26 6 Vol.26  No. 6
2004 12 JOURNAL OF THE CHINA RAILWAY SOCIETY December 2004

: 1001-8360(2004)06-0044-06

( N s 100044 )

3 3 3 H

: TN929; U285 : A

Calculation and Comparison of the Field Distributions
of the Indoor Antenna and Leaky Coaxial Cable

LIU Bin, SHU Lin, WANG Jun-hong

( Institute of Lightwave Technology, Key laboratory of All Optical Network and Advanced Telecommunication Network,

Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract: As one of the field coverage methods, leaky coaxial cables can be used not only in the wireless com-
munication systems in tunnels, but also in to the indoor wireless communication systems. In this paper, start-
ing from the field superposition principle of the linear system, we calculate the field coverages of the indoor an-
tenna and the leaky coaxial cable respectively by the ray-tracing method. Field distributions on planes at differ-
ent heights from the ground and with different antenna locations are calcu lated, and compared with those from
the leaky coaxial cables. It is found that the location of the indoor antenna has significant effect on the field cov-
erage, and the field coverage of the leaky coaxial cable is smoother than that of the antenna. In addition, leaky
coaxial cables working in the mono-harmonic radiation mode can give more uniform field coverage than that of
the cables working in the multi-harmonic mode. The results of this paper are valuable to further research of in-
door radio coverage.

Key words: indoor mobile communication; leaky coaxial cable; antenna; field coverage; ray-tracing method

[1]

(60071012)
: (1980—), s
E-mail; liubin 312@ sohu. com

: 2003-12-08; : 2004-04-20



45
R - (I*IQ)Z+(y*y<))2+(2*2())2
’ ° R(«Tga Yoo ‘Zn) P(.Ta Vo Z) H
’ fla) = Cos(%cosa)/sina
1 i 5
¢ 1 AMRP),p Tz
’ !
900 MHz 1 800 MHz. 2 ¢ 1 ZNRPD.
( )
’ o I
’ B (0,20)
, . x,2)
|
’ (a) EBIE vy (b B ¥
1.1 H2 RGBT ErRER
1 R(xos o 20)
s [3] P (x, y, 2)

. a
x
B 1 Srek RARSCRETE AR
( y o)
E. cosasing
I el
E, \=FE, R f(a)J—sing | (1)
E. J cosacosf
,E, , 1.0 V/m;

A = arctan[ | x; —x, | /

E, cosasinf I,
J 1 o ko (R HRy) J ] l
E,\=E, fl))—sina Iy, L (2)

IEI R, +R,

b

lcosasinﬂ I,

R, = (a*1<))2+(y1*y<J)2+(zlizo)z

(1‘0 s Voo 20)

(as y15 21) ;

R, = J/(x—a)+(y—y )+ (z—z)°

(xsy.2)

[4]

(e, — je,)sinA —

;T
;F/,

(e, —je,) — cos* A

r, = — : — (3)
(e, —je,)sinA+ 4/ (e, —je,) — cos”A
r = s?nA — (e, *?e,,) — cos;A C4)
sinA + +/ (e, —je,) — cos" A
. (5,»7j€;») 1)
(4—j0.3),
s A

’

E, cosfcosgp
*ikoR
JE\‘LZ E, eRf(ﬁ)Jcosﬁsingpl (5

(o *yo)z + (= — ‘Zo)zj

(

(@)
~

— sinf



46 26

E. cosfcosg I,
l o ko (R Ry ] 1 2
Ey == Eo m][(e) COS&SII’IQD F;, (6)
Ez — Sil’l@ F;, 2 1
’(9 Z 5@ s
x-y x ° , 4
1.2
13.5mX7mX3m (a =7.0,6 =3.0,c
’ ’ =13.5) , Tz
° 150 X300 o 3
N N 900 MHz . h=0.8
’ ¥ m( ) .
[5] 3 — 0.40 035
035 12- 0.30
° ) 0,30 10 028
’ ’ 0.25
(3] 8 0.20
° 020E
2 . & .15
[ (i—1Dd] e !
Los Yoo 177 ’ | - "
o010 940
nos 24 0.035
’ 0.00 l I'r. 4 567 =
E, N e R —ik(i=Dd SinSDi rlm
= E, ———sin{, C7) . g
{E} Zl TR T cossoi} (ERAEARR (KR AR
) R (0.1.0.1.0.1} {57 00.0,0.0.6.75)
- 0.90
R = J(x—2) "+ (y—y) +[z2—G—Dd]
. .80
L ik k 070
° 0.60
’ 0.0
0.40
E“ N —iky (R, +R)—ik(i—1d singI”,
— Mg e sing, | ¢ o
IET’f i=1 R,] +R12 COSSD,’F/I 020
(8) | 0.10
’ 1234567 %0
Ry = V(x,—x2)" + (i —y)" + [z, —G—DdJ *fn
(20 yos GG—1)d] (v v %) () FRAE LR (XEATHR
, {8 -(35,01,675) {LH:(35,0.1.6.75)

Ry, = Va—x) '+ (y—y) 4+ (z—z)°
(xs vy, 2) sd

M3 k=08m VISR GE

30i i < 5 Qi

l x-y x



47

_o #EH(0.1,0.1,0.1}
——EH{0.1,0.1,6.75}

w35 1 (3.5,0.1,6.75)
— A (350.16.75)

B H [ (z=6.5m ) x/m

0.8+

0.7+
0.6+
0.54

0.4+

BBIEWV -m

e #EE(0.1,0.1,0.1)
F—FEH(0.1,0.1,6.75)

\——KF(3.50.1,6.75)

—a EH(350.1,675)

K REFT [ (x=3.5m)z/m
B 4 h=0.8 m T ii_b 5P A RRENEE 3R SR A B

1 ,h=0.8 m
/MHz /Vem! /Vem! /Vem ! /dB
900 (0.1,0.1, 0. 1)/ 0.152 86 0.004 95 0.367 3 37.408 31
900 (0.1,0.1,6.75) 0.184 38 0.009 58 0.334 9 30. 870 99
900 (3.5,0.1,6.75) 0.176 58 0.022 33 0.323 9 23.230 44
900 (3.5,0.1,6.75)/ 0.239 95 0.009 57 0. 864 2 39.114 05
1 800 (0.1,0.1, 0. 1)/ 0.152 45 0.005 88 0.445 1 37.581 61
1 800 (0.1,0.1,6.75)/ 0.171 21 0.010 85 0.428 4 31.928 39
1 800 (3.5,0.1,6.75)/ 0.197 28 0.022 76 0.364 7 24.095 27
1 800 (3.5,0.1,6.75)/ 0.209 02 0.010 77 0.7127 36.413 82
2 Ji=1.5m
/MHz /Vem™! /Vem™! /Vem™! /dB
900 (0.1,0.1,0.1) / 0.166 21 0.002 47 0.516 8 46.412 51
900 (0.1,0.1,6.75) 0.214 96 0.015 53 0.452 4 29. 287 02
900 (3.5,0.1,6.75) 0.219 04 0.032 18 0.401 5 21.921 99
900 (3.5,0.1,6.75) 0.245 53 0.020 39 1.043 0 34.177 34
1 800 (0.1,0.1,0. 1D 0.166 34 0.004 51 0.643 2 43.083 39
1 800 (0.1,0.1,6.75)/ 0.199 13 0.010 18 0.609 9 35.550 22
1 800 (3.5,0.1,6.75)/ 0.238 72 0.016 66 0.494 8 29.455 09
1 800 (3.5,0.1,6.75)/ 0.239 02 0.019 49 0.741 4 31.604 81
4 ,
900 MHz 1 800 MHz, h=1.5m
. 3 )
2,



48 26
2.2 5 s
) 900 MHZ
(z ) s 1 800 MHz x=4.3 m ,
0.2 m, h=0.8 m R 5 1 800 MHz ,
900 MHz 1 800 MHz, 3 s
Led . , 6 900 MHz 1 800 MHz
4.00 o
3.50 5 ’ ’
34K ¢ 5 z ’
28 , 13.5 m )
2.00 ’ ’
_1 s
1.30
1 ( , )
14K A
a.s0 V=arccos( /e, j> o 'Ere
.00 1) W _1
- . WF
xhn r’m °
()90 MHed=0233 mifEARAH (900 Mizd=0.46 m(EHI5 85 90" z
7.0 o
4.50 ° ’ ’
.00 __apo e
400 v=90", =90 ,
5.00 3.50
400 3.00 R ’ ’
2.50 v 90°( 90%), 5(a),
3.00
200 5Ce)
a0 150
1.00 5 LoD \ 5(d) ,
00 5(a),  5(e) 5(b),  5(d)
a) ., c N ,
0.00) i
xm ’
(1800 MHz,2=0.1 w{ HIFREH  (d)1B00 MHxd=2.33 m{& EHTH) ’ ’
. z  0~8.5m (
Bl 5 B TP T S e B o £ S 9 A ) 3
3 s
3 (h=0.8 m
/Vem™! /Vem! /V +m /dB
900 MHz 1.897 17 0.184 42 4,337 41 27.428 45
900 MHz 1.173 81 0.019 78 3.521 45.008 79
1 800 MHz 2.600 28 0.093 65 6.950 91 37.410 68
1 800 MHz 1. 606 13 0.016 74 4,647 01 48. 868 36

2.3



( o b b
) o b 2
490 —e—1 BOO #A#(z=6.5 m)
' —=—900 B (z=6.5 m) 5 —5—1 800 £4#(z=6.5 m)
——500 £#(z=6.5 m) |
&
2
&R
L.
m
O-G T T T T T T T
0 1 2 3 4 5 6 7
FEHE 7] ¥m THEEH M) ¥'m
() EE TRA LEHTRE
4.0 '
T ——000 =4.3 6
3.5‘: — & 900 ig E;:43 2; 1K1 I | —s—1 00 BB (x=4.3 m)

——1 800 £ (x=5.0 m)

b
]“n A

v
2 4 6 8 10 12
KHEHE odm KHEIF W Z/m
(c) 17 TR A TFRA
B 6 RO T R A A o 3 0 A Y LA
(2] ; , , . )
3 [, . 1999, 14(2),
160—65.
[3] , . )
° ’ (1. ,2002,24(2) ; 69—73.
’ [4] , . [M].
, ,1989. 83— 84.

[5] Morgan S P. Prediction of Indoor Wireless Coverage by
Leaky Coaxial Cable Using Ray Tracing[J]. IEEE Trans
on Vehicular Technology, 1999, 48(6): 2005—2014.

[6] , .

[l .2000, 21(12): 17—22.

[7] Wang J H,Mei K K. Theory and Analysis of Leaky Coaxi-
al Cables with Periodic Slots [J]. IEEE Trans. on Antenna
and Propagation, 2001, 49(12). 1723—1732.

( )

[1] SALEH A A M, RUSTAKO A J, ROMAN R S. Distrib-
uted antennas for indoor radio communication [ ]J]. IEEE

Trans on Communication, 1987, 35(12): 1245—1251.



LI A, R AA TR
[44ik:  http://www.edatop.com

mE 3 X &Kt

REVTH IR MRR =, EVFZ TR AN, AR SE b LA sk br AR th e Bevh R AR

/D FH 23X 28w PR A R

SEbr b, BATH G ZEARAG B A IR Z M A RN, B T HFSS,

CST #f i WA sl ol LA e v Y TAE PR fE R A7 A 2R 2k
Zy it (www.edatop.com) i T B AURUR e e vk AA IO IR, #fEd T — REIR L it By
YIRIERE . BATRRBE VIR, (BN, EMS Y, Al A B S PRt oy 5] B4R R BEvt () B0

ERE AT AR

i O

Ansys fFsS

FEETES ] \\
¥V A '.h\"'.
¥ty
sy PR

——

HFSS X% i&itiEilIRIEER
BRAE 6 TR 1 AEHS, SRERAMILAETRE, PR,
BASAARNSSR R E UM 4 &, ST R A VIR T HFSS R &1
St . SEE A EAT . BN HFSS R VETHRRE, nl LB R
TR ) AR AR HESS BRAFEAT REBeTh, ih REEBIEA A+
BAEMAE: http://www.edatop.com/peixun/hfss/122.html

CST RZ&&IHSUIFIIIRIEE R

ERAT 5 NHPUEIREE, haBRFEERLRRR, BAERHBEN

FIFUR, A1 R G ) B4R CST fik TAE = M Zhse R FIHE ] CST
e TAR S AEAT R vt SEprd FEAN R AR R A . AUBTRAE, 14441
YHE, HA S WK AN 3 N AELARE, s>
BRI ), AR ST

PERBWE: http://www.edatop.com/peixun/cst/127.html

seaEI

-l

13.56MHz NFC/RFID Z& B X & iZitigliEiEE LR
ERAE 4 TSR, B UILKE 13.56MHz 25 P8 < 2% Bt I B A4
PRV SCERARSE &, T RS HR T 13.56MHz 2k B R L1 TAE 5
. Bt Wt DL A HESS #1 CST 1 BLAM M2k Bl K £k i
FLARSRE, FIRHEA2E T 13.56MHz 28 1B K25 T e i (6 B R o
AR 2 3, AT LA B s Bk 5] 2 48 13.56MHz 25 il R4k
FCUCHC B F SRR L BV

PEEDIYK: http://www.edatop.com/peixun/antenna/116.html



L. S, REE®I AA 9%
[44ik:  http://www.edatop.com

KT ZidhiFil:

Syt I (www.edatop.com) HH #0445k H TRIFACH — 2k B8 iR TR AR AL, — HBUI &
Fod s S8 REBTHIR AA R FR: 5T 2006 44541 EDA M (www.mweda.com),
PLEA R I [ P S5 K AR SR AR R 2 e vk A A 5 R Rl Y 22 5 S A DL B R 4 Bt 42
SEFYIRFER ADS. HFSS SV AT ERIIURTE, T R& )40 JREE 5 AR A, o
T RRAL A AR AR T 2 AT 15, BN BOT 4 TR ST T 2L BoREE ST . % A M aE I
B RENTE . EABESESFKENME AR, EEE DIVEARTR . AR 42—
TEZREWEHX .

HMNBIRIZME
X ROLTF 2004 4E, 10 ZAEFEE KT ILE
X HETE TR R B TR, o T ATt A A Bk
X OAPRTE. BEREAE] TIIE I IBOR, R BRI 07 R, 27 2] TARPI AR

K AWF RN RRE TR, dachr TREN, B, K. 5%

ERZRIAN:
¥ GlInRE I E M http://www.edatop.com
¥ 1l EDA M:  http://www.mweda.com

¥ B VAT http://shop36920890.tacbao.com



