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Railway Signaling, Controller, Safety Critical,
Standardization, Safety Certification
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SUMMARY

O To develop signaling equipment common platform and to establish a railway signaling
system certification scheme, the analysis on patents, papers and markets was
implemented in the chapter 2 on the basis of technical keyword to develop the
common platform.

O As a result of analysis on the patent, in case of the Republic of Korea, in
most of the indices such as the number of patents, power to secure markets,
degree of citation and technology impact, etc., it is in a situation where
enhancement of technology in the related fields is urgently required since they
are in the greatly lower level in comparison with those for developed countries.
As a result of analysis on the paper, total of 61 SCI papers had been published
from 1994 until now, and by journal, it was investigated that many papers were
published in the European and American journals such as the PROFESSIONAL
ENGINEERING PUBLISHING, SAGE PUBLICATIONS LTD,
PERGAMON-ELSEVIER SCIENCE LTD, etc. In addition, as a result of analysis
on the market, when estimating a position of market development stage through
the trend of application for patent/disclosure and publication of papers
concerning development of the platform common to the signal equipment and the
planning on the plan to establish certification systems for railway signal system,
it was investigated that they are in the technical fields being grown now.

O Survey on technology trends in chapters 3 and 4 was for the survey on
components for 18 kinds of main signal equipment for general and high-speed
railways to investigate targets for development of platform common to the signal
equipment. As a result of survey, signal equipment to which the common
platform is applicable was 15 kinds, and it was analyzed that 83% of the main
signal equipment can be the applicable targets, and the analysis on
requirements to satisfy the SIL of IEC 61508 which is the international
standard for functional safety and the requirements by life cycle stated in the

IEC 62278 which is the international standard for RAMS of railway system



were organized.

O In chapter 5, the following three candidate tasks were discovered through
planning and study up to now. Candidate task 1 draws requirements for
platform common to the signal equipment and performs activities for
certification based on the international standard in the development stage.
Candidate tasks 2 and 3 develop a common platform which reflects fault
tolerance and safe design on the basis of requirements drawn from the
candidate task 1, and make RAMS documentation to acquire safety certification
as their core activities based on the international standard. Candidate task 2
develops high performance platforms such as the electronic interlocking devices
and on-board signal equipment, etc. And candidate task 3 develops low cost
platforms such as automatic blocking devices and track circuit, etc. 32bit and

16bit is based on the data bus size of processor.
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oiEE4 AlAES 98t 7l5AE A
; Req. 1) Management of Functional Safety
SIL On-Demand Dangerous Failure 1. Random Hardware Failure
[/cycle] [/hour] 2. S/W': IEC 62278(IEC 61508 Part3)
Class A : ISO/IEC Guide 51 (AF2I9FH) 3. H/W : Architectural Constraints(Hardware Fault
QUHO] TSt 7|2 A, FAUEWT} 7|2 HA 4 10E-6 < x < 10E-5 10E-9 < x < 10E-8 Req. 2) Techmcafl Requirements
1. Functional Test
ClassBoIEC 61508 o 2. Environment Test
(&l Ilﬂi{iﬂiﬁ 101712) 2152 3 10B-5 < x < 10E-4 10E-8 < x < 10E-7 3. Operating Test
AfZ2 7|2R0pER He|
Req. 3) Competence of Persons
: : goEopE Z|sorE _ _ _ _ 1. Personal Information
%ﬁzﬁgég?&é&ﬁﬁgig? 2 10E-4 = x < 10E-3 10E-7 = x < 10E-6 2. Evifience of Competence
IEC 26262(AH54}) Req. 4) Functional Safety Assessment(FSA)
B2 MYEE Ha 1 10E-3 = x < 10E-2 10E-6 = x < 10E-5 1. Functional Safety Review
2. Evidence of Independence
—
a"R1-5. FAETY AF 2 SILY AEH 7+
#1-3. A=Als HdHd fE2d FAET
#9 Tk
Std.01 IEC 62278, “Railway applications—-Specification and demonstration of reliability,
’ availability, maintainability and safety(RAMS)”, 2002.09.
Std.02 IEC 62279, “Railway applications—Communications, signaling and processing
' systems—-Software for railway control and protections systems”, 2002.09.
$td.03 IEC 62280-1, “Railway applications-Communications, signaling and processing
' systems-Part 1:Safety-related communication in closed transmission systems”,  2002.10.
Std.0d IEC 62280-2, “Railway applications-Communications, signaling and processing
’ systems—Part 2: Safety-related communication in open transmission systems”, 2002.10.
IEC 62425, “Railway applications-Communications, signaling and processing
Std.05 . . o
systems—-Safety related electronic systems for signaling”, 2007.09.
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TAY WSS Y3t dA(FHFIDE BAY "BEE S AASe] ZEZYEL AW

Aok ATl thate] AA



I EXTIERY
wEole EYE ETEE

A 4/7k2 s S

el ZAEFY LTAFS e

ZB5]8 AlAT MTBF Ut
(ol me 2o | [zesie 2z egws s v me )
- HESI0l, SEERIOL AIZH U HEOIE NE - IFOE@EEA0 ot DYYATY 2u
» 215§ (Diagnostic Rate)H4 4471 SNEE U JIBE BIIE B AAEYRL U By

PR
),

Embedded 7| gt |0{7| 2|
A7\ FICH o| 2 M27|&

StEQIojol 2 TE H771
(1oo2, 2002, 2003, etc.)

2820 7|
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CEA7x 8 JEjzed
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Self Checking 2%|9|
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SoC 7|=

25| 8H 07|
AR LT =

- A5 EEEAE

A R A

8427|E dA

) ob
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= SILE A|AE PSR 7| (Q-H =N Of)

A=I|E

Reliability : MTBF > 120,000 Hour
Availability : MTBSF > 200,000 Hour
Maintainability : MTTR < 2 Hour
Safety : Dangerous Failure SIL4

Risk Class III

Satisfied ALARP

823 A| HIjE(PFD)
e

IEC 615087 |t
SIL Allocation 7|& (g =5g7h

Bow-TieZ &2l 7| =

ALARPEZ 27|

FTA 8l ETA7|&
N =B

IEC 615087t Risk Matrix S Graph
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Ao 25 EA0F NEE WAAFA 7] (Embedded Controller) A171E =A|EFo]
a7t HAFEAAFE(SIL)S UEstrl fal 233 E(Fault Detection), 2339
(Fault Avoidance), A&A2] (Fault Isolation) ¢ ZA33&(Fault Tolerance) E% A7
sta, 3182 o fle A B (Safety Critical) 7wolr LAt 25 tASE2
(Fail Safe)st== Fdst= Zeo] dA7Is . ol¢ #AdAH 7|E=2H = st=So] A7
(Hardware Redundancy)® °]&3 HlolH el 2734 (Error Correcting), A7 AH(Self

Checking) &9 o|&¢] J&H7|= atn, & AFolA e olgjer nuekd, nilgyd 7S 2
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715 A7 &
(Technologies

for Functional
Safety)

A. A3 &
W& A o] 7]
(Fault tolerant

embedded system)

AA. AEANE Adts] g
(Fault tolerant for railway
signaling)

VA EY HAEA S AA
High reliable railway
signaling equipment

AB. 23§ Al2=H
(Fault tolerant system)

A=, 319, oA, A4,
2171 “\P ﬂ%}@%%
Fault detection,

Fault avoidance,
Fault isolation,
Self checking,
Fault coverage

AC. BA A4
(Hardware redundancy)

&Y oA, £8 v,
stolBg =y thFA

Active hardware
redundancy,

Passive hardware
redundancy,

Hybrid hardware
redundancy,

2 out of 3, Standby
sparing

(Fail-Safety
Design)

(Fail-safe interface)

SEEREE DS

A Eddg o] 2~
bR E A1 E] 7 o] 2~
Safety serial interface
Safety parallel interface
Safety communication

interface

[

BB. @514 A
(Dangerous failure
detection)

8207, 495 nPUEE
Dangerous failure,

Dangerous failure coverage

BC. 7]setd A4
(Functional safety hardware
design)

Safety critical system,
Safety critical hardware
design, SIL, Safety
integrity level

A. =90l T34
(Hardware flexibility)

IAFA W2

Qb W2

High reliable data bus,
Safety data bus

seslo] B3

(Hardware standardization)

b gAY 7 EE
Industrial controller
standardization
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aA F JA&57k 7P e 107e] SHE obest 2or], o] oM 53
Union Switch & Signal it vl=r 5553 US5561762A712] Q18 A7) 43702
Ve
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1. A method for selecting and responding to a malicious fault in a
reconfigurable electronic apparatus, said apparatus for performing a
plurality of tasks and having a first configuration and fault processes
=9 for counteracting a class of faults generally causing said apparatus to
— fail if said fault processor is unavailable, said malicious fault belonging
g+ to said class, occurring during execution of a preselected task by said
apparatus, and causing said apparatus to fail during such execution,
said preselected task being selected from said plurality of tasks, said
method comprising the steps of:
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1. A single channel interlocking system comprising:

a plurality of processors for collectively receiving external input
information, deriving internal interlocking information from the
external input information, and providing external control information
based on the external input information and the internal interlocking
information, such that each of said plurality of processors is responsive
to different information and performs a different function of the
interlocking system;

a common internal bus connecting said plurality of processors into a
single hardware channel, said common internal bus including at least
one external input for inputting said external input information and at
least one external output for outputting said external control
information;,

first fault—detection means for causing each of the processors to test
itself to check whether it is operating correctly and to provide a
respective first operation signal dependent on the result of that test;
second fault—detection means for causing each of the processors to be
tested for correct operation by a respective other of the processors and
for causing said respective other processor to provide a respective
second operation signal dependent on the result of that test;

first logic means for subjecting the first operation signals to a first
logical function to provide a first status signal, the first status signal
being of a first kind if the first operation signals are such that each of
the processors determines it is operating correctly and of a second kind
if the first operation signals are such that at least one of the
processors determines it is not operating correctly, and
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METHODS AND SYSTEMS FOR FAIL-SAFE COMMUNICATION
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1. A communication network comprising: ommunication media; and
a plurality of network nodes coupled by said communication media,

each of said plurality of network nodes comprising a first

communication channel and a second communication channel, said first
communication channel comprising a first physical layer transceiver
(PHY device), said second communication channel comprising a second
PHY device, said plurality of network nodes coupled in a dual
ring—type topology.

2. A communication network in accordance with claim 1, wherein said
plurality of network nodes are configured to distribute a network token
between said network nodes, said network token grants permission to

transmit data packets,
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Fail-safe microprocessor—based control and monitoring of electrical

devices

U.S. Patent Apr. M, 2062 Sheet 15 of 15 US 6,381,506 Bl

[ MOKITOR A DEVICE

GENERATE A CODE INCLUDING PULSES IN PREDEFNED | | e
WINOOWS
2 E——
ABBLY THE CODE A A SIGNAL TO A FIRST CONTACT OF A - T8
DEVICE

B T
DETECT FOR A RESPONSE SIGNAL AT A SECOND CONTACT o
OF THE DEVICE

| COMPARE THE RESPONSE SIGNAL TO THE CODE r_

| DETERMINE THE CONDITION OF THE DEVICE r“ '“

FIG. 13

CONTROLADEVICE | 4
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| TO VERIFY THE OPERATION OF THE DEVICE

| CONTROL THE DEVICE USING THE CONTROL SIGNAL T_
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TOALL SUCH DEVICES BY CONTROLLING THE
CONDITIONED BUSSES
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1. A fail-safe system for monitoring of at least one device, each of
said at least one device having at most two pairs of positive and
negative output points and at most two pairs of positive and negative
inputs, said fail—-safe system comprising:

a processor, operating using a program, for generating a primary
code comprising at least one predefined interval of time during which a
first input signal is positive in polarity and at least another predefined
interval of time during which the first input signal is negative in
polarity, for applying the primary code to the output points, for
detecting a first response signal at the input points, and for comparing
the first response signal with the primary code to detect an active
state of said at least one device, wherein the processor generates at
least one secondary code, each of said at least one secondary code

comprising a predefined interval of time selected from the group
consisting of:
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_ | Device for detecting transmission errors in balanced two—wire bus lines
Lo HY .
and two—bus interfaces
172 17 174 19.1 19 Fig.5 2
S
11 +Voc—{Data] J Eig 0s -
182 .
@ . ' m“;zs f ag L ;
dE=w | SPSaaEmEte 2 |
15 @ 14 15 167,181 /183 a9 hj i
Veer Gl . ”>_ :
i2 *Vec—paa| | [7]
/L i
182 18 184 E
8 2-9folo] B~ el g-9fojo] W& elE o]~ wUEsF 212k gfol
F W& | of At 7Ied= vlasto] vl Aype] Z} o]z RE A IAE A5
= A
1., Device for monitoring balanced two—wire bus lines and two—wire bus
interfaces for serial data transmission, the bus lines and the bus interfaces
having first and second line conductors that change their polarity in
antiphase in the normal state, the device comprising:
first, second and third comparison means, the first comparison means
having a positive input operationally connected to the first bus conductor
and a negative input connected to a reference potential (VcC/2); the
second comparison means having a negative input connected to the second
= o bus conductor and a positive input connected to said reference potential
=
— (VeC/2); and the third comparison means having an input side connected to
ST the first and second bus conductors;
a first shift register or counter having a clock input operationally
connected to an output of the first comparison means;
a second shift register or counter having a clock input operationally
connected to an output of the second comparison means;
means for processing signal edges to form pulses, the means for
processing being connected downstream of the third comparison means and
having an output connected to reset inputs of the shift registers or
counters,
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Overview of Top Manufactures

Ax A sA oo g3t 5] F2YE 7|9 =4, Siemens, Ansaldo, Thales 5 37} 71
°] Top 10° &7} &. Alstom¥} Bombardier= 22} 10919 159 &5 YERY.
ol9lo| = F= CRSC, #Alo} Elteza, A= AZD Paraha 59 %9714, 4% Kyosan,
Daido Signale] =& A4 8<E YeEld. Siemens7t 179 F2/4 o3 AlaA|o]l w&F
H o] BAAYES 2ty Aer AdE. = LSS 1.29 f=2/49
S H

2=

I
(3% &3] : SCI Verkehr GmbH (2014), Worldwide Manufactures of Rail Infrastructure 2014)
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o

i
ke

o OQAzAel WEd F2(40%), @AA = v AsAgufE BF(30%), @HAF
E (Electronic interlockings) Al F&(20%), @F5 L 393 mjEd FAZ718(10%)
= 7t Bdste AAY AFE EFsta, A9 1078 22E 7199 &9 & AAsHH o}
a9 25 Siemens® AAEo] 53] =4 Yebd

(3% =3 : SCI Verkehr GmbH (2014), Worldwide Manufactures of Rail Infrastructure 2014)

Siemens (Mobility and Logistics.. ] 70.7

CRSC* ] 65.2

Kyosan ] 50.7

Ansaldo STS ] 48.0

Elteza* ] 47,0

Thales Transportation System | 44.5

Baudis Bergmann Rosch ] 40.9

Frauscher | 39.8

Daido Signal ]| 39.7

AZD Praha ] 31.6

0 10 20 30 40 50 60 70 80
Eligibility Critetia: Control Command and Signalling Turnover, Control Command and Signalling Share in Total Turnover, Market Shares in Selected Markets (Electronic

Interlockings), Recent Turnover Development (3-Year CAGR)
* = Manufacturers owned by national governments or by national incumbent railway network managers

7@ 19] 719e THHOR Flo] 7t 7Y AEaE Rojelal, I VS| wet diklele] AR &
1%2-13. Control Command and Signalling - Top 10 Manufactures
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3£2-6. Control Command and Signalling : Results for the Top 20 Manufactures

Control Market
Control Command and | Shares in Hecent
Command and Signalling Core
; : Turnover Total Score
Signalling Turnover Product Devalopiint
Criteria: Turnover Share in Total | Markets
Rank Turnover 2]
[EUR 3-Year Before | After
i Score | [%] Score | Score CAGR | Score 4
millien] %] Extrapolation [4]
Weighting [3]:| none | 40% | none | 30% 20% none | 10% none nene
y.|Siemens (Mobiliy | 4740, 400 26e| 78| 200| +15| 298| 707| 707
and Logistics)
2.| CRSC [1] 500e| 117 100 300 8.0 - - 49.7 55.2
3.| Kyosan 500e| 117 91e| 273 0.0 -37 1.6 40.5 50.7
4.| Ansaldo STS 780| 178 61| 183 9.6 09 23 48.0 48.0
5.| Elteza [1] 330 7.8 100 300 24| +175 6.9 47.0 47.0
Thales
6. | Transportation 8890e| 209 15e 45 16.0 +2.4 31 44.5 445
Systems
f. | HELERTA 25| 06| 100| 300 08| +280 95|  409| 409
8. | Frauscher 35 08 100| 300 08| +228 8.1 39.8 398
9. | Daido Signal 210 49 100 300 0.8 nia 0.0 35.7 39.7
10. | Alstom Transport 820e| 192 15e 4.5 5.6 -09 23 31.6 316
11.| AZD Praha 140e 3.2 85e| 255 0.8 -18 2.1 31.6 316
1 Pt 130e| 31| 70e| 210 00| -89 o8 249| 311
CarrierCom
13| nppon Signa 300e| 70| 65| 195 16| +13| 28|  309| 309
14| Mont-Ele 10e 02 80e| 240 0.0 -84 04 246 30.7
15, | Bombardier 700e| 163| 11e| 33 6.4 | -] 260 289
Transportation
16.| MERMEC B0e 1.3 70e| 210 0.0 7.2 0.7 23.0 28.8
17. GE . Bale| 153 15e 435 08| +185 71 27.8 27.8
Transportation
18. | Prysmian 220e 5.2 15e 45 00| +478| 100 19.7 24.6
19, | oo Industrial 120e| 29| 30e| 90 16| +84| 45| 181 181
ystems
20. | Hitachi 500e| 116 4e 1.2 16 +4.3 36 18.0 18.0
[1] = Manufacturers owned by naticnal governments or by national incumbent rail infrastructure managers
[2] = Core Preduct Market: Electronic interlockings.
[3] = Weighting: In order to reflect the different significance of the different criteria used, a comparative
weighting between them was established. It occurs when the relative assessment of the respective values, which
ranges between 100.0 for the best and 0.0 for the worst of them, is transferred into score points. On this
occasion, the respective weighting is multiplied. Thus, e.g. valuation of 100.0 for the best track system turnover
(see Siemens) results in 40.0 score because infrastructure turnover is weighted 40% of all criteria.
[4] = Extrapolation: In cases where data was not available, or core product market shares not existent, the
respective criteria or market shares have been omitted and the remaining criteria’s’ or market shares’ weighted
values taken as the total score.
e = estimated; — = unknown
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Market Shares in the Core Product Market

o 2 5A] BE dNFEcZA AAAFHA (Electronic Interlocking)7F 5. AAA
SA229 Top 5 AZ71F4S AHHEW Siemens, Thales, Ansaldo? o2 Yehd.
SiemensE E3g 5l 7Id el wjEd H|Fo] AA AAANGY T5%E Hfrst= A Al
729

(3% 23] © SCI Verkehr GmbH (2014), Worldwide Manufactures of Rail Infrastructure 2014)

Others Siemens (Mobility and
Logistics)

25%

Bombardier Transportation
8%

Thales Transportation

Systems
o 0%
‘o

Ansaldo STS
12%

192-14. Control Command and Signalling : Electronic Interlocking - Market Shares

o AAAFZAA it H 33 HHE EAAEEC] =2 FEE JYS e, =Y
Baudis Bergmann Rosch, =% Frauscher’} 20%7} 9 =& A#AE Holm L.

g LSARA S H2 343t 8.4%9] & A4S Holu &

(=3 : SCI Verkehr GmbH (2014), Worldwide Manufactures of Rail Infrastructure 2014)

30%

25% +—
20% +— |
15% +——f
10% +——
5% —
- [ n u
0% L T n T L T T L T T T T T u
Baudis Frauscher GE Elteza* Schaltbau Hollysys LS Industrial Hitachi Thales Bayka
Bergmann Transportation Systems Transportation
Résch Systems

O3-Year CAGR B Product Market Share Electronic Interlockings

The selection has been restricted to manufacturers for which there is sufficient data available.
* = Manufacturers owned by national governments or by national incumbent railway network managers

19H2-15. Control Command and Signalling : Electronic Interlocking
- Top Market Players by 3-Year CAGR and Product Market
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Market, Frost & Sullivan, 2013)

% 350km TRrellA &

£ HT 14.4%7 =&
o2 o3¢, CBTC F5F°l kmY 120%F
Hit 2409 27} 289 = RAow 23

3

Strategic Analysis of CBTC in the Western European Urban Rail

MEASUREMENT NAME MEASUREMENT  TREND
Market Stage (Nascent, Growth, Mature) Growth -
Market Value €993.0 Million A
Market Volume (Total Length Operational, 2011) 350 km A
Average Price per km* €2 4 Million A
Market Value at End of Forecast Period (2021) €3.59 Billion A
Base Year Market Growth Rate N/A =
Compound Annual Growth Rate (CAGR) Total Operational Network Length, A A% -
2011-2021

Market Concentration (% of base year market controlled by top three competitors) 78.3% &
Number of Competitors (active market competitors from 2001-2011) 6 v
Average R&D Spend by Product N/A —

Decraasing Siabie

TREND v

Increasing

A

1€

192-16. Market Overview : Urban Rail CBTC Market, Western Europe, 2011

o Afgeld 4 7)e CBTC Z2AEs}
% % 811.9kme] Z2HEY
7k

Al

w53 g Zo R 43", 2011~2021d 71zF
I =4 d7ddl, 2001~2010 713t} 100.6kmet Blwshd =f
%, Siemens® 20214d7H4] & 1072 Z=AHER 280km
o7 J=5 (% &=*] : Strategic Analysis of CBTC in the
Western European Urban Rail Market, Frost & Sullivan, 2013)
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f
i L London Underground .London Underground
Metropolitan Line District Line
EE_ 50 Stockholm Metro Barcelona Metro
E Red Line Line 9 &10
|4 40 ) Helsinki Metro L9ndoq Underground'
7] Line 1 Circle Line, Hammersmith
g o ° & City Line
3 0 Paris Metro T\
5 _ Line 13 w
£ Paris Metro ¢
E 20 .'Line 1 Paris Metro Copenhagen S-Tog
@line5 All Lines ", Copenhagen Metro
10 Munich Airport & wem
Line 1 -
0 ~

20117 2012 2013 2014 2015 2016 2017 2018 2018 2020 2024
WAnsaldo STS ®Bombardier MWSiemens .IThales uAnsaldo/Siemens

12-17. Urban Rail Market : Expected Completion of Radio-based CBTC Projects, Western Europe, 2011~2021

@ Ao A4 7HE CBTC YEYAE 201897H4] 500km7t ¥4 722 Aoz H,
Thalest 32| #Aakd 1334 AFS Eall F41 716 CBTC Al e Aoz o=%n,
= 7 AAY7IE Qdte] ¥l CBTC AMGE tha x|ddE Aoz HAwd

1,600 < 300
1,400 33
. :
~ 1200
£ £
: ;
3 1,000 | 8
* Q
§ 800 £
3 %
s H
Z 600 | -4
: 3
2
@ 400 5
]
200 g
0
! 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
..._tConstructed CBTC Systems 419 | 478 | 549 | 64 | 782 | o4 | 1,008 | 1,237 | 1,317 | 1,397 | 1,497 |
s Operational CBTC Systems 350 | 350 | 401 | 575 | 588 | 702 | 782 | 1,125 | 1228 | 1255 | 1,340
s Constructed CBTC Systems Growth Rate| 243 | 142 | 147 | 174 | 214 | 204 | 166 | 127 | 64 61 71

172-18. Urban Rail Market : CBTC Network Length Forecast by Stage, Western Europe, 2011~2021
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@ AfRelA 74 7]k CBTC WIESSE 2011de)] 127km7RIelA &9 ZFolm, 20214 744
FHG T 20.2%8 F71ete] 988kmell @& Aoz AwH. 2017dd €%+ LondonA|sHE9]
CBTC Z2AEZ} AF5olM2] Induction-based CBTCS] wiA2t Alzwlo] = wkel (% &

Strategic Analysis of CBTC in the Western European Urban Rail Market, Frost &
Sullivan, 2013)

1,800
The London Underground Piccadilly line CBTC
1.400 upgrade project that is estimated to be
! completed by 2017 is expected to be the last *
induction-based CBTC system in Western
—~ 1,200 Europe B,
E 1
-
= - -y _ I
£ 1000 TransmissionTyps 4
s Induction-based CBTC 1
= Radio-based CBTC 20 2«.. !
s 800 1
1
£ .
z
o 600 1
@ “
o 1
400 1
1
1
200 1
1
1
0 | TN —
201 2012 2013 2014 2015 2016 207 2018 2019 2020 2021

u Constructed: Induction @ Operational: Induction W Constructed: Radio @ Operational: Radio

T192-19. Utan Rail Market : CBIC Network [ength Forecast by Transmission Type, Western Furope, 2011~2021

a AFE4 CBTC U (Revenue) TEE #5 AAGE 52 zEsid A9sidA, 20219714
BT 8.8~14.8%2 AAES HY Zoln, 20214 FYdo] 2399~399 F=2 FF7HA] Ej
g Aoz d=g

4,500

CAGR (2011-2021) = 14.8%
4,000

Increased orders drive growth and
3,500 demand. Cost/km recovers towards
original value at €2.3 M

= 3.000 11-2021) = 12.3%
o
= Eurozone crisis is
S ™ ' curtailed. Costkmrisesto | -
—
§ 2000 over €25 M — e
g CAGR (2011-2021) = 8.8%
1,500
Markets recover through funds
from Asian participation. Cost/km
1,000 r / e recovers settles at around €1.5 M
Average Costkm ——— Eurozone financial crisis causes funding o
€24M 500 freeze on all projects. Low demand
e levels drop cost’km to under €2.0 M
% 2011 [ 2012 [ 2013 | 201 | 2015 | 2016 | 2017 | 2018 | 2018 | 2020 | 20m
=emConservative Scenanio | 993 | 1,134 | 1,152 | 1224 | 1270 | 1469 | 1691 | 1.760 | 1968 | 2152 | 2305
wgeFros! & Sulivan Scenario| 993 | 1.134 | 1,207 | 1353 | 1719 | 2165 | 2195 | 2227 | 2370 | 2654 | 3,164
d=Optimistic Scenario 993 | 1,134 | 1300 | 1526 | 1891 | 2373 | 2524 | 2821 | 3042 | 3353 | 3958

7172 -20. Urban Rail Market : CBTC Revenue Forecast, Western Europe, 201172021
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Embedded System A|Z
223 A= AlAEl(Embedded System) AR 2008 92billionZ2& A 201343

112.5billiongel® S71slel dHAAGE(CACR) 4.1% 7Pk <. 53] 9Wiv= shk=slo]
(H/W) A= 2008 89.8billionZelellx] 2013 109.6billionEel2 76l dHT &
(CAGR) 4.1% 7P} oidslx, b= 2xELo(S/W) A2 2008 2. 2billion@e]ellA
2013 2.9billionge| 2 S7Fel d%8738E(CAGR) 5.6% <7} <.

(% =4 : Embedded Systems: Technologies and Markets, BCC Research, April
2009)

SUMMARY FIGURE
EMBEDDED TECHNOLOGY MARKET, 2007-2013
{% MILLIONS)

1200 0T

LU ER TNy

R}, (DT

Lk (M0

5 Millions

1T

21k KT

[N
HnT HI0H 2014

B Lmbreddad harvdware B Embedded software

Source: BCC Resarch

192-21. Embedded Technology Market, 2007-2013

AN, AFollole] L AEZH7IC] tA (redundant), A3 &(fault-tolerant) A2 A Fsl=
EAAES AAAE Ao ZEshEo] ZFEH AN AS AwEd 201349 79.5billionEE oA

BN

‘?1

2014 86.3billionge], 2015 95.3billionE& ol Eatar 20201@7F4] 154 .4billionel] @A
o A%t 201595 20209704 A8 1/87d5(CAGR) & 10.1%7878e AR o1 3H.

(3 =% : Global Markets and Technologies for Sensors, BCC Research, July
2014)

&2 & (Common Platform)& JF3He AlA} vt e tlo[HS AEs flal] dloleuo] 2 ey
A MESZS Sl A= i, o2’ TeEREFS Z=Aldshe A 3 Het Avle] F
I Fe= 20119 80billion®2l, 20129 81.3billionE#ell 3l 201797
127.6billiong#1 = A7dsie] 2012958 201797 d%#/37%4E (CAGR) 9.4% 473 3le=

v,
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>
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odgd. (3¢ &4 @ Surveillance and Security Equipment: Technologies and Global
Markets, BCC Research, January 2013)

@ Embedded S/W+ Application Layer(H/W 2Fg), Middleware(Networking, Communication),
Operating System(BSD 4.4, freeRTOS & 0S)9 38&He2 4€. 5% Embedded
S/W+ RTOS(Real Time Operating System)Z 1218, Embedded S/Well tigt 221 A
AEE 737 3¥ES BT EIR AARAM AL 95 Embedded S/W A2 B4, 4t
PAFEst, AsAt & weTHS TR Aol dAdH U=

(3% &3 : Global Market for Embedded Software, 2012, Frost & Sullivan)

Embedded Software

o Industrial )
Telecommunication Automation Automobiles
o HMI _ Powertrain ‘
Smartphones ‘ _ Features |
—  SCADA | — Safety Features ‘
Feature ‘ J F
Phones
L PLC ‘ Infotainment ‘
— and Telematics

— DCs ‘

18 2-22. Total Embedded Software Market : Segmentation, Global, 2010

@ ZntEZ i3t o371 71E$HE 23 59 22l ® Embedded S/W Z&2H Al 2010
A 4089 G F=reld] 2017 11,5989 @2 7] 38t 21.5%% ZA| A473e Ao dlSd
(3% &3 : Global Market for Embedded Software, 2012, Frost & Sullivan)
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180.00 | 25.0
160.00 | L Sl _
\ S
= 140.00 L.J _I L.! 20.0 E
$ x| 5
= 12000 | &
15.0 g
€ 10000 | 5
: 80.00 | -
B . [ 10.0 E
¢  60.00 | g
Q
| 14
20.00 | i
0.00 | 0.0
| 2007 | 2008 TzoogT 201oT 2011 T2012 2013 | 2014 | 2015 2016 2017 |
s Revenue | 2367 [ 2817 | 33.16 | 4079 49.09 | 59.12 72 24 88.77 |10944 133.2 | 159.86
“w=Revenue Growth Rate| | 190 [ 177 [ 230 | 203 | 204 | 222 | 229 | 233 | 21.7 | 200 |
Year

138 2-23. Total Embedded Software Market : Revenue Forecast, Global, 2007~2017

@ Embedded S/W 2% AFS A9HE A9Ed, | f8, ofrol-sji g 2|90l 80% ©
e 2Bk 9o, ozl dr] 2 A|¥o] Emerging Marketo 2 F43ta 5. 53]
oprJol-BHF A e] AP ddEo] wlg- A ekl o FEE et IFAPECAY 2010
| 24.6%(10099€2) A, 20173 38.3%(61291=2]) 7FA] “d7o] o/dd
(% &3 : Global Market for Embedded Software, 2012, Frost & Sullivan)
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100.0

90.0
PR -1t X¢)
g 700 |
S 600
§ 500
g 00|
30.0
200 +
10.0 |
0.8 2010 2017
u North America 259 20.2
|- _Europ«_a ) 322 | 247
| Wl Asia-Pacific 246 | 38.3
u Emerging Markets 174 16.7
Year
North America Europe Asla-Pacific Emerging Markets
Year ($ Billion) ($ Billion) ($ Billion) (8 Billion)
2007 542 777 574 4.73
2008 6.70 9.08 7.07 532
2009 8.20 10.40 8.50 6.06
2010 10.55 13.12 10.04 7.08
2011 12.57 15.56 12.49 8.47
2012 14.87 17.94 16.47 9.84
2013 17.74 20.49 22.34 11.66
2014 21.03 2381 29.M 14.21
2015 24 .48 28.26 39.04 17.66
2016 28.21 33.66 49.71 21.62
2017 32.36 39.54 61.22 26.73
CAGR 17.4% 17.1% 29.5% 20.9%

T132-24. Total Embedded Software Market : Percent Revenue Forecast by Region, 2007~2017
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@ Embedded S/W S2H A2 AE =2 AuEd, Al gIFES 2Aet I A%
EE v = e Sl AFEA & s (Automotive) AReIAE 2010 469 23
old, 2017 619 7R AFo] dAdE L 9l
(3% &4 : Global Market for Embedded Software, 2012, Frost & Sullivan)
180 00 250
160.00 v o
v v 200 £
~ 140.00 N e
g 12000 v @
= 150 £
2 10000 | 3
E 80.00 tﬁ
g 10.0 E
& 6000 :
4
4000 50
W i i
0.00 | 2007 | 2008 | _ _ _ _ | 2016 | oo
=t Automotive | 452 | ~1_._32_ | 393 | -160 | 4?1 | -13-1 | 500 | 5”% | ‘RHT | b |3 |
e Industrial Automation | 441 [ 467 | 480 | 498 | 520 | ‘244 | 56" | 599 | 031 | bGt’.‘ 704
Wt Telecommunication | 1474 | 1918 | 2443 | 3120 | 39.17 4885 | 6155 | 77.53 | G760 12053_ 146 .69
weRevenue Growth Rate 190 177 230 204 204 222 229 233 217 200
Year
Revenue Industrial
Growth Rate Automotive Automation Telecommunication
Year (%) ($ Billion) ($ Billion) ($ Billion)
2007 - 4.52 4.41 14.74
2008 19.0 4.32 4.67 19.18
2009 177 3.93 4.80 24 .43
2010 23.0 4.60 4.98 31.20
2011 204 473 5.20 39.17
2012 204 4.84 5.44 48.85
2013 222 5.00 5.69 61.55
2014 229 5.25 5.99 77.53
2015 233 5.54 6.31 97.60
2016 217 5.87 6.66 120.68
2017 200 6.13 7.04 146.69
CAGR 21.5% 4.2% 5.1% 24.7%

12295 Total Enbedded Software Market : Percent Revenue Forecast by Vertical Market, 2007~2017
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A 2 A IEC 615089 SILYE SFANT &4

IEC 615082 <tA#AAFor A7|/AA/Z2ag|v]E Aoj 7)o i3t 7|5t g =44
TFACtHIEC 622789 L FAMEHS %3k EF). F4-13 2ol &= T4 #Ho=m FAH

IEC 615082 ALENE, 943, G857, A=, o5, 4FF S A7/A/ T2 78]

E A7 & o] &3te wokollA A7/AA/Z2aHgHE Ao LB R 13 Ayt <l
ol Aot} iR AjAbEAle] ¢lo] H = kA A (Safety Related) Ty <HdAIS

(Safety Critical) &°F 75t thgt oA EFo| .

# 4-1. IEC 615089 +x

Code Sub Title
IEC 61508-1 General Requirements
IEC 61508-2 Requirements for E/E/PE Safety-related System
IEC 61508-3 Software Requirements
[EC 61508-4 Definitions and Abbreviations
IEC 61508-5 Examples of Methods for the Determination of SIL
IEC 61508-6 Guidelines on the Application of IEC 61508-2 & IEC 61508-3
IEC 61508-7 Overview of Techniques and Measures

[EC 6150894+ <A
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A FE'z gelsn], 988 5 Ax ABE] FEL AV /AA/Z2aeg S Aol 79 2
=z
ol 1

5
dte] Fstdel RAY $EL AM0TE 47X BRI

duoe iz TRe gage] AN Eed SILAY 9dge] BANEES /1 Hol

Folt}h
1508 = 1@ de Al Ata(Accident)E FYste] Al xElo] 7]%5WH <t

AFHE B L PFHES Ansn gom, B HaAdAE aastuel el 9 137

.

_79_



R

TOo R AAE 77 e3e B, axdwEs g i vlel=E AlF et

R

S5t Concept E/E/PES ? Electrical/Electronic/Programmable Electronic System
i o s EUC ? Equipment Under Control
IIE
M| E/E/PEQ| £ZER O EUC, EUCQ| &+
+257]
B ez M HelHol
T E/E/PEQ) AZES .
“ R 0l EUC, EUCO| 212
B senwn B o wewes
FH| E/E/PEQ| AZEOf EUC, EUCK] O A| A &l
£HZ=7| Human Factor
A QAT S0 )
MgE= R RAROICH B viozeaus
EUC, EUCR|OfA| A&
Human Factor
B ez
EUC, EUCK] O A| A &l
Human Factor
E/E/PES ¢ 10 IR Rk
Axd 78l
HX O|& ZFA
E/E/PES AmEQof 11 Q'T;HT';J*
WERSER] REELE] =0Te
M HA U ol LR
EUC, EUCK|OfA| A & N
E/E/PE QR THEA| A — E,EEJ,(F';’EEgﬁlg?lﬂT&u
Human Factor e
XA oFRH2|Eo| M7 2] A oHRH| B0 M
EUC, EUCH| OJA|AE AE|
Human Factor T Ot
x
TR B PECIERERIRSS AT B
T =
E/E/PE SIF e A EUC, EUCK|OjA| A& EUC, EUCK|OfA| A
e = 1 E/E/PE bR TRIAIAE E/E/PE QPRI BHRIA| A B
M £ 7|
EUC, EUCK] O A| A&l
E/E/PE QHH BHRIA| A

OH4-1. IEC 615089 Al2®l4H 7] 16T
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1. IEC 615089 SILY S27AM £4
£ Hod e IEC 615089 SILY &7 SILERE Y i, A8s 9 fAERSFE 8
TAF el tiste] et
7}, IEC 615089 SIL¥ 2748
IEC 615089 SILS ®E3l7] Al e E4-29 2ol F 471K 9] 8FA13S 5% 1
Zellof gtk %4-29 W& F 7IEd 7ANS 71E AlzEl dAYo gzl ey
G e, Fe Q¥ T yleehdH b #HE 22 SILTEYE 249 59

e 2T BE Bl BAoE A

#4-2. IEC 615089 LA} aoF

AZYE ARDZL 2
7}, $-¥H(Random) =90 1%
1. 7]std e #e U AZEY o FAAHIEC 615089 Part 3871)
b ssdo] P2 FAAGEddC AdHE 5H)
7k 715 A
2. 714 a7 | U B34
o ¢34
~Fola o] =
3w wy | T OURE GE
w8 e dFakE 57
b A)skA e AR
4. 7)s AL b
o =94 9% 57

F4-29 474 ASFFAA 7letde] #ele @99 SILE ZF4 7es AT

Sk steglo] el A TEC 615082 PHd#dA 7159 AH&RIZd wep #4-33 2
o] Low Demand Mode® High Demand Mode& T&3tal o™, 7 Moded F&2&
IEC 61508-49] 3.5.12% A <7159 AFEHI=7F 1d <8¢l 7]$& Low Demand
Moded] SIL7IE< A&3ta, AMERIEZE 1de] 13& Z=3%43t= 2% High Demand

Mode(Continuous Mode)?] SIL7|&S A &3== 3t ).

_8‘|_



¥4-3. Random Hardware Failurec] tjgt e F =2 SIL7]|&

Low demand mode of operation High demand or continuous mode of
SIL (Average probability of failure to operation
perform its design function on demand) | (Probability of a dangerous failure per hour)
4 > 107to< 10 > 10%to< 10°®
3 > 10"o< 10 > 10%0< 1077
2 > 107to< 1077 > 10"to< 107°
1 > 107%to< 107" > 10°to< 107

715¢ekA o] #EloA AZEY o] FAALS SILY EUI AZE9 09 7]HH SILC

SWSILAl thet tha ol (£4-4) 9 Zo] Zzte] sHaAE A &71ES AAStL Ut

A vy SWSIL | SWSIL | SWSIL | SWSIL | SWSIL
e 0 1 2 3 4
1. /S\oétvae:’r]; Pl%nglzg Documents R LR LR LR HR
2. S/W Requirements Documents

AETeo] fuALe A R HR HR HR HR
3. S/W Design Documents

LEE ] AAEA ) HR HR HE HE
4. S/W Module Documents

_GK_EE—?J]OJ E% ?‘:_"}‘1 - HR HR HR HR
5. Source Code and Documentation

P -t R HR HR HR HR
6. S/W Test Reports

S E o] AW A - HR HR HR HR
7. S/W and H/W Integration Test Report

pzesolsh srdo] ERAT M ) HR ) HR O OHROHR
8. S/W Validation Report

SEEG O] A=W 1A R HR HR HR HR
9. S/W Assessment Report

AT EY O HrIH A - HR HR HR HR
10. S/W Maintenance Records

AEEGO] SA B S R HR HR HR HR
LA
ISO 9000-39] +9le BE AXE S ctiFZAA YW gt Hgst LA ArS Essit), 43X
Edo] stdFAddd 0o e AAAE HEAl A3s P TAE deEsit




'HR £ 7|2+ A& 7le B Sl dldsts SWSIL tigh 743t dAuAtad S 9

=)
&
)
l-'lj
2
>,
oo
N
ithy
ke
fr
I\
2,
)
L
(o]

3 | AgEA gow ATEg] Fd HEAY
N EE REARA) ABE BAG BEA] BAEH ool g,

h=]
= HhH o] el SWSILO thate] 332

v oudn. weF A8 Vle e SAUEC] AMEET AZEd Y] FARIAIGA

fu
)
o
it
,
&2
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B HIaAdAE 19989 EPE IEC 61508-39 SWSILY Tables #&3tA] a1,
20029 AFE A=&E& 2ZESC Hdd Wik 7]ed IEC 62279F 7= A& A
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AlslR . SWSILY SILe S7HxeEl= SILe] &9d4d 7|58 LT EH A 23] FPst= 7

. o
- AGd 2ZEY] 7|5 SILY 593 SHS SWSILY 2 &3t}
v, SIL &%
SIL &9 (Allocation)2 Aod Alare] €409l 9SS FAHAZL F e A B Alx

99l /15U FYeth SIL @9 g e o8 s I8

FTA, ETA, Bow tie model
QRA (Quantitative risk assessment) : FTAS A}
SILRE= AalAde AA 7les Boalof atn, Fojd 7|sHZ ¢ ¥HE A&t &
1

3o}y, =3 ¥4-39 Low Demand Mode®t High Demand Mode©] tigh F+& glo] ¢ #
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7
Frequency Hl=(YdY TAYIE) P : Probability of avoiding ($1@¢ A 3

A &3l SILS
T g =ze

384-29 o] C: consequence A (YAPeoz <3 4

a9
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=

N
a5

t)

’

H oo

o

£), W : SIFY] SPNE(SIF/L 913 o S48 98999 488 Y= gatel 35
e 8% 7l5e] B SILS FFSE WPORA, C, F, P, Wol U I ge 72

2 dAst7] el FA/mPEF WRel S

: — ; W, W, W,
c o
= HI: (N
o : X, i
Starting point P —— 1 A —
for risk reduction
F P, .
estimation Ca A e— L 1
R P 2 a
e R il o || 2| 4
Fe Py
3 R X, i
Genernlized arrangement £ F 1} 4 3 2
{in practical implementations - FB R =
the arrangement is specificte - X :
the applications 1o be coversd - L—-
Wy the risk grash) : : b 4 3
S S e R T e e SE
€ = Consequsnce paramater == = No safety rezuirements
F = Exposure time pasameter a =ho spacial safsly "acuifements
P = Prabab ty of aveicing the hazardous evert b =Asngle 8F is no: suficent
W = Ir: the aksence of ts SIF under cone deration 1.2, 3 &= Cafery imegrity level

a94-2. 985 O =S o] &3k SIL dF

Very frequent 0,5

year

ALARP

Frequent
D3 0.5 a 4 yvear

forbidden

ALARP <4

Rare
D2 4 a 20 vear

very rare
D1 = 20 yvear el
Health & safety " i irreversible 1to 3 more than
care fight injury L
Consequences injury deaths 3 deaths
Loss 100-1000
Consequences <10 k€ 10-100 k€ e 1M-10 ME >10 M€
Environment small Minor significant Major Disastrous
Consequences 1 2 3 4 5

1984-3. Y EHEY AE o] &3 SIL g%
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a94-39 A= EY 2 e AR E(F) 9 A4=(S)7E Bl EY 2o &
of SIL& @9ste W owx, 1¥4-33 #Zo] SILTH
¥ JEil ALARPA &/ A¥d= A&drt 9=
Fr7iEY e 9de aZlnt fAEH v Ed el gt mER s Azte 9

e AFAE FoHoz 5] wiol »4/Md Byl St

unwanted initiating main unwanted Dangerous -
events events event phenomenon Major effect
-~ A : % ey / A N s A S A e P Ty
1407 M2A0 | Total electrri
failure

transmitter

1.40 7 vear

Cortosion of intefvention nthel . ! 11407 ear Presswe | || gg?é?}d

rorkrol mom, REX: | cable e o !

Breakdovwn :*:er year for {000 Lrar:(mttterllne Measure LCT14 m_trease 1 vave
siapots L 0% 1,2407 fyear '

measiing pors , yeaf e

imelevant process tipsing of insirumented
Level measurement corelated Imeasure pick ._Cﬁf 1% finction
\th sother MEBSWE.SI0W  Jup problem |
tift vibich will s detected FY135 open —e
before reaching levei 0% Total electronid due to lack of air ...} |Tempemtue
140 ear | piue A iWincreaseinihe
transmitter Measure FC135) | column fop
irelevant st 100% :
Skowdnf which wi be detected mud ozourfthe 1,104 iy
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o e internal leak:
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{ose the whole refx valveto fore
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YR EY oA B o] SHEES 94 PANE £E AAES AolEs PAS

= gt

1 Intolerable Intolerable Intolerable Undesirable

2 Intolerable Intolerable Undesirable Tolerable

3 Intolerable Undesirable Undesirable Tolerable

4 Undesirable Undesirable Tolerable Negligible
5 Tolerable Tolerable Negligible Negligible
6 Negligible Negligible Negligible Negligible
#4-7. A= E" 20 FFH SAYNE V| FE
. THT7] EF WA BT .
1 T o [¢) 3 1
HIH s 22 (Frequent) 1 Sere] 9 10 o] A
o s3] Fot ole] W WA L .
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(Incredible) WAy SR oF 5
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Do, ATPAI2H] HAAdEFAAM=E #4-129 22 A= 384 <HHAIE A (Safety
Plan)ol A% 3t ald 1@ o] 318 F e FToZ A 45ste Aoz F3h3%
o wEkA AlzEle] BE S dis #4-129 9¥= A E&FEE A &5t
“Intolerable, Undesirable” 992 @l thajr= AN AS HAES "Tolerable,
Negligible"d 9oz APA=rt 4= Aave dFste THMAA Y7 =4 (Safety Case) &
Asla o5 SYHeHAAH7IAH(ISA, Independent Safety Assessment)Y 2 FALEA7}
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#4-12. ATPA 2" A= 8853 EY 2

Zoe 919 Ael e 919 AESE

SEERER:

. (Critical) (Marginal) (Insignificant)
A (Catastrophic) 1010124 Aba} 1010141 %}\L 1olo]4F A4
3%10]7d Al it e’ - °’ e
3elm vk Al 1091 7] 9k 2011 vF S
J‘?ﬂ?ﬁ g
(Fr nt) Intolerable Intolerable Intolerable
[10- / S'EJJr]

FeA Q= dk A

(Probable) Intolerable Intolerable Tolerable
[10-4%7}, 10-3/ho] 5}

T35 24 Tbs

(Occasional) Intolerable Tolerable
[10-6%3}, 10-4/ho] 3}

LA 7HE g ol
n] ¢k s} (Remote)
[10-8% 3}, 10-6/ho]3}H]

Tolerable Negligible

W7 A o

71 €] g1 (Improbable) Tolerable Tolerable Negligible Negligible
[10-9% 3, 10-8/h°]a}]

LA 7 5
7138 81 & (Incredible) Negligible Negligible Negligible Negligible
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CAU ATP On-Board Equipment

ATP Wayside Equipment

27TM lAir Ga% FSK Modulated
g

Telepowerin Balise Telegram =
Signal 12 Channel
y (20ms Sampled)
CBF CBC
LEU
4 Test Signal(Off
A A < line)
oy By Human
ConflrmI Telegram Telepowering R BD [ LD —» LMB > Failure
Signal | : Setting Lt Data(LED)
S 2 Balis Telegram
| b (10ms Updated) AESHER|
e PSU \ EURx (LCS)
i A DCR Relay 2 =

~~~~~~~~~~~~~~~~~ LN

Human Power From Wayside(AC220V or AC600V)

LD : Lamp Detector / BD : Balise Driver / CAU : Compact Antenna Unit
CBF : Compact Balise Fixed / CBC : Compact Balise Controller

PSU : Power Supply Unit / LCS : Level Crossing

LMB : LEU Monitoring Board / LEU : Line-side Electronic Unit

PTE : Programming Test Equipment

:1314 7. ATP}\]/\I—H] ;q A} R 1—;‘q ?/\35

ATPAl2=®l A3 QIEIF o]l 2e ATPAI/GEA ¢ 71& KORAILZEA ¢+ &84 <IH
Hol~E HAR atn, Y =& 98] AETH ] 2HE Guide WordE 722 o] 44
%4 (Deviation) & o53dtd] fdYS =&t HAZOP Study’1H < AF&sSth.

ATPA]Z7=19] QIEH o]~ g9l A2HAAFY (LEU, Line-side Electronic Unit)<]
ofd 21 HAYH, AV Fe HAAE 9 HFHFZEA ofgd2a odF, ALE Aojr|eke] <l
B oo] =1 AFEHAAAZ 9 BEAA FHAALRT S HAAE, ATPAE ] o] &7 5t
8 2 gy a8is, LEUS AP A s o2 AT, #24-132 5dA] #3te] 4l
7] 48l g HAZOP Study®l oe]tt.
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i
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rlo

FY == A= FMECA(Failure Mode Effect and Criticality Analysis)e F#<l
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= 34-13% o] FAAT. WA Add =& @ AnZ T e 3L #e s
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StHAl2El nFEASS Yo E H4-237 Zo] sFAzE FEHE(BOM, Bill of
Material) & 2184-13% o] AE3}=T (Relex7.7)E Al&3te] stRAAElG9 2 uFET
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System Tree J
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Iﬁ@ ATC. _system |System | |Top-level ass... | 427.921694 | Ttem{ModefCause Eaies
I:ﬂ@ ATC_onbard | | | | 320,604767 | i
I_Q@ =0 i.‘—’.EMJ‘I 15,372306 |
S | | | | 725
l_—@ Dinde | | | | 0.098420
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Fe Otfier 0100391
o R T w3 Pmamne | 2
mwemﬂ RBD Table )\ Fautt Tree Takle )\ Evert Tree Table J}\ Markoy Table f £ >
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#4-23. ATC 9&F4I 0] AH8-H 109 o

Oper | Power Case
Cat (S:i) E?El Description Qty | Ref Man Pow Rat Temp
(W) (W) ()
U1lo0,
1 4 - TMSP32032PCMAS0 2 U3 TI 0.3 1.95 31.0
Uul1l,
1 6 - AT290010A 2 U3l ATMEL 0.15 0.27 32.0
Uul 2,
Ul 3,
1 5 - K6R4016CID-]JC10 4 U 32 Samsung 05 0.2 29.0
U33
H =

X

Cat-F%9 WE¥HF, Sub Cat-FE9 AEF, Part Num-%%29 /NIddAHA,
Description-F3FAt, Qty-F%, Ref~-PCBA<e] &, Man-#12AF, Oper Pow (&2}
A3), Power Rat-Al&5 2R AH, Case Temp-53%F THL2E

ATC 3tFAl2=ElT9 BOMe vge=z n3dEH} MTBFE d53 Ad= $4-249 %

t}. MTBF+ & E9 949 HAF1A54H (MTTF, Mean Time to Failure)® &

i zdlel mgHE B AEAE T3 JeETAIZ st MTTRO] MTTFO] w8k

#4-24. ATCY st =8 14E3 MTBF

ne 2 g SAAE G E MTBF
(le-6/h) (Hour)

1 ALTAEE 4.829086 207,079

2 EAETARE 7.336311 136,308

A+ 3 gAEdgHE 7.067186 141,499
A 4 OAEE8HE 9.335712 107,116
5 CPURE= 5.29096 190,509

6 TIAEE 9.259259 108,000

A 7 A FA o K& 3.978634 251,343
25 8 A AEFANRE 3.872544 258,228
9 A FEAESEA7] 3.566469 280,389
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oA TS MTBF MKBF
TS

ZE (le-6/h) (Hour) (km)
X})?: ]’Z] (1;}01;\]/\91)
- 33.8593 29,534 128.630
(F4-249] 1+2+3+4+5)
A7 A] (FA A ~H))

11.4176 87,584 -

(3F4-242] 7+8+9)
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F) MKBF(Mean Kilometer Between Failure)
19 33 A7 7.5h, 13 435km7]<=
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D\
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%
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P

Perfect State One Module System Failed
Failed

1¥4-14 Hot-Standby Sparing 7% ATCS Aej=dl
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-2 22 t
R (t) — 2e stnad _alone e stand _alone
ATC

_(H /_“J‘Oﬂ/\‘] ﬂ‘st.ana'_alone T?j %?'E]_E

o) mAECM, & Aztoldh. wapd, 9l Ad 2a] Al
o] we ATCS A ES Adtel

F4-26. ATCHAI S Aol wE AlF =

A ES I R s Al 22 E] A # 5 (%)
(Hour) A A A
10,000 91.77 98.84
20,000 75.84 95.83
30,000 58.37 91.59
40,000 45.02 86.96
50,000 33.47 81.08
60,000 24.56 75.40
70,000 17.87 69.71
80,000 12.92 64.14
90,000 9.31 8. 77
100,000 6.68 53.66

IXLel 3FFA
4-273} o}
®4-273 o] s}

P
o

g9 2 43" BOMS Hlgoz A&7 MTBFE o33 d3=

7

Al ~dg9 2 2" 345 MTBFE 7|vte = IXLe ©dATA 1
A A7E F4-289 AA ST IXL SHETFAA LA MTBFE ATCY

sl g A E 1Y E MTBF
(le-6/h) (Hour)
1 AE =g HF CPURE 1.119474 898,277
2 A= SAlne 0.747764 1,337,320
3 AGA AT P E 3.969599 251,915
4 AFA T =HEE 447694 223,374
5 AGA AR A2HEREE 6.082854 164,397
6 HGA AR ANZ 7| AN EE 6.555135 152,553
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. g SN 1 E MTBF
(1e-6/h) (Hour)

1 G AE= N 1.8672 535,550
2 AgA oI JEEE 1.9848 503,830
3 AGA AT EFHRE 2.2384 446,750
4 AgAol - A=AV BE 3.0414 328,790
5 HGA AR NE A E 3.2276 305,100

IXLe AEwe) i Aol7] hid BaE A%e ANter AZels AV AAERE W
sm glom, gl Aste] WS Agte] WA WA UL el ojr]A}

AolE FHeE SEFARTE F UrloEATER AAAN. WA ATCSH £ 4

IXL dFAAZE] TFM _IM, TFM_OM, TFM_PM, TFM_SM¥] °|FA F+x

Hom Sass o3 HolHE HwrE Agste] Al wE HolHe %A

rr

71

of
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e
in
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#4-29. IXL dE=elFo Azt & A=
Al F-GAIRE Alz="l A = (%)
(Hour) AAAE G AB=e %
10,000 99.99
20,000 99.87
30,000 99.70
40,000 99.48
50,000 99.21
60,000 08.88
70,000 98.50
80,000 98.70
90,000 9761
100,000 97.10
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Ho 9tk FAFEYATE AAA

oj1#l > 1¥l4-159 £t}
a94-159 @RAGEE AHEUE fREudS
o AHNEFFE P e A

Astand _a =3 Astnad _alone 5 =4 2stmad _alone
e (B) =€ g - ’_g _alonel
IXL @gAol 2 Ee] 22 %
W ¥4-303 2}

1-2AremsioAt

1 =8N\ rrusicAt

1 =ArrwsiaAt
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#4-30. IXL d&A A= A7t u}

REL

it

Al 228l S0 A 7F Al 228l A F] (%)
(Hour) JERE =YEE %ﬂi ﬂﬁggg] xﬂ)\L lf;%
10,000 99.85 99.81 99.65 99.61
20,000 99.42 99.27 98.70 98.55
30,000 98.75 98.44 97.26 96.95
40,000 97.87 97.35 95.42 94.93
50,000 96.81 96.05 93.28 92.58
60,000 95.59 94.57 90.91 89.99
70,000 94.24 92.94 88.36 87.22
80,000 92.78 91.18 85.68 84.34
90,000 91.22 89.33 82.92 81.38
100,000 89.58 87.41 80.12 78.39

et Zol Id=PusAE dAAA AE AlFEL AL MTBF 100,000/ =
ATCS IXLY sHi-74 847F =5 ©5%S MIL-HDBK-217F& &3 <3753t}
HaA| o Al 28l €] o S F]
o} ol d &9 dTo| FAH ok drh. wEtA AT YT AlEHTESE DA
AapAlo A o] nFFHEE BAste] nFgEHuEA 2 PHYLFA 280 FRACAS (Failure

wol wFgy T
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Reporting, Analysing, Correction Action System)(6)E 1¥H4-16
A MIL- STD-785BE 7|22 433ta ).
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