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ABSTRACT -Stock take refers to the process of physically verifying the amounts and conditions of all
commodities present in the warehouse. Instead of conducting this task on an annual basis, it would be
more effective to perform it on a monthly basis. Workers in a cold storage warehouse face hazards
throughout the stock-taking process, such as being exposed to low temperatures and working in elevated
areas with ladders and heavy gear. Hence, conducting stocktaking operations using UAVs (Unmanned
Aerial Vehicle) can effectively reduce these risks and enhance the operational effectiveness of the
facility. The objective of this study is to identify an effective approach for stocktaking in cold storage
using UAVs and creating an efficient routing system for the selected UAV system. UAV with a UGV
selected as the UAV system and the routing algorithm is 25.6% efficient compared to traditional system.

Keywords: Cold Warehouse, UAV Stocktaking, UAV Routing, Warehouse Automation, Smart
Warehousing.

1. INTRODUCTION

UAYV, colloquially known as drones, have emerged in the twenty-first century as an exceptionally
captivating and revolutionary technological advancement [1]. Initially designed with military objectives
in mind, this technology has since been implemented across various sectors, including the logistical
industry. In the logistics sector, there has been a significant surge in the implementation of drone
technology over the past decade. Warehouse operations are currently implementing the use of drones
for the purpose of inventory management. This substantially enhances the efficacy of the process. An
essential component of efficient inventory management, inventory stocktaking entails the physical
verification and reconciliation of quantities of inventory in physical possession with data that has been
recorded [2].

Working in cold warehouses presents significant challenges, primarily attributable to the extremely low
temperatures that employees are required to endure. Due to the potential for a variety of cold-related
consequences, employees' work hours within the warehouse are restricted. This contributes to an
elongation of the warehouse inventory stocktaking process [3]. Consequently, minimizing worker
exposure to cold environments can significantly enhance safety. As a result, the implementation of
UAVs for cold warehouse inventory management will substantially enhance operational efficiency by
drastically reducing the time needed for stocktaking and improve the overall safety of warehouse
personnel.

This study aims to determine the most efficient method of operating a warehousing drone in a cold
warehouse in order to conduct inventory checks. An essential consideration when deploying an UAV
system in a cold warehouse is the extremely low temperature that the UAV must be able to endure.
Generally, exposure to low temperatures results in a reduction in the duration of operation.

The main objective of the study is to find an optimal stocktaking system using UAV that can be used in
cold storage efficiently. Then create a routing system that focuses on energy usage which help to reduce
the energy consumption of the UAV making capacity to handle longer operation. The main focus of
these objectives is to theoretical prove that UAVs can be used in cold warehouse, and they provide
significant advantages to cold warehouses.
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2. MATERIALS AND METHODS

For the study we selected cold warehouse that is maintain a temperature of -15 Celsius. This the
minimum temperature that can be withstand by a UAV without failure [4]. In this temperature operation
time of the UAV will reduce by 52% compared to operating temperature of 30 Celsius [4]. Therefore,
managing the energy of the UAV is important. With that in mind this study we selected a UAV equipped
with UGV (Unmanned Ground Vehicle) [5]. There are several reasons behind this choice. UGV will
serve as transporting platform and charging platform within warehouse racks [6], UGV will reduce the
number of complex maneuvers required within the warehouse and it made possible to use 2D VRP
(Vehicle Routing Problem) instead of computationally intensive 3D VRP for the UAV routing. The
UGV act as a safety layer if UAV required a sudden landing. UGV act as local positioning system for
UAYV eliminating the requirement of complex navigation system. As a result, this system possesses
numerous advantages that are absent in other systems. We presumed that the UGV would be
continuously connected to power in our study.

For the inventory procedure, an RFID (Radio-frequency ldentification) scanner was intended to be
implemented because it facilitates a more efficient and precise inventory process [5]. The UAV will be
outfitted with a camera for physical verification and secondary verification. UGV will use Li-DAR and
local submap for navigation [5].

Once the platform had been determined, research shifted its focus to developing an energy-efficient
routing system that could facilitate more operations with the same amount of power as conventional
routing systems [7]. We have learned from prior research that the energy requirements of various UAV
maneuvers vary for example vertical movement use additional power compared horizontal movement
[8]. In light of this, we developed an energy-aware routing system that considers the varying power
demands of distinct maneuvers. For development of the algorithm, we used Python and Google OR-
Tools.

Following the development of an energy aware routing method utilizing metaheuristic VRP, a
comparison was made with a conventional VRP that primarily aimed to decrease distance. We utilized
a simulated warehouse rack consisting of eight stacks and five levels making forty bins. There, fourteen
containers were selected at random for scanning, and the algorithms to determine the route were
executed. Once the route was determined, the energy consumption for both operations was computed

[9] [10].
3. RESULTS AND DISCUSSION

Comparing the two methods, we discovered that the energy-aware routing method reduced energy
consumption by 25.6%. This beneficial when conducting extended operations.

We also executed the same algorithms using two UAVs on a single UGV as part of this study. There,
we observed 3.5% reduction in energy consumption from energy-aware routing method. When
comparing same operation involving two UAVs and a single UAV, we discovered that the energy
consumption per UAV is 29.5% lower in the two UAVs configuration. Although combined energy
consumption is 27.3% greater than that of a single UAV. Lower power consumption per UAV will
facilitate the ability to do higher number of operations per charge, which is particularly advantageous
in warehouses of considerable scope.

A comparison was made between the durations required to complete stocktaking operations in these
systems by employing the routes obtained from the energy-aware algorithm. We make assumptions
about safe operating speeds for the purposes of this study, based on data collected from prior research.
The time required by the multi-UAV system was 36.7% less than that of the single-UAV system. This
is a substantial time-saving that, depending on the size of the warehouse, will prove invaluable.
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4. CONCLUSION

The primary application of this system is in cold storage warehouses, where its implementation offers
substantial safety and efficiency benefits. However, the system is applicable to any warehouse. A multi-
UAYV system is extremely advantageous for a company that conducts inventory-related tasks. (3rd party
stocktaking companies)

Future avenues of research may encompass practical simulations, further optimization of the energy-
conscious algorithm through refinement using different type of UAVs, and an examination of the
system's compatibility with established warehouse management software in order to optimize its
capabilities and adaptation across the entire supply chain.
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