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Abstract

In this paper, path loss characteristics in a curved
subway tunnel are measured and analyzed. The
measurement is carried out in the frequency bands of
245GHz and 58GHz. A directional
employed for transmission and an omnidirectional
This
performed in the subway tunnel in the vicinity of the

antenna is

antenna for reception. measurement  is
Daejon station. The tunnel is curved and its cross
section is arch-shaped. The path loss is measured
with the location of the transmitter antenna fixed
and the receiver antenna moving in the tunnel. The
measured path loss ratio is about 0.1dBm/m. Also,
the signal received from the antenna located on the
outer side of curve in the tunnel experiences weaker

path loss.

322

A3 FHgto] AT oM dF F F9S
FE APAY, 53T 4 34 e HolM As 873
oz27A HoEm gt olh@e] T4 Hujze @
< EFHAn glen ¥4 o2& FUksn o 2
Holl= EFan @ JIYAELS KA FH9
FA ABzE Z1dEa Ao AA, oldMy F4de)
7HsstA atr) AaAe ol s BHNN T F
AE dMdste Aol FAFoIH, H49 7IAFe2 ¥
e Agg Ml & F glelof @tk ol A
o A3 FHo dwne AR Y As8So] e
gtAgk Mg ed @40 E AzEe AF I, AE
U3 AY, B3 AW T T v #8488 A8
2 FE5E dAoirh[2] HZ B2 AFAEN I3
Astggod B 7 Y Folw 1 BHE FH3
z gin.

A Bdd delA A Ane @2 aded 9
8 S etk AE £l VIAFH SHAAT Abol

9 A, el 944, B ¥ S o4 FaE
aqsoleh 53 otHvel B¢ 1 AAA 23w

S5 AuAT B4 ge WHE Yosltd ol
# 54e 49 #Ang As Hd BN HE Y
ek,

FAFAAA AT B4 FAL A5 HH
AT QA AAFY FF, A 5T Tl lolA o

S Fasdith £ o)l gAY ier EFdA I



2003 CHSHEXIDSS| StASESEs] =28 N6H Mis
3 247l 245GHzet 58GHze) w4 Fa+& L4
Su, A1 £ AT LNAS 49 FF
(] e FAH7) ANA RS I £4E 249
7| a4l LNAS) FEEE U4 dof shed £4

3% 1 gdg 53 A2y FHE

a9 2. 2.45GHz
A4

19 3. 2.45GHz X34

% 4, 5.8GHz A 9 5. 5.8GHz A3¢A

Ae AT AMYAE 9 Aol Hadozn ¥
Ao} BAg AT & F AL Aoy, FA ATAE
AT $& B2 4 e AAH o5 d&
4+ g Aotk

B A5 B A 23} Bld A e}

of 9Aol WA Az e SHol ogA e

% 2483 BHYTH

4 A=

o.

Al 2=

AN

Mo} A2 &4E £387) 9
CEE

i

2 A7E daME
S Wl 24 Axde aydr 19 1e
54 Aoy FAREY ALRE 45 WA,
#A7], LNA, 2¥9EH 47|, PC 522 FAdErh A

323

FEZE 993 + Udh gy
o] HEZ 7| 2HY &
Atk 2¥EY EN7ls FAHE MY ddg ZAF
th 29EeY B4V BAE @& GPB 715§ T3
A PCol A43n 2AL dojglz ARd agn
AA <teHYrE gasith $47] dHYE
2184 Qtdyelm £47] dHE FREAY £3Hd
qtejttolth 245GHzAME 3 27, 3 277, oo
15dBig! ZI%W GHYE 4 gEHY AR, F
3 360 ¢4 o] 5-0] 8dBigl FRFA AHUE
4 vz A}%ﬁ}ﬁt} 39 2% 3% 245GHzAA
AgE BX AT xl%“* Qe vte] o1 1 5.8GHzo
Ae $9 345 3 307, o|5e] 16dBid A <t
g $4 ez A}%o}%— 4% 360, £3 147,
o] 5o} 9dBil FAEAY AdHUE A Hﬂluri ALg
st 219 49 5% 58GHzOlA A48 FX A
A etehvdelrt. ¢yt woje £44171 BRE w
o2 RE 25mE FTYsich =3 3 YAt
=g gl & 24 $AE BEASAT oA
Qteibvhel olvt 7t FYstiR Suigtx b L
gkl gl W {43 HolEHE ¥ + vk &
HAA <telte] wWake] B FEE F4l7] AA,

g edo] wheh ofzhe]
LNAS 43 2% 737

)-A]O

a9 6.

F47] A2



03 =22 X263 H1S

o -

(b) B =

29 7. 8Hd ¢dxd HEE

FA7] Alad, b 2AHE AR 1E 6&
AF Az $47] Axdoltt,

<73

2 d Ay R2d A5 Askd FA T
t} o] FAF FE olF AR YL FULE R
Ge Bl E] A EAA e BHe] €I J4
o] Eld Folh B FAE A% FE |,
Wl AT, AAH Fol At £A4FHL FANL A
3 Fog 4z 7R FRI & FuEe EAE 2
g 72 Elde urixs BURgE vehlz vk HY
9 ol £74ARH F 843mela £7%9 WigH
ol 2& AFgoz S 7439 Hel: ¢ 116m
ot} AM FIte] ol 366mojn FH Fe Zo)
£ 270mels 1 Fo)] AM e Zoj 207meolch.
9HEE B Zo] ¢ 5molm EolEy ¢ 57moltt

a2z Had FAE A% dxst EAsY I Fo)E
Z2 06meltk. Hdy FH FH9 FER
F3E 71&38l9d R 3%0meltl. aln EBlyg
AFe) FEWELS R Mimolw, wEEe

a8 6w

4
rir

Y

55me] it
A2 "d
Felz
#%74e R 359mel .

—7‘ A& olgd FAFTY Hole F 4M45m
719 fAE AR Al 7] 4 7T
2l BAH AN RE Azt £417]71 o] 53
F8 FF CHATA o)},

.O

44

V. 54 74

324

2% 8 ¢HY 9 2 24 #A

23¢ Aad WY FHFN NLOS FrlA 2
Negieh HA Bl elvtel oA ER B
2y 8o 45}4314 etel A FelA 2= o}

&S dAEY FYE VIFLE UL AF HPR
1.5m 0\%6& AX el goje 25m= FLdT A
74L& 25molx Z FAniny AANE FUSA 7

A & AP #ANE F FH FAHE HA AT
5% e 530y, doly AFL 2FEYH E47)
4 GPIB #}=& 3 PCol A3#rh olm £Ho]
ARE A4E FEs A 2B E4719 3
g PC Bl o=z yehd & =S sy

V. 2% 2 &4

dolel 3% 57 d2E sde AgsHod
dolel $&& 7 B &3 Be &L AH 379
@te B

a9 9% 29 10& E¥ 9 lmrttt 0.1dBmA =9
AR 48 89¥ F Utk oA EAAY, £= 4
W R A wE B2 &4 vnE B A
2 &do] uis H2 A& FJY F UthBI-(5E)
2.45GHz¢ 58GHz 3 WoS ME vlusds 4
Sel& 245GHzol M2l A2 &4o] 58GHz F3+ df
ol MRt ¢ 20dBmAE FL AL HAY + ik

QtElvte] fiAfof ME F2 4 FH FxAM H
ol Fe] wpgZo] <tElUst HAHHAE BF7 A 7
2 &deo] A2 AL ¢ F Uk Yz FI AA
gt Foh AZo HAE Ao w22 FE &4
A Ag I F AT A E FH JFHE A

- A=



i3 ==2& H26H H1S

N
=]
(%)
[
H
=2
B
s
0t
o
ol
Of
xd
01
[[oll
1o
W

Ao 7|NZF H4xg AAsted 83 A8/t € A
o2 7o

Reference

[1] Y. P. Zhang and Y. Hwang, "Characterization of
UHF Radio Propagation Channels in Tunnel
Environments for Microcellular and Personal
Communications,"IEEE Trans. Veh, vol. 47, no.

T R & wm W @ 1, pp. 283-296, 1998.

Distance {m] [2] Y. P. Zhang and Y. Hwang, "Theory of the
Radio-Wave Propagation in Railway Tunnels,”
IEEE Trans. Veh, vol. 47, no. 3, pp. 1027-1036,
1998

{31 J. D. Parsons, The Mobile Radio Propagation
Channel, London, UK. : Pentech, 1992.

f4] T. S. Rappaport, Wireless Communication
London, Prentice Hall PTR, 1996.

[5]1 M. Jung-Ick, A. Chang-Hoi, and K. Ki-Chai.
"Finite Element Analysis on the Characteristics

Relatived Power [dBm)

2% 9. 245GHz eIy $1Ale) bE B2 &4

of Electromagnetic Wave Propagation in Lossy
Tunnel,” tf# Hxluels] =8x] A 99, A 5%,
pp. 621-629, Oct, 1998.

[6] J. S. Lamminmaki, J. ]J. A. Lempiainen. "Radio
Propagation Characteristics in Curved Tunnels,”
IEE Proc-Microw. Antennas Propag., Vol. 145,
No. 4, pp. 327-331, Aug, 1998.

29 10, 58GHz SHElU $X]o] WaE AZ &4 [7]1 D. Dirk, M. Jurgen, and W. Wemer. "Subway

Tunnel Guided Electromagnetic Wave Propagation

Relatived Power [dBm]

Distance (m]

Ha #AAE W
gAd & U oHP

5go] §olAel wpze] B at Mobile Communications Frequencies,” IEEE
< 2 A
23 gt [6](7]

2 Famy oYE Trans. on Antennas Propag., Vol. 49, No. 11, pp.
1590~-1596, Nov, 2001.

Ae Bd WA Ak 54 FN Az
4& BYstach 53 =Hdeld NLOSY
A FrrelA Askel HaWY oHES
A9 27 dolHE Fd ol PEaAT Y
uel wiamel 9% SUe 4y 4
ee HASY BB AgAE Fos
% AUAZt FHY WMoz o Bol
soliths AE & 4 vk IAY A €y 87
A2 &4e) Imohth o 0.1dBmA =l o},
B ERe B B4 AL lexEe) HY helA

325



