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94 1,464,673 | 3,608,136 | -2,143,463 | 4,860 150,284 | -145,424 | 717,549 | 1,393,558 | 676,009
95 1,711,141 | 4,024,703 | -2,313,562 | 11,423 | 256,087 | -244,664 | 742,984 | 1,461,869 | -718,885
9% 1,690,975 | 3,468,771 | —1,777,796 | 19,011 201,440 | 182,429 | 254,029 | 1,005,956 | -751,927
97 2,453,111 | 3,058,060 604,949 | 8,548 82,924 74,376 | 275,176 | 1,102,237 | -827,061
98 2,232,003 | 2,192,226 39,867 | 26,992 80,908 53,916 | 360,370 | 974,508 | 614,158
99 2,438,323 | 2,477,216 38,893 | 16,151 63,307 47,156 | 307,801 | 850,940 | 543,139
00 2,620,788 | 2,787,981 167,193 | 7,867 50,376 42,509 | 346,214 | 785,104 | -438,890
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Fax /27t 45 87 U AT 54 28877 ¥y
North  America Buy America & Ogi& AAR, ASTM, EN EMU
South  America Xl 60% =it @F UIC, EN EMU

European  counties Big 3 HEA|IHCE A0S UIC, EN EMU
HK,  Singapore J|l&=4F0| =0 HHMutct UIC, EN, BS EMU

East Asia MNIHA| Y, AEFEEE UIC EMU, Loco
China HYFI Y3 (43t 40%0]4) UIC, EN FLEKA L7
India Big 39} A7, 24 UIC, EN, BS EMU
Turkey Big 32t ZAH, sX|3 ZEAE UIC, EN EMU, DMU
Russia Big 3 EXAHEGAIE GOST, EN -

CIS Big 39t &M, Z GOST, EN EMU

Moy Ustalia, Big 39t ZM UIC  BS, EN EMU
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W RFEE FEATNA AYHRD, dA 13508 FRE Z2AE Feldm

A= 3TN FAJA S oA FH
o 2004 2€ 1o AlFtsted 2008 1€ 27hA 7 49 FQF 3, fFHY E=
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377 HEY JAEL 4931 A7NES B3 HE ©

Mzarel 715A, 714, 7IAA AEHA ) 2E AR AL, FHY EA
HAES 9six E=lA A 2H(traction system)¥ BolH, E

(traction contro)& &8 AW A271x] thA] fApd st

MODTRAIN Scope
ﬁ;u Competitive ]
T T Auxilary Power @
C%‘g Supply ,

Pantographs & HV Equipment

0 )
- 0

)

Driver's desk integrated into
Full Cab Structure

Converters &
Traction Control

Driver's desk, cab

structure, doors,

windscreen and
HEVAC

@! "‘G Final Assembly @;\@
Bogie Bogie
= T DE VERESY

Transformer CE“—I [ Cables & Ducts

= t i 4 |

| = [E—e—]
Electrical Phug-ins to Train
pre-assembies Management System

13 30. MODTRAIN 44T ¢

-

ApFA 2F I ko] sk Al 2Ele A EkY] fekd Al2E A 2ol iR
o

- Ay BEY 4T 84
- nEe] A
- AA FBF7) WG ga

o MODLINK+= MODTRAIN Z=2AE oA IA AAsta Jow, ZEF MM
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| INTERFACESTO |
(—— INTERFACES TO

BE SPECIFIED <‘
I e
Subs stem-l Subsystem out of
|_supsystem 4 | mopTrRam scope ‘

ODPOWER

I rPANTOGRAPH

—
M

6

DRIVER DISPLAY UNIT "

eyl |

| DRIVER's DESK MODCONTROL

TRAIN CONTROL
MONITORING SYSTEM

A

Lcrash structure “

asa>

(MBI s e |

R Sociablais i 3 —— e —
| cab Equipment&T *ﬁ |_i£uo_ir£s-| /

B gl

, Pls an;:i sa;etyr
1 L alarm systems

. |
|
|
| “ DOORS \% |
I

PRM access

Tl ——

S_==
— =z —_—— ey — e — = = o
‘[MODLINK_.:& éﬁ I.BRAKE I I ETCS I\ §E§%§£ A:)(;IWUQS:Y I
e bl —_——— \ ‘ = SUPPLY I
taiCoupler | A . iLI=--=-EI-
R = =
----- AN 1 omeem oo
e A e S OSL TRl ST  —:s— A :
1% 31 MODLINK A%=
- - =
o A HFuTAI = AAY ZEF 4
- A28l AAC 2E5
- — - =
- 94 mE Y 74 240 B
o - - -
- Alze 94 mES AWH 4A R A
— 2
Track parameters 8
MODURBAN ocC || ¢—p ‘g“‘;: Integration Z
INNOVATION s
ieligent | ON sssaeConmucerey)
Driving || BOARD
se;;:regn)‘,\ N | uwcalisationm Brake |J| Traction” Doors IJ

19 32 EA FAIA LR AAY ZEF B4

2-2) Bombardiere] 71&% 3%
o Bombardier FLEXITY Swift =} &

Stockholm, Sweden

Istanbul, Turkey

P

gy — )

RijnGouweLijn, The Netherlands ~ Cologne - K4500, Germany

Cologne -

K5000, Germany

RandstadRail, The Netherlands

1% 33 Bombardier FLEXITY Swift X}
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o Bombardier FLEXITY Swift 2% =& A

- 7REEA|ZH

2-3) MITSUBISHI ELECTRIC CO.¢] 7<=

=
SAA - EAE BE

Roof module

Assembly

BN

72 (307 40% AZATE 7Ha)
- AFEIA 2TAGE
= EOIE

Cab module w

)
@ Base frame modnle

= Vehicle frame:
carbon steel

= Roof: aluminium

= Side walls, roof —
outside cover:
aluminum

= Driver‘s cab:

stainless/carbon

steel with GRP
front parts

= Side wall structure:
stainless steel

= Partition wall:
aluminium /
stainless steel

= Interior lining/
fitting

= Mounted onto
bogies

1% 34 Bombardier FLEXITY Swift A&7/

o SiC Power Module
- u2&HAE= A4 H&x SiC

1,500 V DC &34 ¢

- Zdo " Ao ulolE

271 9 FA a4

- m2AB| Al A7]e] SiC Power Moduled H8 A=m#s 7¢

o] 4174
o4

=N

o

=3)

EWA2ES SIC tgole==2 wE MY

A=A A E A 2
g} EWA2E (GBT) g mEd H&) g

A Sl
TAE Azl AALHE 77)9 TF7] 2 EAES =4
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Capacity

5000kW
Locomotives w

2000kW e
High speed
N trains
1000kW
Commuter trains, ; 3IEVA00A

Sooke " All-SiC power module application range

200kW

200k “’ - 1.7kV/1200A

100kW LRV SiC power module application range

750V 1500V 3000V voltage

¥ 35 SiC Power Moduled <18 2 & H9

7] 9 FF 71E9 IGBT 3¢ BEEXEY 7= 65% A4, T3S o 30%

Conventional traction inverter
with IGBT power modules

IGBT AllSiC
Power Module Power Module
SiC
Si Si [: Schottky
IGBT J \}Dmde J } Barrier.
Diode

I+

!
|
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2-4) ALSTOMY| 7|53

o APy REY opAEA L PH 2k

- STAINLENS STEEL
P NLIMNIN

- SEVERAL MAX. MLE LOADS: BELOW 10 TONS OR BELOW 125 TONS.
= UP 10 27x EXCHANGE RATE
- U TO 20x COMFOET RATE

GPTIGNAL AUKILARY TRACTION BATTERY AUX|LIARY DONVERTER

HeTiNG

VENTILATION
AIR CONDITIONNING
MOTOR CORUNG
@ maovowe |
4 =
@  owwaimeesok

_‘. INOEPENDANT ORIVER CAR
A CONDTTIONNIVG

asvcressousmer e @ A 3 R APS THITD BAIL— OPTIONAL

| 46 COMFORMBLE SFATS OveR EacH st @)

MORULAR CARBOOY ELEMENTS
FOR COLLISION SAFETY AND EASY REPAT
= OPTIONAL ANTENNAS
FOR ATC/ATO

ERGONGMIC DRIVER CAS
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01110900035 |01110900035 |01110900035BRAKE HANGER BRACKET Ect3, Edi0I3 & A
01110900036 |01110900036 |0111090003UPPER PLATE t12 b (=
01110900037 |01110900037 |01110900037LOWER PLATE t12 SIFE i
01110900038 |01110900038 |0111090003BRACKET t12 = ol
01110900038 |01110900039 |01110900034BRACKET t12 =
01110900040 |01170900040 |01110900040BRACKET t12 =1%o
01110900047 |07110900041 01110800041 FIXED PCINT BRACKET t12 1EEoHE
01110900042 (01110900042 |01110900044BUSH(C23X12) JIS E4112 SA ]
01110900043 |071110900043 |01110800043 MONO LINK BRACKET(Tc) et Z3(1C)
01116500044 1071170900044 |017110900044UPPER PLATE t12 ats =
01110800045 |01110800045 |011109000459LOWER PLATE t10 o= (=
Q1110900046 (01110900046 |017110900044STIFFENER 110 SLH
01110900047 (01110900047 |01110900047 STIFFENER Z22H
01110900048 |01110900048 |01110800048END CAP
01110900048 (01110900049 (01110900049 LIFTING STOPPER AEH
01110900050 |01110900050 |01110900050PLATE EENE
01110900051 |01110900051 |01110900051LEVELLING VALVE SEAT dEIBEAME
01110900052 (01110900052 (01110900054 GAURD BRACKET s ) A
01110900053 |01170900053 |01110900054BRACKET 9 Helksd
01110900084 (01110900054 |01110800054 STIFFENER t9 e A 5
01110900056 |01110900055 |017110900055AXLE SPRING SEAT(A) BEATSAE(A)
01110900056 |01110900056 |0111090005GNAME PLATE get | |
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(F=EE=FAH) Level 1914 Level 7744 Aelstal oy #eEl= Level 6714
o} °

A st 9o ol = List T xR 3idstes FiY
No i HEE £E =l 22|{ltem Description) S
11 2] 13 [ul||]u L8
1 1 =l High Voltage Equipment

3497 1 CHA 2 AEE T Bogie and Coupler System
3498 2 LY &HBg, TCE 2] Bogie Assy, TC-Front
3409 3 Ha Zoe =8 H 10 &S Bogie Frame Assy, TC-Front
3500 4 oy TcHEe? Bogie Frame, TC-Front
3501 4 ajetgiy Differential Valve
3502 5 =l Body
3503 5 F=ai Screw
3504 5 E= XEE Valve Assy
3508 5 AOHAME Spring Seat
3506 5 gEE AITH Valve Spring
3507 5 R Washer
3508 5 24 HE Bonnet Nut
3500 5 zE | Filter
3510 5 Bl Retaining Ring
3511 5 2z | O-Ring
3512 ] £ 21010 Locking 'Wire
%13 | 5 &l ] Shim
3514 4 =z 2E Hex Bait
3515 4 AOY LN Spring Washer
3516 4 Z37 | Plug
3517 4 A8 2HOlo Steel Wire
3698 3 EENEEEERN Center Pivot Device
3600 4 dIg IS &2 Genter Pivot
3700 4 PLEA =3l Mono Link Bracket
3701 4 E-EI3IEEH Mono Link Assy
3702 5 Hi-ad Mona Link
3703 5 BELEIANIEA Mono Link Rubber Bush
3704 ] e Rubber
3708 B Lj= Inner
3706 i 2= Outer
oy 4 Rl | Later Damper
3708 5 R E=E EEHE Quter Tuber Assy
3705 5 NA-EE2=ZEE Piston Rod Assy
o 5 mel B2 =g E Threaded Locking Assy
371 5 nN=2=4 Piston Rod Seal
3712 5 ¥2d 8 %A Angular Ring Washer
3713 5 g | | O-ring
3714 5 I~ 2= JHIE Piston Rod Guide
3715 5 =2J| Fe = Anti-Aeration Baffle
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[Flant [WBS& 2 [ia EEEE: |°1x1|%! EEEERN
R100 RNE1101-P RBO3620-NET (MLIZI )% 28 SX( N
R100 RNE1101-P RBO3620-NET" (MLI2I=)B % BHE S&(
R100 RNE1101-P RBO3620-NE1 (ALIZIZ)h % 513 S5(
2100 RME1101-P RBO3620-NE1* (AHLI2I )T 2B T5(
R100 RNE1101-P RBO3620-NE1" (AFLE 2| )7 HE TE(
R100 RNE1101-P RBO3G20-NE1" (MLESI )% =& ©X(
R100 RNE1101-P RBOBBOO-NET" (M LRI =)H% B2 M ;
R100 RMET101-P RBOB6O0-NET" (AHLI2I =)IR & K2 M1 3
RI00 RME{101-P RBOBGO0O-NE1" (AFLE2I )T &Hel M2
R10D RNE11D1-P RBOBBOO-NE1- (APLK 2| Z=)IH T RERT
R1D0 RNE1101-P RBOBE00-NE1 (AFLE 2 =) HE R, TC" §
R100 RNE1101-P RBOBBOO-NE1 (AFLES| 3)0H & &He! TCh i
R100 RNE1101-P READD1020DC PLUG, HEXAGON i
R100 RNE1101-P-ETC-S RBADO102DDC PLUG, HEXAGON {
R100 RNE1101-P READ10(1D0C BOGIE FRAME ASSEMI{
R100 RNE1101-P RBAD10020DC BOGIE FRAME, ASSEMI ¢
R1D0 RNE1101-P RBAD2001DDE PIPE,, (
R1D0 RNE1101-P-ETC-S READ20010DDC PIPE,, {
R100 RNE1101-P READZ001D0C PLATE,, (
R100 RNE#101-P-ETC-€ RBAD2001DDC PLATE,, {
R1D0 RNE1101-P RBAD2001DDC SEAT,, (
R1D0 RME1101-P-ETC-£ READ2001DDC SEAT,, {
R100 RME1101-P RBAO2001D0C BRACKET,, {
R100 RNE1101-P-ETC-¢ REAO2001DDC BRACKET,, (
R100 RMNE1101-P READ2001DDC BOGIE FRAME HEAT,T [
R100 RNE1101-P-ETC- RBADZ001DDC BOGIE FRAME HEAT,T I
R100 RME1101-P RBADZO020DE BOGIE FRAME HEAT MI
R100 RNE1101-P-ETC-S RBAD2002DDC BOGIE FRAME HEAT, r.rE
R100 RNE1101-P RBA10-CUT-D & 2= 713 2t {
R100 RMNE1101P RBA10001DDC PLATE,CENTER UPPEF(
R100 RNE1101-P-ETC-S REA10001DDL PLATE,CENTER LIPPEF(
R100 RME1101-P RBA10001DDC SEAT AR SPRING  (
R100 RNE1101-P-ETC-f RBA10001DDC SEAT, AR SPRING
R100 RNE1101-P RBA10001DDC STIFFENER {
R100 RNE1101-P-ETC-¢ RBA10001DDC STIFFENER (
R100 RNE1101-P RBA10001DDC STIFFEMER (
R100 RNE1101-P-ETC-£ RBA10001DDC STIFFENER {
R100 RME1101-P REA10001DDC PLATE (
R100 RNE1101-P-ETC-S RBA10001DDC PLATE {
R100 RNE1101-P RBA10001DDC STIFFENER {
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85X
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* TSOw 94 "Heojdoluy AF HF3) Bohe ASHAHY FF3}, Aak (H4as)
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infrastructure
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A Tol sYstL FF2 7|Fo] FYS A= Part Number7} o]t 74
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* 10 Build Group * 4 Major Assemblies
1. LPC Group 6. HPT Group 1. Inlet Cone
2. Fan Case Group 7. LPT Group 2. Fan Blade
4. HPC Group 9. Turbine Nozzle GRP 4. AGB
5. Diffuser & 0. MGB Group
C/C Group

1% 62 Engine (PW4000 Series) ZE3} T-A A}z
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aH] 337 HE

AR wel Auldrde] o FUH
E(Life Limited Part, Hard Time Component), =

g FHoE FiEH
ife Limited Part : Failure 2A) Al X2 <l

A0 ARAA ALR 5 UA AL 2D F A7 AR

* Hard Time Component : &&7]olA Fr|ZH oz AEste] EHd, 8, LHE
5<& slE= dEo]y Landing Gear, Engine, 7€} K&

* A% FF n¥(Reactive) 1 FF +F e ¥ F dd" Aol oig
o= FF wsh

* 71 oA m

371 #F nAA] s8R FF7] FEFEES ASHCE wAsty] A, AFH

AT AFIHE AEV|E 2L FrHEgE ST

* &gy HE wA Ao . Computerized Time and Cycle Tracking,

Computerized Job Ordering, Execution and Entry into System, Record Keeping
by Computerized System

_97_



24 U9 2E3 J|le TF

D A5 o ZE3 T&F w

L 1990 @) HE=E REQ W Ao FFoA H
gaplo A HAd /59 Hﬂl* Mz F3,
A7 Al 2"HS 7HEe 2 3§

)

[R&2t Ao} W2 W] sk b
2 BHEE Aoz s}
&3 2paFo] 80% o]de] AL

| BHIU/ADAS/AQIREN 27 Brf e 228

20034
S o A2" B9 x42 FXH8H53%)

olr

| £5% HH A2H

199044
Abg HA1H16%)

LHEA[O] 43 Al=%
@ ST AE Ao US4 (eCal

B B3 Y

XA EA QEUE Hg il . G
5= Hof ek A of vzwvzlgﬂ
1970 1980 1990 2000 2010
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@ FlexRay
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IEC 61375/ IEEE 1473 train and vehicle bus, process and message protocols

- TCN 300l B4 wlAle] te B2 H2o] $8AZe] X0 TRDP ¥
Fe ANFOZA $97 EZAYL BEZ I

¥ 38 TCN ZAEETH 8%
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61375=4—1 WTB(Wired Train Bus)
61375—2-2 WTB Conformance Test
61375—-2-3 WTB Communication Profile
61375—2—4 WTB Application Profile
B1375—2—5 ETB(Ethernet Train Backbone)
61875—2—6 On—board to Ground Communication
61375=3—1 MVB(Multi—function Vehicle Bus)
61875 =0—"2 MVB Conformance Test
61375—3—3 CCN(CAN—open Consist Network)
61375—3—4 ECN(Ethernet Consist Network)
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AN 60%
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0 =9 Yult= &2ZEY o 7|& 53
[VxWorks-653]
- Alo]ZE =AZEZE IMA E3ES 9
g o Zdersd 0S
- ZP =AY €600 9] o EA &S 7o st ARt
- AEl 2 golE A EZ(Curtiss-Wright Controls)e] VPX6-1852} A =21 SBC8641DK.
T = 93 A 2% BSP(Board Support Packages)S A&
- st=do] A Y-S CGE JEHE FPF (GE Intelligent Platforms)e] V7768 E=%
13k BSPE £ &3le] Intel 320 E ZZA|A o}7|E X 7}A] 2]
- B 787 TRlgeHE S 407FA] o) de] ZIAo A 1807 o]/de] A HA|~Hl o
A AA 100 A5 o8 A
AR R Fe 7 F9Y dA% 2AEH S AFsta o, AHEA o FE A ol
S Zv7] ©2 DO-178B <15 d¥S
[INTEGRITY-178B]
- 19823 AEE AA HW dWge AZEYo £FA 3A aUd A7 ZA AN
1]y é_‘x/\l ZF OS
- ARINC653 3#<=ol] 7]%Féto], time/space partitioning 7|55 #|-&3}aL
A
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<l EALG+ QI5< 53 AFoE Butd A9 3AAl, Y& Ao, A=t
| A2, UES A 9 o5 Fol s A&
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- mpo]AE A 7R HAARE LFAAZ AF2HAAT7E R 717] Tl F WA
AHEE L A

- ONX¢] Car platforme FF=E 3 A-sat AFGANA B HAfes A8t
or, dyugx P RAZHRJIHAE A|2"oA & B FXd 747 FH -2 A5
2b o] A8o] 7Hsd AAZE FFAA

- AFFAS AZEH o kA ¢l IEC61508¢] Safety Integrity Level 3& YFE3d}<d

MEERoH, I dd A" &8H A7E U=

o

i
I

O =9 7e &
- 98, A5, 49, AgAEsl, A5k 59 AA7F Safety-Critical EoFEo) A 7]
5o AAE 9 EJErE soluHA Al2E B3 FAVE A E o] Fa Jlow o
B a8 Y SGAAS a7 HAk Bolua %
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i
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o
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rlr

- a4l

- 111 -



S ARINC 653 APl #&S A sl A2t 059 ARgo] F718t
- ARINC 6532 IMA(Integrated Modular Avionics) Al 2=®lellA4 OS¢} &8
= API?] APEX(APlication/EXecutive)E A|&3stil §8& 1 L7/ Hol& A st
JJrEW” 7= A
- AEAHEokol 4= OSEK/AUTOSARS}F 2ol 543 APV 05 melg A3t AAzt
OSell tigt &8 A7 S7iska e T3 o8 ECUE T3t shvte] ECUA
A B 85 TR f% FHAY FE2E AYsta S
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[0 dvid= SW A 53

(AT ESW A% FHF A A5 FF7, A% S yAEe 71718 AolAE
S QITIESW Aol $F 5UZ ABT 9% ol FHAT o APl

met AE7F J5A0 sS4 vhd

- WY ESW : AF2-&F7] 5ol W Embedded s ol thd71718 2Hg-Aofshs AZEY)
oJZA, @A e el a7, AFe] MBS FHdhe ES &2TFF SW

- YWY ESWE b o] 1WE AREE o2 Iy SWee HEE 4R #7
2 24" v o, nxe] iAol a7H I HWE Agdste AF Hnke] 1771714
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o ojd AYPRE LEARE T ‘129 17x2Y AR I YT ESW AFo
17300 272A(AH T 91%T) TFEE 44T ZloH,

- AE2H6ZRY), FAEAUZRY), ARIIH7]7I12Y), 2HA1Z2Y)
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offl

o] 1 44

M AH | ESW Al & o 2 (FH o) = AHC|ESW A w2 (E2HH)
248,840 236 s60 *

2,500,000 - 300,000 -
1 ‘372 208
2,000,000 - LTEE00 1,853,500 1,805,750 250,000 2272880
- 1,647,800 1,713,800 193 240

200,000 176,960
1,500,000 - 169 120

150,000
1,000,000 +—

100,000 TR

500,000 50,000

2011 2012 2013 2014 2015 2016 2017 2011 2012 2013 2014 2015 2016 2017

a8 76 = A W ESW AR FRCLI4E 7]F)
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34 A=EoF A 7le TF

D =Wl A=2F AZAL QA AE3 A%

[PLM 7=] g4 ZEAFARAE SA1/EE AA Z2A2~F CATIA V52 ENOVIA
V6E 7IHtoe 2 =915ty A4 ASDPAE =8 Fol BOMAAILE PMS AA
ZAE FHg AA L AZEA AY =79 WDPS(Wiring Diagram Producing
System)-& &3 &

- U HEAEAAALY] PLMS AAIFEY 30%8 5 HAHAEE HAZA A Aol
Z dgdde oEEol =

- A7IEA EoF AFse A FETS AW o] UHAE AMge] ZH
o] Estal 9lo] PLMAI 2"l 3 213 2l 1B # ol == E7Fe

[F2719% WAIEA AA FF] 5 3F 227009 E 299 T8 AE2A 7Y
7be] WA AAE TEHC AR gof AA magAel I3 L

A7 ZENE

= — — pry

PMS == — M7 Z2HE fa|
4‘—‘%3 &z %;:PEEIX*
g Eg CDR PDR FDR

el v v v

oAl w

e e R oy Hz e
"f‘PMEﬁ;

A Z=HME

() A E. = o

PMS s= e i

a9 77 IS4 AEAFA XA PLM 5§
SRS azaM | A am 3p oea

3 2e

Running List }—‘—P{

‘ 2
2

}74,{ Cable 3D 222
i

12

‘ _
‘ A 2AS/ 20l 45!

r>+r>

% 1. AUOCAD-E @ AutoCAD Electrical

2. WDPS : Wirng Diagram Producing System
3. E3D : Electrical 3D (CATIA ¥5 HAEE)

2) HIIAH ASIHM
IS S50 e AS-IS T0-BE
1 JET AutoCAD-M AutoCAD-E
2 Running List 1] =4y
3 HME
AutoCAD-M WDPS
i R [+ §ET
5 A
=
M| QIS A B 02 ZA 2 Em HoA oA
a¥ 78 I A=A A=A WDPS &
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[2ZEHO)3 AU vul] AAREH LAZE S Fad AF3 AxEe
A A ol Mol AAR AFHIL o] FH/EA BAE Ve T2

ag 79 ARE F=9dolgt 2ZEY S 2F3H(Dsssault Systems)

(4 Axds @A 9ol A4 B i B0 Bad AUETE TEH] 9
oo} 9% HETb] o5 A

Safety Design |

ee Analyzer

s 7

D‘Dﬂ'@ i B3
‘slalafa| @il o] ol AT 7

[ Tl e L [0 | [© D10 HE [@IN @10 [2]= > s

2] ¥(%] o] §

Fot el cion FL Functien ey L0

a9 80 ¢rAA ¢ ¥ % BA A%3} (Dsssault Systems)

(M08 T2 Ju B2, 7)F o] /1Yo URBANOR HEHE A Tz
2 02 719% 8499 AAE 237 o UY B4 24 AAE 7E8)
AN HE [ 712 | FoF Fol o AEAel Basty ot UAl A&l o3
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Requirements, Functions loaical Comnonents Phvsical Comnonents Allocations

®
ESETN T
ol L Openness Requirement Central & F/L Editor: RIF
—65 connected tools
Obenne System Architecture

—Flexibility: customizable Data Model SYSML

—Data accessibility through CAA - API

—Connection with SYSML on Demand
Openness
 — Open Standard Multi Physics modeling

Wil

mopELica
Third Party Models Connection for:

traceability FM’
o__ @

f(dx,

co-simulation (FMI)

S Openness
Industry Platforms -
Discrete (Events) c8ntinuous (F v ~JdasPar™ AUT@)SAR

Open Collaborative Platform, Open technology

¥ 81 PLM9] 7194 (Dsssault Systems)

ME 71 =7| HE 7SOl
T Cist AlZ2[o] M, %=z} o
e B EE L NET I I
9..FI1|(MuIt|;d|SC|pI|Ee) 7IEOEI HZ A=K o Ma|= =
HEEH HE ML Z2NAE S 13| B Hit ZE| AX|L|IO|E AlZB[0|HS
22 Slet 28 7|Hko| ARk M
HE

> HE 7Y = 2t =M E Hoj|M ofslF Al (Stakeholder) 50| 8 7 AlEH(Requirement)S
> HES HAo A0 32517] 28l 81 AleH(Requirement)0j| A 7| &4 (Function), =2|

S
oxT4 l‘!
OI7|9 XN d7|(Logical) 22|11 HA| H|F(Physical) x| 23| 2 FAIZE FHTT - 2US (Full

= T AT

Requirement Traceability)

> 7150/Lt 2K U7E ¢

+12%

Y 82 PLM9] /WA (Dsssault Systems)

[5Y] A=xF AFAF ZAFH] 20113 v]= BART(San Francisco Bay Area Transit
District) &2} AFAB65%) ol o3k kA 2hAre] H7bd ol ofstH 714 HAAY
1A FntE o] vlste] 55.8%, 714 AHL 64.4%=24 T 60.8%

S
L

=z
QLN
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¥ 42 20119 BART AEx J#49

% Buy America(B/A) @ 7|3 Z71Q1 Agw

X
i
e
K
RN

3 09 0.25% 7HHa 3 (A 10% 7HEA)
B7Hd e (191 tiHl %)

7+ 7% %3

[}

H] a1

=ac == 33.00 (100%) | 46.70 (100%) | 79.70 (100%) | B/A:66%

d2F 31.83 (96.5%) | 41.39 (88.6%) | 73.22 (91.9%) | B/A:95%

ddi2 ¢l 18.42 (55.8%) | 30.05 (64.4%) | 48.47 (60.8%) | B/A:70%

- @A S FF Ve BEe AAYe = W BF AA ey E2g A dA dA
Yol 3l 253, 2ZEY s, A AAY SolA a7t st Ae E444

2) e AFFEF7] #Y =7 PLM) 5F
[1 PLM(Product Lifecycle Management)

[PLM] A Z #H ARE FPA g o = YA 2 Hesta wjzste] ALgstr] 93
o &EFHNES FAZo| dFHo 2 83 HT U
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[PLM 944 53] CAD 7%t £F4& Dassault Systeme] ENOVIA, PTCS Windchill,
Siemens®] Teamcenter’} $l+. UGS®] Teamcenter= Siemens=Z <I</&H 5o
Siemens PLM Software® 7. SAPL #Ale] ERP &£ F4 & &43ste PLM &5
Ae M, 8tFe AglleAtE US35te] Agile PLM &x, =41 2 ZWE CAD=
Intergraph®] SmartPlant Foundation, AVEVA®] Net, Bentley Systems<®] AssetWise”}
Re. W AF, o529 DynaPDM¥ Ad-¢-Al =81 9] TeamPlus7F 1oy Al H
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I CAD 7|4 I I =7 PLM | I ERP 7| %t I iﬁ,’gf!
D p1C ag1le —-ORACLE" ;
=¥ 200711 58 M&A y
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177 200641 5§ M&A (—\
— —MatrixOne )
ENQ\,]A[I MatrixOne AV VA
Net'
©«v - | ETP L
Y -
Teamcenter 4 INOPS g
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20074 18 M&A DynaPDM P
) ’ o w AssetWise
SIEMENS | Sazuzae | msaram
TeamPlus

a¥ 84 PLM 44 53

e 20114 uwm ::_._Litﬂ ERP 30 ?—é A}%‘g u}—rﬂ Ae Ay A 4
PLM #g& 2010428 a7t At PLMA 28 S Hgatgom A<l
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License Memo
No Company ‘ Industry ‘ Core PLM ‘ Cotint CAD Tool (Interface)
1 Alstom Transport (France) Transportation Teamcenter 1,800 CATIA V5 SAP ERP
2 Bombardier Transportation (Germany) | Transportation Teamcenter 2,910 CATIA V5 SAP ERP
3 Vossloh (Spain) Transportation Teamcenter 100 NX
4 National Steel Car (Canada) Transportation Teamcenter 50 SolidEdge
5 GE Transportation (USA) Transportation Teamcenter Site NX
6 Toshiba Transportation (Japan) Transportation Teamcenter Site NX
7 Lohr (France) Transportation Teamcenter 200 NX
8 Talgo Patentes (Spain) Transportation Teamcenter N/A NX
CSR (China)
- Zhuzhou Electric Locomotive
- Meishan Rolling Stock N
9 - Shijiashifang Rollifig Stock Transportation Teamcenter N/A NX
- Chengdu Locomotive & Rolling Stock
- Yangtze Rolling Stock
CNR (China)
10 | - Dalian Locomotive & Rolling Stock Transportation Teamcenter N/A Pro/E
- QIQIHAR Railway Rolling Stock

a9 85 39 AXAZFA PLM 7% &3
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[PLM 71e®¥3} A% 247 & Zad o) ol7|Fe &£FAS AHsta Sle
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o] F A7) o7 wWZell o thek sid Wl 854
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RELS]
A7tz
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[AFE FF 719 FSAD AF] AES Jdzeas 2 AFAJS 118383, &8 =5
7} 18,4227 &8, = A FEdsH viesH 57% T 43

AloIA
(Dependability)
|
[ ]
7124 FAETXHA
(Availability) (Maintenance support)
]
| |
AEIM FAESH
(Reliability) (Maintainability)
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[ 7Ad]
(RAMS (Reliability, Availability, Maintainability, Safety) ) °¢}ol®l A, Az o
Al EE = AYE= AEY 5.
O Reliability : 1% 7|3F&t Fox1 ZollA 87 75 T3 + AU ofol

o] 53 [KS A 3004]

otol g ol HEA TEE &
A FOE 7S =4 YA FE iz
& FOE =AM 28 AAF A 2FH a2
A 9775 Lt AHEOH FRC D7 AT|E]
== HErH & [MTBF, D& E 5]

a9 90 A9 A
O Availability : Fo1%l A|ZFell A ZH| 7} 7HE& S5
O Maintainability : 0|7} 14%ES o 78¥ 7[sado] 7FE3 AdS o] &5t
of Fojxl AJRbell Folxl Aess WdEA AlE ¢ e gE
O Safety : #]==71 gl= H
O AJA : 7HAE Asd 2o dFs T dAES A= AHHE A EA

(e} =
Q1 &ofolr AFel H FHFI| toto] A HF
N AA S Al = w3 R AA AL
o AR o ™ AFe | o AF AH| o AFS H& | o AFE 19
g A dre] A8t ROZRALTH R EE H o redte HA
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(B 744 A& #of
O MIL-STD-785B¢] )&

Task ) &
Task 100 23 =3 3
101 AN T2 F7 A g
102 TEAA AEHAE 95 B AE
103 X7 AAL
FRACAS
104 . . . . .
[Failure reporting, analysis & corrective action system
105 A 93]
Task 200 A7) 57t
201 2EA 2y
202 A E vl
203 A o=
204 FMECA [ RE 3 Ay 7}
205 SCA [Sneak circuit analysis]
206 i A e
207 e
208 =2 FETA
209 e A E, B, edt, 24, 5, AulelA e A Bt
Task 300 A g A =AY
301 R
302 A e T
303 A s T2
304 Az AZA HFA Y
O 749 A& ok
[EC 60300 [EC 62278 MIL-STD-785B
c 54 AFE TE BEA | A4 AE=HAARY = | 1) 539 4§
717] 91%k A5 73 G Al Moo Fo Al2=Fl S e o I e |
2glo] AFAE T A stel g=
o FQ Al=E FAH8A T o AT A ALY QF
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(CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or rail#car or vehicle))) AND (TI=((((transformer)
and ((design or control* or operate* or simulat* or test) or ((frame or
reactor) and design) or ((vibration or cooling or insulation) adj
performance))))));
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(CTB=(transformer) AND CK=((SIEI-C))) AND DP>=(19900101);

159

(CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj vehicle) or
railcar or rail*car or vehicle))) AND (TI=(((traction adj motor) and ((design
or control* or operate* or simulat* or test) or ((frame or reactor) and design)
or ((cooling or insulation or (speed adj control) or (loss adj efficiency)) adj
performance)))));
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(CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
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((control* or operate* or simulat* or test) or ((alignment and balancing or
slim or weight+))))));
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converter) near3 ((design or evaluate or measure* or interface* or
operate*) or ((cooling adj system) or (insulation adj performance) or
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(Protection adj circuit))))));

007

((IGBT or (Insulated adj Gate adj Bipolar adj Transistor)) and
((amplify or cooling or material or performance) or (high adj
efficiency) or (switching adj amplification) or (power adj
semiconductor))))

159

((CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or rail*car or vehicle)))) AND (TI=(((Train adj
control) and ((section* or transmit or protect) or (black adj
sectioning) or (Onboard adj wayside adj data) or (Moving adj
authority)))));

352

(CK=((FAIV-N) OR (FAIV—-N))) AND DP>=(19900101);

28
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(CK=((DEUT-N) OR (DEUT-=N))) AND DP>=(19900101)

355

(CK=((ANSA—-N) OR (ANSA—N) OR (ANSA—-N))) AND ((ICR=(B61B*
OR B61C+ OR B61F+* OR B61G* OR B61H* OR B61J* OR B61K#* OR
B61L* OR B60J* OR B61D*)) or (MC=(x23* or q21* or q41%))) AND
DP>=(19900101);

147

((CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or rail*car)))) AND (TAB=(((speed adj detect*)
and ((analyz* or detect or apply*) or (position adj calculat*) or
sensor))));

962

(((CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE
OR (ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or railxcar))))) AND (TAB=((((anti*skid*) or
(wheel and slide* and protect*) and device))));

215

((((CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE
OR (ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or rail#car)))))) AND (TAB=(((circuit adj breaker)
and ((operate or design or interface or detect) or (operation adj
sequence) or (VACUUM ADJ VALVE) or (auxiliary adj switch) or
(high adj voltage) or (trip adj capacity) or (fault adj current)))));

295

(((((CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE
OR (ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or railxcar))))))) AND (TAB=(((SIV or (static adj
inverter)) and ((design or performance or interface or operate*) or
(cooling adj system) or (Insulation adj performance) or (switching adj
drive) or (Protection adj circuit)))));

13

(CTB=(bt or (battery and box)) AND CK=((ACCF—C) OR (ACCF-C)
OR (ACCF-C) OR (ACCF-C) OR (JHNS-C) OR (ACCF-C) OR
(ACCF—-C) OR (ACCF—-C) OR (ACCF-C) OR (ACCF—-C) OR (SAFT-D
OR (SAFT-I) OR (ACCF-C) OR (SAFT-N) OR (SHEN-N) OR
(ACCF—-C) OR (SAFT—N) OR (SAFT—-N) OR (SAFT-I) OR (SAFT-D)
OR (SICH-N) OR (JHNS—-C) OR (JHNS-C) OR (ACCF-C) OR
(ACCF—C) OR (SAFT-I) OR (SAFT-I) OR (ACCF—-C) OR (SAFT—-N)
OR (JSSA—-N) OR (SAFT-I) OR (SAFT-N) OR (SAFT—-N) OR
(DECK-I) OR (ACCF—-C) OR (ACCF-C) OR (ACCF-C) OR (ACCF-0C)
OR (NONF-R))) AND DP>=(19900101)

2501

((((ALL=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj vehicle)
or railcar or rail*car)))))) AND (TI=((((battery) or (battery adj box) or
(battery adj panel)) and (design or (charging adj capacity) or (control adj
circuit)))));

221

(CTB=(bt or (battery and box)) AND CK=((ACCF—C) OR (ACCF—C) OR
(ACCF—C) OR (ACCF—C) OR (JHNS—C) OR (ACCF—-C) OR (ACCF-C) OR
(ACCF—C) OR (ACCF—C) OR (ACCF-C) OR (SAFT-I) OR (SAFT-I) OR
(ACCF—C) OR (SAFT—N) OR (SHEN—-N) OR (ACCF—C) OR (SAFT—-N)
OR (SAFT—N) OR (SAFT-I) OR (SAFT-I) OR (SICH—N) OR (JHNS—-C)
OR (JHNS—C) OR (ACCF-C) OR (ACCF—-C) OR (SAFT-I) OR (SAFT-D)
OR (ACCF—C) OR (SAFT—-N) OR (JSSA—N) OR (SAFT-I) OR (SAFT-N)
OR (SAFT-N) OR (DECK-I) OR (ACCF—-C) OR (ACCF—-C) OR (ACCF-C)

251
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OR (ACCF—C) OR (NONF-R))) AND DP>=(19900101);

CTB=(((POLYMER NEAR3 INSULAT=*) or (messenger near3 line))
and (design or control* or operate* or simulat* or test)) and
TAB=((core or body or (connecting adj metal) or (mechanical near3
strength) or (material near3 characteristics)));

453

CTB=((((electrical or power) near3 (equipment or utilit*))) and
(design or control* or operatex or simulat* or test)) AND
TAB=(((communication near3 (protocol or interfac*)) or (condition*
adj monitor*) or (preventive near3 diagnosis) or (data near3
modeling)));

459

((CTB=(RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or railcar or rail*car))) AND (TI=((((Air adj condition*) or
HVAC or (air adj duct)) and (design or control* or operate* or
simulat* or test))));

037

CTB=(RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj
vehicle) or (rail adj car) or Locomotive or emu or (electric adj
multiple adj unit ) ) and TAB=(( fan or ventila* or blower) and
((traction adj motor) or ((oil or air or water) near4d cooling) or
((Auxiliary or main) near3 inverter))) Not CTB=(motor or
oil—immersed or converter or charging or (Super ADJ conduct*) or
amorphous or (current ADJ Main inverter))

300

CTB=(RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj vehicle) or
(rail adj car) or Locomotive or emu or (electric adj multiple adj unit )) and
TAB= ((( transformer) or ((cast ADJ resin ) nea3 transformer) or ((mold#*
or dry) near4 Transformer) or (vacuum near2 cast near?2 coil) ) and ((mold*
or wind* or cool* or insulat¥))) Not CTB=(((motor or oil—immersed or
converter or charging or (Super ADJ conduct*) or amorphous or (current ADJ
transformer))))

657

4

CTB=((RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or (railway adj vehicle)
or (rail adj car) or Locomotive OR emu or (electric adj multiple adj unit
))) And TI=((( SLIDING OR POCKET) NEAR3 DOOR) OR (SCREEN
NEAR DOOR) AND (( panel* OR lock* OR door* or gate* or leaf* ) ADJ
(ASSEMBLY OR APPARATUS OR UNIT OR DEVICE) OR ((seal* or
rubber* ) OR (engine* or electric* or pneumatic* or Solenoid* or guide* or
stabilizer* or cylinder* or piston* or link*) OR (power* or control* or
communication* or logic¥) OR ((emergency* or urgency* ) NEAR3
handle*))))

- 155 -

687



(D) E9dx 2 7P 5329 5%
o TH/FIAEE FaE Zoke] HAARl BSTES AwEW, 1990¢dRE A F
1,921 537} 2452 slen, 2003 olF =7PE 4 Bt o 204 o] 537t

o] 34%2 Atk 29 Frloln, WF, f7l, B, FHol

k=
FE
FFE

o Y82 20054 4770 AHPOE EFE Y] thah AHAVSH Jom, T2 HA 53
9] 87% 7}t 20061 o]F U=+« & HZ ZISASAZE WS- =4 YERE FA1Y

a $EuEhE 1990 FRHEE kAl 9= KTX 718A17191 2004 o] % A
A 539 70% ol/de] EUH L o], uHAre] JEH I A FEol uig V&
o] o] Frletal e AR Ay

160 2500
140
2000
120
100 P
- 1500
80
|
= 1000
80
"1
"
4o
500
20
o e o
1990 1992 995 1996 999 2cm 2001 2002 2003 2004 2005 2006 007 008 009 010 011 012
L 5 10 14 = 16 Qo 17 24 O 25 17 19 7 i8 26 7
— R B 2 a 3 9 2 3 9 2 4 16 10 7 20 15 20 27 30 E) 3
— P Lo} 19 29 1 40 32 32 '3 26 4z 49 a7 35 34 40 32 g 8 7
—Er 12 5 15 21 12 19 30 16 15 10 11 16 1s 13 20 27 35 is 32 is 7 a
_— N 1 1 T 2 2 a 2 X 3 £ & ] 15 26 24 33 41 a3 27
—— | = 58 110 | 169 | 230 | 338 | 430 | 500 | 584 | 634 | 705 | 780 | 851 | 949 | 1048 | 1143 | 1258 | 1385 | 1503 | 1643 | 1762 | 1863 | 1921

Iy 109 2949= € I7PE £4F9

(2) AR7ed 53=2d 5%
o FE771e(1-371%) 2ok 5371 7P ol S9=3leH 2008 o]% th
o glom, 2009¢ o]Foe FHEYIV|E(1-17]%) HoF 2 AHHUPAI|=
(1-57]%) #oF §371 ol &9 glo] AT #Ho] F7hete 7I& okl 7

S 2= ]
N & Y

m
[
U\l
5
g

d

o AAF7I7Ie(1-271%) 2 AE71€(1-47]€) Eolk= g} Hoke} njusle] 53 A
I AL Ho|x9E F<* Control of a traction motor, Railway wheel ultrasonic testing

- 156 -



50
mi1-17|& w12 7|& w13 7|&

. m147l& wi1s57|&

a0 |

35

25

20

15

10

1990 1991 1992 1993 1954 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a¥ 110 AR7led 5Edsd

R4 |
o SH/FUA2E HEZ ) Rol Hute A Be EFE HY3 AY 10719 =4
oS BA3 Ay, SIEMENS, HITACHI, TOYODA, MITSUBISHI, HONDA,
HYUNDAI, TOSHIBA 5 HEARF 2 As3t AZAE0] o] #oF 7&ss TEskal &

O o) 2= olo
= =2 1T Mu

KRRI b —cnl mER el - KR S
MNissan
General Electric
TOSHIBA
HYUNDAI ’ TOP 10
HONDA
MITSUBISHI
1
TOYODA
HITACHI _65. Z_as )
SIEMENS
o 20 20 50 80 100 120 1ao 1is0

a3 111 F8 299 =3

- 157 -



o T Y29 AxH EFEA Ay o] Bof Hr} &2 SIEMENSE 200993 o|%
53 &9 A9Vt bi Aoy JA%] & 58 FAE U

o T3 FH 5o = 4B JAEY 53 AFU A F@AS vhH HYUNDAI KRRI
T 3 JAIEC] 53 &9o] IUIsIa o] d=ro] #FE Hof J|Eel| AT Ao
o} 2= olo
=2 T M7
| General Electric TOSHIBA

= MITSUBISHI

354
= HITACHI

30

25 1

o ==
1990 1991 1992 199

=z 1994

= TOYODA

= SIEMENS

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 112 9= 38 2499 %
(4) =718 7|& X
o EY97HE MR e ESEEE AuE A3 Huh 930 dBES AulFor =&
FFo EFE 1 dom, 53] 7E771€(1-371€)°] g JF=rt 53

a

A e 9
B3} o] Aol

Q

o] o

J B3 o] A&7]7|=(1-37]e)d =2 53 £X& e
Rom, T g o ey g FEWIIs-17e)d = =

= YeERlaL sl=

o 879 Be dAF R W2 a5 BRI #d £oF Ve AS FEU 7=
G, &5 AdHLR VAol W2 AJASIVe(1-27]1w), AEHER
A 71 (1-571a) ATt 7lemds 4 287t 3+

g

-

147]% 13718

EP
1178

=0
2o |

m0 |

A 12718
5

147|1% 137|%

1571&

147]%

KR

250

100

127)8

1372

- 188 -

a3 113 =714
71 EX(FALR)



1-57|=

1-47|&=

1-37|=

1-27|=

1-17|&

19 114 71E/57HE 7Ie2 XM ER)

(5) 7le&°F 53] X%

(5—1) Text miningS £33 3 £¥F
o FE/FAA2E B Ve dd JAaA3 A3 304770 T VleER #E FHF 1,921

A9 Edj7|go] £XF
o 534 HEXHo] FL Transmission/Ratio/Clutch, Shaft/Mechanism/Worm,

Rall/Railway/
Apparatus, Pressure/Speed/Hydraulic 5 47] 7€ E37} ©o] E¥3laL o] &
A Fot 7l ISt 22 VEdSs ¢ T U

o E3] H E5)7|E A ZA7 Transformer test system, Monitoring the state of a

bogie, Communication control network—based traction control 5°| %o| e}
3l o], #HV|Eo] HT FHFLESE & F U

e 20103 ©]%  « 2000-2009 1990-1999
1 115 £3 S48 9

- 1589 -



(5—-2) I |e=(FEF 7I9)S &8 53 £%

o 7IEET (Tt 5 FEEVIe(1-171%), FE7)71e(1-371€)Y BAo] X datH,
Siemens, Hitachi, Toyota, Hyundai 5°] #& 7]&& 531 IS

@ KRRI®| 45 ZF 28719 53 T AE7|=(1-47])d 187, AFHHIAAX|(1-57]
<)ol 74 T 27) 71 &ok &7 AFE o B FoF 7l o] Algd Ak

@ 1-V|s. FHYY| 7l O 1-27|= AUVS7I7Ig 1-37|=. BH717=
0 1-47|&. XAHE7Z|18 @ 1-57|5. MEHSHEK]7|=
1% 116 AF7|e¥E 53 324 ¥

(6) 8 HAES 4

o AsaFe] AR Fx BEol|3 #H7|wo| et Rockwell Light Vehicle Systemsiit
o HxE3 L ATt 77ASE P Ba, TR HUV|EEH HAEBALE
of thgk GMiitol w|=5387F 91857 750 ® W

o 718t A7|AEA vng HR] 2 EGH AQA AR, Ax @ EAHY H|FE

A, AEHIPER T3 #HE 58] I8 AgU o, o &

o8 F8 535 MAste AMNSEE Ag FAS T T Ue

Al

z2
3=

o I

¥ 48 29 AANESF @
= 5 vl o A = 9 o L8
F/MHE 4] ¥y g dd (Forward)

US5590744A |Motor vehicle electric parking brake Rockwell Light 77
Vehicle Systems

US6608396B2 |Electrical motor power management system GENERAL MOTORS 75

US5450324 A Electric vehicle regenerative antiskid braking and

traction control system Ford 74

US5636026A Method and sys‘gerr; for contactless measurement of railroad Internationa!Electronic 65
wheel characteristics Machines
US5929595A  |Hybrid electric vehicle with traction motor drive LOCKHEED 60

- 160 -



LN B Bl o = == 9] 9] Y8
O7H o Etg"] %% = T U (Forward)
allocated between battery and auxiliary source
depending upon battery charge state
US5332954A | Optimal DC motor/controller configuration Dolaria 'Re.v.siegrch 60
Enterprises
. OPERATING DEVICE FOR ULTRASONIC I _
D7 2 /] " Q
JP7063840A SENSOR [OYODA 58
US5992950A Controlled stop function for locomotives General Electric 57
Full—time transfer case with synchronized range|

US5702321A shift mechanism and on—demand differentiation] New Venture Gear 57
control

US6370050B1 |Isolated and soft—switched power converter UTBatelle 56

o FAES AFEA (dA])
— ¥o&47t 7P S Rockwell Light Vehicle Systemsiitd] ®=Z S=2E
US5590744A7 2 >3] T34 HE Zwe o8 IEFA7F 2sy e

ARA F2p BEo)a 7% #Ae 39

UEd AHE FF Ad 2ok 7

=
il

s (LONRTNTRANRNT Y =

I

FZ F1
3 Sa 7 9

¥ 117 YA EF =9
(7) E371& QA 7l d Fo
@ 20099 FE 7]&eo (M) div] s F7IE ()]
oo, YAFdA B 83 JeE B HE Jle EoFdS

- 161 -



_ = o) = =]=>= o = =] — = [e)
@ B3H 1990 o] % 5slEdo]l AwtHor Frlste FAYUS & W A7
L 2~ B o =~ o
AE 7E Bode & T A&
1250 -
=+ Original Filing on Invention
== Publications
200 -
150 -
100 -
50 -
0 - T T T T T T T T T T T T T T T T T T T T T T 1
1990 1991 1992 1993 1994 1995 1996 1997 1998 1599 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 118 S371& A7 71&2A 3ol

2) AN "l HE
(1) &9d= ¥ =71 53&d 5%
o AloA| 28l J3E Foke] MAAR] 58 5eS AuEd, 199095 AR F 764739
5871 E95aL glow, 2001d o|F =7PE F Wi 1049779 537t H<E3] S5
3 9leon, Ax u&stel AAEI AojiRol AVex AFH o2 FIF FA e
O

o YEL 20073 33718 AFHLoE EFEHo] tAh AHAHe oy, 3L HA 53
9] 70% ol’de] 2007d o|F EdH HZ 7|&dsAZE A YeEhE FAY

o FEvEtE KTX 78217191 2004 o]F AA E319] 70% o)do] S9= L glof, Al
A28 7]z gt #ilo] H TVl AR dthd

70

DN m.lN'

i)

- 800
60

- 700
50
- 600

- 500

- 400

- 300
20

- 200

10
- 100

98 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
7 5 4 7 7 6 5 3 3 3 5

1992 | 1993 | 1994 | 1995 | 1996 | 199:
m—us 1 1 1 2 3 2 1 5
- KR 1 1 1
L__Fl.3 3 6 4 12 17 26 20 30
P 3 1 2 3 1 1 5 1
I CN 1 1 1 2 2

7 | 1

9
5 8
3 2 5 7 2 5 5 13 a 11 8 2 1
24 24 19 28 17 11 16 14 13 33 22 19 22 11
2 3
1

5 3 3 a 1 3
5 7 4 9 7 12 9 26 29 10
T &E| 7 15 22 | 39 61 92 | 120 | 157 | 191 | 232 | 259 | 301 | 329 | 361 | 403 | 433 | 476 | 532 | 587 | 625 691 | 743 | 763 | 764

I3 119 29d= 2 78 &5

- 162 -



(2) AR7IeE 53Ed 5%

e

e

AAO7]&(2-271%) HobdAs, 200085H wid 7P B2 5371 249 glo
B, 2945 Wid STEAR o 8ol FTlske Ve BoklE detd ¢ dE

EEFE7)71€(2-371€) woblAls, 1990dd] Fhke]§ EaEelo] FAaFAlel Ae
2005 o] ThA] F7EERAll le] e ol ke Ve Rokle doldt

ol o.
AT

A4d AolE nlo]Zd EMXAE(IGBT)7&(2-171%) Hoklrs, 2—2 & 2—-2 7]
%3} v|udte] B3 AFE A& Holxwh 20079 174, 2008 104, 2010 154
T HAE A=A UERdar 9)om, High—voltage IGBT, Power Conversion,

Current Delivery ‘5ol tigh 7]=7iee] @ol o]Foj3s gled = Sl=

15

10

I B

E217]|2 m227|2 m237|2 m247|2

|

| 14 “ |

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

a

O¥ 120 ARV BEATT

T2 99 Y

AOA 28] B 7] EoF duke] AA Be 535 U3 A9 10719 E¢9dS
215 Ay HITACHI, MITSUBISHI, NIPPON SIGNAL, TOSHIBA, NISSAN 5 ¢
£ 718 o] £oF 7les FEshaL i

& 7|FEL Ui &S FHeE 5FE Y3t JdARE SIMENS, ANSALDO
o 19 - "F 7132 AAAE g E 98 sl 43S o 5 e



RTRI B CN W EP mJjpP B KR mUs

TOYOTA

ANSALDO

SIEMENS

KYOSAN

NISSAN

TOSHIBA

NIPPON SIGNAL

MITSUBISHI

HITACHI . 66

0 10 20 30 40 50 60 70 80 920 100

a9 121 F8 299 5%

o T8 U9 A=l 5324 2y, o] woF Atk Sl HITACHI®H MITSUBISHI
T 200595H 531Eo] S75A ol A B VeS ARk o
@ T, NIPPON SIGNAL¥ NISSANS 2000t E0] E3& o] AaFAd &

40
= RTRI TOYOTA ﬂ

35 I ANSALDO W SIEMENS

W KYOSAN ELECTRIC B NISSAN

30 4 = TOSHIBA = NIPPON SIGNAL

= MITSUBISHI = HITACHI

25

20

15

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 122 A= F2 49U +F

(4) =718 7 22X

i-‘ﬁ%ﬂtﬂ A7 Sexs dvd 2, 482 AAAER Tlgiok ARteA
T U w7lEG B2 295 sl o, & JE7)7e(@-371e)dd dF A=

7} 53] = dEhtar =

o T, 83, 1T, FES BEF 3R daAlorle(2-27]e) W JIF =Tt
ddHez =4 vehida 3=

o 53] T EFA FAe(2-4719)9 X7 A8} AR 7 Uehdes A

& o, oA o] Eokol) dia] driHez AHS wA Za e doew #d

- 164 -



0 BRE WA o Fe s70] SHETE A Hof /1% A& vt aTEE )

el

CN EP P

217|8

2-47|E ~227|& 2-47|&

2-37|1= 237|% 2-37|&

2-47|8 247|180 ——227|&

2-37|18 2378

a9 123 Z71E 7|EEXE(HATE)

NERPA(FER 71F) 55 Gu 432 Avuy, QEe ISAE BE7] 7)E
s eFolel A GRS T 9, olol uel, Selehs

22 IGBT7|=(2-171%), EFUAZA7|E(2—-47]=)d AFsI 7|&=MEs F
Ak A7t s

CN EP P KR us

a9 124 71€¥/57HE 7S£ X(HER)

(5) 7|&&ot B3] X%
(5—1) Text miningS E3F E3] &%
o AoA| 28 RE J)ewE ANAy Ayt 221870 F 7|=EF #AH HE 76479 E

&7]zo] E¥3
) T4 FX|H-o] =& Brake/Wheel/Force, Information/Ground/Transmission & 271 7]
& 537F Bo] EXEslal 1o, 20103 o|F FHE9 V& IATEI 2 V&R
+ Circuit/IGBT/Current F©°| #3¥33 IS AT 5 A

E3) HT EF7]s 2443 Magnet Motor Transmitting Current, High—voltage

IGBT, Power Conversion, Traction converter 5©°| ®o] Yelhja o] e 7]|4o]
H sFIES & F A

- 165 -



e 2010d ©]3 o 2000-2009 1990-1999
a9 125 §3 14 ¥
(5—2) I7=(FEF 78S &8 53] &2
o 7R (TET) T GaAeI7E(2-271%), SFURAEATE(2-471%)2] BAe] A
gsl, A& HITACHI, NIPPON SIGNALe] #d# 7|&S FE8kal IS
o 98 YA 7Hg B2 92 3t JE KRRIE EAAIN71&€(2-271€) 44, &

ERE77)€(2-371€) 749 532 Bl 9%

® 2-17|=. IGBT 7|& ® 2-27|=. EXHHK 7=
2-37|&. & HEI 7l O 2-47|=. EFUX|HK 7|
I 126 AlE7E&E 53] TuAd 9

- 166 -



(6) T8 Y53 &Y
A4 12144 #N—% 5 @7)<o] i3k AMSBURYj S w]=53] H9l
& A9t 6970 E VMY WAL, v o R 7] E5UAAgR] #bvIsd g Allied
Signaljit ] U]%*—UV} 1817 Bs
A

e
jd
L
o
ol
[ <

a 718 gx} FRA 2" AojA=x], Semiconductor 53 BHAP EFSo] 1L AFT}
gom, oleld 5IES FHOR F& 535 Agste AN WY 242
5 U

X 49 8 A 53 43

- - _ 31 O] 2=
L PEEREE gaa | pOET
US20050080566A1 Product integrity systems and associated AMSBURY 69
methods
US5050940A Brake control and anti—skid system Allied Signal 62
US5528445A Automat‘lc fault culjrent protection for a GE A5
locomotive propulsion system
Incoming call control based on the
US6108532A moving speed of a radio communications KABUSHIKI 38
KAISHA
apparatus
US6180966B1 Trench gate type semiconductor device HITACHI 37

with current sensing cell

ESTIMATING DEVICE OF VEHICLE
SIDE SLIP ANGLE | The estimation
apparatus of a vehicle
sideslippingangle | corner

JP11321603A HINO MOTORS 34

US5995883A Autonomous vehicle and controlling

method for autonomous vehicle Minolta Co. 33
US5621243A Semlcondu'ctor device having thermal HITACHI 30
stress resistance structure
Apparatus for controlling an automatic
US5893894A transmission of an automobile and KABUSHIKI 27
KAISHA
method thereof
New York
US7073753B2 Integrated train control Airbrake 25
Corporatio

o A5 AFEY (A
— IAE57F 7HE B2 AMSBURYIiES] vS 5553 US20050080566A1702 o3

Ae] zrke ANE AF Fste] A AHARIA SIS FHoR FAGh
7ol Bt 5319)

— 19914 2¢¥ 14¥ 53] =9 3 dA usd HH= F5
337} 7k A

& ok 7l A 59

rJ
Mz

- 167 -



'\%ffé\

VONITOR DEVICE

A —— R
W T DETECTOR | BATTERY i

| s o, M=, -

— IV ettt b :| =i
WTE ocesson | | vy |
\%’_,.._‘_‘. : e ::::::::::"’ %w“

ceuqug%mous B fwc_ﬁj
"&n—\?l k’\}f" g\
RECEIVER N
COMMUNKCATIONS PoRT [
L L T u—:\;.ra D ———— 4 T Agg e Cobbcoubm A B W w4 R —————. A

@
)
—

L
—_— e o~
| "
=
O, e
k. - ] i
= e 5 1:f:"—-l - - =
T 1.5 i >
i = g :::_:,]j ™ Waa
T A .

(7) S371e A 7Ie2d Fo]

0 2011d5Y 7z EWEA) el sfe] sUh7le(H )0 B HoR =
o, A FAM Bey Fo7 2 57 He Ve Bords & 7 A

%

1 )
FHa=go] AMtHow Zjlal =4S 2w AR E 7|
o

@ 19909 °]% &
= oS & 7 U=

- 168 -



120

—e—Original Filing on Invention

100 - -m—-Publications

80 -

60 -

40 -

20 -

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
= 2=
a¥ 128 E3|7]¢ 44 7ledA Fol

3) AAAMNZ=H HF

5329 ¥
o APA g B3E ko] AAAQl 535S Aunm, 199095 AAZA F 96479
d o] I7bE 4 B F 207 U9l E37F P F

0O H dEo] 31%(3047A)2 Ho &9 FUloly, F=o] dEI}
538 H98a &
=93t 20099 o] A4Sk & WHH, S AA|

=5 A2 et s A vehts F4

e

u

g

T,

O

(@)}

I~

)

[\)

()

S

ﬂ

%

o,

i
;o

L

o

rr

o $EUEE 29 AFE Bl MER FFOIAN KTX /14719l 20044 ol F A
£359] 90% ole] FHH L glo] wEAwe ANE P B HEA Ul 7o)
o] F7lel Y= Aow ek

- 169 -



100 | 1000
80 | =00
&0 | s00

| ao00

- 200

a 1950 1551 1952 19593 1594 1995|1956 | 1597 | 1958 | 1955 2000 2001 2002 | 2003 2004 2005 | 2006 2007 2008 2005 2010 2011 2012
 US 1 4 5 7 3 6 8 L] g 8 i1 7 2 1 7 20 3 7 3 13 g
. KR 1 1 1 1 3 1 1 2 & 9 7 16 18 19 11 2:
P 4 1 i1 9 10 6 11 15 14 13 20 17 15 25 20 14 25 27 26 13 3 1 2
 EP 3 3 4 4 4 2 6 3 8 7 5 2 13 10 14 9 7 8 2
. CN 1 1 E 3 7 is 37 49 67 76 40
= ==l 9 17 33 50 72 86 | 101 | 126 | 151 | 181 213 | 249 | 283 | 322 | 346 | 378 | 436 | 522 | 613 | 707 | 807 | 911 964

2% 129 29EE B 27hE 2950

(2) AFR7IeE 53Ed 5%

WAL e BRAZEES IFN3-67|=

. ) 2ol 58 2945t 43 o
T & 79 53 4055 A8k UH
o ERAX7|=(3—-47]&) o7l F HAR E &<¢o] 2o H AV|x=E vigE 7)<
o

2A Sl et #- Ve 58 o] FEHor FUkekAL = Aew = g e

o FRE7)/BHIA7|=(3-1/3-27]%) &oF R /M HA7E8 EYnfA]1=(3-57]

)2 FH 5o vh 53 97357t TSk I, Arc unit of circuit breaker for
high—voltage switchgear, Environment—friendly nano—composite high polymer control
cable 5o gk 7] o] Wo] o]Fojx|aL low, REHAFA(3-37]<)e A¢ 8
Ao B3 AE =2 7)erdo] X3t Eo R 9 o] Fof 7|wvlde] dad Ao
e

45

35

25 A

20 -

15

10 -

m3-1-3-27|F
m3-37|=
=3-47|&
m3-57|=
m3-67|=

1980 1591 1532 1593 1954 13835 1556 1997 1558 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Id 130 A7 S3E298 %

- 170 -



g 0 g} Ao A BE EAS AT 41 1049 $A
/K

gt A¥, HITACHI, TOSHIBA, MITSUBISHI, NGK INSULATORS & ¥+&¢]

NNRAAQAEC] o] EoF 7les FEL U= & T U=

Ed =Y ASkS B dE9 7|HEL EHHE_ A2 2A0Z EFZ 293w
4, "= A1) ALSTOM 2 GES) B¢ 571=] 5318 2

st wfeh ol
o KRRIS) 2% 5318 48] nfstn 94 2ahl, 9 9419 45 AFEdo] 295
A/BeolA7| £(3-1/3-271%) Bobol, LGE] F8A71&(3-471%) Robel Q-
558 wAsha Yt 339

o
i
e
2
Jnt
b
=
o

MITSUBISHI ELECTRIC CORP AZ

BCN REP mIP EBKR EBUS

+1
MEIDENSHA CORP I A1 J
FUNTSU LTD | a1 ald
G

MATSUSHITA

ALSTOM

ASM JAPAN CO LTD

NGK INSULATORS LTD

TOSHIBA CORP .24,

HITACHI LTD _ 23 Al

o 5 10 15 20 25 30 35
1

12

= MEIDENSHA CORP
FUJITSU LTD
w GE

“ MATSUSHITA
= ALSTOM
M ASM JAPAN CO LTD

m NGKINSULATORS LTD

= MITSUBISHI ELECTRIC CORP
H TOSHIEA CORP

m HITACHILTD

HHIE

1990 1991 1992 1993 1994 1995 1996 1997 1998 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a¥ 132 454 F8 24U 5%

- 171 -

Hob Ht} &<9¢ HITACHIE 20074 °|%
A
A

B2 #21 SIEMENS 2 ALSTOMo| E3E



(4) %ﬂ‘:‘é“ 7E

i

AS7PE AFI)E SHELE AWE Ad, A 2959 QRe
CDeserd B +29 588 nio dov, FHE S247]
Wav] e BAZZEE BEs(3-6712)0 ¥L 7% FES Urhin

o BT 749 Solah u} S7keh 9] RAEAQPN)E(3-3719)0] S3E BAsh
Y E4L woln glov], AAHCE BE Il Hls) Re FFY BHREE FF
BE 7% Robe] ARl BaF Yo PUE F A

EP

SR/
B0 g

P

3132|%

KR

31327|%
50

Us

5] 3-27] B

a3 133 =708 7]

SEX(TALE)

CN

EP P

KR

us

% 134 71sE/=71E 7

- 172 -

SEXMER)




(5) 7|2k 53 X%

(5—1) Text miningS F3F 53] £X

o AAA =R B Vs ad ANAY 2y 11,9431 F )sER
&7|go] B33t

o 534 EXHo] ¥ Data/lnterface/Equipment, Network/Information/Protocol %
271 71l §387F ®ol BEstaL o] ¥ Fopt Vs JFEUt e Veds &

#H FHE 96479

r
A

At %o
ol dlo

L E37]E BA4A3 Circuit breaker arc unit for high—voltage
switchgear, Micro grid power control system, Battery charging device for vehicle

ool ol vehtar glof, #drleEol A A & 7 U=

e 2010'd ©]% e 2000-2009 1990-1999
a4 135 53 T34 #

(6-2) YAV&(FTEF 719)= T 55 &£X

o 71T (FET) T FAN7e@-47]w), MAEY dUdd SATEEE EFS
(3-671&)9] 7AAo] XQst, Fujitsu LTD, Matsushita 5] #d 7|&g FEsbaL
A

o W, Ht} &992191 HITACHIS} TOSHIBA, MITSUBISHI, ALSTOM 5-& AZ7|/H
dolA71&(3-1/3-271) 5315 ®ol EAdlal 2lom, KRRIS| 4% #d £oF 5§
3E A3 EAfsta A X3l Zie o] AlEe

- 173 -



® 3-1/3-27|&. FHFI|/2Y0|H7|& O 3-37|&. EXHWATK|I|E  3-47|=. FHWX|7|&
67

© 3-57|5. =7 EAFEE SENOR7IE @ 3-67
a3 136 AlR71€E 59

HHGH oY SHZZEFE HES
kL

off ﬂll)

A

Tz

(6) F2 W53 B4

o A8 g3 AFs==AHu|E]7] 7|&o] 3 Ekstrom Industries Incite] R|=E
3 9L AU 142702 7Hg Ba, vggoR g FAIGA|ZHY g
Reynolds and Reynolds Holdingsitt o] n]=53]7F ¥d& a7} 75002 e

@ 7|E} GPS System, ot3 ./ A7HAAY], 94 EYUHZP v #=-¥dE 53
o] ¥RlE Ag7t BoH, o3 5 ES FAHOE T8 555 HAAst AME

3 Ae BAS @ 5 e

¥ 50 F8 A5 @3

i . A8

LN =] o) ] = 9 9] 3] UoT

S /NHE g o] WA 244 (Forward)

US5590179A Remote automatic meter reading Ekst.rom 149
apparatus Industries Inc

Reynolds and

US6732031B1 |Wireless diagnostic system for vehicles Reynolds Holdings Inc

Electronic message delivery system
US20040095237A | utilizable in the monitoring and control

128

HEATTIMERCORP 122

1 of remote equipment and method of]
same
Delorme
US6007372A |GPS power/data cable system Publishing 91
Silicone polymer insulation film on
US6352945B1 | semiconductor substrate and method for ASM JAPAN CO 87
. . LTD
forming the film
Silicone polymer insulation film on
EP935283A2 |semiconductor substrate and method for| ASM  JAPAN CO 77
. . LTD
forming the film
Silicone polymer insulation film on
US6455445B2 | semiconductor substrate and method for ASM JAPAN CO 63
. . LTD
forming the film ' _
US5490134A |Versatile communications controller Southerp California 60
Edison Co

- 174 -



- - - yjo]

S wee) B3 249 e

US6421214B1 Arc fault or ground fault detector with Pass & Seymour 59
self—test feature Inc

US6342681B1 | Surface mount coupler device AVX Corporation 58

S Ekstrom Industries Inciite] v]=F SEE3 USH590179A
2 Watt—hour &3 FdAo] AFHYS d2S 53 AHAHFS TUYH

&5 #d 2ok 7

i
Do
S
S
o
[
Jm
e
)
l-'ﬂ
il
au

o
Bu)
it

P S il Pl W P 7k P TS S iy Faimirem | 1 |

FIG. 17
a9 137 YAES =9
(7) S371= A 71=2d F

o

]

a 20109 FE 7]&o I (HAMA) oin] i F7IE(HAA)0] Bres Ho=w
2 o, YA FNA B 283 JEE 27 HE J)E Fords o ¢ IS
T3 2005 ] o]F E3EYo] FFA FUEtE FAYS B u ARV
= 7E Bods o 5 A

- 175 -



180 - —+—0Original Filing on Invention

—#-Publications

T T T T T T T T T T
1930 1952 1994 1996 1938 2000 2002 2004 2006 2008 2010 2012

a¥Y 138 E3|7]& |A 7ledd Fol

PR 199035 AR &=

604719 5317} S95aL 9lon, 2009 o]F v FAastal AR 3] we FE

@ —
ok
BN
Al
oL
N
>
N
o
4
sl
M
O
o
1o
2
—_>~‘l—",
2
o,
J{m
9
ol
ot
o
=~

dge B didol A & =7kelH, v=, w4, T, &= A

fob 200349 o]F tha At gl W, FFL
Ay= = Az 7|&ASA7F vl =4 et

FFEoAN, KTX 7HEA17191 2004 o]F A
nEAe] A A AE FE dig 7)ed

- 700

io

i

a 99, 993 | 1994 1998 | 1999 | 2 2001 2004 2008 | 2009 | 2010 | 2011 | 2012
— US 1 1 i 5 4 2 5 4 2 5 7 5 7 7 6 4 8 3 1z 3 (-3 3
KR i X 1 1 1 1 1 1 2 1 1 2 2 X 5 6 12 5 &
| Fid 7 o 6 8 13 13 22 is is 13 5 is 26 31 10 21 21 9 14 i7 1o
= EP 1 a 2 3 a 2 1 1 1 6 1 5 3 3 a4 2 5 11 4 7 5 4 1
— CN 1 1 2 1 2 i 4 9 3 13 12
.~ 9 is 25 a4z 65 83 112 | 133 | 155 | 175 | 187 | 219 | 255 | 297 | 322 | 354 387 | 434 | 460 | 514 549 | 588

19 139 EddE 2 S7PE &5

- 176 -



(2) AR7I=d 5315d 5%

o 7|Z2PFAVE(4-17]18) wopt 53 410471 7}75} Bor 3712 s,
HVACT|& M o megt H2dE 2 59 53 9455 48 A&

o A7V FAYAA 2R |2 (4-27]x) Eoke 4-17]=d H3] 53 AFe A2 Aol
A g, Internal combustion locomotive spray atomizing cooling system, Cooling device
for vehicles 5ol st 7|<7ldo] Wo| o]|FojX 11 Q&= Arsle]

45 -
m417|E ma-27|&

35

%L,ﬂ.hmn . lmm

1550 1991 1592 1593 1554 1995 1556 1597 1958 1555 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 140 ARV & 55295

ANzEl RE A Rer Aol A4 e EHE E0T 29 1049 E99

o A ) <
223 Ay, MITSUBISHI, TOYOTA, HITACHI, TOSHIBA % 4X9] Azt & %
2FGA S| ©] FoF V&S Tkl °la—€ 4 S

a 53 9 AP ny B9 J|AHE HE A= Aoz 538 E9sta JAv
frEgdAel ALSTOM, BOMBARDIER4 AL 5Fe E3E TuFE sl E9
AE A Bfskar I

o KRRI9] 74 37|87 |€(4-17]€)0l 279 53& R4t Jer, = A
o] A5 23 ddiAsAt 42 54, 4349 E3E HEfetal de A4

- 177 -



WmCN ®mEP ®mJP EKR mUS

SUZUKI MOTOR CORP |
BOMBAR

BOMBARDIER

DAIKIN IND LTD |5

MATSUSHITA

ALSTHOM

CALSONIC CORP

TOSHIBA CORP

HITACHI
TOYOTA
MITSUBISHI
1] 10 20 ?.ID 40 50 EIO
a9 141 F8 £99 FF
o T8 909 A 582 Aat, o] #of v ¢ HITACHIE 20094 °]F
538 RT 293 2 71es A= sl 48
o B3, AT BN AR 2 AEA9A9l ALSTOM, BOMBARDIER, SUZUKI,
TOYOTA 5°] 5315 ol &4t glo] #& EoF 7led ATk de= & + 3
o
=
20 -+ ©  ©SUZUKI MOTOR CORP ' BOMBARDIER TRANSP GMBH
 DAIKIN IND LTD T MATSUSHITA
13 +7 mALSTHOM E CALSONIC CORP
= TOSHIBA CORP = HITACHI
16 - HTOYOTA Ifl'SUB&SHlEI.ECTMC_ODRP
14

= —_—T T T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 142 =3 F8 499 5%

(4) =7PE 7|¢ %

o FUF7PE AFVIE SSREE Al A9 An U959 B2 BE Ve
T vEY 53 Hasta sloew, 53 IVEIFAVIeU-171e)dd B

& AFES Uehial 918
o fEltehs AAYoR tE Ik us) Jle FEo) Row, FF RE JE ool
Aol Was PFow BT & S

- 178 -



427|%

4-17|=

& i i KR Us
a3 143 7|&¥/ZPE 7|2 (HEY)

a0 3% 9 %7—}%]*% %% 71&=dd AMAS Ay 837AH T V|eE R @9 JF 60474

rJ

) —a—_l_’d 1—‘.—2171‘301 %<  Engine/Compressor/Fuel, Heat exchanger/Outdoor
heat/Indoor heat, Display/Input, Network/Management/Information,
Voltage/Current/Circuit = 57] 7]&d E37F o] X5t o] @d Fopr) 7|&
211_1_7]_ a0 7]%010 Ol— Z': 010

o 53 H Es|7]e B443 Intelligent air conditioner umit for track vehicle,
Air—conditioning control apparatus s°| ®eo] YERGIL Qlof, #A-V]Eo] Ht 5

[e] 2~ [e]
des & F AU

o 20104 ©]F o 2000-2009 ~ 1990-1999
a9 144 E3 T4 9§

- 179 -



(5—2) IW7|=(FEFR 7192 &% 53 %
o 7EEF(FER) T 371ZRIFAVEU-1714)9 FAo] x<gsle MITSUBISHI,
TOYOTA, HITACHI, TOSHIBA % d& dASo] & 7|&S FE8aL IS

A

i
e Ghs )
ae R%;{ \ Pipe
) - @
= ArFlowt = iater "L =
Hysteresis Occurs Rola( ion e = S Japk- Sl
Reﬁ Sla‘ et L 4 - o;‘EﬁL&Lﬂ‘“ = ° = . 1l
i = . : ] Ventirfting Air 5~ Rail -
e = - Heater o - = ail
G§ T e 3 g i St Passenger Ci I i
@ T l = S L) E e X g = Poit o*
E s Engine® = . = N
s compret S o . S
\ e s - = . Ay o
- e = Ha-t"Esgcm or sy Re p. per Rolling Stoék
S"‘M S S ] “e ,Outd < ¢ i © Blowers
a - 2= ol Frcoor He’h: N o
- So:} = i — K  \ S
en s + = 3 N T s 2l Interior
Railway r -Gl 1 ——
= z oe o~ IRdoor
- 3 - & ?“j;;j - = . omdogB
s::racg o e . = Difference l’ - 5 e we m¥Ddect? =3 o so
g . ° P - - = © . Detéc
- E Aircondit mng
ot e
Moupted
Comj sor
*a Air Flow Comparator Error Signal
Radlglemem o Housing -8 = ) ki 3 g
b Coach Static Installation
: P ure Wave 3
PréaSsure Decrease
B N = Sense wind o
- 5 = = - . Calculated -
- - ° Currént -
aalqn‘ég Electric | -
witch ==
S St
A 71 F AL L AL
4-17|s. S7|1=81 X712 @ 4-27|& '|7|7|‘-**|' A2

19 145 A7l 53 oi*ﬂ B

o KRRIS] 79 F71283071&(4-1712)0% 229 588 nesa gdo] 35 o
@ o} AT o] A A

(6) 78 HPE3 £

0 4% 5 Y FErdY 25 2d8Ao| tigk AEG TRANSPORTATION SYSTEMS

ike] W=ES ¥Q1g AFTF 38 e E s Ba, tgoR Agdold P S
AZ24E FJEG A BF GMike] v 6‘%7} A8 F7E 32708 W

o 718 2% A, dE JAALE, 47 ZUEY Fuso 3dE 5350] ¥
AL A7t wor, o3 5das o4 10:% T8 58E AdAste] 458 Ay
THe T F e

£ 51 78 53 7

- jjo] ez

3L = vl o] WX = 9] 9] “41_.0'1"

3 /MHE g o] W3 49 (Forward)
MICROPROCESSOR CONTROLLED CLIMATE AEG

US5104037A |CONTROL DEVICE FOR A PLURALITY OF| TRANSPORTATIO 38
MASS TRANSIT VEHICLES N SYSTEMS
METHOD OF DRIVING MOTIVE POWER

JP7172196A | TRAIN, POWER TRANSMISSION GM 32
ANDASSOCIATED ELEMENT

EP636789A1 System aqd method for .decreasing ratio EATON CORP oo
changing time in powertrain systems
System and method for decreasing ratio

US5655407A |changing time in electronically enhanced EATON CORP 23
power—train systems

US6148632A |Refrigeration cycle apparatus TOYOTA 23

JP2003258471A | COOLER FOR MOVING ELEMENT MITSUBISHI 21

- 180 -



3L o vl o] W X = 9] o lﬂ?l%'}l:
07HEH_E =2 0"] SR = ‘d 1_1 (Forward)
ELECTRIC CORP
SYNCHRONOUS MOTOR DRIVING DEVICE,
CONTROL METHOD FOR SYNCHRONOUS
JP2005160183A | MOTOR DRIVING DEVICE, MEIESS%%I 20
REFRIGERATOR-FREEZER, AND AIR
CONDITIONER
US5798624A |Motor circuit Lucas Industries 19
US5392741A |Locomotive engine cooling system GM 19
US6749043B2 Locomotive brake resistor cooling| GE 18
apparatus

2 E3 US5104037AAL ufolmazxz e A% AT 2xz2dAx 2
HVAC EAo #dx E3<
- 199093 10¥ 269 E7

=9 3 20043 E3} visd AH=E 35 AdH B
of 7|&/Md Al B3 97t 7 A3

(7) E37)& 974 7198 o]
@ 2010938 7)o 4 (F A4

CAGN NN Bt FoF JER B4 He Ve Ropls o 5 9
o ,Las} 5529 FAE 2 W dAFoR 4FsE BEe wol

Hol A7 = 7€ Eokds & 7

- 181 -



—+—QOriginal Filing on Invention

—=-Publications

T T T T T T T T T T T T T T T T T T T T T T 1
1950 1991 1992 1993 1994 1995 1996 1997 1958 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 147 587l 94 7ledd Fol

o T AR 5 E—Okgl AAAQ 5o)5dS Aoud, 1990958 dA7tA &
758719 537k UL glow, 20099 ofF T sk IXRE oHs] FE
o] 587} s] o 91%

o =7PE Fddds B dEe] Ao &4 Frtolw, 1, T e wiee] wA

T

2 ZYo] o] A
o QE2 AA7|HE FE8 Esith 20073 o)F thA Akl e W FE Az
£3589 83%7F 2007 o|F EdHE T HZ 7IASAZE vl =A Ve
Al
o $EUEE 249 1497 Bol uFd FEoAR, KTX 7/IEA171Q1 20043 o] % AHA|
=39 oF 90%7t 2YH I 9lo] 1&HE o) 7HEJ+ A p FEe gk 7]&e
Aol F7kskaL = o= dreky

rlr

o 2

AR AN—

70 800
= 700
600

50
500

a0
400

30
- 300

20
200

g 1990 | 1991 [ 1992 (1993 | 1994 | 1995 | 1996 | 1997 | 1998 [ 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 [ 2011 [ 2012
. US 1 2 (-3 2 2 B 3 1 7 [ 7 8 7 3 3 2 1 5 1 11 1 7 6
KR 2 1 1 i 1 2 X 2 -3 4 ie 7 i3 ie i3 i3 3
- P 4 7 3 11 14 14 23 23 20 19 13 17 12 17 24 11 i3 20 14 12 8 1 1
— EP q 5 1 4q 5 5 4 3 R 5 10 5 7 3 4 8 El i3 13 3 6 1o 1
— CN 1 1 2 1 Z 1 3 2 L] 13 21 15 24 26 10
s | L] 23 36 53 74 102 | 133 | 161 | 189 | 225 | 253 | 288 | 313 | 340 | 384 412 464 522 574 634 | 690 738 758

- 182 -




(2) AF7=E 55Ed %

o =AEXFE ¥ALT|Y $AEI|E(5-27]%) Hopt 53] 9141 P 2o
2006 °]F thA FAsta JYAIRE AHE] F& F£EY FIUFE AL U=

o TILEAF AAFA7eNT 2 AH7HE-171%) woke 5-27|sd HE 53 A
T AL HolA ¥,  Audio—frequency standard track circuit, Electric energy

transferring system for use in tram, Voltage transformer apparatus 5ol ™3t 7]<7H

o] gol o|FolAx gt 4

a5 -

m5-17|& o ms5-27|&
a0
37
35
35 -
30
30 29
26
25 25 25
25 5
2
20 | 19 1
17 17 17
16 16 16
15
15
1 1 1 11 11
10 -
0 8 8
3 3
. 5
= 3 3 3
o

1990 1591 1992 1953 1994 1995 1596 1957 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012

a9 149 ARV & 53295

o Tad AEARF B3E vlsEof it A e 5IE e 49 10719 24
ol ®A% Az, 9E MITSUBISHI ELECTRICe] Ht} =¢<¢lo|m KNORR
BREMSE GMBH, MATSUSHITA, SIEMENS, ABBS ¢& A}3A 2 43 AR E
JAEo] o] Fof 7|&S FEAL US & T IS

o KRRI9] 7% 5719 53] HA4(5-1 17, 5-2 47)3kx gon, 3= A 45
ddizelo] 77A(5—-1 17, 5-2 67)9] 53 E HFsta U=

ECN ®BEP ®mIJP ®EHKR ®US

KAWASAKI HEAVY IND LTD

HITACHI LTD

ABB

TOSHIBA CORP

SIEMENS AG

MNABTESCO CORPORATION

FUll ELECTRIC CO LTD

MATSUSHITA ELECTRIC

KNORR BREMSE GMBH

MITSUBISHI ELECTRIC CORP

o = 10 15 20 25 30 35

a9 150 F8 &9 ¥F

- 183 -



o T8 S AxH E5EA Ay}, o] Fof Hul &< MITSUBISHI ELECTRIC
= 20089 Ht} &9 3 thA A5 FAE Holal 9L
@ T3 FH:to]= KNORR BREMSE, FUJI ELECTRIC SIEMENS, ABBSoA #&H E
3 Wol] &YUslal o 7l AIFS ARt &S & T AR
25 T
= KAWASAKI HEAVY IND LTD 1 HITACHI LTD
: ;il:n ENS AG : rTqiSB:IEBs?:gc(}:ROZ#ORAHON
20 = m FUJI ELECTRIC CO LTD m MATSUSHITA ELECTRICWORKS LTD.
®m KMORR BREMSE GMEBH | MITSUBISHI ELECTRIC CORP

. T AR I R I R L L R I R T L I O R - A T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

a9 151 45 F8 24U 5%

(4) =7Pd 7le &%
o U7 AlRTE SSEE
< 79 538 EFd
(5-271€)d £2 7le HTES HEhlx
o olgk @Y T, TS FAHAT AAZAT N ' HAeHIHE6-171€)
535 =90l ¥ BoH, 749 Afde F 7les A=A SYsta = AR
o FEvehs A TRV R EaSAEE LAY 37 15(5 27]E)°]
71e AFEE YERaL 3lo], &5 5-1 7|sEok= 7]s7ido]
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s AR FE Vs ad A2 A 1,344 T Vs 8" HF 75837

e

0 S EXAHo] &L Lock/Unlocking/Mechanism, Guide/Leaf/IPanel, Die/Rall,
Coil/Core/Voltage, Attachment/Rail/Roller, Current/Alternating, Circuit/Outputs 77H

71 587F Wo] £Xstal lo] ¥ Eopt Ve A=V =2 Vedes & 5 U

=3

o 53] < E37)E 24947} Audio—frequency standard track circuit safety base reflux
device, Urban railway traffic station shielding door application, Controlling device for
Electrically driven door S°] o] Uelta glo], #&E7|so] H B3es o 5

e 2010 ©]%F 2000-2009
a3 153 53 14 9
(5—-2) I |=(FEF 78S &8 53 %

1990-1999

0 7S (TET) T TLEAZTE EASHO|T sAE7e(6-27]€) ] Ao Ads}
] KNORR BREMSE GMBH, MATSUSHITA, MITSUBISHI 5] ## 7]%& %3}

o
a3

O 5-17|&. EnakE SHMTX|7|S7|Y/M5TIL @ 5-27|8. EnAATE ZTAHLD0|Y SLEI|E
0% 154 AlE712Y B3] T4 9
o KRRIY A 579 E3)(5-1 17, 5-2 47)¢] £33 Aoz 3F5 7y Hof
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(6) 78 A5 4

a &gfold oMol i3k The Stanley Worksiite] nj=53 3-8 7AF7F 9574 S
2 7P 21, 8o 2 AC-DC QUu|g Ao)An]|e} #Hx Sharp Kabushiki Kaisha
9] U]%EB‘V} &7t 64108 He

e » P TEI= A 2= 2
a 718 A FEHERIALE, vyl &go|d EoV|e, dFreTaY &£8ol3
2< = - A= = o)
Eolrlg S3 BAY 55T WA A Bod, o 535S FHoR T
558 Aol A5 Ae 2AL T 5 AL
X 52 78 HYHE3 dF
%’-ﬂ]}ﬂi l:ﬂ-l:ﬂ_q ™ =] % %]_ o] j']?l%#
= =c71 o = (Forward)
USH5142152A Sliding door sensor The Stanley Works 95
Method and apparatus for controlling a DC to AC Sharp  Kabushiki
US5625539A inverter system by a plurality of  pulse—width ’ (HIK,.\‘(}!?HS e 64
modulated pulse trains e
Torie . RGN St N SRR ; ) OPERWINTDP TR
US20050012339A1 \(1.11'(11)1(,7‘ speed distributed drive train wind| CLIPPERW QDIO\\ ERI 58
turbine system NC

US6125583A Power sliding mini—van door Atoma International 41

US6294957B1 |RF power amplifier having synchronous RF drive HARRIS CORP 26

Device for moving a swinging and sliding door in a Firma Gebr. Bode &

US5263280A mass—transit car especially a car that travels along 4 frma . epr. bode < 19

irack Co. GmbH
T —Adiccinativ ~ ~ 1 A111 - - ~ k71t ) rar - r ~1
US5615094A Non (Ilbblvl)d’[l\t‘ :51ml)ber circuit for a switched Po\\er) Conversion 19
mode power supply Products
Module of a circuit arrangement which Iig
US6163457A preferably contained in a drive for a railroad Daimler Chrysler 16
vehicle and is of modular construction
Locomotive brake  resistor coolin
US6749043B2 8 GE 18
apparatus
D)+ ~ 141 - A1 o - '0-' - A fa~ A
US6140777A Plretgndltﬂmnel having a digital power factor Philips Electronics 15
controller
= B
o JAES AFEA (dA)

- JAE&F7E JHE B2 The Stanley Worksjike] ©wls SFSSE53]
US5142152A7 2 A& AXE T8 H2= AAs= <gold =olo #dd
E.—Eﬂ o]

- 19919 1¥ 2<d 53] &9 § AZRA S37F AL = Va2 FF o
Fowok 44 % AANIES 24 Bol Qo) NFHAE WA AEH
N °
& FeAd A=
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¥ 155 AHES =1

(7) E3171& G4 71&dd Fol

o 2010WH-E 7] Ay (HAA) g s FVIs(d4A)0 BusE Jo=

2 o, YA Ao B} T3 VR B4 HeE 7E BodS &
A=}

o 3 S53ed F

=—+=Original Filing on Invention

=~ Publications

T T T T T T T T T T T
1990 1992 1994 1936 1598 2000 2002 2004 2006 2008 2010 2012

a9 156 E387]« |A 7leA Fol
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AARA 2 AN

3—1 =u/¢] A=AZ Y 8

o T HExEE BE QAR E 201095 EH OE A5sith 20129 A
FAll S i o}
AAXNG A& g
A=A A FTYEE])

A=zl BIE X =0 .
ad 157 S AEAF FF TR F| (k] wwrel)
585,330
600,000
500,000
374,794
400,000 -
300,000 - 270,242
170,691
200,000 - 144,862 130.896
100,000 -
e
2007 2008 2009 2010 2011 2012

Al BAOE TS AU Y (
o KTXY] A% A717|834sh n4Ee Faehs 718A2ge gon,
WEE e 2ok BES el , oleld
TAsE Fo) REZDY Holy 2 g Ao

A9%, 2013, S=rAE=AHTAEI])

=
[
>
i
fo
ot

¥ 53 AEAF(AWEF A717182D9 AFE EQFH B5F AZA

Az | =que | olBA TE AR
i _ A=A FAANEE | ABAEE | A | WA T =4k3}
oI E & o
;‘j %1 s | 199346l | H Toshiba | € OEM (g%li?%) 28 | =g %j; :

E ek~ Wl O E. % =
207?(7)]1;} 1972/ 1) “";OC/ESJ?M AEEE“AE;C'C’ WABCO o5 o5 Egg% ==
8200tﬂ% 1 %%]‘— %%l Siemens E.—’F%}_’ér

1 T =Y =) 2]
71715 20023 tH Siemens Voith =2 Knorr | Z=E 2E i
850001 . ML
717|183} 20129t | 11 Toshiba s
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o U dEAEE 2
A 7o FAA 7}
T 9449

)

v

Z7}st

R

A RE

lﬂ

AA= 2007 o] = 2010W7HA]
T8 A=A BEAZGAE
5021 oJ3le] FA AAMFAY (¢ =4 -

A&A 0w A
EEEE

ArakE A9z, 2018, F=dmatws

cR

4,000

3,500

AT

218
184
‘I?E L
3,000 -
2500 |
2,000
1,200 - B
1,000 |
500 -
o . L
2009 K010

—_ -

MefH &

200

150

PEEES

o
ES

SRR

| = = | BN

iy

aY 158 FAR/LA Y $E AzAFE BES
KOVIS(Korail Vision & Innovation System)ol|
20101 AA FYHIEo] Bo] A8FH FES
F 7 o ¢ 4
#H 5 7H2009~2013%) =W F& AVFF Y TF H A%gs 2
A g2, AFsAHE A7

5 STk

H

FEL Bl Fold/qT, EHZP

Az A95, 2013, AT H3))

A5 Sl ASHE

S 7FskaL

~—

o
»

O] (% == - SE o 5 &3]3 \=Ne=R NS
2 Ox E=A 2013 AV B 2 AW, x|k 253 ek i g 3], 2012.12)
(] ek
= =
= = 2009 2010 2011 2012 2013P SEEA RS
——i—3
| U xp= EE 24 51 21 15 -36.5
HAX= N BES 92 24 51 21 1is -36.5
O] 292 312 272 289 315 1.9
TS Ed 706 6559 649 890 1,461 19.9
=7 1,067 1,356 1,366 1,322 1,321 5.5
h=d = | 32 25 33 36 38 e 8
2 =) x| 1.274 1,605 1.654 1,783 1,831 9.5
HEIAILLEEHZL
= 5| 4 =y 3,371 3,957 3,975 4,321 4,967 10.2
= | =2 182 168 224 232 256 8.9
APHER L Q= 182 168 224 232 256 8.9
Hi= 2 = ok 2,129 2,041 4,316 4,777 5,460 26.5
FHH 2% 2! : _
Hg T 1‘._:1. - 246 315 343 ey 392 12.4
o L]
== ol w|o{=Erx| 2,375 32,356 4,659 5,149 5,852 253
=7 V= per: 39 92 112 = e
= 309 389 A56 450 2441 Q.3
= ol A = M= 297 422 490 463 474 12.4
Hedad Gl Hlo|= 630 847 ag8s5 1,005 1,028 13.0
!II--‘T'-'AI-E | = | e 101 137= 1 AaA32F 1522 1= 1
X=X T 7| =] 783 1045 1378 1,437 1522 18.1
R = T g | ==y - -
ol oy = 341 418 435 416 474 8.6
a =<2 FIE} = _
=t =] = | 161 211 345 374 395 25.2
Z|EF = 7| =FH| 502 629 780 790 869 14.7
=t Al 7,935 10,026 12,052 12,955 14,509 16.3

a 573,

=,

T e O FA

dEef 4 HF2
o= F=9 A7F A7V HF
£ 20139 A7k 5 B A, A

W Zasha
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(= = - EWRhR, %)

T 2009 2010 2011 2012 2013P

= e B e e B | e T e e i o [ e A T
== 2,882 36.3 &, 0T 404 5,855 48.6 6,512 50.3 7. 710 531
== 1,657 20.% 2,178 20.F 2,306 19.1 1,997 15.4 1,931 13.3
o| = 756 9.5 S09 9.1 927 F.F 967 7.5 1,188 82
=g 457 5.8 546 5.4 566 5.5 244 6.5 912 6.3

o Tu] FEAAE BopA (A, A=, AZ/EA, A7 5) AF AFd d7d, $4
o, A& dizd, A= ddidgHoly & F=2 o

o]
A
7190l AIAS AEdar S (x &4 @ = HE 35 Fofr)e] ds) LSAP AR

Tl T

a9 159 S HE ¥

E4 2o]7)4 A, LSAA AFR A

o = A71HE E&M B714Y Fo A= Y=, A4 SDS, LG CNS, ¥A3
s W71 f1FelH, o] 5 AHERS RS AE MetroZ|W 24, A5 E&M €17
ARell Zodstar e Ox &3 0 A7|AE E&M AFE @3, LA dgraA)

¥ 54 E&M ®oF U 4A a3 € A=

Aq A 4 A4 = AAE A3} P A=
~HAISDS AFC, B4 | AFC 2 E4l A% z‘sﬂ?ﬂ&?ﬁ .
A = S A Olp
o] ROTEM 42 E&M T/K At Fo (GHAtaEz® gty
METRO)

ZAFICT PSD, &4l B#td pPSD 4
E2~FENG SE, A& W4, Bl SHAE 3o

LG CNS AFC, 41 | AFC , E4l gleJArd o]

o} T1 CTC, & | H=AdFE &9 A1 A=

o0 BEAF 9 FF Je/d SAsE YgaEs gdad By oy, 4k 94k
AExg E97HE detadts BAstE 5 I7F AR FHA JIFS v US
(% =2 1 AE 22719 $4 20029 AAANY T FEHEE 2013)

— KTX-AFd (28 KTX(Alstom) ¥ ¢F 6% AH3A =Yste] F 920949
THH& A7 (KTX @ 319/=(&7HsE 1), KTX-AH @ 299/%F)
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e

aQ

Q

- AFAA A% 1EFU% F 2] ANAE e o 30% A%

o2 AslEal glom, F= o] wjd A &HHo 7 FItstal U
53], 92 2012395 AEXFHEEY FAFAI SAZ Solyla, ol T
Z1eZAEo] ul§ oSS UE = AE=E HE F I
% 55 AZAFEE L #AF FX FEY dF (2re] : Age)
e B Z3 n) =
. & 9 54 5 9] e & 59 54

2012 182,975 84,233 98,742 1,227,904 1,040,072 187,832 2,125,116 1,103,113 1,022,003

2011 439,761 100,620 339,111 906,595 1,727,212 280,617 1,919,115 9%,612 922,503

2010 249,813 115,313 134,500 516,514 1,463,789 LAT2T5 1,406,880 795,923 610,957

2009 129,928 9,264 34,664 445,381 1,277,133 831,752 1,012,524 945,982 66,542

2008 140,227 154,941 A4714 695,927 1,236,286 2580,359 1,357,960 1,392,756 LT

2007 8,219 114,322 IN76,103 335,832 1,069,322 AT13,490 1,514,228 1,262,539 251,689

(o8]

(% =4 =59 Es] FEaAik 98 AA= (http://www kita.net) )

v |28 %4
S5 +9 7 FE 9 7

2012 36,083,696 5,857,282 30,226,414 668,765 192,283 476,482
2011 47,507,667 4,650,128 42,857,539 935,382 153,927 781,455
2010 42,393,498 6,180,879 36,212,619 2,269,706 417,597 1,852,109
2009 38,532,167 8,314,055 30,218,112 1,781,895 424,684 1,357,211
2008 48,362,946 13,757,070 34,605,876 1,508,771 472,873 1,035,898
2007 36,348,943 8,388,311 27,960,632 1,879,288 348,710 1,530,578

(G]

e

(% =4 @ SFIHE3] A0 F9E5AAE (http://www kita.net))

HE AF/EEFS uA 2 FRESe dHE 2A A w0 $F(After-sales service)
AL 3859 §2(2011d 71F, oF 55.5R)%, JEHE Eolrl 4%z M E HlSS
A skaL Qo SAMGEo] 40%, A AET)F 16%E XA o

Al gtEE vlFo] 7R 3W o= v=e EFFeA FETE 2 HISS AHHsa
7] WS, GES F AR & Aol ol SATEAA AR & HFTS A
sha Q7] wWleow WekE, &% ofrlof X oA du Tt ARG o0 SR
Qe Foro] YRS FYT Ao oAE (% %3 @ Rail vehicle maintenance—Global
market trend in after—sales service 2012, =< SCI/VERKEHR)
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Urban rail fransport [¢] 1000 2000 3000 4000 5000 6000 7000
16% UsA = ,'.. .‘! . T _ '
sk =
China [Z T |

E— ——
Freight transport Gemaly :‘ =
443 Russia [

France T T
ftaly [T T

United Kingdom [T
Poland [T 1
India [

Rail pagsenger

transport
40% B Freignt transport CRaE passenger transport E Urban rail transport

1% 160 Share of transport markets in 1% 161 Market volume of after—sales Top-10 countries
the total after sales market 2011 2011

o AFEHE R Freight wagons©] 7Pg 2 H]5& A8k, Diesel locomotiveZ} + HA)
2 F2d ol LHE AFATF ARFEF A 2 AR Bayo] ¥7] Wi
o, vt AHHF AFES 75 High speed trains, Metro vehicles 5 2545 2]
T2 AR ogFH= olx % o] &oF APFo| SdEHWEA fRES ol A F
7V Aog AWE7] WY (% =3 : Rail vehicle maintenance—Global market trend
in after—sales service 2012, &Y SCI/VERKEHR)

162 A4 Ho &
(After—sales service) A&
A& R9E) - 20114

=
7|&
B.0%
5.0%
4.0%
2.0%
o.ow Electri Diesel High Electri Diesel
L= {1 nco =5
= : 2 i = Passenge Freight Light rail Metro
1 1 d
oti oti Fe Maﬂl_zple Mull_:ple Sy o e et
we we trains Umits Units
| HomEaans 2.7% 2.3% 7.4% 3.8% 3.4% 1.9%4 2.8%6 3.8% 4.7%

a9 163 244 vl 3-(After-sales service) A& AAE (X19d) - 2011~2016d 7]F
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o A71d% E&M ®H7IAY S System EngineeringS 7|¥to 2 /A H /A5 /%
A/Z1A Add]ell digt AA/A /A /A HS FHetE WA o2 Global FAIVF &
AA AEE] 70%E ARShal e G FA 0 AR E&M AF @3, LSAR defea

A1)
¥ 56 E&M £oF Global AZAL A3 2 A
A A = A oA QAE A=
Siemens Metro, LRT, 113 Global base 7|WF HE=Rof X x4
Bombardier Metro, LRT ATC, ERTMS7|4F A AA]A-a-=F
Ansaldo 34, Metro, =2 0= AR A 3= 2 1A%
Balfour Beatty | SE, 5% 3 Axpd | 54 B A #-oF Global Leader
Thales LRT, Metro CBTC base € x}A)| ]
Kyosan =3 Metro dEAA 7+ A5

o 0134 AA A7 FEFR A
2, o)t AERY AYSL 3

=
G =3 @ 2013d A7k S R AR, =)t

AR 3]/ 43 3], 2012.12)
¥ 57 20139 AA A7NAY F9TE AW (& - A
20109 2011 201293 20133d(A%)
7.043 7.951 8,482 9,118

% 2013 AWE ¢ UN, ComtradeE ZAR &t 7|4 153] o=
a 53], AAE", A7), 29X|7]o] T FMIA BFES dEAT 4.65% A
AAS B AowE o=49 (% &4 : 20139 A4y B3 2 A, S| 1253/

Sh=rH-91 9 3], 2012.12)

¥ 58 AlA &/ N A% (29 - g2, %)
= = E 2008 20134 20203 AF 7%

W el 7 219 278 365 4.35
292 714 184 232 326 4,92
oz} B H-F 133 167 223 4.43
a0 A 200 254 349 4.59
A o] A] 2~ B 41 52 71 4.78
71} ZA7]7] 407 514 708 4.85
3 A 1,184 1,497 2,042 4.65

% &3 : Goulden Report, The World Market For Transmission & Distribution Equipment and

System(2009)
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o) 7

a 2AA AE 7AW (rail traction transformen)A] &S 2013 11.7¢ €3(¢k 1.3%)
ol A EHA 7.52% S 7Fste] 2018 16.99 G (¢F 1.9X)of @ Ho R o =%

o ol F, SMAO-EHYAPAC) A1FS =2 Q7 WER 3 3 814%2 UM
of @d Arg A rEVF A4S Stk e, dxF FREEE 1SEE
(high-speed train) 74Q1 W<7] Al%e] EH 7 11.43%°] 5712 718 24 571 A
o5 o= (% =3 : Traction Transformer Market Revenue & Unit Shipment, By Type
(Tap Changing, Tapped & Rectifier), Rolling Stock (Electric Locomotives, High Speed Trains,

Electric Multiple Units (Emus) & Trams), Voltage Network (Ac & Dc) & Geography
(2013—2018), 2013, Market and Market)

0 292 AERE AFAC ABBjit= == AR 1120019 112 HE=2FH(Siemens
Velaro 380)o] A< W7|(CHR3-380)2 FF3H7Z AYstior,  Bombardier,
Alstom 59 HE AFAE AQA WHAVIE EESIUS (% =3 : China's rail

revolution/ABB power rail traffic in Germany, ABB’s annual report, 2010)

1% 164 ABB’s Traction Transfomer for

Siemens’s High-speed train

I3 165 ABB’s Traction Transfomer
in Velaro 380(China

a9 166 ABB’s Traction Transfomer in 13 167 ABB’s Traction Transfomer in
Bombardier TALENT 2(Germany) Alstom Coradia (Germany)

NHF7] Bofoll A 29 HAERE AZAR] ABBitE & Ao HES AlFte=
EHAR 19099 R FES THES, ABBitAlE 2AIA 1007=°] dE
ANAFT7E FEaR o 7bHE Metropolitan E oA HE AL HEx3
(Locomotives)7HA] thFdt AlFe]l ZAJATIIE ARl U (x =3 © ABB's annual
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a

a

report)

ABBjitAFe] frameless induction traction motors QFA A £ W o Ef Z=xHoZ
TEHAE x}pEFe)] AFaslm, Modular traction motors: 2He ZubAxb7) 7beEka Eo

MRS FAE g A AAIE] =A] ZE @apoll AR Gk EA 0 ABB's annual

report)

1% 168 ABB’s Modular traction motors I8 169 ABB’s frameless induction traction motor

# A ZAFQ] Voith Turbo GmbH & Cojiti= 20131 49 302 Aol A
MHE dAxrle @ F9 dA oA 114 I8 Bevel gear KE-type(KE-456)2
AArBHA 5, o] Geare= FAI9E Ao A3t Hon 400kw/h7tA] RS + J=s
AAE AR E 20139 SR AlEe €8sty BES AT A Ok &A : Voith
Turbo GmbH & Co’s annual report)

a9 170 Voith’s Gear Units for High-Speed Trains 1% 171 Voith’s Gear Units for Electrically Powered Railcars

19 172 Voith's Gear Units for Light Rail Vehicles

e 7)E
g okl Al =9 Schulerfit+ 2 €42 (20,000kN~50,000kN)< 7}l &= &
A + de R AFE AF Q7IAE"EE 5ok, AFAEE dSeiglon w2
T AR AEES AR 7 A HAS (x A ¢ Schuler’s annual report)



1% 174 Hydraulic press for forging railway 39 175 The new Schuler wheel rolling machine
wheels MHRV-180/80

AHE APlA 7P A=/ 670 AFY i(Rail traction, PV, Wind
turbines, EV/HEV, motor drives, UPS)ol H%E Folr} Eojz Ax=z HE Eof
AHHIR] AFE g2 Aoz o (% &3 : Inverter market trends for
2013~2020, Yole Développement, 2013)

,;."-'rou

Inverters market (M$)
including PV inverter, wind turbine, rail traction, EWV/HEV, motor drives & UPS

ISoerce: Irrverter mavkoet brevds for 2013 — 2020 and mager lechnology changes repot. Petviany 2013, Yole Ddvalzppermeni]
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ms

@

a3 177 2AA Inverter A% S7H - (2010~20203)

v AT A¥FF(Elecrification) #H  2AlA A5f/7l=FNew development and
upgrade) A 42 409 F2(2011d 7], oF 9.2%)=, Siemens, Balfour Beatty Rail &

o] AAS FE3dtal QS (% =4 : Worldwide Market for railway technology, 2012,

= SCD

- 196 -



Worldwide Market Shares by Supplier Electrification 2007-2011
New Development and Upgrade [EUR million]

12%

m Siemens

11%

@ Alstom
O ABB
9% 0 Colas Rail

O Other Suppliers

m Balfour Beatty Rail
m CREC Electrifcation Bureau
= CRCC Electrifcation Bureau

6% 9%

Current market volume:
—~ EUR 4 billion p.a.

© SCI Verkehr GmbH

3 178 A=A83F B AF/AFER] A4 AF AR "—ir(?i?ﬂ]%) - 20119 7|&

o T3 Ax AFEEZE 3H 2A4 $A RS 9 w5 (Renewal and Maintenance) A&
A8 AEE

DN

~

2
xo Jo
[o

Australia/Pacific
(0.4%)

Africa/Middle east
(0.6%)

South/Central
America
(0.6%)
North America
(1.1%)

a9 179 A=AHITF B8 FART H A EoF
2AA A @v% AGd) - 20119 7|&

22011 71, oF 392)=, Mol 44.6% AF %
M CISEAoh7t 19.2%, oHrlob7t 18.1%2 Hw&< Holil Sl+=

0 2011~2016\ Ao] AW FAEe] AS o}uaa}/% o] 13.2%% 714

CIS 5.5%, °FAlo} 5.1%, AfrEo] 2.8%= oA=&, olels %

A5 2 AYE
TEHoR udeS W, FF CIS E ofrJo} XFo] & FoF AlFe A%

FES AoR dAE (¢ =4 : Worldwide Market for railway technology, 2012, =< SCI)

15.0%
10.096
5.0%
2 | ‘ South/C
Wiesterm Eastern MNorth i = Ex Adfrica/mi cis Australia
Eurcpe Europe America ica ddle east SPacific
| o I P A R 2.8% a.7% 8.4% 2.3% 5.1% 13296 5.5% 3.594

a9 180 =4¥83F B FARST R AARF 244 A7 AFE R9E) - 2011~20164 71&
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@ ")=ro] Martek Powerjits A= 258 Av|g 9 <y Az A= BAl,
BAZE ARAZA|LH, JALRA|AE] G B2 o] &8 - e FFE
T3t 98 (% =3 : Martek Power— DC—-DC Converters and DC—AC

Inverters for the Rail Industry, railway—technology.com)

o o)
&
Lo

—]

A

bl | :

L5 {
- = &

1-= L v tl‘
pold

a
a9 181 Martek Power’s 800W DC-DC 1% 182 Martek Power’s 750W DC-AC

Converter Converter

IGBT 7]

o 2AA TE5AAE-E(active electronic components)A] A 20119 1,3769] =2 (¢
152.9x)ol oW, 2017374 wid 9.7% A3 T3] 2,298¢ <EE(¢F 255.3F)=
F7td Aox oAdE, 53 oprfol-ElH Y A G 4 H 11.9% 4TS F3
1,3659 =2#(¢F 15L.7R)2 Z71E Ao = gAFE (x =3 : Active Electronic
Components: Technologies and Global Markets (BCC Research, 2012))

a 2474 4 HEZ2 B4 8WMMC : metal matrix composites) AB]AIZFS 20084
44N kg A £ 5.9% AFS T3 599 TkeZ FUE ow Jdid, o F
AdaE Fto Au| o]l bt wow 4 ok 5.2% S S 20134 3.29Rt
kg2 F71e Ao=w oA (% =3 : Metal Matrix Composites: The Global Market (BCC
Research, 2009))

SUMMARY FIGURE

Sl T GLOBAL MMC QUTLOCK BY APPLICATION/SEGMENT, 2004-2013
GLOBAL MARKET FOR ACTIVE ELECTRONIC COMPONENTS BY REGION, 2010-2017 KG 1,0005
(3 MILLIONS)
140,000 =
120,000 I
100,000
B g0000 =
E 60,000
F 40000 |
' J )
. ) ‘ ' W Ground transportation
2L Jou o wom B Electronics/thermal management
Rerospace
[ asia-Pacific  WEurepe  ONorth America [ Rest of world ‘ Industrial
B Consumer products
1% 183 Global market for active electronic components 1% 184 Global MMC market outlook
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AatAlo) A%
o A3/Ao] TE eAA AlH ) New development and upgrade)A]FS 649
(20114 71, ¢F 9.2%)=, China Railway signal & com, Siemens, Thales, Ansaldo
Worldwide Market for railway technology,

=2

STS 5o A= F=stal e Ox =4 ¢

2012, =< SCD
Worldwide Maorket Shares by Supplier Control Command and Signaling

2007-2011
MNaew Development and Upgrade [EUR million]

18% m China Railway Signal & Com.

m Sismans

m Thales

= Anaanlcdo STS
m Alstom

15%
o Invanaya

o Bombardier

O Othar Supplisrs

Currant markat voliumea;
- ELIR 6.4 billion p.a.

12% © BO01 Verkehs GrabH
a¥ 185 ANE/A #H AF/NFRokY 2AA AF AFEQ@AD) - 20113 VF
o T3 As/Ale] #E A4 FAXHS 2 wA(Renewal and Maintenance) A3
689 =011 71F, oF 9.8)=, Afrgol 47.8%9 AF HAFER AFS F&
shal lom ofrjolrt 182%= F WA & A1 BAHE&S Hola 9l

Australia/Pacific
T
(2.9%)

a3 186 AE/A0] #E ARESF L mA L 2AA AF
AFE R9gd) - 20114 7|+

o ThEL, 2011~20164 Ato] ABWF Z7h&e] A9 olZes/EFol 6.7%% 713 =
11, ofxJolel ZFUm|s} Ztz}t 5492 F HWHE Fom, AfyL 23%2 WA AH
=d, o83 AiE R AFES THHR ades o, FF ol o} X Ho
AH Bof Al AAS FET Ao=E oAE (x =3 : Worldwide Market for

railway technology, 2012, =< SCI)
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LaWestern Europe w4 Eastern Europe B NMorth Aamnerica bt South/Centra l America

et oASTa = africa /middle east acs e Aaustralia/Pacific

a9 187 AS/AY #E ARG @ wAEok 2AA AT AFE (1]91%) - 2011~20163 71&

2_39%6

FHEY] 7=

a 2AA % 2 71E 45 AARH-E(passive and other interconnecting electronic
components)A| 42 20121 1,3609] =E(efF 148.2x)0|n o, 201774+ EB o
9.4% 442 Fa) 21359 Del(ch 2532 FAhE Aow o4k, S8 oo}
HE g A g2 FHAT 114% AFS &3 20124 7669 Eef(eF 82.3x)0l 4 2017
do1,3159 2E(¢f 1433%)E F7HE o= odd (¢ EFX ¢ Passive and
Interconnecting Electronic Components: Technologies and Global Markets (Focus on
Asia-Pacific (BCC Research, 2012))

SUMMARY FIGURE
GLOBAL MARKET FOR PASSIVE AND INTERCONNECTING ELECTRONIC COMPONENTS,
2010-2017 ($ MILLIONS)

150, 000

100,000 |

$ Millions

50,000 L

ol

2010 2011 2015 2017

| [ Asia-Pacific B Europe [ Morth America [ Rest of World |

¥ 188 % % 7|8 43 AAFEF A4 AR AFE K9E) - 2010~20174 V&

Z

A4 s

o 2AA 8iEg A|o)7|&(battery control technolog) A7 20113 8609 H-&(eF
93.7%)%, 2016\d7bA] FEHT 9% S T3 1,240% €E(¢F 13H.22)2 F7H4E
Aoz o, o] T WHY SAAFe] 7HE AW FR3E 7.6% 4= Sl 2011
W 4809 EE(eF 52.3%)0A4] 2017\d 696 2 (eF 75.9F)2 F71e o=z oAt
¥l (3% Z3] : Battery Control Technology : Global Markets (BCC Research, 2012))
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140,000 - 6,000 (%)
180,000 1 1 5000 S
i atteries
OO0 +4,000 £ 3%
£ 80,000 4 E
g 15000 g
= 60,000 1 . -
“ qo000 + TR 4 Chargers
90,000 + + 1,000 1
0 o
2008 2m1 206 Condtioners
I-$Mi]ligns —e—DMillion units | B%
23 189 Global market for Battery control — =¥ 190 Share of battery control technology
2006~2016 7]% - 201

371Z3A] W AR AE 7=

o "2l HVACAI S 1997d5-E 20061 Ato] F7]8sHeojz HokolA 45% St
31908 (% % : HVAC in the US., 2nd Edition — Green and Global (Companies and
markets, 2010))

o A4 dRE A4 2 2UEE 7]& A7 environmental sensor and monitoring
market)> 201133 1119 2e](ef 1212 D)ol A E£FF 6.5% S71ste] 20163 1539
g (¥ 16.7x2eoll @ Ao = HAwE (% EA : Environmental Sensing and Monitoring
Technologies, 2009, BCC Research)

SUMMARY FIGURE
GLOBAL ENVIRONMMENTAL SENSOR AND MOMITORING BUSINESS BY MARKET CATEGORY, 2000-
2016
{$ BILLIOMNS)

§ Bilions

2008 2010 =2011 2016

[ Terrestrial

B Atrmospheric

O rlonit oring serwvicesz

[ Oceanic

B Radon, GP2, remote sensing, and new technolog s

I 191 A Er AA 2 2UHE 2AA AF AFE - 2009~20164 71&
o Q2Egol AxRE AZFA}el Voith Turbo GmbH & Cojilbe] WdZA)|~8lL tlekst €]
2 Aol Hgo] Theakn, WS B A Bakow WA swElo] Alol®  (x &7

: Voith Turbo GmbH & Co’s annual report)

2% 192 Underfloor coolimg 2% 193 Roof coolimg system 1% 194 coolimg tower

system
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% 195 Front-end coolimg 1% 196 Machine room % 197 Monorail coolimg
system coolimg system system

Fu A7 AEEMU) A%

@ 2007~20113 #3124 A7]FE(EMU : Electric Multiple Units) && Z2AA A4t
L 5400 E Bombardier7} 28%= 7}4 Wi, 7|E} Japan supplier, Alstom,
Stadler &% %2 & Holal & (x =3 : Worldwide Market for railway
technology, 2012, =¥ SCI)

Worldwide Delivery by Manufacturer Electro Multiple Units 2007-2011
[Number of Units]

m Bombardier

20%

o8 H Japanese Suppliers
= Alstom

@ Stadler

mICF

=8 TMH

5%

6% |\ O Siemens

00 Other Suppliers

7% 13%
In total:

— 5 400 Units

10%

112

@ SCI Verkehr GmbH

I 198 1% AZ|A=EMU) 244 A7 AF-E([@AR) - 2007~20114 7]1E
o =14 HA71AZ=(EMU : Electric Multiple Unlts) Hd eMA #v] F(After-sales
Service) Al 589 20119 7]F, o 84F)%, X Hof A= HFAY
ohAlob7t 38.5%9) AF AHE ANFS Tﬁm o

Australia/Pacific .

Africaf/Middle east
(3.1%6)

North America
{2.6%)

a9 199 £31&% A7IF=EMU) B & ZoF 244 A AF&
A9d) - 20119 7|&
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@ 2011~20163 Ate] AHd S7H&9 A% 57t 6.4%= 7MY =AT, A&
4 44ES FRHoE ndIUS W, FF AKY L ool Aol BA ¥
ofF A|ZAES & Aow dAtd (% =4 : Worldwide Market for railway technology,
2012, =4 SCD

6.0%
4.0% -
o0 Western Eastern Morth mf:llce" _— Africa/nid s Australia/
Euro pe Euro pe America T die east Pacific
| HMogma ancs 3.9% 4.8% 6.4% 4.3% 3.2% 5.0% 3.9% 4.3%

a9 200 1% A

71Z=(EMU) # # FoF 244 A7 4FE RF9E) - 2011~2016\d 71&

44 g E AT EY O AlF B4

Q

Embedded S/W+ Application Layer(H/'W ZF&), Middleware(Networking, Commumnication),
Operating System(BSD 4.4, freeRTOS &

5 05)9] 335 o= 4%, B4 Embedded S/W

+ RTOS(Real Time Operating System)Z <1213, Embedded S/Wel tiet S 2H A|FFE
E A7) 385S BT X AAEA A 915 Embedded S/W A2 B2, Ak}
53}, AFsAF 5 WETEHS Ao R Aol FAE] QS

(% =4 :

Global Market for Embedded Software, 2012, Frost & Sullivan)

Embedded Software ‘

Telecommunication

Smartphones
Feature
Phones

a9 201 Total Embedded Software Market :

Industrial )

Automation ‘ Automobiles ’
— HMI Powertrain

Features
L HeARA Safety Features |
— PLC Infotainmer}t ‘
and Telematics

— DCS

Segmentation, Global, 2010
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a

2utEFE Y3k et 71eist 23 5o 2210 ® Embedded S/W S2E A

20109 4089 &

g Aoz o5
(% =3 : Global Market for Embedded Software, 2012, Frost & Sullivan)

Revenue ($ Billion)

180.00
160.00 |-
140.00 |
120.00 -
100.00
80.00
60.00
40.00 [
20.00 -

0.00 2007 |

2008

2009 | 2010

2011

| 2012

Lt L

2013 | 2014 |

L

| 2015 |

Ld

20186

2017

| = Revenue

23.87

28.17

33.16 | 40.79

49.09

59.12

72.24 | 88.77

109.44

133.2

159.86

|“4-Revenue Growth Rate

19.0

177 23.0

20.3

20.4

222 22.9

23.3

21.7

20.0

Year

25.0

20.0

15.0

10.0

5.0

0.0

a9 202 Total Embedded Software Market : Revenue Forecast, Global, 2007~2017

Embedded S/W =24 A&

AGH2 AHHE Ju| {9, ofrol-EEHYE X Fo|
ol s AHEtaL lom, ofzelrl/dn| 52 A|9o] Emerging Market o2 Fdsial
53] ofrol—elHY KG9 APPIFEo] e A Ak Qo] 7 devt

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

FFA 2017 1,598 G 274 £33 21.5%% A A%

Revenue Growth Rate (%)

100.0 i
90.0
= 80.0
= 700
S 60.0
o 50.0
o 40.0
30.0
20.0
10.0
0.0
« North America 25.9 20.2
@ Europe 32.2 24.7
u Asia-Pacific 24.6 38.3
@ Emerging Markets 17.4 16.7
Year
North America Europe Asia-Pacific Emerging Markets
Year ($ Billion) ($ Billion) ($ Billion) ($ Billion)
2007 542 T.7T7 574 4.73
2008 6.70 9.08 7.07 5.32
2009 8.20 10.40 8.50 6.06
2010 10.55 13.12 10.04 7.08
2011 12.57 15.56 12.49 8.47
2012 14.87 17.94 16.47 9.84
2013 17.74 20.49 22.34 11.66
2014 21.03 23.81 29.71 14.21
2015 24.48 2826 39.04 17.66
2016 28.21 33.66 49.71 21.62
2017 32.36 39.54 61.22 26.73
CAGR 17.4% 17.1% 29.5% 20.9%

23 203 Total Embedded Software Market
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@ Embedded S/W 229 AFL Az AwEd EAAGo] IRES X8l Q)

ABE V9 7 Hehta

0l o
IR -

o gollA, 20173 619 EE7ER] A7) ddEI s
(3% =3*] : Global Market for Embedded Software, 2012, Frost & Sullivan)

ARt 5 aE5EF(Automotive) AFIAAIAE 20103 4

180.00 250
, v
160.00 - = ~ v X
140.00 - w - 1200 F
_— b 3
& 12000 - ¢
= 150 £
D oooo 3
§ 80.00 - 2
] 0.0 2
2 60.00 - :
_— 4
40.00 + e 50
il
Qoo NN NN . e . - @ o vy S -y W N0}
2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2018 | 2017
| it Automotive 452 4.32 3.93 4.60 473 4.84 5.00 525 5.54 5.87 613
ke Industrial Automation 4.41 467 4.80 4.98 5.20 544 5.69 599 6.31 6.66 7.04
= Telecommunication 1474 | 1918 | 2443 | 3120 | 39.17 | 4885 | 6155 | 7753 | 97.60 | 120.68 | 146.89
w=Revenue Growth Rate 19.0 17.7 23.0 204 204 222 229 233 217 20.0
Year
Revenue Industrial
Growth Rate Automotive Automation Telecommunication
Year (%) ($ Billion) ($ Billion) ($ Billion)
2007 - 4.52 4.41 14.74
2008 19.0 4.32 4.67 19.18
2009 1T 3.93 4 .80 24 .43
2010 23.0 4.60 4.98 31.20
2011 204 4.73 520 39.17
2012 204 4.84 5.44 48.85
2013 227 5.00 5.69 61.55
2014 229 5.25 5.99 77.53
2015 23.3 5.54 6.31 97.60
2016 24.4 5.87 6.66 120.68
2017 20.0 6.13 7.04 146.69
CAGR 21.5% 4.2% 5.1% 24.7%

1% 204 Total Embedded Software Market : Percent Revenue Forecast by Vertical Market, 2007~2017
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58 Zed CAD ¥ =4y AZEY] A B4

o CAD % rdlg ASESojo gk AAAES <7 (Mature) JEfel 2lem, 20114
7IEeR 629 G ARTEE YehHaL 9l 201897HA BT 9.29%% sl 116
o gy oo TR o]lF AHom oA (%33 : Global CAD and Modeling
Software Market, 2013, Frost&Sullivan)
Revenue CAGR =9.2%, Unit CAGR = 19.1%
14,0000 . 1 250
12,000.0 -
1 200
= 10,0000 -
£ 3
£ 80000 ' i 1180 =
@ =
§ 6,000.0 | i : 1 100 £
] — >
é 40000 |
150
2,000.0 |
e 2011 2012 2013 2014 2015 2016 2017 2018 e
s=aRevenue| 62882 | 6,923.3 | 7,747.1  8,630.3 | 96055 | 10,5469 | 11,200.8 11,648.8
—=Units 5.7 66 8.0 96 1.7 14.1 16.7 19.2
Year

9 205 Total CAD and Modeling Software Market: Unit Shipment and Revenue Forecast, Global, 2011-2018

e

20113 &4 CAD ¥ 2dy A2 E o] AAAEGS A, 3D CADZ}F 86.0%°] 3L
2D CADT 14.0%° =33k @A 3D CAD7} o] &oF AFS FEslal e Aoz Ho
A (%=*] : Global CAD and Modeling Software Market, 2013, Frost&Sullivan)

3D CAD
86.0%

Y 206 Percent Revenue Breakdown Total CAD and Modeling Software Market: Global, 2011

CAD ¥ =Py AZE0fo] AAANGS A= T8 7|9oZ+= Dassault
Systemes(26.9%),  Autodesk  (26.3%), Siemens AG(11.3%), Bentley
Systems(6.3%) S©°| 2. Dassault Systemes?} ©] £of A|AS ML= 7]HoH,
Autodeskiit+= AutoCADE %3l Dassault Systemes®} A3l glom, 53] BIM Al
FAME 2 AAYS 2k = 719 (%=FA : Global CAD and Modeling Software
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Market, 2013, Frost&Sullivan)

Percent of Revenue
Total CAD and Modeling Software Market: Global, 2011

Others™
29.2% Dassault Systemes

\ / 26.9%

Bentley Systems
6.3%

Autodesk

Siemens AG 26.3%

11.3%
a9 207 Percent of Revenue Total CAD and Modeling Software Market: Global, 2011
@ Dassault Systems (Dassault)i= CADOIA 71 ®o] &85 &£F420 CATIAES
T AFo = o] Market Leader”’} ¥o] 915 <%, AutodeskAl= Revite] A=
BIM MarketollA 733 FAHS %5l Dassaultite] EAAZA TS 3k S
(%33 : Global CAD and Modeling Software Market, 2013, Frost&Sullivan)

~ 7 ™
Autodesk )
Bentley Siemens " -
veva :
g
Graphi:
Wectorworks
Ashlar-Vellu,

poreiCAD

Mcheael
hutoDes! Altair

CADopia
o

Kubotek

SpaceCiaim

Product Line and Competitive Strategy for
the Animation Software Market,
Media and Entertainment Sector

Market Penetration

Miche I:' Contender I:I Market Leader

Participants
I:l Emerging/Receding Participants |:| Challenger

a3 208 Total CAD and Modeling Software Market: Competitive Landscape, Global, 2011

(-~

@ CAD B RHy A ESJo] AoA ofn] Mxistd =7kt AEA ek =7k <t
o] AN &8 r= tAh v=2A yeERd. (%= : Global CAD and Modeling Software
Market, 2013, Frost&Sullivan)

— A= o]n] o] Fopo tig S/W AE7HE BFdt o =t A7) A%
Al 5014 glew, 3D CAD, BIM¥ Z<& EWUE=7} Cloud, Tabletd} A5}k
MELR A T80 2 308 B,
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>

Market Value

AFE MR 7bx Bok B9 A2 AxeAL 2 ANSHE A9 CADS

Aeiela Qow, AL A7) dA6 3le.

CAD Advanced

Economies

CAPD is a mature markst in
developed economies and
trends like BIM and PLM are
essential for growth as are
trends related to Cloud and
tablets and end-users like the
hobbyists and prosumers.

is essential for growth over
the forecast period. New
license purchase in major
verticals is expected to drive
this growth.

J CAD in emerging economies

CAD Emerging
Economies

Time

Maturity meesssmmie=—- Decline

Source: Frost & Sullivan analysis.

Development s Growth -

3 209 Total CAD and Modeling Software Market: Product Life Cycle Analysis, Global, 2011

CAD Market? &8 oIz Architecture Engineering and Construction(AEC)%}
Mechanical CAD (MCAD)$¢] + &+ FEH, AECEoF AIF-EF-EL 20113 fﬂxﬁ
48.4%NX 20183 47.1%= Ui Z}{}:Q Ao 2 odEa, MCADESF AZ-+H
2011 51. 6%01]/\1 20184 52.9%% T4 F71e Fo2 o dEL}, F Hof B dzﬂ
o] A FE AEE A HEAZIA &AL 2018d7FA] HISSE H[ES A oz B
Q1. (3%Z*] : Global CAD and Modeling Software Market, 2013, Frost&Sullivan)

Total Revenue (%) AEC MCAD
2011 48.4 51.6
2018 47.1 52.9
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2584 AuFelx Lol ME FAY BH] SAUE RDAYS] e FAY

2 f8e 3Gy 99 CEAAE 28 L GAHA )&t hE FA

e RIA@RAEEATY 201250 G2E ogi g mEste] oe
_]

BAAASE AN BN A%E AT Aok

gz30] we AAN £3 B4 4% =AEs

of 1403214 AR ERG SAdstose it ot apssl AA A

A [7, "EAAE 2EE 9 GARR et mE AAGRA RIAG
7“71%04%”4 2012.5)]

®ES ALY AAAY A4 A
o IA|F-HoA 80% ©]7dol “ 21 =
of iFdte A YS Dot S S A FH
g Fom, olgd FFEIE AHKHOE
3] &3, 2005 5€)
° HFUe =&
ZRkel % 3= =
AHQ A= FasAR, T3S Foke] F7HHR AAFH Z3E o
7] W&o o] FAAF7] s ==z Q. (DIN, Economic Benefits of
Standardization, Page 8, 2000d)
Bx37} AAFHoZ mjd 259 B E J sy, =S Ao Al 13%2)
T Aoz ZAEAS. olHT AE HE R FToe ALHA 4
A W xEsE F8a o, ARAHAA Y FFESE FXlo] o]FojAa
o

(The Empirical Economics of Standards, DTI Economics Paper No.12, 2005.6€)

K
3

o Forrester Research+= 2005'd @704, HIEFE AFS AHES A5 5%-12%2] 7N
| go] e 4 dom T ZEAEN G 12%-24%7HA NE7|Zte] A%
2 ¢ Jdotx HEFFYS. E=3 Yankee Group 2005 FAbo| A= Hoko] wig} IT
o] ®F3IE FAH8]-8(TCO-acquisition, labor, and maintenance)s 9%-35%7}+A

S, (Why Standardize, PROCESSOR Vol.28 Issue 4, Page(s)

EANRE BF3 AR AN 24 A
° Y9 TAEAEIAE 199635 EAEE B3t Hde Edste] A
kel A, A, fFARS g Ao dE 2E
AAE B A3 10%2] Fde) VIdde AdE =&
2, 2005)
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[AE8& EF ANEREMEHNI/AZE Y JAEFH|E 7le MAE BAA £4]

& A sFE-& 1990 @ t)71A CEIS(Car Equipment Information System)< ©] 83}
Sy 2000 FH-H  AAA Al FTA RSMIS(Rolhng Stock Maintenance Information
System)< ©] &3t PF-EESIE T3 FAL S SRS v ASE YEYS
Tl A= 2004 Zo JidEo] @R E&EHI U+ d

2 ARA 2" gk BAAY 240l ARHSeH, olF Ft 1EKEHETE =
AA vA = FdFESTFAF o2 B3 2(Entrue Consultion, 2004).

2006 2ol EAEE FF3 A7/ ARG O tHdk BAA B7F £24 0] o] Fo A
+(F=E=7|E4, 2006). olHT FFE3 ATFNE AFY ABAA B =GR
AzE, AL JoF W HHA ok A EoFR UHA FREHIAET BEAEE
2, A9, s P AEA2EH £33} AR 438 EE S o
b oF 3,700 o] AARE AT F Uve ASE HIUHEHAS

38

1o

)

2o

F EPREL AYsts ATEM EFRE H89 A F94 Hort o

2 AU el AP RES ik AT RO o PHA Rahn
Barlgo AFEANL BAT Ao Ayt P
471kl AR 5% FHARE U 5 Aok

s

% obe) T BE AN AR olFolH FarYsit dHHoz 29D 3
2 oy
60 T HEA

oft
4
oy
Oz
2
rﬁL

20084 20094 20104 20114 20124 20134(F%)

12

130,896 170,691 374,794 585,330 270,242 373,566

Op

Embedded OSEZoIA F 7% Fashulgold A=Poks 0%olth Awss
RTOSOl olale] =) AERE F271%0] AeHE 44 45 39 o] FrE 2F
F2719 07038 S 4

% Z=2719 2070/ x 8000%HY = 169/\d A|Ao] =718 Aoz oA
&% =4k RTOSS AlZHFEC 558 AS A4

sulEZ| tlet $0%7) 71ewWE 7 5o 29102 Embedded S/W Z2H AL
20104 4089 d&] =04 20173 1,598 8 7K R 21.5%% IA AR
o= 5
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% 61 W= SW ZA4+3 H)&

*» B MAMAXNATA 2011
=T o= A=R} 28 =M =4t
QHC|= SW =M5} HIZ 15% 5% 5% 4% 1%

AAE

33464

= AEXF A FEHE

¥ o HA/EA AARA %
AEagE Aahlg x AEAFe] A vlE X A
836449(12d 71) X 20 % (W)= BARTYZH7}7]

(A= 7|9 3P 93 &A1 A 7e
AQehs i AAETFE
S| A= 4

Sabere] AA A

gdg&or FAAF] Aol gE = s

A7 dEFolx Zle ] Fd/EA

Al

ul
fom UYLk PLME Aol A]

24 g Aol 2FS AFSt

EHEHIAG. 7]

F24 F4+ CAD(CDIAN $)9]

s

A 2 Aot

= [e)
A=

: 9F 1600¢/d (2012

00% = 73
SIARY)

) X 2

(@)
o1

AEAE AL 71F)

o AEAF Y4
| AR)
= 2008 2009 2010 20114 20124 20134(Fd) Hlm
NS 1,445 6,691
T |7 | 2R 3,186 1,782
C| &7 | 2R} 1,359 37 13
T =P o 2,621
HSXE 2,160 1,845 2,960 1,219 1,636 1,192
PEEs 2,873 1,628 53 946
st xf 91
e 6,478 6,659 4,742 5,143 8,364 2,151

ox
o
2

o

A H(T
o] 3% F7IEITI B E I
HollA A FR=E )9 =S
o # o}

—L/\;q] A]g])ﬂ 6‘]:/\]- 7]1:1

(o]

- 281 -



- 282 -



- 283 -



83 olsiEe| A L A0 MY

14, d7dAN mE dHFAA S

L AAAY A9 FAA 3

l2ea!
A = }EE | 2 dE | YR | PR | s iR |
A+ 7 14 21 21 12 75
a4 6 21 31 29 14 101
AtEzY 3 10 13 12 6 44
B2y 2 4 6 6 4 22
st A 18 49 71 68 36 242
2. @71 &2 A JAEEY A9
AN LS = 14 Xt 2E Xt 3EXt | 49Xt | 49Xt Al
oloingl 2 3 7 6 4 22
XY B ZZEsss | A7 1 5 8 8 4 26
OIE{HIOlA ¢ oIpExel 1 3 4 4 2 14
EEE 1 1 2 2 1 7
zHoloi el 2 5 6 7 4 24
HEXZY MOHRXC 25| AR 2 6 9 8 5 30
3t Jls o oipExel 1 5 5 4 2 17
EE 1 2 2 2 1 8
85 Olg 2 g ay | ooTE 2 : 4 4 2 1o
H5E OHHOIA Jlz o ord | 2 > ! ! 2 2
o - oIpExel 1 1 2 2 1 7
= EEE 1 1 1 1 4
seny wEsge Mg [CooTE ] 2 S S 2 I
k NEEEE 1 4 6 5 3 19
N M X =1 =
o
EEE 0 0 1 1 1 3
oloingl 0 1 1 1 0 3
MG SEZMY JIESEH | A 0 1 1 1 0 3
= ol Xl 0 1 1 1 0 3
EEE 0 0 0 0 0 0
Mol el 7 14 21 21 12 75
L olngl 6 21 31 29 14 101
= ngxe | 3 10 13 12 6 44
Bxe 2 4 6 6 4 22
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24, A QA AHA

L 44t 44 I

o FI7IATFNIEAG e #E Tl #I A4 (A 2013.3.23] [HEHH A24474%5,
2013.3.23., EFH/NAIS [EE 2] A770EH] vl 58 AG7IEAH 122458 #H) A
€, “FEISHEAH AN +97AT, “FENSV|E ATNEAE #EA

A7, “HEAFZIEATNTAE A e B ikl S 3=

o HIZHF7]4) Matching-fund (71 50%, T271 25% 2-&)

2. A 2844

== A 147X 15 ‘16 17 ‘18 1901 %
BEME 28 | F | 7400 | - | 600 | 1,300 | 2,200 | 2,100 | 1200
DESaN
OIEfHOIA &2 @ | 2110 | - | 200 | 350 | 660 | 650 | 250
sCxz o2 | B2 8400 | - | 700 | 1,900 | 2,300 | 2,200 | 1,300
HZE QIHMHOIA
JIE e ek | 2,220 | - 100 | 480 | 670 | 650 | 320
8= 2% 3% 4050 | - 400 | 850 | 1,150 | 1,150 | 500
SEHOS JIE le 2770 | - | 280 | 580 | 850 | 780 | 280
gexig 22 |®= ) 4250 | - | 300 | 750 | 1,250 | 1,150 | 800
shgol dleld 48
NEHA 2% ¢ | et | 400 | - 0 0 150 | 150 | 100
sc omay | B2 900 | - 0 | 300 | 300 | 300 | O
JIEEEET e 0 - 0 0 0 0 0
. 82 25000 - | 2,000 | 5100 | 7,200 | 6,900 | 3,800
o2t | 7,500 | - | 580 | 1,410 | 2,330 | 2,230 | 950
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3. ATNE W& A &89t A

(9] - gk
AT W8 = 1= 24z} 3dzt 43z} azt

ML) 154.8 335.4 567.6 541.8 309.6

Arxer BEZ gxzsa | A 382.2 828.1 1401.4 1337.7 764.4

AE o] 2~ AT ZHm) 63.0 136.5 231.0 220.5 126.0

2 A 600 1300 2200 2100 1200

1714 180.6 490.2 593.4 567.6 335.4

A Aojnge & | AFH 445.9 1210.3 1465.1 1401.4 828.1

Qe ol = 7] AT ZH3H] 73.5 199.5 241.5 231 136.5

2 A 700 1900 2300 2200 1300

o1 A 103.2 219.3 296.7 296.7 129

@—Eﬂﬁ ﬂfgcﬁ% A7 2] 73 ) 254.8 541.45 732.55 732.55 318.5
o] FF UHHE V=

At ZH | 42 89.25 120.75 120.75 52.5

2 A 400 850 1150 1150 500

S s et A 1714 77.4 193.5 322.5 296.7 206.4

oo T - 270 191.1 477.75 796.25 732.55 509.6
A4 A ALAA 75 4

e Heh) 31.5 78.75 131.25 120.75 84

2 A 300 750 1250 1150 800

¢1x1H] 0 77.4 77.4 77.4 0

HAE RIS 2] 54 vl 0 191.1 191.1 191.1 0

HES I 2] 0 31.5 31.5 31.5 0

B 0 300 300 300 0

L] 516 1315.8 1857.6 1780.2 980.4

- 2 4 H) 1274 3248.7 4586.4 4395.3 2420.6

& 2] 210 535.5 756 724.5 399

3 Al 2000 5100 7200 6900 3800
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4. ATUWE AlF FEE G4 2894 A

e U oo = ENCED]
sAEr Bl = S 2015 2016 = 2017 2018 2019 H
HCAY 22 OE A U Y EE 2ol gor 6p 350 650 900 700 350 2,950
HCHY SUE ODZES | ECASINE/DESE/DZRSOSS0EHHO0AND 200 350 700 800 400 2,450
gd QEHOIL 87 | oa)jg SHS 98t Y BESE Il N2 50 300 600 600 450 2,000
Y 600 1,300 2,200 2,100 1,200 7,400
Hoxe M2SE TZ EWOIA Iz o3
p— . . 400 1,000 1,100 750 200 3,450
o 2AYEYD T AEHOA I 93
e e e Mo o | ESOME U 2N OIMA J|E SiEcls HESS O AHCIS ATEY O
SENSMOZSEE | 505 e 300 650 650 600 450 2,650
ZOIHE O AT =H T i o - ’
ZA0|0] 22 JloE HEE OF ATEY0 HETR N
o OE HOZS RHE AlY Y - 250 550 850 650 2,300
2 7 700 1,900 2,300 2,200 1,300 8,400
oy o 9EO DX MY B YL DZE A OHHO0IA IS N
; : - 200 350 500 500 200 1,750
HT)|Y 2t oy o | S A 3 LSE ?le 258 dAXNAET HE
Hel ZEF CIHHIOIA | X D12 Sh=1 J|Y 2+ g2 st SAl AH Jlz M 200 400 450 350 200 1,600
A gt
= e Za0lY 2 2Y/EYSE HE B2 SA SH Al AY ~ 100 200 300 100 700
Y 400 850 1,150 1,150 500 4,050
HCRY 220 MEH NE Y JE o7
300 250 250 250 100 1,150
HCHe  SEAQO | HEEEO HOINES SIst 2AIIY MM K Lot i
delddEd NEMA | zce2= Az 48 NKHH 25 o2 - 400 500 400 200 1,500
=
s a7 HCOE AZA A% K AY A ~ 100 500 500 500 1,600
DY 300 750 1,250 1,150 800 4,250
g e Foa YEYT Iz o7 — 150 150 150 - 450
7];‘%2?;? Hoxg 22 0z on - 150 150 500 - 450
2 7 - 300 300 300 - 900
| 2,000 5,100 7,200 6,900 3,800 25,000
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