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Abstract : Due to the steady growth of the online shopping market and contact—free consumption, the volume
of parcels in South Korea continues to increase. However, there is a lack of manpower for delivery workers
to handle the growing parcel volume, leading to frequent accidents related to delivery work. As a result, the
government and local authorities strive to enhance last—mile logistics efficiency. As one of these measures,
unmanned parcel storage lockers are installed and utilized to handle last—mile deliveries. However, the
existing parcel storage involves the inconvenience of couriers having to put each parcel in each locker, and
this is somewhat insufficient to relieve the workload of delivery workers. In this study, we propose parcel
storage devices that use active loading technology to minimize the workload of delivery workers, extract
operation risk factors to apply this system to actual sites, and establish risk reduction methods based on the
ALARP concept. Through this study, we have laid the groundwork for improving the safety of the system by
identifying and proposing mitigation measures for the risk factors associated with the proposed parcel storage
devices utilizing active loading technology. When applied in practical settings in the future, this foundation will
contribute to the development of a more efficient and secure system. By applying the ALARP concept, a
systems engineering technique used in this research, to the development and maintenance of storage devices
leveraging active loading technology, it is thought to make the development process more systematic and
structured. Furthermore, through the risk management of the proposed system, it is anticipated that a
systematic approach to quality management can be employed to minimize defects and provide a stable system.

This is expected to be more useful than the existing unmanned parcel storage devices.

Key Words : Unmanned Storage Box, Untact Logistics System, Logistics Delivery, Last—mile Logistics,
ALARP

Received: September 5, 2023 / Revised: December 8, 2023 / Accepted: December 20, 2023
* Corresponding Author: Young Min Kim / Ajou University / pretty0m@ajou.ac.kr
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial

License(http:/ / creativecommons.org/licenses /by-nc/3.0) which permits unrestricted non- commercial use, distribution,

and reproduction in any medium, provided the original work is properly cited

On Identifying Operational Risk Factors and Establishing ALARP—Based Mitigation Measures using the Systems
Engineering Process for Parcel Storage Devices Utilizing Active Loading Technology 59



1. Introduction

Due to the explosive growth of the online
starting from COVID-19,
Korea's parcel volume in 2021 has recorded a
growth of 158.2% since 2012. The volume of
parcels also increased rapidly from 1,405.98
million in 2012 to 3,629.67 million in 2021. In

addition, due to competition among online

shopping market

shopping companies for quick delivery, logistics
services are being operated in a competitive
structure to deliver large volumes of parcels
faster by providing various logistics services
such as 'same-day delivery, 'early morning
delivery’, 'morning star  delivery’, and
'guaranteed tomorrow's arrival'. However, as
this last-mile operation system becomes a
burden for delivery workers and is linked to
overwork and accidents, efforts are being made
to prepare measures for more efficient
last-mile logistics processing. In the case of
Korea, since 2015, it has been institutionalized
to provide space for installing unmanned
delivery boxes in apartments where more than
500 people live, and it has been
institutionalized to operate a joint base-type
delivery business that uses parking lots at
community centers as space for installing
unmanned delivery boxes.[1]

However, the installation and operation of
devices were

unmanned parcel storage

expected to be wused as an important
component of last-mile logistics to reduce the
labor intensity of delivery workers and shorten
delivery time, but in reality, it is inconvenience
to place each parcel in one parcel storage
space. Due to inconvenient and complexity, the

utilization of unmanned parcel storage devices
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is not high. Therefore, in this study, we propose
parcel storage devices utilizing active loading
technology to reduce the labor of delivery
workers operate more efficient unmanned
parcel storage devices and conduct safer and
more efficient delivery of parcels through risk
assessment when this system is applied to the
field. To efficiently store and safely operate
these cargo storage devices, it is necessary to
derive and analyze system risk factors that may
occur before the operational stage. Therefore,
in this study, a clear concept definition based
on systems engineering and interface
considerations from a system perspective is
needed to ensure the safe and efficient
operation of Parcel Storage Devices Utilizing
Active Loading Technology. Additionally, it is
necessary to build a system that can derive
efficient performance within the permitted
range by analyzing the risk factors of the
device in advance. To this end, this study first

of the

process

analyzed the input and
[SO/IEC-15288-based
suitable for confirming the overall operational
ISO/IEC-15288, titled "System Life

Cycle Process," describes the tasks to be

output

operating

process.

performed during the entire system life cycle
and is a new process standard that can be
commonly applied to the hardware and
software fields. Therefore, if applied to this
study, it is believed that Parcel Storage Devices
Utilizing Active Loading Technology can be
operated more safely and efficiently.[2],[3]

This study is structured as follows. Chapter 2
reviewed existing studies on unmanned parcel
storage devices through a literature review and
analyzed the proposed system. In addition, we

conducted theoretical research on ALARP (As
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Low As

assessment methodology to be used in this

Reasonably Practicable), the risk

study. Chapter 3 conducted a comparative
analysis study with the existing system on the
system concept and operation scenario of the
parcel storage box using the active loading
technology proposed in this study. In Chapter
4, an operational risk factor analysis was
performed to derive ALARP-based mitigation
measures of active loading technology applied
parcels storage devices. In the final chapter 5,
we will present the implications of the research

results and the future work of the study.

2. Literature Review

2.1 Unmanned Parcel Storage Device

Unmanned parcel storage devices are a
technology that can alleviate delivery time and
space constraints by allowing delivery workers
and customers to store and receive parcels in a
secure space without having to meet
face-to-face. The unmanned parcel storage
device is a system that includes a set of
individual lockers of wvarious sizes and is
equipped with an individual security device by
storage space, allowing customers to collect the
parcel using the delivery password or mobile
phone number registered in the delivery
information.[1] When the unmanned parcel
storage device was first introduced, it began to
be widely used as a new solution for delivery
and distribution logistics in that it allowed for
receipt of

non-face-to-face storage and

parcels. However, in the case of existing

unmanned parcel storage devices, it is

inconvenient in that the delivery worker must
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personally determine whether there is an empty
storage box, store many parcels in each
delivery locker for each recipient, and then
share the password.[4]

To resolve this inconveniences J. B. Seo and
D. H. Kim conducted a study on the proposal
of an application that can link the locking and
unlocking of the unmanned parcel storage
device through Bluetooth communication using
a smartphone application.[4] This is a system
proposal on how to improve the unmanned
parcel storage devices locking and unlocking
devices based on the Android operating system.
Although it may be able to solve some of the
inconvenience for delivery workers, it is judged
that there is a limit to improving the overall
storage procedure of the parcel storage devices.
S. K. Lee researched the design of storage
boxes using hall sensors, illuminance sensors,
ultrasonic sensors, and FSR sensors.[5] The
values collected from each sensor in the
storage box are transmitted to the Raspberry Pi
in real-time and stored in the DB on the server.
Using the sensors collected in this way, a study
was conducted to distinguish between locking
and unlocking doors and to classify the states
in which objects were stored and those in
which objects were not stored by combining
various sensor values. This study is expected to
be useful in that delivery workers do not have
to manually search for every empty space in
the parcel storage devices, but like the above
study, it is judged that there are limits to
improving the overall storage procedure of the
delivery item storage box.

C. H Park, H Y. Kang, C. S. Khang
conducted research on the development of an

unmanned parcel storage system based on the
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Internet of Things.[6] This paper studies the
implementation of a safe delivery box based on
the Internet of Things using weight sensors,
Arduino,

carried out. The developed system detects the

shock sensors, and Raspberry Pi.

weight of the unmanned parcel storage,
recognizes the arrival of the product, and
automatically transmits it to the recipient's
smartphone. It is implemented as a system that
enables the locking and unlocking function of
the parcel storage system using the smartphone.
This

implementation of a smart delivery system

study can  contribute to  the
unlike existing studies in terms of detecting the

weight of unmanned parcel storage and
utilizing smartphones, but it is judged to have
limitations in that each storage locker is still
required for each parcel. Table 1 shows the
analysis of the functions of each unmanned
parcel storage box in the reviewed literature

into low, ‘medium’, and ‘high’ levels.

2.2 ALARP (As Low As Reasonably
Practicable)

In general, the ALARP (As Low As Reasonably
Practicable) principle is a fundamental aspect
of risk management, primarily utilized in the
UK and defined as a guiding principle. It posits
that actionable risks should be minimized, and
within the context of systems engineering, the

principle indictates that risks should be
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reduced.[10] Risk management from a systems
engineering standpoint plays a crucial role in
defining the objectives of the system and
identifying potential sources of risk to be
avoided in the design and operation of the
overall system. The identification of risk
sources from a systems engineering perspective
contributes to ensuring the safe operation of
the system, playing a pivotal role in the process
from the initial conceptualization of the system
to the conclusion of its life cycle.[7]

Risk management is considered to be all
activities and measures used to proactively
manage and control risks, balance development,
Risk
management using ALARP is being applied in

and prevent losses and accidents.[8]
various industrial fields, and several studies
have discussed how to evaluate the risk of the
system and derive risk mitigation measures.
First, in the study by K. H. Park and J. O.
Ryu, ALARP was used to verify whether water
spray fire extinguishing equipment installed in
road tunnels improves evacuation performance.
Through

conducted on the scope of ALARP without and

research, an analysis study was

with water spray fire extinguishing equipment,

and it was found that water spray fire

extinguishing equipment creates an
environment favorable for evacuation through
the cooling effect of high-temperature air

currents and the cleaning effect of toxic gases

{Table 1> Analysis of parcel storage device functions in the reviewed literature studies

Existing Storage Ease of Mobilie. Ope}”gtional Security of ImplSe Sr]r?éfl?;tion
Research | Convenience Use Connectivity Efficiency Storage Cost

(4] Low Low Low Low Low Low

(5] Low Medium High Medium Medium High

(6] Low High High Medium High High
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in the event of a road tunnel fire.[11] In the
study by K. H. Song and D. K. Lee, a study was
ALARP

decision-making technique to add it as a

conducted on the multi-criteria

cost-effective  decision-making factor  for
safety-related decisions in the aviation safety
management system. In the study, an
exploratory factor analysis is performed on the
selected benefit items based on the SIRA (Safety
Issue Risk Assessment) model. Through this, the
ALARP

decision-making technique was presented by

validity = of  the  multi-criteria
verifying the suitability of the established
evaluation hierarchy and individual benefit item
structure.[12] In a study by J. H. Na, C. W. Lee,
S. J. Lee, J. H. Kim and U. H. Kim, a study was
conducted to derive problem situations that
may occur and propose solutions through
functional analysis of water operation situations
of wheeled combat vehicles.[13] This study
derived the hazards that may arise from the
water operation of combat vehicles and
presented the results of proposing a solution to
reduce the hazard level of the hazards derived
according to the ALARP concept. Through
literature research on ALARP, research has
been conducted based on the ALARP concept in
various industries and systems, and it has been
confirmed that it is a useful methodology for

suggesting system improvement measures.

3. Parcel Storage Devices Utilizing

Active Loading Technology

3.1 System Configuration

Parcel storage device utilizing active loading

technology is an unmanned delivery storage

AIZBAXLOT HSX H19H 2¥. 2023.12

system with remote product information system

control/monitoring technology (parcel
Information System) applied, which facilitates
storage and receipt of parcels in an untact
environment, and stores delivery goods through
a separate remote-control server. It refers to a
system that utilizes a system platform that
comprehensive

integrates and  manages

information about. As shown in Figure 1, the

of the

storage device with active

internal and external components
delivery goods
loading technology include internal elements
such as the delivery goods storage box and
control server, which are the main body, and
external elements such as delivery workers and

customers who utilize them.

13!

Control
server

Collection of data of
stored and released
Operation management

-Delivery parcels
-Storage work

=

(5 k]
Delivery
worker

Parcel storage
Integrated control system

-Receive SMS
Receive parcels
-Stored and released of parcels
-Check the information of parcels
-Sorting and storage

Parcel
storage

[Figure 1] Components of Parcel Storage Device
Utilizing Active Loading Technology

First, the delivery goods storage device
functions to receive, release, and store goods,
and inputs related information. The control
server receives this information and uses it for

control and operation management to manage
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the delivery and delivery data. Courier workers
perform storage work in the delivery goods
storage device to transport and store the parcel,

and customers receive SMS and receive the

goods.
Depending on the function, the parcel
storage devices has an active loading

technology function and an ICT technology-
based untact item loading and unloading
function. The characteristics of each function
are shown in Table 2.

The parcel storage device utilizing active
loading technology is largely composed of nine
detailed systems, as shown in Figure 2, from the
delivery of parcel to information recognition,
processing, storage, and control. First, the
display part performs the functions of device
control through a touch screen and information
display and manipulation for storing and
receiving goods. The control part controls the
operation of the device transmitted by the

operation part and performs the function of

AIZBAXLOT HSX H19H 2¥. 2023.12

maintaining and managing the status of each
component. The output part performs a card
payment function to process costs incurred due
to product storage and a printing function for
invoice

payment and product-related

information. The access part performs an
access function to move items into or out of
the device and operates and opens only when
in use. The robot part plays the role of
transporting shelves loaded with goods to a
designated location for storage and movement
of goods inside or outside the device. The
power part receives and supplies the power
required for the operation of the device from
the outside and controls it in a constant state.
The external part protects the internal device
environmental factors and

from external

physical shock and provides a protective
function to maintain the condition of the

product.

{Table 2> Features of Each Function in the Proposed Unmanned Parcel Storage Device

Function

Characteristic

Active loading technology

e By applying unmanned storage box control technology, the robot
automatically uses the shelf to store items.

e [t is also possible to load multiple parcels for the same destination
on the same shelf.

e All items can be stored within the size that can be stored, and
space can be efficiently allocated and stored depending on the
height of the item.

e Monitoring of cargo storage status is possible through the entire
control system.

ICT technology—based untact item

loading and unloading function. The

characteristics of each function are
show

e Apply ICT technologies such as Bluetooth, NFC, and QR code to
confirm product receipt and recipient

e Access the delivery tower without touching the storage device or
proceed with automatic loading and unloading of goods through
remote control using a smartphone app, etc.

e By sharing data with external logistics companies such as delivery
companies, it 1S possible to provide various services such as
delivery arrival notification and delivery consignment.
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[Figure 2] Detailed System Components of
the Parcel Storage Device

3.2 Comparative Analysis of System
Operation Scenarios

In this chapter, we would like to compare
and analyze the operating procedure of the
normal unmanned parcel storage device and
the suggested unmanned parcel storage device.
First, in the existing unmanned parcel storage
operation scenario, as shown in Figure 3, a
delivery worker approaches the parcel storage
and finds for an empty locker. Afterward, when
you find an empty space in the storage box, set
a password, insert the parcel, and activate the
lock function. Afterward, the operating
procedure is ended after sharing the password
with the customer. Afterward, the operating
procedure is ended after sharing the password
with the customer. To overcome these
shortcomings, this study proposed a system that
can automatically load and store multiple
parcels through one entrance.

The operating procedure of the proposed
parcel storage device utilizing active loading
technology is shown in Figure 4. First, the

delivery workers sign up for the unmanned

AIZBAXLOT HSX H19H 2¥. 2023.12

parcel storage system once, after that, the
workers only need to log in to access it. The
delivery worker approaches the proposed
parcel storage device, puts several parcels in it,
checks the display part on the parcel storage
device and selects either Kiosk or Application
as the login method. After logging in, pressing
the Keep button ends the delivery storage
process. The advantages of the proposed parcel
storage device operation method are that,
firstly, there is no need to repeat the procedure
shown in Figure 3 depending on the number of
parcels, and it is possible to implement a
system in which multiple parcels are
automatically loaded into the parcel storage
device at once. Second, there is no need to
send a separate password to the customer, and
the customer can know whether the parcel has

arrived by linking the information system of the

parcel storage device itself.

( Start }

3

Keep a parcel

1

Send P/W and
locker number
to the receiver

Select

a empty
storage bo

[Figure 3] Operating Procedures for Existing
Unmanned Parcel Storage Device

This newly proposed Parcel storage device
utilizing active loading technology is more

efficient than the existing parcel storage and
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can reduce the workload of delivery workers, so
the expected effect on the function is high, but
risk factors must be considered before the
actual introduction of this system. There is a
need to improve the reliability of operations
through the process of deriving and proposing

mitigation measures.

Start

chm ( Kiosk ) @ppiicatic@
L 1 ¥

the platform ¢

Keep a parcel

Screen touch

Selecta
‘keep” button

[Figure 4] Operating Procedures for Existing
Unmanned Parcel Storage Device

4. Risk Management of Suggested
Parcel Storage devices based on
ALARP Concept

4.1 ALARP function

ALARP is an abbreviation for ‘As Low As

AIZBAXLOT HSX H19H 2¥. 2023.12

Reasonably Practicable’, which means lower to
a reasonably practicable level.[6] As shown in
Figure 5, the ALARP principle increases in risk
as it goes up, and is divided from the top into
acceptable or unacceptable areas, acceptable
ALARP areas, and acceptable areas.[14],[15] In
demand or unacceptable areas, the risk is not
justified except in special cases, and if
reasonably practicable within the acceptable
ALARP area, ways to reduce the risk as much as
possible should be sought. It is believed that
the ALARP principle can be applied as a
representative safety principle when configuring
a system as a guideline for what constitutes an
acceptable risk and how much the risk should
be lowered in various industrial fields.[16] In
the case of the parcel storage device utilizing
active loading technology proposed in this
study, it is designed to overcome the
shortcomings of existing delivery parcel storage
and utilize ICT technology to increase the work
efficiency of delivery workers and maximize
user convenience. As a new system, for this
system to be put into practice, it is necessary to
conduct a risk assessment through the ALARP
concept, a representative principle of industrial
safety, to contribute to building a safer and

more stable system.[17]

Abnormal |
operating situation

Equipment Errors caused
performance error by users

Errors caused by Disability caused
external factors by natural diasters

[Figure 5] Types of Functions During Abnormal Operations
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[Figure 6] Principle of ALARP

4.2 Derivation of Risk Factors in Parcel
Storage Devices Utilizing Active Loading
Technology

To derive risk factors for the parcel storage

device utilizing active loading technology,
abnormal situations that may occur during the
operation of delivery goods storage boxes were
subdivided into five types using a functional
structure  diagram, and possible problem
situations and causes were described. Figure 6
shows the types of functions that may appear
during abnormal operation of the parcel
storage device proposed in this study. There is
a total of four types: equipment performance
error, errors caused by users, errors caused by
external factors and disability caused by natural
disasters. The ‘abnormal operation’ items were
analyzed in detail.

Table 3 analyzes the situations and causes of
problems that may occur during ‘abnormal
operation'of the parcel storage device utilizing
active loading technology classified in Figure 6.
The presented table lists each case in detail to
analyze whether it is possible to overcome risk
establish

through

factors in each situation and

ALARP-based mitigation measures

AIZBAXLOT HSX H19H 2¥. 2023.12

problem situation and cause analysis. According
to Table 3, 50% of the causes of 'abnormal
operation' problem situations in suggested
parcel storage devices can be caused by
equipment performance error, and because this
is a system using unmanned automated robots
such as ICT technology and active loading
technology. Except for the equipment
performance error, most problems occur due to
the user's inexperience in using it. Among the
problems caused by equipment performance
error, if the equipment operates abnormally
due to technical or operational defects, a
situation may arise where delivery parcels
cannot be stored or parcel information cannot
be recognized. The challenges stemming from
errors caused by users of the parcel storage
device proposed in this study encompass

situations where delivery workers lack
experience in their tasks or are in a hurry.
When storing parcels in the suggested parcel
storage device, careless behaviors such as
throwing or pushing objects, similar to those
observed in existing parcel storage devices,
could pose a risk factor in the operation of the
proposed parcel storage. In the case of the
errors caused by external factors, it is a risk
factor that can be caused by the actions of
passers-by or drunken person, and actions such
as applying external force to the delivery
storage box or arbitrarily cutting off the power
supply may affect the operation of the parcel
storage device. Lastly, concerning disability
caused by natural disasters, the risk factors
include situations where occurrences like heavy
rain or snowfall could make power supply
challenging or lead to malfunctions in display

devices.
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{Table 3> Analysis of Possible Problems and Causes During 'Unusual Operation'

Abnormal Operating
Situation

No Hazard Description

Cause

1 Unable to manipulate the screen

Screen display failure

Screen display off

Screen display failure

w

Entrance item (obstacle) entrapment

Door opening/closing system
malfunction

4 Commodity measurement error

Height measurement sensor error

Equipment
5 performance error

Parcel falling in the storage

Operation error of robot part
(shelf transfer X)

6 Entrance error Entrance control unit failure

7 Parcel loading error Error in recognition of load position
8 Parcel finding error Error in recognition of transport parcel
9 Active Load Not Available Loading error due to recognition error
10 Falling of parcel on screen Parcel crashed due to user carelessness
11 Magnet gripper error Magnet gripper magnetic error

12 | Errors caused by

Generation of external force by

User’ s excessive input of parcel

users parcels
. the input of parcel over the height of
13 Entrance item (obstacle) entrapment P P &
storage system
14 Parcel storage error User’ s ‘storage’ Selection Error
15 Physical external force impact External force generated by drunk
Errors caused by occurrence passengers or passers—by
external factors Power cut off by drunk passengers or
16 Power Off Y passens
passers—by
17 - Screen display off Display failure due to flooding
Disability caused by Unable © 1 Tue ©
. nable to su ower due to power
18 natural disasters Power Off PPy P P

failure

4.3 Hazardous Elements Category Analysis

In this chapter, based on the four risk factors
of the parcel storage device utilizing active
loading technology derived above, a study was
conducted to determine how much impact the
factors would have on the system and establish
measures to reduce them. Before establishing
mitigation measures in this study, the
Hazardous Elements Category classified from A
to D presented by T. Weilkiens includes errors
in equipment performance, equipment
performance error, errors caused by users,
errors caused by external factors and disability

caused by natural disasters. We analyzed how

much impact four risk factors, including
disasters, would have on the system.

In this study, we applied T. Weilkiens'
categorization of risk factor domains to
systematically organize and manage safety and
approach, to

risk through a structured

contribute to the minimization of risks.
Conventional risk assessments for the systems
can be classified into quantitative methods,
which are based on the frequency of accidents
or analyzed through past accident records, and
qualitative methods, where the severity of risks
is evaluated subjectively through judgment. This

study aimed to categorize quantifiable aspects
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for risk analysis of the newly introduced parcel

storage device and to explore a combined

approach of quantitative and qualitative
methods that allows for systematic risk
management through T. Weilkiens'

categorization of risk factor domains. The
intention was to utilize a comprehensive
method that combines both quantitative and
qualitative assessments based on T. Weilkiens'
categorization of risk factors to enhance the
systematic analysis of risk management for the
newly introduced parcel storage device.

The vertical axis of the Hazardous Elements
Category can be evaluated by the frequency of
risk elements, and the horizontal axis can be
evaluated by severity, which can determine how
much of a risk element can have a significant
impact on the system. A represents the
Intolerable risk level and B and C represent the
ALARP region. Lastly, D represents Negligible
risk level.[14] The four risk factors of delivery
storage boxes with active loading technology
can be classified as shown in Figure 7 in the

Hazardous Elements Category.

Hazardous Elements Category
Frequency - - — -
Disastrous | Catastrophic | Critical | Severe | Miner

Frequent A A A A B
Probable A A A B C
Occasional A A B C C
Remote A B C C D
Improbable B C C D D
Non-credible C C D D D

Equipment performance error ~ Errors caused by external factors

Errors caused by users Disability caused by natural disasters

[Figure 7] Hazardous Elements Classification of
Suggested Parcel Storage Device

In the case of equipment performance error,

it is not something that can be controlled by

orEX| H19F 2¥. 2023.12

humans, and since unmanned automation
technology is applied, it can be judged as a
factor that can occur probable and critically.
This is because equipment performance errors
frequently occur not only in the proposed
parcel storage device but also in existing parcel
storage devices, it is necessary to prepare
mitigation measures for this. In the case of the
errors caused by users, it was determined that
this could occur frequently enough and that it
could often occur due to carelessness or
inexperience due to excessive work by delivery
And although

factors may

workers. errors caused by

external occasionally  occur,
damage caused by external forces and the
severity of system defects can cause more
catastrophic risks than equipment performance
error or errors caused by users.

The frequency of risk factors due to disability
caused by natural disasters is the lowest, but
the severity was deemed to be catastrophic
high in comparison with the damage from
natural disasters such as heavy rain that has

been occurring recently.

4.4 Establishment of Mitigation Measures
based on ALARP Concept

It can be seen that all four risk factors of the
parcel storage device proposed in this study are
related to system failure and damage to parcels,
which

correspond to the ‘Intolerable Level when

and are fully possible situations,
explained by the concept of ALARP. Therefore,
it is necessary to reduce or eliminate the risk
factors of the ‘Intolerance Level, which is the
purpose of ALARP, to the ‘Tolerance Level, and
we would like to prepare adjustment and

mitigation measures for the level by presenting
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mitigation measures.[19],[20] First of all, as
shown in Figure 8, measures that can be
reduced at the existing level were proposed

based on the four risk factors of the parcel

storage  device utilizing active loading
technology.
Hazardous Elements Category
Frequency - . - -
Disastrous | Catastrophic | Critical | Severe | Miner
Frequent A A A—— A B
Probable A A Al B C
Occasional A A Bl C C
Remote A B — C C D
Improbable B © C D D
Non-credible C C D D D
Equipment performance error  Errors caused by external factors
Errors caused by users Disability caused by natural disasters

[Figure 8] Hazardous Elements Classification of
Suggested Parcel Storage Device after the
Establishment of Mitigation Measures

As shown in Table 4,

equipment performance error, it is believed

in the case of

that the frequency that may occur can be
lowered by supplementing enhanced parts
reliability and durability and Enhancement of
S/W performance. In the case of errors caused

by users, the frequency and severity can be

AIZBAXLOT HSX H19H 2¥. 2023.12

reduced through mitigation measures to
increase the user's proficiency and strengthen
the durability of the storage box through the
distribution of user manuals and guidance
training for the new delivery storage box
proposed in this study. It is deemed that in the
case of errors caused by external factors, it is
believed that the frequency can be adjusted by
applying a warning notification when an
external force occurs and a function to
strengthen the durability of the delivery locker.
Lastly, in the case of disability caused by
natural disasters, measures were taken to
reduce severity through the application of

waterproofing function.

5. Conclusion

This study proposes a new parcel storage
device utilizing active loading technology that
can compensate for the shortcomings of the
existing parcel storage box, and suggests
mitigation measures according to the concept
of ALARP by deriving risk factors that may

occur during the operation of the system. Four

risk  factors were identified: equipment
{Table 4> Analysis of Mitigation Measures based on ALARP Concept
Changed
. Hazardous &
Abnormal operating L hazardous
. . Elements mitigation measures
situation elements
Category
category
Equipment performance A Enhance parts reliability and durability C
error Enhancement of S/W performance
Errors caused A User manual distribution, guidance training, D
by users and storage durability enhancement
Errors caused A Attachment of shock warning alarm device C
by external factors Reinforcement of external function
Disability caused L .
. B Application of waterproof function C
by natural disasters
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performance error, errors caused by users,
errors caused by external factors and disability
caused by natural disasters and as a result, the
unacceptable level was reduced to ALARP
Region. In the case of equipment performance
error, it is believed that the frequency that may
occur can be lowered by supplementing
enhanced parts reliability and durability and
enhancement of S/W performance. In the case
of errors caused by users, the frequency and
severity can be reduced through mitigation
measures to increase the user's proficiency and
strengthen the durability of the storage box
through distribution of wuser manuals and
guidance training for the new delivery storage
box proposed in this study. It is deemed that in
the case of errors caused by external factors, it
is believed that the frequency can be adjusted
by applying a warning notification when an
external force occurs and a function to
strengthen the durability of the delivery locker.
Lastly, in the case of disability caused by
natural disasters, measures were taken to
reduce severity through the application of a
waterproofing function.

This paper utilized the system
engineering-based ALARP concept to define the
functions and analyze risk factors of parcel
sorage devices utilizing active loading
technology. Paarcel sorage devices utilizing
active loading technology represent a newly
developed system from a life-cycle perspective
before actual operation. Given the necessity of
analyzing operational risk sources, this study
conducted an analysis by applying the ALARP
concept, which performs risk assessment from a
perspective that

systems engineering

encompasses the entire life cycle process. By

orEX| H19F 2¥. 2023.12

ALARP

Engineering methodology utilized in this paper,

applying the concept, a Systems
to the development and maintenance of storage
devices utilizing active loading technology, it is
deemed that the development process can be
more systematic and structured. And, through
the risk management of the proposed system, it
is anticipated that a systematic approach to
quality management can be employed to
minimize defects and provide a stable system.
In the future, we will conduct further risk
analysis by applying functional analysis on-site
after installing the proposed parcel storage box.
We will also research ways to reduce accident
causes. Additionally, we plan to perform a risk
analysis of the target system's interface to
improve its reliability and efficiency. This
additional research is aimed at enhancing the
safety and operational efficiency of the
development system, resulting in an overall

better system.
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