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Study on the mutual interference of mixed mode operation between
KTX and AREX train at the airport linked line

Su-Bong, Kim’', In-Kuen, Song
Woosong University Department of Railroad Electrical System Engineering
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Abstract ccording to the airport railroad linkage facility expansion project constructing a connecting line to the airport railway
and improving the signal system and Gyeongui Susaek Station, a high-speed train is able to run directly from
Gyeongbu and Honam to the airport railway. According to mixed operation of high-speed Korea Train Express (KTX)
and Airport Railroad Express (AREX) trains, to establish ERTMS/ETCS L1 ATP to operate the KTX train, the
signaling system of the AREX train is the same as the existing ATC/ATO, but its operation became impossible
because the high-speed train causes mutual interference between the "high-speed train (KTX) and AREX ground
signaling equipment" and between the "AREX train and KTX (high-speed train) ATP ground equipment." Thus, it
was necessary to have a supplemental technical interference analysis comparing the characteristics of the AREX
beacon and the KTX balise. So, we resolve the problems of mutual interference between the "high-speed train (KTX)
and AREX ground signaling equipment” and between the "AREX train and KTX (high-speed train) ATP ground
equipment" with a test using an actual train, and we confirm the technical validity with three types of test module.
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Fig. 1. Incheon[4] Airport Railway linking infrastructure
projects overview[2]
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Table 1. The table transmitted of the track from on the train

for information transmission characteristics for
AREX beacon

Description Characteristic Remarks
Baud Rate 100 kbaud
message .
Length 170 bits
Transmission 27,0950 Down
Frequency Frequency
Modulation Toggle Pulse Modulation
Type
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Table 2. The table transmitted of the train from on the track
for information transmission characteristics
for AREX beacon

Description Characteristic Remarks
Baud Rate 565 kbaud
message .
Length 225 bits
Transmission 45 M Up
Frequency Frequency
Modulation . .
Type FSK(Frequency Shift Keying)
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Table. 3. The table transmitted of the train from on the track
for information transmission characteristics
for AREX beacon

Description AREX Beacon ATP Balise

Fre;i‘;ncy 45MHz 4234MHz

Frz;:;lcy 27.095MHz 27.095MHz
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Fig. 6. Ons-site facilities installation configuration and Balise
installation location

3.1.2 A&z}

3719k 2ol A|E AR A3k AREXE bl
ATCRE $3 Ao KTXA|o]& ATP agwz]~e 7+
A Qlo] &3 7see g9l 819

3.2 A& 2

3.2.1 A|gdutH

T = o] %]44dH](URBalise-200)5°] SACEMH]
olE]7} ¥3he FIAHE H|E(RB) 4[F]E 1% 2]
2 AFAMe| AxAsle] KTX-AHd1 2 KTX AR E
ATP 7134} i—‘1“"-‘:&5( RES)E Sl T

A,



ol
o

H=dA 79 B&EEAHKTX)S} AFEAHAREX) 8280 TE ATPAFAHZE A3Hd FaFoll

O Starting aint — End Point

LeveL s ode | o1/ 5t e > A5 O N ol o o) Yo 8
F 38 SAIA AYRE 24 T MEIFF
.= =
Directonof the test S 3§l - O] A e - Z—- H H
wanopeton ) o - =
& = = 3 [e) =
T T < iy it AR 9 ol ) @ dArs L] HEaFNE) BF
o i
gkgo] gl el = - AL ol Aol gl
H-g-o] §le ElE KTX - 2H1 8ol Aol §
=210 o ==
Qon] wels 9g1e Yo LEAAT.
LEVELL/ SR Mode | LEVELL /s Mode
Direction of the ks‘
anopenton | T —
End- el Aclop A5 O8O Biuscog: o s New ATCLoop Starting s in Uoom W sknh [ ——
A e v Wi P 5 o e .
in Lewl1 St rsponsie [ There is no reaction message on |
o Lo L oo AREX’s Beacon 0in the SR mode
5 i | AREX's Ben
i Level 1 Saff responsible Nt
. . . i i iy
Fig. 7. Ground equipment of configuration at test step 2 e Lottt ) et S e
SERVICE BRAKE STATE| XISAL11 1105560 1m  Unkoown 3080 35k Lonl1 ol Speniion M BRAKE STATEs Ao /L ST SPEC — -
ANCE SPEED INFORMAT X151 1105540 Im  Unknown 32767 35k Lewl1 Rl Supenisic i |The finst in testing service
- 1 F [ e wpeisin ion i lbraking caused by speeding|
ol — e o | In om0 A 0 i ol R speiin QSR .
3.2.2 X} ATP 2O0p2(JRU) BEAM o ot s oo

lbraking in second and third
testing

©
6
6
6
6
6
6
¢
6
¢
©
o
g
6
6
¢
¢
g
¢
g
6
6
6
3
T
¢
g
6
6
6
6
6

1) KTX-AHd1 e
) N =
O AlFdA THAWFoR2 -3 (PCl) Seid e e e
e sy il et I Ol M e
wumnm PSR A ———) lewl1 Rl Sopeniion [ There is no reaction message on
S o e AR oo e 78 mode
D MESSAGE BT QICA: MO uumvvmn DRVERD mm MMODE GORLMESAGE |ISILI LU0 Im Unkoown 3060 Oknh Lewl1 RlSopnison PRl J
Shee D )RR Fig. 9. Analysis of logfile for On-board ATP at test 2
Im Unoown 3760 0kmh 6 Leell Full Supenison 3 VTARGET=Oknh Y RELEASE=S k. 2 KTX )\]_ -42
In oo 6 Xkmh 6 leell ol Supenison  MMODES? «Wm QAN ATOsRsered ) =rA
Tn Uiom 305 Sknh 6 (el Fl Sopnson VB STATE et ‘The first and second in testing - -
In ioon 9 S 6wl RS WSWGSWikgiae| | Seivies braking caused by O A|HAA Exusko g _O,—E(B(PCI)
SRVGRAGSATE |DSU11 HOBO im Uiow W6 Simh 6 leell Rl Speison WSRA STAEsmoaton speeding =i O 1o o— jLs
DU UOHO  In Vcow 6 Skwh 6 el Rl pevson M BAG GATE Not that message service
GUBLMSSE | DS UOK) in Ukon 36 Dk 6 el Rl pson braking in third testing
GBAMEAE | D501 10000 1n_Udoom 6 Bimh 6 o1l i = .
B ks e s o ot & oy ke = E s [ERmS e an
GENERALMESAGE | 0151111 1101470 Im  Unknown 37767 0kmh 6 Levl 1l Supenision. GEN:MM;&&.’ MU GBS0 1n doon 26 Bk 1 va“res
CONRAMESAE | DISIH1 1030 im Uioow 360 Rkmh 6 leell  FullSipison There is no reaction message on
o i o i o e FE i et
eeE B L EEaE s e o o e o e
GENERALMESSAGE | 0151111 1102530 1m  Unkrown 32767 0 lomh [} Lol Rull Supenison. > .

Fig. 8. Analysis of logfile for On-board ATP at test 1

(&=
e

[EETTT
W pGeam e

=1

Zustel wWels 1F1A
Agadrh(@Ars A%

mode) =
mode) =

‘There is no reaction message on
AREX’s Beacon(New and Legacy)

¥ #14%% V_PERMITTED=30km/h e :
4 WOXD Im Udoown 26 Smh Lel1 ol Sopenison | in the FS mode operation section -
A U3  1m Uoown 206 Omh Lol Full Supenison —_—

- 1ﬂ~2§l AL &3 Al FHE(35km/h) 0.2 Q1% A8 Al
A4

2 SAE 38R £ A 35

AR E(SR mode)® EWate] TE]x T1F19
HARE(FS mode)Z AEH8IIrh(HEE

¥ §445% V_PERMITTED=30km/h)
- %33 oA gHnE L8 prhe) wel A aF
2= sEskelem HE 2E(AldE ble

% 7Y
[e2]

O FxoA AEEFeR &3(PC2) o] §li= JElE KTX-AH2 8ol #go] gldch
- AQURE(SR mode)Z EHate] wha|x T1H204

= HAEEFS mode)ZE AFSATH(HARE A O FTHoA Aoz -3Y(PC2)

3t & 5445 V_PERMITTED=30km/h) - YW (SR mode)Z Eate] W TF200A

- 13)7F 28 Al H45(35kmvh) 22 <19 -8 AlE

4 g ajAl=

A
23]33]3F L3 A B glo] AN &

27

Pk

Qe ul

ol
FHATE(FS mode)Z ASHeATL(HEE=
% 384 % V_PERMITTED=30km/h)



A 71Ee 8 =2 A ATd ATE, 2016

- % 33 oI AYRE LT HE AT
@) 8 GARE £8 F7he) WE IFAY) BE
[e3]

Hhg-o] gl AElE KTX-2H2 3o #7de] ¢l

? 9

= / \ = T n ) 7 \
WM | O T QSAR WD O VN OWED Witk MNeok o | | 2|2 0 O]/ @ 00 @ a8 | & =
O Wk WS BN 1n o 9 G e = e
\ wan 27k133 o/ (e |/ 28Kk635

s wnso i L=

s 0 in 27k133 20K020, S

s oo in — -~ [\ [\

SiLL U0 1m ‘There is no reaction message on v — — — — —

s oo in AREX's Beackon in the SR mode 0D o 5 | mom g <K& & [= =

su w1

s < <
U1l w20 1m e A woo
i swno_in_ s L
RO BALIE| NISIT11 106280 1m. GYY Platform
sy sy _in
G6A-3 BB Gea

Reaction the Balise group]
T

T WAm e ]
QUMb N7 am e

[ There is no reactior
on AREX’s Beacon(New)
in the FS mode operation section

e AP ATP FAE AR KTX-AHI
A AE(AREXE) HIZH(AH
m ATP &3 #7e] ¢l

¢
e
o
o rr
0,
e
ok
of
)
N
fr
= =)

-
8%‘.‘,
o,
of
oot

3.3 AI® 3

FHHE B IR PHEFSEE A% dY)ol
ETCS Level 1 A/AAHE #3538t KTX-4Hd2¢) 7]&
T AT dAA oA 228 A ARjete] s TH
5 gele KTX-42Hd2 &3S 93 A4 AlaA]o]r]
(KXD® LEURF &5 S8l 71E A ET] QIEH o]

ol 7hate) g A4 &9 A, LEUS| A2ZE o]

WA 2 As7] JeEideE, A zAlel7]1sh LEuzk

Elgjo] 2 4S5 Fal A " 193} KTX- A
T ATPA o] e el A A A8k

r
[~ fo

[\&)
e wE ol

=

X,
et
ox
=
o
offt
e
o
SE
X
>
I
ki
=
5=
&
Ho
Ogl:t‘

ol
Ol
=
o

Fig. 12. Arrangement configuration of ATP Balise and
beacon ID for URBalise 200 in Gyeyang
station

|

!
f A
[ passed the 11 Beacon ]

INERNE

! ; ;
Zoom: o] e | [lo5/atv £ | o | [aizeisoneries [« M .

Fig. 13. Log S/W image of Log Analysis(test 1 : Passing
the beacon ID 11 on the Down Line)

GSA Main
Passed the Balise Group
(No reaction)

| —

I -
l 1 | [Passed the 11 Beacon| [Passed the 12 Beacon|
| NdH/T T

HEEN Bl

" I T = il / I

Zoom: oe] pin | foo7ay £ | 8| [mmnonorni |4 I B

Fig. 14. S/W image of Log Analysis(test 2 : Passing the
beacon ID 12 on the Down Line)

3.3.3 AREX x| AlZa}

AREX €3}9] 214 Logd|o|E] #4123+ AREX H|
Z Abolol] AX¥ ATP Whe]2=o] disted Fig. 13.7} Fig.
14.9} o] 785 gRlstdi &5 AL 24l

o
ETCS A|%dn|(7hd, 24 ] 2)7h A2 ¥ o] = AREX



FIHAEAA F LEHFEAHKTX) Y AFEAHAREX) 8280 w2 ATPAAAHIZE 454 gl

3]

pdl

)

a7

¢

Akl Auto Mode &3oll= Aol glas &2t 4
[e)

Fig. 15. Operation the KTX-SANCHEON II on the Down
line(Gimpo Airport Station Departure -> Gyeyang

Station test section -> Geomam Station Arrival)

AP Ga= G5A Main BG(8601)S £731H Level
STMell A Level 1(FS Mode)2.& #E 2 =3} o]
% G5A-3 Infill BG(8603)zl® A%k oi9l GSA-3
Main BG(8602) @Ak Ag welx 15S T35
Level 1(FS Mode)ol| 4] Level STM(STM Mode) 2.2 2|
W 73lele] STM RER 238 X4 3t A|Y dal=
ATPEE|~ 157 33 S58o=A deasl JrE
AR o $A81 0 AREXE H2olE Fuks 3
o] KTX-AHd2 9 &8l #3o] gle-S 2Hlsisich

Fig. 16. Operation the KTX and KTX-SANCHEON II
on the Up line(Geomam Station Departure ->
Gyeyang Station test section -> Gimpo Airport
Station Arrival)

29

NHL2= G6A Main BG(8605)S S381H Level
STM oA Level 1(FS Mode)2.2 @ 2 = A% o]
3 G6A-3 Infill BG(8604) @A o119} G6A-3
Main BG(8606)28 A3}k A3 wa]x 2578 F3siy
Level 1(FS Mode)°ll 4] Level STM(STM Mode) 2.2 &
W Agste] STM BEERE L3808 A& sto] Algdak=
ATP el 15 33 $5dosA dy iyl s
AR Ao AREXS H|Zolw W38
2¥o} KTX-2H2 Aol 27o] ¢la-S dlsiih

3.3.5 KTXAHM2 Ax} AlEZY

_—

H
@)
w2
>
0%
o

ok 314 Fxo] ATP(FS H.I) = Ao fles
13k

3.4 BEEN

THAE B R AR Y AT 1459
ZHKTX)9 A5 EAHAREX) E8--8o w2 ATP #|
v AEA A AT gk dAE FF
B 48 ob Fol go] a9Ein

Table 4. The main test content analysis result

Test description Result Analsys of result

It has checked without mutual
interference during the operation
of AREX's ATC mode vehicle
bet ween ATP balise of KTX

Checking the mutual interference
between AREX  vehicles
and ATP ground equipment

OK

Checking the
interference between KTX
vehicles and AREX Beacon
(UR 200)

It has checked without mu tual
interference during the operation
of KTX‘s ATP mode between
ground equipment for AREX

mutual

OK

Checking the mutual interference,
KTX- sancheon vehicle,
AREX vehicle and ground
signal equipment(2 sort)

It has checked without mutual
interference of ktx and arex
vehicle between ground equipment

OK
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