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SUMMARY

L. Title

O Research Planning for Technology Development of Railway Location

System

II. Objectives and Necessity of the Study

O To establish development plan of location determination methods for each
railway transportation field that leads to development of efficient railway
location system
- To propose application strategies for different railway vehicles and for

different operation environments
- To suggest strategies for utilization and commercialization of railway

location systems

II. Scope and Contents of the Study

O Analysis on the trends and background of the development of railway

location methods

O Identification of research objectives, research contents and strategies
- Identifying sub tasks and defining the research scopes
- Suggesting research items and goals for the sub tasks

- Developing criteria and assessment methods for research outcomes



- Actualization and quantification of research goals

- Feasibility study on the research development

O Development of Request for Proposal
- Listing sub tasks and setting up their goals
- Developing the research items and strategies

- Presenting the application strategies and effects of the research outcomes

IV. Result of the Study

O Feasibility verification of the research and research direction setup based
on the study of related policy trends and environment and technology
analysis

O Development of three sub projects for the development of core
technologies of efficient and accurate train location system

O Research projects and their contents
- Project 1: Technology development train location system with high

accuracy and high efficiency
® Development of onboard train location detection system
¢ Development of performance assessment methods for the developed
system
- Project 2: Development of RFID technology for railway locations and
track information
® Development of low-powered RFID readers and tags for fast moving
environments
® Development of safety improvement methods for railway RFIDs
- Project 3: Technology development for database building platform for
tracks and railway facilities

® Development of automation method for information gathering of



tracks and railway facilities
® Technology development for operation management of platform for

railway tracks and facilities

V. Expected Effectiveness of the Study

O Social Effects

Increased railway transport capacity by improving efficiency of system
operation and maintenance

Improved quality of life by supporting green environments with reduced
CO2 emission

Reduced number of railway accidents by securing safety of railway
system

Improved emergency response capability by obtaining 3-dimensional
railway space information compared to conventional line-based
1-dimension

Reduced number of railway accidents especially when the recent railway
accidents and train pass-by incidents were mainly due to the absence of

train location information

O Economical Effects

Improved efficiency of maintenance for track, electricity, signalling, and
communication facilities by increasing the location accuracy of high speed
inspection trains

Improved efficiency of maintenance with easier determination of the
maintenance points based on the 3-dimensional track database

Increased demands for the technology since the railway location system
follows the technology trend with high-efficiency, low-cost and

high-safety



Improved efficiency of entire railway system since the developed
high-accuracy high-efficiency location system is applicable to many
railway fields including maintenance, train control, operation
control/monitoring and safety

Expected enlargement of the railway market as the environmentally
friendly transportations are preferred worldwide and related plans are
being established including constructions of new lines and speedup of

conventional lines

Technological Effects

Improved efficiency, safety, and convenience of railway transportation
Possibility of expanded technology development such as onboard train
location and track database information system when combined with the
wireless communication technology

Standardization of the technology by minimizing the technology gap with
advanced countries and leading the technology development

securement of competitiveness of domestic technology in the world
market with the development of low-powered RFIDs applicable in fast

moving environments
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3. e ZeAE F R 24

7h BFEY

O A 719= 32 #4423

Title((train! or tram! or tramway! or railcar! or railway! or railroad! or
tramway! or ((tram) w/1 (way!)) or "tram-way" or railborn! or ((rail!) w/1
(born!)) or '"rail-borne" or '"rail road" or ((rail!) w/1 (road!)) or '"rail-road"
or locomotiv! or "rolling stock!" or ((rolling!) w/1 (stock!)) or rollingstock!
or traintram! or tramtrain! or "train-tram" or "tram-train" or "LRV" or
"LRT")) and ((posit! or locat! or situat! or plac! or rout! or pathway!) w/2
(measur! or control! or signall or monitor! or detect! or inspect! or
estimat! or analy! or sens! or check!)) and ((speed! or velocit!) w/2
(measur! or control! or signall or monitor! or detect! or inspect! or
estimat! or analy! or sens! or check!)) and (((track!) w/1 (circuit!)) or
((wheel! or speed!) w/1 (sens!)) or odometry! or odometer! or tachometer!
or '"odor-tachymetry!" or "RFID" or ((radio!) w/1 (frequenc!) w/1
(identification!)) or transponder! or interrogator! or balis! or eurobalis! or
"TAG" or ((doppler!) w/1 (radar!)) or "GNSS" or ((globall) w/1
(navigation!) w/1 (satellit!) w/1 (system!)) or "GPS" or ((global!) w/1
(position!) w/1 (system!)) or glonass! or ((global!) w/1 (navigation!) w/1
(satellit!) w/1 (system!)) or galileo! or "DGNSS" or "DGPS" or "CDGPS" or
((carrier!) w/1 (phas!) w/1 (differential!)) or "RTK" or ((real!) w/1 (time!)
w/1 (kinematic!)) or "NDGPS" or "SBAS" or (("satellite-based!" or
satellitebased! or ((satellite!) w/1 (based!))) w/1 (augmentation!) w/1
(system!)) or "GBAS" or (("ground-based!" or groundbased! or ((ground!)
w/1 (based!))) w/1 (augmentation!) w/1 (system!)) or "EGNOS" or
((european!) w/1 (geostationary!) w/1 (navigation!) w/1 (overla!) w/1
(servic!)) or "WAAS" or ((wide!) w/1 (area!) w/1 (augmentation!) w/1
(system!)) or "MSAS" or (("multi-functional!" or multifunctional! or ((multi!)
w/1 (functional!))) w/1 (satellit!) w/1 (augumentation!) w/1 (system!)) or
((radio! or '"radio-based") w/1 (navigation!)) or "TOA" or ((time!) w/1
(arrivall)) or "PTC" or ((positivl) w/1 (train!) w/1 (control!)) or "INS" or
"IMU" or gyroscope! or accelerometer! or topograph! or "milestone!" or
"encoder" or "laser" or "TRACK" or "KP" or ((kilo!) w/1 (post!)))

Keyword
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XX} Saab, SS HEEC 2000
Of BIAE X YUK AIAYS AT Y oY F12|FO| ol Fot
Hg FAed, Bx A HEE nonsteerable EZ CIXIRIo=Z QI
o, Y M= ZES Moz Moo AENo=, IMI 22 M=
SES0| Mg HMESS 0|83t AEHst= AS @A THEIACL
FoUg | o Yol MetE ¥nz|E2 1A(1D) A M2 EF9| ZE% O|F
2 AU, o ¥nelFel e X|= DBUMEH 0|50 &483t= At
20| EfZME{QL AtO|Z(yaw gyro)gt M| 22H FEE Z4EEet A
2ol ACL MM g2 K02 X HEMM Es LENHO FHS
ez ok
INE=ER SARAKIER| A SEHE/SKEA O
=N Computers in railways VII
==3 GPSel #Hd MMEQ| gt 22 0/8%t EAt XEH
XX} Cai, B | Wang, X YEET 2000
M2 ATS ZIEE HA AIAHORN, T 9IX| Meyol Wy
of £7t STt S8, D&HEO 0, WX AX|E H&SA YHo|
EED YTk sfLto] MA AAZE OPYHOIX| YLt Ch, Pa= F
2ot X010 A0l HEHO|L MA|ZEe| YX|AEE dXI5H| flTt
CHEMME ARESHCE MR HRo| EtEd S &F5H7| {8+, f2l=
GPS(ELCHR[X| AX[ )2t 2td MMEUYX HXE)E ALESHAULCE 2
=aug g Mol A0f, REl= RO|ZATZep IS E Y 8 A
E 44 FESH| Rl AMSIRALL GPS= £2 NMFMEEE KU1
UAXBH DT E42 FASiCE M (F=EEE)2 giie] §4E2
XL Qo 0|59 d=H&ANO 5EH5S ReloH ALY, REl=
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A
Ral

Schneider, U | Troelsen, J HEEC 2000

HH[AO|E AAE”E X|@St= GPS W{e| CIX|E Bo| AtE0| AL Of
L G /AXHRIE Q8 A5 2B = X2l 7I5HH K|
Tgop o 20t ofL|2l, BE = (topologic position)2|&stA QK|
Esior oot CIX[E X|Z=of AFE2 0|zt

of AH(EE)S 7HsotA oot ol2{gt Ared(BE)2 At
d ZUHZES 7tsstA Stn, Mk UH[AO|M AAE (X &F
2 topologic reference systemOjA| M HH K|t &&A HLE
ULE TSHQ HH[AO|E AAH” 91X &FM2 H H ’89—*5% )
St= 7t 2% 2022 GPSe| F=d A e
HOO|HO|C}t. DGPSe| AtEO| 7hs¢ot o Hx MM F& % CXE
XIE':’H 2|50t miEtHEHE2 fIKE =857 flet d=HdE

71X @=L AL 0|52, A|IA|O0| Eot H2 EfEe0l=z 130t
FO0M X ERNME MY = UEF 50, DGPS ths ALE A|ECt
=2 7824 MZ3tCH GPSAIRO| 2718 AL, track
olXgIStoZ N MsS T
map heading®| AtE2 EBH HH|A O X of|2{0f RA
(drift)o] =2 Q2™ Md S GPS drop-out 0OfA{Q]
heading estimation0f & 9|ZHMO0|A 3$tCt. map headingdt EHA|
heading estimation?] =822, XH|E gyrol AIES=z2E 1Hds
gyrol| ALEA| et 22 #=Fo| =2 X F&dE 7IE = UCL

SR BE AlAH
Slx|o £

-{o —I> oy N o e ¥
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11} integrityE
attitude®| AtE2 heading estimationE
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o MEUIg WE2 oM 57X Hat 724
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Y5 2% LS s o e MEe 7I2E e

O 7|Ht5lq, DaimlerChrysler Rail Systems (Signal) GmbH 01|
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GPSE JIOZ o ¥kt K A~Hol H5
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Tz sl
QICt. GPS
ofs 7

Zgtsta

lzatE HiMeh 2EALES XHSE IS AHEE O

O|Eo A

[e]]
AT
OolH2RH 273d & =+ Ut Feitiz, 238E 2=0H HolH=

signal shadowing phasessQt GPS QX[A|AHIS At2E £~
= AMEg = Qe /IXNEEE HI3g &= ULk

g oo
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EE01E = UCL 7|8 DA K| A|AHO| R HEAHZENM
EHStE oHX| 2F AERY ZE[7F BaMof| Z[ZHE|of ACH M2
Bi, =2 &% 3 EtY HO[Z0| mat, Helxknt ol ¥HE, olHXl ME
2 FMolgoRM LK AN T & ULk 0 AIAHS 20004
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ARt 5ol oJsto] M7|1327F degeo] A7 ool A=z W
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X2 7FAok ok AFAIE3ZE Al g HE3 A3 E
of MAAGA wet ikt et dow HIde YA™
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V AA7E) AMEE I 9lom, ACE AFAIESZE AC 25,000V
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AL YA AEIEAAE WF 25000V AHF7) FE ALEEHE B
= o A2 EHEJ L A
IAFE JYHs B0 sty ARz 7S st oz nuHd
TAME AEo] 7 Aol Jot =3 G dEx ARIEZAAE

A=A} ME T zZshe] o), G So] WO A= o Age]

A
ARgstEE AR e AgAerr Ao SAsA gal, £Hd ol
50~60VA HAE=Z BluzA AHow 3 AlJx Az % (Ballast Leakage
Resistance)®] ¥ 3}7} Hof FgAdo] 3 54 o] Urh

A=IE2s 727 destd, 52 AT PP zZke i A =3 R
T3 W EAe] HFARE AATFeEZAN IAAANHA LT} AxIE 4

ol FAHH= FATF o, 2] FA&ET AAE dAd 5 gle AL 2

it

800~1000m, =AE =2 79 200me] Zo|z MAAHE=z A%
A[1A ARETL Aolgh 5ol vk =S #

date] Yx|Fet FA|7E AgFe] obd AAEuE B JMEstRE, AN
AR oA ="l e AFstA ZshH, A FRAoJAI =" ] HHFAQ] o]
SHA A A AIA 9 &G goto] Brbsste] AU EY S

AgHets E3ol A
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A= 2= Aol A7) WEol AGArE SeiMrt dxpe A 9] 8<lo]
Thesteg ApdelA Eate] 7h3tE A E HAside EalA AFH S
2 date] olEAYE FASoF o ArEollE Ao 2SR B
olFAYE FHetatr] Al Aol £EAME At FAE stal e
o, x4 FEAMZAN AEAAEZHE, L=mH)7E A A=
dape] gl dAHo] EapolEA AFe] JAFS SAHsI Ak olFH

=9 oJEAAE Adse FAolth AxHz A9 AT o2 TR
A ARH ) dxte] EAIRYre BHste] AANE wetsm A
A9 nel Ealsol wob YIH ARAAY stefo] BrbsH; BASHO
2 aate] gxote] 5 wio] Yt W, ABAAE HAgIA D)

Mg Fahsol wob AR AR fHstote] Asety, AL 9
A fAstete] Absd AAol Aok AW DA FAMZ A4S AAAEe
gAo) o3 olFHEE IR AuEA AEF Azire] BF(M 1 )sh
Aok A7) Bmel ©e X7t waHe A7
A7b FH5E wHol Aok

Aoz ALg AFAAE Aol BHHE FN2A A8 JHS F
A Z4Y 5 A= JlolTze] ARAN A& B9 A e 7)o

2 ojane 2Ad ol4ke] o
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[ 4] 77 HS4 2-F4A ALY
-EE 2
_ordEzE - 0°
710 A A A}k ISR
JolAlA AHY - 7)o A 60 A
- 7191 : 10 mm ©]
- A AN EE8A Z94R 20 Hz 0]}
) A% 2.0 km/h 0|3}
.§,. X }ﬂ‘_:_}\ oF (]’o——l
FaAA deAtd - Y AN SEEA F304: 4000 Hz o)A
(FFEE 380 km/h & 2,000 Hz o)fo]d 1)
At DC 120+0.1 V
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i
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o
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-E|H| =25~75% (25~ 40 TOl|A)
£ M2 . Eg>E-05V

EL = 06V

HA et
ZH I (QUT-G A0|)

Az fd 2 B AL FAFAE] 4R DA A= )
i HegEa low, tiixAl Alx¥le g CBTC (Communication Based

Train Control)*]2~¥1#} ETCS(European Train Control System) A|2¥lS =

T Ao A7l ERAAALFH M= FAFAS Tl AFI AFAARTE
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)
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N
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a A ek RFID 7l&< A58 XA H3A 7<=
o] A& Ut} 7|4 RFIDE FARZERJAANV|EZA IFFEE GAS
RFID EWRXET e} RFID EREECY IFFEE #5535t RFID U +

EdWA Zz X X =]of, RFID #H
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THAANAGRE Tt
ETCSOA = A3 =2, aAHe4A, =& o|t4lA, Balises ©|&3te] G4}

slip & slide 225 B3t Stk
Balisew H|11Z 3} =W F3}<(inharmonic feedback frequency)”]%2]
]

_ﬁ_
4 2% RFID A|=Hlo] 7|8k 7]&2A4 H&Hol &8, & 5 A=ZH U
4

ot b
o

dol -3 AAlol Ut Balised] Y& H2 27.115MHzol A #5273

2
o

2 zFe] AXA"E  CAU(Compact Antenna Unit)¢} BTM(Balise
Transmission Module)2.ZFE FHo 2 FF5HM, balised EAE dlolH =
4.234MHz® Fut4E B3l 2 dElY EE(CAU)E &3 BTM| ASH

Balise= FHU 500km/he] £%71A] &¥stA HolHE i d$T & A=
& AAEACH, ofgfjef o] 471X oz FEHETH

157

HYgR 5)
- B 3 ARAI AN AAH] SEA AR S 2e ARAIYR
_]

- B 4 Aol EAEHNUY HA Y HOHE dezEwol MF

[ 5] Balise®] 7|49 £

F8 54 AL
A%} (Coupling) 2] = (Inductive)
A8 $41 F3}4(Vehicle->Balise) 27.115 MHz
tle]e <4 53}<(Balise->Vehicle) 4.234 MHz
H 212 FSK
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HZE 1
tlolE e HE& 565 kbit/s
A% oy 4o 1023 or 341 bit
A HlolE Zo] 863 or 216 bit
o= Aol 230 to 450mm
Ho S A 180 mm
&5, 73, A Toll ik 9% T3

(29 511 el 2(eh) B a2ty CAU)
On-Board ATP
[
\ MVB
Tele-powering Balise passage
On/Off report
A
On-B_oard BTM
Balise
i 4
Equipment RF signal FSK-signal/Telegram
CAU
A
Tele-powering < <4
< FSK-signal/Telegram
a4
Wayside Balise
Balise A
Equipment A
LEU

[2% 52] Balised] 532 7+A%
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$ ARA, 39A 284S 98] ETCS levell +5 ExpA|o]A
H|(ATP)Y F5F0] ¢85 o], AFA, &34 F3kel BaliseZ7} AA|H Ao, H

< dubdrwAe 143S ¢s] AEFA, A F7kol = ETCS levell €3}

T ATtk
CBTCo| A= A&414, RFID Transponderg ©]-&3to ExY X&) £ &
AAst ok o714 RFID Transponderv ETCS®] Balise®?} fAFSH 91X H
BAAAEA FAFIHF oy 72 B FAo] thE 54 o] Utk

CBTCAI =¥l B270F dApAojA ~dlog 7]E9] x| 2 7uk 117 o4
Wale]l dapA| oAl 2El-s dAlStE o] FHE WA Y HAA A =F (MBS -
Moving Block System)®] & FFolth. #A7HA CBTC A|AFE SR o
w2} REE217]9F CBTC A|2H], d¥ 7|9 CBTC Al2H], Fx7]9F CBTC A
2Flo® FEEY. AR RS T des= L7 CBTC
Alz=Ele 7HE e eE A olA|Nh, AAE HAEstE Al2EE AY gle
ojth. ¥FH FXAA| ) H I}

ZRAEAS B3 ALEE RFEAIZ]HE CBTC A
2 f4 2 Bujzde] AIFEEAAH HA838lEo] £ Fo o &
<

=

EAN7HF CBTC A|2&HL 24GHz ¥4 LAN E2417]8le] CBTC AlAHl o=

Y4 CBIC A2dolAe Aol 438 Bares 7o AN aM=
g3l Ao £ Y oFANES S5, AN FRAA F @

Bl Ele] o3 TS x| xte] BAS 95t RFID Transponderg 2
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[1¥ 53] CBTC GAfAloA A2/ 2332 i A%

CBTCA|Z=®lo] A 8% RFID 7]%< UHF(900MHz) <2 RFID 7|&ZA]
L Fug g &8 RFID Al=2" 3 FARE 545 7HAAL Q. 644
1+ 48 RFID Al2"l#e O& QIFd#o]x Z2EZS 7FAIL Qlo] B Al
date] 71448 Hasl gta th. CBTCA|Z=Hle] 8% RFID7|& U4 A
® ETCSY Balise$} A 7R 9] AXEA 45 & (Passive) RFIDE 2]-&
ato] Balisedt U /Adoz Az Ao TAY B9 TAGENAEH)S
ARk AfFo] TAGE 3T wf Zp&Fshiol] &2HE RFID AEHUEHE &
& 9} ] g (Telepowering)& &3] TAGo] o] &5, TAGO WHEd 2
H EA K7} RFID QFHIUE AFE o] xpke] Ao x|7}F fetdt)
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oEL

Jo

AR, HARE, Ax25 40 A85HE CBTC EAHAIoJA12~5& Thales
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25m7tA e g X HAR TAGZE AxHo] gt}
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CBTCA| 2Hld] AL=9 RFID ERNAZY Aule 7], ety A4+

TAGE FEHM, chéjsh 2& FAAFS 71T,

[ 6] TAAEE X RAE RFID 29 AL
e AR
=yl e 902 ~ 928 MHz(UHF)
RF %¢ 0.8W
RFID 94 o akgH(Back Scattering) 84

RS-232C Zport

B0 E] | o] 2
TAE ] (TAG Hlo]H Fal 9@ 2 ZUH §)

A% : 2.0Grms, 10~500Hz, random, 3 axes
Z7 : 10G peak sawtooth, 11ms
FALE 10 ~ +70°C

E% 1 95%
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o

(18 54] EAIE =S Y48 RFID 24

[3 7] SAIEE S X BAE RFID <¢tely ALk
T A AL
T W9 902 ~ 928 MHz(UHF)
o] 5 9.5dBi
VSWR <2:1
A 50 ohms
3dB Hl* 30°/80° (E plane/H plane)

[1¥ 55] =A|E =8 RFID {tH Y
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(HEMU-400x)°1 1= GPS, IMU(ZAZHZA)E 553 AXASA =] A

(HEMU-400x)

3) =9 AT AXNHAANLE 7N dF

o) AEmEAAY AAARAEE Tt FASA AEH 2 ABAA
of Flurd X @A) A g Fol vk A, CBICS ETCSSh 2 A
AR AR Ao A 2R o] AT HAH Hgo] AAHL Y Ao
=5zo} o] AFHuE B JAANI} opd AP AH Dol 9%

2 FAae AN AR S50 AL Fol ATk ARAAAA N2 B2,

#3328l RFID, Vision Sensor & T3 91X

% £EPA7E 5L S AFANAA FFAS NASE wolE WY
o8 A7k 1Y F Atk 53 fUD BT A AYFHA2GL o
9 ARWEF ANAAVIE WP BIF A7E AP o3 gon], HY
5 A9GH) #7300 AL BHAAS) RFIDY 4
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7F INTEGRAIL Z 2 A E

INTEGRAILS safety-critical3 S48 7A€ A=A 289 egag9 €4
Alofel] GPS9} EGNOS(European Geostationary Navigation Overlay System)
A 2" ol H 8IS ERlsle AFY e E 2001d 9€HH 2004 6L7HA]
HAF 7 (ESA : European Space Agency)®] FEZ o]F o3l Al¢olt.
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AXAH} FAH AEE AFste ZeolH olyd HiE= [8FANF 4,
HHG SA4AAM AH, ZIAE 2

INTEGRAIL-S HEA|2Rlo] SF3e] B Alo] Fofol g HAI 2RS4
&3t7] flsl Bad A4 gHo] EGNOS Al=HS Z83he] o
H444S FAdte Aolth. Wk INTEGRAIL Z2ZAHEE AFHow &

gJsto 24 TFF EGNOS A"l HF3} 3o AojM FHA=FSAYRE

atA| o) EoF MFEFTTE Q] ETCS(European Train Control System) 4

kel 4 Qe J)uk T2 £98 Fr)
ERTMS| A Hel®l dxte] Alols gate] &xo & Q. I

g3} 259 I WFE odometerE AME3lY =Fo| rpeEH uwiEt
A odate] fix= Aod AUAA=ZRH A2 Foldn. ERTMS
M= Exte] AHYAE AHolslr] fste] A=l Eurobalisett= A4
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1

AL AAst] date] AAE BASY. shAvE dAte] AAEAGS #3%
Eurobalise®] =942 AA 3 FAHRF] B HES Q34 "o
INTEGRAIL Z2AEA = A4 H Z EGNOS, odometers 2] HZAIA
E T A& FMEY AAH VEFA FEo AT A
A YR AA 7<) et w oAy A|HE &3 ALIS5A

2 sy

@ INTEGRAIL A+

O INTEGRAIL®] 52412
INTEGRAILS A MR} 7120 AN AANZNES AFste] AL

AT nERoA Qe YANARE 27 7R BoplM BEH 4
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- ARA o)(2F) o
- SARAF ol
- SEeEUY 2ol
2 Ropl U@ GAANGRY QFAG FEES AR olditt. 9 3714
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SATCOM) 59 &8<& %34 78 7Mssith

INTEGRAIL AlZ=¥l& B437F 9 A28 7|43k F8st 94X &
e A SEEoFANAY HE3 AAAHR AFS HEZ )
I k. INTEGRALOIA 7Asts 39X @4AZXE  "INTEGRAIL
Mobile Unit"e]2}al A 95}, GPS, EGNOS, 7|e} 9% ¥ SEH[XZH] &
< T8 dsAAMTIEE AAHA Al2"lS FATH. INTEGRAIL Mobile

=

b

feig
=]

2

l‘ll‘

Oll

Unit& GSM SAIREAE Tl 434 5 dA4A07} Zhsetes 47

= 2Ath. INTEGRAIL Mobile Unit2 ETCS(European Train Control

Standard)ell A} A ol® X719 AAAHA 7 SAER B 2B D AbA o]

FAZEe] 1B H o] 2ALYS W s HAHAG. & T2 #HA F

AA ] WA FUt

[Z¥ 76]S ETCS FZAA AYsta de IdxAo]FXE7 INTEGRAIL
T4

M
rlo

Mobile Unit7+2]

\1’ Radio Antenna Unit

Ay

" Global System for

[E - S .
] INTEGRAIL Mgbile communication
Mobile Unit 2 T
Man Machine Interface e i dew | Save Transmission Unit
h
I i

d
I | i e

Balise { . § P el ol H'CUZ 8
p > ] HEH } (Optian)
Speed & ! Transmission ;
Distance Unit Module = s T | Train Interface Unit
: ¢ i il
;‘("-‘; Compact Antenna
T . MVE anie
Bk Unit w0 L
Optical Pulse Genarator T Train or Traction Control

[28 76] ETCS Ex}A|o]2X] 9} INTEGRAIL Mobile Unite}e] 4 #A

O INTEGRAIL Mobile Unit 23 A}k

- Al2=®l XA A AFgE F(System Positioning Accuracy)
< 5m + 5% * o] 5 Aa](95%, T}
< 1m (95%, &4+3h)
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A28l F-Z4A4 4F(System Integrity)

31 $HA|(Alarm Limit) < 20m

A A AAIZHTTA: Time To Alarm) <6 =
4

d 913 E(Integrity Risk) < 10-7(target < 10-9)

A 2dl 7H8A 2 A4A 425 (System Availability / Continuity)
> 99.99999% (i.e. unavailability <10-7), W 20% X+ 2km ©]& Al

A2 FAH

=Y

CENELEC 74 £&(2=atd W A &H: 2=, I, Ak

INTEGRAIL Mobile Unit &% 2 W& AFSF

INTEGRAIL Mobile Unit 1991 rackEl] o= A 2tslon 2
Yo AxEo] 8ATt [2¥ 77]S INTEGRAIL Mobile Unit 2]
o, [1¥ 78] WF TS vERATh

[Z29 77] INTEGRAIL Mobile Unit ] &

INTEGRAIL Mobile
GMNSS | R GSM-Madem ETCS
Notebook RS 232 i RS 485 Onboard
(option
Interface Inertial Sensar
Board Unit GPSIGSM
Odometer f 2*Discrets { RF Antenna
‘ Storage ‘
Spare { R5422 CEU ‘ = Power
‘ Z7DBLEIS ! |y dication
:; ‘ FPower Supply ‘ { 2TEI0Y
Spare RS 232
. =]
[2¥ 78] INTEGRAIL Mobile H3# T4 B2
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FRONTSIDE

BACKSIDE A&ﬁ:ﬁ";”r“, ‘ oy e
i ™ 12-bit Analog 110
= PC104 DMM-XT
| > Gusm i
o= GSM | 1
Dusl band < ; N " e e | Bl ey
anenna ; o > s TTL
GSM / GPS vor GPS Receiver
ﬂ o e | allman e Razz2
Spars stz
Spare e 'n‘:'-ﬂ- > Spaie Roaze
KVH E-Core .;‘::,.L - Angula e sansor [
Odomeer TBD ;::-ﬂ » Gdomstr Channsl A8
o Diswetein
INTERFACE BOARD
Bombardier L
B00mA PC/104
o OFTION s P/104 Interiace
ERTMS/ETCS b * [}« o marre e seas [ | o [
comz o e
10100 BasaT Ethemat € et
Parale Port
Mouse ':-U- USE s » i
Keyboard = e L » Kerboed
Terminal |« =afle - . HD1 20GB
_— - EIDE inksrface " orFD1 2GB
Kpplication-SAV Pedifiney
Dpetating systemsxWorks Hard Disk 2
» . Removable
. ' CPU PC104 = 10GB
Mobile Unit Mopaﬁda : »
166MHz —— )
1 451190074 =5V 2 LED
Block Diagram = | P
<1y |Interfacss T 4
”_5‘\2‘,' s ooOC i Ly
M : am SYKO-ROS ‘
s ower
17-38VDC - C
»

[18 79] INTEGRAIL Mobile Unit W& % <QlE]# o]~

[Z21¥ 79]%= INTEGRAIL Mobile Unit W9} 9§ AEjHo]2 ALFS

Eju o]
27, AAA, N&EEA, FBAAS) LB,

O INTEGRAIL Mobile Unite] $1x 24 3
INTEGRAIL Mobile Unite] $x A3
TP}

- 9% : GPS/EGNOS,
- GPS/EGNOS AR =

- HolE o™, 4=DB, HolE ABAS
47 7k ol Ae 2 4 27

FHAGA /7S A, AR
A2 A (track-oriented coordinates)Z ¥
AHZ FHAYA/7MEEA S

POWER ON
Iz Switch

|=]
Y=

INTEGRAIL Mpbile Unitell A 2-&3l= A2 GPS/EGNOS

U
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[1% 80]> INTEGRAIL Mobile Unit ol ®AE AMGE AXNAA <1
ZZ<% yeldt. INTEGRAIL Mobile Unitol = WA ZE AlAMdolH =S
Axesta, FHIHE A X9 £ AHEstal, npAHo g AtE

AA9A 9} £Eo] WA F7hE FAs HEAHA ARA, SEAHE
=99t

GNSSPVT |

Direction o . Location

(ANR) " Pre- Navigation Evaluation Data

| processin Filter of Solutions
Distance P - —p-
(Odol/Acc) >

Sensor Fusion

O INTEGRAIL 541 T4
INTERGRAIL 2 &4 E o] XE INTEGRAIL Mobile Unit® & 5-E
Ao} XS GSMR W= #&sta] FIMH] HFste T =H

Ehdth. 4= LAN, Internet 415 A A3te] AZAPColA o] G}
AR Felo] 7ssith [2™ 82 YAPColAM 9 Ix19x] #FelS 93
GUI 845 yehdn. date] 9], =, APEE oo= FH e F42

4= (confidence level), 773738, Wl =2 &% 5 FAI ST
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— \GSM {8attom Meafe
| -
= LAN hi
N, ez ==
h | p—= User PC b
=] Central Server Dy Maderm s
=l g s .
@’ 4 . sMS {HT, GiFy cor
GPS/EGNOS ‘ TxiRx
GSM. sat ~ mmands ) formands Intemet
satcom i
' Communication (remae
: Backend ot saL s EEE0)]
User PC [ressage [ressages”|
Mobile Unit . requests
= S Communication Map Mapserver (CGI)
A J Data data
k L :
B | oz L)
Data Base Visualisation
s
Ax

INTEGRAILA (1 ¢

= =@ @
Moo Time: ZO0S-11-06 05:5-4:40 UTD
Ll Uil g vidnclly Aranseniasion fdareal
=7 P 73 kmih 2]
cuasLaL anstLong AualNES ansEviEl
TTHRsEs 3050157 3T () ™k

Tirhiovie It
D) 3% o

"
i
Pavbeod Bistinort DistOdi IdantiRBG DISHREG Cenflay, QualETos
farwars {9} ¥ i) am c4lEm l0CO0SE  lmim o ®Smo TEm

Hasttisat s st = -
atvarss {5

v opereten (1) upssimnechegtiy (1) opmestionl (0)  coseators i

Mown [T oMl 5 () devices 17

Prmidfsd  Fresdbod  GAESRy  GHESAnS  DiedAed havAmk KTCSAnd
FETY FR Y L5 o R 0.3 46c 0 sec 1.0 u

[29 82] YA e GUIZHA

2E g o} LogServ/CargoServell A 43§ &
©] SNCBo|A =3 =] AT

O LogServ/CargoServ Al @A
LogServ/CargoServ Al@2 Linzol Al SteyrlingZ}A| 9] 1] 7t
2 gdeg A e 4749 Bdo] EAZ T EFF Linzel 93
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AL FUHY AP thFs multi-path, P AGH o5 w3y
2 9 F7|F7ko] EASte 7 o|t). VoestAlipine A& A0 48] FEA]
oA+ Carrier DGPSE o] &3}l 20cm 59 7|& A ZDBE +=3}
of ARESIAT 2= AFS S8 multi-pathet 53R Ho] ofd A

M= 3me] AAAFEE FEA =2aoen FHALA, 7HEEA, Aol
BrFx 5o HEAXAete] AFS Foll dAAZAA W 7HEA,
4, 24 54 MAdS Fdsan sHARE wRd =M At
AAz718A] 254 A 2 Y3 (shunting) T+l o] A= 2A B3

4 AV TS F dee FdsAT

l

e —
Okm 10km 20 km

(1) ae] AledA (2) AH 27 A

[1¥ 83] LogServ/CargoServ Al &4l

O SNCB AlgA

T WA dxaAgde dlr)ode] SNCBAA F35HAS™  Brussels®
Luxembourg?te] &% do] A& At o] A LogServ/CargoServ A3}
o] zte] & SNCB A olM= 30cm H&d= +F2 7|E4d= DB7t
AFE-5 21tk Mobile Unite] &Aoo g+ A7) 7827 AR o] AL
H A Mobile Unit®] $x]A3e} H7]7] 8218 YA ZAAH WS $ el A
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A7 71382k YA 1S 8] AFEE = crocodile A12=¥19] 9]x] 4 2}
B W39t 7] crocodile A|Z~ElL X Z 9

)=

E = Pe]
Az ste] ztEFslRe] oz rE HAYSFo wet I3 YXE
glsl= FAA|olt). wEkA crocodile Al2=He] X8l A 9] Mobile

Unit AAZHE 53t FAF 7IMS FEst d=AH 238 &
I
INTEGRAIL Z2ZAEE multi-pathet S9Fo] Hastd HolA

e

e

EGNOSE A &% f4a8W7Intrise] Fxx848s &
2 A GPS®} EGNOS AfA&Hl 5oz @73t
Ve gRletdnh AW M, YA T i
ol 4 GPS/EGNOS € 9dx}9] o] Ael¢e} o] ias nAT & e B

EX R ECEESEE DE TR LT

1} LOCOLOC/LOCOPROL ZZAE

LOCOPROL T=AEx= AH|g2] A4FH7IN A= I3 Bs 3l Ao
(low cost satellite-based fail-safe train protection and control)”7]<

© ZEAEo|ty. LOCOLOC ZZAE+ LOCOPROL Z=2AHE] A3 A<l
FAL A9 % Zedezd Auged 1A AANAATEL 2
=

3ta. Qo B AYAlE LOCOLOC ZZAEE E3) /dd 943 7tk

LOCOLOC ZZAEE FHFTITATL(ESA) 93] AHdE Z2AHE
22 20029 03€HE 2004 9€7FA] ¢F 2670 €3 Y E Atk LOCOLOC

of st 7|#L F 57] 7|#H S Z Alstom, Septentrio, TASYSS} 22 37
o] 71449} SNCB, NMBS9} 22 2719 A= gg7|do] Fojstiet. uhd
LOCOROL Z=2ZAEE EU DG INFSOd| 93] A¢d Z2AE=Z A 20013
84FH 2005 1€7kA A=A o™ F 1370 71 @ JA7E st
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olgf [2¥ 84]+= LOCOLOC =Z2AE9} LOCOPROL TZAEZIS] H#AE
[SR=anil=g

Locoprol/Locoloc main objectives = to develop and test :

«An innovative low life cycle cost fail safe satellite based train
positioning solution;
*A low life cycle cost signalling system for low density traffic lines.

N

Locoprol: Locoloc:
=Satellite based Safe train «Satellite based speed &
location system acceleration calculation algo
«lts application to ERTMS/ETCS «Satellite based Train
elts application on LDTL completeness

s|Interface to end users

[1¥ 84] LOCOLOC =2 A E <9} LOCOPROL ZZ A EZLe] #7

LOCOLOC/LOCOPROL Z A E9] H3yPL F 3dAZ UHo 353
o 19AlE Eake] 3ol BA ¥v AYE =AddAe A& . FAEE
goste DAtk o] BAlMME 7IEA, 4, AE oI, kg, Aok
TS 1S STANE T AETIEd WS H2E SFANES vHEEkA
o ggog 2@ E ZEERSY A 2 ARy d=EAR ALS F
Haldon, e o g 3t e BEAFS Y3 ZEAFge 3
Z1el AgA A3, RFF Alg4 Ald, CFTA A1g84 Age &4=2 2=

>
>
otk

o 7o AR AFE AN dAAX A 7= 3 EGNOSeH &

e S9N AALE/VHEERATVES A 9T BE Algelth
RFF  Alg4d Alg2 ERTMS#E  SHFA|2Ee] QIFFHo|~E  Fd
LOCOPROLS] #-84 Al@eln, CFTA Al@4 A& 71E9 x5 AA

oA Hg4e st Agolth

ol

LOCOLOC Z2AE F8 A& 7=
A 71E3 whep o] LOCOLOC Z2AE= Aulg, i1 A= 94

RNt QARG ngFe] T 2 HSS FHeE s, gAE
AEAES &8st 1 A= A4FH7IN EAAAHALLLEFS 4

34t [29 85| LOCOLOC Z2AE dxXARAZA FAHEO
ot LOCOLOC Z 2 A E o A& GNSS F417]+= SeptentrioAle] PolarRX2
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F217124 1L1/12, 48 A'd, GPS/GLONASS/SBAS F41¢] 7}&3k 314
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%otk LOCOLOCe| A& HAY HAEAEe A7 =22 F4
S AAE AT (straight), 215 717F AXE AT (point),
S0 g 7Hextended) 0.2 FAHHETH =EE ME EU|EMOZ WGSS4

Vital Pseudo D A analling
process ranges AP e

Doppler
meas.

=

+Train Location + Confidence interval
«Train Speed + Confidence interval
+Train Direction

[13 85] LOCOLOC Z2AE 9 AN ARG FAE

LOCOLOC ZzAENX 4FH7N7|so] A s 9]sto

(ID) Z971HS A&tk gubAd I89dHL e F 45 X223
S HBIAE 4 o1 TS FREjok st A, HE AY T 7t
Algol BT AdoMs XA AAVE E7Fssith 1D S97IHE A
&3t 2709 FMAAAES ARREt S8Vt Thset AXZER B3
SHE 7% A=49 St 7Fsetrh AT 1D S971HS A=Y FR
9 °]5S A& W VE AAGEL S divl XA EY =4
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g0, A1FS Fa FAd o] 73+ Z7)E oF 200~400m FEolH, o3t
FE Y= E VEY AR GAHAFEAA §A7T F

ojth. & 132 AlPS F3 g 1D 9 ¢ngEY H5S Yepdth

Using several pairs of satellites

Sections of the
Union of |_track not

occupied by
. BCI tiar
Sections of the the train
track not
occupied by
the train

[28 86] 1D =9 WX (1D Positioning Method)

Pert Length of Position Length of Speed
eriormance confidence interval confidence interval
Integrity ~10-11/Hr ~10-11/Hr

Availability 9% 98%

200m ~ 400m(L1)
Accuracy 150m ~ 250m(L1/12) Sm/s

LOCOPROL ZEAE = AH|E9] 479 bxdS dxF BE 9 Ao
(low cost satellite-based fail-safe train protection and control)7]&S 7%
s ZzAE=ZA LOCOLOC ZZAEZ Ei Aoz 1D =9 dug:
719re] X FRE E83te] ERTMS/ETCS A2, A53x 1o A
|4 A7 2 AdYE =HIDIL)AAY HE&H dFE FPATh
ERTMS/ETCS Algizte]l &4 AFE d&ides  7Hdde]l 2 (Virtual
Balise) 7i'd& &3ttt = ERTMS/ETCS Al&HolA Axpe] $A]EA
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- APOLO-SSA (Standard Service Accuracy)
: GPsrbz &8eto] Z9f7sol ug =2 AR} 84, F24
= &

gus} Hsan $3 AANFGE FEGE0-100m)S L FeHE ol

o &&
- APOLO-HA(High Accuracy)
: GPSS} EGNOSE &% #-83o] 114

e AgEol B8

AUGUMENTATION

DIGITALMAP | [ neppTiAL NAVIGATION SENSORS | [oar RECEVER
il G ig) | odometer, accelerometer, gyro, radar ] RECEIVER
IDENTITY & R . . A Y
INTEGRITY POSITION CALCULATION | SAT. POSITION CALCULATION
DECISION
o 4 A4

v
1 PSEUDORANGE FILTER ‘

l

| [+ FAULT MODELS J

[71¥ 87] APOLO AJ2=Hl F+x

@ AE
APOLO Z2AEE HET
GNSS7IRE7|&9] A84S AFS Z2A Eo|t.

2}) RUNE(Railway User Navigation Equipment) ZZ 4 E

D Ne
RNUE-2 ESA(European Space Agency)<}t
g5 TeAER 93 SN LA

28-S &83¢gtt RUNE ZZAEd A= GPSS EGNOS, 7|EF xH7)dk

olg&glole] LabenAlell o3| 4=
212 J|AS ¢85t EGNOS Al

O

-

=N X

29 AN, A5 2 SEAIYRE FHael BEIAL
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@ ERTMS #& <+
&

ERTMSS] A& 439 3uAlZ AHoEH dxA] Level27} A& A8 St}

- Level 1 : G219 o] FAFMA)S AZ2FH AsAAE T3 A=z A

- Level 2 : €3¢ o]Fd3F-2 Radio Block centre(RBC)$} AZFH 4%

- Level 3 :

= o [ ﬁ‘.:
- %
[ ey | et
ﬂ _‘%‘” ?r" (2 v 'r i
I | — ! e
. w el - "_[\_ﬂ;* 5
Level | Level 2 Level 3

[1¥ 88] ETCS 48 <

@ RUNE 44 7444
o 7%
SRR

: GNSS 4171, 3% IMU(Inertial Measurement Unit, ACC+Gyro), Wheel
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Sensor, Doppler Radar(Al &A% 8 4lA)
- 715 &ZE] 3 oy Fd AZES
D FHAAEE Y OH FHE AZE 0], AAIZE R ol E
Edo], Alo]& MMI &AZESdo] F
- o] o]~
7Hg ]2 A X (Virtual Balise Map), A2W 4ls AHH,
Tz

=i 89]% RUNE®] st=9o] FAEE Yehiiy, [19 90|
HulelBl F3d AXE ol i FAEE vehdoh AAZE

FA 2ZEYOE 843 2VMUEHE H LA

—— GNSS Antenna

GNSS |
b Receiver '{ RES,
‘ﬁ ___________ ) INS
Profibus
CTODL Line
Y . 4 . ¥
ATC Logic BTM ™M <

On Board ATC

Balise

Telegram 4
Test Locomotive Bae o
ntenna
Balise Rail
Track

[Z1¥ 89] RUNE W& #A4%

GPS Pos&Vel
. IMU
ODO Vel Ax,Wx, Wy, Wz
IMU Ay, Az )

State vector

Train Cinematic

prediction Model Filter
Output
State yector ECEF position
Measurement corregtion along track position
Update along track velocity

navigation frame attitude
“ Error Model

Propagation

[28 90] RUNE HolHFH AZEY0 FAE
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® RUNE<®] A-&H|
RUNES o|gtg|ole] HE ALl TrenitaliaS 3] YT A|Fo] x5
o, AgE 539 ERTMS/ETCS AeAtde] W 7sAS 32139t

[3£ 13] ERTMS/ETCSS} RUNE 31e] A5 vl

ERTMS/ETCS RUNE
XA 3= . 3m, %%
7 le) (0)

(Position Accuracy) dmiol g7 el e] 5% (GNSS+WASS/EGNOS)
£EANE 2km/h, v<30km/h 2km/h, 95%
(Velocity Accuracy) 12km/h, v<500km/h (GNSS+WASS/EGNOS)

92 A% 0990 >99.9%
(Position Confidence) e o 50m B35l 7)uk
7haA] >09% .
(Availavility) (Level 3 7]5) >
AR o] A~ QA7E
(TTA) <5s <5s

1) ECORAIL(EGNOS COnrolled RAILway equipment) ZZ A E

D Ma
ECORAILS ERTMS/ETCS9} Z3tsle] A4 7153k GNSS7|uk7]4&9] A&
A desEs fletd AddE AFA ]G X (ALX: Automatic Level Crossing)<]
Ao} R Eo] GNSS7|H7]|&S 2 835te ZZA Eolty, ECORAILS 2001+
B AlZFE[o] 20030l AlZEo] AlAElew 2005\ 0] BEAFES EoE
T

ol
[H

@ 53
ECORAILS safety criticaldt HE&-oFol] AAFH7IN7E] A E7s8S
PF3t7] fste] ofefel e 27bA] EA o] Urh

- AEBE g sk EAAHA AVl A
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@ ECORAIL 74 A%

ECORAILS A}, A, AHdA3ez dAd27r €.

: e A A X E GNSS-1(GPS+EGNOS) =41 71 8F Bz2Z9) 414, txd A
TE % AR&ete a9 AAE AAst= Aotk ECORAILCA

)
o,
ol
rr
N,
rhN
Lo,
)

”

AgE A oA 9l GNSS7IHE Ad FA o= 2] A

H7ko] 7Fs st

1) GADEROS ZZAHE

D Ne

GADEROS+ Galileo Demonstrator for Railway Operation System$] ©F

AHZ2A FHAYY] 53 research framework program A sfell FZIE A
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HAQ ZZAEo|tt, GADEROSY =

ke

= ERTMS/ETCS 723 53 %

BEEQol edn dAvde 98 aTHE FAFAAFEGCIL
T 38 Hofo| o] GNSS7|HF Ex&=9%F

I B34S 45sE Aolth GADEROSE

- ARER 1 A5G AS 1283 ETCS On-Board ¢} GNSS7|HF 4
2

AREZ 1 59 S 183 ETCS On-Board #3219 GNSS78F 4

ETCS On-Board x|¢}e] w34& FH3}7] 95l GADEROSAIA = 7}
7% 2] 2(VB : Virtual Balise)®] 7Hd<S EY3t3th ETCS On-Board 7]
ANME GASAE St TElx, A=A, FRAYAE AHE-ST
o714 dElae AR AXEHo EdE AABERE FHEANS Sl AT
st GAte] FHAlE 2R XA el AFERE FAlste] F
FAA Y FHAE BASH Wl GADEROSOIA = GNSSE 53l
EZE wWH3sled ETCS On-Board %

r
[H
e

Aol ALFOoRA 5L GA

2 oye
}01'
o
ox
foy
s
N
N
AN
N

I
o
N
o
i
T
0]
-0,
(03
2
o

Ak [2¥™ 91]S GADEROSOIA A olste 71 EFA ot}
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VEDB

;|

3
1V 2 L 4
RECORDER/ 5Q.| |RECORDER/VBO
RECORDER/RADIO| |~ py 4 aTION | | EVALUATION/ DEMO.
INTERFACE TO TMC| - -
TO THE ETCS SIM. MMI

[71¥ 91] GADEROS 7|E2TA %

[2’™ 92]el A He=npel o] GNSS7INE dx}5-917 ] (Locator)= SIS(GPS
+ ESTB)9t LASSAISE FAlste A8FHAI="EsEe] F2AAS FHI
AP KR E Safety Qualifier= L3St} Safety Qualifierol A= Ex}A| o]
A&7 oY RS FRE GAXE AAs] st dAEH
ZAEZ(DRM)$} FAGFA7IFEZR(QO)E &85t 7PHdg s B 3
AggA o dEsitt, 7Pk oA e EAAAFEE HE s FRAZEES
2 W33l ETCS On-Board A Xl AE3la, ETCS On-Board #X] oA+
FRAYAE BAF ST

AFEE 2 3% HEE H= A

2894 B2 A% Brhgere vasian. S
SR AEEAL FA%Y] Aste] [17 92Jsh 2ol AF
972 A ofdhel FHESIA 19 GNSS relipolv], 2 e RE
Jolch. REEW7]E GNSS7IW A5 42sh vm 2 ¢

A
=
~
\
L
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ARMHADE, SCORPIO 6500)9] HAAZE Fujsle]
FEAQ AENE 2994 F

—~

£ GNSS F217]
GNSS7|HF d21=91459 vlugrp 9
£ 7}e3kAl gk

ARMHADE
RECORDER
RF LINK < »
(OPTIONAL)
(17 92] GNSS7|¥ AAZ9 A o AA D THE

GADEROS9| A= GNSS7|WF =249} ETCS On-Board *%|7Fe]

FEEDAH H7HE A (1" Bl 2 Aol ARRAL A9t
Aot B A EgolAd A3 S 7]E 2] ETCS On-Board Al E# o] o] 7}4
gelzo Ade AP FAolh

\ ETCS simulator

—————+  Cross check of
errors show on the MMI

GADEROSOI A= & Abe-9 7HAI Al Bl (Traffic Monitoring Centre)oll GNSS7|
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- Text Messages Management Function(TMMF))
- Communication Function(CF)

- Monitoring Function(MF)

Apop QAN EIZE SAIH AR o] BEE "HTE= 7w olH,

, MF= €394

y 4
Loeator on-
] Hrdakile Display Module
test train
/ Screen Show
A

A

— Radio I'O Radio T/O
\/ DRM

et |

—*  Recorder - »  PVIDATA
Train T™C

[Z™ 9] S FAAIE AT 712 ME=

® 2

GADEROS ZZHAE&= H87]&9 7

= =
1y
—~
2
(3

P % Zlesidel ThestE

= 712 hd FH 2 BIHe dSse Z=HEEX ERTMS/ETCS ¢

s8] Jhsstal ExkedS A8l f7EH= HHFAFFESIL ¢ Safety

Integrity Level)S WHE3dl= GNSS7|HE B39 X](GNSS Locator)d] 4

Weka ETCS On-Board 3|¢ke] F3ets AlAstAer FEAAS &
7

3l GNSs7IH7]& o) Ar=g8&Eokl td A8 B34S At =3
=
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koS A AT
AH DemoOrt ZZ 4 E

D Ne

DemoOrte= 58 F-7]#e] QLA A7I=FBMWI)ol 93] A9 Z24
E=ZA 57 7]I3(TUV Rhineland, DLR, University of Karlsruht, University
of Barunschweig, Bombardier Transportation)©] {3}l 1T} DemoOrt2]
542 AAAAAE AT AVes MEste ASeE GNss9t okx

(eddy-current) 7| &S &8st A HA7|ES MEsta Aotk DemoOrt X
EAEE 27HA] @AE yFol JFHI o 194 A" FAA
A=A 20049 09€5-8 20061 01€7bA] s HU. 29A= A9 2 A
TS HRRE = SARA 20079 01¢€FH 2008'd 06€7bA] S = Aok,

@ DemoOrt A]2~€l A
DemoOrt= GNSS7|&3 JAFHS7 &S 7IH7|E2 3o Ex1e] 91X
g AAse AlzFolth [1¥ 95]% DemoOrt Al2~Flo] Wi FAEE
Ebdth DemoOrtoll A4 A 89 7 HS7|e=S [2” 95014 Henkel 2
o] 27§09 A FAAMT}E ApFepFol FHE ] b HFAATY] Ar FH

X AA RS S35t @A) olF&E 9 BUARE A= Ve

A

Z DemoOrtol = GNSSHE, GAFHSHRE, AZDBE S5t 9 v

9 2 AAEE SRS Aeate] date] 9AF 24T DemoOrto

(
A}

A ALSE GHAFAME R} FREA R840 A% S-S 7HAH
|0 HEF | AXE A= FHZE HAAFEZ EWNXEY FTo F
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@ DemoOrt 1A AA ¥z

DemoOrto] #-&8 pdFAA= dd 2 ddFae] Ar|Faed A=

B AEFE AR AT o8, A SEE PP GHRANE

al
AA AAED. pAFAME WAz 2709 dAFAA(PL, P)E A
==

Yro FIelng 47

! Al
g opi ol mald o,

it) /

N e

[29 96] obdFAdA et ddzte) B
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Eifo] W2 A5E

main track

ranch ("ack

/ |
adjacent switch blade
y ¥

th

iR

I I
10 20

[29 98] &71% &34 <

A
E

DemoOrt A]~EHl&
AEZDBAKRE ©]-§, Map Matching 7
o [2¥ 9= 271HEe A=DBE
JECE]

SRR

0

Al

pudl

o ¢

O

ME 5

2| 7

=
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271Kl AEZDBe #71H HRE

main track

Tancy, tracy

normal track \
\ \

guard rail
|

A ]

nun—adjane}pt switch blade

v

I L
20 30 40 x/m_ 50
S

W(EA vs. E7)A)
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21517] 913
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(a) travelled track (example)

(b) result of switch detection

(c) stored data (digital rail map)

(d) matching of measured data with stored data

5

[28 99] DemoOrt A EZDBw| A=}

©}) PTC(Positive Train Control) A]Z~¥

bﬁ
H
0
o
e
=4
ofy
P,L
W)
rr
Z
w)
9
}ﬁ
n
Z
)
g.
2
(oW
o)
J
=
o
=]
5
O
3
il
it
ofo
g‘l
2

Wele A’elth. E3F AREMA(American  Railway — Engineering  and
Maintenance-of-Way Association)ol| A= PTCS] 718 5A4& ol Zo] A
o)ttt

o EA TAFA B FEHA
o« ME &% A

o =Xt &£& A7

o HMEW ZHA} <A
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1990'd o] % P AW -F A LI (NTSB)= weAtHFEE A I 7]
&2 PTCE AR omr
2Ap7F A A Euol
H=o]3l= 2008 1090 HERPHFYHES AFsA o, 20059704 v
ZTAGY 3 % g PTC A2HE 758 4 == PTC 7|eWe

2 9% ARANL s Uk,

o| o
)
g
-
ot
it
11147
N
)
Lo
A
fft
>
k1
2
=
%
=
olo

ONBOARD OFFICE
+ Automatic Train « Dispatch Systems

Protection (ATP) é - VPTC Server / Back Office

« Aspect Display Unit Server
(ADU)

+ Location
Determination Unit

] ]
\ \
&
D
oe i
_ |
1 [ | E=
INTERLOCKING
JEVEL/CROSSING + Wayside Interface Unit (WIU)
DARK TERRITORY N S - MicroLok Il Installations
+ Wayside Interface Unit (WIU) + Remote Monitoring - Relay Locations
+ Hand-Throw Switch Monitoring * Advance Activation - 3rd-Party Systems
and Control AN

[Z21¥ 100] PTC A|&=¥ G4 % (Alaska CAS)
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L=

Roadway
Worker Termina

Computer-
Aided
Dispatching
- Initializes & Terminates
Trains
- Controis Traffic

- Display RW Movement Authorities
- Accept Requests and Acks from EIC

- Computes Authority Limits
- Transmits Movement

RF
Data Link

PTC Server

- Track trains
- Monitors Field Conditions

* Track circuits
* Switches
+ Defective Detectors

Authority & Speed
Restrictions to Trains

- Dispiays Authonties and

- Warns Crew when Approaching Limits”
- Wams of Roadway Workers performing

- Enforces Authorities and Resirictions

GPS

PTC-Activated

Grade Crossing
- Constant Waming Time

- Responds to Radio
Messages from Trains

Onboard Equipment

Speed Restrictons

Authorized Work on Track

- Reports Location to Server

[Z2% 101] PTC A% T4 (NAJPTC)

[19 101]ol A BE= ufe} Zo] GPSE 7|¥te = dExte] X & Felsta, F
AFALE T3l a9 S AL 5 AFdvd Ruste RS VA
A=

obef [2¥ 102]=
o] Wi A4S et NAJPTC Z2HE ] F ¢,

NAJPTC Z2AE X 2E& F9l

O © pul
ujlAge] 48 NE 918 DGPSE ol g A%HA FAAR

GPS 29 A9 otAHC PXAR FES 2
g F718o =2 ZAg3s DGPS/IMU/Tachometer A9 X AAFAE

g3k

Fiber Optic DGPS
Gyro Accelerometer Receiver
— 5%
Tachometer |——3p»! Fﬁl'gl‘,a" 3 Train Location
Track
Database i

[2¥ 102] NAJPTCS] $x]7AA
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UPRR
Alaska RR VTMS
CAS Freight BNSF

Mixed . ETMS Il
Freight
METRA  AMTRAK AKgSRI%KJ
EFM% z 1TCS Mixed
Currently there are few PTC ~ e M"‘EBNSF Mixed oo
system deployments around the Freight \§%| g;’j;ﬁ'
country with different railroad g reight
employing variety of BNSF CSXT &
specifications (vital and non- ETMS I ggg":t ‘ %
vital overlay) in many operating }M'Xec’ e
modes including development, Freight

testing, and revenue service.
469 miles — Revenue service

450 miles — testing

1374 miles — Development

[kl

A
i)
=

2
(m

2010 @ A PTCyx Z2AEE 167 F, 9/ =4 s 117] ¢

7F 13 Fo7, F AFE 4,000mile(2F 6,400km)o] o]2t}, T2 W

_

A EA QY FQ FL PIC TEAE 3k dvol},

O ACSES

Amtrakjit= Boston?} Washington DCE AZ43dt= NEC (Northeast
Corridor) =/ ACSES (Advanced Civil Speed Enforcement System) A]Z=
g5 X3 ACSESE 71¥& NEC x40 AXx 5o 9l ATC(automatic
train control) Al&Hlo] FrlH oz HXAEHo] HIFPEE 150mph (F
240km/h)9] gAFA PTCO EE 7|les FIHFESE AHE&HJH A=
ENAEY 7IRE Axdlow HAHAOY, &

AFE7INE Al ="l o2 tAsy] 1% Jide] AdHa vk ACSESS]
e v A Ax2 PTCY F 7HA FH 5 sputolth

A EA2ED SN A2

O CAS
Alaska Railroad= CAS (Collision Avoidance System)g}= FAl7]9F &G 21|

A& F AAC rdEdd 2A sAHer dAste ZR2AES Y

2

A

el FAZ AV|HAT). CASE AAToZ o]F A3, P&x, AZAH]

ol
=

]_

£

Aol = 2008 2/2009d ol =US g8F Age|glony, V)

)y
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o tE A T AAHSE AFToEN HAAHES FHATIH
(Direct Traffic Control) ¥ 7]& A5 AdH| 9} A3E o] S9dEY. dA7MA &
AE 9% A=) A B AAY} AREJT AZE DA T Aaw )

o AT @Al A AA 9 7EL AW Yor] 27 A

O ETMS

BNSF (Burlington Northern and Santa Fe) Railwayjit+ FRA(P]AWEEH)
ZHH 35709 BNSF &3 9o thd ETMS (Electronic Train Management
System) ver.19] 44 S 7Sk th BNSF= FRASF @7 ETMS ver.29]

AES APt o, ver2e EIEAS} ALY nEER T 3

rr
N,
B
>,
[
o,
=
A
)
il
N
i,
rr
ot
fuj
1o
off
>
N
=
>,
[
o,
o
frtl
T
%
<
n
s
2
D)

2 L ER
Bol @ A1 AFTh EIMS A2de 712 3345 285 AHes

g8-& ¥ghetth. ETMS Al=®le vl d9

O CBTM

CSXTiit= 19981, South Carolina® Spartanburg#-E| GeorgiaT Augusta A}

©]¢] DTC (Direct Traffic Control) W22 2=+ CSXT =49 CBTM

(Communication Based train Management)2til &2]= PTC A|2=HlY HXA|E

A8tk 126.6mile(®F 203km)] A 7kl CBTM AAE AlgsH o,
of 7]&9 CBTM FXo|A ETMS 7§t X2 WHHste Fo=z Ags

_‘_E?‘_
451 ARt Aok

O ITCS
FRAS} Amtrakiit, Michigan7} #8 3} Amtrakiil 7} %93 Chicago<}
Detroit AFo]¢] Michigan Lineo| ITCS(Incremental Train Control System)<]

T9S At ok, @A MichiganT¢  Niles®} Kalamazoo Aol <]
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How, 7|& HAEI2E hAste] FAE
A9E A3 AlaE Fo E853 ol ITCSE
=

HGCW (Highway-rail Grade Crossing Warning) A| =8-S Z3stth. HGCW
o el wep Eake wAEES A AFdshes Yles . 20024 1
dHE Fded 24 AeHRnen, dA ITCS HE77319 Ha e3&=
+ 95mph(%F 153km/h)0] o ITCS= HA +3WEEE 110mph(eF 177km/h)

=2
HA) F7} 60mileo] ™3 ITCSS] F7F A7}

O V-TMS

UP(Union Pacific Railroad)it¢} #&H A SFFA &2 7]F V-TMS (Vital Train
Management System)2}= PTC A|2~ElS 7Esta flom, V-TMS= BNSF7}
Wk ETMSS] dFolu 71 Al&add 7P A WA o] ofd Y3 &9
e gt 574o] vk V-TMSE BNSFO ETMSS} HI:3 7158 AlFatA,
ETMSS} B 274 +9 %49 W : dsd & A=sF AAHASG. dA
UPjit= AXZEdo 7S st Jem, Wyoming®] Powder River

e

Basin?} WashingtonF-°ll A|@=4 HAXE F3lsta Yt}

O OTC

NS (Norfolk Southern Railway)it= BNSF ETMS2| =#3Z el OTC
(Optimized Train Control)2t= PTC A|2=®-& 7|d3sta o OTC A|2=¥
NSjit ] CAD (Computer Aided Dispatch) A|Z=®le] PTCY 7|5 F7ksH
el o]t} Alaska Railroadjil:&] CAS, UPjil: 9] V-TMSe} vix7tx| 2 -9 w2
o] W= s F Ave FHES Adu. South CarolinaF=l 120mile(2F
193km) ] A @=d F5E APsta on T4 Axee] A7t A 9=
d defolth

O Train Sentinel
OCRS (Ohio Central Railroad System)jit= OhioF°l #1%]g OCRS =41 °f

- 176 -



300mile(2F 483km)oll Train Sentinel¢|g}= PTC A|AES F53Fa Ut
Train Sentinel> 7]&9] Hl4ls, T2 F7F Ao A S F
A7l FH otk OCRS)jit9] Train Sentinel= PCRR (Panama Canal
Railroad)7} 70'&3}od Panama®] Balboa®} Panama City Abololl A Xt d
PTC A|2=®l& 7 @ate] 283 Zlo|th 2008 d el A @l Eozton,
= W gl 71EA] BEAEC] st FEEATGTE 200087 THA]
&Y= U

O METRA ETMS

Chicago METRAjit= ETMS 7|&S 7|9te & &to] CAD (Computer Aided
Dispatch)¢} =€#<l &9 PIC Al28<S 7dées Ytk METRAE
Chicago n2]9] Joliet ¥ Rock Island Aol ¢F 60mile(eF 96km) =4l A
AstAth 271 HEE CAD Al=dld F48tA] ¥ M= A S=A
2 Az gz B9 715 AFsE Aoli, TFHOZE CAD A~
Ha B3t Ax 2 75AES st Zlelth 20099 19FE AP o]
Al AHE A

ml

O PATH CBTM

PATH (Port Authority of New York and New Jersey) CBTM
(Communication Based Train Management)®] A|2=8l HA 7} @A) s ZFo]
. PATH CBTM< New jersey®} New York Afe]e] Aatx=2d<l
trans-Hudson River Commuter Rail Lineo| Z & o] PTC 7S A+ 4

o]t
O NAJPTC

F wE3o] ¥F Ao, llinoisF¢ 1% (110mph, °F 177km/h) <

=
A g BEgael o 45943 S 9 2y FAL s
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System System Name Manufacturer
Abbreviation
CAS Collision Avoidance System Ansaldo
ITCS Incremental Train Control System GE Transportation, Global
Signaling
ETMS Electronic Train Management System | Wabtec Railway Electronics
CBTM Communication Based Train Wabtec Railway Electronics
Management
OTC Optimized Train Control Wabtec Railway Electronics
TS Train Sentinel Quantum Engineering
V-TMS Vital Train Management System Wabtec Railway Electronics
CBTC Communication Based Train Control | ALSTOM
NAJPTC North American Joint Positive Train Lockheed Martin
Control Project

) nEFHHESAEE ol ote Archimede,
9] CRH380, =929
250km/h ~ 400km/h®] £E 2 7}F HT A|AE9

EAST-i,

Z

xo

Al A]

=
L =270

[28) 103]] PTC A]|2E A XA} 2=

ol
do
o
p)
A\
filo
do
:?1:4"
R
A
ot
E.?IJ
uh)

Joew, AHFAA, GPS T 7|V 2 FAEST AFe] AAA

o]},

D ol&rg]o} Archimede

Archimede 7AZ&3}+=

250km/h2]

ol EE f

S5 Ax ANHES) fFARFHR AZFo|
F AHAATE FH37] 98] Archimedes XHEA1A 9]

L]
B A 2"Q] EGNOSE ©]8-3 DGPS Al&H, =&
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¥ \ RadioBEACON

R

N,
\ EGNDS
DmniSTARY,

[29 105] Archimede ¢ X|ZHAAA2H & AlA

Passive _,.f" &

milestone Radar

detector ‘ T sensor

GPS PROG .' Optoelectronic
Antenna & boxes
Optoelectronic

Boxes Accelerometers

on axle-boxes
Cameras for

video
Accelerometers inspection
in the body

‘Encoder

ransponder
antennas

Accelerometers
on the axle-
boxes

Inertial
platform

Accelerometers
— on the axle-
boxes

Optoeléctronic
Boxes

[2®] 106] Archimede ¢ X 7AXA2~H A& Ald)

- 179 -



@

Zek RIS S320

IRIS 320 Z &2 SNCFOlA 7Hgd Hu&% 320km/hiF9 1EFTAS
2 ANEEY oS AT

IRIS 3202 150719] A4, 12t)¢] A 2H|o]A, 1870¢] <QtHY, X}/dHl] o] E

o] HE B GIS 7I&# A volHEzEANoR da B AHE 93

Az AG, A%, AAH, A5, B4 5 A

Computation includes
For IRIS 320 distance between sensors

Combination of copper wire & Optic Fiber

1Rt Y Cen P 1N
OO0 gg Ov0  \OvO OO0 Ov0 050

Computation includes
100 m transmission delays

St M M1 M M1 |

OO OO0 OO OO 0 O~0 Sod ™

(29 107] Z&2 IRIS 320 9|8 2 #HA =37

RIS 32014 A2 A4E fARS A7 4oa 39S 98 1389

5000829 15 AFAMAE AAHAA 7|EAME FE&st AFFAA F

A ea BAAs A% V1€ AXFRE 93 GPs, vtaulE #e, dZDB
g 5¥Hoz A Utk = IRIS 320004 FAEF 92459
A FRE fH geA T2 AAAANLEE AEska Aok

RIS 320& 3] Susle fAn5 Age) guuse st g,
- Track line, Track way, kilometre, clock, distance covered, time covered,

GPS information,
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ZA4d ol &4, toly H54(56aah

Lol A HolE A%, 4557 w65

WA EAT _ =
Passing of inspection train

R —5
Fecorded data

%]]MO

AT —
Inspection train data
=g
EEET -5 AMIE. TR
Date to be 1 A o TR 4
watched e Processing, calculation,
oS backen
Transmission | F—=
online Data
/ M
A /
TR SRhERE

Waorking organization

i
Inspection train terminal

3

T —=
Inspection trafn data

F rember N e
Chart data backup

1
|
i
|
|
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@ %= CRH380A-001/CRH380B-002
o 1EEE A4 5 90 A FAHAL e FHolMe AAA

3l HuL9EE 380km/h(ZAIEE 400km/h)F9 CRH380A %
CRH380B I&ExE 7j¥tog  1&E37=3x CRH380A-0013

CRH380B-002E5 7H&ste] Alded ol Ut T=9 ALETHHSA
CRH380A-001%} CRH380B-002& A%, A4, 4%

A4 BRE 93] &AM (Encoder)9} DGPS Al
t}. 53 CRH380A-0013 CRH380B-002¢] 9X7AA B34S 400km/h %

s @70 2m FEOZ FIHI .

uBRWN  EHFRN SRR
Track Geometry Dynamics  Catenary Commumcanun-
Inspection Inspection Imspection  Inspection
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SR %S
Card Reader of RFID

%%ﬁﬂﬁ_

[2¥ 111] CRH380 X% le\l*‘%l

‘ 400km/h B S A 1511 E S R HEE

B IERE ()

20,00 .

1000 = i

0.00 T e

10,00 :

20,00 w i :

% | 118,994 Va4, 02y T2, 000 | 32, U0 \ 738, 000 9‘:&% ll',."'.;. (kll)

—F—t —1. 55 8. 67 49.84 =3 —0.43
it 2.67 2,34 9.67 445 0.54
—— -2.48 -1.99 9.3 -4.24 -0.52

(713 112] CRH380 913124 548 H2H4)
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sla low, & AAFARIZ=S gd A] EAAlY], FARF,
oF T O¥d FEZA&EokolA HAEZDBE 7|Wo g Al7|s Jide]
A Ao g st 9ty GEORAILY F& EX& tg3 2th

Z3E718E ALA Q0 4% A=Y M| (Numerical Track Description)2] 7]'3
AEuE A&EoF S nertete] A B Hrt

CNTD #& Al 75, ¥4, delg Al 3 A a7Ad 4o
G

CNTD =& A A9 H871571% 5

A= % ol A HE =l e F&AF AA

ISO 19103 — GI conceptual schema language — use of UML
graphical formal language

ISO 19107 — GI spatial schema — indicates the needed data to
achieve a coherent spatial description

» ISO 19109 — GI Rules for application schema — indicate the
combination of rules needed to achieve object descriptions for real
applications

.

+ ISO 19111 — Spatial referencing by coordinates — rules to apply the
coordinate reference systems and transformations by projections

» ISO 19115 — GI Metadata — Data about data: comprehensive for
realisation of a systematic conception of application — is the first step
for a systematic GI approach in an application domain, e.g. railways

[1™ 127] =% DB A 28 7Fsd GIS s A%+

In Germany SAPOS is available: 250 DGPS
stations cover the whole territory;

2 sigma (RTK) < 1 cm for overall position use

T y
GEORAIL seminarv Paris. 27 Februarv 2008 .fl ~

[Z1¥ 128] GEORAILYA ZAME A ZDB -5 7]&(CDGPS)
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Schematic Description of GPSLoc project
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Example: Catenary Rail network
monitoring by means engineering and
of catenary- maintenance
pantograph dynamics
Al }\] Zl— %_1 % ];_l measurement
o 2=
A B4
Signalling and Use of GI route map to increase the safety integrity
train control of positioning in signalling

& 2pA] o

@ AEZDB +& B34 Al A
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» AlE The
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ERTMS/ETCS 743 AGste] &
3}stal 9tk ERTMS/ETCSE= Al2®]l 240 uiel 3dAZ FAHNeH, &
A FHolME 284 AREHS AEste] Ald Foll dew, Sl = ETCS

1A A &"S 53] AlF Sl ok B3 EAIEEE AN EApA)

O{N

ERTMS/ETCS TtANA = gatAole} #Ag vt RF12 0] nhdEo]
Rem, T2Fo|A “ERTMS/ETCS Classl : Performance Requirements for
Interoperability" FEETAEA NN A58 =S AL Ao
“ERTMS/ETCS Classl : Performance Requirements for Interoperability"
A Aota e A 8 FANE ofe e 2ot
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5m+5%*s (1714 s WX ZHE Y o] AT Y.)
2km/h(¢]54 =7} 30km/h ©]5td 74,

°]F4 % 500km/hA] + 12km/he] 2A7} B HEE o]F
&% 30km/ho] el A Bg= et AEF7H
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FYAE, 4398, 2edd 59 SALERoplE A gan e Ak
3 2 edag PAL Ao v1Ee A AL TR e A4

TO 2+ “IEEE Std 14741 - IEEE Standard for Communications-Based
Train Control(CBTC) Performance and Functional Requirements"”7} $1°.™
SHel B2 ZeAE F&Ho] HEHi . IEEE Std 1474.10] A<
Hol = AAANAABE JeAFS obgek 2t} IEEE Std 14741 7F
AolH Ajste AAAAC] Asde Fule EABE ALEFTE
o A7 95T GAF 540 Ak
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[EEE Std 14741 AN AYshs Ex1Ygx|Ao] ASAL
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1} a5 AYE £ 5m ~ = 1
- ATO XA AR 42D Al x4 8= + 0.25m
- a9 A=A Bl £025m ~ £ 6.25m

Q@ AZFH7IN A AAHA = 7E

FHAME AHEE ALFHAIZE Q] GALILEO A" A7 37
GALILEO A|&"9 Hx A&E gdisty] fa UICE FAoE ZA7|H
o] ¥ HEJIE FAE “GNSS RAIL USER FORUM"S A3t 9)A1d
W&o = go Fagh thekst #ol digh APAFE APt on,
“GNSS RAIL USER FORUM'S &3l H=Z§ol| Badt A HesaA
g5 AYsta X Aes @457 A B Ve AALS HESA
ot AN Ak AAHZATEY B LTS BYstrld A 9
A 718 A A A A F A (Location Unit)ell thste] FoJstdnt. 7HA 9
dol Agtd A AT dERoZ IAAYXNAHRY FHI} BIHF3)
7] W] “GNSS RAIL USER FORUM'JdME 943U 7<3 34 215

A D AHAAAAE FEst 23 HAAZE Y ZvtHEHE XgEe

O

%2%Z 7'+ Location Unit2 of&] [2¥ 131]3 #o] F+As AT
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Navigation system

GNSS

[
GNSS Inertial sensors +
Ground and Odometer
Space
; ]

GNSS Signal-

in-Space
‘_— %
i 0 Kalman filter Navigation
Becaivar 1 | (errormodel) |——7*gystem
output

to application
T

[19 139] Y1 3R 718F GA}9) 2] 7 A % =] (Location Unit) WHF 7743

=
SER FORUM'"o| 4 A elglt A&
St AHEoFe] Q FAMGS HuAlg o g HEFo 7 FHE 5o

oF & AlE olyt

4
f
-4
A
off i
9
o
L
EL
32
oo
0
Z
[@p]
N
=~
>
—

No | Application Requirement
Accuracy Integrity? Availability Service Continuity Coverage Fix rate
interrupt
threshold
Horizontal (m) Alert limit (m) Maximum | % of mission
time to time d d
alarm (s) (seconds) (seconds)
Safety related applications **
I | ex: ATC on high density lines ¢l 25 <1.0 599,98 <5 90 08 ELM
! Station / Parallel frack
Il | ex: Train Control on medium (10) 20 <1.0 >99.98 <5 >99.98 ELM
density lines
Il | ex: Train Control on low (25) 50 <1.0 >99.08 <5 >09.98 ELM 78D
density lines
Mass commercial / information and management — operational applications
IV | Tracing & Tracking of 50 125 <10 99,9 TBD TBD ELM TBD
vehicles
V | Cargo monitoring 100 250 <30 595 TBD TBD ELM TBD
VI | Dispatching 50 125 <56 99,5 TBD TBD ELM TBD
VIl | Passenger information 100 250 <300 995 TBD TBD ELM TBD
i & civil engineering, profe
VIl | Positioning of machines 1cm TBD <5 995 TBD TBD Oper._ Area TBD
IX | Infrastructure survey 1cm 0,1 em <10 99 TBD TBD ELM
X Fix point applications 5mm TBD <30.0 99 TBD TBD Fix p/ELM TBD

[19 140] $1433H 718 SR PE A5 Q74
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+/4%53892 VHF (150MHz, 440MHz, ¢}'¢Z1), TRS (800MHz, H

Ad), FGdEESZ 18GHz o] o] & glew, dapAlo] d&

GRASE s ARAE A4 LARN $3% AFE A%
ARGH, A, §9 AAD Bl AgHE AR NsYe

24GHz(ISM Wi=) AMgo=2 &4 4 817 5 Ata WA

IxpA o] & AEI 2, ATS A AAF, ATP 2l A SoAE nekAA R =
(500V/m) FIFE ARESIAL o MupH el fAE wHA]
AE g o2 FqgEo] T&EE F4E 2MHz 3}

TRS+ 1.5MHz, VHF+ 200kHz

18GHz= AR o] Fsle] =477 FA o= AFEo] AdHF

- 219 -



@© FH/F=(GSM-R)

gitol GSM ©)5E4lF A4S 7|Hte 2 GSM-R

Jo] Ao}, DB BA,

S

=
=

SES

, 71A=F 32~4870 9] EgH

.

o F3

[¢]

3 4MHz

- }\J—SOL/ ‘8]-

Ad B

GSM

E-GSM

915

880 890

BTG

0
ol

20

GSM-R

i
o

GSM

E-GSM

960

935
GSM-R

225

921

St : MHz

[19 142] GSM-R S35 t 9 (48 GSMH 9 9] Sideband)

)
el

}S GSM-R #4202 A8 Z

ohgEaEel A

L
T

3](FCQ)
698MHz~806MHz th o] Fu}

o

Foe

- 220 -



- The Public Safety Spectrum and Wireless Innovation Act: 2008 =3}~
el A #F2E DEF(716~722MHztH )& && <t Al AlgAtd
A Fgsted AFHo FEedol Fed RAYULFL A3

S}
=]

Revised 700 MHz Band Plan For Commercial Services

137 63 73 Ht 193 [1%]

A s |e |® |8 |a|l8 |& c A D ([Petiic Bsfeyp = D |Public Safuty
CH |CH. |CH. |CH |CH. |CH |CHE. |cH. |CE |CH |cE |CH. |cH |CH. |cH |CH |CH.|CH
52|53 | s4 | 55 | s |57 | se | 58 | s0 |61 | s2 |63 | &4 | 65 | &8 | 67 | x| 60
s T T g 7 T T T e T TR e
A S A
. v
LOWER 700 MHZ BAND UPPER 700 MHZ BaND
(CHAMNELS 52-53) fCHANNELS 80-53)
Block Frequencies Baud‘i idth Paitmng  Area Type Licenses
A 698-704, 728-734 Ix6MHz EA 17
E 704-710, 734-740 Jx6MHz CMA 734
C 710-716, 740-746 2x6MHz CMA T34
D 71 unpaired  EAG i
E 6 MH= unpared  EA 176
C . TT6-787 22 MHz 2x11MHz  REAG 12
i3] 7 3, 788793 10 MH= 2x35MHz  Natiomwide £ i
A 757-738, 787-788 2 MHz 2x1MHz MEA TN
E 773-776, B03-806 2 MH= Ix1MHz: MEA St

* These Blocks have been auctioned.
** These Guard Band Blocks have been anctioned. but are bemg relocated.
**% This Block is associated with the 700 MHz Public Private Parmerslup.

Revised 700 MHz Band Plan for Public Safety Services

763 769 775 733 799 305
Public Safety Aliocation Public Safety Allocafion
[ed 3 (&)
Broadband E’ Narrowband Commercial Allocation Broadband E Marnowband
CH. 62 CH. 63 | CH. B4 CH. B5 CH. 65 CH. 87 CH &3 ‘ CH. 69
TE4 TIT 776 782 788 T4 EQ0 30€

(18 143] v|=2] 700MHz F3t= B s+ Al

*ZkF2 Z&>]: FCC NEWS July 31, 2007

v= FEHEI(AAR)E VHF t¥ 160-161MHzo A 967) 2d S Edto}
=4 53822 A Fo]H, ATCS(Advanced Train Control System)E <
83171 918t 900 MHz ol A A38taF 2+ 6xld S o] &

AF2 718 GAHA|AA 28 RS 9siA] 220MHz (250KHz o & )
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In 2020, which region of the world will lead innovation When do you believe that the Galileo Open Service will
in the GNSS and navigation industry? be ready for operational use?

mMNorthAmerica mEurope = China mindia mOther Overall
45% 43%

26% a5% |

1%

25% 2% 22%

2014 ms 2016-17 201819 2020 or later

; ;
2&; L

What solutions to GNSS vulnerability do you expect to Within 10 years, we may be able to access over 100
be most widely adopted? satellites in 4 global constellations

ererms oo | %

System 2011 2016 2021
forecast  forecast

1 GPS 30 30 30
signats of opportunity | 1%
4 GLONASS-K (CDMA only) 0 10 30
Local beacon networks [JJj 4%

. Galileo 0 18 30

LF tectmologies | 16% Compass (MEOs only) 1 14 24
TOTAL 31 72 114

tone [ 5%

-

Imagine it’s 2020... ask yourself in which order did the
GNSS systems reach the mass market?

Overall
GPS-Galileo-GLONASS-Compass -. 4%
GPS-GLONASS-Galileo-Compass ‘_ 23%
GPS-GLONASS-Compass-Galileo 7—49’5
GPS-Galileo-Compass-GLONASS ‘- 10%

GPs-Compass-Galileo-GLONASS | 15%

(29 174] 91842 71= 9 velS A(ENC 2011)
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