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Summary

I. Title: High-speed Railway digital transmitter-receiver

development and reliability and safety evaluation.

II. The purposes of research and development

1. Technical aspects

A track circuit transmitter-receiver is a device for detecting existence of train
and transmits the speed limit of train. It will contribute to the development of the
relevant fields since several areas of technology, such as Hardware design
technology. Signal processing technology, Software design technology and Track
circuit technology will be used in combination. Also, the performance and
maintainability of the developed digital transmitter-receiver will be greatly
improved compared to an existing analog transmitter-receiver and it will contribute
to RAMS (Reliability, Availability, Maintainability and Safety) related technology,
such as hazard elicitation, safety evaluation, reliability and safety management in
domestic high-speed railway environment through reliability and safety

management.

2. Financial and industrial aspects

Even though some of the track circuit transmitter-receiver for national railway
1s localized, the localization of track circuit products for high-speed railway is
insufficient. If the digital transmitter-receiver proven reliability and safety is
localized, substitution of products that is already imported and import substitution

effects in new high-speed railway field will be considerable.

3. Social and cultural aspects

Recently, the wvarious social issues, such as high oil prices and the Climate
Change Convention are magnified over the world. The development of
countermeasures in the traffic field is also magnified. In this context, the railway
transportation is emerging as high energy efficiency and low-carbon transportation
since it is 14 times higher in energy efficiency and has 8% of COZ2Z emissions
compared to other transportation. Therefore, railway transportation is expected to
be national vision of the low-carbon Green Growth transportation.

Also, considering that reduction target of greenhouse target is 30% by 2020,
railway transportation is expected to be pioneer. While train control system 1is

applying computer technology, Software technology and wireless communication

- Xiii -



technology and shows great performance and efficiency, Europe asks political action
for securing safety of Vital Technology and System through Railway Safety
Directive since it is the vital equipment assures safety of train.

Especially as the railway system is mass transit of the national network, train
accidents due to the failure of train control system impacts society greatly and
damaged socially and financially by injuring human and damaging properties.

Advanced countries try to develop the safety measurements of train control
system for preventing train accidents in advance. Among train control systems,
track circuit transmitter-receiver in charge of basic safety function shall be
improved and localized by proving reliability and safety to contribute national
high-speed railway safety.

Therefore, this project establishes following target.

O Development of transmitter-receiver in AF track circuit (UM71C) and digital
transmitter-receiver convertible electrically and mechanically used in first and
second stage of Gyeongbu High-speed railway.

O Prove safety and reliability based on railway safety national standard.
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IM. Contents and scopes of research and development

1. Contents and scopes of research
a. Research on analysis of requirement analysis and survey
b. Research on status report of recent track circuit transmitter-receiver system
c. Research on related patent of Gyeongbu High-speed railway track -circuit
transmitter-receiver
d. Definition of requirement analysis and requirements
e. Establishment of RAMS plan
f. Establishment of hazard analysis and measurements.
(a) System hazard analysis
(b) Subsystem hazard analysis
(c) Interface hazard analysis
(d) Operation and Support hazard analysis
g. Practice of basic design
(a) Interface
(b) Software Architecture
h. Practice of detail design
(a) Reliability prediction
1. System manufacturing
(a) SW coding
(b) HW
j. Test of the manufactured product
(a) Module test
(b) Software integration test
(c) Software Hardware integration test
(d) Software verification test
(e) System verification test
k. Safety certification
(a) Evaluation from ISA
(b) Secure safety on the level of SIL4
l. Field test
(c) Practice of Suitability test for track circuit in Osong educational provision
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2. Target of the project

Year Target Main Activities
* Project design for RAMS certification
* RAMS management plan
. » Hazard analysis
RAMS activity » Structure definition
* RAM prediction
* V&V plan
Research and analysis of analog track
circuit applied to Gyeongbu high-speed
railway
measurements of obtaining electrical
and mechanical compatibility
» Establishment of function, Interface
First year and environmental requirement
Design and manufacture the | - Establishment of Verifying plan
prototype » Writing specification
» Writing basic design
* Writing detail design
= Verifying design
» manufacturing  prototype of digital
transmitter-receiver
= Verifying manufactured product
manufacture the test device manufacture transmitter-receiver test
device
* Prove RAM
Secure RAMS activity and SIL | = V&V report
cerfication Report Safety Case
ISA report
manufacture the test device | mgnufacture transmitter-receiver test
device
Second Establishment of test plan
year development of RAM certification test
procedure
= Writing function test procedure
prototype test and test driving| = Static, dynamic and intergrated test
environment test
field test application for high-speed
train
« Verification of test results
prototype Validation

- XVi -



3. Organization

. Joint research
i Joint research
Main research agency
agency
Agency agency . KRRI
Techville corp. .
LSIS corp. (Korean Railroad
Research Institute)
* Project design for )
o = Documentation of
RAMS certification
. RAMS management
- certification scope
plan based on IEC
and overseas .
) * anaylsis of 62278 standard
agency evaluation )
] ) requirements = Support pre-hazard
items design ] ] ]
) = basic design analysis
Requirements ] ) )
(2011.10.14. o » detail design = Documentation of
- verification }
2012.08.13) i e = manufacturing system, Interface
) Design verification ]
First year T prototype (S/W, and operation
= verification plan )
H/W) scenario hazard
- development of ) o
) = manufacturing test emission and
function test ) )
device (S/W) analysis
procedure )
= Documentation of
- development of ]
. RAM analysis
Interface function
report
test procedure
RAM verification o
= RAM verification
test procedure
(2012.08.14. = prototype test model development
_ development ] )
= manufacturing test * Documentation of
prototype test .
2013.06.13) e device (H/W) Safety Case based
verification o
Second year o » Test driving on IEC 62425
* test driving test
standard
procedure
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4. Schedule and Achievements
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IV. Research and development results

This research project is to prove the development, reliability and safety of track
circuit transmitter-receiver on Gyeongbu High-speed section. The target of this
project is to improve and maintain the malfunction about the Noise by changing
the existing analog system into digital system. Also, it is to apply on Gyeongbu
High-speed railway section by obtaining the certification of reliability and safety.

To develop and obtain certification, research for requirements, hazard analysis, and
basic and detail design, manufacturing, test and safety evaluation were conducted.
Safety certification was obtained and suitability in the field was proven. Research
was conducted by LSIS, Techvil and KRRI

Detailed achievements are as followings.

1. Research for client’s request and survey
Visiting KORAIL and KRNA (Korea Rail Network Authority), the client’s request
was reflected as digital transmitter-receiver by collecting expectancy life cycle,

function and problems of current transmitter-receiver.

2. Analysis of requirements and hazard.

Requirements of digital transmitter-receiver were defined. Based on the relevant
function of the requirements, hazard analysis was conducted. Hazard analysis was
conducted according to the stages divided into system, sub-system, Interface,
operation and support.

The measurements for reducing hazard were reflected.

System specification was written based on the research and analysis of the
transmitter-receiver used on AF track circuit (UM71C) in the first and second stages

of Gyeongbu High-speed railway,

3. basic and detail design of digital transmitter—receiver
Basic and detail design of digital transmitter-receiver was done by following RAMS

activity writing system specification.

4 manufacturing digital transmitter-receiver
Writing detail design, prototype was manufactured and localized. Also, S/W and H/W
for testing the prototype was manufactured and the convenience of function test was

provided.

5.Manufacturing digital receiver case.

Digital receiver case imported from overseas was manufactured and localized.
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6. Independent safety evaluation

For the Independent safety evaluation, Independent safety evaluation agency
(Lloyd Register) was selected and conducted the evaluation. Through the whole
area, such as requirement analysis, hazard analysis, design, manufacturing and
test evaluation were conducted by Independent safety evaluation agency. As a

result, certification of level SIL4 was given.

7. Field test

To prove the suitability of digital transmitter-receiver on field, test was
conducted by using track circuit of Osong Electic Office Education Agency. By
comparing the quality of existing transmitter-receiver and testing the suitability,

it is proven to be safe.
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V. Use Plan
The result of this project will be used in the future Gyeongbu high-speed

railway maintenance business and new high-speed railway business. This
project 1s the development and  verification project of  digital
transmitter-receiver and after obtaining RAMS certification, commercialization

will be conducted.

1. measurements for pratical use

The digital transmitter-receiver, the delievarable of this project, is the localized
product that secures the reliability, safety and integrity satisfied the requirements
of RAMS target or the operating agency. Therfore it can be used after the project
performance is done and can be applied to first and second stages of Gyeongbu
high-speed railway and future railway, such as capital area(Suseo ~ Pyeongtaek). It
also can reduce the dependancy on imports. Also, it can apply to overseas

high—speed railway by competing overseas agencies with equal technical skills.

2. measurements for commercialization
The developed digital transmitter-receiver 1is applied to existing Gyeongbu
high—speed railway, the developing capital area(Suseo ~ Pyeongtaek) and to national

railway and subway system.
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2) 7%

2171 CCMOo.Z5-E FAIg dHolHE A= VLF 2s= FAsta %
3lal FM Wiz A S AAH A4 ARE At 88t $217]9 752 o

g} 7},

_36_



(3) VLF 21z A4 2 #A4 75
(4) FM ¥z 2 A5 F3 7|5
(5) d&EAR] F9 2 RAF HE VT
6) A54R == A #92 A

(7) 24V Fail-safety A9 5% #A 7%
(8) CPU %A 715

-
He B R UE FAEE AEA AAY S A AEAE P2 A9E 9
F ol 3 g 243 Aegt 27

T 9 =9 8 uE Fug S *é%éf&ﬂr.
w3 7] E(default) ¥+ T AEe BHE YR 9= DIP 29 E o] &34
Aottt DIP 29 A= =745 o] &34 AAS WAd & e Yoz A&3
A 9] LED(green)® A3ttt LED+E 474

2 A5e wE FAEE P4 dov, oF FelA shtel uE Frrws
g = Qlth HbE T3] T+ 2,040Hz, 2,400Hz, 2,760Hz 2 3,120Hz o] T}
2 AVE A wire AAE @ Fos Gush SR}

T AR dASA G AT, A4 99 80%0l sidets At
ForE AASH, 19 B CG LED(ed) & &3 YA & FA SR

dot g B2 Al B2 vehw oo 2o
WireZ A8 |DIP A ¥ T2 dAl
FnHz lﬂ-/\ vil—_'— xgx%(x%ﬁ,q 809% * %L Eﬂ )

n=174, x=174%°| 4 ng A3 YA ZF s}
FnHz %% S35 A A9 100% A @

Fw=FxHz Fp=FnHz

Fw=FnHz Fp=FnHz

W) n= 174
== F1: 2,040, F2: 2,400, F3: 2,760, F4: 3,120
F 16 $217] HE F49 Fug AR e 52 A oA

(W) Serial £21 Qg Hol~ 7|5

SA7]= CCM# RS-422 &4l Qlg#Ho]~ 75& Fdgt $417]= HolHE
FAINE L CCMe 2 AEshe 752 slvh A 41719 CCMAt & 2wire
2 dd9t. CCMO2RE F418 HolHo= A% AE Holy, B F4& 9
WhE Tyl GBI E3E o] Q)
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(th) VLF A5 44 2 44 7&
CCMO 2R E Ad e Holy Fola d&4
el sgsts 2709 bitst A HFH A al
2 AT FA7E bd & s 98 ded 2& 3o BT ukEskid
4ot VLF 235 A3

(1) AH&-27F P2 AV E O A wire AR e gt FAHH G CCMO RN
a}

O

(2) AH&A7E A8 g 27kA o] mbE
Hlolel Foll A RbEFvhe 2

(2 FM Wz 9 A5 &
VLF dz2 4 & AHE V=2
U ASARTE A "o sk A o

Ed =
— e
dd & ¢ S g SET AVIE ZHAA ] wEel
!

£
Q
>
ol
o
e
1
by
i)
2
Ju
L
it
N
olf

= 4 S s fd ol 3 AF(EY dFddo] 65+1A ®)7F

%
il
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=
Z,
o
it
2
o}‘}
_O|L
~N
o
%
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]

5
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-
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to C20(1)
to C20(1)
to C20(1)
to C20(1)
to €20(1)
to 022(2)
to €22(2)
to 022(2)
to €22(2)

A20(R2)
A20(R2)
A20(R2)
A20(R2)
A20(R2)
A20(R2)
A20(R2)
A20(R2)
A20(R2)

to C30(6)
to €28(5)
to C26(4)
to €24(3)
to 022(2)
to C30(6)
to C28(5)
to C26(4)
to C24(3)

A22(R1)
A22(R1)
A22(R1)
A22(R1)
A22(R1)
A22(R1)
A22(R1)
A22(R1)
A22(R1)

6
5

6.5
+

4.5

3.3

AC 135V
AC 120V
AC 105V
AC 90V
AC 75V
AC 60V
AC 45V
AC 30V
AC 15V

1
2
3
4
5
6
7
8
9

=

lo] 717

=

40

%
f

(A}) 24V Fail-safety %
(o) CPU #A] 715

24V Fail-safety

=5 &2

15 % %247} CPU

X
oF

i

ol

il obell 19t

0

%

=

=

kA

FM- & Z0

atH, ©]

S

A
'

A
=

|

Hr
Kl

<
-+

A

Senal
Serial EM«

Fol HsdtEs

ER-1

-l
L

<

GiE.

ul

4 Q| —» HC iR,

Twire.,

)
ot

HE. 9|8,

A= T
CCMe
SUEY-

Al =

UM71C2] CEU ¢}

o

-

R

(3) 7]
F7=

S

_;L

o

N7 715

o
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(4) =< o
hH Ms

UM71Ce] CEUCA 71" H3F a2 73 HJd s Fo5 A4, AR 34,
WM 7)5ES ANF Agg ZEAAS DSP(Digital Signal Processor)E ©] &3]
o] &3 At
o] Ao = CPUDSP) WolA AZE
Convertor2 %#3}4 Analog JH W3 F T AAHS AH A2 E93+=
st=glo] FEo el 71& )
Zf st=dlold Ve E5 99w At A4 3
t}. PEUC #A&H = $4718 03 22 448 g,

g = A T3
PCB =7] 220(D) X 233.4(H)(mm)
‘331“2'! AY 2L 24V Safety & | DC 24V (22.5728.8V)
=
AEZY &8 HEI 757135V ( Hz, Hz, Hz, Hz)
CCM#} 9] Serial Link RS-422, 0/5V differential link, 4800Bauds
PCAZRH F4 HAK 7 wire, TTL Level(0, 5V)
AW =37) 81(D) X 262.1(H)(mm) (I6HP X 6U)
CPU DSP (TMS320C)
98 ¢4 Connector CEU =9} 5 B3E A8 (PL(ES), P2(&d))
A4 g« 2000Vrms (Z+ E&71)
A4 (500VDCY o) 200MQe] 4 (Z+ Terminal Connecter?t Ground)
& 2= ~25~70°C

£ 18 $407] =0l 74

) 8=
i fRl Ha
L e » T,
LED. HES . b AT,
HEL.(DIP-SW) CPU-ZI.,
Group., CRM.,
¥ =iT l <J CCM.,
DIA-HZ | DSP-(CPU} - ces,
Easuy > =2 ¥ BEREX
A2 R
22
¥
= A2 R
o E@ARN | — Vo,
Tl =" HE
AU, g E

aE 15 7] stEsel PR
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o

(th 74 % 75
DSP(CPU)2H-E &5 = v Fi¢ JRE Wi
9 -

> DiAc
DsPo[ e ~my| B B Ao
P oam
a9 16 £417] =90 gAY =9 33

stedolel 34 Ba ol @A BHoR FE 9o HAF WA,
=

o (¢} = -
CPUMDSP)] A4 74 #AE 918 Bro 478 45802 A

sk "ot
(a) D/A ¥ %
CPUDSP)= CCMOZRE Hduird doleE AHel & Ad tolHE
Wt ez Weetr] 98 D/A e dAR ddedr, Hxae W
g delgHes % dAZ A9 94 He=dH, SF A% ddS 96

i
30
i)
Y
k1
f
1o
e e

Ak ads 7 AL

Ha cl
glo] E&4ow 3 HEE 3t

H, % o=

() #Hd7F #HA

T4 GAE AAH SFE Ase FA7] RE Y9 A% BHEE 9 3
AF B oAFE A WA A F-F7F JAEE GdF 2 S
7F CPUDSP)Z A& A 31, CPUDSP): bms ojUlol CPU A&
A A2 95 A3 e w45 BAGY. AA = of 1527 A&
o}

(d) CPU 74|

CPUMDSP)2%-E EFY5H= H29] {59 H2e] F7]8 AHH o2 A
Attt ¥y = AA27F glAY, H2a9 F7)e o] 4ol WA
CPUDSP) &2 A Al7]aL, B=of o]4o] 9l&< LEDE &3l
shal, A B4 Aol o 227 s WA B

() AP W3

P1 Connectorg &3l DC24VE Wrol RE o] a3k dgdo=m sk

3}, Digital®} Analog 2132 &7
|57 1%k HA o= ofyf 29I o] 7]

rlo
2
2
)
g
)
ofo



i

oo g
rol o
RS
%
s
e
B[l
L
n)
)
i}
2
i
K-
rlr
Hel
T
N
3
v
b
rlr
[m
£
[>
4
i)
et

©

DSP-{CPU} %8
=
DIA: 1 &k t I | Eppam |3=
I DEF-HEA . I
CPU-ZtA¢ | Bmm Smm., [,
6rnm..=*= :f: gmm .
Serial: pel- LT 0 ki
- mom an 2w,
Link., Safatye HE

a9 17 Ad BEER

¢35 HUH" gAske] 4n A A 98 9 FA

5!

E

AW #S CEUS 593 =7]2 6U x 16HPE F+AHY, +4°& o3

® oc oc:- 2 M3 HSE- Al- BE
@ Fi- F1-~F4:-DIP- A8 X| 2. g &5} 7|
@® F2 = Pl EA|AHE- 1702 S0
@ F3
® Fi.
CG- CeCPUZl Eidy - H2 HEw
IFe IF--CCMI}- E410]- 22k -O|0|E- 22 Al

24Vsecq| 24vsec safety HR 0| plEEH HE.

St

J A2 &5 FU- 85 JHS
. ) =
= =

S2. Az 7z =

O O o0 @

a9 18 "yAdE FA7] dda 74

AW o] 9Zd] wjxs OC, FI"F4 LED % slwte] S1, S2 =4 ¥x9]
EE CEUYE gl yAE F2A7]A F71E = Aolth F3kdl A+
CG, IF, 24Vsec LED¥ CEU% U3 A (HNEZ 7])o J=EZ b X
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E 9 o]
b M

o] Aol A

B) &

CPU(DSP)& A2 7}

-
.

: MS Windows XP
- A4 Code Composer Studio 5.10

(h) 7= A4

CPU(DSP)Z A& 7}t

)

4

CPU(DSP)¢] %

=
L
WHREY wE R

5

J A4S

=
piid

] 2~

T
=

‘Watch-dog

ki3

7] 4

<

s

24V Safety A

e

d) =L

2

Hx = 24V Safety A9 &

(o)
H

el

R

™

=)

-
Njo

1|

b1 9

)

A=
2adog AAHEL

A ANsE

A CPU(DSP) W el A

hyA

f
all

il
~X

A

i
4

jant

il
I

o
o
-

N
4o

ﬂl

X
o

4
N

il

]

o

- Serial

=
=

X
atch-dog 22~ A&
- 24V safety

Wz

W

-
s

CPU(DSP)

B

el

¢
3
N

o

o] ¢

=
o]

ol

o 1

4o

o
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)
~
fi%e)
X
oV

iyl

0

X

-
3
N~
o
wA
e
il

=LA

1o

LEDE &

CCM(Master Transmission Coupler unit)®ll

-
1

A =] 2~
& T AR

s

==
T

%

-3

)
—~

A 57 gl

’
HJ/;} )
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% Fash Fis ARE Fusted COMOZYH AT we Hold 9
Fash F55 Jusk AASE ASAN JuE WopEe] A% Hn 4
e AP delEz FguTh

AL AR S % 4 ARE 7287 3 REZA, ARE
CCMO. 257 E A wro <

COMORHE A we dolges 2 d5olq AFe e Fa 9
Wb Ful A K o] 9o 27709 VLF(Very Low Frequency) = ©]-
FHTFES A8 F ATt i ARE et VLF= CPUDSP)
Uol A A E o] A E ™, VLF e ARE oo B85 sk

—~

VLF - .

VLF No. Mormal Minimum Center Maximum sE AT A%
F1 0.88 0.880096 0.880140 0.880185 1.46 1.28
F2 1.52 1.520167 1.520243 1.520320 1.46 1.94
F3 2.16 2.160237 2.160345 2.160454 1.46 4.07
F4 2.80 2.800308 2.800445 2.800588 1.46 4.22
F5 3.44 3.440378 3.440550 3.440722 1.46 3.24
F6 4.08 4.080448 4.080653 4.440722 1.46 3.04
F7 4.72 4.720519 4.720755 4.721000 1.46 1.47
F8 5.36 5.360589 5.360858 5.361126 1.46 1.15
F9 6.00 6.000660 6.000960 6.001260 1.46 1.13
F10 6.64 6.640730 6.641062 6.641140 1.66 0.98
F11 7.28 7.280800 7.281165 7.281529 1.86 4.30
F12 7.92 7.920871 7.921267 7.921664 1.95 3.09
F13 8.56 8.560941 8.561370 8.561798 2.15 2.82
Fi14 9.20 9.201012 9.201472 9.201932 2.34 3.26
F15 9.84 9.841082 9.841574 9.842067 2.44 3.93
F16 10.48 10.181152 10.481676 10.482200 2.64 1.64
F17 11.12 11.121223 11.121779 11.122355 2.73 0.91
F18 11.76 11.761293 11.791881 11.762469 2.93 1.79
F19 12.40 12.401364 12.401984 12.402604 3.12 1.47
F20 13.04 13.041434 13.042086 13.042738 3.22 4.83
F21 13.68 13.681504 13.682188 13.682878 3.42 2.14
F22 14.32 14.321575 14.322291 14.323007 3.61 4.00
F23 14.96 14.961645 14.962393 14.963141 3.71 2.26
F24 15.60 15.601716 15.602496 15.603276 3.91 5.30
F25 16.24 16.241786 16.242598 16.243410 4.10 5.26
F26 16.88 16.881856 16.882700 16.883544 4.20 3.07
F27 17.52 17.522803 17.522803 17.523679 4.39 4.69

3 19 VLF Hel&
(d) VLF B4 &=

CCM HE=ZHFH dd w2 A5 E EUZ FITF27¢] VLFE
F282 CCMollA A& vk tloj¥ e} Faglol 5 A stH, 4

o4& mev

i
ox,
ot
Ev)

rlo
o
&£ -
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i=28
2 KiCoeiSin(2 PiFinTe + PHI)

Ki: 121 A2VIF HEE 09l ZRVIF B org

Cogi- SE-H|&--/--Pi=-31415 -+ ] -Fi-VLF - - -PHi - Fl&ke

a¥ 19 VLF &4 4

(e) HxE BE

A4E VLFE ntgoz vd S5
+= FM(Frequency Modulation)<

oA HAYE Fgom A H7| wio] AAAQ wie] sFPow WIS
918 D/A W3 GAZ =)

(f) Watch-dog #H 2= A &=

CPUMDSP)9 A 524 o
25 ‘CPU HAIGS 2 A
"o F7)o] ool WAE ¢ CPUDSP)= ‘CPU A
RE 548 154 HH, CPUDSP)e] &3 AA= FA Hyzke] 24
7F AMA 7] A7bA] A& A

(g) 24V safety A #5F #HA =&

CSS(Safety Output board)ZF-E &= & 24V Safety dd9 ¢
F= gty CCMOZ5H Serial LinkEs %3] dg & dlo]E
2714 o8] A2 ¢4 A5 R EY
of o)A} WAl Al 24V Safety AYS ] o]4t
safety Ado] dHAHA Fow CPUDSP)= 2
5 On Al7]aL, CPU(DSP)Oﬂ/ﬂ D/A W3k ‘%
Al FAESE A EHHoR FPgint

(h) FH7F ¢ AA =&

1:._7@5] xo 3’/]‘75_%

5 -y
15%7F Watch-dog H2 =4
=
=

B &e7] fA% LE

T& EEol
CPU(DSP)+
i, BAF

= o U

A As7F CPUDSP) 2 8%,
o

Add mE FAE WE

il
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(h 5E BB
>

L
Watch-dog+ Serial- EM Hht. Zqha JNR=3 JIE
(ololE -4 MEH.ZE 9]0 THHE- U

PSR-

I

H
in
A

rx
I
4
El
A

15&-H 2+

Safety- &

a9 20 541
(1h) e} Anjete] QIEHo| A~ L2 EF
CCMO.Z ¥ RS-422 &2 w2 & o]&3)] HolHE Hd
dole & 7T &

(a) $217]1&
wom COMoR gaelas ot
wA) %= 7 1lbits® FA Y wordeH$ ¢
F= ofelet 2k

_ XJ%PHLL
A =™, Worde] 74 2 A dHloly

S
G=
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Bit 9 | Bit 8 Bit 771

Wor | Bit T Boit
d 10 v g A Data
1 P 1 A7 A6 A5 A4 A3 A2 Al
2 P 0 F7 F6 F5 F4 F3 F2 F1
3 P 0 F14 | F13 F12 F11 F10 F9 F8 Start
4 End P 0 F21 F20 F19 | F18 | F17 | F16 | F15 Bi
5 Bit P 0 Res. | F27 F26 | F25 | F24 | F23 | F22 it
6 P 0 Res.
7 P 0 XOR

I 20 CCM EE 2 Holg +zx

- Bit8¢] zko] 121 A$: Bit771(A7T AL ‘SA17] F4 AR = ‘ds
T4 AR'E PEURSH Ad 28 golg e} nlust=d o]8Htt
AITASE ‘FA17] F42 AR'E A7 R ‘9t Fa4 AR'E 7}

=3
- Bit8¢] #tel 02 A% dd Word?’l ‘FA17] 4 AW TE Uk F
= AR7E obd A9 08 ZhAuh Bit7 L(FITF27)2 gtel 120 4%l
sl F37F VLEF &3l o] &5, 09 A5+ A9 Hrh
- Res® o ¢®l ARZ HolHE o] &4 &+
- XORE 79 A Wordel 8]33l= data %k_q;ca A A w1769
Word®] data #te] H]E ¥ XOR 94t #& 7Ftk(e): Word 7¢] XOR
dlolE 19 bite Al, F1, F8, F15, F224 XORYA s 714).
- Bit9E sld ¥ =9 Even Parity 7= 7k}
(b) AFEAZRE ‘HE Fa4 HRe} NbE Fug JRIE A e
- 7709 #FRJA(TBit)S FE A e
- X TTL @®e o] &3k},

- 074bitE BE F4& ARE 56bits 9E Fu4 ARE 7ML

—

9l NS1 TYPEC. 2 7jatsbar, 183 A
AN, 2957, FHEAT, dL5E ol 2" o] A HEH
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- CPU A 7ls

- S FAAC E AE TS

Bl e R
RN
stozn g <_—§_
47 (KRV) ol ST |:>@EHEA|$
A LRz =
-BPF

- A AR = < ] s <:> =

-2568Hz 27|
- Time Delay &7 <
-EH BE '

TimeDelay
A5 &
ks A

1]
;
I
f

I HAS
-24v FEl B2
U— DCDC Converter

NS1 TYPE J| 3
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by Foe A B R 9 DIP AYAE o] gax] AAE
o DIP 293 = o8l HA& MAT - e BYe=
acies

-+ £ G-
a

A0 0T 000 0
=
L

TR AAHYT Sls o] FF 2040Hz, 2400Hz
2M60liz % 312011tk DIP ~91419) % slo] A4¢ wiForn
E A 71t}
] ok gﬂﬂﬂ %A 7]‘_6:
A HGA5(VL, V2)7F 417] dxbo] A s o] §lg Edxxw 13 =
of 9L, 245 EASEre] Po WARIRION AAH] o]
oA Ade] | AtdE =H(KRV) atel wel A4S 3ol Rl, R2
P @] A2d
_I_.'\'
- e BUE
|
I M uEg
: Sl e el T TH
| B3
: R4
From The Track 1 g Eg
R RE
1 B3
5 R0
4 1
Z I
&
KRY 7 T
|
I
|
1 .
I
|

9Y B NEE AY L FF H=E CPUR Agdrh

KRV#2 ATC Trackside Equipment Adjustment Procedure and
Testing (K631-315-C3300-AY~+T010_B) 2] appendix6< 3z 3t}
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(th A= A-d7 52 7S

ALZRY F4g As
A= AeH, CPU=
A F3(25.68Hz) 2] -
Ax AA7] 5 Ao =9/A

TFAE g 22 BE 2SS ESNS A v AR AA7
o] T2 A4S =3

(3)  EAHA Fu(F4E 2568Hz, FHA 25684108Hzol A FH oj
25.685392Hz ©lU)E AA S 45

sk g zAol shtet wEsA 2w Axt Am] BHE 2
doh o W A

o8 wase] Ax AR/ A A% Ad
WOl 271 170mVT180mV o] gfo] t},

Ax AA7IE & ] 9% Ate DC24vVe . okd = w238 9
A FA7] WA FE IS S Fly-Back Convertorel €2 s}
i, 225 U AlEE ARFslA DC24VE A gt

>~

te a9 AR AR BAAG A4 e 5= v

=
oy

24000
JUL J_I'I_L _l: HE

Fly-Back =
- =
Convertor HET
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, Ak A
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}

AR 7%

T

x

o A

AREARZE A= A7) oA AE A A A
(5.3.34 9] A% A7

() A= AR A2 A AA

B
—

M

E[_]__

E Rl

st =

d

Z}
2}

5

A}
2}

AA7] &

s
.

Fef Al

AlZH500ms B 2000ms)e]

J ¥

3

J

S
=

FA47k CPU E4& A

=
=S

CPU

A]

X

a

[e)
F

K

T
5]
-
5
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=
T
-

s34 CPU9

Al 71

=

s 2
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2L el

K

TA71¢] CPU(T
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(vh) CPUAA] 7]
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JJo
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m

17F 9471 A7AA]

1A

&

3l A

9

e e

hyA
-

=9 Edx

1
T

<

h s

& ARS ARAA(FA LT A=)l AE
A

]
=

=
1

h=i}
[¢]

Fol AfA R

A

=

[ex]
(o}) W& 3= B3 7
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-

;O.ﬁ
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-
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fife)
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(4) sF=9jo]
h M

G27]%= NSI 7A147] Rackel ##E 3 JEdrcoel AsARs 2
ol mER FAFS

—

Fa7)E ot e 14 wer
2 5 Ml A

27 232 NST 721 (100mm X 123mm X 200mm)

PCB 27| AEFL=. 90mm X 180mm
HNEF2EE 90mm X 180mm

PCB A& FR-4

a8 A3 DC 24V (22.5-28.8V)

AH HF 0.54 0| &t

CPU TMS320F28335

UR1TR2 = 4} H HF Al 200~210mV
HE Al 170~180mV

Time Delay

C-C1 AZ Al:500ms O|at
C-C2 A Z Al:2100~2700ms

UEFTF) 01 A S

Fo-40Hz ~ Fg+90Hz

NS1-P-24-4.0.4

AE AR H3ZE
A= AB2 SHEAY

24V DC (6%, +20%)

#3 UE

2000Vrms (Zf Terminal Connecter2t Ground)

Mol (500VDCY )

200M & O & {ZF Terminal Connecter2t Ground)

4 25

-25~70°C
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() FA=
TR st o] AL o ™I

pEEeE MEME|EHE
_ R3-R10
KR\
R1, R2 HEHIE A e
Track |2 o as e AD 2
OSP
R5-485
S

E;{.}{: <+ - EA - e

Time | C/C1C2 Il MZ2E x|

Delay i

L+ L-

AZTHTE | !

S0 AT 75 |

¥

24V | A+ A- 4 DSP DSP HhE T
= 2 = T >

e H 24 e

NS1 TYPE
KRY | =87 HE S

% 24 A7) st A=

A}

22 e v &(KRV)Z Alse gus x4dsit, (5224 19 125
2 %)

@ AIZF A A
AIZE A A ARE NS AV dxlo|A ¢J=#dwka DSPol A&
glc},

_53_



Q@ A=AR7] +&

AA7] F-5H = Fly-Back Convertor(£3 E#dAYW HAFI2)E -

AHF3 2= AC 24V7F 9495 DCE WHslkste] A= Ad 7] (NS1 24V
DO)E AAAI It

©® DSP

DSP= TYAAFAEA 25AZ 48, 942 HH(Time Delay,
AELGE)S BNt Ay, = Agd AdE Y =AY,
RS-485%41) %

® “FEfEA
DSPol A A gl¥ A= LEDZ 3% A 3},

@ A/D¥ gk
Trackel A 418 408 OADNE= Wekste] DSpel st

ol
DSPoll A =218l TTL#HWS] 2% 5 RS-485e@ = Wsle] &3t
ot

_54_



S "L
K]

3.3V, 19VE

RS

2

=

d

S
LA

i

k)
yal

2

hvi
=

T Hka DSPol A

=

=

o

1ol A DC 5V

=
R

HC}
@ DSP ZHA

T

il
R

© DSP A

Qi
LO.#

DSPoll A

o

719 &

Al

£ fA ReAt g w5

i
;e

X

&
7
i+
&

jon

DSPel|
NS1 Chassis supporto]l ¢l Faston clipsell ¢dZo] Ht}l 99t &

() 9% e sl o] =

ojn

o),
s

o
oF
ol
g

_55_



NS Fasion clips
M.51-PFC-12C

a9 25 FAl7] 95 oA

_56_



E 9 o]

7 s

B) &

o} N = o H R
— 9] —~
S T & e o
TH
o ® =y BEF
i £ w2 L
—_— A N m
1:0 o T O 1 2o
N oo Wy TR
> X = Lo oy
= © 0 o T
5 W o e
w5 ¢ BBy
2 Mo
B 7 o T T
M- 3] N o)y ] M
i Dm X X Pl
KO =M
_ o w W N
wrm = T oo o N 1
2 <2 TR g <
L : 5 = F mE P
2 m 2 Mu TN — W
TR 2 g W g
- S R
T DT 2 TR oo X
= A = Q <) = o
S W . B = o A <A
G Mo O : i o
T Gy M ol o
o T Cy w20 oo
T B o i) o NEw
m oo ~ = & N N Bo of
2 o2 ow R
B R BOE R

(h) 7R 27
n
n

(th) -z AA

7l CPU(DSP) ] ol A]

1
=

TLED EE'% %

1

)
pal

_57_

=
2=

VLF FFT 2%
A A F3k(25.68Hz) AR EE
Time Delay

]

15kHz

Zadog AALE)

i
|
|
|



(=h)

gxg Mg AdEE AFREe] ADColA W3ty 21355 A9z AlH
H 19=(Fy)-40Hz™ (Fy)+90Hz = %-‘/}"] Eda=

® VLF %=
FMH X & SIS0l A BE=ME HAGHD HXE
VLF(0.88~25.68Hz) AlSE ZFZ6H(C},

@ VLF FFT

B % ¥ VLFA3E Fast Fourier Transform(FFT) A& Ax 27+

e
o4 qoun FE @)

® AR~ F3t

42(25.68Hz) A=A
w
=

Z5 AsolN AAHA FH(2568Hz) Aol 2l

of
18

=

e <N
I

A

a4
e

pZS

5y
o
.

® Time Delay

A4 FRE568H7F AAHYL W ok FYshA gha o)y
AA AT ADH FIE AAAAFHE AAAYL W) A

A7

@ A=AA7] 5

_58_



b 4

h

Y

L 4

L J

BN E A

&~

= o
I %
") =1
r
il
v
<k _
E] =1
KE o
%l
<
ol
=
kq I+
Hr =
4 i
=
v i ¥
i m L F
= LW 1 E o
'S
F ; ¥
B i ~
k- W o i ol
_ B K L el
= P " =
Ao H
ik =
Bl i

v

=l
L

gl

e

rd

;= HEH2

H)

_59_



4. ZA AA
7h A7) A
(1) 71
F271 5 CCMo.2 58 VLF A1 E 489 ‘g4, FM ¥x 18 5% 1
e AXH Y AR A5 E A== o
(2) 715 A9
S2719 7eS vhad 2k
- =% A8 FADSP)el o g
- ALEAY A wkE Tk A, %‘—ﬁJrT & Ti Zéld_-‘ﬂ d4E 2 A
- CCM#+¢] QIEj o] ~(VLEF A X F4]
- A B g eke] Qly Ho] &
(BFE ot 2 A4 R 9 JRE &9, RS-485 144
- CSSdll 98 24V Safety AU (P Aol 48 = AFolwr <
HE g &

dpx

8

- T4 A" AA 4] Al (Watch-dog)
- AR dE5 AR 9 (157135V, 16V @92 =4 71%)
- AAE A& ARE HS 7] 98] CRNY = & AuE =4
- ARR FYEHE 95 AR JdHdF EA AN A 2 A
- LEDE 3% $41719 &2 ZdH %4
3) 5%
P Ut ol = A T
Zo% LEN
A J ¥
CCM Serial S&lo || P& FhM:- MM [y He g
CSS+
l Y
A= B e = 2, je—)e— FM HE.
CRN+

_60_



S|
=.5l=. p e i
ClAE - =2 [ eros. ’! QA2
"l (R5-485)« i EAle !
ZH-BE L L !.'.'_'.'_'.;'.'_'.'_'.'_'.'_'.!
b SH2ge [ | . VIF-Egei
i (RS-422)+ io(CcCMye
LED- 2E+ (= Z=OL g 2]« hegoeh ot
=3l - EFTESES
ey § o B DIO-BE. (e o,
ESTESFLEN=E=Y IO
HEL  |eqlo.t 24V |
NE HE DSle * Ha-as, YT (= EE)N
it i [ . !
A ] :

orF- Jal, l orE- A, | ! | 24Vsece |
Y 2% 28, [* e g5, (977 @ HE
i IR e 9 HnSrRamaa '

IHE 2 ELERbS

t "“"as. [~ ] sz=s
= 4 i i
B e o e S A S R A s
T I:.':.':_'__.':.':_':_'_'?
---------------------------------------------------------- »  CRNe !
lmrme e e e

2 UES NSy 4w 2R UEH - HEe - B A2k

(5) A4l Apek
(b A7 H AL

3 = A 74
4y A4 = DC 24Vt 2.4V
- AbgAl @ AR(FA F3) 98 A% UAD Input
e g | PR @ AR g Fas Aw
- AbgAYl O A% AR 2 A W Aw
= CCMd 93t A4 AHx dlo]g (RS-422, 0/5V)
» AR A% JR &9 (15Vac “135Vac)
29 4u |« A% 4 3L 9% CRNO.RS 23 (150iVact 50nVac)
- 4 BEE 9F A% AR @A 93 ol
4o = 79 7 dd B (2000 Vrms, 500 Vrms / 1)
« 79 7 AA A (DC500VIZE Al 1 200MQ ©]4)
T4 L= = 257 70C




(b 71AH Abe

% % A 4

[

PCB Z7] = 220(D) X 233.4(H) X 1.6(t) (mm)

A =27] = 81(D) X 262.1(H)(mm) (16HP X 6U)

22 FA7 AR 58 AA BA A

2 A9GH A Ao
A[BJ[C|D[EJF[G[H[]I][]J][K][L][M[N]O]P
CRERE CRERERERE
ALALA] Ll A AAAA] - |-

(mh) AE H o] 2 AL
- CCM#} IE o]~ AL

£271% VLF 23 ARE CCMo 2Ry dE =& Agd g2
A Al AR td CCMe =9 S92 glit)

CCM2] ol o]~ A4l &S (R3] CCM# CEUZF SlE|#Ho] 2 Aok

sl

Ll
ol

- RA B gA St Qo) AL
S AR 29 T A& Aro A ddy A4 dese 4 T
Mgte] Fu ARE 44 REAAR Feses PR,
FA wF gAske] Aol s A WE R4 DA™ FANSE FAmSF
FAZE QB F o] = ARYRA A'E F AL

_62_



6) 7z 27

gAg $471= AW AAd, PCBE 4 %W, 44 &2 vs34

’4 81+

)

292

o]

_63_




A

.

1o

Bk
=, AMAE ol .
LED 0| 5o MAk EFRle ==t Mg o]-0]«
0c- HMe| DIPe Offe On A DHEZ A 22 BEAMe
Fle | =a) DIPe F1(2040Hz) St I HEH e
F2e = A a Hpzs 2=y~ A EH
=Mel DIPe| oo | ppor, | F2(2400HZ) BhE Fhbe HE
3 | = pips Qs F3(2760Hz) B Shb M e,
F4- ZMe| DIPa F4{3120Hz) BtZ St HEta
0G| =4 DIPs On@Ea&)y | EY Aol ZADSP)2l S2 e Al
IF HMal DIPa Off (Z Al ) ShE - Fit A B LR HE-HA
24¥sec .« | =Ml DIPe On(EA &) | 24Vsec HA Z2IHFEAle
% 30 LED #A] W&
(Hh) A=
Bnrol g B HEE WA skl B 9, offol Zhzk A AT
2@},
g

~E'08)

2% 31 AAY 919

_64_



(t}) PCB
PCBY 9g2 v 293 o oiele] QHHolAE I3 PI, P2 AY
H A= 7]1E CEU BEol 5o +x=2 AA ).

© o ° o 38

W
" @
i: e
L
\ @ @ Q)
HEED

220,07

1% 32 PCB 93

_65_



FA71= gAE A S B8 AR 28E A E AASHY, g #
A2 RE Fi4 HA(FIFH)S AW 7Hs =S A A Sk
) 9 94 2E
oot Tl Y TF E ARRY F¥ 5& A% AdHE, 7]& CEUR
Sshe] B el B Aol AUEE oG], W P £ FASA W
1=
3 = A T3
A= P1 - 594802 (41612 Type E MALE,16pin*34)
e P2 - 533210 (41612 Type D MALE, 16pin*2€)
A ZAF ERNI %+ Harting
A 25 -55 7 125TC
¥ 24 P1, P2 AYE A%
7IAA =9l 913 Coding Strip AFY2 v 7Zow P2e A x|ttt
3 = A T3
A = 083502 (Coding Strips M)
A ZAT ERNI
T = -55C ~ 125TC

% 25 Coding Stript A}

Pl, P2 7B 9 A &2 t5 #E9F 2

M35 Pl - AY P1 - c¥ Pl - E€ H[ T
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16 RX- X X CCM A1 -
18 RX+ X X ccM 41+
20 X X X -
22 24Vsec X OVsec 24V Fail-Safe M
24 X X X -
26 oV X 24V = Ml
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Processing options flle Ci#WCASTHE
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Failed To Obtain C / HOST License
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m Try out some Unit Testing examples

Learm how to perform a variety of fasks using our
pre-configured Unit Testing examples.

——

v R TestResponsibly ™

in our TestResponsibly video series, you can see
VectorCAST in action with some common, and not so
common, testing tasks.
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Ci/YCAST/Environments
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Testcase Management Report

= Configurstion Data
=« Dversll Results

= Testcase Management
* Matrics

This Report includes data for: All units under test
Date of Report Creation: S JUL 2013
Time of Report Creation: 112627 AM

oy e
Testcases: 82 /82 PASS
Expecteds: 422 (422 PASS

‘Statement Coverage: 100% (511 /511)
Branch Coverage:  100% (120 / 120)

it Subprogram. TestCases =xecution Date and Time  Pasa/Fail

<<COMPOUND>> TC_RX_£02 2 001 05 JUL 2013 S:36:42 AM PASS2/2
TC_RX_C02.3_003 05 JUL 2013 2:26:50 AM FASS2/2
TC_RX_C02:3 005 05JUL 2012 S:28:E3AM PASS2/2
TC_RX_C03.4_002 05 JUL 2013 9:37:10 AM PASS 34,34

TC_RX_C04.2 004 _RX_NOT 05 JUL 2013 B:37:17 AM PASS3/3
TC_RX C04.3_006_CRC_NOT O5JUL 2013 9:37:57 AM PASSS5/5

a9 B YA"E F27] /W A A AlE A

Testcase Management Report

This Report includes data for: All units under test
Date of Report Creation: 31 MAY 2013
Time of Report Creation: 2.57:36 PM

Tesicases: 31/31PASS
Expecteds: 572/ 5T2PASS

Statement Coverage: 100% (435 / 435)

Unit ‘Subprogram  Test Cases Execution Date and Time Pass/Fail

<<COMPOUND=> TC_TX_C01_1.002_003 004 31 MAY 2013 2:52.36 PM PASS6/6
TC_TX_C01_1_005-010 31 MAY 2013 2:52:48 PM  PASS 27 / 27
TC_TX_CO4_1_006-010_012 31 MAY 2013 25300 PM PASS 27 /27
TC_TX_CO1_1.006-010_013 31 MAY 2013 2:53:10 PM PASS 27 / 27
TC_TK_C01_1_006-010_014 31 MAY 2013 2:53.22 PM PASS 27 /27
TC_TX_C01_1_006-010.016 31 MAY 2013 2:53:33 PM PASS 27 /27
TC_TX_CO4_1_006-010_016 31 MAY 2013 25343 PM PASS 27 /27
TC_TX C01_1.006-010 017 31 MAY 2013 Z:53:65 PM PASS 27 / 27
TC_TX_C01_1_006-010_016 31 MAY 2013 2:54.07 PM PASS 27/27
TC_TX_C01_1.006-010_019 31 MAY 2013 2:54:20 PM PASS 27 /27
TC_TX_CO04_1_006-014 31 MAY 2013 25600 PM PASS 27 /27

TC_TX_C02_001 31 MAY 2013 2:55:10 PM PASS5/5
TC_T_C04_2 001_002 31 MAY 2013 25518 PM PASS 63 /63
TC_T¥_C05_002 31 MAY 2013 2:56:03 PM PASS 4/4
TC_TX_CO05_003 31 MAY 2013 25623 PM PASS4/4
TC_TX CO6_2 001_002 31 MAY 2013 2:56:35 PM PASS 16/ 16
TOTALS 16 PASS 16/16
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16 | Zaue OK 16 | ZauE oK
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MTTR Elements

Definition

Applied conditions

Preparation (TPnj)

Time associated with those

tasks required to be
performed before fault
isolation can be executed.

staff has a replaceable item and is ready
to isolate the faulty item. So the

preparation time is zero.

Fault Isolation (TFInj)

Time associated with those
tasks required to isolate the
fault to the level at which

fault correction begins.

Time to remove the faulty items.

Disassembly (TDnj)

Time associated with gaining
access to the replaceable item
or items identified during the

fault isolation process.

The faulty item can be removed from
system directly. So the isolation time is

Zero.

Interchange ( TInj)

the

removal and replacement of a

Time associated with

faulty replaceable item or

suspected faulty item.

Time to replace the faulty item with

new item.

Reassenmbly ( TRnj)

Time associated with closing
up the

interchange is performed.

equipment  after

There is no closing up time after

interchange. So reassembly time is zero.

Alignment ( TAnj)

Time associated with aligning

the system or replaceable item

There is no alignment time. After

interchange reboot the system

after a fault has been | . )
immediately.

corrected.
Time associated with the

) verification that a fault has

Checkout ( TCnj)
been  corrected and the
i ional. .

system 1S operafaona - Time to check that a fault has been
Time associated with

Start-Up ( TSTnj)

bringing a system up to the

operational state it was in

prior to failure, once a fault
has been corrected and the
of the

operational  status

system verified.

corrected. The checking is done after
start-up. So Checkout and Start-up time

is evaluated together.
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