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Abstract

The monitoring system in railway is under study to forecast any derailment and accident by defect of train. Because

the monitoring system is composed of wireless sensor network based on ZigBee-communication between inside and
outside of train, the study for wireless channel analysis is required. Especially, if multipath delay profile exist in the
channel, the equalizer and channel estimator can be required for preventing receiver performance degradation. Therefore,
we analyzed the wireless channel in train environment using measured data and, proposed the channel estimation method
through the characterisitic of chip code, under the consideration of the channel characteristics in train. To show the
performance of proposed method, we demonstrate the performance by mean square error(MSE), computational complexity

and bit error rate(BER).
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Fig. 1. Sensor network configuration in a train.
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Table 1. Experimental conditions for data collection.
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Fig. 2. Location of transmitter(left) and receiver(right).
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Fig. 4. Wireless channel impulse response in train
environment(linear scale).

y=X+ h+w 2
ol W, ¥ X & (N)x(2)9 a7E e PE= v
=34 22 FHE G

Lo T-1 Ti-1
x=| @ Ty
Ty—1TN—2 ITy-1L

ho= (X" X)Xy 3)

I 4e At 1s FY A AR A F4
N5E o] gdte] F4E Ad YPx Sgoly 5 F
el A o] dotat Ad E4E zh= Ae-o] dEHd 4
golth. AntE W, A WA AE Aol M A
o 7 WA AR ARl FasH Uehds &
T olth o] i, Mol 7 AA vehve A WA 3
RE VTR Ay, 7 A A2e 3 uA 7
2o w3 oF -5 dBO] A A7t vk o7)A, A=

Q

W2 HA P2
] ELH] ulxgo]_—y

71 o] 9]9] A2 wlH| st Olﬂif& 5/4< o]&ato] A
% o

g2 Awd Adeld  Adsia



2016 48 FMxizst
Journal of The Institute of Electronics and

Tapped-delay-line(TDL) 2 =do] #&3d, IEEE
802154 TfAlM O-QPSK®Z 1 half-sine pulse
shapings 2#dt 4 A5 2de 2] (4)9} o] e}

PN
W 49l

- 2 B ) ln] p(7.0) + @
T.(1—1))) +w(n]

—I—x[n— (
+h(n,1)z[n—1]+wln]
h

]
h(n,0)z[n]
h(0)z[n]+h(1)zn—1]+wn]

AN, z[n]= FAAE, hln]E AY 2z SHE
ometh aEa L Ad © Aol 2 g+ zh=th

=
T3k half-sine pulse shaping 8= 2] (5)9F 2th

. T.+1 P et
p(t){““ o, |7 TeT T e (5)

0 , otherwise

v. M =8 7I" wQt

oM, MAgelA e A% 74 Ad 545
#S ), IEEE 802154 717¢] 3 AA2 4L o
3 A Bgrel A 24 /el s Ak,
IEEE 802.154 #39] 245 GHz theolAe=
o] dlolEi7} 16 7} F 1 M9 AEE s u

& 2uEY HE F AA2R ke O—QPS
Ho] dgHErh AdF Ao mE F B2 4
# 23k 2e] o) HAF AT 2om MR Hu fA
o]q_[47] A EAS gelalr] st
#4 0, tg gol FAD )M me A%
Aexg ofuein], 0 - 15 Abo]9] @& ZHeth

=
23

k1l
&

W_I}L_l;
=B omx T

m N e (m

HE 3 Alg2

. [Cm.(] Cm,1 Cm.,2 " Cm,28 Cm,29 Cm,30 Cm, 31
n

Cm,28 Cm,29 Cm, 30 Cm,24 Cm,25 Cm,26 Cm,27

ol W, G,° A7) ¢ YAL

clc, = [302 302 =327
ojth. 714 I & FeFAE Ingtt oeF Hu
548 o183, 4 (6)9 AEE Fate] #A A
do A WA AR 4T, 0F Add ol dA A

3| =X ™53 M4z 15
Information Engineers Vol.53, NO.4, April 2016

~ . L H—>_ L 0 —_— —
ha - 32 Cm Ys = 39 Cm(tha+w) (6)
. . » Cm,0 Cm,28
1 l m,0 Cm 1 C7n,31} Cm,l Cin,29 [ho}
32 Cm,28 Cm,29 """ Cpm 27 : h4
Cm,31 Cm,27
I
+ 32 CYm w
_ 1
ha+ 39 CYm w
o]71A, y, = shvhe] Al dia] FAlEE 32 HE
o mE F Az g s, b= 3 WA
oAl A AR A glow olFoll WEeln, f, =
h, ol F49 gholth
ol S5k 2e WE olgsiy, A WA Ams)
ATRE AQE oA WA A Avel AU ek
A FAT 5 ek S, S nEAE Bl e
Q7 g} 93 ghe] BA Aol o] ZHH NeE
olgate] AMIAS FAAS W= A WA A=
T,Wa Add 5 HA A2 Qo] FastA 2Ast
© As At ol whet A ()3 FZo] 4l Al
s RAPE stk webA o]E arefste], oWl
A Aud e WEste] TRbke 8 A olF
A7 @0 AEe gAY e 2o

S [Cm,() Cm,1C%m,2 " Cm,28 Cm,29 Cm,30 Cm,31
m

Cm,Sl Cm,O Cm,l to C7m27 Cm,28 C7n,,29 C7n,,30

ol W, ¢, o 7] A PP

S [32 45

CmCm - [4] 32]
ok, €, 3 wAl D3t T wAl Dol M Husr
%) mel 4j ghel WAt

e
A
0_4.4
ol
5
)
L
o
1>
S|
o
.
e
r2
>
ol
S0
6
>
o)
o

nC, kelA MAEhE 45 gl o WA o

AR Zgi olate] tha RA A =AW
v IEEE 802.154 A28l S317] A%5S 9



A
247

ML 2F0|M ZigBee

« Cm,() Cm,Bl

Cm,() Cm,l t
* *

Cm.31 Cm,() t Cm,30
—

0.125]
55 0

* *
Cm,31 Cm71 Cm7(]
* . .

|

0.125;
_ 0
=Myt [0.12

w
m”‘

Cm,31 Cm.30
1 > H_)
33 On

— 1 ,\H—>
]hb-i- 3 C,w

0.125j
1

~
_ H
- Cm w

1
€+3—2

S 713} BlulskH,
[IONll]g}O:] H]E_@—

COPs, 10 COPs
T5 N Kol diste] Aggt W&ol o] uf
HE 3 AJg29 HE = 3201, K= 4] A}
oJu) @t} [EEE 802.154 -7 ol A]
T3} SFDE AslA e A5 s

|8 4 gloy, F 10719
CwEb KE 10744 A 87)s
39
ako] oF 87%

o

O

CECAE
st K ghol o
Felstgon, He 4

A}

=

=
=

wad

hyA
ar

f

3 )L

Ir
j=d

0x
El

de 0x

ST
2,

>

Ir 0
e

i

=
o
il
_0|L
9 r

ox
N

=z
o
O

]_

REA

Aratdet. weba] At
a7 flste]  Hit AR A (Mean  Square
Error: MSE)E v &A31th 29 5= 3 WAle & W

A ez FAYE UdsdE Ad AR T 94

o AN e ™

of ut o

1ol

DL

O

EE

o 2880 ME =¥ 714 o[+ &

E 2. A g mE E4g AM

Table 2. Number of complex operations corresponding to

various methods.
4 el | AR A
LS 714
(LU &3 28 NE NE NE

Aot 714 2ANK+2 0 0

¥ 3. Aot 7|t LS 7|]e SA45 i 5 H|W

Table 3. Number of complex operations for the proposed
and LS methods.

2
960
130

4
1920
258

10
4800
642

86% 86% 87%

o4 AekE 7%l 4 (7
g 34 719e B
SR L e
71l wla) $RE A
}

o 143} 24 9]

=

=

o

=

T
ox

o
N
4 oE o

)

=

1 O [
El

3

+
r=
ox
=
El

e W
=
ax
|o
4o O
o

T i

tt

Ad ARE o]&ste] T3]
Zero-forcing(ZF)719H oJ4 MMSE 7|9& #8354 t}
TAE TS AA & F Ak " B e A
e AE FA 7] A8 b 3t7] 9
F4€ Ad ZRE T3 HEQ F&

(BER)= &% 54

’

0
S

A g3l

A
A
A

a4

=

=

=2

o %e welshA]

o

=

o
fe o > g
ol
ol
rir
o

flo o

o
>
ifiA

lo,

B
> oo
tlo & i ofo
jg _84
d

= B8

o%

_‘:J_z
%
o
T
o

e

o
D<)
—
e
S~—

rir

e =2

i)
o>
il

D<)



20164 4% TASSS

Journal of The Institute of Electronics an

—&— LS CH. EST
—=&— Proposed CH. EST

MSE({Mean Square Error)

1074
10 -8 -6 -4 -2 [1] 2 4 6 a 10
SNR (dB)
a2 5 Aot 7|Hnt LS 7|]el HaMEZA H| W
Fig. 5. Comparison of MSE between the proposed and
LS methods.

of WAL 53E A ay] WEd Au 3
e sl A dah vl 4 domz A%
S AAsH] g s3kE AEste AE AE
w2l sl FAo® Aystd, A (99 2k

~ —_—

X(k)= argmax{cfn[ . (Wys)}

r
=

= o Rl ork

ANA, W BEE A% F FIS o
=wollAE MMSE 53 7HE& 483k
B

oX,
{r
lo

o o

e

A, MMSE &3t 7IWel tgk 7t
(10034 k. o] W, # = thg A= A A

Hol g AEFA o, o2 = e

[ il (DR
o rlo

SuA

o

Winise = (H"H+ 0121;])7 tH

| ==X H53H M43

Information Engineers Vol.53, NO.4, April 2016

v

¥ 4 ZoMd mzn|H
Table 4.  Simulations parameters.

ot} E i
E 2 MHz
AR dely #3l (802.15.4)
Wz 0O-QPSK
Ak AR 32 (DSSS)
e Fakg 245 GHz
HZ Apo]= 50 KBytes
A AWGN Channel
Ade] A4 2 3¢ | 0 nsec (0 dB), 500 nsec(-5 dB)
3 7Y MMSE

ideal
—&— No Multipath
No Equali

/15t & 2nd tap
leal CH. / 1st & 2nd tap
thod

==
Wwqp2 e
@10

"\ ,
\ N .
‘e *
N\ \
\

L
0 2 4

I L
-8 -6 -4 2
SNR (dB)

6. M MEo| mE HE
6. BER performance
information.

=2 O
FRE

comparison

ds Bl

by channel

a3
Fig.

o

oo
oy

ft
)
o,
t
o,

I _‘N'
ox

)

f

X

(i

MMSE 53} 7]l 48
H7} Bo)As Axjo|t}, A}
F8(BER)o] 10 %S 7|Fo = 53]
Fefoll H]s) SNRo] ¢F 3 dB A5
A AdAHEe} AtE VHORE
SE F3lol A4839S = A
3}0] &) _/F 9,/]\‘:]' o]% U]
o] 48 7tsds &

AA 7L obd A
i

2
o ©

ol
-

e
=
=
ut

o fo

&
flo
S~

o
)
i
B
O:

)

o
o
o
o
o>
_lZi

o
)
o,
)
il

offt

e
ok 2L oyo op
s

2
%

N
rg -

o X o )y o lo W o oo

2 X0,

frtl £
o
fitl
rlr
X
L

=



18

o do e
B A D

Jo ¥ o

H
i

o
N
ok
1o
1
oo

dlo

N

I

ox - 22 Ky N mo o O N mo o pT >

oo 2

-

(1]

(2]

[3]

>

d

e
X
b1

2
ofo
i
1' _1>

Of
-

ﬁﬁ
o
frtl
™
09;2
o it

ML 2F0|M ZigBee

T

Ir

=

ir
M
-

2

)y
[-'Er

AA| a&EA A [EEE 802.154

T,
[o

ofN ®
il

e

¥Q ox oy M
M
rlo

ro
)

O
-

o

ol
e
N

K
2
o
-0,
i
iuf
W o B oo

it
v

6=

ro,
R
=<

N
fooE oo

tlo
oy, &
dos o o

)
i

i
o%
Shorst

tlo

O

A )
1%

N,
=

i

REFERENCES

J. H Kim, J. Y. Lee, “A Study on the Wireless
Monitoring System for the Railroad Vehicle
Maintenance Using the Energy Harvesting
Technology”,  Proceedings  of  the  4lst
International ~Conference on Computers &
Industrial Engineering, LA, USA, Oct. 2011.

Jo H Kim, J. Y. Lee, “A Study on the
Applicability of Energy Harvesting Technology
for the Sensor Network of Railroad System by
Thermal Deviation,” International Conference on
sensor Technologies and applications 2012,
Rome, Italy, Aug. 2012.

Y. S. Kim, K H Kim, J. G. Lee, Y. L. Kim,
“Analysis of Sensing Data for Low Power
Transmission under  High-speed  Railway
Environment”, International = Conference on
Advances in Computing, Communications and

+718 9

(498)

]

ojz+ 2

0z

Informatics 2013, Bangkok, Taiwan, Sept. 2013.
IEEE Standard for Local and metropolitan area
networks—Part 15.4: Low-Rate Wireless Personal
Area Netwroks(LR-WPANs), IEEE Std. 802.15.
4-2011.

S. H Lim, H N. Kim, Y. I. Kim, “The Relay
Scheme over MAC for Data Transmission
Performance in Railway Wireless Sensor
Network”, 16th International Conference on
Advanced Communications Technology, Pyeong
Chang, Korea, Feb. 2014.

K M Yeo and Y, I, Kim, “A Long-range
Packet Transmission Algorithm in Railroad
Sensor Networks”, Proceedings of KSPE 2013
Autumn conference, Busan, Korea, Oct, 2013.

S. Y. Lee, D. S. Kim H. S. Kim, and D. J.
Chung, “Design and Verification of IEEE
802.154 LR-WPAN 24GHz Base-band for
Ubiquitous Sensor Network” Journal of the
Institute  of  Electronics and  Information
Engineers, Vol. 43, No. 1, pp. 49-56, Jan. 2006.
S. M. Moon, B. R. Kim, S. Malik, D. J. Kim, C.
S. Kim, and I. T. Hwang, “Advanced Sensor

[5]

(6]

[7]

[8]

Communication  Algorithm based on IEEE
802.15.4/ZigBee  for  High  Speed  Train
Environment”, Journal of the Institute of

Electronics and Information Engineers, Vol. 50,

No. 10, pp. 2455-2463, Oct. 2013.

J. H. Choi, “Optimal Combining and Detection”,

1st ed., Cambridge University Press, pp. 49-77,

2010.

[10]GH. Golub and C. F. Van Loan, “Matrix
Computations 3rd ed.”, Johns Hopkins University
Press, 1996.

[111]. Y. Lee, J. H Lee, J. H Kim, Y. L. Kim,
“Low-Complexity ICI Reduction Method for
OFDM  Systems  with Large  Subcarrier
numbers”, IEEE Trans. Veh. Tech., early access
article.

[9]



20164 48 MX3E ==X H53H M4 19
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.4, April 2016

X XA 7Y

of & (A3 A AN =(EIY)

2013 29 FFHEa Hupyst - 1999 2¢ A st 7] Al E g
W AL £ 3} AL =Y

2015 2¢¥ A 7Fdista dA}gdk 20024 29 M ZAdsta 7) A e
I M} =9 7 AL E

2015 3¥ A 7FulEa A =}ast 2010 29 A Zohsta 7] A st
3} wpA}aAg o} wAL 4.

Ao, AEA > 20029 ~dA FHAE/NEATA 49 A7
<FRARR: Tma) A, AsbuE>

L‘?&
101'

REE
Lz N7Aveta A4t
3 st} 29

39 Aztsta A4 gt

4 d =239

19914 2¢9 A ZFdiga Hd =438t
7 AL £

19934 29 New York University
A71F st A &4

1998 29 New York Universiy
A71Ee 7 wAL 9

19994 ~2003 Inter Digital Comm. Corp., NY,
USA d+4

2003 ~& A A7 ea AxpEa} wg

<FHARF: FAFA, deld, AlEA >

Aok - FAEA, deld,

(499)



