J. Korea Saf. Manag. Sci. Vol. 25 No. 3 September 2023
http://dx.doi.org/10.12812/ksms.2023.25.3.045

ISSN 1229-6783(Print) 45
ISSN 2288-1484(Online)

291 STPA F4

— 1l
A ZEAA B2E
K

AGV &5 o] &3X|¢
AU 2. dA

AdAd-AER
g)

ol TSt AL g

A Study on the Integrated STPA—Scenario Process Model for
Efficient Safety Analysis Based on Operation Scenarios of AGV

Myung—Sung Kim" - Young—Min Kim"

"Department of Systems Engineering, Ajou University

Abstract

In order to solve the rapidly increasing domestic delivery volume and various problems in the recent

metropolitan area, domestic researchers are conducting research on the development of “Urban Logistics

System Using Underground Space” using existing urban railway facilities in the city. Safety analysis and
scenario analysis should be performed for the safe system design of the new concept logistics system, but

the scenario analysis techniques performed in previous studies so far do

not have standards and are

defined differently depending on the domain, subject, or purpose. In addition, it is necessary to improve the
difficulty of clearly defining the control structure and the omission of UCA in the existing STPA safety
analysis. In this study, an improved scenario table is proposed for the AGV horizontal transport device,

which is a key equipment of an urban logistics system using underground space, and a process model is
proposed by linking systematic STPA safety analysis and scenario analysis, and UCA and Control Structure

Guidelines are provided to create a safety analysis.
Keywords : STPA, Safety Anlysis, Operation Scenario, AGV
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[Figure 1] Important Equipments in Urban undergrounds
logistics system
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[Figure 3] Process Model of STPA
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<Table 1> 4 Type of Unsafe Control Action

Type Description

Cause hazard due to Controller not
providing control action

Not Providing
Causes Hazard

Cause hazard due to Controller
providing control action

Providing Causes
Hazard

Too Late, Too Cause hazard due to Controller
Soon, Out of order | providing control action but too late, too
soon or out of order

Stopped Too Cause hazard due to Controller
Soon/ Applied Too | providing control action but Stopped
Long Too Soon/ Applied Too Long
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System Sub—System Component
Motor
Motor reducer
Moving Timing pulley
Department
Timing belt
Wheels
Rotation motor
De};;‘f’?rfent Rotation pinion
Driving System Rotation gear
Lifting motor
Lifting motor reducer
Lifting/ Ball screw
Bondage Cam
Department Link equipment
Lifting board
Bondage magnet

<Table 3> Sample of Operation Scenario of Driving AGV

Subject | Object | Action Scenario
.. — Driving System is operate with
Driving . . . L.
Svstem - Drive | 1.2m/s Velocity, Hill Climbing
Y Ability is atleast 1kW.
Control — Control system sending moving
PC Send .
System order signal to PC.
PC - Receive | — PC received moving order signal.
Motor — PC sending moving order signal
PC . Send .
Driver to motor driver.
Motor .| = Motor driver received moving
. - Receive .
Driver order signal.
Motor — Motor driver sending moving
. Motor Send .
Driver order signal to motor.
Motor B Receive | Motor recei‘ved moving order
signal.
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<Table 4> Sample of Derived UCA from Operation Scenario

Subject | Object | Action Scenario
— Motor Transfer moving energy
Motor to motor reducer through
Motor Transfer . . g,
reducer moving order signal (Moving

route).

— Motor reducer Transfer moving

Motor | Timing energy to Timing pulley through

Transfer ; . .
reducer | pulley moving order signal (Moving
route).
— Timing pulley Transfer moving
Timing | Timing energy to Timing elt through
Transfer . . .
pulley belt moving order signal (Moving
route).
— Timing belt Transfer moving
Timin, energy to wheels through
& Wheels | Transfer . &y . g
belt moving order signal (Moving
route).
— Wheels are moving through
Wheels - Drive | moving order signal (Moving

route)
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AFS kst 5= gl o EEE 99 AU E ZNke.
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{Maving Route)
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Sending and receiving
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Sending and receiving
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Pass Moving
Energy
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Stk Table 4% T-5/79A Z2A| 210 Alutg] 204 o]
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3ste] UCAE =Z3t 479 or|& yepdth

Type of
Scenario | Unsafe UCA
Action
Not . . .
Providing As thg AGV .cannot drive, there is a risk
Causes of collision with other AGVs and system

operation is stopped. (UCA-1)
Hazard

The AGV leaves the stop position and
continues to drive, resulting in collisions
with obstacles and other AGVs and

= Driving | providing
Systemis| Causes

operate | Hazard .

with falling cargo.

1.2m/s System operation delays due to
Velocity, confusion caused by giving movement

Hill Too Late, |commands to the AGV, but giving them
Climbing | Too Soon, |too late, too soon, or in the wrong order

Ability is| Out of |A movement command was given to the
atleast order | AGV, but it was given too late, too
1kW. quickly, or in the wrong order, resulting
in a collision or collision between AGVs.

Stopped
Too Soon/
Applied

Collision or collision between vehicles
is caused by ending the move command
to vehicles too early or for too long.

Too Long

npx]uelo 2 Table 42 UCA—19] thdl Control
Structure® &3] &3 UCAS}H A 29 Alvke] 2
= F3lo] =&3% UCAE F33te] Causal (Factor)
ScenarioS #4J3}] Table 5} o] YeRJith &%
3t Causal Scenarios= A|2~HIS] QA A|ekAlgto 7

7F=] A

<Table 5> Sample of UCA—1 Causal Scenario

Descrition of UCA—1

As the AGV cannot drive, there is a risk of collision with
other AGVs and system operation is stopped.

Components Causal Scenario

—Input moving signals of incorrect
information
PC | Algorithm | —Transmission and reception of incorrect
information due to algorithmic calculation
errors

LTE —Contamination and damage of LTE router
Router communication module

—Input moving signals of incorrect
information from PC

Algorithm | —Transmission and reception of incorrect

information due to calculation errors in
motor driver algorithms

Motor
driver

—Contamination and damage of
H/W &

communication module
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Descrition of UCA—1

Motor

—Damage caused by fatigue or excessive
load, such as cracks or ruptures
—Transmission of inappropriate signals

Motor reducer

Timing plley/belt

Wheels

5. A&
=] gl Ese] g5del we, 71E B4 W B
S A Ale] B2 ws 3 92 s Fal, 838 A T
Hl a8 B 720 #AIE slidsh] flsl =] A7
Ata e E8-5 EAIET AR A 9 T Foll

AT} Aekaihe G835t EAlET AR AN AIAE
OF 71 TAIEE AAHo ARREA] o= AGV S} 22
AN 7 B T AREsto] 2 ARG A AR
Qlsle] A5E7st AdskS A 571 lnk Alskezt
& D83 EAET AR 2 AEE AR AAE
gl Qlaire AAEE] e ARRe: EEsk] 2@l A
U224 Frelstolof sk, AR 218 A3
T=olAE AluE e A7) 7]Eo] EAEHA] ek,
ofe] Ao met th= A A=A Qlek AlElel] AA1E
A s 9 Alve] gl b 7498 S8l He
= 29 Alvee] G2 Yl 5] Aol® <lsle] Blas
A1 A|2Ee] A2} P HAS Tk ] 218l ek
ARl AU 2 Aosle] a8 0w e QA
sh= W 9 ZEAA 2 gt A7) E sttt
ole] & A= Y AU Q. Aol =EH o At
o Qe AlvR] e Holes Aljksh, STPA A
A g AL e S 82407 AAISHE Fhte] Al
A ZEAN BEE ARKSISICE N o} JidE A
U2 4 7S Fdll 7159 STPA of|A d8E
= Bxskar oJee- Control Structure®] E2)3k9}
UCA 52] =2l dialir] Alxgle] 71z g AAGA -
A est 4 TEAAE S5t STPA A w49
719k whska, UCAS} Control Structure =2 7}
ol=EiRle AT = QA HArk ARbeh= ZEAIA B
s Aehaihs 83 TAEF AIAEY Sl
AGV 505X 5 o= Alye] 2~ STPA <17
AE el o)F Eete] /A A4S SlEl 21
Al 5 mE Y oshs vlEEA Q) v e s
agAoR FAVILE 2 5 9loH, AARe]
STPA B3 490l tish Aifi= A8 AAIS of <F
A Aotk g E o] AlAEIS] AP AulE |

F 9% Roz Ara
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