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Abstract According to the railway accident statistics in recent years, the frequency of accidents has been significantly
reduced, due to the advance of related technologies and the establishment of safety information management systems.
Nonetheless, accidents due to errors in the operation and maintenance phase and faults in safety design continue to
occur. Therefore, to prevent accidents, guidelines for the safety design and manufacture of railway vehicles were
established, and a request for the independent safety evaluation of safety designs was made. To respond to this, rail
system developers must prepare safety cases as a safety activity product. One of the main items of these safety cases
is the safety-related application conditions (SRAC) and, thus, the question of how to develop these SRAC is an
important one. The SRAC studies reported so far focused only on the simplicity of the derivation procedure and the
specific safety activities in the design phase. This method seems to have the advantage of quickly deriving SRAC
items. However, there is a risk that some important safety-related items may be missing. As such, this paper proposes
an improved method of developing the SRAC based on the idea of performing both the safety design and safety
evaluation activities throughout the whole system lifecycle. In this way, it is possible to develop and manage the
SRAC more systematically. Especially, considering the SRAC from the initial stage of the design can allow the safety
requirements to be reflected to a greater extent. Also, an application case study on railway signaling systems shows
that the method presented herein can prevent the omission of important safety-related items, due to the consideration
of the SRAC throughout the system lifecycle..
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Table 1. Safety Activities for Identification of SRAC Related Items Over the Project Life Cycle

Phase Safety Activities Tasks Description

SRAC Related Tasks Description

System  Definitions
and Requirements
Analysis Phase

Reviewing contractual conditions

Checking the level of system development and application
Checking the list of deliverables with regard to safety activities

Conducting Preliminary Hazard Analysis
(PHA)

Basic Design
Phase

Identifying safety requirements

Checking safety requirements (e.g., O&M, Interface, Environment,
EMI/EMC etc.,) to be transferred into higher level or adjacent systems
Checking the existing SRAC had been already transferred into high level
or adjacent systems

Checking safety evidences already applied to other application conditions

Preparing Safety Plan

Preparing the contents of SRAC to be included into Safety Case when safety
plan is prepared

Detailed Design
Phase

Conducting System Hazard Analysis (SHA)
or Subsystem Hazard Analysis (SSHA),
Interface Hazard Analysis (IHA), Operating
and Support Hazard Analysis (O&SHA)

Identifying safety requirements to be transferred after elicitation of safety
requirements according to hazard analyses

Conducting safety requirements verification

Exporting safety requirements to corresponding system supplier who is in
charge of fulfillment
Discussing safety requirements with the corresponding system supplier

Updating Safety Requirements Specification
and Hazard Log

Updating exported safety requirements and Checking the status of fulfillment

Preparing Safety Case

Checking the exported safety requirements to secure the safety and
constraints related to design

&|Updating Operating and Support Hazard

Analysis (O&SHA)

Manufacturing
Installation Phase

Identifying safety requirements to be transferred after elicitation of safety
requirements _according to hazard analyses (if necessary)

Updating Hazard Log

Updating exported safety requirements and Checking the status of fulfillment

Conducting safety requirements validation to

Validating the exported safety requirements from Generic Product and

subsystem and component as generic|Generic Application system to the higher level system

product or generic application
T&C and Trial Preparing Safety Case Checking the safety requirement to be exported and safety verification &
Running Phase validation results

Communicating with the relevant|Establishing the way to fulfil the safety requirements after the discussion on

stakeholders to check whether the SRACs
are reasonable to accept or not

the requirements to be exported

Transferring SRACs to OCC staff/Train

Driver/Maintenance staff/Operation_staff, etc.

Exporting finally agreed safety requirements to the corresponding system
supplier_or_higher level
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Fig. 7. Activity Diagram to present tasks and deliverable for Elicitation of SRAC over the Development Life
Cycle on Safety Assessment Aspect

& 59, 7] A" A Al AAEAZE B H7] o] 62278 9] SR EEHUTE ST A= B
Ao on] 9189 2A4S Tt Hg0lA AL Ui E b desrds A% ST wE WAIEAL Q)
Alz=lo] B} ZRAE|A] sk o] gl HA|E o] S B G7E Qg A E disiAe o A %
o] AU, kA BF Aol AT, AT FE th sHAYL HAA B s A etk b
AR, agolgdols] E b ZAEA(Y: Hazard A U5 E53517] 913 83 5024, kA &
Log % Safety Case)E FiLste] SAAC 7sd ¢t A& 3% Aol ZAst] dAE b 37 &5
A4 ARALE) = SRACTES 7|2 AAGANA ¢bd & EZ3STh
d QAR F7Yste] e whadE & e s T a8, 5 7o A 2 @5 nE et
st7] fAgtolrt o] FHAE S HE AlS A|2go] SEbddErt
(ISA) &5 AH4l(Generic Application §~=2] #2527
3.2 ot Z7lo U2 SRAC E& diH 2], Specific Application 2] GAA A2 595
B Ao NE 5] W obdA Hrte 27ste] 3 wAEe] EF skATh
oA 7led Z2AE S 957 ¥ SRAC =& Fig. 70 7IRtete], 95710l wE SRAC =&+
S 9% S ASkEAT Fig 72 WA F£uFr) % A8 FET] d A A7 ks vbedt
oA 9] Alzell A FA FHAAYF Ak obd SRAC #ALEEE Table 29 7=kl
3 E3ol digh Wi e R SHxA e kA ot &, System Definitions and Requirements Analysis
%9t} Qo) Fig 701 $HF7)0] w2 obda  PhasedllA] 23 %= Reviewing contractual conditions
B7} B ko] AuA St W7t BEo] fE AEEo]  FeE T 2o SRAC FWAM thas Eels|o
7] ¥ o qiTh gk
olefd FFL R oR Ak kA 5 WA Tt o Al s el
A IEC 62425 [7] % A% k¥4 &5 &4 174 IEC o AoPaflel X3 Ala" YR 4

38



HEATA LY Fd AAS A% e Al A8 2 =2 WY

Table 2. Safety Assessment Activities for Identification of SRAC Related Items Over the Project Life Cycle

Phase

Task Description

SRAC Related Tasks Description

System Definitions and

Requirements
Phase

Analysis

Reviewing contractual conditions

Checking the existing history regarding safety assessment

Basic Design
Phase

(ISAP)

Preparing Independent Safety Assessment Plan|Preparing the way to elicit and control of SRAC on assessment

point of view

Detailed Design
Phase

prepared during design phase

Reviewing and assessing the deliverables to be|Eliciting SRAC on the way to review safety

artefacts(deliverables)

until those items are closed

Reviewing and assessing the open observations

Conducting safety audit on site

Eliciting SRAC on the way to conduct safety audit

until those items are closed

Reviewing and assessing the open audit findings

phase

Preparing draft Safety Assessment Report in design|Preparing the SRAC elicited on the safety assessment

Communicating with the relevant

stakeholders | Assigning the corresponding system supplier or high level to

whether the SRACs are reasonable to accept or not|fulfill the SRAC after discussion who is in charge of the each

SRAC

phase

Preparing Safety Assessment Report in design|Preparing the SRAC elicited on the safety assessment based on

the document assessment and audit results

Reviewing the results of validation of SRAC exported into higher
level system from the lower level system

Manufacturing to
Trial Running
Phase

phase

Reviewing and assessing the deliverables to be|Reviewing applicability of elicited SRAC in design phase
prepared during Manufacturing to Trial running

Eliciting the SRAC on the way to review the safety artefact

until those items are closed

Reviewing and assessing the open observations (deliverables) in manufacturing to Trial running phase

Conducting safety audit on site

Reviewing applicability of elicited SRAC from safety audit in

until those items are closed

Reviewing and assessing the open audit findings design phase

Eliciting the SRAC on the way to conduct safety audit in
manufacturing to Trial running phase

Running phase

Preparing draft Safety Assessment Report in Trial|Preparing the SRAC elicited on the safety assessment

Communicating with the relevant

stakeholders
whether the SRACs are reasonable to accept or not

Assigning the corresponding system supplier or high level to
fulfill the SRAC after discussion who is in charge of the each
SRAC

Running phase

Preparing Safety Assessment Report

in Trial

Preparing the SRAC elicited on the safety assessment based on
the document assessment and audit results

Reviewing the results of validation of SRAC exported into higher
level system from the lower level system
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Table 3. Elicitation of SRAC of Railway Signalling System on the Safety Activities Aspect

Related Phase Description Classification
System Definitions The communication path from/via specific equipment to a receiving unit must comply with|Communication
and Requirements relevant parts of EN50159-1.

Analysis Phase The system architecture shall be defined, and thequantity and type of generic components to be|Configuration
used shall be specified. The functions specified in the requirements shall be allocated to
components and the physical location of each component shall be defined.
The specific equipment must be designed to apply fail-safe principles. Operation
The specific items shall be required to ensure that the relevant items can be used for|Configuration
safety-related applications.
The ambient temperature to apply this equipment shall be between -25°C and +70°C. Environment
The voltages mentioned shall be always in specific range. Environment
The humidity rate to apply this equipment shall never exceed specific range without condensing. | Environment
Design Phase The specific cable shall be used for the specific interface. Interface,
Communication
The external signalling system to interface must fulfil specific interface specifications. Interface
Failures in the signalling circuit must be handled by an adjacent or high level system. Interface
The access to the specific item shall be restricted to only authorised personnel. Security
The maximum ripple allowed on the supply is limited to specific voltage (peak/peak). Environment
In the system, the correct interpretation of the specific module input and output bit patterns shall|Network
be implemented.
Between optical input and optical output, the retransmission delay shall be lower than specific|Network
time.
The contact of the specific relay dBm shall be closed when the optic power on the optical input|Interface
is lower than -42 dBm.
The specific module shall display on LEDs the correct working status of its internal power|Maintenance
supplies.
Manufacturing, The equipment shall be installed according the installation and adjustment manuals. Installation
T&C Phase ‘When the equipment is installed, it shall be confirmed that if the equipment is connected correctly|Quality
or not, by using drawings and labeling, and the connection state.
The link cable between specific modules shall be never exceeded given distance. Installation
Periodic inspection and maintenance works must be conducted to obtain the specific data. Maintenance
The operator must ensure that the residual risk, associated to an item inducing the perturbation|Operation
of the input signal of the specific card, is acceptable.
The appropriate warning signage on the hot spot of the specific equipment must be attached. |Operation
Maintenance works must be conducted by a person who has an enough competency to do. Operation &
Maintenance
The volume of alarm and brightness of the light during operation for a specific equipment and|Environment
maintenance shall be controlled by maintenance staff.
The status of wiring of specific equipment must be checked by operator and maintenance staff| Operation
through the visual inspection.
The status of communication between two equipment must be always checked. Communication
Table 4. Elicitation of SRAC of Railway Signalling System on the Safety Assessment Aspect

Related Phase Description Classification
System Definitions The specific items must be excepted in the scope of safety activities and assessment since the|Configuration
and Requirements ultimate client has not included them.

Analysis Phase The evidence of quality management activities shall be established through the regular quality | Quality
audit and quality management
O&M regarding other operation and the safety rules shall be compliant to the domestic rules and|O&M
regulations for safety operation.
The train shall include onboard signaling system which is compliant to the reference operational | Environment
conditions.

Design Phase Failures and defects of the components which interface with the relevant components shall be|Interface

treated in fail-safe way by themselves. Considering the domestic operation environment, the
relevant specifications shall be satisfied.

Manufacturing,
T&C Phase

O&M regarding Train Control System shall be compliant to the O&M manual provided by the
supplier.

Operation &
Maintenance

Periodic inspection and test according to the environmental condition changes considering in the
specific items characteristics shall be conducted during the operation.

Environment
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Table 5. The Result of Comparison of SRAC Elicitation between Existing Method and Proposed Method

Phase SRAC Description Classification Existing | Proposed Remarks
method Method
System Definitions | The communication path from/via signalling system to a| Communication X (0} Safety
and Requirements |receiving unit must comply with relevant parts of EN50159-1. Activities
Analysis The system architecture shall be defined, and the quantity and| Configuration o (0] Safety
Phase type of generic components to be used shall be specified. The Activities
functions specified in the requirements shall be allocated to
components and the physical location of each component shall
be defined.
Point mechanisms and detectors (position and locking of the Operation (6] (6] Safety
frogs and blades) must be designed to apply fail-safe Activities
principles.
The MY2K relay (latching relay) shall be required to ensure| Configuration (6] (6] Safety
it can be used for safety-related applications. Activities
The ambient temperature to apply Data Link Module shall be Environment X (¢] Safety
between -25%C and +70&C. Activities
The voltages mentioned shall be always in the range +/- 10 Environment X (6] Safety
%. Activities
The humidity rate to apply Input /Output module shall never Environment X (6] Safety
exceed 95% without condensing. Activities
The proven used items must be excepted in the scope of| Configuration o (0] Safety
safety activities and assessment since the ultimate client has Assessment
not included them.
The evidence of quality management activities shall be Quality X (6] Safety
established through the activities referring to ISO 9001. Assessment
O&M regarding other operation and the safety rules shall be O&M (6] (6] Safety
compliant to the rule of Korail and/or Metro. Assessment
The train running on double track railway where train control|  Environment X o Safety
system (ATP) installed shall include onboard signalling system Assessment
which is compliant to ETCS Levell.
Design Phase The communication cable shall be used to comply with Interface, X (0} Safety
interface communication protocol. Communication Activities
The external signalling system to interface with Lineside Interface X (6] Safety
Equipment must fulfil Interface ‘S’ specifications. Activities
Failures in the signal output circuit must be handled by the Interface X (0} Safety
interlocking system. Activities
The access to the Signaling Equipment Room shall be Security X (6] Safety
restricted to only authorised personnel. Activities
The maximum ripple allowed on the supply is limited to 5 V Environment X (6] Safety
(peak/peak). Activities
In the IXL system, the correct interpretation of the Point Network X o Safety
Module input and output bit patterns shall be implemented. Activities
Between optical input and optical output, the retransmission Network X (6] Safety
delay shall be lower than 200 ns. Activities
The contact of the relay AL_dBm shall be closed when the Interface X (6] Safety
optic power on the optical input is lower than -42 dBm. Activities
The optical data link module shall display on 3 front face Maintenance o o Safety
green LEDs the correct working status of its internal power Activities
supplies (+5 VD, +5 VA & -5 VA).
Failures and defects of ABS or EI which interface with LEU Interface X (6] Safety
shall be treated in fail-safe way by themselves. Considering Assessment
the domestic operation environment, the relevant
specifications shall be satisfied.
Manufacturing, |The signalling equipment shall be installed according the Installation X o Safety
T&C Phase installation and adjustment manuals. Activities
When the remote control unit is installed, it shall be Quality X (0] Safety
confirmed that if the Unit is connected correctly or not, by Activities

using drawings and labeling, and the connection state.
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Phase SRAC Description Classification Existing | Proposed Remarks
method Method
The link cable between the Data link module and the Installation X o Safety
Trackside module shall be never exceeded 1.05 m. Activities
Periodic track inspections and maintenance works are Maintenance o o Safety
performed to obtain the track geometry, minimum adherence Activities
factor and shunting properties.
The operator must ensure that the residual risk, associated to Operation (6] (6] Safety
a broken cable inducing the perturbation of the input signal of]| Activities
the relay circuit board, is acceptable.
The appropriate warning signage on the hot spot of the safety Operation o o Safety
equipment must be attached. Activities
Maintenance works must be conducted by a person who has| Operation & (¢] o Safety
an enough competency to do. Maintenance Activities
The volume of alarm and brightness of the light during Environment X (6] Safety
operation and maintenance for a safety equipment shall be Activities
controlled by maintenance staff.
The status of wiring of specific equipment of integrated Operation (6] o Safety
control equipment must be checked by operator and Activities
maintenance staff through the visual inspection.
The status of communication between remote monitoring| Communication X o Safety
device and rail temperature monitoring device must be always Activities
checked.
O&M regarding this train control system (ATP) shall be Operation & (6] (6] Safety
compliant to the O&M manual provided by the supplier. Maintenance Assessment
Periodic test considering track characteristics changes Environment X o Safety
according to track characteristics and environment changes in Assessment
tunnel shall be conducted during the operation.
W 71 W oj= el e =E HeAE upehA], AF2 EEE SRAC F38o] FF Aleket
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