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> Qt (Safety)

[ECSS-Q-ST-40C Rev.1 - Safety Risk]
Measure of the threat to safety posed by the hazard scenarios and their
consequences

> 2l2d A|Lf2]2 (Hazard Scenarios) 2! 2H4 218 2= (Measure of the threat to safety)

Hazard Class

1 (most severe)

2

3

4

S(least severe)

Effect on Operations

Marmally with hull
loss. Total loss of
flight control, mid-air
collizion, flight into
terrain or high speed
surface movement
collision.

Large reduction in
safety margins or
aircraft functional
capabilities.

Significant reduction in
safety margins or
aircraft functional
capabilities.

Slight reduction in
safety margins or
aircraft functional
capabhilities.

Mo effect an
operational
capabhilities or
safety.

Effaect on Occupants

EUROCAE
ED-78A

Multiple fatalities.

Serious or fatal
injury to a small
number of
passengers or cabin
Crew,

Physical distress,
possibly including
injuries.

Physical discomfort.

Inconvenience.

Effect on Air crew

Fatalities ar
incapacitation.

Physical distress ar
excessive warkload
impairs ability to
perform tasks.

Phrysical discomfort,
possibly including

injuries or significant
increase in workload.

Slight increase in
warkload.

Mo effect on flight
Crew.

Effect on Air Traffic
Service

Total loss of
separation.

Large reduction in
separation or a total
loss of air traffic
control far a
significant time.

Significant reduction in
separation or
significant reduction in
air traffic contral
capability.

Slight reduction in
separation or slight
reduction in air traffic
control capability.
Significant increase in
air traffic contraller
warkload.

Slight increase in air
traffic cantraller
wyorkload.
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> ECSS (European Cooperation for Space Standardization ) &£

» Space Product Assurance
v' ECSS-Q-ST-80C, Software Product Assurance
ECSS-Q-HB-80-03A, Software Dependability and Safety
ECSS-Q-ST-30C, Dependability
ECSS-Q-ST-40C. Safety
ECSS-Q-ST-30-02C, Failure Modes, Effects and Criticality Analysis (FMECA/FMEA)
ECSS-Q-ST-30-09C, Availability Analysis
ECSS-Q-ST-40-21C, Fault Tree Analysis (FTA) - Adoption notice ECSS/IEC61025

X X < < X

» Space Engineering
v" ECSS-E-ST-10C, Space Engineering
v" ECSS-E-ST-40C, SW General Requirement
v' ECSS-E-HB-40A, Software Engineering
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» ECSS-Q-ST-40C, Safety £A] =

Safety Programme
Safety Programme Plan, Safety Organization, Safety Risk Assessment and Control,
Safety Critical ltems, Safety Documentation

Safety Engineering

Safety Requirements Identification and Traceability, Safety Design Objectives, Safety Risk
Reduction and Control, Identification and Control of Safety Critical Functions

Safety Analysis and Requirements Techniques

Assessment and Allocation of Requirements, Safety Analyses during the project life cycle,
Safety Analyses

Safety Verification

Hazard Reporting and Review, Safety Verification Methods,
Verification of Safety Critical Functions
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> Ot/ =273 (Safety Programme)
> 218 &l X} (Safety Manager)
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» oM EA| L=Z(Safety Documentation)
v' Safety Analysis Report
v Supporting Analysis
v Safety Risk Assessment
v"Hazardous ground operation list and procedures
v Safety Verification Tracking Log (SVTL)
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> ot e St (Safety Engineering)
>

o
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« Fail Safe Design Solutions

- Damage Control, containment and isolation of potential hazard
[ 4|7 A} (Hazard Reduction Precedence)
* Hazard Elimination

v

4o
pol

 Hazard Minimization
« Hazard Control
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> Ot/ st (Safety Engineering)
> OLMAM S HIH & SK (Safety Risk Reduction and Control)
v OIMM M2 B2 (Severity Categories)

Ziql o3
=1 cH| 243} 3 (Type of Consequences)
Dependability Safety

+ Loss of life, life-threatening or permanently
disabling injury or occupational iliness

Loss of system

Loss of an interfacing manned flight system
Loss of launch site facilities

Severe detrimental environmental effects

Catastrophic 1 Failure propagation

« Temporarily disabling but not life-threatening
injury, or temporary occupational iliness
Critical 2 Lossof mission * Major damage to an interfacing flight system
« Major damage to public or private property
« Major detrimental environmental effects

Major 3  Major mission degradation -
Minor or 4 Minor mission degradation _
Negligible or any other effect
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t(Safety Engineering)

o
oMM 918 MIH & SHI (Safety Risk Reduction and Control)
v RGBS ABEER

> kY B3
>

715 28 = 2RO Ciet 2T 71=

A Function that if not or incorrectly performed, or whose anomalous

Ca}?:\}g?ﬁ)?'c I behavior can cause one or more hazardous events resulting in
catastrophic consequences
Critical A function that if not or incorrectly performed, or whose anomalous

(Level 2) I behavior can cause one or more hazardous events resulting in
critical consequences

v ORI I A7 A SHIE et 12 Al
* Failure Tolerance Requirements
*  Design for Minimum Risk
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> ot e St (Safety Engineering)
> OLMAM 2! HIH & SHI (Safety Risk Reduction and Control)

v/ ADEQIO| YRS AT LT

7l 28= 75 A8 ER0 et 2 7=

Criticality category A if the software product is the sole means to implement the function

Criticality category B if, in addition, at least one of the following compensating provisions

is available

- A hardware implementation

- A software implementation; this software implementation shall be classified as
criticality A

- An operational procedure

Criticality category B if the software product is the sole means to implement the function

Criticality category Cif, in addition, at least one of the following compensating provisions

is available

- A hardware implementation

- A software implementation; this software implementation shall be classified as
criticality B

- An operational procedure

SWOH Al ZmTA 2018, ME A A, 2018. 11. 29(=)



o2 St6 AE H=
S8 SeHA|AEI O M H=
> Ml B4 24 ARF 2 VY
> O I X QAN &3
v Safety Requirements
v" Additional Safety Requirements
v Define safety requirements - functions
v Define safety requirements - subsystems
v Justification
v

Functional and subsystem spedfication

> Oty EA (Safety Analyses)
v' Hazard Analysis
v Safety Risk Assessment
v" Supporting Assessmentand analysis
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> OrHd S (Safety Verification)
» A8 H1l X 2IF (Hazard reporting and review)

v" Hazard Reporting System

v Safety Status Review

v Documentation

2101 (Validation)
Z21 5= (Qualification)
12 Al (Failure Tests)

47 &2 2H EM HZ(Verification of design or operational characteristics)

SWOH Al ZmTA 2018, ME A A, 2018. 11. 29(=)



1. SHAIAHOIE
 ZUALY MY HE

o
=l SSIHE AL RIKASS)
£

el B
K



e -l SSHEAAH (KASS)
> 53 24U GPS BEHAAHI(KASS)
>

CHSiRI=o| 2147 |4t HZ A| AR (SBAS, Satellite Based
Augmentation System) 2| 7 7= 25l &4

“G‘SBAS X =S A
v ShZoKd SrAS = 24 O 2 SHH GNSS 9| HiE0j| 7| 25104

ChS MHIAS 2IZ ALBAHI A4S gwomns [} 3N wemp
= QUHEQIMBHH MS CiH| SR [ E A2 2 L= S ¢
= 9Jx| MH| A0 CH5H S2A (Integrity), S14A

(Continuity), 7+2-d (Availability) &2
> 25274 TR 4 e
v ICAO SARPsAnnex 10 Vol. 10]| HIAIE! SIS (Signal In Space) "F—_W'“\“f"- .
v' ANH|A Q=9I AR (Hight Information Region) 2 IS % W’ £3
Ao 2 5t —
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72 - SSHEAAHE (KASS)

= 24T GPS EHA| AR (KASS)

%-* SBAS

»\"‘_‘" HAHE=RE

s 2 TUe| 7|& 7|& UMM BAMA|L 2| U 7|=7|F 1A

J|e ol M

°T°° 3 314 85712 (MOPS) RTCA DO-229 change2
- RTCA DO-178B / EUROCAE ED-12B (SW)

AR B == ECSS-Q-ST-60 (HW)

ECSS-Q-ST-40 Safety
ECSS-Q-ST-30 Dependability
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A3z 38 0| == fEH2| SQlstE F5dH AT EY0 ViR J&7|E
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> UIHOMAIAEIS HIZ0H LBLT20FIHLOIM QXA BE MBS WO o=
v' Mission Critical System@! 2= 2IAL|, M0l = ALE0| ZBR5|H QH21d BZ0| HAt HEE| M US

NASA, FAA, EASA, ESA SOlIM Safety 2121 7|#0j| ChiSt 7[0| =, 2 BS0| P=5] SREILAS

> 21X UM AE 0ol JViEH OlEE =0Id= =501 U= ELQE
v' DO-178CSW Level A2 S22 7l E5h= 2L | A=oiA| T Bdd A HEsied= 20| 22

&/ 1] : https://www.theverge.com/2018/5/24/17388680/spacex-falcon-9-rocket-block-5-commercial-crew-nasa-copv
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