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The Study of Alamouti Transmission for Improvement of Wireless
Communication Based Train Control (CBTC) System
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ABSTRACT

CBTC(Communication-Based Train Control) system which is based on wireless communication can provide
high density operation of the train using location tracking between ground and onboard train. It can also
reduces maintenance expense because it does not require the ground equipment for tracking circuit and signal
flag and so on. Recently, research and interest have been done on CBTC system. The high-speed trains up to
300km/h experience multi-path fading channel which bring about the performance degradation of wireless
CBTC system. In this paper, we consider MIMO (Multi-Input Multi-Output) antenna-based CBTC system for
trains with Alamoutip-type space-time diversity transmission for reliable communication. Also we model a

channel considering practical environment and evaluate performance improvement of proposed CBTC system.
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2.2 8

2.1 CBTC(Communication Based Train Control) &#
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E Aojsts AA"S Tt 7]Ee] WA= de}«] A2 AAE A=EZ 7] widd A==
G o] oAl Aol AFS s, FAETFTE $13 v & o] AnjHETh 2y FAEA
718k Aol Al 28 (CBTC)S dxate] 9#, &=, 7]E‘r AR E AEH o2 FHIFAS 7]
el Aol AulEe 257, AEs|2 X sl Bagle]l 7] A AR &Y FARS H]§9 As
7l = o, AAs 2o 1Rl Jted AR o]8&S UF FHAE F Q) oy
olfFE fElvEE 20029720051 ¢F 3ol AAH B AT IAAA A A AJHAHAHE G5
Aot FAEAE 7vto R st dAAoA| 2" F23H92Q ETCS Level 29149 GSM-R(Global
System for Mobile communication—-for Railways)®2lo] a1, nl=re] T#Ad AFEAEAS ggo=
3 ISMM =2 AlR3= 24[GHz]H 9 0. & IEEE std 1474904 Z#3t2 & w2lo] glth[2]

2.2 Alamouti Al &7t F& 7|9

Alamouti F-3&38}7]9] &2 2719 $A1 telUZHE 2 AF 3 ¢ dEEC A WA A
& TAAAE ITH FA FElYel A 5, 280 FA FEIYOlA g b AFEI, F oHA AE 7 Eet
o= 19 &AL beluel A — 50, 23 FA <bEUell A 1S AFoh 19, 2% <ty A dF = 2
= A (D)3 #Zoh

TXQ:XQZ[JUQ x’{]
Fo odgde A (2)9F 2
a_ e e 0 e 2)

KT 07 oo = (el - 2
IL,E 2X2 ©ejg o)t
I FA4 Srelvkel, 29 A QHelvel A A &2 h (), b, ()2 3t Ad Al 32 A QS
whsetthal 744 gk

hy(¢) = hy (t+ T) = hy = |hy| ¢ 3)
hy () = hy (t+ T) = hy = |hy|¢""
FAL QEElUbell A ¢ AIRER ¢ AR ESE g oy, B FAEH, AL R

Y1 = hyzy t hoxy + 24

Yy = hlx*2 + th*l + 2z

(4)

1681



ojtt. AA7IA, 2 3 2= 9k ¢+ 7 AR AWGNS ] g
A Euclidian 712]& AlRtste] 71 &2 72l 7HA = A HEHE $4 A8 9HE H22 5 3
.

& (Z/p h19;1+ hﬂAz) +d’ (y2v_ h137;+ thI) = |1/1 - h19;1_ h25';2|2 + ‘Z/Q + hll’;_ )

et 2 AES AE6HY, ML 484+ 4 (6)3% 23]

(6)
Q(Vhl2 +|h2|2j

A vi)
:E =
NIRRT

Ty
—z
Channel
estimator
Tx1
%
" ML
Ty detector
Tx2 .,

13 1 Alamouti 2X1 Al F7 B3

714

ot

2.3 #2521 71N dApAlo] Al ~"lo] A8 Alamouti A& H-

B0 AT FAHS Fusts] she] A
A

42 4 25 8k7F Holok gt o]y @ 2% 5k 2
7] 270, A7) 2707 e ' s HER 1g2sh 7ol

2X2 Alamouti 7S £33t

gAY Fal AsE = AMe 2

Y11 = hiy®y T hyamy + 245, N

Y12 = hoyxy + h22332) + 219
* * * *
Yo1 = hyo®y — hyywy + 299,

?/22 h22$1 h21932+2227

ML(Maximum likelihood)®] 4% A% 5, 7, & (@) 2t}

1682



J.I ¥
A 2 B A
=7

29 2 Alamouti AlE3F F& 7HE A&
- * * * *
1= hygyin T horYro + higlar + hooyas

* * * *
To= hysy11 T hooyia = Ri1Yar = horYas

~

ML(Maximum likelihood)®] F8 | 5, 7, & 21(9)¢ Zth[4]

~ | z
= Q 9)
| [Paaf? o+ ol + oo [* + [

—~ Ty

| yol + |Rggl” 4 Ry + |Roy] |

24 4Rt

R

A& o Raylelgh Holg Ad A4 FAGS duleA A ARE L Jus 7HAEs ] FAEA
S 7Wto g = dARAo] Al ~Ed] MRC(Maximal Ratio Combining) 1X2%} Alamouti 2X2E 2 &3}
ATt 2304 B o] Alamouti 2X27F BER A3 Aol | £& AL s ¢l

>

10°

—©— Alamouti 2X2 QPSK
—B— Alamouti 2X2 16QAM | ]

Alamouti 2X2 64QAM L
—&— MRC 1X2 QPSK
—%— MRC 1X216QAM
MRC 1X264QAM

g+

BER

13 3 MRC, Alamouti 23 A=}
1683



3o Alamouti Al

[¢)

AR A 28 71

[e=]
=

L

o

7}

=

=

shelu}

]

A
L

o aYeg tgs S5

i

ko]
pa

3.

N N o N ol
of o o2 1
< T 4 . ®
m.m = o um o
X S 4 0
o £ s
= W M e
£3 %o &m T
T R o N .
‘w 1O_|L &O ;OL
T = © -
o Jo =
ﬂ_A| Jymo dﬂ Ll‘_
> 2
o < -
il s
M ) X @ "
N o = T
o T T olo MH
7z w A o ML
= o X
n =T ! o
I T 3w
L g o=
N O oo g
Ro 2o
— 9 B m 50
< 38 S
z £ N CBE %
2 gX =¥
E=EN do B =
< m % RSN
. - =
g = o X
TR T B o
= 1
B8 = T
> = ) 4 o
= < o
FTR "
A~ ok Ay T
= Ao X0 W ol
el - o}/ Mﬁ M-
T o) . ol il
BN o= B
< W Iy
o T ‘Ur EH ;cl s
s o N
M %o omﬁ - ,@ﬁ IH
T T o R
Tz %o T
oo 3 dof | H N el
"R oA W R — N

”»

20083 pp. 391-394
Space-time Wireless Communications

«

1684

“MIMO-OFDM 414132 MATLAB”

] 20061 pp. 2577263

4. Arogyaswami Paulraj, Rohit Nabar, Dhananjay Gore
2003 pp. 97-98





