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Technology level analysis of railway

transportation and establishment of R&D strategy
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< SUMMARY >

Purpose &
Contents

This Project is aiming to analyze ecosystem of Railroad industry, ripple effect
of Railroad-Traffic R&D, technology—level of Railroad-Traffic field. In this project,
to do this, derive the structure of technology classification and establish strategy
of secure core technology. It will go far toward solving that strategic R&D

investment of Railroad-Traffic field and discover of future promising technology.

Results

(Expected Performance)

This project contributes to establish detailed planning strategy for solve a
technical gap by derive promising technology through technology—level analysis of
Railroad—Traffic field and ripple effect analysis of Railroad industry ecosystem.
Also, this project will find future promising technologies by using analysis

methodology on the basis of objective data(patent, thesis)

(Socio—Economic ripple effect)

This project contributes to establish technology investment direction by analyzing
economic ripple effect about inter-industry of future promising technologies. It is
possible to establish budget planning and direction of business by analyzing the
impact  of inter-industry(effect of  production, value, employment) of
Railroad—Traffic field.

Expected
Contribution

This study will be written as a reference materials to globalize domestic
Railroad—Traffic field. It will be used for reference materials about establishment
of strategy of domestic Railroad-Traffic field and selection of support areas.
Result of research that be qualitatively-quantitatively investigated technology—level
evaluation contribute available as a standard reference materials when interested
parties  Railroad-Traffic field establish supporting policy, R&D subject
development, comprehensive plan. If a company use the result of research, it is
available as a reference materials of new business planning, implementation
strategy establishment. Organization in exclusive charge can use the result of
research as a reference materials of analyzing core technology, R&D subject

development, securing strategy of national technology

Keywords

Railwa Technolo , Railroad
y, 9 Delphi R&D Strategy
transportation level Industry
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[ 33] E=AHEOF dMRLEEY FF

T= 2017 2018 2019 2020 2021
ST2U( #) 301,000 305,800 310,600 315,600 320,600
oA 1.1141
Magagsap(ef #) 335,344 340,692 346,039 351,610 357,180

LAl ZHPKAWISE, 2017)9| Z<, USD 1$ = 1,000¥ 7|&

0 dx=+9 3 SHFEF A r2as

¥ A7) B SREGE BASAAS AN -4 vie

O dxed 2 BHR &
g-gate] 24
- HAEAMEE V, 2EAASe) aige 42T s v=atxe] #A44 49,
o Aol YAFRAAL x=(1-4) V'S Bhhete] v=alg-4" v =F
o Aol 4N (1- AT YIE FANAFEA S PHolet
O A=ed 9 FAEoF VY AT /M FLAFE 054612 AEREA oA
M e ASE e
¥ AT ROF BRI G 03182, AZ=AAEEoF FUH A Al 4= 0.2925
- RIAFRAGTE Bee AT AATNAN FE AASE HFol wLE ofnaH,
ot dEed 9 AR JEFuE YAH o 57 YE AR B
O F AEed 2 VAR NATRE FF2AVDOR 9], A=ed 2 @R @

- R GRET = F5ERA(YD X DAY B SL AU - 49 Ly )

- & Woke FUIAEEIE 17 3% 4189 oA 219 4= 4119 o R BT}
o

[ 34] E=2F ¥ EH=0F I rHEY FF

T2 2017 2018 2019 2020 2021
STU(A &) 55,700 59,800 64,200 68,900 74,000
SR 7 2AH 5 0.5461
BItx g E D] ) 30,418 32,657 35,060 37,626 40,411

¥ FUAIZHPK&WISE, 2017)el Z<, USD 1% = 1,000¥ 7|&
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(Et2l : o @, /109 2)

T 2017 2018 2019 2020 2021 A
S4920(2 20) | 301,000 | 305,800 | 310,600 | 315,600 | 320,600 | 1,553,600
Mo MAREE DL | 335,344 | 340,692 | 346,039 | 351,610 | 357,180 | 1,730,866
Y | 2opixigwEnt | 95,778 | 97,306 | 98,833 | 100,424 | 102,015 494,356
KT =l 89,960 | 91,394 | 92,829 | 94,323 | 95,818 | 464,324
E4Q0(24 @) | 49,700 | 50,300 | 50,900 | 51,500 | 52,100 | 254,500
Ao A AL g T} 52,220 | 52,850 | 53,481 | 54,111 | 54,741 267,403
AME | Bopixigw st | 14,537 | 14,713 | 14,888 | 15,064 | 15,239 74,441
KTl 12,191 | 12,338 | 12,485| 12,632 | 12,780 62,426
E500(9 @) | 55700| 59,800 | 64,200 | 68,900 | 74,000| 322,600
g’%i“ A AL ubE T} 56,703 | 60,876 | 65,356 | 70,140 | 75,332 | 328,407
s | B7PbAREED | 30,418 | 32,657 | 35,060 | 37,626 | 40,411 176,172
ST =dnl 34,591 | 37,137 | 39,869 | 42,788 | 45,955| 200,341

g A

TE ET2N A AFErE ) St wetE T FArUET
T Ata 1,553,600 1,730,866 494,356 464,324
B T Al 254,500 267,403 74,441 62,426
Hred 2 A 322,600 328,407 176,172 200,341
3t 2,130,700 2,326,676 744,969 727,091
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<M[AAZ> <TLHAIZE>
5 B
T+ a0 4,797.7 7 a20 415.87
2 4:“0 4,43a5 ! ! 2 a0 397.29 | “
| | - I I I
(et9l: of o)
T 2016 2017 2018 2019 2020 2021 CAGR('16~'21)
MA 4,434.5 | 4,612.5| 4,797.7 | 4,990.5 | 5,191.3 | 5,400.4 4.02%
TR 3,479.3 | 3,624.5| 3,775.8 | 3,933.3 | 4,097.5 | 4,268.5 417%
HEAM 577.7 592.0 606.7 621.8 637.2 653.0 2.48%
He2Y/24 377.5 395.9 415.2 435.4 456.7 478.9 4.87%
= LY 397.29 | 406.40 | 415.87 | 425.73 | 435.99 | 446.69 2.37%
= RPN = 296.3 301.0 305.8 310.6 315.6 320.6 1.59%
HEAM 49 1 49.7 50.3 50.9 51.5 52.1 1.20%
HrRY/eE 51.9 55.7 59.8 64.2 68.9 74.0 7.37%
% X : PK&WISE, 2017
[ 34] Bz nS=0F IU/2l NZEE % dY
O (A94) SCI Verkehr Cologne(‘16.9€)ol &A%, Xz AyEd, 49y A-auE
AZC15E 718)2 ofAlobet Aol 242t 30.5%, 26.3%= A AA A=nFA S A

AY Aoz A

I }%— A
ol 2 2

2 95

5%
4%

H 7S AEFaTt w0l v ARZRAETL 5
FE2 0.6%E stET A= A%

Aol =2 AAE(CAGR 7.1%)2 20d H=uFwoF ARG A ] v X

gHYoL, EAAAY FEoz

(2k2l: USD Million, %)

. CAGR
=1 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | .
World 426,312 | 443 450 | 461,250 | 479,770 | 499.050 | 519,130 | 4.0%
Western Europe 26.3% | 26.5% | 26.7% | 27.0% | 27.2% | 27.4% | 3.2%
Eastern Europe 6.7% | 66% | 65% | 64% | 63%| 6.2%| 06%
North America 150% | 154% | 1a.9% | 1a8% | 1a7% | 1as% | 1.4%
South & Cenral 34% | 3.0%| 29%| 27%| 26%| 25%| -2.1%
America
Asia 30.5% | 30.6% | 30.7% | 30.8% | 30.9% | 30.9%| 2.6%
IS 12.0% | 118% | 116% | 11.4% | 113% | 114% | 0.8%
Africa/Middle East 40% | aan | ae%w | as% | 5% | 5a% | 74%
Australia/Pacific 20% | oo0% | 2o% | 20% | 20%| 20% | 26%

¥ EX L AIEAR

: PK&WISE, 2017

Ao H|= : Worldwide Market for Railway Industries, SCI Verkehr Cologne, 2016.9
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(L3: A4, £987 FoPRRe) 55 B =E /EAAYEAL 4N
- AFEok AS, AR FIF AFoE FEFHAY, JeAdAY B4 st=d FA3A
ook, 7% AR FA AR BFLY BNA 24
- AT nEROE 11/ AR BEFE F8 A 79SS gosta 7 7)Y gg £/
=i Z1EAAY ZA - BY
[E 91] Sol/=2 d¥%HEN 4 &Y 7|9
ey HEZUES 117 &/HMEE2FY A I/ 7|/ =
o= 7|9E d= F|IfE=E
A2 |o1a01E AlsRZ, 2aA 9TARL ST Lpad Case, Technical Regulation, Structural '
[ ] . Requirement, ,Proof Load Test, Structural Analysis,
A| AE SIEAIE, XA, =A, T . .
Vehicle Body, Body Structure, Testing Standards
MEE FH SMEMEyInHal 27|95 | Railcar body system, forhead/fronthead, railcar railway
A S| 7|QkkF QURE A3 ZAZF K|, AFAIAEL  |train nose, aerodynamic, pressure, ultralight, microlight,.
AMu| | A, AHEE, HER, 257|/258%I/HE, | connector, coupler, buffer, driving control operation,
MM AlZ20lE|, 2olEH/ 7 A=A cabin room, cab partition desk, simulate, training
BE/AIE/AEE, HEA AT HHIE wheelset/Wheel/axle, axle box, spring, damper, air
S7|A=Z ) SUIER|, MSHEA, ChAL suspension, suspension, vibration isolation, bogie, truck,
= Falzkx|, ElE CHX}, 2B ZARRKK], 27|, |running gear, tilting bogie, tilting mechanism, Reduction
< OF&F S2ix|, 3AIZex|, EEXHER, Gear Unit, friction clutch, Pneumatic Clutch, railway
SFHHEY, E2po|ZE, ZEET| STHIA, vehicle coupling, Hydraulic coupling, tripod, Speed
oyl A, SRS | 742l Sensor, traction, suspension function, stiffness, frame
Hs =2eo|3, 255, A due|g, st . . .
SHAISA ZOIRI|ZOL 29 MI[HIE, brakﬁ, (Ijeoeleralltel, adhesion gdhefwe, algonthml,
ae SIS/ MBS, QBTSSR m(:;cdamT‘T ahaylafsl, .(rj)neumanc, eglctropneumat|c
S AN wXiM S, 72X G Hak M| 3 ydraulic air oil flui |c.>ressure,bra|K re:stancg
Meh o= wH MR Rt ZAT/EAp| restoratl, regenerat, revn/l, crossbrak, r |gfostanc,
Zo|xa Zed, ot m|me electro magnet, electro-magnet lift
HE{J2h=, 3=, oM ofF, SSHIO, . . .
MAME, SMDH SEon ool Pk(])antograpz, Th\|/:/q r|a||, Contact Iossf, Act||ved coptrol
BILIOJutAy| DRI, A AFE atenary frc, : ireless power trar|1_§ er, Inductive
XNEMEY| SEMEY| £7|RE7| MO |;_)|ower tlrans er ?songrllt |r1tyerter, tmeaSr gekr:erator,
- - armonic generator, induction motor, Synchronous
ZoH|o], ETM0], SEA0f, FEHo], t Vg” ) L Zj o
=3 | AMA, SHRL OlEAL, s, axyley, | MOOH YOrage, 0TGLE CONOL, Speed controL
e ey L | Current control , Position sensing , Pole detection,
Mof | AIH, 2lEH, 6AEH, MSEL, FEIFO, Siot f Encord Resol Eycitat
ExMRER|, BHEE, ARNSY|, REMSY], r? coun ggk’. nc;)r er Peso vler., XC! atloln
MESIIRISY|, MERERSI| HeFof, | SIS PIEER] SR R Or PO
- N uxiliary power, Motor Block, inductio, Main circui
FT4H0|, E3Hol, SEHof, BEHO|, | Y E’,/. . e
Fxicp|, wWob|. welulEA AP IEE rea e;, bimpe ance,| dagn'e ic equiva EEMcwcw,
ZoIMEY| SEMEY| Silesd raction motor, Induction motor,
HE Y MAZR/HLolS0H, B, TA rail fastening device, rail joint, sleeper, ballast
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e Fxus 117 &/HE2F7E 8 (s 7[®E
i =2 7[9i= d= FI9E
XA, 2717], AT A2 zsiA AA|, | vibration—proofing  device, turnout, ballasted track.,
DEXE FHZ MMA | H T XY ST | rubber tire construction ,ballasted track, slab track,
AlE, gdE HZAIS, iEd AZAIS, construction embedded track, rubber tire runway
ES |IRXE FHEAS, HE, 25, 88, ale| construction, irregularity replacement, replacement
oAot2d wx, S A2 WA, £al2 HEZ| slab track, railway bridge, roadbed tunnel, design
o x|, 220 U HY sy anaylsis, roadbed, tunnel, railway bridge
A, B, eEY dsE0F 7XE| maintenance
MHEZR HSAAH MaHsE | 558 2,

S| MO LAK| AIRJAOILAK]. Of 4| 2RI A| AEd Power quality Protection system , Power conversion
< 01|L1X|I_X1KTIP5:| ﬂiWE ;7“ - active Filter, Regenerative energy, Renewable energy,
oo y L= — = ]

MH/ | 2AMAME, MAM, 2AUZET c2H | oEnﬁrg{j l\él:anetagetnfnt Séstfm, Ensergty stocrjagg systenl, t
MoipEak| 2R, R, AHAMS, M | WIC . Onsonnd ! P
WE{ TP E MAMZ. ZH MR 2 SR B Joint, Section Insulator, clamp/ dropper clamp , steady
[ald fm—— | (i) , © (i} (i) T T, . . e .
ATEHOL| olulE| MAMZ arm, insulator, RCM Reliability centered maintenance
BAASHS, DRXSHA|, S47[8E Automatic train protection, Automatic train supervision,
GRHO], XFAT[ERS| AXIK O A|AR] Communication-based train control, Train control and
As | SASEA, HAZR|, M2 S| ER], monitoring system. Electronic inter locking, bolck/turnout
= HE =SR], LEXIXHKX], SEMOEX], |system, level crossing, train—centric control system, backhaul,
°- | Wg ZHEZ AALR|, HEASsHEH|, | fronthaul, backbone network Automatic fare collection, Multi
SMAUR MM T BAEEX[ YA A in put, multi out put, Driver information system, Passenger
MO HAIZ], BFEEER], SZHMH|A information system. Public address. passenger service
_ B} B Traffic for ing, Modalsplit, Traffi ignment, Transi
TWE, fohEE, SHUHE, AAHA a C oecastl g, Modalsplt, a' ¢ assignment, ?St
HE e SolmA HaluH e connection, Hubcity, Passenger transit, Fare system, Distance
ADE’| ET;F’!EET' Eo;:v,_pa A ixl-‘-:—,_:l, based fare, Yield management , Seat inventory, Mathematical
_ 4—:—: o *E’NTOFIO T aer :’ model, Operations research, Key Performance Indicator,
HEMY, AKX, REI|X[LX], . . . .
ol HEooiE HEM =M b2 Track arrangement, Station location, Depot location, Rail
= i ’ e, |, A (ML . . -
O;T i sroin AT o et e =< | Operation Plan, Sub-main track, Siding, Turnaround track,
%’ T'__ooAl—|, X|'<3"|L_:io, T'__oo“‘Hn_-I, EH'”"/TE, . . .
s o of: _ smro o ~ Headway Frequency, Fleet size, Railcar composition, Stop
=828, SASAS, HFTBATE, attern, Halting pattern, Meet/Overtake, Skip-stop, Train
s2eAs, ERE 2, IEAojEx|, | PN MY PITEm,  SHPTEOP.
Folgy o

SXIESIA| AR HO|E HE scheduling, Rolling stock routng, Crew roastering, Freinght
S e - - = carrouting, Congestion rate, Traffic management, Centralized
Traffic Control, UTO/DTO, Railway Information System

/ Hazard FMECA, Hazard Identification, Failure Mode

AlZbE  DAIEZ|EA OHIEEZ|EAM Frequency Severity, Reliability Availability, Repair Rate
ED;EE)’I E;_ETE;HEET:% o Availability Safety Prediction, Bow Tie Model, Risk
T =, TleaxL l="= ST T . . . .
’ ’ i Metrix, Acceptable Level, Estimation Demonstration,
ae |MEE/ JIBE, SXELT, oM, DEE/ P | nuem
AT A28 JIBE OMDZHMAX Xojme Safety Integrity Level, Accident Service Failure, Safety
o} —';fomgziall_;;i;?;az ;; Asessment, Risk Information Big data, RAMS
LE?IOIOH 0|;Z’7THT ;’WEIEE\TJL; (Reliability, Availability, Maintainability, Safety), MTBF,
O?A}éUH'; :cl>_+;174|li_|,_/|\,__aull_ ;7} ;;,’HIE Mean Time Between Failure, MKBF, Mean Kilometer
L o y = = = y O —_— 11— . . .
Dty oMzl mal SX|E4 I} 24 Between Failure, Fault Tsoalfe;imt, Fail Safe, Functional
YEDTAZL7I2/5S, ZEHE, T ’
s M, 259K, S7I1E EV|/EE), . lock. Vi . f i
HAZE| S| BUEMA, 32 S5kt In0|se .b ock, V|Ibrate reduce, noiseproof, venti gte,
o ooio| o air—quality, monitor sens, thermal comfort, predicted
HE ok, 2ad 2e5 mean vote, PMV temperature, radiant temperature, air
A_q_l:loq_[:lo |q_I:IOA_H_ E’I_ 3 3 )

velocity, indoor air qulity, effective temperature,
LMY, oA2UUZ, JIREE, MDY

_ energy efficiency, humidity, nano catayst, anticorrosi
oLXES, TR, REmel S, L o v o y’t i ty ! !
. rust antirust /anti-rus
Zoll, FAIX|, S|
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. JleTEy AEH 4 45
D) A=zt
o1 A=A 2"

Q AFA2HEF 7348 5, €&, Adt €22 E45%0eH, S 7<B38H2>
F8 AA= T 89

O 5Ue B3 NEAAHNA 19, =EIEAALL 392 1EA A4 F lesAhL
A49) 5z
O et B EAAGAA 89, =BIEAAT S U2 AEH A8 F A&
AREe A 2 89
[E 94] RIZAIAH S5i/=2 24
=3 es
No =27} of 5t Al xF=} AH=X of 5tz e
=54 | olgs | oﬁ | o%.AEa 4 JAQ waga | 8 oA4 4 cﬂAﬁ
INES NS B INE NS
1 =g 105 1.75 0.62 0.89 65.12 171 1.06 180.58
2 o= 52 2.46 0.87 0.84 | 45.30 149 0.61 91.21
3 FH it 28 3.50 1.24 1.14 | 34.68 88 1.34| 117.66
4 A= 16 4.88 1.73 1.03 | 27.61 170 1.49 | 253.96
5 AL E 24 2.08 0.74 0.96 17.70 41 0.83 34.03
6 S 28 0.61 0.21 0.95 6.02 1,092 0.39 | 426.14
7 HE2= 16 1.00 0.35 1.07 5.66 43 0.89 38.13
8 st= 24 0.58 0.21 0.91 4.95 96 0.81 77.69
9 mgkA 19 0.58 0.20 1.47 3.89 83 1.62 134.46
O AFA2=H 7eAAY Haxl 5L100.0%) v U =5 13.2%
[E 95] RtEHAAH J|=4dHH
= =< A= 7fLict A= 29 E e HE=E sk ZEs
S50 |s4dMy 1.00 0.70 0.53 0.42 0.27 0.09 0.09 0.08 0.06
=278 0.42 0.21 0.28 0.60 0.08 1.00 0.09 0.18 0.32
* 55|/=8 dMHX|F= FII[s57 100% 2t
*x E5|7|24dM2(0.694), =27|=2Z2H=(0.306) 7I5x M3
(It M8 T 2MEE £ F)
19 22| 3 49 5% 6% 7% 8¢ o
2 o= A= H -tk = A9 A sh= HEzt=
00 66.6% 57.9% 55.1% 44 9% 25.9% 16.8% 13.2% 10.7%

0
« 55f/=2 ZHHX|F 2U7|E= 100% it
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() 24 3w

O A 2 Au|Eof Z|eFZAEH L Y, YT, T3 €22 BAFHINOH, I3 eFZAEH LS
F8 AAT F 99
0 5Qe ESVNEABANA 19, RENEARLL W2 AEA Ag F EARGe
A9 4
O FeURE B EAALAA 99, EIEAAAL 692 NFA 4G F e
AAde Aasl 5w
[HE 96] At ¥ MH| S9/=8 &4
=3 =2
No. =7} of 5k NI 27N of k@ 7zl
=572 | olgE ooAa |o%.AEﬁ ooAﬁ moga ooAﬂ ooAﬂ
X== X == X = X X ==
1 = 59 1.71 0.60 1.22 35.57 1807 1.38 | 2,497.54
2 it 18 4.00 1.41 1.41 25.36 816 1.6211,318.97
3 A Hl 10 4.00 1.41 1.06 14.09 381 1.42 539.15
4 HEz2t= 15 2.60 0.92 1.59 13.73 418 1.67 696.43
5 o= 29 1.34 0.47 1.04 13.73 1535 0.7311,112.86
6 A= 11 2.55 0.90 1.17 9.86 1619 1.78 | 2,885.21
7 = 16 1.63 0.57 1.17 9.16 11460 0.62 | 7,087.27
8 CH ot 11 1.82 0.64 0.93 7.04 518 0.73 378.70
9 St= 11 1.55 0.54 1.17 5.99 990 0.83 821.25
O zA 2 A 7eZAY Ha=<Ql =59100.0%) vl =W 5 19.0%
[HE 97] At & MH| 7|=HH=H
T2 = Ficich | AQIE | HE2E | Ad=E A= e CHat sk
574 1.00 0.71 0.40 0.39 0.39 0.28 0.26 0.20 0.17
=E7sddE 0.35 0.19 0.08 0.10 0.16 0.41 1.00 0.05 0.12
* £6]/=8 Z™HX|F &II[5= 100% ot
o+ 561722M2(0.694), =27|5AM(0.306) 715X HE
(FIEx M2 F &MY £E5)
19| 29| 3¢9 49| 59 6% 79| 89| 99|
2 FH it = A= o= A QY HEZ= CH 2k gt=
00.0% 68.8% 60.4% 39.5% 39.4% 37.2% 37.2% 19.2% 19.0%
- £5i/=2 AMRAXS FHDIET 100% B
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) F3

O FAZX o 7eAZAE S A8, 5dY, F3F €22 EHHNOH, 3 7<HFAHLS
F8 AR F 69
O de EFVERAHAA 19, =E/ERAHL 6912 hEN A8 ¥ AeFgge
A4 5z
O FElugtes 537 AEANA 59, =272 AELS 8H=E A A8 T JE
AR L 69
[E 98] =¥ S3dl/=F &4
= £8
No. =7} of 5k B! X of 5}z e
=574 | olgE ooAﬁ Io%.AEﬁ Ady moya ooAd o’éAd
x| x| x| x| x|
1 o= 118 1.44 0.86 0.72 | 102.03 1,239 1.1311,403.63
2 =¢ 153 0.90 0.54 0.58 82.82 2,010 1.33]2,677.81
3 HE2t= 32 2.38 1.43 1.79 45 .61 719 1.5211,094.60
4 70t 31 1.90 1.14 1.27 35.41 1,506 1.3311,995.49
5 St= 31 1.58 0.95 0.48 29.41 1,012 0.97 980.52
6 == 31 1.32 0.79 0.60 24.61 8,291 0.48 | 3,972.00
7 ZEA 27 0.93 0.56 0.92 15.00 1,339 1.54 | 2,060.27
8 CH ot 15 1.07 0.64 0.28 9.60 408 0.99 402.07
9 o|Er2| o} 14 0.50 0.30 0.89 4.20 1,397 1.051]1,462.32
O FIAA 7«4 AY Ha=<l dE100.0%) thH] U 52 34.4%
(B 99] =¥ J7|=43d=
T2 A= = | HE2= | gjuict | st e =ZA | ofgak | o|EtZ|of
Eo57|ed™= 1.00 0.81 0.45 0.35 0.29 0.24 0.15 0.09 0.04
=E7sdy= 0.35 0.67 0.28 0.50 0.25 1.00 0.52 0.10 0.37
 £61/=2 AMWAF FHDI[EF 100% 2
*+ E5|7|2ZdM2(0.694), =274 2(0.306) 7tE5x HZ
(FtExA M8 F 2MEE £ F)
19| 22| 3¢] 42 59 62 7% 8¢l 9¢]
2 = =< Ee HEzt= 7H et sh= A o| Etz2| ot cHat
00.0% 96.0% 59.0% 49.2% 49.2% 34.4% 32.5% 17.6% 12.0%
s S6i/=2 ARWXS HDI[EF 100% 2
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&) As

O ASAX Bof 7|&AAYEL 59,
F8 AT T 89

YR, At soz E4HgeH, I NeRYL

O HY2 Es7|€ZAHAA 19, =w7l€4A8L 32 7hA H8 F 74489
A9 5z
O ST EHEAAYANN 89, =EAEAAYL 695 AFX HE F A&
AAEe Aaksl £ 89)
[E 100] M& Sdl/=& &4
s+ =8
No. =7} of 5 e 27N of 5}z 7zl
=572 | olgE ooAa |o%.AEﬁ ooAﬁ moga ooAﬂ ooAﬂ
X R e NS X
1 =9} 197 1.17 0.46 1.18 90.40 1,114 1.2311,374.06
2 A= 121 1.31 0.51 1.21 62.10 602 0.70 423.18
3 it 35 3.06 1.20 1.36 42 .06 627 1.68 | 1,051.94
4 HE2= 25 2.16 0.85 1.28 21.23 267 1.79 478.45
5 = 41 1.07 0.42 0.95 17.29 9,945 0.56 | 5,541 .17
6 CH 2k 29 1.38 0.54 0.67 15.72 468 0.79 369.00
7 A= 30 1.20 0.47 1.583 14.15 939 2.06 | 1,934.86
8 St= 56 0.55 0.22 0.86 12.18 744 0.74 551.99
9 ZzatA 29 0.62 0.24 1.63 7.08 663 1.14 756.48
O AsHA 7«edAY Hax<l 5L100.0%) thH] U 52 16.1%
(B 101] WIS 7=34=
T= = = | Zirict | YEEte | B cf ok A= sh= | Z2hA
E57|27@™a | 1.00| 0.69| 0.47 0.23| 019| 0.17 0.16| 0.13| 0.08
=274y 0.25 0.08 0.19 0.09 1.00 0.07 0.35 0.10 0.14
« Bol/=2 AMeX|% 2152 100% 2t
x E517|&54™2(0.694), =27|5ZM21(0.306) 7IEx HE
(IR Mg T 2MEF £ F)
19| 29| 39| 49l 59| 6l 79| 8¢l 99|
c oz == Fh bt A= HEz= cH 3t gh= A
00.09 65.0% 57.0% 49.5% 28.0% 24.6% 18.3% 16.1% 12.5%
*» £5/=8 FHHX S D75 100% 2t
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(mh) XA o]

Q FIAA &k 7eZdAY LS dE, T3, 5¢Y €= EHFHNeH, U 7leBZAH S

23
8 ABF F 49)

O Yre EHAEABGANA 19, =RAEAAEE A AFH AE T AeAAEL

249 42

O $evetE BuAEAAEAA 39, EEeAAEL 692 A2A 48 T A%
A e 39
(& 102] RTHO| S5/=8 24
=i =

oo I gsus | ams S (MRS 0T eeus | TS| B8
1 o= 167 1.90 0.81 1.25| 134.86 647 0.57 371.27
2 =l 121 1.04 0.44 1.1 53.60 781 0.82 642.07
3 sh= 76 1.62 0.69 1.01 52.33 629 0.76 478.20
4 FH et 30 2.77 1.18 1.29 35.31 340 2.07 702.83
5 = 50 0.78 0.33 1.04 16.59 4,430 0.61 | 2,705.34
6 CH 2t 43 0.91 0.39 0.74 16.59 325 0.83 268.17
7 A9l 27 1.07 0.46 1.43 12.34 133 1.23 163.15
8 A= 26 0.85 0.36 1.43 9.36 559 1.60 894 .45
9 matA 31 0.35 0.15 1.37 4.68 417 1.28 535.14

O FxAo 71=3AY Ha=x<el 4£(100.0%) thel =W FF2 43.9%

[ 103] FTAO 71395

T2 oz | =9 | 3= [Huc| 5= | oo | 2w | 9= [ =Zga
S57|=4d4 1.00 0.40 0.39 0.26 0.12 0.12 0.09 0.07 0.03
=E7lsddy 0.14 0.24 0.18 0.26 1.00 0.10 0.06 0.33 0.20

 £61/=2 AMWAF HDI|EF 100% 2

x £517|54%2(0.694), ==27|=ZH2H(0.306) 7IE%x H&

19] 29 39 4% 59 6% 78] 82! 92
ol 2 53 s B2 | Ak | @3 et | =Zga | a9

53.2% 47.3% 43.9% 35.5% 20.3% 15.7% 11.5% 11.1%

0
« S3/=2 AYHAXS FDI|EF 100% &t
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(2) A=AA

on ARES

O AREERC 7|aeZAY L A&, UEdE, 5 €28 E4FHNeH, U 7|38 E LS
F2 AAZ F 79
O Yre EH7EAAHNA 19, =274 AHL 692 7HEA A8 F rledgYe
449 5%
O +eveste 557148 EdA 59, =274 A88L2 192 754 48 & 7+
BAE e 79
[E 104] SES S3l/=2 24
s4f =2
No. | @b [ | oge | S29 [Nas=e [gae |, [ goe | 23
x| e | mE A | mE
1 Y 136 1.40 0.59 1.40 | 80.23 897 0.81 729.44
2 HEzt= 45 2.71 1.14 1.53 51.25 371 1.21 449.73
3 = 81 1.26 0.53 1.33| 42.84 1,215 1.07 | 1,295.37
4 7 Lt 44 1.82 0.76 0.98 | 33.60 627 1.42 887.92
5 ch= 42 0.98 0.41 0.96 17.22 797 0.77 617.38
6 =y 25 1.16 0.49 1.08 12.18 1,187 1.33 | 1,573.60
7 A 25 0.96 0.40 1.78 10.08 798 1.28 | 1,023.93
8 e 32 0.63 0.26 0.97 8.40 10,252 0.59 | 6,079.44
9 CH et 16 1.00 0.42 0.59 6.72 500 0.98 491.12
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A13 | HEXZE Zejo|Mz| AZY f47|s 36 40 27 33.98 38
A32 | EAEE AHE EURAINE BER Vs 34 50 27 34.62 39
A12 | 2Hd n2ek57| 715 44 24 27 35.5 40
A32 | MoilE ZXMAMol ofst MBSt ZUE A% ) H Ex7|E 39 23 37 35.68 41
A32 EAIﬂE ANFE &/EAD| SEAIAY EFS} 7S 36 53 27 36.19 42
A55 AXAET| M 2 HEP|E 44 53 13 36.23 43
A15 WIA' AARER] HETJMZ ASHR| J|s 31 53 37 36.54 44
A31 | 7IEE(Door to Door) il WSS 2 AAD = 42 37 27 36.65 45
A33 | MMEHE TUTN TEAAE J|& 44 38 23 36.68 46
A1l | CES MR MAS 25 CEES A2 MEAIAE 7= 44 15 37 36.97 47
A12 | EEXP|LEENIEIP|E 36 43 37 37.49 48
A1l | AEREER AAst AlRE 157|E 34 52 37 37.96 49
A23 | DEAHE ZL7| HolE 7| 44 27 37 39.01 50
A21 | En& Ap|Ra sAD|E 44 30 37 39.52 51
A53 | 328 2i|d TR 7|& 44 33 36 39.73 52
A1l | LiFredst Aot MEAt 2|eHolM T|= 44 45 37 42.07 53
A12 | SED| A%t SZYX| J|= 44 46 37 42 .24 54
A11 | CAE(computer aided engnesiing)S E&25H HTR[Z AP & 44 49 37 42.75 55
B21 | loT7|dh M MI|MH|MEINE SRAIAE 7|& 1 11 417 1
B23 | AlK{Mol|L{x| & ESS oA 7|gt MEXEalo| ojo|IRTRIE AN P57 |E 11 8.09 2
BT | B23 | 8 HT $L0RRRD|E 2RAIAY J|s 33 9.76 3
A2 | B2t | ®MIET SHAS AR AAIZE AISE0lE IS 50 1 10.39 | 4
B21 | On-line A& ofL{X|22| LES3 7|et A28 2EX0f 7|5 16 3 5 10.49 5
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B33 | AlS HMOjAIAE! AlolH HoP|s 18 7 2 11.33 6
B31 g_’;_gﬁ;ﬁi%ﬂ%;ma Hoi7l& (olsHME ol83i0 MHAX 11 17 9 11 42 7
B11 | Ht ¥ olme} By 4IRS 15 16 5 12.17
B15 | ZoIE2|A/EE|AY |8t 0|8} OlSHE MB7|E 2 40 19 13.56
B11 | ASXS XML& ADIE HZAIAE |5 10 5 27 14.25 10
B15 | S&&ks7(et QE|RY WSs|E 1% ¢ 2A7|E 8 18 27 15.4 11
B13 | E=8 =AM HZWH 7|5 8 22 25 15.48 12
B31 | LRRISAIT2T)7 |8 2ol HXIXgFa7|s 3 46 21 15.71 13
B13 | Al Za 23l EAHZ TA| A™E WA S(sky-guideway)ZiA7 & 11 1 33 15.9 14
B11 | AEigEI} 7|4 J2Ert & [AI2S Ad| 7|s 6 43 19 16.19 15
B11 | CiSzt =1 ol=0| 7kssH00km/ha Rt ol=2} 7 |= 20 30 3 16.6 16
B22 | MipMZ || ¥ Zch XSt 7|2 1 18 27 16.99 17
B23 | ti8Y FMHE ME 7|s 7|H MEH3E 7|5 6 38 25 17.14 18
B32 | AOIE HE Ql=Zals I8 LTE-R 7[etloT 841 7|& 20 30 5 17.2 19
B31 | ¥it 23 RECH US| 7|& BRHOIAAR] 712 2X3t 7|= 16 21 21 18.35 20
B23 | 158 MHSF LEYI MY 7|& 26 10 13 19.38 21
B21 | M7HE ZXAS DM 2 HoHo] 7|& 26 11 13 19.55 22
B31 | Xls8 it Xe3d 7= 22 28 13 20.32 23
B31 | I&/UHEEE M ASHOAIAE 7|& 31 18 9 22.19 24
B33 | T2TSAVIEIXI=E ARIX| g1, MX|oiez AZ-AI27t 2T EL) 24 28 21 23.78 25
B31 &5?%’(7}5_; ﬁ%ﬂlﬁg%@)@l HojMHglo| FRfzkziol olsl ZAt 40 6 13 26.12 26
B31 | OlSHA7|HF Lui(E) 2 DEHT ERTMS/ETCS Level 3 Tkt 71& 40 11 13 26.97 27
B11 | LCC 24315 9I5t DM MM Hz7|& 34 34 11 271 28
B11 | 400km/ha DEEE Ql=el 7|& 22 35 33 27.51 29
B12 | InSAR 252 0|83t IEATe| X|EkElsH 24 2 /I8M Hop|s 18 48 33 27.6 30
B33 | LTE-RXAMER|Q| failureOll T Zolsh O|F3M|A 7|& 34 4 30 27.7 31
B32 | loT7[t XS5 HHAEIE HTAIAY 7|5 26 24 33 27.76 32
B21 | AZgtAE HHEMA 2 70| 26 26 33 28.1 33
B31 | 23xS7|4t FMELE &85 ASFHI|= 31 11 33 28.2 34
B31 | virtualengineeringZ |2t EXIHOA| AR 1847 |= 40 30 13 30.2 36
B13 | Sgt Al &8 ZAT a2 ZA TA| 2SS 7 WiHEE s 26 44 33 31.16 37
B31 | ¥xt 7pt AiSEE| Zeb|& 24 52 33 31.46 38
B31 | X8 EARY & SMAZ HHI|& 34 25 33 32.17 39
B21 | Zleky MI|HT HixAH| Sl IR 7|s 34 36 33 34.04 40
B11 | loT7|dh Ralst Mt AMY|& 45 9 30 34.38 41
B32 | MMHIAHRIX|MET|E 34 38 33 34.38 41
B11 | 95130780°C Sot YWAlT W[ A, AZH HT e 7| 34 41 33 34.89 43
B11 | g A= Mzls 45 15 33 36.3 44
B11 | OIAZE MBS 0|85 ARUTA AT 423t 7|5 45 23 30 36.76 45
B31 | CiSZt =12 0l=0| 7k55H 1,000km/ha Gt AlS7 (s 45 47 21 38.14 46
B31 | d=zfe| 1% Hoj7|s 45 27 33 38.34 47
B15 | ML WS} Barrier-freeS 2t FHITA! Sl ZHE 7| 40 49 33 39.43 48
B31 | AAEA dARIx| AX| 7|& 40 51 33 39.77 49
B33 | off-networkPTTAH| AT [S(PTTAEH T2 810 IFARBAIIPTTAH|AK|S) 45 37 33 40.04 50
B32 | MET LTE-RUS &5 oA EAIA J|5 45 42 33 40.89 51
B23 | difotE(25/2Y) ¥ Hx HY ofux|E olgst ofLix| =&t 7|5 45 45 33 41.4 52
AT | C23 | BG Data 7|vt MR & ol=e| Melf 7|4t BLEE 2 Acb|& 1 2.55 1
29 | C21 | FeV| 7|Et K58 =R m([EdE 2 AME 2RPls 1 2.76 2
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C23 | ICT 7|gt 2= H|2f, #a| &X & H87|& 4 3 4.76 3
C21 | HzAlAE 9 B2 o9 =8 88 eB7|s 18 3 6.61 4
Cl2 | A=Y a8 s HHAAE J|= 11 6 3 7.75 5
C21 | ICT7|dt M A|ME S5} o[22 |A|A J|& 15 3 8.22 6
Cl2 | g Zdals 2t ol=a} 7igt 2 24 B4Ezb|s 1 24 8.96 7
Cl2 | Hxo|82 Zalistd 4 oAus MEMS 7|& 1 11 30 11.4 8
C21 | CPS7|dt MEAIR 3 Al RAIZRIHA 757|2 10 13 15 12.01 9
C23 | HE ol=a} =t -t thS & SPIs 20 3 7 13.21 10
C32 | T (X)o|Mux|] el 7Y 2 MH7|s 7 21 24 14.48 11
C14 | HZRIF st Aksst ¢ 2elmy 7|& 11 45 16.18 12
C22 | lot7|2t HE N A ¥ HIHE 2R=7|E 16 31 16.45 13
C21 | HZ 22 &xo| AN I 715 AIFAS ME 7|5 13 5 30 16.74 14
C14 | 101712 7|8t alEAt3, slEenld Xisst & 3lE AAZIE| 7|8 15 37 9 16.94 15
C32 | HITARY XY o SAR et 7|s 14 12 27 17.56 16
C22 | Big data” gt 2TIZARKZ |ZAL EHIAL &) CIMFEN 2 M2V |& 22 20 9 17.76 17
C23 | T Al Tl SHARIK| 3 ASCHSAIARN(S721) 7|& 16 30 15 18.08 18
C31 | 7|=¢ialkfd]| F=usZo} LiSer|= 23 19 9 18.12 19
C32 | Hx 7|12 ¢ SR MLls 7 45 27 19.46 20
C12 | gxt28 AlZ2olM(TPS & MTMS EX) 7|8 16 23 30 21.39 21
Cl4 | Hx S8E 259 oM &le|s 16 28 30 22.24 22
C14 | oMU REFAIE 285 TEEFMHIA MBS 7|5 20 35 23 23.45 23
C32 | XI5t Aliz7[2n} skl 2R 7|5 23 24 30 25.27 24
C32 | HxAld Al 3712 olE7Is 23 26 30 25.61 25
C32 | I&FdH 43005 2 MY 7|s 44 9 7 26.95 26
C11 | HxziMol| w2 AMH JHo|AR 2 Jido|ulf(2ky) 2 sHat 36 21 15 27.15 27
C32 | ATNSASKHZIS TEAE QUMAR] 2 A i AJAR T 27 27 30 27.9 28
C13 | B74 iZHE Al2E JI5 32 35 19 28.61 29
C21 | AIM= dloje 4 2 DB S&fz| 715 38 17 19 28.73 30
C22 | HEYAL 3l 5 dIAA CHTAZE 712 HE ¥ oy & 7|5 23 45 30 28.84 31
C21 | AOIE 2ZXR FAZFAIAE F57|= 38 8 27 29.6 32
C22 | HE2YS It SMS 7[5t HE Q3T =t 2378 M ¥ 75 7|2 30 44 21 29.68 33
C23 | S oMZ(PSD)Zt At Alo| oA MZSIE 2I5H ZOHEZX| MM 7= 27 38 30 29.77 34
C23 | AZ/AK Z2Ig 87 7l 33 39 21 30.42 35
C14 | OIS 72t el 3= R&sks 1% s=EAt 7|5 27 42 30 30.45 36
C32 | MR ME7tstt 248 ey &xl 7|8 44 34 9 31.8 37
C32 | AR Fmx| 2ls 2 43 M2|s 33 32 30 31.93 38
C23 | Marfsl malzazt ¥ 52| 71 |s 30 45 30 32.55 39
C21 | Hx 4K AEHE ®M8 7|& 44 28 15 32.58 40
C23 | MuiSE2RT|5 44 14 24 32.9 41
C21 | HZAISHOMAAY oM HWIip|s 44 10 30 34.02 42
C23 | RFDEZ 0I5 Al A=Al LY, T2=A} 2IR| met 3 mi-lold &2 J|s 33 45 30 34.14 43
Cl14 | 2T=RUEST 2Me St skl |s 38 33 30 34.75 44
C14 | 150km/hag 1&EIRE 7|12 44 16 30 35.04 45
C23 | HiHolg] 7HolME 25 7|2 42 25 30 35.51 46
C21 | /YT 240l ofst MR 2XHMOP|E WM 7|5 36 45 30 35.73 47
C31 | HzARFEX 2 HPIE M=S Xyis HE AN J|E 38 45 30 36.79 48
C14 | 7[ESRSINERhE &85t Clelst SIEREE SIZAIR 2lulold 71& 44 40 30 39.12 49
Cl1 | TALEZHMEXEE0 o5t TAITE HelfE 2 TAMA 22 7|5 44 41 30 39.29 50
C13 | HT/T2/e32Res S580] 7St 28 Yad +87|& 43 45 30 39.44 51
Cl4 | 1% 329t 7|5 44 42 30 39.46 52
C23 | HEHY Al 328X 7|5 44 45 30 39.97 53
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T = M& Zof F2 FEEof
- XA, "I &, Ego|3, &, =& 1™ =(wheel-set axles), 2%
ot g MEQM Z0| 380 =k &2 E M BF
S ESEPNE == (O o et~ ES el
A A 24 2, 2, MU eHE(cdimate), ZHA HO|, F
= =4
a5 24 BAL 22 9 HE, fRME2(E AXHoE
(usability engineering)
- KigF 2EZ£0| dH|otd| XFR(dimensional) =% S ZAAL Mz EY
e AN
- 712X S EAL MM, ZE 4 7(7(0f CHe ehdat
H = 7|18t 7|= ZOf(equipment engineering), F& 7|&, 23t H
7t A EMTE QT 7lE M2 AAF BX S EX| o ¥F
A HE
- H|™ & AHMachine vision)
Ol A(F, A XM 8), FHA(E, dEE 23 Ho
X)) &FHM
- HEE Hed MM HEHE S oA X otE EXE AL
St7| fls ItE 7tsdol mE = Hoj2at Eo|3E 2L
HEsle @84 £8M
=29 - Y Eo] ZAYSto POt siY E kS X|Lbs ¢
HX|Ho =4 OfFE HAAtSts =31} &3
- RIXE HO{H 2E E= HI BEZ X5t HESH &
Hst= z4l golN 7|ls2 HE8cr T2 A0
- AtESE HY 7|7t BiE, B B £ES dX5tle 2F FF
K|
- 2Efel FEAY, H0F e FH[Ql 25 =T AL, my
ofst ZAf
axjae w |0 PN HON ® DoyHS selcs @ ME 5Y N
M U | ot= AHEQ _EE Na 2o oMol ntest THF Y &
o A =30 dAF FXK|
- got BF Jls, 2304 o TR A EXt
- RFID 7|=1f ZgtE #e| A|AH
Jls, Al 7|9 ATe EXMOoZ st mED AUZeE
i S8 AFS|H H[Bo| 0%, B}
-8 38 syt tiE wsP+R E, FA HE AAH)ES
AAst= HE, 5 28 Al7te 2 &84
e e oo X Jjut MHI2E B3 A 5 VWS BUW kE
(intermodal nodes)O| A Z&I™Ql £7ZH 1tz
4E RE 57 0|52 YTt LH[A oM =M
|2 ol %, HlojE me2 st QIETo|A N, 7|YZH
QY MH|A HEX 7to| HIO|E M& Al 22M
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