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Abstract

In logistics processes, we are currently observing trends related to reducing people's work in favor of the
implementation of automated systems. It is influenced by the changes in the organization's environment and
enterprises. The most frequently used autonomous systems supporting logistic operations include ground
vehicles (e.g., AGV). However, many researchers emphasize that unmanned aerial systems will be the critical
technology for factories operating following the Industry 4.0 concept. Companies from high-risk sectors are
interested in automating routine logistics operations. In their case, the effect of implementing autonomous
vehicles is to increase the efficiency and effectiveness of the process and reduce the occurrence of human
errors, which are the source of adverse events. The article aims to present a project to implement an unmanned
aerial system to handle internal manipulation operations between a warehouse and a laboratory at a
manufacturer in the chemical sector. The research was conducted following the assumptions of the Business
Process Management lifecycle. However, due to the level of advancement in the implementation of the
presented project, the article will show the results of the first three stages of the research procedure: (1)
Process discovery, (2) Process analysis, (3) Process redesign. Based on the analyzes, the main threats related
to the implementation of the new solution were identified, as well as the potential benefits.
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1. INTRODUCTION

In logistics processes, we are currently observing trends related to reducing people's work in favor of the
implementation of automated systems. It is influenced by the changes that occur in the organization's
environment and enterprises. The most important of them include: (1) the growing importance and
development of the Industry 4.0 concept and the related Logistics 4.0; (2) demographic changes causing high
levels of turnover, high labor costs, and difficulties in recruiting employees; (3) continuous improvement of
processes by eliminating the leading risk factor, which is human error. The implementation of automated
solutions, including autonomous vehicles, also brings certain economic benefits [1]: (1) the capability to
function on a 24/7 basis; (2) the minimization of labor cost; (3) the low maintenance cost; (4) the enhanced
accuracy in daily activities; (5) the improved safety at industrial facilities. For this reason, automation usually
concerns routine or dangerous operations for humans.

The most frequently used autonomous systems supporting logistic operations include ground vehicles (e.g.,
AGV). However, many researchers emphasize that the critical technology for factories operating following the
Industry 4.0 concept will be unmanned aerial systems [2]. Kostrzewski et al. [3] indicate in their research that
by 2025 the use of unmanned aerial vehicles in logistics processes will be one of the leading development
trends not only in Logistics 4.0 systems. Today, the scope of logistic applications for UAS includes [4]: internal
logistics of the company, identification of products in a warehouse, supervision over the company's
infrastructure, and last-mile deliveries in highly urbanized areas. Research conducted by Wawrla et al. [5]
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indicates the wide use of drones, primarily in cargo warehouse handling. This is also confirmed by numerous
business reports and descriptions of implementations, which usually relate to supporting warehouse processes
[6,7]. Figure 1 shows the most popular areas of application of drones in warehouse operations.
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Figure 1 The use of drones in warehouse operations [5]

The use of drones in logistics operations is also an issue that has been of particular interest to researchers in
recent years. This is due to the fact that the implementation of these systems in logistics processes still
generates numerous challenges and drawbacks as [8]: (1) technological challenges; (2) operational
challenges; (3) organizational challenges; (4) legislative challenges; (5) societal and mental challenges.
Among the publications on the implementation of UAS in logistics processes, noteworthy [9,10]. Also, the
authors of this article have been conducting research on the analysis and assessment of risks related to
implementing drones in warehouse service processes for two years. Our research so far concerned mainly the
use of drones in the inventory audit process, and the obtained results were presented, among others, in[11,12].

Increased interest in the use of autonomous systems can be observed in sectors with a higher risk of operation.
In these sectors, taking care of the safety of processes, systems, and employees is the main factor driving the
organization's continuous improvement. One of such sectors is the chemical industry. The chemical sector is
considered one of the essential branches of the economy. Due to its specificity, this industry cultivates the
concept of a safety culture in the organization. It looks for solutions to eliminate human errors, the negative
consequences of which may affect the company's operations and the environment. For this reason, enterprises
from this sector are interested in implementing autonomous solutions that will reduce personnel participation
in routine and hazardous operations related to the flow of hazardous substances. One of such processes is
the transport of material samples for laboratory tests. Therefore, the article aims to present a project to
implement an unmanned aerial system to handle internal manipulation operations between a warehouse and
a laboratory at a manufacturer in the chemical sector. In addition to introductions, the article's structure includes
section 2, which presents the methodology of the research. In section 3, the authors contributed and described
the results obtained. The most important conclusion is presented in section 4.

2. METHODOLOGY

The research was conducted following the assumptions of the Business Process Management lifecycle, which
includes five stages of the procedure [13]: (1) Process discovery; (2) Process analysis; (3) Process redesign;
(4) Process implementation; (5) Process monitoring and controlling. Due to the level of advancement in
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implementing the presented project, the article will deliver the results of the first three stages of the research
procedure. The characteristics of the methodology, along with the research tools used and the results, are
presented in Figure 2.
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Figure 2 Research methodology stages

Stage 1: The first stage of the research focused primarily on identifying and characterizing operations in the
analyzed process. To create a process map and competence maps, the company's documentation was
investigated, particularly the applicable procedures and scopes of duties of persons involved in the process.
The source data was supplemented with the results of accompanying observations and unstructured direct
interviews with process participants and managerial staff, which described (supplement the descriptions) the
course of the process in the standard version and emergencies. The level of employee involvement and the
technical and information infrastructure used was determined based on a resource analysis. The "as-is"
process model was obtained as a result of the research work.

Stage 2: The "as-is" process model provided the basis for detailed process analysis. Due to the specific nature
of the enterprise, the assessment was focused both on the criteria of effectiveness and efficiency of the process
implementation, as well as on safety aspects. For this reason, the analyses included identifying threats and
assessing the risk of adverse events occurring in the currently performed operations. The following tools were
used for the analysis: cause and effect analysis, brainstorming, what-if analysis, and 5 x Why. A cost analysis
was also carried out following the assumptions of the Activity Based Costing concept. The result of the
analyzes was a list of the existing hazards and limitations of the current process, together with an assessment
of their consequences.

Stage 3: The response to the results of Phase 2 was preparing a proposal for a new sample transport system
using an unmanned aerial system that would eliminate the worker delivering samples between the warehouse
and the laboratory from the process. The introduction of an autonomous system improves the efficiency and
effectiveness of the current process and reduces the occurrence of identified adverse events. However, its
implementation generates new adverse events with different characteristics. Their identification is required
already at the stage of designing a new process. Therefore, in stage 3, identifying potential hazards related to
the use of UAS in the transport of samples was carried out. The output of step 3 is the "to-be" process model.

3. RESULTS

The research was conducted in a manufacturing company in the chemical sector. The enterprise carries out
its processes in several units located in one construction complex. The undertaken research procedures made
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it possible to identify and evaluate the current course of transporting samples between the warehouse and the
research laboratory. An illustrative diagram of this process is presented in Figure 3.
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Figure 3 The traditional process of transporting samples of hazardous substances

A dedicated warehouse employee handles the current process of transporting samples between the
warehouse and the laboratory. This person is obliged to take a suitcase containing four samples with
hazardous substances once an hour (8 deliveries a day) and deliver them to the laboratory. The distance
between the warehouse and the laboratory is about 1000m, but due to the road layout, the employee must
travel 1300m. A passenger car is used for transport, driven by an employee responsible for transportation. An
employee takes samples from a warehouse on the 2nd floor and goes downstairs to the car. Then he transports
the pieces to the laboratory, which is located on the 3rd floor of the second building. There is no elevator in
both buildings - the employee travels with a suitcase on a staircase that is accessible to other people. The
average transport time is a minimum of 10 - 15 minutes. The conducted analysis of the costs of activities was
focused primarily on the costs of the resources involved in the process, including the costs of the employee
and the cost of moving the load with the use of a car. Based on the obtained results, the logistics director
assessed that the current process method is ineffective. At the same time, due to the type of transported cargo,
there is a risk of negative consequences for the health of the worker involved in the process and the
environment.

After analyzing the current state of affairs, the company recognized the legitimacy of automating this process.
Among the arguments in favor of the automation of this process, the following were distinguished: (1)
considering the process of moving samples as routine activities, (2) the possibility of human error, the
consequence of which will be the loss of .
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For the company's needs, a design of a
new system for transporting samples with
hazardous substances was developed.
The new process diagram is presented in
Figure 4, and the requirements for the AUTONOMOUS SAFE
designed system are presented in Table 1.

Figure 4 The autonomous process of transporting samples
of hazardous substances
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Table 1 Requirements for transportation of samples

Requirement Specification
Autonomy level The flight is 100 % autonomous
Distance Flight of the drone for a distance of up to 1000 meters
Freight 4 vials containing hazardous substances
Frequency 8 times a day (on average, one transport per hour)
Battery charging Charging stations at shipping and pickup locations
Safety The flight is carried out in conditions that are safe for employees and the environment

For the developed solution, an analysis of the risk related to the autonomous implementation of the sample
transport process was carried out. The critical hazards in the new system include: (1) the presence of objects
at the height of the drone flight that should be taken into account when planning a mission (e.g., trees); (2)
possible collision of the drone with other flying objects (birds, insects); (3) loss of communication with the
aircraft while on a mission. A significant limitation of the implemented solution is the permissible load weight
not exceeding 5 kg. It results mainly from the parameters of the load capacity of the drone used and the
requirement of an autonomous flight in an open space (exposure to atmospheric factors). However, the use of
a drone reduces the time of transport service to 4 minutes (2 minutes of flight + 1 minute for take-off + 1 minute
for landing). This means that the flight frequency can be increased if there is a need to transport more samples.

4, CONCLUSION

The article presents a proposal to automate the process of transporting samples between the warehouse and
the laboratory in a selected company from the chemical sector. Due to the contact of employees moving the
cargo with a hazardous substance (risk of losing health and negative impact on the environment) and the high
costs of the current implementation of this process, the company decided to implement drones in the sample
transport process. Thanks to the implemented unmanned aerial system, the company will increase the
efficiency and effectiveness of the current cargo handling process. However, it should be remembered that the
introduction of an autonomous solution, on the one hand, will reduce the risk of human errors. Still, on the
other hand, it is exposed to other adverse events related to the functioning of such a system. For this reason,
in addition to the analysis of future benefits, it is also necessary to analyze possible hazards already at the
stage of designing the proposed solution. In the risk assessment process, at this stage, it is crucial to test the
proposed solution, analyses prepared by experts should complement the results of which. The initially
developed solution is usually universal - it does not consider specific adverse events resulting from the
environment of the missions being carried out and the specificity of the transported cargo. Thanks to the risk
assessment results, the project can be customized, thanks to which the impact of the existing hazards will be
minimized.

REFERENCES

[1] BECHTSIS, D., TSOLAKIS, N. Trends in Industrial Informatics and Supply Chain Management. International
Journal of New Technology and Research. 2018, vol. 4, no.10, pp. 91-93.

[2] FERNANDEZ-CARAMES, T.M., BLANCO-NOVOA, O., FROIZ-MIGUEZ, I., FRAGA-LAMAS, P. A UAV and
Blockchain-Based System for Inventory and Traceability Applications in Big Data-Driven Supply Chain
Management. Towards an Autonomous Industry 4.0 Warehouse. Sensors. 2019, vol. 19, p. 2394.

[3] KOSTRZEWSKI, M., VARJAN, P., GNAP, J. Solutions Dedicated to Internal Logistics 4.0 in. GRZYBOWSKA K.,

AWASTHI, A., SAWHNEY R. Sustainable Logistics and Production in Industry 4.0. EcoProduction (Environmental
Issues in Logistics and Manufacturing), Springer 2020.



iLe

June 15 - 17, 2022, Bojnice, Slovakia, EU

(4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

CISZOSZ, M. Drones in last mile logistics - an innovation supporting sustainable logistics (in Polish). [online].
2022. [viewed: 2022-01-12]. Available from:
https://cor.sgh.waw.pl/bitstream/handle/20.500.12182/959/Cichosz_Drony%20w%?20logistyce%200ostatniej%20mil
i_2020.pdf?sequence=2&isAllowed=y

WAWRLA, L., MAGHAZEI, O. NETLAND, T. Applications of drones in warehouse operations. Whitepaper. ETH

Zurich, D-MTEC, Chair of Production and Operations Management [online]. 2019. [viewed: 2022-03-30].
Available from: https://www.nanalyze.com/2020/10/flying-drones-warehouse-management/.

DEEPAK, K. Warehouse Automation Using Drones. International Journal of Advanced Research in Computer and
Communication Engineering. 2015, vol.4, no. 7, pp. 348-350.

Geodis and Delta drone develop autonomous warehouse solution. [online]. 2018 [viewed: 2021-02-10]. Available
from: https://dronebelow.com/2018/04/12/geodis-and-delta-drone-develop-autonomous-warehouse-solution/

MAGHAZEI, O., NETLAND, T. Drones in manufacturing: exploring opportunities for research and practice.
Journal of Manufacturing Technology Management. 2020, vol. 31, no. 6, pp. 1237-1259.

BENES, F., STASA, P., SVUB, J., ALFIAN, G., KANG, Y-S., RHEE, J-T. Investigation of UHF Signal Strength
Propagation at Warehouse Management Applications Based on Drones and RFID Technology Utilization. Applied
Sciences. 2022, vol.12, no. 3, 1277.

REN, X., CHENG, C. Model of Third-Party Risk Index for Unmanned Aerial Vehicle Delivery in Urban
Environment. Sustainability. 2020, vol. 12, no. 20, 8318.

TUBIS, A.A., RYCZYNSKI, A., ZUREK, A.. Risk Assessment for the Use of Drones in Warehouse Operations in
the First Phase of Introducing the Service to the Market. Sensors. 2021, vol. 21, no. 20, 6713.

TUBIS, A.A., A., ZUREK. Adverse event analysis in the application of drones supporting safety and identification
of products in warehouse storage operations. In: 31st European Safety and Reliability Conference (ESREL 2021),
19-23 September 2021, pp. 2533-2539.

DUMAS, M., LA ROSA, M., MENDLING, J., REIJERS, H.A. Fundamentals of business process management.
Springer, 2013.


https://cor.sgh.waw.pl/bitstream/handle/20.500.12182/959/Cichosz_Drony%20w%20logistyce%20ostatniej%20mili_2020.pdf?sequence=2&isAllowed=y
https://cor.sgh.waw.pl/bitstream/handle/20.500.12182/959/Cichosz_Drony%20w%20logistyce%20ostatniej%20mili_2020.pdf?sequence=2&isAllowed=y
https://www.nanalyze.com/2020/10/flying-drones-warehouse-management/
https://dronebelow.com/2018/04/12/geodis-and-delta-drone-develop-autonomous-warehouse-solution/

