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Running time calculations § operations simulation

RailPlan —

PowerPlan
Demands on energy consumption

¢

TrainPlan
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ResourcePlan
Vehicle & crew scheduling rostering
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ResourcelManager
Real-time management of rolling stock and crew

Timetable construction including G
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Testing of timetable robustness
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g~ RRREEERGE ST
BRGEIE S > FIUHPIIFN SR - EstE TV EYE(Z (Preventive
Maintenance » PM)#Y i » (S Sl RS - 58 Rt R BE & - e i3 (4o
b 15) - (EHE B AR GiaT > SR B B A B A EER AT N 20% (A0 [E 16 2 A ~
B - CHh4R) - BEMIEEAVELRAIKY80% (20T [E 162D ~ E ~ Fii4R) - (I
AR S A 2 B - ey EE R AR o

Assumed most items
wear out at about the same age

Probability “
of Failure II
!!!!!!!!!!!!!!!!!!!!!!!!!!!!I!!!!!!l___
Age /_
Preventive Maintenance i.
(time based) The PM
itself
could
cause
failure
E15. (4 PEAVE R 4R E (BRI © IBM)
<20% age related >80% random
I 4% I 7%
.Ill-lll-ll n |||||||||IIII-II i I IEnnmnn
A - Bathtub D - Rapid increase to random
2% I 14%
AN O R |||||lIl|||| L e ]
B - Random, ending with wear out zone E - Random Failyre
5%
68%
snn (AR II_.IIIIIIIIII!II .II.lI-IIIIIIIIIIIIIII Ty
C - Slowly increasing to random F - Infant meortality, decreasing to random

L6, M5R4E RS R RO  1BM)
USSR - RS TR T - —RRE  —R
B - (R H T RIEE R R IR ATIR © R 2
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FUE(FRVRRE ~ AI5E - B A NBIEAORE - atEs) - EREEEF
Ee T30 > B4 E IR 4 FEHH B R (Cycle & Timing) - SRS 4= AT
[ A > BERBAGE o Frll > SR 4 2 BRI 240 = > M
H iRl & TP ST R IR Y - HEK 25 EdNetwork Rail ~ Delta
Rail ~ Balfour Beatty 5 RTS SolutionsZ= K14 E& RIS A EIHET > FEG—20
EE 0 e TR MR ERY AR - HEA R ERIRRR R R e B BRI (T
NHEBEETRTTE - REEEER AR KRB L - K ——3 S -
(—) EBhmikRE R4 (RCMS)
IR EEES {1 2447 (Remote Condition Monitoring System » RCMS)EL g
A B B AR B PRI SR - IR S BE Y B iRERE ) - R LUERIN S EE S
BRIT o AHEO I DA P i B E Y BE et BRAUEAY LR IR AR B 5 A DL
FERAVEZAITNE R - PIAE B HLS - 4B N A A DIAHERS - &
- BEE T R R R AR 0 & & ] DUF R AR e B M T e 5 IR ]
E— P ROHNEHEBRE SN - EETHEEE - DURREG AT -
THRGHES R R EHY HAR - SAYLIRRBE T RSO A B LT R
 FERFIELEE (Intelligent Software) ~ [E[#2¢ 2447 (Image Control System) » o
~ iR ES fH (Remote & Real Time Monitoring) » a] g g1 T2 lE 7L

(Remote Access) ~ #%#(Control) & &5 1 (Monitoring) -

N

3~ FEHEESR(Abnormality Alarm) ~ FE[4E{Z (Preventive Maintenance) ~ Z{418
Hit(Event Traces) - [ AEEEE

4 ~ &gt ot (Statistic Analysis) & &4 =i (Data Search) - B BAEES G > A
GG EHM AR EEN i -

5~ f5zH{E(Modular) ~ FEf#ER[1H(Plug & Play) ~ S ¥ et (Fully expandable)

~ 5 0] FEE ( Highly Reliable) ~ {5/ % (Maintenance Free) ~ #{[& 5 Fk 2B (Self-

Diagnosis) °

+ LGS Ry ARiE(Web Based)fyE: i /5 2€ -

HECDS Rail/\5](Control & Display Systems)/&#EH 205 (g IREEES

(ep]

\l
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PRGBS » TEsRPR ARSI I B 2SR S S R - P E T -
I3 HEF 2 Bt 2T - H s R R S 4 AssetWatch » 2 —E 0 fE AT 4]

BE iR  AEREEURER 1B 55 B ARREBIE &R (it PR B L - B
ZHIRE O ELTRTR) » 708 R S RIS - RREE N o] DU 28 48 RE - 150
{FFIfGEH(Short Message Service » SMS)RiTTRIE B HIEE =K EZE - Wyl
RS2 4%

Point Condition

Level Crossings

Power usage/quality em—

Maintenance
improvement,
asset planning

Earth Leakage

“Ps
Rail Temperature i ﬁ :

Flood Warning o :

£
Battery Condition 2
Signal Anomalies l /"’

General performance ("
Fault control -
technical support

and supervision
———

Track Circuits

Cable management

Real-time
asset specific
alers

Axle Counters

[E17. AssetWatchZ £ R e e a0 ] (From CDSRail)

AssetWatch g Bk Bs 12 LA R 5IEFEL

U{T

1- —#IEE25(Single Navigator) - ZyiN EIRATA HERREAGE ©
2 ~ HRASHE (Intuitive Interface) » ] SRAHIE Y (5 5B R BLE R el -
» PURHERSATEGEHEITE » fe B i E i ((Failure Mode) -
4 ~ 274 5L (Secure Interface)f2 L 4x4HAE(Fully configurable)y (s F & J@ 4kt
H -
5 - H[4HAEE B4 (Configurable algorithms)FlE S=VE R » A FEEBEDEE (L -
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H BB = Hi(E -
6 ~ FeAtE 178 2 (Sequential and Overlay)EL ¥t 7 5 ELEHE(Analogue Traces) »
7o & LU AT DU R Y (e A U A P 3 HH Y A 22 (T 2 18 & 19)
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L RIHES T H (Intelligent software tools) » A FERESE 242 1 B R B E IR

7

P =1=1

8 ~ [ = EELA(Self tuning algorithms) » BESHR H il B P = fi A 38 2 i

[ -
9 - digfE = 223 (Learning of Failure Modes) » {5 & R 4H BB 4R BBt & J: 45 FE
SLEE

10 ~ FEARISH(Intelligent analysis) =22 (learning ) -

JE A1l A MU R R g i R BE BS 5 (Remote: Condition Monitoring >
RCM) - JftE Ffj AssetWatch = Btk B5 422 8 (A DCHf i 2B % (Track Circuit)iREEIE
HitCanbetE20) i A e (Point. Machine) iRREIEHE(UIFTE(21) - 2B nT4H
REE R (Multiple, configurable alarm)zsest - HA51 E i i e 1) B8 S fRE A =

e
F e
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(Z) EFEEEZSIAREGR(SMCM)

i 23 (Switch Machine) fF L[]8 5 i fsPoint Machine » £ 3E 77 (Turnout)
EHANEN TR > BIEZ LT - FERERIREN A E - e & A
g~ REBREUHERERIS - B E SR M - 2B ERAER -
Wes R ZERHE L 52ERREEE MR ESEs h LN ahE

B o BOR SRR R E R E AR - IR MR R E S
[BR] §3 % 3 17 BE B L 25 IR BB BE 4R (Switch Machine Condition Monitoring >
SMCM)HYHBRf# 3R

s L AR FE R () Ry H B bt AR - HER 2 REE
SE B TSRS R R SR - S IR e Y — 3R - [l - RN
R 298 EOMS TRV SEISR - A REERE Z ATin DAHEE ~ REIE - M EhiEEEs 2
A~ ST - ERBEBURHVATEIRAE - SR i 5 2 2R R B SRR L bR e
W EAEAE © [NIE > BN B RS IR AR BN R DL Bl 73 Ry B8 - A5
Hi& o HERYHEEE G BRRRS BRI - IR iR S8 - 440
CDSRail ) - fEFEI490% SR E Ry B R - D EERWEE S8 -

1 HESERYEEREESR

BB DU I R B2 EHAEN )T - fEIEEHENT » A B H5E R
R LI B BNUE A AV B - BB es B8 R & ARG L 1 R
B BB 4E (Torque » T)YAFT=KI1 ¢ » BI74E(T)HE R (1) EdREE (o)
PRIE B E (¢ ) B ()RE - X EFDII T (Power » PYAFP=VI »
RITh#PHEEEE(Voltage » V)ELEE S (Current » 1)ZRE » BT LU EAEARHNIEENIE
FEHEDHIV) ~ (DEE RS AT - $BIECDSRailZFER » ft—E AR
AT PUOR EEEHOE AR R BB A R F HR R - CDSRailiE 55 R &
(X E22&23) - {EEEEER S A% filim R (1] LLfERelay House e 7)3eaw RO &5
[E25 B I BE ~ B S BRI ] - B A2 B I 2 Bz f 0 (Maintenance
Monitoring Center) » FHEF R4 EERSEL ¥ T EHH EFEERE ~ & ~ 1R
SR ) S R B < S (AP [E1 24 &25) » il N B R R E -
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2. HEEEREES EINRES

BN ER Y SHSE (Lock) » Ryt o BRI TG RO & fREH > AT BRI
#H§E(Mechanical Lock) - HE#SHYZ 2N - SEIEFHEX T EEsa A HEE
ZARNSERIRAIIEE - — B " R% 8 (Unlock) - B8 AN 22 e REEHI(E 5%
IREMTEZRE « fb— "ROR AR ) Bl T AR BEATSHE  EEEEEEE
LR EILIER] o AR 2P0 » ERRRA RS - LR E BIIE B
FEARETRIER - HALE "8 ESHARTEH | AU o ARIE$H(Unlock) By R A
1 iy 20 B SRR R RE B N IR AN - e EURE PR - B R TS $HIY R
R AW ATRE - — IR » — 2 M# SRR - EERE
51 25 A G Bl 0 B B MR - (R — B EHVEERERL A - — B P(E
Al —Fmt% > BT A E - BB SN AR 2N - sLE sk

PR R - ZESEE GRS 0 B TR E N BNV ER KR
AR - NMEBIREER A4 » EREETED Z BB PrPRRIFREE - 5
(2 InvensysiEi] 25 TR 78 B 1 £ 47 Westwatch [ F K & 7Y BRI ES (Sensors) J2 2 £
Tef - DABE B HIREAYIRRE o EUHIESFES (array of sensor)(AIFTE26 Fr)
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Sensor for hand crank
rmotior curment
| = |
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o @
Machine Load cal Ea.
: :EI I] - temperabune
; - . |
Sersor for : @ | Machine case
CESE COVET 2 E& Sa'sr:'adﬁx
|. Sereor for shock
Clircuit (e sdock; rail f
Sorwar for Controller AN 4
| | cose
a 4 = LI
Sensor for | -
Lock blade 4 o Sensor for
Sensor for ] cese gap
Sersor for
Destecior biade Detection Diade

[E126. #EHs FOEshE YRR El (From Invensys)
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(=) BSETEHTOEERBEREE S

LR T-PEE] 50 (Integrated Electronic Control Centre » IECC) By B [57] §3 E%
BFFEEFTE1980EARPTBA Y - Bt —(EZc 4 ~ nI5E - B REEH#
ERAER B 2R - EHESTEERE 0 A 28 (E | ECC I {Eisf(workstations) » 471
@29 K 30Ff 7~ o L{EBEA — £ %8 VDU/LCD(Visual Display Unit/Liquid
Crystal Display)fz{fIRREE: G557 T B e N & > el sy T a] (5 ] B #hie
E& 5 E (Automatic Route Setting » ARS) » 5 B SRS S - 17.1R 25 AR .0 -
BRI PG RIERR AR R M ~ Bak ~ RV s T 5 -

[8{30. VDU/LCD(2009/08/064£5 7 Yor KiZehi] .0,
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20094F-8 5 H6H 23> YorkiysEaEsZ 0 » FiNetwork Rail A\ & 47144
H o B A s i (AP 31 52 32) = York B &2l 0o F Delta. Rail 5 aE 2 il
Z 5 0 ATHERI25205 - Ry BEEl K - #Delta Rail#or - AEIF#E TE(LEEE
{ERTIEvEERER > o] DURE A EEE = IR A EIThAE - AL -
IECCHIIEEEICTCHALL » B & A AR &4 i (Indication Panel)

= W
b
06/08/ ED(?-

[E31&32. Network Rail A & 7148Y orkE& &2 H 0,

06/08/2009

IECCHY 24 28 (X FT[E133) » = 2 SRS 4ERE (Signalling Network) Bl &
4L (Information Network) g A 4-ERAH R
E—
T //

up to 12 | |TTP ”FB”

e——— up to 16
X <
— = s
| SSI | y \

N\

Information
Network

Signalling
Network

[E]33. IECC £.%7:254# ( From Delta Rail)

=

WA A P 24 DL TP £ 8t (Gateway System » GWS) ~ 825 % B {0
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(Integrated Safety Monitoring » ISM) ~ B 5k :EES 125 (PC SPAD Monitor)iHyzf
B DISAIT ARSIV LIRS © 57 5 48 s 0 BR A B e #E 1Y [5] 78 gk 5 (Solid - State
Interlocking » SSI)E\ &4 Bl #H /- (Relay Interlocking Interface » RII) ~ &
Bl &0 Z:4(Driver Information System)ZFH2 (555 - B ERAEES R AR 212 pm
Z3(Timetable Processor TTP) %[ Bk 75 & e (Train Service Database> TSDB)~
&% Ergs(Fully Buffer FB) ~ ER #5121 2.4 (Environmental Control System» ECS)
LR o SRR IECCH TR L Z 4 A0 BR I SSIH B $H 2470 (A [E134) - SSIZ
1980 FAREE — LR 28 2548 » & B British Rail ~ GEC-General Signal) £
Westinghouse Signalsfiaas - SSIFER3EL 2T 52244 (redundancy architecture) »
1 5% T g5 #5 4H (Trackside functional modules » TFM) Ei g g ¥ 2% (Central
Processor)&Hfk - SefftAsHAb ~ Zhirift ~ 7t S B U@ i A & - Delta Railfy
SSIEE T S48 TEMAEAH (A [E] KBS 22 Data Links AFIB o (Z1fff[E]35&36)

Datalink ‘A’

I} 1 I
TEM-n TEM-1 55| central 2 TE-::h? Hiaabiiar
Processor Terminal
: . ]
Datalink ‘B
S35 probe 53| probe
Datalink ‘A Datalink ‘B’
Serial
MiniLogger

[E]34. SSI Z:47: 444%( From Delta Rail)

[E35. TEMis e e &REEIEAH  [E36. — ¥ &R HIEE 5 4H (From Delta Rail)
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(P0) ERREEEESH (Vehicle Condition Monitoring)
1 ~ VIEW Condition Monitoring

Delta RailfyVIEWE—EHEZE A HE#in 35 E (Automatic inspection of
under-vehicle components) » 1} & 37&38 771~ o {4 1F B8R Y 4 1 18 78
(trackside)sst B ELIEL /G R ALY MRS MR (— A B AR PRI L) - 5 AL

A > BIRHE R HEER S T IR iR B R S i B e B -

5 | s
T — : — - e
fa_a™ Priscm. 7 a 2
pEL F 3
s ties, o) ‘ 4

[E]37&38. VIEW K & B;{j(/mrggé( From DeltaRail)

2 ~ Roundchex Condition Monitoring

Delta Rail 7\ 5] /Y Roundchex & — & Hi # ik 58 B5 1 (Wheel Condition

Monitoring) 3¢ & - 41T E39&A0F TR » REHEEG I NIES - & Hlm i

— Z AR RIS - 15 F 5 S i e R 45 T R (B 4 = J88) Z I Y 22 L s 1
2= REFET IR RGN -

l39&40 Roundchexﬁﬁﬁﬁk JEES 17 ( From DeltaRail)
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VIEW/RoundChex#H & (XK E4LFR) » ] DURF SR HED ~ Blm s ET
FEFTR A E B B EEEER - DI ERERE R THEBA
BE(kfE42) - E4eiE N ST HEAAAREERERURZEE - DISoEZ 2 - K1
B RE B R R AT 4 (Best in Class)

—'-nn---rl'-all- ﬂdu.

[E42. VIEW/RoundChexf & 88 i iy 7% ( From Delta Rail)

3 ~ TrackLine Two

TrackLine Two2—EMFF ~ ¥57% » ReSLIAENE ~ AHEOHIE VB S s
BRI R R —RABENARS » FNHEER AR KEFEAR - £
W AR i B e FEHAHEONE - TR — (B bR R BB TEUE L

GBS ; FFERITHE - BLACRRIER AR AT M » R s iy
2 T B4 (A E 43& 44 &A5F7R) ©
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l45 TrackLine Twofggééﬂf?( From Delta Rall)

4 ~ TrackMaster

TrackMaster;2Delta Rail /2572 ] 2 8% &5 S ACERAY H A B it sy
TEHEE A B (Track Maintenance Planning) - AFE46FT/1 - (T EiH1EE
SERIEIEROK - FI AR SR - BIRSEE MM SRS R > SisrE ks
AYAEEIERE )T ~ AT MR I - DR S SRRV R - IeEE g —1%
s ESEIEERY R EER - FricE @ CE T DIs S H 8w - BonEHE
)\EjZIﬁf)\E T DA (R 22 B (2 B 4EZ (Optimise Maintenance) o

i, dit i fi = B8] e W I T | S| (= ] | S < |
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ggggggggg [l L1 | so ss 4
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Bor 300
Tamping Plan

5 ot zao
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o _mm 35m Vertical SD

S e = AN R =y R AN a L]

=7

p=t=} 30 1
B 1100

Paging Con

[E]46. TrackMasterdi & 4 HH & #1045 ( From Delta Rail)
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(1) EREEERZG(MMIS)

EEE HE N Z%8(Maintenance Management Information System> MMIS)»
HEEENERERNGEEEHA 2% IBM Maximofi 2 BB b4 EEH
Z.%t(Computerized Maintenance Management System » CMMS) -

1~ RCM

RCM#GFi B DL SEM: Ay v A 4 {2 (Reliability Centered Maintenance) » 7€
Fo b P T HEOREM AT FE N F IR T 4B TR R —RE705 L - BSe B E e
R P T HERSEAE BT FERIE T BB ST DIsE IRRRFr By S EhHY
—HEJ7% o EHIRCMEY HEYZ 2 A S 4EE RIS AR e = s (A Ry Al SEEE -
PR s A B AT AT REVE » TEIMIRES LAY 2 2 - e AR & A
FEF AN TER M4 & (Preventive Maintenance » PM) - CMMS{& LB EERCMIY 4
B8NS - R EETEN >~ HAZ - CMMSHYES [FEIFEEA - BaEE W

B~ BT - BEFEHERETFEELE - (WM EA47FTR)
Actions Requiring Work

P Purchase Request
rocurement /

Process
Select Vendor Order

/ T

Store

Equipment +Preventive
Control =g WPredictive

Equipment +Detective
Configuration +CEM

N wLubrication

Eill of Materials

Issue PLOL
Soaciy \
/ Materials Management .—1—\\“‘-—‘ ; Initiate

Contral Process Tderuify " ‘Work

Fuﬂ;:dgr by / \ ‘//[Ha nning})
l Repairables
Materials Issue
Materials

Y

Materials Delivary
Analyze
Execute

Maintenance Process

Maintenance
Work
Pay \ Labor Entries to
Invoice Payroll’HR
Doc
Accounts Payable Reparts mu\amlg::

Work

[&47. CMMSHY &5 [#i[E (From IBM Maximo)
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2 ~ Network RailZE&HE

F2Eh5EENetwork Railfy #4422 o0 (Network Rail Integrated Control
Centre) 5zNDS(National Delivery Service)fyf&#; & - t & FEE(Network Rail /5]
FERISRIREE - (4 FEHIBM MaximoffJEE S L& » Network Rail#ggE& E
EPHEETEE (Asset Management Planning) » #1ff[E[48FT 7~ °

Customer Safety Outputs SRA and

requirements  standards and funding Government

¥

NETWOorkK stewardship strategy

» Asset and operational policies
» Maintenance & renewal strategies

* |0 year business plan

» Capacity planning

Planning - - - : ORI s
‘ Shdbaeian Aeie » Short term planning
Delivery L MﬂintenanCE, renewals and [ ] Networ‘k management

ennhancement » Risk mitigation
» Route delivery programme

_______________ L B * Key performance indicators

Monitoring ® Management information
* Performance monitoring

Output-------f--- Network _______Asset._________Irai in________
capability

[E48. Network Rail & EEH &=

EHETETEUR > (CEEFEK - AR > FIBOR  STERE 0 A
RA(TEITELRREE W - —HEIRRER - Bk - 2EEN - Z2tF
P Bl (my s A - B R P RE AT —E) -
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3~ MMIS
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[8]49. MMISTHAEE 7T HE ]
1~ MMISEEERE :
(1) EEEEE(Asset Lists) :

BHu ARSI E R B o sSEAHEE R B8P A s B &R E R
[E5 (Database) °

Q)
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Q) BRERESIR

Heao RIURAR IR Z Bt IE H T HCES I > 4B N BIEIEE 2 (RE R LR
HHES > SRR NE SRR EE THE R IRE R HEERE
FCRA N NBETI T - ZEEE K - EFMMISHIRETE (E4EIRAESE R « BEE
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3) EFEEER
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{8 F HT AR B St A R S ) - BRI PR (B D iR =R -
ZE DU LSRR E R T T ThsE - Ak ~ FlEFEEEEL -
3~ MMISHLAHERE :
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() BHEEH
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SHHITSIHGEBHHERGEHESE > WINTHEMER ERHREZTHER B Eh4E
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EHERIREETHEE -

@ ITHEEH
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RESTAREINGE O | RIEERIESS - HIECHT R
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Planss & iU H 2457 (Fault Management System > FMS) > A0 &[S0 - &Y
se(Yor KFZERI PO RS EE IR ~ FEEEN (AT ESL) - 5T DU A RS
(Extranet)tf] & 52 i&3 /515 LE(Derby ) ~ SR B (Swindon) FEih VSRS HE

MMIS

Data base

all track,
overhead wire,
and signalling

equipment

all telecoms
equipment

FMS Local site |

[&50. #EMMISEIFMSZEE

Remote :
Users H F . ;
Remote : ax ey Q Fax Machine
Monitoring ? : Server g
Equipment L : Posted
s 1)
. EMail __, ser
Internal Server
Users
—
Control
Users \ i
Intranet . Dat:
Web Server ~—
e ——
Business Asset Data
Partners T+

Reporting Server

Extranet Fault Data

Suppliers <+ e ——
Messaging Server People Data

Customers.s” :
: . Dial
4 : Remote condition ISD U? Phones/

Monitoring Server Pagers

crsanren

+
- T .o —
4—»2& Tracker Bureau
> 1

Tracker
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°

BB A THEERHRREE

AT > LIS AE B AE iR (Saving energy & Reducing carbon)#il T 5
ek s e B | (Delivering a Sustainable Railway)f 4B ~ » Eigas

B8 B LA i e oy (B 88 I - T E S iR I EIRr - RS 2%
£~ EEAE R ESCR Z e > BRI Bl sen o (R(EfTEZER] - 5t
selpreE ~ fTHFHEEC HEIRAUL - DITRE R4 ~ 6778 - AEREEL (A

ZATHFRR > B K ELEZ HE -

Rl EE & 2 e M 2 SAEITHRR K - (LR EREA SRS ACE - Bt
EAE IR AU b Z RGN © TR ~ iR AR R AR e 2 &%)
S4Ee - R M BUERRE ) - (B — T E R A A T e BT B -
BlraneR A fmagaman « = SRS - BEIPAZEENE UL BT UE ER
27 EEINCREFEEEAES > GLURRBENIRE - IAETRES
TR H#E— T EGSM-RELCBTCE I (LT TEEFERIR i 2 34/ > A&
AU ESsat 2 35 - s R B S S5 R Y TR » DUN BT H%E i &
IR AALHYS T B B EREINEER AR R 25 -

HAAETERREITH ¢
1~ EFSa it (REEEGEEA -
2~ ZEEE T A SR B R
3 mELAVTEHEMHERHESHESTEXET -
4~ SEGERE E o FECRYIE 2 R -
5 L BSES ~ BEh(PAZE -

A IR R

1 - fE#E{L(Standardization) ~ f&4H{E(Modularization) -

2 ~ &if{E(Informatization) ~ AR 4GS L(Wireless & Networking) -
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© BUONEERTEEERG(ERTMS)

BN B R THE S B 245 (European Rail Traffic Management System - fiff#
ERTMS) » &5 R EABCNEES4E - 25 B2 B A FYstatm] ~ TTHEH
BT AEBOMN Y B T 240 % — - EiiE 2 5 (UM IS 2FTR) - H
JRihZ — BT ELREE BRI AR - SRR R S 5 - PIAISE R ER AT
REFFAENTWPS A FNELABIIN TVM 25 A » 455 RS E & T 5]
BLRAEIREE S — (8B 28 2 Al BE A B > B 2R — e A R i (]
IR ZE » A REHE A MBS - BEA T ~ A4 o Bt —R A -
PR T SRS B ] 248 AR EHYRE K

Access to legacy technology

_ P | zZuB123 HKT |

LT NN &
S—== o RN
] - ‘

Signum
ZUB121,ZUB262

[E]52. ERTMS43Afi &l (From UIC ERTMS Conference 2006)

1996 44 FAAF &1 25 (European Union » EU) A ] F4 #5 #& Hét B4 (International
Union of Railways - UIC){YSZH 1 » B & & IFEON T RSB SEE A E - EFEA
Ef Alstom ~ FrHiLAdtranz ~ {ZEfSiemens ~ jEEfAlcatel ~ F A FJAnsaldo ~ TL[E]
Westinghouse » DL izInvensyse/\ 5] » [a] T BLAR GG il 2y a8 s s =]
JE T 8t—AIEEAE - B R B S BOMBEE Bl € [F] — 1 T e 2 R A IO S8 s
{THEHAY(ERTMS) « HigE RIS T ERTMSEEENAER E M - IS4
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FREONERES AT (EMBGE T EETEEEL N HE - > e
HYFEAS DERON SR N A - TE = ey -

EHIEEICN - FragE (U BaUTTHAES RGE RS 2 BT S ERTMSEREAE
FVZ4E © ERTMS 2RI stat et ~ 188 ST (e B e B g R S (R AR i 25 R T 2
SRt By HE] ~ BV E BN —2UE - ATl E fYERTMSEEE LR BION
G| B $2e ] 2247t (European Train Control System » ETCS) ~ ¥l| 5By [ AV AL Eh =
FER IR [ AR 3 (S 248 (Global System for Mobile Communications-Railway »
GSM-R)FIEMN {7 E& FH [ & (European Traffic Management Layer> ETML)%E =
KT ZH (A EIS3FTR) - HPHETMLUKE Ffs SO EH - (BB HIG LR
FOEEEIR BRIV ERAL - HArEARAHERE - RS ERTMSTE
A EETCSELGSM-R -

ERTMS

&

l , |

ETCS GSM-R ETML

(European Tram (Global System for (European Traftic
Control System) Mobile Communications- | | Management
Railway ) Layer)

[E53. ERTMS = (i F- 2%
(—) BONFIEIZEHIALG(ETCS)

BN 51 122451 2.4 (European Train Control System > fSfBETCS)E# T EL
N EE S S HIAHRA 2 ER - B 45513 {H=HI(Train Detections) ~ 51| #%
B (Movement Authorities) ~ ¥1|E[5z& (Train Protections) ~ FEzER#8E /1
(Interlocking Interface) jz th ¥ B & 3 (4 U7 =05 2 AEAE— 2L - FrLAETCS Ky
BRI H BRI AN SR 5E 7 18 BT E FVA T Bl M - B S FT A I SRa IR
FE T B 58 — BB R AU F A (FERTMS T A %1 B 128 R Al 80 43 26 18 By
“ERTMS/ETCS” -
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1~ ETCSHU4EERHE
v EEITIEZH B (Unit Modularization) : {BEA4ESE ~ Fi o
v HPHRTAE(L(Port Standardization) : Z AT HARTT(E » AN [EIFEAR AT LA i -

v BRI ~ BRETTA—EE(Uniformity) © AR fIERTEFAIERE T2
BUR/TE—2 > MR FEIESRER -

v B E R (L (Procedure) B FTHILERAE FE (AR IR 22 40 P -
2 ~ ETCSHYHR T
v Z&BERCE(Disclosure) :

EAEEITHEREAER ) —ELLNE - SRIFRZIEAY AR o — BB Z &
T 5 b AR] 3t 5 A (5] A5 28 By H Ath 5 f5 2 S 1% - SR E YIS 2
(Transmission Control Protocol /Internet Protocol » TCP/IP) » {§i K [E]{iLFERGAY R
i~ AT EEERACHA - ETCSHUlTAR #2152 BOM 3R (EVU) AR s e Ik 2R
(VIC)KERAVIREAE - [T HLEZ AR ABARY » AT ETCSHYRR i it FERG &0 Al DA%
HEAZAE A FEETCSEH -
v Rt E 1% (Changeability)

fa B O R AT~ ARV E R EIR R - A EI AR A Ay PERE
ARy E i rT B FR A EE A - FR AT A HYET CSHY S i (1 HE R P 12 IR 4t — Y
ETCSE iR sk Blid - A [EBLIERGHIETCSE i il LIMERME ~ AHAEM -

v 2435 M (Compatibility)

ERTMS/ETCSHY £l A Fah % e @ s Y Bt (A 5] > (EA
B[ DMEAR[F AR AR P - A e -

v Z&EFHER(Upgrade) -

ERTMS/ETCSIRZESR S SRAE IR A Sy ERRE L B0 —EE3r R i mtae
THRET 4% R Bk Ry S )y n A TR S R S A Tl -
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RIE > R 8E T RFEERTMS/ET CSEH A M il M iV = » FaA B3IE
M2 2B TS —E /KR - [FEF B B B m A EE ST B E RO
NS B E Y ETCSIHRE SR | (2 A EAIFRA o A ERTMS/ETCSHZEH] %1
R EIRY A —FIE > BT PAS HEYEION 2 2 (Eurostar) 7 8E4 H S Bl fm = 22
é—ﬁﬁﬁﬁﬁmﬁ(& Pancras station) tH 3 2B o5 F gt AJEEIELEAN - 71

~ VRSN R AR EER(AENE) ~ B DAS EERES AT S ZE R (R b)Y =) 2R 8
E%HE’@‘& [§ﬁl54 57)%J£t??§f[§|ﬁg)j/\8t Pancras statlonEl’]H”H

[E56&57. St Pancras station

(Z) BEIRBERIEL RS A% (Global System for Mobiles-
Railways » GSM-R)

1~ GSMEGSM-R

ERTMSH 55— B2+ £41GSM-R » GSM-R4: 44 s $8i % B F VA% Bl fe 4y
5] 38{= Z.47(Global System for Mobiles—Railways » f&HfEGSM-R) - KRR AY
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http://zh.wikipedia.org/zh-hant/%E8%8B%B1%E5%9C%8B�
http://zh.wikipedia.org/zh-hant/%E8%8B%B1%E5%9C%8B�
http://zh.wikipedia.org/zh-hant/%E8%81%96%E6%BD%98%E5%8F%AF%E6%8B%89%E6%96%AF%E8%BB%8A%E7%AB%99�
http://zh.wikipedia.org/zh-hant/%E8%81%96%E6%BD%98%E5%8F%AF%E6%8B%89%E6%96%AF%E8%BB%8A%E7%AB%99�
http://zh.wikipedia.org/zh-hant/%E8%8B%B1%E5%90%89%E5%88%A9%E6%B5%B7%E5%B3%BD�
http://zh.wikipedia.org/zh-hant/%E6%B3%95%E5%9C%8B�
http://zh.wikipedia.org/zh-hant/%E6%B3%95%E5%9C%8B�
http://zh.wikipedia.org/zh-hant/%E6%B3%95%E5%9C%8B�
http://en.wikipedia.org/wiki/Gare_du_Nord�
http://en.wikipedia.org/wiki/Lille�
http://zh.wikipedia.org/zh-hant/%E6%AF%94%E5%88%A9%E6%99%82�
http://zh.wikipedia.org/zh-hant/%E6%AF%94%E5%88%A9%E6%99%82�
http://zh.wikipedia.org/zh-hant/%E6%AF%94%E5%88%A9%E6%99%82�
http://en.wikipedia.org/wiki/Gare_de_Bruxelles-Midi�
http://zh.wikipedia.org/zh-hant/%E9%AB%98%E9%80%9F%E9%90%B5%E8%B7%AF�
http://zh.wikipedia.org/zh-hant/%E9%AB%98%E9%80%9F%E9%90%B5%E8%B7%AF�
http://zh.wikipedia.org/zh-hant/%E9%AB%98%E9%80%9F%E9%90%B5%E8%B7%AF�

FREL

2 ERTTENHEEN %% (Global System for Mobile Communications » GSM) » ‘& f&EH]
R EZ T EENARAT - HATEBKEE200(E B A& - #1008 A\ AFfE
FIGSMEEE © GSM A& 1] LLE S E A [FIFHE TAF - M #JYGSMERAEE % T
900MHz ~ 1800MHzF11900MHz HES » &7k X g T 850MHzF1450MHz » L)
BEE T HEATRR R ot FAHEN 7 & £ A 900M A1 1800MAHES (L IE 2= E 1
) > FNER 7358 F850MA11900MAH B - 400~450MAFEL Al % /R JLEREL 5¢ -
GSM b TTERaf B AR T > E NI EIESR - BEAENHEE - BT
TP Z FEIORFF B EHYREING - SR BT RS Rau E B dm R Ak R2

2. GSMAH a7

iR i ny ™7 et
(MHz7) (MHz7)

GSM 850 GSM 850 824 - 849 869- 894 =B ~ FESEAIE AR T Y

%o

P-GSM 890 - 915 935 - 960 BOCERAVIEESE -

900 FH R EEAAEES -
E-GSM 830 - 890 925 - 935 900M = HE
GSM 900 900
R-GSM 876 - 880 921 - 925 BN S8 HA B U SEiEs 25
900 BEES o
GSM1800 | GSM 1710 - 1805 - F iR 2 KA
1800 1785 1880 % o JEFH s EE IR
GSM1900 | GSM 1850 - 1930 - FEAREM > HNER
1900 1910 1990 EE > B 1800 FFEA o

W ERFTR - BCEE BV R Ik B (VIC) A sk a7 oK - 2R
CSMARHVHERERE T > Rl RskEs HilEHIGSM-RAST - ERYLIFHER]IA
JEAE900MHZAFES » MERTMS YRGB (ERMT#n fy "ERTMS/GSM-R”
BICOM s ES Ry GSM-RIE 25 1 61 & ith i 12 il bt 15 B8 B ] Y & (Voice) R
6 5z ETCSE#E (Data) (i ps (R A LR B EUEAE - HATE R E S BUMBES %2
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http://zh.wikipedia.org/w/index.php?title=%E7%A7%BB%E5%8A%A8%E7%94%B5%E8%AF%9D&variant=zh-tw�
http://zh.wikipedia.org/w/index.php?title=%E7%BE%8E%E5%9B%BD&variant=zh-tw�
http://zh.wikipedia.org/w/index.php?title=%E5%8D%97%E7%BE%8E%E6%B4%B2&variant=zh-tw�
http://zh.wikipedia.org/w/index.php?title=%E4%BA%9A%E6%B4%B2&variant=zh-tw�

R AFEREMERCHS - P AR S SRER Ay et o o
2 ~ GSM-REERKM SRS HY FE FH &5 &
(1) FEfEH| s EE BT (Train Controller&Driver Communications)

SCPRELFRSIEEZERES ~ TTE RS ~ I I(IEERES - e fEflasalE
bz e R ik [T AR AR AN, -

(2) BB EZEHIEINY B2 6] 22473 (Automatic Train Control/European Train
Control System » ATC/ETC) -

Y| B BT (Z E.(Movement Authority Messages)FH7 T B2 41.00(CTC)
EGSM-RIE X FEFIH - FIE N B &R HGSM-RE A [EIFTHZEL, -

() ZEuwfZd(Remote Control) :
IR SRR E B - AIRIEHE - R - ERECPRE SR -
(4) F=lEIERE(Emergency Area Broadcast) :
FRR I TR B -
(5) & (Shunting)
b A E A IS A EB SR E R - SRR BT S (B RRAHIR O -

solEdt ~ By

A
(6) #EZ4E{E#EEN(Trackside Maintenance Communication)
SHREFYEE N B Z MIHEEE R -
(7) HlEEEERSZ$%(Train Support Communication) :
i EARSs N BRI SRR R IS - AT B 2R AR -
(8) iz (Local Communication) :
SCPRY B R Bk B L E A\ B SRR B B B B AR AR

(9) REIEEER(Wide Area Communication)
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SR ESFES R - WUERE IS - IRREEEEE - ARG
HAZ HEE LA RS (Public Switched Telephone Network » PSTN) -

(10) fk# @A 7% (Passenger Services Communication) :
IR EL FEE B AR  BAEIF AR SRR AT RES -
3 ~ GSM-RHJES IS4

GSM-RAHUABRAERTMST RS IR - T F AR - HATE
3024 (H IS B > UICTH(L 2 20144E &5 57 (H Sk 4l S Eopli
A (AFTEI58) - GSM-R{& Ky st S5 AV (S 4IES - hiAi s (A sk i
A] AR AR R NIRE S YA ~ ) A 2 (R (R [E59) - N &A
A{[EHE3E (Chanel) » Erft F17HEER(Uplink) £876MHz ~ 880MHzH{EE S} {5
(ZE I — PR b n KEEEE ) - T TTHEZ(Downlink) £5921MHz~925MHz
fE ””‘HT{%(Y“ zgﬂt@tt %Eﬁxﬁ%ﬁaﬁﬁ) {5 =& AR A B ER P2 L RS

Brazil
Egypt
SouthyAfrica
Argentina Iran
Venezuela Irag
Libya Korea
Morocco sragl Pakistan
Tunisia K@Fakhstan  Turkmenistan
Denmark Luxembourg  Ukraine
Belgium China Algeria “Eurctunnel *  Croatia Uzbekistan
Finland ndia Turkey Hungary Estonia Belarus
Germany France Saudi Austria Poland Latvia Bosnia-
Italy Norway Arabia Bulgaria Portugal Ireland Herzegovina
Sweden Netherlands  Slovakia Czech Greece Romania Luxembourg Moldavia
UK Spain Switzerland Republic Lithuania Russia Slovenia Serbia >
1998 2000 2002 2004 2006 2008 2010 2012 2014

[E58.GSM-Rp\ £ #2% (From NORTEL)

876 880 15 921,925

MH
A Uplink A Downlink F

[E]59. GSM-RJHEL(From NORTEL)
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4 ~ GSM-REyEEREZ

AT AR SRS 3 e LAGSM-R Ry BBV H B 125 21458 » LU EAETCSAH A

IR BIEAZERC T (Moving Block) - $f5iaeli sids i et TR (bR (L - FEETCS
R MRS R E RS AL B b > ALY R SR
Tt > NS TR EAHNE S - Ak T GSM-REEERYFIE - LA LITE
— (B2 (Country A)EI|55—{EEIZ (Country B)ELH X GSM-RAEHN & i (1T

[&60) Eﬁiiﬁc&ﬁ(ﬂam -Track Side)##z ﬂJ%(iz[l&ﬁlm)

ﬁmh e Country &, T

I

i

|

_L -
National | National 4‘)
5 GSM-R —— GSM-R i
I MNetwork | Network i
i i
Y N |
E-__ r A -‘! .-i
. : ‘ . :

Country B

;1

[E60. GSM-RES [ 8 zf & (From NORTEL)

on-train

track-side
positioning system

D % -7 positioning system
data = data

collection collection

| Position data string |— —

h

formatter

| Standard position format | |
)
i

/
_7____#| Train |D | Standard position format |~R_ ;...'

=l Fixed
Network Routmg Network
S Databas =
gateway

[&61. GSM-RHt ¥ B 3H 5[] (From NORTEL)
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5~ GSM-REGTTEIEHIZEAE

GSM-Riz FEHETSI/MORANE(European Telecommunications Standards
Institute /MObile radio for RAilway Networks in Europe)$eFLEON g ks Y S EE
RO AR 7 (Advanced Speech Call Items > ASCI) » i (68 B R A YR 26 75
R A R B EER M FE P ET > A& VE -
ESERF T B ] DML SR 2 LB S S TS s ] - GSM-RANVER B fman vl
B~ dmeH B S - BTOEE SRR aEEETEETE 0 &
@Eé"tﬁﬁﬁﬁﬁ%ﬂﬂ’ﬂﬁéﬁﬁﬁ(ﬁﬂw62) ° MRIZNEETL - GSM-RAEH 2 51

ZJEAF0-500km/hiy 4R B E 750K » H eSS 8 L GSM-R
ERE R 0 RSB P 2 S (il > 3R AU ERYEION Y H &l 2R GSM-R
{ERy{H- V= -

-\ ;J &itenna t

- ..IL Il "1._\_ | |II LY

| | B

| . Elrocah ‘T_
J \ ETCS L2 Base Radm gk

= \*"*'?ru ) S Ce ter
O 5 Vet 5 T B - v r) o ilmerlofklrm
= L ._ !

| Y

Track Clreulr Baisa [fiwad massage)

[&62. GSM-RYTELIZEH % A (From NORTEL)

(=) BONTEEEZEH RS

BOMSRES TE PR 1A HUAR &L - F I FIPE B 120 TH(Upgrade) BBk
(Optimization)zE>K » BERTMS/ETCSHI %€ 1 5[ FE F Z 4k (DL T i AERTMS
Level) » 22k 47 R /HERTMS Level 0 ~ Level STM ~ Level 1~ Level 2 ~ Level 3 »
LM BT ENSO129M1ENSO1 281548 » (B LT 4R AR Y S ftasc i =] LA E
PETE B
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http://66.163.168.225/babelfish/translate_url_content?.intl=tw&lp=zh_zt&trurl=http%3a%2f%2fwww.enet.com.cn%2fnetworks%2f�
http://66.163.168.225/babelfish/translate_url_content?.intl=tw&lp=zh_zt&trurl=http%3a%2f%2fwww.enet.com.cn%2fenews%2f�

1~ ERTMS Level 0

ERTMS Level 0 » 458 T ERTMS/ETCSE_F 2% (#1951 85 0] LUTE 47 HE
ERTMS/ETCSHEHI A B E A BSREE R RS 4R H1THRE -« HINGRES 12
ETCSHEEE 241 » FIH A LAE I E AR5 - HETCSE#EL# L i rEE
B B R E ST R R A -

2 ~ ERTMS Level STM

ERTMS Level STM - #5457 ERTMS/ETCSHYS | BLAF 2L T AEF5EE £
RAVAREE TS - N T RRAE I AR SRS - EEEER R TR S M
R TR (E05rREL4H (Specific Transmission Module » STM) « STMHTEEULE YA
Fine (o P mnend e FIETCSEIEE . » A& HIXAEETCSELska i (A0 [E63
FirR) » B RTSLAS Rt RED s It — %

STM BUS

STM2 : STMA1 ETCS onboard

4 S ““‘T“‘“ L

National ATP ETCS
wayside wayside equipment
equipment

[E]63. ERTMS Level STMZEf#(From : UIC ERTMS Conference 2006)

20094E8 H7H5ZTRE T > fENetwork Rail A\ S HYZAHE T - H1York[a] £ f
FKKings CrossuhfyIRiE 42 Je e B % > FF il 3 75 B sk s it £y TPWS(Train
Protection & Warning System ) %1 » B[lE&j Level STMZE4k - H[GETHRELIRE
I AR ETHAATWIATS(Automatic Train Warning/Automatic Train Stop)#id
IIAEHYATP(Automatic Train Protection) 2 [ o [ B 64T AN E B 1y
MMI(Man Machine Interface) 2R 5% » EHF maF 2R 125mile/h » B FEHE TR
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115mile/h ; fffiE 65F R TPWS B S 5 £y THALES A H Edn - i@ 665 Fy
P B i e { T 2R PR Ry 125mph o B &6 7R Ry Ril 5 B8 MEHERY B 55 5%
it EIFEURGRIE o 5 Network Rail N 837 » H RTHEST HH YT PE A5 S 47
(West Coast Main Line)#=6502 EAVE LR ERETEE - R 7RIS TH S
FETT 2200 L300 AU AL H B TA1 » HRE BB ER 4R Bl SRaE S 4 —OF
g Hp B[RRIt 2 4RI HHERTMS Level STMF-4Rk % Level 1 -

[E64&65. EH_[MMIZEEE & TPWSEL#H % (# & S =

[E66&67. BBl f KRG R &IEFFHEERTUR

FEERHERTMS Level O%iLevel STMEFE R -2 ALAYS4, - T2 ATER
SNFTREER (A LT o S 2 © ERTMS Level 1+ Level 2 Level 3 - b
R Level 1~3 SEAREN S I MBS AR R BT DL -
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3~ ERTMS Level 1

BRI T SR EEIEH 24t - BBl B/H HE 555555 (Trackside Signal or
Wayside Signal) » #Z45 R ESR1THE » SREEAYE L 28 E EE (Track Circuit) &A1
FIHEAL B ACHIE » §IH 2 2 P mnyih - EESS - 41{Z 1 (Beacon) - &
&3 (Transponder) SR (&R o 17 S AR I R0 23 R4 — et > 3lf

REE TS B S EAY A > HF(Eurobalisefi A 15 LIEH

(1) ERTMS Level IFNES :

ERTMS LevellEss @ B [ 4E# TERTMS/ETCSIEEREELE » BRI HAE
BB E T IO R FE RS (Eurobalise) o IR FEAE AR 5755 248 F IS IIATP
Eurobalise 2 L E 27 -Level 0Z Level 115K RS54 o

(2) ERTMS Level 1HyZEH

ERTMS Level 1Y &40 @ (AT E68) - 51 H (i B (=] FH 28 B RS I ]
(Track circuit section)f2fit ; ¥I[= & Ai#ERERE(Allowed distance to go)dy{E E.
FHEurobalisefZ{it -« fFERTMS Levellf » Eurobalise¥2ALMi{EIHEE » — BlEE
&ENE(Fixed Code) » — Fsfir B (= H(Position Detection) » T~ = (40 [E]69) °

(B

European
Vital

Interlockin

Lineside
S Electronic

‘Eurobalise  Allowed distance to
Track circuit section

[&68. ERTMS Level iy~ = &l (B H 25 © 4655
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&
?: %?_\) P44

ETCSL1LS

| EAENUN
CT¥-S
ETCS telegram =

National application
LA JEEEN PR PP

P1] P2| P3| P4|... (ETcs srs) ...| Packet 44 (national use)
ETCS Telegram

EuchaIlse

[E169. ERTMS Levell EurobaliseThEE T B
(3)ERTMS Level 15y F E458 -

v’ FIEEfr B{EHI(Train Position Detections){{cgif i B L& (Track circuit)sizt
fif1 22 (Axle Counter){&H -

2 E sz gE sk (Wayside Signals) » 24 [& & B ZE 5% 58 4% (Fixed Blok
Signalling System) -

v’ F|E B (Movement Authority)BU 58k 702772 BhiEE &k (Allowed distance
to QO)HVEEA — - H— R H B SRat AU HYE (B4 - 5REE4RIE  5=10&
KLKE 73 Al Fear A FH R gk B R E R B & & fes A7 E (MMI)
i FeEF 2R (Permitted Speeds) @ A EEFE{IE_F575E(Similar Cab Signals) -

v i R EAE RS EIRRSIE R - Balise 2B H BASEIY T » SRS EELE
X i 3E 5588 -8 r(Lineside Electronic Unit - LEU)NDA4RHS » i &Y
L EERS (Balise)Hilm £ 5 F > BURRFFAEE N ER S8E -

(4)ERTMS Level Iy ZE£EXK :
v ST AR S S0 AR Y O TR Rl SR PN R (A0 (2 70) -
v SIEEEAGIE Ra T TR - BRI RS EEI e 2= -
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v 3R [ BS Ef (Speed Supervision) 78 £ 7Y £ A 2R [R B 925 (Ceiling  Speed
Monitoring) A 45 HY A FE R[S dh 4% (Static Speed Profile » SSP) 5z H f2#E B
$75(Target Speed Monitoring)FiHe LAY = i 4% (braking curves)jEZE -

Speed over Distance
250

T ¥, T T T
1 it M ) 1 1 1
; e e i i
rz ‘_., : ' s L a
200F==] =TT et bmmm e g o e
i i i o, i
: i | — :
£ 150p| e EBD (A" il R , iy
g = EBl || i i i G
— —= SBDO |! 1 1 1 no
= 100K — =g [T Fommmmoe Ao hog
Wi i i i
= 1 1 1 1
50F A pmmmmm Ammm - i
o ! ! !
I 1 1 1 1
0 | | | |
-3000 -2500 -2000 -1500 -1000 -500 o
5 (m)
AN
r N\

EBD : Emergency Brake Deceleration Curve
EBI : Emergency Brake Intervention Curve
SBD : Service Brake Deceleration Curve
SBI : Service Brake Intervention Curve

W Warning Curve

P : Permitted Speed

Indication Curve / Indication Point

A : Driver has to apply the brakes

A\ J
Y

[E70. E RTMS Level 175 #4%(SBB 2009/02/12)

(5) ERTMS Levell RyEREHIN :

EZE20094E 11 » £ HEFFTEERTMS Level LEEAERSEES 5517 34(6 (41
F¥Fe3FTIR) > KA ARG » LB BES MU E A T 2208 ~ T ~ HIE
P R SR S 7 BF RS (E B R AVSES ELAMERTMS Level 1F4 -
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7<3. ERTMS Level 1yt 5 4aT (542 5 2009 - copyright UIC)

1. Algeri , .
& 2. China 3. France | 4. Germany 5. Poland

6. Austra

7 Croatia 8. Greece | 9. Hungary 10. Portugal
11. Austr .

o2 Czech 13. India 14. Ttaly 15. Romania
16. Belgi K 18. Lithua | 19, Luxembour 20. Saudi

u 17. Denmar N . Arabia
21. Bulg . 23. Mexic -

o | 22 Finland . 24. Norway 25. Slovakia
26. Slove . |

q |27 Spain 28. Korea | 29. Sweden 30. Switzerland
31. Taiw 33, Turke

a 32. Netherland ; 34.UK

(5) ERTMS EurobalisefyZI=, :

TEECEurobalise sy B2 52 /N H] - e it 2 i - 46 fl (A R 71) - 2= 8%
fi F ATPbalise f5[& ' EERVEBICABRY » CLEHERTMS Level Liff «

L

_— EBICAB 700 / L10 000

TVM / KVB i ; __ INDUSI/ LB/ SELCAB
BACC/ RSDD
ASFA / LZB - v - SIBNUM/2UB

EBICAR 700

Alstom
Alcatel
Ansaldo/CSEE
Bambardier
Invensys
Siemens
Other:

& 71. EurobaliseZ£!={ 4375 & (From UIC)
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http://www.uic.org/spip.php?article1964�
http://www.uic.org/spip.php?article1965�
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http://www.uic.org/spip.php?article1960�
http://www.uic.org/spip.php?article1966�
http://www.uic.org/spip.php?article1967�
http://www.uic.org/spip.php?article1975�
http://www.uic.org/spip.php?article1961�
http://www.uic.org/spip.php?article1968�
http://www.uic.org/spip.php?article1969�
http://www.uic.org/spip.php?article1976�
http://www.uic.org/spip.php?article1957�
http://www.uic.org/spip.php?article1957�
http://www.uic.org/spip.php?article1957�
http://www.uic.org/spip.php?article1962�
http://www.uic.org/spip.php?article1970�
http://www.uic.org/spip.php?article1970�
http://www.uic.org/spip.php?article1970�
http://www.uic.org/spip.php?article1970�
http://www.uic.org/spip.php?article1971�
http://www.uic.org/spip.php?article1971�
http://www.uic.org/spip.php?article1977�
http://www.uic.org/spip.php?article1977�
http://www.uic.org/spip.php?article1958�
http://www.uic.org/spip.php?article1958�
http://www.uic.org/spip.php?article1958�
http://www.uic.org/spip.php?article1958�
http://www.uic.org/spip.php?article1958�
http://www.uic.org/spip.php?article1963�
http://www.uic.org/spip.php?article1972�
http://www.uic.org/spip.php?article1972�
http://www.uic.org/spip.php?article1973�
http://www.uic.org/spip.php?article1978�
http://www.uic.org/spip.php?article1979�
http://www.uic.org/spip.php?article1979�
http://www.uic.org/spip.php?article1979�
http://www.uic.org/spip.php?article1979�
http://www.uic.org/spip.php?article1980�
http://www.uic.org/spip.php?article1981�
http://www.uic.org/spip.php?article1982�
http://www.uic.org/spip.php?article1986�
http://www.uic.org/spip.php?article1987�
http://www.uic.org/spip.php?article1987�
http://www.uic.org/spip.php?article1987�
http://www.uic.org/spip.php?article1989�
http://www.uic.org/spip.php?article1989�
http://www.uic.org/spip.php?article1990�

4 ~ ERTMS Level 2
(1) ERTMS Level 265255

ERTMS Level 25 8% : B _[#5E; TERTMS/GSM-REE 24 > fEHh -4
e EE AR IRAR M & o ANFEEIESSSEEE > Eurobaliseff (E Ay %1 B A1 B =M
TEAL © GSM-RESLE Level 2HFEIEEF -

(2) ERTMS Level 209%24 -

ERTMS Level 20 RE(IFET72FT7R) « FEERTMS Level 250 > HIELE)
fE(Movement Authority) =l 72 & FERE(Allowed distance to go)HYiRK » N
TR EURAYE N - i 2 E fE4REAZE Ju0(Radio Block Center » RBC) -

RBCH$z 2 5 5EM #H(Signal Interlocking) » ifsEsE & s AL fRap A & > DIK
SRS EERE S L 2 EH ERY AR T E(MMI) BPR feET 2 (Permitted Speed)
HIH EEEE(Cab Signal)HIHAE

-

Radio Block
Centre

GSM-R

Virtual
Allowed distance to go

\ 4

. Eurobalise
Virtual Track Circuits

r

ey
'Y

[

[

[

[

[

[

[

[

[

[

[

[

[

[

! ! [

[

[

[

[

[

[

¥ B Y Y B +
o gLl R &
b ™ b b W
ar‘ar’ar’ar ar

g “f;f'_ 5 r'? ¢
[E72. ERTMS Level 27<

g g h et adf adn g el s o hlas
e ([ R 2R R R

Level 23 [ 818 |32 EIREE{E - Eurobalise~ FHEIESESEENE - 1
GSM-RA™ZEZASREER S EETr: - Tl TRt & imed FHim 25 5|
BATEAN 5 FHEurobaliseEUHIHH 51 Hir B F 15 (Position ID) » [EEEZE#EGSM-R
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{H A [BIRBCHY R RS s Bl 5 - 51| B 2EE, T ERTMS/IGSM-RAVEZ (R » 5k 7] DAAE
P AR EAZE 2 R S 5 BEE (T EurobalisefI4RES 87T - HA%I e B
b T 7 B e A A AR (e 2 2 FH GSMI-R 2 it 1) B E fir & AR AT
Eurobalisef2fft - [tk » ERTMS Level 25t FREESFREEENEIR - Al58 4
KGEH FSREEEE © R R B BRI BRI E - [ EST 5
&ERTMS Level 2695 FofaE7 BELE (AIHTE73&74FTR) » Level 20V 5%
stat S AN SZHP IR 48 - m] DURUS- BRI AY R 5E -

E73&74. {HaiEszgkstbilevel 25 FoEsELLE(From BLS AG)

(3)ERTMS Level 28 :
v’ #EE R M EE(Virtual Track circuits) -
v SREEEAZEE S E#RE(Virtual Block Signals) -
v Hiih E5EEE(Wayside Signals) -4l 22 5 5855 (Cab Signals) -

v’ ith EJRUE S (Burobalise) NSRS ENME - IS E )] - balisefiEdR
ke

v’ E5%8 1B T (Lineside Electronic Unit » LEU)R[f&[ -
v’ GSM-RIZDEHIRHFHEE ;S -
v [E9R M EGRE(Wireless)

v’ HIF%:H E (Real Time Message) o
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(4)ERTMS Level 2 HIZEIRN :

HATERTMS Level 255350 (40T F4AFTR) - 2 FRETE LI EIZAYHED

TSR —F R - RZBUREONEIR > BONLASMY A T EIEEs - A5
et e > SR EERET LIRS ~ (R Fa bR MRS R

sTEAEY ~ PEPE ~ AR fERT =4 -

Z24. ERTMS Level 22FEIR 5 (485 H ERTMS website)

Countries Total vehicles Route length (km) Status
Belgium 141 80 Under construction
Czech Republic 1" 2 Under coqstructijm ;

Commercial service
France 157 300 Under construction
Italy 168 642 n
Netherlands 298 315 ”
Spain 1,292 "
Sweden 207 340 "
Switzerland 556 178 "
Turkey 0 212 Under construction
Total 2,934 5,246

5~ ERTMS Level 1 & Level 2\ fEFEEE

FI A 248 E FHERTMS Level 1714k % Level 20382 1> bR E
FrevLevel 209t i - (FELFEA R Level 1 FELFERENITTF © FrigEiE
A E Level 20 B E R 1% - BIATZE(E  Level 2B84R 5 11 i AT T4 HY S
yET DLEVER Level 1 - Level 1 & Level 23777+ 2 & (20T & 75F7T) -
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Interlocking GSM-R radio network

/
Allowed distance to o Level 1 Allowed distgﬁce to go Level 2

&
v

Track circuit section

[&75. Level 1 & Level 237~ E&E]

AT - EBCONES B - 51 E 5 DR FEA 5] B SR s A (R TR e

S ff > ] RE FE AR EE I AReE m] I A S S M b a AR S A A

T6RT fy i Level 1 & 230 {7 P& FLHYETCSE#EIFAH - 7= EPortfyith_EBalisefi

A ZH _[BTM(Balise Transmission Module) » 7 Level 1 - /=r1Port f 3%

45 P&l (Loop)isy A ZLTM(Loop Transmission Module) - ##FH > Level 2 ; /& N Port
Fydai(Radio)iig A Z2RTM(Radio Transmission Module) » 7R i Level 2 -

MOBILE

(RAD O < —* TERMINAL

[E76. ETCSHE & A Erakiz4H
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6 ~ ERTMS Level 3
(1) ERTMS Level3HJES :

ERTMS Level 3% 7E 2% 3 {y/E45E; T RTMS/GSM-RIEE 515 » 1EHE
ARG R AR AL & > (A HIE R E T ES 0 P AL E S S HE
5E{i7(On Board Train Location) » =] L& HIF2EEAZE (Moving Block)#yEEAE -

(2) ERTMS Level 38y%2f -

Hiil evel 2—15 > GSM-R{/&Level 3fVFEEM:E%fE - ERTMS Level 3122
TR QM E7707R) « fFERTMS Level 3t » #5645 T ERTMS/GSM-RAE:#: [y
HI BT 2 B S 4n B ZE 100 (RBC) J 42 Eurobalisef g 45 B THS » EEELHY
7 i1 A e 1) 5 S (S (Uplink &  Downlink) 4 i GSM-REE it (i 4 8 » (i
EurobalisefELevel 3rp{iE (& 4R <5 E © & s (Fixed Code)sifE Bl &ER:
1E > ZEFAFEEE i A5 B (e R4 FH Bl (5 BIRBCHY BB A 2l T = IR >
ERTMS Level SRTE/ZAHIEER - SHhes KIESFHREEM - EEPAZEn R+
1T - FUE Level 3MYTIRERSAELZ 4 EFAZE(Moving Block) - (A& 78F17K)

Downlink

GSM-R-Antenn RBC

/

Eurocab
ETCS

Eurobalise (Fixed Code)

[E77. ERTMS Level 3 GSM-R/E[E]
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GSM-R radio % <4 GSM-R

[nterlocking
~ Controller

\Io‘ing Block
v ) A
ey il
1 | 1 | | >

[E78. ERTMS Level 3% #/EAZE R ElE

spee(l:
77
\ v
A‘x

(3)ERTMS Level 3 EEH0E
v A B B R A BT
v RSl DA A AR e Ry 1

v BUM I EPAZE  SRat B B BRI ] » 5 OR B Uk m g A B B
SRRt P > B3R DA B R R Ry ARy S B PR 2 - BIRSEhPHZE -

v S EA BT EMMIIAEE - Eurobalise A1 B & fir i 1F B [E] E & a2

fit -
v ST E 5 2 W A A9 fEgR BAZE Th0/(RBC)IE HRBCE £1%
Y -
v A SEENE IR i BUET R
v aAYIESEE g I(Train Integrity Check) (S
(4)ERTMS Level 3222

ERTMS Level 3 5Level 26974k » iEEEZERE M Level 2—E: » EE FHGSM-R
BT B S Y B B IR T Y BB B R K m T EAZE(S B (H)
JA 5 o7 BfE(Train Separation) iR - FirLALevel 309 EEEL &R S OVEA (EHIH
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&I S E o EETERSE - (R EEEHNE B i E R & BRI Level 31YEHELMMI »
(XFTE 79&80) = LABIH 2 B (EuroStar) 71155 Ly 51] » Fij % W (el A B A1 - /[
R > EEES ST TV AR R o AR TR R T (A B (A
FI M (E 57 6 - s ER AR S R BB B = B - PE Y s o
TR S Y o tHAIEERTMS Level 3T 8 5 FH dify 25 B 14 o iy 35 A (351
FIEEALE - [EEF - ERTMS Level ST 4k EEEIEAZE - FiIs (i B &40
GSM-R T & {8 1 25 B % 25 0 =1 20 1 40 2 331 (Permitted Speed) 1) 5 h 45
(Break Curves) - [z T #E:#454 - EHATERTMS Level 37EEUMNEAR SRS I A TE
{fEH - B3R Bombardier/y =]z L evel SfEAER #ETHE A[F 2013 E % -

l:_'j
|
fa

[E79&80. ERTMS Level 3E#EHMMI&H. F5FEE

(P4) ERTMS Level 1~3Z FZ L
1~ &ML

ERTMS Level 1~3f i f 2= FLLEL (X0 [E81) » Eurobalise/Z £ 45 k(7]
HAERY TR - Level LE2{EEREATTEE A4 NIZEATP Eurobalise 4R MY, -

Y Fi%EfE(Movement Authority - MA)ZE Fbalisef2 (it 3 51/ E{i B B 52 B VLA
F e 8 FE R (Track Circuit){EH] o Ff-4kLevel 20 A B (4-ZGSM-R » 5555
(Trackside Signal)R 2 M HVER M » 55 {E 5 E M4 PAZE . (Radio Block
Center » RBC) » #l|EH % EN#E R~ H4E Hbalise » 24X FHGSM-R#EAE - balisefy
THAEEHESE By (B AL E - Freflevel Sy IREAS ZE L Level 23 i A A7
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5o BRSRAE Level 3HVEE REEHGARE (LMY AV EELS 2R - ST
AR BHYEERE - ZZ(REENPAZE(Moving Block)HYHEsT -

LEVEL 1 LEVEL 2 LEVEL 3
< Eurobalise < Eurobalise < Eurobalise
(without infill) +GSM-R+RBC +GSM-R+RBC
> Opverlay Existing > No more Trackside > Movement

Signalling System Signal Required Authority through
» Movement » Movement S
Authority through Authority through » Train Position via
Eurobalise GSM-R Eurobalise
= Tr aln Integrity & » Train Position via » Train Integrity by
P‘?Sltl?n by Track Eurobalise Onboard
Circuit

» Moving Block
[E81. ERTMS Level 1~33hfiZefse 5
AlEFLevel 1HYE 55758 ERTMS Level 2Bl evel 353 #H3E HUHN HIGEF 1
By dmapPAZE R\ (Radio Block Center » RBC) » B #Ui3k E Brss (Interlocking) 5¢
FTEEZEH 0 (Traffic control Center)Y$54 » £&50% (Encryption device){% »
GSM-Rie47 g% (Radio Network) {824 £ 7151 - RBCZEF#E (AT =82 ) -

Traffic control
center

Radio Block Encryphon GSM-R radio
Center device network

Interlocking

[B]82. ERTMS Level 2&3fJRBCZEE
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2 ~ ERTMS Level 1~3e#R iS4 Hhik
(1) ERTMS Level 1#Eiisian :

ERTMS Level 10YEE&FLH (A0 EI83FT/R) » EFEE _FK4R(Antenna) -
Balise{#iigi54H (Balise Transmission Module » BTM)Eid#E 5 B (Logic Unit) -

Driver interface

Train interface Odometer

T

Driver Wheel Doppler

Brakes pandles axles  radar

[E83. ERTMS Level 1= &5 4H(From Bombardier )

(2) ERTMS Level 2& 3¢ B4R

ERTMS Level 2& 3y ER it 4H (A1 [EI84FT /) - bR T Biilevel 13AHYE -
K4 ~ Balise (S 5 4H Bl 48 BE T /b - MR A SE4RGSM-REL I & &
(Encryption device) 55 35 -

Encryption | [5SMR radio |
device

Brakes Driver Wheel Doppler
Eurobalise handles axles fadar

[E84. ERTMS Level 2& 3555 4H (From Bombardier )
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(3) ERTMS Level 1~3% & E&kiEAH

ERTMS Level 1~35E# & &5 4H 72 F (AT EI85FT/R) » FolZEE 2 I B R aifs
4H(Train Interface Module) ~ Balise=k Loop:i Efif5i4H K Train/RBC B s 5 4H & A

FEAE ~ BFRE A EMARTZEE -

(ﬁ . National i Diagnosis
___/ Functional Module EmBerggncy Equipment Driver Fijeu{:rnlﬁmlg Rec%rding
|:| Terminator outside RBC raxe rﬁ?ﬂ'ﬂra"ét?g F'F;'L%?L" Support Support

ERTMS On Board

— ,Z___\ — -
Safety

- T
Train Juridical Diagnosis
{Control Command'} Interface Module ' H:flllﬂsl Recordmg\ '/Functions
Functions ational FMS) \ (FMS) wational FMS)
{FMS} -
National™———— S
- |FS FIS'THS

AsT— —
FiS| =~ e

/Natmnal \ //;—Etn?:ql?)cn&s ﬂ}dometn(\ ﬂbn Safety

{Control Command

N

and Loop Communication

ctions - Communication
National FMS for other STM Functions mmun NJnterface (FMS)
& ) Nat|0na| FMS/ \Natmnal FMS) (FMS) Fu{??u}lli‘?'ns ‘not reuired /
7 — ‘
AV STZ
| $
:
ational
: _ Euroloop On Board GSM
FFFIS N Boar
Other Odsgwgeolpc Eurobalise trackside Equipment
. ‘trackside squipment
STM Equipment eqruaigr; ot nmqleguife_d for not s rf.'j for
CICMIER v
FFIS = Form Fit Interface Specification FFFIS .only required
FIS = Functional Interface Specification Interface G for level 1

FMS = Functional Module Specification

[E85. ERTMS &k 5 & 1540 77 ¥ & (Source: European Commlssmn)
3~ ERTMS Level 1~3{&#nZ2EfSELE

ERTMS Level 1~3{HnZR LI (IFTE86FT/R) - Level 1 ¥ B & s {H 1k
PR > E Tt #H 7 mH (Interlocking  Interface) — 4 5 25 (Encoder) — 3t _F &l & 25
(Balise) - 3% EZER IS HYEN 5% (5 LU E G BE 48 (Cables) # 28 - A {Eh FREUE 25
(Balise) — %] ¥ (Train) i R 2 1 K 2 5 85 #f DL % 47 & (Wireless
Transmission) - 75 Fl[jALevel 1AV E RS EELE (i - Level 2 & 3BT EE L {HIE

& R RIEEE LR - IR RS - A eI #H 2 RBC(Radio Block
Center)ft] 2 G FERELL B RS BB 48 (S - PRI ] DAARERC D (i 4R BLAERE ROA -
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INTERFACE LOCAL INPUTS enln
to INTERLOCKING

- ENCO DER
CENTRALISEDE S
CONTROL:

LOCAL
MAINTENANCE

ROUTE MAP § LOCAL ROUTE MAP

DATA

MAINTENANCE

[E]86. ERTMS Level 1~3{H 22 fEL0ET

4 ~ ERTMS Level 1~3& 4% Ehmx ¢

ERTMS Level 1~3Z:4fit%AE 7 B (AIFTES) -
(L)F A B {SRI(Train detection)Z £ :

ERTMS Level 1{4 Ll EE#& (Track Circuit)=izHifizs(Axle Counter) il
HIEEAIE  Level 20 [ 22 (Balise)$4 it EE #2 21 (Odometer) A {51 » Level 3
RIDA L # B RS E AT

(2)3EsE 4% (Signalling System )Z= & :

ERTMS Level 1%iE5555E(Trackside Signal) ; Level 2&3H1|fye [-5ksk
(Cab Signal) -

(3)FAZE TR (blocks)Z= & ¢

ERTMS Level 1 5 {E45 & 2 EfAZE(Fixed Block System) ; Level 2 &g #EEAZE
(Virtual Block) ; Level 3 &4 R4 ENEAZE(Moving Block System) -

()% HE(performance) Z & :
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AR A REME ~

b ~ MECRAEES(LAEEEEEL - ERTMS Level 1% Level 3
I EERRE ZFEREETT -

7<5. ERTMS Level 1~3 %45 %RELLER

detection signals blocks transmission performance
Level Track i asid ived
Circuits ~ Lineside Fixe .
1 Signals Block Balise *
Axle Counters
Level Balise Cab Virtual Radio(GSM-R
2 Signal Block )
. ) Radio(GSM-R
Level Balise Cab :;/:OV:(ng « TETRA - ok
i oc
3 Odometer Signal ISM Band)

5~ ERTMS Level 1~3 FAZELLER

AR AR S AT — A - BNERTMS R ZH 4R (Hn 2R V2227047 - Level 1
HYIEE R B (Movement Authority » MA)fA&EHEurobalisefg it » {EELFYEA
E & - balise N AJREEMIRHIVELE » FrL &G IR H4E 5 ¥ (Update) - FTAE
T & RijbaliseBil ~—balisefd] H B —EERRCRAVI TREE R - Bi2Rbalises EAYAL
BRI HE Y EERCR « AMENZ 2R E » SatiBfEbalise(il BAAE &8
BLIR A E 4 AE (Braking Parameters Performances)fiz = (Y515 - WA REIERG %
& PRS- BATAMRYE TR E M RE R Y FE AT TR - s
SRS G ~ HrES R 1T EH(Mixed traffic) & fE4r 5 BHEE -

% Level 205 B A AL Hbalise#AE - MZKEHGSM-R - GSM-R
FEftHY(E B EENY - §IE B A AR PAZE L O (RBO)ENIRdE S &N - 5f
st E SR A] LU R 2 515 > Fr A & Level LHYTTERCE -
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R it 2°5ERTMS Level 1811 eve2 11 BFZERF (LI E87 &88) AT -
A T E Level 1ELevel 279 EAZERS R fE T (Blocking Time Model) EH: » B E W
AR [FEHIPRZE(Limit Speed ) ~ AH[EJ =2 H #%(Stopping Target) T~ - Level 1
F balise iz Y5 & (Indication Point) S £ H (5 5% » A= Rl A = i €% (Brake
Curve)iz- 14 ; Level 2RI 5 GSM-REUG A IFH(ZE - A pirvRIE 4R
RehE - REATHF AR - Al A] DA% ARG 5 HE fEi R (headway) -

v indication point
v indication point
Vima Vinas
@
% brake brake
° \ S \ 5
==y = ] = F'
|
| Targ
nf ........

b approaching
' time

I 3

approaching
L § time

¥

t
[887. level 1EAZERG B [&]88. level 2EAZERF 5 (1B 2R « UIC)

ERTMS Level 33k(%— 8 BIFITEANSREE % - FRLUEE R B T4

e be A Ay R IR - AR SEIEAZERIRE o (WIMTEI89&90FT 7<)
> -

=1

]
I
L/
[
[
]
L

v i
[E]89&90. level 3EAZERSF R ([E 5 25 @ UIC)
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6~ ERTMS Level 1~3 {TEHAERLE
B 91FT T~ AERTMS Level 1HR4ERT9,000/8 K (Asig~Esig)Eak - [HAKLL
3,000 R &—{lEFAZEE R (Block Section) - fEz{sE i AA%/NFAZEIE 11,0008 R

£ > A& R 8(EPAZEE [ (Block Sections) °

__x1230m 1070 m 1000 m | 1130 m 1140 m 1140 m 1140 m 1000 m [ —
kKO O KO O O O O O O
ASig < » ESig

9,000m

[E91. ERTMS Level 155/ N\EAZEIE R EE1,0000 &
E92F T~ s Level 2 f R (Asig~Esig) DL/ NAZEE 400 A KBS - U]
E R 14EEAZEERT -

1l 400m 400 m 500 m 600 m 700 m 800 m 850 m
—~ -
O O O O O O O
ASig

850 m 850 m 750 m 700 m 600 m 500 m 400 m |
1

- - - = 0O O O O

ESig

[E192. ERTMS Level 245/ N\EAZEE R -EE4000 K

& 93F < By ERTMS Level 21 [aEiE] (Asig~Esig) LA/ NEAZEE 5048 K
=I5 V)EI0EPAZEE R -

50 m

.

4300 m

‘ ‘ﬁﬂm
I

100 m

500 m

“Iﬂﬂm
I

200 m

1000 m

e
I

200 m

1800 m

300 m ‘
T < -

‘ 300 m

O O O

200m

600 m

‘ 200 m

|
—O

—0

100 m ‘

—O

600 m

|‘IDDm

|
O

O

300 m
5I]m| | 50 m

O HO

[#93. ERTMS Level 25/ NEAZEE RS -EFE5040 2

ERTMS Level 1EdLevel 20 - Bz | - DPHRIGAZEER RV EEV N > {THE
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BAK O HEB L WAFEL MR - FEEEEVER#EL - A8
JEEUEAEAY Y B PR TR -

UICSH ERTMS A FI R INVTT A BT o TR » 155 IS PSP 4R
(high-speed line) ~ {#45 I 43 #%(conventional main line) k7 &gk 45 #% (regional line)
gy A Level 1~3%4) NV 4R TR BN B2 SRR T ¢

(1) 5 #HEEER 4R (High-speed Line) :

ERTMS Level 1~3%54) Y S 2R ES &% 5 B LEE (MM [E 94FTR) - (B Level
IR B ESR F5100% - Z[EffELevel 1T > Y EHTEEIHATA00 . R FH3 il —
AHHE RS (Infill Balise) - ZHEH A B 1471 22103.3% 574k ELevel 2HIERLR
HEETTELLS.5% ; [Fl{ELevel 2T - ERIPAZE SRR 2240040 K> RIPAIEE
FETT5150.6% - 714K 2 Level 3HITHE RMEEFETT4158.1% -

== IC Code 406 158.1
150 6 j

156 1 yy

135

115
100,0
: balise)*GSM- i 1
o5 (balise | (balise) | (balise) +GSM

Levall Laval 1w Lh a second Leval2 Leval 2w ith 400 m Leval 3
infill balsa (400 m block sechions
ahead ol tha main

signal)

[&94. Level 1~355 4R Ay e ZREE 4R A5 & EL#R (UIC)
(2)f84% F E 8Bk 458 (Conventional Main Line) :

ERTMS Level 1~37£ {8454 460 RS 2 R (AN EI95FT T2) - Level 1%
752 % 100% - Z5FHR S Level 2 HIEERGHE S04 R - HIAIERE
THEE137.7% - Z5FH4EE Level BHIFFEFH5139.6% - 15 5f5 iLevel 1cp » EIf#

74



1F EFaERTA00mER I N EE —4H Infill Balise » FE[£12F+%£101.6% -

—8—UIC Code 406 138,6

- -

113

A

I

I

115,0 l
I

I

|

110,8 — 08,9
104,3 104,6
1M & 1031
1000 | g
Level 1wih Level1wimh  Levelt levell | Leve1wih|Levdiwih  Lewsl2 level2  LevelZwim  Leve 3
optimzed Imibed (service asecond infll|  nflleop’  servie brake  emergency 400 mbinck
il supervelon  brake not beles (400 m|  rado infil braks gectons
sedions avalizble) ahead of the
main signal
ignad)

[E195. Level 1~3F&) Ay E SR B ELE(VIC)
(3)E IR 4% (Regional Line) :

Level 1~37EWBIArERABs SHmIZS B (I B96HTT) - Level 175 &(
EFH100% o EFH4RZE Level 2B (BT £ 101.1% - ZFH4R 2 Level 3HIKIEHE
FFE170.9% -

175

1700
—m— UIC Code 406 4
155 1

. /

|
1
|
T
|
1
115 :
100,0 100, / |

L 1

Lavel 1 Level2 Lawval 3

[E&96. Level 1~3Z4% NHYIEIEER 4R A ELE#Z(UIC)
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(f1) BRAFEZEFZL(CBTC)
1~ EEHEEAR

SIREATHAE T HEL S I e - FIHARY A T.FfZE(Manual Block) -
LEENE 2 RHE S —F NPT - LaMEREARS - EfTESERARE - H
It - H AL ) R [ e 2 B BRI fF (Headway) - BE A2 S BLASRORHP

HrRLE TR o ZIFEI93FT/ - (A {EStation AZiEStation Bfif 28 V) Bl pi3(E
B3 R E R (Track Circuit Sections) » 43R &AT ~ 2T ~ 3T » &R iE B
PAZEIE[H] (Block Section) & EF—4I (5 H](Occupancy) ; HS—&E AL EA—

SRt (signal 1&signal2) sk [5:€ » B2 A T EAZEM R » 15 DISRBRZ 2 B0% > 12
HLE ] E PFZE (Fixed Block)HEL A S » (LFTE97)

Station A Signal 2 Signal 1 Station B
a— L L =
lJE\ | T | 2T | 3T | ﬂ
[ [ |
train 4 4 ; ;
i train 3 ; - :
Direction fpr Traffic } tan2
; : train 1
; ; ‘
R R R R
G G G G- YIY

[&97. [&]7E PAZER AN S E
2 ~ BEIFFEEATER

H i [E 7 BA 2 B B F 22 IR 2 (Space Interval) » #1382 25 SR AT

A5 B RERE A/ NI E © EY IR EFREUAAPZEE M & - &M &E R

4= S FEHE (Safe Braking Distance) (i AL - Biam L S SRR e LA

PrReg 22 B FEREE - BTy RN - RSP E T A E - b4 4F

FEAE S AR TERE - IEHEN T - RESET R A BRI E e 1YL

S PEBERE DU R B T o HI—ER R - A o AR EhPrEE
(Moving Block) Y AT  (A0FTE98F )
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Drirection of Trave
—_—

Normal = peed

Braking Curve

for Train 3
Train 3 /ai'nz

Braking Curve

Braking Curwe
for Train 2 i

Train i

[£]98. Moving BlockZ: A& [ (Railway Technical Web Pages)

{HEHEERS - FTiiesEiEurobalise &2 (RS 5% Himabig - 2UE/EEl
L [ R A R R 2 F A A 1 B (Update) » AT A o] BE B ER RS B PHZE Y
IS - T RS E S ot il a3 e - 17 R EPAZE S 4 R e & i
&l = PAZE (Fixed Blocks)PRH » #rEAZEE AU ABSA B R R E TP ZE &
EIYRAT > MRS IR 5 B 2 S B (Speed & Distance) & 1 A R S 2 B i
IS BRI SERASEAYIE - (RIGYI BB IS (Actual Speed) IR IEh A AH 20 i
(Relative Speed):ZEFAZEIE Y AR 8 ~ JEEEHY > FEEAZEE A EE(Information
Point)$ 2 Bhiy - B B5sM: o ZHERERTHY - Moving Blockiy 827 (flexibility)
BT Fixed Block - DLHATAYRHS - (B RAVPAZE RS REAE B fmaR (E
fi(Radio Transmission)sKREHL - & Fillel NI ME EPFZE 24800 (IFT2=6)

726. BNYMEENEAZE 248375 (Transportation Planning Journal 2009)

MAS 1| B 5 (3L B Al S (e 7 =
JE3E ~ K ATCS [ WUBEE S » EREEIREE AW 900MHz £ 3H Bi— 51 2 {Fiif
HASHEr R ARAT B |lECERE .-‘“é’ié EEGHE R - A |400MHz .2 Z2 [ LCX » R
ATACS T EELE SRR F HE RO B oK
Bl ETCS WEEEE S - EEE i - EGLERRM | GSM-R
%[ ASTREE el - HEENK - EEG 450MHz .~ 72U
] FZB EEE - EES I ERE - GSM
¥ B2 FFB WUEEE s  Ealakfi - MERIRM |GSM-R
HHE] CTCS BERE R - EHEEEE - EESERCRH |GSM-R
=8 CITYFLO {1 K 1] . 8 1 SR IR A ~ M PR R RS

77




3+ CBTCEAZERE

FEEEATAERTMS Level 3t » fFYYIHECHL T ERTMS/GSM-REEAES (4 -
A L SRR PAZE U0 (RBC) Y GSM-RERFF BLEEE R Y 3 R > JRRHYHIE R
S BAPAZE W ] i AN Y B AVRS BIREHUS- A B E B E Y & SRR L -
FTLAERTMS Level 3fYIIAE & F A L2 £ EhFAZE(Moving Block) -

B IEEE1474FE #E 5 CBTC(Communication-Based Train Control) > &
¢ YIHEIVLE ~ B RATHT RS 5 H e i B 5 B L A Y e [
ST 77 (M LR PR P SRR (R B S B (- i 37K B CBTC
sl —(EEGEN: - & EE - SrBiREsn Y EER 24 - FTLACBTCHYLIAE

# Lt EFBIE2E(Moving Block) © CBTCIEAZE (LT E 99) -

Train control information transmission

p

e
Digital Radio

Brake pattern —

Train B Brake control Train A

Train position detection Moving authority

[E]99. CBTCH: A ZEf# (Japan Railway & Transport Review)

4~ CBTCEERHIMS

EAFEEECBTC AL » HIE FAEa#E A & (Vehicle Radio Station -
VRS) » i E T 4R £ (Wayside Radio Station » WRS) » Bt 41 » 4
PIREH TR - BSOS A YIEER A L EERS
VA SREER - RIS H i B ORI (Train Position Detection) 4k i fds ia s H
AR - i B ED R B A VRS K WRS & HIfE 4 (S R 1% [ (Time of Arrival
TOA) > FFAEWRSHE 5k 24 4R £ - [ A BE B A R W e o L o ERdakfze
HIFT RS B VRSHI L B B FE R B - %75 (Train B)ELSLT 751 H
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(Train A).Z IRV EEEEZERI (L0 (8 100) - RIS ddgidmsfloT RS AL E - 21
& R IR RE S B A A GBI g o0 I b O G R B MR L

A PR (T A VB S8 2 A TRE BV R -
A

Train B Train A
£
Lo

I
[&100. &A1 THE B TH I SRR R

5+ CBTCZHFHEK

(1) EAdapiERREH -

(2) =HEEEE -

(3) NIEIMEREHIE » 45T AR LA -

(4) BBV ~ S -

(5) =&t -~ 5k -

(6) =G HEALE -

(7) 3t B FREgES{Eim R E & -

(8) PELRANHYIKES KOLAREENR D -

(9) TEsHVEEE Sl PRI e B PR s A -

6~ CBTCHYEIR,
HATCBTCH &k i a7 =Ny AR [El - A E A=

(1) EELRE A (Inductive Loop-CBTC » IL-CBTC) :
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M ELER E YR SR A AR AT B B SR BB - EhGE A
i/ (4R e 101&102Ff7R) - J&— TR R EE e fE A (e - F i R E AT AR S
&b AE - BRI TIRE - 465845 > EFm A -

ISM Band Transceiver
WJ-8850

[&101. IL-CBTCg}E 45kl [Bl102.1 L-CBTC{# 1 25(GRS)
(2) E4FE=AIRF-CBTC (Radio Frequency-CBTC) :
M b BR[O 2 R 55 7 A R It o A 4 R A A (A0 (1 T [

103[17) » BEIE EH B35S B fi4E (Area Handover Link) » & FEEEAR 0 - 5
T EE A AT AR D~ BAE ~ Eehies S 4 -

Area I Area
Area Handover Link :
" |
| -
|
|
|
|
|
|
|
Radio Links : Radio Links
|
|
|
|
|

T Trains
[E103. RF-CBTC < [
7~ CBTCERERMN
CBTCZER {Es | HZERIAIERF] > TR R AR TER PRI 5 -
R R HATCBTCHYSEREMEN - B &M ~ BOM ~ SEMETA % ERZ - 10+
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HbER R BB T IR TN EI R CBTCHf S B REAT » T3t

P EATER A TR SUE BT - BRICBTCE RN G mEs s - 2
P ATE AL (Neihu Line) R B PRIBLEI SRS - 2955

BombardierEiWestinghouse 545 ¢ 1 (L (8454 i ECBTCHE{FBF A <

7. CBTCH ML

‘IFlr:rﬁ:sit JEK Long SF Muni SE

Canarsie Airport Island Light BART (R SFO Airport

Line(RF) (IL) Railroad |Rail (IL) F) (RF)
[USA I Las Philadelphi

. 'Vancouver

Detroit SkyTrain(| \Vegas a Dallas Airport
North  Japmar) 2 Ivionorai  [Surface Ft.-Worth b
Americ L) I(RF) (RF) (RF)
a

SeattleAirport(RF) ~ Washington

APMDuIIe?s(R(F) ! P [roronto

. Scarborough (IL)

\WestVirginiaMorgantown(IL)
[UK London

|Dock|ands(IL) ~ Jubilee & Northern (IL) -~ Heathrow Airport
Euro . ParisLi

LyonLine FEIS Il ne Barcelona

o= MBMARF B foey o Madrid  [Budapest

— IL) AL\ Lausane

0/12

Malaysia Hong KongWest Rail(IL) ~ Ma On Singapor .

e Shan (IL) ~ Penny's Bay (RF) Taipe

Lumpur [2oan Fennys bay. N E (RF) [Neihu (RF)
ASIA  Ichina WuhanMainland e Ankara

\g(I&)F\) Guanghou ~ Shanghai mng (RF) ARTS(IL

8~ CBTCHHAMGHLIE
it 228 s H ATCBTCHYR i L FEMEE - 77 FHERSS E sk Alcatel ~ Alstom
Bombardier -~ GE - Safetran - Siemens - Westinghouse - WabtecZ: 52 i i {3t
JTE o 3h B B B S E IR LAIRF-CBTC Bt > IL-CBTCH#R /D - F 28 EN 74 € (Protocol)
EK {5 ISM(Industrial > Scientific - Medical ) #:47/\ F (< &) FEE% (2.4GHz) »
FFEIEEE 802 112 (YRF-CBTCHRF & AR AR TG T - 1 & dCHEE AR
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http://www.tsd.org/cbtc/projects/index.htm#JFK - Airport Light Rail System#JFK - Airport Light Rail System�
http://www.tsd.org/cbtc/projects/index.htm#JFK - Airport Light Rail System#JFK - Airport Light Rail System�
http://www.tsd.org/cbtc/projects/index.htm#Long Island Railroad#Long Island Railroad�
http://www.tsd.org/cbtc/projects/index.htm#Long Island Railroad#Long Island Railroad�
http://www.tsd.org/cbtc/projects/index.htm#Long Island Railroad#Long Island Railroad�
http://www.tsd.org/cbtc/projects/index.htm#Long Island Railroad#Long Island Railroad�
http://www.tsd.org/cbtc/projects/index.htm#San Francisco#San Francisco�
http://www.tsd.org/cbtc/projects/index.htm#San Francisco#San Francisco�
http://www.tsd.org/cbtc/projects/index.htm#San Francisco#San Francisco�
http://www.tsd.org/cbtc/projects/index.htm#SFO#SFO�
http://www.tsd.org/cbtc/projects/index.htm#SFO#SFO�
http://www.tsd.org/cbtc/projects/index.htm#Vancouver#Vancouver�
http://www.tsd.org/cbtc/projects/index.htm#Vancouver#Vancouver�
http://www.tsd.org/cbtc/projects/index.htm#Vancouver#Vancouver�
http://www.tsd.org/cbtc/projects/index.htm#Vancouver#Vancouver�
http://www.tsd.org/cbtc/projects/index.htm#Las Vegas, NV#Las Vegas, NV�
http://www.tsd.org/cbtc/projects/index.htm#Las Vegas, NV#Las Vegas, NV�
http://www.tsd.org/cbtc/projects/index.htm#Las Vegas, NV#Las Vegas, NV�
http://www.tsd.org/cbtc/projects/index.htm#Las Vegas, NV#Las Vegas, NV�
http://www.tsd.org/cbtc/projects/index.htm#Philadelphia#Philadelphia�
http://www.tsd.org/cbtc/projects/index.htm#Philadelphia#Philadelphia�
http://www.tsd.org/cbtc/projects/index.htm#Philadelphia#Philadelphia�
http://www.tsd.org/cbtc/projects/index.htm#Philadelphia#Philadelphia�
http://www.tsd.org/cbtc/projects/index.htm#Washington Dulles APM#Washington Dulles APM�
http://www.tsd.org/cbtc/projects/index.htm#Morgantown#Morgantown�
http://www.tsd.org/cbtc/projects/index.htm#Jubilee Line Extension#Jubilee Line Extension�
http://www.tsd.org/cbtc/projects/index.htm#heathrow#heathrow�
http://www.tsd.org/cbtc/projects/index.htm#RATP Line 13#RATP Line 13�
http://www.tsd.org/cbtc/projects/index.htm#RATP Line 13#RATP Line 13�
http://www.tsd.org/cbtc/projects/index.htm#RATP Line 13#RATP Line 13�
http://www.tsd.org/cbtc/projects/index.htm#RATP Line 13#RATP Line 13�
http://www.tsd.org/cbtc/projects/index.htm#Lines 3, 4, 9, 10, 12#Lines 3, 4, 9, 10, 12�
http://www.tsd.org/cbtc/projects/index.htm#Lines 3, 4, 9, 10, 12#Lines 3, 4, 9, 10, 12�
http://www.tsd.org/cbtc/projects/index.htm#Lines 3, 4, 9, 10, 12#Lines 3, 4, 9, 10, 12�
http://www.tsd.org/cbtc/projects/index.htm#Lines 3, 4, 9, 10, 12#Lines 3, 4, 9, 10, 12�
http://www.tsd.org/cbtc/projects/index.htm#Lines 3, 4, 9, 10, 12#Lines 3, 4, 9, 10, 12�
http://www.tsd.org/cbtc/projects/index.htm#Barcelona#Barcelona�
http://www.tsd.org/cbtc/projects/index.htm#Barcelona#Barcelona�
http://www.tsd.org/cbtc/projects/index.htm#Madrid#Madrid�
http://www.tsd.org/cbtc/projects/index.htm#Budapest#Budapest�
http://www.tsd.org/cbtc/projects/index.htm#LausaneMetro#LausaneMetro�
http://www.tsd.org/cbtc/projects/index.htm#Hong Kong#Hong Kong�
http://www.tsd.org/cbtc/projects/index.htm#Ma On Shan#Ma On Shan�
http://www.tsd.org/cbtc/projects/index.htm#Ma On Shan#Ma On Shan�
http://www.tsd.org/cbtc/projects/index.htm#Ma On Shan#Ma On Shan�
http://www.tsd.org/cbtc/projects/index.htm#Hong Kong#Hong Kong�
http://www.tsd.org/cbtc/projects/index.htm#northeastline#northeastline�
http://www.tsd.org/cbtc/projects/index.htm#wuhanlrt#wuhanlrt�
http://www.tsd.org/cbtc/projects/index.htm#Guanghou, China#Guanghou, China�
http://www.tsd.org/cbtc/projects/index.htm#Shanghai Line 8#Shanghai Line 8�
http://www.tsd.org/cbtc/projects/index.htm#Shanghai Line 8#Shanghai Line 8�
http://www.tsd.org/cbtc/projects/index.htm#Shanghai Line 8#Shanghai Line 8�
http://www.tsd.org/cbtc/projects/index.htm#Seoul, Korea#Seoul, Korea�
http://www.tsd.org/cbtc/projects/index.htm#Seoul, Korea#Seoul, Korea�
http://www.tsd.org/cbtc/projects/index.htm#Ankara#Ankara�

PRI A REE 2t (Bombardier) £y Cityflo 650H]1 75802, LIFFEAEHYMEAR 2145 -

8. CBTCH i BLIEMEI R

Train-Wayside

Absolute Position

i Products Protocol Determination
Alcatel Seltrac RFIEEE 802.11 Loop Crossover
Alstom URBALIS 300 RF:Microwave Eurobalise
_ RE: IEEE Commercial off the
Bombardier CITYFLO* 650 Shelf AAR Industry
802.11
- Standard Tag
CBTC &
AATC:Radio
CBTC~ITCS ~ ) :
GE AATC RF:EPLRS Ranging using
—_ EPLRSITCS:GPS
& Tacho
RF:S3/Link
Safetran TBS100 ~ GEO -
Ethernet Radio
IL:Loop
IL:LZB 80 -~ crossoverRF:NYCT
Siemens MeteorSACEM SACEM -~ RF-ID Tag ~
LZB 80ETCS Meteor Eurobalise ~ Optical
RF:GSM(open) (Meteor RF):
OSMES
Westinghouse TBS100
CBTM ~ PTC- RF:IEEE
Bl e IDOT 802.11
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http://www.tsd.org/cbtc/Suppliers/Alcatel/SelTracBrochure.pdf�
http://standards.ieee.org/wireless/overview.html�
http://www.iei.tu-clausthal.de/~reindl/veroeffentlichungen/k13/us94.pdf�
http://www.bombardier.com/index.jsp?id=1_0&lang=en&file=/en/1_0/1_0.jsp�
http://standards.ieee.org/wireless/overview.html�
http://standards.ieee.org/wireless/overview.html�
http://www.getransportation.com/general/apps/global_signaling/Systems/cbtc.asp�
http://www.getransportation.com/general/apps/global_signaling/Systems/Detail/itcs.asp�
http://www.getransportation.com/general/apps/global_signaling/Systems/Detail/itcs.asp�
http://www.getransportation.com/general/apps/global_signaling/Systems/Detail/itcs.asp�
http://www.getransportation.com/general/apps/global_signaling/Systems/Detail/itcs.asp�
http://www.getransportation.com/general/apps/global_signaling/Systems/Detail/aatc.asp�
http://www.raytheon.com/products/eplrs/�
http://www.raytheon.com/products/eplrs/�
http://www.westsig.co.uk/products/tbs100.pdf�
http://www.westsig.co.uk/products/tbs100.pdf�
http://www.westsig.co.uk/products/tbs100.pdf�
http://www.safetran.com/product/new/geo.htm�
http://www.safetran.com/product/new/s3link.htm�
http://194.117.203.65/gb/meteor/�
http://194.117.203.65/gb/meteor/�
http://194.117.203.65/gb/meteor/�
http://www.siemens.de/vt/products_solutions/index.html�
http://www.siemens.de/vt/products_solutions/index.html�
http://www.siemens.de/vt/products_solutions/index.html�
http://www.tsd.org/cbtc/projects/nyct/CanarsieStatus21APR2003.htm�
http://www.westsig.co.uk/products/tbs100.pdf�
http://imsserver.volpe.dot.gov/workgrp/meetings/05SysArchDesign.pdf�

B BROGHEHER
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N

RO
(—) BEEHERTES

FTHIRTS SolutionsfTs&fie 2 EHL 247 ~ T BEEAR (L KR TEE 2 E
BB BT B S A AR T2 T A R T B AR 7 D TP DR i e - 39
SRR EHAGHVER - FFEBENRMZEITE T H - SFFRE - BUR
AT~ B EE > DS - HERE - ek - o IWE - 2mES
PEAEIFRCR » EER R - Wb > HEREINE - BhSElAREEZ &
& BB 245 ( FMS) - (NS HATE 2 EF a3 B T RAKE ) ke T A
Rol&E o MK FERERIGECEER 27 S BREATRIISHERR
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