of the
warehouseman’s work, with support of simulation.

Fatigue of an employee generally results from the work related to transportation of
goods (with means of a fork-lift), that determines physical factor. On the other hand,
complexity of the picking process (due to its mutual allocation in the warehouse) affects
the comfort of work, which is directly related to the perceptual factor. Unfortunately,
psychical factor is difficult in direct and quantitative estimation.
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The research results have quantitative form, because statistical analysis can be made
with consideration to vast number of obtained warehouse configurations, and the level
of cost optimisation correlation and the selected factors related to the ergonomics of
warehouseman work can be determined.

An important measurement parameter is time for making a particular task (majorly
layout of goods and picking potential orders, without regard to office work of a ware-
housemen). Similarly to the case of warehouse costs determination, two components
are independently considered here: linear and square.

The first is related to delivery of the entire assortment to the respective warehouse
locations. On the basis of product layout, a path followed by a forklift in the course
of delivery of goods to the warehouse may be determined, and when considering its
speed, labour time for each random configuration can be determined.

The second component describes the process of picking all goods in a warehouse,
that is the sum of forklift courses, with probability proportional to the constant goods-
to-goods correlation. When knowing distance between the goods, we can determine
a potential distance travelled by forklift with a certain weight for each course and
determine the effective labour time at the goods release stage, similarly to the former
case.

In both components we omit handling time, which has a constant value for all
configurations (it only depends on the number of assortment and distribution of sockets,
that are constant simulation parameters), therefore it does not affect the variability of
labour time.

Let’s try to express it quantitatively. Let v, be the mean velocity of the means of
transport (constant in the simulation, with irrelevant value when applying normalisa-
tion of results). Let define two time-dependent quantities:

e 1., configuration component (picking of goods): time calculated as the sum of dis-
tance for all locations of the goods, in relation to each other, with the goods-to-goods
correlation weight, divided by v,. The weighting factor plays an analogous role here,
similarly to the square part in the objective function, because it prefers organised
configurations in relation to product groups.

e 17, linear component (delivery of goods): time calculated as the sum of all distances
L, for occupied sockets (X,=1) from I/O, divided by v,,

The effective warehousing time 7. is defined as the sum of 7. and #;:

N N N N

teff_ZZZZSULM/UIXIPXM"'ZL v X 2

i=1 j=I p=1¢g=1

For a given configuration, 7,y values express a certain maximized service time
value in the warehouse (including delivery and any possible picking of goods). It is
strictly stochastic but it allows for quantitative description of real time-consumption-
variability problem during warehouse operations, as a function of variable allocation
of goods.

The simulation was performed for dozens of initial samples (covering various sets
of assortment) and thousands of derivative configurations were generated, as next
generations. The observed results are convergent and lead to joint conclusions.
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In all simulations, a high variation in 7, picking time with regard to the selected
configuration was observed. At the same time, it was found that the #; linear factor only
depends on locations of random sockets and does not change in the final simulation
phase, when the sockets closer to the warehouse exit are occupied (searching for a
better configuration is generally based on replacing the assortment locations). In the
simplest situation, it is illustrated in Fig. 4—the picking time 7, is clearly lower for the
situation, in which two correlated A—A articles are close to each other, while delivery
time ¢; is the same for both assortment location versions.

Therefore, it is possible to make a thesis, that a change in the warehouseman’s
effective labour time mainly depends on configuration of goods allocation, whereas the
determined layout of warehouse sockets produces a constant labour time component
related to delivery (within a settled amount of assortment).

Figure 5 demonstrates the sequences of the most favourable objective function val-
ues for two consecutive generations and the corresponding 7. time values (both values
are normalized with regard to initial configuration). What can be seen, f,4 time values
are not strictly proportional to the objective function for individual configurations.
This means that there is no direct relationship between the warehousing costs and the
warehousing time (which is only one parameter of such costs from many, according
to knowledge).

However, we have noted that there is a clear statistical dependency for the presented
results.

First of all, we can see a common trend for variability in both values, within the
same generation. The correlation coefficient of the objective function f versus f.5
for 1 generation is 0.65, whereas for 2 generation it is already 0.83 (the correlation
increases in the subsequent generations due to the smaller spread of results, because
warehousing configurations are searched in the surrounding of the best solutions).

In addition, similar trends for the changes in both values in the subsequent gener-
ations can be observed. We observe a proportional reduction in their average values,
and the calculated factor was almost identical for both values and amounted to 0.96
(average 1 generation results/average 2 generation results).

In the graph of effective warehousing time, we can see a decrease in time-
consumption for warehouse operation at the level of 8—10%. This means that the
service employees daily labour intensity indicator (defined as: daily flow of goods x
service cycle execution time/number of goods serviced in 1 cycle) decreases due to
the service cycle execution time, what increases the labour comfort at the position
of warehouseman. This influences the improvement of the physical factor. A shorter
order execution time also beneficially influences on the execution of planned schedule,
what improves the psychical factor, in turn.

On the other hand, the optimal allocation of goods (the objective function is reduced
with about 5-7%), means easier operation of the forklift staff in the order picking
process, what improves the ergonomics of work at this position. For these reasons,
the warehouseman’s labour intensity indicator (defined as: volume of warehouse
turnover/number of hours worked by warehousemen) will increase, what directly
results from the improvement in the perceptual factor when pursuing orders. However,
an increase in this indicator cannot be seen as an additional workload, it is only the
result of better organization of work.
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Fig. 5 Normalized objective function f values and the corresponding normalized effective warehousing time
tefr values for the 20-best configurations within 2 generations

5 Summary

According to the previous studies, the impact of organizational changes in the ware-
house on the ergonomics of operators’ work has not been fully recognized. This
particularly pertains to the innovative solutions in the field of the assortment storage and
its optimization. This aspect becomes important in the scope of demographic changes
(aging of employees and difficulties in acquiring new personnel) and implementa-
tion of the industry 4.0. Companies pay more and more attention to the continuous
improvements in warehousing, through implementation of new technologies, digiti-
zation oriented on keeping the high service level and competitiveness.

Results of this study demonstrate that support for warehouse services with an appro-
priate optimisation system for assortment allocation in the warehouse, with respect to
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warehouse costs, also (statistically) generates an improvement in the warehouseman’s
quality of work, in physical terms. The simulation model was used for this purpose. A
direct correlation between the cost optimisation and the statistical time-consumption
of labour in the field of picking the goods was also demonstrated. It can have any
impact on lower employee fatigue.

In turn, a closer allocation of goods from the same commodity group makes the
perception of assortment location easier, during the picking process. The above conclu-
sions obtained from the study on the simulation model can be the basic for verification
inreal conditions of the warehouse. The issue of the psyche and fatigue of the employee
was not possible, because these areas will be the subject of further research.

The studies presented above demonstrate that there are promising methods for
implementation of warehousing management solutions related to the improvement in
human factors. This is all the more important, because warehouse managers make
much efforts in technological organization and planning procedures for allocation
and picking the assortment in the warehouse, in order to increase the efficiency of
subordinate employees.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.
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