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Abstract

The development of technology related to the Fourth Industrial Revolution and the growth of the online

market due to pandemic are continuing the growth of the logistics market for product delivery. If it is

difficult to deliver the product directly to the customer during delivery, storage and delivery using the

unmanned courier box are being carried out. However, existing storage boxes are not actively used due to

lack of usability even though they have the advantage of storing goods and delivering non—face—to—face.

In addition, existing courier boxes are not prepared for cold chain transportation. The unmanned delivery

storage device with ICT cold chain technology should be developed to prepare for the transition to

non—face—to—face society, to improve logistics efficiency and meet user's requirements. Also, it is

necessary to consider the measures to reduce the safety problems that may occur during the use and

maintenance of the automatic system.This study conducted a model—based analysis for the development of

unmanned delivery storage devices with ICT cold chain technology, and conducted a study to derive the

system development specifications that meet the requirements and secure safety and apply them to the

development process.

Keywords : Model—based Systems Engineering, Safety Analysis, ICT Cold—Chain, Parcel Storage
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<Table 1> Technical differences between existing and
research target devices.

Function Normal parcel |Unmanned parcel
box storage

Normal Storage @) 0O
Cold parcel storage X 0O
Parcel monitoring X 0
Parcel checking X 0O
Automatic load X )
Customized load X 0]
Noncontact use X 0)
Application use X 0)
Online Reserve X 0)
ICT Platform X )
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<Table 2> Operational process analysis and definition

No Step Function
The power source of the apparatus is
1 Startup connected and the state performing the
operation preparation.
2 Standby Standing by after the operation is ready.

The state where the apparatus performs

3 Activation |the keeping and transmission function

of parcel.
A Maintenance | Operational standby state for
and Repair | maintenance of the device.
5 End The power source of the apparatus is

released and operation is terminated.

ICT 2=AIQ1 71=°] 484 7<) vjas Rad=
= AIE, W71, AR, AR, TR0 ZRAAE A
W, Al Ta= A A FRE S& FHEE
AO)7] wlol] AA] o] o Ast B LA
E “4171 A, AR oIt olF FARg B
O] 7 Aol ZAZE AL -2 el 5550 2]
7} % EP Zggollit FHE= ez Aol i F

=



J. Korea Saf. Manag. Sci. Vol. 24 No. 3 September 2022
http://dx.doi.org/10.12812/ksms.2022.24.3.029

ISSN 1229-6783(Print)

ISSN 2288-1484(Online) 33

A7k F2 S B A D19 45 DAl
QA7 Bl BRI A%} wIF AMgAS) A5 5 =
2AI2E G om, o8 el Awe et 92}
Aol g Fse ANE %ﬁ‘iﬂr CCREL RIS

w2l 7] 4] A o 4R Vs #AE
P} 0w, <Table 3>¥} o] T2 AHE Fo| ©&
= él/]——‘ 7]11]__§; }\]/\Eﬂj/]_ A{H}\]/\Eﬂ_/l 7] > E 7?5]-4
sklem, [Figure 7] o] Activity diagrams 53l

O R ASE RES FHOR S B YL £ AH A% 9% AP AP ek
3N
<Table 3> Function definition of unmanned parcel storage
3.2 _151_1:-121 7]1%]1— 7 9,] }\]_}_\_Fj] B system
Level Division Function
ICT AR 7I9Ee] 711 eufl= Babg=]e] 9 Unmanned parcel Storage of normal and cold
RN B B Ax] o] 2ea) 2o A AR A System storage system parcel (Realtllme parcel
oJgth. o2 ko A2g) Fote] mel Jk w1 checking
A TR em, hE ARTE o w she Control unit inf(l))r?r\l[alliieor? C;?ztlrnoslrr:rslgion
o} 2FE 7es Aot 727 AR S Fal A and reception
2EIO] A 7 s AlEle] Tist HoE 85k Robot unit Parcel transfer and loading
o, AFA BHel FAS FEll AHe] 7s FLe) & Entrance unit parcel access passage
T oA uist A R 3PS R A . . . Refrigeration function
Refrigeration unit
7901]/\1 A|2~ELS B29510] Block definition diagram©. Sub 'Der for man'ce-
=ES A= [Figure 6] 2om, g=|o] 253} System | Main screen unit IDeV1ce.Operat1(.)r1 an.d
Tl TEL 98] AAES A= A BAlAEIS o) nformation Confirmation
3 AOlElo] MBAAES FAE AolR, A 17k Payment unit Cost payment
PR, F, 2R, YR, 9] F o Storage e | >10r8¢ Of normal and cold
TR, Ao AAAUEL gels 7)o o . D
550 Bk ddoehs AR A 2ide 2l External unit protection.
AsHo AEse 2= A Power unit Power supply
T3 492 Ea) ZH] 719 A9} QlE|Ho) AS A
ekl A AlE] As-s 218l Bash Al ARkl el ek Y RS 2a A AES galo s S
3 ettt W8 2Rl FEel] sl &Y== ICR SR A9} A|AEO] ) T A, AL 98 7]

FEARD 7)) A EH Pl WElEE MR 2

T 2ol el golsiion, ol& 7Iiko AJgld

o] ey I Elo OFs) 7|:=L Z=3Na) olZ o5 = 5 = = = A
) et sl gt 71es SR o1F A3l ook ok Hus 99 B4 A7 SR,
<<Block. Parcel Storage>> 3
u dParcelStorageSysti
cla el m|1 pll pl|ll
<<Block>> O&) <<Block>> O&)\ <<Block>> oé) <<Block>> Oé) <<Block>> O&)
ControlUnit EntranceUnit MainScreenUnit StorageUnit PowerUnit
op1():MainControl op1():Open opl():TaskSelection opl():NormalStorage opl1():PowerSupply
op2():Close op2():InfoDisplay op2():ColdStorage
ri1 r|d pll pl1
<<Block>> Oé) <<Block>> o&) <<Block>> O&) <<Block>> O&):
RobotUnit RefrigerationUnit | PaymentUnit ExternalUnit }
opl():Storage op1():Cooling op1():Protection
op2():Return

[Figure 6] Block definition diagram



34 ICT =419l 71%°] 248 T2l gulEE 23 A28 24 A g

|

JgaT  wAW-RIA

|
A4

User access the device for parcel
storage. (Normal and Cold)

NV
|
WV
Select task through touch screen
manipulation.
T
A\
Check the status of the parcel for
loading
T
\V
[Yes] Parcel [No]
‘r 77777 checking j‘
A4 A4
Start loading parcel based on Unable to load parcels to users.
measurement information.
T T
| |
v/ A\
I
|
/.
Start robot operation for closing The temperature/humidity con-
and parcel transfer of the en- trol progress for the state main-
trance. - ——> tenance of the low temperature
T | parcel.
N2 \
Transfer the package to a nor- } \w/
mal/Cold storage depending on
the condition of the product. ‘ Parcel loading completion and
I loading information transmission
I | to user
~ :
Return the robot’s original state | v
after parcel loading at the desig- "
nated location. Perform device standby and
parcel state maintenance tasks
before the next task.
T
The parcels in storage are deliv-
ered at the request of the recipi-
ent.

[Figure 7] Activity diagram
3.3 2 7W A% gy BA

2d 7 AR 0] FA ) ] 7|HEe] R A A olE
F3ll AR T 29 ARl disl el A=
E3) =2 AyE 7HEe 7 A|AE0] kA SkS £
St QA BA1S Rl o) T S91 AlAEIC] 2
¥ AAE o] 213 FA e 23 PHA (Preliminary
Hazard analysis) & #-83to] 435 =&}t PHAE
Al 2EL SR A0 2 A Y AAE ES
2PAsk FRE 4 e AlAE b B4 wholtt
[30—31]. PHAY] 485 &3l 9189 48k 49
sto] A 3 QAE AlA e A7) flsh okl
ke EEsto] AR o AR 2552 23k
Holeh= H31 GAAS 8l /PEAR] 7eS sk
AMBAAEIZO] FHdEo] glom f7|A oz AAxo]
Itk sk giFt-o] S Abssh A2 sk uhit
of AR &GS ST A A=A A 4

.

oo

W7} FrA 0w AJAE] ke A gx]ojof it o] & 9]
3 Aol X A 7HEo 2 kA BA1S Sl
o PHA®] ¥4 7]5S F3ll Task, Hazard, Cause,
Effect ¥ AFFS E&aly AHE 932 AN &=
SIi= Preventive action AV £&3th PHAS €83t
QA #2498 $)8F PHA WorksheetZ 7|Hko 2 =&
A= <Table 4>9} #Zt}

3.4 A A A= S AA" A

ICT ZEAIQ] 7o) 289 7Rl e+ BagA|
of thgk P A AFE 7Nk R A FRI A
Ag3st7] 9lsk At AR = I3
7k 2 A oH AEFe] TaskE 7|HFC 2 3= Hazard
9} Preventive action WRFs =&
o et ARERS 3 A elste] 913 A3 ek
A83E 5 S vk b A Aae] A7 Wik
7IEo =2 7 FR1 Al 2Elof| o] o8k 7 s W
A|2E AReFel] Hiedslr] f1st o] Aus EE33
, AR A|2EL ke A G- FiT), A A} o Al
12 B350 AAE Ash tiFREe] S Uil $ixIgt
AFEsE GA]Q) Bho] sy wlitel] R ORI 9
3 WA T ARglo] ERIEglo, s E419seF Al
HAG NS FAIE SAAA T Q= d18ds 28
L A e B R i e B e e | o il il [t e )
U 702 ojold 4= Qlo] REEA] ofof gl tfj #o]
Hhed oo sy, ek ARG 2] F s 2R
RS A A A SR ARl A s dE
o] olof tgt tin] Helo] AjAEle]| #-gx|ojof it}
AT-E F3l ARk b A ARE AR APHE 9%
= AAT F =S ¥ A WUeke <Table 5>9}
2ol ARk o, 7 51 A|AEI] AlQke] o] & 1]
ok $de] mE dJ s gelsto] o] & st
S

Bl AFS [Figure 8] E3f &ld &= Qlth

i
&
td
i)
)
o

!

NI
ol
3%
o
=
M
2
N
N
()
o2,

o & Mo o

B e

E

Jaltt)
r

Analysis Result

Previous Enhanced Specification

v
Entrance 1. Additional application of weight sensor
Unit 2. Add a horizontal measurement laser sensor

Robot 1. Add system stop sequences when abnormal occurs
Unit 2. Emergency stop button application (In & Out)

Refrigerator 1. Apply individual temperature sensors to
Unit refrigerated storage racks (Total : 14)

Storage 1. Apply individual temperature sensors to
Unit storage rack (Total : 7)

External 1. Applying parcel shelf (New Design application)
Unit 2. Structure enhancement (Max weight : 50kg)

[Figure 8] System specification enhancement result



J. Korea Saf. Manag. Sci. Vol. 24 No. 3 September 2022

ISSN 1229-6783(Print)

http://dx.doi.org/10.12812/ksms.2022.24.3.029 ISSN 2288—1484 (Online) 35
<Table 4> Safety analysis result and preventive action
Task Hazard Cause Effect Preventive action Subsystem

Storage Start

Damage to the parcel
rack.

Lack of load
support.

User injury or
device damage.

Structural reinforcement for
load support of the parcel
support.

External unit

Closed door during

Parcel entrance

Parcel and device

Apply parcel entry detection

measurement error.

the input not
righting for the size.

damage is done
during parcel
loading.

errors for parcel
measurement.

Parcel in . . Entrance unit
parcel input. sensor malfunction. damage. Sensor.
Parcel loading L
. . Application of sensor
The cargo loading work 1s not . .
Parcel size box designation or | possible or parcel reinforcement and alternative
Measurement 8 P p systems to correspond to | Entrance unit

Robot working

Robot malfunction
occurred during
loading.

Robot sensor
malfunction or
failure.

Damage to parcel
and internal
devices.

Add emergency stop function
and reinforce sensor function
in robot malfunction.

Robot unit

The low temperature

Damage to parcel

Secondary parcel confirmation

Loading goods is in thrown in | User's information . .
. . and internal through temperature sensor | Storage unit
complete the general storage input mistake. . . .
devices. application is required.
rack.
. It informs in the refrigeration
The malfunction Damage to system problem occurrence
Loading Refrigeration caused by the . g Y P . Refrigerator
. . . refrigerated the emergency and it .
complete function problem. | failure of the cooling . . unit
. . storage products. |refrigerates the normality, the
maintenance device.
goods transfer.
Set up a working political
Maintenance Operation during | Device recognition | Worker injury or sequence during work and Robot unit
& Repair device repair. error. device damage. apply an emergency stop
button.
<Table 5> Design reflection based on preventive antion
Object Preventive action Design reflection
External | Structural reinforcement for load support of the parcel | Applying a design structure to support parcel and improve user
unit support. convenience.
. Applying the door operation prevention function through the
Apply parcel entry detection sensor. . . . .
cargo entry detection sensor addition and weight sensing.
Bntrance | cation of inf  and alternati
. ication of sensor reinforcement and alternative . .. .
unit bp Sensor reinforcement application for parcel height and external
systems to correspond to errors for parcel
measurement.
measurement.
. . Add a sequence that immediately stops the loading process
Add emergency stop function and reinforce sensor d e ¥ stop .g P .
L. . and sends system notifications if a problem occurs or is predicted
| function in robot malfunction. . . .
Robot unit during loading operations.
Set up a working political sequence during work and | Applying emergency stop buttons and applying robot—side
apply an emergency stop button. power cut—off during device repair.
. . Adding checks for miss loaded parcel through secondary
Storage | Secondary parcel confirmation through temperature . .
K L. . temperature measurements in a normal or refrigerated storage
unit sensor application is required.
rack.
. It informs in the refrigeration system problem .. L . .
Refrigerat & . Y . P Application of the monitoring and abnormality notification
. occurrence the emergency and it refrigerates the . .
or unit . function to refrigerated storage box.
normality, the goods transfer.
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