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On the Improving Integrity for Verification method of Train-Centric
Train Control System Architecture using FMEA Safety Activity
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Abstract Safety is the most important factor for train control systems. Model-based design and safety activities for
way-side equipment in train control systems are important factors. Model-based architecture verification was carried
out to develop an effective control system, which is represented by model-based failure mode and effects analysis
(FMEA). An architecture verification method was created based on FMEA to take advantage of a design model and
improve the train safety control system. Case studies were applied to architecture verification scenarios, and the results
demonstrate the usability of the method. The improved method is expected to reduce the cost and time in the
conceptual design for future development of model-based verification train control systems.

Keywords : Train-Centric Train Control System, Systems Engineering, Railway System, Safety Critical System,
Failure Mode & Effects Analysis
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The Five Steps for the Preparation of the FMEA
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Fig. 1. The Five Steps for the Preparation of the FMEA[1].
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PROCESS INPUT I
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Decomposition to Lower-Level Functions Data Management

Allocate Performance and Other Limiting Performance-Based Progress
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Fig. 3. Systems Architecture Process for general systems design[9].
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Table 1. The Main objectives and features of FMEA Safety Activity.

FMEA Activity Major Purpose

Overview of the inspected product.
Structure Analysis Reuse of modules
Classification and interface ,description. Establish responsibilities.

Overview of the functionality of the product.
Overview of the cause-effect relationships.
Verification against the customer requirements.
Basis for the failure analysis.

Function Analysis

Identification of the possible failures) assigned to system structure and to functions.
Function Failure Analysis Links of the failures to the failure structures.
Basis for the illustration of failures in a form and/or the preparation of the form.

Assigning the existing and/or already established actions to the failures.

Failure Effects Analysi . .
arure BHiects Analysis Risk evaluation.

Assigning the existing and/or already established actions to the failures.

Failure Priority Analysi
atlure Priority Analysis Risk evaluation.

Identification of the actions necessary for improvement.
Design Reflect Assessment of the risk.

(Optimization) Checking the effectiveness of the implemented actions.
Documenting the implemented actions.
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Table 2. Attributes Analysis between FMEA Safety and Architecture Activity.

FMEA Activity Attribute Mapping Architecture Activity Attribute
Requirement, Function.
) Requirements Architecture Component,
Structure Analysis Component <> Traceability
Physical Architecture Component
Function Analysis Function
Function Failure Analysis Function, Failure <> Function Architecture Function, Relation
Failure Effects Analysis Failure
. .. . Priority, Desi;
Failure Priority Analysis Y &t
Alternative
Re-design ) . . .
<> Design Synthesis Architecture Component, allocation
. Traceability
Design Reflect
Design
Alternative
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