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Verification of SIL 4 SW Modules for Communication based Train Control System
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Abstract As with the hardware and software errors, it is possible to generate the loss budget due to the
failure of the project and enormous casualties, verification of safety is required. In the field of railway
signaling system, reliability and safety of software has become a issue. In this paper, in accordance with
international standards “Railway applications-Communications, signaling and processing systems-Software
for railway control and protection systems” IEC62279, software modules of wireless communication-based
train control system, is a study on the verification and validation method was applied in order to satisfy the
Safety Integrity Level 4.

Keywords : , CBTC, SIL, Train Control System, SW Verification, Software Quality Assurance

Z= 8 st=doitwt ojygt AxE o /e A g Hdet T2AE Asjg <l
3t olat &S WA = 9lo] ATl PL?%E}. %’é_‘iﬂiﬁl*g‘ Lofoll M= A
TESoje] AT o] olFR W2l e b F9 ool 2 EIAEA
o] EA3tE AZEY S Aol ] 2- T} HS Safety-Critical A]éﬁﬂoﬂ A&7 913l
A g OJXJ_*J A5l a- Eﬁ ATt 2 =ES FATATIN AAOIA AF ] AN E
glo] =ES IEC 62279 L& 7] Anle B4 H Als A A~ Aol W B
PAEN- I Ad A”E"J]Oi U?X%l A FEety 7R w2 b £l Safety
Integrity Level(SIL) 45 %F=3l7] 9laf 283k 5 wetel #gk Aqtoltt,

FQL0{ : CBTC, SIL, X AAA 28 SWHS |, AT ESo FHARZ

1. M 8

oAl A lske FAEA 71 dabAle] A Al A At S ol &
sto] AAIPo R Ak 9%, X, &3 WA AsAY o ARE wssiH AxE
Aojels A 2nElo@ Fol9AS Hga 3l Al ~Blo]m R Safety-Critical A 2=Elo|Tt}, o] &
g Al =wle] hAA N AEAAS BEete ASs dRe] HE HEg AZEY A4 qf
7ol [EC 622792 7}ol=glelom At} B ot ol A W = 7}101 wo gL 4 SF
= UEoES KXES] Y £ 77 F AXESY EE yAdl, 25, AXEJ
BE "Had g A8d ds 2 & &l tal 7=t (1]

T WMAIXN X POSCO ICT 7|& HA+A ATWET|SE (kjy121@poscoict .com)
* POSCO ICT Z|gd+4 ExW §7|%E:‘!




2. 2 E

2.1 B4 SAT|UF HRF O RtAF AlAH 2T ES 0]

_|_

Bk GRF O] XA} AlAH AZEYo] L
o] RpAF A|~Ele =2 S (ATP) 7|

d T A5 AAFE Y (ATO) 7]
TOR TAET. AAANE VS ARt & e ' dAbel] Fofd oledd 9l
g zHste] Lsts A WAToZN TE e Ve AMRE 2 F e AES 4
et A AR VS ASAATE Ve HAlst FAAE bl @
ATP= SIL 4, ATO= SIL 0 o2 FAHER ¢ 58 579 Hd 744 o= 7

g 5 Zom ATP

|
E& Fig. 13
Q7]5S F33= ATP Application, <% Fxe} QJAEH o] AT
RTOS(Real Time Operating System), BSP(Board Support Package), Software Interface, Firmware = -
JE T, SW Components= TAQI AA GAIE Sl HF sl9 @9 EE 9= A
A, RE MA HHe RZEGe] o ARNE JoR wA g RE0| F7h
At FAES wERA R A7 9ES 442 Sudd.

P
T
ATP7) 5ol 24 Bt5o] 7143ttt ATPY] AXESo] HEd
o

5k Network Application,

Onboard ATP/ATO
System

/ SYSTEM
"""""""""""""""""""""""""""" Q"""""""""""""""""""""""'"""""""""""""

Onboard ATP
Module

SYSTEM MODULE

Software SYSTEM component

components

Software component

ATP_Application Ne‘.W°Tk RTOS BSP Software Interface Firmware
Application

Fig. 1 ATP Software Component

8 5 AT EO BE il HA
Uxle 98] AeE SIL 4 59 22y 71HS Table 17



Table 1 Modeling

TECHINIQUE/MEASURE SWSIL 0 SWSIL 1 SWSIL2 | SWSIL 3 SWSIL 4
Finite state machine - HR HR HR HR
Formal methods - HR HR
Structure diagrams - HR HR
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Table 2 Static Analysis

TECHINIQUE/MEASURE SWSIL 0 SWSIL 1 SWSIL 2 SWSIL 3 SWSIL 4
Boundary value analysis - R R HR HR
Control flow analysis - HR HR HR HR
Data flow analysis HR HR HR HR
Walkthrough/design reviews HR HR HR HR HR
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Table 3 Software Verification and Testing
TECHINIQUE/MEASURE SWSIL 0 SWSIL 1 SWSIL 2 SWSIL 3 SWSIL 4
Static Analysis - HR HR HR HR
Dynamic Analysis and Testing - HR HR HR HR
Table 4 Dynamic Analysis and Testing
TECHINIQUE/MEASURE SWSIL 0 SWSIL 1 SWSIL 2 SWSIL 3 SWSIL 4
Test case execution from
boundary value analysis ) HR HR HR HR
Equivalence classes and input
d partition testing P ) R R HR HR
Structure based testing - R R HR HR
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3. Coverage Information

3.1. Synthesis

Columns details:

- Tested: coverage cases covered by tests

- Justified: coverage cases covered by justification

- Total: covered coverage cases / number of coverage cases for the whole of instantiated operators or per operator
- Status: "NC' when the coverage is Hot Complete; 'C' when the coverage is Complete

Status is 'C' when all the operators have been activated and when there is no not instantiated operators neither excluded operators.

| Overall coverage | Tested | Justified | Total | Status
| Instantiated operators | 6 | 8 | 646 | €

| 158 not instantiated operators | N/A | H/R | H/A | HC

| @ excluded operators | NfA | NiA | HiR | €

Fig. 4 Structure based testing Evidence
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