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Integrated attenuation model and BER performance analysis of typical wireless
transmission technologies in mine tunnel

ZHANG Yu' 2 .-YANG Wei' 2

( 1. State Key Laboratory of Rail Traffic Control and Safety Beijing Jiaotong University Beijing 100044 China; 2. State Key Laboratory of Coal Resources and
Safe Mining( China University of Mining and Technology( Beijing) ) Beijing 100083 China)

Abstract: According to the wireless transmission characteristics in mine tunnels a tunnel integrated attenuation model
was proposed. The attenuation model is composed of two parts: large-scale fading including passdoss and shadowing
and smallscale fading including multi-path~and Doppler shift. The accuracy of the proposed model was supported by
the match between analytical results and testing data. Based on the integrated attenuation model the bit error rate
( BER) performance by distance of‘'many transmission technologies including Orthogonal Frequency Division Multiple—
xing( OFDM) Multiple Carrier Code Division Multiple Access( MC — CDMA) MC - DS - CDMA DS - CDMA and
MT - CDMA were simulated. Simulation results indicate that spread frequency( SF) systems e. g. MC — CDMA have
better performances in the case of short distances. When the distance is increased especially before the breakpoint of
the model the BER performances of those SF systems are dramatically declined because of the increased multi-path
time delay. By contrast OFDM system can effectively overcome multi-path fading leading to a better BER performance
in the case of long distance. Therefore OFDM technique is suitable for the long distance communication in mine tun—
nels while SF based techniques are appropriate for short distance environment.

Key words: mine tunnel; integrated attenuation model; bit error rate( BER) ; Multiple Carrier Code Division Multiple
Access( MC — CDMA) ; Orthogonal Frequency Division Multiplexing( OFDM)

1-4

:2010-12-05
: (50534060) ; (863) (2007 AA06Z106) ;
( ( )) (2007 - 06)

(1984—) o Tel:010 -51466854 E — mail: 08111039@ bjtu. edu. cn



1582

2011 36

N
Z agmiexp 2afo(t = 7) +jo, =
=0

N

( ) S adées Rufli-7) +igy  (3)
o =0
1=0 N; n,
T l
— —_ 1 N
y T N T = N; T;o
(3)
6
( OFDM) .
(DS — CDMA) . ( MC — CDMA) . 7
(MC - DS - CDMA) ;
( MT - CDMA) e
10-13 Nakagami-m
. (m=1) .
1
1.1
6
A} Pr PI
o \ d
—(dB) = 10ylg— - 10lg K + (4)
P, d,
> Y » d,
' K
6 ;l/de O\ ¢L1B
7 (4)
~ (deB
Qg Jo 7
50( t) = agexp j( 2afot + QD()) (1)
(20 ° i {i=¢
n =€ (2)
7 e 1.1.1
3
4 R N
7
il ( RO)



1583

242
L (dB) = 10@? =- IOIg(f;);) S (5)
G,
RO
1 1 1 1
L(dB) = SAd(EIgW vl \TZ\Z) +
L +1L, (6)
w h 'R, R,
;Lo L
(x )
(7)
[(dB) = 101g[2q§’”hcos*2(lx)cos*2(ﬂ)] (7)
A G w h
( Break Point) " (-8) o
L,(dB) = L(dB) (8)
1
1.8 GHz 2.4 GHz
( RO)
o 4.0 m 3.5m
L 30.5 dB
g, =10 o =0.01 S/m® . 1
1.8 GHz 40 m 2.4 GHz
50m &
RO .
1.1.2
2

——2.4 GHz .12 [ H =7 [A]
-5 — 2.4 GHz/} T #ERO

—— 1.8 GHz .42 H 1 =5[]
— 1.8 GHz4MHT RO

1.8 GHzlf 54

2.4 GHzI¥i /4

e

BT 4/(dB » m)
5

0 20 40 60 80 100
A B /m

Fig. 1  Passdoss model analysis based on RO

ap 0. Pas
0, 13
( LOS ) Ous 2.6 dB;
( NLOS ) (O 2.1 dB.
1.1.3
(9)
3 (9)
dB
Lo
L( dB) = Lpassfloss + Lshadow =
242
] -
% g (4fn'd) 2 (//dB ( )
1 1 1 1 (9)
il L L L 1)
% wzg‘Rl‘z hzg‘Rz‘z
H Lo+ L+ ( )
1.2
6
N Nakagami — m o

; Nakagami —m

m Nakagami —m

12 -13

Nakagami — m

12-13

Nakagami —



1584 2011 36
m & £ 10 Mb/s QPSK
20 dB G, =
f(f) — ¢ 21 (L)ge—g/ﬂ ( 10) 20 dBi. 10 km/h
(D10 2.4 GHz 1.8 GHaz.
I'( -) Gamma 2 € = 14 16-17 2 4 CHz
E(£) . o Nakagami —m 8 ns 35mns 1.8 GHz
m 3
1.
35 ns 10 ns.
1.3
¢ ¢ . OFDM
K 4 5
4.0 m
35 m e =10 o= « MC - CDMA
32, DS - CDMA
0.01 S/m°® ¢ 2.6 dB " CDMA N
2.4 GHz 1.8 GHz T - CbM QARE
2 o DS - CDMA 2.4 GHz
10 1.8 GHz 4
—+— 2.4 GHz H ¥R &
z oy —2s4cHmiuss 2 MT Q%> :
< _iplR —— L8 GHz[1 i ! 3 f DS - CDMA
3 — 1.8 GHAEE S ‘
7207 2 1 MT - CDMA
g-m : 3 1 :
40 MC —'DS - CDMA
=50 1 | !
0 20 40 60 80 100 32 3 200 ns
AR Y/
el i /m (2.4 GHz 1.8 GHz
2 )
Fig. 2 Receiving signal strength in dB * m as function, of
distance under the comprehensive attenuation model 3
2 2.4 GHz 1.8 GHz
115 3 10 Mb/s
’ 1. 8GHz
2.4 GHz o
° ( 30m ) CDMA
2 o MC - CDMA 25 m
10°*
-4 OFDM 1077, MC - CDMA
CDMA
OFDM.MC - CDMA.DS - CDMA.MC - DS - A MC = DS — CDMA
CDMA.MT - CDMA
DS - CDMA MT - CDMA 1.8



1585

GHz

Rake

o ADTRA T Q T
T UVl 1.0 unz

—— DS-CDMA 1.8 GHz
-%- MC-DS-CDMA 1.8 GHz
-+- MC-CDMA 1.8 GHz
—&— MT-CDMA 1.8 GHz

—e— OFDM 2.4 GHz

—— DS-CDMA 2.4GHz

—— MC-DS-CDMA 2.4 GHz
-+- MC-CDMA 2.4 GHz

. . -8- MT-CDMA 2.4 GHz

60 80 100

ATy
e S

.

(b) 25 ki

Fig. 3 BER performance of several systems with a bit rate of 10 Mb/s

a0 ' : 100 1o
3 10 Mb/s
CDMA
T MT - CDMA
. CDMA
OFDM
25 m 100 m
10°%° 1072,
OFDM
OFDM
3
10 km/h
3
(1) CDMA
(2)
CDMA
. OFDM

CDMA
I 2010 35(5) : 865 —870.
Yang Wei Zhou Qingging. Performance analysis of typical frequency
domain spreading. multicarrier CDMA modulation in mine tunnel
J . Journal of China Coal Society 2010 35(5) : 865 —870.
. DS - CDMA
J. 2008 36(3):88 -91 57.
Yang Wei Niu Li Qi Hui. Analysis on communication performances
of DS — CDMA modulation technology in mine roadway J . Coal
Science and Technology 2008 36(3) : 88 -91 57.
CDMA
J. 2009 38(1):56 -60 66.
Yang Wei Niu Li. Performance analysis of MT — CDMA modulation
in the mine tunnel J . Journal of China University of Minning &
Technology 2009 38( 1) :56 —60 66.
.MC - DS - CDMA
I 2009 21( 14) :4 524 -4 527.
Yang Wei Niu Li. Simulation analysis of MC — DS — CDMA modula—
tion in mine tunnel J . Journal of System Simulation 2009 21

(14) 14 524 -4 527.

2002 23( 11) :41 -50.
Zhang Shen. Tent law and modeling of radio digital communication
channel in tunnel J . Journal of China Institute of Communications
2002 23( 11) :41 -50.
Andrea Golfsmith. M .
2007.

Zhang Y P. Novel model for propagation loss prediction in tunnels

J . IEEE Trans. on Vehicular Technology 2003 52(5):1 308 —
1314.
Han Guorui Zhang Wenmei Zhang Y P. An experiment study of the
propagation of radio waves in a scaled model of long-wall coal mining
tunnels J . IEEE Antennas and Wireless Propagation Letters 2009
8:502 - 504.
Dudley D G Liénard M Mahmoud S F et al. Wireless propagation in



1586

2011 36

tunnels J . IEEE Antennas and Propagation Magazine 2007 49
(2):11 -26.

Boutin M Benzakour A Despins C L et al. Radio wave character—
ization and modeling in underground mine tunnels ] . IEEE
Trans. on Antennas and Propagation 2008 56( 2) : 540 —549.
Laselva D Zhao Xiongwen Meinila et al. Empirical models and pa—
rameters for rural and indoor wideband radio channels at 2.45 and
5.25 GHz ] . Personal Indoor and Mobile Radio Communica—
tions 2005 1:654 —658.

Young W F Holloway C L Koepke G et al. Radio-wave propaga—
tion into large building structures—Part 1: CW signal attenuation
and variability J . IEEE Trans. on Antennas and Propagation
2010 58(4):1279 -1 289.

AbouRaddy A F Elnoubi S M. Statistical modeling of the indoor ra—
dio channel at 10 GHz through propagation measurements J .

IEEE Trans. on Vehicular Technology 2000 49(5):1 491 -1

14

17

507.
Zhang Y P Hong H J. Ray-optical modelling of simulcast radio
propagation channels in tunnels ] . IEEE Trans. on Vehicular
Technology 2004 53:1 800 -1 808.
Chahe Nerguizian Charles L. despins Mourad Djadel. Radio-chan—
nel characterization of an underground mine at 2.4 GHz ] .IEEE
Trans. on Wireless Communications 2005 4(5) :2 441 -2 453.
UHF

J. 2008 33(4) :467 —472.
Yang Wei Li Ying Sun Jiping. A statistical channel model of wide—
band UHF radio waves along rectangulardike mine tunnel J .
Journal of China Coal Society 2008 33(4) :467 —472.
Zhi Sun lan F. Akyildiz. Channel modeling and analysis for wire—
less networks in underground mines and road tunnels J . IEEE

Transactions on Communications 2010 58( 6) :1 758 -1 768.

»

«

AN AW N =
—
1§
[\

» 2 .

€

. 2011 2 2011

2011 1





