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3. THlo] QhEhs ek g1 846,839 651,895 194,944 N23.0%
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AHALHA 1,320 688 (52%) 493 95 100 632
AmAl AN 10,422 2,685 (26%) 1,594 550 541 7,737
TEHENE 3,661 2,263 (64%) 1,494 324 445 1,298
A A 1,378 278 (20%) 187 35 56 1,100
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. % i_ﬁ _ 20173744 7]1A 8 S
(09+5) FACYL) | 157A | ‘16 17

S AA 4,550 2,523 (54%) 1,222 681 620 2,027
A A 262 174 (66%) 124 25 25 88
A3l ol Al A 9,481 3,930 (41%) 2,569 671 690 5,551
R R R A 2,015 1,497 (72%) 900 142 455 518
A5k dn] 535 240 (45%) 151 44 45 295
AL FATG 676 111 (16%) 41 40 30 565
WA 6,316 693 (11%) 402 121 170 5,623
A A7) 2,321 1,953 (84%) 1,348 253 352 368
SHEAA 1,269 754 (59%) 558 136 60 515
Eauxs g 902 555 (62%) 471 45 39 347
shApE 312 107 (34%) 58 19 30 205
AL5-2H7 610 244 (40%) 0 122 122 366
T5/71E 1,009 955 (96%) 923 26 6 54

A& A3 A N A3 (2018—-2022)

O (A=A A 3e]) :'?141 iéEi}‘j* TAE A2 oF 9.29) F=(°F 12 1,000
Z]

o gh)elr,
o =l AEAk ARG AP oF 429 F2 (SF 50009 <)o, FAH= oF
3,500 901 A DBz} ARG AFY] ¢ 70%S AT

A

A5 2y BEHS sty 9= s
— A AT 2= 8,320% = 2,989%(36%), UwWrHLE ek 1,183% = 392%

o
(33.6%), 3HEA= 11,101% % 3866%(35%) 5 F 22775% & 7477%
(32.8%)0] w=Tx}2kQ]

N

51 o)A Abst xpFw 1,355 (%A 7295, Uuk 628 & 1,225, E5x}
= g848H) 2 A A9 9.22%0] k= AA

— AT FALY] FARAE= 152,6779Y, ASuEFAE= 29,532

12
.
1z
>
El
off
ol
>~
=
rr
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dlole] 719k HIAlAE Qb 7leS Z)s i 719

— A=A WAAQE 10,86490%), MenlEEARs 16,6809, FAINEEARE

4,500914<]

1.2 =ulE HEQbAA] A%

O (&FE AEA28) A AXTAE dEdxe 253t HHst o] Q45+
2utE HEA| AR AlGo] AEAO R UlFEI o, AuntE HEQRH Al
L 20199 2059 4,0005F @ olA] 2024 3099 4,000 gz AT Ao
2 A
o frd, ¥4 T F& A= S vgEEY H9H 7 T s dA st

42} 2P E o] Hur|es =Ysta JS10)

—(v]=1) TR New IDEAS for Rail Safety’ Project 3l <3} IS E A
5 3
— (YE) RTRIZ} o+4 DB 241-2JAbAA 29 A|~8] VR & obdug 58 =3

— (%) ERAE ‘CapacitydRail’ Z2ZAE E3g] 2AA7F RUEHY 7)d §ARF 5
71

o
—
20.5 —
—
AT
i I
2022

2017 20118 2019-2 2020 2021 2023 2024-p

o

L] = " =
Morth America Europe APAC MEA Latin America D]—_ﬂ' =

T .

[19 16] A AA Fo=7F 2ntE FERd AR Aw(2019-2024)
<] Markets and Market

10) 2obE Awokd 71BA9, FEAUR 2017.12
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e 23 58 g o

el !

u

(29 17] A AA 2=utE A obd 2 o5 A34E(2019-2024)
O (&vfE HEQA AlF) £FA4, Mu)a Ao s AMEshy A A S 2m)
E Huetd AFs Aoz o 1D
o AH|A BFE AnfE AL £FAHA e Ao Ugk ool S 7] wimol
&7 B2 vaste] o|S57)7Hs2t 8.3% 9 w2 CAGR AAES HY Zlow 4
_é_
[29 18] &=vlE HEobd Al EopdH H|F
<3 15> AulE HAE A FFR(2017-2024)
Offering 2017 2018 2019—e 2024—p CAGR (2019—2024)
Solutions 10,534 12,212 14,048 25,597 12.7%
Services 4 566 5,468 6,492 13,443 15.7%
A 15,100 17,680 20,540 39,040 13.7%

* e estimated, p: projected
#x Z2|. Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020

11) SMART RAILWAYS MARKET(GLOBAL FORECAST TO 2024), MarketsandMarkets, 2020
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dlole] 7RE A28 o HrkdS 7 A 718
<3 16> 2vlE HEHAANY FRIF7F AR (2017—2024)
Region 2017 2018 2019—e 2024—p CAGR (2019—2024)
Europe 514 588 666 1,121 11.0%
APAC 351 424 508 1,099 16.7%
North America 348 414 488 988 15.1%
MEA 142 164 188 335 12.3%
Latin America 82 97 113 220 14.3%
A 1,437 1,686 1,963 3,763 13.9%
* e. estimated, p: projected
#x 2. Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020
(ZREREY &4 AF) 72 7192 gelolet Auam tefst EF4A3% AFS Al
F5ha Y
o F¢o](Huawe) = A AAZCE Ao ICT £3FAL T3dts A% A=
GSM-R, eLTE, 39 &F4 2 dE &4 Z2 oYt ICT &£5F48 B3}
EIAIE =
o AWlaE HE 2o A7) HES T Ak dA=E SIRIUSS SENTRONO] 2
= olBe F b AFS BAsta gon, A AA Fue Aridel 485 3l
ov], E3 ABAAA A2, AANEZPA LT, SGA A 2E, BEFAA 2
B, eRE AAFFALE D AR gL tad A AuaE A A7
dla Qe
<¥ 17> A9 §A# AZFTE, 2017~20243 (F] - Ag g)
Region 2017 2018 2019—e 2024—p CAGR (2019—2024)
Europe 431 508 592 1,122 13.6%
APAC 241 297 362 828 18.0%
North America 117 147 183 451 19.8%
MEA 100 120 142 286 15.1%
Latin America 47 58 70 156 17.3%
A 937 1,130 1,349 2,843 16.1%
* e. estimated, p: projected
#x 2. Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020
O (HEAA FA#E &0E FH]) HEAA fFA#E dS5Av = F83% 43S
st, 71A agoly A AstE Abdel #-E Abd A 71T
o AESPAM, SN, APA AX T o AMRTE dold £33 +yH
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dlolele} 71AME dlolgdl gt oS A4S
AAY, QA ol = W dA o5

<3 18> HZAAM #e 9@ FAHe &F4

Type 2017 2018 2019—e 2024—p | CAGR (2019—2024)
Condition—based Monitoring 173 194 216 343 9.6%
Predictive Maintenance 141 164 190 356 13.3%
Assen Planning and Scheduing 106 122 140 248 12.2%
Workforce Management 87 99 112 189 11.0%

and Optimization

Others#** 51 58 65 105 10.0%
A 558 638 724 1,241 11.4%

* el estimated, p: projected
% QOthers includes incident management, warranty management, and material management
wxx Z22]: Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020

O (B=AA #8 2 §X#8 £3F4) dA A ATESE 2019939 79 2,4009F &
ol A 202449 129 4,100% d&l= AFs At

o

<E 19> AE ARAN FABE L7

Region 2017 2018 2019—e 2024—p CAGR (2019-2024)
Europe 237 266 295 453 8.9%
APAC 134 156 180 333 13.1%
North America 94 110 130 256 14.6%
MEA 71 80 90 149 10.5%
Latin America 22 25 29 51 12.1%
A 558 638 724 1,241 11.4%

* e. estimated, p: projected
#x 2. Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020

o A AE 7|¥ RUEE RS AEFECE 2169 @2 7 3, 201999
Wk de], 20240l AR 39 4,3000F 2R o4

fip

o AvtE AEAA e fAE] EFA A A 20199 79 2,400% EE el A

1,241€98 2 AFE Aoz o=

o FHE 20193 29 9,500%F &), 2024 49 53009 g2 A% 77 = CAGR
8.9%FE ANATEI 71 F AoE oAaF

O (BEx=E §A3E &£34) A4 AJAL 20199 219 1,6005F gejol A 2024
349} 85007 g2 A A
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dlole] 7|uk A28l Qb B7loS 71s s 714

o FH8L 20199 79 4,100%F €], 20249 109 7,800% g AW 77F =
CAGR 7.8%% Nt} 7V & Ao=w ai
<3t 20> A xR A e E5A
Region 2017 2018 2019—e 2024—-p CAGR (2019—2024)
Europe 601 671 741 1,078 7.8%
APAC 461 534 611 1,068 11.8%
North America 332 391 455 849 13.3%
MEA 154 173 193 294 8.8%
Latin America 89 102 116 195 11.0%
A 1,637 1,871 2,116 3,485 10.5%
* e. estimated, p: projected
#% S Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020
O (Ad=ekAd Eg R 29 HEQHH EgHe A EE dAd+H 103192 T
F3] AAsta gon, FY EFRS AYE 133192 FEH AAZAE gy
AYEE FA
o ZFEY Eg Rt NS 1,0689 G (o 124.7%Y R $Y dx Y B
OF AJAe 3xAY TR A 24%E 21X

<AA B A A FFA:A 22> <Y B A AR FF(EY 9)>

18 % chi0m 0037 JZ514

g1 22350

B3 2064

2008 2003 2000 2011 lip s 2013 2008 2003 2010 2011

g2|uot - Huup g2t

nd
i
L
b2

(23 19] 9] Hokakd Al 5 H]al

o ZEW A EA HoFgH] AFL 149 265928 (31254904 ‘199
4184 (4127 )= AFstsion, "14d5 Y 19d7HA] 84%° B 7]

&

sg312)

12) Physical security equipment and services report 2015, iHS report, 2015
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Physical Security Equipment

Video
surveillance

Access
sontrol

Intruder
Alarms

Entrance
control

Consumer video
surveillance

Thermal
cameras

Wireless
infrastructure

Americas Asia World (% of world market)  S-Year trend (2014-2019) & CAGR
— rr—————rl J 54.0% / S
$3.7bn $2.7bn $7.8bn $14.3bn
] ] ° 14.0% / 7.8%
$1.3bn $1.2bn $1.3bn $3.7bn
|  — ° 11.1% / a6%
$1.4bn $1bn $0.5bn $2.9bn
 E— | — ° 14.1% / 4.8%
$1.1bn $1.8bn $0.8bn $3.7bn
| = . 4.5% / _—
$0.9bn $0.2bn $0.1bn $1.2bn
| | . 0.9% / 14.3%
$0.1bn $0.1bn $0.1bn $0.2bn
.| . 1.3% / 1a2%
$0.2bn $0.1bn $0.1bn $0.3bn
I
[Z% 20] &84 B8] AR

o =7PE PR A2 T(709€H), M=(68.39E®), F=(10.49E2), 5

(10.891€e)), d(11.4e€e)), f2jveh.1e0de) 74
Frante Us & Cea Darimany Masmiria B Seniinwrimed Pt it Ll dies
H0.78bn §1,04bn $1.08bn S0, 28bn S0.43bn
$0,61bn
; "
@2
..-:I;';.u.l.nn . @ &
L
$0.34bn . =
avaail Spam & Pariugal ikalp th i iwice el
S0.470n %0.%1 b S0.46kn 50,1900 %0430
[2% 21] =7pd BebER] AR, « E4
o AA FEYE A FRUIFRTIIDFT nTE A=
o i
20.9%
14.7% 15:6%
6.6% 7.4%
5.3% A
. . 2.7% . 3.4%
— -
g8 E g g § £ % T 28
= § - & £ 55 & =
=
[19 22] Fopd Hbgu] AR

_38_

s

S0.47bn

Wcichs Land
S0 Tabn
S 7.006n0
aily b
o0, 5 Vs

E1 14nmn

S0 S by

14.1%(2F 53939

14.1%

P
a
X

Utilities
& Energy

Transportation

i

)



O (A=A 2vtE FA#E 7)) 42 A7lse] 2 Sl w2k 57144l

o
T 7|25 AEe 7wet ARG V|2 deinpde] dEHA JE A
2GR 0] AEje] wFo] AAHg fFAHESF B F 5 TSt AFaS 43

O AEAM Abn 2 el 9889 AR B %

o AXEY FxEe) WY L &4 A F HY v

a8, 71E AL F9 GPR ke A9 i

[29 24] B9 GPREA}

13) Tendencies in the field of application of metal—powder materials for repair and maintenance of railway
equipment, Procedia computer science, 2019

14) Laser cladding for railway repair and preventive maintenance, Laser institute
15) 3D Y A& FALEAFE 3795719 dudty] AA 2 A% Ve AT, dAEreEE =i A, 2017
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ERI7 17
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[29 25] 1 12419 7[A] Adu] 34 7Hee
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16) AL EFAF 20183 SHAH 1A, 2019 04.16., AW EFA}
17) A AGRFFAA| 28, FEWSH, S=uFhd3d, https:/www.railsafety.or.kr/index.do
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dlole] 7|k deA] 28] Bl 7l A 7]4]

A o
= | gi{ | 2= | SEF
(TI=(H%= OR %i} OR #A&d OR #4)) AND
TAF=(((%% OR #¥+3} OR ¥ OR 3% OR ¥4
OR w}éﬁ) NEAR/3 (d]°o]E OR vulo]E} OR HK
o3 | OR 42 OR data OR information OR A& OR H|7A
)) AND (Fd OR AFal OR Ak OR 2% OR ¢
el @) AND (=7F OR A% OR F%)) AND
= (AD=20030101:20221231)
AA | =R/ A (TI=(railways OR railroad OR “train” OR “train’s”
JE2A /9] OR subway OR metro)) AND TAF=(((integrat*
A A A OR standard* OR gather* OR collect* OR analy*
=3 o5 OR decision) NEAR/3 (data OR information OR
A Aot source OR database OR bigdata OR "big data" OR
A7) "structured data" OR "unstructured data" )) AND
(saf* OR accident* OR error OR risk) )
(AD=20030101:20221231)
(TI=(#%= OR €# OR A3td OR ##) ) AND
=g TAF=((A=% NEAR/3 (< OR ¥z OR ## OR
2 % obx T | 71 OR RUE®E OR @& OR ddle|E)) AND (<t
7] il OR AbaL OR A1) AND
AB | m (AD=20030101:20221231)
- ‘1]?7;?5:_ (TI=(railways OR railroad OR “train” OR “train’s”
o) )Dﬁ ar OR subway OR metro) ) AND TAF=((system
°*™ | NEAR/3 (management OR maintenance OR improvs
OR updat*))) AND (AD=20030101:20221231)
o] &5 T 7178 9]
" dael Axedd, Adwdd 5 dgor FAEY
= 314 o] E] hddolE ®Fst B &9 7‘3"“3.3]7?33 A=k do]
oo H a3 2 A4 5 9 ] HE FFsta, o5 7|k
TARBEARN | oo gean wane 2 Qass Bt %t
. @% A kR A4 AR S AUeks A%
=%
A in B9 ARAARY A9 £9 2 A% e, 2
=3 2ol vl Lot de] Al ~Ele F—‘f]ﬂao_
A 2El whe] (74E) # AT A HAEWE 75 2 AFo® HUolE
x b A Al 28 1 SMS (Safety management System)
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23 HAuobddy] Holrx H 20d(03~'22)7F 184719 EFE &HYd9 o

A.
M, AB. T dRehdte] AlaEl e () ZLoprh A 72.8% 5 A

o AB. 3 dAxotddyg Al~H A () o= 20039H-E 2018d7HA
104 wwke] EFE Yot 20193 F7187] Al ZFske] 2020 37719
3E =Y
— F < 5% % 557 927102 AB. Y HEoHA A Al~® A2 (7Hs)

of A =9 A2 69% H]TS AA|

o AA. Fdloly FH/AA/EA /A A Hoke= vid 57 mvke] EFE =Y
gom H 3d(20~'22)7F 17 vt EFE &Y

AB
: 1342(72.8%)
4 EU AA BEE0E
AT A DA

AR,
i e

ALAE ERIES)

H3 1--ﬁﬂﬂ2 4=.ﬂ=ﬂ u

4 06 06 07 (8 08 10 11 12 16 168 17 18 1% 20 1 2

[29 30] A, & dA=qbdad] oF 8 TEFE 53sd Fol (&9 )

(9] : 1)
e A= FdAs o7 S
'03]°04(°05|°06|°07(°08(°09|'10|'11|'12|'13|'14|'15|'16 |'17 |18 |'19|’20 |’21 | '22 (%)
AA 313131222413 |4|3]4|3|5|4]1 1| 50 |27.2
AB | 3 114]3]3 6142 |5|2]9)|4/|16/37(21|14| 134 ]72.8
JAI6|3|1]4|5[5|5|2[4]|7|7]6|8|6][12]9|20(38|21|15| 184 | 100
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dlole] 7|uk A28l Qb B7loS 71s s 714

O S9=7PE A drdtdde] 2oF 532 Fol& AvRrd, Syl
Q3% B3| 1470072 HAA 7.6% HEFS 2A

o W=T A &Y F3 WA 70% o) FS AAF, I 29 53 57 %7
(M, FA, §9, A7, AB) F 49F A

—m=re] 807(43.5%) 0= 71 W RS AASH, =4l 5131(27.7%), 9 34
A(18.5%), &= 1431(7.6%), D& 520(2.7%) ©o=2 Yebd

T =H

\‘J 5

(949 )
=4 A= 95 S ES
=7F 1°03(°04 |05 |°06|°07 (08’09 |'10|"11|’12 |13 |’14| 15|16 |'17| 18|19 |20 | '21 | 22 (%)
u= 502142131212 5/4|3/4|6|6[4|16/5|5]| 80 |43.5
= A 1 1122 121 ]2]2]9]12|10]6 | 51 |27.7
4 21211 4|2 2 411]16|6|3|1] 34 185
= |1 1]1 1|4[3|3] 14 |76
AL 1 2 1 1 5 | 2.7
FA |6|3|1|4[5|5|5|2[4|7|7|6|8|6]|12|9[20|38(21|15| 184|100

O 3=, v, 79, =4 53] 25 =9 Ao 249 571 AS Skt dol A
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s HolEelA JHI} FESH] PAE el nby

% QA SMS(Safety Management System) AN T35 o] &3fo] RHl

s Al Ee] Fglo] WHEks] AL AYR= AlofEl= Pk AlofEA] S A= T
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2 \Why reporting occurrences?

Predictive Pro-active Reactive

= icoident

+  Clperatsanal = FDM e
Suitability Data investigation
= Future harasds = Lime Operation 1L.lnlur'ul:lr'..-
Safety Aisdit = Gersous itidents
“Hl WOR)
Mzn-umnr-.-

*  Trend anabyiis
= Flight Data Oigurrence
= Radar cista Momitaring (FOik)| DN‘UI'II IMI'Jﬂ

= Audits

=

Planned operation (system)
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W, dlole] Y JRFES Mg A A7 FAE F AES A3 AN

18 24l MFE tsrgte] 27k 8y

—RSSB& SMIS+ A|Z~E 7S A7l RSSBE| Aol g@dstal, A4
S AT A28 THS A5 oF 4,9008 FHEE(oF 750D FAp0)

% 7]1€ 98" SMIS(Safety Management Information System)& SMIS+(new  Safety

Management Intelligence System)Z Upgradeshi= AFH]-&<

— BDRA A|2~H1S A3 B 5 s BAE BA(Text Analysis)

—EiE BAS 934 RSSBE 2% Jl9ke) NosQL HlelEllel B TS
AREA AR AxERY JREg Selsn B A7) B )
SldAol| A &
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HE AT

% o] HdE WFERES 19999 dEE o IATEARL ofF AAA bdye|e] Hasdol

35) “Ideagen Plc secures £4.9 million deal to replace RSSB's British rail incident reporting database’,
https://www.ideagen.com/company/news/ideagen—plc —secures—49—million—deal—with—rssb
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<3t 48> PREDIT 3~49A Z271% AFUY&
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&7 ul-& Yoy A E38)

PREDIT3 | » ol
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82l WEs7A g Safe access systems on rail
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36) MAAE AW 2040, FERENS]EAT, 2014
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.- inde an augmented SPAD bow Eie,
errched with actual cats

[1¥ 54] %> SNCF Big Data 7|%F ¢td e A E

_96_



dlel8] 7|uk A xg] Qb H7l-eS 7] s 7]

et

A4 A% R&D T4 A%

[ Aol R&DE FHt 5d7(18~'224) AREAT 7[Eo= ¥ 8,6019 <o) F4
Hoon, 1 F HEobdRolo] & 22649 ¥(26.3%) FEE V)& FAHE

o FH 597 Amof R&D FAMI(8,6019) )= w7k R&D FAH|(121.62 )0l 1]
3 W 0.71% R Fats £

o HLEFoF R&D T HEQMH R&D A+H|&= FH 5% Hit 26.3% 1FEo|H, A
) 504934 ('22d)0] Fx}=

o HLEQMH R&D T AR AR I AFH] H|F
Fol AA thn] v 10%°] E3}st

rlo
BN

< 5d%F H 37.9%0|H, A%

— A A AFH]E 2018 2249 %ol A 2019 1289402 ATt
7F 202035 thA] Z7Feg ot 20224 166999 FRE A YEHo] HE 54

dANACE FAFE FFE RS

<3 49> =7} R&D % ZHEEFoF R&D FA R (dH9]: o 9)

B = 20184 20194 20204 20214 2022 A
7} R&D39) (A) 19.729 | 205%9 | 242%9 | 274%9 | 29.8%Y | 121.6%4
HE Bol R&D (B) 1,669 1,623 1,600 1,754 1,954 8,601
HIEFoF A1) vlF (A/B) 0.85% 0.79% 0.66% 0.64% 0.66% 0.71%
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HEord ¢ R&D 1,158 1,201 1,225 1,303 1,450 6,337
Aol T AEekd o] H
f Fed il 30.6% 26.0% 23.5% 25.7% 25.8% 26.3%
= (GB)
AP AHE 7 R&D (E) 224 128 157 184 166 858
Aol 9] R&D (F) 288 294 219 267 338 1406
TR 5 AP o] B
iy & AR <] v 43.8% 30.2% 41.8% 40.8% 32.9% 37.9%
= (FO)
Aok 5 AbddEE 5] B
= Fe ARlary ] v 13.4% 7.9% 9.8% 10.5% 8.5% 10.0%
= (FO)

39) AR EANY 7877 EH Y, 2019 F7FAFNEAIY FAFREA R A 2020.8
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[28 56] A% AXQb AP R FoF R&D FAF Fo]('18~221)
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e
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k| 20184 2019 2020 2021 20224 3 7l
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it A B LS LN 57.0 36.9 42.6 65.5 85.4 287.5
AT IA A - 1.6 4.8 6.2 12.6
petil ek o 0.3 0.8 4.1 5.3 10.5
FAbA R 4.2 2.1 6.3
AR S 0.5 0.1 0.8 2.9
& A 223.8 127.6 157.1 184.0 165.5 858.0
BawHTITY 12% -EPUEY 0TS
LB L 15% —— iiaad
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&5 20184 20194 2020 20214 20223 @ A
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3 dxokd Ay 90 12 16 19 22 L5
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. 22
Az 913829 At 6 6 4 5 1
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2039 8,813

- 135 -



O “BAAZE AR A BAFA] A B A FRARY Ao],
L 5Ue )EA 2o AN WEAL e Axe, B9 454§
Hoje mEAQe] Adom oa BN Agol ANEAY Fahel e

O SEmATAe] TuERE Al Aoy WHE AT(2017) 0] HEW Sedolu}
Qo] TABAAN L SBGHRIE holEekelol ] FAAZ N g Aol
ot Y= Ao ZAEYow, FAAE AP RAIYRAL £ FB
A7 (2022.12) 904 EALIe] We) Ag Al B NAYAAH) B B W)
=2 A

0% A9 0 BE AR AL 9 e gAt AR FANZE AAS AR,
olo] e Hol g A

VOTRSy e = VOTRyquag — VOTRq 9

HAE Efsg}\] Q/\J u]% /\}ZN
VOTRy . = Y (Q x STDs . x VOR x 365)
STDy = AEFIAN A A (AN A2 km)
VOR (‘& A 1F 21 8] 7}A]) = VOT % RR
VOT = &3P A 714
RR= 21574 vl &
Q= HE WTF

- 136 -



&l GRS Ve

glo]E] 7]t Hwa

(STDy.) (Z/km)

O HESPA 2= A%
o HLTPAZE A A Ee= SavpdATATE R A A Hel A AT
(2020) 014 AAIStAL & HERE TP A=A A% A A3 Q1§
- AEFIANI NG AFe 4 AEFEEE dolat, 4 8 Y AR
£ 1E5HEE 0.0111%8/km, I9HEE 0.0099%/km, =A% 0.0405%/km
<3 84> HLHE T AEG AR A9
(%9 ¢ F/km)
TR HE EYA A AR
1A= 0.0111
dRbd = 0.0099
EA/FEAE 0.0405

Al

-

O AREYAZE A2 7F2] (vor) (/20)

A=A 7=

F([RR)9 wo=z qkE 7hs

o HALE=BYPAI7H

— AL o]gA 199 ¥
ot AHAR =82 AEHEE AG5(2021) 004 AAE}
e Qs

— AR EgA7E AFA H]EL st 1ty

A AT ¥ HY

A AF(2020) 014 AAIBEIL

- 137 -

A = S AT A H B A AL S

B AR (VOT) &F 21274 ¥

S 9
20193 HAZF7HA]

T
1 Q=

Ho] 4t

2PN 7F A E A A
A2 HE g



<3 85> HERE SN 21FA 71H
(9] &/km)
H=(199)
T
A5 H| -
AL (1) 0.21 0.79
AIZE7FA] (/1.4
4,905 4,747
(20199 71¥)
i AR (/9]
(20199 71¥)
2124 1lE& (RR) 0.59 0.45
ANFHA 7FA] (/01

(20194 7157)

- 138 -



fin
o
o
N
2
ﬂl}nl_',
H
>,
[
ul
S
29
o,
N
N
£
Y
N
v
)
i3
N
ok

[ S3AIZE A=A & H9 (vorrs)

o AAbar/edgel Aztel whE TN A HES 4 AEFEE R AR A
ool mel FA4ske] AR A FE AdE 2=
<3 86> AluE|erd e (Unkel)
(ts] kel
TR Ao} #A
2023 747,083
2024 790,223
2035 835,853
2036 834,119
2037 935,172
2038 989,172
2039 1,046,291

- 139 -



1.9%

T
T

[ % AFY 9 B/C ratio

o 2025~20293d7H4] & AFAl

J-oH
g

4

A el g A

=i
=

21/

o 2033~2039d7}A]

45%

=
=

4.3%ol ALY 7118 13%, R&D71E 20%, R&DAFI 3 A&

Nl

Mo

o

1.9

(Mo}
=

2] (B/C) H]

o]

A2

o wWelA F Algle) g

ﬂOQuOOQOu%ZOOO
AEHEEREEHEHE
— | ol o
K|l ol s || | m|o|w|
BN S| QR o |
o5 | <
=
=
- o
< | of S
~|®| || |8
S | fr| o | B =
o | ST | 2| | 5
-~ | |y | T
1 | — | do | N % | n |~ .
@ | E| T | o | 5 | 2
‘Ir‘,_H.OH Jl‘wvo EO/I..W
)Agomvo‘aylxw_‘ur‘._
w| 2= || T z| e
Nj© ~ g
T B
I M%%ﬂm
Bz Y| | T |88 0
TIN|P|o| L (R|IF|<| A
=l o | =0 | D
oAEW MoDaoDa
CIESIECIRY < | 2|
o 4
wﬁe o
-
Ht% _ﬂo,zrc %0
| E oF < ~
J._l‘lﬁ
B 0
B

- 140 -



dloE] 7|4k HEA| 28] Qb

o0
¢
p
ot
N
N
2
e
N
N
)
T
=)
N
ol

- 141 -



D AR A FL A (RFP)



3
gl

|

=14

=i

=
-

dlole] 7|uk A28 bzl 7)o

™
Lo
Ko
s
~N (1l
Al
e
Nk
KIr ua
ER
- [ QA
N
H0
) ]
|
™N
0 |38
A|_ <
< [=
Nz
U
R
ol W_
N mﬁ,
o
O
O &
LI RS
I
L)
o
aor
(@)
<
Al
o
80 |z1
s
Ko

LH

Kl

160
-1

Ol

s

O At = dlolgf 7|

10% M&

A
e

T 20%, AFZAL

ral

iy

7H &

A
=

t2|(3] =4 5175

prud
)

KM il = - o
L — 2 P K
I KH o ol o ogp o0 —~
s XRodt ~ ke 0w knX0zodE | kX0t sk
~ O oK - _ﬁ_xlzx:__amm o~ | oM RTRn ~ L o
- <l K N ik < ROyjoen < B ulozon
L 20 -Hupo RIS ™D -Z070R0 0 g o | X0 100 ki o
W0 | e - M o<k agoiel | tuld = 4 o b
0 1o <ir Romy m-H =R S Rlpn o Jodr S ar | jor I STy
K = o® od Jjoul™oT, 0 SR
| mD T R T loguoF | VUS| 0w o m S
20X KE = TR _FY | aRmrs | R E
<0< 3 5 H <03 <0xn
=% .__Au..__E . o_.x_._m x_.._aur.n __Pmﬂ.m.._HﬁEE H_Mﬁ.m.._.__Au._ 4
/o\__m._x 71 R mw_w.uﬂo XK /o\.or_@x
=3 R 2 °! RO
Q| ¥ 5| B B x| BE g | BB g
= << (s3] << o << <<
Rl EywS w_m_ﬁ_n_ﬂ KRTIS o RS RS
NS R = B " <& TS
~
K i ol i i i
N~ o E__o o il il
M| o Kr R KT 3 3
or < S < < <
© T Ko = 0 o =Ko =Ko
: ofl iy Rl ™ oll T oll T
o — _ —
tel = Gy Gy Gy
N __w_._ n n X
ﬂ i ﬂﬂ ol = J% 2
sEs | RS LET = R
pat M.M_MF o= U~ 7&%; =
IR __o R =l KA 215 1l NER
Mo mgy = | maHE pafe O = &
G TR 0 =0 Ko Rlgue SR
al alk:IES IR AT oK
Ao W < oH iy IR T o
Z0 | LqKEED IH_ EI u <Ow s
E ok = ok Al 20 Kl =
[aN] on S

- 143 -



i

Al-tlo|&

“

o

RIHA 7=

okd

~
(=)

=)

E|HATF, ICT 7|8

~
(=)

=
S

”

2UEHE MA =

o

=

o

CIX|&E Rt
o M5

)

2|('23-'27

7| =A

=

S
=

o

F

X

| _||:_ol
=

XA

ke

FCIXIE A

“ES
S H

”0|

o

CER

3

1o}

—'26)

22

(\

k=l
=/

=A

O HM9A} =7t &S HMT

7t

AH|
- =

FolEE wa| A

Big-data 7|%!

b “
K

A 2=t

x

Ljo

00

(21-'25)

k=]
=/

o M1At BEAM FX[2E| 7|2A

10

=1
H
ol
oF
gl

H

Kl

“

(‘18-'27)

oll
il

A

7|

KT

o Zhe | M| Al

-
4

px|
=

o AOIE

—. —ol”
gt =7,

-
4

fsa |
=

A <

K

c—ol”
T e

Al 22| R Al

Fxd
S|

ol

” 15
 “HE ol

Pe o AMEEAHA T

o
—

-
4

g

BT\ A

o

Ul
K

ol
0
ol
e
Ir
IH
T
HH
il

x.o
g

7:” P.:"E-l”, “Al'

1o

——
1o

ok

ol
70

X 20F A 7l=]

.l

KO

+ I = 5175 At

=
°
c
)
=
&
b
o
)
=}

[H
o
©
<&
=
]
=]
c

- 144 -



ol 5 &

x|
S

ORIES

® ®lclolg 7|

0f0

=

10l

B

o
20
ujr

Filll

T

8
0K

==

1 X|=7 K|

Sk
=

R4
=

| Akpo

=3

ir
Vi

| AR FHX]

o =Mk

MAZ oo ARIER Al |2

=

i
—

=
=

=S

o A[>

7= Jhe

=
—/

B 7t-of

L

<0

od

K

dl

M= Hjoly Z(gt

X

L

ol

.l

il

C| %]

F

o

7|

K]

K

B

X

o (BEH=O0R3) At

PRIV ES

TAIAE M|

A

<ok, A )8k ol

oK Holefe] %

=

OFMR| 2l

» C|X|=H

Hdigital transformation)

s
—

7t 71 W

|
o

-
1

@ =efolgf 7|

ol

of @yt 7l&

d JlE H

o
=

ujo

04

<

—_

~
ol
=
zl

ol

=13
=

olAEE X|H

xH
Al

- 145 -



W vy e s BT P

R B
el L I 2 - .
:t-:.“::. - T TR s L mFJ.gema;-;m e i
=R T = ) ; S —
- s -.H‘—|_ — - ...
s L g. nam J
L [ P— i e

T -
oo | =2 =8 a =
T Ll - R | e == P o - L] i
<C|IX|E ohM A ol AEfEIL-oF AlAE T4 ok

HE

gk
=
gl 5{AF M2 7|

o 1

A

—

o (B E0t4) Hlo|E{7|Et 2| M A (D-SMS) 22| Z[= 74
- (53) =71k Hlolef7 |8t A XA Hes 2t Mz=IHM
« H|O[E{7 | A Z R 22| A Al(Digital based Safety Management System: D-SMS): &

30005 ol&ke| HIo[HE st 24 FIIE e ZUE V|gez o]

2r
EoM AR

i =

£5 U HSE BI 72 oy
2E ojold H XA ¢E V= e
2-pel B2 £F o e ol
[MA 2 Mz 74 et ofA
HEOHH 2= ALzle 8 FHY
HolE} £ £y
OHd Tl F 2T . MEE XA
2 Chot HIE Y Data (intelligence) 2 &z ot
2 QEotd YRERY o HA d== ¥
Soolg 7|t X4 7t REORRE I
(intelligence) 4H& 7|& (Dynamic) 2HHEE|
A HY-del g J‘
£5 7% =
<ol 7|gt Mot a2 A (SMS) Z2[>
AP FTIHMA S FREA]
o (AtHFZTAA)
- Aol A BE2 mEWSFIL HHSH, AldFE2 S EusSHEY =S, 7=
ek 2 At zg|= AFCholl M 2ot Zdste gEfe| FRIAMA 74
- 2 a7z Fof e FE =0l MY A7 plT|antel Mt HAAE
sl 77Isel 020l JHsES Chel PEles PA
- AT YRR FXISHHA MM SHM S| tiEE Esh7| 2o d7ientH|
oleke Mlsiol AlpiEte] F2 SIMHM Cf3t AolE WES xA
- oM 7|2 B2 A=A MEM MEAn Mol @750 S ENSHE

- 146 -



3
gl

|

7e M7

=
=

dlole] 7|uk A28 bzl 7)o

-

ua
pal

1
~
il
pal

—

£l

o

—

£l
4

i ol&{ 7]

¢ gl
= =

7boF 7|

4

AL
o

| AMEHZ

o
—

H &

o
—

AR AL

= ol
=

il
—

2| A A(SMS)

F

7|8k HAE H|E=

il

ol

<l

@

F

/ (& Z]2h '28~'29H

(=)

=

o

- (Al AL Hlolgf 7]
- M9xt =7tunsS T2 A = (22726),

ALH|

I

Kl

Al

_I

B
ok

__O._
100

F
Al A

]

1EHA =2

7H 2H(28), 4THA:

oM
ol

.I

At

= THEH(27), A

H29)el Az F

A|(25, '26), 2&HA:

50
KO

P

<

oK

Mo
0

)
140
ol
e

0K
Byl

30
ol

-
100
—e

2y %

ot

S

- Zl=7H ol f

ol

K
i
<k

ol

o0

o1
ol

ok

il
jifd|
ol
ar
7l

ol

schedof what
o7F ol 322 A}

i

14

oll

1

oJ

=k

b=

|7(-I
A

k=

tod, AP Al A}

[S)

tofof

[S)

odg ot

of
Ell

of

of

tod,

[S)

5tofof

Al

KH
<+
|
2

[l

2/ 0

=

ol ofz{ 2ol wat =K

FAtH| E0[ 55% O]

op(l_-|

—

- =7 X AHA 2

of tiet FAIt

F

0
e

30
O
A

Kl

Ife]
wr

0l
I—.__o

03

|_.1
110

L4
ol
iy

B
20

g

o

I
o

==
o

<+

ol
il

g

o

0l

Ko

u+
IF

KO

T
H

o?

2|7t

4

Nl

T

?_|- o

71y

- 147 -




{,

x

g =AL HEY

o
Hi

il

-

0K

B
ol

U_

ol

=1
I

74[_

M
=

Mz 2o
AbA
2E A
~ M & A}

iz
=
iz

=

O AlH|
- AIA|

— SHAIl

@

B0
0K

A
=

el 7|

A

= M
7| =4 A

=

ESIE=T-
&g

X2l

o -,

=]
=

=
=
[a—

=7
al
= O
A

=N

il
[=R=R=]
= 1

o

~8 o

2P /M5 M
- HE olwd
- Fekof 5 e

(@)
— Al

7|2
A A

F RS A

<)
—

7
KF

oI

Tl
n
3l

ol
ar

. | 7ol

oF
0

oV
— — — oV
B 0| N ol Sl w© = Q w
— — | K
(@) 0| X ~ | N [ee] MRS Te)
QV . ; QV
5l N | = RN —~|»™ @~
© <t ©| ©
Ql — RS S 2ol vl NN
N — NE= S| = el al| © O | o
Al Al — N~
~[ % ~ | o 0| <€ < | €L o © 0w
N ¥ ™| = < | & O | = | © © N
<t © — | =
©o| N ks DS N~ ©| o o| o
o < > | D ) [ 9 | )| @ | 2
I o | P o | N ™| © — NS
Lo
0 Yo) 0 0
N = NES NP NN NS
- | ™S — |0 - o S| K
— = |=|T — | —| T
- Ll = i 2 g | 2 <
K K K
- -
il Lol
g =S
b1 o n F._m
1 Lol | R
[} ol —= NN
—_ IH.AIN_.V_IH_._._ =
2 Npiw | SRy
ar x._@r_Uo WW.__MH_
u.l_” ﬂAIn_ El _I_Ou_
M A
<

- 148 -

N
SMS)




—

=] AI

X
=]

K

g X

)0| A& =|0q
1 o|At&A

N

S
k=13
=

=2
=

|

At ol

o

(=8| 2404,
I EHEE =45t A7 A

|

=

o

3
gl

|

7

K

=13
=

=i

=

=

b7 |

.,

2
AT M= ALt

of

Zoi| o
| her

[

2

E:

1

O
—

o (AHH M) NTIS 7Atd HAE Z1, FALA
A

dlole] 7|uk A28 bzl 7)o

olpz 2

I

__On_
o0
__2_._._

L

| Hiol&&

o[ A o

—

o

~
=

—

—

4

v,
o

ol

]

[==]

ol 7+ Uk

o ¢l
X

|
X~
%S|

=)

o

A
=

AL T A

=
=

| AlLte] 2 74

23

__On_

o

&
E_E

50

X0
0

1]

0f0
ol

l_.1
10.

K

ol
LH

Al

00

0

14

J——
110

<

B

J——
110

ol

T zhEfof &&
re| M Aol &

[

]

<
=

F9Ig
i

—

H
A

-

StA
=

5|
2o &

of|
bt

=
L

o

L

7%, 3}
[

7+

CIXIE *

|, Big—data 7|
74

s
==

—

S

T oA A

3|

=

-

CI%.s
o
APAE 2l 27 of ghgk2fof of

_ =
E-I—l—_c')_

- dlolE 7|8t AtH O

- Hlolgf 7|

|

<
1|

SRcE

O

7l Mg Atdel o

=
|

got-of

l

(IJ_F

Ed|
[=|

HEAlA

B

o Ho|lg 7|

e[ ol et g5

b=l Ol & 7|

zalxt, 2ol 7|

2

Ed
=

ool 7t ElX|

ok

3|

=

g2 &

- =3

7|2k, Al

HEg Al =4 7t

o

o
o

OH

—
o

Al

—
I[e}

1= B2 E

=l

=
o (ZH/AL

ol

O
L

-

__A_._._

oK

10

Oju

=0

- 149 -




Qoo 7|8tE =
— = (LN Z

=
|

oFM &El of

1|

L
o

B
1

Hr

Tl

<0
0

20
Pl

—_

N

=
1o

o
o

LH

ol

Kl
K

X0
o0
il

ol
oK
Kl

__On_
__O“_H

I

E

b |
s

AlCH ol

s
RO-L L

4%

=
S

C ol &

,

s

— O
21 S

Ol

[0

o

L
K0

s

__o“_
K

__AO

2ot Xt

or

[l
R0
¢

St
il

il

- 150 -



tlole] 7k AEAI2~E b JrkelE 7]e A 718

o 47 An

2018 ZEWEY HEokd A A
2018 7] Aldebzabed MEjzAl BaA, AN, 2020.2

2ulE ﬁEOJZL 71 BAE, ENLE 2017.12
A3z A=A M 2343 (2018-2022)

Annual safety performance report 2017~18, RSSB

Big data in railways — Common Occurrence Reporting Programme, European

COR Final Report — Common Occurrence Reporting Project, European Railway
Agency(2019)

RAIL TECHNICAL STRATEGY EUROPE, UIC, 2014

Railway Agency(2016)

Markets and Markets Analysis, 2020

Physical security equipment and services report 2015, iHS report, 2015

Review of Data Quality and approach of the agency annual report—Impact
Assessment, European Railway Agency(2015)

Secondary Research, Expert Interviews, and MarketsandMarkets Analysis, 2020
SMART RAILWAYS MARKET(GLOBAL FORECAST TO 2024), MarketsandMarkets,
2020

Tendencies in the field of application of metal—powder materials for repair and

maintenance of railway equipment, Procedia computer science, 2019

20183 7|=97}, 2019, KISTEP
32 THAY FAHAE HiA p.33~34

- 151 -



A48 HEAHE 3795719 dugty] AA 9 AF Vs AT, Akt
]

W Amokddel A A Al B3 A(2008), =53]
e dE A 2040, TENEHL7)ENTY, 2014
A HWEFAF 2018 SFAR A, 2019.04.16., A uETA}
A2a} =7hE 7] E H\%ﬁlﬁ(zow 2013) 8 AT, FTAEATY, 2008
o (FAAAEY) FHAT &R A, 2019
A=A o] e %%”éﬂ*lé%ﬂ T B A7, dFHests] FAtEW =

=]
AT WE 7)&5F AR 2 RED FAALSY A, FETER, KAIA, 2018.05
/\]-o]E

https://www.railsafety.or.kr/index.do

https://trimis.ec.europa.eu/

- 152 -



	데이터 기반 철도시스템 안전평가·예측기술개발 기획보고서_20240426
	개요
	(내용없음)
	(내용없음)
	(내용없음)
	가) 철도기술 수준 분석

	2) 스마트 철도안전관리 핵심기술 수준 분석
	가) 빅데이터 기반 국가 인프라 예방적 유지관리 기술 
	나) 복합재난 스마트 예측‧대응 기술 
	다) 범죄, 테러 통합 지능형 예측/대응 기술 
	라) 지능형 빅데이터 분석 및 활용 기술 
	마) 초고속 대용량 데이터 플랫폼 기술
	바) 다중 인공지능 공통 플랫폼기술
	사) 가상, 혼합현실 기술 
	아) 지식정보 보안 기술
	자) 초연결 사물인터넷 기술 

	3) 시사점





